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1 Introduction 
Delta Diablo (District) invites proposals for the Antioch Pump Station & Conveyance System 

Improvements Project (Project) from qualified consulting firms to provide engineering services as 

described in the proposed Scope of Work defined in Section 11. 
 

Qualified firms that submit a proposal will be evaluated in accordance with the requirements defined 

within this Request for Proposal (RFP). Upon successful negotiation with the District, the selected 

Consultant will enter into a Consulting Services Contract (Appendix A) to provide engineering 

design services for the Project in accordance with the general scope of work described in this RFP.  
 

The District reserves the right to negotiate a modified scope of work with the selected Consultant. In 

addition, the District reserves the right to issue a new RFP and select a new consultant for future 

work and/or for other work not included in the negotiated contract. 
 

2 District Background 
The District is a California special district that provides wastewater resource recovery services for 

over 218,000 customers in the cities of Antioch and Pittsburg, and the unincorporated Bay Point 

community in east Contra Costa County. These services include wastewater collection, conveyance, 

and treatment; recycled water production and distribution; renewable energy production; beneficial 

biosolids reuse; pretreatment and pollution prevention; street sweeping; and household hazardous 

waste collection. The District’s major wastewater collection, conveyance, and treatment system, and 

recycled water infrastructure elements are summarized below. 
 

▪ Wastewater Collection: The District owns, operates, and maintains 43 miles of gravity sewers in 

the Bay Point community, while the cities of Antioch and Pittsburg own and operate their 

respective collection systems. 

▪ Wastewater Conveyance: The District owns, operates, and maintains 14 miles of gravity sewer 

interceptors (12- to 42-inch diameter), 18.5 miles of force mains (4- to 24-inch diameter), flow 

equalization/diversion facilities, and five wastewater pumping stations. The majority of the 

system was constructed in the late 1970s and early 1980s. 

▪ Wastewater Treatment: The District’s WWTP has a permitted average dry weather flow 

(ADWF) of 19.5 MGD and a peak wet weather design flow capacity of 31.1 MGD. In 2023, 

annual average daily flow at the WWTP was 14.3 MGD with a maximum wet weather daily 

flow of 28.0 MGD. The WWTP was placed in service in 1982. 

▪ Recycled Water: The District’s Recycled Water Facility (RWF) was constructed in 2001 and 

has a permitted capacity of 12.8 MGD with 2023 annual average daily flow and maximum daily 

flows of 6.5 MGD and 12.3 MGD, respectively. 
 

The treatment process at the District’s WWTP consists of screening, grit removal, primary 

clarification, flow equalization, tower trickling filters, activated sludge, secondary clarification, 

disinfection, and dechlorination. Prior to disinfection and according to demand, secondary effluent 

is diverted to the District’s RWF where it undergoes treatment through flocculating clarifiers, 

tertiary filtration, and disinfection prior to distribution for cooling tower make up water at two local 

Calpine power plants (~93% of the water) or landscape irrigation and other uses within the 

community. The portion of the recycled water that is used in the power plant cooling towers 

(blowdown) is returned to the WWTP and combined with secondary effluent just upstream of the 

disinfection process. Treated effluent is discharged into New York Slough via a deep-water outfall. 
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As a nationally-recognized leader and progressive “Utility of the Future,” the District is firmly 

committed to organizational excellence, exemplary regulatory compliance, resource recovery, 

innovative approaches, sustainable solutions, and community engagement. In achieving its core 

mission of protecting public health and the environment, the District is focused on providing 

effective and reliable services, maintaining reasonable rates, and continuing to serve as responsible 

stewards of the public’s resources and trust. 
 

3 Project Background 
The District owns and operates the Antioch Pump Station (APS), with an adjacent equalization 

storage basin, and dual 24-inch force mains (AFM 101 and AFM 102) that convey flows from the 

adjacent service area, as well as flows that are pumped to the APS from Bridgehead Pump 

Station (BHPS). The force mains were constructed in 1979 (AFM 101) and 1998 (AFM 102) using 

bar-wrapped, steel cylinder concrete pressure pipe. 
 

In 2013, the District experienced the first leak from AFM 102 on Pittsburg-Antioch Highway 

near Verne Roberts Circle. The leak was evaluated and repaired with a cured-in-place pipe 

(CIPP) liner. At that time, a second potentially compromised section of AFM 102 on West 7th  

Street between G and H Streets was also lined as a preventive measure. In 2017, the District 

experienced a second failure on Pittsburg-Antioch Highway east of its Wastewater Treatment 

Plant (WWTP), which was repaired using CIPP liner. In December 2019, the AFM 102 pipeline 

segment immediately adjacent to the 2013 preventive repair failed, leading to an emergency repair 

using a new HDPE pipe spool. The leaks, which occurred at high points in the force main, were the 

result of corrosion of the pipe steel cylinder and bar-wrap. It is believed that gaseous sulfide was 

trapped in these locations, and could not be released due to non-functioning or previously-removed 

air relief valves. The gaseous sulfide corroded the interior mortar lining, steel cylinder, and bar-

wrap, leading to each failure. AFM 101 has similar issues with trapped sulfide gas but because of a 

more favorable pipeline profile, the force main only had one failure, which occurred in 2010 and 

was repaired with a CIPP liner.    
 

In February 2020, the District engaged V.W. Housen & Associates (VWHA) to identify locations 

where continued corrosion may present risk of failure to the District on AFM 101 and AFM 102. 

The resulting technical memorandum (Appendix B) includes recommendations to reduce the risk of 

force main failures over the next five years. In addition, VWHA also evaluated alternatives to 

improve the APS and BHPS and the associated conveyance systems to meet long-term/buildout 

pumping needs and address operational and maintenance reliability and concerns, which resulted in 

the 2021 APS and BHPS Long-Term Alternative Analysis Report (Appendix C). 
 

The District’s 5-year Capital Improvement Program for FY24/25-FY28/29 includes the $22.5 

million multi-year Project to assess and address deficiencies at the APS and BHPS and the 

associated conveyance systems. The District has retained Hanson Bridgett to assist with the 

identification of an alternative project delivery method that is best suited for this project and to 

develop the associated procurement contract documents. 
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4 Project Goals 
The overall project goal is to conduct an alignment study and evaluate long-term infrastructure 

investment needs based on previous analysis and updated condition assessment findings. Specific 

project goals include: 
 

▪ Conduct condition assessment (i.e., thickness testing) at locations identified in Appendix B to 

determine if repairs are needed to ensure ongoing operational reliability of AFM 101 and AFM 

102 until the Project is completed.  

▪ Identify, evaluate, and recommend potential alignments for replacing AFM 102. 

▪ Evaluate recommended long-term alternatives for improving APS and BHPS and associated 

conveyance systems and develop a major project to address deficiencies and related concerns. 
 

5 Proposal Schedule 
The following key events and dates have been established for the selection of a Consultant: 

 

Table 1 – Project RFP and Consultant Selection Timeline 

Event Date 

RFP Issued  Jun 24, 2024 

Non-Mandatory Pre-Proposal Meeting and Site Walk  2:00 pm, Jul 10, 2024 

Deadline to Submit Written Questions  5:00 pm, Jul 19, 2024 

Anticipated Deadline for Responses to Questions  Jul 25, 2024 

Proposal Submission Deadline  4:00 pm, Aug 2, 2024 

Interviews (if needed) Aug 6-8, 2024 

Award Consulting Service Contract Sep 11, 2024 

Note: All dates are subject to change. District will endeavor to notify Proposers one week in advance of date changes. 
 

6 Pre-Proposal Meeting 
A non-mandatory pre-proposal meeting and site walk will be held at the date and time shown in 

Table 1 at the District’s WWTP (located at 2500 Pittsburg-Antioch Hwy, Antioch) in the Board 

Room at the Treatment Plant Administration Building. During the meeting, the District will present 

a brief review of the project scope and goals, and receive questions from Proposers related to the 

Project and this RFP. The District may elect to provide responses to questions received that are 

deemed substantive in accordance with Section 7 (Proposer Questions and District Responses) 

below. 
 

7 Proposer Questions and District Responses 
All questions regarding the Project and this RFP outside of the pre-proposal meeting and site walk 

must be submitted in writing to the District on or before the date and time in Table 1 via e-mail to 

the District’s Project Manager, Thanh Vo, at thanhv@deltadiablo.org. Please include the following 

in the email subject line: “RFP Proposer Questions, Delta Diablo Project No. 20121.” Because the 

District strives to provide consistent information to Proposers, questions received via telephone or 

submitted to other District staff will not be accepted.  
 

At its sole discretion, the District may elect to release responses to questions received, including 

during the pre-proposal meeting and site walk, to all known interested parties and post questions 

mailto:thanhv@deltadiablo.org
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and responses on the RFP listing at www.bidsync.com by the date and time shown in Table 1. The 

District may elect not to provide responses to questions received after the associated deadline in 

Table 1. 
 

 

8 Proposal Submittal 
Proposals must be submitted electronically in a portable document format (pdf) via an e-mail 

attachment (or file sharing service, if needed) to thanhv@deltadiablo.org by the date and time 

specified in Table 1. Proposals received after this deadline will not be considered or reviewed. 
 

As described in Section 13 (Proposal Format and Submission Instructions), the proposal must 

consist of Part 1 – Technical Proposal and Part 2 – Fee Proposal. The Consultant must submit 

two separate e-mails with pdf file attachments or links to download the files: 1) “Technical Proposal 

– Proposer’s Name, Delta Diablo Project No. 20121” in the e-mail subject line, and 2) “Fee 

Proposal – Proposer’s Name, Delta Diablo Project No. 20121” in the e-mail subject line. 

 

9 Interview Date 
Following a detailed review of proposals received, the top-ranked Proposers may be invited to meet 

with the District’s consultant selection team for an oral interview during the period specified in 

Table 1. Although the District will strive to schedule interviews at times that are mutually 

acceptable, the District requests that Proposers keep multiple time periods available during the 

interview period. 
 

10 Project Budget 
The current estimated total project cost is approximately $22.5 million. The estimated budget for 

this predesign and alignment study, including condition assessment via thickness testing, is 

approximately $400,000.  
 

11 Scope of Work 
The following scope of work is conceptual and represents a general outline of the expected services 

to be provided by the Consultant. It is not intended to be a complete list of services. The District 

expects consultants to use their knowledge and expertise to present a fully-developed scope of work 

that cost-effectively addresses the key project elements and considerations. Consultant should 

incorporate modifications and additions to the proposed scope of work, as needed, to support 

effective project delivery. 
 

11.1 Task 1 – Project Management 

The Consultant shall establish and maintain a project management system that facilitates effective 

communication between the Consultant and District, tracks the status of document submittals and 

key decisions, provides detailed monthly updates regarding the scope, schedule, and budget status, 

and ensures effective quality assurance and quality control (QA/QC). The Consultant shall 

coordinate and conduct the necessary meetings and/or workshops during the project to facilitate the 

development of the tasks below. The project schedule shall clearly identify milestones, review 

periods, and any interdependencies between tasks. 

 

Key Deliverables and Schedule: The Consultant shall prepare monthly invoices and progress 

reports; meeting agendas, handouts, and presentation materials; meeting and conference call 

http://www.bidsync.com/
mailto:thanhv@deltadiablo.org
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minutes; an Action Items Decision Log; and an updated project schedule at key project milestones. 
 

11.2 Task 2 – Alternative Analysis 

The Consultant shall perform an alternatives analysis that includes the development of up to three 

(3) preliminary project scopes, cost estimates, and implementation schedule for the following 

project alternatives as outlined in the 2021 APS and BHPS Long-Term Analysis Report (at a 

minimum): 

 

▪ Alternative 1- BHPS using AFM101 and APS using AFM102 to meet buildout pumping needs 

within the APS and BHPS conveyance system. 

▪ Alternative 2 – BHPS using AFM102 and APS using AFM101 as recommended in the District’s 

2010 Conveyance System Master Plan to meet buildout pumping needs within the APS and 

BHPS conveyance system. 

▪ Alternative 3 – TBD by Consultant. 
 

As the District is not confined to these project alternatives, Consultant may substitute or include 

other alternatives (or sub-alternatives) that better align with Consultant’s planned project approach. 

In conducting the alternatives analysis, Consultant shall engage with District to develop the 

assessment methodology criteria, which may include (but is not limited to): 

▪ Initial capital and life-cycle costs 

▪ Technology maturity, process control, and reliability 

▪ Regulatory, technical, operational, and financial risks and potential mitigation measures 

▪ Operational and maintenance considerations 

▪ Land area requirements, site layout constraints, and connection to existing facilities 

▪ Project phasing opportunities, constructability, and integration with future improvements 

▪ Potential environmental impact considerations (e.g., energy, emissions, chemical use) 
 

Key Deliverables and Schedule: 

Consultant shall prepare a concise draft and final Technical Memorandum No 1 summarizing Task 

2 findings and recommendations, conduct multiple associated workshop(s) with District, and 

support a progress update to District’s Board of Directors. 
 

11.3 Task 3 – Alignment Study 

The Consultant shall, at a minimum, perform or make provisions for the following key activities: 
 

▪ Review existing information from the District (e.g. existing force main as-built drawings, 

pumping system studies/reports, discussions with key staff) and conduct field investigations as 

needed. 

▪ Conduct a study to determine a minimum of three alignment alternatives for a third Antioch 

force main (potential replacement for AFM 102). 

▪ Coordinate and prepare preliminary engineering agreement applications on behalf of the District 

with On Trak Solutions (District preferred sub-consultant) to initiate the review process with the 

railroads’ engineering staff for the proposed corridor. 

▪ Coordinate with potential utilities along the proposed corridors to determine the locations of the 

facilities. 

▪ Develop design and construction cost estimates for each alignment alternative. 
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Key Deliverables and Schedule: The Consultant shall prepare a concise draft and final Technical 

Memorandum No. 2, including drawings of potential alignment, that help summarize findings and 

recommendations, including associated workshop(s) with District staff.  

 

11.4 Task 4 – Preliminary Design 

Following the alignment feasibility confirmation, the Consultant shall perform preliminary design 

work based on the selected alternative and alignment. Consultant shall perform key predesign 

activities, including associated fee estimate, to achieve a preliminary design (e.g., 30% completion) 

for use in an alternative project delivery method (e.g., PDB, CMAR). For the purposes of this RFP 

and the initial contract scope and fee, the Consultant shall assume preliminary design 

documentation will be prepared for Alternative 1 in Task 2 and the design of a new pipeline to 

replace AFM 102. The final scope and fee for this task will be negotiated after completion of Tasks 

2 and 3 and a contract amendment will be executed, if necessary.  
 

Key Deliverables and Schedule: The Consultant shall complete any necessary draft and final 

Preliminary Design Report to include design criteria for the project, pipe material selection 

recommendations, a description of the alignment and any required trenchless installations, utility 

conflicts, and constructability concerns.  

 

11.5 Task 5 – Easement Acquisition 

The Consultant shall perform initial engagement with property owners to identify requirements for 

obtaining construction and permanent easements along the preferred pipeline alignment in 

accordance with the pertinent sections of the Uniform Relocation Assistance and Real Property 

Acquisition Policies Act. Consultant’s fee estimate shall assume engagement with 3 private 

property owners and the railroads. 
 

Key Deliverables and Schedule: The Consultant shall provide a summary of the easement 

requirements along the prepare pipeline alignment, including recommendations for procurement. 
 

12 Proposal Format and Submission Instructions 
The proposal shall consist of two parts as described below—Part 1 - Technical Proposal and  

Part 2 - Fee Proposal. Please refer to Section 6 (Proposal Submittal) for associated proposal 

submittal instructions. 
 

12.1 Part 1 – Technical Proposal 

Part 1 must include an Executive Summary that highlights qualifications and project experience for 

the firm and project team, and the project team’s approach to accomplishing the Scope of Work. 

Part 1 shall be limited to ten (10) 8.5”x11” pdf pages with a minimum 11-point font size, of which 

no more than three pdf pages may be 11”x17”. The cover letter, table of contents, resumes, and any 

contract-related information (e.g., litigation, contract exceptions) required in this RFP are excluded 

from the page limit. Part 1 should include the following (at a minimum): 
 

1. Cover Letter - State the firm’s general interest in the project, identify the firm’s primary point 

of contact during the RFP process, and clarify the lead consultant if multiple firms are included 

as part of the proposed project team. 
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2. Executive Summary – An abbreviated, “Executive Summary”-level proposal must be provided 

with a brief and concise summary of the following proposal elements: 

a. Business Organization, Firm Qualifications and Experience - Provide full name, address, 

telephone, and e-mail address of the firm. Include affiliations with holding companies and/or 

parent companies. Indicate whether the firm operates as a partnership, corporation, or 

individual. Provide the name, title, and telephone number of the person in the organization 

authorized to negotiate contract terms, render binding decisions on contract matters, and 

sign the final contract agreement. 
 

Provide a description of the proposing firm(s). Explain the firm’s current organizational 

structure, general background, qualifications, and experience, and describe any special 

knowledge or capabilities within the firm that are material to this RFP. 
 

If multiple firms are included in the proposed project team, explain the relationship between 

the firms. Clearly identify how the firms, if awarded a contract, would enter into the contract 

(e.g., joint venture, prime and subconsultant). 

b. Project Team Qualifications and Experience - Provide the name and title of the project 

manager who will be the District’s main point of contact for the project. Identify the 

principal staff and support staff who will be assigned to this project and include an 

organization chart showing key team members listed by name and project responsibility. 

Provide a maximum two-page resume for each of the key personnel, including descriptions 

of key project experience, dates, project costs, and duties performed by the individual on the 

projects. Indicate any projects in which the team members have worked together in the past 

and the nature of those projects. 
 

Submit the name(s) of all subconsultant(s) to be utilized on the project and specific staff to 

be assigned to this project with resumes (maximum of two pages) for key personnel. 

Describe how each subconsultant will be utilized. Provide a list of similar past projects 

along with references for each subconsultant. 
 

Describe the project team’s experience in completing similar projects. Provide descriptions 

of the work performed, including name and location of project, dates when work was 

performed, total project cost, type and extent of services performed, and team member roles 

and responsibilities. List owner/client references, including location, contact name,  

e-mail address, and telephone number. 

c. Approach to Scope of Work - Present a narrative overview of the Proposer’s understanding 

of the Project requirements based on the information provided in this RFP. Describe the 

project team’s capability to accomplish the project scope, manage project costs, meet 

schedule requirements, and ensure high-quality work products and deliverables. Highlight 

key considerations, concerns, and innovative approaches to manage critical project issues 

and associated regulatory, financial, technical, and operational risks. Include sufficient detail 

to demonstrate that the firm understands the magnitude and scope of the project and has 

developed a plan to accomplish the work. Highlight any key modifications to the scope of 

work provided in this RFP and recommend additional scope items for consideration, as 

necessary. Include the proposed project schedule with key milestones, deliverables, 
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workshops, and other relevant information and demonstrate an understanding of key 

challenges, constraints, and interdependencies. 

3. Litigation - Provide litigation history for any claims filed by your firm or against your firm 

related to the provision of program or project engineering services within the past five (5) years. 

4. Other Information - This section should contain all other pertinent information the firm wishes 

the District to consider. 

5. Contract Exceptions - The District’s Standard Consulting Services Contract form will be used 

as the contracting mechanism for this work and is attached to this RFP (refer to Appendix A). 

The Consultant must list specific exceptions and recommended replacement language for the 

District to consider. 

6. Resumes - Project team resumes, including key subconsultants, must be included. 
 

12.2 Part 2 – Fee Proposal 

Part 2 must include the Fee Proposal based on the scope of work in the Consultant’s proposal. The 

elements of the Fee Proposal must include the following: 
 

1. An hourly rate and reimbursement schedule for each classification of firm personnel who will 

be working on the project and for each classification of anticipated reimbursements. If 

applicable, wage rates must comply with California labor code. 
 

2. Fees for all required work as outlined in this RFP and any additional services proposed by the 

Consultant. The Fee Proposal must comprise two main components: 

a. Fees for consultant services by key tasks in the scope of work and subconsultant fees 

b. Reimbursable expenses, including but not limited to reproduction costs, postage, and 

mileage 
 

13 Minimum Qualifications 
The District seeks a project team with expertise to perform the work described herein. Qualifying 

experience may be demonstrated by the Proposer by meeting the following minimum requirements: 
 

1. Lead Firm: For the firm(s) that is(are) proposed to be responsible for completing the majority of 

the scope of work, demonstrate that a minimum of five similar and/or related projects to the 

Project described in this RFP have been completed in the last ten (10) years. Highlight roles of 

any proposed project team members in completing these reference projects.  

2. Project Manager: Demonstrate that the proposed Project Manager has: 1) completed a minimum 

of two similar and/or related projects in the last seven (7) years, 2) possesses a minimum of five 

(5) years of project management experience in the wastewater/water sector, and 3) holds a valid 

professional engineering license in the state of California.  

3. Subject Matter Expert (SME): Include project team members with expertise and experience in 

the following:  

a. Submitting Railroad Encroachment Permits in California 

b. Evaluating alternative project delivery methods (i.e., PDB, CMAR) 

c. Securing required approvals from other applicable agencies throughout the Contra Costa 

County for similar type of work mentioned in this RFP 
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All proposed personnel, including subconsultants, shall be knowledgeable of, and comply with, all 

applicable local, state, and federal regulations, cooperate and consult with District staff during the 

project period.  
 

14 Selection Process 
Proposals will be evaluated using two sets of criteria. Proposals meeting the Mandatory Elements 

will then be evaluated based on the Technical Elements. Proposals not meeting the Mandatory 

Elements may not be considered. The District may elect to interview top-ranked firms. 
 

1. Mandatory Elements: The firm follows the instructions set forth in the RFP, submits a complete 

proposal, including references, and demonstrates that the firm and project team meets or 

exceeds the minimum qualifications in Section 13 (Minimum Qualifications). 

2.  Technical Elements: The District will consider the following technical elements when 

evaluating the proposal: 
 

▪ Specialized firm experience 

▪ Project manager experience 

▪ SME experience 

▪ Number and complexity of comparable and similar projects completed by project team 

▪ Project approach to the RFP scope of work (including schedule) 

▪ Positive, relevant references 

▪ Innovative ideas that add value to the project 
 

The District reserves the right to consider additional technical elements that may be identified 

during the proposal evaluation process. 

 

15 Reference Information 
The District is providing the following appendices and background material as links or attachments 

for use by Proposers in preparing proposals: 
 

Appendix A  District Standard Consulting Services Contract (including insurance requirements) 

Appendix B APS & Conveyance System Improvements Phase 1 Technical Memorandum 

Appendix C 2021 APS and BHPS Long-Term Alternative Analysis Report 
 

16 Contact Information 
All technical questions shall be submitted to: Thanh Vo, Senior Engineer, at 

thanhv@deltadiablo.org. Oral statements regarding this RFP by any persons at the District should 

be considered unverified information unless confirmed in writing. 
 

17 District Information 
Delta Diablo 

2500 Pittsburg-Antioch Highway 

Antioch, CA 94509 

Tel (925)756-1900 

Fax (925)756-1960 

mailto:thanhv@deltadiablo.org
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District Standard Consulting Services Contract 

 



 

Delta Diablo | 2500 Pittsburg-Antioch Hwy, Antioch, CA  94509 | Main 925.756.1900 | Fax 925.756.1961 
TRANSFORMING WASTEWATER TO RESOURCES 

DELTA DIABLO 
2500 Pittsburg-Antioch Highway, Antioch, CA 94509 

CONSULTING SERVICES CONTRACT 

 
PROJECT NAME AND NUMBER:            

 
THIS CONTRACT SHALL BE BINDING ON THE DISTRICT ONLY IF IT IS SIGNED BY AN AUTHORIZED DESIGNEE 

 
This Contract (“Contract”) is made by and between Delta Diablo (“District”) and,       (“Consultant”). The 
parties agree as follows: 
 

CONSULTANT DATA 
 
Full Business Name:        

Address:        

City, State, ZIP:      ,              

Business Telephone:        

Business Fax:         Email:       

Federal Tax Identification Number (“TIN”):       

Consultant Contact/Title:       
 
District Contact/Title:       

 
Consultant certifies under penalty of perjury that Consultant is a 

 Sole Proprietor   Corporation  Limited Liability Company  Partnership 
 Nonprofit Corporation  Government Agency   Other [describe:       ] 

 

CONTRACT TERMS 
 

Effective Date:             Completion Date:       

Payment Limit: $             Liquidated Damages: $       per day 

 

Payment information will be reported to the Internal Revenue Service under the name and TIN or SSN, 
whichever is applicable, provided above by Consultant. 

1. Scope of Service. District hereby contracts with Consultant, and Consultant accepts such, to perform 
the professional services as described in Appendix B (Scope of Services), upon the terms and in 
consideration of the payments stated herein. 
 

2. Report Disclosure Section. Pursuant to Government Code Section 7550, Consultant shall include in 
all documents or written reports completed and submitted to District in accordance with this 
Agreement, a separate section listing the numbers and dollar amounts of all contracts and 
subcontracts relating to the preparation of each such document or written report. This section only 
applies if the Payment Limit of this Agreement exceeds $5,000. If multiple documents or written 
reports are the subject or product of this Agreement, the disclosure section may also contain a 
statement indicating that the total Agreement amount represents compensation for multiple 
documents or written reports. 
 

3. Insurance. Consultant may not commence work under this Agreement until it has furnished evidence 
of the insurance prescribed in Appendix A and may not continue to perform any work under this 
Agreement if the insurance required herein is no longer in effect. 
 

4. Payment. District shall pay Consultant for professional services performed at the rates shown in 
Appendix C, which include all overhead and incidental expenses, for which no additional 
compensation will be allowed. Notwithstanding the foregoing, District shall reimburse those incidental 
expenses specifically itemized in Appendix C, provided that Consultant submits copies of receipts 
and, if applicable, a detailed mileage log to the District. In no event may the total amount paid to 



 

Delta Diablo | 2500 Pittsburg-Antioch Hwy, Antioch, CA  94509 | Main 925.756.1900 | Fax 925.756.1961 
TRANSFORMING WASTEWATER TO RESOURCES 

Consultant exceed the Payment Limit specified on page 1, Payment Limit, without District's prior 
written approval. 
a. Billing Statements: Consultant shall submit billing statements in the manner and form prescribed 

by the District detailing the work performed and listing, for each item of services, the employee 
categories, hours and rates. Except as otherwise provided in the Scope of Services, Consultant 
shall submit the billing statements no later than 30 days from the end of the month in which the 
services described in the billing statement were actually rendered. Except as provided in 
subsections (b) - (d) below, District will endeavor to pay Consultant within 30 days after receipt of 
each statement. 

b. Documentation: Consultant shall furnish progress reports with each billing statement at no 
additional charge. Consultant shall include sufficient detail in each progress report, and shall 
furnish to the District whatever additional information is necessary, to enable the District to 
determine whether Consultant is performing all tasks described in the Scope of Services pursuant 
to the schedule set forth in the Scope of Services. 

c. Penalty for Late Submission: If District is unable to obtain reimbursement from the state or federal 
government as a result of Consultant's failure to submit to District a timely billing statement as set 
forth above, District will not be obligated to pay Consultant for the services included in the late 
billing statement. 

d. Right to Withhold: District may withhold payment to Consultant following written notice to 
Consultant that: (i) Consultant has failed to fully perform its obligations under this Agreement 
(including, without limitation, any failure to submit required deliverable items according to the 
schedule set forth in the Scope of Services); (ii) Consultant has neglected, failed, or refused to 
furnish information or cooperate with any inspection, review, or audit of its work or records; or (iii) 
Consultant has failed to sufficiently itemize or document its billing statement. 

e. Audit Exceptions: Consultant accepts responsibility for receiving, replying to, and/or complying 
with any audit exceptions by appropriate county, state or federal audit agencies resulting from its 
performance of this Agreement. Within 30 days of demand, Consultant shall pay District the full 
amount of District’s obligation to the state and/or federal government resulting from any audit 
exceptions that are attributable to Consultant's failure to properly perform any of its obligations 
under this Agreement. 
 

5. Extra Work. Any work or services in addition to the work or services described in the Scope of 
Services that District deems necessary to properly complete the work or services described in Scope 
of Services shall be performed by Consultant at the direction of District according to the rates or 
charges listed in Appendix C. In the event that no rate or charge is listed for a particular type of extra 
work, Consultant will be paid for the extra work at a rate to be mutually agreed on prior to the 
commencement of the extra work. In no event will Consultant be entitled to compensation for extra 
work unless, prior to commencement of the extra work, District has executed a written amendment 
describing the extra work and payment terms in accordance with Section 25. Amendments. 
 

6. Time for Completion. Consultant shall complete all services covered by this Agreement no later than 
the end of the term as set forth above. Notwithstanding the foregoing, to the extent the Scope of 
Services provides for the phasing of services, Consultant shall complete all services for each phase 
of the project by the deadlines stated in the Scope of Services. 
 

7. Termination by District. At its option, District may terminate this Agreement at any time by written 
notice to Consultant, whether or not Consultant is then in default. Upon such termination, Consultant 
shall, without delay, deliver to District all materials and records prepared or obtained in the 
performance of this Agreement, and District shall pay Consultant, without duplication, all amounts due 
for the services rendered up to the date of termination. 
 

8. Abandonment by Consultant. If Consultant ceases performing services under this Agreement or 
otherwise abandons the project prior to completing all of the services described in this Agreement, 
Consultant shall, without delay, deliver to District all materials and records prepared or obtained in the 
performance of this Agreement. District shall pay Consultant the amount it determines to be the 
reasonable value of the services performed up to the time of cessation or abandonment, less a 
deduction for any damages or additional expenses which District incurs as a result of such cessation 
or abandonment. 
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9. Ownership of Documents. All materials and records of a finished nature, such as final plans, 
specifications, reports, and maps, prepared or obtained in the performance of this Agreement, shall 
be delivered to and become the property of District. Consultant shall retain, and make available to 
District in accordance with Section 10. Record Retention and Auditing, all materials of a preliminary 
nature, such as survey notes, sketches, preliminary plans, computations and other data, prepared or 
obtained in the performance of this Agreement. 
 

10. Record Retention and Auditing. Except for materials and records delivered to District, Consultant 
shall retain all materials and records prepared or obtained in the performance of this Agreement, 
including financial records, for a period of at least five years after Consultant's receipt of the final 
payment under this Agreement. Upon request by District, Consultant shall promptly make such 
materials and records available to District, or to authorized representatives of the state and federal 
governments, at a convenient location within Contra Costa County designated by the District, at no 
additional charge and without restriction or limitation on their use. 
 

11. Independent Contractor Status. The parties intend that Consultant, in performing the services 
specified herein, is acting as an independent contractor and that Consultant will control the work and 
the manner in which it is performed. This Agreement is not intended and may not be construed to 
create the relationship between the parties of agent, servant, employee, partnership, joint venture or 
association. Additionally, Consultant is not entitled to participate in any pension plan, workers' 
compensation plan, health plan, insurance, bonus or similar benefits District provides to its 
employees. In the event that District exercises its right to terminate the Agreement, Consultant 
expressly agrees that it will have no recourse or right of appeal under any rules, regulations, 
ordinances or laws applicable to employees. 
 

12. Breach. If Consultant fails to perform any of the services described in this Agreement in the manner 
and time frame set forth in the Scope of Services or otherwise breaches this Agreement, District may 
pursue all remedies provided by law or equity. Disputes relating to the performance of this Agreement 
are not subject to non-judicial arbitration. 
 

13. Compliance with Laws. In performing this Agreement, Consultant shall comply with all applicable 
laws, statutes, ordinances, rules and regulations, whether federal, state, or local in origin, including, 
but not limited to, licensing and purchasing practices, and wages, hours and conditions of 
employment, including nondiscrimination and prevailing wage rates and their payment in accordance 
with California Labor Code Section 1775. If any federal or state regulations or laws touching upon the 
subject of this Agreement are adopted or revised during the term hereof, this Agreement will be 
deemed amended and Consultant will comply with such federal or state requirements. 
 

14. Assignment. Consultant may not assign or transfer this Agreement, in whole or in part, whether 
voluntarily, by operation of law or otherwise; provided, however, Consultant may, subject to any 
required state or federal approval, enter into subcontracts for the portion of the services for which 
Consultant does not have the facilities to perform so long as Consultant obtains the District's written 
consent to such subcontracting prior to execution of this Agreement. The District may withhold 
consent to any proposed subcontract in his or her sole and absolute discretion. Any purported 
assignment, transfer or subcontract that does not comply with the terms hereof is void. 
 

15. Endorsement on Plans. Consultant shall endorse all plans, specifications, estimates, reports and 
other items described in Scope of Services prior to delivering them to District, and, where appropriate, 
indicate his or her registration number. 
 

16. Works Made for Hire. All reports, original drawings, graphics, plans, studies, and other data and 
documents, in whatever form or format, assembled or prepared by Consultant or Consultant's 
subcontractors, consultants, and other agents in connection with this Agreement are "works made for 
hire" (as defined in the Copyright Act, 17 U.S.C.A., Sections 101 et seq., as amended) for District, 
and Consultant unconditionally and irrevocably transfers and assigns to District all right, title, and 
interest, including all copyrights and other intellectual property rights, in or to the works made for hire. 
Unless required by law, Consultant shall not publish, transfer, discuss, or disclose any of the above-
described works made for hire or any information gathered, discovered, or generated in any way 
through this Agreement, without District's prior express written consent. If any of the works made for 
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hire is subject to copyright protection, District reserves the right to copyright such works and 
Consultant agrees not to copyright such works. If any works made for hire are copyrighted, District 
reserves a royalty-free, irrevocable license to reproduce, publish, and use the works made for hire, in 
whole or in part, without restriction or limitation, and to authorize others to do so. 
 

17. Indemnification. Consistent with California Civil Code section 2782.8, Consultant shall, to the fullest 
extent permitted by law, indemnify, protect, defend and hold harmless District, and its employees, 
officials, and agents, from any and all demands, losses, claims, costs, liabilities, and expenses for 
any damage, injury, or death, including any and all administrative fines, penalties or costs imposed as 
a result of an administrative proceeding, to the extent they arise out of, pertain to, or relate to the 
negligence, recklessness, or willful misconduct of Consultant, its officers, employees, agents, 
contractors, subconsultants, or any persons under its direction or control. If requested by District, 
Consultant shall defend any such suits at its sole cost and expense. If District elects to provide its 
own defense, Consultant shall reimburse District for any expenditures, including reasonable 
attorneys' fees and costs. Consultant's obligations under this section exist regardless of concurrent 
negligence or willful misconduct on the part of District or any other person; provided, however, that 
Consultant will not be required to indemnify, including the cost to defend, District for the proportion of 
liability a court determines does not arise out of, pertain to, or relate to the negligence, recklessness, 
or willful misconduct of Consultant, its officers, employees, agents, contractors, subconsultants, or 
any persons under its direction or control. This indemnification clause will survive the termination or 
expiration of this Agreement. 
 

18. Endorsements. Consultant may not, in its capacity as a Consultant with District, (a) publicly endorse 
or oppose the use of any particular brand name or commercial product without the prior approval of 
District's governing body, (b) publicly attribute qualities or lack of qualities to a particular brand name 
or commercial product in the absence of a well-established and widely accepted scientific basis for 
such claims or without the prior approval of District's governing body or (c) participate or appear in 
any commercially-produced advertisements designed to promote a particular brand name or 
commercial product, even if Consultant is not publicly endorsing a product, as long as Consultant's 
presence in the advertisement can reasonably be interpreted as an endorsement of the product by or 
on behalf of District. Notwithstanding the foregoing, Consultant may express its views on products to 
other consultants, to District's governing body or its officers, or to others who may be authorized by 
District's governing body or by law to receive such views. 
 

19. Project Personnel. Consultant may only make changes in project personnel and authorized 
subconsultants with the District's prior written consent, and Consultant shall notify the District in 
writing at least thirty (30) days in advance of any proposed change. Any person proposed as a 
replacement shall possess training, experience, and credentials comparable to those of the person 
being replaced. 
 

20. Inspection. Authorized representatives of District, the State of California and the United States 
Government may monitor, inspect, review and audit Consultant's performance, place of business and 
records pertaining to this Agreement. 
 

21. Conflicts of Interest. Consultant covenants that it presently has no interest and that it will not acquire 
any interest, direct or indirect, that represents a financial conflict of interest under state law or that 
would otherwise conflict in any manner or degree with the performance of its services hereunder. 
Consultant further covenants that in the performance of this Agreement, Consultant will employ no 
person having any such interest. If requested to do so by District, Consultant shall complete a 
"Statement of Economic Interest" form and deliver it to the District and shall require any other person 
doing work under this Agreement to complete a "Statement of Economic Interest" form and deliver it 
to the District. Consultant covenants that Consultant, its employees and officials, are not now 
employed by District and have not been so employed by District within 12 months immediately 
preceding this Agreement; or, if so employed, did not then and do not now occupy a position that 
would create a conflict of interest under Government Code Section 1090. In addition to any indemnity 
provided by Consultant in this Agreement, Consultant shall indemnify, defend and hold District 
harmless from any and all claims, investigations, liabilities or damages resulting from or related to any 
and all alleged conflicts of interest. 
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22. Nonrenewal. Consultant understands and agrees that there is no representation, implication, or 
understanding that the services provided by Consultant under this Agreement will be purchased by 
District. Under a new contract following expiration or termination of this Agreement, and Consultant 
waives all rights or claims to notice or hearing respecting any failure to continue purchasing all or any 
such services from Consultant. 
 

23. Professional Competence; Licensure. Consultant represents and warrants that it is (i) professionally 
competent and able to provide the professional services described in this Agreement by reason of 
Consultant's personal knowledge and skill, and (ii) currently licensed, and will remain licensed in good 
standing at all times during the term of this Agreement, as one of the following: (a)an architect 
pursuant to Chapter 3 (commencing with Section 5500) of Division 3 of the California Business and 
Professions Code; (b) a landscape architect pursuant to Chapter 3.5 (commencing with Section 5615) 
of Division 3 of the California Business and Professions Code; (c) a professional engineer pursuant to 
Chapter 7 (commencing with Section 6700) of Division 3 of the California Business and Professions 
Code; or (d) a professional land surveyor pursuant to Chapter 15 (commencing with Section 8700) 
ofDivision3 of the California Business and Professions Code. 
 

24. Notices. All notices under this Agreement must be in writing, and, except as otherwise provided in the 
Scope of Services, sent by personal delivery (including overnight courier service) or by certified 
United States Mail, postage prepaid, to the parties at the addresses designated above, unless 
changed by written notice to the other party. Consultant shall address all notices to District to the 
District. The effective date of the notice is the date of deposit in the mail or of other delivery, except 
that the effective date of notice to District is the date of receipt by the District. 
 

25. Amendments. This Agreement may be amended only by written agreement signed by both of the 
parties. 
 

26. Disputes. Disagreements between District and Consultant concerning the meaning, requirements or 
performance of this Agreement are subject to final written determination of the District or in 
accordance with the applicable procedures (if any) required by state or federal government. 
 

27. Choice of Law and Personal Jurisdiction. This Agreement is made in Contra Costa County and is 
governed by, and will be construed in accordance with, the laws of the State of California. The 
parties, to the fullest extent permitted by law, knowingly, intentionally, and voluntarily, with and upon 
the advice of competent counsel, submit to personal jurisdiction in the State of California over any 
suit, action or proceeding arising from or relating to the terms of this Agreement. 
 

28. No Implied Waiver. No waiver of any provision of this Agreement by District is valid unless it is in 
writing and signed by District. Waiver by District at any time of any breach of this Agreement may not 
be deemed a waiver of or consent to a subsequent breach of the same or any other provision of this 
Agreement. If Consultant's action requires the consent or approval of District, that consent or 
approval on one occasion may not be deemed a consent to or approval of that action on any later 
occasion or a consent to or approval of any other action. Subject to Section 26. Disputes above, 
inspections, approvals or statements by any officer, agent or employee of District indicating 
Consultant's performance or any part thereof complies with the requirements of this Agreement, or 
acceptance of the whole or any part of Consultant's performance, or payments therefor, or any 
combination of these acts, does not relieve Consultant of its obligation to fulfill this Agreement as 
prescribed or prevent District from bringing an action for damages or enforcement arising from any 
failure to comply with any of the terms and conditions of this Agreement. 
 

29. Successors and Assigns. Subject to Section 14. Assignment, this Agreement binds Consultant's 
successors, assigns, heirs, executors and personal representatives. 
 

30. No Third-Party Beneficiaries. This Agreement is intended solely for the benefit of the parties hereto, 
and no third party has any right or interest in any provision of this Agreement or as a result of any 
action or inaction of any party in connection therewith. 
 

31. Construction. The section headings and captions of this Agreement are, and the arrangement of this 
instrument is, for the sole convenience of the parties to this Agreement. The section headings, 
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captions and arrangement of this instrument do not in any way affect, limit, amplify or modify the 
terms and provisions of this Agreement. This Agreement may not be construed as if it had been 
prepared by one of the parties, but rather as if both parties have prepared it. The parties to this 
Agreement and their counsel have read and reviewed this Agreement and agree that any rule of 
construction to the effect that ambiguities are to be resolved against the drafting party does not apply 
to the interpretation of this Agreement. 
 

32. Severability. If any term or provision of this Agreement is, to any extent, held invalid or unenforceable, 
the remainder of this Agreement will not be affected thereby. 
 

33. Entire Agreement. This Agreement, together with all of the attachments listed below under 
Attachments, contains all of the terms and conditions agreed upon by the parties regarding the 
subject matter of this Agreement, and supersedes all previous communications, representations, 
understandings and agreements, whether verbal, written, express or implied, between the parties. 
 

34. Authorization. Consultant, or the representative(s) signing this Agreement on behalf of Consultant, 
represents and warrants that Consultant has full power and authority to enter into this Agreement and 
to perform the obligations set forth herein, and that the representatives signing this Agreement have 
the authority to execute this Agreement on behalf of Consultant and to bind Consultant to its 
contractual obligations hereunder. 

Attachments: Appendix A - Insurance Requirements for Consultant 
   Appendix B - Scope of Work  
   Appendix C - Rate Schedule 
         
   
 
I HAVE READ THIS CONTRACT, INCLUDING ALL ATTACHMENTS AND EXHIBITS, IF 
APPLICABLE. I CERTIFY THAT I HAVE THE AUTHORITY TO SIGN AND ENTER INTO THIS 
CONTRACT AND AGREE TO BE BOUND BY ITS TERMS. 
 

CONSULTANT DISTRICT 
 
     
 Signature #1  Vincent P. De Lange 
   General Manager 
    
 Consultant Printed Name and Title   
   Date 
   
 Date    
  
  
 
   
  
 _________________________________ 
 Signature #2 
 
 _________________________________ 
 Consultant Printed Name and Title 
 
 _________________________________ 
 Date 
 
 

 
 

 

Unless corporate resolution delegates 

an individual to sign contracts, a 

contract with a corporation shall be 

signed by the President, Vice President 

or Chairman of the Board (signature 1) 

and the corporation Secretary, 

Assistant Secretary, Chief Financial 

Officer/Treasurer or Assistant Treasurer 

(signature 2).   
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APPENDIX A 
 

INSURANCE REQUIREMENTS FOR CONSULTANT 
 
Consultant may not commence work under this Agreement until it has furnished evidence of the 
insurance required herein to the District, and the District has approved it, and may not continue to perform 
any work under this Agreement if the insurance required herein is no longer in effect.  Consultant shall, at 
no cost to the District, obtain and maintain, for the duration of the contract, the following policies of 
insurance: 
 

A. Commercial General Liability (CGL): Insurance Services Office Form CG 00 01 covering CGL 
on an “occurrence” basis, including products and completed operations, property damage, bodily 
injury and personal & advertising injury with limits no less than $1,000,000 per occurrence. If a 
general aggregate limit applies, either the general aggregate limit shall apply separately to this 
project/location (ISO CG 25 03 or 25 04) or the general aggregate limit shall be twice the required 
occurrence limit. 

B. Automobile Liability: Insurance Services Office Form Number CA 0001 covering, Code 1 (any 
auto), or if Contractor has no owned autos, Code 8 (hired) and 9 (non-owned), with limit no less 
than $1,000,000 per accident for bodily injury and property damage. 

C. Professional Liability (Errors and Omissions) Insurance appropriates to the Contractor’s 
profession, with limit no less than $2,000,000 per occurrence or claim, $2,000,000 aggregate. 

 
D. Worker's Compensation insurance as required by the State of California, with Statutory Limits, 

and Employer’s Liability Insurance with limit of no less than $1,000,000 per accident for bodily 
injury or disease. If Consultant has no employees, Consultant may sign and file the following 
certification in lieu of insurance: 

 
"I am aware of the provisions of California Labor Code Section 3700 which 
requires every employer to be insured against liability for workers' 
compensation or to undertake self-insurance in accordance with the 
provisions of that code, and I will comply with the provisions of that code 
before commencing with and during the performance of the work of this 
contract." 

 
Certificate of Insurance: Prior to the effective date of this Agreement, Consultant shall furnish to the 
District certificates of insurance evidencing the coverage required herein and requiring 30 days’ written 
notice to the District of policy lapse, cancellation or material change in coverage. If Consultant renews the 
insurance policy(ies) or acquires a new insurance policy(ies) or amends the coverage through an 
endorsement to the policy(ies) at any time during the term of this Agreement, then Consultant shall 
provide current certificate(s) to the District.  
 
Warranty: Consultant represents and warrants that, as of the effective date of this Agreement, 
Consultant is not aware of any situation that has occurred that could reduce the limits of liability set forth 
above for claims made under this Agreement. 
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TECHNICAL MEMORANDUM 

DATE: May 27, 2020 
  
TO: Ian Bronswick 
 Delta Diablo Sanitation District 
 
FROM: Tom Bergin, P.E. 
 Mark Jaudalso 
  
REVIEWED BY: Vivian W. Housen, P.E. 
 
SUBJECT: Antioch PS & Conveyance System Improvements Project Phase I  
 AFM-101 and AFM-102 Forcemain Corrosion Assessment 

1.0 BACKGROUND AND INTRODUCTION 

The District owns and operates the Antioch Pump Station (“APS”), adjacent equalization 
storage, and dual 24-inch forcemains (“AFM-101” and “AFM-102”) that convey flows from the 
adjacent service area, as well as flows that are pumped to the station from Bridgehead Pump 
Station. The forcemains are comprised of AWWA C-303 bar-wrapped, steel cylinder concrete 
pressure pipe (“CCPP”). 

In 2013, the District experienced the first leak from AFM-102, on Pittsburg-Antioch Highway 
near Verne Roberts Circle. The leak was evaluated and repaired with a cured-in-place pipe 
(“CIPP”) liner. At that time, a second potentially compromised section of AFM-102 on West 7th 
Street between G and H Streets was also lined as a preventive measure. In 2017, the District 
experienced a second failure on Pittsburg-Antioch Highway east of the wastewater treatment 
plant, which was repaired using CIPP liner. In December 2019, pipe adjacent to the 2013 
preventive repair failed, leading to an emergency repair using a new HDPE pipe spool. The 
leaks, which occurred at high points in the forcemain, were the result of corrosion of the pipe 
steel cylinder and bar-wrap. It is believed that gaseous sulfide was trapped in these locations, and 
could not be released due to non-functioning or previously-removed air relief valves. The 
gaseous sulfide corroded the interior mortar lining, steel cylinder, and bar-wrap, leading to each 
failure. 

In February 2020, the District retained V.W. Housen & Associates (“VWHA”) and 
subconsultant V&A Consulting Engineers (“V&A”) to identify locations where continued 
corrosion may present risk of failure to the District on AFM-101 and AFM-102. VWHA and 
V&A conducted external visual inspections and ultrasonic steel cylinder wall thickness testing at 
these locations. The purpose of this assessment was to identify locations with substantial internal 
corrosion, and to design repairs for these areas in order to reduce the risk of forcemain failure for 
a 5-year timeframe (Phase 1). These Phase 1 repairs would provide additional time for the team 
to evaluate options to improve long-term operations and reliability of the combined Antioch and 
Bridgehead Conveyance Systems. 



Delta Diablo Sanitation District 
Antioch PS & Conveyance System Improvements Project 
Corrosion Assessment 
Page 2 
 

  H:\018DDSD-20-01\AFMRepairStep1\CorrosionTM 

This Technical Memorandum (“TM”) discusses the work completed by VWHA pertaining to 
corrosion assessment of the dual 24-inch forcemains, including findings and recommended 
improvements. As discussed in a meeting with the District on April 15, 2020, VWHA will defer 
discussions on hydraulic analysis to a separate TM that will include Bridgehead Pump Station. 
This TM includes the following sections: 

1. Background and Introduction 
2. Existing Infrastructure 
3. Forcemain Condition Assessment (Visual, Ultrasonic Testing, and Wastewater Sulfide 

Testing in Wetwell) Conducted by V&A Consulting Engineers 
4. Forcemain Repair Recommendations 
5. Air Release Valve Recommendations 

2.0 EXISTING INFRASTRUCTURE 

The APS is located along Fulton Shipyard Road just north of Wilbur Avenue and south of the 
railroad tracks. The APS was obtained from the City of Antioch when the District was formed in 
1955. The pump station receives flow from the Bridgehead Pump Station and gravity flow from 
the adjacent tributary areas. The pump station discharges flow through a dual 24-inch forcemain 
system. Depending on flow and operating conditions, either one of these forcemains, or both in 
parallel convey the wastewater flow to the District’s Wastewater Treatment Plant (“WWTP”) 
located at 2500 Pittsburg-Antioch Highway in Antioch. The District’s APS and forcemain sewer 
configuration is shown in Figure 1, on the following page. 

As shown in Figure 1, the two forcemains have different alignments, profiles, and lengths. AFM-
101 was first constructed in 1977 and spans approximately 13,605 feet. The second forcemain, 
AFM-102, which was constructed in 1998 and spans approximately 15,782 feet. According to 
District records and discussions with District staff, both AFM-101 and AFM-102 are constructed 
of AWWA C-303 bar-wrapped, steel cylinder concrete pressure pipe material or CCPP. AFM-
102 was manufactured by Ameron International (now Northwest Pipe Company). Information on 
both forcemains is summarized in Table 1 below. The Ameron pipeline cut sheets that were 
provided as a submittal during the construction phase of AFM-102 are included as part of 
Appendix A. 

Table 1: Forcemain Information Summary 

Parameter AFM-101 AFM-102 
Installation Year 1977 1998 
Diameter 24 inch 24 inch 
Length (approximate) 13,605 LF 15,782 LF 
Type AWWA C303 CCPP AWWA C303 CCPP 
Steel Cylinder Thickness 12 gauge 3/16 in / 10 gauge / 14 gauge 
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Figure 1. APS-101 and APS-102 Sewer and Forcemain Configurations 

 

Based on the information provided by Ameron, and partially confirmed through recent field 
measurements, AFM-102 CCPP appears to be comprised of three different steel cylinder wall 
thicknesses. The thinner, 14 gauge pipe (0.075”) is used in locations without bends, and where 
bell and spigot joints were specified on the construction drawings. The thicker, 10 gauge 
(0.135”) and 3/16 inch (0.187”) pipe sections are used in locations with welded joints, which are 
located on the construction drawings at horizontal and vertical bends.  

Ameron construction submittals were not available for AFM-101. However, ultrasonic wall 
thickness testing at the AFM-101 inspection location matched a 12 gauge (0.105 inch) wall 
thickness across the entire sampling area. Also, 12 gauge steel cylinder is mentioned by Winzler 
& Kelly in a prior document discussing the forcemains.  

Field measurements confirmed the presence of 14 gauge and 10 gauge pipe wall thickness on 
AFM-102. In addition, a pipe spool that was removed from AFM-102 during prior construction 
activities and stored in the field was confirmed to have 3/16 inch wall thickness. 

2.0 FORCEMAIN CONDITION ASSESSMENT 

The purpose of the forcemain condition assessment task was to identify locations within AFM-
101 and AFM-102 that are likely to have experienced substantial corrosion, and therefore require 
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replacement. If necessary, based on field testing results, these sections would be replaced during 
summer 2020, in advance of the 2020-2021 wet weather season.  

3.1 Condition Assessment Guidelines 

VWHA and the District established the following guidelines for the condition assessment. These 
guidelines were structured to provide the most reliable data within a short timeline, at a 
reasonable cost: 

• VWHA and V&A would identify locations with the highest potential for corrosion, and 
rank those locations in order of risk. Corrosion measurements would be taken at the 
crown of pipe in these locations. 

• VWHA and the District would solicit costs for contractors to provide access to testing 
locations. Preparation for testing, traffic control, and restoration of each site would be 
completed by the District.  

• Based on the cost and time required to provide access, the team would then finalize the 
inspection list and testing schedule. 

3.2 Selection of Inspection Locations 

VWHA, together with V&A, met in advance of field testing to discuss potential locations for 
visual and ultrasonic thickness testing. CCPP pipe is comprised of a thin steel cylinder that is 
spiral-wrapped with a steel bar that is tack welded to the cylinder. The steel assembly is then 
coated with mortar inside and outside of the pipe. The purpose of the ultrasonic testing was to 
measure the steel cylinder thickness in the middle layer of the forcemain pipe, and determine the 
amount of material loss from internal corrosion.  Based on District records, all past failures on 
AFM-102 occurred at intermediate high points throughout the forcemain alignment at elevations 
higher than the discharge location. These intermediate high points in the forcemains cause 
stagnant conditions for wastewater, trapping hydrogen sulfide (H2S) gas that, if not properly 
managed, corrodes the walls of the pipe including its steel cylinder. Usually, air relief valves 
(“ARV”) are installed at forcemain high points. As air or gasses build up at the high point, 
pressure can also increase. A float mechanism opens the valve, which releases the air and then 
closes after liquid lifts the float mechanism. The profile of AFM-102 includes numerous high 
points, and the AFM-102 construction drawings show ARVs at these high points. However, 
available documentation shows that a recommendation was made in the past to eliminate six 
existing ARVs, and to install 4 new ARVs on AFM-102. This documentation suggests that at 
one time, the originally designed ARVs were either missing or non-functional. This 
documentation is included in Appendix B. 

In theory, high points that are located below the discharge elevation remain submerged, even 
during non-operating conditions. Continuously-submerged pipe is usually protected from 
corrosion, since air is a required component of the corrosion reaction. However, if an air pocket 
develops within this high point during normal operations, then the air pocket could remain, even 
if the adjacent pipe sections are submerged. Therefore, the team focused on intermediate high 



Delta Diablo Sanitation District 
Antioch PS & Conveyance System Improvements Project 
Corrosion Assessment 
Page 5 
 

  H:\018DDSD-20-01\AFMRepairStep1\CorrosionTM 

points that are higher in elevation than the discharge elevation, but also identified some locations 
that should theoretically be submerged at all times. These locations are shown on Figures 2 and 
3, and are discussed below. 

Initially, 4 locations on AFM-101 and 8 locations on AFM-102 were selected for testing. On 
March 11, 2020, VWHA, V&A, and District staff met to review these locations and finalize the 
testing plan. The testing locations were prioritized further, resulting in nine locations as follows: 

• One location on AFM-101 and six locations on AFM-102 are located on intermediate 
high points with an elevation that is higher than the discharge location, and that have not 
been repaired by the District. These locations were the main candidates for forcemain 
testing and received a higher priority. Highest priority locations and the reason for 
selection are as follows: 

o AFM-101 Sta. 114+25. Intermediate high point. The other high point on the 
alignment at Sta. 46+44 has been lined previously. 

o AFM-102 Sta. 120+40, 88+31, 70+25, 62+74, 53+86, and 50+44. Intermediate 
high points. The location at Sta. 120+40 also confirms corrosion measurements 
taken by the District/CTS in January 2020, and the location at Sta. 70+25 was 
selected to confirm that there is no further corrosion adjacent to the December 
2019 failure location. 

• Two additional locations on AFM-102 were selected to confirm steel cylinder wall 
thickness at the inlet to a siphon (Sta. 101+81) and to determine condition of pipe 
segments in between two repair locations (Sta. 138+00). These locations were given a 
lower priority in the early stages of planning.  

Since AFM-102 has been more susceptible to failures in recent years due to its profile 
configuration, this forcemain was assigned more testing locations than AFM-101.  

During the March 11, 2020 discussion, the team also concluded that a steel cylinder percent loss 
of 25% or greater at a given testing location would qualify this pipe for urgent repair. Any pipe 
with 25% wall loss or greater would be scheduled to receive expanded testing to determine the 
extent of the required repair. As discussed further below, none of the test locations had 
measurable pipe wall loss that could be attributed to internal corrosion. 

In addition to showing the testing locations, Figures 2 and 3 shows locations of previous repairs, 
previously televised sections, the location of more recent corrosion testing, and areas of the pipe 
with welded joints. 
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Figure 2.  AFM-101 Profile and Testing Location Summary 
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Figure 3.  AFM-102 Profile and Testing Location Summary 
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3.2 V&A Forcemain Assessment 

Attached to this Technical Memorandum is the V&A Consulting Engineers “Antioch Force 
Mains 101 & 102 Condition Assessment Report,” included as Appendix C.  This report details 
the approach, testing, findings and conclusions of the visual inspections and ultrasonic wall 
thickness testing that were completed for this project. The V&A Technical Memorandum 
(“V&A Report”) includes the following sections, which provide additional background on the 
forcemain assessment: 

Section 1: Executive Summary 

Section 2:  Introduction. This section provides a brief background, summarizes 
documents reviewed, lists the inspection locations, discusses the approach 
used for corrosion testing, and discusses wastewater sulfides testing.  

Section 3:  Approach. This section discusses contractor access provided by the District, 
visual inspection, ultrasonic wall thickness testing, and sulfides testing.  

Sections 4 and 5: Findings and Conclusions, which are summarized below 

3.2.1 Findings 

Following is a summary of findings, which are presented in further detail in the V&A Report. 

Visual Inspections 

Prior to the field testing on AFM-101 and AFM-102, V&A evaluated sections of bar-wrapped 
pipe stored at the District’s WWTP. These pipe segments included sections removed from AFM-
102 during the December 2019 emergency repairs, as well as replacement pipe used for the 
repairs. The steel cylinder thicknesses of the pipe sections stored at the WWTP were directly 
measured with a micrometer to anticipate steel cylinder thicknesses that may be encountered 
during the ultrasonic thickness testing of AFM-101 and AFM-102. Two different thicknesses 
were measured at the WWTP storage area: 3/16-inch, and 14-gauge. 

The nine testing locations are shown in Table 2, and referenced by Location Number in the V&A 
Report. 
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Table 2. Inspection Locations & Visual Inspection Notes 
Location Pipeline Stationing Street Reference External 

Corrosion 
Other 

1 AFM-102 138+00 P-A Highway, between Verne 
Roberts Circle and Arcy Lane Moderate  

2 AFM-102 101+81 West of 6th and O Street 
Intersection 

None or 
negligible  

4 AFM-102 88+31 W. 7th Street between M and L 
Streets 

None or 
negligible  

5 AFM-102 62+74 W. 7th Street at E. Street None or 
negligible  

6 AFM-102 53+86 W. 7th Street between C and B 
Streets 

None or 
negligible 1 Bar Slightly Bent. 

7 AFM-102 50+44 W. 7th Street between B and A 
Streets 

None or 
negligible  

9 AFM-101 114+25 P-A Highway at Verne Roberts 
Circle Minor  

13 AFM-102 120+40 P-A Highway west of Auto 
Center Drive 

None or 
negligible  

14 AFM-102 70+25 W. 7th Street west of G Street None or 
negligible 

Dent and dimples in 
steel cylinder, 
scrapes on bars. 

 

At all but one of the nine inspection locations that were exposed for corrosion assessments, the 
exterior of the pipe and cement mortar coating appeared to be in good condition. The exposed 
steel cylinder and bars at 4 locations exhibited a mill finish with no sign of or minimal surface 
corrosion. At location 6, the reinforcing bar was slightly bent, and at location 14, there was a pre-
existing dent in the steel cylinder, approximately one inch in diameter and 3/16 to 1/4 of an inch 
deep, several dimples in the steel cylinder extending about 40 percent into the steel wall 
thickness, and scrapes on the reinforcing bars. It is believed that this damage occurred during the 
December repair project. Photos showing these demarcations are included in the V&A report. 

Ultrasonic Thickness Testing 

Ultrasonic thickness testing was conducted on the steel cylinder at each of the nine excavation 
locations. The number of measurements taken at each location determine based on the field 
technician’s ability to access the exposed pipe wall. On average, 25 readings were taken per 
location, with the actual number ranging from 12 readings at location 7, to 42 readings at 
location 14. The original pipeline wall thickness appeared to be fully intact in all locations. 

Measured thicknesses for AFM-101 location 9 matches 12-gauge steel (0.105 inch). Although 
documentation could not be found for the AFM-101 installed pipe thickness, 22 readings were 
taken ranging from 0.104 to 0.112 inches, with an average measurement of 0.106 inches. The 
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consistency of measurement supports 12-gauge steel having a maximum thickness loss of 0.001 
inches or 1 percent. 

Measured wall thicknesses for AFM-102 locations 1, 4, 5, 6, 7, 13, and 14 ranged from 0.073 to 
0.077. AFM-102 has bell-and-spigot joints in all of these locations, with a 14-gauge wall 
thickness (0.075 inch). The maximum wall thickness loss measured across all of these locations 
was 0.002 inches or 3 percent. 

Measured wall thickness for AFM-102 location 2 ranged from 0.133 to 0.138 inches, across 37 
readings. Location 2 has welded joints, with either a 10-gauge (0.135 inch) or 3/16-inch (0.187 
inch) wall thickness. The consistency of measurement supports 10-gauge wall thickness in this 
location, and the maximum wall thickness loss is 0.002 inches or 1%.  

The maximum calculated thickness loss across all locations was 0.002 inches, which is within 
the practical tolerances of the ultrasonic test methods used, and is likely within manufacturing 
tolerances for the steel sheet or plate used to manufacture the pipe.  

Bar Diameter and Spacing 

At each location where the cement mortar coating was removed, the reinforcing bar diameter and 
spacing, mortar coating thickness, and cover depth over the bars were measured. Bar spacing, bar 
diameter, and mortar coating thicknesses at the AFM-101 location were not consistent with 
published data for CCCP pipe. However, shop drawings were not available for AFM-101, and 
design parameters may have differenced from published data. The diameter and spacing of the 
bars at the AFM102 excavation locations generally met the requirements from the Ameron shop 
drawings. However, the specified mortar cover depth over the bars was less than shown on the 
shop drawings. The differences between measured and published values for both pipes did not 
raise concerns by V&A, but are listed in the report for information. 

Sulfides and Potential for Corrosion 

A wastewater sample was obtained from the APS wetwell at 9:15 a.m. on April 7, 2020. The 
sample was tested for total and dissolved sulfides, as described further in the V&A Report. V&A 
also reviewed H2S gas concentrations measured by the District upstream of the APS wetwell. 
Although present, sulfide concentrations in the wetwell were determined to be on the low end of 
the spectrum for corrosivity and odor. However, the H2S gas concentrations measured by the 
District upstream of the APS are considered very high, confirming that when dissolved sulfides 
are released from the District’s wastewater, the resulting gasses are highly corrosive.  

V&A Conclusions 

In conclusion, AFM-101 appears to be in good condition at the selected inspection location. 
There was no measurable wall thickness loss from the steel cylinder, and minimal visible 
corrosion on the external steel cylinder and reinforcing bars. This pipe has been in service since 
1977 (43 years).  
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Similarly, the AFM-102 pipe appears to be in good condition at the eight inspection locations. 
The pipe did not show measurable internal or external wall thickness loss from corrosion on the 
cylinder or reinforcing bars. There was a varying amount of surface corrosion on the exterior of 
the steel cylinder, depending on location (mostly minimal, with one location having moderate 
corrosion). Moderate corrosion may indicate that the mortar coating may be losing alkalinity and 
its ability to protect the steel. This condition does not present an immediate threat to reliability, 
but should be reviewed again as part of Phase 2 of this project. AFM-102 has been in service 
since 1998 (22 years).  

In addition, one location on AFM102, Location 14, had a pre-existing dent in the steel cylinder. 
This dent may have caused the mortar lining to delaminate; the condition of the interior mortar 
lining could not be confirmed through ultrasonic testing. At this location, there were also pre-
existing dimples on the exterior of the steel cylinder. If an internal pipe inspection is possible in 
this location, the District should schedule this inspection to confirm whether the internal lining 
has remained intact.  

The gaseous sulfide measurements provided by the District show a high potential for odors and 
corrosion at high points within the force mains, if sulfides are released from the wastewater 
stream and allowed to collect at these high points. Although AFM-102 is the newer pipeline of 
the two parallel forcemains, AFM-102 has had several failures that have resulted from internal 
corrosion caused by gaseous sulfide. This demonstrates that service life cannot be determined 
using pipe material alone, and depends heavily on configuration, construction methods, and 
system operation.  

Without having found signs of wall loss and associated pipe corrosion at the inspected locations, 
V&A found it difficult to project a corrosion rate forward, which would be needed to project a 
remaining useful life for either forcemain.  

4.0 FORCEMAIN REPAIR RECOMMENDATIONS 

After reviewing the results of the field investigations, VWHA, V&A, and the District met to 
discuss results and next steps. The team agreed that because no apparent corrosion was found at 
the inspection locations, the need for an urgent (i.e., summer 2020) pipeline relining or 
replacement project is no longer a priority for the District.  

The District is planning to review system operations for the Bridgehead and Antioch 
Conveyance Systems, and would like the existing system to provide at least five years of reliable 
operation, until recommendations from this broader analysis can be completed and implemented. 
In order to provide this level of reliability, VWHA recommends that the District move forward 
with several repairs related to AFM-102: 

1. Install permanent repair coupling at the 2019 failure location, and 
2. Reinstall air relief valves that were previously removed from the AFM-102 high points. 
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4.1 Permanent Repair Coupling 

The 2019 AFM-102 repair on West 7th Street between G and H Streets was completed on an 
emergency basis. The coupling between newly-installed HDPE pipe and existing CCCP/CIPP 
requires a permanent solution, prior to the 2020-2021 wet weather season.  Photographs taken 
during the emergency repair construction and a review of the AFM-102 as-built drawings have 
been completed to address a design resolution for a permanent repair at this location.   

Construction photographs show a flanged HDPE pipe section connected to steel flanges that 
were welded directly to the steel cylinder of the CCPP pipe.  Based upon the project as-built 
drawings, ultrasonic thickness field measurements in the vicinity, and the available Ameron 
CCPP pipe submittal, the steel cylinder at the repair location is 14 gauge thickness.  Without the 
bar wrapping and concrete encasement or a thickened steel ring, the flange connection directly to 
the 14 gauge cylinder presents a weak point in the existing pipe repair on both sides of the new 
HDPE spool. 

To provide original pipe design strength and repair longevity, a replacement repair should 
include the following procedures and components: 

• Define the approximate length of pipe segment to be repaired. Based on a review of 
existing documentation, the approximate repair length is 80 feet (approximately 20 feet 
long on the downstream side and 60 feet long on the upstream side). 

• Locate and uncover existing Carnegie gasketed joints at each end of the pipe repair 
segment. Trim existing CIPP liner as needed to access joint. 

• Have special short 24 inch Carnegie-by-Flanged joint fittings manufactured by 
Northwest Pipe (formerly Ameron). One fitting would be spigot end by flange joint and 
one would be bell end by flange joint. 

• Install above special fittings onto existing CCPP pipe ends at exposed original pipe joint 
locations. 

• Grout inside and outside of Carnegie joints. 

• Fabricate 24-inch flanged HDPE pipe spool(s) to fit between above special flanged ends. 

• If two flanged spools are used, install a harnessed compression coupling on 24 inch 
HDPE pipe plain ends to facilitate segment repair. 

• Make any repair to corrosion control system 

4.2 Reinstatement of Air Release Valves  

The installation of air release valves (ARVs) on sewer forcemains is a standard practice.  Air 
release valves are typically located at high points in the pipeline where air, including gaseous 
sulfides can become trapped.  Air pockets within a forcemain can cause water hammer and 
pressure surges (transients), sulfide corrosion, and increase pumping heads.   Entrapped air can 
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lead to surge pressures in pipelines from 1.6 to 2 times the pipeline operating pressure.  The 
greatest pipe pressures occur upon power loss or termination of pumping.   

In some cases, forcemain configuration and operating flow velocities can evacuate some 
entrapped air. However, in the case of AFM-102, operating velocities are approximately 3 to 4 
feet per second, which are not great enough to drive air from high points. Further, the prior 
failures that have resulted from internal corrosion confirm that corrosive, entrapped air is present 
within the forcemain.  

A previous evaluation of AFM-102 summarized in a Technical Memo dated March 24, 2014, 
included in Appendix B, showed the pipeline to have a collapse pressure of 612 psi and a 
pressure rating of 300 psi with transients.  The evaluation indicated that the pipeline operating 
pressures with calculated transients are within the operating design pressure of the pipeline.  
After evaluating the memo assumptions and reviewing the AFM-102 project Technical 
Specification, it appears that the March 24, 2014 evaluation overestimated the pressure rating of 
the forcemain by assuming incorrect properties of construction for AFM-102.  AFM-102 project 
Technical Specification Section 02667, 2.2, B, also included in Appendix B,  required the pipe to 
have a maximum working pressure of 65 psi, a maximum working pressure plus transients of 65 
psi, and a test pressure requirement of 100 psi.  For AFM-102, with a normal operating pressure 
of 60 psi, estimated pressure during surge events with trapped air in the pipeline could be as high 
as 120 psi. This potential transient pressure exceeds the pipeline’s original specified test 
pressure. A detailed surge analysis of AFM-102, as planned in Phase 2 of this project, would 
provide more accurate anticipated surge pressures for use in developing future design solutions. 

Based upon this initial analysis, it is recommended that six air release valves be reinstated at all 
original AFM-102 project design locations to help mitigate surge pressures, and also minimize 
the sulfide environment created by entrapped air at high points within the forcemain.  It is 
understood that the District has had maintenance issues with certain ARV models and it is 
recommended that District use valves that have been installed, operated, and maintained without 
issues.  We understand that the District has had success with A.R.I. brand ARVs in more recent 
installations. To assist in routine maintenance of ARV’s it is recommended that shut off valves 
between the forcemain and the ARV be in good operating condition (or replaced) to allow 
servicing of ARV’s without shutting down or draining the forcemain. 

The estimated construction cost to install upgraded repair couplings and reinstate ARVs on 
AFM-102 is $180,000. This estimate does not include engineering, administration, or 
construction management/inspection. The estimate includes a ten percent contingency for 
unknowns associated with underground construction. 

4.3 Next Steps 

As discussed during the review meeting held on April 15, 2020, VWHA is proceeding with the 
preparation of plans and specifications for installation of new repair couplings, and reinstatement 
of ARVs as discussed above. Submittal of the 75 percent design package is scheduled for June 5, 
2020. The remainder of the project schedule is proposed as follows: 
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• 75% Design Submittal June 5, 2020 
• 75% Design Review Meeting (Approx.) June 10, 2020 
• 90% Design Submittal June 19, 2020 
• 90% Design Review Meeting (Approx.) June 23, 2020 
• Complete Bid Documents June 30, 2020  
• Bid Period (30 Days) July 30, 2020  
• Award Contract August 12, 2020 
• Construction Completed October 15, 2020 
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Appendix A 
 

Ameron International AFM-102 Cut Sheets  
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Appendix B 
 

GHD Antioch Forcemain Evaluation 
1998 AFM 102 - Sect 02667 - Piping and Fittings 

AFM-102 ARV Information 
   



Memorandum 

24 March 2014 

To Dean Eckerson, DDSD 

Copy to Iver Skavdal, GHD 

From Ted Whiton Tel 707-540-9007 

Subject Antioch Force Main Evaluation Job no. 84/10858/10 

In August 2013 the District experienced a structural failure in one of its Antioch force mains (AFM102). The 

failure was due to significant crown corrosion at a local high point in the reinforced concrete cylinder pipe 

(CCP). After inspecting the pipe at several local high points the District installed CIPP liner at two locations 

totaling 1, 100 linear feet. The pipeline was put back into service for the 2013/2014 wet season and the 

District intends to conduct a more thorough condition assessment in 2014 and line additional segments as 

needed. Previously the District lined 680 linear feet in AFM101 at its high point due to crown corrosion . 

Winzler & Kelly (now GHD) was the designer of record for AFM102. After the pipe failure, the District 

engaged GHD in evaluating the Antioch force mains to determine probable cause(s) for the crown corrosion 

and recommend improvements that would allow the District to operate the dual force mains as intended 
while maximizing the service life of these critical assets. 

EXISTING CONDITIONS 

The District operates the dual pipelines in parallel with both force mains in operation at all times. The force 
mains have different alignments and profiles that create different hydraulic conditions in the two pipes. Table 

1 provides a summary of the two pipelines. Figures 1 and 2 (attached) show the pipe profiles. 

Table 1 - Antioch Force Main Attributes 

I Attribute 

Year Constructed 

Pipe Material 

Inside Diameter 

Length 

Highest Invert Elevation 

Number of Local High Points 

Number of Active Air Valves 
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1980 2000 
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24" 24" 

13,590 If 15,500 If 
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Because of the differing attributes between the two force mains the flow split between them also differs, 

especially during dry weather flows. Based on actual flow measurements taken by the District in 2013 from 

July 28 through August 2 we were able to approximate the flow split between the two force mains for varying 

total flow rates as shown in Figure 3 (attached). During dry weather the total flow ranges between 3 and 7 
MGD for about 84 percent of the time with an average flow of 5.4 MGD. The corresponding flow range for 

AFM101 is about 3 to 4 MGD and for AFM102 about Oto 3 MGD. 

In order to achieve a scouring velocity of 3 FPS in a 24-inch force main the flow rate must be at least 6 MGD. 

Neither force main achieves scouring velocity during dry weather months under normal operating conditions 

and AFM102 experiences especially low velocities. This leads to solids deposition at low points, increased 

sulfides in the wastewater as it ages, and more time with column separation at high points where hydrogen 
sulfide gas is oxidized within the slime layer which produces sulfuric acid, the primary cause of concrete 

deterioration. It appears that the low flow velocities during dry weather months, especially in AFM102, are 
the primary cause of crown corrosion that ultimately led to structural failure. 

Both force mains were designed with a pig-launcher for cleaning which removes accumulated solids and 

reduces the slime layer on the inside of the pipe at the high points. The District reports that its current 

practice is to "pig" the force mains once every other year near the end of the dry season. In addition, the 
District currently flushes each force main on a quarterly basis for 72 hours by closing the valve to one force 

main and directing all flow through the force main being flushed. The flushing action helps to scour out 
accumulated solids from low points in the pipelines. 

Options to Extend Service Life 

The District could implement several options, alone or in combination , that would help to extend the service 
life of the Antioch force mains, including: 

1. Install CIPP liner in all pipe segments showing signs of crown corrosion ; 

2. Pig both force mains annually; 

3. Utilize a single force main in the dry weather season and fill the unused force main with recycled 

water while it is out of service; and/or 

4. Install automated backpressure valves at the downstream end of the force mains to maintain full 

pipes at all times. 

A summary of the advantages and limitations for each of these options is provided below. 

Option 1 - Install CIPP Liner 

This option consists of repairing and protecting the pipe segments prone to crown corrosion in both force 

mains. The District has already installed CIPP at three high points in the pipelines, one in AFM101 and two 

in AFM102. The District intends to take AFM102 out of service in April 2014 and install a camera at each 
high point and inspect upstream and downstream for crown corrosion. This same process should be 
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performed in AFM 101 in April 2015. Any pipe segments showing signs of crown corrosion should be lined 

as soon as possible. 

The installation of CIPP liner in two locations in AFM102 in 2013 was completed as an emergency repair 
rather than a public bid process. This work was completed at a cost of about $350 per linear foot. The 

District might realize a lower unit cost with a higher quantity of liner and using a public bid process. The pipe 

segments that potentially need to be lined include: 

• AFM101 Sta.112-Sta.123{1,1001f) 

• AFM101 Sta. 144 - Sta. 146 (200 If) 

• AFM102 Sta. 32 - Sta. 40 (800 If) 

• AFM 102 Sta. 49 - Sta. 55 (600 If) 

• AFM102 Sta. 60 - Sta. 64 (400 If) 

These segments total 3, 100 linear feet of CIPP liner and at a unit cost of $350/lf would cost about $1.1 
million for construction, plus engineering and administrative costs. Because one force main needs to remain 

in service at all times the work on the two force mains could be completed as two separate projects. This 

option is the most costly but provides assurance that the lined sections will restore structural integrity of the 

pipe segments and will protect against further damage from crown corrosion. 

Option 2 - Pig Force Mains Annually 

Pigging the force mains should be completed annually near the end of the dry weather season to clear the 

force mains of accumulated solids and to scrub away as much of the slime layer as possible from the pipe 

interior. This is not a capital project so the cost would come from the District's maintenance budget. The cost 

of a 24-inch foam pig designed for cleaning municipal force mains is under $1,000. Since the District already 

pigs one force main each year the added cost is for one more pig each year. This is a low cost option and 
provides benefits of keeping the force mains clean. 

Option 3 - Utilize Single Force Main During the Dry Weather Season 

A single force main can handle more than 12 MGD at a flow velocity of 6 FPS, and can easily handle current 

dry weather flows without the need for a second force main in service. Operating a single force main during 

dry weather is advantageous to achieve higher velocities to keep the pipe clear of accumulated solids and to 

reduce aging of the wastewater and subsequent sulfide generation. However, the pipeline that is not in 
service would need to be completely drained or thoroughly flushed with reclaimed water so that additional 

crown corrosion would not occur while it is out of service. 

Alternatively the District could operate one force main at a time but switch force mains every 24 hours by 

operating the force main isolation valves at the Antioch Pump Station, which is essentially the same as what 
is currently done but on a much more frequent basis. This increased frequency would be difficult because 

the valves are manually operated; adding motor operators and connecting the controls to SCADA would 

facilitate the alternation of force mains and allow for minimizing when a second force main would be needed 
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to just when rain is imminent. Adding motor actuators to the force main isolation valves and programming 

SCADA for remote monitoring and operation would cost less than $500,000 for construction, plus 
engineering and administrative costs. 

Option 4 - Install Automated Backpressure Valves 

Crown corrosion in the force mains could also be addressed by installing pressure-sustaining valves at the 

downstream end of each of the pipelines. For AFM101 a new valve vault would be needed in Arey Lane and 

for AFM102 a new valve vault would be needed near the headworks at the treatment plant. The valves would 
modulate to sustain the pressure in the force mains just upstream of the valves at a constant pressure of 10 

PSI. This would ensure that both force mains would remain full at all times which would eliminate the 
oxidation of hydrogen sulfide gas in the slime layer along the pipe interior. The estimated cost of construction 
for the valves and vaults is approximately $600,000. 

This option has a few disadvantages: 

• Existing deterioration from crown corrosion would not be addressed 

• The increased pressure would increase power usage at the Antioch Pump Station 

• The valves and pressure transducers would require regular maintenance 

• The valve vault in Arey Lane is in a dangerous location for access by O&M staff 

Depending on the results of further condition assessments at local high points in the force mains, additional 

CIPP lining could be required with this option to address deteriorated sections of pipe. 

Transient Analysis 

GHD modelled the dual force main system under a number of operational scenarios to evaluate predicted 

high and low transient pressures in each of the force mains. The operational scenarios included: 

• Actual peak flow from data provided with single force main in operation 

• Actual peak flow from data provided with both force mains in operation 

• Existing PWWF (18 MGD) with both force mains in operation 

• Buildout PWWF (27 MGD) with both force mains in operation 

The model was based on information GHD was able to obtain from the original design of AFM102, 

information provided by the District regarding the location of CIPP liner, and actual flow and pressure data 
provided by the District from late July/early August 2013. A conservative approach was taken with respect to 

the calculated wave speed of the pipe material. It was assumed that all of the combination air/vacuum valves 

were in service and operational for the model runs so that their effectiveness could be assessed. The 
predicted low and high transient pressures for the two force mains are provided in Table 2 below. 
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Table 2 - Predicted Max/Min Transient Pressures in AFM 101 and AFM102 

_ _Operational Scenario j At=M101 Max j AFM101 Min I AFM102 Max j AFM102 Min 

Actual (10 MGD), AFM101 152 PSI -14.4 PSI n.a. n.a. 

Actual (6 MGD), AFM 102 n.a. n.a. 143 PSI -14.5 PSI 

Actual (15 MGD), Both FMs 184 PSI -17.3 PSI 207 PSI -17.3 PSI 

PWWF (Existing), Both FMs 177 PSI -17.3 PSI 213 PSI -17.3 PSI 

PWWF (Buildout), Both FMs 213 PSI -17.3 PSI 251 PSI -17.3 PSI 

Based on information provided by Ameron, the supplier for AFM102, GHD believes the CPP pipe has a 

pressure rating of at least 200 PSI based on the steel cylinder thickness (0.1046 inch) and reinforcing bar 
diameter (0.3125 inch). This translates to a calculated collapse strength of 612 PSI and a pressure rating 

with transients of 300 PSI. The predicted maximum and minimum transient pressures are within the pressure 
rating limits of AFM102. 

The combination air/vacuum valves do not have much of an impact in reducing the maximum transient 
pressures, especially for the higher flow rates modelled. Instead the air valves allow the pipe to "breathe" 

when fi ll ing and draining and allowing column separation at high points during low flows. The District 
currently operates the force mains with some of the combination air/vacuum valves out of service and this 

should not compromise the pipelines as far as transients are concerned. 

Recommendations 

GHD recommends that the District implement Options 1 and 2 immediately, with lining of AFM102 completed 

in 2014 and in AFM101 in 2015. Option 3 would also be beneficial over the long term but requires installation 

of motor actuators on the force main isolation valves at the Antioch Pump Station ; this project could wait until 

the next pump station improvement project at the facility. 

Let me know if you have questions or want to meet to discuss our evaluation and conclusions. 

Regards, 

Ted Whiton 
USA West Operations Manager 
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1 Executive Summary 
V&A Consulting Engineers (V&A) was retained by V. W. Housen & Associates (VWHA) to assist with 

condition assessment of the Antioch Force Main system, which is owned and operated by the Delta 

Diablo Sanitation District (District) in Antioch, California. There are two force mains: Antioch Force Main 

101 (AFM101), constructed circa 1980; and Antioch Force Main 102 (AFM102), constructed circa 2000. 

Past failures on AFM102 indicate that high points along the force main alignments may be susceptible 

to internal corrosion caused by hydrogen sulfide. 

For this project, excavation locations were selected, including high points that have yet to be 

rehabilitated by the District. The District hired a contractor to perform the excavations and allow V&A to 

gain access to the crown of the pipe at each location. Nine excavation locations were evaluated. Visual 

evaluation and ultrasonic thickness testing were performed to determine the condition of the bar-

wrapped concrete pressure pipes. Sulfide sampling at the pump station was also conducted to 

determine the potential corrosivity of the wastewater. The field testing was completed in March and 

April 2020. 

Based on the findings from this condition assessment project, V&A developed the following conclusions, 

which are discussed in greater detail in Section 5: 

1. AFM101: AFM101 was evaluated at one excavation. Based on the visual assessment and 

ultrasonic thickness testing, the pipe is in good condition at this location. Deterioration of the 

mortar coating may be occurring, but it has not allowed measurable steel thickness lo ss to 

occur to date. The condition of the lining is unknown. 

2. AFM102: AFM102 was evaluated at eight excavations. Based on the visual assessment and 

ultrasonic thickness testing, the pipe is generally in good condition at these locations. There 

was minor surface corrosion on the cylinder at some locations, but it has not allowed 

measurable steel thickness loss to occur to date. The condition of the lining is unknown. One 

location on AFM102 exhibited a dent in the steel cylinder. This dent could have caused th e 

mortar lining to delaminate, but there was no way to determine the condition of the lining 

during the field testing. 

3. Sulfides and potential for corrosion: The wastewater and gaseous sulfide measurements show a 

high potential for odors and corrosion at high points within the force mains if air pockets are 

allowed to collect. This is consistent with the previous AFM102 failures, which were determined 

to be caused by corrosion at high points. 

4. Remaining service life: There is no way to quantify the remaining service life for the force mains 

based on the data collected for this project. It is possible that corrosion could be occurring at 

other locations that were not tested. Also, if the lining is damaged at any of the test locations, 

particularly Location 14 where a possible damage mechanism was found, corrosion could begin 

to occur. It is not possible to determine whether or how fast this will occur.  

  



Antioch Force Mains 101 and 102 

Condition Assessment  
 Introduction 

 

     |     Project No. 20-0032     |     3 

2 Introduction 
V&A was retained by VWHA to assist with condition assessment of the Antioch Force Main system, which 

is owned and operated by the District in Antioch, California. Past failures indicate that high points along 

the force main alignments may be susceptible to internal corrosion. Excavation locations were selected, 

including high points that have yet to be rehabilitated by the District. Ultrasonic testing was performed 

to determine the remaining wall thickness on the steel cylinder of the bar-wrapped concrete pressure 

pipes. The field testing was completed in March and April 2020. 

2.1 Scope of Condition Assessment 

V&A’s scoped for the condition assessment included review ing the record drawings and failure history, 

testing remaining pipe cylinder wall thickness in excavations, providing engineering analysis of the 

results, and providing as-needed technical assistance. This report presents the findings of the condition 

assessment. 

2.2 Project Background 

The Antioch force main system is composed of two separate force mains, the Antioch Force Main 101 

(AFM101) and the Antioch Force Main 102 (AFM102). While the force mains share a common discharge 

header at the Antioch Pump Station (PS), they follow different alignments after the pump station until 

the pipelines reach the District’s wastewater treatment plant (WWTP). Several failures on AFM102 have 

occurred since 2013. The District repaired the failed sections with cast-in-place pipe (CIPP) lining 

installations upstream and downstream of each failure location. Table 2-1 summarizes pertinent 

information on the force mains. 

Table 2-1. AFM101 and AFM102 Information 

 AFM101 AFM102 

Year installed Circa 1980 Circa 2000 

Diameter 24 inches 24 inches 

Pipe material C303 bar-wrapped 

concrete cylinder pipe 

C303 bar-wrapped 

concrete cylinder pipe 

Length, feet  17,739 feet (3.4 miles) 16,000+ feet (3.0 miles) 
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2.3 Document Review and Planning 

V&A reviewed the following documents and information to prepare for and conduct the condition 

assessment: 

▪ AFM101 record drawings (1977) 

▪ AFM102 record drawings (1998) 

▪ Ameron shop drawings for AFM102 pipe 

▪ Overall alignment profiles (prepared by VWHA, 2020)  

▪ Hydrogen sulfide (H2S) sampling data (District, August 15, 2019) 

▪ American Water Works Association (AWWA) standard C303, “Bar-Wrapped Concrete Pressure 

Pipe” 

▪ Ameron “Bar-Wrapped CCP: Product Information and Standard Designs” (2005)  

▪ AFM102 failure history information 

The pattern of failures on AFM102 within the last several years showed a tendency for mortar lining 

failure and for corrosion to occur at high points along the alignment. This is a typical mode of failure for 

force mains due to entrapped H2S gas. The previous failures had been repaired, and it was the intent of 

this project to look for additional locations where a failure may be expected to occur in the future. Also, 

there have not been any known failures on AFM101, but the same approach was taken at one location 

on this pipeline to see if it may be experiencing degradation. So, the District, VWHA, and V&A developed 

a list of locations where similar conditions may be occurring in both force mains, and most of these 

were excavated for this project. The list of excavation locations for this project is shown in Table 2-2. 

Location numbers 3, 8, 10, 11, and 12 were not used. 

Table 2-2. Force Main Excavation Locations 

Location Pipeline Stationing Street location 

1 AFM102 138+00 Pittsburg-Antioch Hwy. between Verne Roberts and 

Arcy Ln. 

2 AFM102 101+81 Field west of intersection of 6th & O Sts. 

4 AFM102 88+31 W. 7th St. between M and L Sts. 

5 AFM102 62+74 W. 7th St. at E St. 

6 AFM102 53+86 W. 7th St. between C and B Sts. 

7 AFM102 50+44 W. 7th St. between B and A Sts. 

9 AFM101 114+25 Pittsburg-Antioch Hwy. at Verne Roberts 

13 AFM102 120+40 Pittsburg-Antioch Hwy. west of Auto Center Dr. 

14 AFM102 70+25 W. 7th St. just west of G St. 

 

 

  



Antioch Force Mains 101 and 102 

Condition Assessment  
 Approach 

 

     |     Project No. 20-0032     |     5 

3 Approach 

3.1 Access 

The District retained a contractor to perform the excavations and to provide traffic control and support 

for V&A to enter the excavations. The contractor also removed an approximately 6-inch-square area of 

the cement mortar coating at the crown of the pipe in each test pit.  The contractor repaired the mortar 

coating after V&A completed the testing. 

3.2 Visual Assessment 

Qualitative visual evaluations were conducted on the exterior of the force main pipe, focusing on the 

condition of the cement mortar coating, steel cylinder, and reinforcement bars . Observations were 

documented with digital still photographs. It should be noted that much of the visual assessment data 

is subjective and is based upon V&A’s extensive experience evaluating concrete and metallic structures 

in the water and wastewater industries.  

3.3 Ultrasonic Thickness Testing 

Ultrasonic thickness testing is a non-destructive evaluation technique used for the determination of 

metal wall thickness. High-frequency sound waves are transmitted through one side of a metal wall from 

a transducer. When the sound waves reach the other side of the metal wall, a fraction of the waves will 

echo back to the transducer. The metal thickness is determined by recording the time it takes for the 

sound wave to travel through the metal and return. Point ultrasonic measurements were performed on 

the steel cylinder of the pipe. Several point measurements were obtained on the exposed steel cylinder 

areas between the reinforcing steel bars, as shown in Photo 3-1. 

 

Photo 3-1. Typical area of steel cylinder exposed at the 

crown of the pipes for ultrasonic thickness testing. The 

wet surface is the couplant used to ensure that the 

ultrasonic waves pass into the metal. 
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3.4 Wastewater Sulfide Tests in Wet Well 

Sulfide in wastewater can cause odor and corrosion problems. The rankings used when correlating the 

sulfide concentration with corrosivity or odor vary among engineers; however, Table 3-1 is a generally 

accepted guide. 

Table 3-1. Corrosivity and Odor as a Function of Sulfide Concentration 

Corrosivity and odor ranking Total sulfide in wastewater (mg/L) Atmospheric H2S (ppm) 

Very high Greater than 15 Greater than 40 

High 8 to 15 8 to 40 

Moderate 5 to 8 5 to 8 

Low 1 to 5 1 to 5 

Negligible Less than 1 Less than 1 

 

Grab samples of wastewater from the Antioch PS wet well were collected using a bucket and tested on-

site for total and dissolved sulfide using a LaMotte Drop Count Sulfide Test Kit. These kits use the 

Pomeroy methylene blue method for analysis, a titration method that uses colorimetric standards to 

determine sulfide concentrations. Total sulfide, dissolved sulfide, and hydrogen sulfide can be 

separated in the titration test. The sulfide concentration is determined using a color dye, which is 

added to an unreacted sample until its color matches a reacted sample.  

V&A also reviewed the H2S concentrations measured by the District upstream of the Antioch PS wet 

well. 
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4 Findings 

4.1 Visual Evaluation 

 Pipe Sections Located at the District’s WWTP 

Prior to the field testing on AFM101 and AFM102, V&A evaluated sections of bar-wrapped pipe stored at 

the District’s WWTP. The District’s representative informed the team that the pipe segments included 

sections removed from AFM102 as part of the previous emergency repairs and replacement pipe used 

for the repairs. The steel cylinder thicknesses of the pipe sections stored at the WWTP were directly 

measured with a micrometer to verify steel cylinder thicknesses that may be encountered during the 

ultrasonic thickness testing of AFM101 and AFM102. 

Photo 4-1 shows a typical section of pipe that has a cylinder thickness of 3/16 of an inch. The 

contractor that made the repairs stated that this was the type of pipe used to repair AFM102. The 

record drawings show that, where the pipe was installed with welded joints, the  original pipe cylinder 

could be either 3/16 of an inch thick or 10 gauge (0.135 in.). Photo 4-2 shows a typical section of pipe 

that was taken from AFM102 where the repairs were made. These sections have a cylinder thickness in 

the range of 14-gauge steel (0.075 inches nominal). 

 

Photo 4-1. Replacement sections of pipe have a 

cylinder thickness of approximately 3/16 of an inch. 

The measured thickness was 0.194 inches, possibly 

including the rust. 

 

Photo 4-2. Sections of pipe removed from AFM102 

have a cylinder thickness of approximately 14 gauge 

(0.075 inches). The measured thickness was 0.078 

inches, possibly including the rust. 
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 AFM101 Excavations 

AFM101 was exposed at one excavation: Location 9. From visual evaluation of the area that was 

exposed, the exterior of the pipe was in good condition. The cement mortar coating appeared to be in 

good condition. Approximately a 6-inch-square area of mortar coating had been removed by the 

contractor to allow access to the steel cylinder. The exposed steel cylinder and bars mostly exhibited a 

mill finish. There was minor surface corrosion but no measurable thickness loss. These observations 

are shown in Photo 4-3 and Photo 4-4. 

 

Photo 4-3. Exposed pipe surface at Location 9. 

 

Photo 4-4. Exposed steel area at Location 9. 

 AFM102 Excavations 

AFM102 was exposed at eight locations: Locations 1, 2, 4, 5, 6, 7, 13, and 14. From visual evaluation 

of the area that was exposed at each excavation, the exterior of the pipe was generally in good 

condition, although there were a few localized defects as described below. The cement mortar coating 

appeared to be in good condition at these eight excavations.  

Approximately a 6-inch-square area of mortar coating had been removed by the contractor at each 

location to allow access to the steel cylinder. At Locations 2, 4, 5, and 14, the steel cylinder and bars 

exhibited a mill finish with no, or very little, evidence of corrosion. At Locations 1, 6, 7, and 13, the steel 

cylinder and bars exhibited the mill finish with minor surface corrosion, except at Location 1 where 

there was moderate surface corrosion. There was no measurable external thickness loss from corrosion 

at these locations. At Location 6, one of the reinforcing bars was bent slightly.  

At Location 14, there was a dent in the steel cylinder at approximately the southeast corner of the 

rectangle of mortar coating that was removed. As found, the dent was mostly filled with mortar. The 

contractor removed a small amount of additional mortar in this corner so that the dent was v isible in its 

entirety. The dent was about 1 inch in diameter and 3/16 to 1/4 of an inch deep. There were also a few 

dimples in the steel cylinder at Location 14, along with scrapes on the reinforcing bars. The dimples , 

which appeared to be the result of a tool impact rather than corrosion, were at least 0.030 inches deep, 

or 40% of the nominal 0.075-inch wall thickness at this location. 

The contractor’s foreman noted that the mortar coating at Location 14 had actually been removed some 

time previously, when the pipeline repairs extending downstream from Station 70+50 were made. For 

this project, the contractor removed the grout that had been used to patch this area. If the dent was 

created during the prior removal of the original cement mortar coating, this could explain how it was 

mostly filled with mortar or grout as found. Beyond this hypothesis, however, it was not possible to 

determine from the available evidence when or how the dent, dimples, or scrapes were created.  



Antioch Force Mains 101 and 102 

Condition Assessment  
 Findings 

 

     |     Project No. 20-0032     |     9 

The above observations for AFM102 are shown in Photo 4-5 through Photo 4-22. 

 

Photo 4-5. Exposed pipe surface at Location 1. 

 

Photo 4-6. Exposed steel area at Location 1. 

 

Photo 4-7. Exposed pipe surface at Location 2. 

 

Photo 4-8. Exposed steel area at Location 2. 

 

Photo 4-9. Exposed pipe surface at Location 4. 

 

 

Photo 4-10. Exposed steel area at Location 4. 

Surface is wet from ultrasonic testing. 
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Photo 4-11. Exposed pipe surface at Location 5. 

 

Photo 4-12. Exposed steel area at Location 5. 

 

Photo 4-13. Exposed pipe surface at Location 6. 

 

 

 

Photo 4-14. Exposed steel area at Location 6. 

Surface is wet from ultrasonic testing. Note bent bar 

(arrow). 

 

Photo 4-15. Exposed pipe surface at Location 7. 

 

 

Photo 4-16. Exposed steel area at Location 7. Surface 

is wet from ultrasonic testing. 
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Photo 4-17. Exposed pipe surface at Location 13. 

 

Photo 4-18. Exposed steel area at Location 13. 

 

Photo 4-19. Exposed pipe surface at Location 14, as 

found. North is to bottom of photo. 

 

Photo 4-20. Exposed steel area at Location 14. 

Dimples denoted with arrows. Dent (as found) circled 

with dashed line. North is to left. 

 

Photo 4-21. Dent at Location 14 is about 1 inch in 

diameter. 

 

Photo 4-22. Dent at Location 14 is about 3/16 to 1/4 

of an inch deep. 
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4.2 Ultrasonic Thickness Testing 

Ultrasonic thickness testing was conducted on the steel cylinder at each of the nine excavation 

locations. The results are presented in Table 4-1. The number of measurements taken at each location 

was dictated by the evaluator’s discretion and the locations where the ultrasonic transducer could 

make contact with the metal surface. Measurements were taken throughout the available surface area 

in order to search for potential localized corrosion. As discussed below, no such localized corrosion was 

found. 

Table 4-1. Ultrasonic Thickness Testing Results 

Location Station 

No. of 

readings 

Measured thickness, in. 

Nominal 

thickness, in. 

Max. thickness loss 

Min. Avg. Max. 

Variation 

(range) in. percent 

AFM101          

9 114+25 22 0.104 0.106 0.112 0.008 0.105 (12 ga.)* 0.001 1% 

AFM102          

1 138+00 25 0.077 0.078 0.080 0.003 0.075 (14 ga.) 0.000 0% 

2 101+81 37 0.133 0.135 0.138 0.005 0.135 (10 ga.)* 0.002 1% 

4 88+31 25 0.074 0.076 0.078 0.004 0.075 (14 ga.) 0.001 1% 

5 62+74 20 0.073 0.075 0.076 0.003 0.075 (14 ga.) 0.002 3% 

6 53+86 22 0.074 0.076 0.077 0.003 0.075 (14 ga.) 0.001 1% 

7 50+44 12 0.076 0.077 0.078 0.002 0.075 (14 ga.) 0.000 0% 

13 120+40 21 0.073 0.077 0.084 0.011 0.075 (14 ga.) 0.002 3% 

14 70+25 42 0.074 0.077 0.080 0.006 0.075 (14 ga.) 0.001 1% 

*Nominal thickness assumed based on measurements and available wall thicknesses. See text. 

For AFM101, records showing the pipe nominal thickness were not available. The measured thickness 

data at Location 9 appears to match 12-gauge steel (as available from Ameron per general literature), 

so this was assumed to be the nominal thickness. Although it is possible that the nominal thickness 

was greater and the thickness has been reduced by corrosion, this is considered unlikely because of 

the relatively minor variation (range from minimum to maximum thickness) in the measureme nts. 

For AFM102, the Ameron submittals for the force main show three different classes of pipe, one with 

bell-and-spigot joints and the other two with welded joints. The record drawings show where welded 

joints were to be used, but not which of the two classes of pipe was to be used where welded joints 

were specified. So, the pipe class and nominal thickness at Location 2 were assumed based on the 

close match between the measured data and one of the pipe classes. The minor variation in measured 

thickness supports this assumption as opposed to a heavier pipe class that has experienced corrosion. 

The remainder of the test locations on AFM102 were not shown as having welded joints, so the known 

14-gauge nominal thickness was used for these locations. 

In all, the ultrasonic thickness data indicate that negligible corrosion, if any, has occurred at the test 

locations. The maximum calculated thickness loss was 0.002 inches, which is minor, is within the 

practical tolerances of the ultrasonic test methods used, and is probably within the manufacturing 

tolerances for the steel sheet or plate used to manufacture the pipe. The variation in measured 

thickness at each location was also minor. It should be noted that the negligible measured thickness 

loss does not indicate whether the lining is still intact, nor does it indicate whether corrosion may have 

occurred at other locations along the force mains. An attempt was made to take ultrasonic readings in 

and around the dent at Location 14, but no readings were possible due to the uneven metal surface. 

So, the ultrasonic testing does not provide insight into whether the dent has caused failure of the lining.  
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4.3 Bar Diameter and Spacing 

At each location where the cement mortar coating was removed, the reinforcing bar diameter a nd 

spacing were measured, as shown in Table 4-2. Because of the remaining mortar that was adhered to 

some of the bars, it was not possible to measure the diameter or spacing of all bars that were exposed. 

The table presents the measurements that were possible at each location. Also, the mortar coating 

thickness and cover depth over the bars was measured at some locations, as presented in the table.  

Table 4-2. Bar Diameter, Spacing, and Cover Depth 

Location Station 

Bar diameter, 

in. 

Bar spacing, 

in. 

Mortar cover 

over bars, in. 

Mortar 

coating 

thickness, in. 

AFM101      

9 114+25 

0.375 

0.378 

0.380 

1.90 

1.85 
0.60 1.00 

AFM102      

1 138+00 

0.214 

0.216 

0.218 

1.55 

1.65 

1.45 

0.90 to 1.15 1.10 to 1.35 

2 101+81 
0.215 

0.215 

1.70 

1.65 

1.50 

0.80 to 0.90 1.00 to 1.10 

4 88+31 

0.221 

0.216 

0.219 

1.85 

1.90 

1.75 

Not measured Not measured 

5 62+74 
0.220 

0.218 

1.90 

1.80 

1.75 

Not measured Not measured 

6 53+86 
0.222 

0.225 

1.85 

1.65 

1.85 

Not measured Not measured 

7 50+44 
0.228 

0.229 

1.75 

1.90 
Not measured Not measured 

13 120+40 
0.215 

0.214 

1.80 

1.70 

1.85 

0.75 to 0.80 0.95 to 1.00 

14 70+25 
0.214 

0.214 

1.65 

1.75 

1.75 

0.90 to 1.05 1.10 to 1.25 

 

Record information such as bar diameter and spacing was not available for the AFM101 pipe. The 

diameter and spacing for the bars at Location 9 on AFM101 differ from more recent (2005) Ameron 

literature for pipe with a 12-gauge steel cylinder (classes 200 and 225), as found at Location 9. This 

literature shows a bar diameter of 0.250 or 0.312 inches and a spacing of 1.33 or 1.40 inches.  The 
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measured spacing is greater, but the bar diameter is larger and may compensate. When the measured 

bar diameter and spacing are converted to area of steel per unit length, the result is similar to that 

given for the Class 225 pipe in the 2005 Ameron literature. 

The cover depth over the bars at Location 9 on AFM101 does not meet 0.75-inch minimum requirement 

in the 2005 Ameron literature and recent editions of AWWA C303. The minimum cover depth required 

for the AFM101 project circa 1977 is unknown, however. 

The diameter and spacing of the bars at the AFM102 excavation locations generally met the 

requirements from the shop drawings (0.219-inch diameter and 1.88-inch spacing for all classes), 

though there were several instances where the diameter or spacing requirements were not met by a 

small, probably insignificant, amount. 

The shop drawings for AFM102 require 1 inch of mortar cover over the bars. This requirement was 

generally not met at Locations 1, 2, 13, and 14. However, these locations did meet the 0.75-inch 

minimum given in the Ameron literature and AWWA C303. The mortar coating thickness was not 

measured at Locations 4, 5, 6, and 7. 

4.4 Sulfides and Potential for Corrosion 

A wastewater sample was obtained from the Antioch PS wet well at 9:15 a.m. on April 7, 2020. The 

sample was tested for total and dissolved sulfides, as described in Section 3.4. V&A also reviewed the 

H2S gas concentrations measured by the District upstream of the Antioch PS wet well . The results of the 

wastewater sulfide concentration and H2S gas concentrations are summarized in Table 4-3 and Table 

4-4, respectively. 

Table 4-3. Total and Dissolved Sulfide Test in Antioch PS Wet Well 

Date/time of sample Total sulfides Dissolved sulfides Corrosivity & odor ranking 

9:15 a.m., 4/7/2020 2.6 mg/L 1.2 mg/L Low 

 

Table 4-4. Gaseous H2S Measurements Upstream of Antioch PS Wet Well by District 

Dates collected Max. (ppm) Avg. (ppm) Corrosivity & odor ranking 

4/2/19 – 4/4/19 342 177 Very high 

4/10/19 – 4/12/19 314 174 Very high 

4/12/19 – 4/16/19 343 190 Very high 

 

Sulfide concentration in the wastewater from the wet well  is considered low on V&A’s scale for 

corrosivity and odor; however, this only represents the initial sulfide concentration entering the force 

main system. It is expected that the sulfide concentration will increase as the wastewater travels 

through the force mains. The result also indicates that the wastewater in the wet well is sep tic, which is 

conducive for generating sulfides in force mains. 

The H2S gas concentrations measured upstream of the wet well by the District are considered very high 

on V&A’s scale for corrosivity and odor. This has indirect implications for corrosion in the force main. 

While sulfides are being released as atmospheric H2S upstream of the wet well, it is anticipated that a 

significant concentration of sulfide will remain and will be generated within the force main. If the 

wastewater can release such high levels of H2S upstream of the pump station, it can probably continue 

to do so within the force main.  
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5 Conclusions 
Based on the findings from this condition assessment project, V&A presents the following conclus ions: 

1. AFM101: AFM101 was evaluated at one excavation. Based on the visual assessment and 

ultrasonic thickness testing, the pipe is in good condition at this location. There was no 

measurable internal or external thickness loss from corrosion on the steel cylinder or 

reinforcing bars. There was a small amount of surface corrosion on the exterior of the steel 

cylinder, so the mortar coating may be losing alkalinity and its ability to protect the steel. The 

condition of the mortar lining could not be determined.  

2. AFM102: AFM102 was evaluated at eight excavations. Based on the visual assessment and 

ultrasonic thickness testing, the pipe is generally in good condition at these locations. There 

was no measurable internal or external thickness loss from corrosion on the cylinder or 

reinforcing bars. There was a varying (minimal to moderate) amount of surface corrosion on the 

exterior of the steel cylinder, depending on location, so the mortar coating may be losing 

alkalinity and its ability to protect the steel. The condition of the mortar lining could not be 

determined. 

One location on AFM102, Location 14, exhibited a dent in the steel cylinder. The cause of the 

dent could not be determined. This dent could have caused the mortar lining to delaminate, but 

there was no way to determine the condition of the lining to be certain. At this excavation, there 

were also dimples on the exterior of the steel cylinder, which could reduce the wall thickness 

remaining before perforation, should the pipe experience internal corrosion . 

3. Sulfides and potential for corrosion: The wastewater and gaseous sulfide measurements show a 

high potential for odors and corrosion at high points within the force mains if air pockets are 

allowed to collect. This is consistent with the previous AFM102 fai lures, which were determined 

to be caused by corrosion at high points. 

4. Remaining service life: There is no way to quantify the remaining service life for the force mains 

based on the data collected for this project. There was no measurable corrosion to dat e at the 

test locations, so no corrosion rate could be calculated and then projected into the future. It is 

possible that corrosion could be occurring at other locations that were not tested. Also, if the 

lining is damaged at any of the test locations, par ticularly Location 14 where a possible damage 

mechanism was found, corrosion could begin to occur. It is not possible to determine whether or 

how fast this will occur. 
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SECTION 1 

INTRODUCTION AND BACKGROUND 

1.1 INTRODUCTION 

The District contracted with V. W. Housen & Associates (VWHA) to complete the Phase II – 

Long Term Alternatives Analysis for the Antioch and Bridgehead Pump Stations and 

Conveyance System Improvements Project. The Phase II – Long Term Alternatives Analysis is 

the first step in implementing improvements to the Antioch Pump Station (APS) and Bridgehead 

Pump Station (BHPS) and their associated conveyance systems to meet long term/buildout 

pumping needs and address O&M and reliability issues and concerns. Services were provided by 

VWHA and its subconsultants:  ArcSine Engineering (ArcSine) and TJC and Associates (TJC). 

ArcSine provided electrical and instrumentation & controls services and TJC provided structural 

services. 

Prior to the Phase II work, the District contracted with VWHA to complete an existing 

conditions hydraulic analysis of the Antioch and Bridgehead Pump Stations and their 

conveyance systems (December 2020). The purpose of the analysis was to determine the existing 

hydraulic operating conditions of the Antioch and Bridgehead pump stations and their associated 

forcemains.  

The Phase II – Long Term Alternatives Analysis included scope of work items to identify the 

recommended improvements to be implemented at the Antioch and Bridgehead pump stations 

and within their associated forcemain systems. In addition, VWHA updated the District’s 

wastewater hydraulic model to accurately depict the recommended pump station and associated 

forcemain improvements.   

This report summarizes the analyses completed and identifies the recommended project to meet 

long term/ buildout pumping needs and address O&M and reliability issues and concerns for the 

APS and BHPS conveyance systems. This report includes the following sections: 

 Section 1 Introduction and Background 

 Section 2 APS and BHPS Conveyance System Alternatives Analysis  

 Section 3 APS – Diversion Pump Station and Screenings Removal Analysis 

 Section 4 Recommended Project 

 Appendices 

Following the Phase II analysis, the following phases shall be undertaken to implement the 

recommended improvements: Phase III – Predesign and Surge Analysis, Phase IV – Final Design 

of Long-Term Improvements, and Phase V - Construction of Long Term Improvements.     

1.2 BACKGROUND 

Delta Diablo (District) provides water resource recovery services for the City of Antioch, the 

City of Pittsburg, and the unincorporated community of Bay Point, serving a population of nearly 
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200,000. The District was formed in 1955. In 1977, design of the District’s regional wastewater 

treatment facility and conveyance system began under nine separate contracts under the 

Industrial Shore Subregional Wastewater Facilities project (ISSWF) (CDM/KKA Consultants). 

Construction of these facilities was completed in 1982. 

The District owns and operates five pump stations within the wastewater conveyance system. 

Four of the pump stations (Bridgehead, Antioch, Pittsburg, and Shore Acres), contain onsite 

diversion and equalization facilities. Of these stations, Bridgehead, Pittsburg, and Shore Acres 

Pump Stations include independent diversion pumping facilities. The Antioch Pump Station uses 

the same pumping facilities to convey flows through the conveyance system and to divert flows 

to equalization. The fifth station, Triangle Pump Station, does not include diversion facilities. 

The conveyance system includes approximately 14 miles of sewer forcemains and 14 miles of 

interceptors. Figure 1.1 shows the location of the collection system conveyance facilities with the 

exception of the Triangle Pump Station.  

Figure 1.1  Delta Diablo Collection System (Pump Stations and Conveyance Facilities) Map 

 

The Antioch and Bridgehead Pump Stations and their associated conveyance systems are located 

east of the District’s wastewater treatment plant (WWTP) and convey flows from the City of 

Antioch. The BHPS is located upstream of and currently conveys flow to the APS. BHPS flow 

currently comingles with incoming APS flow and is repumped to the District’s WWTP.  

1.2.1 APS and Conveyance System 

This section provides background information, flow projections, and describes existing facilities 

and current operating conditions for the APS and its associated conveyance system. 
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The Antioch Pump Station is located on Fulton Shipyard Road, directly south of the railroad 

tracks and north of Wilbur Avenue in Antioch, CA. The APS was obtained from the City of 

Antioch when the regional wastewater treatment facility began design in 1977. Prior to that time, 

the APS was owned and operated by the City of Antioch, and pumped wastewater to the Antioch 

Wastewater Treatment Plant which is no longer in service. The APS was initially modified under 

two ISSWFP contracts: Contract 2a – Antioch Pump Station Modifications – Phase I and 

Contract 2b – Antioch Pump Station Modifications – Phase II.  

The APS currently receives flow from the BHPS via gravity flow, and also receives gravity flow 

from the pump station’s adjacent tributary area. Flow enters the pump station’s wetwell via two 

separate gravity sewers that combine at the entrance to the wetwell. The station consists of a 

wetwell/drywell configuration with a total of four vertical wastewater pumps, including two 

small and two large pumps. The wetwell has two sump areas each providing suction for one 

large and one small pump. All pumps discharge into a common header which is currently 

connected to dual 24-inch forcemains that convey flow from the pump station to the west, 

approximately 2.6 miles to the District’s WWTP located at 2500 Pittsburg-Antioch Highway, 

Antioch, CA.  

The two forcemains were constructed at different times and have different alignments, lengths 

and profiles. Antioch Forcemain 101 (AFM101) was constructed in 1977 under ISSWFP 

Contract 1 – Antioch Conveyance System. Antioch Forcemain 102 (AFM102) was added in 

1998 under the Antioch Forcemain Project (Winzler & Kelly).   

Currently station flow can be conveyed through either one or both forcemains to the WWTP. 

However, per discussions with District staff, it is normal operating practice to use both 

forcemains at all times. Each forcemain contains a flowmeter vault onsite with an inline 

magnetic flowmeter to record the flow passing through that forcemain. District staff indicated 

that neither flowmeter reads accurately and they should be replaced.  

During current peak wet weather events, one or both of the small pumps are used to divert flows 

to the on-site equalization storage basin (ESB). By shaving peak flow, the District can reduce the 

instantaneous flow that is pumped though the forcemains to the WWTP.  The Phase I work did 

not include hydraulic analysis of the existing diversion system.  

The District’s 2010 Conveyance System Master Plan states that the pump station has a diversion 

capacity of 7.8 million gallons per day (mgd) and the APS ESB has a capacity of 1.36 million 

gallons (MG) with a recommended usable capacity of 80% or 1.09 MG. 

The Antioch Pump Station and forcemains were constructed and upgraded under the projects 

shown in Table 1.1 on the following page. 
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Table 1.1  Antioch Pump Station – Original and Upgrade Projects 

ANTIOCH PUMP STATION 

 Original construction:  

 1951 – City of Antioch – Construction Unit No. 2 Sewer Treatment Plant.  (The Pump 

Station was existing at the time Delta Diablo Sanitation was formed and was formerly a City 

of Antioch Pump Station used to pump flow to the Antioch Wastewater Treatment Plant.)  

 Original Delta Diablo projects:  

 1977
1 

– Industrial Shores Subregional Wastewater Facilities – Contract 1 (Antioch 

Conveyance System), CDM/KKA Consultants  

 1977
1,3

 – Industrial Shores Subregional Wastewater Facilities – Contact 2a (Antioch Pump 

Station Modifications – Phase I), CDM/KKA Consultants  

 1977
3
 – Industrial Shores Subregional Wastewater Facilities – Contact 2b (Antioch Pump 

Station Modifications – Phase II), CDM/KKA Consultants 

 Upgrade projects: 

 1986
3 

– Antioch Pump Station Improvements, Dodson & Young 

 1986
 
– Downtown Trunk Sewer Improvements – North Lake Drive to Antioch PS 

 1989 – Cathodic Protection System, Corrosion Engineering and Research Company 

 1997
2
 – Antioch Pump Station Modifications, Brown & Caldwell 

 1998
2
 – Antioch Forcemain, Winzler & Kelly 

 1999
2
 – Wastewater Treatment Plant Headworks Modifications, G.S. Dodson & Associates  

 2002
 
– Downtown Trunk Sewer Improvements – Phase 1 (PW514-5) 

 2006 – Odor Control Facilities – Phase III, CH2M Hill 

 2018 – Pump Station Facilities Repair Project – Antioch Pump Station, Schaaf & Wheeler 

1
  Drawings from 1977 (Contracts 1 and 2a) projects were used in the development of the forcemain system 

curves for AFM101. 

2 
Drawings from 1997, 1998 and 1999 projects were used in the development of the forcemain system curves for 

AFM102. 

3
  Drawings from 1977 (Contracts 2a and 2b) and 1986 projects were used in the development of the suction and 

discharge loss curves. 

4
  All drawings from projects above were used in the development of the site plan (including information related 

to incoming gravity sewers) and pump station plans and sections.  Field information from site visits was used to 

augment information on drawings. 

 

1.2.1.1  Flow Projections 

Flow projections for flows entering the APS from the District’s 2010 Conveyance System 

Master Plan (RMC) are provided in Table 1.2. Flow projections entering the Antioch Pump 

Station from the City of Antioch’s 2014 Collection System Master Plan (also RMC) are provided 

in Table 1.3. The City of Antioch Master Plan indicates that the 2014 estimates are generally 

lower than presented in the District’s 2010 Master Plan, and concludes that these differences are 

due to the use of water billing data and additional flow metering data used in the Antioch Master 

Plan, as well as a different approach toward development of future flows. Based on discussions 



Delta Diablo APS and BHPS – Long Term Alternatives Analysis 

Introduction and Background 
 

 

 

  1-5 H:\018DDSD-21-01\Phase II Long Term Alt Analysis 

with the District’s current Treatment Plant Master Plan Consultant (Hazen & Sawyer), these 

lower flow projections are consistent with their findings. Hazen & Sawyer used historical plant 

data to get per capita flows and then population projections to determine future flows. They 

indicated that the influent WWTP flows are approximately 15% lower than the projections of the 

District’s 2010 Conveyance System Master Plan. Per discussions with District staff on 

10/14/2020, it was agreed to move forward using the flow projections from the 2014 City of 

Antioch Master Plan in Table 1.3 for future work related to the APS and its conveyance system. 

Table 1.2  2009 and Buildout APS Influent Flow Projections (2010 District Master Plan) 

Delta Diablo 2010 Conveyance System Master Plan Update1 

2009 Flows (mgd) Buildout Flows (mgd) 

With Bridgehead Flows With Bridgehead Flows Without Bridgehead Flows 

ADWF PDWF PWWF ADWF PDWF PWWF ADWF PDWF PWWF 

8.6 13.1 20.4
4
 13.1 20.8

2
  31.7

3
 7.6 12.4 19.5 

1
 Information included in table from Delta Diablo Sanitation District’s Conveyance System Master Plan Update Final Report, 

RMC, April 2010 

2
 Information included in Conveyance System Master Plan Update shows a flow of 20.1 mgd but also flows of 12.4 mgd for 

Antioch PS and 8.4 mgd for Bridgehead PS for a total of 20.8 mgd. 

3
 Information included in Conveyance System Master Plan Update shows a flow of 26.7 mgd with an overflow occurring in the 

upstream collection system, but also flows of 19.5 mgd for Antioch PS and 12.2 mgd for Bridgehead PS for a total of 31.7 

mgd. 

4
 Information included in Conveyance System Master Plan Update shows a flow of 20.2 mgd and 20.4 mgd in different 

locations. 

 

Table 1.3 2014 and Buildout APS Influent Flow Projections (2014 City of Antioch Master Plan) 

City of Antioch 2014 Master Plan1 

2014 Flows (mgd) Buildout Flows (mgd) 

With Bridgehead Flows With Bridgehead Flows Without Bridgehead Flows 

ADWF PDWF PWWF ADWF PDWF PWWF ADWF PDWF PWWF 

7.3 10.4 17.0 11.3 17.8 26.3 6.6 10.3 14.3 

1
 Information included in table from City of Antioch’s Collection System Master Plan, October 2014 (Table 3-1). 

 

1.2.1.2  Existing Conditions 

This section describes existing APS pumps, flow diversion facilities, and forcemains. 
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APS Pumps 

The Antioch Pump Station currently has two 100 horsepower (Hp) electric variable speed (small) 

pumps and two 400Hp electric variable speed (large) pumps. One small and one large pump 

draw flow from each wetwell sump.  

Small Pumps 

The existing two 100 Hp pumps are identical and neither pump includes nameplate information. 

The small pumps are shown as originally installed under the ISSWF – Contract 2a (Antioch 

Pump Station Modifications – Phase I) project. The pumps were then relocated within the station 

under the ISSWF – Contact 2b (Antioch Pump Station Modifications – Phase II) project. Based 

on discussions with District staff and after reviewing background documents provided, no 

records exist that show that the pumps have been replaced since that time. However, the District 

indicated that they are in the process of replacing the pumps in kind due to their age and 

condition, knowing that the pumps will likely be replaced in the future.  

The District's spare parts information indicates that the pumps are 100Hp Fairbanks Morse 10-

B5445, 5445BV FB/Morse. The pump suction and discharge diameter appear to be 10-inch 

diameter and the District's O&M manual states a design point of 4,500 gpm at 60 feet total 

dynamic head (TDH).  

VWHA contacted Fairbanks Morse and provided the information above including current 

photographs of the pumps. Based on factory records, Fairbanks Morse noted that the two pumps 

appear to be 10-inch Model B5445-T60. They added that the original operating conditions were 

noted as 2,800 gpm at 77 feet TDH at 845 rpm and 4,000 gpm at 55 feet TDH at 550rpm, and the 

pumps were provided with an impeller diameter of 19.85 inches. Fairbanks Morse provided 

pump curves replicated to the best extent possible, based on the factory record data. Fairbanks 

Morse noted that the speed of the secondary operating condition of 550 rpm in the data provided 

appeared incorrect, and should be closer to 800 rpm.  

The hydraulic analysis for existing conditions was conducted using the information provided by 

Fairbanks Morse. After the analysis was completed, the District located and provided a certified 

performance curve for the pumps. The performance curve information provided matched and 

confirmed the information provided by Fairbanks Morse.  See Appendix A of the Phase I – 

Existing Conditions Hydraulic Analysis for the certified performance curve provided by the 

District and the information provided by Fairbanks Morse.  

Following discussions with District staff, review of SCADA data, and review of the District’s 

pump station operational parameters/level setpoints for the APS (see Appendix C of the Phase I 

– Existing Conditions Hydraulic Analysis), one small pump can operate alone during the dry 

weather season during night time low flow periods and two small pumps operate together at a 

reduced speed during the majority of the time during the dry weather season. Operations staff 

noted that on rare occasions during the dry weather season, peak dry weather flows exceed the 

capacity of two small pumps at full speed and a large pump is required to operate at reduced 

speed. When a large pump is called to operate, the small pumps turn off. A large pump is also 
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required to operate during the dry weather season if one of the small pumps fails or is taken out 

of service, and flows exceed the capacity of the remaining small pump.  

The small pumps also serve as the diversion pumps for the facility. During extreme wet weather 

events, wet weather flows may exceed the capacity of one large pump. When this occurs, one or 

both of the small pumps are used to pump flow from the wetwell to the ESB, while the large 

pump continues to pump flow through the forcemains to the WWTP.  

Large Pumps 

The existing two 400 Hp pumps are identical. The pumps were shown as installed under the 

ISSWF – Contract 2b (Antioch Pump Station Modifications – Phase II) project. Based on 

discussions with District staff and after reviewing background documents provided, no records 

exist that show that the pumps have been replaced since that time. The suction and discharge 

diameter appear to be 16-inch. The pump nameplate information includes the following:  

 Model number: 16MNC 33 

 Serial numbers: 79ZUS8193-1 and 79ZUS8194-1 

 Design point: 8200 gpm at 130 feet 

 Horsepower: 400 Hp 

 Speed: 688 rpm  

The District's spare parts information states that the pumps are Worthington 16MNC-33 which 

matches the nameplate information. 

VWHA contacted Flowserve (Worthington Pumps) and provided the information above 

including current photographs of the pumps and nameplates. Based on factory records, 

Flowserve (Worthington Pumps) provided data pages from the original order write up noting that 

the pumps were installed in 1979 and pumps were furnished with a variable speed motor mag 

drive arrangement. Flowserve (Worthington Pumps) provided a pump curve generated from their 

current selection program. They noted that the current pump curve appears to be flatter than 

observed from the original order. Therefore, the horsepower shown is higher on the curve 

provided than the 400 Hp motor that was originally furnished. Flowserve (Worthington Pumps) 

also noted that the impeller diameter associated with the pump curve originally furnished was 

30.43 inches.  

The hydraulic analysis was conducted using the information provided by Flowserve 

(Worthington Pumps). After the analysis was completed, the District located and provided a 

certified performance curve for the pumps. The information provided matched and confirmed the 

information provided by Flowserve (Worthington Pumps).  See Appendix B of the Phase I – 

Existing Conditions Hydraulic Analysis for the certified performance curve provided by the 

District and the information provided by Flowserve (Worthington Pumps).  
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Following discussions with District staff, review of SCADA data, and review of the District’s 

pump station operational parameters/level setpoints (see Appendix C of the Phase I – Existing 

Conditions Hydraulic Analysis) for the Antioch Pump Station, one large pump is used to pump 

dry and wet weather flows any time the existing small pumps cannot keep up with incoming 

flows. A single large pump is used to pump flow through one or both forcemains. The second 

large pump serves as standby.    

The District’s 2010 Conveyance System Master Plan noted that for the work conducted under the 

Master Plan’s hydraulic model, pump curves for the large pumps were derated by 6 percent 

based on results obtained through District testing. The hydraulic analysis conducted under Phase 

I raises questions about the need to derate the large pumps. See Phase I - Existing Condition 

Hydraulic Analysis (December 2020). 

Flow Diversion to Equalization Storage 

The pump station site contains an ESB. The District’s 2010 Conveyance System Master Plan 

states that the pump station has a diversion capacity of 7.8 mgd and the ESB has a capacity of 

1.36 MG with a recommended usable capacity of 80% or 1.09 MG. The Master Plan states that 

diversion is currently set to occur 13.0 mgd.  The existing conditions hydraulic analysis did not 

review pumping to the ESB. As requested by the District, a separate independent diversion pump 

station similar to the diversion pump stations installed at the District’s other pump station sites, 

should be provided at the APS. 

Antioch Forcemains 101 and 102 

The APS has dual 24-inch forcemains: Antioch Forcemain 101 (AFM101) and Antioch 

Forcemain 102 (AFM102). The off-site portion of AFM101 was constructed under the 1977 

ISSWF project, Contract 1- Antioch Conveyance System. The on-site portion of AFM101 was 

constructed under the 1997 ISSWF project, Contract 2a - Antioch Pump Station Modifications – 

Phase I.   

The off-site portion of AFM102 was constructed under the 1998 Antioch Forcemain Project, 

with the portion of the forcemain located on the wastewater treatment plant site constructed 

under the 1999 Wastewater Treatment Plant Headworks Modifications Project (G.S. Dodson & 

Associates). The on-site portion of AFM102 was constructed under the 1997 Antioch Pump 

Station Modifications Project (Brown & Caldwell). 

The District currently operates both forcemains at all times, except when one forcemain is 

required to be taken out of service for maintenance. Both forcemains are constructed from 

AWWA C-303 bar-wrapped steel cylinder concrete pressure pipe (CCPP). The two forcemains 

have different alignments, profiles, and lengths. Both forcemains contain intermediate high 

points and air release valves.  

AFM101 has several intermediate high points along its alignment and discharges to gravity at a 

discharge structure located in Pittsburg-Antioch Highway at the entrance to Arcy Lane. The 

discharge location elevation is lower than one of the intermediate high points.  
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Forcemain AFM102 has numerous intermediate high points along its alignment and discharges 

to gravity at the wastewater treatment plant’s headworks facility. The discharge location 

elevation is lower than many of the intermediate high points along the forcemain alignment 

including four potential hydraulically controlling highpoints.  Air release valves were originally 

installed at all high points. However, since 1998, some of these air release valves have been 

removed to simplify system maintenance. 

1.2.2 BHPS and Conveyance System 

This section provides background information, flow projections, and describes existing facilities 

and current operating conditions for the BHPS and its associated conveyance system. 

The Bridgehead Pump Station is located at 5951 Bridgehead Road, Antioch, CA at the 

intersection of Wilbur Avenue and Bridgehead Road, adjacent to Highway 160 and north of the 

railroad tracks. The original submersible Bridgehead Pump Station and its 14-inch forcemain 

were designed and constructed under the Bridgehead Pumping Station (Project No. 9008A) and 

Bridgehead Forcemain & Gravity Sewer (Project No. 9008B) projects in 1990.  

In 2003 and 2006, under the Bridgehead Expansion Project, Phase 1 (Forcemain No. 2 and 

Related Improvements) (CIP No. 4010) and Bridgehead Expansion, Phase 2 (Pump Station and 

Related Improvements) (CIP No. 4240) projects, respectively, a new drywell/wetwell station and 

ESB were constructed and a second forcemain added. The second forcemain is 24-inches in 

diameter. At that time, the original submersible pump station was converted to a diversion pump 

station. However, the converted pump station can still be used to convey flows through the 14-

inch and/or 24-inch forcemains during the dry weather season, in the event that the main pump 

station is removed from service for maintenance. A hydraulic analysis of the Bridgehead 

diversion pump station to pump though the existing 14-inch and/or 24-inch forcemains was not 

performed under Phase I or Phase II work. 

During peak wet weather events, the submersible diversion pump station is used to pump flows 

to the on-site ESB to shave peak flow. Flow passes to diversion pump station when water levels 

backup to elevation 2.14 feet.  The hydraulic analysis performed under Phase I did not include 

analysis of the diversion system; however, an analysis was performed under the Phase II work. 

See Section 2 of this report for additional information. The District’s 2010 Conveyance System 

Master Plan states that the Diversion Pump Station has a capacity of 6.5 mgd and the ESB has a 

capacity of 1.56 MG with a recommended usable capacity of 80% or 1.25 MG.  

The BHPS receives flow via gravity from the adjacent tributary area. Gravity sewer flows enter 

the site through a 33-inch sanitary sewer which can convey flow to both pump stations. The main 

pump station consists of a wetwell/drywell type station with a three equally sized pumps. Flows 

entering the main pump station’s wetwell pass through grinders prior to entering the wetwell 

sump.  All three pumps draw suction from the wetwell sump and discharge into a common 24-

inch header which exits the pump station building and splits onsite to convey flow to either or 

both the 14-inch and 24-inch forcemains. Under current conditions, the BHPS flows are 

repumped by APS along with APS flows to the District’s WWTP.  Although the station’s flow 
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can be conveyed through either one or both forcemains, per discussions with District staff, only 

the 24-inch forcemain is used.  

The BHPS and forcemains were constructed and upgraded under the projects listed in Table 1.4.  

Table 1.4 Bridgehead Pump Station – Original and Upgrade Projects 

BRIDGEHEAD PUMP STATION 

 Original construction:  

 1990
1,4 

– Bridgehead Pumping Station (Project No. 9008A), G.S. Dodson & Associates  

 1990
1 

– Bridgehead Forcemain & Gravity Sewer (Project No. 9008B), G.S. Dodson & Associates  

 1993
5 

– Assessment District No. 27 – Lone Tree Corridor, City of Antioch, CA; PW 555-S1, Sanitary 

Sewer Outfall from Bridgehead Pump Station to Victory Highway, McGill-Martin-Self, Inc. 

 1997
5 

– Assessment District No. 27 – Lone Tree Corridor, City of Antioch, CA; PW 555-S2, East Antioch 

Gravity Sewer – Phase B, Eccid Irrigation pipeline Relocation Interim Water Pipeline (DWD/Brentwood 

Inter-Tie) 

 Upgrade projects: 

 2003
2 

– Bridgehead Expansion Project, Phase 1 (Forcemain No. 2 and Related Improvements) (CIP No. 

4010), RMC 

 2006
1,2,3,4 

– Bridgehead Expansion, Phase 2 (Pump Station and Related Improvements) (CIP No. 4240), 

RMC 

 2012
5 

– Verizon Wireless Bridgehead, PG&E Tower #20/22 SAP#:40695969, Contra Costa – DuPont 

60kV (PS No. 248129), Verizon Wireless 

 2021
1,2

 – Bridgehead Pipeline Replacement Project (Project No. 21123), VWHA 

1
 Drawings from 1990 (Bridgehead Pumping Station (Project No. 9008A)), 2006

 
(Bridgehead Expansion, Phase 2 (Pump Station 

and Related Improvements) (CIP No. 4240)), 1990 (Bridgehead Forcemain & Gravity Sewer (Project No. 9008B)), and 2021 

Bridgehead Pipeline Replacement projects were used in the development of the forcemain system curves for the 14-inch 

BHFM1 for onsite and offsite piping. 

2
 Drawings from 2003

 
(Bridgehead Expansion Project, Phase 1 (Forcemain No. 2 and Related Improvements) (CIP No. 4010)), 

2006
 
(Bridgehead Expansion, Phase 2 (Pump Station and Related Improvements) (CIP No. 4240)), and 2021 Bridgehead 

Pipeline Replacement projects were used in the development of the forcemain system curves for the 24-inch BHFM2 for 

onsite and offsite piping. 

3 
Drawings from 2006

 
(Bridgehead Expansion, Phase 2 (Pump Station and Related Improvements) (CIP No. 4240)) project were 

used in the development of the suction and discharge loss curves. 

4 
Drawings from 2006

 
(Bridgehead Expansion, Phase 2 (Pump Station and Related Improvements) (CIP No. 4240)) and 1990 

Bridgehead Pumping Station (Project No. 9008A) projects were used in the development of the suction and discharge loss 

curves and system curves to the ESB for the Diversion Pump Station. 

5 
Drawings from 1993 and 1997 projects for offsite gravity sewers and 2012 project for Verizon Wireless Tower were not used. 

1.2.2.1  Flow Projections 

Flow projections for flows entering the BHPS from the District’s 2010 Conveyance System 

Master Plan are provided in Table 1.5 and flow projections for flows entering the BHPS from the 

City of Antioch’s 2014 Collection System Master Plan are provided in Table 1.6.  The City of 

Antioch Master Plan indicates that the 2014 estimates are generally lower than presented in the 

District’s 2010 Master Plan, and concludes that these differences are due to the use of water 
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billing data and additional flow metering data used in the Antioch Master Plan, as well as a 

different approach toward development of future flows. Based on discussions with the District’s 

current Treatment Plant Master Plan Consultant (Hazen & Sawyer), these lower flow projections 

are consistent with their findings. Hazen & Sawyer used historical plant data to get per capita 

flows and then population projections to determine future flows. They indicated that the influent 

WWTP flows are approximately 15% lower than the projections of the District’s 2010 

Conveyance System Master Plan. Per discussions with District staff on 10/14/2020, it was agreed 

to move forward using the flow projections from the 2014 City of Antioch Master Plan in Table 

1.6 for future work related to the BHPS and its conveyance system. 

Table 1.5 2009 and Buildout BHPS Influent Flow Projections (2010 District Master Plan) 

Delta Diablo 2010 Conveyance System Master Plan Update1 

2009 Flows (mgd) Buildout Flows (mgd) 

ADWF PDWF PWWF ADWF PDWF PWWF 

2.62 3.9 4.4 5.5 8.4
2
 12.2

3
 

1 Information included in table from Delta Diablo Sanitation District’s Conveyance System Master Plan Update Final Report, 

RMC, April 2010. 

2
 The Conveyance System Master Plan Update shows a flow of 8.3 mgd and 8.4 mgd in different locations. 

3
 The Conveyance System Master Plan Update shows a flow of 12.0 mgd and 12.2 mgd in different locations. 

Table 1.6 2014 and Buildout BHPS Influent Flow Projections (2014 City Master Plan) 

City of Antioch 2014 Master Plan1,2 

2014 Flows (mgd) Buildout Flows (mgd) 

ADWF PDWF PWWF ADWF PDWF PWWF 

2.4 3.9 5.6 4.7 7.5 12.0 

1
 Information included in table from City of Antioch’s Collection System Master Plan, October 2014 (Table 3-1). 

 

1.2.2.2  Existing Conditions 

This section describes existing BHPS pumps, flow diversion facilities, and forcemains. 

BHPS Pumps 

The BHPS has two pump stations on site which include the main drypit/wetpit pump station and 

the original submersible pump station. The original submersible pump station is currently used as 

the diversion pump station. 

Main Pump Station 

The main pump station has a total of three equally sized 300Hp vertical drypit Flowserve Model 

10MFC27, 895 rpm electric wastewater pumps which operate on variable speed drives. Two 

pumps provide reliable pumping for the station and the third pump serves as standby. This 
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operating condition is confirmed by SCADA data. When the capacity of two pumps is exceeded, 

excess flow bypasses to the diversion pump station and is conveyed to the ESB. All three pumps 

draw suction from the wetwell sump and discharge into a common 24-inch header which exits 

the pump station building and splits onsite to convey flow to either or both the 14-inch and 24-

inch forcemains.  

The pumps were installed when the new drypit/wetpit station was constructed under the 2006 

Bridgehead Expansion, Phase 2 project. The District provided factory test curves dated February 

21-22, 2008 for all three pumps. The test curves provide the serial numbers for each pump 

(0802MS004468-1, 0802MS004468-2, and 0802MS004468-3), impeller diameter of 26.61 and a 

design point of 4084 gpm (5.88 mgd) at 166 feet TDH. Based on discussions with District staff 

and reviewing background documents provided, no records exist that the pumps have been 

replaced since that time.  

VWHA contacted Flowserve to obtain the manufacturer’s pump curves which show the 

acceptable operating range (AOR) on the pump curve. See Appendix E of the Phase I – Existing 

Conditions Hydraulic Analysis (December 2020) for the certified performance test curves 

provided by the District and manufacturer’s pump curve provided by Flowserve.  

Per discussions with District staff, pump speed is currently capped at 68 percent to limit flow 

pumped by the station, in order to reduce pressurization of the shallow manhole at the end of the 

forcemains and within the downstream 18-inch gravity sewer. Per Drawing G-5 in the 2006 

Bridgehead Expansion, Phase 1 and Phase 2 projects, the Bridgehead Pump Station was designed 

for its current interim operating condition but also for an ultimate operating condition to pump to 

the WWTP when operating the two duty pumps at full speed.  See District’s 2010 Conveyance 

System Master Plan for additional information.   

As indicated by the District’s pump station operational parameters/level setpoints (see Appendix 

G of the Phase I – Existing Conditions Hydraulic Analysis (December 2020)) for the Bridgehead 

Pump Station, all three pumps at the station are allowed to operate, including the standby pump 

if available, in lead, lag, and follow positions, as long as the water levels have not reached the 

diversion level. However, upon review of the SCADA data provided by the District, only two 

pumps operated during the data period prior to diversion to the ESB. The District has not 

indicated any capacity issues at the pump station. This observation is supported by the SCADA 

data. 

Diversion Pump Station 

The Diversion Pump Station was designed and constructed under the Bridgehead Pumping 

Station project in 1990 to serve as the original Bridgehead Pump Station. When the new 

drypit/wetpit BHPS and ESB were constructed under the 2006 Bridgehead Expansion, Phase 2 

project, the original pump station was converted to the diversion pump station.  

Per discussions with Flygt and subsequent field investigations and review of archived records by 

the District, it was confirmed that the original pumps were replaced. (Note: The information in 

Appendix F-1 of the Phase I - Existing Conditions Hydraulic Analysis (December 2020) is 
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incorrect. All four pumps have now been confirmed to be as shown in Appendix F-2) The 

diversion pump station currently contains three equally sized constant speed 88Hp electric 

submersible wastewater Flygt pumps, model CP3300-454 with 401mm impellers. Two pumps 

provide reliable pumping for the station and the third pump serves as standby. The District also 

confirmed that they have a forth identical diversion pump as a spare that is not installed. They 

noted that at any given time any three of the four pumps may be installed in the wetwell and the 

remaining unit remains in storage to serve as an additional spare unit.  

The three pumps are located in the same wetwell and each has a check and isolation valve on its 

discharge piping prior to discharging into a common 14-inch header. The valves and header are 

located in an adjacent valve vault next to the wetwell. The header exits the pump station’s valve 

vault in two directions.  During peak wet weather events, the diversion pump station is used to 

pump flow to the on-site ESB to shave the peak flow and reduce the flow that is pumped by the 

main pump station though the forcemains. Flow passively passes to diversion pump station when 

water levels backup to elevation 2.14 feet.  The diversion pump station can also convey flows 

through the 14-inch and/or 24-inch forcemain, if required. Per District staff this has been done 

during the dry weather season when the main pump station was removed from service for 

maintenance.  

Per District’s pump station operational parameters/level setpoints for the Bridgehead Diversion 

Pump Station (see Appendix G in Phase I - Existing Conditions Hydraulic Analysis (December 

2020)), all three pumps at the station are allowed to operate, including the standby pump if 

available, in lead, lag, follow positions prior to alarming on high level. However, the District has 

indicated that three pumps are not allowed to operate together.   

Flow Diversion to Equalization Storage 

The pump station site contains an ESB on site. The District’s 2010 Conveyance System Master 

Plan states that the pump station has a diversion capacity of 6.5 mgd. The Master Plan states that 

diversion is currently set to occur when the reliable capacity of the main pump station is 

exceeded (i.e., both main duty pumps operating at their maximum allowable speed).   

The District’s 2010 Conveyance System Master Plan states that the ESB has a capacity of 1.56 

MG with a recommended usable capacity of 80% or 1.25 MG.  

Bridgehead Forcemains 

The BHPS has dual 14-inch and 24-inch forcemains for a portion of its alignment. The 14-inch 

(BHFM1) forcemain was designed and constructed under the 1990 Bridgehead Forcemain & 

Gravity Sewer project and the 24-inch (BHFM2) forcemain was designed and constructed under 

the 2003 Bridgehead Expansion Project, Phase I. BHFM1 is constructed of PVC and the BHFM2 

is constructed of HDPE. Under normal operating conditions, the District currently only operates 

the 24-inch forcemain. District staff indicated that they would like to continue to operate only the 

24-inch forcemain in the future, if possible. They indicated that if it is required use the 14-inch 

forcemain in the future they would like to first perform a condition assessment of the forcemain 

to confirm its current condition.  
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The forcemains located on the BHPS site were designed and constructed under the associated 

pump station projects in 1990 and 2006. The two forcemains exit the site at different locations 

but have parallel alignments and similar lengths and profiles. A portion of BHFM1 on the pump 

station site is 24-inches in diameter.  

Under the 2003 Bridgehead Expansion Project, Phase 1, the final 640 feet of the 14-inch 

forcemain was abandoned and the two forcemains combined into a common 24-inch HDPE 

forcemain for a distance of 620 feet prior to discharging into a shallow (3.5 feet deep) manhole. 

Technically this is where the Bridgehead forcemain ends and transitions to an 18-inch gravity 

sewer. However, the District indicated that pressurized flow occurs within the discharge manhole 

and a portion of the downstream 18-inch gravity sewer when flows exceed the capacity of the 

18-inch gravity sewer. The 18-inch sanitary sewer just downstream of the existing shallow 

discharge manhole is supported from the Wilbur Avenue Bridge with a slope of 0.003, which 

limits its capacity to 3.7 mgd (at approximately 80 percent full) when conveying gravity flow. 

Under the condition when flows are pressurized through the downstream 18-inch gravity sewer, 

additional headloss occurs due to the turbulent condition that is produced in the shallow 

discharge manhole as pressurized flow exits the 24-inch forcemain into the manhole structure 

and then re-enters the 18-inch gravity sewer. The 2003 Bridgehead Expansion Project, Phase 1,  

replaced the top of the shallow discharge manhole and installed a 36-inch diameter locking 

manhole frame and cover to prevent the pressurized flow from lifting and exiting the manhole 

cover at this location.  Per the 1990
 
Bridgehead Forcemain & Gravity Sewer project, the 18” 

gravity sewer located on the Wilbur Avenue Bridge is polyethylene-lined ductile iron pipe. The 

District indicated that the joints on the bridge are restrained.  

Shortly after the Phase I - Existing Conditions Hydraulic Analysis work was completed, the 

District experienced a failure of the 18-inch gravity sewer supported from the Wilbur Avenue 

Bridge. The condition assessment found that the polyethylene-lining had failed and detached 

from the ductile iron pipe’s interior and was restricting flow. In addition, the exposed interior of 

the ductile iron pipe had corroded and resulted in a leak. Subsequently, a new 24-inch forcemain 

has been designed and is currently under construction (Bridgehead Pipeline Replacement Project 

(VWHA, June 2021)) to connect to the existing 24-inch HDPE forcemain upstream of the 

Wilbur Avenue Bridge and shallow manhole and to replace the shallow manhole structure, 18-

inch gravity sewer on the Wilbur Avenue Bridge and to extend downstream for a distance for 

discharge into a new manhole.      

The only intermediate highpoint and air release valve within the current forcemain system is 

located just outside the main pump station where the common header splits into the two 

forcemains. A new combination air release valve will be added within the new 24-inch 

forcemain which is currently under construction, just upstream of the Wilbur Avenue Bridge 

(location of prior shallow manhole), since this will be the high point in the new extended 

forcemain system.  

Bridgehead Flowmeters 

A 24-inch magnetic flowmeter (FE-612) is located within the main pump station on the station’s 

discharge header and records all flow pumped by the main pump station. A second 24-inch 
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magnetic flowmeter (FE-602) is located within a vault on the pump station site and records all 

flows that are conveyed through the 24-inch forcemain. Per District staff, a 14-inch magnetic 

flowmeter (FE-610) is located on the discharge header of the Diversion Pump Station inside the 

valve vault. A flowmeter at this location records all flow pumped by the Diversion Pump Station, 

including flows pumped to either forcemain or the ESB.  
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SECTION 2 

APS AND BHPS CONVEYANCE SYSTEM ALTERNATIVES ANALYSIS 

The approach and recommendations outlined in the 2010 Conveyance System Master Plan for 

buildout conditions at Antioch and Bridgehead Pump Stations and Conveyance System were 

reviewed and analyzed. The 2010 Conveyance System Master Plan recommended:  

1) Extending the BHPS FM to APS and using forcemain AFM102 to pump buildout flows from 

BHPS (reduced via diversion) to the WWTP; and  

2) Upgrading APS to pump buildout flows (without BPS flows and reduced via diversion) to the 

WWTP using only forcemain AFM101.  

Per the District’s request, an alternatives analysis was performed by VWHA to determine which 

forcemain (AFM101 or AFM102) was best suited for use with which pump station (APS or 

BHPS) to meet long term/ buildout pumping needs within the APS and BHPS conveyance 

system. The analysis developed and evaluated the following alternatives:   

 Alternative 1: BHPS w/AFM101 and APS w/AFM102 

 Alternative 2: BHPS w/AFM102 and APS w/AFM101 (Per 2010 Conveyance System 

Master Plan)  

2.1 FLOWS 

As discussed in Section 1, flow projections used in this report for all analysis are those from the 

2014 City of Antioch Master Plan.  

At this time, the flows pumped by the APS include flow from the BHPS. Table 2.1 includes the 

2014 and buildout influent flow projections at the APS with BHPS flows included.  

Table 2.1 2014 and Buildout APS Influent Flow Projections with BHPS Flows Included (2014 City of 

Antioch Master Plan) 

APS Flow Projections (with BHPS flows)1 

2014 Flows (mgd) Buildout Flows (mgd) 

With Bridgehead Flows With Bridgehead Flows 

Minimum ADWF PDWF PWWF Minimum ADWF PDWF PWWF 

3.8 7.3 10.4 17.0 6.2 11.3 17.8 26.3 

1
 Information included in table is from City of Antioch’s Collection System Master Plan, October 2014 (Table 3-1) and 

information contained within the City of Antioch’s Collection System Master Plan. 

 

Once the systems are separated, the APS will no longer re-pump the flows from BHPS. Table 2.2 

includes the 2014 and buildout influent flow projections at the APS without BHPS flows 

included.  
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Table 2.2  2014 and Buildout APS Influent Flow Projections (without BHPS Flows) (2014 City of 

Antioch Master Plan) 

APS Flow Projections (without BHPS flows)1 

2014 Flows (mgd) Buildout Flows (mgd) 

Without Bridgehead Flows Without Bridgehead Flows 

Minimum ADWF PDWF PWWF Minimum ADWF PDWF PWWF
2
 

2.7 4.9 6.5   11.4 4.2 6.6 10.3 14.3 

1
 Information included in table is from City of Antioch’s Collection System Master Plan, October 2014 (Table 3-1) and 

information contained within the City of Antioch’s Collection System Master Plan. 

2
 Under buildout conditions at the APS (with no BHPS flows), the District’s 2010 Conveyance System Master Plan 

recommended diversion to the ESB for flows greater than 12.5 mgd. 

 

Table 2.3 includes the 2014 and buildout influent flow projections at the BHPS.  

 

Table 2.3  2014 and Buildout BHPS Influent Flow Projections (2014 City of Antioch Master Plan) 

BHPS Flow Projections1 

2014 Flows (mgd) Buildout Flows (mgd) 

BHPS Flows BHPS Flows 

Minimum ADWF PDWF PWWF Minimum ADWF PDWF PWWF
2
 

1.1 2.4 3.9 5.6 2.0 4.7 7.5 12.0 

1
 Information included in table is from City of Antioch’s Collection System Master Plan, October 2014 (Table 3-1) and 

information contained within the City of Antioch’s Collection System Master Plan. 

2
 Under buildout conditions at the BHPS, the District’s 2010 Conveyance System Master Plan recommended diversion to the 

ESB for flows greater than 10.8 mgd since that was noted as BHPS’s reliable capacity. However, based on the findings of the 

analysis performed under this project which established a reliable capacity of 10.5 mgd for the BHPS, the recommended 

diversion trigger to the ESB was lowered to 10.5 mgd. See below for additional information. 

2.2 ALTERNATIVES ANALYSIS 

The APS and BHPS conveyance system alternatives analysis developed and analyzed the 

following two alternatives: 

 Alternative 1: BHPS w/AFM101 and APS w/AFM102 

 Alternative 2: BHPS w/AFM102 and APS w/AFM101 (Per 2010 Conveyance System 

Master Plan)  

2.2.1 Bridgehead Pump Station 

Preliminary planning level alignment and profile assumptions were made for the new BHPS 24-

inch HDPE forcemain extension to be installed between the new forcemain discharge manhole 
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currently being designed downstream of the Wilbur Avenue Bridge and the APS site where it 

will be connected to one of APS’s existing forcemains (either AFM101 or AFM102 depending 

upon the alternative).   

An analysis was conducted to confirm if the existing pumps at the Bridgehead Pump Station 

have sufficient reliable pumping capacity to pump buildout PWWFs (reduced via diversion) to 

the WWTP. The analysis was also conducted to confirm if both existing BHPS forcemains (14-

inch and 24-inch) are required for use or if the flow can be pumped using only the existing 24-

inch BHPS forcemain. Per the original construction drawings for the Bridgehead 24-inch 

forcemain and BHPS (Bridgehead Expansion Phase 1 (2003) Drawing G-5 and Bridgehead 

Expansion Phase 2 (2006) Drawing G-5) and the 2010 Conveyance System Master Plan, the 

Bridgehead Pump Station was designed to reliably pump buildout flows (minus diversion to the 

ESB) to the WWTP when pumping through AFM102 utilizing two duty pumps at full speed 

without any future upgrades at the station.  

2.2.1.1  BHPS Diversion Trigger Analysis 

Projected buildout PWWF entering the BHPS is 12.0 mgd (Table 2.3).  However, all incoming 

buildout PWWFs entering the BHPS will not be pumped to the WWTP. A portion of the flow 

will be diverted and pumped by the Bridgehead diversion pump station to ESB for equalization. 

After peak flows subside, the flow will then be drained back to the BHPS wetwell and pumped to 

the WWTP. 

A diversion trigger setpoint of 10.8 mgd was established for the BHPS under buildout conditions 

in the 2010 Conveyance System Master Plan. This trigger was based on the reliable capacity of 

the BHPS noted in the 2010 Conveyance System Master Plan of 10.8 mgd. VWHA performed a 

diversion pump station trigger analysis using the District’s InfoWorks ICM hydraulic model and 

confirmed that the existing equalization storage basin (ESB) at BHPS has sufficient storage 

capacity (volume) to handle buildout diverted flows during the peak design storm based on the 

diversion trigger established in the 2010 Master Plan. Use of projected PWWFs outlined in the 

2014 City of Antioch Collection System Master Plan rather than the higher PWWF projections 

used in the 2010 Conveyance System Master Plan will also reduce the storage volume required. 

However, under the analysis performed on this project, it was determined that the BHPS only has 

a reliable capacity of 10.5 mgd. Therefore, the recommended diversion trigger to the ESB was 

lowered to 10.5 mgd. VWHA re-performed the diversion pump station trigger analysis using the 

District’s InfoWorks ICM hydraulic model (From District’s 2010 Conveyance System Master 

Plan) and also confirm that the existing equalization storage basin (ESB) at BHPS has sufficient 

storage capacity (volume) to handle buildout diverted flows based on a diversion trigger of 10.5 

mgd.  

VWHA also confirmed that the diversion trigger setpoint is higher than BHPS’s projected 

buildout PDWF to ensure dry weather flows are not diverted to the ESB. Projected buildout 

PDWF outlined in the 2014 City of Antioch Collection System Master Plan entering the BHPS is 

7.5 mgd (Table 2.3).  
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2.2.1.2  BHPS Diversion Pump Station Capacity Analysis 

In addition, to performing the diversion pump station trigger analysis discussed above, VWHA 

also performed a hydraulic analysis for the existing Bridgehead diversion pump station to 

determine and confirm its reliable diversion capacity and to confirm its diversion capacity is 

compatible with the diversion trigger at the BHPS. The Bridgehead diversion pump station must 

have a reliable capacity greater than or equal to buildout PWWF minus the diversion trigger 

setpoint (12.0 mgd – 10.5 mgd) of 1.5 mgd.  

Development of System Curve and Suction and Discharge Loss Curve 

The expected system curve and suction and discharge loss curve for the Bridgehead Diversion 

Pump Station were developed through evaluation and use of the original and updated pump 

station, associated forcemain, and ESB drawings and mathematical computations. A system 

curve for flow versus TDH for the onsite 14-inch forcemain to the ESB was developed using the 

Hazen-Williams equation for pipe friction head losses (major losses), the method of loss 

coefficients (k-values) for pipe fittings (minor losses), and static head (static loss) between the 

Diversion pump station wetwell elevation and the forcemain discharge location (high point) at 

the ESB. Elevations, specific fittings, and pipeline lengths for each pipe were determined from 

existing drawings.  

The suction and discharge loss curve was developed based on the friction and minor losses 

within each pump’s discharge piping at the pump station. The manufacturer-provided pump 

curves were used in the analysis and adjusted based on the suction and discharge loss curve to 

obtain adjusted pump curves.  

Table 2.4 provides information used in the development of the system curve, suction and 

discharge loss curve, and pump curves. Additional information is included in Appendix A.  

The pump, system, and suction and discharge loss curves developed for the Bridgehead diversion 

pump station are shown in Figure 2.1. The hydraulic calculations used to develop the curves are 

included in Appendix A. 
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Table 2.4  Bridgehead Diversion Pump Station – Hydraulic Information 

Forcemain  

Diameter 14-inch 

Length 338.5 feet  

Hazen-Williams (C-value) 100
1
 

Minor Loss Coefficient (K-value) 5.82 

Discharge Highpoint Elevation  38.08 (crown of high point at ESB)  

Wetwell Elevation Range  -4.5 to 0 (normal operation) 

Static Range
4
  38.08 - 42.58 

Pump Discharge  

Diameter 8-inch 

Length 22 feet  

Hazen-Williams (C-value) 120
2
 

Minor Loss Coefficient (K-value) 3.7 

Pumps 

No. of Pumps 3 Total (2 Duty + 1 Standby) 

Pump Model Flygt CP3300, 454 impeller (401mm trim), 88 Hp 

Drive Type Constant Speed 

1
 Hazen-Williams C-values for Forcemain. Per discussions with District, a C-value of 100 was used for existing non-plastic (non 

HDPE and PVC) forcemains including but not limited to lined steel or ductile iron pipe and AWWA C-303 bar-wrapped steel 

cylinder concrete pressure pipe (CCPP). A C-value of 120 was used for existing plastic (HDPE and PVC) forcemains. A C-value of 

120 was used for all future forcemains as all future forcemains per District input will be plastic (HDPE and PVC) forcemains.  

2
 Hazen-Williams C-values for Pump Suction and Discharge Piping. A C-value of 120 was used for existing and new pump suction 

and discharge piping regardless of pipe material. It is assumed such piping will have a higher C-value then forcemain piping due 

to  less resistance due to corrosion, grease accumulation, grit/solids accumulation, and air accumulation. 

3
 Elevations are based on 1929 NGVD 29

 

4
 Static range = discharge highpoint elev  – wetwell elevation 

5
 Information contained in the table is for pumping to the ESB 

Findings  

The analysis confirmed that the Bridgehead Diversion Pump Station has adequate reliable 

capacity to divert flow to the ESB under buildout conditions since the Bridgehead diversion 

pump station has a reliable capacity greater than 1.5 mgd. Table 2.5 outlines the Bridgehead 

Diversion Pump Station capacity when pumping to the ESB. The Bridgehead diversion pump 

station has a reliable diversion capacity of 5.6 mgd (2 duty pumps) and a capacity of 2.9 mgd 

when using one pump.  
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Table 2.5  Bridgehead Diversion Pump Station Capacity 

Pump Parameter Capacity (mgd) 

One pump  2.9 

Two pumps (Reliable Capacity) 5.6 

1 Information contained in the table is for pumping to the ESB 

The District noted that the oversized diversion pump station allows them to use the pump station 

to pump flow into the collection system during times when the main pump station is removed 

from service. A hydraulic analysis was not performed for this situation. 

During the course of the work, the District indicated that they need to replace the existing 

diversion pumps with new pumps due to age under a future maintenance project. Flygt 

confirmed that the existing pumps/impellers are no longer available. VWHA worked with Flygt 

to hydraulically select new pumps with similar hydraulic characteristics and capacities for the 

District’s use. Such pumps include Flygt N-impeller pumps NP3301 HT, 330 mm impeller, 85 

Hp or NP3202 MT, 376mm impeller, 54 Hp (Note: The NP3202 MT pump will provide less 

flow into the offsite forcemain system if using the only the 14” forcemain but similar flow if 

using the 24” forcemain or both the 14-inch and 24-inch forcemains). Replacement of these 

pumps is not included in this project. The District will work directly with Flygt for replacement. 

One of the two pump selections may physically work better with the existing piping and wetwell 

arrangement.  

2.2.2 Antioch Pump Station 

Under this analysis, new pumps will be  selected for the recommended alternative at the APS to 

reliably pump buildout PWWFs (minus BHPS flows and reduced via diversion) to the WWTP 

though a single forcemain (either AFM101 or AFM102 depending upon the alternative).  The 

existing large pumps will be required to be replaced at a minimum. However, all four (4) pumps 

will be replaced if required to meet hydraulic requirements. The analysis will consider using two 

large pumps and two small pumps per the existing pump station’s configuration but will also 

consider using four equally sized pumps (3 duty and 1 standby). Advantages and disadvantages 

of each pumping configuration will be developed to determine the recommended pumping 

configuration.  

Once the two alternatives are developed, the findings will be evaluated to identify advantages 

and disadvantages of each alternative and determine the recommended alternative.  

A forcemain profile figure will be developed for each pump station’s forcemain to illustrate the 

forcemain profile showing elevation changes, high and low points, and any hydraulically 

controlling high points along each forcemains' length.      

2.2.2.1  APS Diversion Trigger Analysis 

Projected buildout PWWF entering the APS is 14.3 mgd (not including any flow from the 

BHPS) (Table 2.2).  However, all incoming buildout PWWFs entering the APS will not be 

pumped to the WWTP. A portion of the flow will be diverted and pumped to the ESB for 
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equalization. After peak flows subside, the flow will then be drained back to the APS wetwell 

and pumped to the WWTP. 

A diversion trigger setpoint of 12.5 mgd was established for the APS under buildout conditions 

in the 2010 Conveyance System Master Plan. VWHA performed a diversion pump station trigger 

analysis using the District’s InfoWorks ICM hydraulic model (from the 2010 Conveyance 

System Master Plan) and confirmed that the existing ESB at APS has sufficient storage capacity 

(volume) to handle buildout diverted flows during the peak design storm based on the diversion 

trigger established in the 2010 Master Plan. The use of projected PWWFs outlined in the 2014 

City of Antioch Collection System Master Plan rather than the higher PWWF projections used in 

the 2010 Conveyance System Master Plan will also reduce the storage volume required. 

VWHA also confirmed that the diversion trigger setpoint is higher than APS’s projected buildout 

PDWF to ensure dry weather flows are not diverted to the ESB. Projected buildout PDWF 

outlined in the 2014 City of Antioch Collection System Master Plan entering the APS is 10.3 

mgd (Table 2.2).  

The new Antioch diversion pump station must have a reliable capacity greater than or equal to 

buildout PWWF minus the diversion trigger setpoint.  Therefore, the new Antioch diversion 

pump station’s reliable capacity must be at least (14.3 mgd – 12.5 mgd) 1.8 mgd. 

2.2.3 Alternatives  

2.2.3.1  Alternative 1 - BHPS w/AFM101 and APS w/AFM102 

Alternative 1 analyzes BHPS using forcemain AFM101 and APS using forcemain AFM102 to 

meet long term/ buildout pumping needs within the APS and BHPS conveyance system.  

BHPS with AFM101 

System curves and suction and discharge loss curves for the BHPS using forcemain AFM101 to 

pump all Bridgehead flow (minus any diversion flows) directly to the discharge structure at the 

intersection of Arcy Lane and Pittsburg – Antioch Highway were developed. The forcemain 

system included the existing Bridgehead forcemain system which includes both the existing 14-

inch and 24-inch forcemains, the new 24-inch DIP forcemain currently under construction over 

the Wilbur Avenue Bridge, a new future HDPE forcemain between where the forcemain 

currently under construction ends and the tie-in point to forcemain AFM101 on the APS site, and 

forcemain AFM101 from that location to the intersection of Arcy Lane and Pittsburg – Antioch 

Highway. A 30-inch (25.3” inside diameter) HDPE forcemain with a length of 3,481 feet and a 

k-value of 4.125 was used for the future forcemain between where the forcemain currently under 

construction ends and the tie-in point to forcemain AFM101 on the APS site. A larger diameter 

forcemain was used in an attempt to avoid the need to use the 14-inch parallel forcemain 

segment per District request.   

System curves and suction and discharge loss curve for the Bridgehead Pump Station were 

developed using the original pump station and associated forcemain drawings, estimations and 

assumptions for the future forcemain, and mathematical computations. The system curves for 

flow versus TDH for the forcemain system were developed using the Hazen-Williams equation 
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for pipe friction head losses (major losses), the method of loss coefficients (k-values) for pipe 

fittings and valves (minor losses), and static head (static loss) between the pump station wetwell 

wastewater elevation and the forcemain discharge elevation at the intersection of Arcy Lane and 

Pittsburg – Antioch Highway.  

Per discussions with District staff, a C-value of 100 was used for non-plastic (non-HDPE and 

PVC) forcemains including but not limited to lined steel or ductile iron pipe and AWWA C-303 

bar-wrapped steel cylinder concrete pressure pipe (CCPP). A C-value of 120 was used for plastic 

(HDPE and PVC) forcemains. Per District input all future forcemains will be plastic (HDPE and 

PVC) forcemains. These C-values are typical for existing forcemains that have been in service 

for a number of years since C-values decrease over time due to corrosion, grease accumulation, 

grit/solids accumulation, and air accumulation. Since new piping will eventually age, these C-

values were used for all piping regardless of age. A C-value of 120 was used for pump suction 

and discharge piping regardless of pipe material. It is assumed such piping will have a higher C-

value than forcemain piping due to having less grease, grit/solids, and air accumulation.  

The suction and discharge loss curve was developed based on the friction and minor losses 

within each pump’s suction and discharge piping at the pump station. The manufacturer-

provided pump curves for the existing pumps at the Bridgehead Pump Station were used in the 

analysis and adjusted based on the suction and discharge loss curve to obtain adjusted pump 

curves.  

A profile of the complete forcemain alignment, including wetwell operating levels and forcemain 

diameter and length,  Hazen-Williams C-value, and minor loss coefficient (k-value) for each 

forcemain segment is included in Figure 2.2.    

Due to potentially controlling high points along the forcemain alignment, system curve 

development included development of multiple system curves to determine where flow 

transitions from a pumped state to pressurized gravity flow. This analysis is essential to 

determine the shape of the actual system curve. BHPS with AFM101 was analyzed for two 

potential controlling hydraulic conditions as well as for pumping to the end of the forcemain:  

 BHPS to Highest Point - to the highest high point at the Wilbur Avenue Bridge;  

 A Modified -  to the intermediate high point in AFM101 (Sta 46+44.91); and  

 B Modified -  to the end of the forcemain  

The hydraulic analysis determined that the intermediate high point in AFM101 (Sta 46+44.91) 

was not a controlling high point when using BHPS since the intermediate high point at the 

Wilbur Avenue Bridge is now the highest point. The high point at the Wilbur Avenue Bridge 

controls at lower flows and the end of the forcemain controls at higher flows when using just the 

24-inch forcemain or when using both the 14-inch and 24-inch forcemains. The high point at the 

Wilbur Avenue Bridge controls when using only the 14-inch forcemain. Findings from this 

analysis are provided in Table 2.6. Detailed calculations and additional information are included 

in Appendix B.  
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Table 2.6  BHPS w/ Forcemain AFM101 – System Curve Development Results 

Segment Length Static Range 

System Curve Controlling Flow Range 
 (mgd) 

w/ 14” 
Only 

w/ 24” 
Only 

w/ 14” 
and 24”  

Forcemain AFM101 

BHPS FM to High Point 

11,702 feet 
(14” FM) 

& 
10,973 feet 

(24” FM) 

58.13 – 62.63 
feet 

All flows  
for BHPS 
pumps 

0 – 6.1 mgd 0 – 6.3 mgd 

A Modified 
(to AFM101 intermediate high 

point at Sta 46+44.91) 

19,389 feet 
(14” FM) 

& 
18,660 feet 

(24” FM) 

27.85 – 32.35 
feet 

N/A 
(High point “A modified” is not a 

controlling high point) 

B Modified 
(to end of forcemain) 

29,351 feet 
(14” FM) 

& 
28,622 feet 

(24” FM) 

23.35 – 27.85 
feet 

N/A  
for BHPS 
pumps 

Greater 
than 6.1 

mgd 

Greater 
than 6.3 

mgd 

1
 Elevations are based on 1929 NGVD 29 

2
 Static range uses forcemain crown elevation – wetwell elevation range 

For the flow range shown to be controlled by the segment comprised of BHPS FM to high point 

in Table 2.6, flow is pumped to the high point at the Wilbur Avenue Bridge. Flow beyond this 

point in the forcemain is then pushed (pressurized gravity) through the forcemain by the 

hydraulic grade line at that location to the end of the forcemain. When flows exceed the limits 

shown in Segment – BHPS FM to high point in Table 2.6, the controlling segment then changes 

to Segment B Modified. At these higher flows, flow is pumped to the end of the forcemain at the 

intersection of Arcy Lane and Pittsburg – Antioch Highway.   

The pump, system, and suction and discharge loss curves developed for the BHPS utilizing 

forcemain AFM101 are shown in Figure 2.3. The system curves used in Figure 2.3 were 

developed using the controlling portions of the system curves shown in Table 2.6. The hydraulic 

calculations used to develop the curves are included in Appendix B. 

Figure 2.3 was used to determine the existing capacity of BHPS. The pump and station capacities 

are also shown in Table 2.7. 

Table 2.7  BHPS w/ Forcemain AFM101 –  Capacities 

Pump Parameter w/ 14” Only w/ 24” Only w/ 14” and 24” 

One pump (full speed) 4.0 mgd 8.4 mgd 8.6 mgd 

Two pumps (full speed) 

(Reliable Pump Station Capacity) 
4.3 mgd 10.6 mgd 11.1 mgd 
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The reliable capacity of the BHPS when pumping through AFM101 is 11.1 mgd when using both 

the 14-inch and 24-inch existing Bridgehead forcemains and the reliable capacity when pumping 

through AFM101 is 10.6 mgd when using only the 24-inch Bridgehead forcemain. Since District 

staff indicated that they would like to continue to operate only the 24-inch forcemain in the 

future, if possible, VWHA confirmed that with a reliable capacity of 10.6 mgd at the BHPS (if 

the 14-inch forcemain is not used), the existing BHPS diversion system works properly under a 

projected buildout PWWF of 12.0 mgd (Table 2.3) with a diversion trigger set at 10.6 mgd.  

Since the existing pumps at the BHPS can turn down to below current and buildout minimum 

flows per District staff, the pumps are not anticipated to turn off during normal operation. 

Therefore, the forcemain high points are not anticipated to drain under normal operating 

conditions.  

VWHA confirmed through the diversion pump station trigger analysis that the existing ESB at 

BHPS has sufficient storage capacity (volume) to handle buildout diverted flows based on a 

diversion trigger of 10.5 mgd. VWHA also confirmed that the existing Bridgehead diversion 

pump station has a reliable capacity much greater than the required 1.4 mgd. (Buildout PWWF 

(12.0) minus the diversion trigger setpoint (10.6 mgd) of 1.4 mgd). See above for additional 

information related to the diversion trigger and the capacity analyses performed for the 

Bridgehead ESB and diversion pump station.  

APS with AFM102 

System curves and suction and discharge loss curves for the APS using only forcemain AFM102 

to pump APS flow (minus any BHPS or diversion flows) directly to the WWTP headworks were 

developed.  

The system curve and suction and discharge loss curve for the APS were developed using the 

original and updated pump station and forcemain drawings and mathematical computations. The 

system curve for flow versus TDH for the forcemain system was developed using the Hazen-

Williams equation for pipe friction head losses (major losses), the method of loss coefficients (k-

values) for pipe fittings and valves (minor losses), and static head (static loss) between the pump 

station wetwell wastewater elevation and the forcemain discharge elevation at the WWTP 

headworks.  

Per discussions with District staff, a C-value of 100 was used for non-plastic (non-HDPE and 

PVC) forcemains including but not limited to lined steel or ductile iron pipe and AWWA C-303 

bar-wrapped steel cylinder concrete pressure pipe (CCPP). This C-value is typical for existing 

forcemains that have been in service for a number of years since C-values decrease over time due 

to corrosion, grease accumulation, grit/solids accumulation, and air accumulation. A C-value of 

120 was used for pump suction and discharge piping regardless of pipe material. It is assumed 

such piping will have a higher C-value then forcemain piping due to less grease, grit/solids, and 

air accumulation. Since new piping will eventually age, these C-values were used for all piping 

regardless of age.  

The suction and discharge loss curve was developed based on estimated friction and minor losses 

within each new pump’s new suction and discharge piping at the pump station.  
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A profile of the complete forcemain alignment, including wetwell operating levels and forcemain 

diameter and length,  Hazen-Williams C-value, and minor loss coefficient (k-value) for each 

forcemain segment is included in Figure 2.4.    

Due to potentially controlling high points along the forcemain alignment, system curve 

development included the development of multiple system curves to determine where flow 

transitions from a pumped state to pressurized gravity flow. This analysis was essential to 

determine the shape of the actual system curve. APS with AFM102 was analyzed for four 

potential controlling hydraulic conditions as well as for pumping to the end of the forcemain:  

 A) to the high point at Station Sta 36+51; 

 B) to the high point at Station Sta 71+30;  

 C) to the high point at Station Sta 120+15;  

 D) to the high point at Station Sta 145+39; and 

 E) to the end of the forcemain 

The hydraulic analysis determined that the intermediate high point in AFM102 at Sta 120+15 

was not a controlling high point, but the other high points did control at various flows and the 

end of the forcemain controls at higher flows. Findings from this analysis are provided in Table 

2.8. Detailed calculations and additional information are included in Appendix C.  

Table 2.8  APS w/ Forcemain AFM102 – System Curve Development Results 

Segment Length Static Range 
System Curve Controlling Flow Range 

(mgd) 

Forcemain AFM102 

A 
(to intermediate high point at 

Sta 36+51) 
2,760 feet 

36.93–39.43 
feet 

0 – 2.5 mgd 

B 
(to intermediate high point at 

Sta 71+30) 
6,239 feet 

35.4-37.9 
Feet 

2.5 – 4 mgd 

C 
(to intermediate high point at 

Sta 120+15) 
11,124 feet 

28.9-31.4 
 feet 

N/A 
(High point “C” is not a controlling high 

point) 

D 
(to intermediate high point at 

Sta 145+39) 
13,648 feet 

28.23-30.73 
feet 

4 – 5.6 mgd 

E 
(to end of forcemain) 

15,897 feet 
23.9-26.4   

feet 
Greater than 5.6 mgd 

1
 Elevations are based on 1929 NGVD 29 

2
 Static range uses forcemain crown elevation – wetwell elevation range 

For the flow range shown to be controlled by Segment A in Table 2.8, flow is pumped to the 

high point at Sta 36+51. Flow beyond this point in the forcemain is then pushed (pressurized 
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gravity) through the forcemain by the hydraulic grade line at this location to the end of the 

forcemain. When flows exceeds 2.5 mgd, the controlling segment shifts from Segment A to 

Segment B, D, or E, depending on the flow. For the flow ranges shown to be controlled by 

Segments B and D in Table 2.8, flow is pumped to the high points at Stations 71+30 and 145+39, 

respectively. Flow beyond these locations is then pushed (pressurized gravity) through the 

forcemain by the hydraulic grade line at that location to the end of the forcemain. For flows 

higher than 5.6 mgd, shown to be controlled by Segment E in Table 2.8, flow is pumped to the 

end of the forcemain.  

The pump, system, and suction and discharge loss curves developed for the APS utilizing 

forcemain AFM102 are shown in Figure 2.5. The system curves used in Figure 2.5 were 

developed using the controlling portions of the system curves shown in Table 2.8. The hydraulic 

calculations used to develop the curves are included in Appendix C. 

VWHA confirmed that with a reliable capacity and diversion trigger of 12.5 mgd at the APS, the 

existing ESB has sufficient storage capacity (volume) to handle buildout diverted flows. New 

pumps were selected for the APS to provide reliable operation throughout the entire expected 

operating range for current and buildout flows (minus BHPS flows and reduced via diversion) to 

the WWTP with a reliable capacity of 12.5 mgd (diversion trigger setpoint). The existing large 

pumps were required to be replaced at a minimum since their operation is outside the pump 

manufacturer’s recommended operating range and one existing large pump does not have 

sufficient capacity to pump buildout PWWF minus diversion of 12.5 mgd. The analysis 

considered using two large pumps and two small pumps per the existing pump station’s 

configuration but also considered using four equally sized pumps (3 duty and 1 standby). Per 

District request, Flygt N-impeller drypit submersible pumps were used for pump selection.  

A Flygt pump selection for the two large pump and two small pump configuration similar to the 

existing pump station could not be located. Flygt does not have drypit submersible motors of the 

required size.  A four equally sized pump configuration (3 duty and 1 standby) resulted in 

selection of Flygt Model NT3312/836 pumps with a 515mm impeller and a 385 Hp motor. Pump 

information is included in Appendix C. The Flygt pump curve was used in the analysis and 

adjusted based on the suction and discharge loss curve to obtain adjusted pump curves.  

Figure 2.5 illustrates the capacity at the APS with the new pumps which were selected to provide 

a reliable pumping capacity of 12.5 mgd (min). The pump and station capacities are also shown 

in Table 2.9. Pumps will be provided with variable frequency drives. One pump is capable of 

turning down to less than current minimum dry weather flow.  

Since the pumps can turn down to below current and buildout minimum flows, the pumps are not 

anticipated to turn off during normal operation and forcemain AFM102’s high points are not 

anticipated to drain under normal operating conditions.  Partial draining of forcemain AFM102 

currently occurs at low flows under the station’s dual forcemain configuration due to different 

static conditions of the two forcemains. This will also be eliminated due to conversion to single 

forcemain operation.   
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Table 2.9  APS w/ Forcemain AFM102 –  Capacities 

Pump Parameter Capacity 

One pump (full speed) 10.1 mgd 

Two pumps (full speed) 12.0 mgd 

Three pumps (full speed) 

(Reliable Pump Station Capacity) 
13.0 mgd 

The new Antioch diversion pump station is required to have a reliable capacity of 1.8 mgd. 

(Buildout PWWF (14.3 mgd) – Diversion Trigger Setpoint (APS Reliable Capacity) (12.5 mgd)). 

See above for additional information related to the diversion trigger and the capacity analyses 

performed for the Antioch ESB and new diversion pump station.  

2.2.3.2  Alternative 2: BHPS w/AFM102 and APS w/AFM101 (Per 2010 Conveyance System Master Plan)  

Alternative 2 analyzes BHPS using forcemain AFM102 and APS using forcemain AFM101 as 

recommended in the District’s 2010 Conveyance System Master Plan to meet long term/ 

buildout pumping needs within the APS and BHPS conveyance system. 

BHPS with AFM102 

System curves and suction and discharge loss curves for the BHPS using forcemain AFM102 to 

pump all Bridgehead flow (minus any diversion flows) directly to the WWTP Headworks were 

developed. The forcemain system included using the existing Bridgehead forcemain system 

which includes both the existing 14-inch and 24-inch forcemains, the new 24-inch DIP 

forcemain currently under construction over the Wilbur Avenue Bridge, and a new future HDPE 

forcemain between where the forcemain currently under construction ends and the tie-in point to 

forcemain AFM102 within the intersection of Wilbur Avenue and Fulton Shipyard Road.  When 

forcemain AFM102 was constructed, a blind flange was provided at the intersection of Wilbur 

Avenue and Fulton Shipyard Road for the future connection of the BHPS.  

A 30-inch (25.3” inside diameter) HDPE forcemain with a length of 2,455 feet and a k-value of 

2.75 was used for the future forcemain between where the forcemain currently under 

construction ends and the blind flange location in forcemain AFM102. A larger diameter 

forcemain was used in an attempt to avoid using the 14-inch parallel forcemain segment in the 

future per District request.   

System curves and suction and discharge loss curve for the Bridgehead Pump Station were 

developed using the original pump station and associated forcemain drawings, estimations and 

assumptions for the future forcemain, and mathematical computations. The system curves for 

flow versus TDH for the forcemain system were developed using the Hazen-Williams equation 

for pipe friction head losses (major losses), the method of loss coefficients (k-values) for pipe 

fittings and valves (minor losses), and static head (static loss) between the pump station wetwell 

wastewater elevation and the forcemain discharge elevation at the WWTP headworks.  
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Per discussions with District staff, a C-value of 100 was used for non-plastic (non-HDPE and 

PVC) forcemains including but not limited to lined steel or ductile iron pipe and AWWA C-303 

bar-wrapped steel cylinder concrete pressure pipe (CCPP). A C-value of 120 was used for plastic 

(HDPE and PVC) forcemains. Per District input all future forcemains will be plastic (HDPE and 

PVC) forcemains. These C-values are typical for existing forcemains that have been in service 

for a number of years since C-values decrease over time due to corrosion, grease accumulation, 

grit/solids accumulation, and air accumulation. A C-value of 120 was used for pump suction and 

discharge piping regardless of pipe material. It is assumed such piping will have a higher C-value 

then forcemain piping due to less grease, grit/solids, and air accumulation. Since new piping will 

eventually age, these C-values were used for all piping regardless of age.  

The suction and discharge loss curve was developed based on the friction and minor losses 

within each pump’s suction and discharge piping at the pump station. The manufacturer-

provided pump curves for the existing pumps at the Bridgehead Pump Station were used in the 

analysis and adjusted based on the suction and discharge loss curve to obtain adjusted pump 

curves.  

A profile of the complete forcemain alignment, including wetwell operating levels and forcemain 

diameter and length,  Hazen-Williams C-value, and minor loss coefficient (k-value) for each 

forcemain segment is included in Figure 2.6.    

Due to potentially controlling high points along the forcemain alignment, system curve 

development included development of multiple system curves to determine where flow 

transitions from a pumped state to pressurized gravity flow. This analysis was essential to 

determining the shape of the actual system curve. BHPS with AFM102 was analyzed for five 

potential controlling hydraulic conditions as well as for pumping to the end of the forcemain:  

 BHPS to Highest Point - to the highest high point at the Wilbur Avenue Bridge;  

 A Modified - to the high point at Station Sta 36+51; 

 B Modified - to the high point at Station Sta 71+30;  

 C Modified - to the high point at Station Sta 120+15;  

 D Modified - to the high point at Station Sta 145+39; and 

 E Modified - to the end of the forcemain. 

The hydraulic analysis determined that the intermediate high points in AFM102 at Sta 36+51,  

Sta 71+30, Sta 120+15, and Sta 145+39 were no longer controlling high points when using 

BHPS since the intermediate high point at the Wilbur Avenue Bridge is now the highest point. 

The high point at the Wilbur Avenue Bridge controls at lower flows and the end of the forcemain 

controls at higher flows when using just the 24-inch forcemain or when using both the 14-inch 

and 24-inch forcemains. The high point at the Wilbur Avenue Bridge controls when using only 

the 14-inch forcemain. Findings from this analysis are provided in Table 2.10. Detailed 

calculations and additional information are included in Appendix D.  
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Table 2.10  BHPS w/ Forcemain AFM102 – System Curve Development Results 

Segment Length Static Range 

System Curve Controlling Flow 
Range 
 (mgd) 

w/ 14” Only w/ 24” 
Only 

w/ 14” 
and 24”  

Forcemain AFM102 

BHPS FM to High Point 

11,702 feet 
(14” FM) & 
10,973 feet 

(24” FM) 

58.13 – 62.63 
feet 

All flows  
for BHPS 
pumps 

0 – 6.1 
mgd 

0 – 6.3 
mgd 

A Modified 
(to AFM102 intermediate 
high point at Sta 36+51) 

16,576 feet 
(14” FM) & 
15,847 feet 

(24” FM) 

32.88 – 37.38 
feet 

N/A 
(High point “A modified” is not a 

controlling high point) 

B Modified 
(to AFM102 intermediate 
high point at Sta 71+30) 

20,055 feet 
(14” FM) & 
19,326 feet 

(24” FM) 

31.35 – 35.85 
feet 

N/A 
(High point “B modified” is not a 

controlling high point) 

C Modified 
(to AFM102 intermediate 
high point at Sta 120+15) 

24,940 feet 
(14” FM) & 
24,211 feet 

(24” FM) 

24.85 – 29.35 
feet 

N/A 
(High point “C modified” is not a 

controlling high point) 

D Modified 
(to AFM102 intermediate 
high point at Sta 145+39) 

27,464 feet 
(14” FM) & 
26,735 feet 

(24” FM) 

24.18 – 28.68 
feet 

N/A 
(High point “D modified” is not a 

controlling high point) 

E Modified 
(to end of forcemain) 

29,713 feet 
(14” FM) & 
28,984 feet 

(24” FM) 

19.85 – 24.35 
feet 

N/A  
for BHPS 
pumps 

Greater 
than 6.1 

mgd 

Greater 
than 6.3 

mgd 

1
 Elevations are based on 1929 NGVD 29 

2
 Static range uses forcemain crown elevation – wetwell elevation range 

 

For the flow range shown to be controlled by Segment – BHPS FM to high point in Table 2.10, 

flow is pumped to the high point at the Wilbur Avenue Bridge. Flow beyond this point in the 

forcemain is then pushed (pressurized gravity) through the forcemain by the hydraulic grade line 

at that location to the end of the forcemain. When flows exceed the limits shown for the segment 

comprised of BHPS FM to High Point in Table 2.10, the controlling segment then changes to 

Segment E Modified. At these higher flows, flow is pumped to the end of the forcemain at the 

WWTP headworks.   

The pump, system, and suction and discharge loss curves developed for the BHPS utilizing 

forcemain AFM102 are shown in Figure 2.7. The system curves used in Figure 2.7 were 

developed using the controlling portions of the system curves shown in Table 2.10. The 

hydraulic calculations used to develop the curves are included in Appendix D. 
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Figure 2.7 was used to determine the existing capacity of BHPS. The pump and station capacities 

are also shown in Table 2.11. 

Table 2.11  BHPS w/ Forcemain AFM102 –  Capacities 

Pump Parameter w/ 14” Only w/ 24” Only w/ 14” and 24” 

One pump (full speed) 4.0 mgd 8.4 mgd 8.6 mgd 

Two pumps (full speed) 

(Reliable Pump Station Capacity) 
4.3 mgd 10.5 mgd 11.0 mgd 

The reliable capacity of the BHPS when pumping through AFM102 is 11.0 mgd when using both 

the 14-inch and 24-inch existing Bridgehead forcemains and the reliable capacity when pumping 

through AFM102 is 10.5 mgd when using only the 24-inch Bridgehead forcemain. Since District 

staff indicated that they would like to continue to operate only the 24-inch forcemain in the 

future, if possible, VWHA confirmed that with a reliable capacity of 10.5 mgd at the BHPS (if 

the 14-inch forcemain is not used), the existing BHPS diversion system works properly under a 

projected buildout PWWF of 12.0 mgd (Table 2.3) with a diversion trigger set at 10.5 mgd.  

Since the existing pumps at the BHPS can turn down to below current and buildout minimum 

flows per District staff, the pumps are not anticipated to turn off during normal operation, the 

forcemain high points are not anticipated to drain under normal operating conditions. Partial 

draining of forcemain AFM102 currently occurs now at low flows under APS’s dual forcemain 

configuration due to different static conditions of the two forcemains. This will also not occur in 

the future due to conversion to single forcemain operation at both pump stations.   

VWHA confirmed through the diversion pump station trigger analysis that the existing ESB at 

BHPS has sufficient storage capacity (volume) to handle buildout diverted flows based on a 

diversion trigger of 10.5 mgd. VWHA also confirmed that the existing Bridgehead diversion 

pump station has a reliable capacity much greater than the required 1.5 mgd. (Buildout PWWF 

(12.0) minus the diversion trigger setpoint (10.5 mgd) of 1.5 mgd). See above for additional 

information related to the diversion trigger and the capacity analyses performed for the 

Bridgehead ESB and diversion pump station.  

APS with AFM101 

System curves and suction and discharge loss curves for the APS using only forcemain AFM101 

to pump only APS flow (minus any diversion flows) directly to the discharge structure at the 

intersection of Arcy Lane and Pittsburg – Antioch Highway were developed.  

System curve and suction and discharge loss curve for the APS were developed using the 

original and updated pump station and forcemain drawings and mathematical computations. The 

system curve for flow versus TDH for the forcemain system was developed using the Hazen-

Williams equation for pipe friction head losses (major losses), the method of loss coefficients (k-

values) for pipe fittings and valves (minor losses), and static head (static loss) between the pump 

station wetwell wastewater elevation and the forcemain discharge elevation the discharge 

structure at the intersection of Arcy Lane and Pittsburg – Antioch Highway.  
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Per discussions with District staff, a C-value of 100 was used for non-plastic (non-HDPE and 

PVC) forcemains including but not limited to lined steel or ductile iron pipe and AWWA C-303 

bar-wrapped steel cylinder concrete pressure pipe (CCPP). This C-value is typical for existing 

forcemains that have been in service for a number of years since C-values decrease over time due 

to corrosion, grease accumulation, grit/solids accumulation, and air accumulation. A C-value of 

120 was used for pump suction and discharge piping regardless of pipe material. It is assumed 

such piping will have a higher C-value then forcemain piping due to less grease, grit/solids, and 

air accumulation. Since new piping will eventually age, these C-values were used for all piping 

regardless of age.  

The suction and discharge loss curve was developed based on estimated friction and minor losses 

within each new pump’s new suction and discharge piping at the pump station.  

A profile of the complete forcemain alignment, including wetwell operating levels and forcemain 

diameter and length,  Hazen-Williams C-value, and minor loss coefficient (k-value) for each 

forcemain segment is included in Figure 2.8.    

Due to potentially controlling high points along the forcemain alignment, system curve 

development included development of multiple system curves to determine where flow 

transitions from a pumped state to pressurized gravity flow. This analysis was essential to 

determine the shape of the actual system curve.  

APS with AFM101 was analyzed for one potential controlling hydraulic conditions as well as for 

pumping to the end of the forcemain:  

 A) to the intermediate high point at Sta 46+44.91; and  

 B) to the end of the forcemain  

The hydraulic analysis confirmed that the intermediate high point in AFM101 at Sta 46+44.91 is 

a controlling high point. Findings from this analysis are provided in Table 2.12. Detailed 

calculations and additional information are included in Appendix E.  

Table 2.12  APS w/ Forcemain AFM101 – System Curve Development Results 

Segment Length Static Range 
System Curve Controlling Flow Range 

(mgd) 

Forcemain AFM101 

A 
(to intermediate high point at 

Sta 46+44.91) 
3,696 feet 

31.9 – 34.4 
feet 

0 – 2.6 mgd 

B 
(to end of forcemain) 

13,658 feet 
27.4 – 29.9 

feet 
Greater than 2.6 mgd 

1 Elevations are based on 1929 NGVD 29 
2
 Static range uses forcemain crown elevation – wetwell elevation range 

For the flow range shown to be controlled by Segment A in Table 2.12, flow is pumped to the 

high point at Sta 46+44.91. Flow beyond this point in the forcemain is then pushed (pressurized 

gravity) through the forcemain by the hydraulic grade line at that location to the end of the 
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forcemain. When flows exceed the limits shown for Segment A, the controlling segment then 

changes to Segment B. At these higher flows, flow is pumped to the end of the forcemain.   

The pump, system, and suction and discharge loss curves developed for the APS utilizing 

forcemain AFM101 are shown in Figures 2.9, 2.10, and 2.11. The system curve used in Figures 

2.9, 2.10, and 2.11 were developed using the controlling portions of the system curve shown in 

Table 2.12. The hydraulic calculations used to develop the curves are included in Appendix E. 

VWHA confirmed that with a reliable capacity and diversion trigger of 12.5 mgd at the APS as 

recommended in the District’s 2010 Conveyance System Master Plan, the existing ESB has 

sufficient storage capacity (volume) to handle buildout diverted flows.  The new Antioch 

diversion pump station is required to have a reliable capacity of 1.8 mgd. (Buildout PWWF (14.3 

mgd) – Diversion Trigger Setpoint (APS Reliable Capacity) (12.5 mgd)). See above for 

additional information related to the diversion trigger and the capacity analyses performed for 

the Antioch ESB and new diversion pump station.  

New pumps were selected for the APS to provide reliable operation throughout the entire 

expected operating range for current and buildout flows (minus BHPS flows and reduced via 

diversion) to the WWTP with a reliable capacity of 12.5 mgd (diversion trigger setpoint). The 

existing large pumps were required to be replaced at a minimum since their operation is outside 

the pump manufacturer’s recommended operating range and one existing large pump does not 

have sufficient capacity to pump buildout PWWF minus diversion of 12.5 mgd. The analysis 

considered using two large pumps and two small pumps per the existing pump station’s 

configuration but also considered using four equally sized pumps (3 duty and 1 standby). Per 

District request, Flygt N-impeller drypit submersible pumps were used for pump selection.  

The following pump configurations were analyzed: 

 Two New Large and Two Existing Small Pumps 

 Two New Large and Two New Small Pumps 

 Four New Equal Sized Pumps 

Two New Large and Two Existing Small Pumps 

The two new large and two existing small pump selection required selection of large pumps 

where one large pump (duty pump) can pump buildout PWWF minus diversion of 12.5 mgd. 

Flygt Model NT3531/936 pumps with a 700mm impeller and a 645 Hp motor were selected. 

Pump information is included in Appendix E. The Flygt pump curve was used in the analysis and 

adjusted based on an estimated suction and discharge loss curve to obtain adjusted pump curves. 

The existing small pump’s pump curve (Fairbanks Morse Model 10B5445-T60 (19.85” impeller) 

100Hp) was used in the analysis and adjusted based on its suction and discharge loss curve to 

obtain adjusted pump curves.  

Figure 2.9 illustrates the capacity at the APS with the new large duty pump which was selected 

to provide a reliable pumping capacity of 12.5 mgd (min). The pump and station capacities are 

also shown in Table 2.13. All pumps will be provided with variable frequency drives.  
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Table 2.13  APS w/ Forcemain AFM101 –  Capacities 

Pump Parameter Capacity 

One existing small pump (full speed) 5.6 mgd 

Two existing small pumps (full speed) 7.9 mgd 

One new large pump (full speed) 

(Reliable Pump Station Capacity) 
12.8 mgd 

 

One new large pump is capable of turning down to less than current minimum dry weather flow. 

However, the existing small pumps will be used to efficiently pump low flows. It is anticipated 

that one small pump will be used until flow exceeds its capacity. Then, if the other small pump is 

available, both small pumps will pump incoming flows until their combined capacity is 

exceeded. At that time, the small pumps will turn off and a large pump will pump incoming 

flows up to its total capacity. When incoming flows exceed the capacity of one large pump, flow 

will rise and flow in excess of one large pump’s capacity will be passively diverted to the new 

Antioch diversion pump station. Based on the pump station’s 2014 and buildout PDWF 

projections, a large pump will be required to operate each day during peak flow periods once 

PDWF reaches 7.9 mgd.   

Since the pumps can turn down to below current and buildout minimum flows, forcemain 

AFM101’s high points will not drain under normal operating conditions.  

Two New Large and Two New Small Pumps 

The two new large and two new small pump configuration will utilize the same large pump as 

selected (Flygt Model NT3531/936 pumps with a 700mm impeller and a 645 Hp motor) under 

the two new large and two existing small pump configuration since one large pump (duty pump) 

must pump buildout PWWF minus diversion of 12.5 mgd. Flygt Model NT3301 pumps with 

404mm impellers and 85 Hp motors were selected to replace the existing small pumps. Although 

the existing small pumps were recently replaced, the District indicated that they would like all 

pumps replaced with Flygt N-impeller pumps on the project due to excessive ragging problems 

at the station. Pump information is included in Appendix E. The Flygt pump curves were used in 

the analysis and adjusted based on estimated suction and discharge loss curves to obtain adjusted 

pump curves. 

Figure 2.10 illustrates the capacity at the APS with the new large duty pump which was selected 

to provide a reliable pumping capacity of 12.5 mgd (min). The pump and station capacities are 

also shown in Table 2.14. All pumps will be provided with variable frequency drives.  
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Table 2.14  APS w/ Forcemain AFM101 –  Capacities 

Pump Parameter Capacity 

One new small pump (full speed) 6.0 mgd 

Two new small pumps (full speed) 8.0 mgd 

One new large pump (full speed) 

(Reliable Pump Station Capacity) 
12.8 mgd 

 

As noted above, one new large pump is capable of turning down to less than current minimum 

dry weather flow. However, the new small pumps will be used to more efficiently pump low 

flows. It is anticipated that one small pump will be used until flow exceeds its capacity. Then, if 

the other small pump is available, both small pumps will pump incoming flows until their 

combined capacity is exceeded. At that time the small pumps will turn off and a large pump will 

pump incoming flows up to its total capacity. When incoming flows exceed the capacity of one 

large pump, flow will rise and flow in excess of one large pump’s capacity will be passively 

diverted to the new Antioch diversion pump station. Based on the pump station’s 2014 and 

buildout PDWF projections, a large pump will be required to operate each day during peak flow 

periods once PDWF reaches 8.0 mgd.    

Since the pumps can turn down to below current and buildout minimum flows, forcemain 

AFM101’s high points will not drain under normal operating conditions.  

Four New Equal Sized Pumps 

The four equally sized pump configuration (3 duty and 1 standby) pump selection required 

selection of pumps where three new pumps (duty pumps) can pump buildout PWWF minus 

diversion of 12.5 mgd. Flygt Model NT3312/766 pumps with a 480mm impeller and a 280 Hp 

motor were selected. Pump information is included in Appendix E. The Flygt pump curve was 

used in the analysis and adjusted based on an estimated suction and discharge loss curve to 

obtain adjusted pump curves.  

Figure 2.11 illustrates the capacity at the APS with the new pumps which were selected to 

provide a reliable pumping capacity of 12.5 mgd (min). The pump and station capacities are also 

shown in Table 2.15. All pumps will be provided with variable frequency drives.  

 

Table 2.15  APS w/ Forcemain AFM101 –  Capacities 

Pump Parameter Capacity 

One pump (full speed) 9.6 mgd 

Two pumps (full speed) 11.9 mgd 

Three pumps (full speed) 

(Reliable Pump Station Capacity) 
12.9 mgd 
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One pump is capable of turning down to less than current minimum dry weather flow. This will 

prevent AFM101’s high points from draining under normal operating conditions.  

When incoming flow exceeds the capacity of three pump, flow will rise and flows in excess of 

three pump’s capacity will be passively diverted to the new Antioch diversion pump station. 

Based on the pump station’s 2014 and buildout PDWF projections (see Table 2.2), one or two 

pumps will be able to handle PDWFs. This will provide the District with a minimum of two 

standby pumps during the dry weather season.      

2.3 RECOMMENDATION 

The findings of the APS and BHPS Conveyance System Alternatives Analysis were presented 

and discussed with District staff at the APS and BHPS Conveyance System Alternatives 

Analysis Meeting on June 17, 2021. The meeting was used to solicit District input and obtain 

consensus on the recommended  alternative and pump configuration to convey buildout flows 

(reduced via diversion) from APS and BHPS to the WWTP.  

2.3.1 APS and BHPS Long Term Conveyance System Alternative Recommendation 

The findings of the APS and BHPS long term conveyance system alternative analysis concluded   

the following advantages and disadvantages for each alternative as outlined in Tables 2.16 and 

2.17.  
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Table 2.16  Alternative 1 - Advantages and Disadvantages 

Alternative 1 

BHPS w/AFM101 and APS w/AFM102 

Advantages 

BHPS 

 No upgrades are required at the BHPS (Main PS, Diversion PS and ESB have reliable capacity) and the 
14-inch forcemain is not required for use. (Same advantage as under Alternative 2) 

APS 

 Flygt N-impeller pump selection is available (Same advantage as under Alternative 2) 

 

Note: No advantages have been identified over Alternative 2 

Disadvantages 

BHPS 

 Results in an additional 1,026 feet of new 30-inch (25.3-inch ID) HDPE forcemain to extend the 
existing Bridgehead forcemain to the connect to forcemain AFM101 rather than forcemain AFM102. 
The new BHFM will extend up Fulton Shipyard Road and across the APS site to connect to forcemain 
AFM101. 

APS 

 Results in added congestion on APS site. 

 Use of APS with AFM102 maintains the three existing controlling high points within AFM102.  

 Flygt N-impeller pump selections for new pumps at APS w/ AFM102 are available only for equal sized 
(385 Hp) pumps.  

 Pump horsepower, pump physical size, pump wt., pump cost, and electrical (VFD and generator) costs 
will be higher for new equipment at APS. New equal sized pumps will be 385Hp each. (rather than 
280Hp under Alternative 2) 
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Table 2.17  Alternative 2 - Advantages and Disadvantages 

Alternative 2  

BHPS w/AFM102 and APS w/AFM101  

(Per 2010 Conveyance System Master Plan) 

Advantages 

BHPS 

 No upgrades are required at the BHPS (Main PS, Diversion PS and ESB have reliable capacity) and the 
14-inch forcemain is not required for use. (Same advantage as under Alternative 1)   

 Results in 1,026 feet less new 30-inch (25.3-inch ID) HDPE forcemain to extend the existing 
Bridgehead forcemain to the connect to forcemain AFM102 rather than forcemain AFM101. BHFM 
will tie-in to the blind flange location on AFM102 at the intersection of Wilbur Avenue and Fulton 
Shipyard Road rather than extending up Fulton Shipyard Road and across APS site to connect to 
forcemain AFM101. 

 Use of BHPS with AFM102 results in elimination of existing controlling high points within AFM102.  

APS 

 Results in less congestion on APS site. 

 Allows APS to use AFM101 which results in only one intermediate controlling high point (rather than 
three intermediate controlling high points if using AFM102) 

 Pump horsepower, pump physical size, pump wt., pump cost, and electrical (VFD and generator) costs 
are lower for new equipment at APS. 

 Flygt N-impeller pump selection is available (Same advantage as under Alternative 1) 

 Flygt N-impeller pump selections for new pumps at APS w/ AFM101 are available for both small 

(85Hp) and large (645Hp) pumps and equal sized (280 Hp) pumps which should minimize pump 

ragging.  

Disadvantages 

 None 

 

 

Based on the findings of the APS and BHPS long term alternatives analysis and 

advantages/disadvantages outlined in Tables 2.16 and 2.17, it was recommended and consensus 

was reached with District staff during the APS and BHPS Conveyance System Alternatives 

Analysis Meeting on June 17, 2021 to proceed with Alternative 2 and convey wastewater flows 

directly the WWTP from BHPS using forcemain AFM102 and from APS using forcemain 

AFM101.  This recommendation is in accordance with the District’s 2010 Conveyance System 

Master Plan. 

2.3.1.1   Alternative 2 - APS Pump Selection 

Under Alternative 2 with APS using forcemain AFM101, the main pump station pumps can be 

replaced with either: two new large (645 Hp) and reuse of the existing small (100 Hp) pumps, 

two new large (645 Hp) and two new small (85 Hp) pumps, or four new equal sized (280 Hp) 

pumps (three duty, one standby) to reliably pump the entire range of current and buildout flows 



Delta Diablo APS and BHPS – Long Term Alternatives Analysis 

APS and BHPS Conveyance System Alternatives 
 

 

 

  2-24 H:\018DDSD-21-01\Phase II Long Term Alt Analysis 

of 12.5 mgd (PWWF minus BHPS flows and reduced via diversion) to the WWTP. The pump, 

system and suction and discharge loss curves for all three pump selection options are presented 

in Figures 2.9, 2.10, and 2.11.  

 

During the APS and BHPS Conveyance System Alternatives Analysis Meeting on June 17, 

2021, pump selection was discussed. Although the existing small pumps were recently replaced, 

the District indicated that they would like all pumps replaced with Flygt N-impeller pumps on 

the project due to excessive ragging problems at the station. In addition, District staff indicated 

that they would like to consider both vertical and horizontal installation for the new pumps in the 

existing drywell. VWHA worked with Flygt to obtain dimensional cut sheets and met with 

District staff and Flygt representative on site at the Antioch Pump Station on July 29, 2021 to 

review potential layouts for the two large pump/two small pump and four equal sized pump 

vertical and horizontal installations.  During the site visit it was determined that the existing 

drywell stairs were in conflict with the new pump layout configurations. District staff indicated 

that the stairs should be reconfigured and a spiral staircase provided.         

 

Tables 2.18 and 2.19 outline the advantages and disadvantages identified for each pump 

configuration. 

 

Table 2.18  APS Two Large/Two Small Pump Configuration - Advantages and Disadvantages 

Two Large/Two Small Pump Configuration 

Advantages 

 None 

Disadvantages 

 Existing bridge crane cannot be used to remove large pumps. Large pumps will require removal via 
roof skylights with crane by others. Existing skylight openings are not of sufficient size for removal of 
large pumps. Skylight/roof modifications are required. A large pump weighs 6.3 tons. Existing bridge 
crane has a capacity of 5 tons. 

 Less flexibility (operational and O&M).   

 More difficult to install/remove large pumps.  

 The large and small pump option will result in higher installed HP (1460 HP) than the equal sized 

pump option (1120HP). 

 The large and small pump option will be more expensive than the equal sized pump option. The cost 
will be approximately $250,000 more for just the pumps. The VFDs and electrical will also be more 
expensive. The total additional cost is expected to be approximately $500,000 more. 

 Existing drywell stairs are in conflict with new pump layout configurations.  

 Horizontal pump installation is not compatible with existing drywell arrangement. (Same 

disadvantage as under equal sized pump option) 
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Table 2.19  APS Four Equal Sized Pump Configuration - Advantages and Disadvantages 

Four Equal Sized Pump Configuration 

Advantages 

 Equal sized pumps provide for more flexibility (operational and O&M). Based on the pump station’s 

2014 and buildout PDWF projections, one or two pumps will be able to handle PDWFs. This will 

provide the District with a minimum of two standby pumps during the dry weather season.      

 The equal sized pumps will be easier to install/remove. An equal sized pump weighs 2.5 tons while a 

large pump weighs 6.3 tons. 

 The equal sized pump option will result in lower installed HP (1120HP) than the large and small pump 

option (1460 HP). 

 The equal sized pump option will be less expensive than the large and small pump option. The cost 
will be approximately $250,000 less for just the pumps. The VFDs and electrical will also be less 
expensive. The total cost savings is expected to be in the $500,000 range. 

 Existing bridge crane can be used to remove pumps. 

 Equal sized vertical pumps fit better in the drywell. The equal sized pumps will be easier to 
install/remove. Equal sized pump are 7.1 feet tall while a large pump is 9.7 feet tall.  

Disadvantages 

 Existing drywell stairs are in conflict with new pump layout configurations.  

 Horizontal pump installation is not compatible with existing drywell arrangement. (Same 

disadvantage as under small/large pump option) 

Note: No disadvantages have been identified over the large and small pump option 

 

Based on physical site constraints and the advantages/disadvantages outlined in Tables 2.18 and 

2.19, the District confirmed that the new installation should include four equal sized vertical 

pumps. See Figures 2.12 and 2.13 for APS pump room/wetwell lower level floor plan and 

section for new pump layout utilizing four equal sized vertical Flygt NT3312/766, 480mm 

impeller, 280 Hp pumps. 

 

Figures 2.12 and 2.13 show a new spiral staircase provided per District direction. It should be 

noted that spiral staircases are not OSHA compliant since you can't get a stretcher down/up 

them. During the design phase, the District should confirm if this is acceptable or if additional 

options should be explored for reconfiguring the drywell staircase.    

  



Delta Diablo APS and BHPS – Long Term Alternatives Analysis 

APS and BHPS Conveyance System Alternatives 
 

 

 

  2-26 H:\018DDSD-21-01\Phase II Long Term Alt Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page left intentionally blank 

 

 

 
 

 

 



Delta Diablo APS and BHPS – Long Term Alternatives Analysis 

APS – Diversion PS and Screenings Removal Analysis 
 

 

 

  3-1 H:\018DDSD-21-01\Phase II Long Term Alt Analysis 

SECTION 3 

ANTIOCH PUMP STATION 

DIVERSION PUMP STATION AND SCREENINGS REMOVAL ANALYSIS 

The section develops and presents improvements at the APS to implement 1) a separate on-site 

APS Diversion Pump Station and 2) an upstream grinder facility.  

3.1 DIVERSION PUMP STATION 

District staff has requested that a separate diversion pump station similar to those provided at the 

District’s other pump stations (upstream structure with spill over weir and submersible pumps) is 

provided at the APS to improve operations. The diversion pump station will divert a portion of 

the incoming PWWF flow to the ESB for equalization. After peak flows subside, the flow will 

then be drained back to the APS wetwell and pumped to the WWTP. 

Based on the diversion trigger setpoint established in the 2010 Conveyance System Master Plan 

for the APS under buildout conditions and confirmed under the APS diversion trigger analysis 

(see information presented in Section 2), the APS will have a diversion trigger of 12.5 mgd. The 

new Antioch diversion pump station will divert incoming flows above 12.5 mgd to the ESB. The 

new Antioch diversion pump station must have a reliable capacity greater than or equal to 

buildout PWWF (14.3 mgd (not including any flow from the BHPS) (Table 2.2)) minus the 

diversion trigger setpoint (APS main pump station’s reliable capacity).  Therefore, the new 

Antioch diversion pump station’s reliable capacity must be at least (14.3 mgd – 12.5 mgd) 1.8 

mgd.  

During the APS and BHPS Conveyance System Alternatives Analysis Meeting on June 17, 

2021, District staff indicated that in addition to a minimum reliable pumping capacity of 1.8 

mgd, the new Antioch diversion pump station’s firm capacity (all pumps) should be sized for a 

minimum of 4.2 mgd to allow the diversion pump station to be able to pump all flow to the ESB 

under buildout minimum flow conditions. This will allow the main pump station to cease 

pumping to the WWTP under minimum flow conditions to allow the District to perform O&M at 

the Antioch Pump Station, if required.    

3.1.1 Diversion Pump Station Hydraulics 

The new Antioch diversion pump station will be built upstream of the existing wet well splitter 

box/influent structure on the APS site. All incoming flow will be combined into a single 48-inch 

gravity sewer upstream of the new diversion pump station. The existing drawings show the slope 

of the existing incoming 48-inch gravity sewer at 0.00033 which can convey the projected 

buildout PWWF of 14.3 mgd without surcharging the sewer.  The overflow weir level in the 

diversion pump station should be set at the crown of the 48-inch gravity sewer (Elev -2.7). The 

setpoints for the new main pumps in the APS should be set below this level (proposed wetwell 

operating range is between Elev -6.4 and Elev -3.9) to allow the station’s pumps to reach full 

speed and reliably pump 12.5 mgd prior to the water level rising to the weir elevation. The length 

of the weir should be designed to allow diversion flows to pass over the weir without exceeding 

the operating floor elevation within the wetwell (Elev -1.6).     
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Implementation of the diversion pump station at the APS requires surcharging the incoming 

gravity sewer and upstream collection system. Prior to implementing the new diversion pump 

station, the District shall confirm that sewer levels at an Elevation of -2.45 (estimated water level 

over the weir during diversion) at the diversion pump station on the APS site will not cause 

upstream sewer overflows with in the upstream collection system under buildout PWWF 

conditions.  

VWHA was not able to confirm that the surcharge condition discussed above does not create a 

sanitary sewer overflow using the District’s existing model. The information in the Delta Diablo 

collection system model only includes the large influent interceptors and one or two pipe 

segments upstream in some locations and information does not match District collection system 

drawings. Therefore, VWHA is unable to tell from the model what will occur in District’s 

upstream collection system or in any upstream City-owned pipelines.  

Woodard & Curran (formerly RMC) prepared both the District’s 2010 Conveyance System 

Master Plan and the 2014 City of Antioch Master Plan and modeled both the City’s system and 

Delta Diablo’s system. The District confirmed that they will contact Woodard & Curran and 

have them confirm that construction of the proposed diversion pump station at the APS site will 

not cause overflows in either the District’s or City’s collection system under PWWF buildout 

conditions. The low points in the collection system where potential overflows would result 

should be identified by the District. The lowest manhole rims could be surveyed during the 

predesign phase when the APS site is surveyed.  

3.1.2 Development of System Curve and Suction and Discharge Loss Curve 

System and suction and discharge loss curves for the new Antioch Diversion Pump Station to 

pump flow directly to the ESB were developed.  

System and suction and discharge loss curves for the new Antioch diversion pump station were 

developed using new pump discharge and forcemain piping, original drawings of the Antioch 

ESB and mathematical computations.  

A system curve for flow versus TDH for the new onsite 14-inch forcemain to the ESB was 

developed using the Hazen-Williams equation for pipe friction head losses (major losses), the 

method of loss coefficients (k-values) for pipe fittings (minor losses), and static head (static loss) 

between the diversion pump station wetwell elevation and the forcemain high point discharge 

location at the ESB. Elevations, specific fittings, and pipeline lengths for each pipe were 

determined using existing drawings. A C-value of 100 was used for the new and existing 

forcemain piping between the new diversion pump station and the ESB since it is assumed that 

the piping on site will be lined steel or ductile iron pipe. 

The suction and discharge loss curve was developed based on the friction and minor losses 

within each pump’s discharge piping at the new diversion pump station. A C-value of 120 was 

used for the suction and discharge piping within the wetwell and valve vault.  

Pump selection was based on the District direction to use Flygt N-impeller pumps. Pump 

selection was based on reliably pumping a minimum of 1.8 mgd and 4.2 mgd when using all 

pumps. A three pump system was selected based on discussions with District staff. Flygt model 
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NP3153 MT, 434 impeller (227mm trim), 20 Hp pumps were selected. The Flygt provided pump 

curves were used in the analysis and adjusted based on the suction and discharge loss curve to 

obtain adjusted pump curves.  

Table 3.1 provides information used in the development of the system curve, suction and 

discharge loss curve, and pump curves. Additional information is included in Appendix F.  

The pump, system, and suction and discharge loss curves developed for the new Antioch 

diversion pump station are shown in Figure 3.1. The hydraulic calculations used to develop the 

curves are included in Appendix F. 

 

Table 3.1  Antioch Diversion Pump Station – Hydraulic Information 

Forcemain  

Diameter 14-inch 

Length 182 feet  

Hazen-Williams (C-value) 100
1
 

Minor Loss Coefficient (K-value) 3.75 

Discharge Highpoint Elevation  34.83 (crown of high point at ESB)  

Wetwell Elevation Range  -11.6 to -3.6 (normal operation) 

Static Range
4
  38.43 – 46.43 

Pump Discharge  

Diameter 8-inch 

Length 38.57 feet  

Hazen-Williams (C-value) 120
2
 

Minor Loss Coefficient (K-value) 4.55 

Pumps 

No. of Pumps 3 Total (2 Duty + 1 Standby) 

Pump Model Flygt NP3153 MT, 434 impeller (227mm trim), 20 Hp 

Drive Type Constant Speed 

1
 Hazen-Williams C-values for Forcemain. Per discussions with District, a C-value of 100 was used for existing and new non-

plastic (non HDPE and PVC) on-site pipelines including but not limited to lined steel or ductile iron pipe.  

2
 Hazen-Williams C-values for Pump Suction and Discharge Piping. A C-value of 120 was used for existing and new pump suction 

and discharge piping regardless of pipe material. It is assumed such piping will have a higher C-value then forcemain piping due 

to  less resistance due to corrosion, grease accumulation, grit/solids accumulation, and air accumulation. 

3
 Elevations are based on 1929 NGVD 29

 

4
 Static range = discharge highpoint elev  – wetwell elevation 

5
 Information contained in the table is for pumping to the ESB 
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3.1.3 Findings 

Findings of the hydraulic analysis using Flygt model NP3153 MT, 434 impeller (227mm trim), 

20 Hp pumps confirmed that the new Antioch Diversion Pump Station will have adequate 

reliable capacity to divert flow to the ESB under buildout conditions and greater capacity than 

requested when using all pumps. Table 3.2 outlines the Antioch Diversion Pump Station capacity 

when pumping to the ESB. The Antioch diversion pump station has a reliable diversion capacity 

of 3.0 mgd (2 duty pumps) and a total capacity of 4.6 mgd when using all pumps.  

 

Table 3.2  Antioch Diversion Pump Station Capacity 

Pump Parameter Capacity (mgd) 

One pump  1.4 

Two pumps (Reliable Capacity) 3.0
 
(1.8 mgd required) 

Three pumps (Total Capacity) 4.6 (4.2 mgd required) 

1
 Information contained in the table is for pumping to the ESB based on wetwell setpoints.  

3.1.4 Pump Station Layout 

The proposed layout for the new Diversion Pump Station is shown in Figures 3.2 and 3.3. It is 

located just upstream of the existing pump station’s wet well splitter box/influent structure on the 

APS site. It consists of a wetwell and a valve vault with submersible pumps on guide rails. The 

structure is located at grade. The wetwell top slab is envisioned to be H20 rated with hatches 

provided for pump removal. The valve vault is provided with bollards and grating to allow valve 

stems to be accessed from above through the grating platform. Incoming station flow will pass 

through the station on the way to the APS wetwell. When flow exceeds the APS main duty 

pumping capacity (12.5 mgd), flow will back up into the incoming gravity sewer and spill over 

the weir in the diversion pump station. Flows in excess if the main pump station (12.5 mgd) will 

be pumped by the diversion pump station to the ESB.  

The APS Diversion Pump Station and Screenings Removal Analysis Meeting was held with 

District staff on August 31, 2021 to present the findings and discuss the recommendations for the 

Antioch Diversion Pump Station. The meeting solicited District input and obtained consensus on 

the recommendation. 

See Figure 3.5 for the proposed layout of the gravity sewers, new diversion pump station, and 

new grinder facility on the APS site.  

3.2 GRINDER STRUCTURE 

A separate grinder facility was requested by District staff to improve O&M at the APS. The 

grinder facility will be located on the APS site upstream of the new APS diversion pump station 

within the gravity sewer system to grind all screenings entering the APS site. The analysis 

evaluated constructing the new grinder facility at the same time as construction of the new 

diversion pump station (single structure) or constructing the new grinder facility at a later time 

(if needed) since the new APS main pumps and diversion pumps may not clog and be able to 
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pass rags to the WWTP for removal. Per District direction, the new APS main pumps and 

diversion pumps will be Flygt n-impeller pumps.  

The new grinder structure design criteria was developed with District staff and includes: 

 Grind all screenings entering the APS site. 

 Two  Grinders  

o One grinder shall have a capacity equal to buildout PDWF (10.3 mgd). 

o Two grinders shall have a total capacity greater then buildout PWWF (14.3 mgd) 

(prior to diversion).   

 A weir with passive bypass channel (no manual bar rack) shall be provided and capable 

of handling buildout PWWF (prior to diversion) of 14.3 mgd to handle incoming flows if 

one or both grinders fail during periods with flow greater than PDWF.   

 Grinders will be designed to be installed, removed, and replaced from grade without 

manned entry into structure. 

 Grinders will be designed with upstream stop gates to be installed, removed, and replaced 

from grade without manned entry into structure for use when a grinder is removed for 

service. 

 The grinder structure is not envisioned for routine manned entry (Class 1, Division 1) and 

will not include permanent gas detection or ventilation. 

3.2.1 Grinder Facility Hydraulics and Layout 

The new Antioch grinder structure will be built upstream of the new APS diversion pump 

station. All incoming flow to the APS site should be combined into a single 48-inch gravity 

sewer upstream of the new grinder structure. The existing drawings show the slope of the 

existing incoming 48-inch gravity sewer at 0.00033 which can convey the projected buildout 

PWWF of 14.3 mgd without surcharging the sewer.  Since the water level over the weir in the 

diversion pump station is estimated at Elev -2.45 during buildout PWWF, the grinder facility, 

including grinder selection, weir height, etc. must be designed based on this worst case 

downstream water level.    

VWHA worked with JWC Environmental to select grinders to meet the flow requirements and 

minimize headloss (surcharging of upstream gravity sewers). JWC Channel Monster Flex Model 

CFM6030-M2.0E grinders were selected. Figure 3.4 shows plans, section, flow/capacity, grinder 

information, and hydraulic information for the proposed grinder structure using the selected 

grinders. The grinders and their associated upstream slide gates are provided on guide rail 

systems for removal/installation from the hatch above. The top of the structure is at grade and is 

envisioned to be H-20 rated. The grinder structure will be a Class 1, Division 1 area and is not 

envisioned to be entered on a routine basis; however, an intermediate grating level is shown 

inside the structure to facilitate manned entry. Table 3.2 also provides the flow/capacity, grinder 

information, and hydraulic information for the proposed grinder structure using the selected 

grinders. Additional information on the proposed grinders is included in Appendix G.  
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Table 3.2  Antioch Grinder Facility – Hydraulic Information 

Flow/Capacity 

Buildout PWWF 14.3 mgd 

Buildout PDWF 10.3 mgd 

Grinder Capacity (each) 10.3 mgd 

Grinder Information 

Manufacturer/Model
1
 JWC Channel Monster Flex Model CFM6030-M2.0E 

Grinder Channel Width 42 inches  

Weight (each) 4,000 lbs. 

Horsepower (each) 5Hp (grinder motor) + 1Hp (solids diverter motor) = 6Hp 

Hydraulic Information 

Hydraulic Information at PDWF with One Grinder in Service 

Downstream Water Depth
2
 31 inches 

Grinder Headloss
3
 6 inches 

Upstream Water Depth
2,3

 37 inches 

(upstream sewer not surcharged above crown) 

Hydraulic Information at PWWF when Diverting Downstream (Both Grinders in Service) 

Downstream Water Depth
2 52 inches 

Grinder Headloss
3 2.5 inches 

Upstream Water Depth
2,3 

 

54.5 inches 

(Note: Upstream sewer surcharged above crown by 

6.5 inches at Grinder Structure) 

(Surcharged Water Surface Elev -2.15 at APS site) 

Weir Height
4
 56 inches 

Water Elevation over Weir with both Grinders out of 

Service (Worst Case)  

 

13 inches (69 (56+13) inches above floor) 

(Note:  Upstream sewer surcharged above crown by 

21.0 (69-48) inches at Grinder Structure) 

(Surcharged Water Surface Elev -0.95 at APS site) 

1
 Other manufacturers (or equals) shall be contacted during the design phase.   

2
 Hydraulic Information is based on downstream hydraulics and facilities (including gravity sewers (diameter and slope), 

Diversion Pump Station, and other existing and new design parameters) 

3
 Hydraulic Information is based on JWC Channel Monster Flex Model CFM6030-M2.0E 

4
 Set weir height above upstream water depth (54.5 inches) to prevent premature grinder bypassing 

Implementation of a grinder facility at the APS requires surcharging the incoming gravity sewer 

and the upstream collection system. Prior to implementing the new grinder facility, the District 

shall confirm that sewer levels at an Elevation of -0.95 (estimated water level over the grinder 

structure weir during buildout PWWF with both grinders out of service (failure)) at the grinder 

structure on the APS site will not cause upstream sewer overflows within the upstream collection 

system under buildout PWWF conditions.  
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VWHA was not able to confirm that this surcharge can be accommodated by the upstream 

system using the District’s existing model. The information in the Delta Diablo collection system 

model only includes the large influent interceptors and one or two pipe segments upstream in 

some locations and information does not match District collection system drawings. VWHA is 

unable to tell from the model what will occur in District’s upstream collection system or in any 

upstream City-owned pipelines.  

Woodard & Curran (formerly RMC) prepared both the District’s 2010 Conveyance System 

Master Plan and the 2014 City of Antioch Master Plan and modeled both the City’s system and 

Delta Diablo’s system. The District confirmed that they will contact Woodard & Curran and 

have them confirm that construction of the proposed grinder structure at the APS site will not 

cause overflows in either the District’s or City’s collection system under buildout PWWF 

conditions. The low points in the collection system where potential overflows would result 

should be identified by the District. The lowest manhole rims could be surveyed during the 

predesign phase when the APS site is surveyed.  

3.2.2 Grinder Facility Options 

Per District direction, VWHA developed and evaluated the following options for construction of 

the new grinder structure: 

1) Option 1 - Construct the new grinder structure at the same time as construction of the 

new diversion pump station (Build as one structure). 

2) Option 2 -  Construct the new grinder structure at a later time (if needed). 

 

o Option 2a - Build as one structure. Provide starters walls and slab for new grinder 

structure expansion and larger diversion pump station when diversion pump 

station is constructed to accommodate future grinder structure addition at a later 

date. 

o Option 2b - Build as separate structure in future (at later date). 

3.2.2.1 Option 1 - Construct the new grinder structure at the same time as construction of the new 

diversion pump station (Build as one structure) 

Option 1 is shown in Figures 3.5 and 3.6. Figure 3.5 shows the APS site with the new facilities 

and illustrates combining the incoming 36-inch, 12-inch and 48-inch gravity sewers into a 

common 48-inch gravity sewer to convey all flow through the new common grinder 

structure/diversion pump station. The existing forcemain intertie between AFM101 and AFM102 

will be relocated around the new common structure. Figure 3.6 shows the top plan of the new 

common grinder structure/diversion pump station with a common intermediate wall. To align the 

two structures east walls, additional space was added inside the diversion pump station. 

The estimated construction cost for Option 1 (grinder structure portion only) is $1.03M (includes 

added costs for diversion structure). The detailed construction cost estimated is included in 

Appendix G. 

Advantages and disadvantages for Option 1 are included in Table 3.3. 
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Table 3.3  Grinder Structure (Option 1) - Advantages and Disadvantages 

Grinder Structure (Option 1) - Advantages and Disadvantages 

Advantages 

 Saves some $s over building in future. Lowest cost if need grinder structure.  

 Eliminates potential second construction project at a later date 

Disadvantages 

 Highest cost if grinder structure is not needed. 

 Build facility (with increased O&M costs) that may not be needed.  

 Build larger diversion pump station to accommodate grinder structure. 

3.2.2.2 Option 2 - Construct the new grinder structure at a later time (if needed) 

Option 2 includes two sub-options for constructing the new grinder structure at a later time. They 

include constructing the new grinder structure either as 2a) an extension of the existing diversion 

pump station to create a common structure or 2b) constructing the new grinder structure as a 

separate stand-alone structure.   

Option 2a - Build as one structure. Provide starters walls and slab for new grinder structure expansion and 

larger diversion pump station when diversion pump station is constructed to accommodate future grinder 

structure addition. 

Option 2a is also shown in Figures 3.5 and 3.6. Figure 3.5 shows the APS site with the new 

facilities and illustrates combining the incoming 36-inch, 12-inch and 48-inch gravity sewers 

into a common 48-inch gravity sewer to convey all flow through the new common grinder 

structure/diversion pump station. The existing forcemain intertie between AFM101 and AFM102 

will be relocated around the new common structure. Figure 3.6 shows the top plan of the new 

common grinder structure/diversion pump station with a common intermediate wall. To align the 

two structures east walls, additional space was added inside the diversion pump station. Under 

this option, the gravity sewer realignment and larger diversion pump station will be built under 

the initial project with starter walls and slab for the future grinder structure addition. The grinder 

structure addition will then be built at a later date if it is determined that it is needed.  

The estimated construction cost for Option 2a (grinder structure portion only) is $1.43M 

(includes added costs for diversion structure and starter walls and slab). The detailed 

construction cost estimated is included in Appendix G. 

Advantages and disadvantages for Option 2a are included in Table 3.4. 
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Table 3.4  Grinder Structure (Option 2a) - Advantages and Disadvantages 

Grinder Structure (Option 2a) - Advantages and Disadvantages 

Advantages 

 Defer expenditures until time when/if structure is needed (verses construction under initial project).  

 Cost savings for use of common wall and eliminates differential settlement considerations of two 
structures (verses construction of separate structure at later date) 

 Fits better on site (verses construction of separate structure at later date) 

Disadvantages 

 Potential second construction project at a later date (verses construction at this time) 

 Additional cost for starter walls under initial project which may not be needed in future (verses 

construction of separate structure at later date) 

 Additional cost for diversion pump station to accommodate grinder structure attachment. (verses 

construction of separate structure at later date) 

 Bypass pumping (dry weather flows) will be required throughout construction duration of new 

facility. (Added cost over construction of separate structure at later date) 

 $400,000 in additional cost if grinder structure is deferred and then needed later. (verses construction 

under initial project) 

 

Option 2b - Build as separate structure in future (at later date) 

Option 2b is shown in Figure 3.7. Figure 3.7 shows the APS site with the new facilities and 

illustrates combining the incoming 36-inch, 12-inch and 48-inch gravity sewers into a common 

48-inch gravity sewer to convey all flow through the separate grinder structure and diversion 

pump station. The existing forcemain intertie between AFM101 and AFM102 will be relocated 

around the new structures. The diversion pump station will be built on the initial project and the 

grinder structure will be built at a later date if it is determined that it is needed.  

The estimated construction cost for Option 2b (grinder structure portion only) is also $1.43M. 

The detailed construction cost estimated is included in Appendix G. 

Advantages and disadvantages for Option 2b are included in Table 3.5. 
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Table 3.5  Grinder Structure (Option 2b) - Advantages and Disadvantages 

Grinder Structure (Option 2b) - Advantages and Disadvantages 

Advantages 

 Defer expenditures until time when/if structure is needed (over construction under initial project) 

 Save initial cost for starter walls at this time which may not be needed in future (verses construction 
of common structure at later date) 

 Cost savings for diversion pump station if not required to accommodate grinder structure 
attachment. (verses construction under initial project and construction of common structure at later 
date) 

 Bypass pumping (dry weather flows) will be only be required for short tie-in durations and bypass 
gravity piping can be used around new structure for a majority of the construction period. (Added 
cost over construction of common structure at later date) 

Disadvantages 

 Potential second construction project at a later date (verses construction under initial project) 

 Additional cost for not using common wall and differential settlement considerations of two 

structures (verses construction under initial project and construction of common structure at later 

date) 

 Larger site footprint (verses construction under initial project and construction of common structure 

at later date) 

 $400,000 in additional cost if grinder structure is deferred and then needed later. (verses construction 

under initial project) 

 

3.2.3 Grinder Facility Recommendation 

The findings of the grinder structure analysis including costs and advantages and disadvantages 

were presented at the APS Diversion Pump Station and Screenings Removal Analysis Meeting 

on August 31, 2021. District staff reached consensus and indicated that they would like to 

proceed with Option 1 and construct the grinder structure with the diversion pump station under 

the initial project. However, they indicated that the grinders should be deferred (not purchased or 

installed) until it is confirmed grinders are needed. District staff  noted that the facility should be 

built with all items in place, including the grinder frames and their guide rail systems and 

associated electrical infrastructure to facilitate future installation of the grinders without taking 

the grinder structure out of service in the future when the grinders are added. This would 

eliminate future bypass pumping of the station’s incoming flows.   

 

The estimated construction cost of Option 1 (the grinder structure only - see above) is $1.03M. It 

is estimated that approximately $340,000 of this cost can be deferred until the grinders are 

purchased and installed. If they are never installed, this cost can be avoided.  

 

As discussed above, implementation of the grinder structure (with grinders installed) will result 

in surcharging of the upstream collection system. 
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Prior to proceeding with design and construction of the facilities, the District shall confirm that 

surcharged sewer levels at an elevation -0.95 (both grinders fail under buildout PWWF 

conditions with downstream diversion) within the grinder structure at the APS site will not cause 

upstream sewer overflows under buildout PWWF conditions.  

 

During discussions with District staff at the APS Diversion Pump Station and Screenings 

Removal Analysis Meeting on August 31, 2021, District staff indicated that if the worst case 

surcharging of elevation -0.95 within the grinder structure at the APS site, under the condition 

when both grinders fail under buildout PWWF conditions with downstream diversion occurring, 

is shown to result in an upstream sewer overflow, but that an overflow will not occur when 

surcharging to an elevation -2.15 within the grinder structure at the APS site, under normal 

operation with both grinders in service during incoming buildout PWWF conditions with 

diversion occurring at the diversion pump station,  an automated bypass gate (recommendation 

of District staff) in the weir wall location can be implemented rather than the passive weir for use 

in the event of grinder failure. Opening of the gate would be triggered by higher than normal 

upstream water levels, which must be confirmed does not result in an upstream overflow during 

buildout PWWFs. This approach could be implemented to reduce the worst case upstream water 

levels and possibly allow the grinder structure to be constructed when it otherwise could not be 

implemented. It should be noted that this approach comes with added risk as the bypass will no 

longer be passive, as with the weir design, and will rely upon proper operation of the gate. Under 

this approach, the gate should be provided on standby power.   
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SECTION 4  

RECOMMENDED PROJECT 

4.1 RECOMMENDED PROJECT 

The Phase II – Long Term Alternatives Analysis for the Antioch and Bridgehead Pump Stations 

and Conveyance System Improvements Project was performed as the first step to implementing 

improvements to the APS and BHPS and their associated conveyance systems to meet long term/ 

buildout pumping needs and address O&M and reliability issues and concerns. This section 

provides information on the recommended project components, presents construction sequencing 

and constraints, develops a planning level project construction cost estimate, and develops a 

planning level project design and construction schedule.  

The recommended project includes repairs to forcemain AFM102, upgrades at the APS, and 

improvements within the BHPS’s conveyance system.   

4.1.1 AFM102 Repairs/Modifications 

Due to the concerns about increased O&M and long-term risk associated with the intermediate 

high points within existing forcemain AFM102, the District requested that Phase II include an 

evaluation of the feasibility and cost associated with eliminating some of the intermediate high 

points. The evaluation should also determine any associated hydraulic improvements that would 

result from this effort.  

This work included the following:  

 Review of Forcemain AFM102 profile, including potential reasons for the installation of 

intermediate high points along the alignment, such as accommodating existing 

topography and avoiding utilities.  

 Evaluation of the feasibility of eliminating intermediate high points along the forcemain 

profile. The evaluation includes a description of required changes to the forcemain and/or 

other utilities,  associated construction cost, and potential construction challenges and 

constraints. If such changes improve the forcemain hydraulics by eliminating or 

improving conditions at any controlling high point(s), this is also discussed. 

Under the Conveyance System Alternatives Analysis conducted herein (See Section 2), 

Forcemain AFM102 will be used by the BHPS in the future to pump flows directly from the 

BHPS to the WWTP headworks. Due to the high controlling highpoint at the Wilbur Avenue 

Bridge, in this future configuration, the existing high points within forcemain AFM102 will no 

longer serve as controlling highpoints and will not impact system hydraulics (See Figure 2.6). In 

addition, since the existing pumps at the BHPS can turn down to below current and buildout 

minimum flows (per District staff), the pumps are not anticipated to turn off during normal 

operation. As a result, the AFM102 forcemain high points are not anticipated to drain under 

normal operating conditions. Partial draining of forcemain AFM102 currently occurs now at low 

flows under the APS dual (AFM101 and AFM102) forcemain configuration due to differing 

static conditions of the two forcemains. This draining will not occur in the future when BHPS 

utilizes AFM102 and it is used under a single forcemain operation.   
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Since forcemain AFM102 is not continuously rising,  air can become trapped if not expelled and 

can result in reduced capacity and corrosion within the numerous intermediate high points along 

its alignment.. Air release valves should be used at high points to expel air. However, in the past, 

the District has eliminated some air valves at high points due to their need for increased 

maintenance, as an air valve that is not maintained can fail and not function properly. The 

elimination of forcemain draining in the future will reduce the amount of air that will accumulate 

at the high points from that point forward. 

A draft technical memorandum (TM) was prepared and submitted on May 12, 2021. The draft 

TM findings were presented and discussed with District staff at the AFM102 High Point 

Evaluation Meeting on May 26, 2021 to solicit District input and obtain consensus on the 

recommended forcemain repairs and modifications to be implemented. The final TM is included 

in Appendix H.  

The recommended improvements and associated costs are outlined below.  

Five locations are susceptible to future corrosion, and are recommended for lining or 

replacement as follows. 

 Site 1: Install a protective liner within approximately 60 feet of pipe on Wilbur Avenue 

west of Orchard Street that is currently unprotected (directly east of the existing lined 

section). The estimated cost for this work is $40,000. Alternatively, this section of pipe 

could be replaced. However, joining a new pipe to the existing pipe may be infeasible 

because the existing pipe toward the west has corroded and lost a significant amount of 

wall thickness, making the joining of new and existing pipe problematic. If feasible, the 

estimated construction cost to replace the section is $94,000. 

Removing this high point completely would require the installation of approximately 

2,000 lineal feet of new pipe to a maximum depth of 36 feet. However, most of this 

length is not vulnerable to corrosion, and with the above project, the entire vulnerable 

section will have been lined. Removing only the vulnerable (i.e., lined) length of pipe 

requires the installation of approximately 500 lineal feet of pipe to a maximum depth of 

12 feet, and a new air valve for an estimated construction cost of $618,000. 

 Site 2: Install a permanent replacement spool at the site of the December 2019 repair 

located on 7
th

 Street West of G Street. The length of the repair spool may be up to 80 feet 

as needed to assure a reliable connection with the existing pipe. The estimated 

construction cost is $94,000. 

Removing this high point completely would require the installation of approximately 780 

lineal feet of new pipe. Removing the vulnerable (i.e. lined or repaired) length of pipe 

requires installation of approximately 140 lineal feet of pipe and a new air valve for an 

estimated construction cost of $501,000.  

 Sites 3 and 4. Install approximately 460 lineal feet of preventive CIPP liner on 

Somersville Road between 6
th

 Street and the Pittsburg-Antioch Highway, and continuing 

west approximately 300 feet on the Pittsburg-Antioch Highway and reinstate the existing 
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air valve, which is out of service. The estimated construction cost for this project is 

$203,000. 

Removing this high point would require the installation of at least 1,500 lineal feet of 

new pipe (length may be greater to avoid existing utilities) for an estimated construction 

cost of $1.8 million. Removing only the vulnerable section of high pipe does not appear 

feasible in this location due to conflicting utilities. During the meeting held on May 26, 

2021, District staff expressed preference for removal of the high point at this location.   

 Site 5: Install approximately 570 lineal feet of CIPP liner in two locations on Pittsburg-

Antioch Highway east of the wastewater treatment plant. The estimated construction cost 

for this work is $218,000. Alternatively, the two sections of pipe could be replaced. 

However, joining the new pipe to the existing pipe on each side may be infeasible 

because the existing pipe has corroded and lost a significant amount of wall thickness, 

making the joining of new and existing pipe problematic. If feasible, the estimated 

construction cost to replace the two sections is $676,000. 

Removing the high point would require the installation of approximately 1,900 lineal feet 

of new pipe for an estimated construction cost of $2.2 million. 

The projects described are conceptual in nature, and should be confirmed through additional field 

investigations including utility surveys and geotechnical investigations. All 

improvements/repairs shall be designed for anticipated operating and surge pressures.  

All improvements/repairs to forcemain AFM102 should be made prior to reconfiguring the 

current APS and BHPS and conveyance system since it will be more difficult if not infeasible to 

remove AFM102 from service once BHPS relies on it to convey flow to the WWTP.  

Although the intent is to continue to use AFM102 for pumping from BHPS, the District indicated 

that at a future date a new forcemain may be constructed to replace AFM102 to increase system 

reliability and provide increased redundancy. The proposed pipe lining projects and the 

installation of a permanent repair at Site 2 are recommended regardless of whether a new 

forcemain is constructed in the future. Alleviating the high points is as discussed above is 

considered optional, and not recommended due to cost if the existing AFM102 is replaced with a 

new future forcemain. 

The District requested that VWHA develop a planning level construction cost estimate for 

District future planning use for the cost to replace AFM102 with a new HDPE forcemain. The 

estimated construction cost to replace AFM102 with a new HDPE forcemain is approximately 

$16.7M (24-inch FM = 28-inch HDPE (ID=23.85-inch) at 14,931 LF). If AFM102 is replaced 

with a new forcemain, existing AFM102 could then be used as a spare forcemain for use by APS 

if AFM101 is required to be removed from service or by BHPS if the new forcemain is removed 

from service. A cost of $40/in-diameter was used to develop the preliminary budgetary cost 

estimate.  

4.1.2 APS Improvements 

Improvements to the APS to meet long term/ buildout pumping needs include upgrading the APS 

to convey wastewater flow (minus BHPS flow and diversion flow) directly to the WWTP from 
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APS using only forcemain AFM101. The improvements include replacing the existing main 

pumps and upgrading the electrical and I&C equipment at the station, including replacing the 

standby generator.  In addition, improvements to the APS to address O&M and reliability issues 

and concerns include constructing a dedicated diversion pump station and grinder structure on 

the APS site. 

4.1.2.1 APS Main Pump Replacement 

The main pumps at the APS will be replaced with four (three duty and one standby) equal sized 

vertical Flygt Model NT3312/766 pumps with a 480mm impeller and 280 Hp motors. Three duty 

pumps will be capable of reliably pumping buildout PWWF minus diversion of 12.5 mgd. All 

pumps will be provided with variable frequency drives. One pump is capable of turning down to 

less than current minimum dry weather flow. This will prevent AFM101’s high points from 

draining under normal operating conditions.  

When incoming flow exceeds the capacity of three pumps, flow will rise and flows in excess of 

three pumps’ capacity will be passively diverted to the new Antioch diversion pump station. 

Based on the pump station’s 2014 and buildout PDWF projections (Table 2.2), one or two pumps 

will be able to handle PDWFs. This will provide the District with a minimum of two standby 

pumps during the dry weather season.      

See Figures 4.1 and 4.2 for APS pump room/wetwell lower level floor plan and section for new 

pump layout utilizing four equal sized vertical Flygt NT3312/766, 480mm impeller, 280 Hp 

pumps. The pumps can be installed/removed using the existing 5-ton bridge crane.  

Figures 4.1 and 4.2 show a new spiral staircase provided per District direction. Spiral staircases 

are not OSHA compliant since you can't get a stretcher down/up them. During the predesign 

phase, the District should confirm if this is acceptable or if additional options should be explored 

for reconfiguring the drywell staircase.   

4.1.2.2 APS Site Improvements 

The existing APS site is shown in Figure 4.3. APS site improvements are shown in Figure 4.4.  

Diversion Pump Station and Grinder Structure 

The proposed submersible diversion pump station and attached grinder structure including 

gravity sewer modification and new forcemain piping to the ESB are shown in Figure 4.4.  

The proposed diversion pump station and grinder structure will be built as a single structure (See 

Figure 4.5) and will be located on the APS site just upstream of the existing pump station’s wet 

well splitter box/influent structure. The grinder structure will be built upstream of the new APS 

diversion pump station to allow all screenings entering the APS site and pass through the 

grinders before entering the diversion or main pump stations to protect the pumps from ragging.  

All incoming flow to the APS site, including flow entering through the existing 12-inch, 36-inch 

and 48-inch gravity sewers must be combined into a common gravity sewer prior to entering the 

new grinder structure/diversion pump station. The three gravity sewers will be combined into a 

single 48-inch gravity sewer upstream of the new facilities. The existing drawings show the 
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slope of the existing incoming 48-inch gravity sewer as 0.00033. A common 48-inch gravity 

sewer with a slope of 0.00033 will be used to convey the projected buildout PWWF of 14.3 mgd.  

The diversion pump station consists of a wetwell and a valve vault with three Flygt model 

NP3153 MT, 434 impeller (227mm trim), 20 Hp pumps installed in the wetwell on guide rails. 

The top of the structure is located at grade. The wetwell top slab shall be H-20 rated with hatches 

provided for pump removal. The valve vault is provided with bollards and grating to allow the 

valve stems to be accessed from above through the grating platform to minimize entry into the 

valve vault to operate the valves. The diversion pump station plan and section are shown in 

Figures 4.6 and 4.7. Incoming station flow will pass through the diversion pump station on the 

way to the APS wetwell. When flow exceeds the APS main duty pumping capacity (12.5 mgd), 

flow will back up into the incoming gravity sewer and spill over the weir into the diversion pump 

station’s wetwell. Flows in excess if the main pump station (12.5 mgd) will be pumped by the 

diversion pump station to the ESB.  

The new grinder structure is shown in Figure 4.8. It contains two JWC Channel Monster Flex 

Model CFM6030-M2.0E grinders each with a capacity equal to buildout PDWF. Two grinders 

will be capable of handling buildout PWWF. A passive weir is located upstream of the grinders 

to convey flow around the grinders in the event of grinder failure. The weir will be utilized if 

both grinders fail when flows are in excess of buildout PDWF. The grinders and their associated 

upstream slide gates are provided on guide rail systems for removal/installation via the hatches 

above. The top of the structure is at grade and shall be H20 rated. The grinder structure will be a 

Class 1, Division 1 area and is not envisioned to be entered on a routine basis; however, an 

intermediate grating platform is shown inside the structure to facilitate manned entry.  

 

The District indicated that the grinder structure should be built at the same time as the diversion 

pump station with all items in place, including the grinder and slide gate frames and their 

associated guide rail systems and all associated electrical infrastructure, but the grinders should 

be deferred (not purchased or installed) until it is confirmed that grinders are needed to handle 

ragging issues.  

 

As indicated earlier, the District shall confirm prior to proceeding with implementation of the 

diversion pump station and/or the grinder structure at the APS that surcharging of gravity sewers 

upstream of the APS due to implementation of the new diversion pump station and/or grinder 

structure will not result in upstream sewer overflows within the collection system under buildout 

PWWF conditions. See Section 3 for additional information on the APS diversion pump station 

and grinder facility. 

 

Standby Power 

The existing APS 500kW standby diesel engine generator and its associated above grade fuel 

tank and load bank will replaced with a new 1000kW standby diesel engine generator located on 

the APS site.  
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The existing 500kW standby diesel engine generator was installed in 1977 and is not adequately 

sized to handle the new station loads. The new standby generator will be required to be Tier 4 

due to its size and new air board requirements. 

The new larger standby diesel engine generator with associated Tier 4 after treatment 

components will not fit into the existing generator room and shall be installed on site within a 

secure acoustical weather enclosure rated for sound attenuation of 72 dBA at 23 feet with a load 

bank and 24-hour subbase diesel fuel tank. The overall dimensions of the generator enclosure 

provided by Cummings are 31.5 feet long by 9.5 feet wide by 15.5 feet high. The generator 

enclosure should be mounted on a concrete pad and provided with aluminum access platforms on 

each side of the generator to facilitate access to the enclosure doors. The generator enclosure, 

concrete pad and access platforms are shown on Figure 4.4 to the west of the ESB.  

The existing generator room will be used to accommodate the new electrical equipment.      

Surge Protection 

Surge protection facilities are anticipated to be required at the APS to protect existing forcemain 

AFM101. A surge analysis was not included in the current phase of work, but a surge analysis 

and design of surge protection facilities should be included in future predesign/design work.   

4.1.2.3 APS Electrical and Instrumentation and Controls (I&C) Improvements 

Electrical and I&C improvements are required at the APS to accommodate the new 280Hp 

pumps, new generator, new diversion pump station, and new grinder structure. ArcSine visited 

the APS with District electrical/I&C staff on September 15, 2021 to identify the required 

electrical/I&C improvements required at the APS and also to identify obsolete electrical/I&C 

equipment that has reached its useful life that should be replaced. It was anticipated that most 

existing electrical and I&C equipment at the APS will be replaced under this project.  

The electrical/I&C scope of work performed under this project was high level and intended to 

identify planning level improvements for the project, including a planning level construction cost 

estimate for District budgeting purposes.  

A planning-level one-line diagram is included on Drawing E-1.  The bold items represent 

electrical work which is included.  

Electrical improvements include:  

 New 480-volt electric service and distribution 

 New automatic transfer switch 

 New engine-generator, estimated at 1,000kW to handle station critical loads including 

three duty 280-hp sewage pumps, (one) 20-hp diversion pump, and the new grinders. 

(See above under standby power for additional information on generator.) 

 New motor control centers and VFDs 

 New power distribution 

Motor control for air compressors and other packaged-type equipment are expected to be reused. 
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The extent to which instrumentation and controls are rehabilitated/replaced is the subject of some 

discretion.  For planning purposes, the following is assumed: 

Table 4.1 APS – Instrumentation and Control Work 

I&C Equipment Reuse Existing New 

Main control panel with Programmable Logic Controller (CP-1)    

Level control panel (assume replacement bubbler system)    

Hardwired backup control system (part of CP-1)    

Backup level switches     

Flow monitoring    

Pressure monitoring    

Air compressor control    

Sluice gate control    

Hydropneumatic system control    

Gas detection    

Video system    

Communications system   New Network Switches 

Supervisory system Modify Existing  

Intrusion alarm system    

Fire alarm system    

Forcemain AFM101’s 16-inch diameter flowmeter located in the forcemain AFM101 

flowmeter/pig launcher vault to the west of the pump station building on the APS site will be 

replaced on the project. The District indicated that the current flowmeter does not read 

accurately. The District also noted that the flowmeter on AFM102 at the APS located in 

forcemain AFM102’s flowmeter vault to the east of the pump station building on the APS site 

also does not read accurately, but since APS will no longer use AFM102, the flowmeter does not 

require replacement.   

While this preliminary effort did not include physically laying out the equipment, it is believed 

that the new electrical equipment can be made to fit within the existing electrical and generator 

rooms based on the following: 

 The new engine driven generator will be placed outside on the APS site in a sound 

enclosure.  (See above under standby power for additional information on the generator 

and its location) 

 A new PG&E transformer will likely be required.  During design the details shall be 

coordinated.  The new transformer is envisioned be placed on or near where the existing 

transformer is located. 

 The new service entrance (SE-1) could fit inside the building; however, for planning 

purposes, it is assumed that it will be located in a new freestanding outdoor enclosure in 

the location of the existing fuel tank and load bank to be demolished (adjacent to the 

existing transformer).  This would provide a degree of segregation for PG&E access, and 

would improve construction sequencing. 
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 The ATS, switchboard, motor control centers, and VFDs will all be located in the 

existing electrical and generator rooms. 

 A new station PLC control panel is envisioned. It will be located either in the existing 

electrical or generator room. 

4.1.2.4 Additional Design Items 

See below for additional design considerations related to the APS and Conveyance System. 

4.1.3 BHPS Conveyance System Improvements 

Improvements to the BHPS conveyance system to meet long term/ buildout pumping needs 

include extending the existing Bridgehead forcemain to the blind flange on forcemain AFM102 

at the intersection of Fulton Shipyard Road and Wilbur Avenue. BHPS will pump all flow 

directly to the WWTP Headworks and no longer convey flows through the APS.   

4.1.3.1 Bridgehead Forcemain Extension  

The new Bridgehead forcemain extension will be within Wilbur Avenue.  No utility investigation 

or potholing work was included in the current phase of work. Potholing and utility investigations 

should be performed during the future predesign/design phases to support the design and 

construction of the new forcemain extension, including locating the existing forcemain tie-in 

points and existing parallel and crossing utilities.  

The hydraulic analysis included herein assumed the new forcemain between the new 24-inch 

ductile iron forcemain currently being installed (downstream of the Wilbur Avenue Bridge) 

under the Bridgehead Pipeline Replacement Project (Project No. 21123) (VWHA) and the blind 

flange connection point on forcemain AFM102 at the intersection of Fulton Shipyard Road and 

Wilbur Avenue would be 30-inch diameter HDPE, 2,455 feet (max) in length, have an internal 

diameter of 25.3 inches (min) and have a minor loss coefficient (k-value) of 2.75 (max). A 30-

inch diameter HDPE forcemain was used in the analysis to provide a larger internal diameter to 

reduce headloss and allow the 14-inch BHFM to not be used (per District request). The new 

forcemain will need to be provided with 24-inch flanges on each end to connect to the existing 

24-inch flanges.   

Figure 4.9 provides a schematic of the forcemain and valving required at the intersection of 

Fulton Shipyard Road and Wilbur Avenue to accommodate forcemain AFM101 and AFM102 

interconnection and a future 3
rd

 forcemain to replace AFM102. A future 3
rd

 forcemain would 

allow AFM102 to remain in use as a redundant forcemain for use with APS or BHPS if their 

respective forcemains are required to be removed from service for O&M or in an emergency 

situation such as a forcemain failure. Prior to a 3
rd

 forcemain being constructed, the 

piping/valving configuration shown in Figure 4.9 interconnects AFM101 and AFM102 which 

will allow all flow from both pump stations to be directed into either AFM101 or AFM102 under 

an emergency situation. This interconnection was requested by the District to provide additional 

system flexibility in an emergency. However, the system does not have sufficient capacity for 

APS and BHPS to pump all flow through only one forcemain and a hydraulic analysis has not 

been performed to confirm such operation is feasible or recommended. The recommended 

operation under such an emergency situation is to pump into the in-service forcemain with one 
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pump station at a time while diverting to storage (ESB) with the other station and vice versa until 

the out of service forcemain can be re-instated. (See additional information below related to 

“AFM101 and AFM102 Forcemain Intertie and Potential Future Third Forcemain”. 

The piping and valving shown in Figure 4.9 shall be designed with District pigging operations in 

mind.  

4.1.3.2 Additional Design Items 

See below for additional design considerations related to the BHPS and Conveyance System. 

4.1.4 Additional Design Considerations 

4.1.4.1 APS Diversion Pump Station and Grinder Structure Upstream Gravity Sewer System 

Surcharge/Overflow Analysis 

As indicated earlier, the District shall confirm prior to proceeding with implementation of the 

diversion pump station and/or grinder structure at the APS that surcharging of gravity sewers 

upstream of the APS due to implementation of the new diversion pump station and/or grinder 

structure will not result in upstream sewer overflows within the collection system under buildout 

PWWF conditions. 

4.1.4.2 Surge Protection 

Surge analysis was not included in the current phase of work. A surge analysis should be 

conducted for both the APS and BHPS and their associated buildout conveyance systems (pumps 

and forcemain systems) to determine any surge protection improvements to be implemented.  

Surge analysis and design of surge protection facilities shall be included in future 

predesign/design work. It is anticipated that surge protection is required at the APS to protect 

existing forcemain AFM101. A surge tank was designed and installed at the BHPS on the 24-

inch forcemain when the current pump station was constructed and the existing pumps were 

installed under the 2006 Bridgehead Expansion, Phase 2 (Pump Station and Related 

Improvements) (CIP No. 4240) project (RMC). At that time, the pumps were sized to pump to 

the WWTP through AFM102 in the future so the surge protection facilities at the BHPS may be 

adequate to protect the Bridgehead forcemains, but an analysis should be performed. Table F-6 

of the District’s 2010 Conveyance System Master Plan shows future surge pressures for 

forcemains AFM101 and AFM102 exceeding the forcemains’ surge pressure rating. The current 

condition of the existing forcemains should be considered when performing the surge analysis.   

4.1.4.3 APS Structural Analysis 

Structural/seismic analysis of existing structures at the APS has not been included in the current 

phase of work.  If required or requested by the District, such work should be included in future 

predesign/design work. Such work may include: ASCE 41, Seismic Evaluation and Retrofit of 

Existing Buildings. 

4,1.4.4 14-inch BHPS Forcemain Condition Assessment 

The District has indicated some concern with using the existing 14-inch BHPS Forcemain. 

Although the 14-inch BHPS Forcemain is not currently used under normal operation and is not 

required to be used in the future based on the analysis included herein, the District may wish to 
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perform inspection and/or a condition assessment of BHPS’s existing 14-inch forcemain if they 

wish to use it in the future. 

4.1.4.5 AFM101 and AFM102 Forcemain Intertie and Potential Future Third Forcemain 

The District requested that forcemains AFM101 and AFM102 be intertied for use in an 

emergency.  Although the forcemains can be plumbed (intertied) to allow either pump station 

(BHPS or APS) to pump flow into either forcemain under an emergency situation, sufficient 

capacity will not be provided to allow both pump stations to use a common forcemain. 

In addition, a hydraulic analysis has not been performed to confirm if such operation is feasible 

or recommended. The recommended operation under such a situation would be to pump into the 

in-service forcemain with one pump station at a time while diverting to storage (ESB) with the 

other station. (See additional information above under Bridgehead Forcemain Extension related 

to the piping/valving configuration for the interconnection of AFM101 and AFM102 at the 

intersection of Fulton Shipyard Road and Wilbur Avenue). 

Per discussions with District staff a third forcemain could be constructed in the future to parallel 

AFM102 (constructed of HDPE with profile improvements incorporated) and replace AFM102 

from the intersection of Fulton Shipyard Road and Wilbur Avenue to the WWTP headworks. 

The existing AFM102 could then be used as a spare forcemain for use by APS if AFM101 is 

required to be removed from service or by BHPS if the new forcemain portion parallel to 

AFM102 is removed from service. This would add additional redundancy and flexibility to the 

APS and BHPS conveyance system.    

4.1.4.6 Geotechnical Investigation 

No geotechnical work was included in the current phase of work. Geotechnical investigations 

shall be performed during the future predesign/design phases to support the design and 

construction of the new facilities, including but not limited to new piping, diversion pump 

station, grinder structure, generator, and surge protection facilities at the APS; BHPS forcemain 

extension; and forcemain AFM102 improvements (if required).  If new surge protection facilities 

are required at the BHPS site, geotechnical investigations shall also be performed for such 

facilities.   

4.1.4.7 Survey and Land/Easement Acquisition 

No survey or land/easement acquisition work was included in the current phase of work. Survey 

shall be performed during the future predesign/design phases to support the design and 

construction of the new facilities, including but not limited to a topographical site survey at the 

APS, including manhole inverts and rims, and property line and easements; topographical site 

survey for BHPS forcemain extension; and survey of the lowest MH rim elevations in the 

collection system upstream of the APS.  Land/easement acquisition shall be performed as 

required to support the design and construction of the new facilities. 

4.1.4.8 Pothole and Utility Investigation 

No pothole or utility investigation work was included in the current phase of work. Potholing and 

utility investigation shall be performed during the future predesign/design phases to support the 
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design and construction of the new facilities, including location and elevation of existing pipeline 

tie-in locations and the location of existing utilities.  

4.1.4.9 Cathodic Protection, Permitting, or Environmental Work 

No cathodic protection, permitting, or environmental work was included in the current phase of 

work. Such work, as required, shall be performed during the future predesign/design phases to 

support the design and construction of the new facilities. 

4.1.4.10 Odor Control 

Odor control facilities were not included in the current phase of work. Odor control for new 

facilities at APS, including the new diversion pump station and grinder structure (if requested by 

the District) should be included in future predesign/design work.     

4.2 CONSTRUCTION COST ESTIMATE 

A preliminary level construction cost estimate was developed for the Antioch and Bridgehead 

Pump Stations and Conveyance System Improvements Project for District budgeting. The 

preliminary level construction cost estimate includes the recommended improvements outlined 

herein to meet long term/ buildout pumping needs and address O&M and reliability issues and 

concerns. The preliminary level construction cost includes the following project components: 

1) AFM102 Repairs/Modifications. Recommended forcemain AFM102 repairs and 

modifications to be implemented are included in the final AFM102 High Point Evaluation TM 

included in Appendix H. The estimated construction cost of the associated improvements/repairs 

is $2,152,000 for the proposed repair options (Year 2021) and $2,351,548 at time of construction 

(Year 2024, escalation at 3% per year) and is included in Table 4.2. If additional construction is 

completed to remove specific forcemain high points in lieu of completing localized repairs, the 

estimated construction cost will be $4.9 million (Year 2021). 

2) APS Improvements. A detailed preliminary level construction cost estimate for the APS 

improvements is included in Appendix I. Estimate includes 5 percent 

mobilization/demobilization, 18 percent Bond, Insurance and Overhead, 30 percent contingency, 

and is escalated to the mid-point of construction (Year 2025). The cost estimate includes a 

placeholder of $400,000 for surge protection at the APS site. The estimated construction cost is 

$15,725,000 (Year 2025, escalation at 3% per year) and is included in Table 4.2. The 

construction cost can be reduced by $340,000 if the grinders are deferred and not installed under 

the initial project.  

3) Bridgehead Forcemain Extension and AFM101/AFM102 Intertie. The estimated construction 

cost to extend the Bridgehead forcemain to the tie-in location on forcemain AFM102 at the 

intersection of Wilbur Avenue and Fulton Shipyard Road, including forcemain and valving 

required at the intersection to accommodate forcemain AFM101 and AFM102 interconnection 

and connection to a future third forcemain to replace AFM102 (See Figure 4.9) is $3.55M at time 

of construction (Year 2024, escalation at 3% per year). A cost of $40/in-diameter plus $300,000 

for tie-in connections and valves was used to develop the preliminary budgetary cost estimate. 

The cost is also included in Table 4.2.  
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Table 4.2  Recommended Project – Preliminary Construction Cost Estimate 

Project Component Preliminary Construction Cost4 

1) AFM102 Repairs/Modifications
1
 $2,352,000 

2) APS Improvements
2
 $15,725,000 

3) Bridgehead Forcemain Extension and AFM101/AFM102 Intertie
3
 $3,550,000 

TOTAL CONSTRUCTION COST $21,627,000
4
 

1
 Recommended forcemain AFM102 repairs and modifications to be implemented are included in the final AFM102 High Point 

Evaluation TM included in Appendix H. Costs are escalated time of construction (Year 2024) using 3% per year. 

2
 A detailed preliminary level construction cost estimate for the APS improvements is included in Appendix I. Estimate includes 

5 percent mobilization/demobilization, 18 percent Bond, Insurance and Overhead, 30 percent contingency, and is escalated to 

the mid-point of construction (Year 2025, 3% escalation per year). The cost estimate includes a placeholder of $400,000 for 

surge protection at the APS site. The construction cost can be reduced by $340,000 if the grinders are deferred and not 

installed under the initial project. 

3
 Extend Bridgehead forcemain to the tie-in location on forcemain AFM102 at the intersection of Wilbur Avenue and Fulton 

Shipyard Road (30” HDPE (ID=25.3”), Length = 2,455 LF), including forcemain and valving required at the intersection to 

accommodate forcemain AFM101 and AFM102 interconnection and connection to a future third forcemain to replace AFM102 

(See Figure 4.9). $40/in-diameter plus $300,000 for tie-in connections and valves was used to develop the preliminary 

budgetary cost estimate. Costs are escalated time of construction (Year 2024, 3% escalation per year). 

4
Estimated construction cost is the Contractor’s estimated bid price and all costs have been escalated to time of construction 

using 3% per year. Cost does not include ESDC, CM, District staff time, special inspections and testing, etc. The project cost 

estimate does not include future replacement of AFM102.   

4.3 CONSTRUCTION SEQUENCING AND CONSTRAINTS 

Construction of the Antioch and Bridgehead Pump Stations and Conveyance System 

Improvements Project will require improvements to be sequenced, dry weather season work, and 

bypass pumping. Detailed construction sequencing and constraints shall be developed during the 

design phase and included in the Contract Documents.  

The following preliminary construction constraints have been developed for the project. 

 Prior to replacement of the APS main pumps, BHPS flows shall be conveyed to the APS 

and both AFM101 and AFM102 shall be used by the APS. 

 All AFM102 Repairs/Modifications shall be constructed during the dry weather season 

and prior to sending BHPS flows directly to forcemain AFM102. 

 All BHPS flows shall be conveyed to the WWTP via forcemain AFM102 prior to startup 

and testing of the new main pumps at APS. (Transition shall occur during dry weather 

season when using bypass pumping at the APS with flows through only AFM101) 

 The conversion of BHPS flows from APS to AFM102 (tie-ins of the BHFM extension) 

shall occur during the dry weather season and be designed and sequenced to allow the 

transition to occur during diversion of all incoming BHPS flow or during short duration 

shutdowns.   
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 During the dry weather season, incoming minimum flow through PDWF shall be reliably 

pumped at all times. APS flows shall include BHPS flows prior to the BHPS flow being 

diverted through forcemain AFM102. 

 During the wet weather season, incoming minimum through PWWF shall be reliably 

pumped with diversion capabilities in place. APS flows shall include BHPS flows prior to 

the BHPS flow being diverted through forcemain AFM102. 

 Primary and standby power shall be provided at all times, except during times of bypass 

pumping or short duration shutdowns (time station can be removed (flows held) from 

service during the dry weather season). 

 Bypass pumping shall only be allowed during the dry weather season and shall be 

manned 24/7 (unless system can be automated for standby pump operation and remote 

alarms provided to District’s satisfaction). Bypass pumping is envisioned to occur during 

Dry Weather Season 1 for a duration of 4 months and during Dry Weather Season 2 for a 

duration of 6 months.   

 Bypass pumping shall be provided with redundant/standby pump and standby power (if 

electric). Diesel engine driven pumps shall be provided with a minimum of 24 hours of 

fuel and shall be sound attenuated and be capable of suction lift required (not surcharge 

upstream water levels to cause spill and to provide freeboard with safety factor).   

The following preliminary construction sequence has been developed to allow the project to be 

constructed with constraints in place. 

4.3.1 Dry Weather Season 1 Work   

 Construct AFM102 Repairs/Modifications (Complete work by end of Dry Weather 

Season 1) 

 Construct BHFM Extension (Do not make connections. BHPS flow to continue to APS 

until Dry Weather Season 2). This work is not dry weather dependent. Complete work 

before start of Dry Weather Season 2. 

 Construct New Gravity Sewers and Build Diversion Pump Station/Grinder Facility 

Structure (Complete work by end of Dry Weather Season 1) 

o Step 1. Construct New Gravity Sewers (except for 48-inch in location of new 

grinder structure and diversion pump station. Plug new 48-inch gravity sewer 

upstream of new grinder structure) and manholes while keeping all existing 

gravity sewers in service and continuing to convey flow to the APS wetwell.  

 The new tie-in manholes on the 36-inch and 48-inch gravity sewers shall 

be constructed around the existing gravity sewers to allow the existing 

gravity sewers to remain in service and unaffected. The 12-inch gravity 

sewer shall be temporarily relocated around the new manhole. No flow 

shall be within the new gravity sewers at this time. (This work may be 

constructed prior to dry weather season 1).  
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 Set-up bypass pumping (APS + BHPS flows) from new manhole upstream 

of the new grinder structure location to allow pumping of PDWF into the 

hatch location at the APS wetwell splitter box/influent structure. Existing 

main APS pumps will pump flow to WWTP via AFM101 and AFM102 

(when not out of service for repairs/modifications). Cut out existing 

gravity sewer in new tie-in manholes and connect 12-inch gravity sewer to 

new tie-in manhole to allow all flow to pass to location of new manhole 

upstream of new grinder structure location. Start and test bypass pump. 

Plug and abandon 12-inch and 48-inch gravity sewers. Temporarily plug 

48-inch gravity sewer at wetwell splitter box/influent structure. Allow 

flow to continue through 36-inch gravity sewer to APS wetwell until dry 

weather season 2. This will minimize bypass pumping during Dry 

Weather Season 1 and allow higher combined APS and BHPS flows to be 

conveyed into the APS prior to dry weather season 2.       

o Step 2.   

 Construct new diversion pump station and grinder structure and connect to 

48-inch gravity sewer. All facilities shall be constructed including grinder 

and stop gate frames and pump, grinder and stop gate guide rail systems, 

except 1) diversion pumps may be installed at later date (prior to end of 

Dry Weather Season 2) and 2) Grinders may be deferred until District 

determines grinders are needed (if needed). Electrical equipment in the 

APS electrical/generator rooms to support the operation of the facilities 

will be installed during Dry Weather Season 2. Relocate and reconnect 16-

inch interconnection piping on APS site. Do not disconnect existing 

pumps from ESB or connect new Diversion Pump Station’s 14-inch 

forcemain to ESB until Dry Weather Season 2.  

 Once structures are completed, temporary plugs in 48-inch gravity sewer 

upstream and downstream of new diversion pump station/grinder structure 

may be removed and bypass pumping stopped. All flow will then enter the 

pump station through the existing 36-inch gravity sewer and new 48-inch 

gravity sewer (passing through the new diversion pump station and grinder 

structure).       

4.3.2 Dry Weather Season 2 Equipment Delivery Deadline  

All Dry Weather Season 2 equipment shall be delivered by April 1
st
 prior to Dry Weather Season 

2 to allow Dry Weather Season 2 work to commence. This includes new APS main pumps and 

associated piping and valves, APS diversion pumps, new standby generator, and all 

electrical/I&C equipment.  

4.3.3 Temporary Standby Generator  

A temporary standby generator, matching the size of the existing standby generator (500 kW), 

shall be provided prior to Dry Weather Season 2 (approximately 3 months) to allow the existing 
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generator and its associated fuel tank and load bank to be demolished prior to Dry Weather 

Season 2. This will aid in installation of the new service entrance equipment and ready the 

generator room in advance for the new electrical equipment.   

4.3.4 Dry Weather Season 2 Work   

 Step 1. Connect BH FM Extension to AFM102, make associated intertie connections, and 

convey all BHPS flow to WWTP via AFM102. Existing main APS pumps will pump 

flow to WWTP via AFM101 only. (Limit time to complete this work to one week 

maximum). After this work, APS will no longer receive BHPS flows.  

 Step 2. Remove existing 36-inch gravity sewer from service and plug at ends and fill with 

CLSM. Allow all flow to pass to APS wetwell via the new grinder structure/diversion 

pump station. Set-up bypass pumping (APS flows only) from new grinder structure to 

AFM101 (bypass only to AFM101) using bypass connection in onsite APS AFM101 pig 

launcher/flowmeter vault. Implement and test bypass pump system.  

 Step 3. Confirm bypassed flow into AFM101 can be/is isolated (valve present) from main 

pump station’s piping downstream of flowmeter location in vault (to allow flowmeter and 

header piping within the main pump station to be removed from service while bypass 

pumping), if not, conduct short duration shutdown of APS to remove a pipe spool 

upstream of bypass pumping connection and downstream of existing flowmeter and blind 

flange piping to separate the piping systems.    

 Step 4. Demolish generator, electrical /I&C equipment, and main pumps; install and test 

new main pumps, diversion pumps (connect to ESB), new flowmeter, electrical/I&C 

equipment and generator. All facilities shall be operational by Oct 1
st
. Disconnect bypass 

pumping. At end of Dry Weather Season 2, APS Diversion PS shall be operational, and 

APS shall use new pumps to convey flow through only AFM101 to WWTP. 

4.4  DESIGN AND CONSTRUCTION SCHEDULE  

The design and construction schedule for the project is shown in Table 4.3.  

The construction schedule is dry weather season dependent and is based on advertising the 

project for bid in October 2023 with Contractor’s Notice-to-Proceed in January 2024.  

Based on the Contractor’s Notice-to-Proceed in January 2024, time for submittals, construction 

of new structures, lead time for long lead time equipment (pumps, electrical/I&C, and generator), 

and dry weather season work and bypass pumping, the construction is shown to occur over two 

dry weather seasons with construction completed in December 2025.  
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Table 4.3 Recommended Project -  Design and Construction Schedule 

Milestone Duration  Date 

Predesign Phase 

Predesign  
(Includes Surge Analysis, Surcharge/Overflow Analysis, APS 
Structural Analysis (if needed), 14-inch BH FM condition 
Assessment (if requested), Survey, Land/Easement 
Acquisition, Geotechnical, Permitting, and Utility 
Investigation)   

7 months Jan – July 2022 

Design Phase 

Detailed Design 12 months Aug 2022 – Sept 2023 

     Design Completion/Bid Documents  Sept 2023 

Bid Phase 

Bid Phase 3.5 months Oct 2023 - Mid-Jan 2024 

Bid Period 6 weeks Oct – Mid-Nov 2023 

     Bid Advertise  Early Oct 2023 

     Pre-Bid Meeting  To Be Determined 

     Bid Opening  Mid-Nov 2023 

Contract Award  December 2023 

Bond, Insurance, Etc. 3 weeks Mid-Jan 2024 

Notice-to-Proceed  Mid-Jan 2024 

Construction Phase 

Construction Phase 24 months Mid-Jan 2024 – December 2025 

     Contracts to Subcontractors and Vendors/Mfr 6 weeks Mid-Jan – Feb 2024 

     Submittals/Mfr Equipment/Deliver Equipment  April 2024 – April 1, 2025 

     Dry Weather Season 1 Work  
1 - Construct New Gravity Sewers & MHs (Keep 36” GS in service) and Build Diversion 
Pump Station/Grinder Facility Structure w/ Bypass Pumping  

2- Construct AFM102 Repairs/Modifications 

May – Oct 2024 

Construct BH FM Extension (Do not make connections. BHPS flow to continue to 

APS. APS continue to use AFM101 and AFM102) 
May 2024 – April 2025 

Dry Weather Season 2 Equipment Delivery Deadline (Main pumps and 

associated piping and valves, all electrical/I&C equipment, and generator) 
April 1, 2025 

     Temporary Standby Generator  Feb – April 2025 

     Dry Weather Season 2 Work 
1 – Connect BH FM Extension to AFM102, make associated intertie connections, and 
convey all BHPS flow to WWTP via AFM102. 

2 - Remove 36-inch GS from service; 

3 - Implement Bypass Pumping (Use AFM101 only) 

4 – Demolish main generator, electrical /I&C equipment and main pumps; install and 
test new main pumps, electrical/I&C equipment and generator (by Oct 1, 2025); 3 – At 
end of Dry Weather Season 2, APS Diversion PS shall be operational, and APS shall use 
new pumps to convey flow through only AFM101 to WWTP. 

May – Oct 2025 
(All new equipment shall be installed, tested 

and in-service by October 1, 2025) 

Punch List Items Nov – Dec 2025 

Project Completion  Dec 2025 
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4.5 HYDRAULIC MODEL UPDATE  

The District’s InfoWorks ICM hydraulic model was constructed under the District’s 2010 

Conveyance System Master Plan and includes flow projections from the District’s 2010 

Conveyance System Master Plan rather than the 2014 City of Antioch Collection System Master 

Plan which was used under this work. 

VWHA updated the District’s InfoWorks ICM hydraulic model to accurately represent the 

recommended alternative for the pumps and forcemain configurations under the long term/ 

buildout conveyance system with the proposed improvements in the Antioch and Bridgehead 

conveyance system, including new equal sized pumps at APS with the APS using only forcemain 

AFM101, and BHPS using the existing pumps to pump directly to the WWTP headworks using 

AFM102 and the new Bridgehead forcemain extension between the end of the existing BHFM 

and the blind flange location on forcemain AFM102 at the intersection of Fulton Shipyard Road 

and Wilbur Avenue.  

The model includes a representation of bypass flow to equalization storage. A new scenario was 

included in the hydraulic model parameters to represent the buildout dry weather sewer loads 

from the 2014 City of Antioch Collection System Master Plan. The District’s design storm wet 

weather factors from the original models were retained. These adjustments use broad 

assumptions developed by the team, and were included for the purpose of confirming viability of 

the proposed improvements. The District’s model was not recalibrated to new flows, or 

otherwise adjusted for existing or projected flows for this analysis.  

Hydraulic model updates included the following: 

 APS with forcemain AFM101 updates, including pump (three equal sized duty pumps on 

VFDs) and pump suction and discharge piping changes (Per information on Figures 2.8 

and 2.11), and changes to wetwell setpoints. Changes match the hydraulic calculations 

and reflect the proposed configuration. 

 BHPS with forcemain AFM102 updates, including new forcemain extension and use of a 

majority of AFM102 (Per information on Figures 2.6 and 2.7). Changes include all 

horizontal and vertical alignment and major and minor loss changes and match the 

hydraulic calculations to reflect the proposed configuration. 

 Changes were made to adjust the buildout dry weather flow projections from the 2014 

City of Antioch Collection System Master Plan. 

Information on groundwater inflows, discharge boundary conditions, wet weather events, and 

calibration parameters remained unchanged from the original model. 
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Figure 2.1. Bridgehead Diversion Pump Station – Pump, System, and Suction & Discharge Loss Curves



 



Figure 2.2. BHPS with Forcemain AFM 101 – System Curve Development (Segments BHFM High Point at Wilbur Bridge and B Modified End of FM)
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Figure 2.3. Bridgehead Pump Station with AFM101– Pump, System, and Suction & Discharge Loss Curves
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Figure 2.4. APS with Forcemain AFM 102 – System Curve Development (Segments A, B, D and E)



 



Figure 2.5. Antioch Pump Station with AFM102– Pump, System, and Suction & Discharge Loss Curves for New Equal Sized Pumps 



 



Figure 2.6. BHPS with Forcemain AFM 102 – System Curve Development (Segments BHFM High Point at Wilbur Bridge and E Modified End of FM)
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Figure 2.7. Bridgehead Pump Station with AFM102– Pump, System, and Suction & Discharge Loss Curves



 



Figure 2.8. APS with Forcemain AFM 101 – System Curve Development (Segments A and B)
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Figure 2.9. Antioch Pump Station with AFM101– Pump, System, and Suction & Discharge Loss Curves for New Large Pumps and Existing Small Pumps



 



Figure 2.10. Antioch Pump Station with AFM101– Pump, System, and Suction & Discharge Loss Curves for New Large and New Small Pumps



 



Figure 2.11. Antioch Pump Station with AFM101– Pump, System, and Suction & Discharge Loss Curves for New Equal Sized Pumps



 





 





 



Figure 3.1. Antioch Diversion Pump Station– Pump, System, and Suction & Discharge Loss Curves



 





 





 





 





 





 





 





 





 





 





 





 





 





 





 



Figure 4.9. Forcemain/Valving Schematic at Intersection of Fulton Shipyard Road and Wilbur Avenue
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Appendix A.  Bridgehead Diversion Pump Station – Pump and 
Hydraulic Information 

 

 

 

 

 





 

  

Bridgehead Diversion Pump Station – Existing Flygt Pump Information 
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Bridgehead Diversion Pump Station – Hydraulic Calculations 
 

 

 

 

 





Bridgehead Diversion Pump Station 
 

Pump and Suction and Discharge Loss Curves – Diversion Pumps 
 

 

 

 

                  
Friction 
Losses   

Minor 
Losses 

Total 
Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K 

K x 
(v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.00 0.00 0.00 8.00 0.00 0.00 22.00 120 0.0000 0.0000 3.7 0.000 0.0000 

56.52 0.08 0.13 8.00 0.36 0.00 22.00 120 0.0001 0.0023 3.7 0.007 0.0098 

113.04 0.16 0.25 8.00 0.72 0.01 22.00 120 0.0004 0.0082 3.7 0.030 0.0381 

165.22 0.24 0.37 8.00 1.05 0.02 22.00 120 0.0008 0.0166 3.7 0.064 0.0805 

200.00 0.29 0.45 8.00 1.28 0.03 22.00 120 0.0011 0.0237 3.7 0.094 0.1173 

400.00 0.58 0.89 8.00 2.55 0.10 22.00 120 0.0039 0.0854 3.7 0.375 0.4600 

600.00 0.86 1.34 8.00 3.83 0.23 22.00 120 0.0082 0.1810 3.7 0.843 1.0237 

800.00 1.15 1.78 8.00 5.11 0.40 22.00 120 0.0140 0.3084 3.7 1.498 1.8066 

1000.00 1.44 2.23 8.00 6.38 0.63 22.00 120 0.0212 0.4662 3.7 2.341 2.8071 

1200.00 1.73 2.67 8.00 7.66 0.91 22.00 120 0.0297 0.6534 3.7 3.371 4.0244 

1414.00 2.04 3.15 8.00 9.03 1.27 22.00 120 0.0402 0.8855 3.7 4.681 5.5660 

1600.00 2.30 3.57 8.00 10.21 1.62 22.00 120 0.0506 1.1132 3.7 5.993 7.1061 

1800.00 2.59 4.01 8.00 11.49 2.05 22.00 120 0.0629 1.3846 3.7 7.585 8.9693 

2000.00 2.88 4.46 8.00 12.77 2.53 22.00 120 0.0765 1.6829 3.7 9.364 11.0467 

2200.00 3.17 4.90 8.00 14.04 3.06 22.00 120 0.0913 2.0078 3.7 11.330 13.3380 

2252.17 3.24 5.02 8.00 14.38 3.21 22.00 120 0.0953 2.0968 3.7 11.874 13.9708 

 
Pump Suction and Discharge Losses 

  
Total Losses 

Q Q S&D 
(gpm) (mgd) (ft) 

0.00 0.00 0.0000 

56.52 0.08 0.0098 

113.04 0.16 0.0381 

165.22 0.24 0.0805 

200.00 0.29 0.1173 

400.00 0.58 0.4600 

600.00 0.86 1.0237 

800.00 1.15 1.8066 

1000.00 1.44 2.8071 

1200.00 1.73 4.0244 

1414.00 2.04 5.5660 

1600.00 2.30 7.1061 

1800.00 2.59 8.9693 

2000.00 2.88 11.0467 

2200.00 3.17 13.3380 

2252.17 3.24 13.9708 

 
 

Suction & Discharge - 8" 
 Diameter =  8 in 

Area =  0.349066 ft2 
RH=D/4= 0.166667   
C= 120   
   



Bridgehead Diversion Pump Station 
 

Pump and Suction and Discharge Loss Curves – Diversion Pumps 
 
Pumps – Flygt CP3300, 454 (401mm) 

 
Mfr Pump Curve 

   
Adjusted Pump Curves 

     

         
1 PUMP 

   
2 PUMPS 

   
Mfr Curve 

 

S&D 
Losses 

   
ADJ Curve 

   
ADJ Curve 

 
Q Q Head 

 
S&D 

 
Q Q Head 

 
Q Q Head 

 
(gpm) (mgd) (ft) 

 
(ft) 

 
(gpm) (mgd) (ft) 

 
(gpm) (mgd) (ft) 

 
0 0.00 267.27 

 
0.0000 

 
0 0.00 267.27 

 
0 0.00 267.27 

 
57 0.08 250.91 

 
0.0098 

 
57 0.08 250.90 

 
113 0.16 250.90 

 
113 0.16 240.00 

 
0.0381 

 
113 0.16 239.96 

 
226 0.33 239.96 

 
165 0.24 231.82 

 
0.0805 

 
165 0.24 231.74 

 
330 0.48 231.74 

 
200 0.29 228.18 

 
0.1173 

 
200 0.29 228.06 

 
400 0.58 228.06 

 
400 0.58 215.45 

 
0.4600 

 
400 0.58 214.99 

 
800 1.15 214.99 

 
600 0.86 203.64 

 
1.0237 

 
600 0.86 202.62 

 
1200 1.73 202.62 

 
800 1.15 186.36 

 
1.8066 

 
800 1.15 184.55 

 
1600 2.30 184.55 

 
1000 1.44 167.27 

 
2.8071 

 
1000 1.44 164.46 

 
2000 2.88 164.46 

 
1200 1.73 147.27 

 
4.0244 

 
1200 1.73 143.25 

 
2400 3.46 143.25 

 
1414 2.04 127.00 

 
5.5660 

 
1414 2.04 121.43 

 
2828 4.07 121.43 

 
1600 2.30 109.10 

 
7.1061 

 
1600 2.30 101.99 

 
3200 4.61 101.99 

 
1800 2.59 86.36 

 
8.9693 

 
1800 2.59 77.39 

 
3600 5.18 77.39 

 
2000 2.88 60.00 

 
11.0467 

 
2000 2.88 48.95 

 
4000 5.76 48.95 

 
2200 3.17 38.18 

 
13.3380 

 
2200 3.17 24.84 

 
4400 6.34 24.84 

 
2252 3.24 30.91 

 
13.9708 

 
2252 3.24 16.94 

 
4504 6.49 16.94 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bridgehead Diversion Pump Station 
 

System Curve – 14” Forcemain to ESB 
 

 

 

 

 

 

 

 

 

                  
Friction 
Losses   

Minor 
Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K 

K x 
(v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 338.50 100 0.0000 0.0000 5.82 0.000 0.0000 

200.0 0.29 0.45 14.00 0.42 0.00 338.50 100 0.0001 0.0334 5.82 0.016 0.0491 

400.0 0.58 0.89 14.00 0.83 0.01 338.50 100 0.0004 0.1207 5.82 0.063 0.1835 

600.0 0.86 1.34 14.00 1.25 0.02 338.50 100 0.0008 0.2557 5.82 0.141 0.3970 

800.0 1.15 1.78 14.00 1.67 0.04 338.50 100 0.0013 0.4356 5.82 0.251 0.6869 

1000.0 1.44 2.23 14.00 2.08 0.07 338.50 100 0.0019 0.6585 5.82 0.393 1.0511 

1200.0 1.73 2.67 14.00 2.50 0.10 338.50 100 0.0027 0.9230 5.82 0.565 1.4883 

1400.0 2.02 3.12 14.00 2.92 0.13 338.50 100 0.0036 1.2279 5.82 0.770 1.9975 

1600.0 2.30 3.57 14.00 3.33 0.17 338.50 100 0.0046 1.5724 5.82 1.005 2.5775 

1800.0 2.59 4.01 14.00 3.75 0.22 338.50 100 0.0058 1.9557 5.82 1.272 3.2278 

2000.0 2.88 4.46 14.00 4.17 0.27 338.50 100 0.0070 2.3771 5.82 1.570 3.9476 

2200.0 3.17 4.90 14.00 4.59 0.33 338.50 100 0.0084 2.8360 5.82 1.900 4.7363 

2400.0 3.46 5.35 14.00 5.00 0.39 338.50 100 0.0098 3.3319 5.82 2.261 5.5934 

2600.0 3.74 5.79 14.00 5.42 0.46 338.50 100 0.0114 3.8643 5.82 2.654 6.5184 

2800.0 4.03 6.24 14.00 5.84 0.53 338.50 100 0.0131 4.4328 5.82 3.078 7.5109 

3000.0 4.32 6.68 14.00 6.25 0.61 338.50 100 0.0149 5.0370 5.82 3.534 8.5705 

3200.0 4.61 7.13 14.00 6.67 0.69 338.50 100 0.0168 5.6765 5.82 4.020 9.6969 

3400.0 4.90 7.58 14.00 7.09 0.78 338.50 100 0.0188 6.3510 5.82 4.539 10.8896 

3600.0 5.18 8.02 14.00 7.50 0.87 338.50 100 0.0209 7.0602 5.82 5.088 12.1485 

3800.0 5.47 8.47 14.00 7.92 0.97 338.50 100 0.0231 7.8038 5.82 5.669 13.4731 

4000.0 5.76 8.91 14.00 8.34 1.08 338.50 100 0.0254 8.5814 5.82 6.282 14.8632 

4200.0 6.05 9.36 14.00 8.75 1.19 338.50 100 0.0277 9.3930 5.82 6.926 16.3187 

4400.0 6.34 9.80 14.00 9.17 1.31 338.50 100 0.0302 10.2381 5.82 7.601 17.8391 

4600.0 6.62 10.25 14.00 9.59 1.43 338.50 100 0.0328 11.1166 5.82 8.308 19.4243 

4800.0 6.91 10.70 14.00 10.00 1.55 338.50 100 0.0355 12.0283 5.82 9.046 21.0741 

5000.0 7.20 11.14 14.00 10.42 1.69 338.50 100 0.0383 12.9729 5.82 9.815 22.7882 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FM System Curve - 14" 
 Diameter =  14 in 

Area =  1.069014 ft2 
RH= 0.291667   
C= 100   



Bridgehead Diversion Pump Station 
 

System Curve – 14” Forcemain to ESB 
 

  
MIN Static Head = 38.08 
MAX Static Head = 42.59 

 

 

FM System Curve  
      

Q Q 
Total Losses For 

Pump   Q Q 
Total Losses For 

Pump 
Total Losses For 

Pump 
    No Static 

   
MIN Static MAX Static 

(gpm) (mgd) (ft) 
 

(gpm) (mgd) (ft) (ft) 

0 0.00 0.00 
 

0 0.00 38.08 42.59 
200 0.29 0.05 

 
200 0.29 38.13 42.64 

400 0.58 0.18   400 0.58 38.26 42.77 
600 0.86 0.40   600 0.86 38.48 42.99 
800 1.15 0.69   800 1.15 38.77 43.28 

1000 1.44 1.05   1000 1.44 39.13 43.64 
1200 1.73 1.49   1200 1.73 39.57 44.08 
1400 2.02 2.00   1400 2.02 40.08 44.59 
1600 2.30 2.58   1600 2.30 40.66 45.17 
1800 2.59 3.23   1800 2.59 41.31 45.82 
2000 2.88 3.95   2000 2.88 42.03 46.54 
2200 3.17 4.74   2200 3.17 42.82 47.33 
2400 3.46 5.59   2400 3.46 43.67 48.18 
2600 3.74 6.52   2600 3.74 44.60 49.11 
2800 4.03 7.51   2800 4.03 45.59 50.10 
3000 4.32 8.57   3000 4.32 46.65 51.16 
3200 4.61 9.70   3200 4.61 47.78 52.29 
3400 4.90 10.89   3400 4.90 48.97 53.48 
3600 5.18 12.15   3600 5.18 50.23 54.74 
3800 5.47 13.47   3800 5.47 51.55 56.06 
4000 5.76 14.86   4000 5.76 52.94 57.45 
4200 6.05 16.32   4200 6.05 54.40 58.91 
4400 6.34 17.84   4400 6.34 55.92 60.43 
4600 6.62 19.42   4600 6.62 57.50 62.01 
4800 6.91 21.07   4800 6.91 59.15 63.66 
5000 7.20 22.79   5000 7.20 60.87 65.38 



 

 





 

  

Appendix B.  BHPS w/ AFM101: Main Pump Station – Pump and 
Hydraulic Information 

 

 

 

 

 





 

  

BHPS w/ AFM101: Main Pump Station – Existing Fairbanks Morse Pump 
Information 

 

 

 

 

 

















 

  

BHPS w/ AFM101: Main Pump Station – Hydraulic Calculations 
 

 

 

 

 





Bridgehead Pump Station with AFM101 
 

Pump and Suction and Discharge Loss Curves – Main Pumps 
 

 
 
 
 
 
 
 

                  
Friction 
Losses   

Minor 
Losses 

Total 
Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K 

K x 
(v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 15.00 120 0.0000 0.0000 4 0.000 0.0000 
1000.0 1.44 2.23 14.00 2.08 0.07 15.00 120 0.0014 0.0208 4 0.270 0.2907 
2000.0 2.88 4.46 14.00 4.17 0.27 15.00 120 0.0050 0.0752 4 1.079 1.1545 
3000.0 4.32 6.68 14.00 6.25 0.61 15.00 120 0.0106 0.1592 4 2.429 2.5878 
4000.0 5.76 8.91 14.00 8.34 1.08 15.00 120 0.0181 0.2713 4 4.317 4.5887 
5000.0 7.20 11.14 14.00 10.42 1.69 15.00 120 0.0273 0.4101 4 6.746 7.1561 
6000.0 8.64 13.37 14.00 12.51 2.43 15.00 120 0.0383 0.5749 4 9.714 10.2890 
7000.0 10.08 15.60 14.00 14.59 3.31 15.00 120 0.0510 0.7648 4 13.222 13.9868 
7360.0 10.60 16.40 14.00 15.34 3.65 15.00 120 0.0560 0.8393 4 14.617 15.4562 
7500.0 10.80 16.71 14.00 15.63 3.79 15.00 120 0.0579 0.8691 4 15.178 16.0474 

 
 

 
 
 
 
 
 
 
 

                  
Friction 
Losses   

Minor 
Losses 

Total 
Losses 

Q Q Q 
Pipe 
Dia. V V

2
/2g L C S S x L K 

K x 
(v

2
/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 
0.0 0.00 0.00 16.00 0.00 0.00 17.00 120 0.0000 0.0000 1.3 0.000 0.0000 

1000.0 1.44 2.23 16.00 1.60 0.04 17.00 120 0.0007 0.0123 1.3 0.051 0.0637 
2000.0 2.88 4.46 16.00 3.19 0.16 17.00 120 0.0026 0.0444 1.3 0.206 0.2501 
3000.0 4.32 6.68 16.00 4.79 0.36 17.00 120 0.0055 0.0942 1.3 0.463 0.5568 
4000.0 5.76 8.91 16.00 6.38 0.63 17.00 120 0.0094 0.1605 1.3 0.823 0.9830 
5000.0 7.20 11.14 16.00 7.98 0.99 17.00 120 0.0143 0.2426 1.3 1.285 1.5277 
6000.0 8.64 13.37 16.00 9.57 1.42 17.00 120 0.0200 0.3400 1.3 1.851 2.1906 
7000.0 10.08 15.60 16.00 11.17 1.94 17.00 120 0.0266 0.4523 1.3 2.519 2.9712 
7360.0 10.60 16.40 16.00 11.75 2.14 17.00 120 0.0292 0.4963 1.3 2.785 3.2810 
7500.0 10.80 16.71 16.00 11.97 2.22 17.00 120 0.0302 0.5140 1.3 2.892 3.4056 

 
 
 
 
 
 
 
 
 
 

Suction & Discharge - 14" 
 Diameter =  14 in 

Area for =  1.069014 ft2 
RH= 0.29167   
C= 120   
   

Suction & Discharge - 16" 
 Diameter =  16 in 

Area =  1.396263 ft2 
RH=  0.333333   
C= 120   
   

Suction & Discharge - 24" 
 Diameter =  24 in 

Area =  3.141592 ft2 
RH=  0.5   
C= 120   
 
 
 
   



Bridgehead Pump Station with AFM101 
 

Pump and Suction and Discharge Loss Curves – Main Pumps 
 

                  
Friction 
Losses   

Minor 
Losses 

Total 
Losses 

Q Q Q 
Pipe 
Dia. V V

2
/2g L C S S x L K 

K x 
(v

2
/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 
0.0 0.00 0.00 24.00 0.00 0.00 8.25 120 0.0000 0.0000 1.19 0.000 0.0000 

1000.00 1.44 2.23 24.00 0.71 0.01 8.25 120 0.0001 0.0008 1.19 0.009 0.0101 
2000.0 2.88 4.46 24.00 1.42 0.03 8.25 120 0.0004 0.0030 1.19 0.037 0.0402 

3000.00 4.32 6.68 24.00 2.13 0.07 8.25 120 0.0008 0.0063 1.19 0.084 0.0900 
4000.0 5.76 8.91 24.00 2.84 0.12 8.25 120 0.0013 0.0108 1.19 0.149 0.1595 

5000.00 7.20 11.14 24.00 3.55 0.20 8.25 120 0.0020 0.0163 1.19 0.232 0.2487 
6000.0 8.64 13.37 24.00 4.26 0.28 8.25 120 0.0028 0.0229 1.19 0.335 0.3575 
7000.0 10.08 15.60 24.00 4.96 0.38 8.25 120 0.0037 0.0305 1.19 0.455 0.4859 
7360.0 10.60 16.40 24.00 5.22 0.42 8.25 120 0.0041 0.0334 1.19 0.504 0.5369 
7500.0 10.80 16.71 24.00 5.32 0.44 8.25 120 0.0042 0.0346 1.19 0.523 0.5575 

 

Pump Suction and Discharge Losses 
 

  
Total Losses 

Q Q S&D 
(gpm) (mgd) (ft) 

0.0 0.00 0.0000 
1000.0 1.44 0.3645 
2000.0 2.88 1.4447 
3000.0 4.32 3.2346 
4000.0 5.76 5.7312 
5000.0 7.20 8.9325 
6000.0 8.64 12.8371 
7000.0 10.08 17.4440 
7360.0 10.60 19.2742 
7500.0 10.80 20.0104 

 

Pumps 

Mfr Pump Curve 
  

Adjusted Pump Curves 
    

        
1 PUMP 

   
2 PUMPS 

  
Mfr Curve 

 
S&D Losses 

   
ADJ Curve 

   
ADJ Curve 

Q Q Head 
 

S&D 
 

Q Q Head 
 

Q Q Head 

(gpm) (mgd) (ft) 
 

(ft) 
 

(gpm) (mgd) (ft) 
 

(gpm) (mgd) (ft) 

0 0.00 205.60 
 

0.0000 
 

0 0.00 205.60 
 

0 0.00 205.6 
1000 1.44 203.02 

 
0.3645 

 
1000 1.44 202.66 

 
2000 2.88 202.7 

2000 2.88 193.96 
 

1.4447 
 

2000 2.88 192.52 
 

4000 5.76 192.5 
3000 4.32 181.90 

 
3.2346 

 
3000 4.32 178.67 

 
6000 8.64 178.7 

4000 5.76 168.10 
 

5.7312 
 

4000 5.76 162.37 
 

8000 11.52 162.4 
5000 7.20 150.00 

 
8.9325 

 
5000 7.20 141.07 

 
10000 14.40 141.1 

6000 8.64 126.72 
 

12.8371 
 

6000 8.64 113.88 
 

12000 17.28 113.9 
7000 10.08 96.98 

 
17.4440 

 
7000 10.08 79.54 

 
14000 20.16 79.5 

7360 10.60 85.00 
 

19.2742 
 

7360 10.60 65.73 
 

14720 21.20 65.7 

 

Reduced Speed Curves @ 80% Speed     Adjusted Pump Curves         

                1 PUMP       2 PUMPS 

  
Mfr Curve 

 
S&D Losses 

   
ADJ Curve 

   
ADJ Curve 

Q Q Head 
 

S&D 
 

Q Q Head 
 

Q Q Head 

(gpm) (mgd) (ft) 
 

(ft) 
 

(gpm) (mgd) (ft) 
 

(gpm) (mgd) (ft) 

0 0.00 131.584 
 

0.0000 
 

0 0.00 131.6 
 

0 0.00 131.6 
800 1.15 129.9328 

 
0.2340 

 
800 1.15 129.7 

 
1600 2.30 129.7 

1600 2.30 124.1344 
 

0.9273 
 

1600 2.30 123.2 
 

3200 4.61 123.2 
2400 3.46 116.416 

 
2.0757 

 
2400 3.46 114.3 

 
4800 6.91 114.3 

3200 4.61 107.584 
 

3.6775 
 

3200 4.61 103.9 
 

6400 9.22 103.9 
4000 5.76 96 

 
5.7312 

 
4000 5.76 90.3 

 
8000 11.52 90.3 

4800 6.91 81.1008 
 

8.2359 
 

4800 6.91 72.9 
 

9600 13.82 72.9 
5600 8.06 62.0672 

 
11.1910 

 
5600 8.06 50.9 

 
11200 16.13 50.9 

5888 8.48 54.4 
 

12.3649 
 

5888 8.48 42.0 
 

11776 16.96 42.0 

 



Bridgehead Pump Station with AFM101 
 

Pump and Suction and Discharge Loss Curves – Main Pumps 
 

Reduced Speed Curves @ 70% Speed     Adjusted Pump Curves         

                1 PUMP       2 PUMPS 

  
Mfr Curve 

 
S&D Losses 

   

ADJ 
Curve 

   
ADJ Curve 

Q Q Head 
 

S&D 
 

Q Q Head 
 

Q Q Head 

(gpm) (mgd) (ft) 
 

(ft) 
 

(gpm) (mgd) (ft) 
 

(gpm) (mgd) (ft) 

0 0.00 100.744 
 

0.0000 
 

0 0.00 100.7 
 

0 0.00 100.7 
700 1.01 99.4798 

 
0.1795 

 
700 1.01 99.3 

 
1400 2.02 99.3 

1400 2.02 95.0404 
 

0.7112 
 

1400 2.02 94.3 
 

2800 4.03 94.3 
2100 3.02 89.131 

 
1.5919 

 
2100 3.02 87.5 

 
4200 6.05 87.5 

2800 4.03 82.369 
 

2.8200 
 

2800 4.03 79.5 
 

5600 8.06 79.5 
3500 5.04 73.5 

 
4.3947 

 
3500 5.04 69.1 

 
7000 10.08 69.1 

4200 6.05 62.0928 
 

6.3151 
 

4200 6.05 55.8 
 

8400 12.10 55.8 
4900 7.06 47.5202 

 
8.5807 

 
4900 7.06 38.9 

 
9800 14.11 38.9 

5152 7.42 41.65 
 

9.4807 
 

5152 7.42 32.2 
 

10304 14.84 32.2 

 

Reduced Speed Curves @ 68% Speed     Adjusted Pump Curves         
                1 PUMP       2 PUMPS 

  
Mfr Curve 

 
S&D Losses 

   

ADJ 
Curve 

   
ADJ Curve 

Q Q Head 
 

S&D 
 

Q Q Head 
 

Q Q Head 

(gpm) (mgd) (ft) 
 

(ft) 
 

(gpm) (mgd) (ft) 
 

(gpm) (mgd) (ft) 

0 0.00 95.06944 
 

0.0000 
 

0 0.00 95.1 
 

0 0.00 95.1 
680 0.98 93.876448 

 
0.1695 

 
680 0.98 93.7 

 
1360 1.96 93.7 

1360 1.96 89.687104 
 

0.6714 
 

1360 1.96 89.0 
 

2720 3.92 89.0 
2040 2.94 84.11056 

 
1.5027 

 
2040 2.94 82.6 

 
4080 5.88 82.6 

2720 3.92 77.72944 
 

2.6621 
 

2720 3.92 75.1 
 

5440 7.83 75.1 
3400 4.90 69.36 

 
4.1486 

 
3400 4.90 65.2 

 
6800 9.79 65.2 

4080 5.88 58.595328 
 

5.9614 
 

4080 5.88 52.6 
 

8160 11.75 52.6 
4760 6.85 44.843552 

 
8.1000 

 
4760 6.85 36.7 

 
9520 13.71 36.7 

5005 7.21 39.304 
 

8.9496 
 

5005 7.21 30.4 
 

10010 14.41 30.4 

 
Reduced Speed Curves @ 60% Speed     Adjusted Pump Curves         
                1 PUMP       2 PUMPS 

  
Mfr Curve 

 
S&D Losses 

   

ADJ 
Curve 

   
ADJ Curve 

Q Q Head 
 

S&D 
 

Q Q Head 
 

Q Q Head 

(gpm) (mgd) (ft) 
 

(ft) 
 

(gpm) (mgd) (ft) 
 

(gpm) (mgd) (ft) 

0 0.00 74.016 
 

0.0000 
 

0 0.00 74.0 
 

0 0.00 74.0 
600 0.86 73.0872 

 
0.1322 

 
600 0.86 73.0 

 
1200 1.73 73.0 

1200 1.73 69.8256 
 

0.5236 
 

1200 1.73 69.3 
 

2400 3.46 69.3 
1800 2.59 65.484 

 
1.1718 

 
1800 2.59 64.3 

 
3600 5.18 64.3 

2400 3.46 60.516 
 

2.0757 
 

2400 3.46 58.4 
 

4800 6.91 58.4 
3000 4.32 54 

 
3.2346 

 
3000 4.32 50.8 

 
6000 8.64 50.8 

3600 5.18 45.6192 
 

4.6479 
 

3600 5.18 41.0 
 

7200 10.37 41.0 
4200 6.05 34.9128 

 
6.3151 

 
4200 6.05 28.6 

 
8400 12.10 28.6 

4416 6.36 30.6 
 

6.9774 
 

4416 6.36 23.6 
 

8832 12.72 23.6 

 
Reduced Speed Curves @ 50% Speed     Adjusted Pump Curves         
                1 PUMP       2 PUMPS 

  
Mfr Curve 

 
S&D Losses 

   

ADJ 
Curve 

   
ADJ Curve 

Q Q Head 
 

S&D 
 

Q Q Head 
 

Q Q Head 

(gpm) (mgd) (ft) 
 

(ft) 
 

(gpm) (mgd) (ft) 
 

(gpm) (mgd) (ft) 

0 0.00 51.4 
 

0.0000 
 

0 0.00 51.4 
 

0 0.00 51.4 
500 0.72 50.755 

 
0.0920 

 
500 0.72 50.7 

 
1000 1.44 50.7 

1000 1.44 48.49 
 

0.3645 
 

1000 1.44 48.1 
 

2000 2.88 48.1 
1500 2.16 45.475 

 
0.8157 

 
1500 2.16 44.7 

 
3000 4.32 44.7 

2000 2.88 42.025 
 

1.4447 
 

2000 2.88 40.6 
 

4000 5.76 40.6 
2500 3.60 37.5 

 
2.2512 

 
2500 3.60 35.2 

 
5000 7.20 35.2 

3000 4.32 31.68 
 

3.2346 
 

3000 4.32 28.4 
 

6000 8.64 28.4 
3500 5.04 24.245 

 
4.3947 

 
3500 5.04 19.9 

 
7000 10.08 19.9 

3680 5.30 21.25 
 

4.8555 
 

3680 5.30 16.4 
 

7360 10.60 16.4 

 



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – First High Point 
 

 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 

FM System Curve - 24" 
 Diameter =  24 in 

Area =  3.141593 ft2 
RH= 0.5   
C= 100   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – First High Point 
 

13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 316.00 100 0.0000 0.0000 3.8 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 316.00 100 0.0000 0.0034 3.8 0.002 0.0053 
500.0 0.72 1.11 24.00 0.35 0.00 316.00 100 0.0000 0.0123 3.8 0.007 0.0198 
750.0 1.08 1.67 24.00 0.53 0.00 316.00 100 0.0001 0.0261 3.8 0.017 0.0428 

1000.0 1.44 2.23 24.00 0.71 0.01 316.00 100 0.0001 0.0445 3.8 0.030 0.0742 
1250.0 1.80 2.79 24.00 0.89 0.01 316.00 100 0.0002 0.0673 3.8 0.046 0.1137 
1500.0 2.16 3.34 24.00 1.06 0.02 316.00 100 0.0003 0.0943 3.8 0.067 0.1611 
1750.0 2.52 3.90 24.00 1.24 0.02 316.00 100 0.0004 0.1255 3.8 0.091 0.2164 
2000.0 2.88 4.46 24.00 1.42 0.03 316.00 100 0.0005 0.1607 3.8 0.119 0.2794 
2250.0 3.24 5.01 24.00 1.60 0.04 316.00 100 0.0006 0.1999 3.8 0.150 0.3501 
2500.0 3.60 5.57 24.00 1.77 0.05 316.00 100 0.0008 0.2429 3.8 0.186 0.4284 
2750.0 3.96 6.13 24.00 1.95 0.06 316.00 100 0.0009 0.2898 3.8 0.224 0.5143 
3000.0 4.32 6.68 24.00 2.13 0.07 316.00 100 0.0011 0.3405 3.8 0.267 0.6077 
3250.0 4.68 7.24 24.00 2.31 0.08 316.00 100 0.0012 0.3949 3.8 0.314 0.7084 
3500.0 5.04 7.80 24.00 2.48 0.10 316.00 100 0.0014 0.4530 3.8 0.364 0.8166 
3750.0 5.40 8.36 24.00 2.66 0.11 316.00 100 0.0016 0.5148 3.8 0.417 0.9322 
4000.0 5.76 8.91 24.00 2.84 0.12 316.00 100 0.0018 0.5801 3.8 0.475 1.0550 
4250.0 6.12 9.47 24.00 3.01 0.14 316.00 100 0.0021 0.6491 3.8 0.536 1.1852 
4500.0 6.48 10.03 24.00 3.19 0.16 316.00 100 0.0023 0.7215 3.8 0.601 1.3226 
4750.0 6.84 10.58 24.00 3.37 0.18 316.00 100 0.0025 0.7975 3.8 0.670 1.4672 
5000.0 7.20 11.14 24.00 3.55 0.20 316.00 100 0.0028 0.8770 3.8 0.742 1.6191 
5250.0 7.56 11.70 24.00 3.72 0.22 316.00 100 0.0030 0.9599 3.8 0.818 1.7781 
5500.0 7.92 12.25 24.00 3.90 0.24 316.00 100 0.0033 1.0463 3.8 0.898 1.9442 
5750.0 8.28 12.81 24.00 4.08 0.26 316.00 100 0.0036 1.1361 3.8 0.981 2.1175 
6000.0 8.64 13.37 24.00 4.26 0.28 316.00 100 0.0039 1.2293 3.8 1.069 2.2978 
6250.0 9.00 13.93 24.00 4.43 0.31 316.00 100 0.0042 1.3258 3.8 1.159 2.4853 
6500.0 9.36 14.48 24.00 4.61 0.33 316.00 100 0.0045 1.4257 3.8 1.254 2.6798 
6750.0 9.72 15.04 24.00 4.79 0.36 316.00 100 0.0048 1.5289 3.8 1.352 2.8813 
7000.0 10.08 15.60 24.00 4.96 0.38 316.00 100 0.0052 1.6354 3.8 1.454 3.0898 
7250.0 10.44 16.15 24.00 5.14 0.41 316.00 100 0.0055 1.7452 3.8 1.560 3.3054 
7500.0 10.80 16.71 24.00 5.32 0.44 316.00 100 0.0059 1.8583 3.8 1.670 3.5279 
7750.0 11.16 17.27 24.00 5.50 0.47 316.00 100 0.0062 1.9747 3.8 1.783 3.7575 
8000.0 11.52 17.83 24.00 5.67 0.50 316.00 100 0.0066 2.0943 3.8 1.900 3.9939 
8250.0 11.88 18.38 24.00 5.85 0.53 316.00 100 0.0070 2.2171 3.8 2.020 4.2373 
8500.0 12.24 18.94 24.00 6.03 0.56 316.00 100 0.0074 2.3431 3.8 2.145 4.4876 
8750.0 12.60 19.50 24.00 6.21 0.60 316.00 100 0.0078 2.4723 3.8 2.273 4.7449 
9000.0 12.96 20.05 24.00 6.38 0.63 316.00 100 0.0082 2.6048 3.8 2.404 5.0090 
9250.0 13.32 20.61 24.00 6.56 0.67 316.00 100 0.0087 2.7403 3.8 2.540 5.2800 
9500.0 13.68 21.17 24.00 6.74 0.70 316.00 100 0.0091 2.8791 3.8 2.679 5.5579 
9750.0 14.04 21.72 24.00 6.92 0.74 316.00 100 0.0096 3.0210 3.8 2.822 5.8426 

10000.0 14.40 22.28 24.00 7.09 0.78 316.00 100 0.0100 3.1660 3.8 2.968 6.1342 

FM System Curve - 24" (14" parallel FM portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH= 0.5   
C= 100   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – First High Point 
 

10250.0 14.76 22.84 24.00 7.27 0.82 316.00 100 0.0105 3.3141 3.8 3.118 6.4326 
10500.0 15.12 23.40 24.00 7.45 0.86 316.00 100 0.0110 3.4654 3.8 3.272 6.7378 
10750.0 15.48 23.95 24.00 7.62 0.90 316.00 100 0.0115 3.6197 3.8 3.430 7.0499 
11000.0 15.84 24.51 24.00 7.80 0.95 316.00 100 0.0120 3.7772 3.8 3.592 7.3687 
11250.0 16.20 25.07 24.00 7.98 0.99 316.00 100 0.0125 3.9377 3.8 3.757 7.6943 
11500.0 16.56 25.62 24.00 8.16 1.03 316.00 100 0.0130 4.1013 3.8 3.925 8.0267 
11750.0 16.92 26.18 24.00 8.33 1.08 316.00 100 0.0135 4.2680 3.8 4.098 8.3659 
12000.0 17.28 26.74 24.00 8.51 1.12 316.00 100 0.0140 4.4377 3.8 4.274 8.7119 
12250.0 17.64 27.30 24.00 8.69 1.17 316.00 100 0.0146 4.6104 3.8 4.454 9.0645 
12500.0 18.00 27.85 24.00 8.87 1.22 316.00 100 0.0151 4.7862 3.8 4.638 9.4240 
12750.0 18.36 28.41 24.00 9.04 1.27 316.00 100 0.0157 4.9650 3.8 4.825 9.7901 
13000.0 18.72 28.97 24.00 9.22 1.32 316.00 100 0.0163 5.1468 3.8 5.016 10.1630 
13250.0 19.08 29.52 24.00 9.40 1.37 316.00 100 0.0169 5.3316 3.8 5.211 10.5426 
13500.0 19.44 30.08 24.00 9.57 1.42 316.00 100 0.0175 5.5194 3.8 5.410 10.9289 
13750.0 19.80 30.64 24.00 9.75 1.48 316.00 100 0.0181 5.7101 3.8 5.612 11.3219 
14000.0 20.16 31.19 24.00 9.93 1.53 316.00 100 0.0187 5.9039 3.8 5.818 11.7216 
14250.0 20.52 31.75 24.00 10.11 1.59 316.00 100 0.0193 6.1006 3.8 6.027 12.1279 
14500.0 20.88 32.31 24.00 10.28 1.64 316.00 100 0.0199 6.3003 3.8 6.241 12.5410 
14750.0 21.24 32.87 24.00 10.46 1.70 316.00 100 0.0206 6.5030 3.8 6.458 12.9607 
15000.0 21.60 33.42 24.00 10.64 1.76 316.00 100 0.0212 6.7086 3.8 6.678 13.3870 
15250.0 21.96 33.98 24.00 10.82 1.82 316.00 100 0.0219 6.9171 3.8 6.903 13.8200 
15500.0 22.32 34.54 24.00 10.99 1.88 316.00 100 0.0226 7.1286 3.8 7.131 14.2597 
15750.0 22.68 35.09 24.00 11.17 1.94 316.00 100 0.0232 7.3430 3.8 7.363 14.7060 
16000.0 23.04 35.65 24.00 11.35 2.00 316.00 100 0.0239 7.5603 3.8 7.599 15.1589 

 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 68.50 100 0.0000 0.0000 1.72 0.000 0.0000 
250.0 0.36 0.56 14.00 0.52 0.00 68.50 100 0.0001 0.0102 1.72 0.007 0.0175 
500.0 0.72 1.11 14.00 1.04 0.02 68.50 100 0.0005 0.0369 1.72 0.029 0.0659 
750.0 1.08 1.67 14.00 1.56 0.04 68.50 100 0.0011 0.0782 1.72 0.065 0.1435 

1000.0 1.44 2.23 14.00 2.08 0.07 68.50 100 0.0019 0.1333 1.72 0.116 0.2493 
1250.0 1.80 2.79 14.00 2.61 0.11 68.50 100 0.0029 0.2014 1.72 0.181 0.3827 
1500.0 2.16 3.34 14.00 3.13 0.15 68.50 100 0.0041 0.2824 1.72 0.261 0.5434 
1750.0 2.52 3.90 14.00 3.65 0.21 68.50 100 0.0055 0.3756 1.72 0.355 0.7310 
2000.0 2.88 4.46 14.00 4.17 0.27 68.50 100 0.0070 0.4810 1.72 0.464 0.9452 
2250.0 3.24 5.01 14.00 4.69 0.34 68.50 100 0.0087 0.5983 1.72 0.587 1.1857 
2500.0 3.60 5.57 14.00 5.21 0.42 68.50 100 0.0106 0.7272 1.72 0.725 1.4524 
2750.0 3.96 6.13 14.00 5.73 0.51 68.50 100 0.0127 0.8676 1.72 0.877 1.7451 
3000.0 4.32 6.68 14.00 6.25 0.61 68.50 100 0.0149 1.0193 1.72 1.044 2.0636 
3250.0 4.68 7.24 14.00 6.77 0.71 68.50 100 0.0173 1.1822 1.72 1.226 2.4077 
3500.0 5.04 7.80 14.00 7.30 0.83 68.50 100 0.0198 1.3561 1.72 1.421 2.7775 
3750.0 5.40 8.36 14.00 7.82 0.95 68.50 100 0.0225 1.5409 1.72 1.632 3.1726 
4000.0 5.76 8.91 14.00 8.34 1.08 68.50 100 0.0254 1.7366 1.72 1.856 3.5930 
4250.0 6.12 9.47 14.00 8.86 1.22 68.50 100 0.0284 1.9429 1.72 2.096 4.0387 
4500.0 6.48 10.03 14.00 9.38 1.37 68.50 100 0.0315 2.1599 1.72 2.350 4.5095 
4750.0 6.84 10.58 14.00 9.90 1.52 68.50 100 0.0349 2.3873 1.72 2.618 5.0053 
5000.0 7.20 11.14 14.00 10.42 1.69 68.50 100 0.0383 2.6252 1.72 2.901 5.5260 
5250.0 7.56 11.70 14.00 10.94 1.86 68.50 100 0.0419 2.8735 1.72 3.198 6.0716 
5500.0 7.92 12.25 14.00 11.46 2.04 68.50 100 0.0457 3.1320 1.72 3.510 6.6420 
5750.0 8.28 12.81 14.00 11.98 2.23 68.50 100 0.0496 3.4008 1.72 3.836 7.2370 
6000.0 8.64 13.37 14.00 12.51 2.43 68.50 100 0.0537 3.6797 1.72 4.177 7.8568 
6250.0 9.00 13.93 14.00 13.03 2.64 68.50 100 0.0579 3.9687 1.72 4.532 8.5011 
6500.0 9.36 14.48 14.00 13.55 2.85 68.50 100 0.0623 4.2677 1.72 4.902 9.1699 
6750.0 9.72 15.04 14.00 14.07 3.07 68.50 100 0.0668 4.5766 1.72 5.287 9.8633 

FM System Curve - 14" (14" parallel FM portion) 
Diameter =  14 in 
Area =  1.069 ft2 
RH= 0.2917   
C= 100   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – First High Point 
 

7000.0 10.08 15.60 14.00 14.59 3.31 68.50 100 0.0715 4.8955 1.72 5.685 10.5810 
7250.0 10.44 16.15 14.00 15.11 3.55 68.50 100 0.0763 5.2242 1.72 6.099 11.3231 
7500.0 10.80 16.71 14.00 15.63 3.79 68.50 100 0.0812 5.5628 1.72 6.527 12.0894 
7750.0 11.16 17.27 14.00 16.15 4.05 68.50 100 0.0863 5.9110 1.72 6.969 12.8801 
8000.0 11.52 17.83 14.00 16.67 4.32 68.50 100 0.0915 6.2690 1.72 7.426 13.6949 
8250.0 11.88 18.38 14.00 17.20 4.59 68.50 100 0.0969 6.6367 1.72 7.897 14.5339 
8500.0 12.24 18.94 14.00 17.72 4.87 68.50 100 0.1024 7.0139 1.72 8.383 15.3971 
8750.0 12.60 19.50 14.00 18.24 5.16 68.50 100 0.1080 7.4007 1.72 8.884 16.2843 
9000.0 12.96 20.05 14.00 18.76 5.46 68.50 100 0.1138 7.7971 1.72 9.398 17.1955 
9250.0 13.32 20.61 14.00 19.28 5.77 68.50 100 0.1198 8.2030 1.72 9.928 18.1308 
9500.0 13.68 21.17 14.00 19.80 6.09 68.50 100 0.1258 8.6183 1.72 10.472 19.0900 
9750.0 14.04 21.72 14.00 20.32 6.41 68.50 100 0.1320 9.0430 1.72 11.030 20.0731 

10000.0 14.40 22.28 14.00 20.84 6.75 68.50 100 0.1384 9.4771 1.72 11.603 21.0801 
10250.0 14.76 22.84 14.00 21.36 7.09 68.50 100 0.1448 9.9206 1.72 12.190 22.1110 
10500.0 15.12 23.40 14.00 21.89 7.44 68.50 100 0.1514 10.3734 1.72 12.792 23.1657 
10750.0 15.48 23.95 14.00 22.41 7.80 68.50 100 0.1582 10.8354 1.72 13.409 24.2441 
11000.0 15.84 24.51 14.00 22.93 8.16 68.50 100 0.1651 11.3067 1.72 14.040 25.3463 
11250.0 16.20 25.07 14.00 23.45 8.54 68.50 100 0.1721 11.7872 1.72 14.685 26.4722 
11500.0 16.56 25.62 14.00 23.97 8.92 68.50 100 0.1792 12.2769 1.72 15.345 27.6219 
11750.0 16.92 26.18 14.00 24.49 9.31 68.50 100 0.1865 12.7758 1.72 16.019 28.7951 
12000.0 17.28 26.74 14.00 25.01 9.71 68.50 100 0.1939 13.2837 1.72 16.708 29.9920 
12250.0 17.64 27.30 14.00 25.53 10.12 68.50 100 0.2015 13.8008 1.72 17.412 31.2126 
12500.0 18.00 27.85 14.00 26.05 10.54 68.50 100 0.2092 14.3270 1.72 18.130 32.4566 
12750.0 18.36 28.41 14.00 26.58 10.97 68.50 100 0.2170 14.8621 1.72 18.862 33.7243 
13000.0 18.72 28.97 14.00 27.10 11.40 68.50 100 0.2249 15.4063 1.72 19.609 35.0154 
13250.0 19.08 29.52 14.00 27.62 11.84 68.50 100 0.2330 15.9595 1.72 20.371 36.3300 
13500.0 19.44 30.08 14.00 28.14 12.29 68.50 100 0.2412 16.5217 1.72 21.146 37.6682 
13750.0 19.80 30.64 14.00 28.66 12.75 68.50 100 0.2495 17.0928 1.72 21.937 39.0297 
14000.0 20.16 31.19 14.00 29.18 13.22 68.50 100 0.2580 17.6728 1.72 22.742 40.4147 
14250.0 20.52 31.75 14.00 29.70 13.70 68.50 100 0.2666 18.2617 1.72 23.561 41.8230 
14500.0 20.88 32.31 14.00 30.22 14.18 68.50 100 0.2753 18.8595 1.72 24.395 43.2548 
14750.0 21.24 32.87 14.00 30.74 14.68 68.50 100 0.2842 19.4661 1.72 25.244 44.7099 
15000.0 21.60 33.42 14.00 31.26 15.18 68.50 100 0.2932 20.0816 1.72 26.107 46.1883 
15250.0 21.96 33.98 14.00 31.79 15.69 68.50 100 0.3023 20.7058 1.72 26.984 47.6900 
15500.0 22.32 34.54 14.00 32.31 16.21 68.50 100 0.3115 21.3388 1.72 27.876 49.2150 
15750.0 22.68 35.09 14.00 32.83 16.73 68.50 100 0.3209 21.9806 1.72 28.783 50.7633 
16000.0 23.04 35.65 14.00 33.35 17.27 68.50 100 0.3304 22.6312 1.72 29.704 52.3348 

 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 13.50 0.00 0.00 10640.50 120 0.0000 0.0000 3.1 0.000 0.0000 
250.0 0.36 0.56 13.50 0.56 0.00 10640.50 120 0.0001 1.3528 3.1 0.015 1.3679 
500.0 0.72 1.11 13.50 1.12 0.02 10640.50 120 0.0005 4.8835 3.1 0.060 4.9439 
750.0 1.08 1.67 13.50 1.68 0.04 10640.50 120 0.0010 10.3478 3.1 0.136 10.4839 

1000.0 1.44 2.23 13.50 2.24 0.08 10640.50 120 0.0017 17.6293 3.1 0.242 17.8711 
1250.0 1.80 2.79 13.50 2.80 0.12 10640.50 120 0.0025 26.6509 3.1 0.378 27.0288 
1500.0 2.16 3.34 13.50 3.36 0.18 10640.50 120 0.0035 37.3556 3.1 0.544 37.8998 
1750.0 2.52 3.90 13.50 3.92 0.24 10640.50 120 0.0047 49.6982 3.1 0.741 50.4390 
2000.0 2.88 4.46 13.50 4.48 0.31 10640.50 120 0.0060 63.6417 3.1 0.967 64.6092 
2250.0 3.24 5.01 13.50 5.04 0.39 10640.50 120 0.0074 79.1547 3.1 1.224 80.3791 
2500.0 3.60 5.57 13.50 5.60 0.49 10640.50 120 0.0090 96.2098 3.1 1.512 97.7215 
2750.0 3.96 6.13 13.50 6.16 0.59 10640.50 120 0.0108 114.7833 3.1 1.829 116.6124 
3000.0 4.32 6.68 13.50 6.72 0.70 10640.50 120 0.0127 134.8538 3.1 2.177 137.0306 
3250.0 4.68 7.24 13.50 7.29 0.82 10640.50 120 0.0147 156.4021 3.1 2.555 158.9568 
3500.0 5.04 7.80 13.50 7.85 0.96 10640.50 120 0.0169 179.4108 3.1 2.963 182.3737 
3750.0 5.40 8.36 13.50 8.41 1.10 10640.50 120 0.0192 203.8640 3.1 3.401 207.2652 
4000.0 5.76 8.91 13.50 8.97 1.25 10640.50 120 0.0216 229.7469 3.1 3.870 233.6168 

FM System Curve – 13.5" (14" PVC) (14" parallel FM portion) 
Diameter =  13.5 in 
Area =  0.99402 ft2 
RH= 0.28125   
C= 120   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – First High Point 
 

4250.0 6.12 9.47 13.50 9.53 1.41 10640.50 120 0.0242 257.0460 3.1 4.369 261.4148 
4500.0 6.48 10.03 13.50 10.09 1.58 10640.50 120 0.0269 285.7486 3.1 4.898 290.6465 
4750.0 6.84 10.58 13.50 10.65 1.76 10640.50 120 0.0297 315.8429 3.1 5.457 321.3001 
5000.0 7.20 11.14 13.50 11.21 1.95 10640.50 120 0.0326 347.3178 3.1 6.047 353.3645 
5250.0 7.56 11.70 13.50 11.77 2.15 10640.50 120 0.0357 380.1628 3.1 6.667 386.8293 
5500.0 7.92 12.25 13.50 12.33 2.36 10640.50 120 0.0389 414.3680 3.1 7.317 421.6846 
5750.0 8.28 12.81 13.50 12.89 2.58 10640.50 120 0.0423 449.9242 3.1 7.997 457.9210 
6000.0 8.64 13.37 13.50 13.45 2.81 10640.50 120 0.0458 486.8225 3.1 8.707 495.5298 
6250.0 9.00 13.93 13.50 14.01 3.05 10640.50 120 0.0493 525.0544 3.1 9.448 534.5025 
6500.0 9.36 14.48 13.50 14.57 3.30 10640.50 120 0.0531 564.6120 3.1 10.219 574.8309 
6750.0 9.72 15.04 13.50 15.13 3.55 10640.50 120 0.0569 605.4874 3.1 11.020 616.5076 
7000.0 10.08 15.60 13.50 15.69 3.82 10640.50 120 0.0609 647.6735 3.1 11.852 659.5251 
7250.0 10.44 16.15 13.50 16.25 4.10 10640.50 120 0.0650 691.1631 3.1 12.713 703.8763 
7500.0 10.80 16.71 13.50 16.81 4.39 10640.50 120 0.0692 735.9495 3.1 13.605 749.5546 
7750.0 11.16 17.27 13.50 17.37 4.69 10640.50 120 0.0735 782.0262 3.1 14.527 796.5535 
8000.0 11.52 17.83 13.50 17.93 4.99 10640.50 120 0.0779 829.3870 3.1 15.480 844.8666 
8250.0 11.88 18.38 13.50 18.49 5.31 10640.50 120 0.0825 878.0258 3.1 16.462 894.4880 
8500.0 12.24 18.94 13.50 19.05 5.64 10640.50 120 0.0872 927.9368 3.1 17.475 945.4118 
8750.0 12.60 19.50 13.50 19.61 5.97 10640.50 120 0.0920 979.1145 3.1 18.518 997.6326 
9000.0 12.96 20.05 13.50 20.17 6.32 10640.50 120 0.0969 1031.5533 3.1 19.591 1051.1447 
9250.0 13.32 20.61 13.50 20.73 6.68 10640.50 120 0.1020 1085.2481 3.1 20.695 1105.9430 
9500.0 13.68 21.17 13.50 21.29 7.04 10640.50 120 0.1072 1140.1938 3.1 21.829 1162.0225 
9750.0 14.04 21.72 13.50 21.86 7.42 10640.50 120 0.1124 1196.3854 3.1 22.993 1219.3781 

10000.0 14.40 22.28 13.50 22.42 7.80 10640.50 120 0.1178 1253.8181 3.1 24.187 1278.0050 
10250.0 14.76 22.84 13.50 22.98 8.20 10640.50 120 0.1233 1312.4874 3.1 25.411 1337.8988 
10500.0 15.12 23.40 13.50 23.54 8.60 10640.50 120 0.1290 1372.3887 3.1 26.666 1399.0548 
10750.0 15.48 23.95 13.50 24.10 9.02 10640.50 120 0.1347 1433.5176 3.1 27.951 1461.4686 
11000.0 15.84 24.51 13.50 24.66 9.44 10640.50 120 0.1406 1495.8698 3.1 29.266 1525.1360 
11250.0 16.20 25.07 13.50 25.22 9.87 10640.50 120 0.1466 1559.4413 3.1 30.612 1590.0528 
11500.0 16.56 25.62 13.50 25.78 10.32 10640.50 120 0.1526 1624.2278 3.1 31.987 1656.2150 
11750.0 16.92 26.18 13.50 26.34 10.77 10640.50 120 0.1588 1690.2256 3.1 33.393 1723.6187 
12000.0 17.28 26.74 13.50 26.90 11.24 10640.50 120 0.1652 1757.4307 3.1 34.829 1792.2599 
12250.0 17.64 27.30 13.50 27.46 11.71 10640.50 120 0.1716 1825.8394 3.1 36.295 1862.1349 
12500.0 18.00 27.85 13.50 28.02 12.19 10640.50 120 0.1781 1895.4481 3.1 37.792 1933.2401 
12750.0 18.36 28.41 13.50 28.58 12.68 10640.50 120 0.1848 1966.2531 3.1 39.319 2005.5719 
13000.0 18.72 28.97 13.50 29.14 13.19 10640.50 120 0.1916 2038.2509 3.1 40.876 2079.1267 
13250.0 19.08 29.52 13.50 29.70 13.70 10640.50 120 0.1984 2111.4381 3.1 42.463 2153.9012 
13500.0 19.44 30.08 13.50 30.26 14.22 10640.50 120 0.2054 2185.8114 3.1 44.081 2229.8920 
13750.0 19.80 30.64 13.50 30.82 14.75 10640.50 120 0.2125 2261.3675 3.1 45.728 2307.0959 
14000.0 20.16 31.19 13.50 31.38 15.29 10640.50 120 0.2197 2338.1032 3.1 47.406 2385.5095 
14250.0 20.52 31.75 13.50 31.94 15.84 10640.50 120 0.2271 2416.0153 3.1 49.115 2465.1298 
14500.0 20.88 32.31 13.50 32.50 16.40 10640.50 120 0.2345 2495.1008 3.1 50.853 2545.9537 
14750.0 21.24 32.87 13.50 33.06 16.97 10640.50 120 0.2420 2575.3566 3.1 52.622 2627.9782 
15000.0 21.60 33.42 13.50 33.62 17.56 10640.50 120 0.2497 2656.7798 3.1 54.421 2711.2003 
15250.0 21.96 33.98 13.50 34.18 18.15 10640.50 120 0.2574 2739.3675 3.1 56.250 2795.6172 
15500.0 22.32 34.54 13.50 34.74 18.74 10640.50 120 0.2653 2823.1168 3.1 58.109 2881.2259 
15750.0 22.68 35.09 13.50 35.30 19.35 10640.50 120 0.2733 2908.0250 3.1 59.999 2968.0237 
16000.0 23.04 35.65 13.50 35.87 19.97 10640.50 120 0.2814 2994.0893 3.1 61.918 3056.0078 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 619.99 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 619.99 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 619.99 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 619.99 120 0.0001 0.0377 2.7 0.012 0.0499 

FM System Curve - 23.85" (28" HDPE) 
 Diameter =  23.85 in 

Area =  3.1024 ft2 
RH=D/4= 0.4969   
C= 120   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – First High Point 
 

1000.0 1.44 2.23 23.85 0.72 0.01 619.99 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 619.99 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 619.99 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 619.99 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 619.99 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 619.99 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 619.99 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 619.99 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 619.99 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 619.99 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 619.99 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 619.99 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 619.99 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 619.99 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 619.99 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 619.99 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 619.99 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 619.99 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 619.99 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 619.99 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 619.99 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 619.99 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 619.99 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 619.99 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 619.99 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 619.99 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 619.99 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 619.99 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 619.99 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 619.99 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 619.99 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 619.99 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 619.99 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 619.99 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 619.99 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 619.99 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 619.99 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 619.99 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 619.99 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 619.99 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 619.99 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 619.99 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 619.99 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 619.99 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 619.99 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 619.99 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 619.99 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 619.99 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 619.99 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 619.99 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 619.99 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 619.99 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 619.99 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 619.99 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 619.99 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 619.99 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 619.99 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 619.99 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 619.99 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 619.99 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 619.99 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – First High Point 
 

 
MIN Static Head = 58.13 
MAX Static Head = 62.63 
 
  

Q Q Losses 

(gpm) (mgd) 
 0.0 0.00 0.00 

250.0 0.36 1.40 
500.0 0.72 5.06 
750.0 1.08 10.73 

1000.0 1.44 18.30 
1250.0 1.80 27.69 
1500.0 2.16 38.84 
1750.0 2.52 51.70 
2000.0 2.88 66.24 
2250.0 3.24 82.42 
2500.0 3.60 100.22 
2750.0 3.96 119.62 
3000.0 4.32 140.58 
3250.0 4.68 163.10 
3500.0 5.04 187.15 
3750.0 5.40 212.71 
4000.0 5.76 239.78 
4250.0 6.12 268.35 
4500.0 6.48 298.38 
4750.0 6.84 329.88 
5000.0 7.20 362.84 
5250.0 7.56 397.23 
5500.0 7.92 433.06 
5750.0 8.28 470.31 
6000.0 8.64 508.98 
6250.0 9.00 549.05 
6500.0 9.36 590.52 
6750.0 9.72 633.38 
7000.0 10.08 677.62 
7250.0 10.44 723.24 
7500.0 10.80 770.22 
7750.0 11.16 818.57 
8000.0 11.52 868.27 
8250.0 11.88 919.32 
8500.0 12.24 971.71 
8750.0 12.60 1025.44 
9000.0 12.96 1080.50 
9250.0 13.32 1136.89 
9500.0 13.68 1194.61 
9750.0 14.04 1253.63 

10000.0 14.40 1313.97 
10250.0 14.76 1375.62 
10500.0 15.12 1438.57 
10750.0 15.48 1502.81 
11000.0 15.84 1568.35 
11250.0 16.20 1635.18 
11500.0 16.56 1703.30 
11750.0 16.92 1772.70 
12000.0 17.28 1843.37 
12250.0 17.64 1915.32 
12500.0 18.00 1988.54 
12750.0 18.36 2063.02 
13000.0 18.72 2138.77 
13250.0 19.08 2215.77 
13500.0 19.44 2294.03 
13750.0 19.80 2373.55 
14000.0 20.16 2454.31 
14250.0 20.52 2536.32 
14500.0 20.88 2619.57 
14750.0 21.24 2704.07 
15000.0 21.60 2789.80 
15250.0 21.96 2876.76 
15500.0 22.32 2964.95 
15750.0 22.68 3054.38 
16000.0 23.04 3145.02 

Q Q Min Static Max Static 

(gpm) (mgd) 
 

  

0.0 0.00 58.13 62.63 
250.0 0.36 59.53 64.03 
500.0 0.72 63.19 67.69 
750.0 1.08 68.86 73.36 

1000.0 1.44 76.43 80.93 
1250.0 1.80 85.82 90.32 
1500.0 2.16 96.97 101.47 
1750.0 2.52 109.83 114.33 
2000.0 2.88 124.37 128.87 
2250.0 3.24 140.55 145.05 
2500.0 3.60 158.35 162.85 
2750.0 3.96 177.75 182.25 
3000.0 4.32 198.71 203.21 
3250.0 4.68 221.23 225.73 
3500.0 5.04 245.28 249.78 
3750.0 5.40 270.84 275.34 
4000.0 5.76 297.91 302.41 
4250.0 6.12 326.48 330.98 
4500.0 6.48 356.51 361.01 
4750.0 6.84 388.01 392.51 
5000.0 7.20 420.97 425.47 
5250.0 7.56 455.36 459.86 
5500.0 7.92 491.19 495.69 
5750.0 8.28 528.44 532.94 
6000.0 8.64 567.11 571.61 
6250.0 9.00 607.18 611.68 
6500.0 9.36 648.65 653.15 
6750.0 9.72 691.51 696.01 
7000.0 10.08 735.75 740.25 
7250.0 10.44 781.37 785.87 
7500.0 10.80 828.35 832.85 
7750.0 11.16 876.70 881.20 
8000.0 11.52 926.40 930.90 
8250.0 11.88 977.45 981.95 
8500.0 12.24 1029.84 1034.34 
8750.0 12.60 1083.57 1088.07 
9000.0 12.96 1138.63 1143.13 
9250.0 13.32 1195.02 1199.52 
9500.0 13.68 1252.74 1257.24 
9750.0 14.04 1311.76 1316.26 

10000.0 14.40 1372.10 1376.60 
10250.0 14.76 1433.75 1438.25 
10500.0 15.12 1496.70 1501.20 
10750.0 15.48 1560.94 1565.44 
11000.0 15.84 1626.48 1630.98 
11250.0 16.20 1693.31 1697.81 
11500.0 16.56 1761.43 1765.93 
11750.0 16.92 1830.83 1835.33 
12000.0 17.28 1901.50 1906.00 
12250.0 17.64 1973.45 1977.95 
12500.0 18.00 2046.67 2051.17 
12750.0 18.36 2121.15 2125.65 
13000.0 18.72 2196.90 2201.40 
13250.0 19.08 2273.90 2278.40 
13500.0 19.44 2352.16 2356.66 
13750.0 19.80 2431.68 2436.18 
14000.0 20.16 2512.44 2516.94 
14250.0 20.52 2594.45 2598.95 
14500.0 20.88 2677.70 2682.20 
14750.0 21.24 2762.20 2766.70 
15000.0 21.60 2847.93 2852.43 
15250.0 21.96 2934.89 2939.39 
15500.0 22.32 3023.08 3027.58 
15750.0 22.68 3112.51 3117.01 
16000.0 23.04 3203.15 3207.65 



Bridgehead Pump Station with AFM101 
14-inch Parallel Forcemain Portion Only –A Modified High Point 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 
13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 

FM System Curve - 24" 
 Diameter =  24 in 

Area =  3.141593 ft2 
RH= 0.5   
C= 100   



Bridgehead Pump Station with AFM101 
14-inch Parallel Forcemain Portion Only –A Modified High Point 

 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 316.00 100 0.0000 0.0000 3.8 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 316.00 100 0.0000 0.0034 3.8 0.002 0.0053 
500.0 0.72 1.11 24.00 0.35 0.00 316.00 100 0.0000 0.0123 3.8 0.007 0.0198 
750.0 1.08 1.67 24.00 0.53 0.00 316.00 100 0.0001 0.0261 3.8 0.017 0.0428 

1000.0 1.44 2.23 24.00 0.71 0.01 316.00 100 0.0001 0.0445 3.8 0.030 0.0742 
1250.0 1.80 2.79 24.00 0.89 0.01 316.00 100 0.0002 0.0673 3.8 0.046 0.1137 
1500.0 2.16 3.34 24.00 1.06 0.02 316.00 100 0.0003 0.0943 3.8 0.067 0.1611 
1750.0 2.52 3.90 24.00 1.24 0.02 316.00 100 0.0004 0.1255 3.8 0.091 0.2164 
2000.0 2.88 4.46 24.00 1.42 0.03 316.00 100 0.0005 0.1607 3.8 0.119 0.2794 
2250.0 3.24 5.01 24.00 1.60 0.04 316.00 100 0.0006 0.1999 3.8 0.150 0.3501 
2500.0 3.60 5.57 24.00 1.77 0.05 316.00 100 0.0008 0.2429 3.8 0.186 0.4284 
2750.0 3.96 6.13 24.00 1.95 0.06 316.00 100 0.0009 0.2898 3.8 0.224 0.5143 
3000.0 4.32 6.68 24.00 2.13 0.07 316.00 100 0.0011 0.3405 3.8 0.267 0.6077 
3250.0 4.68 7.24 24.00 2.31 0.08 316.00 100 0.0012 0.3949 3.8 0.314 0.7084 
3500.0 5.04 7.80 24.00 2.48 0.10 316.00 100 0.0014 0.4530 3.8 0.364 0.8166 
3750.0 5.40 8.36 24.00 2.66 0.11 316.00 100 0.0016 0.5148 3.8 0.417 0.9322 
4000.0 5.76 8.91 24.00 2.84 0.12 316.00 100 0.0018 0.5801 3.8 0.475 1.0550 
4250.0 6.12 9.47 24.00 3.01 0.14 316.00 100 0.0021 0.6491 3.8 0.536 1.1852 
4500.0 6.48 10.03 24.00 3.19 0.16 316.00 100 0.0023 0.7215 3.8 0.601 1.3226 
4750.0 6.84 10.58 24.00 3.37 0.18 316.00 100 0.0025 0.7975 3.8 0.670 1.4672 
5000.0 7.20 11.14 24.00 3.55 0.20 316.00 100 0.0028 0.8770 3.8 0.742 1.6191 
5250.0 7.56 11.70 24.00 3.72 0.22 316.00 100 0.0030 0.9599 3.8 0.818 1.7781 
5500.0 7.92 12.25 24.00 3.90 0.24 316.00 100 0.0033 1.0463 3.8 0.898 1.9442 
5750.0 8.28 12.81 24.00 4.08 0.26 316.00 100 0.0036 1.1361 3.8 0.981 2.1175 
6000.0 8.64 13.37 24.00 4.26 0.28 316.00 100 0.0039 1.2293 3.8 1.069 2.2978 
6250.0 9.00 13.93 24.00 4.43 0.31 316.00 100 0.0042 1.3258 3.8 1.159 2.4853 
6500.0 9.36 14.48 24.00 4.61 0.33 316.00 100 0.0045 1.4257 3.8 1.254 2.6798 
6750.0 9.72 15.04 24.00 4.79 0.36 316.00 100 0.0048 1.5289 3.8 1.352 2.8813 
7000.0 10.08 15.60 24.00 4.96 0.38 316.00 100 0.0052 1.6354 3.8 1.454 3.0898 
7250.0 10.44 16.15 24.00 5.14 0.41 316.00 100 0.0055 1.7452 3.8 1.560 3.3054 
7500.0 10.80 16.71 24.00 5.32 0.44 316.00 100 0.0059 1.8583 3.8 1.670 3.5279 
7750.0 11.16 17.27 24.00 5.50 0.47 316.00 100 0.0062 1.9747 3.8 1.783 3.7575 
8000.0 11.52 17.83 24.00 5.67 0.50 316.00 100 0.0066 2.0943 3.8 1.900 3.9939 
8250.0 11.88 18.38 24.00 5.85 0.53 316.00 100 0.0070 2.2171 3.8 2.020 4.2373 
8500.0 12.24 18.94 24.00 6.03 0.56 316.00 100 0.0074 2.3431 3.8 2.145 4.4876 
8750.0 12.60 19.50 24.00 6.21 0.60 316.00 100 0.0078 2.4723 3.8 2.273 4.7449 
9000.0 12.96 20.05 24.00 6.38 0.63 316.00 100 0.0082 2.6048 3.8 2.404 5.0090 
9250.0 13.32 20.61 24.00 6.56 0.67 316.00 100 0.0087 2.7403 3.8 2.540 5.2800 
9500.0 13.68 21.17 24.00 6.74 0.70 316.00 100 0.0091 2.8791 3.8 2.679 5.5579 
9750.0 14.04 21.72 24.00 6.92 0.74 316.00 100 0.0096 3.0210 3.8 2.822 5.8426 

10000.0 14.40 22.28 24.00 7.09 0.78 316.00 100 0.0100 3.1660 3.8 2.968 6.1342 
10250.0 14.76 22.84 24.00 7.27 0.82 316.00 100 0.0105 3.3141 3.8 3.118 6.4326 
10500.0 15.12 23.40 24.00 7.45 0.86 316.00 100 0.0110 3.4654 3.8 3.272 6.7378 
10750.0 15.48 23.95 24.00 7.62 0.90 316.00 100 0.0115 3.6197 3.8 3.430 7.0499 

FM System Curve - 24" (14" parallel FM portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH= 0.5   
C= 100   



Bridgehead Pump Station with AFM101 
14-inch Parallel Forcemain Portion Only –A Modified High Point 

 
11000.0 15.84 24.51 24.00 7.80 0.95 316.00 100 0.0120 3.7772 3.8 3.592 7.3687 
11250.0 16.20 25.07 24.00 7.98 0.99 316.00 100 0.0125 3.9377 3.8 3.757 7.6943 
11500.0 16.56 25.62 24.00 8.16 1.03 316.00 100 0.0130 4.1013 3.8 3.925 8.0267 
11750.0 16.92 26.18 24.00 8.33 1.08 316.00 100 0.0135 4.2680 3.8 4.098 8.3659 
12000.0 17.28 26.74 24.00 8.51 1.12 316.00 100 0.0140 4.4377 3.8 4.274 8.7119 
12250.0 17.64 27.30 24.00 8.69 1.17 316.00 100 0.0146 4.6104 3.8 4.454 9.0645 
12500.0 18.00 27.85 24.00 8.87 1.22 316.00 100 0.0151 4.7862 3.8 4.638 9.4240 
12750.0 18.36 28.41 24.00 9.04 1.27 316.00 100 0.0157 4.9650 3.8 4.825 9.7901 
13000.0 18.72 28.97 24.00 9.22 1.32 316.00 100 0.0163 5.1468 3.8 5.016 10.1630 
13250.0 19.08 29.52 24.00 9.40 1.37 316.00 100 0.0169 5.3316 3.8 5.211 10.5426 
13500.0 19.44 30.08 24.00 9.57 1.42 316.00 100 0.0175 5.5194 3.8 5.410 10.9289 
13750.0 19.80 30.64 24.00 9.75 1.48 316.00 100 0.0181 5.7101 3.8 5.612 11.3219 
14000.0 20.16 31.19 24.00 9.93 1.53 316.00 100 0.0187 5.9039 3.8 5.818 11.7216 
14250.0 20.52 31.75 24.00 10.11 1.59 316.00 100 0.0193 6.1006 3.8 6.027 12.1279 
14500.0 20.88 32.31 24.00 10.28 1.64 316.00 100 0.0199 6.3003 3.8 6.241 12.5410 
14750.0 21.24 32.87 24.00 10.46 1.70 316.00 100 0.0206 6.5030 3.8 6.458 12.9607 
15000.0 21.60 33.42 24.00 10.64 1.76 316.00 100 0.0212 6.7086 3.8 6.678 13.3870 
15250.0 21.96 33.98 24.00 10.82 1.82 316.00 100 0.0219 6.9171 3.8 6.903 13.8200 
15500.0 22.32 34.54 24.00 10.99 1.88 316.00 100 0.0226 7.1286 3.8 7.131 14.2597 
15750.0 22.68 35.09 24.00 11.17 1.94 316.00 100 0.0232 7.3430 3.8 7.363 14.7060 
16000.0 23.04 35.65 24.00 11.35 2.00 316.00 100 0.0239 7.5603 3.8 7.599 15.1589 

 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 68.50 100 0.0000 0.0000 1.72 0.000 0.0000 
250.0 0.36 0.56 14.00 0.52 0.00 68.50 100 0.0001 0.0102 1.72 0.007 0.0175 
500.0 0.72 1.11 14.00 1.04 0.02 68.50 100 0.0005 0.0369 1.72 0.029 0.0659 
750.0 1.08 1.67 14.00 1.56 0.04 68.50 100 0.0011 0.0782 1.72 0.065 0.1435 

1000.0 1.44 2.23 14.00 2.08 0.07 68.50 100 0.0019 0.1333 1.72 0.116 0.2493 
1250.0 1.80 2.79 14.00 2.61 0.11 68.50 100 0.0029 0.2014 1.72 0.181 0.3827 
1500.0 2.16 3.34 14.00 3.13 0.15 68.50 100 0.0041 0.2824 1.72 0.261 0.5434 
1750.0 2.52 3.90 14.00 3.65 0.21 68.50 100 0.0055 0.3756 1.72 0.355 0.7310 
2000.0 2.88 4.46 14.00 4.17 0.27 68.50 100 0.0070 0.4810 1.72 0.464 0.9452 
2250.0 3.24 5.01 14.00 4.69 0.34 68.50 100 0.0087 0.5983 1.72 0.587 1.1857 
2500.0 3.60 5.57 14.00 5.21 0.42 68.50 100 0.0106 0.7272 1.72 0.725 1.4524 
2750.0 3.96 6.13 14.00 5.73 0.51 68.50 100 0.0127 0.8676 1.72 0.877 1.7451 
3000.0 4.32 6.68 14.00 6.25 0.61 68.50 100 0.0149 1.0193 1.72 1.044 2.0636 
3250.0 4.68 7.24 14.00 6.77 0.71 68.50 100 0.0173 1.1822 1.72 1.226 2.4077 
3500.0 5.04 7.80 14.00 7.30 0.83 68.50 100 0.0198 1.3561 1.72 1.421 2.7775 
3750.0 5.40 8.36 14.00 7.82 0.95 68.50 100 0.0225 1.5409 1.72 1.632 3.1726 
4000.0 5.76 8.91 14.00 8.34 1.08 68.50 100 0.0254 1.7366 1.72 1.856 3.5930 
4250.0 6.12 9.47 14.00 8.86 1.22 68.50 100 0.0284 1.9429 1.72 2.096 4.0387 
4500.0 6.48 10.03 14.00 9.38 1.37 68.50 100 0.0315 2.1599 1.72 2.350 4.5095 
4750.0 6.84 10.58 14.00 9.90 1.52 68.50 100 0.0349 2.3873 1.72 2.618 5.0053 
5000.0 7.20 11.14 14.00 10.42 1.69 68.50 100 0.0383 2.6252 1.72 2.901 5.5260 
5250.0 7.56 11.70 14.00 10.94 1.86 68.50 100 0.0419 2.8735 1.72 3.198 6.0716 
5500.0 7.92 12.25 14.00 11.46 2.04 68.50 100 0.0457 3.1320 1.72 3.510 6.6420 
5750.0 8.28 12.81 14.00 11.98 2.23 68.50 100 0.0496 3.4008 1.72 3.836 7.2370 
6000.0 8.64 13.37 14.00 12.51 2.43 68.50 100 0.0537 3.6797 1.72 4.177 7.8568 
6250.0 9.00 13.93 14.00 13.03 2.64 68.50 100 0.0579 3.9687 1.72 4.532 8.5011 
6500.0 9.36 14.48 14.00 13.55 2.85 68.50 100 0.0623 4.2677 1.72 4.902 9.1699 
6750.0 9.72 15.04 14.00 14.07 3.07 68.50 100 0.0668 4.5766 1.72 5.287 9.8633 
7000.0 10.08 15.60 14.00 14.59 3.31 68.50 100 0.0715 4.8955 1.72 5.685 10.5810 
7250.0 10.44 16.15 14.00 15.11 3.55 68.50 100 0.0763 5.2242 1.72 6.099 11.3231 
7500.0 10.80 16.71 14.00 15.63 3.79 68.50 100 0.0812 5.5628 1.72 6.527 12.0894 
7750.0 11.16 17.27 14.00 16.15 4.05 68.50 100 0.0863 5.9110 1.72 6.969 12.8801 
8000.0 11.52 17.83 14.00 16.67 4.32 68.50 100 0.0915 6.2690 1.72 7.426 13.6949 

FM System Curve - 14" (14" parallel FM portion) 
Diameter =  14 in 
Area =  1.069 ft2 
RH= 0.2917   
C= 100   



Bridgehead Pump Station with AFM101 
14-inch Parallel Forcemain Portion Only –A Modified High Point 

 
8250.0 11.88 18.38 14.00 17.20 4.59 68.50 100 0.0969 6.6367 1.72 7.897 14.5339 
8500.0 12.24 18.94 14.00 17.72 4.87 68.50 100 0.1024 7.0139 1.72 8.383 15.3971 
8750.0 12.60 19.50 14.00 18.24 5.16 68.50 100 0.1080 7.4007 1.72 8.884 16.2843 
9000.0 12.96 20.05 14.00 18.76 5.46 68.50 100 0.1138 7.7971 1.72 9.398 17.1955 
9250.0 13.32 20.61 14.00 19.28 5.77 68.50 100 0.1198 8.2030 1.72 9.928 18.1308 
9500.0 13.68 21.17 14.00 19.80 6.09 68.50 100 0.1258 8.6183 1.72 10.472 19.0900 
9750.0 14.04 21.72 14.00 20.32 6.41 68.50 100 0.1320 9.0430 1.72 11.030 20.0731 

10000.0 14.40 22.28 14.00 20.84 6.75 68.50 100 0.1384 9.4771 1.72 11.603 21.0801 
10250.0 14.76 22.84 14.00 21.36 7.09 68.50 100 0.1448 9.9206 1.72 12.190 22.1110 
10500.0 15.12 23.40 14.00 21.89 7.44 68.50 100 0.1514 10.3734 1.72 12.792 23.1657 
10750.0 15.48 23.95 14.00 22.41 7.80 68.50 100 0.1582 10.8354 1.72 13.409 24.2441 
11000.0 15.84 24.51 14.00 22.93 8.16 68.50 100 0.1651 11.3067 1.72 14.040 25.3463 
11250.0 16.20 25.07 14.00 23.45 8.54 68.50 100 0.1721 11.7872 1.72 14.685 26.4722 
11500.0 16.56 25.62 14.00 23.97 8.92 68.50 100 0.1792 12.2769 1.72 15.345 27.6219 
11750.0 16.92 26.18 14.00 24.49 9.31 68.50 100 0.1865 12.7758 1.72 16.019 28.7951 
12000.0 17.28 26.74 14.00 25.01 9.71 68.50 100 0.1939 13.2837 1.72 16.708 29.9920 
12250.0 17.64 27.30 14.00 25.53 10.12 68.50 100 0.2015 13.8008 1.72 17.412 31.2126 
12500.0 18.00 27.85 14.00 26.05 10.54 68.50 100 0.2092 14.3270 1.72 18.130 32.4566 
12750.0 18.36 28.41 14.00 26.58 10.97 68.50 100 0.2170 14.8621 1.72 18.862 33.7243 
13000.0 18.72 28.97 14.00 27.10 11.40 68.50 100 0.2249 15.4063 1.72 19.609 35.0154 
13250.0 19.08 29.52 14.00 27.62 11.84 68.50 100 0.2330 15.9595 1.72 20.371 36.3300 
13500.0 19.44 30.08 14.00 28.14 12.29 68.50 100 0.2412 16.5217 1.72 21.146 37.6682 
13750.0 19.80 30.64 14.00 28.66 12.75 68.50 100 0.2495 17.0928 1.72 21.937 39.0297 
14000.0 20.16 31.19 14.00 29.18 13.22 68.50 100 0.2580 17.6728 1.72 22.742 40.4147 
14250.0 20.52 31.75 14.00 29.70 13.70 68.50 100 0.2666 18.2617 1.72 23.561 41.8230 
14500.0 20.88 32.31 14.00 30.22 14.18 68.50 100 0.2753 18.8595 1.72 24.395 43.2548 
14750.0 21.24 32.87 14.00 30.74 14.68 68.50 100 0.2842 19.4661 1.72 25.244 44.7099 
15000.0 21.60 33.42 14.00 31.26 15.18 68.50 100 0.2932 20.0816 1.72 26.107 46.1883 
15250.0 21.96 33.98 14.00 31.79 15.69 68.50 100 0.3023 20.7058 1.72 26.984 47.6900 
15500.0 22.32 34.54 14.00 32.31 16.21 68.50 100 0.3115 21.3388 1.72 27.876 49.2150 
15750.0 22.68 35.09 14.00 32.83 16.73 68.50 100 0.3209 21.9806 1.72 28.783 50.7633 
16000.0 23.04 35.65 14.00 33.35 17.27 68.50 100 0.3304 22.6312 1.72 29.704 52.3348 

 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 13.50 0.00 0.00 10640.50 120 0.0000 0.0000 3.1 0.000 0.0000 
250.0 0.36 0.56 13.50 0.56 0.00 10640.50 120 0.0001 1.3528 3.1 0.015 1.3679 
500.0 0.72 1.11 13.50 1.12 0.02 10640.50 120 0.0005 4.8835 3.1 0.060 4.9439 
750.0 1.08 1.67 13.50 1.68 0.04 10640.50 120 0.0010 10.3478 3.1 0.136 10.4839 

1000.0 1.44 2.23 13.50 2.24 0.08 10640.50 120 0.0017 17.6293 3.1 0.242 17.8711 
1250.0 1.80 2.79 13.50 2.80 0.12 10640.50 120 0.0025 26.6509 3.1 0.378 27.0288 
1500.0 2.16 3.34 13.50 3.36 0.18 10640.50 120 0.0035 37.3556 3.1 0.544 37.8998 
1750.0 2.52 3.90 13.50 3.92 0.24 10640.50 120 0.0047 49.6982 3.1 0.741 50.4390 
2000.0 2.88 4.46 13.50 4.48 0.31 10640.50 120 0.0060 63.6417 3.1 0.967 64.6092 
2250.0 3.24 5.01 13.50 5.04 0.39 10640.50 120 0.0074 79.1547 3.1 1.224 80.3791 
2500.0 3.60 5.57 13.50 5.60 0.49 10640.50 120 0.0090 96.2098 3.1 1.512 97.7215 
2750.0 3.96 6.13 13.50 6.16 0.59 10640.50 120 0.0108 114.7833 3.1 1.829 116.6124 
3000.0 4.32 6.68 13.50 6.72 0.70 10640.50 120 0.0127 134.8538 3.1 2.177 137.0306 
3250.0 4.68 7.24 13.50 7.29 0.82 10640.50 120 0.0147 156.4021 3.1 2.555 158.9568 
3500.0 5.04 7.80 13.50 7.85 0.96 10640.50 120 0.0169 179.4108 3.1 2.963 182.3737 
3750.0 5.40 8.36 13.50 8.41 1.10 10640.50 120 0.0192 203.8640 3.1 3.401 207.2652 
4000.0 5.76 8.91 13.50 8.97 1.25 10640.50 120 0.0216 229.7469 3.1 3.870 233.6168 
4250.0 6.12 9.47 13.50 9.53 1.41 10640.50 120 0.0242 257.0460 3.1 4.369 261.4148 
4500.0 6.48 10.03 13.50 10.09 1.58 10640.50 120 0.0269 285.7486 3.1 4.898 290.6465 
4750.0 6.84 10.58 13.50 10.65 1.76 10640.50 120 0.0297 315.8429 3.1 5.457 321.3001 
5000.0 7.20 11.14 13.50 11.21 1.95 10640.50 120 0.0326 347.3178 3.1 6.047 353.3645 
5250.0 7.56 11.70 13.50 11.77 2.15 10640.50 120 0.0357 380.1628 3.1 6.667 386.8293 
5500.0 7.92 12.25 13.50 12.33 2.36 10640.50 120 0.0389 414.3680 3.1 7.317 421.6846 

FM System Curve – 13.5" (14" PVC) (14" parallel FM portion) 
Diameter =  14 in 
Area =  1.069 ft2 
RH= 0.2917   
C= 100   



Bridgehead Pump Station with AFM101 
14-inch Parallel Forcemain Portion Only –A Modified High Point 

 
5750.0 8.28 12.81 13.50 12.89 2.58 10640.50 120 0.0423 449.9242 3.1 7.997 457.9210 
6000.0 8.64 13.37 13.50 13.45 2.81 10640.50 120 0.0458 486.8225 3.1 8.707 495.5298 
6250.0 9.00 13.93 13.50 14.01 3.05 10640.50 120 0.0493 525.0544 3.1 9.448 534.5025 
6500.0 9.36 14.48 13.50 14.57 3.30 10640.50 120 0.0531 564.6120 3.1 10.219 574.8309 
6750.0 9.72 15.04 13.50 15.13 3.55 10640.50 120 0.0569 605.4874 3.1 11.020 616.5076 
7000.0 10.08 15.60 13.50 15.69 3.82 10640.50 120 0.0609 647.6735 3.1 11.852 659.5251 
7250.0 10.44 16.15 13.50 16.25 4.10 10640.50 120 0.0650 691.1631 3.1 12.713 703.8763 
7500.0 10.80 16.71 13.50 16.81 4.39 10640.50 120 0.0692 735.9495 3.1 13.605 749.5546 
7750.0 11.16 17.27 13.50 17.37 4.69 10640.50 120 0.0735 782.0262 3.1 14.527 796.5535 
8000.0 11.52 17.83 13.50 17.93 4.99 10640.50 120 0.0779 829.3870 3.1 15.480 844.8666 
8250.0 11.88 18.38 13.50 18.49 5.31 10640.50 120 0.0825 878.0258 3.1 16.462 894.4880 
8500.0 12.24 18.94 13.50 19.05 5.64 10640.50 120 0.0872 927.9368 3.1 17.475 945.4118 
8750.0 12.60 19.50 13.50 19.61 5.97 10640.50 120 0.0920 979.1145 3.1 18.518 997.6326 
9000.0 12.96 20.05 13.50 20.17 6.32 10640.50 120 0.0969 1031.5533 3.1 19.591 1051.1447 
9250.0 13.32 20.61 13.50 20.73 6.68 10640.50 120 0.1020 1085.2481 3.1 20.695 1105.9430 
9500.0 13.68 21.17 13.50 21.29 7.04 10640.50 120 0.1072 1140.1938 3.1 21.829 1162.0225 
9750.0 14.04 21.72 13.50 21.86 7.42 10640.50 120 0.1124 1196.3854 3.1 22.993 1219.3781 

10000.0 14.40 22.28 13.50 22.42 7.80 10640.50 120 0.1178 1253.8181 3.1 24.187 1278.0050 
10250.0 14.76 22.84 13.50 22.98 8.20 10640.50 120 0.1233 1312.4874 3.1 25.411 1337.8988 
10500.0 15.12 23.40 13.50 23.54 8.60 10640.50 120 0.1290 1372.3887 3.1 26.666 1399.0548 
10750.0 15.48 23.95 13.50 24.10 9.02 10640.50 120 0.1347 1433.5176 3.1 27.951 1461.4686 
11000.0 15.84 24.51 13.50 24.66 9.44 10640.50 120 0.1406 1495.8698 3.1 29.266 1525.1360 
11250.0 16.20 25.07 13.50 25.22 9.87 10640.50 120 0.1466 1559.4413 3.1 30.612 1590.0528 
11500.0 16.56 25.62 13.50 25.78 10.32 10640.50 120 0.1526 1624.2278 3.1 31.987 1656.2150 
11750.0 16.92 26.18 13.50 26.34 10.77 10640.50 120 0.1588 1690.2256 3.1 33.393 1723.6187 
12000.0 17.28 26.74 13.50 26.90 11.24 10640.50 120 0.1652 1757.4307 3.1 34.829 1792.2599 
12250.0 17.64 27.30 13.50 27.46 11.71 10640.50 120 0.1716 1825.8394 3.1 36.295 1862.1349 
12500.0 18.00 27.85 13.50 28.02 12.19 10640.50 120 0.1781 1895.4481 3.1 37.792 1933.2401 
12750.0 18.36 28.41 13.50 28.58 12.68 10640.50 120 0.1848 1966.2531 3.1 39.319 2005.5719 
13000.0 18.72 28.97 13.50 29.14 13.19 10640.50 120 0.1916 2038.2509 3.1 40.876 2079.1267 
13250.0 19.08 29.52 13.50 29.70 13.70 10640.50 120 0.1984 2111.4381 3.1 42.463 2153.9012 
13500.0 19.44 30.08 13.50 30.26 14.22 10640.50 120 0.2054 2185.8114 3.1 44.081 2229.8920 
13750.0 19.80 30.64 13.50 30.82 14.75 10640.50 120 0.2125 2261.3675 3.1 45.728 2307.0959 
14000.0 20.16 31.19 13.50 31.38 15.29 10640.50 120 0.2197 2338.1032 3.1 47.406 2385.5095 
14250.0 20.52 31.75 13.50 31.94 15.84 10640.50 120 0.2271 2416.0153 3.1 49.115 2465.1298 
14500.0 20.88 32.31 13.50 32.50 16.40 10640.50 120 0.2345 2495.1008 3.1 50.853 2545.9537 
14750.0 21.24 32.87 13.50 33.06 16.97 10640.50 120 0.2420 2575.3566 3.1 52.622 2627.9782 
15000.0 21.60 33.42 13.50 33.62 17.56 10640.50 120 0.2497 2656.7798 3.1 54.421 2711.2003 
15250.0 21.96 33.98 13.50 34.18 18.15 10640.50 120 0.2574 2739.3675 3.1 56.250 2795.6172 
15500.0 22.32 34.54 13.50 34.74 18.74 10640.50 120 0.2653 2823.1168 3.1 58.109 2881.2259 
15750.0 22.68 35.09 13.50 35.30 19.35 10640.50 120 0.2733 2908.0250 3.1 59.999 2968.0237 
16000.0 23.04 35.65 13.50 35.87 19.97 10640.50 120 0.2814 2994.0893 3.1 61.918 3056.0078 

 
 
 
 
 
 
 
 
 

 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 619.99 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 619.99 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 619.99 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 619.99 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 619.99 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 619.99 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 619.99 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 619.99 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 619.99 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 619.99 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 619.99 120 0.0006 0.3506 2.7 0.135 0.4858 

FM System Curve - 23.85" (28" HDPE) 
 Diameter =  23.85 in 

Area =  3.1024 ft2 
RH= 0.4969   
C= 120   



Bridgehead Pump Station with AFM101 
14-inch Parallel Forcemain Portion Only –A Modified High Point 

 
2750.0 3.96 6.13 23.85 1.98 0.06 619.99 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 619.99 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 619.99 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 619.99 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 619.99 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 619.99 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 619.99 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 619.99 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 619.99 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 619.99 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 619.99 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 619.99 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 619.99 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 619.99 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 619.99 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 619.99 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 619.99 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 619.99 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 619.99 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 619.99 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 619.99 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 619.99 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 619.99 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 619.99 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 619.99 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 619.99 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 619.99 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 619.99 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 619.99 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 619.99 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 619.99 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 619.99 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 619.99 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 619.99 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 619.99 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 619.99 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 619.99 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 619.99 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 619.99 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 619.99 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 619.99 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 619.99 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 619.99 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 619.99 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 619.99 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 619.99 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 619.99 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 619.99 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 619.99 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 619.99 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 619.99 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 619.99 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 619.99 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 619.99 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

FM System Curve – 25.14" (24” DIP) 
 Diameter =  25.14 in 

Area =  3.4471 ft2 
RH= 0.5238   
C= 100   



Bridgehead Pump Station with AFM101 
14-inch Parallel Forcemain Portion Only –A Modified High Point 

 
0.0 0.00 0.00 25.14 0.00 0.00 625.00 100 0.0000 0.0000 0.6 0.000 0.0000 

250.0 0.36 0.56 25.14 0.16 0.00 625.00 100 0.0000 0.0054 0.6 0.000 0.0056 
500.0 0.72 1.11 25.14 0.32 0.00 625.00 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625.00 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625.00 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625.00 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625.00 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625.00 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625.00 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625.00 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625.00 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625.00 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625.00 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625.00 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625.00 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625.00 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625.00 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625.00 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625.00 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625.00 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625.00 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625.00 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625.00 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625.00 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625.00 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625.00 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625.00 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625.00 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625.00 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625.00 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625.00 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625.00 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625.00 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625.00 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625.00 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625.00 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625.00 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625.00 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625.00 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625.00 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625.00 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625.00 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625.00 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625.00 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625.00 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625.00 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625.00 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625.00 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625.00 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625.00 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625.00 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625.00 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625.00 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625.00 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625.00 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625.00 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625.00 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625.00 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625.00 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625.00 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625.00 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625.00 100 0.0175 10.9132 0.6 0.905 11.8185 
15500.0 22.32 34.54 25.14 10.02 1.56 625.00 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625.00 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625.00 100 0.0191 11.9280 0.6 0.997 12.9245 

 

 
 

 



Bridgehead Pump Station with AFM101 
14-inch Parallel Forcemain Portion Only –A Modified High Point 

 
 
 
 
 
 
 
 

 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 3481.00 120 0.0000 0.0000 4.125 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 3481.00 120 0.0000 0.0208 4.125 0.002 0.0224 
500.0 0.72 1.11 25.30 0.32 0.00 3481.00 120 0.0000 0.0750 4.125 0.007 0.0815 
750.0 1.08 1.67 25.30 0.48 0.00 3481.00 120 0.0000 0.1588 4.125 0.015 0.1735 

1000.0 1.44 2.23 25.30 0.64 0.01 3481.00 120 0.0001 0.2706 4.125 0.026 0.2967 
1250.0 1.80 2.79 25.30 0.80 0.01 3481.00 120 0.0001 0.4090 4.125 0.041 0.4498 
1500.0 2.16 3.34 25.30 0.96 0.01 3481.00 120 0.0002 0.5733 4.125 0.059 0.6321 
1750.0 2.52 3.90 25.30 1.12 0.02 3481.00 120 0.0002 0.7628 4.125 0.080 0.8427 
2000.0 2.88 4.46 25.30 1.28 0.03 3481.00 120 0.0003 0.9768 4.125 0.104 1.0812 
2250.0 3.24 5.01 25.30 1.44 0.03 3481.00 120 0.0003 1.2149 4.125 0.132 1.3470 
2500.0 3.60 5.57 25.30 1.60 0.04 3481.00 120 0.0004 1.4767 4.125 0.163 1.6397 
2750.0 3.96 6.13 25.30 1.76 0.05 3481.00 120 0.0005 1.7617 4.125 0.197 1.9591 
3000.0 4.32 6.68 25.30 1.91 0.06 3481.00 120 0.0006 2.0698 4.125 0.235 2.3046 
3250.0 4.68 7.24 25.30 2.07 0.07 3481.00 120 0.0007 2.4005 4.125 0.276 2.6761 
3500.0 5.04 7.80 25.30 2.23 0.08 3481.00 120 0.0008 2.7537 4.125 0.320 3.0733 
3750.0 5.40 8.36 25.30 2.39 0.09 3481.00 120 0.0009 3.1290 4.125 0.367 3.4959 
4000.0 5.76 8.91 25.30 2.55 0.10 3481.00 120 0.0010 3.5262 4.125 0.417 3.9437 
4250.0 6.12 9.47 25.30 2.71 0.11 3481.00 120 0.0011 3.9452 4.125 0.471 4.4165 
4500.0 6.48 10.03 25.30 2.87 0.13 3481.00 120 0.0013 4.3858 4.125 0.528 4.9141 
4750.0 6.84 10.58 25.30 3.03 0.14 3481.00 120 0.0014 4.8477 4.125 0.589 5.4364 
5000.0 7.20 11.14 25.30 3.19 0.16 3481.00 120 0.0015 5.3308 4.125 0.652 5.9831 
5250.0 7.56 11.70 25.30 3.35 0.17 3481.00 120 0.0017 5.8349 4.125 0.719 6.5540 
5500.0 7.92 12.25 25.30 3.51 0.19 3481.00 120 0.0018 6.3599 4.125 0.789 7.1491 
5750.0 8.28 12.81 25.30 3.67 0.21 3481.00 120 0.0020 6.9056 4.125 0.863 7.7683 
6000.0 8.64 13.37 25.30 3.83 0.23 3481.00 120 0.0021 7.4719 4.125 0.939 8.4112 
6250.0 9.00 13.93 25.30 3.99 0.25 3481.00 120 0.0023 8.0587 4.125 1.019 9.0779 
6500.0 9.36 14.48 25.30 4.15 0.27 3481.00 120 0.0025 8.6659 4.125 1.102 9.7682 
6750.0 9.72 15.04 25.30 4.31 0.29 3481.00 120 0.0027 9.2933 4.125 1.189 10.4820 
7000.0 10.08 15.60 25.30 4.47 0.31 3481.00 120 0.0029 9.9408 4.125 1.278 11.2192 
7250.0 10.44 16.15 25.30 4.63 0.33 3481.00 120 0.0030 10.6082 4.125 1.371 11.9797 
7500.0 10.80 16.71 25.30 4.79 0.36 3481.00 120 0.0032 11.2956 4.125 1.468 12.7633 
7750.0 11.16 17.27 25.30 4.95 0.38 3481.00 120 0.0034 12.0029 4.125 1.567 13.5700 
8000.0 11.52 17.83 25.30 5.11 0.40 3481.00 120 0.0037 12.7298 4.125 1.670 14.3996 
8250.0 11.88 18.38 25.30 5.27 0.43 3481.00 120 0.0039 13.4763 4.125 1.776 15.2521 
8500.0 12.24 18.94 25.30 5.42 0.46 3481.00 120 0.0041 14.2423 4.125 1.885 16.1274 
8750.0 12.60 19.50 25.30 5.58 0.48 3481.00 120 0.0043 15.0278 4.125 1.998 17.0255 
9000.0 12.96 20.05 25.30 5.74 0.51 3481.00 120 0.0045 15.8327 4.125 2.113 17.9461 
9250.0 13.32 20.61 25.30 5.90 0.54 3481.00 120 0.0048 16.6568 4.125 2.232 18.8893 
9500.0 13.68 21.17 25.30 6.06 0.57 3481.00 120 0.0050 17.5002 4.125 2.355 19.8549 
9750.0 14.04 21.72 25.30 6.22 0.60 3481.00 120 0.0053 18.3626 4.125 2.480 20.8429 

10000.0 14.40 22.28 25.30 6.38 0.63 3481.00 120 0.0055 19.2441 4.125 2.609 21.8532 
10250.0 14.76 22.84 25.30 6.54 0.66 3481.00 120 0.0058 20.1446 4.125 2.741 22.8858 
10500.0 15.12 23.40 25.30 6.70 0.70 3481.00 120 0.0061 21.0640 4.125 2.877 23.9405 
10750.0 15.48 23.95 25.30 6.86 0.73 3481.00 120 0.0063 22.0022 4.125 3.015 25.0174 
11000.0 15.84 24.51 25.30 7.02 0.77 3481.00 120 0.0066 22.9592 4.125 3.157 26.1163 
11250.0 16.20 25.07 25.30 7.18 0.80 3481.00 120 0.0069 23.9349 4.125 3.302 27.2371 
11500.0 16.56 25.62 25.30 7.34 0.84 3481.00 120 0.0072 24.9293 4.125 3.451 28.3799 
11750.0 16.92 26.18 25.30 7.50 0.87 3481.00 120 0.0075 25.9423 4.125 3.602 29.5445 
12000.0 17.28 26.74 25.30 7.66 0.91 3481.00 120 0.0077 26.9738 4.125 3.757 30.7309 
12250.0 17.64 27.30 25.30 7.82 0.95 3481.00 120 0.0081 28.0237 4.125 3.915 31.9390 
12500.0 18.00 27.85 25.30 7.98 0.99 3481.00 120 0.0084 29.0921 4.125 4.077 33.1689 
12750.0 18.36 28.41 25.30 8.14 1.03 3481.00 120 0.0087 30.1788 4.125 4.241 34.4203 
13000.0 18.72 28.97 25.30 8.30 1.07 3481.00 120 0.0090 31.2839 4.125 4.409 35.6933 
13250.0 19.08 29.52 25.30 8.46 1.11 3481.00 120 0.0093 32.4072 4.125 4.581 36.9879 
13500.0 19.44 30.08 25.30 8.62 1.15 3481.00 120 0.0096 33.5487 4.125 4.755 38.3039 

FM System Curve– 25.3" (30” HDPE) 
Diameter =  25.3 in 
Area =  3.4911 ft2 
RH= 0.5271   
C= 100   



Bridgehead Pump Station with AFM101 
14-inch Parallel Forcemain Portion Only –A Modified High Point 

 
13750.0 19.80 30.64 25.30 8.78 1.20 3481.00 120 0.0100 34.7084 4.125 4.933 39.6413 
14000.0 20.16 31.19 25.30 8.94 1.24 3481.00 120 0.0103 35.8861 4.125 5.114 41.0000 
14250.0 20.52 31.75 25.30 9.09 1.28 3481.00 120 0.0107 37.0820 4.125 5.298 42.3801 
14500.0 20.88 32.31 25.30 9.25 1.33 3481.00 120 0.0110 38.2958 4.125 5.486 43.7815 
14750.0 21.24 32.87 25.30 9.41 1.38 3481.00 120 0.0114 39.5276 4.125 5.676 45.2041 
15000.0 21.60 33.42 25.30 9.57 1.42 3481.00 120 0.0117 40.7773 4.125 5.871 46.6479 
15250.0 21.96 33.98 25.30 9.73 1.47 3481.00 120 0.0121 42.0449 4.125 6.068 48.1128 
15500.0 22.32 34.54 25.30 9.89 1.52 3481.00 120 0.0124 43.3303 4.125 6.268 49.5988 
15750.0 22.68 35.09 25.30 10.05 1.57 3481.00 120 0.0128 44.6335 4.125 6.472 51.1058 
16000.0 23.04 35.65 25.30 10.21 1.62 3481.00 120 0.0132 45.9545 4.125 6.679 52.6339 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 3580.41 100 0.0000 0.0000 1.00 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 3580.41 100 0.0000 0.0387 1.00 0.000 0.0392 
500.0 0.72 1.11 24.00 0.35 0.00 3580.41 100 0.0000 0.1397 1.00 0.002 0.1417 
750.0 1.08 1.67 24.00 0.53 0.00 3580.41 100 0.0001 0.2961 1.00 0.004 0.3004 

1000.0 1.44 2.23 24.00 0.71 0.01 3580.41 100 0.0001 0.5044 1.00 0.008 0.5122 
1250.0 1.80 2.79 24.00 0.89 0.01 3580.41 100 0.0002 0.7625 1.00 0.012 0.7747 
1500.0 2.16 3.34 24.00 1.06 0.02 3580.41 100 0.0003 1.0688 1.00 0.018 1.0863 
1750.0 2.52 3.90 24.00 1.24 0.02 3580.41 100 0.0004 1.4219 1.00 0.024 1.4458 
2000.0 2.88 4.46 24.00 1.42 0.03 3580.41 100 0.0005 1.8208 1.00 0.031 1.8520 
2250.0 3.24 5.01 24.00 1.60 0.04 3580.41 100 0.0006 2.2646 1.00 0.040 2.3042 
2500.0 3.60 5.57 24.00 1.77 0.05 3580.41 100 0.0008 2.7526 1.00 0.049 2.8014 
2750.0 3.96 6.13 24.00 1.95 0.06 3580.41 100 0.0009 3.2840 1.00 0.059 3.3430 
3000.0 4.32 6.68 24.00 2.13 0.07 3580.41 100 0.0011 3.8582 1.00 0.070 3.9285 
3250.0 4.68 7.24 24.00 2.31 0.08 3580.41 100 0.0012 4.4747 1.00 0.083 4.5572 
3500.0 5.04 7.80 24.00 2.48 0.10 3580.41 100 0.0014 5.1330 1.00 0.096 5.2287 
3750.0 5.40 8.36 24.00 2.66 0.11 3580.41 100 0.0016 5.8326 1.00 0.110 5.9424 
4000.0 5.76 8.91 24.00 2.84 0.12 3580.41 100 0.0018 6.5731 1.00 0.125 6.6981 
4250.0 6.12 9.47 24.00 3.01 0.14 3580.41 100 0.0021 7.3541 1.00 0.141 7.4952 
4500.0 6.48 10.03 24.00 3.19 0.16 3580.41 100 0.0023 8.1753 1.00 0.158 8.3335 
4750.0 6.84 10.58 24.00 3.37 0.18 3580.41 100 0.0025 9.0363 1.00 0.176 9.2126 
5000.0 7.20 11.14 24.00 3.55 0.20 3580.41 100 0.0028 9.9368 1.00 0.195 10.1321 
5250.0 7.56 11.70 24.00 3.72 0.22 3580.41 100 0.0030 10.8765 1.00 0.215 11.0918 
5500.0 7.92 12.25 24.00 3.90 0.24 3580.41 100 0.0033 11.8552 1.00 0.236 12.0914 
5750.0 8.28 12.81 24.00 4.08 0.26 3580.41 100 0.0036 12.8724 1.00 0.258 13.1307 
6000.0 8.64 13.37 24.00 4.26 0.28 3580.41 100 0.0039 13.9281 1.00 0.281 14.2093 
6250.0 9.00 13.93 24.00 4.43 0.31 3580.41 100 0.0042 15.0219 1.00 0.305 15.3270 
6500.0 9.36 14.48 24.00 4.61 0.33 3580.41 100 0.0045 16.1537 1.00 0.330 16.4837 
6750.0 9.72 15.04 24.00 4.79 0.36 3580.41 100 0.0048 17.3231 1.00 0.356 17.6790 
7000.0 10.08 15.60 24.00 4.96 0.38 3580.41 100 0.0052 18.5301 1.00 0.383 18.9128 
7250.0 10.44 16.15 24.00 5.14 0.41 3580.41 100 0.0055 19.7743 1.00 0.411 20.1849 
7500.0 10.80 16.71 24.00 5.32 0.44 3580.41 100 0.0059 21.0557 1.00 0.439 21.4950 
7750.0 11.16 17.27 24.00 5.50 0.47 3580.41 100 0.0062 22.3739 1.00 0.469 22.8431 
8000.0 11.52 17.83 24.00 5.67 0.50 3580.41 100 0.0066 23.7289 1.00 0.500 24.2288 
8250.0 11.88 18.38 24.00 5.85 0.53 3580.41 100 0.0070 25.1205 1.00 0.532 25.6521 
8500.0 12.24 18.94 24.00 6.03 0.56 3580.41 100 0.0074 26.5485 1.00 0.564 27.1128 
8750.0 12.60 19.50 24.00 6.21 0.60 3580.41 100 0.0078 28.0127 1.00 0.598 28.6107 
9000.0 12.96 20.05 24.00 6.38 0.63 3580.41 100 0.0082 29.5130 1.00 0.633 30.1457 
9250.0 13.32 20.61 24.00 6.56 0.67 3580.41 100 0.0087 31.0492 1.00 0.668 31.7175 
9500.0 13.68 21.17 24.00 6.74 0.70 3580.41 100 0.0091 32.6212 1.00 0.705 33.3261 
9750.0 14.04 21.72 24.00 6.92 0.74 3580.41 100 0.0096 34.2288 1.00 0.743 34.9714 

10000.0 14.40 22.28 24.00 7.09 0.78 3580.41 100 0.0100 35.8720 1.00 0.781 36.6531 
10250.0 14.76 22.84 24.00 7.27 0.82 3580.41 100 0.0105 37.5506 1.00 0.821 38.3712 
10500.0 15.12 23.40 24.00 7.45 0.86 3580.41 100 0.0110 39.2643 1.00 0.861 40.1255 
10750.0 15.48 23.95 24.00 7.62 0.90 3580.41 100 0.0115 41.0133 1.00 0.903 41.9159 

FM System Curve – 24"  
 Diameter =  24 in 

Area =  3.1416 ft2 
RH= 0.5   
C= 100   



Bridgehead Pump Station with AFM101 
14-inch Parallel Forcemain Portion Only –A Modified High Point 

 
11000.0 15.84 24.51 24.00 7.80 0.95 3580.41 100 0.0120 42.7972 1.00 0.945 43.7423 
11250.0 16.20 25.07 24.00 7.98 0.99 3580.41 100 0.0125 44.6160 1.00 0.989 45.6045 
11500.0 16.56 25.62 24.00 8.16 1.03 3580.41 100 0.0130 46.4695 1.00 1.033 47.5025 
11750.0 16.92 26.18 24.00 8.33 1.08 3580.41 100 0.0135 48.3577 1.00 1.078 49.4361 
12000.0 17.28 26.74 24.00 8.51 1.12 3580.41 100 0.0140 50.2805 1.00 1.125 51.4053 
12250.0 17.64 27.30 24.00 8.69 1.17 3580.41 100 0.0146 52.2377 1.00 1.172 53.4098 
12500.0 18.00 27.85 24.00 8.87 1.22 3580.41 100 0.0151 54.2292 1.00 1.220 55.4497 
12750.0 18.36 28.41 24.00 9.04 1.27 3580.41 100 0.0157 56.2549 1.00 1.270 57.5247 
13000.0 18.72 28.97 24.00 9.22 1.32 3580.41 100 0.0163 58.3148 1.00 1.320 59.6349 
13250.0 19.08 29.52 24.00 9.40 1.37 3580.41 100 0.0169 60.4087 1.00 1.371 61.7800 
13500.0 19.44 30.08 24.00 9.57 1.42 3580.41 100 0.0175 62.5365 1.00 1.424 63.9601 
13750.0 19.80 30.64 24.00 9.75 1.48 3580.41 100 0.0181 64.6982 1.00 1.477 66.1750 
14000.0 20.16 31.19 24.00 9.93 1.53 3580.41 100 0.0187 66.8936 1.00 1.531 68.4246 
14250.0 20.52 31.75 24.00 10.11 1.59 3580.41 100 0.0193 69.1227 1.00 1.586 70.7089 
14500.0 20.88 32.31 24.00 10.28 1.64 3580.41 100 0.0199 71.3854 1.00 1.642 73.0277 
14750.0 21.24 32.87 24.00 10.46 1.70 3580.41 100 0.0206 73.6815 1.00 1.699 75.3809 
15000.0 21.60 33.42 24.00 10.64 1.76 3580.41 100 0.0212 76.0111 1.00 1.757 77.7685 
15250.0 21.96 33.98 24.00 10.82 1.82 3580.41 100 0.0219 78.3739 1.00 1.817 80.1905 
15500.0 22.32 34.54 24.00 10.99 1.88 3580.41 100 0.0226 80.7700 1.00 1.877 82.6466 
15750.0 22.68 35.09 24.00 11.17 1.94 3580.41 100 0.0232 83.1992 1.00 1.938 85.1369 
16000.0 23.04 35.65 24.00 11.35 2.00 3580.41 100 0.0239 85.6616 1.00 2.000 87.6612 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Bridgehead Pump Station with AFM101 
14-inch Parallel Forcemain Portion Only –A Modified High Point 

 
 

 
MIN Static Head = 27.85 
MAX Static Head = 32.35 

Q Q Losses 

(gpm) (mgd) 
 0.0 0.00 0.00 

250.0 0.36 1.47 
500.0 0.72 5.30 
750.0 1.08 11.25 

1000.0 1.44 19.19 
1250.0 1.80 29.03 
1500.0 2.16 40.71 
1750.0 2.52 54.20 
2000.0 2.88 69.44 
2250.0 3.24 86.41 
2500.0 3.60 105.07 
2750.0 3.96 125.40 
3000.0 4.32 147.39 
3250.0 4.68 170.99 
3500.0 5.04 196.21 
3750.0 5.40 223.02 
4000.0 5.76 251.40 
4250.0 6.12 281.35 
4500.0 6.48 312.85 
4750.0 6.84 345.88 
5000.0 7.20 380.43 
5250.0 7.56 416.50 
5500.0 7.92 454.07 
5750.0 8.28 493.13 
6000.0 8.64 533.68 
6250.0 9.00 575.70 
6500.0 9.36 619.19 
6750.0 9.72 664.13 
7000.0 10.08 710.52 
7250.0 10.44 758.36 
7500.0 10.80 807.63 
7750.0 11.16 858.33 
8000.0 11.52 910.45 
8250.0 11.88 963.98 
8500.0 12.24 1018.93 
8750.0 12.60 1075.28 
9000.0 12.96 1133.02 
9250.0 13.32 1192.16 
9500.0 13.68 1252.68 
9750.0 14.04 1314.58 

10000.0 14.40 1377.86 
10250.0 14.76 1442.51 
10500.0 15.12 1508.53 
10750.0 15.48 1575.91 
11000.0 15.84 1644.64 
11250.0 16.20 1714.73 
11500.0 16.56 1786.17 
11750.0 16.92 1858.95 
12000.0 17.28 1933.07 
12250.0 17.64 2008.52 
12500.0 18.00 2085.31 
12750.0 18.36 2163.43 
13000.0 18.72 2242.87 
13250.0 19.08 2323.63 
13500.0 19.44 2405.71 
13750.0 19.80 2489.11 
14000.0 20.16 2573.81 
14250.0 20.52 2659.83 
14500.0 20.88 2747.14 
14750.0 21.24 2835.76 
15000.0 21.60 2925.67 
15250.0 21.96 3016.88 
15500.0 22.32 3109.38 
15750.0 22.68 3203.17 
16000.0 23.04 3298.24 

Q Q Min Static Max Static 

(gpm) (mgd) 
 

  

0.0 0.00 27.85 32.35 
250.0 0.36 29.32 33.82 
500.0 0.72 33.15 37.65 
750.0 1.08 39.10 43.60 

1000.0 1.44 47.04 51.54 
1250.0 1.80 56.88 61.38 
1500.0 2.16 68.56 73.06 
1750.0 2.52 82.05 86.55 
2000.0 2.88 97.29 101.79 
2250.0 3.24 114.26 118.76 
2500.0 3.60 132.92 137.42 
2750.0 3.96 153.25 157.75 
3000.0 4.32 175.24 179.74 
3250.0 4.68 198.84 203.34 
3500.0 5.04 224.06 228.56 
3750.0 5.40 250.87 255.37 
4000.0 5.76 279.25 283.75 
4250.0 6.12 309.20 313.70 
4500.0 6.48 340.70 345.20 
4750.0 6.84 373.73 378.23 
5000.0 7.20 408.28 412.78 
5250.0 7.56 444.35 448.85 
5500.0 7.92 481.92 486.42 
5750.0 8.28 520.98 525.48 
6000.0 8.64 561.53 566.03 
6250.0 9.00 603.55 608.05 
6500.0 9.36 647.04 651.54 
6750.0 9.72 691.98 696.48 
7000.0 10.08 738.37 742.87 
7250.0 10.44 786.21 790.71 
7500.0 10.80 835.48 839.98 
7750.0 11.16 886.18 890.68 
8000.0 11.52 938.30 942.80 
8250.0 11.88 991.83 996.33 
8500.0 12.24 1046.78 1051.28 
8750.0 12.60 1103.13 1107.63 
9000.0 12.96 1160.87 1165.37 
9250.0 13.32 1220.01 1224.51 
9500.0 13.68 1280.53 1285.03 
9750.0 14.04 1342.43 1346.93 

10000.0 14.40 1405.71 1410.21 
10250.0 14.76 1470.36 1474.86 
10500.0 15.12 1536.38 1540.88 
10750.0 15.48 1603.76 1608.26 
11000.0 15.84 1672.49 1676.99 
11250.0 16.20 1742.58 1747.08 
11500.0 16.56 1814.02 1818.52 
11750.0 16.92 1886.80 1891.30 
12000.0 17.28 1960.92 1965.42 
12250.0 17.64 2036.37 2040.87 
12500.0 18.00 2113.16 2117.66 
12750.0 18.36 2191.28 2195.78 
13000.0 18.72 2270.72 2275.22 
13250.0 19.08 2351.48 2355.98 
13500.0 19.44 2433.56 2438.06 
13750.0 19.80 2516.96 2521.46 
14000.0 20.16 2601.66 2606.16 
14250.0 20.52 2687.68 2692.18 
14500.0 20.88 2774.99 2779.49 
14750.0 21.24 2863.61 2868.11 
15000.0 21.60 2953.52 2958.02 
15250.0 21.96 3044.73 3049.23 
15500.0 22.32 3137.23 3141.73 
15750.0 22.68 3231.02 3235.52 
16000.0 23.04 3326.09 3330.59 



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – B Modified High Point 
 

 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 

FM System Curve - 24" 
 Diameter =  24 in 

Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – B Modified High Point 
 

13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 316.00 100 0.0000 0.0000 3.8 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 316.00 100 0.0000 0.0034 3.8 0.002 0.0053 
500.0 0.72 1.11 24.00 0.35 0.00 316.00 100 0.0000 0.0123 3.8 0.007 0.0198 
750.0 1.08 1.67 24.00 0.53 0.00 316.00 100 0.0001 0.0261 3.8 0.017 0.0428 

1000.0 1.44 2.23 24.00 0.71 0.01 316.00 100 0.0001 0.0445 3.8 0.030 0.0742 
1250.0 1.80 2.79 24.00 0.89 0.01 316.00 100 0.0002 0.0673 3.8 0.046 0.1137 
1500.0 2.16 3.34 24.00 1.06 0.02 316.00 100 0.0003 0.0943 3.8 0.067 0.1611 
1750.0 2.52 3.90 24.00 1.24 0.02 316.00 100 0.0004 0.1255 3.8 0.091 0.2164 
2000.0 2.88 4.46 24.00 1.42 0.03 316.00 100 0.0005 0.1607 3.8 0.119 0.2794 
2250.0 3.24 5.01 24.00 1.60 0.04 316.00 100 0.0006 0.1999 3.8 0.150 0.3501 
2500.0 3.60 5.57 24.00 1.77 0.05 316.00 100 0.0008 0.2429 3.8 0.186 0.4284 
2750.0 3.96 6.13 24.00 1.95 0.06 316.00 100 0.0009 0.2898 3.8 0.224 0.5143 
3000.0 4.32 6.68 24.00 2.13 0.07 316.00 100 0.0011 0.3405 3.8 0.267 0.6077 
3250.0 4.68 7.24 24.00 2.31 0.08 316.00 100 0.0012 0.3949 3.8 0.314 0.7084 
3500.0 5.04 7.80 24.00 2.48 0.10 316.00 100 0.0014 0.4530 3.8 0.364 0.8166 
3750.0 5.40 8.36 24.00 2.66 0.11 316.00 100 0.0016 0.5148 3.8 0.417 0.9322 
4000.0 5.76 8.91 24.00 2.84 0.12 316.00 100 0.0018 0.5801 3.8 0.475 1.0550 
4250.0 6.12 9.47 24.00 3.01 0.14 316.00 100 0.0021 0.6491 3.8 0.536 1.1852 
4500.0 6.48 10.03 24.00 3.19 0.16 316.00 100 0.0023 0.7215 3.8 0.601 1.3226 
4750.0 6.84 10.58 24.00 3.37 0.18 316.00 100 0.0025 0.7975 3.8 0.670 1.4672 
5000.0 7.20 11.14 24.00 3.55 0.20 316.00 100 0.0028 0.8770 3.8 0.742 1.6191 
5250.0 7.56 11.70 24.00 3.72 0.22 316.00 100 0.0030 0.9599 3.8 0.818 1.7781 
5500.0 7.92 12.25 24.00 3.90 0.24 316.00 100 0.0033 1.0463 3.8 0.898 1.9442 
5750.0 8.28 12.81 24.00 4.08 0.26 316.00 100 0.0036 1.1361 3.8 0.981 2.1175 
6000.0 8.64 13.37 24.00 4.26 0.28 316.00 100 0.0039 1.2293 3.8 1.069 2.2978 
6250.0 9.00 13.93 24.00 4.43 0.31 316.00 100 0.0042 1.3258 3.8 1.159 2.4853 
6500.0 9.36 14.48 24.00 4.61 0.33 316.00 100 0.0045 1.4257 3.8 1.254 2.6798 
6750.0 9.72 15.04 24.00 4.79 0.36 316.00 100 0.0048 1.5289 3.8 1.352 2.8813 
7000.0 10.08 15.60 24.00 4.96 0.38 316.00 100 0.0052 1.6354 3.8 1.454 3.0898 
7250.0 10.44 16.15 24.00 5.14 0.41 316.00 100 0.0055 1.7452 3.8 1.560 3.3054 
7500.0 10.80 16.71 24.00 5.32 0.44 316.00 100 0.0059 1.8583 3.8 1.670 3.5279 
7750.0 11.16 17.27 24.00 5.50 0.47 316.00 100 0.0062 1.9747 3.8 1.783 3.7575 
8000.0 11.52 17.83 24.00 5.67 0.50 316.00 100 0.0066 2.0943 3.8 1.900 3.9939 
8250.0 11.88 18.38 24.00 5.85 0.53 316.00 100 0.0070 2.2171 3.8 2.020 4.2373 
8500.0 12.24 18.94 24.00 6.03 0.56 316.00 100 0.0074 2.3431 3.8 2.145 4.4876 
8750.0 12.60 19.50 24.00 6.21 0.60 316.00 100 0.0078 2.4723 3.8 2.273 4.7449 
9000.0 12.96 20.05 24.00 6.38 0.63 316.00 100 0.0082 2.6048 3.8 2.404 5.0090 
9250.0 13.32 20.61 24.00 6.56 0.67 316.00 100 0.0087 2.7403 3.8 2.540 5.2800 
9500.0 13.68 21.17 24.00 6.74 0.70 316.00 100 0.0091 2.8791 3.8 2.679 5.5579 
9750.0 14.04 21.72 24.00 6.92 0.74 316.00 100 0.0096 3.0210 3.8 2.822 5.8426 

10000.0 14.40 22.28 24.00 7.09 0.78 316.00 100 0.0100 3.1660 3.8 2.968 6.1342 

FM System Curve - 24" (14" parallel FM portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH= 0.5   
C= 100   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – B Modified High Point 
 

10250.0 14.76 22.84 24.00 7.27 0.82 316.00 100 0.0105 3.3141 3.8 3.118 6.4326 
10500.0 15.12 23.40 24.00 7.45 0.86 316.00 100 0.0110 3.4654 3.8 3.272 6.7378 
10750.0 15.48 23.95 24.00 7.62 0.90 316.00 100 0.0115 3.6197 3.8 3.430 7.0499 
11000.0 15.84 24.51 24.00 7.80 0.95 316.00 100 0.0120 3.7772 3.8 3.592 7.3687 
11250.0 16.20 25.07 24.00 7.98 0.99 316.00 100 0.0125 3.9377 3.8 3.757 7.6943 
11500.0 16.56 25.62 24.00 8.16 1.03 316.00 100 0.0130 4.1013 3.8 3.925 8.0267 
11750.0 16.92 26.18 24.00 8.33 1.08 316.00 100 0.0135 4.2680 3.8 4.098 8.3659 
12000.0 17.28 26.74 24.00 8.51 1.12 316.00 100 0.0140 4.4377 3.8 4.274 8.7119 
12250.0 17.64 27.30 24.00 8.69 1.17 316.00 100 0.0146 4.6104 3.8 4.454 9.0645 
12500.0 18.00 27.85 24.00 8.87 1.22 316.00 100 0.0151 4.7862 3.8 4.638 9.4240 
12750.0 18.36 28.41 24.00 9.04 1.27 316.00 100 0.0157 4.9650 3.8 4.825 9.7901 
13000.0 18.72 28.97 24.00 9.22 1.32 316.00 100 0.0163 5.1468 3.8 5.016 10.1630 
13250.0 19.08 29.52 24.00 9.40 1.37 316.00 100 0.0169 5.3316 3.8 5.211 10.5426 
13500.0 19.44 30.08 24.00 9.57 1.42 316.00 100 0.0175 5.5194 3.8 5.410 10.9289 
13750.0 19.80 30.64 24.00 9.75 1.48 316.00 100 0.0181 5.7101 3.8 5.612 11.3219 
14000.0 20.16 31.19 24.00 9.93 1.53 316.00 100 0.0187 5.9039 3.8 5.818 11.7216 
14250.0 20.52 31.75 24.00 10.11 1.59 316.00 100 0.0193 6.1006 3.8 6.027 12.1279 
14500.0 20.88 32.31 24.00 10.28 1.64 316.00 100 0.0199 6.3003 3.8 6.241 12.5410 
14750.0 21.24 32.87 24.00 10.46 1.70 316.00 100 0.0206 6.5030 3.8 6.458 12.9607 
15000.0 21.60 33.42 24.00 10.64 1.76 316.00 100 0.0212 6.7086 3.8 6.678 13.3870 
15250.0 21.96 33.98 24.00 10.82 1.82 316.00 100 0.0219 6.9171 3.8 6.903 13.8200 
15500.0 22.32 34.54 24.00 10.99 1.88 316.00 100 0.0226 7.1286 3.8 7.131 14.2597 
15750.0 22.68 35.09 24.00 11.17 1.94 316.00 100 0.0232 7.3430 3.8 7.363 14.7060 
16000.0 23.04 35.65 24.00 11.35 2.00 316.00 100 0.0239 7.5603 3.8 7.599 15.1589 

 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 68.50 100 0.0000 0.0000 1.72 0.000 0.0000 
250.0 0.36 0.56 14.00 0.52 0.00 68.50 100 0.0001 0.0102 1.72 0.007 0.0175 
500.0 0.72 1.11 14.00 1.04 0.02 68.50 100 0.0005 0.0369 1.72 0.029 0.0659 
750.0 1.08 1.67 14.00 1.56 0.04 68.50 100 0.0011 0.0782 1.72 0.065 0.1435 

1000.0 1.44 2.23 14.00 2.08 0.07 68.50 100 0.0019 0.1333 1.72 0.116 0.2493 
1250.0 1.80 2.79 14.00 2.61 0.11 68.50 100 0.0029 0.2014 1.72 0.181 0.3827 
1500.0 2.16 3.34 14.00 3.13 0.15 68.50 100 0.0041 0.2824 1.72 0.261 0.5434 
1750.0 2.52 3.90 14.00 3.65 0.21 68.50 100 0.0055 0.3756 1.72 0.355 0.7310 
2000.0 2.88 4.46 14.00 4.17 0.27 68.50 100 0.0070 0.4810 1.72 0.464 0.9452 
2250.0 3.24 5.01 14.00 4.69 0.34 68.50 100 0.0087 0.5983 1.72 0.587 1.1857 
2500.0 3.60 5.57 14.00 5.21 0.42 68.50 100 0.0106 0.7272 1.72 0.725 1.4524 
2750.0 3.96 6.13 14.00 5.73 0.51 68.50 100 0.0127 0.8676 1.72 0.877 1.7451 
3000.0 4.32 6.68 14.00 6.25 0.61 68.50 100 0.0149 1.0193 1.72 1.044 2.0636 
3250.0 4.68 7.24 14.00 6.77 0.71 68.50 100 0.0173 1.1822 1.72 1.226 2.4077 
3500.0 5.04 7.80 14.00 7.30 0.83 68.50 100 0.0198 1.3561 1.72 1.421 2.7775 
3750.0 5.40 8.36 14.00 7.82 0.95 68.50 100 0.0225 1.5409 1.72 1.632 3.1726 
4000.0 5.76 8.91 14.00 8.34 1.08 68.50 100 0.0254 1.7366 1.72 1.856 3.5930 
4250.0 6.12 9.47 14.00 8.86 1.22 68.50 100 0.0284 1.9429 1.72 2.096 4.0387 
4500.0 6.48 10.03 14.00 9.38 1.37 68.50 100 0.0315 2.1599 1.72 2.350 4.5095 
4750.0 6.84 10.58 14.00 9.90 1.52 68.50 100 0.0349 2.3873 1.72 2.618 5.0053 
5000.0 7.20 11.14 14.00 10.42 1.69 68.50 100 0.0383 2.6252 1.72 2.901 5.5260 
5250.0 7.56 11.70 14.00 10.94 1.86 68.50 100 0.0419 2.8735 1.72 3.198 6.0716 
5500.0 7.92 12.25 14.00 11.46 2.04 68.50 100 0.0457 3.1320 1.72 3.510 6.6420 
5750.0 8.28 12.81 14.00 11.98 2.23 68.50 100 0.0496 3.4008 1.72 3.836 7.2370 
6000.0 8.64 13.37 14.00 12.51 2.43 68.50 100 0.0537 3.6797 1.72 4.177 7.8568 
6250.0 9.00 13.93 14.00 13.03 2.64 68.50 100 0.0579 3.9687 1.72 4.532 8.5011 
6500.0 9.36 14.48 14.00 13.55 2.85 68.50 100 0.0623 4.2677 1.72 4.902 9.1699 
6750.0 9.72 15.04 14.00 14.07 3.07 68.50 100 0.0668 4.5766 1.72 5.287 9.8633 

FM System Curve - 14" (14" parallel FM portion) 
Diameter =  14 in 
Area =  1.069 ft2 
RH = 0.2917   
C= 100   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – B Modified High Point 
 

7000.0 10.08 15.60 14.00 14.59 3.31 68.50 100 0.0715 4.8955 1.72 5.685 10.5810 
7250.0 10.44 16.15 14.00 15.11 3.55 68.50 100 0.0763 5.2242 1.72 6.099 11.3231 
7500.0 10.80 16.71 14.00 15.63 3.79 68.50 100 0.0812 5.5628 1.72 6.527 12.0894 
7750.0 11.16 17.27 14.00 16.15 4.05 68.50 100 0.0863 5.9110 1.72 6.969 12.8801 
8000.0 11.52 17.83 14.00 16.67 4.32 68.50 100 0.0915 6.2690 1.72 7.426 13.6949 
8250.0 11.88 18.38 14.00 17.20 4.59 68.50 100 0.0969 6.6367 1.72 7.897 14.5339 
8500.0 12.24 18.94 14.00 17.72 4.87 68.50 100 0.1024 7.0139 1.72 8.383 15.3971 
8750.0 12.60 19.50 14.00 18.24 5.16 68.50 100 0.1080 7.4007 1.72 8.884 16.2843 
9000.0 12.96 20.05 14.00 18.76 5.46 68.50 100 0.1138 7.7971 1.72 9.398 17.1955 
9250.0 13.32 20.61 14.00 19.28 5.77 68.50 100 0.1198 8.2030 1.72 9.928 18.1308 
9500.0 13.68 21.17 14.00 19.80 6.09 68.50 100 0.1258 8.6183 1.72 10.472 19.0900 
9750.0 14.04 21.72 14.00 20.32 6.41 68.50 100 0.1320 9.0430 1.72 11.030 20.0731 

10000.0 14.40 22.28 14.00 20.84 6.75 68.50 100 0.1384 9.4771 1.72 11.603 21.0801 
10250.0 14.76 22.84 14.00 21.36 7.09 68.50 100 0.1448 9.9206 1.72 12.190 22.1110 
10500.0 15.12 23.40 14.00 21.89 7.44 68.50 100 0.1514 10.3734 1.72 12.792 23.1657 
10750.0 15.48 23.95 14.00 22.41 7.80 68.50 100 0.1582 10.8354 1.72 13.409 24.2441 
11000.0 15.84 24.51 14.00 22.93 8.16 68.50 100 0.1651 11.3067 1.72 14.040 25.3463 
11250.0 16.20 25.07 14.00 23.45 8.54 68.50 100 0.1721 11.7872 1.72 14.685 26.4722 
11500.0 16.56 25.62 14.00 23.97 8.92 68.50 100 0.1792 12.2769 1.72 15.345 27.6219 
11750.0 16.92 26.18 14.00 24.49 9.31 68.50 100 0.1865 12.7758 1.72 16.019 28.7951 
12000.0 17.28 26.74 14.00 25.01 9.71 68.50 100 0.1939 13.2837 1.72 16.708 29.9920 
12250.0 17.64 27.30 14.00 25.53 10.12 68.50 100 0.2015 13.8008 1.72 17.412 31.2126 
12500.0 18.00 27.85 14.00 26.05 10.54 68.50 100 0.2092 14.3270 1.72 18.130 32.4566 
12750.0 18.36 28.41 14.00 26.58 10.97 68.50 100 0.2170 14.8621 1.72 18.862 33.7243 
13000.0 18.72 28.97 14.00 27.10 11.40 68.50 100 0.2249 15.4063 1.72 19.609 35.0154 
13250.0 19.08 29.52 14.00 27.62 11.84 68.50 100 0.2330 15.9595 1.72 20.371 36.3300 
13500.0 19.44 30.08 14.00 28.14 12.29 68.50 100 0.2412 16.5217 1.72 21.146 37.6682 
13750.0 19.80 30.64 14.00 28.66 12.75 68.50 100 0.2495 17.0928 1.72 21.937 39.0297 
14000.0 20.16 31.19 14.00 29.18 13.22 68.50 100 0.2580 17.6728 1.72 22.742 40.4147 
14250.0 20.52 31.75 14.00 29.70 13.70 68.50 100 0.2666 18.2617 1.72 23.561 41.8230 
14500.0 20.88 32.31 14.00 30.22 14.18 68.50 100 0.2753 18.8595 1.72 24.395 43.2548 
14750.0 21.24 32.87 14.00 30.74 14.68 68.50 100 0.2842 19.4661 1.72 25.244 44.7099 
15000.0 21.60 33.42 14.00 31.26 15.18 68.50 100 0.2932 20.0816 1.72 26.107 46.1883 
15250.0 21.96 33.98 14.00 31.79 15.69 68.50 100 0.3023 20.7058 1.72 26.984 47.6900 
15500.0 22.32 34.54 14.00 32.31 16.21 68.50 100 0.3115 21.3388 1.72 27.876 49.2150 
15750.0 22.68 35.09 14.00 32.83 16.73 68.50 100 0.3209 21.9806 1.72 28.783 50.7633 
16000.0 23.04 35.65 14.00 33.35 17.27 68.50 100 0.3304 22.6312 1.72 29.704 52.3348 

 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 13.50 0.00 0.00 10640.50 120 0.0000 0.0000 3.1 0.000 0.0000 
250.0 0.36 0.56 13.50 0.56 0.00 10640.50 120 0.0001 1.3528 3.1 0.015 1.3679 
500.0 0.72 1.11 13.50 1.12 0.02 10640.50 120 0.0005 4.8835 3.1 0.060 4.9439 
750.0 1.08 1.67 13.50 1.68 0.04 10640.50 120 0.0010 10.3478 3.1 0.136 10.4839 

1000.0 1.44 2.23 13.50 2.24 0.08 10640.50 120 0.0017 17.6293 3.1 0.242 17.8711 
1250.0 1.80 2.79 13.50 2.80 0.12 10640.50 120 0.0025 26.6509 3.1 0.378 27.0288 
1500.0 2.16 3.34 13.50 3.36 0.18 10640.50 120 0.0035 37.3556 3.1 0.544 37.8998 
1750.0 2.52 3.90 13.50 3.92 0.24 10640.50 120 0.0047 49.6982 3.1 0.741 50.4390 
2000.0 2.88 4.46 13.50 4.48 0.31 10640.50 120 0.0060 63.6417 3.1 0.967 64.6092 
2250.0 3.24 5.01 13.50 5.04 0.39 10640.50 120 0.0074 79.1547 3.1 1.224 80.3791 
2500.0 3.60 5.57 13.50 5.60 0.49 10640.50 120 0.0090 96.2098 3.1 1.512 97.7215 
2750.0 3.96 6.13 13.50 6.16 0.59 10640.50 120 0.0108 114.7833 3.1 1.829 116.6124 
3000.0 4.32 6.68 13.50 6.72 0.70 10640.50 120 0.0127 134.8538 3.1 2.177 137.0306 
3250.0 4.68 7.24 13.50 7.29 0.82 10640.50 120 0.0147 156.4021 3.1 2.555 158.9568 
3500.0 5.04 7.80 13.50 7.85 0.96 10640.50 120 0.0169 179.4108 3.1 2.963 182.3737 
3750.0 5.40 8.36 13.50 8.41 1.10 10640.50 120 0.0192 203.8640 3.1 3.401 207.2652 
4000.0 5.76 8.91 13.50 8.97 1.25 10640.50 120 0.0216 229.7469 3.1 3.870 233.6168 

FM System Curve – 13.5" (14" PVC) (14" parallel FM portion) 
Diameter =  13.5 in 
Area =  0.99402 ft2 
RH= 0.28125   
C= 120   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – B Modified High Point 
 

4250.0 6.12 9.47 13.50 9.53 1.41 10640.50 120 0.0242 257.0460 3.1 4.369 261.4148 
4500.0 6.48 10.03 13.50 10.09 1.58 10640.50 120 0.0269 285.7486 3.1 4.898 290.6465 
4750.0 6.84 10.58 13.50 10.65 1.76 10640.50 120 0.0297 315.8429 3.1 5.457 321.3001 
5000.0 7.20 11.14 13.50 11.21 1.95 10640.50 120 0.0326 347.3178 3.1 6.047 353.3645 
5250.0 7.56 11.70 13.50 11.77 2.15 10640.50 120 0.0357 380.1628 3.1 6.667 386.8293 
5500.0 7.92 12.25 13.50 12.33 2.36 10640.50 120 0.0389 414.3680 3.1 7.317 421.6846 
5750.0 8.28 12.81 13.50 12.89 2.58 10640.50 120 0.0423 449.9242 3.1 7.997 457.9210 
6000.0 8.64 13.37 13.50 13.45 2.81 10640.50 120 0.0458 486.8225 3.1 8.707 495.5298 
6250.0 9.00 13.93 13.50 14.01 3.05 10640.50 120 0.0493 525.0544 3.1 9.448 534.5025 
6500.0 9.36 14.48 13.50 14.57 3.30 10640.50 120 0.0531 564.6120 3.1 10.219 574.8309 
6750.0 9.72 15.04 13.50 15.13 3.55 10640.50 120 0.0569 605.4874 3.1 11.020 616.5076 
7000.0 10.08 15.60 13.50 15.69 3.82 10640.50 120 0.0609 647.6735 3.1 11.852 659.5251 
7250.0 10.44 16.15 13.50 16.25 4.10 10640.50 120 0.0650 691.1631 3.1 12.713 703.8763 
7500.0 10.80 16.71 13.50 16.81 4.39 10640.50 120 0.0692 735.9495 3.1 13.605 749.5546 
7750.0 11.16 17.27 13.50 17.37 4.69 10640.50 120 0.0735 782.0262 3.1 14.527 796.5535 
8000.0 11.52 17.83 13.50 17.93 4.99 10640.50 120 0.0779 829.3870 3.1 15.480 844.8666 
8250.0 11.88 18.38 13.50 18.49 5.31 10640.50 120 0.0825 878.0258 3.1 16.462 894.4880 
8500.0 12.24 18.94 13.50 19.05 5.64 10640.50 120 0.0872 927.9368 3.1 17.475 945.4118 
8750.0 12.60 19.50 13.50 19.61 5.97 10640.50 120 0.0920 979.1145 3.1 18.518 997.6326 
9000.0 12.96 20.05 13.50 20.17 6.32 10640.50 120 0.0969 1031.5533 3.1 19.591 1051.1447 
9250.0 13.32 20.61 13.50 20.73 6.68 10640.50 120 0.1020 1085.2481 3.1 20.695 1105.9430 
9500.0 13.68 21.17 13.50 21.29 7.04 10640.50 120 0.1072 1140.1938 3.1 21.829 1162.0225 
9750.0 14.04 21.72 13.50 21.86 7.42 10640.50 120 0.1124 1196.3854 3.1 22.993 1219.3781 

10000.0 14.40 22.28 13.50 22.42 7.80 10640.50 120 0.1178 1253.8181 3.1 24.187 1278.0050 
10250.0 14.76 22.84 13.50 22.98 8.20 10640.50 120 0.1233 1312.4874 3.1 25.411 1337.8988 
10500.0 15.12 23.40 13.50 23.54 8.60 10640.50 120 0.1290 1372.3887 3.1 26.666 1399.0548 
10750.0 15.48 23.95 13.50 24.10 9.02 10640.50 120 0.1347 1433.5176 3.1 27.951 1461.4686 
11000.0 15.84 24.51 13.50 24.66 9.44 10640.50 120 0.1406 1495.8698 3.1 29.266 1525.1360 
11250.0 16.20 25.07 13.50 25.22 9.87 10640.50 120 0.1466 1559.4413 3.1 30.612 1590.0528 
11500.0 16.56 25.62 13.50 25.78 10.32 10640.50 120 0.1526 1624.2278 3.1 31.987 1656.2150 
11750.0 16.92 26.18 13.50 26.34 10.77 10640.50 120 0.1588 1690.2256 3.1 33.393 1723.6187 
12000.0 17.28 26.74 13.50 26.90 11.24 10640.50 120 0.1652 1757.4307 3.1 34.829 1792.2599 
12250.0 17.64 27.30 13.50 27.46 11.71 10640.50 120 0.1716 1825.8394 3.1 36.295 1862.1349 
12500.0 18.00 27.85 13.50 28.02 12.19 10640.50 120 0.1781 1895.4481 3.1 37.792 1933.2401 
12750.0 18.36 28.41 13.50 28.58 12.68 10640.50 120 0.1848 1966.2531 3.1 39.319 2005.5719 
13000.0 18.72 28.97 13.50 29.14 13.19 10640.50 120 0.1916 2038.2509 3.1 40.876 2079.1267 
13250.0 19.08 29.52 13.50 29.70 13.70 10640.50 120 0.1984 2111.4381 3.1 42.463 2153.9012 
13500.0 19.44 30.08 13.50 30.26 14.22 10640.50 120 0.2054 2185.8114 3.1 44.081 2229.8920 
13750.0 19.80 30.64 13.50 30.82 14.75 10640.50 120 0.2125 2261.3675 3.1 45.728 2307.0959 
14000.0 20.16 31.19 13.50 31.38 15.29 10640.50 120 0.2197 2338.1032 3.1 47.406 2385.5095 
14250.0 20.52 31.75 13.50 31.94 15.84 10640.50 120 0.2271 2416.0153 3.1 49.115 2465.1298 
14500.0 20.88 32.31 13.50 32.50 16.40 10640.50 120 0.2345 2495.1008 3.1 50.853 2545.9537 
14750.0 21.24 32.87 13.50 33.06 16.97 10640.50 120 0.2420 2575.3566 3.1 52.622 2627.9782 
15000.0 21.60 33.42 13.50 33.62 17.56 10640.50 120 0.2497 2656.7798 3.1 54.421 2711.2003 
15250.0 21.96 33.98 13.50 34.18 18.15 10640.50 120 0.2574 2739.3675 3.1 56.250 2795.6172 
15500.0 22.32 34.54 13.50 34.74 18.74 10640.50 120 0.2653 2823.1168 3.1 58.109 2881.2259 
15750.0 22.68 35.09 13.50 35.30 19.35 10640.50 120 0.2733 2908.0250 3.1 59.999 2968.0237 
16000.0 23.04 35.65 13.50 35.87 19.97 10640.50 120 0.2814 2994.0893 3.1 61.918 3056.0078 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 619.99 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 619.99 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 619.99 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 619.99 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 619.99 120 0.0001 0.0642 2.7 0.022 0.0859 

FM System Curve - 23.85" (28" HDPE) 
 Diameter =  23.85 in 

Area =  3.1024 ft2 
RH= 0.4969   
C= 120   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – B Modified High Point 
 

1250.0 1.80 2.79 23.85 0.90 0.01 619.99 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 619.99 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 619.99 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 619.99 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 619.99 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 619.99 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 619.99 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 619.99 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 619.99 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 619.99 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 619.99 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 619.99 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 619.99 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 619.99 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 619.99 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 619.99 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 619.99 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 619.99 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 619.99 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 619.99 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 619.99 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 619.99 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 619.99 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 619.99 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 619.99 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 619.99 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 619.99 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 619.99 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 619.99 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 619.99 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 619.99 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 619.99 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 619.99 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 619.99 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 619.99 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 619.99 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 619.99 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 619.99 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 619.99 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 619.99 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 619.99 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 619.99 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 619.99 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 619.99 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 619.99 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 619.99 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 619.99 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 619.99 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 619.99 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 619.99 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 619.99 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 619.99 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 619.99 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 619.99 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 619.99 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 619.99 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 619.99 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 619.99 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 619.99 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 619.99 120 0.0176 10.9108 2.7 5.536 16.4469 

 

 
 
 
 

 



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – B Modified High Point 
 

 
 
 
 
 
 
 

 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625.00 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625.00 100 0.0000 0.0054 0.6 0.000 0.0056 
500.0 0.72 1.11 25.14 0.32 0.00 625.00 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625.00 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625.00 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625.00 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625.00 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625.00 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625.00 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625.00 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625.00 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625.00 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625.00 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625.00 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625.00 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625.00 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625.00 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625.00 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625.00 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625.00 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625.00 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625.00 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625.00 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625.00 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625.00 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625.00 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625.00 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625.00 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625.00 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625.00 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625.00 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625.00 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625.00 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625.00 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625.00 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625.00 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625.00 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625.00 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625.00 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625.00 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625.00 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625.00 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625.00 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625.00 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625.00 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625.00 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625.00 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625.00 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625.00 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625.00 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625.00 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625.00 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625.00 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625.00 100 0.0135 8.4117 0.6 0.683 9.0951 

FM System Curve – 25.14" (28” DIP) 
Diameter =  25.14 in 
Area =  3.4471 ft2 

RH= 0.5238   
C= 100   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – B Modified High Point 
 

13500.0 19.44 30.08 25.14 8.73 1.18 625.00 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625.00 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625.00 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625.00 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625.00 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625.00 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625.00 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625.00 100 0.0175 10.9132 0.6 0.905 11.8185 
15500.0 22.32 34.54 25.14 10.02 1.56 625.00 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625.00 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625.00 100 0.0191 11.9280 0.6 0.997 12.9245 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 3481.00 120 0.0000 0.0000 4.125 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 3481.00 120 0.0000 0.0208 4.125 0.002 0.0224 
500.0 0.72 1.11 25.30 0.32 0.00 3481.00 120 0.0000 0.0750 4.125 0.007 0.0815 
750.0 1.08 1.67 25.30 0.48 0.00 3481.00 120 0.0000 0.1588 4.125 0.015 0.1735 

1000.0 1.44 2.23 25.30 0.64 0.01 3481.00 120 0.0001 0.2706 4.125 0.026 0.2967 
1250.0 1.80 2.79 25.30 0.80 0.01 3481.00 120 0.0001 0.4090 4.125 0.041 0.4498 
1500.0 2.16 3.34 25.30 0.96 0.01 3481.00 120 0.0002 0.5733 4.125 0.059 0.6321 
1750.0 2.52 3.90 25.30 1.12 0.02 3481.00 120 0.0002 0.7628 4.125 0.080 0.8427 
2000.0 2.88 4.46 25.30 1.28 0.03 3481.00 120 0.0003 0.9768 4.125 0.104 1.0812 
2250.0 3.24 5.01 25.30 1.44 0.03 3481.00 120 0.0003 1.2149 4.125 0.132 1.3470 
2500.0 3.60 5.57 25.30 1.60 0.04 3481.00 120 0.0004 1.4767 4.125 0.163 1.6397 
2750.0 3.96 6.13 25.30 1.76 0.05 3481.00 120 0.0005 1.7617 4.125 0.197 1.9591 
3000.0 4.32 6.68 25.30 1.91 0.06 3481.00 120 0.0006 2.0698 4.125 0.235 2.3046 
3250.0 4.68 7.24 25.30 2.07 0.07 3481.00 120 0.0007 2.4005 4.125 0.276 2.6761 
3500.0 5.04 7.80 25.30 2.23 0.08 3481.00 120 0.0008 2.7537 4.125 0.320 3.0733 
3750.0 5.40 8.36 25.30 2.39 0.09 3481.00 120 0.0009 3.1290 4.125 0.367 3.4959 
4000.0 5.76 8.91 25.30 2.55 0.10 3481.00 120 0.0010 3.5262 4.125 0.417 3.9437 
4250.0 6.12 9.47 25.30 2.71 0.11 3481.00 120 0.0011 3.9452 4.125 0.471 4.4165 
4500.0 6.48 10.03 25.30 2.87 0.13 3481.00 120 0.0013 4.3858 4.125 0.528 4.9141 
4750.0 6.84 10.58 25.30 3.03 0.14 3481.00 120 0.0014 4.8477 4.125 0.589 5.4364 
5000.0 7.20 11.14 25.30 3.19 0.16 3481.00 120 0.0015 5.3308 4.125 0.652 5.9831 
5250.0 7.56 11.70 25.30 3.35 0.17 3481.00 120 0.0017 5.8349 4.125 0.719 6.5540 
5500.0 7.92 12.25 25.30 3.51 0.19 3481.00 120 0.0018 6.3599 4.125 0.789 7.1491 
5750.0 8.28 12.81 25.30 3.67 0.21 3481.00 120 0.0020 6.9056 4.125 0.863 7.7683 
6000.0 8.64 13.37 25.30 3.83 0.23 3481.00 120 0.0021 7.4719 4.125 0.939 8.4112 
6250.0 9.00 13.93 25.30 3.99 0.25 3481.00 120 0.0023 8.0587 4.125 1.019 9.0779 
6500.0 9.36 14.48 25.30 4.15 0.27 3481.00 120 0.0025 8.6659 4.125 1.102 9.7682 
6750.0 9.72 15.04 25.30 4.31 0.29 3481.00 120 0.0027 9.2933 4.125 1.189 10.4820 
7000.0 10.08 15.60 25.30 4.47 0.31 3481.00 120 0.0029 9.9408 4.125 1.278 11.2192 
7250.0 10.44 16.15 25.30 4.63 0.33 3481.00 120 0.0030 10.6082 4.125 1.371 11.9797 
7500.0 10.80 16.71 25.30 4.79 0.36 3481.00 120 0.0032 11.2956 4.125 1.468 12.7633 
7750.0 11.16 17.27 25.30 4.95 0.38 3481.00 120 0.0034 12.0029 4.125 1.567 13.5700 
8000.0 11.52 17.83 25.30 5.11 0.40 3481.00 120 0.0037 12.7298 4.125 1.670 14.3996 
8250.0 11.88 18.38 25.30 5.27 0.43 3481.00 120 0.0039 13.4763 4.125 1.776 15.2521 
8500.0 12.24 18.94 25.30 5.42 0.46 3481.00 120 0.0041 14.2423 4.125 1.885 16.1274 
8750.0 12.60 19.50 25.30 5.58 0.48 3481.00 120 0.0043 15.0278 4.125 1.998 17.0255 
9000.0 12.96 20.05 25.30 5.74 0.51 3481.00 120 0.0045 15.8327 4.125 2.113 17.9461 
9250.0 13.32 20.61 25.30 5.90 0.54 3481.00 120 0.0048 16.6568 4.125 2.232 18.8893 
9500.0 13.68 21.17 25.30 6.06 0.57 3481.00 120 0.0050 17.5002 4.125 2.355 19.8549 
9750.0 14.04 21.72 25.30 6.22 0.60 3481.00 120 0.0053 18.3626 4.125 2.480 20.8429 

10000.0 14.40 22.28 25.30 6.38 0.63 3481.00 120 0.0055 19.2441 4.125 2.609 21.8532 
10250.0 14.76 22.84 25.30 6.54 0.66 3481.00 120 0.0058 20.1446 4.125 2.741 22.8858 

FM System Curve – 25.3" (30” HDPE) 
 Diameter =  25.3 in 

Area =  3.4911 ft2 
RH= 0.5271   
C= 100   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – B Modified High Point 
 

10500.0 15.12 23.40 25.30 6.70 0.70 3481.00 120 0.0061 21.0640 4.125 2.877 23.9405 
10750.0 15.48 23.95 25.30 6.86 0.73 3481.00 120 0.0063 22.0022 4.125 3.015 25.0174 
11000.0 15.84 24.51 25.30 7.02 0.77 3481.00 120 0.0066 22.9592 4.125 3.157 26.1163 
11250.0 16.20 25.07 25.30 7.18 0.80 3481.00 120 0.0069 23.9349 4.125 3.302 27.2371 
11500.0 16.56 25.62 25.30 7.34 0.84 3481.00 120 0.0072 24.9293 4.125 3.451 28.3799 
11750.0 16.92 26.18 25.30 7.50 0.87 3481.00 120 0.0075 25.9423 4.125 3.602 29.5445 
12000.0 17.28 26.74 25.30 7.66 0.91 3481.00 120 0.0077 26.9738 4.125 3.757 30.7309 
12250.0 17.64 27.30 25.30 7.82 0.95 3481.00 120 0.0081 28.0237 4.125 3.915 31.9390 
12500.0 18.00 27.85 25.30 7.98 0.99 3481.00 120 0.0084 29.0921 4.125 4.077 33.1689 
12750.0 18.36 28.41 25.30 8.14 1.03 3481.00 120 0.0087 30.1788 4.125 4.241 34.4203 
13000.0 18.72 28.97 25.30 8.30 1.07 3481.00 120 0.0090 31.2839 4.125 4.409 35.6933 
13250.0 19.08 29.52 25.30 8.46 1.11 3481.00 120 0.0093 32.4072 4.125 4.581 36.9879 
13500.0 19.44 30.08 25.30 8.62 1.15 3481.00 120 0.0096 33.5487 4.125 4.755 38.3039 
13750.0 19.80 30.64 25.30 8.78 1.20 3481.00 120 0.0100 34.7084 4.125 4.933 39.6413 
14000.0 20.16 31.19 25.30 8.94 1.24 3481.00 120 0.0103 35.8861 4.125 5.114 41.0000 
14250.0 20.52 31.75 25.30 9.09 1.28 3481.00 120 0.0107 37.0820 4.125 5.298 42.3801 
14500.0 20.88 32.31 25.30 9.25 1.33 3481.00 120 0.0110 38.2958 4.125 5.486 43.7815 
14750.0 21.24 32.87 25.30 9.41 1.38 3481.00 120 0.0114 39.5276 4.125 5.676 45.2041 
15000.0 21.60 33.42 25.30 9.57 1.42 3481.00 120 0.0117 40.7773 4.125 5.871 46.6479 
15250.0 21.96 33.98 25.30 9.73 1.47 3481.00 120 0.0121 42.0449 4.125 6.068 48.1128 
15500.0 22.32 34.54 25.30 9.89 1.52 3481.00 120 0.0124 43.3303 4.125 6.268 49.5988 
15750.0 22.68 35.09 25.30 10.05 1.57 3481.00 120 0.0128 44.6335 4.125 6.472 51.1058 
16000.0 23.04 35.65 25.30 10.21 1.62 3481.00 120 0.0132 45.9545 4.125 6.679 52.6339 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 13542.30 100 0.0000 0.0000 3.03 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 13542.30 100 0.0000 0.1464 3.03 0.001 0.1479 
500.0 0.72 1.11 24.00 0.35 0.00 13542.30 100 0.0000 0.5285 3.03 0.006 0.5344 
750.0 1.08 1.67 24.00 0.53 0.00 13542.30 100 0.0001 1.1198 3.03 0.013 1.1331 

1000.0 1.44 2.23 24.00 0.71 0.01 13542.30 100 0.0001 1.9077 3.03 0.024 1.9314 
1250.0 1.80 2.79 24.00 0.89 0.01 13542.30 100 0.0002 2.8840 3.03 0.037 2.9210 
1500.0 2.16 3.34 24.00 1.06 0.02 13542.30 100 0.0003 4.0424 3.03 0.053 4.0956 
1750.0 2.52 3.90 24.00 1.24 0.02 13542.30 100 0.0004 5.3780 3.03 0.072 5.4505 
2000.0 2.88 4.46 24.00 1.42 0.03 13542.30 100 0.0005 6.8869 3.03 0.095 6.9816 
2250.0 3.24 5.01 24.00 1.60 0.04 13542.30 100 0.0006 8.5656 3.03 0.120 8.6854 
2500.0 3.60 5.57 24.00 1.77 0.05 13542.30 100 0.0008 10.4112 3.03 0.148 10.5591 
2750.0 3.96 6.13 24.00 1.95 0.06 13542.30 100 0.0009 12.4211 3.03 0.179 12.6001 
3000.0 4.32 6.68 24.00 2.13 0.07 13542.30 100 0.0011 14.5930 3.03 0.213 14.8060 
3250.0 4.68 7.24 24.00 2.31 0.08 13542.30 100 0.0012 16.9248 3.03 0.250 17.1748 
3500.0 5.04 7.80 24.00 2.48 0.10 13542.30 100 0.0014 19.4146 3.03 0.290 19.7046 
3750.0 5.40 8.36 24.00 2.66 0.11 13542.30 100 0.0016 22.0608 3.03 0.333 22.3936 
4000.0 5.76 8.91 24.00 2.84 0.12 13542.30 100 0.0018 24.8617 3.03 0.379 25.2404 
4250.0 6.12 9.47 24.00 3.01 0.14 13542.30 100 0.0021 27.8158 3.03 0.427 28.2433 
4500.0 6.48 10.03 24.00 3.19 0.16 13542.30 100 0.0023 30.9218 3.03 0.479 31.4011 
4750.0 6.84 10.58 24.00 3.37 0.18 13542.30 100 0.0025 34.1784 3.03 0.534 34.7124 
5000.0 7.20 11.14 24.00 3.55 0.20 13542.30 100 0.0028 37.5844 3.03 0.592 38.1761 
5250.0 7.56 11.70 24.00 3.72 0.22 13542.30 100 0.0030 41.1387 3.03 0.652 41.7910 
5500.0 7.92 12.25 24.00 3.90 0.24 13542.30 100 0.0033 44.8402 3.03 0.716 45.5561 
5750.0 8.28 12.81 24.00 4.08 0.26 13542.30 100 0.0036 48.6878 3.03 0.783 49.4703 
6000.0 8.64 13.37 24.00 4.26 0.28 13542.30 100 0.0039 52.6807 3.03 0.852 53.5327 
6250.0 9.00 13.93 24.00 4.43 0.31 13542.30 100 0.0042 56.8179 3.03 0.925 57.7424 
6500.0 9.36 14.48 24.00 4.61 0.33 13542.30 100 0.0045 61.0986 3.03 1.000 62.0985 
6750.0 9.72 15.04 24.00 4.79 0.36 13542.30 100 0.0048 65.5218 3.03 1.078 66.6002 
7000.0 10.08 15.60 24.00 4.96 0.38 13542.30 100 0.0052 70.0869 3.03 1.160 71.2466 
7250.0 10.44 16.15 24.00 5.14 0.41 13542.30 100 0.0055 74.7931 3.03 1.244 76.0371 

FM System Curve – 24"  
 Diameter =  24 in 

Area for 25.3-inch =  3.1416 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – B Modified High Point 
 

7500.0 10.80 16.71 24.00 5.32 0.44 13542.30 100 0.0059 79.6396 3.03 1.331 80.9709 
7750.0 11.16 17.27 24.00 5.50 0.47 13542.30 100 0.0062 84.6257 3.03 1.422 86.0472 
8000.0 11.52 17.83 24.00 5.67 0.50 13542.30 100 0.0066 89.7507 3.03 1.515 91.2655 
8250.0 11.88 18.38 24.00 5.85 0.53 13542.30 100 0.0070 95.0141 3.03 1.611 96.6250 
8500.0 12.24 18.94 24.00 6.03 0.56 13542.30 100 0.0074 100.4152 3.03 1.710 102.1251 
8750.0 12.60 19.50 24.00 6.21 0.60 13542.30 100 0.0078 105.9533 3.03 1.812 107.7653 
9000.0 12.96 20.05 24.00 6.38 0.63 13542.30 100 0.0082 111.6278 3.03 1.917 113.5449 
9250.0 13.32 20.61 24.00 6.56 0.67 13542.30 100 0.0087 117.4383 3.03 2.025 119.4634 
9500.0 13.68 21.17 24.00 6.74 0.70 13542.30 100 0.0091 123.3842 3.03 2.136 125.5202 
9750.0 14.04 21.72 24.00 6.92 0.74 13542.30 100 0.0096 129.4649 3.03 2.250 131.7148 

10000.0 14.40 22.28 24.00 7.09 0.78 13542.30 100 0.0100 135.6799 3.03 2.367 138.0466 
10250.0 14.76 22.84 24.00 7.27 0.82 13542.30 100 0.0105 142.0287 3.03 2.487 144.5152 
10500.0 15.12 23.40 24.00 7.45 0.86 13542.30 100 0.0110 148.5108 3.03 2.609 151.1201 
10750.0 15.48 23.95 24.00 7.62 0.90 13542.30 100 0.0115 155.1257 3.03 2.735 157.8608 
11000.0 15.84 24.51 24.00 7.80 0.95 13542.30 100 0.0120 161.8731 3.03 2.864 164.7369 
11250.0 16.20 25.07 24.00 7.98 0.99 13542.30 100 0.0125 168.7524 3.03 2.995 171.7478 
11500.0 16.56 25.62 24.00 8.16 1.03 13542.30 100 0.0130 175.7631 3.03 3.130 178.8932 
11750.0 16.92 26.18 24.00 8.33 1.08 13542.30 100 0.0135 182.9050 3.03 3.268 186.1726 
12000.0 17.28 26.74 24.00 8.51 1.12 13542.30 100 0.0140 190.1775 3.03 3.408 193.5856 
12250.0 17.64 27.30 24.00 8.69 1.17 13542.30 100 0.0146 197.5802 3.03 3.552 201.1318 
12500.0 18.00 27.85 24.00 8.87 1.22 13542.30 100 0.0151 205.1128 3.03 3.698 208.8108 
12750.0 18.36 28.41 24.00 9.04 1.27 13542.30 100 0.0157 212.7748 3.03 3.847 216.6223 
13000.0 18.72 28.97 24.00 9.22 1.32 13542.30 100 0.0163 220.5660 3.03 4.000 224.5658 
13250.0 19.08 29.52 24.00 9.40 1.37 13542.30 100 0.0169 228.4858 3.03 4.155 232.6409 
13500.0 19.44 30.08 24.00 9.57 1.42 13542.30 100 0.0175 236.5340 3.03 4.313 240.8474 
13750.0 19.80 30.64 24.00 9.75 1.48 13542.30 100 0.0181 244.7102 3.03 4.475 249.1848 
14000.0 20.16 31.19 24.00 9.93 1.53 13542.30 100 0.0187 253.0140 3.03 4.639 257.6528 
14250.0 20.52 31.75 24.00 10.11 1.59 13542.30 100 0.0193 261.4451 3.03 4.806 266.2511 
14500.0 20.88 32.31 24.00 10.28 1.64 13542.30 100 0.0199 270.0032 3.03 4.976 274.9793 
14750.0 21.24 32.87 24.00 10.46 1.70 13542.30 100 0.0206 278.6880 3.03 5.149 283.8371 
15000.0 21.60 33.42 24.00 10.64 1.76 13542.30 100 0.0212 287.4991 3.03 5.325 292.8242 
15250.0 21.96 33.98 24.00 10.82 1.82 13542.30 100 0.0219 296.4361 3.03 5.504 301.9403 
15500.0 22.32 34.54 24.00 10.99 1.88 13542.30 100 0.0226 305.4989 3.03 5.686 311.1850 
15750.0 22.68 35.09 24.00 11.17 1.94 13542.30 100 0.0232 314.6871 3.03 5.871 320.5582 
16000.0 23.04 35.65 24.00 11.35 2.00 13542.30 100 0.0239 324.0005 3.03 6.059 330.0593 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Bridgehead Pump Station with AFM101 
 

14-inch Parallel Forcemain Portion Only – B Modified High Point 
 

 
MIN Static Head = 23.35 
MAX Static Head = 27.85 

Q Q Losses 

(gpm) (mgd) 
 0.0 0.00 0.00 

250.0 0.36 1.57 
500.0 0.72 5.69 
750.0 1.08 12.08 

1000.0 1.44 20.61 
1250.0 1.80 31.17 
1500.0 2.16 43.72 
1750.0 2.52 58.20 
2000.0 2.88 74.57 
2250.0 3.24 92.79 
2500.0 3.60 112.83 
2750.0 3.96 134.66 
3000.0 4.32 158.26 
3250.0 4.68 183.61 
3500.0 5.04 210.69 
3750.0 5.40 239.47 
4000.0 5.76 269.95 
4250.0 6.12 302.10 
4500.0 6.48 335.91 
4750.0 6.84 371.38 
5000.0 7.20 408.48 
5250.0 7.56 447.20 
5500.0 7.92 487.54 
5750.0 8.28 529.47 
6000.0 8.64 573.00 
6250.0 9.00 618.12 
6500.0 9.36 664.80 
6750.0 9.72 713.05 
7000.0 10.08 762.86 
7250.0 10.44 814.21 
7500.0 10.80 867.11 
7750.0 11.16 921.53 
8000.0 11.52 977.49 
8250.0 11.88 1034.96 
8500.0 12.24 1093.94 
8750.0 12.60 1154.43 
9000.0 12.96 1216.42 
9250.0 13.32 1279.90 
9500.0 13.68 1344.87 
9750.0 14.04 1411.33 

10000.0 14.40 1479.26 
10250.0 14.76 1548.66 
10500.0 15.12 1619.52 
10750.0 15.48 1691.85 
11000.0 15.84 1765.64 
11250.0 16.20 1840.87 
11500.0 16.56 1917.56 
11750.0 16.92 1995.68 
12000.0 17.28 2075.25 
12250.0 17.64 2156.25 
12500.0 18.00 2238.67 
12750.0 18.36 2322.53 
13000.0 18.72 2407.80 
13250.0 19.08 2494.50 
13500.0 19.44 2582.60 
13750.0 19.80 2672.12 
14000.0 20.16 2763.04 
14250.0 20.52 2855.37 
14500.0 20.88 2949.09 
14750.0 21.24 3044.21 
15000.0 21.60 3140.73 
15250.0 21.96 3238.63 
15500.0 22.32 3337.92 
15750.0 22.68 3438.59 
16000.0 23.04 3540.64 

Q Q Min Static Max Static 

(gpm) (mgd) 
 

  

0.0 0.00 23.35 27.85 
250.0 0.36 24.92 29.42 
500.0 0.72 29.04 33.54 
750.0 1.08 35.43 39.93 

1000.0 1.44 43.96 48.46 
1250.0 1.80 54.52 59.02 
1500.0 2.16 67.07 71.57 
1750.0 2.52 81.55 86.05 
2000.0 2.88 97.92 102.42 
2250.0 3.24 116.14 120.64 
2500.0 3.60 136.18 140.68 
2750.0 3.96 158.01 162.51 
3000.0 4.32 181.61 186.11 
3250.0 4.68 206.96 211.46 
3500.0 5.04 234.04 238.54 
3750.0 5.40 262.82 267.32 
4000.0 5.76 293.30 297.80 
4250.0 6.12 325.45 329.95 
4500.0 6.48 359.26 363.76 
4750.0 6.84 394.73 399.23 
5000.0 7.20 431.83 436.33 
5250.0 7.56 470.55 475.05 
5500.0 7.92 510.89 515.39 
5750.0 8.28 552.82 557.32 
6000.0 8.64 596.35 600.85 
6250.0 9.00 641.47 645.97 
6500.0 9.36 688.15 692.65 
6750.0 9.72 736.40 740.90 
7000.0 10.08 786.21 790.71 
7250.0 10.44 837.56 842.06 
7500.0 10.80 890.46 894.96 
7750.0 11.16 944.88 949.38 
8000.0 11.52 1000.84 1005.34 
8250.0 11.88 1058.31 1062.81 
8500.0 12.24 1117.29 1121.79 
8750.0 12.60 1177.78 1182.28 
9000.0 12.96 1239.77 1244.27 
9250.0 13.32 1303.25 1307.75 
9500.0 13.68 1368.22 1372.72 
9750.0 14.04 1434.68 1439.18 

10000.0 14.40 1502.61 1507.11 
10250.0 14.76 1572.01 1576.51 
10500.0 15.12 1642.87 1647.37 
10750.0 15.48 1715.20 1719.70 
11000.0 15.84 1788.99 1793.49 
11250.0 16.20 1864.22 1868.72 
11500.0 16.56 1940.91 1945.41 
11750.0 16.92 2019.03 2023.53 
12000.0 17.28 2098.60 2103.10 
12250.0 17.64 2179.60 2184.10 
12500.0 18.00 2262.02 2266.52 
12750.0 18.36 2345.88 2350.38 
13000.0 18.72 2431.15 2435.65 
13250.0 19.08 2517.85 2522.35 
13500.0 19.44 2605.95 2610.45 
13750.0 19.80 2695.47 2699.97 
14000.0 20.16 2786.39 2790.89 
14250.0 20.52 2878.72 2883.22 
14500.0 20.88 2972.44 2976.94 
14750.0 21.24 3067.56 3072.06 
15000.0 21.60 3164.08 3168.58 
15250.0 21.96 3261.98 3266.48 
15500.0 22.32 3361.27 3365.77 
15750.0 22.68 3461.94 3466.44 
16000.0 23.04 3563.99 3568.49 



 
 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – First High Point 
 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 

FM System Curve - 24" 
 Diameter =  24 in 

Area for =  3.141593 ft2 
RH= 0.5   
C= 100   
   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – First High Point 
 

13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 
13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 36.00 100 0.0000 0.0000 1.9 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 36.00 100 0.0000 0.0004 1.9 0.001 0.0013 
500.0 0.72 1.11 24.00 0.35 0.00 36.00 100 0.0000 0.0014 1.9 0.004 0.0051 
750.0 1.08 1.67 24.00 0.53 0.00 36.00 100 0.0001 0.0030 1.9 0.008 0.0113 

1000.0 1.44 2.23 24.00 0.71 0.01 36.00 100 0.0001 0.0051 1.9 0.015 0.0199 
1250.0 1.80 2.79 24.00 0.89 0.01 36.00 100 0.0002 0.0077 1.9 0.023 0.0309 
1500.0 2.16 3.34 24.00 1.06 0.02 36.00 100 0.0003 0.0107 1.9 0.033 0.0441 
1750.0 2.52 3.90 24.00 1.24 0.02 36.00 100 0.0004 0.0143 1.9 0.045 0.0597 
2000.0 2.88 4.46 24.00 1.42 0.03 36.00 100 0.0005 0.0183 1.9 0.059 0.0777 
2250.0 3.24 5.01 24.00 1.60 0.04 36.00 100 0.0006 0.0228 1.9 0.075 0.0979 
2500.0 3.60 5.57 24.00 1.77 0.05 36.00 100 0.0008 0.0277 1.9 0.093 0.1204 
2750.0 3.96 6.13 24.00 1.95 0.06 36.00 100 0.0009 0.0330 1.9 0.112 0.1453 
3000.0 4.32 6.68 24.00 2.13 0.07 36.00 100 0.0011 0.0388 1.9 0.134 0.1724 
3250.0 4.68 7.24 24.00 2.31 0.08 36.00 100 0.0012 0.0450 1.9 0.157 0.2017 
3500.0 5.04 7.80 24.00 2.48 0.10 36.00 100 0.0014 0.0516 1.9 0.182 0.2334 
3750.0 5.40 8.36 24.00 2.66 0.11 36.00 100 0.0016 0.0586 1.9 0.209 0.2673 
4000.0 5.76 8.91 24.00 2.84 0.12 36.00 100 0.0018 0.0661 1.9 0.237 0.3035 
4250.0 6.12 9.47 24.00 3.01 0.14 36.00 100 0.0021 0.0739 1.9 0.268 0.3420 
4500.0 6.48 10.03 24.00 3.19 0.16 36.00 100 0.0023 0.0822 1.9 0.301 0.3827 
4750.0 6.84 10.58 24.00 3.37 0.18 36.00 100 0.0025 0.0909 1.9 0.335 0.4257 
5000.0 7.20 11.14 24.00 3.55 0.20 36.00 100 0.0028 0.0999 1.9 0.371 0.4709 
5250.0 7.56 11.70 24.00 3.72 0.22 36.00 100 0.0030 0.1094 1.9 0.409 0.5184 
5500.0 7.92 12.25 24.00 3.90 0.24 36.00 100 0.0033 0.1192 1.9 0.449 0.5681 
5750.0 8.28 12.81 24.00 4.08 0.26 36.00 100 0.0036 0.1294 1.9 0.491 0.6201 
6000.0 8.64 13.37 24.00 4.26 0.28 36.00 100 0.0039 0.1400 1.9 0.534 0.6743 
6250.0 9.00 13.93 24.00 4.43 0.31 36.00 100 0.0042 0.1510 1.9 0.580 0.7308 
6500.0 9.36 14.48 24.00 4.61 0.33 36.00 100 0.0045 0.1624 1.9 0.627 0.7895 
6750.0 9.72 15.04 24.00 4.79 0.36 36.00 100 0.0048 0.1742 1.9 0.676 0.8504 
7000.0 10.08 15.60 24.00 4.96 0.38 36.00 100 0.0052 0.1863 1.9 0.727 0.9135 
7250.0 10.44 16.15 24.00 5.14 0.41 36.00 100 0.0055 0.1988 1.9 0.780 0.9789 
7500.0 10.80 16.71 24.00 5.32 0.44 36.00 100 0.0059 0.2117 1.9 0.835 1.0465 
7750.0 11.16 17.27 24.00 5.50 0.47 36.00 100 0.0062 0.2250 1.9 0.891 1.1163 
8000.0 11.52 17.83 24.00 5.67 0.50 36.00 100 0.0066 0.2386 1.9 0.950 1.1884 
8250.0 11.88 18.38 24.00 5.85 0.53 36.00 100 0.0070 0.2526 1.9 1.010 1.2627 
8500.0 12.24 18.94 24.00 6.03 0.56 36.00 100 0.0074 0.2669 1.9 1.072 1.3392 
8750.0 12.60 19.50 24.00 6.21 0.60 36.00 100 0.0078 0.2817 1.9 1.136 1.4179 
9000.0 12.96 20.05 24.00 6.38 0.63 36.00 100 0.0082 0.2967 1.9 1.202 1.4989 
9250.0 13.32 20.61 24.00 6.56 0.67 36.00 100 0.0087 0.3122 1.9 1.270 1.5820 
9500.0 13.68 21.17 24.00 6.74 0.70 36.00 100 0.0091 0.3280 1.9 1.339 1.6674 
9750.0 14.04 21.72 24.00 6.92 0.74 36.00 100 0.0096 0.3442 1.9 1.411 1.7550 

10000.0 14.40 22.28 24.00 7.09 0.78 36.00 100 0.0100 0.3607 1.9 1.484 1.8448 

FM System Curve - 24" (24” Parallel FM Portion) 
Diameter =  24 in 
Area for =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – First High Point 
 

10250.0 14.76 22.84 24.00 7.27 0.82 36.00 100 0.0105 0.3776 1.9 1.559 1.9368 
10500.0 15.12 23.40 24.00 7.45 0.86 36.00 100 0.0110 0.3948 1.9 1.636 2.0310 
10750.0 15.48 23.95 24.00 7.62 0.90 36.00 100 0.0115 0.4124 1.9 1.715 2.1274 
11000.0 15.84 24.51 24.00 7.80 0.95 36.00 100 0.0120 0.4303 1.9 1.796 2.2261 
11250.0 16.20 25.07 24.00 7.98 0.99 36.00 100 0.0125 0.4486 1.9 1.878 2.3269 
11500.0 16.56 25.62 24.00 8.16 1.03 36.00 100 0.0130 0.4672 1.9 1.963 2.4300 
11750.0 16.92 26.18 24.00 8.33 1.08 36.00 100 0.0135 0.4862 1.9 2.049 2.5352 
12000.0 17.28 26.74 24.00 8.51 1.12 36.00 100 0.0140 0.5056 1.9 2.137 2.6427 
12250.0 17.64 27.30 24.00 8.69 1.17 36.00 100 0.0146 0.5252 1.9 2.227 2.7523 
12500.0 18.00 27.85 24.00 8.87 1.22 36.00 100 0.0151 0.5453 1.9 2.319 2.8642 
12750.0 18.36 28.41 24.00 9.04 1.27 36.00 100 0.0157 0.5656 1.9 2.413 2.9782 
13000.0 18.72 28.97 24.00 9.22 1.32 36.00 100 0.0163 0.5863 1.9 2.508 3.0945 
13250.0 19.08 29.52 24.00 9.40 1.37 36.00 100 0.0169 0.6074 1.9 2.606 3.2129 
13500.0 19.44 30.08 24.00 9.57 1.42 36.00 100 0.0175 0.6288 1.9 2.705 3.3336 
13750.0 19.80 30.64 24.00 9.75 1.48 36.00 100 0.0181 0.6505 1.9 2.806 3.4564 
14000.0 20.16 31.19 24.00 9.93 1.53 36.00 100 0.0187 0.6726 1.9 2.909 3.5814 
14250.0 20.52 31.75 24.00 10.11 1.59 36.00 100 0.0193 0.6950 1.9 3.014 3.7087 
14500.0 20.88 32.31 24.00 10.28 1.64 36.00 100 0.0199 0.7178 1.9 3.120 3.8381 
14750.0 21.24 32.87 24.00 10.46 1.70 36.00 100 0.0206 0.7408 1.9 3.229 3.9697 
15000.0 21.60 33.42 24.00 10.64 1.76 36.00 100 0.0212 0.7643 1.9 3.339 4.1035 
15250.0 21.96 33.98 24.00 10.82 1.82 36.00 100 0.0219 0.7880 1.9 3.451 4.2395 
15500.0 22.32 34.54 24.00 10.99 1.88 36.00 100 0.0226 0.8121 1.9 3.566 4.3777 
15750.0 22.68 35.09 24.00 11.17 1.94 36.00 100 0.0232 0.8365 1.9 3.681 4.5180 
16000.0 23.04 35.65 24.00 11.35 2.00 36.00 100 0.0239 0.8613 1.9 3.799 4.6606 

 
 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 10260 120 0.0000 0.0000 4.5 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 10260 120 0.0000 0.0816 4.5 0.002 0.0838 
500.0 0.72 1.11 23.85 0.36 0.00 10260 120 0.0000 0.2945 4.5 0.009 0.3035 
750.0 1.08 1.67 23.85 0.54 0.00 10260 120 0.0001 0.6240 4.5 0.020 0.6443 

1000.0 1.44 2.23 23.85 0.72 0.01 10260 120 0.0001 1.0631 4.5 0.036 1.0992 
1250.0 1.80 2.79 23.85 0.90 0.01 10260 120 0.0002 1.6072 4.5 0.056 1.6635 
1500.0 2.16 3.34 23.85 1.08 0.02 10260 120 0.0002 2.2527 4.5 0.081 2.3338 
1750.0 2.52 3.90 23.85 1.26 0.02 10260 120 0.0003 2.9971 4.5 0.110 3.1074 
2000.0 2.88 4.46 23.85 1.44 0.03 10260 120 0.0004 3.8379 4.5 0.144 3.9821 
2250.0 3.24 5.01 23.85 1.62 0.04 10260 120 0.0005 4.7734 4.5 0.182 4.9559 
2500.0 3.60 5.57 23.85 1.80 0.05 10260 120 0.0006 5.8019 4.5 0.225 6.0272 
2750.0 3.96 6.13 23.85 1.98 0.06 10260 120 0.0007 6.9220 4.5 0.273 7.1946 
3000.0 4.32 6.68 23.85 2.15 0.07 10260 120 0.0008 8.1324 4.5 0.324 8.4568 
3250.0 4.68 7.24 23.85 2.33 0.08 10260 120 0.0009 9.4319 4.5 0.381 9.8126 
3500.0 5.04 7.80 23.85 2.51 0.10 10260 120 0.0011 10.8194 4.5 0.442 11.2609 
3750.0 5.40 8.36 23.85 2.69 0.11 10260 120 0.0012 12.2940 4.5 0.507 12.8009 
4000.0 5.76 8.91 23.85 2.87 0.13 10260 120 0.0014 13.8549 4.5 0.577 14.4316 
4250.0 6.12 9.47 23.85 3.05 0.14 10260 120 0.0015 15.5012 4.5 0.651 16.1522 
4500.0 6.48 10.03 23.85 3.23 0.16 10260 120 0.0017 17.2321 4.5 0.730 17.9620 
4750.0 6.84 10.58 23.85 3.41 0.18 10260 120 0.0019 19.0470 4.5 0.813 19.8602 
5000.0 7.20 11.14 23.85 3.59 0.20 10260 120 0.0020 20.9451 4.5 0.901 21.8461 
5250.0 7.56 11.70 23.85 3.77 0.22 10260 120 0.0022 22.9258 4.5 0.993 23.9192 
5500.0 7.92 12.25 23.85 3.95 0.24 10260 120 0.0024 24.9885 4.5 1.090 26.0788 
5750.0 8.28 12.81 23.85 4.13 0.26 10260 120 0.0026 27.1328 4.5 1.192 28.3244 
6000.0 8.64 13.37 23.85 4.31 0.29 10260 120 0.0029 29.3579 4.5 1.298 30.6554 
6250.0 9.00 13.93 23.85 4.49 0.31 10260 120 0.0031 31.6635 4.5 1.408 33.0714 
6500.0 9.36 14.48 23.85 4.67 0.34 10260 120 0.0033 34.0490 4.5 1.523 35.5718 
6750.0 9.72 15.04 23.85 4.85 0.36 10260 120 0.0036 36.5140 4.5 1.642 38.1562 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area for =  3.102445 ft2 
RH= 0.496875   
C= 120   
   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – First High Point 
 

7000.0 10.08 15.60 23.85 5.03 0.39 10260 120 0.0038 39.0581 4.5 1.766 40.8241 
7250.0 10.44 16.15 23.85 5.21 0.42 10260 120 0.0041 41.6807 4.5 1.894 43.5752 
7500.0 10.80 16.71 23.85 5.39 0.45 10260 120 0.0043 44.3816 4.5 2.027 46.4089 
7750.0 11.16 17.27 23.85 5.57 0.48 10260 120 0.0046 47.1602 4.5 2.165 49.3250 
8000.0 11.52 17.83 23.85 5.75 0.51 10260 120 0.0049 50.0163 4.5 2.307 52.3230 
8250.0 11.88 18.38 23.85 5.93 0.55 10260 120 0.0052 52.9495 4.5 2.453 55.4026 
8500.0 12.24 18.94 23.85 6.10 0.58 10260 120 0.0055 55.9594 4.5 2.604 58.5634 
8750.0 12.60 19.50 23.85 6.28 0.61 10260 120 0.0058 59.0457 4.5 2.759 61.8051 
9000.0 12.96 20.05 23.85 6.46 0.65 10260 120 0.0061 62.2080 4.5 2.919 65.1274 
9250.0 13.32 20.61 23.85 6.64 0.69 10260 120 0.0064 65.4461 4.5 3.084 68.5299 
9500.0 13.68 21.17 23.85 6.82 0.72 10260 120 0.0067 68.7596 4.5 3.253 72.0124 
9750.0 14.04 21.72 23.85 7.00 0.76 10260 120 0.0070 72.1482 4.5 3.426 75.5745 

10000.0 14.40 22.28 23.85 7.18 0.80 10260 120 0.0074 75.6117 4.5 3.604 79.2159 
10250.0 14.76 22.84 23.85 7.36 0.84 10260 120 0.0077 79.1498 4.5 3.787 82.9365 
10500.0 15.12 23.40 23.85 7.54 0.88 10260 120 0.0081 82.7621 4.5 3.974 86.7358 
10750.0 15.48 23.95 23.85 7.72 0.93 10260 120 0.0084 86.4485 4.5 4.165 90.6137 
11000.0 15.84 24.51 23.85 7.90 0.97 10260 120 0.0088 90.2087 4.5 4.361 94.5698 
11250.0 16.20 25.07 23.85 8.08 1.01 10260 120 0.0092 94.0424 4.5 4.562 98.6040 
11500.0 16.56 25.62 23.85 8.26 1.06 10260 120 0.0095 97.9493 4.5 4.767 102.7159 
11750.0 16.92 26.18 23.85 8.44 1.11 10260 120 0.0099 101.9293 4.5 4.976 106.9054 
12000.0 17.28 26.74 23.85 8.62 1.15 10260 120 0.0103 105.9822 4.5 5.190 111.1722 
12250.0 17.64 27.30 23.85 8.80 1.20 10260 120 0.0107 110.1075 4.5 5.409 115.5161 
12500.0 18.00 27.85 23.85 8.98 1.25 10260 120 0.0111 114.3053 4.5 5.632 119.9369 
12750.0 18.36 28.41 23.85 9.16 1.30 10260 120 0.0116 118.5752 4.5 5.859 124.4343 
13000.0 18.72 28.97 23.85 9.34 1.35 10260 120 0.0120 122.9171 4.5 6.091 129.0082 
13250.0 19.08 29.52 23.85 9.52 1.41 10260 120 0.0124 127.3306 4.5 6.328 133.6583 
13500.0 19.44 30.08 23.85 9.70 1.46 10260 120 0.0128 131.8157 4.5 6.569 138.3844 
13750.0 19.80 30.64 23.85 9.88 1.51 10260 120 0.0133 136.3721 4.5 6.814 143.1864 
14000.0 20.16 31.19 23.85 10.05 1.57 10260 120 0.0137 140.9997 4.5 7.064 148.0640 
14250.0 20.52 31.75 23.85 10.23 1.63 10260 120 0.0142 145.6982 4.5 7.319 153.0170 
14500.0 20.88 32.31 23.85 10.41 1.68 10260 120 0.0147 150.4675 4.5 7.578 158.0454 
14750.0 21.24 32.87 23.85 10.59 1.74 10260 120 0.0151 155.3073 4.5 7.841 163.1488 
15000.0 21.60 33.42 23.85 10.77 1.80 10260 120 0.0156 160.2175 4.5 8.110 168.3271 
15250.0 21.96 33.98 23.85 10.95 1.86 10260 120 0.0161 165.1980 4.5 8.382 173.5801 
15500.0 22.32 34.54 23.85 11.13 1.92 10260 120 0.0166 170.2485 4.5 8.659 178.9077 
15750.0 22.68 35.09 23.85 11.31 1.99 10260 120 0.0171 175.3689 4.5 8.941 184.3097 
16000.0 23.04 35.65 23.85 11.49 2.05 10260 120 0.0176 180.5591 4.5 9.227 189.7859 

 
 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 619.99 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 619.99 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 619.99 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 619.99 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 619.99 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 619.99 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 619.99 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 619.99 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 619.99 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 619.99 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 619.99 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 619.99 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 619.99 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 619.99 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 619.99 120 0.0011 0.6538 2.7 0.265 0.9187 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area for =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   
   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – First High Point 
 

3750.0 5.40 8.36 23.85 2.69 0.11 619.99 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 619.99 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 619.99 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 619.99 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 619.99 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 619.99 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 619.99 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 619.99 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 619.99 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 619.99 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 619.99 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 619.99 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 619.99 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 619.99 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 619.99 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 619.99 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 619.99 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 619.99 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 619.99 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 619.99 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 619.99 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 619.99 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 619.99 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 619.99 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 619.99 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 619.99 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 619.99 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 619.99 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 619.99 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 619.99 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 619.99 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 619.99 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 619.99 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 619.99 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 619.99 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 619.99 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 619.99 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 619.99 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 619.99 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 619.99 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 619.99 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 619.99 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 619.99 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 619.99 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 619.99 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 619.99 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 619.99 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 619.99 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 619.99 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 619.99 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – First High Point 
 

 
MIN Static Head = 58.13 
MAX Static Head = 62.63 

Q Q Losses 

(gpm) (mgd) 
 0.0 0.00 0.00 

250.0 0.36 0.09 
500.0 0.72 0.34 
750.0 1.08 0.72 

1000.0 1.44 1.23 
1250.0 1.80 1.86 
1500.0 2.16 2.61 
1750.0 2.52 3.48 
2000.0 2.88 4.47 
2250.0 3.24 5.56 
2500.0 3.60 6.77 
2750.0 3.96 8.08 
3000.0 4.32 9.51 
3250.0 4.68 11.04 
3500.0 5.04 12.67 
3750.0 5.40 14.41 
4000.0 5.76 16.26 
4250.0 6.12 18.20 
4500.0 6.48 20.25 
4750.0 6.84 22.40 
5000.0 7.20 24.64 
5250.0 7.56 26.99 
5500.0 7.92 29.44 
5750.0 8.28 31.98 
6000.0 8.64 34.63 
6250.0 9.00 37.37 
6500.0 9.36 40.20 
6750.0 9.72 43.13 
7000.0 10.08 46.16 
7250.0 10.44 49.29 
7500.0 10.80 52.50 
7750.0 11.16 55.82 
8000.0 11.52 59.22 
8250.0 11.88 62.72 
8500.0 12.24 66.32 
8750.0 12.60 70.00 
9000.0 12.96 73.78 
9250.0 13.32 77.65 
9500.0 13.68 81.61 
9750.0 14.04 85.67 

10000.0 14.40 89.81 
10250.0 14.76 94.05 
10500.0 15.12 98.38 
10750.0 15.48 102.79 
11000.0 15.84 107.30 
11250.0 16.20 111.90 
11500.0 16.56 116.58 
11750.0 16.92 121.36 
12000.0 17.28 126.22 
12250.0 17.64 131.17 
12500.0 18.00 136.22 
12750.0 18.36 141.35 
13000.0 18.72 146.56 
13250.0 19.08 151.87 
13500.0 19.44 157.26 
13750.0 19.80 162.74 
14000.0 20.16 168.31 
14250.0 20.52 173.97 
14500.0 20.88 179.71 
14750.0 21.24 185.54 
15000.0 21.60 191.45 
15250.0 21.96 197.45 
15500.0 22.32 203.54 
15750.0 22.68 209.71 
16000.0 23.04 215.97 

Q Q Min Static Max Static 

(gpm) (mgd) 
 

  

0.0 0.00 58.13 62.63 
250.0 0.36 58.22 62.72 
500.0 0.72 58.47 62.97 
750.0 1.08 58.85 63.35 

1000.0 1.44 59.36 63.86 
1250.0 1.80 59.99 64.49 
1500.0 2.16 60.74 65.24 
1750.0 2.52 61.61 66.11 
2000.0 2.88 62.60 67.10 
2250.0 3.24 63.69 68.19 
2500.0 3.60 64.90 69.40 
2750.0 3.96 66.21 70.71 
3000.0 4.32 67.64 72.14 
3250.0 4.68 69.17 73.67 
3500.0 5.04 70.80 75.30 
3750.0 5.40 72.54 77.04 
4000.0 5.76 74.39 78.89 
4250.0 6.12 76.33 80.83 
4500.0 6.48 78.38 82.88 
4750.0 6.84 80.53 85.03 
5000.0 7.20 82.77 87.27 
5250.0 7.56 85.12 89.62 
5500.0 7.92 87.57 92.07 
5750.0 8.28 90.11 94.61 
6000.0 8.64 92.76 97.26 
6250.0 9.00 95.50 100.00 
6500.0 9.36 98.33 102.83 
6750.0 9.72 101.26 105.76 
7000.0 10.08 104.29 108.79 
7250.0 10.44 107.42 111.92 
7500.0 10.80 110.63 115.13 
7750.0 11.16 113.95 118.45 
8000.0 11.52 117.35 121.85 
8250.0 11.88 120.85 125.35 
8500.0 12.24 124.45 128.95 
8750.0 12.60 128.13 132.63 
9000.0 12.96 131.91 136.41 
9250.0 13.32 135.78 140.28 
9500.0 13.68 139.74 144.24 
9750.0 14.04 143.80 148.30 

10000.0 14.40 147.94 152.44 
10250.0 14.76 152.18 156.68 
10500.0 15.12 156.51 161.01 
10750.0 15.48 160.92 165.42 
11000.0 15.84 165.43 169.93 
11250.0 16.20 170.03 174.53 
11500.0 16.56 174.71 179.21 
11750.0 16.92 179.49 183.99 
12000.0 17.28 184.35 188.85 
12250.0 17.64 189.30 193.80 
12500.0 18.00 194.35 198.85 
12750.0 18.36 199.48 203.98 
13000.0 18.72 204.69 209.19 
13250.0 19.08 210.00 214.50 
13500.0 19.44 215.39 219.89 
13750.0 19.80 220.87 225.37 
14000.0 20.16 226.44 230.94 
14250.0 20.52 232.10 236.60 
14500.0 20.88 237.84 242.34 
14750.0 21.24 243.67 248.17 
15000.0 21.60 249.58 254.08 
15250.0 21.96 255.58 260.08 
15500.0 22.32 261.67 266.17 
15750.0 22.68 267.84 272.34 
16000.0 23.04 274.10 278.60 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – A Modified High Point 
 
 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 

FM System Curve - 24" 
 Diameter =  24 in 

Area for =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   
   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – A Modified High Point 
 

13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 
13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 36.00 100 0.0000 0.0000 1.9 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 36.00 100 0.0000 0.0004 1.9 0.001 0.0013 
500.0 0.72 1.11 24.00 0.35 0.00 36.00 100 0.0000 0.0014 1.9 0.004 0.0051 
750.0 1.08 1.67 24.00 0.53 0.00 36.00 100 0.0001 0.0030 1.9 0.008 0.0113 

1000.0 1.44 2.23 24.00 0.71 0.01 36.00 100 0.0001 0.0051 1.9 0.015 0.0199 
1250.0 1.80 2.79 24.00 0.89 0.01 36.00 100 0.0002 0.0077 1.9 0.023 0.0309 
1500.0 2.16 3.34 24.00 1.06 0.02 36.00 100 0.0003 0.0107 1.9 0.033 0.0441 
1750.0 2.52 3.90 24.00 1.24 0.02 36.00 100 0.0004 0.0143 1.9 0.045 0.0597 
2000.0 2.88 4.46 24.00 1.42 0.03 36.00 100 0.0005 0.0183 1.9 0.059 0.0777 
2250.0 3.24 5.01 24.00 1.60 0.04 36.00 100 0.0006 0.0228 1.9 0.075 0.0979 
2500.0 3.60 5.57 24.00 1.77 0.05 36.00 100 0.0008 0.0277 1.9 0.093 0.1204 
2750.0 3.96 6.13 24.00 1.95 0.06 36.00 100 0.0009 0.0330 1.9 0.112 0.1453 
3000.0 4.32 6.68 24.00 2.13 0.07 36.00 100 0.0011 0.0388 1.9 0.134 0.1724 
3250.0 4.68 7.24 24.00 2.31 0.08 36.00 100 0.0012 0.0450 1.9 0.157 0.2017 
3500.0 5.04 7.80 24.00 2.48 0.10 36.00 100 0.0014 0.0516 1.9 0.182 0.2334 
3750.0 5.40 8.36 24.00 2.66 0.11 36.00 100 0.0016 0.0586 1.9 0.209 0.2673 
4000.0 5.76 8.91 24.00 2.84 0.12 36.00 100 0.0018 0.0661 1.9 0.237 0.3035 
4250.0 6.12 9.47 24.00 3.01 0.14 36.00 100 0.0021 0.0739 1.9 0.268 0.3420 
4500.0 6.48 10.03 24.00 3.19 0.16 36.00 100 0.0023 0.0822 1.9 0.301 0.3827 
4750.0 6.84 10.58 24.00 3.37 0.18 36.00 100 0.0025 0.0909 1.9 0.335 0.4257 
5000.0 7.20 11.14 24.00 3.55 0.20 36.00 100 0.0028 0.0999 1.9 0.371 0.4709 
5250.0 7.56 11.70 24.00 3.72 0.22 36.00 100 0.0030 0.1094 1.9 0.409 0.5184 
5500.0 7.92 12.25 24.00 3.90 0.24 36.00 100 0.0033 0.1192 1.9 0.449 0.5681 
5750.0 8.28 12.81 24.00 4.08 0.26 36.00 100 0.0036 0.1294 1.9 0.491 0.6201 
6000.0 8.64 13.37 24.00 4.26 0.28 36.00 100 0.0039 0.1400 1.9 0.534 0.6743 
6250.0 9.00 13.93 24.00 4.43 0.31 36.00 100 0.0042 0.1510 1.9 0.580 0.7308 
6500.0 9.36 14.48 24.00 4.61 0.33 36.00 100 0.0045 0.1624 1.9 0.627 0.7895 
6750.0 9.72 15.04 24.00 4.79 0.36 36.00 100 0.0048 0.1742 1.9 0.676 0.8504 
7000.0 10.08 15.60 24.00 4.96 0.38 36.00 100 0.0052 0.1863 1.9 0.727 0.9135 
7250.0 10.44 16.15 24.00 5.14 0.41 36.00 100 0.0055 0.1988 1.9 0.780 0.9789 
7500.0 10.80 16.71 24.00 5.32 0.44 36.00 100 0.0059 0.2117 1.9 0.835 1.0465 
7750.0 11.16 17.27 24.00 5.50 0.47 36.00 100 0.0062 0.2250 1.9 0.891 1.1163 
8000.0 11.52 17.83 24.00 5.67 0.50 36.00 100 0.0066 0.2386 1.9 0.950 1.1884 
8250.0 11.88 18.38 24.00 5.85 0.53 36.00 100 0.0070 0.2526 1.9 1.010 1.2627 
8500.0 12.24 18.94 24.00 6.03 0.56 36.00 100 0.0074 0.2669 1.9 1.072 1.3392 
8750.0 12.60 19.50 24.00 6.21 0.60 36.00 100 0.0078 0.2817 1.9 1.136 1.4179 
9000.0 12.96 20.05 24.00 6.38 0.63 36.00 100 0.0082 0.2967 1.9 1.202 1.4989 
9250.0 13.32 20.61 24.00 6.56 0.67 36.00 100 0.0087 0.3122 1.9 1.270 1.5820 
9500.0 13.68 21.17 24.00 6.74 0.70 36.00 100 0.0091 0.3280 1.9 1.339 1.6674 

FM System Curve - 24" (24” Parallel FM Portion) 
Diameter =  24 in 
Area for =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   
   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – A Modified High Point 
 

9750.0 14.04 21.72 24.00 6.92 0.74 36.00 100 0.0096 0.3442 1.9 1.411 1.7550 
10000.0 14.40 22.28 24.00 7.09 0.78 36.00 100 0.0100 0.3607 1.9 1.484 1.8448 
10250.0 14.76 22.84 24.00 7.27 0.82 36.00 100 0.0105 0.3776 1.9 1.559 1.9368 
10500.0 15.12 23.40 24.00 7.45 0.86 36.00 100 0.0110 0.3948 1.9 1.636 2.0310 
10750.0 15.48 23.95 24.00 7.62 0.90 36.00 100 0.0115 0.4124 1.9 1.715 2.1274 
11000.0 15.84 24.51 24.00 7.80 0.95 36.00 100 0.0120 0.4303 1.9 1.796 2.2261 
11250.0 16.20 25.07 24.00 7.98 0.99 36.00 100 0.0125 0.4486 1.9 1.878 2.3269 
11500.0 16.56 25.62 24.00 8.16 1.03 36.00 100 0.0130 0.4672 1.9 1.963 2.4300 
11750.0 16.92 26.18 24.00 8.33 1.08 36.00 100 0.0135 0.4862 1.9 2.049 2.5352 
12000.0 17.28 26.74 24.00 8.51 1.12 36.00 100 0.0140 0.5056 1.9 2.137 2.6427 
12250.0 17.64 27.30 24.00 8.69 1.17 36.00 100 0.0146 0.5252 1.9 2.227 2.7523 
12500.0 18.00 27.85 24.00 8.87 1.22 36.00 100 0.0151 0.5453 1.9 2.319 2.8642 
12750.0 18.36 28.41 24.00 9.04 1.27 36.00 100 0.0157 0.5656 1.9 2.413 2.9782 
13000.0 18.72 28.97 24.00 9.22 1.32 36.00 100 0.0163 0.5863 1.9 2.508 3.0945 
13250.0 19.08 29.52 24.00 9.40 1.37 36.00 100 0.0169 0.6074 1.9 2.606 3.2129 
13500.0 19.44 30.08 24.00 9.57 1.42 36.00 100 0.0175 0.6288 1.9 2.705 3.3336 
13750.0 19.80 30.64 24.00 9.75 1.48 36.00 100 0.0181 0.6505 1.9 2.806 3.4564 
14000.0 20.16 31.19 24.00 9.93 1.53 36.00 100 0.0187 0.6726 1.9 2.909 3.5814 
14250.0 20.52 31.75 24.00 10.11 1.59 36.00 100 0.0193 0.6950 1.9 3.014 3.7087 
14500.0 20.88 32.31 24.00 10.28 1.64 36.00 100 0.0199 0.7178 1.9 3.120 3.8381 
14750.0 21.24 32.87 24.00 10.46 1.70 36.00 100 0.0206 0.7408 1.9 3.229 3.9697 
15000.0 21.60 33.42 24.00 10.64 1.76 36.00 100 0.0212 0.7643 1.9 3.339 4.1035 
15250.0 21.96 33.98 24.00 10.82 1.82 36.00 100 0.0219 0.7880 1.9 3.451 4.2395 
15500.0 22.32 34.54 24.00 10.99 1.88 36.00 100 0.0226 0.8121 1.9 3.566 4.3777 
15750.0 22.68 35.09 24.00 11.17 1.94 36.00 100 0.0232 0.8365 1.9 3.681 4.5180 
16000.0 23.04 35.65 24.00 11.35 2.00 36.00 100 0.0239 0.8613 1.9 3.799 4.6606 

 
 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 10260 120 0.0000 0.0000 4.5 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 10260 120 0.0000 0.0816 4.5 0.002 0.0838 
500.0 0.72 1.11 23.85 0.36 0.00 10260 120 0.0000 0.2945 4.5 0.009 0.3035 
750.0 1.08 1.67 23.85 0.54 0.00 10260 120 0.0001 0.6240 4.5 0.020 0.6443 

1000.0 1.44 2.23 23.85 0.72 0.01 10260 120 0.0001 1.0631 4.5 0.036 1.0992 
1250.0 1.80 2.79 23.85 0.90 0.01 10260 120 0.0002 1.6072 4.5 0.056 1.6635 
1500.0 2.16 3.34 23.85 1.08 0.02 10260 120 0.0002 2.2527 4.5 0.081 2.3338 
1750.0 2.52 3.90 23.85 1.26 0.02 10260 120 0.0003 2.9971 4.5 0.110 3.1074 
2000.0 2.88 4.46 23.85 1.44 0.03 10260 120 0.0004 3.8379 4.5 0.144 3.9821 
2250.0 3.24 5.01 23.85 1.62 0.04 10260 120 0.0005 4.7734 4.5 0.182 4.9559 
2500.0 3.60 5.57 23.85 1.80 0.05 10260 120 0.0006 5.8019 4.5 0.225 6.0272 
2750.0 3.96 6.13 23.85 1.98 0.06 10260 120 0.0007 6.9220 4.5 0.273 7.1946 
3000.0 4.32 6.68 23.85 2.15 0.07 10260 120 0.0008 8.1324 4.5 0.324 8.4568 
3250.0 4.68 7.24 23.85 2.33 0.08 10260 120 0.0009 9.4319 4.5 0.381 9.8126 
3500.0 5.04 7.80 23.85 2.51 0.10 10260 120 0.0011 10.8194 4.5 0.442 11.2609 
3750.0 5.40 8.36 23.85 2.69 0.11 10260 120 0.0012 12.2940 4.5 0.507 12.8009 
4000.0 5.76 8.91 23.85 2.87 0.13 10260 120 0.0014 13.8549 4.5 0.577 14.4316 
4250.0 6.12 9.47 23.85 3.05 0.14 10260 120 0.0015 15.5012 4.5 0.651 16.1522 
4500.0 6.48 10.03 23.85 3.23 0.16 10260 120 0.0017 17.2321 4.5 0.730 17.9620 
4750.0 6.84 10.58 23.85 3.41 0.18 10260 120 0.0019 19.0470 4.5 0.813 19.8602 
5000.0 7.20 11.14 23.85 3.59 0.20 10260 120 0.0020 20.9451 4.5 0.901 21.8461 
5250.0 7.56 11.70 23.85 3.77 0.22 10260 120 0.0022 22.9258 4.5 0.993 23.9192 
5500.0 7.92 12.25 23.85 3.95 0.24 10260 120 0.0024 24.9885 4.5 1.090 26.0788 
5750.0 8.28 12.81 23.85 4.13 0.26 10260 120 0.0026 27.1328 4.5 1.192 28.3244 
6000.0 8.64 13.37 23.85 4.31 0.29 10260 120 0.0029 29.3579 4.5 1.298 30.6554 
6250.0 9.00 13.93 23.85 4.49 0.31 10260 120 0.0031 31.6635 4.5 1.408 33.0714 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area for =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   
   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – A Modified High Point 
 

6500.0 9.36 14.48 23.85 4.67 0.34 10260 120 0.0033 34.0490 4.5 1.523 35.5718 
6750.0 9.72 15.04 23.85 4.85 0.36 10260 120 0.0036 36.5140 4.5 1.642 38.1562 
7000.0 10.08 15.60 23.85 5.03 0.39 10260 120 0.0038 39.0581 4.5 1.766 40.8241 
7250.0 10.44 16.15 23.85 5.21 0.42 10260 120 0.0041 41.6807 4.5 1.894 43.5752 
7500.0 10.80 16.71 23.85 5.39 0.45 10260 120 0.0043 44.3816 4.5 2.027 46.4089 
7750.0 11.16 17.27 23.85 5.57 0.48 10260 120 0.0046 47.1602 4.5 2.165 49.3250 
8000.0 11.52 17.83 23.85 5.75 0.51 10260 120 0.0049 50.0163 4.5 2.307 52.3230 
8250.0 11.88 18.38 23.85 5.93 0.55 10260 120 0.0052 52.9495 4.5 2.453 55.4026 
8500.0 12.24 18.94 23.85 6.10 0.58 10260 120 0.0055 55.9594 4.5 2.604 58.5634 
8750.0 12.60 19.50 23.85 6.28 0.61 10260 120 0.0058 59.0457 4.5 2.759 61.8051 
9000.0 12.96 20.05 23.85 6.46 0.65 10260 120 0.0061 62.2080 4.5 2.919 65.1274 
9250.0 13.32 20.61 23.85 6.64 0.69 10260 120 0.0064 65.4461 4.5 3.084 68.5299 
9500.0 13.68 21.17 23.85 6.82 0.72 10260 120 0.0067 68.7596 4.5 3.253 72.0124 
9750.0 14.04 21.72 23.85 7.00 0.76 10260 120 0.0070 72.1482 4.5 3.426 75.5745 

10000.0 14.40 22.28 23.85 7.18 0.80 10260 120 0.0074 75.6117 4.5 3.604 79.2159 
10250.0 14.76 22.84 23.85 7.36 0.84 10260 120 0.0077 79.1498 4.5 3.787 82.9365 
10500.0 15.12 23.40 23.85 7.54 0.88 10260 120 0.0081 82.7621 4.5 3.974 86.7358 
10750.0 15.48 23.95 23.85 7.72 0.93 10260 120 0.0084 86.4485 4.5 4.165 90.6137 
11000.0 15.84 24.51 23.85 7.90 0.97 10260 120 0.0088 90.2087 4.5 4.361 94.5698 
11250.0 16.20 25.07 23.85 8.08 1.01 10260 120 0.0092 94.0424 4.5 4.562 98.6040 
11500.0 16.56 25.62 23.85 8.26 1.06 10260 120 0.0095 97.9493 4.5 4.767 102.7159 
11750.0 16.92 26.18 23.85 8.44 1.11 10260 120 0.0099 101.9293 4.5 4.976 106.9054 
12000.0 17.28 26.74 23.85 8.62 1.15 10260 120 0.0103 105.9822 4.5 5.190 111.1722 
12250.0 17.64 27.30 23.85 8.80 1.20 10260 120 0.0107 110.1075 4.5 5.409 115.5161 
12500.0 18.00 27.85 23.85 8.98 1.25 10260 120 0.0111 114.3053 4.5 5.632 119.9369 
12750.0 18.36 28.41 23.85 9.16 1.30 10260 120 0.0116 118.5752 4.5 5.859 124.4343 
13000.0 18.72 28.97 23.85 9.34 1.35 10260 120 0.0120 122.9171 4.5 6.091 129.0082 
13250.0 19.08 29.52 23.85 9.52 1.41 10260 120 0.0124 127.3306 4.5 6.328 133.6583 
13500.0 19.44 30.08 23.85 9.70 1.46 10260 120 0.0128 131.8157 4.5 6.569 138.3844 
13750.0 19.80 30.64 23.85 9.88 1.51 10260 120 0.0133 136.3721 4.5 6.814 143.1864 
14000.0 20.16 31.19 23.85 10.05 1.57 10260 120 0.0137 140.9997 4.5 7.064 148.0640 
14250.0 20.52 31.75 23.85 10.23 1.63 10260 120 0.0142 145.6982 4.5 7.319 153.0170 
14500.0 20.88 32.31 23.85 10.41 1.68 10260 120 0.0147 150.4675 4.5 7.578 158.0454 
14750.0 21.24 32.87 23.85 10.59 1.74 10260 120 0.0151 155.3073 4.5 7.841 163.1488 
15000.0 21.60 33.42 23.85 10.77 1.80 10260 120 0.0156 160.2175 4.5 8.110 168.3271 
15250.0 21.96 33.98 23.85 10.95 1.86 10260 120 0.0161 165.1980 4.5 8.382 173.5801 
15500.0 22.32 34.54 23.85 11.13 1.92 10260 120 0.0166 170.2485 4.5 8.659 178.9077 
15750.0 22.68 35.09 23.85 11.31 1.99 10260 120 0.0171 175.3689 4.5 8.941 184.3097 
16000.0 23.04 35.65 23.85 11.49 2.05 10260 120 0.0176 180.5591 4.5 9.227 189.7859 

 
 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 619.99 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 619.99 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 619.99 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 619.99 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 619.99 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 619.99 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 619.99 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 619.99 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 619.99 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 619.99 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 619.99 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 619.99 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 619.99 120 0.0008 0.4914 2.7 0.195 0.6861 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area for =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   
   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – A Modified High Point 
 

3250.0 4.68 7.24 23.85 2.33 0.08 619.99 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 619.99 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 619.99 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 619.99 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 619.99 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 619.99 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 619.99 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 619.99 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 619.99 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 619.99 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 619.99 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 619.99 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 619.99 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 619.99 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 619.99 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 619.99 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 619.99 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 619.99 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 619.99 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 619.99 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 619.99 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 619.99 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 619.99 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 619.99 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 619.99 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 619.99 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 619.99 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 619.99 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 619.99 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 619.99 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 619.99 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 619.99 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 619.99 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 619.99 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 619.99 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 619.99 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 619.99 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 619.99 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 619.99 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 619.99 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 619.99 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 619.99 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 619.99 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 619.99 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 619.99 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 619.99 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 619.99 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 619.99 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 619.99 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 619.99 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 619.99 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 619.99 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

FM System Curve – 25.14” (24” DIP) 
Diameter =  25.14 in 
Area for =  3.4471 ft2 
RH= 0.5238   
C= 100   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – A Modified High Point 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625.00 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625.00 100 0.0000 0.0054 0.6 0.000 0.0056 
500.0 0.72 1.11 25.14 0.32 0.00 625.00 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625.00 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625.00 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625.00 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625.00 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625.00 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625.00 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625.00 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625.00 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625.00 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625.00 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625.00 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625.00 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625.00 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625.00 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625.00 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625.00 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625.00 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625.00 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625.00 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625.00 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625.00 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625.00 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625.00 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625.00 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625.00 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625.00 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625.00 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625.00 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625.00 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625.00 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625.00 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625.00 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625.00 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625.00 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625.00 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625.00 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625.00 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625.00 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625.00 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625.00 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625.00 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625.00 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625.00 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625.00 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625.00 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625.00 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625.00 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625.00 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625.00 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625.00 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625.00 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625.00 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625.00 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625.00 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625.00 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625.00 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625.00 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625.00 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625.00 100 0.0175 10.9132 0.6 0.905 11.8185 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – A Modified High Point 
 

15500.0 22.32 34.54 25.14 10.02 1.56 625.00 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625.00 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625.00 100 0.0191 11.9280 0.6 0.997 12.9245 

 
 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 3481 120 0.0000 0.0000 4.125 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 3481 120 0.0000 0.0208 4.125 0.002 0.0224 
500.0 0.72 1.11 25.30 0.32 0.00 3481 120 0.0000 0.0750 4.125 0.007 0.0815 
750.0 1.08 1.67 25.30 0.48 0.00 3481 120 0.0000 0.1588 4.125 0.015 0.1735 

1000.0 1.44 2.23 25.30 0.64 0.01 3481 120 0.0001 0.2706 4.125 0.026 0.2967 
1250.0 1.80 2.79 25.30 0.80 0.01 3481 120 0.0001 0.4090 4.125 0.041 0.4498 
1500.0 2.16 3.34 25.30 0.96 0.01 3481 120 0.0002 0.5733 4.125 0.059 0.6321 
1750.0 2.52 3.90 25.30 1.12 0.02 3481 120 0.0002 0.7628 4.125 0.080 0.8427 
2000.0 2.88 4.46 25.30 1.28 0.03 3481 120 0.0003 0.9768 4.125 0.104 1.0812 
2250.0 3.24 5.01 25.30 1.44 0.03 3481 120 0.0003 1.2149 4.125 0.132 1.3470 
2500.0 3.60 5.57 25.30 1.60 0.04 3481 120 0.0004 1.4767 4.125 0.163 1.6397 
2750.0 3.96 6.13 25.30 1.76 0.05 3481 120 0.0005 1.7617 4.125 0.197 1.9591 
3000.0 4.32 6.68 25.30 1.91 0.06 3481 120 0.0006 2.0698 4.125 0.235 2.3046 
3250.0 4.68 7.24 25.30 2.07 0.07 3481 120 0.0007 2.4005 4.125 0.276 2.6761 
3500.0 5.04 7.80 25.30 2.23 0.08 3481 120 0.0008 2.7537 4.125 0.320 3.0733 
3750.0 5.40 8.36 25.30 2.39 0.09 3481 120 0.0009 3.1290 4.125 0.367 3.4959 
4000.0 5.76 8.91 25.30 2.55 0.10 3481 120 0.0010 3.5262 4.125 0.417 3.9437 
4250.0 6.12 9.47 25.30 2.71 0.11 3481 120 0.0011 3.9452 4.125 0.471 4.4165 
4500.0 6.48 10.03 25.30 2.87 0.13 3481 120 0.0013 4.3858 4.125 0.528 4.9141 
4750.0 6.84 10.58 25.30 3.03 0.14 3481 120 0.0014 4.8477 4.125 0.589 5.4364 
5000.0 7.20 11.14 25.30 3.19 0.16 3481 120 0.0015 5.3308 4.125 0.652 5.9831 
5250.0 7.56 11.70 25.30 3.35 0.17 3481 120 0.0017 5.8349 4.125 0.719 6.5540 
5500.0 7.92 12.25 25.30 3.51 0.19 3481 120 0.0018 6.3599 4.125 0.789 7.1491 
5750.0 8.28 12.81 25.30 3.67 0.21 3481 120 0.0020 6.9056 4.125 0.863 7.7683 
6000.0 8.64 13.37 25.30 3.83 0.23 3481 120 0.0021 7.4719 4.125 0.939 8.4112 
6250.0 9.00 13.93 25.30 3.99 0.25 3481 120 0.0023 8.0587 4.125 1.019 9.0779 
6500.0 9.36 14.48 25.30 4.15 0.27 3481 120 0.0025 8.6659 4.125 1.102 9.7682 
6750.0 9.72 15.04 25.30 4.31 0.29 3481 120 0.0027 9.2933 4.125 1.189 10.4820 
7000.0 10.08 15.60 25.30 4.47 0.31 3481 120 0.0029 9.9408 4.125 1.278 11.2192 
7250.0 10.44 16.15 25.30 4.63 0.33 3481 120 0.0030 10.6082 4.125 1.371 11.9797 
7500.0 10.80 16.71 25.30 4.79 0.36 3481 120 0.0032 11.2956 4.125 1.468 12.7633 
7750.0 11.16 17.27 25.30 4.95 0.38 3481 120 0.0034 12.0029 4.125 1.567 13.5700 
8000.0 11.52 17.83 25.30 5.11 0.40 3481 120 0.0037 12.7298 4.125 1.670 14.3996 
8250.0 11.88 18.38 25.30 5.27 0.43 3481 120 0.0039 13.4763 4.125 1.776 15.2521 
8500.0 12.24 18.94 25.30 5.42 0.46 3481 120 0.0041 14.2423 4.125 1.885 16.1274 
8750.0 12.60 19.50 25.30 5.58 0.48 3481 120 0.0043 15.0278 4.125 1.998 17.0255 
9000.0 12.96 20.05 25.30 5.74 0.51 3481 120 0.0045 15.8327 4.125 2.113 17.9461 
9250.0 13.32 20.61 25.30 5.90 0.54 3481 120 0.0048 16.6568 4.125 2.232 18.8893 
9500.0 13.68 21.17 25.30 6.06 0.57 3481 120 0.0050 17.5002 4.125 2.355 19.8549 
9750.0 14.04 21.72 25.30 6.22 0.60 3481 120 0.0053 18.3626 4.125 2.480 20.8429 

10000.0 14.40 22.28 25.30 6.38 0.63 3481 120 0.0055 19.2441 4.125 2.609 21.8532 
10250.0 14.76 22.84 25.30 6.54 0.66 3481 120 0.0058 20.1446 4.125 2.741 22.8858 
10500.0 15.12 23.40 25.30 6.70 0.70 3481 120 0.0061 21.0640 4.125 2.877 23.9405 
10750.0 15.48 23.95 25.30 6.86 0.73 3481 120 0.0063 22.0022 4.125 3.015 25.0174 
11000.0 15.84 24.51 25.30 7.02 0.77 3481 120 0.0066 22.9592 4.125 3.157 26.1163 
11250.0 16.20 25.07 25.30 7.18 0.80 3481 120 0.0069 23.9349 4.125 3.302 27.2371 
11500.0 16.56 25.62 25.30 7.34 0.84 3481 120 0.0072 24.9293 4.125 3.451 28.3799 
11750.0 16.92 26.18 25.30 7.50 0.87 3481 120 0.0075 25.9423 4.125 3.602 29.5445 

FM System Curve – 25.3” (30” DIP) 
Diameter =  25.3 in 
Area for =  3.4911 ft2 
RH= 0.5271   
C= 120   
 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – A Modified High Point 
 

12000.0 17.28 26.74 25.30 7.66 0.91 3481 120 0.0077 26.9738 4.125 3.757 30.7309 
12250.0 17.64 27.30 25.30 7.82 0.95 3481 120 0.0081 28.0237 4.125 3.915 31.9390 
12500.0 18.00 27.85 25.30 7.98 0.99 3481 120 0.0084 29.0921 4.125 4.077 33.1689 
12750.0 18.36 28.41 25.30 8.14 1.03 3481 120 0.0087 30.1788 4.125 4.241 34.4203 
13000.0 18.72 28.97 25.30 8.30 1.07 3481 120 0.0090 31.2839 4.125 4.409 35.6933 
13250.0 19.08 29.52 25.30 8.46 1.11 3481 120 0.0093 32.4072 4.125 4.581 36.9879 
13500.0 19.44 30.08 25.30 8.62 1.15 3481 120 0.0096 33.5487 4.125 4.755 38.3039 
13750.0 19.80 30.64 25.30 8.78 1.20 3481 120 0.0100 34.7084 4.125 4.933 39.6413 
14000.0 20.16 31.19 25.30 8.94 1.24 3481 120 0.0103 35.8861 4.125 5.114 41.0000 
14250.0 20.52 31.75 25.30 9.09 1.28 3481 120 0.0107 37.0820 4.125 5.298 42.3801 
14500.0 20.88 32.31 25.30 9.25 1.33 3481 120 0.0110 38.2958 4.125 5.486 43.7815 
14750.0 21.24 32.87 25.30 9.41 1.38 3481 120 0.0114 39.5276 4.125 5.676 45.2041 
15000.0 21.60 33.42 25.30 9.57 1.42 3481 120 0.0117 40.7773 4.125 5.871 46.6479 
15250.0 21.96 33.98 25.30 9.73 1.47 3481 120 0.0121 42.0449 4.125 6.068 48.1128 
15500.0 22.32 34.54 25.30 9.89 1.52 3481 120 0.0124 43.3303 4.125 6.268 49.5988 
15750.0 22.68 35.09 25.30 10.05 1.57 3481 120 0.0128 44.6335 4.125 6.472 51.1058 
16000.0 23.04 35.65 25.30 10.21 1.62 3481 120 0.0132 45.9545 4.125 6.679 52.6339 

 
 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 3580.4 100 0.0000 0.0000 1.00 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 3580.4 100 0.0000 0.0387 1.00 0.000 0.0392 
500.0 0.72 1.11 24.00 0.35 0.00 3580.4 100 0.0000 0.1397 1.00 0.002 0.1417 
750.0 1.08 1.67 24.00 0.53 0.00 3580.4 100 0.0001 0.2961 1.00 0.004 0.3004 

1000.0 1.44 2.23 24.00 0.71 0.01 3580.4 100 0.0001 0.5044 1.00 0.008 0.5122 
1250.0 1.80 2.79 24.00 0.89 0.01 3580.4 100 0.0002 0.7625 1.00 0.012 0.7747 
1500.0 2.16 3.34 24.00 1.06 0.02 3580.4 100 0.0003 1.0688 1.00 0.018 1.0863 
1750.0 2.52 3.90 24.00 1.24 0.02 3580.4 100 0.0004 1.4219 1.00 0.024 1.4458 
2000.0 2.88 4.46 24.00 1.42 0.03 3580.4 100 0.0005 1.8208 1.00 0.031 1.8520 
2250.0 3.24 5.01 24.00 1.60 0.04 3580.4 100 0.0006 2.2646 1.00 0.040 2.3042 
2500.0 3.60 5.57 24.00 1.77 0.05 3580.4 100 0.0008 2.7526 1.00 0.049 2.8014 
2750.0 3.96 6.13 24.00 1.95 0.06 3580.4 100 0.0009 3.2840 1.00 0.059 3.3430 
3000.0 4.32 6.68 24.00 2.13 0.07 3580.4 100 0.0011 3.8582 1.00 0.070 3.9285 
3250.0 4.68 7.24 24.00 2.31 0.08 3580.4 100 0.0012 4.4747 1.00 0.083 4.5572 
3500.0 5.04 7.80 24.00 2.48 0.10 3580.4 100 0.0014 5.1330 1.00 0.096 5.2287 
3750.0 5.40 8.36 24.00 2.66 0.11 3580.4 100 0.0016 5.8326 1.00 0.110 5.9424 
4000.0 5.76 8.91 24.00 2.84 0.12 3580.4 100 0.0018 6.5731 1.00 0.125 6.6981 
4250.0 6.12 9.47 24.00 3.01 0.14 3580.4 100 0.0021 7.3541 1.00 0.141 7.4952 
4500.0 6.48 10.03 24.00 3.19 0.16 3580.4 100 0.0023 8.1753 1.00 0.158 8.3335 
4750.0 6.84 10.58 24.00 3.37 0.18 3580.4 100 0.0025 9.0363 1.00 0.176 9.2126 
5000.0 7.20 11.14 24.00 3.55 0.20 3580.4 100 0.0028 9.9368 1.00 0.195 10.1321 
5250.0 7.56 11.70 24.00 3.72 0.22 3580.4 100 0.0030 10.8765 1.00 0.215 11.0918 
5500.0 7.92 12.25 24.00 3.90 0.24 3580.4 100 0.0033 11.8552 1.00 0.236 12.0914 
5750.0 8.28 12.81 24.00 4.08 0.26 3580.4 100 0.0036 12.8724 1.00 0.258 13.1307 
6000.0 8.64 13.37 24.00 4.26 0.28 3580.4 100 0.0039 13.9281 1.00 0.281 14.2093 
6250.0 9.00 13.93 24.00 4.43 0.31 3580.4 100 0.0042 15.0219 1.00 0.305 15.3270 
6500.0 9.36 14.48 24.00 4.61 0.33 3580.4 100 0.0045 16.1537 1.00 0.330 16.4837 
6750.0 9.72 15.04 24.00 4.79 0.36 3580.4 100 0.0048 17.3231 1.00 0.356 17.6790 
7000.0 10.08 15.60 24.00 4.96 0.38 3580.4 100 0.0052 18.5301 1.00 0.383 18.9128 
7250.0 10.44 16.15 24.00 5.14 0.41 3580.4 100 0.0055 19.7743 1.00 0.411 20.1849 
7500.0 10.80 16.71 24.00 5.32 0.44 3580.4 100 0.0059 21.0557 1.00 0.439 21.4950 
7750.0 11.16 17.27 24.00 5.50 0.47 3580.4 100 0.0062 22.3739 1.00 0.469 22.8431 
8000.0 11.52 17.83 24.00 5.67 0.50 3580.4 100 0.0066 23.7289 1.00 0.500 24.2288 
8250.0 11.88 18.38 24.00 5.85 0.53 3580.4 100 0.0070 25.1205 1.00 0.532 25.6521 
8500.0 12.24 18.94 24.00 6.03 0.56 3580.4 100 0.0074 26.5485 1.00 0.564 27.1128 

FM System Curve – 24” 
Diameter =  24 in 
Area for =  3.1416 ft2 
RH= 0.5   
C= 100   
 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – A Modified High Point 
 

8750.0 12.60 19.50 24.00 6.21 0.60 3580.4 100 0.0078 28.0127 1.00 0.598 28.6107 
9000.0 12.96 20.05 24.00 6.38 0.63 3580.4 100 0.0082 29.5130 1.00 0.633 30.1457 
9250.0 13.32 20.61 24.00 6.56 0.67 3580.4 100 0.0087 31.0492 1.00 0.668 31.7175 
9500.0 13.68 21.17 24.00 6.74 0.70 3580.4 100 0.0091 32.6212 1.00 0.705 33.3261 
9750.0 14.04 21.72 24.00 6.92 0.74 3580.4 100 0.0096 34.2288 1.00 0.743 34.9714 

10000.0 14.40 22.28 24.00 7.09 0.78 3580.4 100 0.0100 35.8720 1.00 0.781 36.6531 
10250.0 14.76 22.84 24.00 7.27 0.82 3580.4 100 0.0105 37.5506 1.00 0.821 38.3712 
10500.0 15.12 23.40 24.00 7.45 0.86 3580.4 100 0.0110 39.2643 1.00 0.861 40.1255 
10750.0 15.48 23.95 24.00 7.62 0.90 3580.4 100 0.0115 41.0133 1.00 0.903 41.9159 
11000.0 15.84 24.51 24.00 7.80 0.95 3580.4 100 0.0120 42.7972 1.00 0.945 43.7423 
11250.0 16.20 25.07 24.00 7.98 0.99 3580.4 100 0.0125 44.6160 1.00 0.989 45.6045 
11500.0 16.56 25.62 24.00 8.16 1.03 3580.4 100 0.0130 46.4695 1.00 1.033 47.5025 
11750.0 16.92 26.18 24.00 8.33 1.08 3580.4 100 0.0135 48.3577 1.00 1.078 49.4361 
12000.0 17.28 26.74 24.00 8.51 1.12 3580.4 100 0.0140 50.2805 1.00 1.125 51.4053 
12250.0 17.64 27.30 24.00 8.69 1.17 3580.4 100 0.0146 52.2377 1.00 1.172 53.4098 
12500.0 18.00 27.85 24.00 8.87 1.22 3580.4 100 0.0151 54.2292 1.00 1.220 55.4497 
12750.0 18.36 28.41 24.00 9.04 1.27 3580.4 100 0.0157 56.2549 1.00 1.270 57.5247 
13000.0 18.72 28.97 24.00 9.22 1.32 3580.4 100 0.0163 58.3148 1.00 1.320 59.6349 
13250.0 19.08 29.52 24.00 9.40 1.37 3580.4 100 0.0169 60.4087 1.00 1.371 61.7800 
13500.0 19.44 30.08 24.00 9.57 1.42 3580.4 100 0.0175 62.5365 1.00 1.424 63.9601 
13750.0 19.80 30.64 24.00 9.75 1.48 3580.4 100 0.0181 64.6982 1.00 1.477 66.1750 
14000.0 20.16 31.19 24.00 9.93 1.53 3580.4 100 0.0187 66.8936 1.00 1.531 68.4246 
14250.0 20.52 31.75 24.00 10.11 1.59 3580.4 100 0.0193 69.1227 1.00 1.586 70.7089 
14500.0 20.88 32.31 24.00 10.28 1.64 3580.4 100 0.0199 71.3854 1.00 1.642 73.0277 
14750.0 21.24 32.87 24.00 10.46 1.70 3580.4 100 0.0206 73.6815 1.00 1.699 75.3809 
15000.0 21.60 33.42 24.00 10.64 1.76 3580.4 100 0.0212 76.0111 1.00 1.757 77.7685 
15250.0 21.96 33.98 24.00 10.82 1.82 3580.4 100 0.0219 78.3739 1.00 1.817 80.1905 
15500.0 22.32 34.54 24.00 10.99 1.88 3580.4 100 0.0226 80.7700 1.00 1.877 82.6466 
15750.0 22.68 35.09 24.00 11.17 1.94 3580.4 100 0.0232 83.1992 1.00 1.938 85.1369 
16000.0 23.04 35.65 24.00 11.35 2.00 3580.4 100 0.0239 85.6616 1.00 2.000 87.6612 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – A Modified High Point 
 

 
MIN Static Head = 27.85 
MAX Static Head = 32.35 
 

Q Q Losses 

(gpm) (mgd) 
 0.0 0.00 0.00 

250.0 0.36 0.16 
500.0 0.72 0.58 
750.0 1.08 1.24 

1000.0 1.44 2.11 
1250.0 1.80 3.20 
1500.0 2.16 4.49 
1750.0 2.52 5.98 
2000.0 2.88 7.67 
2250.0 3.24 9.55 
2500.0 3.60 11.62 
2750.0 3.96 13.87 
3000.0 4.32 16.31 
3250.0 4.68 18.93 
3500.0 5.04 21.74 
3750.0 5.40 24.72 
4000.0 5.76 27.87 
4250.0 6.12 31.21 
4500.0 6.48 34.71 
4750.0 6.84 38.39 
5000.0 7.20 42.24 
5250.0 7.56 46.26 
5500.0 7.92 50.45 
5750.0 8.28 54.80 
6000.0 8.64 59.33 
6250.0 9.00 64.01 
6500.0 9.36 68.87 
6750.0 9.72 73.89 
7000.0 10.08 79.07 
7250.0 10.44 84.41 
7500.0 10.80 89.91 
7750.0 11.16 95.58 
8000.0 11.52 101.41 
8250.0 11.88 107.39 
8500.0 12.24 113.54 
8750.0 12.60 119.84 
9000.0 12.96 126.30 
9250.0 13.32 132.92 
9500.0 13.68 139.69 
9750.0 14.04 146.62 

10000.0 14.40 153.70 
10250.0 14.76 160.94 
10500.0 15.12 168.34 
10750.0 15.48 175.89 
11000.0 15.84 183.59 
11250.0 16.20 191.44 
11500.0 16.56 199.45 
11750.0 16.92 207.61 
12000.0 17.28 215.92 
12250.0 17.64 224.38 
12500.0 18.00 232.99 
12750.0 18.36 241.76 
13000.0 18.72 250.67 
13250.0 19.08 259.73 
13500.0 19.44 268.94 
13750.0 19.80 278.30 
14000.0 20.16 287.81 
14250.0 20.52 297.47 
14500.0 20.88 307.27 
14750.0 21.24 317.23 
15000.0 21.60 327.33 
15250.0 21.96 337.57 
15500.0 22.32 347.96 
15750.0 22.68 358.50 
16000.0 23.04 369.19 

Q Q Min Static Max Static 

(gpm) (mgd) 
 

  

0.0 0.00 27.85 32.35 
250.0 0.36 28.01 32.51 
500.0 0.72 28.43 32.93 
750.0 1.08 29.09 33.59 

1000.0 1.44 29.96 34.46 
1250.0 1.80 31.05 35.55 
1500.0 2.16 32.34 36.84 
1750.0 2.52 33.83 38.33 
2000.0 2.88 35.52 40.02 
2250.0 3.24 37.40 41.90 
2500.0 3.60 39.47 43.97 
2750.0 3.96 41.72 46.22 
3000.0 4.32 44.16 48.66 
3250.0 4.68 46.78 51.28 
3500.0 5.04 49.59 54.09 
3750.0 5.40 52.57 57.07 
4000.0 5.76 55.72 60.22 
4250.0 6.12 59.06 63.56 
4500.0 6.48 62.56 67.06 
4750.0 6.84 66.24 70.74 
5000.0 7.20 70.09 74.59 
5250.0 7.56 74.11 78.61 
5500.0 7.92 78.30 82.80 
5750.0 8.28 82.65 87.15 
6000.0 8.64 87.18 91.68 
6250.0 9.00 91.86 96.36 
6500.0 9.36 96.72 101.22 
6750.0 9.72 101.74 106.24 
7000.0 10.08 106.92 111.42 
7250.0 10.44 112.26 116.76 
7500.0 10.80 117.76 122.26 
7750.0 11.16 123.43 127.93 
8000.0 11.52 129.26 133.76 
8250.0 11.88 135.24 139.74 
8500.0 12.24 141.39 145.89 
8750.0 12.60 147.69 152.19 
9000.0 12.96 154.15 158.65 
9250.0 13.32 160.77 165.27 
9500.0 13.68 167.54 172.04 
9750.0 14.04 174.47 178.97 

10000.0 14.40 181.55 186.05 
10250.0 14.76 188.79 193.29 
10500.0 15.12 196.19 200.69 
10750.0 15.48 203.74 208.24 
11000.0 15.84 211.44 215.94 
11250.0 16.20 219.29 223.79 
11500.0 16.56 227.30 231.80 
11750.0 16.92 235.46 239.96 
12000.0 17.28 243.77 248.27 
12250.0 17.64 252.23 256.73 
12500.0 18.00 260.84 265.34 
12750.0 18.36 269.61 274.11 
13000.0 18.72 278.52 283.02 
13250.0 19.08 287.58 292.08 
13500.0 19.44 296.79 301.29 
13750.0 19.80 306.15 310.65 
14000.0 20.16 315.66 320.16 
14250.0 20.52 325.32 329.82 
14500.0 20.88 335.12 339.62 
14750.0 21.24 345.08 349.58 
15000.0 21.60 355.18 359.68 
15250.0 21.96 365.42 369.92 
15500.0 22.32 375.81 380.31 
15750.0 22.68 386.35 390.85 
16000.0 23.04 397.04 401.54 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – B Modified High Point 
 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 

FM System Curve - 24" 
 Diameter =  24 in 

Area for =  3.141593 ft2 
RH= 0.5   
C= 100   
   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – B Modified High Point 
 

13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 
13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 36.00 100 0.0000 0.0000 1.9 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 36.00 100 0.0000 0.0004 1.9 0.001 0.0013 
500.0 0.72 1.11 24.00 0.35 0.00 36.00 100 0.0000 0.0014 1.9 0.004 0.0051 
750.0 1.08 1.67 24.00 0.53 0.00 36.00 100 0.0001 0.0030 1.9 0.008 0.0113 

1000.0 1.44 2.23 24.00 0.71 0.01 36.00 100 0.0001 0.0051 1.9 0.015 0.0199 
1250.0 1.80 2.79 24.00 0.89 0.01 36.00 100 0.0002 0.0077 1.9 0.023 0.0309 
1500.0 2.16 3.34 24.00 1.06 0.02 36.00 100 0.0003 0.0107 1.9 0.033 0.0441 
1750.0 2.52 3.90 24.00 1.24 0.02 36.00 100 0.0004 0.0143 1.9 0.045 0.0597 
2000.0 2.88 4.46 24.00 1.42 0.03 36.00 100 0.0005 0.0183 1.9 0.059 0.0777 
2250.0 3.24 5.01 24.00 1.60 0.04 36.00 100 0.0006 0.0228 1.9 0.075 0.0979 
2500.0 3.60 5.57 24.00 1.77 0.05 36.00 100 0.0008 0.0277 1.9 0.093 0.1204 
2750.0 3.96 6.13 24.00 1.95 0.06 36.00 100 0.0009 0.0330 1.9 0.112 0.1453 
3000.0 4.32 6.68 24.00 2.13 0.07 36.00 100 0.0011 0.0388 1.9 0.134 0.1724 
3250.0 4.68 7.24 24.00 2.31 0.08 36.00 100 0.0012 0.0450 1.9 0.157 0.2017 
3500.0 5.04 7.80 24.00 2.48 0.10 36.00 100 0.0014 0.0516 1.9 0.182 0.2334 
3750.0 5.40 8.36 24.00 2.66 0.11 36.00 100 0.0016 0.0586 1.9 0.209 0.2673 
4000.0 5.76 8.91 24.00 2.84 0.12 36.00 100 0.0018 0.0661 1.9 0.237 0.3035 
4250.0 6.12 9.47 24.00 3.01 0.14 36.00 100 0.0021 0.0739 1.9 0.268 0.3420 
4500.0 6.48 10.03 24.00 3.19 0.16 36.00 100 0.0023 0.0822 1.9 0.301 0.3827 
4750.0 6.84 10.58 24.00 3.37 0.18 36.00 100 0.0025 0.0909 1.9 0.335 0.4257 
5000.0 7.20 11.14 24.00 3.55 0.20 36.00 100 0.0028 0.0999 1.9 0.371 0.4709 
5250.0 7.56 11.70 24.00 3.72 0.22 36.00 100 0.0030 0.1094 1.9 0.409 0.5184 
5500.0 7.92 12.25 24.00 3.90 0.24 36.00 100 0.0033 0.1192 1.9 0.449 0.5681 
5750.0 8.28 12.81 24.00 4.08 0.26 36.00 100 0.0036 0.1294 1.9 0.491 0.6201 
6000.0 8.64 13.37 24.00 4.26 0.28 36.00 100 0.0039 0.1400 1.9 0.534 0.6743 
6250.0 9.00 13.93 24.00 4.43 0.31 36.00 100 0.0042 0.1510 1.9 0.580 0.7308 
6500.0 9.36 14.48 24.00 4.61 0.33 36.00 100 0.0045 0.1624 1.9 0.627 0.7895 
6750.0 9.72 15.04 24.00 4.79 0.36 36.00 100 0.0048 0.1742 1.9 0.676 0.8504 
7000.0 10.08 15.60 24.00 4.96 0.38 36.00 100 0.0052 0.1863 1.9 0.727 0.9135 
7250.0 10.44 16.15 24.00 5.14 0.41 36.00 100 0.0055 0.1988 1.9 0.780 0.9789 
7500.0 10.80 16.71 24.00 5.32 0.44 36.00 100 0.0059 0.2117 1.9 0.835 1.0465 
7750.0 11.16 17.27 24.00 5.50 0.47 36.00 100 0.0062 0.2250 1.9 0.891 1.1163 
8000.0 11.52 17.83 24.00 5.67 0.50 36.00 100 0.0066 0.2386 1.9 0.950 1.1884 
8250.0 11.88 18.38 24.00 5.85 0.53 36.00 100 0.0070 0.2526 1.9 1.010 1.2627 
8500.0 12.24 18.94 24.00 6.03 0.56 36.00 100 0.0074 0.2669 1.9 1.072 1.3392 
8750.0 12.60 19.50 24.00 6.21 0.60 36.00 100 0.0078 0.2817 1.9 1.136 1.4179 
9000.0 12.96 20.05 24.00 6.38 0.63 36.00 100 0.0082 0.2967 1.9 1.202 1.4989 
9250.0 13.32 20.61 24.00 6.56 0.67 36.00 100 0.0087 0.3122 1.9 1.270 1.5820 
9500.0 13.68 21.17 24.00 6.74 0.70 36.00 100 0.0091 0.3280 1.9 1.339 1.6674 
9750.0 14.04 21.72 24.00 6.92 0.74 36.00 100 0.0096 0.3442 1.9 1.411 1.7550 

FM System Curve - 24" (24” Parallel FM Portion) 
Diameter =  24 in 
Area for =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   
   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – B Modified High Point 
 

10000.0 14.40 22.28 24.00 7.09 0.78 36.00 100 0.0100 0.3607 1.9 1.484 1.8448 
10250.0 14.76 22.84 24.00 7.27 0.82 36.00 100 0.0105 0.3776 1.9 1.559 1.9368 
10500.0 15.12 23.40 24.00 7.45 0.86 36.00 100 0.0110 0.3948 1.9 1.636 2.0310 
10750.0 15.48 23.95 24.00 7.62 0.90 36.00 100 0.0115 0.4124 1.9 1.715 2.1274 
11000.0 15.84 24.51 24.00 7.80 0.95 36.00 100 0.0120 0.4303 1.9 1.796 2.2261 
11250.0 16.20 25.07 24.00 7.98 0.99 36.00 100 0.0125 0.4486 1.9 1.878 2.3269 
11500.0 16.56 25.62 24.00 8.16 1.03 36.00 100 0.0130 0.4672 1.9 1.963 2.4300 
11750.0 16.92 26.18 24.00 8.33 1.08 36.00 100 0.0135 0.4862 1.9 2.049 2.5352 
12000.0 17.28 26.74 24.00 8.51 1.12 36.00 100 0.0140 0.5056 1.9 2.137 2.6427 
12250.0 17.64 27.30 24.00 8.69 1.17 36.00 100 0.0146 0.5252 1.9 2.227 2.7523 
12500.0 18.00 27.85 24.00 8.87 1.22 36.00 100 0.0151 0.5453 1.9 2.319 2.8642 
12750.0 18.36 28.41 24.00 9.04 1.27 36.00 100 0.0157 0.5656 1.9 2.413 2.9782 
13000.0 18.72 28.97 24.00 9.22 1.32 36.00 100 0.0163 0.5863 1.9 2.508 3.0945 
13250.0 19.08 29.52 24.00 9.40 1.37 36.00 100 0.0169 0.6074 1.9 2.606 3.2129 
13500.0 19.44 30.08 24.00 9.57 1.42 36.00 100 0.0175 0.6288 1.9 2.705 3.3336 
13750.0 19.80 30.64 24.00 9.75 1.48 36.00 100 0.0181 0.6505 1.9 2.806 3.4564 
14000.0 20.16 31.19 24.00 9.93 1.53 36.00 100 0.0187 0.6726 1.9 2.909 3.5814 
14250.0 20.52 31.75 24.00 10.11 1.59 36.00 100 0.0193 0.6950 1.9 3.014 3.7087 
14500.0 20.88 32.31 24.00 10.28 1.64 36.00 100 0.0199 0.7178 1.9 3.120 3.8381 
14750.0 21.24 32.87 24.00 10.46 1.70 36.00 100 0.0206 0.7408 1.9 3.229 3.9697 
15000.0 21.60 33.42 24.00 10.64 1.76 36.00 100 0.0212 0.7643 1.9 3.339 4.1035 
15250.0 21.96 33.98 24.00 10.82 1.82 36.00 100 0.0219 0.7880 1.9 3.451 4.2395 
15500.0 22.32 34.54 24.00 10.99 1.88 36.00 100 0.0226 0.8121 1.9 3.566 4.3777 
15750.0 22.68 35.09 24.00 11.17 1.94 36.00 100 0.0232 0.8365 1.9 3.681 4.5180 
16000.0 23.04 35.65 24.00 11.35 2.00 36.00 100 0.0239 0.8613 1.9 3.799 4.6606 

 
 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 10260 120 0.0000 0.0000 4.5 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 10260 120 0.0000 0.0816 4.5 0.002 0.0838 
500.0 0.72 1.11 23.85 0.36 0.00 10260 120 0.0000 0.2945 4.5 0.009 0.3035 
750.0 1.08 1.67 23.85 0.54 0.00 10260 120 0.0001 0.6240 4.5 0.020 0.6443 

1000.0 1.44 2.23 23.85 0.72 0.01 10260 120 0.0001 1.0631 4.5 0.036 1.0992 
1250.0 1.80 2.79 23.85 0.90 0.01 10260 120 0.0002 1.6072 4.5 0.056 1.6635 
1500.0 2.16 3.34 23.85 1.08 0.02 10260 120 0.0002 2.2527 4.5 0.081 2.3338 
1750.0 2.52 3.90 23.85 1.26 0.02 10260 120 0.0003 2.9971 4.5 0.110 3.1074 
2000.0 2.88 4.46 23.85 1.44 0.03 10260 120 0.0004 3.8379 4.5 0.144 3.9821 
2250.0 3.24 5.01 23.85 1.62 0.04 10260 120 0.0005 4.7734 4.5 0.182 4.9559 
2500.0 3.60 5.57 23.85 1.80 0.05 10260 120 0.0006 5.8019 4.5 0.225 6.0272 
2750.0 3.96 6.13 23.85 1.98 0.06 10260 120 0.0007 6.9220 4.5 0.273 7.1946 
3000.0 4.32 6.68 23.85 2.15 0.07 10260 120 0.0008 8.1324 4.5 0.324 8.4568 
3250.0 4.68 7.24 23.85 2.33 0.08 10260 120 0.0009 9.4319 4.5 0.381 9.8126 
3500.0 5.04 7.80 23.85 2.51 0.10 10260 120 0.0011 10.8194 4.5 0.442 11.2609 
3750.0 5.40 8.36 23.85 2.69 0.11 10260 120 0.0012 12.2940 4.5 0.507 12.8009 
4000.0 5.76 8.91 23.85 2.87 0.13 10260 120 0.0014 13.8549 4.5 0.577 14.4316 
4250.0 6.12 9.47 23.85 3.05 0.14 10260 120 0.0015 15.5012 4.5 0.651 16.1522 
4500.0 6.48 10.03 23.85 3.23 0.16 10260 120 0.0017 17.2321 4.5 0.730 17.9620 
4750.0 6.84 10.58 23.85 3.41 0.18 10260 120 0.0019 19.0470 4.5 0.813 19.8602 
5000.0 7.20 11.14 23.85 3.59 0.20 10260 120 0.0020 20.9451 4.5 0.901 21.8461 
5250.0 7.56 11.70 23.85 3.77 0.22 10260 120 0.0022 22.9258 4.5 0.993 23.9192 
5500.0 7.92 12.25 23.85 3.95 0.24 10260 120 0.0024 24.9885 4.5 1.090 26.0788 
5750.0 8.28 12.81 23.85 4.13 0.26 10260 120 0.0026 27.1328 4.5 1.192 28.3244 
6000.0 8.64 13.37 23.85 4.31 0.29 10260 120 0.0029 29.3579 4.5 1.298 30.6554 
6250.0 9.00 13.93 23.85 4.49 0.31 10260 120 0.0031 31.6635 4.5 1.408 33.0714 
6500.0 9.36 14.48 23.85 4.67 0.34 10260 120 0.0033 34.0490 4.5 1.523 35.5718 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area for =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   
   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – B Modified High Point 
 

6750.0 9.72 15.04 23.85 4.85 0.36 10260 120 0.0036 36.5140 4.5 1.642 38.1562 
7000.0 10.08 15.60 23.85 5.03 0.39 10260 120 0.0038 39.0581 4.5 1.766 40.8241 
7250.0 10.44 16.15 23.85 5.21 0.42 10260 120 0.0041 41.6807 4.5 1.894 43.5752 
7500.0 10.80 16.71 23.85 5.39 0.45 10260 120 0.0043 44.3816 4.5 2.027 46.4089 
7750.0 11.16 17.27 23.85 5.57 0.48 10260 120 0.0046 47.1602 4.5 2.165 49.3250 
8000.0 11.52 17.83 23.85 5.75 0.51 10260 120 0.0049 50.0163 4.5 2.307 52.3230 
8250.0 11.88 18.38 23.85 5.93 0.55 10260 120 0.0052 52.9495 4.5 2.453 55.4026 
8500.0 12.24 18.94 23.85 6.10 0.58 10260 120 0.0055 55.9594 4.5 2.604 58.5634 
8750.0 12.60 19.50 23.85 6.28 0.61 10260 120 0.0058 59.0457 4.5 2.759 61.8051 
9000.0 12.96 20.05 23.85 6.46 0.65 10260 120 0.0061 62.2080 4.5 2.919 65.1274 
9250.0 13.32 20.61 23.85 6.64 0.69 10260 120 0.0064 65.4461 4.5 3.084 68.5299 
9500.0 13.68 21.17 23.85 6.82 0.72 10260 120 0.0067 68.7596 4.5 3.253 72.0124 
9750.0 14.04 21.72 23.85 7.00 0.76 10260 120 0.0070 72.1482 4.5 3.426 75.5745 

10000.0 14.40 22.28 23.85 7.18 0.80 10260 120 0.0074 75.6117 4.5 3.604 79.2159 
10250.0 14.76 22.84 23.85 7.36 0.84 10260 120 0.0077 79.1498 4.5 3.787 82.9365 
10500.0 15.12 23.40 23.85 7.54 0.88 10260 120 0.0081 82.7621 4.5 3.974 86.7358 
10750.0 15.48 23.95 23.85 7.72 0.93 10260 120 0.0084 86.4485 4.5 4.165 90.6137 
11000.0 15.84 24.51 23.85 7.90 0.97 10260 120 0.0088 90.2087 4.5 4.361 94.5698 
11250.0 16.20 25.07 23.85 8.08 1.01 10260 120 0.0092 94.0424 4.5 4.562 98.6040 
11500.0 16.56 25.62 23.85 8.26 1.06 10260 120 0.0095 97.9493 4.5 4.767 102.7159 
11750.0 16.92 26.18 23.85 8.44 1.11 10260 120 0.0099 101.9293 4.5 4.976 106.9054 
12000.0 17.28 26.74 23.85 8.62 1.15 10260 120 0.0103 105.9822 4.5 5.190 111.1722 
12250.0 17.64 27.30 23.85 8.80 1.20 10260 120 0.0107 110.1075 4.5 5.409 115.5161 
12500.0 18.00 27.85 23.85 8.98 1.25 10260 120 0.0111 114.3053 4.5 5.632 119.9369 
12750.0 18.36 28.41 23.85 9.16 1.30 10260 120 0.0116 118.5752 4.5 5.859 124.4343 
13000.0 18.72 28.97 23.85 9.34 1.35 10260 120 0.0120 122.9171 4.5 6.091 129.0082 
13250.0 19.08 29.52 23.85 9.52 1.41 10260 120 0.0124 127.3306 4.5 6.328 133.6583 
13500.0 19.44 30.08 23.85 9.70 1.46 10260 120 0.0128 131.8157 4.5 6.569 138.3844 
13750.0 19.80 30.64 23.85 9.88 1.51 10260 120 0.0133 136.3721 4.5 6.814 143.1864 
14000.0 20.16 31.19 23.85 10.05 1.57 10260 120 0.0137 140.9997 4.5 7.064 148.0640 
14250.0 20.52 31.75 23.85 10.23 1.63 10260 120 0.0142 145.6982 4.5 7.319 153.0170 
14500.0 20.88 32.31 23.85 10.41 1.68 10260 120 0.0147 150.4675 4.5 7.578 158.0454 
14750.0 21.24 32.87 23.85 10.59 1.74 10260 120 0.0151 155.3073 4.5 7.841 163.1488 
15000.0 21.60 33.42 23.85 10.77 1.80 10260 120 0.0156 160.2175 4.5 8.110 168.3271 
15250.0 21.96 33.98 23.85 10.95 1.86 10260 120 0.0161 165.1980 4.5 8.382 173.5801 
15500.0 22.32 34.54 23.85 11.13 1.92 10260 120 0.0166 170.2485 4.5 8.659 178.9077 
15750.0 22.68 35.09 23.85 11.31 1.99 10260 120 0.0171 175.3689 4.5 8.941 184.3097 
16000.0 23.04 35.65 23.85 11.49 2.05 10260 120 0.0176 180.5591 4.5 9.227 189.7859 

 
 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 619.99 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 619.99 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 619.99 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 619.99 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 619.99 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 619.99 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 619.99 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 619.99 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 619.99 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 619.99 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 619.99 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 619.99 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 619.99 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 619.99 120 0.0009 0.5699 2.7 0.228 0.7984 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area for =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   
   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – B Modified High Point 
 

3500.0 5.04 7.80 23.85 2.51 0.10 619.99 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 619.99 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 619.99 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 619.99 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 619.99 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 619.99 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 619.99 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 619.99 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 619.99 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 619.99 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 619.99 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 619.99 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 619.99 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 619.99 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 619.99 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 619.99 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 619.99 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 619.99 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 619.99 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 619.99 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 619.99 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 619.99 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 619.99 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 619.99 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 619.99 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 619.99 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 619.99 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 619.99 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 619.99 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 619.99 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 619.99 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 619.99 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 619.99 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 619.99 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 619.99 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 619.99 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 619.99 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 619.99 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 619.99 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 619.99 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 619.99 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 619.99 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 619.99 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 619.99 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 619.99 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 619.99 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 619.99 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 619.99 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 619.99 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 619.99 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 619.99 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625.00 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625.00 100 0.0000 0.0054 0.6 0.000 0.0056 
500.0 0.72 1.11 25.14 0.32 0.00 625.00 100 0.0000 0.0195 0.6 0.001 0.0204 

FM System Curve – 25.14” (24” DIP) 
Diameter =  25.14 in 
Area for =  3.4471 ft2 
RH=D/4= 0.5238   
C= 100   



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – B Modified High Point 
 

750.0 1.08 1.67 25.14 0.48 0.00 625.00 100 0.0001 0.0412 0.6 0.002 0.0434 
1000.0 1.44 2.23 25.14 0.65 0.01 625.00 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625.00 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625.00 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625.00 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625.00 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625.00 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625.00 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625.00 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625.00 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625.00 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625.00 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625.00 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625.00 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625.00 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625.00 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625.00 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625.00 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625.00 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625.00 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625.00 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625.00 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625.00 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625.00 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625.00 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625.00 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625.00 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625.00 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625.00 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625.00 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625.00 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625.00 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625.00 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625.00 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625.00 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625.00 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625.00 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625.00 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625.00 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625.00 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625.00 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625.00 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625.00 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625.00 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625.00 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625.00 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625.00 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625.00 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625.00 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625.00 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625.00 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625.00 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625.00 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625.00 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625.00 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625.00 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625.00 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625.00 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625.00 100 0.0175 10.9132 0.6 0.905 11.8185 
15500.0 22.32 34.54 25.14 10.02 1.56 625.00 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625.00 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625.00 100 0.0191 11.9280 0.6 0.997 12.9245 

 
 
 
 
 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – B Modified High Point 
 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 3481 120 0.0000 0.0000 4.125 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 3481 120 0.0000 0.0208 4.125 0.002 0.0224 
500.0 0.72 1.11 25.30 0.32 0.00 3481 120 0.0000 0.0750 4.125 0.007 0.0815 
750.0 1.08 1.67 25.30 0.48 0.00 3481 120 0.0000 0.1588 4.125 0.015 0.1735 

1000.0 1.44 2.23 25.30 0.64 0.01 3481 120 0.0001 0.2706 4.125 0.026 0.2967 
1250.0 1.80 2.79 25.30 0.80 0.01 3481 120 0.0001 0.4090 4.125 0.041 0.4498 
1500.0 2.16 3.34 25.30 0.96 0.01 3481 120 0.0002 0.5733 4.125 0.059 0.6321 
1750.0 2.52 3.90 25.30 1.12 0.02 3481 120 0.0002 0.7628 4.125 0.080 0.8427 
2000.0 2.88 4.46 25.30 1.28 0.03 3481 120 0.0003 0.9768 4.125 0.104 1.0812 
2250.0 3.24 5.01 25.30 1.44 0.03 3481 120 0.0003 1.2149 4.125 0.132 1.3470 
2500.0 3.60 5.57 25.30 1.60 0.04 3481 120 0.0004 1.4767 4.125 0.163 1.6397 
2750.0 3.96 6.13 25.30 1.76 0.05 3481 120 0.0005 1.7617 4.125 0.197 1.9591 
3000.0 4.32 6.68 25.30 1.91 0.06 3481 120 0.0006 2.0698 4.125 0.235 2.3046 
3250.0 4.68 7.24 25.30 2.07 0.07 3481 120 0.0007 2.4005 4.125 0.276 2.6761 
3500.0 5.04 7.80 25.30 2.23 0.08 3481 120 0.0008 2.7537 4.125 0.320 3.0733 
3750.0 5.40 8.36 25.30 2.39 0.09 3481 120 0.0009 3.1290 4.125 0.367 3.4959 
4000.0 5.76 8.91 25.30 2.55 0.10 3481 120 0.0010 3.5262 4.125 0.417 3.9437 
4250.0 6.12 9.47 25.30 2.71 0.11 3481 120 0.0011 3.9452 4.125 0.471 4.4165 
4500.0 6.48 10.03 25.30 2.87 0.13 3481 120 0.0013 4.3858 4.125 0.528 4.9141 
4750.0 6.84 10.58 25.30 3.03 0.14 3481 120 0.0014 4.8477 4.125 0.589 5.4364 
5000.0 7.20 11.14 25.30 3.19 0.16 3481 120 0.0015 5.3308 4.125 0.652 5.9831 
5250.0 7.56 11.70 25.30 3.35 0.17 3481 120 0.0017 5.8349 4.125 0.719 6.5540 
5500.0 7.92 12.25 25.30 3.51 0.19 3481 120 0.0018 6.3599 4.125 0.789 7.1491 
5750.0 8.28 12.81 25.30 3.67 0.21 3481 120 0.0020 6.9056 4.125 0.863 7.7683 
6000.0 8.64 13.37 25.30 3.83 0.23 3481 120 0.0021 7.4719 4.125 0.939 8.4112 
6250.0 9.00 13.93 25.30 3.99 0.25 3481 120 0.0023 8.0587 4.125 1.019 9.0779 
6500.0 9.36 14.48 25.30 4.15 0.27 3481 120 0.0025 8.6659 4.125 1.102 9.7682 
6750.0 9.72 15.04 25.30 4.31 0.29 3481 120 0.0027 9.2933 4.125 1.189 10.4820 
7000.0 10.08 15.60 25.30 4.47 0.31 3481 120 0.0029 9.9408 4.125 1.278 11.2192 
7250.0 10.44 16.15 25.30 4.63 0.33 3481 120 0.0030 10.6082 4.125 1.371 11.9797 
7500.0 10.80 16.71 25.30 4.79 0.36 3481 120 0.0032 11.2956 4.125 1.468 12.7633 
7750.0 11.16 17.27 25.30 4.95 0.38 3481 120 0.0034 12.0029 4.125 1.567 13.5700 
8000.0 11.52 17.83 25.30 5.11 0.40 3481 120 0.0037 12.7298 4.125 1.670 14.3996 
8250.0 11.88 18.38 25.30 5.27 0.43 3481 120 0.0039 13.4763 4.125 1.776 15.2521 
8500.0 12.24 18.94 25.30 5.42 0.46 3481 120 0.0041 14.2423 4.125 1.885 16.1274 
8750.0 12.60 19.50 25.30 5.58 0.48 3481 120 0.0043 15.0278 4.125 1.998 17.0255 
9000.0 12.96 20.05 25.30 5.74 0.51 3481 120 0.0045 15.8327 4.125 2.113 17.9461 
9250.0 13.32 20.61 25.30 5.90 0.54 3481 120 0.0048 16.6568 4.125 2.232 18.8893 
9500.0 13.68 21.17 25.30 6.06 0.57 3481 120 0.0050 17.5002 4.125 2.355 19.8549 
9750.0 14.04 21.72 25.30 6.22 0.60 3481 120 0.0053 18.3626 4.125 2.480 20.8429 

10000.0 14.40 22.28 25.30 6.38 0.63 3481 120 0.0055 19.2441 4.125 2.609 21.8532 
10250.0 14.76 22.84 25.30 6.54 0.66 3481 120 0.0058 20.1446 4.125 2.741 22.8858 
10500.0 15.12 23.40 25.30 6.70 0.70 3481 120 0.0061 21.0640 4.125 2.877 23.9405 
10750.0 15.48 23.95 25.30 6.86 0.73 3481 120 0.0063 22.0022 4.125 3.015 25.0174 
11000.0 15.84 24.51 25.30 7.02 0.77 3481 120 0.0066 22.9592 4.125 3.157 26.1163 
11250.0 16.20 25.07 25.30 7.18 0.80 3481 120 0.0069 23.9349 4.125 3.302 27.2371 
11500.0 16.56 25.62 25.30 7.34 0.84 3481 120 0.0072 24.9293 4.125 3.451 28.3799 
11750.0 16.92 26.18 25.30 7.50 0.87 3481 120 0.0075 25.9423 4.125 3.602 29.5445 
12000.0 17.28 26.74 25.30 7.66 0.91 3481 120 0.0077 26.9738 4.125 3.757 30.7309 
12250.0 17.64 27.30 25.30 7.82 0.95 3481 120 0.0081 28.0237 4.125 3.915 31.9390 
12500.0 18.00 27.85 25.30 7.98 0.99 3481 120 0.0084 29.0921 4.125 4.077 33.1689 
12750.0 18.36 28.41 25.30 8.14 1.03 3481 120 0.0087 30.1788 4.125 4.241 34.4203 
13000.0 18.72 28.97 25.30 8.30 1.07 3481 120 0.0090 31.2839 4.125 4.409 35.6933 

FM System Curve – 25.3” (30” HDPE) 
Diameter =  25.3 in 
Area for =  3.4911 ft2 
RH= 0.5271   
C= 120   
 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – B Modified High Point 
 

13250.0 19.08 29.52 25.30 8.46 1.11 3481 120 0.0093 32.4072 4.125 4.581 36.9879 
13500.0 19.44 30.08 25.30 8.62 1.15 3481 120 0.0096 33.5487 4.125 4.755 38.3039 
13750.0 19.80 30.64 25.30 8.78 1.20 3481 120 0.0100 34.7084 4.125 4.933 39.6413 
14000.0 20.16 31.19 25.30 8.94 1.24 3481 120 0.0103 35.8861 4.125 5.114 41.0000 
14250.0 20.52 31.75 25.30 9.09 1.28 3481 120 0.0107 37.0820 4.125 5.298 42.3801 
14500.0 20.88 32.31 25.30 9.25 1.33 3481 120 0.0110 38.2958 4.125 5.486 43.7815 
14750.0 21.24 32.87 25.30 9.41 1.38 3481 120 0.0114 39.5276 4.125 5.676 45.2041 
15000.0 21.60 33.42 25.30 9.57 1.42 3481 120 0.0117 40.7773 4.125 5.871 46.6479 
15250.0 21.96 33.98 25.30 9.73 1.47 3481 120 0.0121 42.0449 4.125 6.068 48.1128 
15500.0 22.32 34.54 25.30 9.89 1.52 3481 120 0.0124 43.3303 4.125 6.268 49.5988 
15750.0 22.68 35.09 25.30 10.05 1.57 3481 120 0.0128 44.6335 4.125 6.472 51.1058 
16000.0 23.04 35.65 25.30 10.21 1.62 3481 120 0.0132 45.9545 4.125 6.679 52.6339 

 
 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 13542.3 100 0.0000 0.0000 3.03 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 13542.3 100 0.0000 0.1464 3.03 0.001 0.1479 
500.0 0.72 1.11 24.00 0.35 0.00 13542.3 100 0.0000 0.5285 3.03 0.006 0.5344 
750.0 1.08 1.67 24.00 0.53 0.00 13542.3 100 0.0001 1.1198 3.03 0.013 1.1331 

1000.0 1.44 2.23 24.00 0.71 0.01 13542.3 100 0.0001 1.9077 3.03 0.024 1.9314 
1250.0 1.80 2.79 24.00 0.89 0.01 13542.3 100 0.0002 2.8840 3.03 0.037 2.9210 
1500.0 2.16 3.34 24.00 1.06 0.02 13542.3 100 0.0003 4.0424 3.03 0.053 4.0956 
1750.0 2.52 3.90 24.00 1.24 0.02 13542.3 100 0.0004 5.3780 3.03 0.072 5.4505 
2000.0 2.88 4.46 24.00 1.42 0.03 13542.3 100 0.0005 6.8869 3.03 0.095 6.9816 
2250.0 3.24 5.01 24.00 1.60 0.04 13542.3 100 0.0006 8.5656 3.03 0.120 8.6854 
2500.0 3.60 5.57 24.00 1.77 0.05 13542.3 100 0.0008 10.4112 3.03 0.148 10.5591 
2750.0 3.96 6.13 24.00 1.95 0.06 13542.3 100 0.0009 12.4211 3.03 0.179 12.6001 
3000.0 4.32 6.68 24.00 2.13 0.07 13542.3 100 0.0011 14.5930 3.03 0.213 14.8060 
3250.0 4.68 7.24 24.00 2.31 0.08 13542.3 100 0.0012 16.9248 3.03 0.250 17.1748 
3500.0 5.04 7.80 24.00 2.48 0.10 13542.3 100 0.0014 19.4146 3.03 0.290 19.7046 
3750.0 5.40 8.36 24.00 2.66 0.11 13542.3 100 0.0016 22.0608 3.03 0.333 22.3936 
4000.0 5.76 8.91 24.00 2.84 0.12 13542.3 100 0.0018 24.8617 3.03 0.379 25.2404 
4250.0 6.12 9.47 24.00 3.01 0.14 13542.3 100 0.0021 27.8158 3.03 0.427 28.2433 
4500.0 6.48 10.03 24.00 3.19 0.16 13542.3 100 0.0023 30.9218 3.03 0.479 31.4011 
4750.0 6.84 10.58 24.00 3.37 0.18 13542.3 100 0.0025 34.1784 3.03 0.534 34.7124 
5000.0 7.20 11.14 24.00 3.55 0.20 13542.3 100 0.0028 37.5844 3.03 0.592 38.1761 
5250.0 7.56 11.70 24.00 3.72 0.22 13542.3 100 0.0030 41.1387 3.03 0.652 41.7910 
5500.0 7.92 12.25 24.00 3.90 0.24 13542.3 100 0.0033 44.8402 3.03 0.716 45.5561 
5750.0 8.28 12.81 24.00 4.08 0.26 13542.3 100 0.0036 48.6878 3.03 0.783 49.4703 
6000.0 8.64 13.37 24.00 4.26 0.28 13542.3 100 0.0039 52.6807 3.03 0.852 53.5327 
6250.0 9.00 13.93 24.00 4.43 0.31 13542.3 100 0.0042 56.8179 3.03 0.925 57.7424 
6500.0 9.36 14.48 24.00 4.61 0.33 13542.3 100 0.0045 61.0986 3.03 1.000 62.0985 
6750.0 9.72 15.04 24.00 4.79 0.36 13542.3 100 0.0048 65.5218 3.03 1.078 66.6002 
7000.0 10.08 15.60 24.00 4.96 0.38 13542.3 100 0.0052 70.0869 3.03 1.160 71.2466 
7250.0 10.44 16.15 24.00 5.14 0.41 13542.3 100 0.0055 74.7931 3.03 1.244 76.0371 
7500.0 10.80 16.71 24.00 5.32 0.44 13542.3 100 0.0059 79.6396 3.03 1.331 80.9709 
7750.0 11.16 17.27 24.00 5.50 0.47 13542.3 100 0.0062 84.6257 3.03 1.422 86.0472 
8000.0 11.52 17.83 24.00 5.67 0.50 13542.3 100 0.0066 89.7507 3.03 1.515 91.2655 
8250.0 11.88 18.38 24.00 5.85 0.53 13542.3 100 0.0070 95.0141 3.03 1.611 96.6250 
8500.0 12.24 18.94 24.00 6.03 0.56 13542.3 100 0.0074 100.4152 3.03 1.710 102.1251 
8750.0 12.60 19.50 24.00 6.21 0.60 13542.3 100 0.0078 105.9533 3.03 1.812 107.7653 
9000.0 12.96 20.05 24.00 6.38 0.63 13542.3 100 0.0082 111.6278 3.03 1.917 113.5449 
9250.0 13.32 20.61 24.00 6.56 0.67 13542.3 100 0.0087 117.4383 3.03 2.025 119.4634 
9500.0 13.68 21.17 24.00 6.74 0.70 13542.3 100 0.0091 123.3842 3.03 2.136 125.5202 
9750.0 14.04 21.72 24.00 6.92 0.74 13542.3 100 0.0096 129.4649 3.03 2.250 131.7148 

FM System Curve – 24” 
Diameter =  24 in 
Area for =  3.1416 ft2 
RH= 0.5   
C= 100   
 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – B Modified High Point 
 

10000.0 14.40 22.28 24.00 7.09 0.78 13542.3 100 0.0100 135.6799 3.03 2.367 138.0466 
10250.0 14.76 22.84 24.00 7.27 0.82 13542.3 100 0.0105 142.0287 3.03 2.487 144.5152 
10500.0 15.12 23.40 24.00 7.45 0.86 13542.3 100 0.0110 148.5108 3.03 2.609 151.1201 
10750.0 15.48 23.95 24.00 7.62 0.90 13542.3 100 0.0115 155.1257 3.03 2.735 157.8608 
11000.0 15.84 24.51 24.00 7.80 0.95 13542.3 100 0.0120 161.8731 3.03 2.864 164.7369 
11250.0 16.20 25.07 24.00 7.98 0.99 13542.3 100 0.0125 168.7524 3.03 2.995 171.7478 
11500.0 16.56 25.62 24.00 8.16 1.03 13542.3 100 0.0130 175.7631 3.03 3.130 178.8932 
11750.0 16.92 26.18 24.00 8.33 1.08 13542.3 100 0.0135 182.9050 3.03 3.268 186.1726 
12000.0 17.28 26.74 24.00 8.51 1.12 13542.3 100 0.0140 190.1775 3.03 3.408 193.5856 
12250.0 17.64 27.30 24.00 8.69 1.17 13542.3 100 0.0146 197.5802 3.03 3.552 201.1318 
12500.0 18.00 27.85 24.00 8.87 1.22 13542.3 100 0.0151 205.1128 3.03 3.698 208.8108 
12750.0 18.36 28.41 24.00 9.04 1.27 13542.3 100 0.0157 212.7748 3.03 3.847 216.6223 
13000.0 18.72 28.97 24.00 9.22 1.32 13542.3 100 0.0163 220.5660 3.03 4.000 224.5658 
13250.0 19.08 29.52 24.00 9.40 1.37 13542.3 100 0.0169 228.4858 3.03 4.155 232.6409 
13500.0 19.44 30.08 24.00 9.57 1.42 13542.3 100 0.0175 236.5340 3.03 4.313 240.8474 
13750.0 19.80 30.64 24.00 9.75 1.48 13542.3 100 0.0181 244.7102 3.03 4.475 249.1848 
14000.0 20.16 31.19 24.00 9.93 1.53 13542.3 100 0.0187 253.0140 3.03 4.639 257.6528 
14250.0 20.52 31.75 24.00 10.11 1.59 13542.3 100 0.0193 261.4451 3.03 4.806 266.2511 
14500.0 20.88 32.31 24.00 10.28 1.64 13542.3 100 0.0199 270.0032 3.03 4.976 274.9793 
14750.0 21.24 32.87 24.00 10.46 1.70 13542.3 100 0.0206 278.6880 3.03 5.149 283.8371 
15000.0 21.60 33.42 24.00 10.64 1.76 13542.3 100 0.0212 287.4991 3.03 5.325 292.8242 
15250.0 21.96 33.98 24.00 10.82 1.82 13542.3 100 0.0219 296.4361 3.03 5.504 301.9403 
15500.0 22.32 34.54 24.00 10.99 1.88 13542.3 100 0.0226 305.4989 3.03 5.686 311.1850 
15750.0 22.68 35.09 24.00 11.17 1.94 13542.3 100 0.0232 314.6871 3.03 5.871 320.5582 
16000.0 23.04 35.65 24.00 11.35 2.00 13542.3 100 0.0239 324.0005 3.03 6.059 330.0593 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – B Modified High Point 
 

 
MIN Static Head = 23.35 
MAX Static Head = 27.85 
 

Q Q Losses 

(gpm) (mgd) 
 0.0 0.00 0.00 

250.0 0.36 0.27 
500.0 0.72 0.97 
750.0 1.08 2.07 

1000.0 1.44 3.53 
1250.0 1.80 5.34 
1500.0 2.16 7.50 
1750.0 2.52 9.98 
2000.0 2.88 12.80 
2250.0 3.24 15.93 
2500.0 3.60 19.37 
2750.0 3.96 23.13 
3000.0 4.32 27.19 
3250.0 4.68 31.55 
3500.0 5.04 36.21 
3750.0 5.40 41.17 
4000.0 5.76 46.42 
4250.0 6.12 51.95 
4500.0 6.48 57.78 
4750.0 6.84 63.89 
5000.0 7.20 70.28 
5250.0 7.56 76.96 
5500.0 7.92 83.91 
5750.0 8.28 91.14 
6000.0 8.64 98.65 
6250.0 9.00 106.43 
6500.0 9.36 114.48 
6750.0 9.72 122.81 
7000.0 10.08 131.40 
7250.0 10.44 140.26 
7500.0 10.80 149.39 
7750.0 11.16 158.78 
8000.0 11.52 168.44 
8250.0 11.88 178.36 
8500.0 12.24 188.55 
8750.0 12.60 198.99 
9000.0 12.96 209.70 
9250.0 13.32 220.66 
9500.0 13.68 231.88 
9750.0 14.04 243.36 

10000.0 14.40 255.10 
10250.0 14.76 267.09 
10500.0 15.12 279.33 
10750.0 15.48 291.83 
11000.0 15.84 304.58 
11250.0 16.20 317.59 
11500.0 16.56 330.84 
11750.0 16.92 344.35 
12000.0 17.28 358.10 
12250.0 17.64 372.10 
12500.0 18.00 386.36 
12750.0 18.36 400.85 
13000.0 18.72 415.60 
13250.0 19.08 430.59 
13500.0 19.44 445.83 
13750.0 19.80 461.31 
14000.0 20.16 477.04 
14250.0 20.52 493.01 
14500.0 20.88 509.23 
14750.0 21.24 525.68 
15000.0 21.60 542.38 
15250.0 21.96 559.32 
15500.0 22.32 576.50 
15750.0 22.68 593.92 
16000.0 23.04 611.59 

Q Q Min Static Max Static 

(gpm) (mgd) 
 

  

0.0 0.00 23.35 27.85 
250.0 0.36 23.62 28.12 
500.0 0.72 24.32 28.82 
750.0 1.08 25.42 29.92 

1000.0 1.44 26.88 31.38 
1250.0 1.80 28.69 33.19 
1500.0 2.16 30.85 35.35 
1750.0 2.52 33.33 37.83 
2000.0 2.88 36.15 40.65 
2250.0 3.24 39.28 43.78 
2500.0 3.60 42.72 47.22 
2750.0 3.96 46.48 50.98 
3000.0 4.32 50.54 55.04 
3250.0 4.68 54.90 59.40 
3500.0 5.04 59.56 64.06 
3750.0 5.40 64.52 69.02 
4000.0 5.76 69.77 74.27 
4250.0 6.12 75.30 79.80 
4500.0 6.48 81.13 85.63 
4750.0 6.84 87.24 91.74 
5000.0 7.20 93.63 98.13 
5250.0 7.56 100.31 104.81 
5500.0 7.92 107.26 111.76 
5750.0 8.28 114.49 118.99 
6000.0 8.64 122.00 126.50 
6250.0 9.00 129.78 134.28 
6500.0 9.36 137.83 142.33 
6750.0 9.72 146.16 150.66 
7000.0 10.08 154.75 159.25 
7250.0 10.44 163.61 168.11 
7500.0 10.80 172.74 177.24 
7750.0 11.16 182.13 186.63 
8000.0 11.52 191.79 196.29 
8250.0 11.88 201.71 206.21 
8500.0 12.24 211.90 216.40 
8750.0 12.60 222.34 226.84 
9000.0 12.96 233.05 237.55 
9250.0 13.32 244.01 248.51 
9500.0 13.68 255.23 259.73 
9750.0 14.04 266.71 271.21 

10000.0 14.40 278.45 282.95 
10250.0 14.76 290.44 294.94 
10500.0 15.12 302.68 307.18 
10750.0 15.48 315.18 319.68 
11000.0 15.84 327.93 332.43 
11250.0 16.20 340.94 345.44 
11500.0 16.56 354.19 358.69 
11750.0 16.92 367.70 372.20 
12000.0 17.28 381.45 385.95 
12250.0 17.64 395.45 399.95 
12500.0 18.00 409.71 414.21 
12750.0 18.36 424.20 428.70 
13000.0 18.72 438.95 443.45 
13250.0 19.08 453.94 458.44 
13500.0 19.44 469.18 473.68 
13750.0 19.80 484.66 489.16 
14000.0 20.16 500.39 504.89 
14250.0 20.52 516.36 520.86 
14500.0 20.88 532.58 537.08 
14750.0 21.24 549.03 553.53 
15000.0 21.60 565.73 570.23 
15250.0 21.96 582.67 587.17 
15500.0 22.32 599.85 604.35 
15750.0 22.68 617.27 621.77 
16000.0 23.04 634.94 639.44 



Bridgehead Pump Station with AFM101 
 

24-inch Parallel Forcemain Portion Only – Final Curve 
 

Q Q Min Static Max Static 
(gpm) (mgd)     

0 0 58.13 62.63 
250 0.36 58.22 62.72 
500 0.72 58.47 62.97 
750 1.08 58.85 63.35 

1000 1.44 59.36 63.86 
1250 1.8 59.99 64.49 
1500 2.16 60.74 65.24 
1750 2.52 61.61 66.11 
2000 2.88 62.60 67.10 
2250 3.24 63.69 68.19 
2500 3.6 64.90 69.40 
2750 3.96 66.21 70.71 
3000 4.32 67.64 72.14 
3250 4.68 69.17 73.67 
3500 5.04 70.80 75.30 
3750 5.4 72.54 77.04 
4000 5.76 74.39 78.89 
4325 6.228 77.02 81.52 
4500 6.48 81.13 85.63 
4750 6.84 87.24 91.74 
5000 7.2 93.63 98.13 
5250 7.56 100.31 104.81 
5500 7.92 107.26 111.76 
5750 8.28 114.49 118.99 
6000 8.64 122.00 126.50 
6250 9 129.78 134.28 
6500 9.36 137.83 142.33 
6750 9.72 146.16 150.66 
7000 10.08 154.75 159.25 
7250 10.44 163.61 168.11 
7500 10.8 172.74 177.24 
7750 11.16 182.13 186.63 
8000 11.52 191.79 196.29 
8250 11.88 201.71 206.21 
8500 12.24 211.90 216.40 
8750 12.6 222.34 226.84 
9000 12.96 233.05 237.55 
9250 13.32 244.01 248.51 
9500 13.68 255.23 259.73 
9750 14.04 266.71 271.21 

10000 14.4 278.45 282.95 
10250 14.76 290.44 294.94 
10500 15.12 302.68 307.18 
10750 15.48 315.18 319.68 
11000 15.84 327.93 332.43 
11250 16.2 340.94 345.44 
11500 16.56 354.19 358.69 
11750 16.92 367.70 372.20 
12000 17.28 381.45 385.95 
12250 17.64 395.45 399.95 
12500 18 409.71 414.21 
12750 18.36 424.20 428.70 
13000 18.72 438.95 443.45 
13250 19.08 453.94 458.44 
13500 19.44 469.18 473.68 
13750 19.8 484.66 489.16 
14000 20.16 500.39 504.89 
14250 20.52 516.36 520.86 
14500 20.88 532.58 537.08 
14750 21.24 549.03 553.53 
15000 21.6 565.73 570.23 
15250 21.96 582.67 587.17 
15500 22.32 599.85 604.35 
15750 22.68 617.27 621.77 
16000 23.04 634.94 639.44 



 
 



 

 



 

  

Appendix C.  APS w/ AFM102: New Pump and Hydraulic 
Information 

 

 

 

 

 





 

  

APS w/ AFM102: New Equal Sized Flygt Pump Information 
 

 

 

 

 





40 °C

Patented self cleaning semi-open channel impeller, ideal for pumping in
waste water applications. Possible to be upgraded with Guide-pin®
for even better clogging resistance. Modular based design with high
adaptation grade.
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NT 3312/836 3~ 670

510 mm

Number of blades
3

Technical specification

T - Vertical Permanent, Dry

Configuration

300 inch

Impeller diameter
510 mm

Discharge diameter
300 inch

Motor number Installation type
N0836.000 54-52-6ID-D IE3
385hp

Inlet diameter

Maximum operating speed
1195 rpm

Materials

Curves according to:

Pump information

Discharge diameter

350 mm

Impeller diameter

Impeller
Hard-Iron ™

,39.2 °F,62.42 lb/ft³,1.6891E-5 ft²/s

Curve: ISO 9906

Max. fluid temperature

Water, pure
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NT 3312/836 3~ 670
Technical specification
Motor - General

Frequency Rated voltage

Rated powerRated speed

Rated current

460 V

385 hp1195 rpm

445 A

3~N0836.000 54-52-6ID-D IE3
385hp

Phases

Total moment of inertia
211 lb ft²

Power factor - 1/1 Load
0.84

0.80

0.69

96.2 %

96.6 %

96.5 %

Motor number

ATEX approved

60 Hz

Number of poles
6

Stator variant
1

Insulation class
H

Type of Duty

Motor - Technical

Power factor - 3/4 Load

Power factor - 1/2 Load

Motor efficiency - 1/1 Load

Motor efficiency - 3/4 Load

Motor efficiency - 1/2 Load

Starting current, direct starting

Starting current, star-delta

3290 A

1100 A

Starts per hour max.
0

No

Version code
000
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DATE PROJECT: ISSUE
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INERTIA...... KGM 2
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SPEED........ RPM
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VOLTAGE...... V
MOTOR SHAFT

POWER........
STARTING

TORQUE....... NM
MAX

TORQUE....... NM
RATED

CURRENT...... A
STARTING

CURRENT...... A

PROD

CURVE NO

IMPELLER DIAMETER

MOTOR TYPE

GEAR TYPE RATIO

1/1-LOAD 3/4-LOAD 1/2-LOAD

MOTOR COS PHI

MOTOR EFFICIENCY

GEAR EFFICIENCY

POWER

HEAD

(H)

FLOW (Q)
NOTE:

CURVES  SHOW PERFORMANCE WITH CLEAR COLD WATER.

* : PUMP EFFICIENCY / SHAFT POWER

O : OVERALL EFFICIENCY / INPUT POWER

NPSHR = NPSH3 + min. operational margin

EFF.
[%]

PERFORMANCE CURVE

2021-05-10 73 N3312/836
63- 670

515 mm

54-52-6ID /01 (11)

6 60

460

385hp / 287 kW

2820

6965

445

3295
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3
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_____________DUTY POINTs : FLOW[USgpm] HEAD[ft] POWER [hp] EFF. [%] NPSHR[ft]

2900 180.0 ( < 242) ( <234)
*

60.1 (62.2)
*

19.6 HI grade 2U eff. (ANSI/HI 11.6:2012)

GUARANTEE )
*

-> No guarantee



U
S

A
un

ix
 A

U
T

H
O

R
:f

us
11

6
P

E
C

U
 r

ev
:2

1.
14

/C
U

P
F

/P
R

O
D

0 2000 4000 6000 8000 10000 12000 USgpm

0

50

100

150

200

[ft]

0

50

100

150

200

250

300

350
[hp]

0

10

20

30

40

50

60
NPSHR

[ft]

35

P
O

R

P
O

R

A
O

R
35

35

40

40

40

45

45

45

50

50

50

55

55

55

NPSH 36ft
80.8

60

P
O

R

P
O

R

A
O

R

A
O

R

78

60

60

79

74

68

68

60

7675

71

71

65

65

65

65

58

1

DATE

2021-05-10
IMPELLER PART PUMPHOUSING PART INLET/OUTLET

701 52 00
NO. OF BLADES

ISSUE FREQ. NOMINAL HYDRAULIC-END SPEED

HZ73 60 -

350/300 3

PROD

CURVE NO

N 3312/836

63- 670
IMPELLER DIAMETER

515 mm
DRIVE UNIT MOTOR POLES RATED  POWER RATED SPEED RPM

836 54-52-6ID /01 6 385 HP /287 kW 1195

PERFORMANCE FIELD
FREQUENCY VARIATION

HEAD ( ______ ) PUMP EFFICIENCY [%]ISO-CURVES :

FLOW
NOTE:

CURVES SHOW PERFORMANCE WITH CLEAR COLD WATER.

NPSHR = NPSH3 + min. operational margin

POWER ISO-CURVES : OVERALL EFFICIENCY [%](ELECTRIC)



NT 3312/836 3~ 670
Dimensional drawing

caleS

Drawn

Reg no

Date
by
Checked

by

DRAWING
AUTOCAD

Denomination

Dimensional drwg

X X

16
"

YY

Ø16"

Ø12"

13
"*

2"

44
"

Y - Y

11,25°

G3
/4

CT,NT 3312 835/845

Weight

11
8

98
1 4

99
1 4

6285

M
IN

PINS TO ANCHOR PEDESTALS

X - XVIEW

VIEW

INCREMENTS ARE 22.5°.

TO 16 POSITIONS RELATIVE TO THE INLET ELBOW.
PUMP CAN BE ROTATED ABOUT ITS CENTERLINE

* DIMENSION TO INLET ELBOW FLANGE

NOTE:

TO SUMP

IS
O

FO
R

 C
O

O
LI

N
G

 J
AC

KE
T 

D
R

AI
N

N
O

T 
D

EL
IV

ER
ED

 B
Y 

FL
YG

T

MIN RADIUS 400

5883300 7
5399

091110NK JP

Ø16"/Ø12"

Ø13
16

 (16X)

Ø215
8

Ø11
16

 (4X) 311
2

33
7 16

37
1 2

255
8

21 2

18
3 4

34
5 8

21
5 8

205
8

61
4

163
8

255
8

(lbs)
Pump Stand

335
Inlet Elbow

445

Ø15
16

 (4X)

6 7 9  4 8  0

I
N

D
E

X

3/31/2021Last updateCreated on 3/31/2021
David TroyerCreated byProject

Block





 

  

APS w/ AFM102: Hydraulic Calculations 
 

 

 

 

 





Antioch Pump Station with AFM102 
 

Pump and Suction and Discharge Loss Curves – APS Equal Sized Pumps with AFM102 
 

 
 
 
 
 
 
 

                  
Friction 
Losses   

Minor 
Losses 

Total 
Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K 

K x 
(v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 1.00 120 0.0000 0.0000 0.04 0.000 0.0000 
241.4 0.35 0.54 16.00 0.39 0.00 1.00 120 0.0001 0.0001 0.04 0.000 0.0001 

1000.0 1.44 2.23 16.00 1.60 0.04 1.00 120 0.0007 0.0007 0.04 0.002 0.0023 
2000.0 2.88 4.46 16.00 3.19 0.16 1.00 120 0.0026 0.0026 0.04 0.006 0.0089 
3000.0 4.32 6.68 16.00 4.79 0.36 1.00 120 0.0055 0.0055 0.04 0.014 0.0198 
4000.0 5.76 8.91 16.00 6.38 0.63 1.00 120 0.0094 0.0094 0.04 0.025 0.0347 
5000.0 7.20 11.14 16.00 7.98 0.99 1.00 120 0.0143 0.0143 0.04 0.040 0.0538 
6000.0 8.64 13.37 16.00 9.57 1.42 1.00 120 0.0200 0.0200 0.04 0.057 0.0769 
7000.0 10.08 15.60 16.00 11.17 1.94 1.00 120 0.0266 0.0266 0.04 0.078 0.1041 
8000.0 11.52 17.83 16.00 12.77 2.53 1.00 120 0.0341 0.0341 0.04 0.101 0.1353 
9206.9 13.26 20.51 16.00 14.69 3.35 1.00 120 0.0442 0.0442 0.04 0.134 0.1783 

 
 
 
 
 
 
 
 
 

                  
Friction 
Losses   

Minor 
Losses 

Total 
Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K 

K x 
(v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 18.00 0.00 0.00 6.50 120 0.0000 0.0000 1.09 0.000 0.0000 
241.4 0.35 0.54 18.00 0.39 0.00 6.50 120 0.0001 0.0003 1.09 0.003 0.0028 

1000.0 1.44 2.23 18.00 1.60 0.04 6.50 120 0.0007 0.0047 1.09 0.043 0.0478 
2000.0 2.88 4.46 18.00 3.19 0.16 6.50 120 0.0026 0.0170 1.09 0.172 0.1894 
3000.0 4.32 6.68 18.00 4.79 0.36 6.50 120 0.0055 0.0360 1.09 0.388 0.4239 
4000.0 5.76 8.91 18.00 6.38 0.63 6.50 120 0.0094 0.0613 1.09 0.690 0.7510 
5000.0 7.20 11.14 18.00 7.98 0.99 6.50 120 0.0143 0.0927 1.09 1.078 1.1703 
6000.0 8.64 13.37 18.00 9.57 1.42 6.50 120 0.0200 0.1300 1.09 1.552 1.6817 
7000.0 10.08 15.60 18.00 11.17 1.94 6.50 120 0.0266 0.1729 1.09 2.112 2.2850 
8000.0 11.52 17.83 18.00 12.77 2.53 6.50 120 0.0341 0.2215 1.09 2.759 2.9800 
9206.9 13.26 20.51 18.00 14.69 3.35 6.50 120 0.0442 0.2873 1.09 3.654 3.9409 

 
 
 
 
 
 
 
 
 

 
 
 
 

Suction @ 16”   
Diameter =  16 in 
Area for =  1.396263 ft2 
RH= 0.333333   
C= 120   
   

Suction @ 18"  
Diameter =  18 in 
Area =  1.767146 ft2 
RH=  0.375   
C= 120   
   

Suction @ 16"  
Diameter =  16 in 
Area =  1.396263 ft2 
RH=  0.333333   
C= 120   
   



Antioch Pump Station with AFM102 
 

Pump and Suction and Discharge Loss Curves – APS Equal Sized Pumps with AFM102 
 

                  
Friction 
Losses   

Minor 
Losses 

Total 
Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K 

K x 
(v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 18.00 120 0.0000 0.0000 4.42 0.000 0.0000 
241.4 0.35 0.54 16.00 0.39 0.00 18.00 120 0.0001 0.0009 4.42 0.010 0.0111 

1000.0 1.44 2.23 16.00 1.60 0.04 18.00 120 0.0007 0.0130 4.42 0.175 0.1878 
2000.0 2.88 4.46 16.00 3.19 0.16 18.00 120 0.0026 0.0471 4.42 0.699 0.7462 
3000.0 4.32 6.68 16.00 4.79 0.36 18.00 120 0.0055 0.0997 4.42 1.573 1.6728 
4000.0 5.76 8.91 16.00 6.38 0.63 18.00 120 0.0094 0.1699 4.42 2.797 2.9664 
5000.0 7.20 11.14 16.00 7.98 0.99 18.00 120 0.0143 0.2568 4.42 4.370 4.6264 
6000.0 8.64 13.37 16.00 9.57 1.42 18.00 120 0.0200 0.3600 4.42 6.292 6.6521 
7000.0 10.08 15.60 16.00 11.17 1.94 18.00 120 0.0266 0.4789 4.42 8.564 9.0432 
8000.0 11.52 17.83 16.00 12.77 2.53 18.00 120 0.0341 0.6133 4.42 11.186 11.7993 
9206.9 13.26 20.51 16.00 14.69 3.35 18.00 120 0.0442 0.7956 4.42 14.816 15.6113 

 
 

Pump Suction and Discharge Losses 
 

  Total Losses 
Q Q S&D 

(gpm) (mgd) (ft) 

0.0 0.00 0.0000 
241.4 0.35 0.0141 

1000.0 1.44 0.2379 
2000.0 2.88 0.9445 
3000.0 4.32 2.1165 
4000.0 5.76 3.7521 
5000.0 7.20 5.8505 
6000.0 8.64 8.4107 
7000.0 10.08 11.4323 
8000.0 11.52 14.9146 
9206.9 13.26 19.7305 

 
 



Antioch Pump Station with AFM102 
 

Pump and Suction and Discharge Loss Curves – APS Equal Sized Pumps with AFM102 
 
Pumps – Flygt NT3312/836 (515 mm) 385 Hp 

Mfr Pump Curve    
Adjusted 
Pump Curves 

1 Equal 
Pump   

2 Equal 
Pumps    

3 Equal 
Pumps 

  Mfr Curve  S&D Losses    

ADJ 
Curve    

ADJ 
Curve    

ADJ 
Curve 

Q Q Head  S&D  Q Q Head  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 232.94  0.0000  0 0.00 232.9  0 0.00 232.9  0 0.00 232.9 
241 0.35 229.41  0.0141  241 0.35 229.4  483 0.70 229.4  724 1.04 229.4 

1000 1.44 216.47  0.2379  1000 1.44 216.2  2000 2.88 216.2  3000 4.32 216.2 
2000 2.88 201.18  0.9445  2000 2.88 200.2  4000 5.76 200.2  6000 8.64 200.2 
3000 4.32 185.88  2.1165  3000 4.32 183.8  6000 8.64 183.8  9000 12.96 183.8 
4000 5.76 172.94  3.7521  4000 5.76 169.2  8000 11.52 169.2  12000 17.28 169.2 
5000 7.20 161.76  5.8505  5000 7.20 155.9  10000 14.40 155.9  15000 21.60 155.9 
6000 8.64 150.00  8.4107  6000 8.64 141.6  12000 17.28 141.6  18000 25.92 141.6 
7000 10.08 137.65  11.4323  7000 10.08 126.2  14000 20.16 126.2  21000 30.24 126.2 
8000 11.52 124.71  14.9146  8000 11.52 109.8  16000 23.04 109.8  24000 34.56 109.8 
9207 13.26 108.24  19.7305  9207 13.26 88.5  18414 26.52 88.5  27621 39.77 88.5 

 
Reduced Speed Curves @ 90% 

    
Adjusted 
Pump Curves 

1 Equal 
Pump   

2 Equal 
Pumps    

3 Equal 
Pumps 

  Mfr Curve  S&D Losses    

ADJ 
Curve    

ADJ 
Curve    

ADJ 
Curve 

Q Q Head  S&D  Q Q Head  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 188.6814   0.0000   0 0.00 188.7   0 0.00 188.7   0 0.00 188.7 
217.242 0.31 185.8221   0.0123   217 0.31 185.8   434 0.63 185.8   652 0.94 185.8 

900 1.30 175.3407   0.1930   900 1.30 175.1   1800 2.59 175.1   2700 3.89 175.1 
1800 2.59 162.9558   0.7659   1800 2.59 162.2   3600 5.18 162.2   5400 7.78 162.2 
2700 3.89 150.5628   1.7161   2700 3.89 148.8   5400 7.78 148.8   8100 11.66 148.8 
3600 5.18 140.0814   3.0423   3600 5.18 137.0   7200 10.37 137.0   10800 15.55 137.0 
4500 6.48 131.0256   4.7435   4500 6.48 126.3   9000 12.96 126.3   13500 19.44 126.3 
5400 7.78 121.5   6.8192   5400 7.78 114.7   10800 15.55 114.7   16200 23.33 114.7 
6300 9.07 111.4965   9.2688   6300 9.07 102.2   12600 18.14 102.2   18900 27.22 102.2 
7200 10.37 101.0151   12.0919   7200 10.37 88.9   14400 20.74 88.9   21600 31.10 88.9 

8286.21 11.93 87.6744   15.6283   8286 11.93 72.0   16572 23.86 72.0   24859 35.80 72.0 

 
Reduced Speed Curves @ 80% 

    
Adjusted 
Pump Curves 

1 Equal 
Pump   

2 Equal 
Pumps    

3 Equal 
Pumps 

  Mfr Curve  S&D Losses    

ADJ 
Curve    

ADJ 
Curve    

ADJ 
Curve 

Q Q Head  S&D  Q Q Head  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 149.0816   0.0000   0 0.00 149.1   0 0.00 149.1   0 0.00 149.1 
193 0.28 146.8224   0.0097   193 0.28 146.8   386 0.56 146.8   579 0.83 146.8 
800 1.15 138.5408   0.1527   800 1.15 138.4   1600 2.30 138.4   2400 3.46 138.4 

1600 2.30 128.7552   0.6059   1600 2.30 128.1   3200 4.61 128.1   4800 6.91 128.1 
2400 3.46 118.9632   1.3576   2400 3.46 117.6   4800 6.91 117.6   7200 10.37 117.6 
3200 4.61 110.6816   2.4065   3200 4.61 108.3   6400 9.22 108.3   9600 13.82 108.3 
4000 5.76 103.5264   3.7521   4000 5.76 99.8   8000 11.52 99.8   12000 17.28 99.8 
4800 6.91 96   5.3938   4800 6.91 90.6   9600 13.82 90.6   14400 20.74 90.6 
5600 8.06 88.096   7.3313   5600 8.06 80.8   11200 16.13 80.8   16800 24.19 80.8 
6400 9.22 79.8144   9.5640   6400 9.22 70.3   12800 18.43 70.3   19200 27.65 70.3 
7366 10.61 69.2736   12.3609   7366 10.61 56.9   14731 21.21 56.9   22097 31.82 56.9 

 
Reduced Speed Curves @ 70% 

    
Adjusted 
Pump Curves 

1 Equal 
Pump   

2 Equal 
Pumps    

3 Equal 
Pumps 

  Mfr Curve  S&D Losses    

ADJ 
Curve    

ADJ 
Curve    

ADJ 
Curve 

Q Q Head  S&D  Q Q Head  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 114.1406   0.0000   0 0.00 114.1   0 0.00 114.1   0 0.00 114.1 
169 0.24 112.4109   0.0075   169 0.24 112.4   338 0.49 112.4   507 0.73 112.4 



Antioch Pump Station with AFM102 
 

Pump and Suction and Discharge Loss Curves – APS Equal Sized Pumps with AFM102 
 

700 1.01 106.0703   0.1171   700 1.01 106.0   1400 2.02 106.0   2100 3.02 106.0 
1400 2.02 98.5782   0.4646   1400 2.02 98.1   2800 4.03 98.1   4200 6.05 98.1 
2100 3.02 91.0812   1.0408   2100 3.02 90.0   4200 6.05 90.0   6300 9.07 90.0 
2800 4.03 84.7406   1.8449   2800 4.03 82.9   5600 8.06 82.9   8400 12.10 82.9 
3500 5.04 79.2624   2.8764   3500 5.04 76.4   7000 10.08 76.4   10500 15.12 76.4 
4200 6.05 73.5   4.1348   4200 6.05 69.4   8400 12.10 69.4   12600 18.14 69.4 
4900 7.06 67.4485   5.6199   4900 7.06 61.8   9800 14.11 61.8   14700 21.17 61.8 
5600 8.06 61.1079   7.3313   5600 8.06 53.8   11200 16.13 53.8   16800 24.19 53.8 
6445 9.28 53.0376   9.4750   6445 9.28 43.6   12890 18.56 43.6   19334 27.84 43.6 

 
Reduced Speed Curves @ 60% 

    
Adjusted 
Pump Curves 

1 Equal 
Pump   

2 Equal 
Pumps    

3 Equal 
Pumps 

  Mfr Curve  S&D Losses    

ADJ 
Curve    

ADJ 
Curve    

ADJ 
Curve 

Q Q Head  S&D  Q Q Head  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 83.8584   0.0000   0 0.00 83.9   0 0.00 83.9   0 0.00 83.9 
145 0.21 82.5876   0.0055   145 0.21 82.6   290 0.42 82.6   434 0.63 82.6 
600 0.86 77.9292   0.0862   600 0.86 77.8   1200 1.73 77.8   1800 2.59 77.8 

1200 1.73 72.4248   0.3419   1200 1.73 72.1   2400 3.46 72.1   3600 5.18 72.1 
1800 2.59 66.9168   0.7659   1800 2.59 66.2   3600 5.18 66.2   5400 7.78 66.2 
2400 3.46 62.2584   1.3576   2400 3.46 60.9   4800 6.91 60.9   7200 10.37 60.9 
3000 4.32 58.2336   2.1165   3000 4.32 56.1   6000 8.64 56.1   9000 12.96 56.1 
3600 5.18 54   3.0423   3600 5.18 51.0   7200 10.37 51.0   10800 15.55 51.0 
4200 6.05 49.554   4.1348   4200 6.05 45.4   8400 12.10 45.4   12600 18.14 45.4 
4800 6.91 44.8956   5.3938   4800 6.91 39.5   9600 13.82 39.5   14400 20.74 39.5 
5524 7.95 38.9664   6.9709   5524 7.95 32.0   11048 15.91 32.0   16572 23.86 32.0 

 
Reduced Speed Curves @ 50% 

    
Adjusted 
Pump Curves 

1 Equal 
Pump   

2 Equal 
Pumps    

3 Equal 
Pumps 

  Mfr Curve  S&D Losses    

ADJ 
Curve    

ADJ 
Curve    

ADJ 
Curve 

Q Q Head  S&D  Q Q Head  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 58.235   0.0000   0 0.00 58.2   0 0.00 58.2   0 0.00 58.2 
121 0.17 57.3525   0.0038   121 0.17 57.3   241 0.35 57.3   362 0.52 57.3 
500 0.72 54.1175   0.0600   500 0.72 54.1   1000 1.44 54.1   1500 2.16 54.1 

1000 1.44 50.295   0.2379   1000 1.44 50.1   2000 2.88 50.1   3000 4.32 50.1 
1500 2.16 46.47   0.5329   1500 2.16 45.9   3000 4.32 45.9   4500 6.48 45.9 
2000 2.88 43.235   0.9445   2000 2.88 42.3   4000 5.76 42.3   6000 8.64 42.3 
2500 3.60 40.44   1.4724   2500 3.60 39.0   5000 7.20 39.0   7500 10.80 39.0 
3000 4.32 37.5   2.1165   3000 4.32 35.4   6000 8.64 35.4   9000 12.96 35.4 
3500 5.04 34.4125   2.8764   3500 5.04 31.5   7000 10.08 31.5   10500 15.12 31.5 
4000 5.76 31.1775   3.7521   4000 5.76 27.4   8000 11.52 27.4   12000 17.28 27.4 
4603 6.63 27.06   4.8490   4603 6.63 22.2   9207 13.26 22.2   13810 19.89 22.2 

 
Reduced Speed Curves @ 40% 

    
Adjusted 
Pump Curves 

1 Equal 
Pump   

2 Equal 
Pumps    

3 Equal 
Pumps 

  Mfr Curve  S&D Losses    

ADJ 
Curve    

ADJ 
Curve    

ADJ 
Curve 

Q Q Head  S&D  Q Q Head  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 37.2704   0.0000   0 0.00 37.3   0 0.00 37.3   0 0.00 37.3 
97 0.14 36.7056   0.0025   97 0.14 36.7   193 0.28 36.7   290 0.42 36.7 

400 0.58 34.6352   0.0385   400 0.58 34.6   800 1.15 34.6   1200 1.73 34.6 
800 1.15 32.1888   0.1527   800 1.15 32.0   1600 2.30 32.0   2400 3.46 32.0 

1200 1.73 29.7408   0.3419   1200 1.73 29.4   2400 3.46 29.4   3600 5.18 29.4 
1600 2.30 27.6704   0.6059   1600 2.30 27.1   3200 4.61 27.1   4800 6.91 27.1 
2000 2.88 25.8816   0.9445   2000 2.88 24.9   4000 5.76 24.9   6000 8.64 24.9 
2400 3.46 24   1.3576   2400 3.46 22.6   4800 6.91 22.6   7200 10.37 22.6 
2800 4.03 22.024   1.8449   2800 4.03 20.2   5600 8.06 20.2   8400 12.10 20.2 
3200 4.61 19.9536   2.4065   3200 4.61 17.5   6400 9.22 17.5   9600 13.82 17.5 
3683 5.30 17.3184   3.1099   3683 5.30 14.2   7366 10.61 14.2   11048 15.91 14.2 



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point A 
 

 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 16.75 100 0.0000 0.0000 2.05 0.000 0.0000 
250.0 0.36 0.56 16.00 0.40 0.00 16.75 100 0.0001 0.0013 2.05 0.005 0.0064 
500.0 0.72 1.11 16.00 0.80 0.01 16.75 100 0.0003 0.0047 2.05 0.020 0.0250 
750.0 1.08 1.67 16.00 1.20 0.02 16.75 100 0.0006 0.0100 2.05 0.046 0.0556 

1000.0 1.44 2.23 16.00 1.60 0.04 16.75 100 0.0010 0.0170 2.05 0.081 0.0981 
1250.0 1.80 2.79 16.00 1.99 0.06 16.75 100 0.0015 0.0257 2.05 0.127 0.1524 
1500.0 2.16 3.34 16.00 2.39 0.09 16.75 100 0.0022 0.0360 2.05 0.182 0.2184 
1750.0 2.52 3.90 16.00 2.79 0.12 16.75 100 0.0029 0.0479 2.05 0.248 0.2962 
2000.0 2.88 4.46 16.00 3.19 0.16 16.75 100 0.0037 0.0614 2.05 0.324 0.3856 
2250.0 3.24 5.01 16.00 3.59 0.20 16.75 100 0.0046 0.0763 2.05 0.410 0.4867 
2500.0 3.60 5.57 16.00 3.99 0.25 16.75 100 0.0055 0.0928 2.05 0.507 0.5994 
2750.0 3.96 6.13 16.00 4.39 0.30 16.75 100 0.0066 0.1107 2.05 0.613 0.7238 
3000.0 4.32 6.68 16.00 4.79 0.36 16.75 100 0.0078 0.1301 2.05 0.730 0.8596 
3250.0 4.68 7.24 16.00 5.19 0.42 16.75 100 0.0090 0.1508 2.05 0.856 1.0071 
3500.0 5.04 7.80 16.00 5.59 0.48 16.75 100 0.0103 0.1730 2.05 0.993 1.1661 
3750.0 5.40 8.36 16.00 5.98 0.56 16.75 100 0.0117 0.1966 2.05 1.140 1.3366 
4000.0 5.76 8.91 16.00 6.38 0.63 16.75 100 0.0132 0.2216 2.05 1.297 1.5186 
4250.0 6.12 9.47 16.00 6.78 0.71 16.75 100 0.0148 0.2479 2.05 1.464 1.7121 
4500.0 6.48 10.03 16.00 7.18 0.80 16.75 100 0.0165 0.2756 2.05 1.642 1.9171 
4750.0 6.84 10.58 16.00 7.58 0.89 16.75 100 0.0182 0.3046 2.05 1.829 2.1336 
5000.0 7.20 11.14 16.00 7.98 0.99 16.75 100 0.0200 0.3350 2.05 2.027 2.3616 
5250.0 7.56 11.70 16.00 8.38 1.09 16.75 100 0.0219 0.3667 2.05 2.234 2.6010 
5500.0 7.92 12.25 16.00 8.78 1.20 16.75 100 0.0239 0.3997 2.05 2.452 2.8518 
5750.0 8.28 12.81 16.00 9.18 1.31 16.75 100 0.0259 0.4340 2.05 2.680 3.1141 
6000.0 8.64 13.37 16.00 9.57 1.42 16.75 100 0.0280 0.4695 2.05 2.918 3.3878 
6250.0 9.00 13.93 16.00 9.97 1.54 16.75 100 0.0302 0.5064 2.05 3.167 3.6730 
6500.0 9.36 14.48 16.00 10.37 1.67 16.75 100 0.0325 0.5446 2.05 3.425 3.9695 
6750.0 9.72 15.04 16.00 10.77 1.80 16.75 100 0.0349 0.5840 2.05 3.693 4.2775 
7000.0 10.08 15.60 16.00 11.17 1.94 16.75 100 0.0373 0.6247 2.05 3.972 4.5968 
7250.0 10.44 16.15 16.00 11.57 2.08 16.75 100 0.0398 0.6666 2.05 4.261 4.9275 
7500.0 10.80 16.71 16.00 11.97 2.22 16.75 100 0.0424 0.7098 2.05 4.560 5.2697 
7750.0 11.16 17.27 16.00 12.37 2.38 16.75 100 0.0450 0.7543 2.05 4.869 5.6232 
8000.0 11.52 17.83 16.00 12.77 2.53 16.75 100 0.0478 0.7999 2.05 5.188 5.9880 
8250.0 11.88 18.38 16.00 13.17 2.69 16.75 100 0.0506 0.8469 2.05 5.517 6.3643 
8500.0 12.24 18.94 16.00 13.56 2.86 16.75 100 0.0534 0.8950 2.05 5.857 6.7519 
8750.0 12.60 19.50 16.00 13.96 3.03 16.75 100 0.0564 0.9444 2.05 6.206 7.1508 
9000.0 12.96 20.05 16.00 14.36 3.20 16.75 100 0.0594 0.9949 2.05 6.566 7.5611 
9250.0 13.32 20.61 16.00 14.76 3.38 16.75 100 0.0625 1.0467 2.05 6.936 7.9828 
9500.0 13.68 21.17 16.00 15.16 3.57 16.75 100 0.0657 1.0997 2.05 7.316 8.4157 
9750.0 14.04 21.72 16.00 15.56 3.76 16.75 100 0.0689 1.1539 2.05 7.706 8.8601 

10000.0 14.40 22.28 16.00 15.96 3.95 16.75 100 0.0722 1.2093 2.05 8.106 9.3157 
11000.0 15.84 24.51 16.00 17.55 4.78 16.75 100 0.0861 1.4428 2.05 9.809 11.2515 
12000.0 17.28 26.74 16.00 19.15 5.69 16.75 100 0.1012 1.6950 2.05 11.673 13.3682 
13000.0 18.72 28.97 16.00 20.75 6.68 16.75 100 0.1174 1.9659 2.05 13.700 15.6657 
14000.0 20.16 31.19 16.00 22.34 7.75 16.75 100 0.1346 2.2551 2.05 15.889 18.1436 
15000.0 21.60 33.42 16.00 23.94 8.90 16.75 100 0.1530 2.5625 2.05 18.239 20.8018 
16000.0 23.04 35.65 16.00 25.53 10.12 16.75 100 0.1724 2.8878 2.05 20.752 23.6402 
17000.0 24.48 37.88 16.00 27.13 11.43 16.75 100 0.1929 3.2309 2.05 23.427 26.6584 
18000.0 25.92 40.11 16.00 28.72 12.81 16.75 100 0.2144 3.5917 2.05 26.265 29.8564 
19000.0 27.36 42.34 16.00 30.32 14.28 16.75 100 0.2370 3.9700 2.05 29.264 33.2340 
20000.0 28.80 44.56 16.00 31.92 15.82 16.75 100 0.2606 4.3656 2.05 32.426 36.7912 
21000.0 30.24 46.79 16.00 33.51 17.44 16.75 100 0.2853 4.7784 2.05 35.749 40.5276 
22000.0 31.68 49.02 16.00 35.11 19.14 16.75 100 0.3109 5.2084 2.05 39.235 44.4433 
23000.0 33.12 51.25 16.00 36.70 20.92 16.75 100 0.3376 5.6553 2.05 42.883 48.5381 

FM System - 16" (Inside the PS) 
Diameter =  16 in 
Area =  1.396263 ft2 
RH=D/4= 0.333333   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point A 
 

24000.0 34.56 53.48 16.00 38.30 22.78 16.75 100 0.3653 6.1191 2.05 46.693 52.8119 
25000.0 36.00 55.70 16.00 39.90 24.71 16.75 100 0.3940 6.5997 2.05 50.665 57.2646 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 98.00 100 0.0000 0.0000 2.90 0.000 0.0000 
250.0 0.36 0.56 16.00 0.40 0.00 98.00 100 0.0001 0.0076 2.90 0.007 0.0148 
500.0 0.72 1.11 16.00 0.80 0.01 98.00 100 0.0003 0.0276 2.90 0.029 0.0562 
750.0 1.08 1.67 16.00 1.20 0.02 98.00 100 0.0006 0.0584 2.90 0.065 0.1229 

1000.0 1.44 2.23 16.00 1.60 0.04 98.00 100 0.0010 0.0995 2.90 0.115 0.2142 
1250.0 1.80 2.79 16.00 1.99 0.06 98.00 100 0.0015 0.1504 2.90 0.179 0.3296 
1500.0 2.16 3.34 16.00 2.39 0.09 98.00 100 0.0022 0.2108 2.90 0.258 0.4688 
1750.0 2.52 3.90 16.00 2.79 0.12 98.00 100 0.0029 0.2804 2.90 0.351 0.6316 
2000.0 2.88 4.46 16.00 3.19 0.16 98.00 100 0.0037 0.3591 2.90 0.459 0.8178 
2250.0 3.24 5.01 16.00 3.59 0.20 98.00 100 0.0046 0.4467 2.90 0.581 1.0272 
2500.0 3.60 5.57 16.00 3.99 0.25 98.00 100 0.0055 0.5429 2.90 0.717 1.2596 
2750.0 3.96 6.13 16.00 4.39 0.30 98.00 100 0.0066 0.6477 2.90 0.867 1.5150 
3000.0 4.32 6.68 16.00 4.79 0.36 98.00 100 0.0078 0.7610 2.90 1.032 1.7931 
3250.0 4.68 7.24 16.00 5.19 0.42 98.00 100 0.0090 0.8826 2.90 1.211 2.0938 
3500.0 5.04 7.80 16.00 5.59 0.48 98.00 100 0.0103 1.0124 2.90 1.405 2.4172 
3750.0 5.40 8.36 16.00 5.98 0.56 98.00 100 0.0117 1.1504 2.90 1.613 2.7630 
4000.0 5.76 8.91 16.00 6.38 0.63 98.00 100 0.0132 1.2965 2.90 1.835 3.1313 
4250.0 6.12 9.47 16.00 6.78 0.71 98.00 100 0.0148 1.4505 2.90 2.071 3.5219 
4500.0 6.48 10.03 16.00 7.18 0.80 98.00 100 0.0165 1.6125 2.90 2.322 3.9347 
4750.0 6.84 10.58 16.00 7.58 0.89 98.00 100 0.0182 1.7823 2.90 2.587 4.3697 
5000.0 7.20 11.14 16.00 7.98 0.99 98.00 100 0.0200 1.9599 2.90 2.867 4.8268 
5250.0 7.56 11.70 16.00 8.38 1.09 98.00 100 0.0219 2.1453 2.90 3.161 5.3060 
5500.0 7.92 12.25 16.00 8.78 1.20 98.00 100 0.0239 2.3383 2.90 3.469 5.8072 
5750.0 8.28 12.81 16.00 9.18 1.31 98.00 100 0.0259 2.5389 2.90 3.791 6.3304 
6000.0 8.64 13.37 16.00 9.57 1.42 98.00 100 0.0280 2.7472 2.90 4.128 6.8755 
6250.0 9.00 13.93 16.00 9.97 1.54 98.00 100 0.0302 2.9629 2.90 4.480 7.4424 
6500.0 9.36 14.48 16.00 10.37 1.67 98.00 100 0.0325 3.1861 2.90 4.845 8.0312 
6750.0 9.72 15.04 16.00 10.77 1.80 98.00 100 0.0349 3.4168 2.90 5.225 8.6417 
7000.0 10.08 15.60 16.00 11.17 1.94 98.00 100 0.0373 3.6548 2.90 5.619 9.2740 
7250.0 10.44 16.15 16.00 11.57 2.08 98.00 100 0.0398 3.9003 2.90 6.028 9.9279 
7500.0 10.80 16.71 16.00 11.97 2.22 98.00 100 0.0424 4.1530 2.90 6.451 10.6035 
7750.0 11.16 17.27 16.00 12.37 2.38 98.00 100 0.0450 4.4130 2.90 6.888 11.3007 
8000.0 11.52 17.83 16.00 12.77 2.53 98.00 100 0.0478 4.6803 2.90 7.339 12.0195 
8250.0 11.88 18.38 16.00 13.17 2.69 98.00 100 0.0506 4.9547 2.90 7.805 12.7599 
8500.0 12.24 18.94 16.00 13.56 2.86 98.00 100 0.0534 5.2364 2.90 8.285 13.5217 
8750.0 12.60 19.50 16.00 13.96 3.03 98.00 100 0.0564 5.5252 2.90 8.780 14.3050 
9000.0 12.96 20.05 16.00 14.36 3.20 98.00 100 0.0594 5.8211 2.90 9.289 15.1098 
9250.0 13.32 20.61 16.00 14.76 3.38 98.00 100 0.0625 6.1241 2.90 9.812 15.9360 
9500.0 13.68 21.17 16.00 15.16 3.57 98.00 100 0.0657 6.4342 2.90 10.349 16.7836 
9750.0 14.04 21.72 16.00 15.56 3.76 98.00 100 0.0689 6.7512 2.90 10.901 17.6526 

10000.0 14.40 22.28 16.00 15.96 3.95 98.00 100 0.0722 7.0753 2.90 11.468 18.5429 
11000.0 15.84 24.51 16.00 17.55 4.78 98.00 100 0.0861 8.4412 2.90 13.876 22.3170 
12000.0 17.28 26.74 16.00 19.15 5.69 98.00 100 0.1012 9.9172 2.90 16.513 26.4306 
13000.0 18.72 28.97 16.00 20.75 6.68 98.00 100 0.1174 11.5019 2.90 19.380 30.8821 
14000.0 20.16 31.19 16.00 22.34 7.75 98.00 100 0.1346 13.1940 2.90 22.476 35.6705 
15000.0 21.60 33.42 16.00 23.94 8.90 98.00 100 0.1530 14.9923 2.90 25.802 40.7944 
16000.0 23.04 35.65 16.00 25.53 10.12 98.00 100 0.1724 16.8958 2.90 29.357 46.2528 
17000.0 24.48 37.88 16.00 27.13 11.43 98.00 100 0.1929 18.9033 2.90 33.141 52.0446 
18000.0 25.92 40.11 16.00 28.72 12.81 98.00 100 0.2144 21.0142 2.90 37.155 58.1691 
19000.0 27.36 42.34 16.00 30.32 14.28 98.00 100 0.2370 23.2273 2.90 41.398 64.6253 

FM System Curve - 16" (Outside the PS) 
Diameter =  16 in 
Area =  1.396263 ft2 
RH=D/4= 0.333333   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point A 
 

20000.0 28.80 44.56 16.00 31.92 15.82 98.00 100 0.2606 25.5420 2.90 45.870 71.4123 
21000.0 30.24 46.79 16.00 33.51 17.44 98.00 100 0.2853 27.9574 2.90 50.572 78.5295 
22000.0 31.68 49.02 16.00 35.11 19.14 98.00 100 0.3109 30.4729 2.90 55.503 85.9760 
23000.0 33.12 51.25 16.00 36.70 20.92 98.00 100 0.3376 33.0878 2.90 60.663 93.7512 
24000.0 34.56 53.48 16.00 38.30 22.78 98.00 100 0.3653 35.8013 2.90 66.053 101.8545 
25000.0 36.00 55.70 16.00 39.90 24.71 98.00 100 0.3940 38.6129 2.90 71.672 110.2852 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 2645 100 0.0000 0.0000 3.18 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 2645 100 0.0000 0.0286 3.18 0.002 0.0301 
500.0 0.72 1.11 24.00 0.35 0.00 2645 100 0.0000 0.1032 3.18 0.006 0.1094 
750.0 1.08 1.67 24.00 0.53 0.00 2645 100 0.0001 0.2187 3.18 0.014 0.2327 

1000.0 1.44 2.23 24.00 0.71 0.01 2645 100 0.0001 0.3726 3.18 0.025 0.3974 
1250.0 1.80 2.79 24.00 0.89 0.01 2645 100 0.0002 0.5633 3.18 0.039 0.6021 
1500.0 2.16 3.34 24.00 1.06 0.02 2645 100 0.0003 0.7895 3.18 0.056 0.8454 
1750.0 2.52 3.90 24.00 1.24 0.02 2645 100 0.0004 1.0504 3.18 0.076 1.1265 
2000.0 2.88 4.46 24.00 1.42 0.03 2645 100 0.0005 1.3451 3.18 0.099 1.4445 
2250.0 3.24 5.01 24.00 1.60 0.04 2645 100 0.0006 1.6730 3.18 0.126 1.7987 
2500.0 3.60 5.57 24.00 1.77 0.05 2645 100 0.0008 2.0335 3.18 0.155 2.1887 
2750.0 3.96 6.13 24.00 1.95 0.06 2645 100 0.0009 2.4260 3.18 0.188 2.6139 
3000.0 4.32 6.68 24.00 2.13 0.07 2645 100 0.0011 2.8502 3.18 0.224 3.0738 
3250.0 4.68 7.24 24.00 2.31 0.08 2645 100 0.0012 3.3056 3.18 0.262 3.5680 
3500.0 5.04 7.80 24.00 2.48 0.10 2645 100 0.0014 3.7920 3.18 0.304 4.0962 
3750.0 5.40 8.36 24.00 2.66 0.11 2645 100 0.0016 4.3088 3.18 0.349 4.6581 
4000.0 5.76 8.91 24.00 2.84 0.12 2645 100 0.0018 4.8558 3.18 0.397 5.2533 
4250.0 6.12 9.47 24.00 3.01 0.14 2645 100 0.0021 5.4328 3.18 0.449 5.8815 
4500.0 6.48 10.03 24.00 3.19 0.16 2645 100 0.0023 6.0395 3.18 0.503 6.5425 
4750.0 6.84 10.58 24.00 3.37 0.18 2645 100 0.0025 6.6755 3.18 0.560 7.2360 
5000.0 7.20 11.14 24.00 3.55 0.20 2645 100 0.0028 7.3408 3.18 0.621 7.9617 
5250.0 7.56 11.70 24.00 3.72 0.22 2645 100 0.0030 8.0350 3.18 0.685 8.7196 
5500.0 7.92 12.25 24.00 3.90 0.24 2645 100 0.0033 8.7579 3.18 0.751 9.5093 
5750.0 8.28 12.81 24.00 4.08 0.26 2645 100 0.0036 9.5094 3.18 0.821 10.3307 
6000.0 8.64 13.37 24.00 4.26 0.28 2645 100 0.0039 10.2893 3.18 0.894 11.1835 
6250.0 9.00 13.93 24.00 4.43 0.31 2645 100 0.0042 11.0973 3.18 0.970 12.0676 
6500.0 9.36 14.48 24.00 4.61 0.33 2645 100 0.0045 11.9334 3.18 1.049 12.9829 
6750.0 9.72 15.04 24.00 4.79 0.36 2645 100 0.0048 12.7973 3.18 1.132 13.9291 
7000.0 10.08 15.60 24.00 4.96 0.38 2645 100 0.0052 13.6890 3.18 1.217 14.9061 
7250.0 10.44 16.15 24.00 5.14 0.41 2645 100 0.0055 14.6081 3.18 1.306 15.9137 
7500.0 10.80 16.71 24.00 5.32 0.44 2645 100 0.0059 15.5547 3.18 1.397 16.9519 
7750.0 11.16 17.27 24.00 5.50 0.47 2645 100 0.0062 16.5286 3.18 1.492 18.0205 
8000.0 11.52 17.83 24.00 5.67 0.50 2645 100 0.0066 17.5296 3.18 1.590 19.1193 
8250.0 11.88 18.38 24.00 5.85 0.53 2645 100 0.0070 18.5576 3.18 1.691 20.2482 
8500.0 12.24 18.94 24.00 6.03 0.56 2645 100 0.0074 19.6125 3.18 1.795 21.4071 
8750.0 12.60 19.50 24.00 6.21 0.60 2645 100 0.0078 20.6941 3.18 1.902 22.5959 
9000.0 12.96 20.05 24.00 6.38 0.63 2645 100 0.0082 21.8025 3.18 2.012 23.8144 
9250.0 13.32 20.61 24.00 6.56 0.67 2645 100 0.0087 22.9373 3.18 2.125 25.0626 
9500.0 13.68 21.17 24.00 6.74 0.70 2645 100 0.0091 24.0987 3.18 2.242 26.3404 
9750.0 14.04 21.72 24.00 6.92 0.74 2645 100 0.0096 25.2863 3.18 2.361 27.6476 

10000.0 14.40 22.28 24.00 7.09 0.78 2645 100 0.0100 26.5002 3.18 2.484 28.9841 
11000.0 15.84 24.51 24.00 7.80 0.95 2645 100 0.0120 31.6161 3.18 3.006 34.6216 
12000.0 17.28 26.74 24.00 8.51 1.12 2645 100 0.0140 37.1443 3.18 3.577 40.7211 
13000.0 18.72 28.97 24.00 9.22 1.32 2645 100 0.0163 43.0796 3.18 4.198 47.2774 
14000.0 20.16 31.19 24.00 9.93 1.53 2645 100 0.0187 49.4172 3.18 4.868 54.2856 
15000.0 21.60 33.42 24.00 10.64 1.76 2645 100 0.0212 56.1526 3.18 5.589 61.7414 

FM System Curve - 24" PVC (Outside the PS) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point A 
 

16000.0 23.04 35.65 24.00 11.35 2.00 2645 100 0.0239 63.2818 3.18 6.359 69.6406 
17000.0 24.48 37.88 24.00 12.06 2.26 2645 100 0.0268 70.8011 3.18 7.178 77.9796 
18000.0 25.92 40.11 24.00 12.77 2.53 2645 100 0.0298 78.7070 3.18 8.048 86.7549 
19000.0 27.36 42.34 24.00 13.48 2.82 2645 100 0.0329 86.9962 3.18 8.967 95.9631 
20000.0 28.80 44.56 24.00 14.18 3.12 2645 100 0.0362 95.6657 3.18 9.936 105.6013 
21000.0 30.24 46.79 24.00 14.89 3.44 2645 100 0.0396 104.7126 3.18 10.954 115.6666 
22000.0 31.68 49.02 24.00 15.60 3.78 2645 100 0.0432 114.1341 3.18 12.022 126.1562 
23000.0 33.12 51.25 24.00 16.31 4.13 2645 100 0.0469 123.9278 3.18 13.140 137.0676 
24000.0 34.56 53.48 24.00 17.02 4.50 2645 100 0.0507 134.0911 3.18 14.307 148.3984 
25000.0 36.00 55.70 24.00 17.73 4.88 2645 100 0.0547 144.6217 3.18 15.524 160.1462 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point A 
 

 
MIN Static Head = 36.93 
MAX Static Head = 39.43

Q Q Losses 

(gpm) (mgd)  
0 0.00 0.00 

250 0.36 0.05 
500 0.72 0.19 
750 1.08 0.41 

1000 1.44 0.71 
1250 1.80 1.08 
1500 2.16 1.53 
1750 2.52 2.05 
2000 2.88 2.65 
2250 3.24 3.31 
2500 3.60 4.05 
2750 3.96 4.85 
3000 4.32 5.73 
3250 4.68 6.67 
3500 5.04 7.68 
3750 5.40 8.76 
4000 5.76 9.90 
4250 6.12 11.12 
4500 6.48 12.39 
4750 6.84 13.74 
5000 7.20 15.15 
5250 7.56 16.63 
5500 7.92 18.17 
5750 8.28 19.78 
6000 8.64 21.45 
6250 9.00 23.18 
6500 9.36 24.98 
6750 9.72 26.85 
7000 10.08 28.78 
7250 10.44 30.77 
7500 10.80 32.83 
7750 11.16 34.94 
8000 11.52 37.13 
8250 11.88 39.37 
8500 12.24 41.68 
8750 12.60 44.05 
9000 12.96 46.49 
9250 13.32 48.98 
9500 13.68 51.54 
9750 14.04 54.16 

10000 14.40 56.84 
11000 15.84 68.19 
12000 17.28 80.52 
13000 18.72 93.83 
14000 20.16 108.10 
15000 21.60 123.34 
16000 23.04 139.53 
17000 24.48 156.68 
18000 25.92 174.78 
19000 27.36 193.82 
20000 28.80 213.80 
21000 30.24 234.72 
22000 31.68 256.58 
23000 33.12 279.36 
24000 34.56 303.06 
25000 36.00 327.70 

Q Q Min Static Max Static 

(gpm) (mgd)    

0 0.00 36.93 39.43 
250 0.36 36.98 39.48 
500 0.72 37.12 39.62 
750 1.08 37.34 39.84 

1000 1.44 37.64 40.14 
1250 1.80 38.01 40.51 
1500 2.16 38.46 40.96 
1750 2.52 38.98 41.48 
2000 2.88 39.58 42.08 
2250 3.24 40.24 42.74 
2500 3.60 40.98 43.48 
2750 3.96 41.78 44.28 
3000 4.32 42.66 45.16 
3250 4.68 43.60 46.10 
3500 5.04 44.61 47.11 
3750 5.40 45.69 48.19 
4000 5.76 46.83 49.33 
4250 6.12 48.05 50.55 
4500 6.48 49.32 51.82 
4750 6.84 50.67 53.17 
5000 7.20 52.08 54.58 
5250 7.56 53.56 56.06 
5500 7.92 55.10 57.60 
5750 8.28 56.71 59.21 
6000 8.64 58.38 60.88 
6250 9.00 60.11 62.61 
6500 9.36 61.91 64.41 
6750 9.72 63.78 66.28 
7000 10.08 65.71 68.21 
7250 10.44 67.70 70.20 
7500 10.80 69.76 72.26 
7750 11.16 71.87 74.37 
8000 11.52 74.06 76.56 
8250 11.88 76.30 78.80 
8500 12.24 78.61 81.11 
8750 12.60 80.98 83.48 
9000 12.96 83.42 85.92 
9250 13.32 85.91 88.41 
9500 13.68 88.47 90.97 
9750 14.04 91.09 93.59 

10000 14.40 93.77 96.27 
11000 15.84 105.12 107.62 
12000 17.28 117.45 119.95 
13000 18.72 130.76 133.26 
14000 20.16 145.03 147.53 
15000 21.60 160.27 162.77 
16000 23.04 176.46 178.96 
17000 24.48 193.61 196.11 
18000 25.92 211.71 214.21 
19000 27.36 230.75 233.25 
20000 28.80 250.73 253.23 
21000 30.24 271.65 274.15 
22000 31.68 293.51 296.01 
23000 33.12 316.29 318.79 
24000 34.56 339.99 342.49 
25000 36.00 364.63 367.13 



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point B 
 

 

 
 
 
 

 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 16.75 100 0.0000 0.0000 2.05 0.000 0.0000 
250.0 0.36 0.56 16.00 0.40 0.00 16.75 100 0.0001 0.0013 2.05 0.005 0.0064 
500.0 0.72 1.11 16.00 0.80 0.01 16.75 100 0.0003 0.0047 2.05 0.020 0.0250 
750.0 1.08 1.67 16.00 1.20 0.02 16.75 100 0.0006 0.0100 2.05 0.046 0.0556 

1000.0 1.44 2.23 16.00 1.60 0.04 16.75 100 0.0010 0.0170 2.05 0.081 0.0981 
1250.0 1.80 2.79 16.00 1.99 0.06 16.75 100 0.0015 0.0257 2.05 0.127 0.1524 
1500.0 2.16 3.34 16.00 2.39 0.09 16.75 100 0.0022 0.0360 2.05 0.182 0.2184 
1750.0 2.52 3.90 16.00 2.79 0.12 16.75 100 0.0029 0.0479 2.05 0.248 0.2962 
2000.0 2.88 4.46 16.00 3.19 0.16 16.75 100 0.0037 0.0614 2.05 0.324 0.3856 
2250.0 3.24 5.01 16.00 3.59 0.20 16.75 100 0.0046 0.0763 2.05 0.410 0.4867 
2500.0 3.60 5.57 16.00 3.99 0.25 16.75 100 0.0055 0.0928 2.05 0.507 0.5994 
2750.0 3.96 6.13 16.00 4.39 0.30 16.75 100 0.0066 0.1107 2.05 0.613 0.7238 
3000.0 4.32 6.68 16.00 4.79 0.36 16.75 100 0.0078 0.1301 2.05 0.730 0.8596 
3250.0 4.68 7.24 16.00 5.19 0.42 16.75 100 0.0090 0.1508 2.05 0.856 1.0071 
3500.0 5.04 7.80 16.00 5.59 0.48 16.75 100 0.0103 0.1730 2.05 0.993 1.1661 
3750.0 5.40 8.36 16.00 5.98 0.56 16.75 100 0.0117 0.1966 2.05 1.140 1.3366 
4000.0 5.76 8.91 16.00 6.38 0.63 16.75 100 0.0132 0.2216 2.05 1.297 1.5186 
4250.0 6.12 9.47 16.00 6.78 0.71 16.75 100 0.0148 0.2479 2.05 1.464 1.7121 
4500.0 6.48 10.03 16.00 7.18 0.80 16.75 100 0.0165 0.2756 2.05 1.642 1.9171 
4750.0 6.84 10.58 16.00 7.58 0.89 16.75 100 0.0182 0.3046 2.05 1.829 2.1336 
5000.0 7.20 11.14 16.00 7.98 0.99 16.75 100 0.0200 0.3350 2.05 2.027 2.3616 
5250.0 7.56 11.70 16.00 8.38 1.09 16.75 100 0.0219 0.3667 2.05 2.234 2.6010 
5500.0 7.92 12.25 16.00 8.78 1.20 16.75 100 0.0239 0.3997 2.05 2.452 2.8518 
5750.0 8.28 12.81 16.00 9.18 1.31 16.75 100 0.0259 0.4340 2.05 2.680 3.1141 
6000.0 8.64 13.37 16.00 9.57 1.42 16.75 100 0.0280 0.4695 2.05 2.918 3.3878 
6250.0 9.00 13.93 16.00 9.97 1.54 16.75 100 0.0302 0.5064 2.05 3.167 3.6730 
6500.0 9.36 14.48 16.00 10.37 1.67 16.75 100 0.0325 0.5446 2.05 3.425 3.9695 
6750.0 9.72 15.04 16.00 10.77 1.80 16.75 100 0.0349 0.5840 2.05 3.693 4.2775 
7000.0 10.08 15.60 16.00 11.17 1.94 16.75 100 0.0373 0.6247 2.05 3.972 4.5968 
7250.0 10.44 16.15 16.00 11.57 2.08 16.75 100 0.0398 0.6666 2.05 4.261 4.9275 
7500.0 10.80 16.71 16.00 11.97 2.22 16.75 100 0.0424 0.7098 2.05 4.560 5.2697 
7750.0 11.16 17.27 16.00 12.37 2.38 16.75 100 0.0450 0.7543 2.05 4.869 5.6232 
8000.0 11.52 17.83 16.00 12.77 2.53 16.75 100 0.0478 0.7999 2.05 5.188 5.9880 
8250.0 11.88 18.38 16.00 13.17 2.69 16.75 100 0.0506 0.8469 2.05 5.517 6.3643 
8500.0 12.24 18.94 16.00 13.56 2.86 16.75 100 0.0534 0.8950 2.05 5.857 6.7519 
8750.0 12.60 19.50 16.00 13.96 3.03 16.75 100 0.0564 0.9444 2.05 6.206 7.1508 
9000.0 12.96 20.05 16.00 14.36 3.20 16.75 100 0.0594 0.9949 2.05 6.566 7.5611 
9250.0 13.32 20.61 16.00 14.76 3.38 16.75 100 0.0625 1.0467 2.05 6.936 7.9828 
9500.0 13.68 21.17 16.00 15.16 3.57 16.75 100 0.0657 1.0997 2.05 7.316 8.4157 
9750.0 14.04 21.72 16.00 15.56 3.76 16.75 100 0.0689 1.1539 2.05 7.706 8.8601 

10000.0 14.40 22.28 16.00 15.96 3.95 16.75 100 0.0722 1.2093 2.05 8.106 9.3157 
11000.0 15.84 24.51 16.00 17.55 4.78 16.75 100 0.0861 1.4428 2.05 9.809 11.2515 
12000.0 17.28 26.74 16.00 19.15 5.69 16.75 100 0.1012 1.6950 2.05 11.673 13.3682 
13000.0 18.72 28.97 16.00 20.75 6.68 16.75 100 0.1174 1.9659 2.05 13.700 15.6657 
14000.0 20.16 31.19 16.00 22.34 7.75 16.75 100 0.1346 2.2551 2.05 15.889 18.1436 
15000.0 21.60 33.42 16.00 23.94 8.90 16.75 100 0.1530 2.5625 2.05 18.239 20.8018 
16000.0 23.04 35.65 16.00 25.53 10.12 16.75 100 0.1724 2.8878 2.05 20.752 23.6402 
17000.0 24.48 37.88 16.00 27.13 11.43 16.75 100 0.1929 3.2309 2.05 23.427 26.6584 
18000.0 25.92 40.11 16.00 28.72 12.81 16.75 100 0.2144 3.5917 2.05 26.265 29.8564 
19000.0 27.36 42.34 16.00 30.32 14.28 16.75 100 0.2370 3.9700 2.05 29.264 33.2340 
20000.0 28.80 44.56 16.00 31.92 15.82 16.75 100 0.2606 4.3656 2.05 32.426 36.7912 
21000.0 30.24 46.79 16.00 33.51 17.44 16.75 100 0.2853 4.7784 2.05 35.749 40.5276 
22000.0 31.68 49.02 16.00 35.11 19.14 16.75 100 0.3109 5.2084 2.05 39.235 44.4433 
23000.0 33.12 51.25 16.00 36.70 20.92 16.75 100 0.3376 5.6553 2.05 42.883 48.5381 

FM System Curve - 16" (Inside the PS) 
Diameter =  16 in 
Area =  1.396263 ft2 
RH=D/4= 0.333333   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point B 
 

24000.0 34.56 53.48 16.00 38.30 22.78 16.75 100 0.3653 6.1191 2.05 46.693 52.8119 
25000.0 36.00 55.70 16.00 39.90 24.71 16.75 100 0.3940 6.5997 2.05 50.665 57.2646 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 98.00 100 0.0000 0.0000 2.90 0.000 0.0000 
250.0 0.36 0.56 16.00 0.40 0.00 98.00 100 0.0001 0.0076 2.90 0.007 0.0148 
500.0 0.72 1.11 16.00 0.80 0.01 98.00 100 0.0003 0.0276 2.90 0.029 0.0562 
750.0 1.08 1.67 16.00 1.20 0.02 98.00 100 0.0006 0.0584 2.90 0.065 0.1229 

1000.0 1.44 2.23 16.00 1.60 0.04 98.00 100 0.0010 0.0995 2.90 0.115 0.2142 
1250.0 1.80 2.79 16.00 1.99 0.06 98.00 100 0.0015 0.1504 2.90 0.179 0.3296 
1500.0 2.16 3.34 16.00 2.39 0.09 98.00 100 0.0022 0.2108 2.90 0.258 0.4688 
1750.0 2.52 3.90 16.00 2.79 0.12 98.00 100 0.0029 0.2804 2.90 0.351 0.6316 
2000.0 2.88 4.46 16.00 3.19 0.16 98.00 100 0.0037 0.3591 2.90 0.459 0.8178 
2250.0 3.24 5.01 16.00 3.59 0.20 98.00 100 0.0046 0.4467 2.90 0.581 1.0272 
2500.0 3.60 5.57 16.00 3.99 0.25 98.00 100 0.0055 0.5429 2.90 0.717 1.2596 
2750.0 3.96 6.13 16.00 4.39 0.30 98.00 100 0.0066 0.6477 2.90 0.867 1.5150 
3000.0 4.32 6.68 16.00 4.79 0.36 98.00 100 0.0078 0.7610 2.90 1.032 1.7931 
3250.0 4.68 7.24 16.00 5.19 0.42 98.00 100 0.0090 0.8826 2.90 1.211 2.0938 
3500.0 5.04 7.80 16.00 5.59 0.48 98.00 100 0.0103 1.0124 2.90 1.405 2.4172 
3750.0 5.40 8.36 16.00 5.98 0.56 98.00 100 0.0117 1.1504 2.90 1.613 2.7630 
4000.0 5.76 8.91 16.00 6.38 0.63 98.00 100 0.0132 1.2965 2.90 1.835 3.1313 
4250.0 6.12 9.47 16.00 6.78 0.71 98.00 100 0.0148 1.4505 2.90 2.071 3.5219 
4500.0 6.48 10.03 16.00 7.18 0.80 98.00 100 0.0165 1.6125 2.90 2.322 3.9347 
4750.0 6.84 10.58 16.00 7.58 0.89 98.00 100 0.0182 1.7823 2.90 2.587 4.3697 
5000.0 7.20 11.14 16.00 7.98 0.99 98.00 100 0.0200 1.9599 2.90 2.867 4.8268 
5250.0 7.56 11.70 16.00 8.38 1.09 98.00 100 0.0219 2.1453 2.90 3.161 5.3060 
5500.0 7.92 12.25 16.00 8.78 1.20 98.00 100 0.0239 2.3383 2.90 3.469 5.8072 
5750.0 8.28 12.81 16.00 9.18 1.31 98.00 100 0.0259 2.5389 2.90 3.791 6.3304 
6000.0 8.64 13.37 16.00 9.57 1.42 98.00 100 0.0280 2.7472 2.90 4.128 6.8755 
6250.0 9.00 13.93 16.00 9.97 1.54 98.00 100 0.0302 2.9629 2.90 4.480 7.4424 
6500.0 9.36 14.48 16.00 10.37 1.67 98.00 100 0.0325 3.1861 2.90 4.845 8.0312 
6750.0 9.72 15.04 16.00 10.77 1.80 98.00 100 0.0349 3.4168 2.90 5.225 8.6417 
7000.0 10.08 15.60 16.00 11.17 1.94 98.00 100 0.0373 3.6548 2.90 5.619 9.2740 
7250.0 10.44 16.15 16.00 11.57 2.08 98.00 100 0.0398 3.9003 2.90 6.028 9.9279 
7500.0 10.80 16.71 16.00 11.97 2.22 98.00 100 0.0424 4.1530 2.90 6.451 10.6035 
7750.0 11.16 17.27 16.00 12.37 2.38 98.00 100 0.0450 4.4130 2.90 6.888 11.3007 
8000.0 11.52 17.83 16.00 12.77 2.53 98.00 100 0.0478 4.6803 2.90 7.339 12.0195 
8250.0 11.88 18.38 16.00 13.17 2.69 98.00 100 0.0506 4.9547 2.90 7.805 12.7599 
8500.0 12.24 18.94 16.00 13.56 2.86 98.00 100 0.0534 5.2364 2.90 8.285 13.5217 
8750.0 12.60 19.50 16.00 13.96 3.03 98.00 100 0.0564 5.5252 2.90 8.780 14.3050 
9000.0 12.96 20.05 16.00 14.36 3.20 98.00 100 0.0594 5.8211 2.90 9.289 15.1098 
9250.0 13.32 20.61 16.00 14.76 3.38 98.00 100 0.0625 6.1241 2.90 9.812 15.9360 
9500.0 13.68 21.17 16.00 15.16 3.57 98.00 100 0.0657 6.4342 2.90 10.349 16.7836 
9750.0 14.04 21.72 16.00 15.56 3.76 98.00 100 0.0689 6.7512 2.90 10.901 17.6526 

10000.0 14.40 22.28 16.00 15.96 3.95 98.00 100 0.0722 7.0753 2.90 11.468 18.5429 
11000.0 15.84 24.51 16.00 17.55 4.78 98.00 100 0.0861 8.4412 2.90 13.876 22.3170 
12000.0 17.28 26.74 16.00 19.15 5.69 98.00 100 0.1012 9.9172 2.90 16.513 26.4306 
13000.0 18.72 28.97 16.00 20.75 6.68 98.00 100 0.1174 11.5019 2.90 19.380 30.8821 
14000.0 20.16 31.19 16.00 22.34 7.75 98.00 100 0.1346 13.1940 2.90 22.476 35.6705 
15000.0 21.60 33.42 16.00 23.94 8.90 98.00 100 0.1530 14.9923 2.90 25.802 40.7944 
16000.0 23.04 35.65 16.00 25.53 10.12 98.00 100 0.1724 16.8958 2.90 29.357 46.2528 
17000.0 24.48 37.88 16.00 27.13 11.43 98.00 100 0.1929 18.9033 2.90 33.141 52.0446 
18000.0 25.92 40.11 16.00 28.72 12.81 98.00 100 0.2144 21.0142 2.90 37.155 58.1691 
19000.0 27.36 42.34 16.00 30.32 14.28 98.00 100 0.2370 23.2273 2.90 41.398 64.6253 

FM System Curve - 16" (Outside the PS) 
Diameter =  16 in 
Area =  1.396263 ft2 
RH= 0.333333   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point B 
 

20000.0 28.80 44.56 16.00 31.92 15.82 98.00 100 0.2606 25.5420 2.90 45.870 71.4123 
21000.0 30.24 46.79 16.00 33.51 17.44 98.00 100 0.2853 27.9574 2.90 50.572 78.5295 
22000.0 31.68 49.02 16.00 35.11 19.14 98.00 100 0.3109 30.4729 2.90 55.503 85.9760 
23000.0 33.12 51.25 16.00 36.70 20.92 98.00 100 0.3376 33.0878 2.90 60.663 93.7512 
24000.0 34.56 53.48 16.00 38.30 22.78 98.00 100 0.3653 35.8013 2.90 66.053 101.8545 
25000.0 36.00 55.70 16.00 39.90 24.71 98.00 100 0.3940 38.6129 2.90 71.672 110.2852 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 6124 100 0.0000 0.0000 5.81 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 6124 100 0.0000 0.0662 5.81 0.003 0.0690 
500.0 0.72 1.11 24.00 0.35 0.00 6124 100 0.0000 0.2390 5.81 0.011 0.2503 
750.0 1.08 1.67 24.00 0.53 0.00 6124 100 0.0001 0.5064 5.81 0.026 0.5319 

1000.0 1.44 2.23 24.00 0.71 0.01 6124 100 0.0001 0.8627 5.81 0.045 0.9081 
1250.0 1.80 2.79 24.00 0.89 0.01 6124 100 0.0002 1.3042 5.81 0.071 1.3751 
1500.0 2.16 3.34 24.00 1.06 0.02 6124 100 0.0003 1.8280 5.81 0.102 1.9301 
1750.0 2.52 3.90 24.00 1.24 0.02 6124 100 0.0004 2.4320 5.81 0.139 2.5710 
2000.0 2.88 4.46 24.00 1.42 0.03 6124 100 0.0005 3.1143 5.81 0.182 3.2959 
2250.0 3.24 5.01 24.00 1.60 0.04 6124 100 0.0006 3.8735 5.81 0.230 4.1032 
2500.0 3.60 5.57 24.00 1.77 0.05 6124 100 0.0008 4.7081 5.81 0.284 4.9917 
2750.0 3.96 6.13 24.00 1.95 0.06 6124 100 0.0009 5.6170 5.81 0.343 5.9602 
3000.0 4.32 6.68 24.00 2.13 0.07 6124 100 0.0011 6.5991 5.81 0.408 7.0076 
3250.0 4.68 7.24 24.00 2.31 0.08 6124 100 0.0012 7.6536 5.81 0.479 8.1330 
3500.0 5.04 7.80 24.00 2.48 0.10 6124 100 0.0014 8.7795 5.81 0.556 9.3355 
3750.0 5.40 8.36 24.00 2.66 0.11 6124 100 0.0016 9.9762 5.81 0.638 10.6144 
4000.0 5.76 8.91 24.00 2.84 0.12 6124 100 0.0018 11.2428 5.81 0.726 11.9689 
4250.0 6.12 9.47 24.00 3.01 0.14 6124 100 0.0021 12.5787 5.81 0.820 13.3984 
4500.0 6.48 10.03 24.00 3.19 0.16 6124 100 0.0023 13.9832 5.81 0.919 14.9022 
4750.0 6.84 10.58 24.00 3.37 0.18 6124 100 0.0025 15.4559 5.81 1.024 16.4798 
5000.0 7.20 11.14 24.00 3.55 0.20 6124 100 0.0028 16.9962 5.81 1.135 18.1307 
5250.0 7.56 11.70 24.00 3.72 0.22 6124 100 0.0030 18.6034 5.81 1.251 19.8543 
5500.0 7.92 12.25 24.00 3.90 0.24 6124 100 0.0033 20.2773 5.81 1.373 21.6501 
5750.0 8.28 12.81 24.00 4.08 0.26 6124 100 0.0036 22.0172 5.81 1.500 23.5177 
6000.0 8.64 13.37 24.00 4.26 0.28 6124 100 0.0039 23.8229 5.81 1.634 25.4566 
6250.0 9.00 13.93 24.00 4.43 0.31 6124 100 0.0042 25.6938 5.81 1.773 27.4665 
6500.0 9.36 14.48 24.00 4.61 0.33 6124 100 0.0045 27.6295 5.81 1.917 29.5469 
6750.0 9.72 15.04 24.00 4.79 0.36 6124 100 0.0048 29.6298 5.81 2.068 31.6975 
7000.0 10.08 15.60 24.00 4.96 0.38 6124 100 0.0052 31.6942 5.81 2.224 33.9179 
7250.0 10.44 16.15 24.00 5.14 0.41 6124 100 0.0055 33.8224 5.81 2.385 36.2078 
7500.0 10.80 16.71 24.00 5.32 0.44 6124 100 0.0059 36.0140 5.81 2.553 38.5668 
7750.0 11.16 17.27 24.00 5.50 0.47 6124 100 0.0062 38.2688 5.81 2.726 40.9946 
8000.0 11.52 17.83 24.00 5.67 0.50 6124 100 0.0066 40.5864 5.81 2.904 43.4909 
8250.0 11.88 18.38 24.00 5.85 0.53 6124 100 0.0070 42.9666 5.81 3.089 46.0554 
8500.0 12.24 18.94 24.00 6.03 0.56 6124 100 0.0074 45.4090 5.81 3.279 48.6879 
8750.0 12.60 19.50 24.00 6.21 0.60 6124 100 0.0078 47.9134 5.81 3.475 51.3880 
9000.0 12.96 20.05 24.00 6.38 0.63 6124 100 0.0082 50.4795 5.81 3.676 54.1555 
9250.0 13.32 20.61 24.00 6.56 0.67 6124 100 0.0087 53.1071 5.81 3.883 56.9901 
9500.0 13.68 21.17 24.00 6.74 0.70 6124 100 0.0091 55.7959 5.81 4.096 59.8916 
9750.0 14.04 21.72 24.00 6.92 0.74 6124 100 0.0096 58.5457 5.81 4.314 62.8598 

10000.0 14.40 22.28 24.00 7.09 0.78 6124 100 0.0100 61.3562 5.81 4.538 65.8944 
11000.0 15.84 24.51 24.00 7.80 0.95 6124 100 0.0120 73.2011 5.81 5.491 78.6923 
12000.0 17.28 26.74 24.00 8.51 1.12 6124 100 0.0140 86.0007 5.81 6.535 92.5357 
13000.0 18.72 28.97 24.00 9.22 1.32 6124 100 0.0163 99.7427 5.81 7.670 107.4123 
14000.0 20.16 31.19 24.00 9.93 1.53 6124 100 0.0187 114.4161 5.81 8.895 123.3110 
15000.0 21.60 33.42 24.00 10.64 1.76 6124 100 0.0212 130.0107 5.81 10.211 140.2217 

FM System Curve - 24" PVC (Outside the PS) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH= 0.5   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point B 
 

16000.0 23.04 35.65 24.00 11.35 2.00 6124 100 0.0239 146.5171 5.81 11.618 158.1349 
17000.0 24.48 37.88 24.00 12.06 2.26 6124 100 0.0268 163.9266 5.81 13.115 177.0421 
18000.0 25.92 40.11 24.00 12.77 2.53 6124 100 0.0298 182.2312 5.81 14.704 196.9351 
19000.0 27.36 42.34 24.00 13.48 2.82 6124 100 0.0329 201.4234 5.81 16.383 217.8063 
20000.0 28.80 44.56 24.00 14.18 3.12 6124 100 0.0362 221.4959 5.81 18.153 239.6488 
21000.0 30.24 46.79 24.00 14.89 3.44 6124 100 0.0396 242.4422 5.81 20.014 262.4558 
22000.0 31.68 49.02 24.00 15.60 3.78 6124 100 0.0432 264.2561 5.81 21.965 286.2210 
23000.0 33.12 51.25 24.00 16.31 4.13 6124 100 0.0469 286.9314 5.81 24.007 310.9386 
24000.0 34.56 53.48 24.00 17.02 4.50 6124 100 0.0507 310.4627 5.81 26.140 336.6028 
25000.0 36.00 55.70 24.00 17.73 4.88 6124 100 0.0547 334.8444 5.81 28.364 363.2082 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point B 
 
 

 
MIN Static Head = 35.4 
MAX Static Head = 37.9 
 
  

Q Q Losses 

(gpm) (mgd)  
0 0.00 0.00 

250 0.36 0.09 
500 0.72 0.33 
750 1.08 0.71 

1000 1.44 1.22 
1250 1.80 1.86 
1500 2.16 2.62 
1750 2.52 3.50 
2000 2.88 4.50 
2250 3.24 5.62 
2500 3.60 6.85 
2750 3.96 8.20 
3000 4.32 9.66 
3250 4.68 11.23 
3500 5.04 12.92 
3750 5.40 14.71 
4000 5.76 16.62 
4250 6.12 18.63 
4500 6.48 20.75 
4750 6.84 22.98 
5000 7.20 25.32 
5250 7.56 27.76 
5500 7.92 30.31 
5750 8.28 32.96 
6000 8.64 35.72 
6250 9.00 38.58 
6500 9.36 41.55 
6750 9.72 44.62 
7000 10.08 47.79 
7250 10.44 51.06 
7500 10.80 54.44 
7750 11.16 57.92 
8000 11.52 61.50 
8250 11.88 65.18 
8500 12.24 68.96 
8750 12.60 72.84 
9000 12.96 76.83 
9250 13.32 80.91 
9500 13.68 85.09 
9750 14.04 89.37 

10000 14.40 93.75 
11000 15.84 112.26 
12000 17.28 132.33 
13000 18.72 153.96 
14000 20.16 177.13 
15000 21.60 201.82 
16000 23.04 228.03 
17000 24.48 255.75 
18000 25.92 284.96 
19000 27.36 315.67 
20000 28.80 347.85 
21000 30.24 381.51 
22000 31.68 416.64 
23000 33.12 453.23 
24000 34.56 491.27 
25000 36.00 530.76 

Q Q Min Static Max Static 

(gpm) (mgd)    

0 0.00 35.40 37.90 
250 0.36 35.49 37.99 
500 0.72 35.73 38.23 
750 1.08 36.11 38.61 

1000 1.44 36.62 39.12 
1250 1.80 37.26 39.76 
1500 2.16 38.02 40.52 
1750 2.52 38.90 41.40 
2000 2.88 39.90 42.40 
2250 3.24 41.02 43.52 
2500 3.60 42.25 44.75 
2750 3.96 43.60 46.10 
3000 4.32 45.06 47.56 
3250 4.68 46.63 49.13 
3500 5.04 48.32 50.82 
3750 5.40 50.11 52.61 
4000 5.76 52.02 54.52 
4250 6.12 54.03 56.53 
4500 6.48 56.15 58.65 
4750 6.84 58.38 60.88 
5000 7.20 60.72 63.22 
5250 7.56 63.16 65.66 
5500 7.92 65.71 68.21 
5750 8.28 68.36 70.86 
6000 8.64 71.12 73.62 
6250 9.00 73.98 76.48 
6500 9.36 76.95 79.45 
6750 9.72 80.02 82.52 
7000 10.08 83.19 85.69 
7250 10.44 86.46 88.96 
7500 10.80 89.84 92.34 
7750 11.16 93.32 95.82 
8000 11.52 96.90 99.40 
8250 11.88 100.58 103.08 
8500 12.24 104.36 106.86 
8750 12.60 108.24 110.74 
9000 12.96 112.23 114.73 
9250 13.32 116.31 118.81 
9500 13.68 120.49 122.99 
9750 14.04 124.77 127.27 

10000 14.40 129.15 131.65 
11000 15.84 147.66 150.16 
12000 17.28 167.73 170.23 
13000 18.72 189.36 191.86 
14000 20.16 212.53 215.03 
15000 21.60 237.22 239.72 
16000 23.04 263.43 265.93 
17000 24.48 291.15 293.65 
18000 25.92 320.36 322.86 
19000 27.36 351.07 353.57 
20000 28.80 383.25 385.75 
21000 30.24 416.91 419.41 
22000 31.68 452.04 454.54 
23000 33.12 488.63 491.13 
24000 34.56 526.67 529.17 
25000 36.00 566.16 568.66 



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point C 
 

 

 
 
 
 

 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 16.75 100 0.0000 0.0000 2.05 0.000 0.0000 
250.0 0.36 0.56 16.00 0.40 0.00 16.75 100 0.0001 0.0013 2.05 0.005 0.0064 
500.0 0.72 1.11 16.00 0.80 0.01 16.75 100 0.0003 0.0047 2.05 0.020 0.0250 
750.0 1.08 1.67 16.00 1.20 0.02 16.75 100 0.0006 0.0100 2.05 0.046 0.0556 

1000.0 1.44 2.23 16.00 1.60 0.04 16.75 100 0.0010 0.0170 2.05 0.081 0.0981 
1250.0 1.80 2.79 16.00 1.99 0.06 16.75 100 0.0015 0.0257 2.05 0.127 0.1524 
1500.0 2.16 3.34 16.00 2.39 0.09 16.75 100 0.0022 0.0360 2.05 0.182 0.2184 
1750.0 2.52 3.90 16.00 2.79 0.12 16.75 100 0.0029 0.0479 2.05 0.248 0.2962 
2000.0 2.88 4.46 16.00 3.19 0.16 16.75 100 0.0037 0.0614 2.05 0.324 0.3856 
2250.0 3.24 5.01 16.00 3.59 0.20 16.75 100 0.0046 0.0763 2.05 0.410 0.4867 
2500.0 3.60 5.57 16.00 3.99 0.25 16.75 100 0.0055 0.0928 2.05 0.507 0.5994 
2750.0 3.96 6.13 16.00 4.39 0.30 16.75 100 0.0066 0.1107 2.05 0.613 0.7238 
3000.0 4.32 6.68 16.00 4.79 0.36 16.75 100 0.0078 0.1301 2.05 0.730 0.8596 
3250.0 4.68 7.24 16.00 5.19 0.42 16.75 100 0.0090 0.1508 2.05 0.856 1.0071 
3500.0 5.04 7.80 16.00 5.59 0.48 16.75 100 0.0103 0.1730 2.05 0.993 1.1661 
3750.0 5.40 8.36 16.00 5.98 0.56 16.75 100 0.0117 0.1966 2.05 1.140 1.3366 
4000.0 5.76 8.91 16.00 6.38 0.63 16.75 100 0.0132 0.2216 2.05 1.297 1.5186 
4250.0 6.12 9.47 16.00 6.78 0.71 16.75 100 0.0148 0.2479 2.05 1.464 1.7121 
4500.0 6.48 10.03 16.00 7.18 0.80 16.75 100 0.0165 0.2756 2.05 1.642 1.9171 
4750.0 6.84 10.58 16.00 7.58 0.89 16.75 100 0.0182 0.3046 2.05 1.829 2.1336 
5000.0 7.20 11.14 16.00 7.98 0.99 16.75 100 0.0200 0.3350 2.05 2.027 2.3616 
5250.0 7.56 11.70 16.00 8.38 1.09 16.75 100 0.0219 0.3667 2.05 2.234 2.6010 
5500.0 7.92 12.25 16.00 8.78 1.20 16.75 100 0.0239 0.3997 2.05 2.452 2.8518 
5750.0 8.28 12.81 16.00 9.18 1.31 16.75 100 0.0259 0.4340 2.05 2.680 3.1141 
6000.0 8.64 13.37 16.00 9.57 1.42 16.75 100 0.0280 0.4695 2.05 2.918 3.3878 
6250.0 9.00 13.93 16.00 9.97 1.54 16.75 100 0.0302 0.5064 2.05 3.167 3.6730 
6500.0 9.36 14.48 16.00 10.37 1.67 16.75 100 0.0325 0.5446 2.05 3.425 3.9695 
6750.0 9.72 15.04 16.00 10.77 1.80 16.75 100 0.0349 0.5840 2.05 3.693 4.2775 
7000.0 10.08 15.60 16.00 11.17 1.94 16.75 100 0.0373 0.6247 2.05 3.972 4.5968 
7250.0 10.44 16.15 16.00 11.57 2.08 16.75 100 0.0398 0.6666 2.05 4.261 4.9275 
7500.0 10.80 16.71 16.00 11.97 2.22 16.75 100 0.0424 0.7098 2.05 4.560 5.2697 
7750.0 11.16 17.27 16.00 12.37 2.38 16.75 100 0.0450 0.7543 2.05 4.869 5.6232 
8000.0 11.52 17.83 16.00 12.77 2.53 16.75 100 0.0478 0.7999 2.05 5.188 5.9880 
8250.0 11.88 18.38 16.00 13.17 2.69 16.75 100 0.0506 0.8469 2.05 5.517 6.3643 
8500.0 12.24 18.94 16.00 13.56 2.86 16.75 100 0.0534 0.8950 2.05 5.857 6.7519 
8750.0 12.60 19.50 16.00 13.96 3.03 16.75 100 0.0564 0.9444 2.05 6.206 7.1508 
9000.0 12.96 20.05 16.00 14.36 3.20 16.75 100 0.0594 0.9949 2.05 6.566 7.5611 
9250.0 13.32 20.61 16.00 14.76 3.38 16.75 100 0.0625 1.0467 2.05 6.936 7.9828 
9500.0 13.68 21.17 16.00 15.16 3.57 16.75 100 0.0657 1.0997 2.05 7.316 8.4157 
9750.0 14.04 21.72 16.00 15.56 3.76 16.75 100 0.0689 1.1539 2.05 7.706 8.8601 

10000.0 14.40 22.28 16.00 15.96 3.95 16.75 100 0.0722 1.2093 2.05 8.106 9.3157 
11000.0 15.84 24.51 16.00 17.55 4.78 16.75 100 0.0861 1.4428 2.05 9.809 11.2515 
12000.0 17.28 26.74 16.00 19.15 5.69 16.75 100 0.1012 1.6950 2.05 11.673 13.3682 
13000.0 18.72 28.97 16.00 20.75 6.68 16.75 100 0.1174 1.9659 2.05 13.700 15.6657 
14000.0 20.16 31.19 16.00 22.34 7.75 16.75 100 0.1346 2.2551 2.05 15.889 18.1436 
15000.0 21.60 33.42 16.00 23.94 8.90 16.75 100 0.1530 2.5625 2.05 18.239 20.8018 
16000.0 23.04 35.65 16.00 25.53 10.12 16.75 100 0.1724 2.8878 2.05 20.752 23.6402 
17000.0 24.48 37.88 16.00 27.13 11.43 16.75 100 0.1929 3.2309 2.05 23.427 26.6584 
18000.0 25.92 40.11 16.00 28.72 12.81 16.75 100 0.2144 3.5917 2.05 26.265 29.8564 
19000.0 27.36 42.34 16.00 30.32 14.28 16.75 100 0.2370 3.9700 2.05 29.264 33.2340 
20000.0 28.80 44.56 16.00 31.92 15.82 16.75 100 0.2606 4.3656 2.05 32.426 36.7912 
21000.0 30.24 46.79 16.00 33.51 17.44 16.75 100 0.2853 4.7784 2.05 35.749 40.5276 
22000.0 31.68 49.02 16.00 35.11 19.14 16.75 100 0.3109 5.2084 2.05 39.235 44.4433 
23000.0 33.12 51.25 16.00 36.70 20.92 16.75 100 0.3376 5.6553 2.05 42.883 48.5381 

FM System Curve - 16" (Inside the PS) 
Diameter =  16 in 
Area =  1.396263 ft2 
RH= 0.333333   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point C 
 

24000.0 34.56 53.48 16.00 38.30 22.78 16.75 100 0.3653 6.1191 2.05 46.693 52.8119 
25000.0 36.00 55.70 16.00 39.90 24.71 16.75 100 0.3940 6.5997 2.05 50.665 57.2646 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 98.00 100 0.0000 0.0000 2.90 0.000 0.0000 
250.0 0.36 0.56 16.00 0.40 0.00 98.00 100 0.0001 0.0076 2.90 0.007 0.0148 
500.0 0.72 1.11 16.00 0.80 0.01 98.00 100 0.0003 0.0276 2.90 0.029 0.0562 
750.0 1.08 1.67 16.00 1.20 0.02 98.00 100 0.0006 0.0584 2.90 0.065 0.1229 

1000.0 1.44 2.23 16.00 1.60 0.04 98.00 100 0.0010 0.0995 2.90 0.115 0.2142 
1250.0 1.80 2.79 16.00 1.99 0.06 98.00 100 0.0015 0.1504 2.90 0.179 0.3296 
1500.0 2.16 3.34 16.00 2.39 0.09 98.00 100 0.0022 0.2108 2.90 0.258 0.4688 
1750.0 2.52 3.90 16.00 2.79 0.12 98.00 100 0.0029 0.2804 2.90 0.351 0.6316 
2000.0 2.88 4.46 16.00 3.19 0.16 98.00 100 0.0037 0.3591 2.90 0.459 0.8178 
2250.0 3.24 5.01 16.00 3.59 0.20 98.00 100 0.0046 0.4467 2.90 0.581 1.0272 
2500.0 3.60 5.57 16.00 3.99 0.25 98.00 100 0.0055 0.5429 2.90 0.717 1.2596 
2750.0 3.96 6.13 16.00 4.39 0.30 98.00 100 0.0066 0.6477 2.90 0.867 1.5150 
3000.0 4.32 6.68 16.00 4.79 0.36 98.00 100 0.0078 0.7610 2.90 1.032 1.7931 
3250.0 4.68 7.24 16.00 5.19 0.42 98.00 100 0.0090 0.8826 2.90 1.211 2.0938 
3500.0 5.04 7.80 16.00 5.59 0.48 98.00 100 0.0103 1.0124 2.90 1.405 2.4172 
3750.0 5.40 8.36 16.00 5.98 0.56 98.00 100 0.0117 1.1504 2.90 1.613 2.7630 
4000.0 5.76 8.91 16.00 6.38 0.63 98.00 100 0.0132 1.2965 2.90 1.835 3.1313 
4250.0 6.12 9.47 16.00 6.78 0.71 98.00 100 0.0148 1.4505 2.90 2.071 3.5219 
4500.0 6.48 10.03 16.00 7.18 0.80 98.00 100 0.0165 1.6125 2.90 2.322 3.9347 
4750.0 6.84 10.58 16.00 7.58 0.89 98.00 100 0.0182 1.7823 2.90 2.587 4.3697 
5000.0 7.20 11.14 16.00 7.98 0.99 98.00 100 0.0200 1.9599 2.90 2.867 4.8268 
5250.0 7.56 11.70 16.00 8.38 1.09 98.00 100 0.0219 2.1453 2.90 3.161 5.3060 
5500.0 7.92 12.25 16.00 8.78 1.20 98.00 100 0.0239 2.3383 2.90 3.469 5.8072 
5750.0 8.28 12.81 16.00 9.18 1.31 98.00 100 0.0259 2.5389 2.90 3.791 6.3304 
6000.0 8.64 13.37 16.00 9.57 1.42 98.00 100 0.0280 2.7472 2.90 4.128 6.8755 
6250.0 9.00 13.93 16.00 9.97 1.54 98.00 100 0.0302 2.9629 2.90 4.480 7.4424 
6500.0 9.36 14.48 16.00 10.37 1.67 98.00 100 0.0325 3.1861 2.90 4.845 8.0312 
6750.0 9.72 15.04 16.00 10.77 1.80 98.00 100 0.0349 3.4168 2.90 5.225 8.6417 
7000.0 10.08 15.60 16.00 11.17 1.94 98.00 100 0.0373 3.6548 2.90 5.619 9.2740 
7250.0 10.44 16.15 16.00 11.57 2.08 98.00 100 0.0398 3.9003 2.90 6.028 9.9279 
7500.0 10.80 16.71 16.00 11.97 2.22 98.00 100 0.0424 4.1530 2.90 6.451 10.6035 
7750.0 11.16 17.27 16.00 12.37 2.38 98.00 100 0.0450 4.4130 2.90 6.888 11.3007 
8000.0 11.52 17.83 16.00 12.77 2.53 98.00 100 0.0478 4.6803 2.90 7.339 12.0195 
8250.0 11.88 18.38 16.00 13.17 2.69 98.00 100 0.0506 4.9547 2.90 7.805 12.7599 
8500.0 12.24 18.94 16.00 13.56 2.86 98.00 100 0.0534 5.2364 2.90 8.285 13.5217 
8750.0 12.60 19.50 16.00 13.96 3.03 98.00 100 0.0564 5.5252 2.90 8.780 14.3050 
9000.0 12.96 20.05 16.00 14.36 3.20 98.00 100 0.0594 5.8211 2.90 9.289 15.1098 
9250.0 13.32 20.61 16.00 14.76 3.38 98.00 100 0.0625 6.1241 2.90 9.812 15.9360 
9500.0 13.68 21.17 16.00 15.16 3.57 98.00 100 0.0657 6.4342 2.90 10.349 16.7836 
9750.0 14.04 21.72 16.00 15.56 3.76 98.00 100 0.0689 6.7512 2.90 10.901 17.6526 

10000.0 14.40 22.28 16.00 15.96 3.95 98.00 100 0.0722 7.0753 2.90 11.468 18.5429 
11000.0 15.84 24.51 16.00 17.55 4.78 98.00 100 0.0861 8.4412 2.90 13.876 22.3170 
12000.0 17.28 26.74 16.00 19.15 5.69 98.00 100 0.1012 9.9172 2.90 16.513 26.4306 
13000.0 18.72 28.97 16.00 20.75 6.68 98.00 100 0.1174 11.5019 2.90 19.380 30.8821 
14000.0 20.16 31.19 16.00 22.34 7.75 98.00 100 0.1346 13.1940 2.90 22.476 35.6705 
15000.0 21.60 33.42 16.00 23.94 8.90 98.00 100 0.1530 14.9923 2.90 25.802 40.7944 
16000.0 23.04 35.65 16.00 25.53 10.12 98.00 100 0.1724 16.8958 2.90 29.357 46.2528 
17000.0 24.48 37.88 16.00 27.13 11.43 98.00 100 0.1929 18.9033 2.90 33.141 52.0446 
18000.0 25.92 40.11 16.00 28.72 12.81 98.00 100 0.2144 21.0142 2.90 37.155 58.1691 
19000.0 27.36 42.34 16.00 30.32 14.28 98.00 100 0.2370 23.2273 2.90 41.398 64.6253 

FM System Curve - 16" (Outside the PS) 
Diameter =  16 in 
Area =  1.396263 ft2 
RH= 0.333333   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point C 
 

20000.0 28.80 44.56 16.00 31.92 15.82 98.00 100 0.2606 25.5420 2.90 45.870 71.4123 
21000.0 30.24 46.79 16.00 33.51 17.44 98.00 100 0.2853 27.9574 2.90 50.572 78.5295 
22000.0 31.68 49.02 16.00 35.11 19.14 98.00 100 0.3109 30.4729 2.90 55.503 85.9760 
23000.0 33.12 51.25 16.00 36.70 20.92 98.00 100 0.3376 33.0878 2.90 60.663 93.7512 
24000.0 34.56 53.48 16.00 38.30 22.78 98.00 100 0.3653 35.8013 2.90 66.053 101.8545 
25000.0 36.00 55.70 16.00 39.90 24.71 98.00 100 0.3940 38.6129 2.90 71.672 110.2852 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 11009 100 0.0000 0.0000 8.31 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 11009 100 0.0000 0.1190 8.31 0.004 0.1231 
500.0 0.72 1.11 24.00 0.35 0.00 11009 100 0.0000 0.4296 8.31 0.016 0.4458 
750.0 1.08 1.67 24.00 0.53 0.00 11009 100 0.0001 0.9103 8.31 0.037 0.9468 

1000.0 1.44 2.23 24.00 0.71 0.01 11009 100 0.0001 1.5509 8.31 0.065 1.6158 
1250.0 1.80 2.79 24.00 0.89 0.01 11009 100 0.0002 2.3445 8.31 0.101 2.4459 
1500.0 2.16 3.34 24.00 1.06 0.02 11009 100 0.0003 3.2862 8.31 0.146 3.4322 
1750.0 2.52 3.90 24.00 1.24 0.02 11009 100 0.0004 4.3720 8.31 0.199 4.5708 
2000.0 2.88 4.46 24.00 1.42 0.03 11009 100 0.0005 5.5986 8.31 0.260 5.8582 
2250.0 3.24 5.01 24.00 1.60 0.04 11009 100 0.0006 6.9633 8.31 0.329 7.2919 
2500.0 3.60 5.57 24.00 1.77 0.05 11009 100 0.0008 8.4636 8.31 0.406 8.8693 
2750.0 3.96 6.13 24.00 1.95 0.06 11009 100 0.0009 10.0975 8.31 0.491 10.5884 
3000.0 4.32 6.68 24.00 2.13 0.07 11009 100 0.0011 11.8631 8.31 0.584 12.4473 
3250.0 4.68 7.24 24.00 2.31 0.08 11009 100 0.0012 13.7587 8.31 0.686 14.4444 
3500.0 5.04 7.80 24.00 2.48 0.10 11009 100 0.0014 15.7828 8.31 0.795 16.5780 
3750.0 5.40 8.36 24.00 2.66 0.11 11009 100 0.0016 17.9340 8.31 0.913 18.8468 
4000.0 5.76 8.91 24.00 2.84 0.12 11009 100 0.0018 20.2109 8.31 1.039 21.2495 
4250.0 6.12 9.47 24.00 3.01 0.14 11009 100 0.0021 22.6124 8.31 1.172 23.7849 
4500.0 6.48 10.03 24.00 3.19 0.16 11009 100 0.0023 25.1374 8.31 1.314 26.4518 
4750.0 6.84 10.58 24.00 3.37 0.18 11009 100 0.0025 27.7848 8.31 1.465 29.2493 
5000.0 7.20 11.14 24.00 3.55 0.20 11009 100 0.0028 30.5537 8.31 1.623 32.1764 
5250.0 7.56 11.70 24.00 3.72 0.22 11009 100 0.0030 33.4431 8.31 1.789 35.2321 
5500.0 7.92 12.25 24.00 3.90 0.24 11009 100 0.0033 36.4521 8.31 1.964 38.4156 
5750.0 8.28 12.81 24.00 4.08 0.26 11009 100 0.0036 39.5800 8.31 2.146 41.7261 
6000.0 8.64 13.37 24.00 4.26 0.28 11009 100 0.0039 42.8259 8.31 2.337 45.1627 
6250.0 9.00 13.93 24.00 4.43 0.31 11009 100 0.0042 46.1892 8.31 2.536 48.7248 
6500.0 9.36 14.48 24.00 4.61 0.33 11009 100 0.0045 49.6691 8.31 2.742 52.4115 
6750.0 9.72 15.04 24.00 4.79 0.36 11009 100 0.0048 53.2649 8.31 2.957 56.2224 
7000.0 10.08 15.60 24.00 4.96 0.38 11009 100 0.0052 56.9761 8.31 3.181 60.1566 
7250.0 10.44 16.15 24.00 5.14 0.41 11009 100 0.0055 60.8019 8.31 3.412 64.2137 
7500.0 10.80 16.71 24.00 5.32 0.44 11009 100 0.0059 64.7417 8.31 3.651 68.3929 
7750.0 11.16 17.27 24.00 5.50 0.47 11009 100 0.0062 68.7951 8.31 3.899 72.6938 
8000.0 11.52 17.83 24.00 5.67 0.50 11009 100 0.0066 72.9615 8.31 4.154 77.1157 
8250.0 11.88 18.38 24.00 5.85 0.53 11009 100 0.0070 77.2402 8.31 4.418 81.6581 
8500.0 12.24 18.94 24.00 6.03 0.56 11009 100 0.0074 81.6309 8.31 4.690 86.3206 
8750.0 12.60 19.50 24.00 6.21 0.60 11009 100 0.0078 86.1330 8.31 4.970 91.1027 
9000.0 12.96 20.05 24.00 6.38 0.63 11009 100 0.0082 90.7461 8.31 5.258 96.0038 
9250.0 13.32 20.61 24.00 6.56 0.67 11009 100 0.0087 95.4697 8.31 5.554 101.0235 
9500.0 13.68 21.17 24.00 6.74 0.70 11009 100 0.0091 100.3032 8.31 5.858 106.1613 
9750.0 14.04 21.72 24.00 6.92 0.74 11009 100 0.0096 105.2464 8.31 6.170 111.4169 

10000.0 14.40 22.28 24.00 7.09 0.78 11009 100 0.0100 110.2988 8.31 6.491 116.7898 
11000.0 15.84 24.51 24.00 7.80 0.95 11009 100 0.0120 131.5922 8.31 7.854 139.4463 
12000.0 17.28 26.74 24.00 8.51 1.12 11009 100 0.0140 154.6018 8.31 9.347 163.9488 
13000.0 18.72 28.97 24.00 9.22 1.32 11009 100 0.0163 179.3056 8.31 10.970 190.2754 
14000.0 20.16 31.19 24.00 9.93 1.53 11009 100 0.0187 205.6837 8.31 12.722 218.4061 
15000.0 21.60 33.42 24.00 10.64 1.76 11009 100 0.0212 233.7178 8.31 14.605 248.3225 

FM System Curve - 24" PVC (Outside the PS) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH= 0.5   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point C 
 

16000.0 23.04 35.65 24.00 11.35 2.00 11009 100 0.0239 263.3911 8.31 16.617 280.0080 
17000.0 24.48 37.88 24.00 12.06 2.26 11009 100 0.0268 294.6879 8.31 18.759 313.4468 
18000.0 25.92 40.11 24.00 12.77 2.53 11009 100 0.0298 327.5937 8.31 21.031 348.6244 
19000.0 27.36 42.34 24.00 13.48 2.82 11009 100 0.0329 362.0950 8.31 23.432 385.5274 
20000.0 28.80 44.56 24.00 14.18 3.12 11009 100 0.0362 398.1790 8.31 25.964 424.1429 
21000.0 30.24 46.79 24.00 14.89 3.44 11009 100 0.0396 435.8339 8.31 28.625 464.4591 
22000.0 31.68 49.02 24.00 15.60 3.78 11009 100 0.0432 475.0482 8.31 31.416 506.4645 
23000.0 33.12 51.25 24.00 16.31 4.13 11009 100 0.0469 515.8112 8.31 34.337 550.1485 
24000.0 34.56 53.48 24.00 17.02 4.50 11009 100 0.0507 558.1129 8.31 37.388 595.5009 
25000.0 36.00 55.70 24.00 17.73 4.88 11009 100 0.0547 601.9435 8.31 40.569 642.5121 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point C 
 
 

 
MIN Static Head = 28.9 
MAX Static Head = 31.4 
 

Q Q Losses 

(gpm) (mgd)  
0 0.00 0.00 

250 0.36 0.14 
500 0.72 0.53 
750 1.08 1.13 

1000 1.44 1.93 
1250 1.80 2.93 
1500 2.16 4.12 
1750 2.52 5.50 
2000 2.88 7.06 
2250 3.24 8.81 
2500 3.60 10.73 
2750 3.96 12.83 
3000 4.32 15.10 
3250 4.68 17.55 
3500 5.04 20.16 
3750 5.40 22.95 
4000 5.76 25.90 
4250 6.12 29.02 
4500 6.48 32.30 
4750 6.84 35.75 
5000 7.20 39.36 
5250 7.56 43.14 
5500 7.92 47.07 
5750 8.28 51.17 
6000 8.64 55.43 
6250 9.00 59.84 
6500 9.36 64.41 
6750 9.72 69.14 
7000 10.08 74.03 
7250 10.44 79.07 
7500 10.80 84.27 
7750 11.16 89.62 
8000 11.52 95.12 
8250 11.88 100.78 
8500 12.24 106.59 
8750 12.60 112.56 
9000 12.96 118.67 
9250 13.32 124.94 
9500 13.68 131.36 
9750 14.04 137.93 

10000 14.40 144.65 
11000 15.84 173.01 
12000 17.28 203.75 
13000 18.72 236.82 
14000 20.16 272.22 
15000 21.60 309.92 
16000 23.04 349.90 
17000 24.48 392.15 
18000 25.92 436.65 
19000 27.36 483.39 
20000 28.80 532.35 
21000 30.24 583.52 
22000 31.68 636.88 
23000 33.12 692.44 
24000 34.56 750.17 
25000 36.00 810.06 

Q Q Min Static Max Static 

(gpm) (mgd)    

0 0.00 28.90 31.40 
250 0.36 29.04 31.54 
500 0.72 29.43 31.93 
750 1.08 30.03 32.53 

1000 1.44 30.83 33.33 
1250 1.80 31.83 34.33 
1500 2.16 33.02 35.52 
1750 2.52 34.40 36.90 
2000 2.88 35.96 38.46 
2250 3.24 37.71 40.21 
2500 3.60 39.63 42.13 
2750 3.96 41.73 44.23 
3000 4.32 44.00 46.50 
3250 4.68 46.45 48.95 
3500 5.04 49.06 51.56 
3750 5.40 51.85 54.35 
4000 5.76 54.80 57.30 
4250 6.12 57.92 60.42 
4500 6.48 61.20 63.70 
4750 6.84 64.65 67.15 
5000 7.20 68.26 70.76 
5250 7.56 72.04 74.54 
5500 7.92 75.97 78.47 
5750 8.28 80.07 82.57 
6000 8.64 84.33 86.83 
6250 9.00 88.74 91.24 
6500 9.36 93.31 95.81 
6750 9.72 98.04 100.54 
7000 10.08 102.93 105.43 
7250 10.44 107.97 110.47 
7500 10.80 113.17 115.67 
7750 11.16 118.52 121.02 
8000 11.52 124.02 126.52 
8250 11.88 129.68 132.18 
8500 12.24 135.49 137.99 
8750 12.60 141.46 143.96 
9000 12.96 147.57 150.07 
9250 13.32 153.84 156.34 
9500 13.68 160.26 162.76 
9750 14.04 166.83 169.33 

10000 14.40 173.55 176.05 
11000 15.84 201.91 204.41 
12000 17.28 232.65 235.15 
13000 18.72 265.72 268.22 
14000 20.16 301.12 303.62 
15000 21.60 338.82 341.32 
16000 23.04 378.80 381.30 
17000 24.48 421.05 423.55 
18000 25.92 465.55 468.05 
19000 27.36 512.29 514.79 
20000 28.80 561.25 563.75 
21000 30.24 612.42 614.92 
22000 31.68 665.78 668.28 
23000 33.12 721.34 723.84 
24000 34.56 779.07 781.57 
25000 36.00 838.96 841.46 



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point D 
 

 

 
 
 
 

 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 16.75 100 0.0000 0.0000 2.05 0.000 0.0000 
250.0 0.36 0.56 16.00 0.40 0.00 16.75 100 0.0001 0.0013 2.05 0.005 0.0064 
500.0 0.72 1.11 16.00 0.80 0.01 16.75 100 0.0003 0.0047 2.05 0.020 0.0250 
750.0 1.08 1.67 16.00 1.20 0.02 16.75 100 0.0006 0.0100 2.05 0.046 0.0556 

1000.0 1.44 2.23 16.00 1.60 0.04 16.75 100 0.0010 0.0170 2.05 0.081 0.0981 
1250.0 1.80 2.79 16.00 1.99 0.06 16.75 100 0.0015 0.0257 2.05 0.127 0.1524 
1500.0 2.16 3.34 16.00 2.39 0.09 16.75 100 0.0022 0.0360 2.05 0.182 0.2184 
1750.0 2.52 3.90 16.00 2.79 0.12 16.75 100 0.0029 0.0479 2.05 0.248 0.2962 
2000.0 2.88 4.46 16.00 3.19 0.16 16.75 100 0.0037 0.0614 2.05 0.324 0.3856 
2250.0 3.24 5.01 16.00 3.59 0.20 16.75 100 0.0046 0.0763 2.05 0.410 0.4867 
2500.0 3.60 5.57 16.00 3.99 0.25 16.75 100 0.0055 0.0928 2.05 0.507 0.5994 
2750.0 3.96 6.13 16.00 4.39 0.30 16.75 100 0.0066 0.1107 2.05 0.613 0.7238 
3000.0 4.32 6.68 16.00 4.79 0.36 16.75 100 0.0078 0.1301 2.05 0.730 0.8596 
3250.0 4.68 7.24 16.00 5.19 0.42 16.75 100 0.0090 0.1508 2.05 0.856 1.0071 
3500.0 5.04 7.80 16.00 5.59 0.48 16.75 100 0.0103 0.1730 2.05 0.993 1.1661 
3750.0 5.40 8.36 16.00 5.98 0.56 16.75 100 0.0117 0.1966 2.05 1.140 1.3366 
4000.0 5.76 8.91 16.00 6.38 0.63 16.75 100 0.0132 0.2216 2.05 1.297 1.5186 
4250.0 6.12 9.47 16.00 6.78 0.71 16.75 100 0.0148 0.2479 2.05 1.464 1.7121 
4500.0 6.48 10.03 16.00 7.18 0.80 16.75 100 0.0165 0.2756 2.05 1.642 1.9171 
4750.0 6.84 10.58 16.00 7.58 0.89 16.75 100 0.0182 0.3046 2.05 1.829 2.1336 
5000.0 7.20 11.14 16.00 7.98 0.99 16.75 100 0.0200 0.3350 2.05 2.027 2.3616 
5250.0 7.56 11.70 16.00 8.38 1.09 16.75 100 0.0219 0.3667 2.05 2.234 2.6010 
5500.0 7.92 12.25 16.00 8.78 1.20 16.75 100 0.0239 0.3997 2.05 2.452 2.8518 
5750.0 8.28 12.81 16.00 9.18 1.31 16.75 100 0.0259 0.4340 2.05 2.680 3.1141 
6000.0 8.64 13.37 16.00 9.57 1.42 16.75 100 0.0280 0.4695 2.05 2.918 3.3878 
6250.0 9.00 13.93 16.00 9.97 1.54 16.75 100 0.0302 0.5064 2.05 3.167 3.6730 
6500.0 9.36 14.48 16.00 10.37 1.67 16.75 100 0.0325 0.5446 2.05 3.425 3.9695 
6750.0 9.72 15.04 16.00 10.77 1.80 16.75 100 0.0349 0.5840 2.05 3.693 4.2775 
7000.0 10.08 15.60 16.00 11.17 1.94 16.75 100 0.0373 0.6247 2.05 3.972 4.5968 
7250.0 10.44 16.15 16.00 11.57 2.08 16.75 100 0.0398 0.6666 2.05 4.261 4.9275 
7500.0 10.80 16.71 16.00 11.97 2.22 16.75 100 0.0424 0.7098 2.05 4.560 5.2697 
7750.0 11.16 17.27 16.00 12.37 2.38 16.75 100 0.0450 0.7543 2.05 4.869 5.6232 
8000.0 11.52 17.83 16.00 12.77 2.53 16.75 100 0.0478 0.7999 2.05 5.188 5.9880 
8250.0 11.88 18.38 16.00 13.17 2.69 16.75 100 0.0506 0.8469 2.05 5.517 6.3643 
8500.0 12.24 18.94 16.00 13.56 2.86 16.75 100 0.0534 0.8950 2.05 5.857 6.7519 
8750.0 12.60 19.50 16.00 13.96 3.03 16.75 100 0.0564 0.9444 2.05 6.206 7.1508 
9000.0 12.96 20.05 16.00 14.36 3.20 16.75 100 0.0594 0.9949 2.05 6.566 7.5611 
9250.0 13.32 20.61 16.00 14.76 3.38 16.75 100 0.0625 1.0467 2.05 6.936 7.9828 
9500.0 13.68 21.17 16.00 15.16 3.57 16.75 100 0.0657 1.0997 2.05 7.316 8.4157 
9750.0 14.04 21.72 16.00 15.56 3.76 16.75 100 0.0689 1.1539 2.05 7.706 8.8601 

10000.0 14.40 22.28 16.00 15.96 3.95 16.75 100 0.0722 1.2093 2.05 8.106 9.3157 
11000.0 15.84 24.51 16.00 17.55 4.78 16.75 100 0.0861 1.4428 2.05 9.809 11.2515 
12000.0 17.28 26.74 16.00 19.15 5.69 16.75 100 0.1012 1.6950 2.05 11.673 13.3682 
13000.0 18.72 28.97 16.00 20.75 6.68 16.75 100 0.1174 1.9659 2.05 13.700 15.6657 
14000.0 20.16 31.19 16.00 22.34 7.75 16.75 100 0.1346 2.2551 2.05 15.889 18.1436 
15000.0 21.60 33.42 16.00 23.94 8.90 16.75 100 0.1530 2.5625 2.05 18.239 20.8018 
16000.0 23.04 35.65 16.00 25.53 10.12 16.75 100 0.1724 2.8878 2.05 20.752 23.6402 
17000.0 24.48 37.88 16.00 27.13 11.43 16.75 100 0.1929 3.2309 2.05 23.427 26.6584 
18000.0 25.92 40.11 16.00 28.72 12.81 16.75 100 0.2144 3.5917 2.05 26.265 29.8564 
19000.0 27.36 42.34 16.00 30.32 14.28 16.75 100 0.2370 3.9700 2.05 29.264 33.2340 
20000.0 28.80 44.56 16.00 31.92 15.82 16.75 100 0.2606 4.3656 2.05 32.426 36.7912 
21000.0 30.24 46.79 16.00 33.51 17.44 16.75 100 0.2853 4.7784 2.05 35.749 40.5276 
22000.0 31.68 49.02 16.00 35.11 19.14 16.75 100 0.3109 5.2084 2.05 39.235 44.4433 
23000.0 33.12 51.25 16.00 36.70 20.92 16.75 100 0.3376 5.6553 2.05 42.883 48.5381 

FM System Curve - 16" (Inside the PS) 
Diameter =  16 in 
Area =  1.396263 ft2 
RH=D/4= 0.333333   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point D 
 

24000.0 34.56 53.48 16.00 38.30 22.78 16.75 100 0.3653 6.1191 2.05 46.693 52.8119 
25000.0 36.00 55.70 16.00 39.90 24.71 16.75 100 0.3940 6.5997 2.05 50.665 57.2646 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 98.00 100 0.0000 0.0000 2.90 0.000 0.0000 
250.0 0.36 0.56 16.00 0.40 0.00 98.00 100 0.0001 0.0076 2.90 0.007 0.0148 
500.0 0.72 1.11 16.00 0.80 0.01 98.00 100 0.0003 0.0276 2.90 0.029 0.0562 
750.0 1.08 1.67 16.00 1.20 0.02 98.00 100 0.0006 0.0584 2.90 0.065 0.1229 

1000.0 1.44 2.23 16.00 1.60 0.04 98.00 100 0.0010 0.0995 2.90 0.115 0.2142 
1250.0 1.80 2.79 16.00 1.99 0.06 98.00 100 0.0015 0.1504 2.90 0.179 0.3296 
1500.0 2.16 3.34 16.00 2.39 0.09 98.00 100 0.0022 0.2108 2.90 0.258 0.4688 
1750.0 2.52 3.90 16.00 2.79 0.12 98.00 100 0.0029 0.2804 2.90 0.351 0.6316 
2000.0 2.88 4.46 16.00 3.19 0.16 98.00 100 0.0037 0.3591 2.90 0.459 0.8178 
2250.0 3.24 5.01 16.00 3.59 0.20 98.00 100 0.0046 0.4467 2.90 0.581 1.0272 
2500.0 3.60 5.57 16.00 3.99 0.25 98.00 100 0.0055 0.5429 2.90 0.717 1.2596 
2750.0 3.96 6.13 16.00 4.39 0.30 98.00 100 0.0066 0.6477 2.90 0.867 1.5150 
3000.0 4.32 6.68 16.00 4.79 0.36 98.00 100 0.0078 0.7610 2.90 1.032 1.7931 
3250.0 4.68 7.24 16.00 5.19 0.42 98.00 100 0.0090 0.8826 2.90 1.211 2.0938 
3500.0 5.04 7.80 16.00 5.59 0.48 98.00 100 0.0103 1.0124 2.90 1.405 2.4172 
3750.0 5.40 8.36 16.00 5.98 0.56 98.00 100 0.0117 1.1504 2.90 1.613 2.7630 
4000.0 5.76 8.91 16.00 6.38 0.63 98.00 100 0.0132 1.2965 2.90 1.835 3.1313 
4250.0 6.12 9.47 16.00 6.78 0.71 98.00 100 0.0148 1.4505 2.90 2.071 3.5219 
4500.0 6.48 10.03 16.00 7.18 0.80 98.00 100 0.0165 1.6125 2.90 2.322 3.9347 
4750.0 6.84 10.58 16.00 7.58 0.89 98.00 100 0.0182 1.7823 2.90 2.587 4.3697 
5000.0 7.20 11.14 16.00 7.98 0.99 98.00 100 0.0200 1.9599 2.90 2.867 4.8268 
5250.0 7.56 11.70 16.00 8.38 1.09 98.00 100 0.0219 2.1453 2.90 3.161 5.3060 
5500.0 7.92 12.25 16.00 8.78 1.20 98.00 100 0.0239 2.3383 2.90 3.469 5.8072 
5750.0 8.28 12.81 16.00 9.18 1.31 98.00 100 0.0259 2.5389 2.90 3.791 6.3304 
6000.0 8.64 13.37 16.00 9.57 1.42 98.00 100 0.0280 2.7472 2.90 4.128 6.8755 
6250.0 9.00 13.93 16.00 9.97 1.54 98.00 100 0.0302 2.9629 2.90 4.480 7.4424 
6500.0 9.36 14.48 16.00 10.37 1.67 98.00 100 0.0325 3.1861 2.90 4.845 8.0312 
6750.0 9.72 15.04 16.00 10.77 1.80 98.00 100 0.0349 3.4168 2.90 5.225 8.6417 
7000.0 10.08 15.60 16.00 11.17 1.94 98.00 100 0.0373 3.6548 2.90 5.619 9.2740 
7250.0 10.44 16.15 16.00 11.57 2.08 98.00 100 0.0398 3.9003 2.90 6.028 9.9279 
7500.0 10.80 16.71 16.00 11.97 2.22 98.00 100 0.0424 4.1530 2.90 6.451 10.6035 
7750.0 11.16 17.27 16.00 12.37 2.38 98.00 100 0.0450 4.4130 2.90 6.888 11.3007 
8000.0 11.52 17.83 16.00 12.77 2.53 98.00 100 0.0478 4.6803 2.90 7.339 12.0195 
8250.0 11.88 18.38 16.00 13.17 2.69 98.00 100 0.0506 4.9547 2.90 7.805 12.7599 
8500.0 12.24 18.94 16.00 13.56 2.86 98.00 100 0.0534 5.2364 2.90 8.285 13.5217 
8750.0 12.60 19.50 16.00 13.96 3.03 98.00 100 0.0564 5.5252 2.90 8.780 14.3050 
9000.0 12.96 20.05 16.00 14.36 3.20 98.00 100 0.0594 5.8211 2.90 9.289 15.1098 
9250.0 13.32 20.61 16.00 14.76 3.38 98.00 100 0.0625 6.1241 2.90 9.812 15.9360 
9500.0 13.68 21.17 16.00 15.16 3.57 98.00 100 0.0657 6.4342 2.90 10.349 16.7836 
9750.0 14.04 21.72 16.00 15.56 3.76 98.00 100 0.0689 6.7512 2.90 10.901 17.6526 

10000.0 14.40 22.28 16.00 15.96 3.95 98.00 100 0.0722 7.0753 2.90 11.468 18.5429 
11000.0 15.84 24.51 16.00 17.55 4.78 98.00 100 0.0861 8.4412 2.90 13.876 22.3170 
12000.0 17.28 26.74 16.00 19.15 5.69 98.00 100 0.1012 9.9172 2.90 16.513 26.4306 
13000.0 18.72 28.97 16.00 20.75 6.68 98.00 100 0.1174 11.5019 2.90 19.380 30.8821 
14000.0 20.16 31.19 16.00 22.34 7.75 98.00 100 0.1346 13.1940 2.90 22.476 35.6705 
15000.0 21.60 33.42 16.00 23.94 8.90 98.00 100 0.1530 14.9923 2.90 25.802 40.7944 
16000.0 23.04 35.65 16.00 25.53 10.12 98.00 100 0.1724 16.8958 2.90 29.357 46.2528 
17000.0 24.48 37.88 16.00 27.13 11.43 98.00 100 0.1929 18.9033 2.90 33.141 52.0446 
18000.0 25.92 40.11 16.00 28.72 12.81 98.00 100 0.2144 21.0142 2.90 37.155 58.1691 
19000.0 27.36 42.34 16.00 30.32 14.28 98.00 100 0.2370 23.2273 2.90 41.398 64.6253 

FM System Curve - 16" (Outside the PS) 
Diameter =  16 in 
Area =  1.396263 ft2 
RH= 0.333333   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point D 
 

20000.0 28.80 44.56 16.00 31.92 15.82 98.00 100 0.2606 25.5420 2.90 45.870 71.4123 
21000.0 30.24 46.79 16.00 33.51 17.44 98.00 100 0.2853 27.9574 2.90 50.572 78.5295 
22000.0 31.68 49.02 16.00 35.11 19.14 98.00 100 0.3109 30.4729 2.90 55.503 85.9760 
23000.0 33.12 51.25 16.00 36.70 20.92 98.00 100 0.3376 33.0878 2.90 60.663 93.7512 
24000.0 34.56 53.48 16.00 38.30 22.78 98.00 100 0.3653 35.8013 2.90 66.053 101.8545 
25000.0 36.00 55.70 16.00 39.90 24.71 98.00 100 0.3940 38.6129 2.90 71.672 110.2852 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 13533 100 0.0000 0.0000 9.31 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 13533 100 0.0000 0.1463 9.31 0.005 0.1508 
500.0 0.72 1.11 24.00 0.35 0.00 13533 100 0.0000 0.5281 9.31 0.018 0.5463 
750.0 1.08 1.67 24.00 0.53 0.00 13533 100 0.0001 1.1190 9.31 0.041 1.1599 

1000.0 1.44 2.23 24.00 0.71 0.01 13533 100 0.0001 1.9064 9.31 0.073 1.9791 
1250.0 1.80 2.79 24.00 0.89 0.01 13533 100 0.0002 2.8820 9.31 0.114 2.9956 
1500.0 2.16 3.34 24.00 1.06 0.02 13533 100 0.0003 4.0396 9.31 0.164 4.2032 
1750.0 2.52 3.90 24.00 1.24 0.02 13533 100 0.0004 5.3743 9.31 0.223 5.5970 
2000.0 2.88 4.46 24.00 1.42 0.03 13533 100 0.0005 6.8822 9.31 0.291 7.1730 
2250.0 3.24 5.01 24.00 1.60 0.04 13533 100 0.0006 8.5597 9.31 0.368 8.9279 
2500.0 3.60 5.57 24.00 1.77 0.05 13533 100 0.0008 10.4040 9.31 0.455 10.8585 
2750.0 3.96 6.13 24.00 1.95 0.06 13533 100 0.0009 12.4126 9.31 0.550 12.9625 
3000.0 4.32 6.68 24.00 2.13 0.07 13533 100 0.0011 14.5830 9.31 0.654 15.2374 
3250.0 4.68 7.24 24.00 2.31 0.08 13533 100 0.0012 16.9132 9.31 0.768 17.6813 
3500.0 5.04 7.80 24.00 2.48 0.10 13533 100 0.0014 19.4013 9.31 0.891 20.2921 
3750.0 5.40 8.36 24.00 2.66 0.11 13533 100 0.0016 22.0457 9.31 1.023 23.0683 
4000.0 5.76 8.91 24.00 2.84 0.12 13533 100 0.0018 24.8446 9.31 1.164 26.0081 
4250.0 6.12 9.47 24.00 3.01 0.14 13533 100 0.0021 27.7967 9.31 1.314 29.1102 
4500.0 6.48 10.03 24.00 3.19 0.16 13533 100 0.0023 30.9006 9.31 1.473 32.3732 
4750.0 6.84 10.58 24.00 3.37 0.18 13533 100 0.0025 34.1549 9.31 1.641 35.7957 
5000.0 7.20 11.14 24.00 3.55 0.20 13533 100 0.0028 37.5586 9.31 1.818 39.3766 
5250.0 7.56 11.70 24.00 3.72 0.22 13533 100 0.0030 41.1104 9.31 2.004 43.1148 
5500.0 7.92 12.25 24.00 3.90 0.24 13533 100 0.0033 44.8094 9.31 2.200 47.0092 
5750.0 8.28 12.81 24.00 4.08 0.26 13533 100 0.0036 48.6544 9.31 2.404 51.0587 
6000.0 8.64 13.37 24.00 4.26 0.28 13533 100 0.0039 52.6445 9.31 2.618 55.2625 
6250.0 9.00 13.93 24.00 4.43 0.31 13533 100 0.0042 56.7789 9.31 2.841 59.6195 
6500.0 9.36 14.48 24.00 4.61 0.33 13533 100 0.0045 61.0566 9.31 3.072 64.1290 
6750.0 9.72 15.04 24.00 4.79 0.36 13533 100 0.0048 65.4768 9.31 3.313 68.7902 
7000.0 10.08 15.60 24.00 4.96 0.38 13533 100 0.0052 70.0388 9.31 3.563 73.6021 
7250.0 10.44 16.15 24.00 5.14 0.41 13533 100 0.0055 74.7417 9.31 3.822 78.5641 
7500.0 10.80 16.71 24.00 5.32 0.44 13533 100 0.0059 79.5849 9.31 4.091 83.6754 
7750.0 11.16 17.27 24.00 5.50 0.47 13533 100 0.0062 84.5676 9.31 4.368 88.9354 
8000.0 11.52 17.83 24.00 5.67 0.50 13533 100 0.0066 89.6891 9.31 4.654 94.3432 
8250.0 11.88 18.38 24.00 5.85 0.53 13533 100 0.0070 94.9489 9.31 4.950 99.8984 
8500.0 12.24 18.94 24.00 6.03 0.56 13533 100 0.0074 100.3462 9.31 5.254 105.6003 
8750.0 12.60 19.50 24.00 6.21 0.60 13533 100 0.0078 105.8805 9.31 5.568 111.4482 
9000.0 12.96 20.05 24.00 6.38 0.63 13533 100 0.0082 111.5512 9.31 5.890 117.4416 
9250.0 13.32 20.61 24.00 6.56 0.67 13533 100 0.0087 117.3577 9.31 6.222 123.5799 
9500.0 13.68 21.17 24.00 6.74 0.70 13533 100 0.0091 123.2995 9.31 6.563 129.8625 
9750.0 14.04 21.72 24.00 6.92 0.74 13533 100 0.0096 129.3760 9.31 6.913 136.2890 

10000.0 14.40 22.28 24.00 7.09 0.78 13533 100 0.0100 135.5867 9.31 7.272 142.8588 
11000.0 15.84 24.51 24.00 7.80 0.95 13533 100 0.0120 161.7619 9.31 8.799 170.5611 
12000.0 17.28 26.74 24.00 8.51 1.12 13533 100 0.0140 190.0469 9.31 10.472 200.5187 
13000.0 18.72 28.97 24.00 9.22 1.32 13533 100 0.0163 220.4145 9.31 12.290 232.7043 
14000.0 20.16 31.19 24.00 9.93 1.53 13533 100 0.0187 252.8402 9.31 14.253 267.0935 
15000.0 21.60 33.42 24.00 10.64 1.76 13533 100 0.0212 287.3016 9.31 16.362 303.6638 

FM System Curve - 24" PVC (Outside the PS) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH= 0.5   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point D 
 

16000.0 23.04 35.65 24.00 11.35 2.00 13533 100 0.0239 323.7779 9.31 18.617 342.3945 
17000.0 24.48 37.88 24.00 12.06 2.26 13533 100 0.0268 362.2501 9.31 21.016 383.2664 
18000.0 25.92 40.11 24.00 12.77 2.53 13533 100 0.0298 402.7001 9.31 23.562 426.2616 
19000.0 27.36 42.34 24.00 13.48 2.82 13533 100 0.0329 445.1114 9.31 26.252 471.3636 
20000.0 28.80 44.56 24.00 14.18 3.12 13533 100 0.0362 489.4683 9.31 29.088 518.5566 
21000.0 30.24 46.79 24.00 14.89 3.44 13533 100 0.0396 535.7562 9.31 32.070 567.8260 
22000.0 31.68 49.02 24.00 15.60 3.78 13533 100 0.0432 583.9610 9.31 35.197 619.1579 
23000.0 33.12 51.25 24.00 16.31 4.13 13533 100 0.0469 634.0697 9.31 38.469 672.5390 
24000.0 34.56 53.48 24.00 17.02 4.50 13533 100 0.0507 686.0698 9.31 41.887 727.9569 
25000.0 36.00 55.70 24.00 17.73 4.88 13533 100 0.0547 739.9493 9.31 45.450 785.3998 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point D 
 
 

 
MIN Static Head = 28.23 
MAX Static Head = 30.73

Q Q Losses 

(gpm) (mgd)  
0 0.00 0.00 

250 0.36 0.17 
500 0.72 0.63 
750 1.08 1.34 

1000 1.44 2.29 
1250 1.80 3.48 
1500 2.16 4.89 
1750 2.52 6.52 
2000 2.88 8.38 
2250 3.24 10.44 
2500 3.60 12.72 
2750 3.96 15.20 
3000 4.32 17.89 
3250 4.68 20.78 
3500 5.04 23.88 
3750 5.40 27.17 
4000 5.76 30.66 
4250 6.12 34.34 
4500 6.48 38.22 
4750 6.84 42.30 
5000 7.20 46.57 
5250 7.56 51.02 
5500 7.92 55.67 
5750 8.28 60.50 
6000 8.64 65.53 
6250 9.00 70.73 
6500 9.36 76.13 
6750 9.72 81.71 
7000 10.08 87.47 
7250 10.44 93.42 
7500 10.80 99.55 
7750 11.16 105.86 
8000 11.52 112.35 
8250 11.88 119.02 
8500 12.24 125.87 
8750 12.60 132.90 
9000 12.96 140.11 
9250 13.32 147.50 
9500 13.68 155.06 
9750 14.04 162.80 

10000 14.40 170.72 
11000 15.84 204.13 
12000 17.28 240.32 
13000 18.72 279.25 
14000 20.16 320.91 
15000 21.60 365.26 
16000 23.04 412.29 
17000 24.48 461.97 
18000 25.92 514.29 
19000 27.36 569.22 
20000 28.80 626.76 
21000 30.24 686.88 
22000 31.68 749.58 
23000 33.12 814.83 
24000 34.56 882.62 
25000 36.00 952.95 

Q Q Min Static Max Static 

(gpm) (mgd)    

0 0.00 28.23 30.73 
250 0.36 28.40 30.90 
500 0.72 28.86 31.36 
750 1.08 29.57 32.07 

1000 1.44 30.52 33.02 
1250 1.80 31.71 34.21 
1500 2.16 33.12 35.62 
1750 2.52 34.75 37.25 
2000 2.88 36.61 39.11 
2250 3.24 38.67 41.17 
2500 3.60 40.95 43.45 
2750 3.96 43.43 45.93 
3000 4.32 46.12 48.62 
3250 4.68 49.01 51.51 
3500 5.04 52.11 54.61 
3750 5.40 55.40 57.90 
4000 5.76 58.89 61.39 
4250 6.12 62.57 65.07 
4500 6.48 66.45 68.95 
4750 6.84 70.53 73.03 
5000 7.20 74.80 77.30 
5250 7.56 79.25 81.75 
5500 7.92 83.90 86.40 
5750 8.28 88.73 91.23 
6000 8.64 93.76 96.26 
6250 9.00 98.96 101.46 
6500 9.36 104.36 106.86 
6750 9.72 109.94 112.44 
7000 10.08 115.70 118.20 
7250 10.44 121.65 124.15 
7500 10.80 127.78 130.28 
7750 11.16 134.09 136.59 
8000 11.52 140.58 143.08 
8250 11.88 147.25 149.75 
8500 12.24 154.10 156.60 
8750 12.60 161.13 163.63 
9000 12.96 168.34 170.84 
9250 13.32 175.73 178.23 
9500 13.68 183.29 185.79 
9750 14.04 191.03 193.53 

10000 14.40 198.95 201.45 
11000 15.84 232.36 234.86 
12000 17.28 268.55 271.05 
13000 18.72 307.48 309.98 
14000 20.16 349.14 351.64 
15000 21.60 393.49 395.99 
16000 23.04 440.52 443.02 
17000 24.48 490.20 492.70 
18000 25.92 542.52 545.02 
19000 27.36 597.45 599.95 
20000 28.80 654.99 657.49 
21000 30.24 715.11 717.61 
22000 31.68 777.81 780.31 
23000 33.12 843.06 845.56 
24000 34.56 910.85 913.35 
25000 36.00 981.18 983.68 



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point E 
 

 
 

 

 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 16.75 100 0.0000 0.0000 2.05 0.000 0.0000 
250.0 0.36 0.56 16.00 0.40 0.00 16.75 100 0.0001 0.0013 2.05 0.005 0.0064 
500.0 0.72 1.11 16.00 0.80 0.01 16.75 100 0.0003 0.0047 2.05 0.020 0.0250 
750.0 1.08 1.67 16.00 1.20 0.02 16.75 100 0.0006 0.0100 2.05 0.046 0.0556 

1000.0 1.44 2.23 16.00 1.60 0.04 16.75 100 0.0010 0.0170 2.05 0.081 0.0981 
1250.0 1.80 2.79 16.00 1.99 0.06 16.75 100 0.0015 0.0257 2.05 0.127 0.1524 
1500.0 2.16 3.34 16.00 2.39 0.09 16.75 100 0.0022 0.0360 2.05 0.182 0.2184 
1750.0 2.52 3.90 16.00 2.79 0.12 16.75 100 0.0029 0.0479 2.05 0.248 0.2962 
2000.0 2.88 4.46 16.00 3.19 0.16 16.75 100 0.0037 0.0614 2.05 0.324 0.3856 
2250.0 3.24 5.01 16.00 3.59 0.20 16.75 100 0.0046 0.0763 2.05 0.410 0.4867 
2500.0 3.60 5.57 16.00 3.99 0.25 16.75 100 0.0055 0.0928 2.05 0.507 0.5994 
2750.0 3.96 6.13 16.00 4.39 0.30 16.75 100 0.0066 0.1107 2.05 0.613 0.7238 
3000.0 4.32 6.68 16.00 4.79 0.36 16.75 100 0.0078 0.1301 2.05 0.730 0.8596 
3250.0 4.68 7.24 16.00 5.19 0.42 16.75 100 0.0090 0.1508 2.05 0.856 1.0071 
3500.0 5.04 7.80 16.00 5.59 0.48 16.75 100 0.0103 0.1730 2.05 0.993 1.1661 
3750.0 5.40 8.36 16.00 5.98 0.56 16.75 100 0.0117 0.1966 2.05 1.140 1.3366 
4000.0 5.76 8.91 16.00 6.38 0.63 16.75 100 0.0132 0.2216 2.05 1.297 1.5186 
4250.0 6.12 9.47 16.00 6.78 0.71 16.75 100 0.0148 0.2479 2.05 1.464 1.7121 
4500.0 6.48 10.03 16.00 7.18 0.80 16.75 100 0.0165 0.2756 2.05 1.642 1.9171 
4750.0 6.84 10.58 16.00 7.58 0.89 16.75 100 0.0182 0.3046 2.05 1.829 2.1336 
5000.0 7.20 11.14 16.00 7.98 0.99 16.75 100 0.0200 0.3350 2.05 2.027 2.3616 
5250.0 7.56 11.70 16.00 8.38 1.09 16.75 100 0.0219 0.3667 2.05 2.234 2.6010 
5500.0 7.92 12.25 16.00 8.78 1.20 16.75 100 0.0239 0.3997 2.05 2.452 2.8518 
5750.0 8.28 12.81 16.00 9.18 1.31 16.75 100 0.0259 0.4340 2.05 2.680 3.1141 
6000.0 8.64 13.37 16.00 9.57 1.42 16.75 100 0.0280 0.4695 2.05 2.918 3.3878 
6250.0 9.00 13.93 16.00 9.97 1.54 16.75 100 0.0302 0.5064 2.05 3.167 3.6730 
6500.0 9.36 14.48 16.00 10.37 1.67 16.75 100 0.0325 0.5446 2.05 3.425 3.9695 
6750.0 9.72 15.04 16.00 10.77 1.80 16.75 100 0.0349 0.5840 2.05 3.693 4.2775 
7000.0 10.08 15.60 16.00 11.17 1.94 16.75 100 0.0373 0.6247 2.05 3.972 4.5968 
7250.0 10.44 16.15 16.00 11.57 2.08 16.75 100 0.0398 0.6666 2.05 4.261 4.9275 
7500.0 10.80 16.71 16.00 11.97 2.22 16.75 100 0.0424 0.7098 2.05 4.560 5.2697 
7750.0 11.16 17.27 16.00 12.37 2.38 16.75 100 0.0450 0.7543 2.05 4.869 5.6232 
8000.0 11.52 17.83 16.00 12.77 2.53 16.75 100 0.0478 0.7999 2.05 5.188 5.9880 
8250.0 11.88 18.38 16.00 13.17 2.69 16.75 100 0.0506 0.8469 2.05 5.517 6.3643 
8500.0 12.24 18.94 16.00 13.56 2.86 16.75 100 0.0534 0.8950 2.05 5.857 6.7519 
8750.0 12.60 19.50 16.00 13.96 3.03 16.75 100 0.0564 0.9444 2.05 6.206 7.1508 
9000.0 12.96 20.05 16.00 14.36 3.20 16.75 100 0.0594 0.9949 2.05 6.566 7.5611 
9250.0 13.32 20.61 16.00 14.76 3.38 16.75 100 0.0625 1.0467 2.05 6.936 7.9828 
9500.0 13.68 21.17 16.00 15.16 3.57 16.75 100 0.0657 1.0997 2.05 7.316 8.4157 
9750.0 14.04 21.72 16.00 15.56 3.76 16.75 100 0.0689 1.1539 2.05 7.706 8.8601 

10000.0 14.40 22.28 16.00 15.96 3.95 16.75 100 0.0722 1.2093 2.05 8.106 9.3157 
11000.0 15.84 24.51 16.00 17.55 4.78 16.75 100 0.0861 1.4428 2.05 9.809 11.2515 
12000.0 17.28 26.74 16.00 19.15 5.69 16.75 100 0.1012 1.6950 2.05 11.673 13.3682 
13000.0 18.72 28.97 16.00 20.75 6.68 16.75 100 0.1174 1.9659 2.05 13.700 15.6657 
14000.0 20.16 31.19 16.00 22.34 7.75 16.75 100 0.1346 2.2551 2.05 15.889 18.1436 
15000.0 21.60 33.42 16.00 23.94 8.90 16.75 100 0.1530 2.5625 2.05 18.239 20.8018 
16000.0 23.04 35.65 16.00 25.53 10.12 16.75 100 0.1724 2.8878 2.05 20.752 23.6402 
17000.0 24.48 37.88 16.00 27.13 11.43 16.75 100 0.1929 3.2309 2.05 23.427 26.6584 
18000.0 25.92 40.11 16.00 28.72 12.81 16.75 100 0.2144 3.5917 2.05 26.265 29.8564 
19000.0 27.36 42.34 16.00 30.32 14.28 16.75 100 0.2370 3.9700 2.05 29.264 33.2340 
20000.0 28.80 44.56 16.00 31.92 15.82 16.75 100 0.2606 4.3656 2.05 32.426 36.7912 
21000.0 30.24 46.79 16.00 33.51 17.44 16.75 100 0.2853 4.7784 2.05 35.749 40.5276 
22000.0 31.68 49.02 16.00 35.11 19.14 16.75 100 0.3109 5.2084 2.05 39.235 44.4433 
23000.0 33.12 51.25 16.00 36.70 20.92 16.75 100 0.3376 5.6553 2.05 42.883 48.5381 

FM System Curve - 16" (Inside the PS) 
Diameter =  16 in 
Area =  1.396263 ft2 
RH= 0.333333   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point E 
 

24000.0 34.56 53.48 16.00 38.30 22.78 16.75 100 0.3653 6.1191 2.05 46.693 52.8119 
25000.0 36.00 55.70 16.00 39.90 24.71 16.75 100 0.3940 6.5997 2.05 50.665 57.2646 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 98.00 100 0.0000 0.0000 2.90 0.000 0.0000 
250.0 0.36 0.56 16.00 0.40 0.00 98.00 100 0.0001 0.0076 2.90 0.007 0.0148 
500.0 0.72 1.11 16.00 0.80 0.01 98.00 100 0.0003 0.0276 2.90 0.029 0.0562 
750.0 1.08 1.67 16.00 1.20 0.02 98.00 100 0.0006 0.0584 2.90 0.065 0.1229 

1000.0 1.44 2.23 16.00 1.60 0.04 98.00 100 0.0010 0.0995 2.90 0.115 0.2142 
1250.0 1.80 2.79 16.00 1.99 0.06 98.00 100 0.0015 0.1504 2.90 0.179 0.3296 
1500.0 2.16 3.34 16.00 2.39 0.09 98.00 100 0.0022 0.2108 2.90 0.258 0.4688 
1750.0 2.52 3.90 16.00 2.79 0.12 98.00 100 0.0029 0.2804 2.90 0.351 0.6316 
2000.0 2.88 4.46 16.00 3.19 0.16 98.00 100 0.0037 0.3591 2.90 0.459 0.8178 
2250.0 3.24 5.01 16.00 3.59 0.20 98.00 100 0.0046 0.4467 2.90 0.581 1.0272 
2500.0 3.60 5.57 16.00 3.99 0.25 98.00 100 0.0055 0.5429 2.90 0.717 1.2596 
2750.0 3.96 6.13 16.00 4.39 0.30 98.00 100 0.0066 0.6477 2.90 0.867 1.5150 
3000.0 4.32 6.68 16.00 4.79 0.36 98.00 100 0.0078 0.7610 2.90 1.032 1.7931 
3250.0 4.68 7.24 16.00 5.19 0.42 98.00 100 0.0090 0.8826 2.90 1.211 2.0938 
3500.0 5.04 7.80 16.00 5.59 0.48 98.00 100 0.0103 1.0124 2.90 1.405 2.4172 
3750.0 5.40 8.36 16.00 5.98 0.56 98.00 100 0.0117 1.1504 2.90 1.613 2.7630 
4000.0 5.76 8.91 16.00 6.38 0.63 98.00 100 0.0132 1.2965 2.90 1.835 3.1313 
4250.0 6.12 9.47 16.00 6.78 0.71 98.00 100 0.0148 1.4505 2.90 2.071 3.5219 
4500.0 6.48 10.03 16.00 7.18 0.80 98.00 100 0.0165 1.6125 2.90 2.322 3.9347 
4750.0 6.84 10.58 16.00 7.58 0.89 98.00 100 0.0182 1.7823 2.90 2.587 4.3697 
5000.0 7.20 11.14 16.00 7.98 0.99 98.00 100 0.0200 1.9599 2.90 2.867 4.8268 
5250.0 7.56 11.70 16.00 8.38 1.09 98.00 100 0.0219 2.1453 2.90 3.161 5.3060 
5500.0 7.92 12.25 16.00 8.78 1.20 98.00 100 0.0239 2.3383 2.90 3.469 5.8072 
5750.0 8.28 12.81 16.00 9.18 1.31 98.00 100 0.0259 2.5389 2.90 3.791 6.3304 
6000.0 8.64 13.37 16.00 9.57 1.42 98.00 100 0.0280 2.7472 2.90 4.128 6.8755 
6250.0 9.00 13.93 16.00 9.97 1.54 98.00 100 0.0302 2.9629 2.90 4.480 7.4424 
6500.0 9.36 14.48 16.00 10.37 1.67 98.00 100 0.0325 3.1861 2.90 4.845 8.0312 
6750.0 9.72 15.04 16.00 10.77 1.80 98.00 100 0.0349 3.4168 2.90 5.225 8.6417 
7000.0 10.08 15.60 16.00 11.17 1.94 98.00 100 0.0373 3.6548 2.90 5.619 9.2740 
7250.0 10.44 16.15 16.00 11.57 2.08 98.00 100 0.0398 3.9003 2.90 6.028 9.9279 
7500.0 10.80 16.71 16.00 11.97 2.22 98.00 100 0.0424 4.1530 2.90 6.451 10.6035 
7750.0 11.16 17.27 16.00 12.37 2.38 98.00 100 0.0450 4.4130 2.90 6.888 11.3007 
8000.0 11.52 17.83 16.00 12.77 2.53 98.00 100 0.0478 4.6803 2.90 7.339 12.0195 
8250.0 11.88 18.38 16.00 13.17 2.69 98.00 100 0.0506 4.9547 2.90 7.805 12.7599 
8500.0 12.24 18.94 16.00 13.56 2.86 98.00 100 0.0534 5.2364 2.90 8.285 13.5217 
8750.0 12.60 19.50 16.00 13.96 3.03 98.00 100 0.0564 5.5252 2.90 8.780 14.3050 
9000.0 12.96 20.05 16.00 14.36 3.20 98.00 100 0.0594 5.8211 2.90 9.289 15.1098 
9250.0 13.32 20.61 16.00 14.76 3.38 98.00 100 0.0625 6.1241 2.90 9.812 15.9360 
9500.0 13.68 21.17 16.00 15.16 3.57 98.00 100 0.0657 6.4342 2.90 10.349 16.7836 
9750.0 14.04 21.72 16.00 15.56 3.76 98.00 100 0.0689 6.7512 2.90 10.901 17.6526 

10000.0 14.40 22.28 16.00 15.96 3.95 98.00 100 0.0722 7.0753 2.90 11.468 18.5429 
11000.0 15.84 24.51 16.00 17.55 4.78 98.00 100 0.0861 8.4412 2.90 13.876 22.3170 
12000.0 17.28 26.74 16.00 19.15 5.69 98.00 100 0.1012 9.9172 2.90 16.513 26.4306 
13000.0 18.72 28.97 16.00 20.75 6.68 98.00 100 0.1174 11.5019 2.90 19.380 30.8821 
14000.0 20.16 31.19 16.00 22.34 7.75 98.00 100 0.1346 13.1940 2.90 22.476 35.6705 
15000.0 21.60 33.42 16.00 23.94 8.90 98.00 100 0.1530 14.9923 2.90 25.802 40.7944 
16000.0 23.04 35.65 16.00 25.53 10.12 98.00 100 0.1724 16.8958 2.90 29.357 46.2528 
17000.0 24.48 37.88 16.00 27.13 11.43 98.00 100 0.1929 18.9033 2.90 33.141 52.0446 
18000.0 25.92 40.11 16.00 28.72 12.81 98.00 100 0.2144 21.0142 2.90 37.155 58.1691 
19000.0 27.36 42.34 16.00 30.32 14.28 98.00 100 0.2370 23.2273 2.90 41.398 64.6253 

FM System Curve - 16" (Outside the PS) 
Diameter =  16 in 
Area =  1.396263 ft2 
RH= 0.333333   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point E 
 

20000.0 28.80 44.56 16.00 31.92 15.82 98.00 100 0.2606 25.5420 2.90 45.870 71.4123 
21000.0 30.24 46.79 16.00 33.51 17.44 98.00 100 0.2853 27.9574 2.90 50.572 78.5295 
22000.0 31.68 49.02 16.00 35.11 19.14 98.00 100 0.3109 30.4729 2.90 55.503 85.9760 
23000.0 33.12 51.25 16.00 36.70 20.92 98.00 100 0.3376 33.0878 2.90 60.663 93.7512 
24000.0 34.56 53.48 16.00 38.30 22.78 98.00 100 0.3653 35.8013 2.90 66.053 101.8545 
25000.0 36.00 55.70 16.00 39.90 24.71 98.00 100 0.3940 38.6129 2.90 71.672 110.2852 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 15782 100 0.0000 0.0000 13.09 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 15782 100 0.0000 0.1706 13.09 0.006 0.1770 
500.0 0.72 1.11 24.00 0.35 0.00 15782 100 0.0000 0.6159 13.09 0.026 0.6414 
750.0 1.08 1.67 24.00 0.53 0.00 15782 100 0.0001 1.3050 13.09 0.058 1.3625 

1000.0 1.44 2.23 24.00 0.71 0.01 15782 100 0.0001 2.2232 13.09 0.102 2.3255 
1250.0 1.80 2.79 24.00 0.89 0.01 15782 100 0.0002 3.3610 13.09 0.160 3.5207 
1500.0 2.16 3.34 24.00 1.06 0.02 15782 100 0.0003 4.7109 13.09 0.230 4.9410 
1750.0 2.52 3.90 24.00 1.24 0.02 15782 100 0.0004 6.2675 13.09 0.313 6.5806 
2000.0 2.88 4.46 24.00 1.42 0.03 15782 100 0.0005 8.0259 13.09 0.409 8.4349 
2250.0 3.24 5.01 24.00 1.60 0.04 15782 100 0.0006 9.9822 13.09 0.518 10.4998 
2500.0 3.60 5.57 24.00 1.77 0.05 15782 100 0.0008 12.1330 13.09 0.639 12.7721 
2750.0 3.96 6.13 24.00 1.95 0.06 15782 100 0.0009 14.4754 13.09 0.773 15.2486 
3000.0 4.32 6.68 24.00 2.13 0.07 15782 100 0.0011 17.0064 13.09 0.920 17.9267 
3250.0 4.68 7.24 24.00 2.31 0.08 15782 100 0.0012 19.7239 13.09 1.080 20.8039 
3500.0 5.04 7.80 24.00 2.48 0.10 15782 100 0.0014 22.6255 13.09 1.253 23.8781 
3750.0 5.40 8.36 24.00 2.66 0.11 15782 100 0.0016 25.7093 13.09 1.438 27.1472 
4000.0 5.76 8.91 24.00 2.84 0.12 15782 100 0.0018 28.9734 13.09 1.636 30.6094 
4250.0 6.12 9.47 24.00 3.01 0.14 15782 100 0.0021 32.4161 13.09 1.847 34.2630 
4500.0 6.48 10.03 24.00 3.19 0.16 15782 100 0.0023 36.0358 13.09 2.070 38.1063 
4750.0 6.84 10.58 24.00 3.37 0.18 15782 100 0.0025 39.8310 13.09 2.307 42.1380 
5000.0 7.20 11.14 24.00 3.55 0.20 15782 100 0.0028 43.8003 13.09 2.556 46.3565 
5250.0 7.56 11.70 24.00 3.72 0.22 15782 100 0.0030 47.9424 13.09 2.818 50.7606 
5500.0 7.92 12.25 24.00 3.90 0.24 15782 100 0.0033 52.2561 13.09 3.093 55.3490 
5750.0 8.28 12.81 24.00 4.08 0.26 15782 100 0.0036 56.7401 13.09 3.381 60.1206 
6000.0 8.64 13.37 24.00 4.26 0.28 15782 100 0.0039 61.3933 13.09 3.681 65.0742 
6250.0 9.00 13.93 24.00 4.43 0.31 15782 100 0.0042 66.2148 13.09 3.994 70.2088 
6500.0 9.36 14.48 24.00 4.61 0.33 15782 100 0.0045 71.2034 13.09 4.320 75.5233 
6750.0 9.72 15.04 24.00 4.79 0.36 15782 100 0.0048 76.3582 13.09 4.659 81.0168 
7000.0 10.08 15.60 24.00 4.96 0.38 15782 100 0.0052 81.6783 13.09 5.010 86.6884 
7250.0 10.44 16.15 24.00 5.14 0.41 15782 100 0.0055 87.1628 13.09 5.374 92.5371 
7500.0 10.80 16.71 24.00 5.32 0.44 15782 100 0.0059 92.8108 13.09 5.751 98.5622 
7750.0 11.16 17.27 24.00 5.50 0.47 15782 100 0.0062 98.6215 13.09 6.141 104.7627 
8000.0 11.52 17.83 24.00 5.67 0.50 15782 100 0.0066 104.5942 13.09 6.544 111.1380 
8250.0 11.88 18.38 24.00 5.85 0.53 15782 100 0.0070 110.7281 13.09 6.959 117.6872 
8500.0 12.24 18.94 24.00 6.03 0.56 15782 100 0.0074 117.0224 13.09 7.387 124.4097 
8750.0 12.60 19.50 24.00 6.21 0.60 15782 100 0.0078 123.4764 13.09 7.828 131.3046 
9000.0 12.96 20.05 24.00 6.38 0.63 15782 100 0.0082 130.0895 13.09 8.282 138.3714 
9250.0 13.32 20.61 24.00 6.56 0.67 15782 100 0.0087 136.8609 13.09 8.748 145.6094 
9500.0 13.68 21.17 24.00 6.74 0.70 15782 100 0.0091 143.7901 13.09 9.228 153.0179 
9750.0 14.04 21.72 24.00 6.92 0.74 15782 100 0.0096 150.8765 13.09 9.720 160.5963 

10000.0 14.40 22.28 24.00 7.09 0.78 15782 100 0.0100 158.1193 13.09 10.225 168.3440 
11000.0 15.84 24.51 24.00 7.80 0.95 15782 100 0.0120 188.6446 13.09 12.372 201.0164 
12000.0 17.28 26.74 24.00 8.51 1.12 15782 100 0.0140 221.6301 13.09 14.723 236.3536 
13000.0 18.72 28.97 24.00 9.22 1.32 15782 100 0.0163 257.0444 13.09 17.280 274.3240 
14000.0 20.16 31.19 24.00 9.93 1.53 15782 100 0.0187 294.8588 13.09 20.040 314.8991 
15000.0 21.60 33.42 24.00 10.64 1.76 15782 100 0.0212 335.0472 13.09 23.005 358.0527 

FM System Curve - 24" PVC (Outside the PS) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH= 0.5   
C= 100   



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point E 
 

16000.0 23.04 35.65 24.00 11.35 2.00 15782 100 0.0239 377.5854 13.09 26.175 403.7605 
17000.0 24.48 37.88 24.00 12.06 2.26 15782 100 0.0268 422.4511 13.09 29.549 452.0003 
18000.0 25.92 40.11 24.00 12.77 2.53 15782 100 0.0298 469.6234 13.09 33.128 502.7512 
19000.0 27.36 42.34 24.00 13.48 2.82 15782 100 0.0329 519.0829 13.09 36.911 555.9938 
20000.0 28.80 44.56 24.00 14.18 3.12 15782 100 0.0362 570.8113 13.09 40.899 611.7099 
21000.0 30.24 46.79 24.00 14.89 3.44 15782 100 0.0396 624.7916 13.09 45.091 669.8823 
22000.0 31.68 49.02 24.00 15.60 3.78 15782 100 0.0432 681.0074 13.09 49.487 730.4947 
23000.0 33.12 51.25 24.00 16.31 4.13 15782 100 0.0469 739.4435 13.09 54.088 793.5318 
24000.0 34.56 53.48 24.00 17.02 4.50 15782 100 0.0507 800.0852 13.09 58.894 858.9792 
25000.0 36.00 55.70 24.00 17.73 4.88 15782 100 0.0547 862.9188 13.09 63.904 926.8228 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – High Point E 
 
 

 
MIN Static Head = 23.9 
MAX Static Head = 26.4

Q Q Losses 

(gpm) (mgd)  
0 0.00 0.00 

250 0.36 0.20 
500 0.72 0.72 
750 1.08 1.54 

1000 1.44 2.64 
1250 1.80 4.00 
1500 2.16 5.63 
1750 2.52 7.51 
2000 2.88 9.64 
2250 3.24 12.01 
2500 3.60 14.63 
2750 3.96 17.49 
3000 4.32 20.58 
3250 4.68 23.90 
3500 5.04 27.46 
3750 5.40 31.25 
4000 5.76 35.26 
4250 6.12 39.50 
4500 6.48 43.96 
4750 6.84 48.64 
5000 7.20 53.54 
5250 7.56 58.67 
5500 7.92 64.01 
5750 8.28 69.57 
6000 8.64 75.34 
6250 9.00 81.32 
6500 9.36 87.52 
6750 9.72 93.94 
7000 10.08 100.56 
7250 10.44 107.39 
7500 10.80 114.44 
7750 11.16 121.69 
8000 11.52 129.15 
8250 11.88 136.81 
8500 12.24 144.68 
8750 12.60 152.76 
9000 12.96 161.04 
9250 13.32 169.53 
9500 13.68 178.22 
9750 14.04 187.11 

10000 14.40 196.20 
11000 15.84 234.58 
12000 17.28 276.15 
13000 18.72 320.87 
14000 20.16 368.71 
15000 21.60 419.65 
16000 23.04 473.65 
17000 24.48 530.70 
18000 25.92 590.78 
19000 27.36 653.85 
20000 28.80 719.91 
21000 30.24 788.94 
22000 31.68 860.91 
23000 33.12 935.82 
24000 34.56 1013.65 
25000 36.00 1094.37 

Q Q Min Static Max Static 

(gpm) (mgd)    

0 0.00 23.90 26.40 
250 0.36 24.10 26.60 
500 0.72 24.62 27.12 
750 1.08 25.44 27.94 

1000 1.44 26.54 29.04 
1250 1.80 27.90 30.40 
1500 2.16 29.53 32.03 
1750 2.52 31.41 33.91 
2000 2.88 33.54 36.04 
2250 3.24 35.91 38.41 
2500 3.60 38.53 41.03 
2750 3.96 41.39 43.89 
3000 4.32 44.48 46.98 
3250 4.68 47.80 50.30 
3500 5.04 51.36 53.86 
3750 5.40 55.15 57.65 
4000 5.76 59.16 61.66 
4250 6.12 63.40 65.90 
4500 6.48 67.86 70.36 
4750 6.84 72.54 75.04 
5000 7.20 77.44 79.94 
5250 7.56 82.57 85.07 
5500 7.92 87.91 90.41 
5750 8.28 93.47 95.97 
6000 8.64 99.24 101.74 
6250 9.00 105.22 107.72 
6500 9.36 111.42 113.92 
6750 9.72 117.84 120.34 
7000 10.08 124.46 126.96 
7250 10.44 131.29 133.79 
7500 10.80 138.34 140.84 
7750 11.16 145.59 148.09 
8000 11.52 153.05 155.55 
8250 11.88 160.71 163.21 
8500 12.24 168.58 171.08 
8750 12.60 176.66 179.16 
9000 12.96 184.94 187.44 
9250 13.32 193.43 195.93 
9500 13.68 202.12 204.62 
9750 14.04 211.01 213.51 

10000 14.40 220.10 222.60 
11000 15.84 258.48 260.98 
12000 17.28 300.05 302.55 
13000 18.72 344.77 347.27 
14000 20.16 392.61 395.11 
15000 21.60 443.55 446.05 
16000 23.04 497.55 500.05 
17000 24.48 554.60 557.10 
18000 25.92 614.68 617.18 
19000 27.36 677.75 680.25 
20000 28.80 743.81 746.31 
21000 30.24 812.84 815.34 
22000 31.68 884.81 887.31 
23000 33.12 959.72 962.22 
24000 34.56 1037.55 1040.05 
25000 36.00 1118.27 1120.77 



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – Final Curve 
 

Q Q Total Losses For Pump Total Losses For Pump 

  MIN Static MAX Static 

(gpm) (mgd) (ft) (ft) 

0 0 36.93 39.43 

250 0.36 36.98 39.48 

500 0.72 37.12 39.62 

750 1.08 37.34 39.84 

1000 1.44 37.64 40.14 

1250 1.8 38.01 40.51 

1500 2.16 38.46 40.96 

1750 2.52 38.98 41.48 

1800 2.592 39.10 41.60 

2250 3.24 41.02 43.52 

2500 3.6 42.25 44.75 

2785 4.0104 43.80 46.30 

3000 4.32 46.12 48.62 

3250 4.68 49.01 51.51 

3500 5.04 52.11 54.61 

3750 5.4 55.40 57.90 

3870 5.5728 57.05 59.55 

4000 5.76 59.16 61.66 

4250 6.12 63.40 65.90 

4500 6.48 67.86 70.36 

4750 6.84 72.54 75.04 

5000 7.2 77.44 79.94 

5250 7.56 82.57 85.07 

5500 7.92 87.91 90.41 

5750 8.28 93.47 95.97 

6000 8.64 99.24 101.74 

6250 9 105.22 107.72 

6500 9.36 111.42 113.92 

6750 9.72 117.84 120.34 

7000 10.08 124.46 126.96 

7250 10.44 131.29 133.79 

7500 10.8 138.34 140.84 

7750 11.16 145.59 148.09 

8000 11.52 153.05 155.55 

8250 11.88 160.71 163.21 

8500 12.24 168.58 171.08 

8750 12.6 176.66 179.16 

9000 12.96 184.94 187.44 

9250 13.32 193.43 195.93 

9500 13.68 202.12 204.62 

9750 14.04 211.01 213.51 

10000 14.4 220.10 222.60 

11000 15.84 258.48 260.98 

12000 17.28 300.05 302.55 

13000 18.72 344.77 347.27 

14000 20.16 392.61 395.11 

15000 21.6 443.55 446.05 

16000 23.04 497.55 500.05 

17000 24.48 554.60 557.10 

18000 25.92 614.68 617.18 

19000 27.36 677.75 680.25 

20000 28.8 743.81 746.31 

21000 30.24 812.84 815.34 

22000 31.68 884.81 887.31 

23000 33.12 959.72 962.22 

24000 34.56 1037.55 1040.05 

25000 36 1118.27 1120.77 



Antioch Pump Station with AFM102 
 

Forcemain AFM102 – Final Curve 
 

26000 37.44 1201.89 1204.39 

27000 38.88 1288.38 1290.88 

28000 40.32 1377.73 1380.23 

29000 41.76 1469.94 1472.44 

30000 43.20 1564.98 1567.48 

31000 44.64 1662.85 1665.35 

32000 46.08 1763.54 1766.04 

33000 47.52 1867.04 1869.54 

34000 48.96 1973.33 1975.83 

35000 50.40 2082.40 2084.90 

36000 51.84 2194.26 2196.76 



 



 





 

  

Appendix D.  BHPS w/ AFM102: Main Pump Station – Pump and 
Hydraulic Information 

 

 

 

 

 





 

  

BHPS w/ AFM102: Main Pump Station – Existing Fairbanks Morse Pump 
Information 

 
 

 

 

 

 

















 

  

BHPS w/ AFM102: Main Pump Station – Hydraulic Calculations 
 

 

 

 

 





Bridgehead Pump Station with AFM102 
 

Pump and Suction and Discharge Loss Curves – Main Pumps 
 

 
 
 
 
 
 
 

                  
Friction 
Losses   

Minor 
Losses 

Total 
Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K 

K x 
(v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 15.00 120 0.0000 0.0000 4 0.000 0.0000 

1000.0 1.44 2.23 14.00 2.08 0.07 15.00 120 0.0014 0.0208 4 0.270 0.2907 

2000.0 2.88 4.46 14.00 4.17 0.27 15.00 120 0.0050 0.0752 4 1.079 1.1545 

3000.0 4.32 6.68 14.00 6.25 0.61 15.00 120 0.0106 0.1592 4 2.429 2.5878 

4000.0 5.76 8.91 14.00 8.34 1.08 15.00 120 0.0181 0.2713 4 4.317 4.5887 

5000.0 7.20 11.14 14.00 10.42 1.69 15.00 120 0.0273 0.4101 4 6.746 7.1561 

6000.0 8.64 13.37 14.00 12.51 2.43 15.00 120 0.0383 0.5749 4 9.714 10.2890 

7000.0 10.08 15.60 14.00 14.59 3.31 15.00 120 0.0510 0.7648 4 13.222 13.9868 

7360.0 10.60 16.40 14.00 15.34 3.65 15.00 120 0.0560 0.8393 4 14.617 15.4562 

7500.0 10.80 16.71 14.00 15.63 3.79 15.00 120 0.0579 0.8691 4 15.178 16.0474 

 
 
 
 
 
 
 

                  
Friction 
Losses   

Minor 
Losses 

Total 
Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K 

K x 
(v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 16.00 0.00 0.00 17.00 120 0.0000 0.0000 1.3 0.000 0.0000 

1000.0 1.44 2.23 16.00 1.60 0.04 17.00 120 0.0007 0.0123 1.3 0.051 0.0637 

2000.0 2.88 4.46 16.00 3.19 0.16 17.00 120 0.0026 0.0444 1.3 0.206 0.2501 

3000.0 4.32 6.68 16.00 4.79 0.36 17.00 120 0.0055 0.0942 1.3 0.463 0.5568 

4000.0 5.76 8.91 16.00 6.38 0.63 17.00 120 0.0094 0.1605 1.3 0.823 0.9830 

5000.0 7.20 11.14 16.00 7.98 0.99 17.00 120 0.0143 0.2426 1.3 1.285 1.5277 

6000.0 8.64 13.37 16.00 9.57 1.42 17.00 120 0.0200 0.3400 1.3 1.851 2.1906 

7000.0 10.08 15.60 16.00 11.17 1.94 17.00 120 0.0266 0.4523 1.3 2.519 2.9712 

7360.0 10.60 16.40 16.00 11.75 2.14 17.00 120 0.0292 0.4963 1.3 2.785 3.2810 

7500.0 10.80 16.71 16.00 11.97 2.22 17.00 120 0.0302 0.5140 1.3 2.892 3.4056 

 

 

 

 

 

Suction & Discharge - 14”   
Diameter =  14 in 
Area for =  1.069014 ft2 
RH=D/4= 0.291666   
C= 120   
   

 
Suction & Discharge - 16”   
Diameter =  16 in 
Area for =  1.396263 ft2 
RH=D/4= 0.333333   
C= 120   
   



Bridgehead Pump Station with AFM102 
 

Pump and Suction and Discharge Loss Curves – Main Pumps 
 

 
 
 
 
 
 
 

                  
Friction 
Losses   

Minor 
Losses 

Total 
Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K 

K x 
(v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 8.25 120 0.0000 0.0000 1.19 0.000 0.0000 

1000.00 1.44 2.23 24.00 0.71 0.01 8.25 120 0.0001 0.0008 1.19 0.009 0.0101 

2000.0 2.88 4.46 24.00 1.42 0.03 8.25 120 0.0004 0.0030 1.19 0.037 0.0402 

3000.00 4.32 6.68 24.00 2.13 0.07 8.25 120 0.0008 0.0063 1.19 0.084 0.0900 

4000.0 5.76 8.91 24.00 2.84 0.12 8.25 120 0.0013 0.0108 1.19 0.149 0.1595 

5000.00 7.20 11.14 24.00 3.55 0.20 8.25 120 0.0020 0.0163 1.19 0.232 0.2487 

6000.0 8.64 13.37 24.00 4.26 0.28 8.25 120 0.0028 0.0229 1.19 0.335 0.3575 

7000.0 10.08 15.60 24.00 4.96 0.38 8.25 120 0.0037 0.0305 1.19 0.455 0.4859 

7360.0 10.60 16.40 24.00 5.22 0.42 8.25 120 0.0041 0.0334 1.19 0.504 0.5369 

7500.0 10.80 16.71 24.00 5.32 0.44 8.25 120 0.0042 0.0346 1.19 0.523 0.5575 

 

 
Pump Suction and Discharge Losses 

    Total Losses 

Q Q S&D  

(gpm) (mgd) (ft) 

0.0 0.00 0.0000 

1000.0 1.44 0.3645 

2000.0 2.88 1.4447 

3000.0 4.32 3.2346 

4000.0 5.76 5.7312 

5000.0 7.20 8.9325 

6000.0 8.64 12.8371 

7000.0 10.08 17.4440 

7360.0 10.60 19.2742 

7500.0 10.80 20.0104 

 

 

 

 

 

 

 

 

 

Suction & Discharge - 24”   
Diameter =  24 in 
Area for =  3.141593 ft2 
RH=D/4= 0.5   
C= 120   
   



Bridgehead Pump Station with AFM102 
 

Pump and Suction and Discharge Loss Curves – Main Pumps 
 
Pumps 

Mfr Pump Curve         Adjusted Pump Curves         
                1 PUMP       2 PUMPS 

  Mfr Curve  S&D Losses    ADJ Curve    ADJ Curve 
Q Q Head  S&D  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 205.60  0.0000  0 0.00 205.60  0 0.00 205.6 
1000 1.44 203.02  0.3645  1000 1.44 202.66  2000 2.88 202.7 
2000 2.88 193.96  1.4447  2000 2.88 192.52  4000 5.76 192.5 
3000 4.32 181.90  3.2346  3000 4.32 178.67  6000 8.64 178.7 
4000 5.76 168.10  5.7312  4000 5.76 162.37  8000 11.52 162.4 
5000 7.20 150.00  8.9325  5000 7.20 141.07  10000 14.40 141.1 
6000 8.64 126.72  12.8371  6000 8.64 113.88  12000 17.28 113.9 
7000 10.08 96.98  17.4440  7000 10.08 79.54  14000 20.16 79.5 
7360 10.60 85.00  19.2742  7360 10.60 65.73  14720 21.20 65.7 

Reduced Speed Curves @ 90% 

         Adjusted Pump Curves         
                1 PUMP       2 PUMPS 

  Mfr Curve  S&D Losses    ADJ Curve    ADJ Curve 
Q Q Head  S&D  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 166.536   0.0000   0 0.00 166.5   0 0.00 166.5 
900 1.30 164.4462   0.2957   900 1.30 164.2   1800 2.59 164.2 

1800 2.59 157.1076   1.1718   1800 2.59 155.9   3600 5.18 155.9 
2700 3.89 147.339   2.6233   2700 3.89 144.7   5400 7.78 144.7 
3600 5.18 136.161   4.6479   3600 5.18 131.5   7200 10.37 131.5 
4500 6.48 121.5   7.2438   4500 6.48 114.3   9000 12.96 114.3 
5400 7.78 102.6432   10.4100   5400 7.78 92.2   10800 15.55 92.2 
6300 9.07 78.5538   14.1455   6300 9.07 64.4   12600 18.14 64.4 
6624 9.54 68.85   15.6295   6624 9.54 53.2   13248 19.08 53.2 

 
Reduced Speed Curves @ 80% 

         Adjusted Pump Curves         
                1 PUMP       2 PUMPS 

  Mfr Curve  S&D Losses    ADJ Curve    ADJ Curve 
Q Q Head  S&D  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 131.584   0.0000   0 0.00 131.6   0 0.00 131.6 
800 1.15 129.9328   0.2340   800 1.15 129.7   1600 2.30 129.7 

1600 2.30 124.1344   0.9273   1600 2.30 123.2   3200 4.61 123.2 
2400 3.46 116.416   2.0757   2400 3.46 114.3   4800 6.91 114.3 
3200 4.61 107.584   3.6775   3200 4.61 103.9   6400 9.22 103.9 
4000 5.76 96   5.7312   4000 5.76 90.3   8000 11.52 90.3 
4800 6.91 81.1008   8.2359   4800 6.91 72.9   9600 13.82 72.9 
5600 8.06 62.0672   11.1910   5600 8.06 50.9   11200 16.13 50.9 
5888 8.48 54.4   12.3649   5888 8.48 42.0   11776 16.96 42.0 

 
Reduced Speed Curves @ 70% 

         Adjusted Pump Curves         
                1 PUMP       2 PUMPS 

  Mfr Curve  S&D Losses    ADJ Curve    ADJ Curve 
Q Q Head  S&D  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 100.744   0.0000   0 0.00 100.7   0 0.00 100.7 
700 1.01 99.4798   0.1795   700 1.01 99.3   1400 2.02 99.3 

1400 2.02 95.0404   0.7112   1400 2.02 94.3   2800 4.03 94.3 
2100 3.02 89.131   1.5919   2100 3.02 87.5   4200 6.05 87.5 
2800 4.03 82.369   2.8200   2800 4.03 79.5   5600 8.06 79.5 
3500 5.04 73.5   4.3947   3500 5.04 69.1   7000 10.08 69.1 
4200 6.05 62.0928   6.3151   4200 6.05 55.8   8400 12.10 55.8 
4900 7.06 47.5202   8.5807   4900 7.06 38.9   9800 14.11 38.9 
5152 7.42 41.65   9.4807   5152 7.42 32.2   10304 14.84 32.2 

 



Bridgehead Pump Station with AFM102 
 

Pump and Suction and Discharge Loss Curves – Main Pumps 
 
 
Reduced Speed Curves @ 68% 

         Adjusted Pump Curves         
                1 PUMP       2 PUMPS 

  Mfr Curve  S&D Losses    ADJ Curve    ADJ Curve 
Q Q Head  S&D  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 95.06944   0.0000   0 0.00 95.1   0 0.00 95.1 
680 0.98 93.876448   0.1695   680 0.98 93.7   1360 1.96 93.7 

1360 1.96 89.687104   0.6714   1360 1.96 89.0   2720 3.92 89.0 
2040 2.94 84.11056   1.5027   2040 2.94 82.6   4080 5.88 82.6 
2720 3.92 77.72944   2.6621   2720 3.92 75.1   5440 7.83 75.1 
3400 4.90 69.36   4.1486   3400 4.90 65.2   6800 9.79 65.2 
4080 5.88 58.595328   5.9614   4080 5.88 52.6   8160 11.75 52.6 
4760 6.85 44.843552   8.1000   4760 6.85 36.7   9520 13.71 36.7 
5005 7.21 39.304   8.9496   5005 7.21 30.4   10010 14.41 30.4 

 
Reduced Speed Curves @ 60% 

         Adjusted Pump Curves         
                1 PUMP       2 PUMPS 

  Mfr Curve  S&D Losses    ADJ Curve    ADJ Curve 
Q Q Head  S&D  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

0 0.00 74.016   0.0000   0 0.00 74.0   0 0.00 74.0 
600 0.86 73.0872   0.1322   600 0.86 73.0   1200 1.73 73.0 

1200 1.73 69.8256   0.5236   1200 1.73 69.3   2400 3.46 69.3 
1800 2.59 65.484   1.1718   1800 2.59 64.3   3600 5.18 64.3 
2400 3.46 60.516   2.0757   2400 3.46 58.4   4800 6.91 58.4 
3000 4.32 54   3.2346   3000 4.32 50.8   6000 8.64 50.8 
3600 5.18 45.6192   4.6479   3600 5.18 41.0   7200 10.37 41.0 
4200 6.05 34.9128   6.3151   4200 6.05 28.6   8400 12.10 28.6 
4416 6.36 30.6   6.9774   4416 6.36 23.6   8832 12.72 23.6 

 
Reduced Speed Curves @ 50% 

         Adjusted Pump Curves         
                1 PUMP       2 PUMPS 

  Mfr Curve  S&D Losses    ADJ Curve    ADJ Curve 
Q Q Head  S&D  Q Q Head  Q Q Head 

(gpm) (mgd) (ft)  (ft)  (gpm) (mgd) (ft)  (gpm) (mgd) (ft) 

  0.00 51.4   0.0000   0 0.00 51.4   0 0.00 51.4 
500 0.72 50.755   0.0920   500 0.72 50.7   1000 1.44 50.7 

1000 1.44 48.49   0.3645   1000 1.44 48.1   2000 2.88 48.1 
1500 2.16 45.475   0.8157   1500 2.16 44.7   3000 4.32 44.7 
2000 2.88 42.025   1.4447   2000 2.88 40.6   4000 5.76 40.6 
2500 3.60 37.5   2.2512   2500 3.60 35.2   5000 7.20 35.2 
3000 4.32 31.68   3.2346   3000 4.32 28.4   6000 8.64 28.4 
3500 5.04 24.245   4.3947   3500 5.04 19.9   7000 10.08 19.9 
3680 5.30 21.25   4.8555   3680 5.30 16.4   7360 10.60 16.4 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) – Final Curve 
 

 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) – Final Curve 
 

13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 316.00 100 0.0000 0.0000 3.8 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 316.00 100 0.0000 0.0034 3.8 0.002 0.0053 
500.0 0.72 1.11 24.00 0.35 0.00 316.00 100 0.0000 0.0123 3.8 0.007 0.0198 
750.0 1.08 1.67 24.00 0.53 0.00 316.00 100 0.0001 0.0261 3.8 0.017 0.0428 

1000.0 1.44 2.23 24.00 0.71 0.01 316.00 100 0.0001 0.0445 3.8 0.030 0.0742 
1250.0 1.80 2.79 24.00 0.89 0.01 316.00 100 0.0002 0.0673 3.8 0.046 0.1137 
1500.0 2.16 3.34 24.00 1.06 0.02 316.00 100 0.0003 0.0943 3.8 0.067 0.1611 
1750.0 2.52 3.90 24.00 1.24 0.02 316.00 100 0.0004 0.1255 3.8 0.091 0.2164 
2000.0 2.88 4.46 24.00 1.42 0.03 316.00 100 0.0005 0.1607 3.8 0.119 0.2794 
2250.0 3.24 5.01 24.00 1.60 0.04 316.00 100 0.0006 0.1999 3.8 0.150 0.3501 
2500.0 3.60 5.57 24.00 1.77 0.05 316.00 100 0.0008 0.2429 3.8 0.186 0.4284 
2750.0 3.96 6.13 24.00 1.95 0.06 316.00 100 0.0009 0.2898 3.8 0.224 0.5143 
3000.0 4.32 6.68 24.00 2.13 0.07 316.00 100 0.0011 0.3405 3.8 0.267 0.6077 
3250.0 4.68 7.24 24.00 2.31 0.08 316.00 100 0.0012 0.3949 3.8 0.314 0.7084 
3500.0 5.04 7.80 24.00 2.48 0.10 316.00 100 0.0014 0.4530 3.8 0.364 0.8166 
3750.0 5.40 8.36 24.00 2.66 0.11 316.00 100 0.0016 0.5148 3.8 0.417 0.9322 
4000.0 5.76 8.91 24.00 2.84 0.12 316.00 100 0.0018 0.5801 3.8 0.475 1.0550 
4250.0 6.12 9.47 24.00 3.01 0.14 316.00 100 0.0021 0.6491 3.8 0.536 1.1852 
4500.0 6.48 10.03 24.00 3.19 0.16 316.00 100 0.0023 0.7215 3.8 0.601 1.3226 
4750.0 6.84 10.58 24.00 3.37 0.18 316.00 100 0.0025 0.7975 3.8 0.670 1.4672 
5000.0 7.20 11.14 24.00 3.55 0.20 316.00 100 0.0028 0.8770 3.8 0.742 1.6191 
5250.0 7.56 11.70 24.00 3.72 0.22 316.00 100 0.0030 0.9599 3.8 0.818 1.7781 
5500.0 7.92 12.25 24.00 3.90 0.24 316.00 100 0.0033 1.0463 3.8 0.898 1.9442 
5750.0 8.28 12.81 24.00 4.08 0.26 316.00 100 0.0036 1.1361 3.8 0.981 2.1175 
6000.0 8.64 13.37 24.00 4.26 0.28 316.00 100 0.0039 1.2293 3.8 1.069 2.2978 
6250.0 9.00 13.93 24.00 4.43 0.31 316.00 100 0.0042 1.3258 3.8 1.159 2.4853 
6500.0 9.36 14.48 24.00 4.61 0.33 316.00 100 0.0045 1.4257 3.8 1.254 2.6798 
6750.0 9.72 15.04 24.00 4.79 0.36 316.00 100 0.0048 1.5289 3.8 1.352 2.8813 
7000.0 10.08 15.60 24.00 4.96 0.38 316.00 100 0.0052 1.6354 3.8 1.454 3.0898 
7250.0 10.44 16.15 24.00 5.14 0.41 316.00 100 0.0055 1.7452 3.8 1.560 3.3054 
7500.0 10.80 16.71 24.00 5.32 0.44 316.00 100 0.0059 1.8583 3.8 1.670 3.5279 
7750.0 11.16 17.27 24.00 5.50 0.47 316.00 100 0.0062 1.9747 3.8 1.783 3.7575 
8000.0 11.52 17.83 24.00 5.67 0.50 316.00 100 0.0066 2.0943 3.8 1.900 3.9939 

FM System Curve – 24” (14” Parallel FM Portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) – Final Curve 
 

8250.0 11.88 18.38 24.00 5.85 0.53 316.00 100 0.0070 2.2171 3.8 2.020 4.2373 
8500.0 12.24 18.94 24.00 6.03 0.56 316.00 100 0.0074 2.3431 3.8 2.145 4.4876 
8750.0 12.60 19.50 24.00 6.21 0.60 316.00 100 0.0078 2.4723 3.8 2.273 4.7449 
9000.0 12.96 20.05 24.00 6.38 0.63 316.00 100 0.0082 2.6048 3.8 2.404 5.0090 
9250.0 13.32 20.61 24.00 6.56 0.67 316.00 100 0.0087 2.7403 3.8 2.540 5.2800 
9500.0 13.68 21.17 24.00 6.74 0.70 316.00 100 0.0091 2.8791 3.8 2.679 5.5579 
9750.0 14.04 21.72 24.00 6.92 0.74 316.00 100 0.0096 3.0210 3.8 2.822 5.8426 

10000.0 14.40 22.28 24.00 7.09 0.78 316.00 100 0.0100 3.1660 3.8 2.968 6.1342 
10250.0 14.76 22.84 24.00 7.27 0.82 316.00 100 0.0105 3.3141 3.8 3.118 6.4326 
10500.0 15.12 23.40 24.00 7.45 0.86 316.00 100 0.0110 3.4654 3.8 3.272 6.7378 
10750.0 15.48 23.95 24.00 7.62 0.90 316.00 100 0.0115 3.6197 3.8 3.430 7.0499 
11000.0 15.84 24.51 24.00 7.80 0.95 316.00 100 0.0120 3.7772 3.8 3.592 7.3687 
11250.0 16.20 25.07 24.00 7.98 0.99 316.00 100 0.0125 3.9377 3.8 3.757 7.6943 
11500.0 16.56 25.62 24.00 8.16 1.03 316.00 100 0.0130 4.1013 3.8 3.925 8.0267 
11750.0 16.92 26.18 24.00 8.33 1.08 316.00 100 0.0135 4.2680 3.8 4.098 8.3659 
12000.0 17.28 26.74 24.00 8.51 1.12 316.00 100 0.0140 4.4377 3.8 4.274 8.7119 
12250.0 17.64 27.30 24.00 8.69 1.17 316.00 100 0.0146 4.6104 3.8 4.454 9.0645 
12500.0 18.00 27.85 24.00 8.87 1.22 316.00 100 0.0151 4.7862 3.8 4.638 9.4240 
12750.0 18.36 28.41 24.00 9.04 1.27 316.00 100 0.0157 4.9650 3.8 4.825 9.7901 
13000.0 18.72 28.97 24.00 9.22 1.32 316.00 100 0.0163 5.1468 3.8 5.016 10.1630 
13250.0 19.08 29.52 24.00 9.40 1.37 316.00 100 0.0169 5.3316 3.8 5.211 10.5426 
13500.0 19.44 30.08 24.00 9.57 1.42 316.00 100 0.0175 5.5194 3.8 5.410 10.9289 
13750.0 19.80 30.64 24.00 9.75 1.48 316.00 100 0.0181 5.7101 3.8 5.612 11.3219 
14000.0 20.16 31.19 24.00 9.93 1.53 316.00 100 0.0187 5.9039 3.8 5.818 11.7216 
14250.0 20.52 31.75 24.00 10.11 1.59 316.00 100 0.0193 6.1006 3.8 6.027 12.1279 
14500.0 20.88 32.31 24.00 10.28 1.64 316.00 100 0.0199 6.3003 3.8 6.241 12.5410 
14750.0 21.24 32.87 24.00 10.46 1.70 316.00 100 0.0206 6.5030 3.8 6.458 12.9607 
15000.0 21.60 33.42 24.00 10.64 1.76 316.00 100 0.0212 6.7086 3.8 6.678 13.3870 
15250.0 21.96 33.98 24.00 10.82 1.82 316.00 100 0.0219 6.9171 3.8 6.903 13.8200 
15500.0 22.32 34.54 24.00 10.99 1.88 316.00 100 0.0226 7.1286 3.8 7.131 14.2597 
15750.0 22.68 35.09 24.00 11.17 1.94 316.00 100 0.0232 7.3430 3.8 7.363 14.7060 
16000.0 23.04 35.65 24.00 11.35 2.00 316.00 100 0.0239 7.5603 3.8 7.599 15.1589 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 68.50 100 0.0000 0.0000 1.72 0.000 0.0000 
250.0 0.36 0.56 14.00 0.52 0.00 68.50 100 0.0001 0.0102 1.72 0.007 0.0175 
500.0 0.72 1.11 14.00 1.04 0.02 68.50 100 0.0005 0.0369 1.72 0.029 0.0659 
750.0 1.08 1.67 14.00 1.56 0.04 68.50 100 0.0011 0.0782 1.72 0.065 0.1435 

1000.0 1.44 2.23 14.00 2.08 0.07 68.50 100 0.0019 0.1333 1.72 0.116 0.2493 
1250.0 1.80 2.79 14.00 2.61 0.11 68.50 100 0.0029 0.2014 1.72 0.181 0.3827 
1500.0 2.16 3.34 14.00 3.13 0.15 68.50 100 0.0041 0.2824 1.72 0.261 0.5434 
1750.0 2.52 3.90 14.00 3.65 0.21 68.50 100 0.0055 0.3756 1.72 0.355 0.7310 
2000.0 2.88 4.46 14.00 4.17 0.27 68.50 100 0.0070 0.4810 1.72 0.464 0.9452 
2250.0 3.24 5.01 14.00 4.69 0.34 68.50 100 0.0087 0.5983 1.72 0.587 1.1857 
2500.0 3.60 5.57 14.00 5.21 0.42 68.50 100 0.0106 0.7272 1.72 0.725 1.4524 
2750.0 3.96 6.13 14.00 5.73 0.51 68.50 100 0.0127 0.8676 1.72 0.877 1.7451 
3000.0 4.32 6.68 14.00 6.25 0.61 68.50 100 0.0149 1.0193 1.72 1.044 2.0636 
3250.0 4.68 7.24 14.00 6.77 0.71 68.50 100 0.0173 1.1822 1.72 1.226 2.4077 
3500.0 5.04 7.80 14.00 7.30 0.83 68.50 100 0.0198 1.3561 1.72 1.421 2.7775 
3750.0 5.40 8.36 14.00 7.82 0.95 68.50 100 0.0225 1.5409 1.72 1.632 3.1726 
4000.0 5.76 8.91 14.00 8.34 1.08 68.50 100 0.0254 1.7366 1.72 1.856 3.5930 
4250.0 6.12 9.47 14.00 8.86 1.22 68.50 100 0.0284 1.9429 1.72 2.096 4.0387 
4500.0 6.48 10.03 14.00 9.38 1.37 68.50 100 0.0315 2.1599 1.72 2.350 4.5095 
4750.0 6.84 10.58 14.00 9.90 1.52 68.50 100 0.0349 2.3873 1.72 2.618 5.0053 
5000.0 7.20 11.14 14.00 10.42 1.69 68.50 100 0.0383 2.6252 1.72 2.901 5.5260 

FM System Curve – 14” (14” Parallel FM Portion) 
Diameter =  14 in 
Area =  1.069014 ft2 
RH=D/4= 0.291667   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) – Final Curve 
 

5250.0 7.56 11.70 14.00 10.94 1.86 68.50 100 0.0419 2.8735 1.72 3.198 6.0716 
5500.0 7.92 12.25 14.00 11.46 2.04 68.50 100 0.0457 3.1320 1.72 3.510 6.6420 
5750.0 8.28 12.81 14.00 11.98 2.23 68.50 100 0.0496 3.4008 1.72 3.836 7.2370 
6000.0 8.64 13.37 14.00 12.51 2.43 68.50 100 0.0537 3.6797 1.72 4.177 7.8568 
6250.0 9.00 13.93 14.00 13.03 2.64 68.50 100 0.0579 3.9687 1.72 4.532 8.5011 
6500.0 9.36 14.48 14.00 13.55 2.85 68.50 100 0.0623 4.2677 1.72 4.902 9.1699 
6750.0 9.72 15.04 14.00 14.07 3.07 68.50 100 0.0668 4.5766 1.72 5.287 9.8633 
7000.0 10.08 15.60 14.00 14.59 3.31 68.50 100 0.0715 4.8955 1.72 5.685 10.5810 
7250.0 10.44 16.15 14.00 15.11 3.55 68.50 100 0.0763 5.2242 1.72 6.099 11.3231 
7500.0 10.80 16.71 14.00 15.63 3.79 68.50 100 0.0812 5.5628 1.72 6.527 12.0894 
7750.0 11.16 17.27 14.00 16.15 4.05 68.50 100 0.0863 5.9110 1.72 6.969 12.8801 
8000.0 11.52 17.83 14.00 16.67 4.32 68.50 100 0.0915 6.2690 1.72 7.426 13.6949 
8250.0 11.88 18.38 14.00 17.20 4.59 68.50 100 0.0969 6.6367 1.72 7.897 14.5339 
8500.0 12.24 18.94 14.00 17.72 4.87 68.50 100 0.1024 7.0139 1.72 8.383 15.3971 
8750.0 12.60 19.50 14.00 18.24 5.16 68.50 100 0.1080 7.4007 1.72 8.884 16.2843 
9000.0 12.96 20.05 14.00 18.76 5.46 68.50 100 0.1138 7.7971 1.72 9.398 17.1955 
9250.0 13.32 20.61 14.00 19.28 5.77 68.50 100 0.1198 8.2030 1.72 9.928 18.1308 
9500.0 13.68 21.17 14.00 19.80 6.09 68.50 100 0.1258 8.6183 1.72 10.472 19.0900 
9750.0 14.04 21.72 14.00 20.32 6.41 68.50 100 0.1320 9.0430 1.72 11.030 20.0731 

10000.0 14.40 22.28 14.00 20.84 6.75 68.50 100 0.1384 9.4771 1.72 11.603 21.0801 
10250.0 14.76 22.84 14.00 21.36 7.09 68.50 100 0.1448 9.9206 1.72 12.190 22.1110 
10500.0 15.12 23.40 14.00 21.89 7.44 68.50 100 0.1514 10.3734 1.72 12.792 23.1657 
10750.0 15.48 23.95 14.00 22.41 7.80 68.50 100 0.1582 10.8354 1.72 13.409 24.2441 
11000.0 15.84 24.51 14.00 22.93 8.16 68.50 100 0.1651 11.3067 1.72 14.040 25.3463 
11250.0 16.20 25.07 14.00 23.45 8.54 68.50 100 0.1721 11.7872 1.72 14.685 26.4722 
11500.0 16.56 25.62 14.00 23.97 8.92 68.50 100 0.1792 12.2769 1.72 15.345 27.6219 
11750.0 16.92 26.18 14.00 24.49 9.31 68.50 100 0.1865 12.7758 1.72 16.019 28.7951 
12000.0 17.28 26.74 14.00 25.01 9.71 68.50 100 0.1939 13.2837 1.72 16.708 29.9920 
12250.0 17.64 27.30 14.00 25.53 10.12 68.50 100 0.2015 13.8008 1.72 17.412 31.2126 
12500.0 18.00 27.85 14.00 26.05 10.54 68.50 100 0.2092 14.3270 1.72 18.130 32.4566 
12750.0 18.36 28.41 14.00 26.58 10.97 68.50 100 0.2170 14.8621 1.72 18.862 33.7243 
13000.0 18.72 28.97 14.00 27.10 11.40 68.50 100 0.2249 15.4063 1.72 19.609 35.0154 
13250.0 19.08 29.52 14.00 27.62 11.84 68.50 100 0.2330 15.9595 1.72 20.371 36.3300 
13500.0 19.44 30.08 14.00 28.14 12.29 68.50 100 0.2412 16.5217 1.72 21.146 37.6682 
13750.0 19.80 30.64 14.00 28.66 12.75 68.50 100 0.2495 17.0928 1.72 21.937 39.0297 
14000.0 20.16 31.19 14.00 29.18 13.22 68.50 100 0.2580 17.6728 1.72 22.742 40.4147 
14250.0 20.52 31.75 14.00 29.70 13.70 68.50 100 0.2666 18.2617 1.72 23.561 41.8230 
14500.0 20.88 32.31 14.00 30.22 14.18 68.50 100 0.2753 18.8595 1.72 24.395 43.2548 
14750.0 21.24 32.87 14.00 30.74 14.68 68.50 100 0.2842 19.4661 1.72 25.244 44.7099 
15000.0 21.60 33.42 14.00 31.26 15.18 68.50 100 0.2932 20.0816 1.72 26.107 46.1883 
15250.0 21.96 33.98 14.00 31.79 15.69 68.50 100 0.3023 20.7058 1.72 26.984 47.6900 
15500.0 22.32 34.54 14.00 32.31 16.21 68.50 100 0.3115 21.3388 1.72 27.876 49.2150 
15750.0 22.68 35.09 14.00 32.83 16.73 68.50 100 0.3209 21.9806 1.72 28.783 50.7633 
16000.0 23.04 35.65 14.00 33.35 17.27 68.50 100 0.3304 22.6312 1.72 29.704 52.3348 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 13.50 0.00 0.00 10640.5 120 0.0000 0.0000 3.1 0.000 0.0000 
250.0 0.36 0.56 13.50 0.56 0.00 10640.5 120 0.0001 1.3528 3.1 0.015 1.3679 
500.0 0.72 1.11 13.50 1.12 0.02 10640.5 120 0.0005 4.8835 3.1 0.060 4.9439 
750.0 1.08 1.67 13.50 1.68 0.04 10640.5 120 0.0010 10.3478 3.1 0.136 10.4839 

1000.0 1.44 2.23 13.50 2.24 0.08 10640.5 120 0.0017 17.6293 3.1 0.242 17.8711 
1250.0 1.80 2.79 13.50 2.80 0.12 10640.5 120 0.0025 26.6509 3.1 0.378 27.0288 
1500.0 2.16 3.34 13.50 3.36 0.18 10640.5 120 0.0035 37.3556 3.1 0.544 37.8998 
1750.0 2.52 3.90 13.50 3.92 0.24 10640.5 120 0.0047 49.6982 3.1 0.741 50.4390 
2000.0 2.88 4.46 13.50 4.48 0.31 10640.5 120 0.0060 63.6417 3.1 0.967 64.6092 

FM System Curve – 13.5” (14” Parallel FM 
Portion) 
Diameter =  13.5 in 
Area =  0.99402 ft2 
RH=D/4= 0.28125   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) – Final Curve 
 

2250.0 3.24 5.01 13.50 5.04 0.39 10640.5 120 0.0074 79.1547 3.1 1.224 80.3791 
2500.0 3.60 5.57 13.50 5.60 0.49 10640.5 120 0.0090 96.2098 3.1 1.512 97.7215 
2750.0 3.96 6.13 13.50 6.16 0.59 10640.5 120 0.0108 114.7833 3.1 1.829 116.6124 
3000.0 4.32 6.68 13.50 6.72 0.70 10640.5 120 0.0127 134.8538 3.1 2.177 137.0306 
3250.0 4.68 7.24 13.50 7.29 0.82 10640.5 120 0.0147 156.4021 3.1 2.555 158.9568 
3500.0 5.04 7.80 13.50 7.85 0.96 10640.5 120 0.0169 179.4108 3.1 2.963 182.3737 
3750.0 5.40 8.36 13.50 8.41 1.10 10640.5 120 0.0192 203.8640 3.1 3.401 207.2652 
4000.0 5.76 8.91 13.50 8.97 1.25 10640.5 120 0.0216 229.7469 3.1 3.870 233.6168 
4250.0 6.12 9.47 13.50 9.53 1.41 10640.5 120 0.0242 257.0460 3.1 4.369 261.4148 
4500.0 6.48 10.03 13.50 10.09 1.58 10640.5 120 0.0269 285.7486 3.1 4.898 290.6465 
4750.0 6.84 10.58 13.50 10.65 1.76 10640.5 120 0.0297 315.8429 3.1 5.457 321.3001 
5000.0 7.20 11.14 13.50 11.21 1.95 10640.5 120 0.0326 347.3178 3.1 6.047 353.3645 
5250.0 7.56 11.70 13.50 11.77 2.15 10640.5 120 0.0357 380.1628 3.1 6.667 386.8293 
5500.0 7.92 12.25 13.50 12.33 2.36 10640.5 120 0.0389 414.3680 3.1 7.317 421.6846 
5750.0 8.28 12.81 13.50 12.89 2.58 10640.5 120 0.0423 449.9242 3.1 7.997 457.9210 
6000.0 8.64 13.37 13.50 13.45 2.81 10640.5 120 0.0458 486.8225 3.1 8.707 495.5298 
6250.0 9.00 13.93 13.50 14.01 3.05 10640.5 120 0.0493 525.0544 3.1 9.448 534.5025 
6500.0 9.36 14.48 13.50 14.57 3.30 10640.5 120 0.0531 564.6120 3.1 10.219 574.8309 
6750.0 9.72 15.04 13.50 15.13 3.55 10640.5 120 0.0569 605.4874 3.1 11.020 616.5076 
7000.0 10.08 15.60 13.50 15.69 3.82 10640.5 120 0.0609 647.6735 3.1 11.852 659.5251 
7250.0 10.44 16.15 13.50 16.25 4.10 10640.5 120 0.0650 691.1631 3.1 12.713 703.8763 
7500.0 10.80 16.71 13.50 16.81 4.39 10640.5 120 0.0692 735.9495 3.1 13.605 749.5546 
7750.0 11.16 17.27 13.50 17.37 4.69 10640.5 120 0.0735 782.0262 3.1 14.527 796.5535 
8000.0 11.52 17.83 13.50 17.93 4.99 10640.5 120 0.0779 829.3870 3.1 15.480 844.8666 
8250.0 11.88 18.38 13.50 18.49 5.31 10640.5 120 0.0825 878.0258 3.1 16.462 894.4880 
8500.0 12.24 18.94 13.50 19.05 5.64 10640.5 120 0.0872 927.9368 3.1 17.475 945.4118 
8750.0 12.60 19.50 13.50 19.61 5.97 10640.5 120 0.0920 979.1145 3.1 18.518 997.6326 
9000.0 12.96 20.05 13.50 20.17 6.32 10640.5 120 0.0969 1031.5533 3.1 19.591 1051.1447 
9250.0 13.32 20.61 13.50 20.73 6.68 10640.5 120 0.1020 1085.2481 3.1 20.695 1105.9430 
9500.0 13.68 21.17 13.50 21.29 7.04 10640.5 120 0.1072 1140.1938 3.1 21.829 1162.0225 
9750.0 14.04 21.72 13.50 21.86 7.42 10640.5 120 0.1124 1196.3854 3.1 22.993 1219.3781 

10000.0 14.40 22.28 13.50 22.42 7.80 10640.5 120 0.1178 1253.8181 3.1 24.187 1278.0050 
10250.0 14.76 22.84 13.50 22.98 8.20 10640.5 120 0.1233 1312.4874 3.1 25.411 1337.8988 
10500.0 15.12 23.40 13.50 23.54 8.60 10640.5 120 0.1290 1372.3887 3.1 26.666 1399.0548 
10750.0 15.48 23.95 13.50 24.10 9.02 10640.5 120 0.1347 1433.5176 3.1 27.951 1461.4686 
11000.0 15.84 24.51 13.50 24.66 9.44 10640.5 120 0.1406 1495.8698 3.1 29.266 1525.1360 
11250.0 16.20 25.07 13.50 25.22 9.87 10640.5 120 0.1466 1559.4413 3.1 30.612 1590.0528 
11500.0 16.56 25.62 13.50 25.78 10.32 10640.5 120 0.1526 1624.2278 3.1 31.987 1656.2150 
11750.0 16.92 26.18 13.50 26.34 10.77 10640.5 120 0.1588 1690.2256 3.1 33.393 1723.6187 
12000.0 17.28 26.74 13.50 26.90 11.24 10640.5 120 0.1652 1757.4307 3.1 34.829 1792.2599 
12250.0 17.64 27.30 13.50 27.46 11.71 10640.5 120 0.1716 1825.8394 3.1 36.295 1862.1349 
12500.0 18.00 27.85 13.50 28.02 12.19 10640.5 120 0.1781 1895.4481 3.1 37.792 1933.2401 
12750.0 18.36 28.41 13.50 28.58 12.68 10640.5 120 0.1848 1966.2531 3.1 39.319 2005.5719 
13000.0 18.72 28.97 13.50 29.14 13.19 10640.5 120 0.1916 2038.2509 3.1 40.876 2079.1267 
13250.0 19.08 29.52 13.50 29.70 13.70 10640.5 120 0.1984 2111.4381 3.1 42.463 2153.9012 
13500.0 19.44 30.08 13.50 30.26 14.22 10640.5 120 0.2054 2185.8114 3.1 44.081 2229.8920 
13750.0 19.80 30.64 13.50 30.82 14.75 10640.5 120 0.2125 2261.3675 3.1 45.728 2307.0959 
14000.0 20.16 31.19 13.50 31.38 15.29 10640.5 120 0.2197 2338.1032 3.1 47.406 2385.5095 
14250.0 20.52 31.75 13.50 31.94 15.84 10640.5 120 0.2271 2416.0153 3.1 49.115 2465.1298 
14500.0 20.88 32.31 13.50 32.50 16.40 10640.5 120 0.2345 2495.1008 3.1 50.853 2545.9537 
14750.0 21.24 32.87 13.50 33.06 16.97 10640.5 120 0.2420 2575.3566 3.1 52.622 2627.9782 
15000.0 21.60 33.42 13.50 33.62 17.56 10640.5 120 0.2497 2656.7798 3.1 54.421 2711.2003 
15250.0 21.96 33.98 13.50 34.18 18.15 10640.5 120 0.2574 2739.3675 3.1 56.250 2795.6172 
15500.0 22.32 34.54 13.50 34.74 18.74 10640.5 120 0.2653 2823.1168 3.1 58.109 2881.2259 
15750.0 22.68 35.09 13.50 35.30 19.35 10640.5 120 0.2733 2908.0250 3.1 59.999 2968.0237 
16000.0 23.04 35.65 13.50 35.87 19.97 10640.5 120 0.2814 2994.0893 3.1 61.918 3056.0078 

 

 

 

 

 

 

FM System Curve – 23.85” (28” Parallel FM Portion) 
Diameter =  23.85 in 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) – Final Curve 
 

 
 
 

 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 619.99 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 619.99 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 619.99 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 619.99 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 619.99 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 619.99 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 619.99 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 619.99 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 619.99 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 619.99 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 619.99 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 619.99 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 619.99 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 619.99 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 619.99 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 619.99 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 619.99 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 619.99 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 619.99 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 619.99 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 619.99 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 619.99 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 619.99 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 619.99 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 619.99 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 619.99 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 619.99 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 619.99 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 619.99 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 619.99 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 619.99 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 619.99 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 619.99 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 619.99 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 619.99 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 619.99 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 619.99 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 619.99 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 619.99 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 619.99 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 619.99 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 619.99 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 619.99 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 619.99 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 619.99 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 619.99 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 619.99 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 619.99 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 619.99 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 619.99 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 619.99 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 619.99 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 619.99 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 619.99 120 0.0124 7.6943 2.7 3.797 11.4909 

Area =  3.102445 ft2 
RH=D/4= 0.456875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) – Final Curve 
 

13500.0 19.44 30.08 23.85 9.70 1.46 619.99 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 619.99 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 619.99 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 619.99 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 619.99 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 619.99 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 619.99 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 619.99 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 619.99 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 619.99 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 619.99 120 0.0176 10.9108 2.7 5.536 16.4469 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) – Final Curve 
 

 
MIN Static Head = 58.13 
MAX Static Head = 62.63 

 
 
 
 

Q Q Losses 

(gpm) (mgd)  
0.0 0.00 0.00 

250.0 0.36 1.40 
500.0 0.72 5.06 
750.0 1.08 10.73 

1000.0 1.44 18.30 
1250.0 1.80 27.69 
1500.0 2.16 38.84 
1750.0 2.52 51.70 
2000.0 2.88 66.24 
2250.0 3.24 82.42 
2500.0 3.60 100.22 
2750.0 3.96 119.62 
3000.0 4.32 140.58 
3250.0 4.68 163.10 
3500.0 5.04 187.15 
3750.0 5.40 212.71 
4000.0 5.76 239.78 
4250.0 6.12 268.35 
4500.0 6.48 298.38 
4750.0 6.84 329.88 
5000.0 7.20 362.84 
5250.0 7.56 397.23 
5500.0 7.92 433.06 
5750.0 8.28 470.31 
6000.0 8.64 508.98 
6250.0 9.00 549.05 
6500.0 9.36 590.52 
6750.0 9.72 633.38 
7000.0 10.08 677.62 
7250.0 10.44 723.24 
7500.0 10.80 770.22 
7750.0 11.16 818.57 
8000.0 11.52 868.27 
8250.0 11.88 919.32 
8500.0 12.24 971.71 
8750.0 12.60 1025.44 
9000.0 12.96 1080.50 
9250.0 13.32 1136.89 
9500.0 13.68 1194.61 
9750.0 14.04 1253.63 

10000.0 14.40 1313.97 
10250.0 14.76 1375.62 
10500.0 15.12 1438.57 
10750.0 15.48 1502.81 
11000.0 15.84 1568.35 
11250.0 16.20 1635.18 
11500.0 16.56 1703.30 
11750.0 16.92 1772.70 
12000.0 17.28 1843.37 
12250.0 17.64 1915.32 
12500.0 18.00 1988.54 
12750.0 18.36 2063.02 
13000.0 18.72 2138.77 
13250.0 19.08 2215.77 
13500.0 19.44 2294.03 
13750.0 19.80 2373.55 
14000.0 20.16 2454.31 
14250.0 20.52 2536.32 
14500.0 20.88 2619.57 
14750.0 21.24 2704.07 
15000.0 21.60 2789.80 
15250.0 21.96 2876.76 
15500.0 22.32 2964.95 
15750.0 22.68 3054.38 
16000.0 23.04 3145.02 

Q Q Min Static Max Static 

(gpm) (mgd)    

0.0 0.00 58.13 62.63 
250.0 0.36 59.53 64.03 
500.0 0.72 63.19 67.69 
750.0 1.08 68.86 73.36 

1000.0 1.44 76.43 80.93 
1250.0 1.80 85.82 90.32 
1500.0 2.16 96.97 101.47 
1750.0 2.52 109.83 114.33 
2000.0 2.88 124.37 128.87 
2250.0 3.24 140.55 145.05 
2500.0 3.60 158.35 162.85 
2750.0 3.96 177.75 182.25 
3000.0 4.32 198.71 203.21 
3250.0 4.68 221.23 225.73 
3500.0 5.04 245.28 249.78 
3750.0 5.40 270.84 275.34 
4000.0 5.76 297.91 302.41 
4250.0 6.12 326.48 330.98 
4500.0 6.48 356.51 361.01 
4750.0 6.84 388.01 392.51 
5000.0 7.20 420.97 425.47 
5250.0 7.56 455.36 459.86 
5500.0 7.92 491.19 495.69 
5750.0 8.28 528.44 532.94 
6000.0 8.64 567.11 571.61 
6250.0 9.00 607.18 611.68 
6500.0 9.36 648.65 653.15 
6750.0 9.72 691.51 696.01 
7000.0 10.08 735.75 740.25 
7250.0 10.44 781.37 785.87 
7500.0 10.80 828.35 832.85 
7750.0 11.16 876.70 881.20 
8000.0 11.52 926.40 930.90 
8250.0 11.88 977.45 981.95 
8500.0 12.24 1029.84 1034.34 
8750.0 12.60 1083.57 1088.07 
9000.0 12.96 1138.63 1143.13 
9250.0 13.32 1195.02 1199.52 
9500.0 13.68 1252.74 1257.24 
9750.0 14.04 1311.76 1316.26 

10000.0 14.40 1372.10 1376.60 
10250.0 14.76 1433.75 1438.25 
10500.0 15.12 1496.70 1501.20 
10750.0 15.48 1560.94 1565.44 
11000.0 15.84 1626.48 1630.98 
11250.0 16.20 1693.31 1697.81 
11500.0 16.56 1761.43 1765.93 
11750.0 16.92 1830.83 1835.33 
12000.0 17.28 1901.50 1906.00 
12250.0 17.64 1973.45 1977.95 
12500.0 18.00 2046.67 2051.17 
12750.0 18.36 2121.15 2125.65 
13000.0 18.72 2196.90 2201.40 
13250.0 19.08 2273.90 2278.40 
13500.0 19.44 2352.16 2356.66 
13750.0 19.80 2431.68 2436.18 
14000.0 20.16 2512.44 2516.94 
14250.0 20.52 2594.45 2598.95 
14500.0 20.88 2677.70 2682.20 
14750.0 21.24 2762.20 2766.70 
15000.0 21.60 2847.93 2852.43 
15250.0 21.96 2934.89 2939.39 
15500.0 22.32 3023.08 3027.58 
15750.0 22.68 3112.51 3117.01 
16000.0 23.04 3203.15 3207.65 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 316 100 0.0000 0.0000 3.8 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 316 100 0.0000 0.0034 3.8 0.002 0.0053 
500.0 0.72 1.11 24.00 0.35 0.00 316 100 0.0000 0.0123 3.8 0.007 0.0198 
750.0 1.08 1.67 24.00 0.53 0.00 316 100 0.0001 0.0261 3.8 0.017 0.0428 

1000.0 1.44 2.23 24.00 0.71 0.01 316 100 0.0001 0.0445 3.8 0.030 0.0742 
1250.0 1.80 2.79 24.00 0.89 0.01 316 100 0.0002 0.0673 3.8 0.046 0.1137 
1500.0 2.16 3.34 24.00 1.06 0.02 316 100 0.0003 0.0943 3.8 0.067 0.1611 
1750.0 2.52 3.90 24.00 1.24 0.02 316 100 0.0004 0.1255 3.8 0.091 0.2164 
2000.0 2.88 4.46 24.00 1.42 0.03 316 100 0.0005 0.1607 3.8 0.119 0.2794 
2250.0 3.24 5.01 24.00 1.60 0.04 316 100 0.0006 0.1999 3.8 0.150 0.3501 
2500.0 3.60 5.57 24.00 1.77 0.05 316 100 0.0008 0.2429 3.8 0.186 0.4284 
2750.0 3.96 6.13 24.00 1.95 0.06 316 100 0.0009 0.2898 3.8 0.224 0.5143 
3000.0 4.32 6.68 24.00 2.13 0.07 316 100 0.0011 0.3405 3.8 0.267 0.6077 
3250.0 4.68 7.24 24.00 2.31 0.08 316 100 0.0012 0.3949 3.8 0.314 0.7084 
3500.0 5.04 7.80 24.00 2.48 0.10 316 100 0.0014 0.4530 3.8 0.364 0.8166 
3750.0 5.40 8.36 24.00 2.66 0.11 316 100 0.0016 0.5148 3.8 0.417 0.9322 
4000.0 5.76 8.91 24.00 2.84 0.12 316 100 0.0018 0.5801 3.8 0.475 1.0550 
4250.0 6.12 9.47 24.00 3.01 0.14 316 100 0.0021 0.6491 3.8 0.536 1.1852 
4500.0 6.48 10.03 24.00 3.19 0.16 316 100 0.0023 0.7215 3.8 0.601 1.3226 
4750.0 6.84 10.58 24.00 3.37 0.18 316 100 0.0025 0.7975 3.8 0.670 1.4672 
5000.0 7.20 11.14 24.00 3.55 0.20 316 100 0.0028 0.8770 3.8 0.742 1.6191 
5250.0 7.56 11.70 24.00 3.72 0.22 316 100 0.0030 0.9599 3.8 0.818 1.7781 
5500.0 7.92 12.25 24.00 3.90 0.24 316 100 0.0033 1.0463 3.8 0.898 1.9442 
5750.0 8.28 12.81 24.00 4.08 0.26 316 100 0.0036 1.1361 3.8 0.981 2.1175 
6000.0 8.64 13.37 24.00 4.26 0.28 316 100 0.0039 1.2293 3.8 1.069 2.2978 
6250.0 9.00 13.93 24.00 4.43 0.31 316 100 0.0042 1.3258 3.8 1.159 2.4853 
6500.0 9.36 14.48 24.00 4.61 0.33 316 100 0.0045 1.4257 3.8 1.254 2.6798 
6750.0 9.72 15.04 24.00 4.79 0.36 316 100 0.0048 1.5289 3.8 1.352 2.8813 
7000.0 10.08 15.60 24.00 4.96 0.38 316 100 0.0052 1.6354 3.8 1.454 3.0898 
7250.0 10.44 16.15 24.00 5.14 0.41 316 100 0.0055 1.7452 3.8 1.560 3.3054 
7500.0 10.80 16.71 24.00 5.32 0.44 316 100 0.0059 1.8583 3.8 1.670 3.5279 
7750.0 11.16 17.27 24.00 5.50 0.47 316 100 0.0062 1.9747 3.8 1.783 3.7575 
8000.0 11.52 17.83 24.00 5.67 0.50 316 100 0.0066 2.0943 3.8 1.900 3.9939 
8250.0 11.88 18.38 24.00 5.85 0.53 316 100 0.0070 2.2171 3.8 2.020 4.2373 
8500.0 12.24 18.94 24.00 6.03 0.56 316 100 0.0074 2.3431 3.8 2.145 4.4876 
8750.0 12.60 19.50 24.00 6.21 0.60 316 100 0.0078 2.4723 3.8 2.273 4.7449 
9000.0 12.96 20.05 24.00 6.38 0.63 316 100 0.0082 2.6048 3.8 2.404 5.0090 
9250.0 13.32 20.61 24.00 6.56 0.67 316 100 0.0087 2.7403 3.8 2.540 5.2800 
9500.0 13.68 21.17 24.00 6.74 0.70 316 100 0.0091 2.8791 3.8 2.679 5.5579 
9750.0 14.04 21.72 24.00 6.92 0.74 316 100 0.0096 3.0210 3.8 2.822 5.8426 

10000.0 14.40 22.28 24.00 7.09 0.78 316 100 0.0100 3.1660 3.8 2.968 6.1342 
10250.0 14.76 22.84 24.00 7.27 0.82 316 100 0.0105 3.3141 3.8 3.118 6.4326 
10500.0 15.12 23.40 24.00 7.45 0.86 316 100 0.0110 3.4654 3.8 3.272 6.7378 

FM System Curve – 24” (24” Parallel FM Portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

10750.0 15.48 23.95 24.00 7.62 0.90 316 100 0.0115 3.6197 3.8 3.430 7.0499 
11000.0 15.84 24.51 24.00 7.80 0.95 316 100 0.0120 3.7772 3.8 3.592 7.3687 
11250.0 16.20 25.07 24.00 7.98 0.99 316 100 0.0125 3.9377 3.8 3.757 7.6943 
11500.0 16.56 25.62 24.00 8.16 1.03 316 100 0.0130 4.1013 3.8 3.925 8.0267 
11750.0 16.92 26.18 24.00 8.33 1.08 316 100 0.0135 4.2680 3.8 4.098 8.3659 
12000.0 17.28 26.74 24.00 8.51 1.12 316 100 0.0140 4.4377 3.8 4.274 8.7119 
12250.0 17.64 27.30 24.00 8.69 1.17 316 100 0.0146 4.6104 3.8 4.454 9.0645 
12500.0 18.00 27.85 24.00 8.87 1.22 316 100 0.0151 4.7862 3.8 4.638 9.4240 
12750.0 18.36 28.41 24.00 9.04 1.27 316 100 0.0157 4.9650 3.8 4.825 9.7901 
13000.0 18.72 28.97 24.00 9.22 1.32 316 100 0.0163 5.1468 3.8 5.016 10.1630 
13250.0 19.08 29.52 24.00 9.40 1.37 316 100 0.0169 5.3316 3.8 5.211 10.5426 
13500.0 19.44 30.08 24.00 9.57 1.42 316 100 0.0175 5.5194 3.8 5.410 10.9289 
13750.0 19.80 30.64 24.00 9.75 1.48 316 100 0.0181 5.7101 3.8 5.612 11.3219 
14000.0 20.16 31.19 24.00 9.93 1.53 316 100 0.0187 5.9039 3.8 5.818 11.7216 
14250.0 20.52 31.75 24.00 10.11 1.59 316 100 0.0193 6.1006 3.8 6.027 12.1279 
14500.0 20.88 32.31 24.00 10.28 1.64 316 100 0.0199 6.3003 3.8 6.241 12.5410 
14750.0 21.24 32.87 24.00 10.46 1.70 316 100 0.0206 6.5030 3.8 6.458 12.9607 
15000.0 21.60 33.42 24.00 10.64 1.76 316 100 0.0212 6.7086 3.8 6.678 13.3870 
15250.0 21.96 33.98 24.00 10.82 1.82 316 100 0.0219 6.9171 3.8 6.903 13.8200 
15500.0 22.32 34.54 24.00 10.99 1.88 316 100 0.0226 7.1286 3.8 7.131 14.2597 
15750.0 22.68 35.09 24.00 11.17 1.94 316 100 0.0232 7.3430 3.8 7.363 14.7060 
16000.0 23.04 35.65 24.00 11.35 2.00 316 100 0.0239 7.5603 3.8 7.599 15.1589 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 68.50 100 0.0000 0.0000 1.72 0.000 0.0000 
250.0 0.36 0.56 14.00 0.52 0.00 68.50 100 0.0001 0.0102 1.72 0.007 0.0175 
500.0 0.72 1.11 14.00 1.04 0.02 68.50 100 0.0005 0.0369 1.72 0.029 0.0659 
750.0 1.08 1.67 14.00 1.56 0.04 68.50 100 0.0011 0.0782 1.72 0.065 0.1435 

1000.0 1.44 2.23 14.00 2.08 0.07 68.50 100 0.0019 0.1333 1.72 0.116 0.2493 
1250.0 1.80 2.79 14.00 2.61 0.11 68.50 100 0.0029 0.2014 1.72 0.181 0.3827 
1500.0 2.16 3.34 14.00 3.13 0.15 68.50 100 0.0041 0.2824 1.72 0.261 0.5434 
1750.0 2.52 3.90 14.00 3.65 0.21 68.50 100 0.0055 0.3756 1.72 0.355 0.7310 
2000.0 2.88 4.46 14.00 4.17 0.27 68.50 100 0.0070 0.4810 1.72 0.464 0.9452 
2250.0 3.24 5.01 14.00 4.69 0.34 68.50 100 0.0087 0.5983 1.72 0.587 1.1857 
2500.0 3.60 5.57 14.00 5.21 0.42 68.50 100 0.0106 0.7272 1.72 0.725 1.4524 
2750.0 3.96 6.13 14.00 5.73 0.51 68.50 100 0.0127 0.8676 1.72 0.877 1.7451 
3000.0 4.32 6.68 14.00 6.25 0.61 68.50 100 0.0149 1.0193 1.72 1.044 2.0636 
3250.0 4.68 7.24 14.00 6.77 0.71 68.50 100 0.0173 1.1822 1.72 1.226 2.4077 
3500.0 5.04 7.80 14.00 7.30 0.83 68.50 100 0.0198 1.3561 1.72 1.421 2.7775 
3750.0 5.40 8.36 14.00 7.82 0.95 68.50 100 0.0225 1.5409 1.72 1.632 3.1726 
4000.0 5.76 8.91 14.00 8.34 1.08 68.50 100 0.0254 1.7366 1.72 1.856 3.5930 
4250.0 6.12 9.47 14.00 8.86 1.22 68.50 100 0.0284 1.9429 1.72 2.096 4.0387 
4500.0 6.48 10.03 14.00 9.38 1.37 68.50 100 0.0315 2.1599 1.72 2.350 4.5095 
4750.0 6.84 10.58 14.00 9.90 1.52 68.50 100 0.0349 2.3873 1.72 2.618 5.0053 
5000.0 7.20 11.14 14.00 10.42 1.69 68.50 100 0.0383 2.6252 1.72 2.901 5.5260 
5250.0 7.56 11.70 14.00 10.94 1.86 68.50 100 0.0419 2.8735 1.72 3.198 6.0716 
5500.0 7.92 12.25 14.00 11.46 2.04 68.50 100 0.0457 3.1320 1.72 3.510 6.6420 
5750.0 8.28 12.81 14.00 11.98 2.23 68.50 100 0.0496 3.4008 1.72 3.836 7.2370 
6000.0 8.64 13.37 14.00 12.51 2.43 68.50 100 0.0537 3.6797 1.72 4.177 7.8568 
6250.0 9.00 13.93 14.00 13.03 2.64 68.50 100 0.0579 3.9687 1.72 4.532 8.5011 
6500.0 9.36 14.48 14.00 13.55 2.85 68.50 100 0.0623 4.2677 1.72 4.902 9.1699 
6750.0 9.72 15.04 14.00 14.07 3.07 68.50 100 0.0668 4.5766 1.72 5.287 9.8633 
7000.0 10.08 15.60 14.00 14.59 3.31 68.50 100 0.0715 4.8955 1.72 5.685 10.5810 
7250.0 10.44 16.15 14.00 15.11 3.55 68.50 100 0.0763 5.2242 1.72 6.099 11.3231 
7500.0 10.80 16.71 14.00 15.63 3.79 68.50 100 0.0812 5.5628 1.72 6.527 12.0894 

FM System Curve – 14” (14” Parallel FM Portion) 
Diameter =  14 in 
Area =  1.069014 ft2 
RH=D/4= 0.291667   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

7750.0 11.16 17.27 14.00 16.15 4.05 68.50 100 0.0863 5.9110 1.72 6.969 12.8801 
8000.0 11.52 17.83 14.00 16.67 4.32 68.50 100 0.0915 6.2690 1.72 7.426 13.6949 
8250.0 11.88 18.38 14.00 17.20 4.59 68.50 100 0.0969 6.6367 1.72 7.897 14.5339 
8500.0 12.24 18.94 14.00 17.72 4.87 68.50 100 0.1024 7.0139 1.72 8.383 15.3971 
8750.0 12.60 19.50 14.00 18.24 5.16 68.50 100 0.1080 7.4007 1.72 8.884 16.2843 
9000.0 12.96 20.05 14.00 18.76 5.46 68.50 100 0.1138 7.7971 1.72 9.398 17.1955 
9250.0 13.32 20.61 14.00 19.28 5.77 68.50 100 0.1198 8.2030 1.72 9.928 18.1308 
9500.0 13.68 21.17 14.00 19.80 6.09 68.50 100 0.1258 8.6183 1.72 10.472 19.0900 
9750.0 14.04 21.72 14.00 20.32 6.41 68.50 100 0.1320 9.0430 1.72 11.030 20.0731 

10000.0 14.40 22.28 14.00 20.84 6.75 68.50 100 0.1384 9.4771 1.72 11.603 21.0801 
10250.0 14.76 22.84 14.00 21.36 7.09 68.50 100 0.1448 9.9206 1.72 12.190 22.1110 
10500.0 15.12 23.40 14.00 21.89 7.44 68.50 100 0.1514 10.3734 1.72 12.792 23.1657 
10750.0 15.48 23.95 14.00 22.41 7.80 68.50 100 0.1582 10.8354 1.72 13.409 24.2441 
11000.0 15.84 24.51 14.00 22.93 8.16 68.50 100 0.1651 11.3067 1.72 14.040 25.3463 
11250.0 16.20 25.07 14.00 23.45 8.54 68.50 100 0.1721 11.7872 1.72 14.685 26.4722 
11500.0 16.56 25.62 14.00 23.97 8.92 68.50 100 0.1792 12.2769 1.72 15.345 27.6219 
11750.0 16.92 26.18 14.00 24.49 9.31 68.50 100 0.1865 12.7758 1.72 16.019 28.7951 
12000.0 17.28 26.74 14.00 25.01 9.71 68.50 100 0.1939 13.2837 1.72 16.708 29.9920 
12250.0 17.64 27.30 14.00 25.53 10.12 68.50 100 0.2015 13.8008 1.72 17.412 31.2126 
12500.0 18.00 27.85 14.00 26.05 10.54 68.50 100 0.2092 14.3270 1.72 18.130 32.4566 
12750.0 18.36 28.41 14.00 26.58 10.97 68.50 100 0.2170 14.8621 1.72 18.862 33.7243 
13000.0 18.72 28.97 14.00 27.10 11.40 68.50 100 0.2249 15.4063 1.72 19.609 35.0154 
13250.0 19.08 29.52 14.00 27.62 11.84 68.50 100 0.2330 15.9595 1.72 20.371 36.3300 
13500.0 19.44 30.08 14.00 28.14 12.29 68.50 100 0.2412 16.5217 1.72 21.146 37.6682 
13750.0 19.80 30.64 14.00 28.66 12.75 68.50 100 0.2495 17.0928 1.72 21.937 39.0297 
14000.0 20.16 31.19 14.00 29.18 13.22 68.50 100 0.2580 17.6728 1.72 22.742 40.4147 
14250.0 20.52 31.75 14.00 29.70 13.70 68.50 100 0.2666 18.2617 1.72 23.561 41.8230 
14500.0 20.88 32.31 14.00 30.22 14.18 68.50 100 0.2753 18.8595 1.72 24.395 43.2548 
14750.0 21.24 32.87 14.00 30.74 14.68 68.50 100 0.2842 19.4661 1.72 25.244 44.7099 
15000.0 21.60 33.42 14.00 31.26 15.18 68.50 100 0.2932 20.0816 1.72 26.107 46.1883 
15250.0 21.96 33.98 14.00 31.79 15.69 68.50 100 0.3023 20.7058 1.72 26.984 47.6900 
15500.0 22.32 34.54 14.00 32.31 16.21 68.50 100 0.3115 21.3388 1.72 27.876 49.2150 
15750.0 22.68 35.09 14.00 32.83 16.73 68.50 100 0.3209 21.9806 1.72 28.783 50.7633 
16000.0 23.04 35.65 14.00 33.35 17.27 68.50 100 0.3304 22.6312 1.72 29.704 52.3348 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 13.50 0.00 0.00 10640.5 120 0.0000 0.0000 3.1 0.000 0.0000 
250.0 0.36 0.56 13.50 0.56 0.00 10640.5 120 0.0001 1.3528 3.1 0.015 1.3679 
500.0 0.72 1.11 13.50 1.12 0.02 10640.5 120 0.0005 4.8835 3.1 0.060 4.9439 
750.0 1.08 1.67 13.50 1.68 0.04 10640.5 120 0.0010 10.3478 3.1 0.136 10.4839 

1000.0 1.44 2.23 13.50 2.24 0.08 10640.5 120 0.0017 17.6293 3.1 0.242 17.8711 
1250.0 1.80 2.79 13.50 2.80 0.12 10640.5 120 0.0025 26.6509 3.1 0.378 27.0288 
1500.0 2.16 3.34 13.50 3.36 0.18 10640.5 120 0.0035 37.3556 3.1 0.544 37.8998 
1750.0 2.52 3.90 13.50 3.92 0.24 10640.5 120 0.0047 49.6982 3.1 0.741 50.4390 
2000.0 2.88 4.46 13.50 4.48 0.31 10640.5 120 0.0060 63.6417 3.1 0.967 64.6092 
2250.0 3.24 5.01 13.50 5.04 0.39 10640.5 120 0.0074 79.1547 3.1 1.224 80.3791 
2500.0 3.60 5.57 13.50 5.60 0.49 10640.5 120 0.0090 96.2098 3.1 1.512 97.7215 
2750.0 3.96 6.13 13.50 6.16 0.59 10640.5 120 0.0108 114.7833 3.1 1.829 116.6124 
3000.0 4.32 6.68 13.50 6.72 0.70 10640.5 120 0.0127 134.8538 3.1 2.177 137.0306 
3250.0 4.68 7.24 13.50 7.29 0.82 10640.5 120 0.0147 156.4021 3.1 2.555 158.9568 
3500.0 5.04 7.80 13.50 7.85 0.96 10640.5 120 0.0169 179.4108 3.1 2.963 182.3737 
3750.0 5.40 8.36 13.50 8.41 1.10 10640.5 120 0.0192 203.8640 3.1 3.401 207.2652 
4000.0 5.76 8.91 13.50 8.97 1.25 10640.5 120 0.0216 229.7469 3.1 3.870 233.6168 
4250.0 6.12 9.47 13.50 9.53 1.41 10640.5 120 0.0242 257.0460 3.1 4.369 261.4148 
4500.0 6.48 10.03 13.50 10.09 1.58 10640.5 120 0.0269 285.7486 3.1 4.898 290.6465 

FM System Curve – 13.5” (14” Parallel FM 
Portion) 
Diameter =  13.5 in 
Area =  0.99402 ft2 
RH=D/4= 0.28125   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

4750.0 6.84 10.58 13.50 10.65 1.76 10640.5 120 0.0297 315.8429 3.1 5.457 321.3001 
5000.0 7.20 11.14 13.50 11.21 1.95 10640.5 120 0.0326 347.3178 3.1 6.047 353.3645 
5250.0 7.56 11.70 13.50 11.77 2.15 10640.5 120 0.0357 380.1628 3.1 6.667 386.8293 
5500.0 7.92 12.25 13.50 12.33 2.36 10640.5 120 0.0389 414.3680 3.1 7.317 421.6846 
5750.0 8.28 12.81 13.50 12.89 2.58 10640.5 120 0.0423 449.9242 3.1 7.997 457.9210 
6000.0 8.64 13.37 13.50 13.45 2.81 10640.5 120 0.0458 486.8225 3.1 8.707 495.5298 
6250.0 9.00 13.93 13.50 14.01 3.05 10640.5 120 0.0493 525.0544 3.1 9.448 534.5025 
6500.0 9.36 14.48 13.50 14.57 3.30 10640.5 120 0.0531 564.6120 3.1 10.219 574.8309 
6750.0 9.72 15.04 13.50 15.13 3.55 10640.5 120 0.0569 605.4874 3.1 11.020 616.5076 
7000.0 10.08 15.60 13.50 15.69 3.82 10640.5 120 0.0609 647.6735 3.1 11.852 659.5251 
7250.0 10.44 16.15 13.50 16.25 4.10 10640.5 120 0.0650 691.1631 3.1 12.713 703.8763 
7500.0 10.80 16.71 13.50 16.81 4.39 10640.5 120 0.0692 735.9495 3.1 13.605 749.5546 
7750.0 11.16 17.27 13.50 17.37 4.69 10640.5 120 0.0735 782.0262 3.1 14.527 796.5535 
8000.0 11.52 17.83 13.50 17.93 4.99 10640.5 120 0.0779 829.3870 3.1 15.480 844.8666 
8250.0 11.88 18.38 13.50 18.49 5.31 10640.5 120 0.0825 878.0258 3.1 16.462 894.4880 
8500.0 12.24 18.94 13.50 19.05 5.64 10640.5 120 0.0872 927.9368 3.1 17.475 945.4118 
8750.0 12.60 19.50 13.50 19.61 5.97 10640.5 120 0.0920 979.1145 3.1 18.518 997.6326 
9000.0 12.96 20.05 13.50 20.17 6.32 10640.5 120 0.0969 1031.5533 3.1 19.591 1051.1447 
9250.0 13.32 20.61 13.50 20.73 6.68 10640.5 120 0.1020 1085.2481 3.1 20.695 1105.9430 
9500.0 13.68 21.17 13.50 21.29 7.04 10640.5 120 0.1072 1140.1938 3.1 21.829 1162.0225 
9750.0 14.04 21.72 13.50 21.86 7.42 10640.5 120 0.1124 1196.3854 3.1 22.993 1219.3781 

10000.0 14.40 22.28 13.50 22.42 7.80 10640.5 120 0.1178 1253.8181 3.1 24.187 1278.0050 
10250.0 14.76 22.84 13.50 22.98 8.20 10640.5 120 0.1233 1312.4874 3.1 25.411 1337.8988 
10500.0 15.12 23.40 13.50 23.54 8.60 10640.5 120 0.1290 1372.3887 3.1 26.666 1399.0548 
10750.0 15.48 23.95 13.50 24.10 9.02 10640.5 120 0.1347 1433.5176 3.1 27.951 1461.4686 
11000.0 15.84 24.51 13.50 24.66 9.44 10640.5 120 0.1406 1495.8698 3.1 29.266 1525.1360 
11250.0 16.20 25.07 13.50 25.22 9.87 10640.5 120 0.1466 1559.4413 3.1 30.612 1590.0528 
11500.0 16.56 25.62 13.50 25.78 10.32 10640.5 120 0.1526 1624.2278 3.1 31.987 1656.2150 
11750.0 16.92 26.18 13.50 26.34 10.77 10640.5 120 0.1588 1690.2256 3.1 33.393 1723.6187 
12000.0 17.28 26.74 13.50 26.90 11.24 10640.5 120 0.1652 1757.4307 3.1 34.829 1792.2599 
12250.0 17.64 27.30 13.50 27.46 11.71 10640.5 120 0.1716 1825.8394 3.1 36.295 1862.1349 
12500.0 18.00 27.85 13.50 28.02 12.19 10640.5 120 0.1781 1895.4481 3.1 37.792 1933.2401 
12750.0 18.36 28.41 13.50 28.58 12.68 10640.5 120 0.1848 1966.2531 3.1 39.319 2005.5719 
13000.0 18.72 28.97 13.50 29.14 13.19 10640.5 120 0.1916 2038.2509 3.1 40.876 2079.1267 
13250.0 19.08 29.52 13.50 29.70 13.70 10640.5 120 0.1984 2111.4381 3.1 42.463 2153.9012 
13500.0 19.44 30.08 13.50 30.26 14.22 10640.5 120 0.2054 2185.8114 3.1 44.081 2229.8920 
13750.0 19.80 30.64 13.50 30.82 14.75 10640.5 120 0.2125 2261.3675 3.1 45.728 2307.0959 
14000.0 20.16 31.19 13.50 31.38 15.29 10640.5 120 0.2197 2338.1032 3.1 47.406 2385.5095 
14250.0 20.52 31.75 13.50 31.94 15.84 10640.5 120 0.2271 2416.0153 3.1 49.115 2465.1298 
14500.0 20.88 32.31 13.50 32.50 16.40 10640.5 120 0.2345 2495.1008 3.1 50.853 2545.9537 
14750.0 21.24 32.87 13.50 33.06 16.97 10640.5 120 0.2420 2575.3566 3.1 52.622 2627.9782 
15000.0 21.60 33.42 13.50 33.62 17.56 10640.5 120 0.2497 2656.7798 3.1 54.421 2711.2003 
15250.0 21.96 33.98 13.50 34.18 18.15 10640.5 120 0.2574 2739.3675 3.1 56.250 2795.6172 
15500.0 22.32 34.54 13.50 34.74 18.74 10640.5 120 0.2653 2823.1168 3.1 58.109 2881.2259 
15750.0 22.68 35.09 13.50 35.30 19.35 10640.5 120 0.2733 2908.0250 3.1 59.999 2968.0237 
16000.0 23.04 35.65 13.50 35.87 19.97 10640.5 120 0.2814 2994.0893 3.1 61.918 3056.0078 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 619.99 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 619.99 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 619.99 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 619.99 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 619.99 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 619.99 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 619.99 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 619.99 120 0.0003 0.1811 2.7 0.066 0.2473 

FM System Curve – 23.85” (28” Parallel FM Portion) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.456875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

2000.0 2.88 4.46 23.85 1.44 0.03 619.99 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 619.99 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 619.99 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 619.99 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 619.99 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 619.99 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 619.99 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 619.99 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 619.99 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 619.99 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 619.99 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 619.99 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 619.99 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 619.99 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 619.99 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 619.99 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 619.99 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 619.99 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 619.99 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 619.99 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 619.99 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 619.99 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 619.99 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 619.99 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 619.99 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 619.99 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 619.99 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 619.99 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 619.99 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 619.99 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 619.99 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 619.99 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 619.99 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 619.99 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 619.99 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 619.99 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 619.99 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 619.99 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 619.99 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 619.99 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 619.99 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 619.99 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 619.99 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 619.99 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 619.99 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 619.99 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 619.99 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 619.99 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 619.99 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 619.99 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 619.99 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 619.99 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 619.99 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 619.99 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 619.99 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 619.99 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 619.99 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 

FM System Curve – 25.14” (28” DIP)) 
Diameter =  25.14 in 
Area =  3.4471 ft2 
RH=D/4= 0.5238   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625 100 0.0000 0.0054 0.6 0.000 0.0056 
500.0 0.72 1.11 25.14 0.32 0.00 625 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625 100 0.0175 10.9132 0.6 0.905 11.8185 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

15500.0 22.32 34.54 25.14 10.02 1.56 625 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625 100 0.0191 11.9280 0.6 0.997 12.9245 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 2455 120 0.0000 0.0000 2.75 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 2455 120 0.0000 0.0146 2.75 0.001 0.0157 
500.0 0.72 1.11 25.30 0.32 0.00 2455 120 0.0000 0.0529 2.75 0.004 0.0572 
750.0 1.08 1.67 25.30 0.48 0.00 2455 120 0.0000 0.1120 2.75 0.010 0.1218 

1000.0 1.44 2.23 25.30 0.64 0.01 2455 120 0.0001 0.1908 2.75 0.017 0.2082 
1250.0 1.80 2.79 25.30 0.80 0.01 2455 120 0.0001 0.2885 2.75 0.027 0.3157 
1500.0 2.16 3.34 25.30 0.96 0.01 2455 120 0.0002 0.4044 2.75 0.039 0.4435 
1750.0 2.52 3.90 25.30 1.12 0.02 2455 120 0.0002 0.5380 2.75 0.053 0.5912 
2000.0 2.88 4.46 25.30 1.28 0.03 2455 120 0.0003 0.6889 2.75 0.070 0.7585 
2250.0 3.24 5.01 25.30 1.44 0.03 2455 120 0.0003 0.8568 2.75 0.088 0.9449 
2500.0 3.60 5.57 25.30 1.60 0.04 2455 120 0.0004 1.0414 2.75 0.109 1.1501 
2750.0 3.96 6.13 25.30 1.76 0.05 2455 120 0.0005 1.2425 2.75 0.132 1.3740 
3000.0 4.32 6.68 25.30 1.91 0.06 2455 120 0.0006 1.4597 2.75 0.157 1.6163 
3250.0 4.68 7.24 25.30 2.07 0.07 2455 120 0.0007 1.6930 2.75 0.184 1.8767 
3500.0 5.04 7.80 25.30 2.23 0.08 2455 120 0.0008 1.9420 2.75 0.213 2.1551 
3750.0 5.40 8.36 25.30 2.39 0.09 2455 120 0.0009 2.2067 2.75 0.245 2.4513 
4000.0 5.76 8.91 25.30 2.55 0.10 2455 120 0.0010 2.4869 2.75 0.278 2.7652 
4250.0 6.12 9.47 25.30 2.71 0.11 2455 120 0.0011 2.7824 2.75 0.314 3.0966 
4500.0 6.48 10.03 25.30 2.87 0.13 2455 120 0.0013 3.0931 2.75 0.352 3.4453 
4750.0 6.84 10.58 25.30 3.03 0.14 2455 120 0.0014 3.4189 2.75 0.392 3.8113 
5000.0 7.20 11.14 25.30 3.19 0.16 2455 120 0.0015 3.7596 2.75 0.435 4.1944 
5250.0 7.56 11.70 25.30 3.35 0.17 2455 120 0.0017 4.1151 2.75 0.479 4.5945 
5500.0 7.92 12.25 25.30 3.51 0.19 2455 120 0.0018 4.4854 2.75 0.526 5.0115 
5750.0 8.28 12.81 25.30 3.67 0.21 2455 120 0.0020 4.8702 2.75 0.575 5.4453 
6000.0 8.64 13.37 25.30 3.83 0.23 2455 120 0.0021 5.2696 2.75 0.626 5.8958 
6250.0 9.00 13.93 25.30 3.99 0.25 2455 120 0.0023 5.6835 2.75 0.679 6.3629 
6500.0 9.36 14.48 25.30 4.15 0.27 2455 120 0.0025 6.1117 2.75 0.735 6.8466 
6750.0 9.72 15.04 25.30 4.31 0.29 2455 120 0.0027 6.5541 2.75 0.793 7.3467 
7000.0 10.08 15.60 25.30 4.47 0.31 2455 120 0.0029 7.0108 2.75 0.852 7.8631 
7250.0 10.44 16.15 25.30 4.63 0.33 2455 120 0.0030 7.4815 2.75 0.914 8.3958 
7500.0 10.80 16.71 25.30 4.79 0.36 2455 120 0.0032 7.9663 2.75 0.978 8.9448 
7750.0 11.16 17.27 25.30 4.95 0.38 2455 120 0.0034 8.4651 2.75 1.045 9.5098 
8000.0 11.52 17.83 25.30 5.11 0.40 2455 120 0.0037 8.9778 2.75 1.113 10.0910 
8250.0 11.88 18.38 25.30 5.27 0.43 2455 120 0.0039 9.5043 2.75 1.184 10.6881 
8500.0 12.24 18.94 25.30 5.42 0.46 2455 120 0.0041 10.0445 2.75 1.257 11.3012 
8750.0 12.60 19.50 25.30 5.58 0.48 2455 120 0.0043 10.5985 2.75 1.332 11.9302 
9000.0 12.96 20.05 25.30 5.74 0.51 2455 120 0.0045 11.1661 2.75 1.409 12.5751 
9250.0 13.32 20.61 25.30 5.90 0.54 2455 120 0.0048 11.7473 2.75 1.488 13.2356 
9500.0 13.68 21.17 25.30 6.06 0.57 2455 120 0.0050 12.3421 2.75 1.570 13.9119 
9750.0 14.04 21.72 25.30 6.22 0.60 2455 120 0.0053 12.9504 2.75 1.654 14.6039 

10000.0 14.40 22.28 25.30 6.38 0.63 2455 120 0.0055 13.5720 2.75 1.739 15.3115 
10250.0 14.76 22.84 25.30 6.54 0.66 2455 120 0.0058 14.2071 2.75 1.827 16.0346 
10500.0 15.12 23.40 25.30 6.70 0.70 2455 120 0.0061 14.8555 2.75 1.918 16.7732 
10750.0 15.48 23.95 25.30 6.86 0.73 2455 120 0.0063 15.5172 2.75 2.010 17.5273 
11000.0 15.84 24.51 25.30 7.02 0.77 2455 120 0.0066 16.1921 2.75 2.105 18.2968 
11250.0 16.20 25.07 25.30 7.18 0.80 2455 120 0.0069 16.8803 2.75 2.201 19.0817 
11500.0 16.56 25.62 25.30 7.34 0.84 2455 120 0.0072 17.5816 2.75 2.300 19.8819 
11750.0 16.92 26.18 25.30 7.50 0.87 2455 120 0.0075 18.2960 2.75 2.401 20.6975 
12000.0 17.28 26.74 25.30 7.66 0.91 2455 120 0.0077 19.0234 2.75 2.505 21.5282 

FM System Curve – 25.3” (30” DIP)) 
Diameter =  25.3 in 
Area =  3.4911 ft2 
RH=D/4= 0.5271   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

12250.0 17.64 27.30 25.30 7.82 0.95 2455 120 0.0081 19.7639 2.75 2.610 22.3741 
12500.0 18.00 27.85 25.30 7.98 0.99 2455 120 0.0084 20.5174 2.75 2.718 23.2353 
12750.0 18.36 28.41 25.30 8.14 1.03 2455 120 0.0087 21.2838 2.75 2.828 24.1115 
13000.0 18.72 28.97 25.30 8.30 1.07 2455 120 0.0090 22.0632 2.75 2.940 25.0028 
13250.0 19.08 29.52 25.30 8.46 1.11 2455 120 0.0093 22.8554 2.75 3.054 25.9092 
13500.0 19.44 30.08 25.30 8.62 1.15 2455 120 0.0096 23.6605 2.75 3.170 26.8306 
13750.0 19.80 30.64 25.30 8.78 1.20 2455 120 0.0100 24.4783 2.75 3.289 27.7669 
14000.0 20.16 31.19 25.30 8.94 1.24 2455 120 0.0103 25.3090 2.75 3.409 28.7182 
14250.0 20.52 31.75 25.30 9.09 1.28 2455 120 0.0107 26.1523 2.75 3.532 29.6844 
14500.0 20.88 32.31 25.30 9.25 1.33 2455 120 0.0110 27.0084 2.75 3.657 30.6655 
14750.0 21.24 32.87 25.30 9.41 1.38 2455 120 0.0114 27.8771 2.75 3.784 31.6615 
15000.0 21.60 33.42 25.30 9.57 1.42 2455 120 0.0117 28.7585 2.75 3.914 32.6722 
15250.0 21.96 33.98 25.30 9.73 1.47 2455 120 0.0121 29.6525 2.75 4.045 33.6977 
15500.0 22.32 34.54 25.30 9.89 1.52 2455 120 0.0124 30.5590 2.75 4.179 34.7380 
15750.0 22.68 35.09 25.30 10.05 1.57 2455 120 0.0128 31.4781 2.75 4.315 35.7930 
16000.0 23.04 35.65 25.30 10.21 1.62 2455 120 0.0132 32.4097 2.75 4.453 36.8626 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 1794.00 100 0.0000 0.0000 2.03 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 1794.00 100 0.0000 0.0194 2.03 0.001 0.0204 
500.0 0.72 1.11 24.00 0.35 0.00 1794.00 100 0.0000 0.0700 2.03 0.004 0.0740 
750.0 1.08 1.67 24.00 0.53 0.00 1794.00 100 0.0001 0.1483 2.03 0.009 0.1573 

1000.0 1.44 2.23 24.00 0.71 0.01 1794.00 100 0.0001 0.2527 2.03 0.016 0.2686 
1250.0 1.80 2.79 24.00 0.89 0.01 1794.00 100 0.0002 0.3821 2.03 0.025 0.4068 
1500.0 2.16 3.34 24.00 1.06 0.02 1794.00 100 0.0003 0.5355 2.03 0.036 0.5712 
1750.0 2.52 3.90 24.00 1.24 0.02 1794.00 100 0.0004 0.7124 2.03 0.049 0.7610 
2000.0 2.88 4.46 24.00 1.42 0.03 1794.00 100 0.0005 0.9123 2.03 0.063 0.9758 
2250.0 3.24 5.01 24.00 1.60 0.04 1794.00 100 0.0006 1.1347 2.03 0.080 1.2150 
2500.0 3.60 5.57 24.00 1.77 0.05 1794.00 100 0.0008 1.3792 2.03 0.099 1.4783 
2750.0 3.96 6.13 24.00 1.95 0.06 1794.00 100 0.0009 1.6455 2.03 0.120 1.7654 
3000.0 4.32 6.68 24.00 2.13 0.07 1794.00 100 0.0011 1.9332 2.03 0.143 2.0759 
3250.0 4.68 7.24 24.00 2.31 0.08 1794.00 100 0.0012 2.2421 2.03 0.167 2.4096 
3500.0 5.04 7.80 24.00 2.48 0.10 1794.00 100 0.0014 2.5719 2.03 0.194 2.7662 
3750.0 5.40 8.36 24.00 2.66 0.11 1794.00 100 0.0016 2.9225 2.03 0.223 3.1455 
4000.0 5.76 8.91 24.00 2.84 0.12 1794.00 100 0.0018 3.2935 2.03 0.254 3.5472 
4250.0 6.12 9.47 24.00 3.01 0.14 1794.00 100 0.0021 3.6849 2.03 0.286 3.9713 
4500.0 6.48 10.03 24.00 3.19 0.16 1794.00 100 0.0023 4.0963 2.03 0.321 4.4174 
4750.0 6.84 10.58 24.00 3.37 0.18 1794.00 100 0.0025 4.5277 2.03 0.358 4.8855 
5000.0 7.20 11.14 24.00 3.55 0.20 1794.00 100 0.0028 4.9790 2.03 0.396 5.3754 
5250.0 7.56 11.70 24.00 3.72 0.22 1794.00 100 0.0030 5.4498 2.03 0.437 5.8868 
5500.0 7.92 12.25 24.00 3.90 0.24 1794.00 100 0.0033 5.9401 2.03 0.480 6.4198 
5750.0 8.28 12.81 24.00 4.08 0.26 1794.00 100 0.0036 6.4499 2.03 0.524 6.9741 
6000.0 8.64 13.37 24.00 4.26 0.28 1794.00 100 0.0039 6.9788 2.03 0.571 7.5496 
6250.0 9.00 13.93 24.00 4.43 0.31 1794.00 100 0.0042 7.5269 2.03 0.619 8.1463 
6500.0 9.36 14.48 24.00 4.61 0.33 1794.00 100 0.0045 8.0940 2.03 0.670 8.7639 
6750.0 9.72 15.04 24.00 4.79 0.36 1794.00 100 0.0048 8.6799 2.03 0.722 9.4024 
7000.0 10.08 15.60 24.00 4.96 0.38 1794.00 100 0.0052 9.2847 2.03 0.777 10.0616 
7250.0 10.44 16.15 24.00 5.14 0.41 1794.00 100 0.0055 9.9081 2.03 0.833 10.7416 
7500.0 10.80 16.71 24.00 5.32 0.44 1794.00 100 0.0059 10.5502 2.03 0.892 11.4421 
7750.0 11.16 17.27 24.00 5.50 0.47 1794.00 100 0.0062 11.2107 2.03 0.952 12.1631 
8000.0 11.52 17.83 24.00 5.67 0.50 1794.00 100 0.0066 11.8896 2.03 1.015 12.9044 
8250.0 11.88 18.38 24.00 5.85 0.53 1794.00 100 0.0070 12.5869 2.03 1.079 13.6661 
8500.0 12.24 18.94 24.00 6.03 0.56 1794.00 100 0.0074 13.3024 2.03 1.146 14.4480 
8750.0 12.60 19.50 24.00 6.21 0.60 1794.00 100 0.0078 14.0360 2.03 1.214 15.2500 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.1416 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

9000.0 12.96 20.05 24.00 6.38 0.63 1794.00 100 0.0082 14.7878 2.03 1.284 16.0721 
9250.0 13.32 20.61 24.00 6.56 0.67 1794.00 100 0.0087 15.5575 2.03 1.357 16.9142 
9500.0 13.68 21.17 24.00 6.74 0.70 1794.00 100 0.0091 16.3452 2.03 1.431 17.7762 
9750.0 14.04 21.72 24.00 6.92 0.74 1794.00 100 0.0096 17.1507 2.03 1.507 18.6581 

10000.0 14.40 22.28 24.00 7.09 0.78 1794.00 100 0.0100 17.9740 2.03 1.586 19.5597 
10250.0 14.76 22.84 24.00 7.27 0.82 1794.00 100 0.0105 18.8151 2.03 1.666 20.4810 
10500.0 15.12 23.40 24.00 7.45 0.86 1794.00 100 0.0110 19.6738 2.03 1.748 21.4220 
10750.0 15.48 23.95 24.00 7.62 0.90 1794.00 100 0.0115 20.5501 2.03 1.832 22.3825 
11000.0 15.84 24.51 24.00 7.80 0.95 1794.00 100 0.0120 21.4439 2.03 1.919 23.3626 
11250.0 16.20 25.07 24.00 7.98 0.99 1794.00 100 0.0125 22.3553 2.03 2.007 24.3621 
11500.0 16.56 25.62 24.00 8.16 1.03 1794.00 100 0.0130 23.2840 2.03 2.097 25.3810 
11750.0 16.92 26.18 24.00 8.33 1.08 1794.00 100 0.0135 24.2301 2.03 2.189 26.4193 
12000.0 17.28 26.74 24.00 8.51 1.12 1794.00 100 0.0140 25.1935 2.03 2.283 27.4769 
12250.0 17.64 27.30 24.00 8.69 1.17 1794.00 100 0.0146 26.1742 2.03 2.379 28.5537 
12500.0 18.00 27.85 24.00 8.87 1.22 1794.00 100 0.0151 27.1721 2.03 2.478 29.6496 
12750.0 18.36 28.41 24.00 9.04 1.27 1794.00 100 0.0157 28.1871 2.03 2.578 30.7647 
13000.0 18.72 28.97 24.00 9.22 1.32 1794.00 100 0.0163 29.2192 2.03 2.680 31.8989 
13250.0 19.08 29.52 24.00 9.40 1.37 1794.00 100 0.0169 30.2684 2.03 2.784 33.0522 
13500.0 19.44 30.08 24.00 9.57 1.42 1794.00 100 0.0175 31.3346 2.03 2.890 34.2244 
13750.0 19.80 30.64 24.00 9.75 1.48 1794.00 100 0.0181 32.4177 2.03 2.998 35.4155 
14000.0 20.16 31.19 24.00 9.93 1.53 1794.00 100 0.0187 33.5177 2.03 3.108 36.6256 
14250.0 20.52 31.75 24.00 10.11 1.59 1794.00 100 0.0193 34.6346 2.03 3.220 37.8545 
14500.0 20.88 32.31 24.00 10.28 1.64 1794.00 100 0.0199 35.7684 2.03 3.334 39.1022 
14750.0 21.24 32.87 24.00 10.46 1.70 1794.00 100 0.0206 36.9189 2.03 3.450 40.3686 
15000.0 21.60 33.42 24.00 10.64 1.76 1794.00 100 0.0212 38.0861 2.03 3.568 41.6538 
15250.0 21.96 33.98 24.00 10.82 1.82 1794.00 100 0.0219 39.2700 2.03 3.688 42.9576 
15500.0 22.32 34.54 24.00 10.99 1.88 1794.00 100 0.0226 40.4706 2.03 3.810 44.2801 
15750.0 22.68 35.09 24.00 11.17 1.94 1794.00 100 0.0232 41.6878 2.03 3.933 45.6212 
16000.0 23.04 35.65 24.00 11.35 2.00 1794.00 100 0.0239 42.9216 2.03 4.059 46.9808 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

 
MIN Static Head = 32.88 
MAX Static Head = 37.38

Q Q Losses 

(gpm) (mgd)  
0.0 0.00 0.00 

250.0 0.36 1.44 
500.0 0.72 5.21 
750.0 1.08 11.06 

1000.0 1.44 18.85 
1250.0 1.80 28.53 
1500.0 2.16 40.01 
1750.0 2.52 53.26 
2000.0 2.88 68.24 
2250.0 3.24 84.92 
2500.0 3.60 103.26 
2750.0 3.96 123.24 
3000.0 4.32 144.84 
3250.0 4.68 168.05 
3500.0 5.04 192.83 
3750.0 5.40 219.18 
4000.0 5.76 247.07 
4250.0 6.12 276.51 
4500.0 6.48 307.46 
4750.0 6.84 339.93 
5000.0 7.20 373.89 
5250.0 7.56 409.34 
5500.0 7.92 446.26 
5750.0 8.28 484.66 
6000.0 8.64 524.51 
6250.0 9.00 565.81 
6500.0 9.36 608.55 
6750.0 9.72 652.72 
7000.0 10.08 698.32 
7250.0 10.44 745.33 
7500.0 10.80 793.76 
7750.0 11.16 843.59 
8000.0 11.52 894.82 
8250.0 11.88 947.43 
8500.0 12.24 1001.44 
8750.0 12.60 1056.82 
9000.0 12.96 1113.58 
9250.0 13.32 1171.70 
9500.0 13.68 1231.19 
9750.0 14.04 1292.03 

10000.0 14.40 1354.23 
10250.0 14.76 1417.77 
10500.0 15.12 1482.66 
10750.0 15.48 1548.88 
11000.0 15.84 1616.44 
11250.0 16.20 1685.33 
11500.0 16.56 1755.55 
11750.0 16.92 1827.08 
12000.0 17.28 1899.94 
12250.0 17.64 1974.10 
12500.0 18.00 2049.58 
12750.0 18.36 2126.36 
13000.0 18.72 2204.45 
13250.0 19.08 2283.83 
13500.0 19.44 2364.51 
13750.0 19.80 2446.48 
14000.0 20.16 2529.73 
14250.0 20.52 2614.28 
14500.0 20.88 2700.10 
14750.0 21.24 2787.20 
15000.0 21.60 2875.58 
15250.0 21.96 2965.23 
15500.0 22.32 3056.15 
15750.0 22.68 3148.34 
16000.0 23.04 3241.79 

Q Q Min Static Max Static 

(gpm) (mgd)    

0.0 0.00 32.88 37.38 
250.0 0.36 34.32 38.82 
500.0 0.72 38.09 42.59 
750.0 1.08 43.94 48.44 

1000.0 1.44 51.73 56.23 
1250.0 1.80 61.41 65.91 
1500.0 2.16 72.89 77.39 
1750.0 2.52 86.14 90.64 
2000.0 2.88 101.12 105.62 
2250.0 3.24 117.80 122.30 
2500.0 3.60 136.14 140.64 
2750.0 3.96 156.12 160.62 
3000.0 4.32 177.72 182.22 
3250.0 4.68 200.93 205.43 
3500.0 5.04 225.71 230.21 
3750.0 5.40 252.06 256.56 
4000.0 5.76 279.95 284.45 
4250.0 6.12 309.39 313.89 
4500.0 6.48 340.34 344.84 
4750.0 6.84 372.81 377.31 
5000.0 7.20 406.77 411.27 
5250.0 7.56 442.22 446.72 
5500.0 7.92 479.14 483.64 
5750.0 8.28 517.54 522.04 
6000.0 8.64 557.39 561.89 
6250.0 9.00 598.69 603.19 
6500.0 9.36 641.43 645.93 
6750.0 9.72 685.60 690.10 
7000.0 10.08 731.20 735.70 
7250.0 10.44 778.21 782.71 
7500.0 10.80 826.64 831.14 
7750.0 11.16 876.47 880.97 
8000.0 11.52 927.70 932.20 
8250.0 11.88 980.31 984.81 
8500.0 12.24 1034.32 1038.82 
8750.0 12.60 1089.70 1094.20 
9000.0 12.96 1146.46 1150.96 
9250.0 13.32 1204.58 1209.08 
9500.0 13.68 1264.07 1268.57 
9750.0 14.04 1324.91 1329.41 

10000.0 14.40 1387.11 1391.61 
10250.0 14.76 1450.65 1455.15 
10500.0 15.12 1515.54 1520.04 
10750.0 15.48 1581.76 1586.26 
11000.0 15.84 1649.32 1653.82 
11250.0 16.20 1718.21 1722.71 
11500.0 16.56 1788.43 1792.93 
11750.0 16.92 1859.96 1864.46 
12000.0 17.28 1932.82 1937.32 
12250.0 17.64 2006.98 2011.48 
12500.0 18.00 2082.46 2086.96 
12750.0 18.36 2159.24 2163.74 
13000.0 18.72 2237.33 2241.83 
13250.0 19.08 2316.71 2321.21 
13500.0 19.44 2397.39 2401.89 
13750.0 19.80 2479.36 2483.86 
14000.0 20.16 2562.61 2567.11 
14250.0 20.52 2647.16 2651.66 
14500.0 20.88 2732.98 2737.48 
14750.0 21.24 2820.08 2824.58 
15000.0 21.60 2908.46 2912.96 
15250.0 21.96 2998.11 3002.61 
15500.0 22.32 3089.03 3093.53 
15750.0 22.68 3181.22 3185.72 
16000.0 23.04 3274.67 3279.17 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

 

 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 316 100 0.0000 0.0000 3.8 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 316 100 0.0000 0.0034 3.8 0.002 0.0053 
500.0 0.72 1.11 24.00 0.35 0.00 316 100 0.0000 0.0123 3.8 0.007 0.0198 
750.0 1.08 1.67 24.00 0.53 0.00 316 100 0.0001 0.0261 3.8 0.017 0.0428 

1000.0 1.44 2.23 24.00 0.71 0.01 316 100 0.0001 0.0445 3.8 0.030 0.0742 
1250.0 1.80 2.79 24.00 0.89 0.01 316 100 0.0002 0.0673 3.8 0.046 0.1137 
1500.0 2.16 3.34 24.00 1.06 0.02 316 100 0.0003 0.0943 3.8 0.067 0.1611 
1750.0 2.52 3.90 24.00 1.24 0.02 316 100 0.0004 0.1255 3.8 0.091 0.2164 
2000.0 2.88 4.46 24.00 1.42 0.03 316 100 0.0005 0.1607 3.8 0.119 0.2794 
2250.0 3.24 5.01 24.00 1.60 0.04 316 100 0.0006 0.1999 3.8 0.150 0.3501 
2500.0 3.60 5.57 24.00 1.77 0.05 316 100 0.0008 0.2429 3.8 0.186 0.4284 
2750.0 3.96 6.13 24.00 1.95 0.06 316 100 0.0009 0.2898 3.8 0.224 0.5143 
3000.0 4.32 6.68 24.00 2.13 0.07 316 100 0.0011 0.3405 3.8 0.267 0.6077 
3250.0 4.68 7.24 24.00 2.31 0.08 316 100 0.0012 0.3949 3.8 0.314 0.7084 
3500.0 5.04 7.80 24.00 2.48 0.10 316 100 0.0014 0.4530 3.8 0.364 0.8166 
3750.0 5.40 8.36 24.00 2.66 0.11 316 100 0.0016 0.5148 3.8 0.417 0.9322 
4000.0 5.76 8.91 24.00 2.84 0.12 316 100 0.0018 0.5801 3.8 0.475 1.0550 
4250.0 6.12 9.47 24.00 3.01 0.14 316 100 0.0021 0.6491 3.8 0.536 1.1852 
4500.0 6.48 10.03 24.00 3.19 0.16 316 100 0.0023 0.7215 3.8 0.601 1.3226 
4750.0 6.84 10.58 24.00 3.37 0.18 316 100 0.0025 0.7975 3.8 0.670 1.4672 
5000.0 7.20 11.14 24.00 3.55 0.20 316 100 0.0028 0.8770 3.8 0.742 1.6191 
5250.0 7.56 11.70 24.00 3.72 0.22 316 100 0.0030 0.9599 3.8 0.818 1.7781 
5500.0 7.92 12.25 24.00 3.90 0.24 316 100 0.0033 1.0463 3.8 0.898 1.9442 
5750.0 8.28 12.81 24.00 4.08 0.26 316 100 0.0036 1.1361 3.8 0.981 2.1175 
6000.0 8.64 13.37 24.00 4.26 0.28 316 100 0.0039 1.2293 3.8 1.069 2.2978 
6250.0 9.00 13.93 24.00 4.43 0.31 316 100 0.0042 1.3258 3.8 1.159 2.4853 
6500.0 9.36 14.48 24.00 4.61 0.33 316 100 0.0045 1.4257 3.8 1.254 2.6798 
6750.0 9.72 15.04 24.00 4.79 0.36 316 100 0.0048 1.5289 3.8 1.352 2.8813 
7000.0 10.08 15.60 24.00 4.96 0.38 316 100 0.0052 1.6354 3.8 1.454 3.0898 
7250.0 10.44 16.15 24.00 5.14 0.41 316 100 0.0055 1.7452 3.8 1.560 3.3054 
7500.0 10.80 16.71 24.00 5.32 0.44 316 100 0.0059 1.8583 3.8 1.670 3.5279 
7750.0 11.16 17.27 24.00 5.50 0.47 316 100 0.0062 1.9747 3.8 1.783 3.7575 
8000.0 11.52 17.83 24.00 5.67 0.50 316 100 0.0066 2.0943 3.8 1.900 3.9939 
8250.0 11.88 18.38 24.00 5.85 0.53 316 100 0.0070 2.2171 3.8 2.020 4.2373 
8500.0 12.24 18.94 24.00 6.03 0.56 316 100 0.0074 2.3431 3.8 2.145 4.4876 
8750.0 12.60 19.50 24.00 6.21 0.60 316 100 0.0078 2.4723 3.8 2.273 4.7449 
9000.0 12.96 20.05 24.00 6.38 0.63 316 100 0.0082 2.6048 3.8 2.404 5.0090 
9250.0 13.32 20.61 24.00 6.56 0.67 316 100 0.0087 2.7403 3.8 2.540 5.2800 
9500.0 13.68 21.17 24.00 6.74 0.70 316 100 0.0091 2.8791 3.8 2.679 5.5579 
9750.0 14.04 21.72 24.00 6.92 0.74 316 100 0.0096 3.0210 3.8 2.822 5.8426 

10000.0 14.40 22.28 24.00 7.09 0.78 316 100 0.0100 3.1660 3.8 2.968 6.1342 
10250.0 14.76 22.84 24.00 7.27 0.82 316 100 0.0105 3.3141 3.8 3.118 6.4326 
10500.0 15.12 23.40 24.00 7.45 0.86 316 100 0.0110 3.4654 3.8 3.272 6.7378 

FM System Curve – 24” (24” Parallel FM Portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

10750.0 15.48 23.95 24.00 7.62 0.90 316 100 0.0115 3.6197 3.8 3.430 7.0499 
11000.0 15.84 24.51 24.00 7.80 0.95 316 100 0.0120 3.7772 3.8 3.592 7.3687 
11250.0 16.20 25.07 24.00 7.98 0.99 316 100 0.0125 3.9377 3.8 3.757 7.6943 
11500.0 16.56 25.62 24.00 8.16 1.03 316 100 0.0130 4.1013 3.8 3.925 8.0267 
11750.0 16.92 26.18 24.00 8.33 1.08 316 100 0.0135 4.2680 3.8 4.098 8.3659 
12000.0 17.28 26.74 24.00 8.51 1.12 316 100 0.0140 4.4377 3.8 4.274 8.7119 
12250.0 17.64 27.30 24.00 8.69 1.17 316 100 0.0146 4.6104 3.8 4.454 9.0645 
12500.0 18.00 27.85 24.00 8.87 1.22 316 100 0.0151 4.7862 3.8 4.638 9.4240 
12750.0 18.36 28.41 24.00 9.04 1.27 316 100 0.0157 4.9650 3.8 4.825 9.7901 
13000.0 18.72 28.97 24.00 9.22 1.32 316 100 0.0163 5.1468 3.8 5.016 10.1630 
13250.0 19.08 29.52 24.00 9.40 1.37 316 100 0.0169 5.3316 3.8 5.211 10.5426 
13500.0 19.44 30.08 24.00 9.57 1.42 316 100 0.0175 5.5194 3.8 5.410 10.9289 
13750.0 19.80 30.64 24.00 9.75 1.48 316 100 0.0181 5.7101 3.8 5.612 11.3219 
14000.0 20.16 31.19 24.00 9.93 1.53 316 100 0.0187 5.9039 3.8 5.818 11.7216 
14250.0 20.52 31.75 24.00 10.11 1.59 316 100 0.0193 6.1006 3.8 6.027 12.1279 
14500.0 20.88 32.31 24.00 10.28 1.64 316 100 0.0199 6.3003 3.8 6.241 12.5410 
14750.0 21.24 32.87 24.00 10.46 1.70 316 100 0.0206 6.5030 3.8 6.458 12.9607 
15000.0 21.60 33.42 24.00 10.64 1.76 316 100 0.0212 6.7086 3.8 6.678 13.3870 
15250.0 21.96 33.98 24.00 10.82 1.82 316 100 0.0219 6.9171 3.8 6.903 13.8200 
15500.0 22.32 34.54 24.00 10.99 1.88 316 100 0.0226 7.1286 3.8 7.131 14.2597 
15750.0 22.68 35.09 24.00 11.17 1.94 316 100 0.0232 7.3430 3.8 7.363 14.7060 
16000.0 23.04 35.65 24.00 11.35 2.00 316 100 0.0239 7.5603 3.8 7.599 15.1589 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 68.50 100 0.0000 0.0000 1.72 0.000 0.0000 
250.0 0.36 0.56 14.00 0.52 0.00 68.50 100 0.0001 0.0102 1.72 0.007 0.0175 
500.0 0.72 1.11 14.00 1.04 0.02 68.50 100 0.0005 0.0369 1.72 0.029 0.0659 
750.0 1.08 1.67 14.00 1.56 0.04 68.50 100 0.0011 0.0782 1.72 0.065 0.1435 

1000.0 1.44 2.23 14.00 2.08 0.07 68.50 100 0.0019 0.1333 1.72 0.116 0.2493 
1250.0 1.80 2.79 14.00 2.61 0.11 68.50 100 0.0029 0.2014 1.72 0.181 0.3827 
1500.0 2.16 3.34 14.00 3.13 0.15 68.50 100 0.0041 0.2824 1.72 0.261 0.5434 
1750.0 2.52 3.90 14.00 3.65 0.21 68.50 100 0.0055 0.3756 1.72 0.355 0.7310 
2000.0 2.88 4.46 14.00 4.17 0.27 68.50 100 0.0070 0.4810 1.72 0.464 0.9452 
2250.0 3.24 5.01 14.00 4.69 0.34 68.50 100 0.0087 0.5983 1.72 0.587 1.1857 
2500.0 3.60 5.57 14.00 5.21 0.42 68.50 100 0.0106 0.7272 1.72 0.725 1.4524 
2750.0 3.96 6.13 14.00 5.73 0.51 68.50 100 0.0127 0.8676 1.72 0.877 1.7451 
3000.0 4.32 6.68 14.00 6.25 0.61 68.50 100 0.0149 1.0193 1.72 1.044 2.0636 
3250.0 4.68 7.24 14.00 6.77 0.71 68.50 100 0.0173 1.1822 1.72 1.226 2.4077 
3500.0 5.04 7.80 14.00 7.30 0.83 68.50 100 0.0198 1.3561 1.72 1.421 2.7775 
3750.0 5.40 8.36 14.00 7.82 0.95 68.50 100 0.0225 1.5409 1.72 1.632 3.1726 
4000.0 5.76 8.91 14.00 8.34 1.08 68.50 100 0.0254 1.7366 1.72 1.856 3.5930 
4250.0 6.12 9.47 14.00 8.86 1.22 68.50 100 0.0284 1.9429 1.72 2.096 4.0387 
4500.0 6.48 10.03 14.00 9.38 1.37 68.50 100 0.0315 2.1599 1.72 2.350 4.5095 
4750.0 6.84 10.58 14.00 9.90 1.52 68.50 100 0.0349 2.3873 1.72 2.618 5.0053 
5000.0 7.20 11.14 14.00 10.42 1.69 68.50 100 0.0383 2.6252 1.72 2.901 5.5260 
5250.0 7.56 11.70 14.00 10.94 1.86 68.50 100 0.0419 2.8735 1.72 3.198 6.0716 
5500.0 7.92 12.25 14.00 11.46 2.04 68.50 100 0.0457 3.1320 1.72 3.510 6.6420 
5750.0 8.28 12.81 14.00 11.98 2.23 68.50 100 0.0496 3.4008 1.72 3.836 7.2370 
6000.0 8.64 13.37 14.00 12.51 2.43 68.50 100 0.0537 3.6797 1.72 4.177 7.8568 
6250.0 9.00 13.93 14.00 13.03 2.64 68.50 100 0.0579 3.9687 1.72 4.532 8.5011 
6500.0 9.36 14.48 14.00 13.55 2.85 68.50 100 0.0623 4.2677 1.72 4.902 9.1699 
6750.0 9.72 15.04 14.00 14.07 3.07 68.50 100 0.0668 4.5766 1.72 5.287 9.8633 
7000.0 10.08 15.60 14.00 14.59 3.31 68.50 100 0.0715 4.8955 1.72 5.685 10.5810 
7250.0 10.44 16.15 14.00 15.11 3.55 68.50 100 0.0763 5.2242 1.72 6.099 11.3231 
7500.0 10.80 16.71 14.00 15.63 3.79 68.50 100 0.0812 5.5628 1.72 6.527 12.0894 

FM System Curve – 14” (14” Parallel FM Portion) 
Diameter =  14 in 
Area =  1.069014 ft2 
RH=D/4= 0.291667   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

7750.0 11.16 17.27 14.00 16.15 4.05 68.50 100 0.0863 5.9110 1.72 6.969 12.8801 
8000.0 11.52 17.83 14.00 16.67 4.32 68.50 100 0.0915 6.2690 1.72 7.426 13.6949 
8250.0 11.88 18.38 14.00 17.20 4.59 68.50 100 0.0969 6.6367 1.72 7.897 14.5339 
8500.0 12.24 18.94 14.00 17.72 4.87 68.50 100 0.1024 7.0139 1.72 8.383 15.3971 
8750.0 12.60 19.50 14.00 18.24 5.16 68.50 100 0.1080 7.4007 1.72 8.884 16.2843 
9000.0 12.96 20.05 14.00 18.76 5.46 68.50 100 0.1138 7.7971 1.72 9.398 17.1955 
9250.0 13.32 20.61 14.00 19.28 5.77 68.50 100 0.1198 8.2030 1.72 9.928 18.1308 
9500.0 13.68 21.17 14.00 19.80 6.09 68.50 100 0.1258 8.6183 1.72 10.472 19.0900 
9750.0 14.04 21.72 14.00 20.32 6.41 68.50 100 0.1320 9.0430 1.72 11.030 20.0731 

10000.0 14.40 22.28 14.00 20.84 6.75 68.50 100 0.1384 9.4771 1.72 11.603 21.0801 
10250.0 14.76 22.84 14.00 21.36 7.09 68.50 100 0.1448 9.9206 1.72 12.190 22.1110 
10500.0 15.12 23.40 14.00 21.89 7.44 68.50 100 0.1514 10.3734 1.72 12.792 23.1657 
10750.0 15.48 23.95 14.00 22.41 7.80 68.50 100 0.1582 10.8354 1.72 13.409 24.2441 
11000.0 15.84 24.51 14.00 22.93 8.16 68.50 100 0.1651 11.3067 1.72 14.040 25.3463 
11250.0 16.20 25.07 14.00 23.45 8.54 68.50 100 0.1721 11.7872 1.72 14.685 26.4722 
11500.0 16.56 25.62 14.00 23.97 8.92 68.50 100 0.1792 12.2769 1.72 15.345 27.6219 
11750.0 16.92 26.18 14.00 24.49 9.31 68.50 100 0.1865 12.7758 1.72 16.019 28.7951 
12000.0 17.28 26.74 14.00 25.01 9.71 68.50 100 0.1939 13.2837 1.72 16.708 29.9920 
12250.0 17.64 27.30 14.00 25.53 10.12 68.50 100 0.2015 13.8008 1.72 17.412 31.2126 
12500.0 18.00 27.85 14.00 26.05 10.54 68.50 100 0.2092 14.3270 1.72 18.130 32.4566 
12750.0 18.36 28.41 14.00 26.58 10.97 68.50 100 0.2170 14.8621 1.72 18.862 33.7243 
13000.0 18.72 28.97 14.00 27.10 11.40 68.50 100 0.2249 15.4063 1.72 19.609 35.0154 
13250.0 19.08 29.52 14.00 27.62 11.84 68.50 100 0.2330 15.9595 1.72 20.371 36.3300 
13500.0 19.44 30.08 14.00 28.14 12.29 68.50 100 0.2412 16.5217 1.72 21.146 37.6682 
13750.0 19.80 30.64 14.00 28.66 12.75 68.50 100 0.2495 17.0928 1.72 21.937 39.0297 
14000.0 20.16 31.19 14.00 29.18 13.22 68.50 100 0.2580 17.6728 1.72 22.742 40.4147 
14250.0 20.52 31.75 14.00 29.70 13.70 68.50 100 0.2666 18.2617 1.72 23.561 41.8230 
14500.0 20.88 32.31 14.00 30.22 14.18 68.50 100 0.2753 18.8595 1.72 24.395 43.2548 
14750.0 21.24 32.87 14.00 30.74 14.68 68.50 100 0.2842 19.4661 1.72 25.244 44.7099 
15000.0 21.60 33.42 14.00 31.26 15.18 68.50 100 0.2932 20.0816 1.72 26.107 46.1883 
15250.0 21.96 33.98 14.00 31.79 15.69 68.50 100 0.3023 20.7058 1.72 26.984 47.6900 
15500.0 22.32 34.54 14.00 32.31 16.21 68.50 100 0.3115 21.3388 1.72 27.876 49.2150 
15750.0 22.68 35.09 14.00 32.83 16.73 68.50 100 0.3209 21.9806 1.72 28.783 50.7633 
16000.0 23.04 35.65 14.00 33.35 17.27 68.50 100 0.3304 22.6312 1.72 29.704 52.3348 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 13.50 0.00 0.00 10640.5 120 0.0000 0.0000 3.1 0.000 0.0000 
250.0 0.36 0.56 13.50 0.56 0.00 10640.5 120 0.0001 1.3528 3.1 0.015 1.3679 
500.0 0.72 1.11 13.50 1.12 0.02 10640.5 120 0.0005 4.8835 3.1 0.060 4.9439 
750.0 1.08 1.67 13.50 1.68 0.04 10640.5 120 0.0010 10.3478 3.1 0.136 10.4839 

1000.0 1.44 2.23 13.50 2.24 0.08 10640.5 120 0.0017 17.6293 3.1 0.242 17.8711 
1250.0 1.80 2.79 13.50 2.80 0.12 10640.5 120 0.0025 26.6509 3.1 0.378 27.0288 
1500.0 2.16 3.34 13.50 3.36 0.18 10640.5 120 0.0035 37.3556 3.1 0.544 37.8998 
1750.0 2.52 3.90 13.50 3.92 0.24 10640.5 120 0.0047 49.6982 3.1 0.741 50.4390 
2000.0 2.88 4.46 13.50 4.48 0.31 10640.5 120 0.0060 63.6417 3.1 0.967 64.6092 
2250.0 3.24 5.01 13.50 5.04 0.39 10640.5 120 0.0074 79.1547 3.1 1.224 80.3791 
2500.0 3.60 5.57 13.50 5.60 0.49 10640.5 120 0.0090 96.2098 3.1 1.512 97.7215 
2750.0 3.96 6.13 13.50 6.16 0.59 10640.5 120 0.0108 114.7833 3.1 1.829 116.6124 
3000.0 4.32 6.68 13.50 6.72 0.70 10640.5 120 0.0127 134.8538 3.1 2.177 137.0306 
3250.0 4.68 7.24 13.50 7.29 0.82 10640.5 120 0.0147 156.4021 3.1 2.555 158.9568 
3500.0 5.04 7.80 13.50 7.85 0.96 10640.5 120 0.0169 179.4108 3.1 2.963 182.3737 
3750.0 5.40 8.36 13.50 8.41 1.10 10640.5 120 0.0192 203.8640 3.1 3.401 207.2652 
4000.0 5.76 8.91 13.50 8.97 1.25 10640.5 120 0.0216 229.7469 3.1 3.870 233.6168 
4250.0 6.12 9.47 13.50 9.53 1.41 10640.5 120 0.0242 257.0460 3.1 4.369 261.4148 
4500.0 6.48 10.03 13.50 10.09 1.58 10640.5 120 0.0269 285.7486 3.1 4.898 290.6465 

FM System Curve – 13.5” (14” Parallel FM 
Portion) 
Diameter =  13.5 in 
Area =  0.99402 ft2 
RH=D/4= 0.28125   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

4750.0 6.84 10.58 13.50 10.65 1.76 10640.5 120 0.0297 315.8429 3.1 5.457 321.3001 
5000.0 7.20 11.14 13.50 11.21 1.95 10640.5 120 0.0326 347.3178 3.1 6.047 353.3645 
5250.0 7.56 11.70 13.50 11.77 2.15 10640.5 120 0.0357 380.1628 3.1 6.667 386.8293 
5500.0 7.92 12.25 13.50 12.33 2.36 10640.5 120 0.0389 414.3680 3.1 7.317 421.6846 
5750.0 8.28 12.81 13.50 12.89 2.58 10640.5 120 0.0423 449.9242 3.1 7.997 457.9210 
6000.0 8.64 13.37 13.50 13.45 2.81 10640.5 120 0.0458 486.8225 3.1 8.707 495.5298 
6250.0 9.00 13.93 13.50 14.01 3.05 10640.5 120 0.0493 525.0544 3.1 9.448 534.5025 
6500.0 9.36 14.48 13.50 14.57 3.30 10640.5 120 0.0531 564.6120 3.1 10.219 574.8309 
6750.0 9.72 15.04 13.50 15.13 3.55 10640.5 120 0.0569 605.4874 3.1 11.020 616.5076 
7000.0 10.08 15.60 13.50 15.69 3.82 10640.5 120 0.0609 647.6735 3.1 11.852 659.5251 
7250.0 10.44 16.15 13.50 16.25 4.10 10640.5 120 0.0650 691.1631 3.1 12.713 703.8763 
7500.0 10.80 16.71 13.50 16.81 4.39 10640.5 120 0.0692 735.9495 3.1 13.605 749.5546 
7750.0 11.16 17.27 13.50 17.37 4.69 10640.5 120 0.0735 782.0262 3.1 14.527 796.5535 
8000.0 11.52 17.83 13.50 17.93 4.99 10640.5 120 0.0779 829.3870 3.1 15.480 844.8666 
8250.0 11.88 18.38 13.50 18.49 5.31 10640.5 120 0.0825 878.0258 3.1 16.462 894.4880 
8500.0 12.24 18.94 13.50 19.05 5.64 10640.5 120 0.0872 927.9368 3.1 17.475 945.4118 
8750.0 12.60 19.50 13.50 19.61 5.97 10640.5 120 0.0920 979.1145 3.1 18.518 997.6326 
9000.0 12.96 20.05 13.50 20.17 6.32 10640.5 120 0.0969 1031.5533 3.1 19.591 1051.1447 
9250.0 13.32 20.61 13.50 20.73 6.68 10640.5 120 0.1020 1085.2481 3.1 20.695 1105.9430 
9500.0 13.68 21.17 13.50 21.29 7.04 10640.5 120 0.1072 1140.1938 3.1 21.829 1162.0225 
9750.0 14.04 21.72 13.50 21.86 7.42 10640.5 120 0.1124 1196.3854 3.1 22.993 1219.3781 

10000.0 14.40 22.28 13.50 22.42 7.80 10640.5 120 0.1178 1253.8181 3.1 24.187 1278.0050 
10250.0 14.76 22.84 13.50 22.98 8.20 10640.5 120 0.1233 1312.4874 3.1 25.411 1337.8988 
10500.0 15.12 23.40 13.50 23.54 8.60 10640.5 120 0.1290 1372.3887 3.1 26.666 1399.0548 
10750.0 15.48 23.95 13.50 24.10 9.02 10640.5 120 0.1347 1433.5176 3.1 27.951 1461.4686 
11000.0 15.84 24.51 13.50 24.66 9.44 10640.5 120 0.1406 1495.8698 3.1 29.266 1525.1360 
11250.0 16.20 25.07 13.50 25.22 9.87 10640.5 120 0.1466 1559.4413 3.1 30.612 1590.0528 
11500.0 16.56 25.62 13.50 25.78 10.32 10640.5 120 0.1526 1624.2278 3.1 31.987 1656.2150 
11750.0 16.92 26.18 13.50 26.34 10.77 10640.5 120 0.1588 1690.2256 3.1 33.393 1723.6187 
12000.0 17.28 26.74 13.50 26.90 11.24 10640.5 120 0.1652 1757.4307 3.1 34.829 1792.2599 
12250.0 17.64 27.30 13.50 27.46 11.71 10640.5 120 0.1716 1825.8394 3.1 36.295 1862.1349 
12500.0 18.00 27.85 13.50 28.02 12.19 10640.5 120 0.1781 1895.4481 3.1 37.792 1933.2401 
12750.0 18.36 28.41 13.50 28.58 12.68 10640.5 120 0.1848 1966.2531 3.1 39.319 2005.5719 
13000.0 18.72 28.97 13.50 29.14 13.19 10640.5 120 0.1916 2038.2509 3.1 40.876 2079.1267 
13250.0 19.08 29.52 13.50 29.70 13.70 10640.5 120 0.1984 2111.4381 3.1 42.463 2153.9012 
13500.0 19.44 30.08 13.50 30.26 14.22 10640.5 120 0.2054 2185.8114 3.1 44.081 2229.8920 
13750.0 19.80 30.64 13.50 30.82 14.75 10640.5 120 0.2125 2261.3675 3.1 45.728 2307.0959 
14000.0 20.16 31.19 13.50 31.38 15.29 10640.5 120 0.2197 2338.1032 3.1 47.406 2385.5095 
14250.0 20.52 31.75 13.50 31.94 15.84 10640.5 120 0.2271 2416.0153 3.1 49.115 2465.1298 
14500.0 20.88 32.31 13.50 32.50 16.40 10640.5 120 0.2345 2495.1008 3.1 50.853 2545.9537 
14750.0 21.24 32.87 13.50 33.06 16.97 10640.5 120 0.2420 2575.3566 3.1 52.622 2627.9782 
15000.0 21.60 33.42 13.50 33.62 17.56 10640.5 120 0.2497 2656.7798 3.1 54.421 2711.2003 
15250.0 21.96 33.98 13.50 34.18 18.15 10640.5 120 0.2574 2739.3675 3.1 56.250 2795.6172 
15500.0 22.32 34.54 13.50 34.74 18.74 10640.5 120 0.2653 2823.1168 3.1 58.109 2881.2259 
15750.0 22.68 35.09 13.50 35.30 19.35 10640.5 120 0.2733 2908.0250 3.1 59.999 2968.0237 
16000.0 23.04 35.65 13.50 35.87 19.97 10640.5 120 0.2814 2994.0893 3.1 61.918 3056.0078 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 619.99 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 619.99 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 619.99 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 619.99 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 619.99 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 619.99 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 619.99 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 619.99 120 0.0003 0.1811 2.7 0.066 0.2473 

FM System Curve – 23.85” (28” Parallel FM Portion) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.456875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

2000.0 2.88 4.46 23.85 1.44 0.03 619.99 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 619.99 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 619.99 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 619.99 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 619.99 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 619.99 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 619.99 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 619.99 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 619.99 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 619.99 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 619.99 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 619.99 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 619.99 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 619.99 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 619.99 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 619.99 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 619.99 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 619.99 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 619.99 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 619.99 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 619.99 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 619.99 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 619.99 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 619.99 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 619.99 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 619.99 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 619.99 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 619.99 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 619.99 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 619.99 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 619.99 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 619.99 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 619.99 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 619.99 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 619.99 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 619.99 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 619.99 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 619.99 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 619.99 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 619.99 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 619.99 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 619.99 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 619.99 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 619.99 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 619.99 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 619.99 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 619.99 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 619.99 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 619.99 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 619.99 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 619.99 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 619.99 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 619.99 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 619.99 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 619.99 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 619.99 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 619.99 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 

FM System Curve – 25.14” (28” DIP)) 
Diameter =  25.14 in 
Area =  3.4471 ft2 
RH=D/4= 0.5238   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625 100 0.0000 0.0054 0.6 0.000 0.0056 
500.0 0.72 1.11 25.14 0.32 0.00 625 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625 100 0.0175 10.9132 0.6 0.905 11.8185 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

15500.0 22.32 34.54 25.14 10.02 1.56 625 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625 100 0.0191 11.9280 0.6 0.997 12.9245 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 2455 120 0.0000 0.0000 2.75 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 2455 120 0.0000 0.0146 2.75 0.001 0.0157 
500.0 0.72 1.11 25.30 0.32 0.00 2455 120 0.0000 0.0529 2.75 0.004 0.0572 
750.0 1.08 1.67 25.30 0.48 0.00 2455 120 0.0000 0.1120 2.75 0.010 0.1218 

1000.0 1.44 2.23 25.30 0.64 0.01 2455 120 0.0001 0.1908 2.75 0.017 0.2082 
1250.0 1.80 2.79 25.30 0.80 0.01 2455 120 0.0001 0.2885 2.75 0.027 0.3157 
1500.0 2.16 3.34 25.30 0.96 0.01 2455 120 0.0002 0.4044 2.75 0.039 0.4435 
1750.0 2.52 3.90 25.30 1.12 0.02 2455 120 0.0002 0.5380 2.75 0.053 0.5912 
2000.0 2.88 4.46 25.30 1.28 0.03 2455 120 0.0003 0.6889 2.75 0.070 0.7585 
2250.0 3.24 5.01 25.30 1.44 0.03 2455 120 0.0003 0.8568 2.75 0.088 0.9449 
2500.0 3.60 5.57 25.30 1.60 0.04 2455 120 0.0004 1.0414 2.75 0.109 1.1501 
2750.0 3.96 6.13 25.30 1.76 0.05 2455 120 0.0005 1.2425 2.75 0.132 1.3740 
3000.0 4.32 6.68 25.30 1.91 0.06 2455 120 0.0006 1.4597 2.75 0.157 1.6163 
3250.0 4.68 7.24 25.30 2.07 0.07 2455 120 0.0007 1.6930 2.75 0.184 1.8767 
3500.0 5.04 7.80 25.30 2.23 0.08 2455 120 0.0008 1.9420 2.75 0.213 2.1551 
3750.0 5.40 8.36 25.30 2.39 0.09 2455 120 0.0009 2.2067 2.75 0.245 2.4513 
4000.0 5.76 8.91 25.30 2.55 0.10 2455 120 0.0010 2.4869 2.75 0.278 2.7652 
4250.0 6.12 9.47 25.30 2.71 0.11 2455 120 0.0011 2.7824 2.75 0.314 3.0966 
4500.0 6.48 10.03 25.30 2.87 0.13 2455 120 0.0013 3.0931 2.75 0.352 3.4453 
4750.0 6.84 10.58 25.30 3.03 0.14 2455 120 0.0014 3.4189 2.75 0.392 3.8113 
5000.0 7.20 11.14 25.30 3.19 0.16 2455 120 0.0015 3.7596 2.75 0.435 4.1944 
5250.0 7.56 11.70 25.30 3.35 0.17 2455 120 0.0017 4.1151 2.75 0.479 4.5945 
5500.0 7.92 12.25 25.30 3.51 0.19 2455 120 0.0018 4.4854 2.75 0.526 5.0115 
5750.0 8.28 12.81 25.30 3.67 0.21 2455 120 0.0020 4.8702 2.75 0.575 5.4453 
6000.0 8.64 13.37 25.30 3.83 0.23 2455 120 0.0021 5.2696 2.75 0.626 5.8958 
6250.0 9.00 13.93 25.30 3.99 0.25 2455 120 0.0023 5.6835 2.75 0.679 6.3629 
6500.0 9.36 14.48 25.30 4.15 0.27 2455 120 0.0025 6.1117 2.75 0.735 6.8466 
6750.0 9.72 15.04 25.30 4.31 0.29 2455 120 0.0027 6.5541 2.75 0.793 7.3467 
7000.0 10.08 15.60 25.30 4.47 0.31 2455 120 0.0029 7.0108 2.75 0.852 7.8631 
7250.0 10.44 16.15 25.30 4.63 0.33 2455 120 0.0030 7.4815 2.75 0.914 8.3958 
7500.0 10.80 16.71 25.30 4.79 0.36 2455 120 0.0032 7.9663 2.75 0.978 8.9448 
7750.0 11.16 17.27 25.30 4.95 0.38 2455 120 0.0034 8.4651 2.75 1.045 9.5098 
8000.0 11.52 17.83 25.30 5.11 0.40 2455 120 0.0037 8.9778 2.75 1.113 10.0910 
8250.0 11.88 18.38 25.30 5.27 0.43 2455 120 0.0039 9.5043 2.75 1.184 10.6881 
8500.0 12.24 18.94 25.30 5.42 0.46 2455 120 0.0041 10.0445 2.75 1.257 11.3012 
8750.0 12.60 19.50 25.30 5.58 0.48 2455 120 0.0043 10.5985 2.75 1.332 11.9302 
9000.0 12.96 20.05 25.30 5.74 0.51 2455 120 0.0045 11.1661 2.75 1.409 12.5751 
9250.0 13.32 20.61 25.30 5.90 0.54 2455 120 0.0048 11.7473 2.75 1.488 13.2356 
9500.0 13.68 21.17 25.30 6.06 0.57 2455 120 0.0050 12.3421 2.75 1.570 13.9119 
9750.0 14.04 21.72 25.30 6.22 0.60 2455 120 0.0053 12.9504 2.75 1.654 14.6039 

10000.0 14.40 22.28 25.30 6.38 0.63 2455 120 0.0055 13.5720 2.75 1.739 15.3115 
10250.0 14.76 22.84 25.30 6.54 0.66 2455 120 0.0058 14.2071 2.75 1.827 16.0346 
10500.0 15.12 23.40 25.30 6.70 0.70 2455 120 0.0061 14.8555 2.75 1.918 16.7732 
10750.0 15.48 23.95 25.30 6.86 0.73 2455 120 0.0063 15.5172 2.75 2.010 17.5273 
11000.0 15.84 24.51 25.30 7.02 0.77 2455 120 0.0066 16.1921 2.75 2.105 18.2968 
11250.0 16.20 25.07 25.30 7.18 0.80 2455 120 0.0069 16.8803 2.75 2.201 19.0817 
11500.0 16.56 25.62 25.30 7.34 0.84 2455 120 0.0072 17.5816 2.75 2.300 19.8819 
11750.0 16.92 26.18 25.30 7.50 0.87 2455 120 0.0075 18.2960 2.75 2.401 20.6975 
12000.0 17.28 26.74 25.30 7.66 0.91 2455 120 0.0077 19.0234 2.75 2.505 21.5282 

FM System Curve – 25.3” (30” DIP)) 
Diameter =  25.3 in 
Area =  3.4911 ft2 
RH=D/4= 0.5271   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

12250.0 17.64 27.30 25.30 7.82 0.95 2455 120 0.0081 19.7639 2.75 2.610 22.3741 
12500.0 18.00 27.85 25.30 7.98 0.99 2455 120 0.0084 20.5174 2.75 2.718 23.2353 
12750.0 18.36 28.41 25.30 8.14 1.03 2455 120 0.0087 21.2838 2.75 2.828 24.1115 
13000.0 18.72 28.97 25.30 8.30 1.07 2455 120 0.0090 22.0632 2.75 2.940 25.0028 
13250.0 19.08 29.52 25.30 8.46 1.11 2455 120 0.0093 22.8554 2.75 3.054 25.9092 
13500.0 19.44 30.08 25.30 8.62 1.15 2455 120 0.0096 23.6605 2.75 3.170 26.8306 
13750.0 19.80 30.64 25.30 8.78 1.20 2455 120 0.0100 24.4783 2.75 3.289 27.7669 
14000.0 20.16 31.19 25.30 8.94 1.24 2455 120 0.0103 25.3090 2.75 3.409 28.7182 
14250.0 20.52 31.75 25.30 9.09 1.28 2455 120 0.0107 26.1523 2.75 3.532 29.6844 
14500.0 20.88 32.31 25.30 9.25 1.33 2455 120 0.0110 27.0084 2.75 3.657 30.6655 
14750.0 21.24 32.87 25.30 9.41 1.38 2455 120 0.0114 27.8771 2.75 3.784 31.6615 
15000.0 21.60 33.42 25.30 9.57 1.42 2455 120 0.0117 28.7585 2.75 3.914 32.6722 
15250.0 21.96 33.98 25.30 9.73 1.47 2455 120 0.0121 29.6525 2.75 4.045 33.6977 
15500.0 22.32 34.54 25.30 9.89 1.52 2455 120 0.0124 30.5590 2.75 4.179 34.7380 
15750.0 22.68 35.09 25.30 10.05 1.57 2455 120 0.0128 31.4781 2.75 4.315 35.7930 
16000.0 23.04 35.65 25.30 10.21 1.62 2455 120 0.0132 32.4097 2.75 4.453 36.8626 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 5273 100 0.0000 0.0000 4.66 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 5273 100 0.0000 0.0570 4.66 0.002 0.0593 
500.0 0.72 1.11 24.00 0.35 0.00 5273 100 0.0000 0.2058 4.66 0.009 0.2149 
750.0 1.08 1.67 24.00 0.53 0.00 5273 100 0.0001 0.4360 4.66 0.020 0.4565 

1000.0 1.44 2.23 24.00 0.71 0.01 5273 100 0.0001 0.7428 4.66 0.036 0.7792 
1250.0 1.80 2.79 24.00 0.89 0.01 5273 100 0.0002 1.1229 4.66 0.057 1.1798 
1500.0 2.16 3.34 24.00 1.06 0.02 5273 100 0.0003 1.5740 4.66 0.082 1.6559 
1750.0 2.52 3.90 24.00 1.24 0.02 5273 100 0.0004 2.0941 4.66 0.111 2.2055 
2000.0 2.88 4.46 24.00 1.42 0.03 5273 100 0.0005 2.6816 4.66 0.146 2.8272 
2250.0 3.24 5.01 24.00 1.60 0.04 5273 100 0.0006 3.3352 4.66 0.184 3.5195 
2500.0 3.60 5.57 24.00 1.77 0.05 5273 100 0.0008 4.0538 4.66 0.227 4.2813 
2750.0 3.96 6.13 24.00 1.95 0.06 5273 100 0.0009 4.8364 4.66 0.275 5.1117 
3000.0 4.32 6.68 24.00 2.13 0.07 5273 100 0.0011 5.6821 4.66 0.328 6.0097 
3250.0 4.68 7.24 24.00 2.31 0.08 5273 100 0.0012 6.5901 4.66 0.384 6.9745 
3500.0 5.04 7.80 24.00 2.48 0.10 5273 100 0.0014 7.5595 4.66 0.446 8.0054 
3750.0 5.40 8.36 24.00 2.66 0.11 5273 100 0.0016 8.5899 4.66 0.512 9.1017 
4000.0 5.76 8.91 24.00 2.84 0.12 5273 100 0.0018 9.6805 4.66 0.582 10.2628 
4250.0 6.12 9.47 24.00 3.01 0.14 5273 100 0.0021 10.8307 4.66 0.657 11.4882 
4500.0 6.48 10.03 24.00 3.19 0.16 5273 100 0.0023 12.0401 4.66 0.737 12.7772 
4750.0 6.84 10.58 24.00 3.37 0.18 5273 100 0.0025 13.3081 4.66 0.821 14.1294 
5000.0 7.20 11.14 24.00 3.55 0.20 5273 100 0.0028 14.6343 4.66 0.910 15.5443 
5250.0 7.56 11.70 24.00 3.72 0.22 5273 100 0.0030 16.0183 4.66 1.003 17.0215 
5500.0 7.92 12.25 24.00 3.90 0.24 5273 100 0.0033 17.4595 4.66 1.101 18.5606 
5750.0 8.28 12.81 24.00 4.08 0.26 5273 100 0.0036 18.9577 4.66 1.203 20.1612 
6000.0 8.64 13.37 24.00 4.26 0.28 5273 100 0.0039 20.5124 4.66 1.310 21.8228 
6250.0 9.00 13.93 24.00 4.43 0.31 5273 100 0.0042 22.1233 4.66 1.422 23.5452 
6500.0 9.36 14.48 24.00 4.61 0.33 5273 100 0.0045 23.7901 4.66 1.538 25.3280 
6750.0 9.72 15.04 24.00 4.79 0.36 5273 100 0.0048 25.5124 4.66 1.658 27.1709 
7000.0 10.08 15.60 24.00 4.96 0.38 5273 100 0.0052 27.2899 4.66 1.784 29.0735 
7250.0 10.44 16.15 24.00 5.14 0.41 5273 100 0.0055 29.1224 4.66 1.913 31.0356 
7500.0 10.80 16.71 24.00 5.32 0.44 5273 100 0.0059 31.0095 4.66 2.047 33.0569 
7750.0 11.16 17.27 24.00 5.50 0.47 5273 100 0.0062 32.9509 4.66 2.186 35.1372 
8000.0 11.52 17.83 24.00 5.67 0.50 5273 100 0.0066 34.9465 4.66 2.330 37.2760 
8250.0 11.88 18.38 24.00 5.85 0.53 5273 100 0.0070 36.9959 4.66 2.477 39.4733 
8500.0 12.24 18.94 24.00 6.03 0.56 5273 100 0.0074 39.0989 4.66 2.630 41.7288 
8750.0 12.60 19.50 24.00 6.21 0.60 5273 100 0.0078 41.2553 4.66 2.787 44.0421 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.1416 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

9000.0 12.96 20.05 24.00 6.38 0.63 5273 100 0.0082 43.4648 4.66 2.948 46.4132 
9250.0 13.32 20.61 24.00 6.56 0.67 5273 100 0.0087 45.7273 4.66 3.114 48.8417 
9500.0 13.68 21.17 24.00 6.74 0.70 5273 100 0.0091 48.0424 4.66 3.285 51.3275 
9750.0 14.04 21.72 24.00 6.92 0.74 5273 100 0.0096 50.4101 4.66 3.460 53.8703 

10000.0 14.40 22.28 24.00 7.09 0.78 5273 100 0.0100 52.8300 4.66 3.640 56.4700 
10250.0 14.76 22.84 24.00 7.27 0.82 5273 100 0.0105 55.3021 4.66 3.824 59.1263 
10500.0 15.12 23.40 24.00 7.45 0.86 5273 100 0.0110 57.8260 4.66 4.013 61.8391 
10750.0 15.48 23.95 24.00 7.62 0.90 5273 100 0.0115 60.4017 4.66 4.206 64.6081 
11000.0 15.84 24.51 24.00 7.80 0.95 5273 100 0.0120 63.0289 4.66 4.404 67.4333 
11250.0 16.20 25.07 24.00 7.98 0.99 5273 100 0.0125 65.7075 4.66 4.607 70.3143 
11500.0 16.56 25.62 24.00 8.16 1.03 5273 100 0.0130 68.4373 4.66 4.814 73.2512 
11750.0 16.92 26.18 24.00 8.33 1.08 5273 100 0.0135 71.2182 4.66 5.025 76.2436 
12000.0 17.28 26.74 24.00 8.51 1.12 5273 100 0.0140 74.0499 4.66 5.242 79.2914 
12250.0 17.64 27.30 24.00 8.69 1.17 5273 100 0.0146 76.9323 4.66 5.462 82.3945 
12500.0 18.00 27.85 24.00 8.87 1.22 5273 100 0.0151 79.8653 4.66 5.687 85.5527 
12750.0 18.36 28.41 24.00 9.04 1.27 5273 100 0.0157 82.8487 4.66 5.917 88.7659 
13000.0 18.72 28.97 24.00 9.22 1.32 5273 100 0.0163 85.8823 4.66 6.152 92.0338 
13250.0 19.08 29.52 24.00 9.40 1.37 5273 100 0.0169 88.9661 4.66 6.390 95.3565 
13500.0 19.44 30.08 24.00 9.57 1.42 5273 100 0.0175 92.0998 4.66 6.634 98.7336 
13750.0 19.80 30.64 24.00 9.75 1.48 5273 100 0.0181 95.2834 4.66 6.882 102.1652 
14000.0 20.16 31.19 24.00 9.93 1.53 5273 100 0.0187 98.5167 4.66 7.134 105.6510 
14250.0 20.52 31.75 24.00 10.11 1.59 5273 100 0.0193 101.7996 4.66 7.391 109.1909 
14500.0 20.88 32.31 24.00 10.28 1.64 5273 100 0.0199 105.1318 4.66 7.653 112.7848 
14750.0 21.24 32.87 24.00 10.46 1.70 5273 100 0.0206 108.5135 4.66 7.919 116.4326 
15000.0 21.60 33.42 24.00 10.64 1.76 5273 100 0.0212 111.9442 4.66 8.190 120.1341 
15250.0 21.96 33.98 24.00 10.82 1.82 5273 100 0.0219 115.4241 4.66 8.465 123.8892 
15500.0 22.32 34.54 24.00 10.99 1.88 5273 100 0.0226 118.9529 4.66 8.745 127.6979 
15750.0 22.68 35.09 24.00 11.17 1.94 5273 100 0.0232 122.5305 4.66 9.029 131.5599 
16000.0 23.04 35.65 24.00 11.35 2.00 5273 100 0.0239 126.1569 4.66 9.318 135.4751 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

 
MIN Static Head = 31.35 
MAX Static Head = 35.85 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q Q Losses 

(gpm) (mgd)  
0.0 0.00 0.00 

250.0 0.36 1.48 
500.0 0.72 5.35 
750.0 1.08 11.35 

1000.0 1.44 19.36 
1250.0 1.80 29.30 
1500.0 2.16 41.10 
1750.0 2.52 54.71 
2000.0 2.88 70.09 
2250.0 3.24 87.22 
2500.0 3.60 106.06 
2750.0 3.96 126.59 
3000.0 4.32 148.78 
3250.0 4.68 172.61 
3500.0 5.04 198.07 
3750.0 5.40 225.13 
4000.0 5.76 253.79 
4250.0 6.12 284.02 
4500.0 6.48 315.82 
4750.0 6.84 349.17 
5000.0 7.20 384.06 
5250.0 7.56 420.47 
5500.0 7.92 458.40 
5750.0 8.28 497.84 
6000.0 8.64 538.78 
6250.0 9.00 581.20 
6500.0 9.36 625.11 
6750.0 9.72 670.49 
7000.0 10.08 717.33 
7250.0 10.44 765.63 
7500.0 10.80 815.37 
7750.0 11.16 866.56 
8000.0 11.52 919.19 
8250.0 11.88 973.24 
8500.0 12.24 1028.72 
8750.0 12.60 1085.61 
9000.0 12.96 1143.92 
9250.0 13.32 1203.63 
9500.0 13.68 1264.74 
9750.0 14.04 1327.24 

10000.0 14.40 1391.14 
10250.0 14.76 1456.42 
10500.0 15.12 1523.08 
10750.0 15.48 1591.11 
11000.0 15.84 1660.52 
11250.0 16.20 1731.29 
11500.0 16.56 1803.42 
11750.0 16.92 1876.91 
12000.0 17.28 1951.75 
12250.0 17.64 2027.94 
12500.0 18.00 2105.48 
12750.0 18.36 2184.36 
13000.0 18.72 2264.58 
13250.0 19.08 2346.13 
13500.0 19.44 2429.02 
13750.0 19.80 2513.22 
14000.0 20.16 2598.76 
14250.0 20.52 2685.61 
14500.0 20.88 2773.78 
14750.0 21.24 2863.27 
15000.0 21.60 2954.06 
15250.0 21.96 3046.16 
15500.0 22.32 3139.57 
15750.0 22.68 3234.28 
16000.0 23.04 3330.29 

Q Q Min Static Max Static 

(gpm) (mgd)    

0.0 0.00 31.35 35.85 
250.0 0.36 32.83 37.33 
500.0 0.72 36.70 41.20 
750.0 1.08 42.70 47.20 

1000.0 1.44 50.71 55.21 
1250.0 1.80 60.65 65.15 
1500.0 2.16 72.45 76.95 
1750.0 2.52 86.06 90.56 
2000.0 2.88 101.44 105.94 
2250.0 3.24 118.57 123.07 
2500.0 3.60 137.41 141.91 
2750.0 3.96 157.94 162.44 
3000.0 4.32 180.13 184.63 
3250.0 4.68 203.96 208.46 
3500.0 5.04 229.42 233.92 
3750.0 5.40 256.48 260.98 
4000.0 5.76 285.14 289.64 
4250.0 6.12 315.37 319.87 
4500.0 6.48 347.17 351.67 
4750.0 6.84 380.52 385.02 
5000.0 7.20 415.41 419.91 
5250.0 7.56 451.82 456.32 
5500.0 7.92 489.75 494.25 
5750.0 8.28 529.19 533.69 
6000.0 8.64 570.13 574.63 
6250.0 9.00 612.55 617.05 
6500.0 9.36 656.46 660.96 
6750.0 9.72 701.84 706.34 
7000.0 10.08 748.68 753.18 
7250.0 10.44 796.98 801.48 
7500.0 10.80 846.72 851.22 
7750.0 11.16 897.91 902.41 
8000.0 11.52 950.54 955.04 
8250.0 11.88 1004.59 1009.09 
8500.0 12.24 1060.07 1064.57 
8750.0 12.60 1116.96 1121.46 
9000.0 12.96 1175.27 1179.77 
9250.0 13.32 1234.98 1239.48 
9500.0 13.68 1296.09 1300.59 
9750.0 14.04 1358.59 1363.09 

10000.0 14.40 1422.49 1426.99 
10250.0 14.76 1487.77 1492.27 
10500.0 15.12 1554.43 1558.93 
10750.0 15.48 1622.46 1626.96 
11000.0 15.84 1691.87 1696.37 
11250.0 16.20 1762.64 1767.14 
11500.0 16.56 1834.77 1839.27 
11750.0 16.92 1908.26 1912.76 
12000.0 17.28 1983.10 1987.60 
12250.0 17.64 2059.29 2063.79 
12500.0 18.00 2136.83 2141.33 
12750.0 18.36 2215.71 2220.21 
13000.0 18.72 2295.93 2300.43 
13250.0 19.08 2377.48 2381.98 
13500.0 19.44 2460.37 2464.87 
13750.0 19.80 2544.57 2549.07 
14000.0 20.16 2630.11 2634.61 
14250.0 20.52 2716.96 2721.46 
14500.0 20.88 2805.13 2809.63 
14750.0 21.24 2894.62 2899.12 
15000.0 21.60 2985.41 2989.91 
15250.0 21.96 3077.51 3082.01 
15500.0 22.32 3170.92 3175.42 
15750.0 22.68 3265.63 3270.13 
16000.0 23.04 3361.64 3366.14 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

 

 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 316 100 0.0000 0.0000 3.8 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 316 100 0.0000 0.0034 3.8 0.002 0.0053 
500.0 0.72 1.11 24.00 0.35 0.00 316 100 0.0000 0.0123 3.8 0.007 0.0198 
750.0 1.08 1.67 24.00 0.53 0.00 316 100 0.0001 0.0261 3.8 0.017 0.0428 

1000.0 1.44 2.23 24.00 0.71 0.01 316 100 0.0001 0.0445 3.8 0.030 0.0742 
1250.0 1.80 2.79 24.00 0.89 0.01 316 100 0.0002 0.0673 3.8 0.046 0.1137 
1500.0 2.16 3.34 24.00 1.06 0.02 316 100 0.0003 0.0943 3.8 0.067 0.1611 
1750.0 2.52 3.90 24.00 1.24 0.02 316 100 0.0004 0.1255 3.8 0.091 0.2164 
2000.0 2.88 4.46 24.00 1.42 0.03 316 100 0.0005 0.1607 3.8 0.119 0.2794 
2250.0 3.24 5.01 24.00 1.60 0.04 316 100 0.0006 0.1999 3.8 0.150 0.3501 
2500.0 3.60 5.57 24.00 1.77 0.05 316 100 0.0008 0.2429 3.8 0.186 0.4284 
2750.0 3.96 6.13 24.00 1.95 0.06 316 100 0.0009 0.2898 3.8 0.224 0.5143 
3000.0 4.32 6.68 24.00 2.13 0.07 316 100 0.0011 0.3405 3.8 0.267 0.6077 
3250.0 4.68 7.24 24.00 2.31 0.08 316 100 0.0012 0.3949 3.8 0.314 0.7084 
3500.0 5.04 7.80 24.00 2.48 0.10 316 100 0.0014 0.4530 3.8 0.364 0.8166 
3750.0 5.40 8.36 24.00 2.66 0.11 316 100 0.0016 0.5148 3.8 0.417 0.9322 
4000.0 5.76 8.91 24.00 2.84 0.12 316 100 0.0018 0.5801 3.8 0.475 1.0550 
4250.0 6.12 9.47 24.00 3.01 0.14 316 100 0.0021 0.6491 3.8 0.536 1.1852 
4500.0 6.48 10.03 24.00 3.19 0.16 316 100 0.0023 0.7215 3.8 0.601 1.3226 
4750.0 6.84 10.58 24.00 3.37 0.18 316 100 0.0025 0.7975 3.8 0.670 1.4672 
5000.0 7.20 11.14 24.00 3.55 0.20 316 100 0.0028 0.8770 3.8 0.742 1.6191 
5250.0 7.56 11.70 24.00 3.72 0.22 316 100 0.0030 0.9599 3.8 0.818 1.7781 
5500.0 7.92 12.25 24.00 3.90 0.24 316 100 0.0033 1.0463 3.8 0.898 1.9442 
5750.0 8.28 12.81 24.00 4.08 0.26 316 100 0.0036 1.1361 3.8 0.981 2.1175 
6000.0 8.64 13.37 24.00 4.26 0.28 316 100 0.0039 1.2293 3.8 1.069 2.2978 
6250.0 9.00 13.93 24.00 4.43 0.31 316 100 0.0042 1.3258 3.8 1.159 2.4853 
6500.0 9.36 14.48 24.00 4.61 0.33 316 100 0.0045 1.4257 3.8 1.254 2.6798 
6750.0 9.72 15.04 24.00 4.79 0.36 316 100 0.0048 1.5289 3.8 1.352 2.8813 
7000.0 10.08 15.60 24.00 4.96 0.38 316 100 0.0052 1.6354 3.8 1.454 3.0898 
7250.0 10.44 16.15 24.00 5.14 0.41 316 100 0.0055 1.7452 3.8 1.560 3.3054 
7500.0 10.80 16.71 24.00 5.32 0.44 316 100 0.0059 1.8583 3.8 1.670 3.5279 
7750.0 11.16 17.27 24.00 5.50 0.47 316 100 0.0062 1.9747 3.8 1.783 3.7575 
8000.0 11.52 17.83 24.00 5.67 0.50 316 100 0.0066 2.0943 3.8 1.900 3.9939 
8250.0 11.88 18.38 24.00 5.85 0.53 316 100 0.0070 2.2171 3.8 2.020 4.2373 
8500.0 12.24 18.94 24.00 6.03 0.56 316 100 0.0074 2.3431 3.8 2.145 4.4876 
8750.0 12.60 19.50 24.00 6.21 0.60 316 100 0.0078 2.4723 3.8 2.273 4.7449 
9000.0 12.96 20.05 24.00 6.38 0.63 316 100 0.0082 2.6048 3.8 2.404 5.0090 
9250.0 13.32 20.61 24.00 6.56 0.67 316 100 0.0087 2.7403 3.8 2.540 5.2800 
9500.0 13.68 21.17 24.00 6.74 0.70 316 100 0.0091 2.8791 3.8 2.679 5.5579 
9750.0 14.04 21.72 24.00 6.92 0.74 316 100 0.0096 3.0210 3.8 2.822 5.8426 

10000.0 14.40 22.28 24.00 7.09 0.78 316 100 0.0100 3.1660 3.8 2.968 6.1342 
10250.0 14.76 22.84 24.00 7.27 0.82 316 100 0.0105 3.3141 3.8 3.118 6.4326 
10500.0 15.12 23.40 24.00 7.45 0.86 316 100 0.0110 3.4654 3.8 3.272 6.7378 

FM System Curve – 24” (24” Parallel FM Portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

10750.0 15.48 23.95 24.00 7.62 0.90 316 100 0.0115 3.6197 3.8 3.430 7.0499 
11000.0 15.84 24.51 24.00 7.80 0.95 316 100 0.0120 3.7772 3.8 3.592 7.3687 
11250.0 16.20 25.07 24.00 7.98 0.99 316 100 0.0125 3.9377 3.8 3.757 7.6943 
11500.0 16.56 25.62 24.00 8.16 1.03 316 100 0.0130 4.1013 3.8 3.925 8.0267 
11750.0 16.92 26.18 24.00 8.33 1.08 316 100 0.0135 4.2680 3.8 4.098 8.3659 
12000.0 17.28 26.74 24.00 8.51 1.12 316 100 0.0140 4.4377 3.8 4.274 8.7119 
12250.0 17.64 27.30 24.00 8.69 1.17 316 100 0.0146 4.6104 3.8 4.454 9.0645 
12500.0 18.00 27.85 24.00 8.87 1.22 316 100 0.0151 4.7862 3.8 4.638 9.4240 
12750.0 18.36 28.41 24.00 9.04 1.27 316 100 0.0157 4.9650 3.8 4.825 9.7901 
13000.0 18.72 28.97 24.00 9.22 1.32 316 100 0.0163 5.1468 3.8 5.016 10.1630 
13250.0 19.08 29.52 24.00 9.40 1.37 316 100 0.0169 5.3316 3.8 5.211 10.5426 
13500.0 19.44 30.08 24.00 9.57 1.42 316 100 0.0175 5.5194 3.8 5.410 10.9289 
13750.0 19.80 30.64 24.00 9.75 1.48 316 100 0.0181 5.7101 3.8 5.612 11.3219 
14000.0 20.16 31.19 24.00 9.93 1.53 316 100 0.0187 5.9039 3.8 5.818 11.7216 
14250.0 20.52 31.75 24.00 10.11 1.59 316 100 0.0193 6.1006 3.8 6.027 12.1279 
14500.0 20.88 32.31 24.00 10.28 1.64 316 100 0.0199 6.3003 3.8 6.241 12.5410 
14750.0 21.24 32.87 24.00 10.46 1.70 316 100 0.0206 6.5030 3.8 6.458 12.9607 
15000.0 21.60 33.42 24.00 10.64 1.76 316 100 0.0212 6.7086 3.8 6.678 13.3870 
15250.0 21.96 33.98 24.00 10.82 1.82 316 100 0.0219 6.9171 3.8 6.903 13.8200 
15500.0 22.32 34.54 24.00 10.99 1.88 316 100 0.0226 7.1286 3.8 7.131 14.2597 
15750.0 22.68 35.09 24.00 11.17 1.94 316 100 0.0232 7.3430 3.8 7.363 14.7060 
16000.0 23.04 35.65 24.00 11.35 2.00 316 100 0.0239 7.5603 3.8 7.599 15.1589 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 68.50 100 0.0000 0.0000 1.72 0.000 0.0000 
250.0 0.36 0.56 14.00 0.52 0.00 68.50 100 0.0001 0.0102 1.72 0.007 0.0175 
500.0 0.72 1.11 14.00 1.04 0.02 68.50 100 0.0005 0.0369 1.72 0.029 0.0659 
750.0 1.08 1.67 14.00 1.56 0.04 68.50 100 0.0011 0.0782 1.72 0.065 0.1435 

1000.0 1.44 2.23 14.00 2.08 0.07 68.50 100 0.0019 0.1333 1.72 0.116 0.2493 
1250.0 1.80 2.79 14.00 2.61 0.11 68.50 100 0.0029 0.2014 1.72 0.181 0.3827 
1500.0 2.16 3.34 14.00 3.13 0.15 68.50 100 0.0041 0.2824 1.72 0.261 0.5434 
1750.0 2.52 3.90 14.00 3.65 0.21 68.50 100 0.0055 0.3756 1.72 0.355 0.7310 
2000.0 2.88 4.46 14.00 4.17 0.27 68.50 100 0.0070 0.4810 1.72 0.464 0.9452 
2250.0 3.24 5.01 14.00 4.69 0.34 68.50 100 0.0087 0.5983 1.72 0.587 1.1857 
2500.0 3.60 5.57 14.00 5.21 0.42 68.50 100 0.0106 0.7272 1.72 0.725 1.4524 
2750.0 3.96 6.13 14.00 5.73 0.51 68.50 100 0.0127 0.8676 1.72 0.877 1.7451 
3000.0 4.32 6.68 14.00 6.25 0.61 68.50 100 0.0149 1.0193 1.72 1.044 2.0636 
3250.0 4.68 7.24 14.00 6.77 0.71 68.50 100 0.0173 1.1822 1.72 1.226 2.4077 
3500.0 5.04 7.80 14.00 7.30 0.83 68.50 100 0.0198 1.3561 1.72 1.421 2.7775 
3750.0 5.40 8.36 14.00 7.82 0.95 68.50 100 0.0225 1.5409 1.72 1.632 3.1726 
4000.0 5.76 8.91 14.00 8.34 1.08 68.50 100 0.0254 1.7366 1.72 1.856 3.5930 
4250.0 6.12 9.47 14.00 8.86 1.22 68.50 100 0.0284 1.9429 1.72 2.096 4.0387 
4500.0 6.48 10.03 14.00 9.38 1.37 68.50 100 0.0315 2.1599 1.72 2.350 4.5095 
4750.0 6.84 10.58 14.00 9.90 1.52 68.50 100 0.0349 2.3873 1.72 2.618 5.0053 
5000.0 7.20 11.14 14.00 10.42 1.69 68.50 100 0.0383 2.6252 1.72 2.901 5.5260 
5250.0 7.56 11.70 14.00 10.94 1.86 68.50 100 0.0419 2.8735 1.72 3.198 6.0716 
5500.0 7.92 12.25 14.00 11.46 2.04 68.50 100 0.0457 3.1320 1.72 3.510 6.6420 
5750.0 8.28 12.81 14.00 11.98 2.23 68.50 100 0.0496 3.4008 1.72 3.836 7.2370 
6000.0 8.64 13.37 14.00 12.51 2.43 68.50 100 0.0537 3.6797 1.72 4.177 7.8568 
6250.0 9.00 13.93 14.00 13.03 2.64 68.50 100 0.0579 3.9687 1.72 4.532 8.5011 
6500.0 9.36 14.48 14.00 13.55 2.85 68.50 100 0.0623 4.2677 1.72 4.902 9.1699 
6750.0 9.72 15.04 14.00 14.07 3.07 68.50 100 0.0668 4.5766 1.72 5.287 9.8633 
7000.0 10.08 15.60 14.00 14.59 3.31 68.50 100 0.0715 4.8955 1.72 5.685 10.5810 
7250.0 10.44 16.15 14.00 15.11 3.55 68.50 100 0.0763 5.2242 1.72 6.099 11.3231 
7500.0 10.80 16.71 14.00 15.63 3.79 68.50 100 0.0812 5.5628 1.72 6.527 12.0894 

FM System Curve – 14” (14” Parallel FM Portion) 
Diameter =  14 in 
Area =  1.069014 ft2 
RH=D/4= 0.291667   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

7750.0 11.16 17.27 14.00 16.15 4.05 68.50 100 0.0863 5.9110 1.72 6.969 12.8801 
8000.0 11.52 17.83 14.00 16.67 4.32 68.50 100 0.0915 6.2690 1.72 7.426 13.6949 
8250.0 11.88 18.38 14.00 17.20 4.59 68.50 100 0.0969 6.6367 1.72 7.897 14.5339 
8500.0 12.24 18.94 14.00 17.72 4.87 68.50 100 0.1024 7.0139 1.72 8.383 15.3971 
8750.0 12.60 19.50 14.00 18.24 5.16 68.50 100 0.1080 7.4007 1.72 8.884 16.2843 
9000.0 12.96 20.05 14.00 18.76 5.46 68.50 100 0.1138 7.7971 1.72 9.398 17.1955 
9250.0 13.32 20.61 14.00 19.28 5.77 68.50 100 0.1198 8.2030 1.72 9.928 18.1308 
9500.0 13.68 21.17 14.00 19.80 6.09 68.50 100 0.1258 8.6183 1.72 10.472 19.0900 
9750.0 14.04 21.72 14.00 20.32 6.41 68.50 100 0.1320 9.0430 1.72 11.030 20.0731 

10000.0 14.40 22.28 14.00 20.84 6.75 68.50 100 0.1384 9.4771 1.72 11.603 21.0801 
10250.0 14.76 22.84 14.00 21.36 7.09 68.50 100 0.1448 9.9206 1.72 12.190 22.1110 
10500.0 15.12 23.40 14.00 21.89 7.44 68.50 100 0.1514 10.3734 1.72 12.792 23.1657 
10750.0 15.48 23.95 14.00 22.41 7.80 68.50 100 0.1582 10.8354 1.72 13.409 24.2441 
11000.0 15.84 24.51 14.00 22.93 8.16 68.50 100 0.1651 11.3067 1.72 14.040 25.3463 
11250.0 16.20 25.07 14.00 23.45 8.54 68.50 100 0.1721 11.7872 1.72 14.685 26.4722 
11500.0 16.56 25.62 14.00 23.97 8.92 68.50 100 0.1792 12.2769 1.72 15.345 27.6219 
11750.0 16.92 26.18 14.00 24.49 9.31 68.50 100 0.1865 12.7758 1.72 16.019 28.7951 
12000.0 17.28 26.74 14.00 25.01 9.71 68.50 100 0.1939 13.2837 1.72 16.708 29.9920 
12250.0 17.64 27.30 14.00 25.53 10.12 68.50 100 0.2015 13.8008 1.72 17.412 31.2126 
12500.0 18.00 27.85 14.00 26.05 10.54 68.50 100 0.2092 14.3270 1.72 18.130 32.4566 
12750.0 18.36 28.41 14.00 26.58 10.97 68.50 100 0.2170 14.8621 1.72 18.862 33.7243 
13000.0 18.72 28.97 14.00 27.10 11.40 68.50 100 0.2249 15.4063 1.72 19.609 35.0154 
13250.0 19.08 29.52 14.00 27.62 11.84 68.50 100 0.2330 15.9595 1.72 20.371 36.3300 
13500.0 19.44 30.08 14.00 28.14 12.29 68.50 100 0.2412 16.5217 1.72 21.146 37.6682 
13750.0 19.80 30.64 14.00 28.66 12.75 68.50 100 0.2495 17.0928 1.72 21.937 39.0297 
14000.0 20.16 31.19 14.00 29.18 13.22 68.50 100 0.2580 17.6728 1.72 22.742 40.4147 
14250.0 20.52 31.75 14.00 29.70 13.70 68.50 100 0.2666 18.2617 1.72 23.561 41.8230 
14500.0 20.88 32.31 14.00 30.22 14.18 68.50 100 0.2753 18.8595 1.72 24.395 43.2548 
14750.0 21.24 32.87 14.00 30.74 14.68 68.50 100 0.2842 19.4661 1.72 25.244 44.7099 
15000.0 21.60 33.42 14.00 31.26 15.18 68.50 100 0.2932 20.0816 1.72 26.107 46.1883 
15250.0 21.96 33.98 14.00 31.79 15.69 68.50 100 0.3023 20.7058 1.72 26.984 47.6900 
15500.0 22.32 34.54 14.00 32.31 16.21 68.50 100 0.3115 21.3388 1.72 27.876 49.2150 
15750.0 22.68 35.09 14.00 32.83 16.73 68.50 100 0.3209 21.9806 1.72 28.783 50.7633 
16000.0 23.04 35.65 14.00 33.35 17.27 68.50 100 0.3304 22.6312 1.72 29.704 52.3348 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 13.50 0.00 0.00 10640.5 120 0.0000 0.0000 3.1 0.000 0.0000 
250.0 0.36 0.56 13.50 0.56 0.00 10640.5 120 0.0001 1.3528 3.1 0.015 1.3679 
500.0 0.72 1.11 13.50 1.12 0.02 10640.5 120 0.0005 4.8835 3.1 0.060 4.9439 
750.0 1.08 1.67 13.50 1.68 0.04 10640.5 120 0.0010 10.3478 3.1 0.136 10.4839 

1000.0 1.44 2.23 13.50 2.24 0.08 10640.5 120 0.0017 17.6293 3.1 0.242 17.8711 
1250.0 1.80 2.79 13.50 2.80 0.12 10640.5 120 0.0025 26.6509 3.1 0.378 27.0288 
1500.0 2.16 3.34 13.50 3.36 0.18 10640.5 120 0.0035 37.3556 3.1 0.544 37.8998 
1750.0 2.52 3.90 13.50 3.92 0.24 10640.5 120 0.0047 49.6982 3.1 0.741 50.4390 
2000.0 2.88 4.46 13.50 4.48 0.31 10640.5 120 0.0060 63.6417 3.1 0.967 64.6092 
2250.0 3.24 5.01 13.50 5.04 0.39 10640.5 120 0.0074 79.1547 3.1 1.224 80.3791 
2500.0 3.60 5.57 13.50 5.60 0.49 10640.5 120 0.0090 96.2098 3.1 1.512 97.7215 
2750.0 3.96 6.13 13.50 6.16 0.59 10640.5 120 0.0108 114.7833 3.1 1.829 116.6124 
3000.0 4.32 6.68 13.50 6.72 0.70 10640.5 120 0.0127 134.8538 3.1 2.177 137.0306 
3250.0 4.68 7.24 13.50 7.29 0.82 10640.5 120 0.0147 156.4021 3.1 2.555 158.9568 
3500.0 5.04 7.80 13.50 7.85 0.96 10640.5 120 0.0169 179.4108 3.1 2.963 182.3737 
3750.0 5.40 8.36 13.50 8.41 1.10 10640.5 120 0.0192 203.8640 3.1 3.401 207.2652 
4000.0 5.76 8.91 13.50 8.97 1.25 10640.5 120 0.0216 229.7469 3.1 3.870 233.6168 
4250.0 6.12 9.47 13.50 9.53 1.41 10640.5 120 0.0242 257.0460 3.1 4.369 261.4148 
4500.0 6.48 10.03 13.50 10.09 1.58 10640.5 120 0.0269 285.7486 3.1 4.898 290.6465 

FM System Curve – 13.5” (14” Parallel FM 
Portion) 
Diameter =  13.5 in 
Area =  0.99402 ft2 
RH=D/4= 0.28125   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

4750.0 6.84 10.58 13.50 10.65 1.76 10640.5 120 0.0297 315.8429 3.1 5.457 321.3001 
5000.0 7.20 11.14 13.50 11.21 1.95 10640.5 120 0.0326 347.3178 3.1 6.047 353.3645 
5250.0 7.56 11.70 13.50 11.77 2.15 10640.5 120 0.0357 380.1628 3.1 6.667 386.8293 
5500.0 7.92 12.25 13.50 12.33 2.36 10640.5 120 0.0389 414.3680 3.1 7.317 421.6846 
5750.0 8.28 12.81 13.50 12.89 2.58 10640.5 120 0.0423 449.9242 3.1 7.997 457.9210 
6000.0 8.64 13.37 13.50 13.45 2.81 10640.5 120 0.0458 486.8225 3.1 8.707 495.5298 
6250.0 9.00 13.93 13.50 14.01 3.05 10640.5 120 0.0493 525.0544 3.1 9.448 534.5025 
6500.0 9.36 14.48 13.50 14.57 3.30 10640.5 120 0.0531 564.6120 3.1 10.219 574.8309 
6750.0 9.72 15.04 13.50 15.13 3.55 10640.5 120 0.0569 605.4874 3.1 11.020 616.5076 
7000.0 10.08 15.60 13.50 15.69 3.82 10640.5 120 0.0609 647.6735 3.1 11.852 659.5251 
7250.0 10.44 16.15 13.50 16.25 4.10 10640.5 120 0.0650 691.1631 3.1 12.713 703.8763 
7500.0 10.80 16.71 13.50 16.81 4.39 10640.5 120 0.0692 735.9495 3.1 13.605 749.5546 
7750.0 11.16 17.27 13.50 17.37 4.69 10640.5 120 0.0735 782.0262 3.1 14.527 796.5535 
8000.0 11.52 17.83 13.50 17.93 4.99 10640.5 120 0.0779 829.3870 3.1 15.480 844.8666 
8250.0 11.88 18.38 13.50 18.49 5.31 10640.5 120 0.0825 878.0258 3.1 16.462 894.4880 
8500.0 12.24 18.94 13.50 19.05 5.64 10640.5 120 0.0872 927.9368 3.1 17.475 945.4118 
8750.0 12.60 19.50 13.50 19.61 5.97 10640.5 120 0.0920 979.1145 3.1 18.518 997.6326 
9000.0 12.96 20.05 13.50 20.17 6.32 10640.5 120 0.0969 1031.5533 3.1 19.591 1051.1447 
9250.0 13.32 20.61 13.50 20.73 6.68 10640.5 120 0.1020 1085.2481 3.1 20.695 1105.9430 
9500.0 13.68 21.17 13.50 21.29 7.04 10640.5 120 0.1072 1140.1938 3.1 21.829 1162.0225 
9750.0 14.04 21.72 13.50 21.86 7.42 10640.5 120 0.1124 1196.3854 3.1 22.993 1219.3781 

10000.0 14.40 22.28 13.50 22.42 7.80 10640.5 120 0.1178 1253.8181 3.1 24.187 1278.0050 
10250.0 14.76 22.84 13.50 22.98 8.20 10640.5 120 0.1233 1312.4874 3.1 25.411 1337.8988 
10500.0 15.12 23.40 13.50 23.54 8.60 10640.5 120 0.1290 1372.3887 3.1 26.666 1399.0548 
10750.0 15.48 23.95 13.50 24.10 9.02 10640.5 120 0.1347 1433.5176 3.1 27.951 1461.4686 
11000.0 15.84 24.51 13.50 24.66 9.44 10640.5 120 0.1406 1495.8698 3.1 29.266 1525.1360 
11250.0 16.20 25.07 13.50 25.22 9.87 10640.5 120 0.1466 1559.4413 3.1 30.612 1590.0528 
11500.0 16.56 25.62 13.50 25.78 10.32 10640.5 120 0.1526 1624.2278 3.1 31.987 1656.2150 
11750.0 16.92 26.18 13.50 26.34 10.77 10640.5 120 0.1588 1690.2256 3.1 33.393 1723.6187 
12000.0 17.28 26.74 13.50 26.90 11.24 10640.5 120 0.1652 1757.4307 3.1 34.829 1792.2599 
12250.0 17.64 27.30 13.50 27.46 11.71 10640.5 120 0.1716 1825.8394 3.1 36.295 1862.1349 
12500.0 18.00 27.85 13.50 28.02 12.19 10640.5 120 0.1781 1895.4481 3.1 37.792 1933.2401 
12750.0 18.36 28.41 13.50 28.58 12.68 10640.5 120 0.1848 1966.2531 3.1 39.319 2005.5719 
13000.0 18.72 28.97 13.50 29.14 13.19 10640.5 120 0.1916 2038.2509 3.1 40.876 2079.1267 
13250.0 19.08 29.52 13.50 29.70 13.70 10640.5 120 0.1984 2111.4381 3.1 42.463 2153.9012 
13500.0 19.44 30.08 13.50 30.26 14.22 10640.5 120 0.2054 2185.8114 3.1 44.081 2229.8920 
13750.0 19.80 30.64 13.50 30.82 14.75 10640.5 120 0.2125 2261.3675 3.1 45.728 2307.0959 
14000.0 20.16 31.19 13.50 31.38 15.29 10640.5 120 0.2197 2338.1032 3.1 47.406 2385.5095 
14250.0 20.52 31.75 13.50 31.94 15.84 10640.5 120 0.2271 2416.0153 3.1 49.115 2465.1298 
14500.0 20.88 32.31 13.50 32.50 16.40 10640.5 120 0.2345 2495.1008 3.1 50.853 2545.9537 
14750.0 21.24 32.87 13.50 33.06 16.97 10640.5 120 0.2420 2575.3566 3.1 52.622 2627.9782 
15000.0 21.60 33.42 13.50 33.62 17.56 10640.5 120 0.2497 2656.7798 3.1 54.421 2711.2003 
15250.0 21.96 33.98 13.50 34.18 18.15 10640.5 120 0.2574 2739.3675 3.1 56.250 2795.6172 
15500.0 22.32 34.54 13.50 34.74 18.74 10640.5 120 0.2653 2823.1168 3.1 58.109 2881.2259 
15750.0 22.68 35.09 13.50 35.30 19.35 10640.5 120 0.2733 2908.0250 3.1 59.999 2968.0237 
16000.0 23.04 35.65 13.50 35.87 19.97 10640.5 120 0.2814 2994.0893 3.1 61.918 3056.0078 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 619.99 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 619.99 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 619.99 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 619.99 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 619.99 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 619.99 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 619.99 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 619.99 120 0.0003 0.1811 2.7 0.066 0.2473 

FM System Curve – 23.85” (28” Parallel FM Portion) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.456875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

2000.0 2.88 4.46 23.85 1.44 0.03 619.99 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 619.99 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 619.99 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 619.99 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 619.99 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 619.99 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 619.99 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 619.99 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 619.99 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 619.99 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 619.99 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 619.99 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 619.99 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 619.99 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 619.99 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 619.99 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 619.99 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 619.99 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 619.99 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 619.99 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 619.99 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 619.99 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 619.99 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 619.99 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 619.99 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 619.99 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 619.99 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 619.99 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 619.99 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 619.99 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 619.99 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 619.99 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 619.99 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 619.99 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 619.99 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 619.99 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 619.99 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 619.99 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 619.99 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 619.99 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 619.99 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 619.99 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 619.99 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 619.99 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 619.99 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 619.99 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 619.99 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 619.99 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 619.99 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 619.99 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 619.99 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 619.99 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 619.99 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 619.99 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 619.99 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 619.99 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 619.99 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 

FM System Curve – 25.14” (28” DIP)) 
Diameter =  25.14 in 
Area =  3.4471 ft2 
RH=D/4= 0.5238   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625 100 0.0000 0.0054 0.6 0.000 0.0056 
500.0 0.72 1.11 25.14 0.32 0.00 625 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625 100 0.0175 10.9132 0.6 0.905 11.8185 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

15500.0 22.32 34.54 25.14 10.02 1.56 625 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625 100 0.0191 11.9280 0.6 0.997 12.9245 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 2455 120 0.0000 0.0000 2.75 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 2455 120 0.0000 0.0146 2.75 0.001 0.0157 
500.0 0.72 1.11 25.30 0.32 0.00 2455 120 0.0000 0.0529 2.75 0.004 0.0572 
750.0 1.08 1.67 25.30 0.48 0.00 2455 120 0.0000 0.1120 2.75 0.010 0.1218 

1000.0 1.44 2.23 25.30 0.64 0.01 2455 120 0.0001 0.1908 2.75 0.017 0.2082 
1250.0 1.80 2.79 25.30 0.80 0.01 2455 120 0.0001 0.2885 2.75 0.027 0.3157 
1500.0 2.16 3.34 25.30 0.96 0.01 2455 120 0.0002 0.4044 2.75 0.039 0.4435 
1750.0 2.52 3.90 25.30 1.12 0.02 2455 120 0.0002 0.5380 2.75 0.053 0.5912 
2000.0 2.88 4.46 25.30 1.28 0.03 2455 120 0.0003 0.6889 2.75 0.070 0.7585 
2250.0 3.24 5.01 25.30 1.44 0.03 2455 120 0.0003 0.8568 2.75 0.088 0.9449 
2500.0 3.60 5.57 25.30 1.60 0.04 2455 120 0.0004 1.0414 2.75 0.109 1.1501 
2750.0 3.96 6.13 25.30 1.76 0.05 2455 120 0.0005 1.2425 2.75 0.132 1.3740 
3000.0 4.32 6.68 25.30 1.91 0.06 2455 120 0.0006 1.4597 2.75 0.157 1.6163 
3250.0 4.68 7.24 25.30 2.07 0.07 2455 120 0.0007 1.6930 2.75 0.184 1.8767 
3500.0 5.04 7.80 25.30 2.23 0.08 2455 120 0.0008 1.9420 2.75 0.213 2.1551 
3750.0 5.40 8.36 25.30 2.39 0.09 2455 120 0.0009 2.2067 2.75 0.245 2.4513 
4000.0 5.76 8.91 25.30 2.55 0.10 2455 120 0.0010 2.4869 2.75 0.278 2.7652 
4250.0 6.12 9.47 25.30 2.71 0.11 2455 120 0.0011 2.7824 2.75 0.314 3.0966 
4500.0 6.48 10.03 25.30 2.87 0.13 2455 120 0.0013 3.0931 2.75 0.352 3.4453 
4750.0 6.84 10.58 25.30 3.03 0.14 2455 120 0.0014 3.4189 2.75 0.392 3.8113 
5000.0 7.20 11.14 25.30 3.19 0.16 2455 120 0.0015 3.7596 2.75 0.435 4.1944 
5250.0 7.56 11.70 25.30 3.35 0.17 2455 120 0.0017 4.1151 2.75 0.479 4.5945 
5500.0 7.92 12.25 25.30 3.51 0.19 2455 120 0.0018 4.4854 2.75 0.526 5.0115 
5750.0 8.28 12.81 25.30 3.67 0.21 2455 120 0.0020 4.8702 2.75 0.575 5.4453 
6000.0 8.64 13.37 25.30 3.83 0.23 2455 120 0.0021 5.2696 2.75 0.626 5.8958 
6250.0 9.00 13.93 25.30 3.99 0.25 2455 120 0.0023 5.6835 2.75 0.679 6.3629 
6500.0 9.36 14.48 25.30 4.15 0.27 2455 120 0.0025 6.1117 2.75 0.735 6.8466 
6750.0 9.72 15.04 25.30 4.31 0.29 2455 120 0.0027 6.5541 2.75 0.793 7.3467 
7000.0 10.08 15.60 25.30 4.47 0.31 2455 120 0.0029 7.0108 2.75 0.852 7.8631 
7250.0 10.44 16.15 25.30 4.63 0.33 2455 120 0.0030 7.4815 2.75 0.914 8.3958 
7500.0 10.80 16.71 25.30 4.79 0.36 2455 120 0.0032 7.9663 2.75 0.978 8.9448 
7750.0 11.16 17.27 25.30 4.95 0.38 2455 120 0.0034 8.4651 2.75 1.045 9.5098 
8000.0 11.52 17.83 25.30 5.11 0.40 2455 120 0.0037 8.9778 2.75 1.113 10.0910 
8250.0 11.88 18.38 25.30 5.27 0.43 2455 120 0.0039 9.5043 2.75 1.184 10.6881 
8500.0 12.24 18.94 25.30 5.42 0.46 2455 120 0.0041 10.0445 2.75 1.257 11.3012 
8750.0 12.60 19.50 25.30 5.58 0.48 2455 120 0.0043 10.5985 2.75 1.332 11.9302 
9000.0 12.96 20.05 25.30 5.74 0.51 2455 120 0.0045 11.1661 2.75 1.409 12.5751 
9250.0 13.32 20.61 25.30 5.90 0.54 2455 120 0.0048 11.7473 2.75 1.488 13.2356 
9500.0 13.68 21.17 25.30 6.06 0.57 2455 120 0.0050 12.3421 2.75 1.570 13.9119 
9750.0 14.04 21.72 25.30 6.22 0.60 2455 120 0.0053 12.9504 2.75 1.654 14.6039 

10000.0 14.40 22.28 25.30 6.38 0.63 2455 120 0.0055 13.5720 2.75 1.739 15.3115 
10250.0 14.76 22.84 25.30 6.54 0.66 2455 120 0.0058 14.2071 2.75 1.827 16.0346 
10500.0 15.12 23.40 25.30 6.70 0.70 2455 120 0.0061 14.8555 2.75 1.918 16.7732 
10750.0 15.48 23.95 25.30 6.86 0.73 2455 120 0.0063 15.5172 2.75 2.010 17.5273 
11000.0 15.84 24.51 25.30 7.02 0.77 2455 120 0.0066 16.1921 2.75 2.105 18.2968 
11250.0 16.20 25.07 25.30 7.18 0.80 2455 120 0.0069 16.8803 2.75 2.201 19.0817 
11500.0 16.56 25.62 25.30 7.34 0.84 2455 120 0.0072 17.5816 2.75 2.300 19.8819 
11750.0 16.92 26.18 25.30 7.50 0.87 2455 120 0.0075 18.2960 2.75 2.401 20.6975 
12000.0 17.28 26.74 25.30 7.66 0.91 2455 120 0.0077 19.0234 2.75 2.505 21.5282 

FM System Curve – 25.3” (30” HDPE) 
Diameter =  25.3 in 
Area =  3.4911 ft2 
RH=D/4= 0.5271   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

12250.0 17.64 27.30 25.30 7.82 0.95 2455 120 0.0081 19.7639 2.75 2.610 22.3741 
12500.0 18.00 27.85 25.30 7.98 0.99 2455 120 0.0084 20.5174 2.75 2.718 23.2353 
12750.0 18.36 28.41 25.30 8.14 1.03 2455 120 0.0087 21.2838 2.75 2.828 24.1115 
13000.0 18.72 28.97 25.30 8.30 1.07 2455 120 0.0090 22.0632 2.75 2.940 25.0028 
13250.0 19.08 29.52 25.30 8.46 1.11 2455 120 0.0093 22.8554 2.75 3.054 25.9092 
13500.0 19.44 30.08 25.30 8.62 1.15 2455 120 0.0096 23.6605 2.75 3.170 26.8306 
13750.0 19.80 30.64 25.30 8.78 1.20 2455 120 0.0100 24.4783 2.75 3.289 27.7669 
14000.0 20.16 31.19 25.30 8.94 1.24 2455 120 0.0103 25.3090 2.75 3.409 28.7182 
14250.0 20.52 31.75 25.30 9.09 1.28 2455 120 0.0107 26.1523 2.75 3.532 29.6844 
14500.0 20.88 32.31 25.30 9.25 1.33 2455 120 0.0110 27.0084 2.75 3.657 30.6655 
14750.0 21.24 32.87 25.30 9.41 1.38 2455 120 0.0114 27.8771 2.75 3.784 31.6615 
15000.0 21.60 33.42 25.30 9.57 1.42 2455 120 0.0117 28.7585 2.75 3.914 32.6722 
15250.0 21.96 33.98 25.30 9.73 1.47 2455 120 0.0121 29.6525 2.75 4.045 33.6977 
15500.0 22.32 34.54 25.30 9.89 1.52 2455 120 0.0124 30.5590 2.75 4.179 34.7380 
15750.0 22.68 35.09 25.30 10.05 1.57 2455 120 0.0128 31.4781 2.75 4.315 35.7930 
16000.0 23.04 35.65 25.30 10.21 1.62 2455 120 0.0132 32.4097 2.75 4.453 36.8626 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 10158 100 0.0000 0.0000 7.16 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 10158 100 0.0000 0.1098 7.16 0.003 0.1133 
500.0 0.72 1.11 24.00 0.35 0.00 10158 100 0.0000 0.3964 7.16 0.014 0.4104 
750.0 1.08 1.67 24.00 0.53 0.00 10158 100 0.0001 0.8399 7.16 0.031 0.8714 

1000.0 1.44 2.23 24.00 0.71 0.01 10158 100 0.0001 1.4310 7.16 0.056 1.4869 
1250.0 1.80 2.79 24.00 0.89 0.01 10158 100 0.0002 2.1633 7.16 0.087 2.2506 
1500.0 2.16 3.34 24.00 1.06 0.02 10158 100 0.0003 3.0322 7.16 0.126 3.1580 
1750.0 2.52 3.90 24.00 1.24 0.02 10158 100 0.0004 4.0340 7.16 0.171 4.2053 
2000.0 2.88 4.46 24.00 1.42 0.03 10158 100 0.0005 5.1658 7.16 0.224 5.3895 
2250.0 3.24 5.01 24.00 1.60 0.04 10158 100 0.0006 6.4250 7.16 0.283 6.7081 
2500.0 3.60 5.57 24.00 1.77 0.05 10158 100 0.0008 7.8094 7.16 0.350 8.1589 
2750.0 3.96 6.13 24.00 1.95 0.06 10158 100 0.0009 9.3170 7.16 0.423 9.7399 
3000.0 4.32 6.68 24.00 2.13 0.07 10158 100 0.0011 10.9461 7.16 0.503 11.4495 
3250.0 4.68 7.24 24.00 2.31 0.08 10158 100 0.0012 12.6952 7.16 0.591 13.2859 
3500.0 5.04 7.80 24.00 2.48 0.10 10158 100 0.0014 14.5628 7.16 0.685 15.2479 
3750.0 5.40 8.36 24.00 2.66 0.11 10158 100 0.0016 16.5477 7.16 0.786 17.3342 
4000.0 5.76 8.91 24.00 2.84 0.12 10158 100 0.0018 18.6486 7.16 0.895 19.5434 
4250.0 6.12 9.47 24.00 3.01 0.14 10158 100 0.0021 20.8645 7.16 1.010 21.8747 
4500.0 6.48 10.03 24.00 3.19 0.16 10158 100 0.0023 23.1943 7.16 1.133 24.3268 
4750.0 6.84 10.58 24.00 3.37 0.18 10158 100 0.0025 25.6370 7.16 1.262 26.8989 
5000.0 7.20 11.14 24.00 3.55 0.20 10158 100 0.0028 28.1919 7.16 1.398 29.5900 
5250.0 7.56 11.70 24.00 3.72 0.22 10158 100 0.0030 30.8579 7.16 1.541 32.3994 
5500.0 7.92 12.25 24.00 3.90 0.24 10158 100 0.0033 33.6343 7.16 1.692 35.3261 
5750.0 8.28 12.81 24.00 4.08 0.26 10158 100 0.0036 36.5204 7.16 1.849 38.3695 
6000.0 8.64 13.37 24.00 4.26 0.28 10158 100 0.0039 39.5155 7.16 2.013 41.5289 
6250.0 9.00 13.93 24.00 4.43 0.31 10158 100 0.0042 42.6188 7.16 2.185 44.8034 
6500.0 9.36 14.48 24.00 4.61 0.33 10158 100 0.0045 45.8297 7.16 2.363 48.1926 
6750.0 9.72 15.04 24.00 4.79 0.36 10158 100 0.0048 49.1475 7.16 2.548 51.6957 
7000.0 10.08 15.60 24.00 4.96 0.38 10158 100 0.0052 52.5718 7.16 2.740 55.3122 
7250.0 10.44 16.15 24.00 5.14 0.41 10158 100 0.0055 56.1018 7.16 2.940 59.0415 
7500.0 10.80 16.71 24.00 5.32 0.44 10158 100 0.0059 59.7372 7.16 3.146 62.8831 
7750.0 11.16 17.27 24.00 5.50 0.47 10158 100 0.0062 63.4772 7.16 3.359 66.8363 
8000.0 11.52 17.83 24.00 5.67 0.50 10158 100 0.0066 67.3215 7.16 3.579 70.9008 
8250.0 11.88 18.38 24.00 5.85 0.53 10158 100 0.0070 71.2695 7.16 3.807 75.0761 
8500.0 12.24 18.94 24.00 6.03 0.56 10158 100 0.0074 75.3208 7.16 4.041 79.3615 
8750.0 12.60 19.50 24.00 6.21 0.60 10158 100 0.0078 79.4749 7.16 4.282 83.7568 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.1416 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

9000.0 12.96 20.05 24.00 6.38 0.63 10158 100 0.0082 83.7314 7.16 4.530 88.2615 
9250.0 13.32 20.61 24.00 6.56 0.67 10158 100 0.0087 88.0898 7.16 4.785 92.8751 
9500.0 13.68 21.17 24.00 6.74 0.70 10158 100 0.0091 92.5498 7.16 5.047 97.5972 
9750.0 14.04 21.72 24.00 6.92 0.74 10158 100 0.0096 97.1108 7.16 5.317 102.4274 

10000.0 14.40 22.28 24.00 7.09 0.78 10158 100 0.0100 101.7727 7.16 5.593 107.3654 
10250.0 14.76 22.84 24.00 7.27 0.82 10158 100 0.0105 106.5349 7.16 5.876 112.4107 
10500.0 15.12 23.40 24.00 7.45 0.86 10158 100 0.0110 111.3971 7.16 6.166 117.5630 
10750.0 15.48 23.95 24.00 7.62 0.90 10158 100 0.0115 116.3589 7.16 6.463 122.8220 
11000.0 15.84 24.51 24.00 7.80 0.95 10158 100 0.0120 121.4201 7.16 6.767 128.1872 
11250.0 16.20 25.07 24.00 7.98 0.99 10158 100 0.0125 126.5802 7.16 7.078 133.6584 
11500.0 16.56 25.62 24.00 8.16 1.03 10158 100 0.0130 131.8389 7.16 7.396 139.2353 
11750.0 16.92 26.18 24.00 8.33 1.08 10158 100 0.0135 137.1960 7.16 7.721 144.9174 
12000.0 17.28 26.74 24.00 8.51 1.12 10158 100 0.0140 142.6510 7.16 8.053 150.7045 
12250.0 17.64 27.30 24.00 8.69 1.17 10158 100 0.0146 148.2038 7.16 8.393 156.5963 
12500.0 18.00 27.85 24.00 8.87 1.22 10158 100 0.0151 153.8539 7.16 8.739 162.5925 
12750.0 18.36 28.41 24.00 9.04 1.27 10158 100 0.0157 159.6012 7.16 9.092 168.6928 
13000.0 18.72 28.97 24.00 9.22 1.32 10158 100 0.0163 165.4452 7.16 9.452 174.8969 
13250.0 19.08 29.52 24.00 9.40 1.37 10158 100 0.0169 171.3859 7.16 9.819 181.2046 
13500.0 19.44 30.08 24.00 9.57 1.42 10158 100 0.0175 177.4228 7.16 10.193 187.6155 
13750.0 19.80 30.64 24.00 9.75 1.48 10158 100 0.0181 183.5557 7.16 10.574 194.1294 
14000.0 20.16 31.19 24.00 9.93 1.53 10158 100 0.0187 189.7843 7.16 10.962 200.7460 
14250.0 20.52 31.75 24.00 10.11 1.59 10158 100 0.0193 196.1085 7.16 11.357 207.4651 
14500.0 20.88 32.31 24.00 10.28 1.64 10158 100 0.0199 202.5278 7.16 11.759 214.2865 
14750.0 21.24 32.87 24.00 10.46 1.70 10158 100 0.0206 209.0422 7.16 12.168 221.2098 
15000.0 21.60 33.42 24.00 10.64 1.76 10158 100 0.0212 215.6514 7.16 12.584 228.2349 
15250.0 21.96 33.98 24.00 10.82 1.82 10158 100 0.0219 222.3550 7.16 13.007 235.3615 
15500.0 22.32 34.54 24.00 10.99 1.88 10158 100 0.0226 229.1530 7.16 13.436 242.5894 
15750.0 22.68 35.09 24.00 11.17 1.94 10158 100 0.0232 236.0450 7.16 13.873 249.9184 
16000.0 23.04 35.65 24.00 11.35 2.00 10158 100 0.0239 243.0308 7.16 14.317 257.3482 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

 
MIN Static Head = 24.85 
MAX Static Head = 29.35 

 
 

Q Q Losses 

(gpm) (mgd)  
0.0 0.00 0.00 

250.0 0.36 1.53 
500.0 0.72 5.55 
750.0 1.08 11.77 

1000.0 1.44 20.07 
1250.0 1.80 30.37 
1500.0 2.16 42.60 
1750.0 2.52 56.71 
2000.0 2.88 72.66 
2250.0 3.24 90.41 
2500.0 3.60 109.94 
2750.0 3.96 131.22 
3000.0 4.32 154.22 
3250.0 4.68 178.92 
3500.0 5.04 205.31 
3750.0 5.40 233.37 
4000.0 5.76 263.07 
4250.0 6.12 294.41 
4500.0 6.48 327.37 
4750.0 6.84 361.94 
5000.0 7.20 398.10 
5250.0 7.56 435.85 
5500.0 7.92 475.17 
5750.0 8.28 516.05 
6000.0 8.64 558.49 
6250.0 9.00 602.46 
6500.0 9.36 647.97 
6750.0 9.72 695.01 
7000.0 10.08 743.57 
7250.0 10.44 793.63 
7500.0 10.80 845.20 
7750.0 11.16 898.26 
8000.0 11.52 952.81 
8250.0 11.88 1008.84 
8500.0 12.24 1066.35 
8750.0 12.60 1125.33 
9000.0 12.96 1185.77 
9250.0 13.32 1247.66 
9500.0 13.68 1311.01 
9750.0 14.04 1375.80 

10000.0 14.40 1442.03 
10250.0 14.76 1509.70 
10500.0 15.12 1578.80 
10750.0 15.48 1649.32 
11000.0 15.84 1721.27 
11250.0 16.20 1794.63 
11500.0 16.56 1869.40 
11750.0 16.92 1945.58 
12000.0 17.28 2023.17 
12250.0 17.64 2102.15 
12500.0 18.00 2182.52 
12750.0 18.36 2264.29 
13000.0 18.72 2347.44 
13250.0 19.08 2431.98 
13500.0 19.44 2517.90 
13750.0 19.80 2605.19 
14000.0 20.16 2693.85 
14250.0 20.52 2783.89 
14500.0 20.88 2875.28 
14750.0 21.24 2968.04 
15000.0 21.60 3062.16 
15250.0 21.96 3157.64 
15500.0 22.32 3254.46 
15750.0 22.68 3352.64 
16000.0 23.04 3452.16 

Q Q Min Static Max Static 

(gpm) (mgd)    

0.0 0.00 24.85 29.35 
250.0 0.36 26.38 30.88 
500.0 0.72 30.40 34.90 
750.0 1.08 36.62 41.12 

1000.0 1.44 44.92 49.42 
1250.0 1.80 55.22 59.72 
1500.0 2.16 67.45 71.95 
1750.0 2.52 81.56 86.06 
2000.0 2.88 97.51 102.01 
2250.0 3.24 115.26 119.76 
2500.0 3.60 134.79 139.29 
2750.0 3.96 156.07 160.57 
3000.0 4.32 179.07 183.57 
3250.0 4.68 203.77 208.27 
3500.0 5.04 230.16 234.66 
3750.0 5.40 258.22 262.72 
4000.0 5.76 287.92 292.42 
4250.0 6.12 319.26 323.76 
4500.0 6.48 352.22 356.72 
4750.0 6.84 386.79 391.29 
5000.0 7.20 422.95 427.45 
5250.0 7.56 460.70 465.20 
5500.0 7.92 500.02 504.52 
5750.0 8.28 540.90 545.40 
6000.0 8.64 583.34 587.84 
6250.0 9.00 627.31 631.81 
6500.0 9.36 672.82 677.32 
6750.0 9.72 719.86 724.36 
7000.0 10.08 768.42 772.92 
7250.0 10.44 818.48 822.98 
7500.0 10.80 870.05 874.55 
7750.0 11.16 923.11 927.61 
8000.0 11.52 977.66 982.16 
8250.0 11.88 1033.69 1038.19 
8500.0 12.24 1091.20 1095.70 
8750.0 12.60 1150.18 1154.68 
9000.0 12.96 1210.62 1215.12 
9250.0 13.32 1272.51 1277.01 
9500.0 13.68 1335.86 1340.36 
9750.0 14.04 1400.65 1405.15 

10000.0 14.40 1466.88 1471.38 
10250.0 14.76 1534.55 1539.05 
10500.0 15.12 1603.65 1608.15 
10750.0 15.48 1674.17 1678.67 
11000.0 15.84 1746.12 1750.62 
11250.0 16.20 1819.48 1823.98 
11500.0 16.56 1894.25 1898.75 
11750.0 16.92 1970.43 1974.93 
12000.0 17.28 2048.02 2052.52 
12250.0 17.64 2127.00 2131.50 
12500.0 18.00 2207.37 2211.87 
12750.0 18.36 2289.14 2293.64 
13000.0 18.72 2372.29 2376.79 
13250.0 19.08 2456.83 2461.33 
13500.0 19.44 2542.75 2547.25 
13750.0 19.80 2630.04 2634.54 
14000.0 20.16 2718.70 2723.20 
14250.0 20.52 2808.74 2813.24 
14500.0 20.88 2900.13 2904.63 
14750.0 21.24 2992.89 2997.39 
15000.0 21.60 3087.01 3091.51 
15250.0 21.96 3182.49 3186.99 
15500.0 22.32 3279.31 3283.81 
15750.0 22.68 3377.49 3381.99 
16000.0 23.04 3477.01 3481.51 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

 

 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 316 100 0.0000 0.0000 3.8 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 316 100 0.0000 0.0034 3.8 0.002 0.0053 
500.0 0.72 1.11 24.00 0.35 0.00 316 100 0.0000 0.0123 3.8 0.007 0.0198 
750.0 1.08 1.67 24.00 0.53 0.00 316 100 0.0001 0.0261 3.8 0.017 0.0428 

1000.0 1.44 2.23 24.00 0.71 0.01 316 100 0.0001 0.0445 3.8 0.030 0.0742 
1250.0 1.80 2.79 24.00 0.89 0.01 316 100 0.0002 0.0673 3.8 0.046 0.1137 
1500.0 2.16 3.34 24.00 1.06 0.02 316 100 0.0003 0.0943 3.8 0.067 0.1611 
1750.0 2.52 3.90 24.00 1.24 0.02 316 100 0.0004 0.1255 3.8 0.091 0.2164 
2000.0 2.88 4.46 24.00 1.42 0.03 316 100 0.0005 0.1607 3.8 0.119 0.2794 
2250.0 3.24 5.01 24.00 1.60 0.04 316 100 0.0006 0.1999 3.8 0.150 0.3501 
2500.0 3.60 5.57 24.00 1.77 0.05 316 100 0.0008 0.2429 3.8 0.186 0.4284 
2750.0 3.96 6.13 24.00 1.95 0.06 316 100 0.0009 0.2898 3.8 0.224 0.5143 
3000.0 4.32 6.68 24.00 2.13 0.07 316 100 0.0011 0.3405 3.8 0.267 0.6077 
3250.0 4.68 7.24 24.00 2.31 0.08 316 100 0.0012 0.3949 3.8 0.314 0.7084 
3500.0 5.04 7.80 24.00 2.48 0.10 316 100 0.0014 0.4530 3.8 0.364 0.8166 
3750.0 5.40 8.36 24.00 2.66 0.11 316 100 0.0016 0.5148 3.8 0.417 0.9322 
4000.0 5.76 8.91 24.00 2.84 0.12 316 100 0.0018 0.5801 3.8 0.475 1.0550 
4250.0 6.12 9.47 24.00 3.01 0.14 316 100 0.0021 0.6491 3.8 0.536 1.1852 
4500.0 6.48 10.03 24.00 3.19 0.16 316 100 0.0023 0.7215 3.8 0.601 1.3226 
4750.0 6.84 10.58 24.00 3.37 0.18 316 100 0.0025 0.7975 3.8 0.670 1.4672 
5000.0 7.20 11.14 24.00 3.55 0.20 316 100 0.0028 0.8770 3.8 0.742 1.6191 
5250.0 7.56 11.70 24.00 3.72 0.22 316 100 0.0030 0.9599 3.8 0.818 1.7781 
5500.0 7.92 12.25 24.00 3.90 0.24 316 100 0.0033 1.0463 3.8 0.898 1.9442 
5750.0 8.28 12.81 24.00 4.08 0.26 316 100 0.0036 1.1361 3.8 0.981 2.1175 
6000.0 8.64 13.37 24.00 4.26 0.28 316 100 0.0039 1.2293 3.8 1.069 2.2978 
6250.0 9.00 13.93 24.00 4.43 0.31 316 100 0.0042 1.3258 3.8 1.159 2.4853 
6500.0 9.36 14.48 24.00 4.61 0.33 316 100 0.0045 1.4257 3.8 1.254 2.6798 
6750.0 9.72 15.04 24.00 4.79 0.36 316 100 0.0048 1.5289 3.8 1.352 2.8813 
7000.0 10.08 15.60 24.00 4.96 0.38 316 100 0.0052 1.6354 3.8 1.454 3.0898 
7250.0 10.44 16.15 24.00 5.14 0.41 316 100 0.0055 1.7452 3.8 1.560 3.3054 
7500.0 10.80 16.71 24.00 5.32 0.44 316 100 0.0059 1.8583 3.8 1.670 3.5279 
7750.0 11.16 17.27 24.00 5.50 0.47 316 100 0.0062 1.9747 3.8 1.783 3.7575 
8000.0 11.52 17.83 24.00 5.67 0.50 316 100 0.0066 2.0943 3.8 1.900 3.9939 
8250.0 11.88 18.38 24.00 5.85 0.53 316 100 0.0070 2.2171 3.8 2.020 4.2373 
8500.0 12.24 18.94 24.00 6.03 0.56 316 100 0.0074 2.3431 3.8 2.145 4.4876 
8750.0 12.60 19.50 24.00 6.21 0.60 316 100 0.0078 2.4723 3.8 2.273 4.7449 
9000.0 12.96 20.05 24.00 6.38 0.63 316 100 0.0082 2.6048 3.8 2.404 5.0090 
9250.0 13.32 20.61 24.00 6.56 0.67 316 100 0.0087 2.7403 3.8 2.540 5.2800 
9500.0 13.68 21.17 24.00 6.74 0.70 316 100 0.0091 2.8791 3.8 2.679 5.5579 
9750.0 14.04 21.72 24.00 6.92 0.74 316 100 0.0096 3.0210 3.8 2.822 5.8426 

10000.0 14.40 22.28 24.00 7.09 0.78 316 100 0.0100 3.1660 3.8 2.968 6.1342 
10250.0 14.76 22.84 24.00 7.27 0.82 316 100 0.0105 3.3141 3.8 3.118 6.4326 
10500.0 15.12 23.40 24.00 7.45 0.86 316 100 0.0110 3.4654 3.8 3.272 6.7378 

FM System Curve – 24” (24” Parallel FM Portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

10750.0 15.48 23.95 24.00 7.62 0.90 316 100 0.0115 3.6197 3.8 3.430 7.0499 
11000.0 15.84 24.51 24.00 7.80 0.95 316 100 0.0120 3.7772 3.8 3.592 7.3687 
11250.0 16.20 25.07 24.00 7.98 0.99 316 100 0.0125 3.9377 3.8 3.757 7.6943 
11500.0 16.56 25.62 24.00 8.16 1.03 316 100 0.0130 4.1013 3.8 3.925 8.0267 
11750.0 16.92 26.18 24.00 8.33 1.08 316 100 0.0135 4.2680 3.8 4.098 8.3659 
12000.0 17.28 26.74 24.00 8.51 1.12 316 100 0.0140 4.4377 3.8 4.274 8.7119 
12250.0 17.64 27.30 24.00 8.69 1.17 316 100 0.0146 4.6104 3.8 4.454 9.0645 
12500.0 18.00 27.85 24.00 8.87 1.22 316 100 0.0151 4.7862 3.8 4.638 9.4240 
12750.0 18.36 28.41 24.00 9.04 1.27 316 100 0.0157 4.9650 3.8 4.825 9.7901 
13000.0 18.72 28.97 24.00 9.22 1.32 316 100 0.0163 5.1468 3.8 5.016 10.1630 
13250.0 19.08 29.52 24.00 9.40 1.37 316 100 0.0169 5.3316 3.8 5.211 10.5426 
13500.0 19.44 30.08 24.00 9.57 1.42 316 100 0.0175 5.5194 3.8 5.410 10.9289 
13750.0 19.80 30.64 24.00 9.75 1.48 316 100 0.0181 5.7101 3.8 5.612 11.3219 
14000.0 20.16 31.19 24.00 9.93 1.53 316 100 0.0187 5.9039 3.8 5.818 11.7216 
14250.0 20.52 31.75 24.00 10.11 1.59 316 100 0.0193 6.1006 3.8 6.027 12.1279 
14500.0 20.88 32.31 24.00 10.28 1.64 316 100 0.0199 6.3003 3.8 6.241 12.5410 
14750.0 21.24 32.87 24.00 10.46 1.70 316 100 0.0206 6.5030 3.8 6.458 12.9607 
15000.0 21.60 33.42 24.00 10.64 1.76 316 100 0.0212 6.7086 3.8 6.678 13.3870 
15250.0 21.96 33.98 24.00 10.82 1.82 316 100 0.0219 6.9171 3.8 6.903 13.8200 
15500.0 22.32 34.54 24.00 10.99 1.88 316 100 0.0226 7.1286 3.8 7.131 14.2597 
15750.0 22.68 35.09 24.00 11.17 1.94 316 100 0.0232 7.3430 3.8 7.363 14.7060 
16000.0 23.04 35.65 24.00 11.35 2.00 316 100 0.0239 7.5603 3.8 7.599 15.1589 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 68.50 100 0.0000 0.0000 1.72 0.000 0.0000 
250.0 0.36 0.56 14.00 0.52 0.00 68.50 100 0.0001 0.0102 1.72 0.007 0.0175 
500.0 0.72 1.11 14.00 1.04 0.02 68.50 100 0.0005 0.0369 1.72 0.029 0.0659 
750.0 1.08 1.67 14.00 1.56 0.04 68.50 100 0.0011 0.0782 1.72 0.065 0.1435 

1000.0 1.44 2.23 14.00 2.08 0.07 68.50 100 0.0019 0.1333 1.72 0.116 0.2493 
1250.0 1.80 2.79 14.00 2.61 0.11 68.50 100 0.0029 0.2014 1.72 0.181 0.3827 
1500.0 2.16 3.34 14.00 3.13 0.15 68.50 100 0.0041 0.2824 1.72 0.261 0.5434 
1750.0 2.52 3.90 14.00 3.65 0.21 68.50 100 0.0055 0.3756 1.72 0.355 0.7310 
2000.0 2.88 4.46 14.00 4.17 0.27 68.50 100 0.0070 0.4810 1.72 0.464 0.9452 
2250.0 3.24 5.01 14.00 4.69 0.34 68.50 100 0.0087 0.5983 1.72 0.587 1.1857 
2500.0 3.60 5.57 14.00 5.21 0.42 68.50 100 0.0106 0.7272 1.72 0.725 1.4524 
2750.0 3.96 6.13 14.00 5.73 0.51 68.50 100 0.0127 0.8676 1.72 0.877 1.7451 
3000.0 4.32 6.68 14.00 6.25 0.61 68.50 100 0.0149 1.0193 1.72 1.044 2.0636 
3250.0 4.68 7.24 14.00 6.77 0.71 68.50 100 0.0173 1.1822 1.72 1.226 2.4077 
3500.0 5.04 7.80 14.00 7.30 0.83 68.50 100 0.0198 1.3561 1.72 1.421 2.7775 
3750.0 5.40 8.36 14.00 7.82 0.95 68.50 100 0.0225 1.5409 1.72 1.632 3.1726 
4000.0 5.76 8.91 14.00 8.34 1.08 68.50 100 0.0254 1.7366 1.72 1.856 3.5930 
4250.0 6.12 9.47 14.00 8.86 1.22 68.50 100 0.0284 1.9429 1.72 2.096 4.0387 
4500.0 6.48 10.03 14.00 9.38 1.37 68.50 100 0.0315 2.1599 1.72 2.350 4.5095 
4750.0 6.84 10.58 14.00 9.90 1.52 68.50 100 0.0349 2.3873 1.72 2.618 5.0053 
5000.0 7.20 11.14 14.00 10.42 1.69 68.50 100 0.0383 2.6252 1.72 2.901 5.5260 
5250.0 7.56 11.70 14.00 10.94 1.86 68.50 100 0.0419 2.8735 1.72 3.198 6.0716 
5500.0 7.92 12.25 14.00 11.46 2.04 68.50 100 0.0457 3.1320 1.72 3.510 6.6420 
5750.0 8.28 12.81 14.00 11.98 2.23 68.50 100 0.0496 3.4008 1.72 3.836 7.2370 
6000.0 8.64 13.37 14.00 12.51 2.43 68.50 100 0.0537 3.6797 1.72 4.177 7.8568 
6250.0 9.00 13.93 14.00 13.03 2.64 68.50 100 0.0579 3.9687 1.72 4.532 8.5011 
6500.0 9.36 14.48 14.00 13.55 2.85 68.50 100 0.0623 4.2677 1.72 4.902 9.1699 
6750.0 9.72 15.04 14.00 14.07 3.07 68.50 100 0.0668 4.5766 1.72 5.287 9.8633 
7000.0 10.08 15.60 14.00 14.59 3.31 68.50 100 0.0715 4.8955 1.72 5.685 10.5810 
7250.0 10.44 16.15 14.00 15.11 3.55 68.50 100 0.0763 5.2242 1.72 6.099 11.3231 
7500.0 10.80 16.71 14.00 15.63 3.79 68.50 100 0.0812 5.5628 1.72 6.527 12.0894 

FM System Curve – 14” (14” Parallel FM Portion) 
Diameter =  14 in 
Area =  1.069014 ft2 
RH=D/4= 0.291667   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

7750.0 11.16 17.27 14.00 16.15 4.05 68.50 100 0.0863 5.9110 1.72 6.969 12.8801 
8000.0 11.52 17.83 14.00 16.67 4.32 68.50 100 0.0915 6.2690 1.72 7.426 13.6949 
8250.0 11.88 18.38 14.00 17.20 4.59 68.50 100 0.0969 6.6367 1.72 7.897 14.5339 
8500.0 12.24 18.94 14.00 17.72 4.87 68.50 100 0.1024 7.0139 1.72 8.383 15.3971 
8750.0 12.60 19.50 14.00 18.24 5.16 68.50 100 0.1080 7.4007 1.72 8.884 16.2843 
9000.0 12.96 20.05 14.00 18.76 5.46 68.50 100 0.1138 7.7971 1.72 9.398 17.1955 
9250.0 13.32 20.61 14.00 19.28 5.77 68.50 100 0.1198 8.2030 1.72 9.928 18.1308 
9500.0 13.68 21.17 14.00 19.80 6.09 68.50 100 0.1258 8.6183 1.72 10.472 19.0900 
9750.0 14.04 21.72 14.00 20.32 6.41 68.50 100 0.1320 9.0430 1.72 11.030 20.0731 

10000.0 14.40 22.28 14.00 20.84 6.75 68.50 100 0.1384 9.4771 1.72 11.603 21.0801 
10250.0 14.76 22.84 14.00 21.36 7.09 68.50 100 0.1448 9.9206 1.72 12.190 22.1110 
10500.0 15.12 23.40 14.00 21.89 7.44 68.50 100 0.1514 10.3734 1.72 12.792 23.1657 
10750.0 15.48 23.95 14.00 22.41 7.80 68.50 100 0.1582 10.8354 1.72 13.409 24.2441 
11000.0 15.84 24.51 14.00 22.93 8.16 68.50 100 0.1651 11.3067 1.72 14.040 25.3463 
11250.0 16.20 25.07 14.00 23.45 8.54 68.50 100 0.1721 11.7872 1.72 14.685 26.4722 
11500.0 16.56 25.62 14.00 23.97 8.92 68.50 100 0.1792 12.2769 1.72 15.345 27.6219 
11750.0 16.92 26.18 14.00 24.49 9.31 68.50 100 0.1865 12.7758 1.72 16.019 28.7951 
12000.0 17.28 26.74 14.00 25.01 9.71 68.50 100 0.1939 13.2837 1.72 16.708 29.9920 
12250.0 17.64 27.30 14.00 25.53 10.12 68.50 100 0.2015 13.8008 1.72 17.412 31.2126 
12500.0 18.00 27.85 14.00 26.05 10.54 68.50 100 0.2092 14.3270 1.72 18.130 32.4566 
12750.0 18.36 28.41 14.00 26.58 10.97 68.50 100 0.2170 14.8621 1.72 18.862 33.7243 
13000.0 18.72 28.97 14.00 27.10 11.40 68.50 100 0.2249 15.4063 1.72 19.609 35.0154 
13250.0 19.08 29.52 14.00 27.62 11.84 68.50 100 0.2330 15.9595 1.72 20.371 36.3300 
13500.0 19.44 30.08 14.00 28.14 12.29 68.50 100 0.2412 16.5217 1.72 21.146 37.6682 
13750.0 19.80 30.64 14.00 28.66 12.75 68.50 100 0.2495 17.0928 1.72 21.937 39.0297 
14000.0 20.16 31.19 14.00 29.18 13.22 68.50 100 0.2580 17.6728 1.72 22.742 40.4147 
14250.0 20.52 31.75 14.00 29.70 13.70 68.50 100 0.2666 18.2617 1.72 23.561 41.8230 
14500.0 20.88 32.31 14.00 30.22 14.18 68.50 100 0.2753 18.8595 1.72 24.395 43.2548 
14750.0 21.24 32.87 14.00 30.74 14.68 68.50 100 0.2842 19.4661 1.72 25.244 44.7099 
15000.0 21.60 33.42 14.00 31.26 15.18 68.50 100 0.2932 20.0816 1.72 26.107 46.1883 
15250.0 21.96 33.98 14.00 31.79 15.69 68.50 100 0.3023 20.7058 1.72 26.984 47.6900 
15500.0 22.32 34.54 14.00 32.31 16.21 68.50 100 0.3115 21.3388 1.72 27.876 49.2150 
15750.0 22.68 35.09 14.00 32.83 16.73 68.50 100 0.3209 21.9806 1.72 28.783 50.7633 
16000.0 23.04 35.65 14.00 33.35 17.27 68.50 100 0.3304 22.6312 1.72 29.704 52.3348 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 13.50 0.00 0.00 10640.5 120 0.0000 0.0000 3.1 0.000 0.0000 
250.0 0.36 0.56 13.50 0.56 0.00 10640.5 120 0.0001 1.3528 3.1 0.015 1.3679 
500.0 0.72 1.11 13.50 1.12 0.02 10640.5 120 0.0005 4.8835 3.1 0.060 4.9439 
750.0 1.08 1.67 13.50 1.68 0.04 10640.5 120 0.0010 10.3478 3.1 0.136 10.4839 

1000.0 1.44 2.23 13.50 2.24 0.08 10640.5 120 0.0017 17.6293 3.1 0.242 17.8711 
1250.0 1.80 2.79 13.50 2.80 0.12 10640.5 120 0.0025 26.6509 3.1 0.378 27.0288 
1500.0 2.16 3.34 13.50 3.36 0.18 10640.5 120 0.0035 37.3556 3.1 0.544 37.8998 
1750.0 2.52 3.90 13.50 3.92 0.24 10640.5 120 0.0047 49.6982 3.1 0.741 50.4390 
2000.0 2.88 4.46 13.50 4.48 0.31 10640.5 120 0.0060 63.6417 3.1 0.967 64.6092 
2250.0 3.24 5.01 13.50 5.04 0.39 10640.5 120 0.0074 79.1547 3.1 1.224 80.3791 
2500.0 3.60 5.57 13.50 5.60 0.49 10640.5 120 0.0090 96.2098 3.1 1.512 97.7215 
2750.0 3.96 6.13 13.50 6.16 0.59 10640.5 120 0.0108 114.7833 3.1 1.829 116.6124 
3000.0 4.32 6.68 13.50 6.72 0.70 10640.5 120 0.0127 134.8538 3.1 2.177 137.0306 
3250.0 4.68 7.24 13.50 7.29 0.82 10640.5 120 0.0147 156.4021 3.1 2.555 158.9568 
3500.0 5.04 7.80 13.50 7.85 0.96 10640.5 120 0.0169 179.4108 3.1 2.963 182.3737 
3750.0 5.40 8.36 13.50 8.41 1.10 10640.5 120 0.0192 203.8640 3.1 3.401 207.2652 
4000.0 5.76 8.91 13.50 8.97 1.25 10640.5 120 0.0216 229.7469 3.1 3.870 233.6168 
4250.0 6.12 9.47 13.50 9.53 1.41 10640.5 120 0.0242 257.0460 3.1 4.369 261.4148 
4500.0 6.48 10.03 13.50 10.09 1.58 10640.5 120 0.0269 285.7486 3.1 4.898 290.6465 

FM System Curve – 13.5” (14” Parallel FM 
Portion) 
Diameter =  13.5 in 
Area =  0.99402 ft2 
RH=D/4= 0.28125   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

4750.0 6.84 10.58 13.50 10.65 1.76 10640.5 120 0.0297 315.8429 3.1 5.457 321.3001 
5000.0 7.20 11.14 13.50 11.21 1.95 10640.5 120 0.0326 347.3178 3.1 6.047 353.3645 
5250.0 7.56 11.70 13.50 11.77 2.15 10640.5 120 0.0357 380.1628 3.1 6.667 386.8293 
5500.0 7.92 12.25 13.50 12.33 2.36 10640.5 120 0.0389 414.3680 3.1 7.317 421.6846 
5750.0 8.28 12.81 13.50 12.89 2.58 10640.5 120 0.0423 449.9242 3.1 7.997 457.9210 
6000.0 8.64 13.37 13.50 13.45 2.81 10640.5 120 0.0458 486.8225 3.1 8.707 495.5298 
6250.0 9.00 13.93 13.50 14.01 3.05 10640.5 120 0.0493 525.0544 3.1 9.448 534.5025 
6500.0 9.36 14.48 13.50 14.57 3.30 10640.5 120 0.0531 564.6120 3.1 10.219 574.8309 
6750.0 9.72 15.04 13.50 15.13 3.55 10640.5 120 0.0569 605.4874 3.1 11.020 616.5076 
7000.0 10.08 15.60 13.50 15.69 3.82 10640.5 120 0.0609 647.6735 3.1 11.852 659.5251 
7250.0 10.44 16.15 13.50 16.25 4.10 10640.5 120 0.0650 691.1631 3.1 12.713 703.8763 
7500.0 10.80 16.71 13.50 16.81 4.39 10640.5 120 0.0692 735.9495 3.1 13.605 749.5546 
7750.0 11.16 17.27 13.50 17.37 4.69 10640.5 120 0.0735 782.0262 3.1 14.527 796.5535 
8000.0 11.52 17.83 13.50 17.93 4.99 10640.5 120 0.0779 829.3870 3.1 15.480 844.8666 
8250.0 11.88 18.38 13.50 18.49 5.31 10640.5 120 0.0825 878.0258 3.1 16.462 894.4880 
8500.0 12.24 18.94 13.50 19.05 5.64 10640.5 120 0.0872 927.9368 3.1 17.475 945.4118 
8750.0 12.60 19.50 13.50 19.61 5.97 10640.5 120 0.0920 979.1145 3.1 18.518 997.6326 
9000.0 12.96 20.05 13.50 20.17 6.32 10640.5 120 0.0969 1031.5533 3.1 19.591 1051.1447 
9250.0 13.32 20.61 13.50 20.73 6.68 10640.5 120 0.1020 1085.2481 3.1 20.695 1105.9430 
9500.0 13.68 21.17 13.50 21.29 7.04 10640.5 120 0.1072 1140.1938 3.1 21.829 1162.0225 
9750.0 14.04 21.72 13.50 21.86 7.42 10640.5 120 0.1124 1196.3854 3.1 22.993 1219.3781 

10000.0 14.40 22.28 13.50 22.42 7.80 10640.5 120 0.1178 1253.8181 3.1 24.187 1278.0050 
10250.0 14.76 22.84 13.50 22.98 8.20 10640.5 120 0.1233 1312.4874 3.1 25.411 1337.8988 
10500.0 15.12 23.40 13.50 23.54 8.60 10640.5 120 0.1290 1372.3887 3.1 26.666 1399.0548 
10750.0 15.48 23.95 13.50 24.10 9.02 10640.5 120 0.1347 1433.5176 3.1 27.951 1461.4686 
11000.0 15.84 24.51 13.50 24.66 9.44 10640.5 120 0.1406 1495.8698 3.1 29.266 1525.1360 
11250.0 16.20 25.07 13.50 25.22 9.87 10640.5 120 0.1466 1559.4413 3.1 30.612 1590.0528 
11500.0 16.56 25.62 13.50 25.78 10.32 10640.5 120 0.1526 1624.2278 3.1 31.987 1656.2150 
11750.0 16.92 26.18 13.50 26.34 10.77 10640.5 120 0.1588 1690.2256 3.1 33.393 1723.6187 
12000.0 17.28 26.74 13.50 26.90 11.24 10640.5 120 0.1652 1757.4307 3.1 34.829 1792.2599 
12250.0 17.64 27.30 13.50 27.46 11.71 10640.5 120 0.1716 1825.8394 3.1 36.295 1862.1349 
12500.0 18.00 27.85 13.50 28.02 12.19 10640.5 120 0.1781 1895.4481 3.1 37.792 1933.2401 
12750.0 18.36 28.41 13.50 28.58 12.68 10640.5 120 0.1848 1966.2531 3.1 39.319 2005.5719 
13000.0 18.72 28.97 13.50 29.14 13.19 10640.5 120 0.1916 2038.2509 3.1 40.876 2079.1267 
13250.0 19.08 29.52 13.50 29.70 13.70 10640.5 120 0.1984 2111.4381 3.1 42.463 2153.9012 
13500.0 19.44 30.08 13.50 30.26 14.22 10640.5 120 0.2054 2185.8114 3.1 44.081 2229.8920 
13750.0 19.80 30.64 13.50 30.82 14.75 10640.5 120 0.2125 2261.3675 3.1 45.728 2307.0959 
14000.0 20.16 31.19 13.50 31.38 15.29 10640.5 120 0.2197 2338.1032 3.1 47.406 2385.5095 
14250.0 20.52 31.75 13.50 31.94 15.84 10640.5 120 0.2271 2416.0153 3.1 49.115 2465.1298 
14500.0 20.88 32.31 13.50 32.50 16.40 10640.5 120 0.2345 2495.1008 3.1 50.853 2545.9537 
14750.0 21.24 32.87 13.50 33.06 16.97 10640.5 120 0.2420 2575.3566 3.1 52.622 2627.9782 
15000.0 21.60 33.42 13.50 33.62 17.56 10640.5 120 0.2497 2656.7798 3.1 54.421 2711.2003 
15250.0 21.96 33.98 13.50 34.18 18.15 10640.5 120 0.2574 2739.3675 3.1 56.250 2795.6172 
15500.0 22.32 34.54 13.50 34.74 18.74 10640.5 120 0.2653 2823.1168 3.1 58.109 2881.2259 
15750.0 22.68 35.09 13.50 35.30 19.35 10640.5 120 0.2733 2908.0250 3.1 59.999 2968.0237 
16000.0 23.04 35.65 13.50 35.87 19.97 10640.5 120 0.2814 2994.0893 3.1 61.918 3056.0078 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 619.99 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 619.99 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 619.99 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 619.99 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 619.99 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 619.99 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 619.99 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 619.99 120 0.0003 0.1811 2.7 0.066 0.2473 

FM System Curve – 23.85” (28” Parallel FM Portion) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.456875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

2000.0 2.88 4.46 23.85 1.44 0.03 619.99 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 619.99 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 619.99 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 619.99 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 619.99 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 619.99 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 619.99 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 619.99 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 619.99 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 619.99 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 619.99 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 619.99 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 619.99 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 619.99 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 619.99 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 619.99 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 619.99 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 619.99 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 619.99 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 619.99 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 619.99 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 619.99 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 619.99 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 619.99 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 619.99 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 619.99 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 619.99 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 619.99 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 619.99 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 619.99 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 619.99 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 619.99 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 619.99 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 619.99 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 619.99 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 619.99 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 619.99 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 619.99 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 619.99 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 619.99 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 619.99 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 619.99 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 619.99 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 619.99 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 619.99 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 619.99 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 619.99 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 619.99 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 619.99 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 619.99 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 619.99 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 619.99 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 619.99 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 619.99 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 619.99 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 619.99 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 619.99 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 

FM System Curve – 25.14” (28” DIP)) 
Diameter =  25.14 in 
Area =  3.4471 ft2 
RH=D/4= 0.5238   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625 100 0.0000 0.0054 0.6 0.000 0.0056 
500.0 0.72 1.11 25.14 0.32 0.00 625 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625 100 0.0175 10.9132 0.6 0.905 11.8185 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

15500.0 22.32 34.54 25.14 10.02 1.56 625 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625 100 0.0191 11.9280 0.6 0.997 12.9245 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 2455 120 0.0000 0.0000 2.75 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 2455 120 0.0000 0.0146 2.75 0.001 0.0157 
500.0 0.72 1.11 25.30 0.32 0.00 2455 120 0.0000 0.0529 2.75 0.004 0.0572 
750.0 1.08 1.67 25.30 0.48 0.00 2455 120 0.0000 0.1120 2.75 0.010 0.1218 

1000.0 1.44 2.23 25.30 0.64 0.01 2455 120 0.0001 0.1908 2.75 0.017 0.2082 
1250.0 1.80 2.79 25.30 0.80 0.01 2455 120 0.0001 0.2885 2.75 0.027 0.3157 
1500.0 2.16 3.34 25.30 0.96 0.01 2455 120 0.0002 0.4044 2.75 0.039 0.4435 
1750.0 2.52 3.90 25.30 1.12 0.02 2455 120 0.0002 0.5380 2.75 0.053 0.5912 
2000.0 2.88 4.46 25.30 1.28 0.03 2455 120 0.0003 0.6889 2.75 0.070 0.7585 
2250.0 3.24 5.01 25.30 1.44 0.03 2455 120 0.0003 0.8568 2.75 0.088 0.9449 
2500.0 3.60 5.57 25.30 1.60 0.04 2455 120 0.0004 1.0414 2.75 0.109 1.1501 
2750.0 3.96 6.13 25.30 1.76 0.05 2455 120 0.0005 1.2425 2.75 0.132 1.3740 
3000.0 4.32 6.68 25.30 1.91 0.06 2455 120 0.0006 1.4597 2.75 0.157 1.6163 
3250.0 4.68 7.24 25.30 2.07 0.07 2455 120 0.0007 1.6930 2.75 0.184 1.8767 
3500.0 5.04 7.80 25.30 2.23 0.08 2455 120 0.0008 1.9420 2.75 0.213 2.1551 
3750.0 5.40 8.36 25.30 2.39 0.09 2455 120 0.0009 2.2067 2.75 0.245 2.4513 
4000.0 5.76 8.91 25.30 2.55 0.10 2455 120 0.0010 2.4869 2.75 0.278 2.7652 
4250.0 6.12 9.47 25.30 2.71 0.11 2455 120 0.0011 2.7824 2.75 0.314 3.0966 
4500.0 6.48 10.03 25.30 2.87 0.13 2455 120 0.0013 3.0931 2.75 0.352 3.4453 
4750.0 6.84 10.58 25.30 3.03 0.14 2455 120 0.0014 3.4189 2.75 0.392 3.8113 
5000.0 7.20 11.14 25.30 3.19 0.16 2455 120 0.0015 3.7596 2.75 0.435 4.1944 
5250.0 7.56 11.70 25.30 3.35 0.17 2455 120 0.0017 4.1151 2.75 0.479 4.5945 
5500.0 7.92 12.25 25.30 3.51 0.19 2455 120 0.0018 4.4854 2.75 0.526 5.0115 
5750.0 8.28 12.81 25.30 3.67 0.21 2455 120 0.0020 4.8702 2.75 0.575 5.4453 
6000.0 8.64 13.37 25.30 3.83 0.23 2455 120 0.0021 5.2696 2.75 0.626 5.8958 
6250.0 9.00 13.93 25.30 3.99 0.25 2455 120 0.0023 5.6835 2.75 0.679 6.3629 
6500.0 9.36 14.48 25.30 4.15 0.27 2455 120 0.0025 6.1117 2.75 0.735 6.8466 
6750.0 9.72 15.04 25.30 4.31 0.29 2455 120 0.0027 6.5541 2.75 0.793 7.3467 
7000.0 10.08 15.60 25.30 4.47 0.31 2455 120 0.0029 7.0108 2.75 0.852 7.8631 
7250.0 10.44 16.15 25.30 4.63 0.33 2455 120 0.0030 7.4815 2.75 0.914 8.3958 
7500.0 10.80 16.71 25.30 4.79 0.36 2455 120 0.0032 7.9663 2.75 0.978 8.9448 
7750.0 11.16 17.27 25.30 4.95 0.38 2455 120 0.0034 8.4651 2.75 1.045 9.5098 
8000.0 11.52 17.83 25.30 5.11 0.40 2455 120 0.0037 8.9778 2.75 1.113 10.0910 
8250.0 11.88 18.38 25.30 5.27 0.43 2455 120 0.0039 9.5043 2.75 1.184 10.6881 
8500.0 12.24 18.94 25.30 5.42 0.46 2455 120 0.0041 10.0445 2.75 1.257 11.3012 
8750.0 12.60 19.50 25.30 5.58 0.48 2455 120 0.0043 10.5985 2.75 1.332 11.9302 
9000.0 12.96 20.05 25.30 5.74 0.51 2455 120 0.0045 11.1661 2.75 1.409 12.5751 
9250.0 13.32 20.61 25.30 5.90 0.54 2455 120 0.0048 11.7473 2.75 1.488 13.2356 
9500.0 13.68 21.17 25.30 6.06 0.57 2455 120 0.0050 12.3421 2.75 1.570 13.9119 
9750.0 14.04 21.72 25.30 6.22 0.60 2455 120 0.0053 12.9504 2.75 1.654 14.6039 

10000.0 14.40 22.28 25.30 6.38 0.63 2455 120 0.0055 13.5720 2.75 1.739 15.3115 
10250.0 14.76 22.84 25.30 6.54 0.66 2455 120 0.0058 14.2071 2.75 1.827 16.0346 
10500.0 15.12 23.40 25.30 6.70 0.70 2455 120 0.0061 14.8555 2.75 1.918 16.7732 
10750.0 15.48 23.95 25.30 6.86 0.73 2455 120 0.0063 15.5172 2.75 2.010 17.5273 
11000.0 15.84 24.51 25.30 7.02 0.77 2455 120 0.0066 16.1921 2.75 2.105 18.2968 
11250.0 16.20 25.07 25.30 7.18 0.80 2455 120 0.0069 16.8803 2.75 2.201 19.0817 
11500.0 16.56 25.62 25.30 7.34 0.84 2455 120 0.0072 17.5816 2.75 2.300 19.8819 
11750.0 16.92 26.18 25.30 7.50 0.87 2455 120 0.0075 18.2960 2.75 2.401 20.6975 
12000.0 17.28 26.74 25.30 7.66 0.91 2455 120 0.0077 19.0234 2.75 2.505 21.5282 

FM System Curve – 25.3” (30” HDPE) 
Diameter =  25.3 in 
Area =  3.4911 ft2 
RH=D/4= 0.5271   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

12250.0 17.64 27.30 25.30 7.82 0.95 2455 120 0.0081 19.7639 2.75 2.610 22.3741 
12500.0 18.00 27.85 25.30 7.98 0.99 2455 120 0.0084 20.5174 2.75 2.718 23.2353 
12750.0 18.36 28.41 25.30 8.14 1.03 2455 120 0.0087 21.2838 2.75 2.828 24.1115 
13000.0 18.72 28.97 25.30 8.30 1.07 2455 120 0.0090 22.0632 2.75 2.940 25.0028 
13250.0 19.08 29.52 25.30 8.46 1.11 2455 120 0.0093 22.8554 2.75 3.054 25.9092 
13500.0 19.44 30.08 25.30 8.62 1.15 2455 120 0.0096 23.6605 2.75 3.170 26.8306 
13750.0 19.80 30.64 25.30 8.78 1.20 2455 120 0.0100 24.4783 2.75 3.289 27.7669 
14000.0 20.16 31.19 25.30 8.94 1.24 2455 120 0.0103 25.3090 2.75 3.409 28.7182 
14250.0 20.52 31.75 25.30 9.09 1.28 2455 120 0.0107 26.1523 2.75 3.532 29.6844 
14500.0 20.88 32.31 25.30 9.25 1.33 2455 120 0.0110 27.0084 2.75 3.657 30.6655 
14750.0 21.24 32.87 25.30 9.41 1.38 2455 120 0.0114 27.8771 2.75 3.784 31.6615 
15000.0 21.60 33.42 25.30 9.57 1.42 2455 120 0.0117 28.7585 2.75 3.914 32.6722 
15250.0 21.96 33.98 25.30 9.73 1.47 2455 120 0.0121 29.6525 2.75 4.045 33.6977 
15500.0 22.32 34.54 25.30 9.89 1.52 2455 120 0.0124 30.5590 2.75 4.179 34.7380 
15750.0 22.68 35.09 25.30 10.05 1.57 2455 120 0.0128 31.4781 2.75 4.315 35.7930 
16000.0 23.04 35.65 25.30 10.21 1.62 2455 120 0.0132 32.4097 2.75 4.453 36.8626 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 12682 100 0.0000 0.0000 8.16 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 12682 100 0.0000 0.1371 8.16 0.004 0.1411 
500.0 0.72 1.11 24.00 0.35 0.00 12682 100 0.0000 0.4949 8.16 0.016 0.5108 
750.0 1.08 1.67 24.00 0.53 0.00 12682 100 0.0001 1.0486 8.16 0.036 1.0845 

1000.0 1.44 2.23 24.00 0.71 0.01 12682 100 0.0001 1.7865 8.16 0.064 1.8503 
1250.0 1.80 2.79 24.00 0.89 0.01 12682 100 0.0002 2.7008 8.16 0.100 2.8004 
1500.0 2.16 3.34 24.00 1.06 0.02 12682 100 0.0003 3.7856 8.16 0.143 3.9290 
1750.0 2.52 3.90 24.00 1.24 0.02 12682 100 0.0004 5.0364 8.16 0.195 5.2316 
2000.0 2.88 4.46 24.00 1.42 0.03 12682 100 0.0005 6.4494 8.16 0.255 6.7043 
2250.0 3.24 5.01 24.00 1.60 0.04 12682 100 0.0006 8.0214 8.16 0.323 8.3441 
2500.0 3.60 5.57 24.00 1.77 0.05 12682 100 0.0008 9.7498 8.16 0.398 10.1482 
2750.0 3.96 6.13 24.00 1.95 0.06 12682 100 0.0009 11.6320 8.16 0.482 12.1140 
3000.0 4.32 6.68 24.00 2.13 0.07 12682 100 0.0011 13.6659 8.16 0.574 14.2396 
3250.0 4.68 7.24 24.00 2.31 0.08 12682 100 0.0012 15.8496 8.16 0.673 16.5228 
3500.0 5.04 7.80 24.00 2.48 0.10 12682 100 0.0014 18.1813 8.16 0.781 18.9621 
3750.0 5.40 8.36 24.00 2.66 0.11 12682 100 0.0016 20.6593 8.16 0.896 21.5557 
4000.0 5.76 8.91 24.00 2.84 0.12 12682 100 0.0018 23.2823 8.16 1.020 24.3021 
4250.0 6.12 9.47 24.00 3.01 0.14 12682 100 0.0021 26.0488 8.16 1.151 27.2000 
4500.0 6.48 10.03 24.00 3.19 0.16 12682 100 0.0023 28.9574 8.16 1.291 30.2481 
4750.0 6.84 10.58 24.00 3.37 0.18 12682 100 0.0025 32.0072 8.16 1.438 33.4453 
5000.0 7.20 11.14 24.00 3.55 0.20 12682 100 0.0028 35.1968 8.16 1.593 36.7903 
5250.0 7.56 11.70 24.00 3.72 0.22 12682 100 0.0030 38.5253 8.16 1.757 40.2821 
5500.0 7.92 12.25 24.00 3.90 0.24 12682 100 0.0033 41.9916 8.16 1.928 43.9197 
5750.0 8.28 12.81 24.00 4.08 0.26 12682 100 0.0036 45.5948 8.16 2.107 47.7022 
6000.0 8.64 13.37 24.00 4.26 0.28 12682 100 0.0039 49.3341 8.16 2.295 51.6286 
6250.0 9.00 13.93 24.00 4.43 0.31 12682 100 0.0042 53.2084 8.16 2.490 55.6982 
6500.0 9.36 14.48 24.00 4.61 0.33 12682 100 0.0045 57.2172 8.16 2.693 59.9101 
6750.0 9.72 15.04 24.00 4.79 0.36 12682 100 0.0048 61.3594 8.16 2.904 64.2635 
7000.0 10.08 15.60 24.00 4.96 0.38 12682 100 0.0052 65.6345 8.16 3.123 68.7577 
7250.0 10.44 16.15 24.00 5.14 0.41 12682 100 0.0055 70.0417 8.16 3.350 73.3919 
7500.0 10.80 16.71 24.00 5.32 0.44 12682 100 0.0059 74.5803 8.16 3.585 78.1656 
7750.0 11.16 17.27 24.00 5.50 0.47 12682 100 0.0062 79.2497 8.16 3.828 83.0779 
8000.0 11.52 17.83 24.00 5.67 0.50 12682 100 0.0066 84.0492 8.16 4.079 88.1284 
8250.0 11.88 18.38 24.00 5.85 0.53 12682 100 0.0070 88.9782 8.16 4.338 93.3163 
8500.0 12.24 18.94 24.00 6.03 0.56 12682 100 0.0074 94.0361 8.16 4.605 98.6412 
8750.0 12.60 19.50 24.00 6.21 0.60 12682 100 0.0078 99.2224 8.16 4.880 104.1023 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.1416 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

9000.0 12.96 20.05 24.00 6.38 0.63 12682 100 0.0082 104.5365 8.16 5.163 109.6993 
9250.0 13.32 20.61 24.00 6.56 0.67 12682 100 0.0087 109.9778 8.16 5.454 115.4314 
9500.0 13.68 21.17 24.00 6.74 0.70 12682 100 0.0091 115.5460 8.16 5.752 121.2983 
9750.0 14.04 21.72 24.00 6.92 0.74 12682 100 0.0096 121.2404 8.16 6.059 127.2995 

10000.0 14.40 22.28 24.00 7.09 0.78 12682 100 0.0100 127.0605 8.16 6.374 133.4344 
10250.0 14.76 22.84 24.00 7.27 0.82 12682 100 0.0105 133.0060 8.16 6.696 139.7025 
10500.0 15.12 23.40 24.00 7.45 0.86 12682 100 0.0110 139.0764 8.16 7.027 146.1035 
10750.0 15.48 23.95 24.00 7.62 0.90 12682 100 0.0115 145.2711 8.16 7.366 152.6368 
11000.0 15.84 24.51 24.00 7.80 0.95 12682 100 0.0120 151.5898 8.16 7.712 159.3021 
11250.0 16.20 25.07 24.00 7.98 0.99 12682 100 0.0125 158.0321 8.16 8.067 166.0989 
11500.0 16.56 25.62 24.00 8.16 1.03 12682 100 0.0130 164.5975 8.16 8.429 173.0268 
11750.0 16.92 26.18 24.00 8.33 1.08 12682 100 0.0135 171.2856 8.16 8.800 180.0854 
12000.0 17.28 26.74 24.00 8.51 1.12 12682 100 0.0140 178.0961 8.16 9.178 187.2744 
12250.0 17.64 27.30 24.00 8.69 1.17 12682 100 0.0146 185.0286 8.16 9.565 194.5933 
12500.0 18.00 27.85 24.00 8.87 1.22 12682 100 0.0151 192.0826 8.16 9.959 202.0417 
12750.0 18.36 28.41 24.00 9.04 1.27 12682 100 0.0157 199.2579 8.16 10.361 209.6193 
13000.0 18.72 28.97 24.00 9.22 1.32 12682 100 0.0163 206.5541 8.16 10.772 217.3258 
13250.0 19.08 29.52 24.00 9.40 1.37 12682 100 0.0169 213.9708 8.16 11.190 225.1608 
13500.0 19.44 30.08 24.00 9.57 1.42 12682 100 0.0175 221.5077 8.16 11.616 233.1240 
13750.0 19.80 30.64 24.00 9.75 1.48 12682 100 0.0181 229.1645 8.16 12.050 241.2150 
14000.0 20.16 31.19 24.00 9.93 1.53 12682 100 0.0187 236.9408 8.16 12.493 249.4335 
14250.0 20.52 31.75 24.00 10.11 1.59 12682 100 0.0193 244.8363 8.16 12.943 257.7791 
14500.0 20.88 32.31 24.00 10.28 1.64 12682 100 0.0199 252.8508 8.16 13.401 266.2517 
14750.0 21.24 32.87 24.00 10.46 1.70 12682 100 0.0206 260.9838 8.16 13.867 274.8508 
15000.0 21.60 33.42 24.00 10.64 1.76 12682 100 0.0212 269.2351 8.16 14.341 283.5762 
15250.0 21.96 33.98 24.00 10.82 1.82 12682 100 0.0219 277.6045 8.16 14.823 292.4276 
15500.0 22.32 34.54 24.00 10.99 1.88 12682 100 0.0226 286.0916 8.16 15.313 301.4046 
15750.0 22.68 35.09 24.00 11.17 1.94 12682 100 0.0232 294.6961 8.16 15.811 310.5071 
16000.0 23.04 35.65 24.00 11.35 2.00 12682 100 0.0239 303.4177 8.16 16.317 319.7347 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

 
MIN Static Head = 24.18 
MAX Static Head = 28.68

Q Q Losses 

(gpm) (mgd)  
0.0 0.00 0.00 

250.0 0.36 1.56 
500.0 0.72 5.65 
750.0 1.08 11.98 

1000.0 1.44 20.44 
1250.0 1.80 30.92 
1500.0 2.16 43.37 
1750.0 2.52 57.73 
2000.0 2.88 73.97 
2250.0 3.24 92.05 
2500.0 3.60 111.93 
2750.0 3.96 133.59 
3000.0 4.32 157.01 
3250.0 4.68 182.16 
3500.0 5.04 209.03 
3750.0 5.40 237.59 
4000.0 5.76 267.83 
4250.0 6.12 299.74 
4500.0 6.48 333.29 
4750.0 6.84 368.49 
5000.0 7.20 405.30 
5250.0 7.56 443.73 
5500.0 7.92 483.76 
5750.0 8.28 525.38 
6000.0 8.64 568.58 
6250.0 9.00 613.36 
6500.0 9.36 659.69 
6750.0 9.72 707.58 
7000.0 10.08 757.01 
7250.0 10.44 807.98 
7500.0 10.80 860.48 
7750.0 11.16 914.50 
8000.0 11.52 970.04 
8250.0 11.88 1027.09 
8500.0 12.24 1085.63 
8750.0 12.60 1145.67 
9000.0 12.96 1207.20 
9250.0 13.32 1270.22 
9500.0 13.68 1334.71 
9750.0 14.04 1400.67 

10000.0 14.40 1468.10 
10250.0 14.76 1536.99 
10500.0 15.12 1607.34 
10750.0 15.48 1679.14 
11000.0 15.84 1752.38 
11250.0 16.20 1827.07 
11500.0 16.56 1903.19 
11750.0 16.92 1980.75 
12000.0 17.28 2059.73 
12250.0 17.64 2140.14 
12500.0 18.00 2221.97 
12750.0 18.36 2305.22 
13000.0 18.72 2389.87 
13250.0 19.08 2475.94 
13500.0 19.44 2563.41 
13750.0 19.80 2652.27 
14000.0 20.16 2742.54 
14250.0 20.52 2834.20 
14500.0 20.88 2927.25 
14750.0 21.24 3021.68 
15000.0 21.60 3117.50 
15250.0 21.96 3214.70 
15500.0 22.32 3313.28 
15750.0 22.68 3413.23 
16000.0 23.04 3514.55 

Q Q Min Static Max Static 

(gpm) (mgd)    

0.0 0.00 24.18 28.68 
250.0 0.36 25.74 30.24 
500.0 0.72 29.83 34.33 
750.0 1.08 36.16 40.66 

1000.0 1.44 44.62 49.12 
1250.0 1.80 55.10 59.60 
1500.0 2.16 67.55 72.05 
1750.0 2.52 81.91 86.41 
2000.0 2.88 98.15 102.65 
2250.0 3.24 116.23 120.73 
2500.0 3.60 136.11 140.61 
2750.0 3.96 157.77 162.27 
3000.0 4.32 181.19 185.69 
3250.0 4.68 206.34 210.84 
3500.0 5.04 233.21 237.71 
3750.0 5.40 261.77 266.27 
4000.0 5.76 292.01 296.51 
4250.0 6.12 323.92 328.42 
4500.0 6.48 357.47 361.97 
4750.0 6.84 392.67 397.17 
5000.0 7.20 429.48 433.98 
5250.0 7.56 467.91 472.41 
5500.0 7.92 507.94 512.44 
5750.0 8.28 549.56 554.06 
6000.0 8.64 592.76 597.26 
6250.0 9.00 637.54 642.04 
6500.0 9.36 683.87 688.37 
6750.0 9.72 731.76 736.26 
7000.0 10.08 781.19 785.69 
7250.0 10.44 832.16 836.66 
7500.0 10.80 884.66 889.16 
7750.0 11.16 938.68 943.18 
8000.0 11.52 994.22 998.72 
8250.0 11.88 1051.27 1055.77 
8500.0 12.24 1109.81 1114.31 
8750.0 12.60 1169.85 1174.35 
9000.0 12.96 1231.38 1235.88 
9250.0 13.32 1294.40 1298.90 
9500.0 13.68 1358.89 1363.39 
9750.0 14.04 1424.85 1429.35 

10000.0 14.40 1492.28 1496.78 
10250.0 14.76 1561.17 1565.67 
10500.0 15.12 1631.52 1636.02 
10750.0 15.48 1703.32 1707.82 
11000.0 15.84 1776.56 1781.06 
11250.0 16.20 1851.25 1855.75 
11500.0 16.56 1927.37 1931.87 
11750.0 16.92 2004.93 2009.43 
12000.0 17.28 2083.91 2088.41 
12250.0 17.64 2164.32 2168.82 
12500.0 18.00 2246.15 2250.65 
12750.0 18.36 2329.40 2333.90 
13000.0 18.72 2414.05 2418.55 
13250.0 19.08 2500.12 2504.62 
13500.0 19.44 2587.59 2592.09 
13750.0 19.80 2676.45 2680.95 
14000.0 20.16 2766.72 2771.22 
14250.0 20.52 2858.38 2862.88 
14500.0 20.88 2951.43 2955.93 
14750.0 21.24 3045.86 3050.36 
15000.0 21.60 3141.68 3146.18 
15250.0 21.96 3238.88 3243.38 
15500.0 22.32 3337.46 3341.96 
15750.0 22.68 3437.41 3441.91 
16000.0 23.04 3538.73 3543.23 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 
 

 

 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 316 100 0.0000 0.0000 3.8 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 316 100 0.0000 0.0034 3.8 0.002 0.0053 
500.0 0.72 1.11 24.00 0.35 0.00 316 100 0.0000 0.0123 3.8 0.007 0.0198 
750.0 1.08 1.67 24.00 0.53 0.00 316 100 0.0001 0.0261 3.8 0.017 0.0428 

1000.0 1.44 2.23 24.00 0.71 0.01 316 100 0.0001 0.0445 3.8 0.030 0.0742 
1250.0 1.80 2.79 24.00 0.89 0.01 316 100 0.0002 0.0673 3.8 0.046 0.1137 
1500.0 2.16 3.34 24.00 1.06 0.02 316 100 0.0003 0.0943 3.8 0.067 0.1611 
1750.0 2.52 3.90 24.00 1.24 0.02 316 100 0.0004 0.1255 3.8 0.091 0.2164 
2000.0 2.88 4.46 24.00 1.42 0.03 316 100 0.0005 0.1607 3.8 0.119 0.2794 
2250.0 3.24 5.01 24.00 1.60 0.04 316 100 0.0006 0.1999 3.8 0.150 0.3501 
2500.0 3.60 5.57 24.00 1.77 0.05 316 100 0.0008 0.2429 3.8 0.186 0.4284 
2750.0 3.96 6.13 24.00 1.95 0.06 316 100 0.0009 0.2898 3.8 0.224 0.5143 
3000.0 4.32 6.68 24.00 2.13 0.07 316 100 0.0011 0.3405 3.8 0.267 0.6077 
3250.0 4.68 7.24 24.00 2.31 0.08 316 100 0.0012 0.3949 3.8 0.314 0.7084 
3500.0 5.04 7.80 24.00 2.48 0.10 316 100 0.0014 0.4530 3.8 0.364 0.8166 
3750.0 5.40 8.36 24.00 2.66 0.11 316 100 0.0016 0.5148 3.8 0.417 0.9322 
4000.0 5.76 8.91 24.00 2.84 0.12 316 100 0.0018 0.5801 3.8 0.475 1.0550 
4250.0 6.12 9.47 24.00 3.01 0.14 316 100 0.0021 0.6491 3.8 0.536 1.1852 
4500.0 6.48 10.03 24.00 3.19 0.16 316 100 0.0023 0.7215 3.8 0.601 1.3226 
4750.0 6.84 10.58 24.00 3.37 0.18 316 100 0.0025 0.7975 3.8 0.670 1.4672 
5000.0 7.20 11.14 24.00 3.55 0.20 316 100 0.0028 0.8770 3.8 0.742 1.6191 
5250.0 7.56 11.70 24.00 3.72 0.22 316 100 0.0030 0.9599 3.8 0.818 1.7781 
5500.0 7.92 12.25 24.00 3.90 0.24 316 100 0.0033 1.0463 3.8 0.898 1.9442 
5750.0 8.28 12.81 24.00 4.08 0.26 316 100 0.0036 1.1361 3.8 0.981 2.1175 
6000.0 8.64 13.37 24.00 4.26 0.28 316 100 0.0039 1.2293 3.8 1.069 2.2978 
6250.0 9.00 13.93 24.00 4.43 0.31 316 100 0.0042 1.3258 3.8 1.159 2.4853 
6500.0 9.36 14.48 24.00 4.61 0.33 316 100 0.0045 1.4257 3.8 1.254 2.6798 
6750.0 9.72 15.04 24.00 4.79 0.36 316 100 0.0048 1.5289 3.8 1.352 2.8813 
7000.0 10.08 15.60 24.00 4.96 0.38 316 100 0.0052 1.6354 3.8 1.454 3.0898 
7250.0 10.44 16.15 24.00 5.14 0.41 316 100 0.0055 1.7452 3.8 1.560 3.3054 
7500.0 10.80 16.71 24.00 5.32 0.44 316 100 0.0059 1.8583 3.8 1.670 3.5279 
7750.0 11.16 17.27 24.00 5.50 0.47 316 100 0.0062 1.9747 3.8 1.783 3.7575 
8000.0 11.52 17.83 24.00 5.67 0.50 316 100 0.0066 2.0943 3.8 1.900 3.9939 
8250.0 11.88 18.38 24.00 5.85 0.53 316 100 0.0070 2.2171 3.8 2.020 4.2373 
8500.0 12.24 18.94 24.00 6.03 0.56 316 100 0.0074 2.3431 3.8 2.145 4.4876 
8750.0 12.60 19.50 24.00 6.21 0.60 316 100 0.0078 2.4723 3.8 2.273 4.7449 
9000.0 12.96 20.05 24.00 6.38 0.63 316 100 0.0082 2.6048 3.8 2.404 5.0090 
9250.0 13.32 20.61 24.00 6.56 0.67 316 100 0.0087 2.7403 3.8 2.540 5.2800 
9500.0 13.68 21.17 24.00 6.74 0.70 316 100 0.0091 2.8791 3.8 2.679 5.5579 
9750.0 14.04 21.72 24.00 6.92 0.74 316 100 0.0096 3.0210 3.8 2.822 5.8426 

10000.0 14.40 22.28 24.00 7.09 0.78 316 100 0.0100 3.1660 3.8 2.968 6.1342 
10250.0 14.76 22.84 24.00 7.27 0.82 316 100 0.0105 3.3141 3.8 3.118 6.4326 
10500.0 15.12 23.40 24.00 7.45 0.86 316 100 0.0110 3.4654 3.8 3.272 6.7378 

FM System Curve – 24” (24” Parallel FM Portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

10750.0 15.48 23.95 24.00 7.62 0.90 316 100 0.0115 3.6197 3.8 3.430 7.0499 
11000.0 15.84 24.51 24.00 7.80 0.95 316 100 0.0120 3.7772 3.8 3.592 7.3687 
11250.0 16.20 25.07 24.00 7.98 0.99 316 100 0.0125 3.9377 3.8 3.757 7.6943 
11500.0 16.56 25.62 24.00 8.16 1.03 316 100 0.0130 4.1013 3.8 3.925 8.0267 
11750.0 16.92 26.18 24.00 8.33 1.08 316 100 0.0135 4.2680 3.8 4.098 8.3659 
12000.0 17.28 26.74 24.00 8.51 1.12 316 100 0.0140 4.4377 3.8 4.274 8.7119 
12250.0 17.64 27.30 24.00 8.69 1.17 316 100 0.0146 4.6104 3.8 4.454 9.0645 
12500.0 18.00 27.85 24.00 8.87 1.22 316 100 0.0151 4.7862 3.8 4.638 9.4240 
12750.0 18.36 28.41 24.00 9.04 1.27 316 100 0.0157 4.9650 3.8 4.825 9.7901 
13000.0 18.72 28.97 24.00 9.22 1.32 316 100 0.0163 5.1468 3.8 5.016 10.1630 
13250.0 19.08 29.52 24.00 9.40 1.37 316 100 0.0169 5.3316 3.8 5.211 10.5426 
13500.0 19.44 30.08 24.00 9.57 1.42 316 100 0.0175 5.5194 3.8 5.410 10.9289 
13750.0 19.80 30.64 24.00 9.75 1.48 316 100 0.0181 5.7101 3.8 5.612 11.3219 
14000.0 20.16 31.19 24.00 9.93 1.53 316 100 0.0187 5.9039 3.8 5.818 11.7216 
14250.0 20.52 31.75 24.00 10.11 1.59 316 100 0.0193 6.1006 3.8 6.027 12.1279 
14500.0 20.88 32.31 24.00 10.28 1.64 316 100 0.0199 6.3003 3.8 6.241 12.5410 
14750.0 21.24 32.87 24.00 10.46 1.70 316 100 0.0206 6.5030 3.8 6.458 12.9607 
15000.0 21.60 33.42 24.00 10.64 1.76 316 100 0.0212 6.7086 3.8 6.678 13.3870 
15250.0 21.96 33.98 24.00 10.82 1.82 316 100 0.0219 6.9171 3.8 6.903 13.8200 
15500.0 22.32 34.54 24.00 10.99 1.88 316 100 0.0226 7.1286 3.8 7.131 14.2597 
15750.0 22.68 35.09 24.00 11.17 1.94 316 100 0.0232 7.3430 3.8 7.363 14.7060 
16000.0 23.04 35.65 24.00 11.35 2.00 316 100 0.0239 7.5603 3.8 7.599 15.1589 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 68.50 100 0.0000 0.0000 1.72 0.000 0.0000 
250.0 0.36 0.56 14.00 0.52 0.00 68.50 100 0.0001 0.0102 1.72 0.007 0.0175 
500.0 0.72 1.11 14.00 1.04 0.02 68.50 100 0.0005 0.0369 1.72 0.029 0.0659 
750.0 1.08 1.67 14.00 1.56 0.04 68.50 100 0.0011 0.0782 1.72 0.065 0.1435 

1000.0 1.44 2.23 14.00 2.08 0.07 68.50 100 0.0019 0.1333 1.72 0.116 0.2493 
1250.0 1.80 2.79 14.00 2.61 0.11 68.50 100 0.0029 0.2014 1.72 0.181 0.3827 
1500.0 2.16 3.34 14.00 3.13 0.15 68.50 100 0.0041 0.2824 1.72 0.261 0.5434 
1750.0 2.52 3.90 14.00 3.65 0.21 68.50 100 0.0055 0.3756 1.72 0.355 0.7310 
2000.0 2.88 4.46 14.00 4.17 0.27 68.50 100 0.0070 0.4810 1.72 0.464 0.9452 
2250.0 3.24 5.01 14.00 4.69 0.34 68.50 100 0.0087 0.5983 1.72 0.587 1.1857 
2500.0 3.60 5.57 14.00 5.21 0.42 68.50 100 0.0106 0.7272 1.72 0.725 1.4524 
2750.0 3.96 6.13 14.00 5.73 0.51 68.50 100 0.0127 0.8676 1.72 0.877 1.7451 
3000.0 4.32 6.68 14.00 6.25 0.61 68.50 100 0.0149 1.0193 1.72 1.044 2.0636 
3250.0 4.68 7.24 14.00 6.77 0.71 68.50 100 0.0173 1.1822 1.72 1.226 2.4077 
3500.0 5.04 7.80 14.00 7.30 0.83 68.50 100 0.0198 1.3561 1.72 1.421 2.7775 
3750.0 5.40 8.36 14.00 7.82 0.95 68.50 100 0.0225 1.5409 1.72 1.632 3.1726 
4000.0 5.76 8.91 14.00 8.34 1.08 68.50 100 0.0254 1.7366 1.72 1.856 3.5930 
4250.0 6.12 9.47 14.00 8.86 1.22 68.50 100 0.0284 1.9429 1.72 2.096 4.0387 
4500.0 6.48 10.03 14.00 9.38 1.37 68.50 100 0.0315 2.1599 1.72 2.350 4.5095 
4750.0 6.84 10.58 14.00 9.90 1.52 68.50 100 0.0349 2.3873 1.72 2.618 5.0053 
5000.0 7.20 11.14 14.00 10.42 1.69 68.50 100 0.0383 2.6252 1.72 2.901 5.5260 
5250.0 7.56 11.70 14.00 10.94 1.86 68.50 100 0.0419 2.8735 1.72 3.198 6.0716 
5500.0 7.92 12.25 14.00 11.46 2.04 68.50 100 0.0457 3.1320 1.72 3.510 6.6420 
5750.0 8.28 12.81 14.00 11.98 2.23 68.50 100 0.0496 3.4008 1.72 3.836 7.2370 
6000.0 8.64 13.37 14.00 12.51 2.43 68.50 100 0.0537 3.6797 1.72 4.177 7.8568 
6250.0 9.00 13.93 14.00 13.03 2.64 68.50 100 0.0579 3.9687 1.72 4.532 8.5011 
6500.0 9.36 14.48 14.00 13.55 2.85 68.50 100 0.0623 4.2677 1.72 4.902 9.1699 
6750.0 9.72 15.04 14.00 14.07 3.07 68.50 100 0.0668 4.5766 1.72 5.287 9.8633 
7000.0 10.08 15.60 14.00 14.59 3.31 68.50 100 0.0715 4.8955 1.72 5.685 10.5810 
7250.0 10.44 16.15 14.00 15.11 3.55 68.50 100 0.0763 5.2242 1.72 6.099 11.3231 
7500.0 10.80 16.71 14.00 15.63 3.79 68.50 100 0.0812 5.5628 1.72 6.527 12.0894 

FM System Curve – 14” (14” Parallel FM Portion) 
Diameter =  14 in 
Area =  1.069014 ft2 
RH=D/4= 0.291667   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

7750.0 11.16 17.27 14.00 16.15 4.05 68.50 100 0.0863 5.9110 1.72 6.969 12.8801 
8000.0 11.52 17.83 14.00 16.67 4.32 68.50 100 0.0915 6.2690 1.72 7.426 13.6949 
8250.0 11.88 18.38 14.00 17.20 4.59 68.50 100 0.0969 6.6367 1.72 7.897 14.5339 
8500.0 12.24 18.94 14.00 17.72 4.87 68.50 100 0.1024 7.0139 1.72 8.383 15.3971 
8750.0 12.60 19.50 14.00 18.24 5.16 68.50 100 0.1080 7.4007 1.72 8.884 16.2843 
9000.0 12.96 20.05 14.00 18.76 5.46 68.50 100 0.1138 7.7971 1.72 9.398 17.1955 
9250.0 13.32 20.61 14.00 19.28 5.77 68.50 100 0.1198 8.2030 1.72 9.928 18.1308 
9500.0 13.68 21.17 14.00 19.80 6.09 68.50 100 0.1258 8.6183 1.72 10.472 19.0900 
9750.0 14.04 21.72 14.00 20.32 6.41 68.50 100 0.1320 9.0430 1.72 11.030 20.0731 

10000.0 14.40 22.28 14.00 20.84 6.75 68.50 100 0.1384 9.4771 1.72 11.603 21.0801 
10250.0 14.76 22.84 14.00 21.36 7.09 68.50 100 0.1448 9.9206 1.72 12.190 22.1110 
10500.0 15.12 23.40 14.00 21.89 7.44 68.50 100 0.1514 10.3734 1.72 12.792 23.1657 
10750.0 15.48 23.95 14.00 22.41 7.80 68.50 100 0.1582 10.8354 1.72 13.409 24.2441 
11000.0 15.84 24.51 14.00 22.93 8.16 68.50 100 0.1651 11.3067 1.72 14.040 25.3463 
11250.0 16.20 25.07 14.00 23.45 8.54 68.50 100 0.1721 11.7872 1.72 14.685 26.4722 
11500.0 16.56 25.62 14.00 23.97 8.92 68.50 100 0.1792 12.2769 1.72 15.345 27.6219 
11750.0 16.92 26.18 14.00 24.49 9.31 68.50 100 0.1865 12.7758 1.72 16.019 28.7951 
12000.0 17.28 26.74 14.00 25.01 9.71 68.50 100 0.1939 13.2837 1.72 16.708 29.9920 
12250.0 17.64 27.30 14.00 25.53 10.12 68.50 100 0.2015 13.8008 1.72 17.412 31.2126 
12500.0 18.00 27.85 14.00 26.05 10.54 68.50 100 0.2092 14.3270 1.72 18.130 32.4566 
12750.0 18.36 28.41 14.00 26.58 10.97 68.50 100 0.2170 14.8621 1.72 18.862 33.7243 
13000.0 18.72 28.97 14.00 27.10 11.40 68.50 100 0.2249 15.4063 1.72 19.609 35.0154 
13250.0 19.08 29.52 14.00 27.62 11.84 68.50 100 0.2330 15.9595 1.72 20.371 36.3300 
13500.0 19.44 30.08 14.00 28.14 12.29 68.50 100 0.2412 16.5217 1.72 21.146 37.6682 
13750.0 19.80 30.64 14.00 28.66 12.75 68.50 100 0.2495 17.0928 1.72 21.937 39.0297 
14000.0 20.16 31.19 14.00 29.18 13.22 68.50 100 0.2580 17.6728 1.72 22.742 40.4147 
14250.0 20.52 31.75 14.00 29.70 13.70 68.50 100 0.2666 18.2617 1.72 23.561 41.8230 
14500.0 20.88 32.31 14.00 30.22 14.18 68.50 100 0.2753 18.8595 1.72 24.395 43.2548 
14750.0 21.24 32.87 14.00 30.74 14.68 68.50 100 0.2842 19.4661 1.72 25.244 44.7099 
15000.0 21.60 33.42 14.00 31.26 15.18 68.50 100 0.2932 20.0816 1.72 26.107 46.1883 
15250.0 21.96 33.98 14.00 31.79 15.69 68.50 100 0.3023 20.7058 1.72 26.984 47.6900 
15500.0 22.32 34.54 14.00 32.31 16.21 68.50 100 0.3115 21.3388 1.72 27.876 49.2150 
15750.0 22.68 35.09 14.00 32.83 16.73 68.50 100 0.3209 21.9806 1.72 28.783 50.7633 
16000.0 23.04 35.65 14.00 33.35 17.27 68.50 100 0.3304 22.6312 1.72 29.704 52.3348 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 13.50 0.00 0.00 10640.5 120 0.0000 0.0000 3.1 0.000 0.0000 
250.0 0.36 0.56 13.50 0.56 0.00 10640.5 120 0.0001 1.3528 3.1 0.015 1.3679 
500.0 0.72 1.11 13.50 1.12 0.02 10640.5 120 0.0005 4.8835 3.1 0.060 4.9439 
750.0 1.08 1.67 13.50 1.68 0.04 10640.5 120 0.0010 10.3478 3.1 0.136 10.4839 

1000.0 1.44 2.23 13.50 2.24 0.08 10640.5 120 0.0017 17.6293 3.1 0.242 17.8711 
1250.0 1.80 2.79 13.50 2.80 0.12 10640.5 120 0.0025 26.6509 3.1 0.378 27.0288 
1500.0 2.16 3.34 13.50 3.36 0.18 10640.5 120 0.0035 37.3556 3.1 0.544 37.8998 
1750.0 2.52 3.90 13.50 3.92 0.24 10640.5 120 0.0047 49.6982 3.1 0.741 50.4390 
2000.0 2.88 4.46 13.50 4.48 0.31 10640.5 120 0.0060 63.6417 3.1 0.967 64.6092 
2250.0 3.24 5.01 13.50 5.04 0.39 10640.5 120 0.0074 79.1547 3.1 1.224 80.3791 
2500.0 3.60 5.57 13.50 5.60 0.49 10640.5 120 0.0090 96.2098 3.1 1.512 97.7215 
2750.0 3.96 6.13 13.50 6.16 0.59 10640.5 120 0.0108 114.7833 3.1 1.829 116.6124 
3000.0 4.32 6.68 13.50 6.72 0.70 10640.5 120 0.0127 134.8538 3.1 2.177 137.0306 
3250.0 4.68 7.24 13.50 7.29 0.82 10640.5 120 0.0147 156.4021 3.1 2.555 158.9568 
3500.0 5.04 7.80 13.50 7.85 0.96 10640.5 120 0.0169 179.4108 3.1 2.963 182.3737 
3750.0 5.40 8.36 13.50 8.41 1.10 10640.5 120 0.0192 203.8640 3.1 3.401 207.2652 
4000.0 5.76 8.91 13.50 8.97 1.25 10640.5 120 0.0216 229.7469 3.1 3.870 233.6168 
4250.0 6.12 9.47 13.50 9.53 1.41 10640.5 120 0.0242 257.0460 3.1 4.369 261.4148 
4500.0 6.48 10.03 13.50 10.09 1.58 10640.5 120 0.0269 285.7486 3.1 4.898 290.6465 

FM System Curve – 13.5” (14” Parallel FM 
Portion) 
Diameter =  13.5 in 
Area =  0.99402 ft2 
RH=D/4= 0.28125   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

4750.0 6.84 10.58 13.50 10.65 1.76 10640.5 120 0.0297 315.8429 3.1 5.457 321.3001 
5000.0 7.20 11.14 13.50 11.21 1.95 10640.5 120 0.0326 347.3178 3.1 6.047 353.3645 
5250.0 7.56 11.70 13.50 11.77 2.15 10640.5 120 0.0357 380.1628 3.1 6.667 386.8293 
5500.0 7.92 12.25 13.50 12.33 2.36 10640.5 120 0.0389 414.3680 3.1 7.317 421.6846 
5750.0 8.28 12.81 13.50 12.89 2.58 10640.5 120 0.0423 449.9242 3.1 7.997 457.9210 
6000.0 8.64 13.37 13.50 13.45 2.81 10640.5 120 0.0458 486.8225 3.1 8.707 495.5298 
6250.0 9.00 13.93 13.50 14.01 3.05 10640.5 120 0.0493 525.0544 3.1 9.448 534.5025 
6500.0 9.36 14.48 13.50 14.57 3.30 10640.5 120 0.0531 564.6120 3.1 10.219 574.8309 
6750.0 9.72 15.04 13.50 15.13 3.55 10640.5 120 0.0569 605.4874 3.1 11.020 616.5076 
7000.0 10.08 15.60 13.50 15.69 3.82 10640.5 120 0.0609 647.6735 3.1 11.852 659.5251 
7250.0 10.44 16.15 13.50 16.25 4.10 10640.5 120 0.0650 691.1631 3.1 12.713 703.8763 
7500.0 10.80 16.71 13.50 16.81 4.39 10640.5 120 0.0692 735.9495 3.1 13.605 749.5546 
7750.0 11.16 17.27 13.50 17.37 4.69 10640.5 120 0.0735 782.0262 3.1 14.527 796.5535 
8000.0 11.52 17.83 13.50 17.93 4.99 10640.5 120 0.0779 829.3870 3.1 15.480 844.8666 
8250.0 11.88 18.38 13.50 18.49 5.31 10640.5 120 0.0825 878.0258 3.1 16.462 894.4880 
8500.0 12.24 18.94 13.50 19.05 5.64 10640.5 120 0.0872 927.9368 3.1 17.475 945.4118 
8750.0 12.60 19.50 13.50 19.61 5.97 10640.5 120 0.0920 979.1145 3.1 18.518 997.6326 
9000.0 12.96 20.05 13.50 20.17 6.32 10640.5 120 0.0969 1031.5533 3.1 19.591 1051.1447 
9250.0 13.32 20.61 13.50 20.73 6.68 10640.5 120 0.1020 1085.2481 3.1 20.695 1105.9430 
9500.0 13.68 21.17 13.50 21.29 7.04 10640.5 120 0.1072 1140.1938 3.1 21.829 1162.0225 
9750.0 14.04 21.72 13.50 21.86 7.42 10640.5 120 0.1124 1196.3854 3.1 22.993 1219.3781 

10000.0 14.40 22.28 13.50 22.42 7.80 10640.5 120 0.1178 1253.8181 3.1 24.187 1278.0050 
10250.0 14.76 22.84 13.50 22.98 8.20 10640.5 120 0.1233 1312.4874 3.1 25.411 1337.8988 
10500.0 15.12 23.40 13.50 23.54 8.60 10640.5 120 0.1290 1372.3887 3.1 26.666 1399.0548 
10750.0 15.48 23.95 13.50 24.10 9.02 10640.5 120 0.1347 1433.5176 3.1 27.951 1461.4686 
11000.0 15.84 24.51 13.50 24.66 9.44 10640.5 120 0.1406 1495.8698 3.1 29.266 1525.1360 
11250.0 16.20 25.07 13.50 25.22 9.87 10640.5 120 0.1466 1559.4413 3.1 30.612 1590.0528 
11500.0 16.56 25.62 13.50 25.78 10.32 10640.5 120 0.1526 1624.2278 3.1 31.987 1656.2150 
11750.0 16.92 26.18 13.50 26.34 10.77 10640.5 120 0.1588 1690.2256 3.1 33.393 1723.6187 
12000.0 17.28 26.74 13.50 26.90 11.24 10640.5 120 0.1652 1757.4307 3.1 34.829 1792.2599 
12250.0 17.64 27.30 13.50 27.46 11.71 10640.5 120 0.1716 1825.8394 3.1 36.295 1862.1349 
12500.0 18.00 27.85 13.50 28.02 12.19 10640.5 120 0.1781 1895.4481 3.1 37.792 1933.2401 
12750.0 18.36 28.41 13.50 28.58 12.68 10640.5 120 0.1848 1966.2531 3.1 39.319 2005.5719 
13000.0 18.72 28.97 13.50 29.14 13.19 10640.5 120 0.1916 2038.2509 3.1 40.876 2079.1267 
13250.0 19.08 29.52 13.50 29.70 13.70 10640.5 120 0.1984 2111.4381 3.1 42.463 2153.9012 
13500.0 19.44 30.08 13.50 30.26 14.22 10640.5 120 0.2054 2185.8114 3.1 44.081 2229.8920 
13750.0 19.80 30.64 13.50 30.82 14.75 10640.5 120 0.2125 2261.3675 3.1 45.728 2307.0959 
14000.0 20.16 31.19 13.50 31.38 15.29 10640.5 120 0.2197 2338.1032 3.1 47.406 2385.5095 
14250.0 20.52 31.75 13.50 31.94 15.84 10640.5 120 0.2271 2416.0153 3.1 49.115 2465.1298 
14500.0 20.88 32.31 13.50 32.50 16.40 10640.5 120 0.2345 2495.1008 3.1 50.853 2545.9537 
14750.0 21.24 32.87 13.50 33.06 16.97 10640.5 120 0.2420 2575.3566 3.1 52.622 2627.9782 
15000.0 21.60 33.42 13.50 33.62 17.56 10640.5 120 0.2497 2656.7798 3.1 54.421 2711.2003 
15250.0 21.96 33.98 13.50 34.18 18.15 10640.5 120 0.2574 2739.3675 3.1 56.250 2795.6172 
15500.0 22.32 34.54 13.50 34.74 18.74 10640.5 120 0.2653 2823.1168 3.1 58.109 2881.2259 
15750.0 22.68 35.09 13.50 35.30 19.35 10640.5 120 0.2733 2908.0250 3.1 59.999 2968.0237 
16000.0 23.04 35.65 13.50 35.87 19.97 10640.5 120 0.2814 2994.0893 3.1 61.918 3056.0078 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 619.99 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 619.99 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 619.99 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 619.99 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 619.99 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 619.99 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 619.99 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 619.99 120 0.0003 0.1811 2.7 0.066 0.2473 

FM System Curve – 23.85” (28” Parallel FM Portion) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.456875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

2000.0 2.88 4.46 23.85 1.44 0.03 619.99 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 619.99 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 619.99 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 619.99 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 619.99 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 619.99 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 619.99 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 619.99 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 619.99 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 619.99 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 619.99 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 619.99 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 619.99 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 619.99 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 619.99 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 619.99 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 619.99 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 619.99 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 619.99 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 619.99 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 619.99 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 619.99 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 619.99 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 619.99 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 619.99 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 619.99 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 619.99 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 619.99 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 619.99 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 619.99 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 619.99 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 619.99 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 619.99 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 619.99 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 619.99 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 619.99 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 619.99 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 619.99 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 619.99 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 619.99 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 619.99 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 619.99 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 619.99 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 619.99 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 619.99 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 619.99 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 619.99 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 619.99 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 619.99 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 619.99 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 619.99 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 619.99 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 619.99 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 619.99 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 619.99 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 619.99 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 619.99 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 

FM System Curve – 25.14” (28” DIP)) 
Diameter =  25.14 in 
Area =  3.4471 ft2 
RH=D/4= 0.5238   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625 100 0.0000 0.0054 0.6 0.000 0.0056 
500.0 0.72 1.11 25.14 0.32 0.00 625 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625 100 0.0175 10.9132 0.6 0.905 11.8185 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

15500.0 22.32 34.54 25.14 10.02 1.56 625 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625 100 0.0191 11.9280 0.6 0.997 12.9245 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 2455 120 0.0000 0.0000 2.75 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 2455 120 0.0000 0.0146 2.75 0.001 0.0157 
500.0 0.72 1.11 25.30 0.32 0.00 2455 120 0.0000 0.0529 2.75 0.004 0.0572 
750.0 1.08 1.67 25.30 0.48 0.00 2455 120 0.0000 0.1120 2.75 0.010 0.1218 

1000.0 1.44 2.23 25.30 0.64 0.01 2455 120 0.0001 0.1908 2.75 0.017 0.2082 
1250.0 1.80 2.79 25.30 0.80 0.01 2455 120 0.0001 0.2885 2.75 0.027 0.3157 
1500.0 2.16 3.34 25.30 0.96 0.01 2455 120 0.0002 0.4044 2.75 0.039 0.4435 
1750.0 2.52 3.90 25.30 1.12 0.02 2455 120 0.0002 0.5380 2.75 0.053 0.5912 
2000.0 2.88 4.46 25.30 1.28 0.03 2455 120 0.0003 0.6889 2.75 0.070 0.7585 
2250.0 3.24 5.01 25.30 1.44 0.03 2455 120 0.0003 0.8568 2.75 0.088 0.9449 
2500.0 3.60 5.57 25.30 1.60 0.04 2455 120 0.0004 1.0414 2.75 0.109 1.1501 
2750.0 3.96 6.13 25.30 1.76 0.05 2455 120 0.0005 1.2425 2.75 0.132 1.3740 
3000.0 4.32 6.68 25.30 1.91 0.06 2455 120 0.0006 1.4597 2.75 0.157 1.6163 
3250.0 4.68 7.24 25.30 2.07 0.07 2455 120 0.0007 1.6930 2.75 0.184 1.8767 
3500.0 5.04 7.80 25.30 2.23 0.08 2455 120 0.0008 1.9420 2.75 0.213 2.1551 
3750.0 5.40 8.36 25.30 2.39 0.09 2455 120 0.0009 2.2067 2.75 0.245 2.4513 
4000.0 5.76 8.91 25.30 2.55 0.10 2455 120 0.0010 2.4869 2.75 0.278 2.7652 
4250.0 6.12 9.47 25.30 2.71 0.11 2455 120 0.0011 2.7824 2.75 0.314 3.0966 
4500.0 6.48 10.03 25.30 2.87 0.13 2455 120 0.0013 3.0931 2.75 0.352 3.4453 
4750.0 6.84 10.58 25.30 3.03 0.14 2455 120 0.0014 3.4189 2.75 0.392 3.8113 
5000.0 7.20 11.14 25.30 3.19 0.16 2455 120 0.0015 3.7596 2.75 0.435 4.1944 
5250.0 7.56 11.70 25.30 3.35 0.17 2455 120 0.0017 4.1151 2.75 0.479 4.5945 
5500.0 7.92 12.25 25.30 3.51 0.19 2455 120 0.0018 4.4854 2.75 0.526 5.0115 
5750.0 8.28 12.81 25.30 3.67 0.21 2455 120 0.0020 4.8702 2.75 0.575 5.4453 
6000.0 8.64 13.37 25.30 3.83 0.23 2455 120 0.0021 5.2696 2.75 0.626 5.8958 
6250.0 9.00 13.93 25.30 3.99 0.25 2455 120 0.0023 5.6835 2.75 0.679 6.3629 
6500.0 9.36 14.48 25.30 4.15 0.27 2455 120 0.0025 6.1117 2.75 0.735 6.8466 
6750.0 9.72 15.04 25.30 4.31 0.29 2455 120 0.0027 6.5541 2.75 0.793 7.3467 
7000.0 10.08 15.60 25.30 4.47 0.31 2455 120 0.0029 7.0108 2.75 0.852 7.8631 
7250.0 10.44 16.15 25.30 4.63 0.33 2455 120 0.0030 7.4815 2.75 0.914 8.3958 
7500.0 10.80 16.71 25.30 4.79 0.36 2455 120 0.0032 7.9663 2.75 0.978 8.9448 
7750.0 11.16 17.27 25.30 4.95 0.38 2455 120 0.0034 8.4651 2.75 1.045 9.5098 
8000.0 11.52 17.83 25.30 5.11 0.40 2455 120 0.0037 8.9778 2.75 1.113 10.0910 
8250.0 11.88 18.38 25.30 5.27 0.43 2455 120 0.0039 9.5043 2.75 1.184 10.6881 
8500.0 12.24 18.94 25.30 5.42 0.46 2455 120 0.0041 10.0445 2.75 1.257 11.3012 
8750.0 12.60 19.50 25.30 5.58 0.48 2455 120 0.0043 10.5985 2.75 1.332 11.9302 
9000.0 12.96 20.05 25.30 5.74 0.51 2455 120 0.0045 11.1661 2.75 1.409 12.5751 
9250.0 13.32 20.61 25.30 5.90 0.54 2455 120 0.0048 11.7473 2.75 1.488 13.2356 
9500.0 13.68 21.17 25.30 6.06 0.57 2455 120 0.0050 12.3421 2.75 1.570 13.9119 
9750.0 14.04 21.72 25.30 6.22 0.60 2455 120 0.0053 12.9504 2.75 1.654 14.6039 

10000.0 14.40 22.28 25.30 6.38 0.63 2455 120 0.0055 13.5720 2.75 1.739 15.3115 
10250.0 14.76 22.84 25.30 6.54 0.66 2455 120 0.0058 14.2071 2.75 1.827 16.0346 
10500.0 15.12 23.40 25.30 6.70 0.70 2455 120 0.0061 14.8555 2.75 1.918 16.7732 
10750.0 15.48 23.95 25.30 6.86 0.73 2455 120 0.0063 15.5172 2.75 2.010 17.5273 
11000.0 15.84 24.51 25.30 7.02 0.77 2455 120 0.0066 16.1921 2.75 2.105 18.2968 
11250.0 16.20 25.07 25.30 7.18 0.80 2455 120 0.0069 16.8803 2.75 2.201 19.0817 
11500.0 16.56 25.62 25.30 7.34 0.84 2455 120 0.0072 17.5816 2.75 2.300 19.8819 
11750.0 16.92 26.18 25.30 7.50 0.87 2455 120 0.0075 18.2960 2.75 2.401 20.6975 
12000.0 17.28 26.74 25.30 7.66 0.91 2455 120 0.0077 19.0234 2.75 2.505 21.5282 

FM System Curve – 25.3” (30” HDPE) 
Diameter =  25.3 in 
Area =  3.4911 ft2 
RH=D/4= 0.5271   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

12250.0 17.64 27.30 25.30 7.82 0.95 2455 120 0.0081 19.7639 2.75 2.610 22.3741 
12500.0 18.00 27.85 25.30 7.98 0.99 2455 120 0.0084 20.5174 2.75 2.718 23.2353 
12750.0 18.36 28.41 25.30 8.14 1.03 2455 120 0.0087 21.2838 2.75 2.828 24.1115 
13000.0 18.72 28.97 25.30 8.30 1.07 2455 120 0.0090 22.0632 2.75 2.940 25.0028 
13250.0 19.08 29.52 25.30 8.46 1.11 2455 120 0.0093 22.8554 2.75 3.054 25.9092 
13500.0 19.44 30.08 25.30 8.62 1.15 2455 120 0.0096 23.6605 2.75 3.170 26.8306 
13750.0 19.80 30.64 25.30 8.78 1.20 2455 120 0.0100 24.4783 2.75 3.289 27.7669 
14000.0 20.16 31.19 25.30 8.94 1.24 2455 120 0.0103 25.3090 2.75 3.409 28.7182 
14250.0 20.52 31.75 25.30 9.09 1.28 2455 120 0.0107 26.1523 2.75 3.532 29.6844 
14500.0 20.88 32.31 25.30 9.25 1.33 2455 120 0.0110 27.0084 2.75 3.657 30.6655 
14750.0 21.24 32.87 25.30 9.41 1.38 2455 120 0.0114 27.8771 2.75 3.784 31.6615 
15000.0 21.60 33.42 25.30 9.57 1.42 2455 120 0.0117 28.7585 2.75 3.914 32.6722 
15250.0 21.96 33.98 25.30 9.73 1.47 2455 120 0.0121 29.6525 2.75 4.045 33.6977 
15500.0 22.32 34.54 25.30 9.89 1.52 2455 120 0.0124 30.5590 2.75 4.179 34.7380 
15750.0 22.68 35.09 25.30 10.05 1.57 2455 120 0.0128 31.4781 2.75 4.315 35.7930 
16000.0 23.04 35.65 25.30 10.21 1.62 2455 120 0.0132 32.4097 2.75 4.453 36.8626 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 14931 100 0.0000 0.0000 11.94 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 14931 100 0.0000 0.1614 11.94 0.006 0.1672 
500.0 0.72 1.11 24.00 0.35 0.00 14931 100 0.0000 0.5826 11.94 0.023 0.6060 
750.0 1.08 1.67 24.00 0.53 0.00 14931 100 0.0001 1.2346 11.94 0.052 1.2871 

1000.0 1.44 2.23 24.00 0.71 0.01 14931 100 0.0001 2.1034 11.94 0.093 2.1966 
1250.0 1.80 2.79 24.00 0.89 0.01 14931 100 0.0002 3.1797 11.94 0.146 3.3254 
1500.0 2.16 3.34 24.00 1.06 0.02 14931 100 0.0003 4.4569 11.94 0.210 4.6667 
1750.0 2.52 3.90 24.00 1.24 0.02 14931 100 0.0004 5.9295 11.94 0.286 6.2151 
2000.0 2.88 4.46 24.00 1.42 0.03 14931 100 0.0005 7.5931 11.94 0.373 7.9662 
2250.0 3.24 5.01 24.00 1.60 0.04 14931 100 0.0006 9.4440 11.94 0.472 9.9161 
2500.0 3.60 5.57 24.00 1.77 0.05 14931 100 0.0008 11.4788 11.94 0.583 12.0617 
2750.0 3.96 6.13 24.00 1.95 0.06 14931 100 0.0009 13.6948 11.94 0.705 14.4001 
3000.0 4.32 6.68 24.00 2.13 0.07 14931 100 0.0011 16.0894 11.94 0.839 16.9288 
3250.0 4.68 7.24 24.00 2.31 0.08 14931 100 0.0012 18.6604 11.94 0.985 19.6455 
3500.0 5.04 7.80 24.00 2.48 0.10 14931 100 0.0014 21.4055 11.94 1.142 22.5480 
3750.0 5.40 8.36 24.00 2.66 0.11 14931 100 0.0016 24.3230 11.94 1.312 25.6346 
4000.0 5.76 8.91 24.00 2.84 0.12 14931 100 0.0018 27.4111 11.94 1.492 28.9034 
4250.0 6.12 9.47 24.00 3.01 0.14 14931 100 0.0021 30.6682 11.94 1.685 32.3528 
4500.0 6.48 10.03 24.00 3.19 0.16 14931 100 0.0023 34.0927 11.94 1.889 35.9813 
4750.0 6.84 10.58 24.00 3.37 0.18 14931 100 0.0025 37.6833 11.94 2.104 39.7875 
5000.0 7.20 11.14 24.00 3.55 0.20 14931 100 0.0028 41.4385 11.94 2.332 43.7701 
5250.0 7.56 11.70 24.00 3.72 0.22 14931 100 0.0030 45.3573 11.94 2.571 47.9279 
5500.0 7.92 12.25 24.00 3.90 0.24 14931 100 0.0033 49.4383 11.94 2.821 52.2595 
5750.0 8.28 12.81 24.00 4.08 0.26 14931 100 0.0036 53.6805 11.94 3.084 56.7641 
6000.0 8.64 13.37 24.00 4.26 0.28 14931 100 0.0039 58.0829 11.94 3.357 61.4404 
6250.0 9.00 13.93 24.00 4.43 0.31 14931 100 0.0042 62.6443 11.94 3.643 66.2874 
6500.0 9.36 14.48 24.00 4.61 0.33 14931 100 0.0045 67.3639 11.94 3.940 71.3043 
6750.0 9.72 15.04 24.00 4.79 0.36 14931 100 0.0048 72.2408 11.94 4.249 76.4901 
7000.0 10.08 15.60 24.00 4.96 0.38 14931 100 0.0052 77.2740 11.94 4.570 81.8439 
7250.0 10.44 16.15 24.00 5.14 0.41 14931 100 0.0055 82.4628 11.94 4.902 87.3649 
7500.0 10.80 16.71 24.00 5.32 0.44 14931 100 0.0059 87.8062 11.94 5.246 93.0523 
7750.0 11.16 17.27 24.00 5.50 0.47 14931 100 0.0062 93.3036 11.94 5.602 98.9053 
8000.0 11.52 17.83 24.00 5.67 0.50 14931 100 0.0066 98.9543 11.94 5.969 104.9231 
8250.0 11.88 18.38 24.00 5.85 0.53 14931 100 0.0070 104.7574 11.94 6.348 111.1051 
8500.0 12.24 18.94 24.00 6.03 0.56 14931 100 0.0074 110.7123 11.94 6.738 117.4506 
8750.0 12.60 19.50 24.00 6.21 0.60 14931 100 0.0078 116.8183 11.94 7.141 123.9588 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.1416 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

9000.0 12.96 20.05 24.00 6.38 0.63 14931 100 0.0082 123.0748 11.94 7.554 130.6291 
9250.0 13.32 20.61 24.00 6.56 0.67 14931 100 0.0087 129.4811 11.94 7.980 137.4610 
9500.0 13.68 21.17 24.00 6.74 0.70 14931 100 0.0091 136.0367 11.94 8.417 144.4537 
9750.0 14.04 21.72 24.00 6.92 0.74 14931 100 0.0096 142.7409 11.94 8.866 151.6068 

10000.0 14.40 22.28 24.00 7.09 0.78 14931 100 0.0100 149.5932 11.94 9.326 158.9196 
10250.0 14.76 22.84 24.00 7.27 0.82 14931 100 0.0105 156.5930 11.94 9.799 166.3916 
10500.0 15.12 23.40 24.00 7.45 0.86 14931 100 0.0110 163.7399 11.94 10.282 174.0222 
10750.0 15.48 23.95 24.00 7.62 0.90 14931 100 0.0115 171.0332 11.94 10.778 181.8110 
11000.0 15.84 24.51 24.00 7.80 0.95 14931 100 0.0120 178.4724 11.94 11.285 189.7573 
11250.0 16.20 25.07 24.00 7.98 0.99 14931 100 0.0125 186.0571 11.94 11.804 197.8608 
11500.0 16.56 25.62 24.00 8.16 1.03 14931 100 0.0130 193.7868 11.94 12.334 206.1210 
11750.0 16.92 26.18 24.00 8.33 1.08 14931 100 0.0135 201.6610 11.94 12.876 214.5373 
12000.0 17.28 26.74 24.00 8.51 1.12 14931 100 0.0140 209.6793 11.94 13.430 223.1093 
12250.0 17.64 27.30 24.00 8.69 1.17 14931 100 0.0146 217.8411 11.94 13.995 231.8365 
12500.0 18.00 27.85 24.00 8.87 1.22 14931 100 0.0151 226.1462 11.94 14.572 240.7186 
12750.0 18.36 28.41 24.00 9.04 1.27 14931 100 0.0157 234.5939 11.94 15.161 249.7551 
13000.0 18.72 28.97 24.00 9.22 1.32 14931 100 0.0163 243.1840 11.94 15.762 258.9456 
13250.0 19.08 29.52 24.00 9.40 1.37 14931 100 0.0169 251.9160 11.94 16.374 268.2896 
13500.0 19.44 30.08 24.00 9.57 1.42 14931 100 0.0175 260.7894 11.94 16.997 277.7868 
13750.0 19.80 30.64 24.00 9.75 1.48 14931 100 0.0181 269.8041 11.94 17.633 287.4367 
14000.0 20.16 31.19 24.00 9.93 1.53 14931 100 0.0187 278.9594 11.94 18.280 297.2391 
14250.0 20.52 31.75 24.00 10.11 1.59 14931 100 0.0193 288.2551 11.94 18.938 307.1935 
14500.0 20.88 32.31 24.00 10.28 1.64 14931 100 0.0199 297.6908 11.94 19.609 317.2995 
14750.0 21.24 32.87 24.00 10.46 1.70 14931 100 0.0206 307.2661 11.94 20.291 327.5568 
15000.0 21.60 33.42 24.00 10.64 1.76 14931 100 0.0212 316.9807 11.94 20.984 337.9651 
15250.0 21.96 33.98 24.00 10.82 1.82 14931 100 0.0219 326.8343 11.94 21.690 348.5240 
15500.0 22.32 34.54 24.00 10.99 1.88 14931 100 0.0226 336.8264 11.94 22.407 359.2331 
15750.0 22.68 35.09 24.00 11.17 1.94 14931 100 0.0232 346.9569 11.94 23.135 370.0921 
16000.0 23.04 35.65 24.00 11.35 2.00 14931 100 0.0239 357.2252 11.94 23.876 381.1007 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (14-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

 
MIN Static Head = 19.85 
MAX Static Head = 24.35

Q Q Losses 

(gpm) (mgd)  
0.0 0.00 0.00 

250.0 0.36 1.59 
500.0 0.72 5.74 
750.0 1.08 12.19 

1000.0 1.44 20.78 
1250.0 1.80 31.44 
1500.0 2.16 44.11 
1750.0 2.52 58.72 
2000.0 2.88 75.23 
2250.0 3.24 93.62 
2500.0 3.60 113.84 
2750.0 3.96 135.88 
3000.0 4.32 159.70 
3250.0 4.68 185.28 
3500.0 5.04 212.61 
3750.0 5.40 241.67 
4000.0 5.76 272.43 
4250.0 6.12 304.89 
4500.0 6.48 339.03 
4750.0 6.84 374.83 
5000.0 7.20 412.28 
5250.0 7.56 451.38 
5500.0 7.92 492.10 
5750.0 8.28 534.45 
6000.0 8.64 578.40 
6250.0 9.00 623.95 
6500.0 9.36 671.09 
6750.0 9.72 719.81 
7000.0 10.08 770.10 
7250.0 10.44 821.96 
7500.0 10.80 875.37 
7750.0 11.16 930.33 
8000.0 11.52 986.84 
8250.0 11.88 1044.87 
8500.0 12.24 1104.44 
8750.0 12.60 1165.53 
9000.0 12.96 1228.13 
9250.0 13.32 1292.25 
9500.0 13.68 1357.86 
9750.0 14.04 1424.98 

10000.0 14.40 1493.59 
10250.0 14.76 1563.68 
10500.0 15.12 1635.26 
10750.0 15.48 1708.31 
11000.0 15.84 1782.84 
11250.0 16.20 1858.83 
11500.0 16.56 1936.29 
11750.0 16.92 2015.20 
12000.0 17.28 2095.57 
12250.0 17.64 2177.39 
12500.0 18.00 2260.65 
12750.0 18.36 2345.35 
13000.0 18.72 2431.49 
13250.0 19.08 2519.07 
13500.0 19.44 2608.07 
13750.0 19.80 2698.50 
14000.0 20.16 2790.35 
14250.0 20.52 2883.61 
14500.0 20.88 2978.30 
14750.0 21.24 3074.39 
15000.0 21.60 3171.89 
15250.0 21.96 3270.80 
15500.0 22.32 3371.11 
15750.0 22.68 3472.81 
16000.0 23.04 3575.91 

Q Q Min Static Max Static 

(gpm) (mgd)    

0.0 0.00 19.85 24.35 
250.0 0.36 21.44 25.94 
500.0 0.72 25.59 30.09 
750.0 1.08 32.04 36.54 

1000.0 1.44 40.63 45.13 
1250.0 1.80 51.29 55.79 
1500.0 2.16 63.96 68.46 
1750.0 2.52 78.57 83.07 
2000.0 2.88 95.08 99.58 
2250.0 3.24 113.47 117.97 
2500.0 3.60 133.69 138.19 
2750.0 3.96 155.73 160.23 
3000.0 4.32 179.55 184.05 
3250.0 4.68 205.13 209.63 
3500.0 5.04 232.46 236.96 
3750.0 5.40 261.52 266.02 
4000.0 5.76 292.28 296.78 
4250.0 6.12 324.74 329.24 
4500.0 6.48 358.88 363.38 
4750.0 6.84 394.68 399.18 
5000.0 7.20 432.13 436.63 
5250.0 7.56 471.23 475.73 
5500.0 7.92 511.95 516.45 
5750.0 8.28 554.30 558.80 
6000.0 8.64 598.25 602.75 
6250.0 9.00 643.80 648.30 
6500.0 9.36 690.94 695.44 
6750.0 9.72 739.66 744.16 
7000.0 10.08 789.95 794.45 
7250.0 10.44 841.81 846.31 
7500.0 10.80 895.22 899.72 
7750.0 11.16 950.18 954.68 
8000.0 11.52 1006.69 1011.19 
8250.0 11.88 1064.72 1069.22 
8500.0 12.24 1124.29 1128.79 
8750.0 12.60 1185.38 1189.88 
9000.0 12.96 1247.98 1252.48 
9250.0 13.32 1312.10 1316.60 
9500.0 13.68 1377.71 1382.21 
9750.0 14.04 1444.83 1449.33 

10000.0 14.40 1513.44 1517.94 
10250.0 14.76 1583.53 1588.03 
10500.0 15.12 1655.11 1659.61 
10750.0 15.48 1728.16 1732.66 
11000.0 15.84 1802.69 1807.19 
11250.0 16.20 1878.68 1883.18 
11500.0 16.56 1956.14 1960.64 
11750.0 16.92 2035.05 2039.55 
12000.0 17.28 2115.42 2119.92 
12250.0 17.64 2197.24 2201.74 
12500.0 18.00 2280.50 2285.00 
12750.0 18.36 2365.20 2369.70 
13000.0 18.72 2451.34 2455.84 
13250.0 19.08 2538.92 2543.42 
13500.0 19.44 2627.92 2632.42 
13750.0 19.80 2718.35 2722.85 
14000.0 20.16 2810.20 2814.70 
14250.0 20.52 2903.46 2907.96 
14500.0 20.88 2998.15 3002.65 
14750.0 21.24 3094.24 3098.74 
15000.0 21.60 3191.74 3196.24 
15250.0 21.96 3290.65 3295.15 
15500.0 22.32 3390.96 3395.46 
15750.0 22.68 3492.66 3497.16 
16000.0 23.04 3595.76 3600.26 



 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) 
 
 

 

 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) 
 

13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 36.00 100 0.0000 0.0000 1.9 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 36.00 100 0.0000 0.0004 1.9 0.001 0.0013 
500.0 0.72 1.11 24.00 0.35 0.00 36.00 100 0.0000 0.0014 1.9 0.004 0.0051 
750.0 1.08 1.67 24.00 0.53 0.00 36.00 100 0.0001 0.0030 1.9 0.008 0.0113 

1000.0 1.44 2.23 24.00 0.71 0.01 36.00 100 0.0001 0.0051 1.9 0.015 0.0199 
1250.0 1.80 2.79 24.00 0.89 0.01 36.00 100 0.0002 0.0077 1.9 0.023 0.0309 
1500.0 2.16 3.34 24.00 1.06 0.02 36.00 100 0.0003 0.0107 1.9 0.033 0.0441 
1750.0 2.52 3.90 24.00 1.24 0.02 36.00 100 0.0004 0.0143 1.9 0.045 0.0597 
2000.0 2.88 4.46 24.00 1.42 0.03 36.00 100 0.0005 0.0183 1.9 0.059 0.0777 
2250.0 3.24 5.01 24.00 1.60 0.04 36.00 100 0.0006 0.0228 1.9 0.075 0.0979 
2500.0 3.60 5.57 24.00 1.77 0.05 36.00 100 0.0008 0.0277 1.9 0.093 0.1204 
2750.0 3.96 6.13 24.00 1.95 0.06 36.00 100 0.0009 0.0330 1.9 0.112 0.1453 
3000.0 4.32 6.68 24.00 2.13 0.07 36.00 100 0.0011 0.0388 1.9 0.134 0.1724 
3250.0 4.68 7.24 24.00 2.31 0.08 36.00 100 0.0012 0.0450 1.9 0.157 0.2017 
3500.0 5.04 7.80 24.00 2.48 0.10 36.00 100 0.0014 0.0516 1.9 0.182 0.2334 
3750.0 5.40 8.36 24.00 2.66 0.11 36.00 100 0.0016 0.0586 1.9 0.209 0.2673 
4000.0 5.76 8.91 24.00 2.84 0.12 36.00 100 0.0018 0.0661 1.9 0.237 0.3035 
4250.0 6.12 9.47 24.00 3.01 0.14 36.00 100 0.0021 0.0739 1.9 0.268 0.3420 
4500.0 6.48 10.03 24.00 3.19 0.16 36.00 100 0.0023 0.0822 1.9 0.301 0.3827 
4750.0 6.84 10.58 24.00 3.37 0.18 36.00 100 0.0025 0.0909 1.9 0.335 0.4257 
5000.0 7.20 11.14 24.00 3.55 0.20 36.00 100 0.0028 0.0999 1.9 0.371 0.4709 
5250.0 7.56 11.70 24.00 3.72 0.22 36.00 100 0.0030 0.1094 1.9 0.409 0.5184 
5500.0 7.92 12.25 24.00 3.90 0.24 36.00 100 0.0033 0.1192 1.9 0.449 0.5681 
5750.0 8.28 12.81 24.00 4.08 0.26 36.00 100 0.0036 0.1294 1.9 0.491 0.6201 
6000.0 8.64 13.37 24.00 4.26 0.28 36.00 100 0.0039 0.1400 1.9 0.534 0.6743 
6250.0 9.00 13.93 24.00 4.43 0.31 36.00 100 0.0042 0.1510 1.9 0.580 0.7308 
6500.0 9.36 14.48 24.00 4.61 0.33 36.00 100 0.0045 0.1624 1.9 0.627 0.7895 
6750.0 9.72 15.04 24.00 4.79 0.36 36.00 100 0.0048 0.1742 1.9 0.676 0.8504 
7000.0 10.08 15.60 24.00 4.96 0.38 36.00 100 0.0052 0.1863 1.9 0.727 0.9135 
7250.0 10.44 16.15 24.00 5.14 0.41 36.00 100 0.0055 0.1988 1.9 0.780 0.9789 
7500.0 10.80 16.71 24.00 5.32 0.44 36.00 100 0.0059 0.2117 1.9 0.835 1.0465 
7750.0 11.16 17.27 24.00 5.50 0.47 36.00 100 0.0062 0.2250 1.9 0.891 1.1163 
8000.0 11.52 17.83 24.00 5.67 0.50 36.00 100 0.0066 0.2386 1.9 0.950 1.1884 
8250.0 11.88 18.38 24.00 5.85 0.53 36.00 100 0.0070 0.2526 1.9 1.010 1.2627 
8500.0 12.24 18.94 24.00 6.03 0.56 36.00 100 0.0074 0.2669 1.9 1.072 1.3392 
8750.0 12.60 19.50 24.00 6.21 0.60 36.00 100 0.0078 0.2817 1.9 1.136 1.4179 
9000.0 12.96 20.05 24.00 6.38 0.63 36.00 100 0.0082 0.2967 1.9 1.202 1.4989 
9250.0 13.32 20.61 24.00 6.56 0.67 36.00 100 0.0087 0.3122 1.9 1.270 1.5820 
9500.0 13.68 21.17 24.00 6.74 0.70 36.00 100 0.0091 0.3280 1.9 1.339 1.6674 
9750.0 14.04 21.72 24.00 6.92 0.74 36.00 100 0.0096 0.3442 1.9 1.411 1.7550 

10000.0 14.40 22.28 24.00 7.09 0.78 36.00 100 0.0100 0.3607 1.9 1.484 1.8448 

FM System Curve – 24” (24” Parallel FM Portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) 
 

10250.0 14.76 22.84 24.00 7.27 0.82 36.00 100 0.0105 0.3776 1.9 1.559 1.9368 
10500.0 15.12 23.40 24.00 7.45 0.86 36.00 100 0.0110 0.3948 1.9 1.636 2.0310 
10750.0 15.48 23.95 24.00 7.62 0.90 36.00 100 0.0115 0.4124 1.9 1.715 2.1274 
11000.0 15.84 24.51 24.00 7.80 0.95 36.00 100 0.0120 0.4303 1.9 1.796 2.2261 
11250.0 16.20 25.07 24.00 7.98 0.99 36.00 100 0.0125 0.4486 1.9 1.878 2.3269 
11500.0 16.56 25.62 24.00 8.16 1.03 36.00 100 0.0130 0.4672 1.9 1.963 2.4300 
11750.0 16.92 26.18 24.00 8.33 1.08 36.00 100 0.0135 0.4862 1.9 2.049 2.5352 
12000.0 17.28 26.74 24.00 8.51 1.12 36.00 100 0.0140 0.5056 1.9 2.137 2.6427 
12250.0 17.64 27.30 24.00 8.69 1.17 36.00 100 0.0146 0.5252 1.9 2.227 2.7523 
12500.0 18.00 27.85 24.00 8.87 1.22 36.00 100 0.0151 0.5453 1.9 2.319 2.8642 
12750.0 18.36 28.41 24.00 9.04 1.27 36.00 100 0.0157 0.5656 1.9 2.413 2.9782 
13000.0 18.72 28.97 24.00 9.22 1.32 36.00 100 0.0163 0.5863 1.9 2.508 3.0945 
13250.0 19.08 29.52 24.00 9.40 1.37 36.00 100 0.0169 0.6074 1.9 2.606 3.2129 
13500.0 19.44 30.08 24.00 9.57 1.42 36.00 100 0.0175 0.6288 1.9 2.705 3.3336 
13750.0 19.80 30.64 24.00 9.75 1.48 36.00 100 0.0181 0.6505 1.9 2.806 3.4564 
14000.0 20.16 31.19 24.00 9.93 1.53 36.00 100 0.0187 0.6726 1.9 2.909 3.5814 
14250.0 20.52 31.75 24.00 10.11 1.59 36.00 100 0.0193 0.6950 1.9 3.014 3.7087 
14500.0 20.88 32.31 24.00 10.28 1.64 36.00 100 0.0199 0.7178 1.9 3.120 3.8381 
14750.0 21.24 32.87 24.00 10.46 1.70 36.00 100 0.0206 0.7408 1.9 3.229 3.9697 
15000.0 21.60 33.42 24.00 10.64 1.76 36.00 100 0.0212 0.7643 1.9 3.339 4.1035 
15250.0 21.96 33.98 24.00 10.82 1.82 36.00 100 0.0219 0.7880 1.9 3.451 4.2395 
15500.0 22.32 34.54 24.00 10.99 1.88 36.00 100 0.0226 0.8121 1.9 3.566 4.3777 
15750.0 22.68 35.09 24.00 11.17 1.94 36.00 100 0.0232 0.8365 1.9 3.681 4.5180 
16000.0 23.04 35.65 24.00 11.35 2.00 36.00 100 0.0239 0.8613 1.9 3.799 4.6606 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 10260 120 0.0000 0.0000 4.5 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 10260 120 0.0000 0.0816 4.5 0.002 0.0838 
500.0 0.72 1.11 23.85 0.36 0.00 10260 120 0.0000 0.2945 4.5 0.009 0.3035 
750.0 1.08 1.67 23.85 0.54 0.00 10260 120 0.0001 0.6240 4.5 0.020 0.6443 

1000.0 1.44 2.23 23.85 0.72 0.01 10260 120 0.0001 1.0631 4.5 0.036 1.0992 
1250.0 1.80 2.79 23.85 0.90 0.01 10260 120 0.0002 1.6072 4.5 0.056 1.6635 
1500.0 2.16 3.34 23.85 1.08 0.02 10260 120 0.0002 2.2527 4.5 0.081 2.3338 
1750.0 2.52 3.90 23.85 1.26 0.02 10260 120 0.0003 2.9971 4.5 0.110 3.1074 
2000.0 2.88 4.46 23.85 1.44 0.03 10260 120 0.0004 3.8379 4.5 0.144 3.9821 
2250.0 3.24 5.01 23.85 1.62 0.04 10260 120 0.0005 4.7734 4.5 0.182 4.9559 
2500.0 3.60 5.57 23.85 1.80 0.05 10260 120 0.0006 5.8019 4.5 0.225 6.0272 
2750.0 3.96 6.13 23.85 1.98 0.06 10260 120 0.0007 6.9220 4.5 0.273 7.1946 
3000.0 4.32 6.68 23.85 2.15 0.07 10260 120 0.0008 8.1324 4.5 0.324 8.4568 
3250.0 4.68 7.24 23.85 2.33 0.08 10260 120 0.0009 9.4319 4.5 0.381 9.8126 
3500.0 5.04 7.80 23.85 2.51 0.10 10260 120 0.0011 10.8194 4.5 0.442 11.2609 
3750.0 5.40 8.36 23.85 2.69 0.11 10260 120 0.0012 12.2940 4.5 0.507 12.8009 
4000.0 5.76 8.91 23.85 2.87 0.13 10260 120 0.0014 13.8549 4.5 0.577 14.4316 
4250.0 6.12 9.47 23.85 3.05 0.14 10260 120 0.0015 15.5012 4.5 0.651 16.1522 
4500.0 6.48 10.03 23.85 3.23 0.16 10260 120 0.0017 17.2321 4.5 0.730 17.9620 
4750.0 6.84 10.58 23.85 3.41 0.18 10260 120 0.0019 19.0470 4.5 0.813 19.8602 
5000.0 7.20 11.14 23.85 3.59 0.20 10260 120 0.0020 20.9451 4.5 0.901 21.8461 
5250.0 7.56 11.70 23.85 3.77 0.22 10260 120 0.0022 22.9258 4.5 0.993 23.9192 
5500.0 7.92 12.25 23.85 3.95 0.24 10260 120 0.0024 24.9885 4.5 1.090 26.0788 
5750.0 8.28 12.81 23.85 4.13 0.26 10260 120 0.0026 27.1328 4.5 1.192 28.3244 
6000.0 8.64 13.37 23.85 4.31 0.29 10260 120 0.0029 29.3579 4.5 1.298 30.6554 
6250.0 9.00 13.93 23.85 4.49 0.31 10260 120 0.0031 31.6635 4.5 1.408 33.0714 
6500.0 9.36 14.48 23.85 4.67 0.34 10260 120 0.0033 34.0490 4.5 1.523 35.5718 
6750.0 9.72 15.04 23.85 4.85 0.36 10260 120 0.0036 36.5140 4.5 1.642 38.1562 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) 
 

7000.0 10.08 15.60 23.85 5.03 0.39 10260 120 0.0038 39.0581 4.5 1.766 40.8241 
7250.0 10.44 16.15 23.85 5.21 0.42 10260 120 0.0041 41.6807 4.5 1.894 43.5752 
7500.0 10.80 16.71 23.85 5.39 0.45 10260 120 0.0043 44.3816 4.5 2.027 46.4089 
7750.0 11.16 17.27 23.85 5.57 0.48 10260 120 0.0046 47.1602 4.5 2.165 49.3250 
8000.0 11.52 17.83 23.85 5.75 0.51 10260 120 0.0049 50.0163 4.5 2.307 52.3230 
8250.0 11.88 18.38 23.85 5.93 0.55 10260 120 0.0052 52.9495 4.5 2.453 55.4026 
8500.0 12.24 18.94 23.85 6.10 0.58 10260 120 0.0055 55.9594 4.5 2.604 58.5634 
8750.0 12.60 19.50 23.85 6.28 0.61 10260 120 0.0058 59.0457 4.5 2.759 61.8051 
9000.0 12.96 20.05 23.85 6.46 0.65 10260 120 0.0061 62.2080 4.5 2.919 65.1274 
9250.0 13.32 20.61 23.85 6.64 0.69 10260 120 0.0064 65.4461 4.5 3.084 68.5299 
9500.0 13.68 21.17 23.85 6.82 0.72 10260 120 0.0067 68.7596 4.5 3.253 72.0124 
9750.0 14.04 21.72 23.85 7.00 0.76 10260 120 0.0070 72.1482 4.5 3.426 75.5745 

10000.0 14.40 22.28 23.85 7.18 0.80 10260 120 0.0074 75.6117 4.5 3.604 79.2159 
10250.0 14.76 22.84 23.85 7.36 0.84 10260 120 0.0077 79.1498 4.5 3.787 82.9365 
10500.0 15.12 23.40 23.85 7.54 0.88 10260 120 0.0081 82.7621 4.5 3.974 86.7358 
10750.0 15.48 23.95 23.85 7.72 0.93 10260 120 0.0084 86.4485 4.5 4.165 90.6137 
11000.0 15.84 24.51 23.85 7.90 0.97 10260 120 0.0088 90.2087 4.5 4.361 94.5698 
11250.0 16.20 25.07 23.85 8.08 1.01 10260 120 0.0092 94.0424 4.5 4.562 98.6040 
11500.0 16.56 25.62 23.85 8.26 1.06 10260 120 0.0095 97.9493 4.5 4.767 102.7159 
11750.0 16.92 26.18 23.85 8.44 1.11 10260 120 0.0099 101.9293 4.5 4.976 106.9054 
12000.0 17.28 26.74 23.85 8.62 1.15 10260 120 0.0103 105.9822 4.5 5.190 111.1722 
12250.0 17.64 27.30 23.85 8.80 1.20 10260 120 0.0107 110.1075 4.5 5.409 115.5161 
12500.0 18.00 27.85 23.85 8.98 1.25 10260 120 0.0111 114.3053 4.5 5.632 119.9369 
12750.0 18.36 28.41 23.85 9.16 1.30 10260 120 0.0116 118.5752 4.5 5.859 124.4343 
13000.0 18.72 28.97 23.85 9.34 1.35 10260 120 0.0120 122.9171 4.5 6.091 129.0082 
13250.0 19.08 29.52 23.85 9.52 1.41 10260 120 0.0124 127.3306 4.5 6.328 133.6583 
13500.0 19.44 30.08 23.85 9.70 1.46 10260 120 0.0128 131.8157 4.5 6.569 138.3844 
13750.0 19.80 30.64 23.85 9.88 1.51 10260 120 0.0133 136.3721 4.5 6.814 143.1864 
14000.0 20.16 31.19 23.85 10.05 1.57 10260 120 0.0137 140.9997 4.5 7.064 148.0640 
14250.0 20.52 31.75 23.85 10.23 1.63 10260 120 0.0142 145.6982 4.5 7.319 153.0170 
14500.0 20.88 32.31 23.85 10.41 1.68 10260 120 0.0147 150.4675 4.5 7.578 158.0454 
14750.0 21.24 32.87 23.85 10.59 1.74 10260 120 0.0151 155.3073 4.5 7.841 163.1488 
15000.0 21.60 33.42 23.85 10.77 1.80 10260 120 0.0156 160.2175 4.5 8.110 168.3271 
15250.0 21.96 33.98 23.85 10.95 1.86 10260 120 0.0161 165.1980 4.5 8.382 173.5801 
15500.0 22.32 34.54 23.85 11.13 1.92 10260 120 0.0166 170.2485 4.5 8.659 178.9077 
15750.0 22.68 35.09 23.85 11.31 1.99 10260 120 0.0171 175.3689 4.5 8.941 184.3097 
16000.0 23.04 35.65 23.85 11.49 2.05 10260 120 0.0176 180.5591 4.5 9.227 189.7859 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 620 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 620 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 620 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 620 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 620 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 620 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 620 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 620 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 620 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 620 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 620 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 620 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 620 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 620 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 620 120 0.0011 0.6538 2.7 0.265 0.9187 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) 
 

3750.0 5.40 8.36 23.85 2.69 0.11 620 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 620 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 620 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 620 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 620 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 620 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 620 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 620 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 620 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 620 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 620 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 620 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 620 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 620 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 620 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 620 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 620 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 620 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 620 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 620 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 620 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 620 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 620 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 620 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 620 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 620 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 620 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 620 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 620 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 620 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 620 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 620 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 620 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 620 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 620 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 620 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 620 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 620 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 620 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 620 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 620 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 620 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 620 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 620 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 620 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 620 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 620 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 620 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 620 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 620 120 0.0176 10.9108 2.7 5.536 16.4469 

 

 

 

 

 

 

 

 

 

 

 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To 1st High Point (Wilber Ave Bridge) 
 

 
MIN Static Head = 58.13 
MAX Static Head = 62.63

Q Q Losses 

(gpm) (mgd)  
0.0 0.00 0.00 

250.0 0.36 0.09 
500.0 0.72 0.34 
750.0 1.08 0.72 

1000.0 1.44 1.23 
1250.0 1.80 1.86 
1500.0 2.16 2.61 
1750.0 2.52 3.48 
2000.0 2.88 4.47 
2250.0 3.24 5.56 
2500.0 3.60 6.77 
2750.0 3.96 8.08 
3000.0 4.32 9.51 
3250.0 4.68 11.04 
3500.0 5.04 12.67 
3750.0 5.40 14.41 
4000.0 5.76 16.26 
4250.0 6.12 18.20 
4500.0 6.48 20.25 
4750.0 6.84 22.40 
5000.0 7.20 24.64 
5250.0 7.56 26.99 
5500.0 7.92 29.44 
5750.0 8.28 31.98 
6000.0 8.64 34.63 
6250.0 9.00 37.37 
6500.0 9.36 40.20 
6750.0 9.72 43.13 
7000.0 10.08 46.16 
7250.0 10.44 49.29 
7500.0 10.80 52.50 
7750.0 11.16 55.82 
8000.0 11.52 59.22 
8250.0 11.88 62.72 
8500.0 12.24 66.32 
8750.0 12.60 70.00 
9000.0 12.96 73.78 
9250.0 13.32 77.65 
9500.0 13.68 81.61 
9750.0 14.04 85.67 

10000.0 14.40 89.81 
10250.0 14.76 94.05 
10500.0 15.12 98.38 
10750.0 15.48 102.79 
11000.0 15.84 107.30 
11250.0 16.20 111.90 
11500.0 16.56 116.58 
11750.0 16.92 121.36 
12000.0 17.28 126.22 
12250.0 17.64 131.17 
12500.0 18.00 136.22 
12750.0 18.36 141.35 
13000.0 18.72 146.56 
13250.0 19.08 151.87 
13500.0 19.44 157.26 
13750.0 19.80 162.74 
14000.0 20.16 168.31 
14250.0 20.52 173.97 
14500.0 20.88 179.71 
14750.0 21.24 185.54 
15000.0 21.60 191.45 
15250.0 21.96 197.45 
15500.0 22.32 203.54 
15750.0 22.68 209.71 
16000.0 23.04 215.97 

Q Q Min Static Max Static 

(gpm) (mgd)    

0.0 0.00 58.13 62.63 
250.0 0.36 58.22 62.72 
500.0 0.72 58.47 62.97 
750.0 1.08 58.85 63.35 

1000.0 1.44 59.36 63.86 
1250.0 1.80 59.99 64.49 
1500.0 2.16 60.74 65.24 
1750.0 2.52 61.61 66.11 
2000.0 2.88 62.60 67.10 
2250.0 3.24 63.69 68.19 
2500.0 3.60 64.90 69.40 
2750.0 3.96 66.21 70.71 
3000.0 4.32 67.64 72.14 
3250.0 4.68 69.17 73.67 
3500.0 5.04 70.80 75.30 
3750.0 5.40 72.54 77.04 
4000.0 5.76 74.39 78.89 
4250.0 6.12 76.33 80.83 
4500.0 6.48 78.38 82.88 
4750.0 6.84 80.53 85.03 
5000.0 7.20 82.77 87.27 
5250.0 7.56 85.12 89.62 
5500.0 7.92 87.57 92.07 
5750.0 8.28 90.11 94.61 
6000.0 8.64 92.76 97.26 
6250.0 9.00 95.50 100.00 
6500.0 9.36 98.33 102.83 
6750.0 9.72 101.26 105.76 
7000.0 10.08 104.29 108.79 
7250.0 10.44 107.42 111.92 
7500.0 10.80 110.63 115.13 
7750.0 11.16 113.95 118.45 
8000.0 11.52 117.35 121.85 
8250.0 11.88 120.85 125.35 
8500.0 12.24 124.45 128.95 
8750.0 12.60 128.13 132.63 
9000.0 12.96 131.91 136.41 
9250.0 13.32 135.78 140.28 
9500.0 13.68 139.74 144.24 
9750.0 14.04 143.80 148.30 

10000.0 14.40 147.94 152.44 
10250.0 14.76 152.18 156.68 
10500.0 15.12 156.51 161.01 
10750.0 15.48 160.92 165.42 
11000.0 15.84 165.43 169.93 
11250.0 16.20 170.03 174.53 
11500.0 16.56 174.71 179.21 
11750.0 16.92 179.49 183.99 
12000.0 17.28 184.35 188.85 
12250.0 17.64 189.30 193.80 
12500.0 18.00 194.35 198.85 
12750.0 18.36 199.48 203.98 
13000.0 18.72 204.69 209.19 
13250.0 19.08 210.00 214.50 
13500.0 19.44 215.39 219.89 
13750.0 19.80 220.87 225.37 
14000.0 20.16 226.44 230.94 
14250.0 20.52 232.10 236.60 
14500.0 20.88 237.84 242.34 
14750.0 21.24 243.67 248.17 
15000.0 21.60 249.58 254.08 
15250.0 21.96 255.58 260.08 
15500.0 22.32 261.67 266.17 
15750.0 22.68 267.84 272.34 
16000.0 23.04 274.10 278.60 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

 

 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 36.00 100 0.0000 0.0000 1.9 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 36.00 100 0.0000 0.0004 1.9 0.001 0.0013 
500.0 0.72 1.11 24.00 0.35 0.00 36.00 100 0.0000 0.0014 1.9 0.004 0.0051 
750.0 1.08 1.67 24.00 0.53 0.00 36.00 100 0.0001 0.0030 1.9 0.008 0.0113 

1000.0 1.44 2.23 24.00 0.71 0.01 36.00 100 0.0001 0.0051 1.9 0.015 0.0199 
1250.0 1.80 2.79 24.00 0.89 0.01 36.00 100 0.0002 0.0077 1.9 0.023 0.0309 
1500.0 2.16 3.34 24.00 1.06 0.02 36.00 100 0.0003 0.0107 1.9 0.033 0.0441 
1750.0 2.52 3.90 24.00 1.24 0.02 36.00 100 0.0004 0.0143 1.9 0.045 0.0597 
2000.0 2.88 4.46 24.00 1.42 0.03 36.00 100 0.0005 0.0183 1.9 0.059 0.0777 
2250.0 3.24 5.01 24.00 1.60 0.04 36.00 100 0.0006 0.0228 1.9 0.075 0.0979 
2500.0 3.60 5.57 24.00 1.77 0.05 36.00 100 0.0008 0.0277 1.9 0.093 0.1204 
2750.0 3.96 6.13 24.00 1.95 0.06 36.00 100 0.0009 0.0330 1.9 0.112 0.1453 
3000.0 4.32 6.68 24.00 2.13 0.07 36.00 100 0.0011 0.0388 1.9 0.134 0.1724 
3250.0 4.68 7.24 24.00 2.31 0.08 36.00 100 0.0012 0.0450 1.9 0.157 0.2017 
3500.0 5.04 7.80 24.00 2.48 0.10 36.00 100 0.0014 0.0516 1.9 0.182 0.2334 
3750.0 5.40 8.36 24.00 2.66 0.11 36.00 100 0.0016 0.0586 1.9 0.209 0.2673 
4000.0 5.76 8.91 24.00 2.84 0.12 36.00 100 0.0018 0.0661 1.9 0.237 0.3035 
4250.0 6.12 9.47 24.00 3.01 0.14 36.00 100 0.0021 0.0739 1.9 0.268 0.3420 
4500.0 6.48 10.03 24.00 3.19 0.16 36.00 100 0.0023 0.0822 1.9 0.301 0.3827 
4750.0 6.84 10.58 24.00 3.37 0.18 36.00 100 0.0025 0.0909 1.9 0.335 0.4257 
5000.0 7.20 11.14 24.00 3.55 0.20 36.00 100 0.0028 0.0999 1.9 0.371 0.4709 
5250.0 7.56 11.70 24.00 3.72 0.22 36.00 100 0.0030 0.1094 1.9 0.409 0.5184 
5500.0 7.92 12.25 24.00 3.90 0.24 36.00 100 0.0033 0.1192 1.9 0.449 0.5681 
5750.0 8.28 12.81 24.00 4.08 0.26 36.00 100 0.0036 0.1294 1.9 0.491 0.6201 
6000.0 8.64 13.37 24.00 4.26 0.28 36.00 100 0.0039 0.1400 1.9 0.534 0.6743 
6250.0 9.00 13.93 24.00 4.43 0.31 36.00 100 0.0042 0.1510 1.9 0.580 0.7308 
6500.0 9.36 14.48 24.00 4.61 0.33 36.00 100 0.0045 0.1624 1.9 0.627 0.7895 
6750.0 9.72 15.04 24.00 4.79 0.36 36.00 100 0.0048 0.1742 1.9 0.676 0.8504 
7000.0 10.08 15.60 24.00 4.96 0.38 36.00 100 0.0052 0.1863 1.9 0.727 0.9135 
7250.0 10.44 16.15 24.00 5.14 0.41 36.00 100 0.0055 0.1988 1.9 0.780 0.9789 
7500.0 10.80 16.71 24.00 5.32 0.44 36.00 100 0.0059 0.2117 1.9 0.835 1.0465 
7750.0 11.16 17.27 24.00 5.50 0.47 36.00 100 0.0062 0.2250 1.9 0.891 1.1163 
8000.0 11.52 17.83 24.00 5.67 0.50 36.00 100 0.0066 0.2386 1.9 0.950 1.1884 
8250.0 11.88 18.38 24.00 5.85 0.53 36.00 100 0.0070 0.2526 1.9 1.010 1.2627 
8500.0 12.24 18.94 24.00 6.03 0.56 36.00 100 0.0074 0.2669 1.9 1.072 1.3392 
8750.0 12.60 19.50 24.00 6.21 0.60 36.00 100 0.0078 0.2817 1.9 1.136 1.4179 
9000.0 12.96 20.05 24.00 6.38 0.63 36.00 100 0.0082 0.2967 1.9 1.202 1.4989 
9250.0 13.32 20.61 24.00 6.56 0.67 36.00 100 0.0087 0.3122 1.9 1.270 1.5820 
9500.0 13.68 21.17 24.00 6.74 0.70 36.00 100 0.0091 0.3280 1.9 1.339 1.6674 
9750.0 14.04 21.72 24.00 6.92 0.74 36.00 100 0.0096 0.3442 1.9 1.411 1.7550 

10000.0 14.40 22.28 24.00 7.09 0.78 36.00 100 0.0100 0.3607 1.9 1.484 1.8448 

FM System Curve – 24” (24” Parallel FM Portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

10250.0 14.76 22.84 24.00 7.27 0.82 36.00 100 0.0105 0.3776 1.9 1.559 1.9368 
10500.0 15.12 23.40 24.00 7.45 0.86 36.00 100 0.0110 0.3948 1.9 1.636 2.0310 
10750.0 15.48 23.95 24.00 7.62 0.90 36.00 100 0.0115 0.4124 1.9 1.715 2.1274 
11000.0 15.84 24.51 24.00 7.80 0.95 36.00 100 0.0120 0.4303 1.9 1.796 2.2261 
11250.0 16.20 25.07 24.00 7.98 0.99 36.00 100 0.0125 0.4486 1.9 1.878 2.3269 
11500.0 16.56 25.62 24.00 8.16 1.03 36.00 100 0.0130 0.4672 1.9 1.963 2.4300 
11750.0 16.92 26.18 24.00 8.33 1.08 36.00 100 0.0135 0.4862 1.9 2.049 2.5352 
12000.0 17.28 26.74 24.00 8.51 1.12 36.00 100 0.0140 0.5056 1.9 2.137 2.6427 
12250.0 17.64 27.30 24.00 8.69 1.17 36.00 100 0.0146 0.5252 1.9 2.227 2.7523 
12500.0 18.00 27.85 24.00 8.87 1.22 36.00 100 0.0151 0.5453 1.9 2.319 2.8642 
12750.0 18.36 28.41 24.00 9.04 1.27 36.00 100 0.0157 0.5656 1.9 2.413 2.9782 
13000.0 18.72 28.97 24.00 9.22 1.32 36.00 100 0.0163 0.5863 1.9 2.508 3.0945 
13250.0 19.08 29.52 24.00 9.40 1.37 36.00 100 0.0169 0.6074 1.9 2.606 3.2129 
13500.0 19.44 30.08 24.00 9.57 1.42 36.00 100 0.0175 0.6288 1.9 2.705 3.3336 
13750.0 19.80 30.64 24.00 9.75 1.48 36.00 100 0.0181 0.6505 1.9 2.806 3.4564 
14000.0 20.16 31.19 24.00 9.93 1.53 36.00 100 0.0187 0.6726 1.9 2.909 3.5814 
14250.0 20.52 31.75 24.00 10.11 1.59 36.00 100 0.0193 0.6950 1.9 3.014 3.7087 
14500.0 20.88 32.31 24.00 10.28 1.64 36.00 100 0.0199 0.7178 1.9 3.120 3.8381 
14750.0 21.24 32.87 24.00 10.46 1.70 36.00 100 0.0206 0.7408 1.9 3.229 3.9697 
15000.0 21.60 33.42 24.00 10.64 1.76 36.00 100 0.0212 0.7643 1.9 3.339 4.1035 
15250.0 21.96 33.98 24.00 10.82 1.82 36.00 100 0.0219 0.7880 1.9 3.451 4.2395 
15500.0 22.32 34.54 24.00 10.99 1.88 36.00 100 0.0226 0.8121 1.9 3.566 4.3777 
15750.0 22.68 35.09 24.00 11.17 1.94 36.00 100 0.0232 0.8365 1.9 3.681 4.5180 
16000.0 23.04 35.65 24.00 11.35 2.00 36.00 100 0.0239 0.8613 1.9 3.799 4.6606 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 10260 120 0.0000 0.0000 4.5 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 10260 120 0.0000 0.0816 4.5 0.002 0.0838 
500.0 0.72 1.11 23.85 0.36 0.00 10260 120 0.0000 0.2945 4.5 0.009 0.3035 
750.0 1.08 1.67 23.85 0.54 0.00 10260 120 0.0001 0.6240 4.5 0.020 0.6443 

1000.0 1.44 2.23 23.85 0.72 0.01 10260 120 0.0001 1.0631 4.5 0.036 1.0992 
1250.0 1.80 2.79 23.85 0.90 0.01 10260 120 0.0002 1.6072 4.5 0.056 1.6635 
1500.0 2.16 3.34 23.85 1.08 0.02 10260 120 0.0002 2.2527 4.5 0.081 2.3338 
1750.0 2.52 3.90 23.85 1.26 0.02 10260 120 0.0003 2.9971 4.5 0.110 3.1074 
2000.0 2.88 4.46 23.85 1.44 0.03 10260 120 0.0004 3.8379 4.5 0.144 3.9821 
2250.0 3.24 5.01 23.85 1.62 0.04 10260 120 0.0005 4.7734 4.5 0.182 4.9559 
2500.0 3.60 5.57 23.85 1.80 0.05 10260 120 0.0006 5.8019 4.5 0.225 6.0272 
2750.0 3.96 6.13 23.85 1.98 0.06 10260 120 0.0007 6.9220 4.5 0.273 7.1946 
3000.0 4.32 6.68 23.85 2.15 0.07 10260 120 0.0008 8.1324 4.5 0.324 8.4568 
3250.0 4.68 7.24 23.85 2.33 0.08 10260 120 0.0009 9.4319 4.5 0.381 9.8126 
3500.0 5.04 7.80 23.85 2.51 0.10 10260 120 0.0011 10.8194 4.5 0.442 11.2609 
3750.0 5.40 8.36 23.85 2.69 0.11 10260 120 0.0012 12.2940 4.5 0.507 12.8009 
4000.0 5.76 8.91 23.85 2.87 0.13 10260 120 0.0014 13.8549 4.5 0.577 14.4316 
4250.0 6.12 9.47 23.85 3.05 0.14 10260 120 0.0015 15.5012 4.5 0.651 16.1522 
4500.0 6.48 10.03 23.85 3.23 0.16 10260 120 0.0017 17.2321 4.5 0.730 17.9620 
4750.0 6.84 10.58 23.85 3.41 0.18 10260 120 0.0019 19.0470 4.5 0.813 19.8602 
5000.0 7.20 11.14 23.85 3.59 0.20 10260 120 0.0020 20.9451 4.5 0.901 21.8461 
5250.0 7.56 11.70 23.85 3.77 0.22 10260 120 0.0022 22.9258 4.5 0.993 23.9192 
5500.0 7.92 12.25 23.85 3.95 0.24 10260 120 0.0024 24.9885 4.5 1.090 26.0788 
5750.0 8.28 12.81 23.85 4.13 0.26 10260 120 0.0026 27.1328 4.5 1.192 28.3244 
6000.0 8.64 13.37 23.85 4.31 0.29 10260 120 0.0029 29.3579 4.5 1.298 30.6554 
6250.0 9.00 13.93 23.85 4.49 0.31 10260 120 0.0031 31.6635 4.5 1.408 33.0714 
6500.0 9.36 14.48 23.85 4.67 0.34 10260 120 0.0033 34.0490 4.5 1.523 35.5718 
6750.0 9.72 15.04 23.85 4.85 0.36 10260 120 0.0036 36.5140 4.5 1.642 38.1562 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

7000.0 10.08 15.60 23.85 5.03 0.39 10260 120 0.0038 39.0581 4.5 1.766 40.8241 
7250.0 10.44 16.15 23.85 5.21 0.42 10260 120 0.0041 41.6807 4.5 1.894 43.5752 
7500.0 10.80 16.71 23.85 5.39 0.45 10260 120 0.0043 44.3816 4.5 2.027 46.4089 
7750.0 11.16 17.27 23.85 5.57 0.48 10260 120 0.0046 47.1602 4.5 2.165 49.3250 
8000.0 11.52 17.83 23.85 5.75 0.51 10260 120 0.0049 50.0163 4.5 2.307 52.3230 
8250.0 11.88 18.38 23.85 5.93 0.55 10260 120 0.0052 52.9495 4.5 2.453 55.4026 
8500.0 12.24 18.94 23.85 6.10 0.58 10260 120 0.0055 55.9594 4.5 2.604 58.5634 
8750.0 12.60 19.50 23.85 6.28 0.61 10260 120 0.0058 59.0457 4.5 2.759 61.8051 
9000.0 12.96 20.05 23.85 6.46 0.65 10260 120 0.0061 62.2080 4.5 2.919 65.1274 
9250.0 13.32 20.61 23.85 6.64 0.69 10260 120 0.0064 65.4461 4.5 3.084 68.5299 
9500.0 13.68 21.17 23.85 6.82 0.72 10260 120 0.0067 68.7596 4.5 3.253 72.0124 
9750.0 14.04 21.72 23.85 7.00 0.76 10260 120 0.0070 72.1482 4.5 3.426 75.5745 

10000.0 14.40 22.28 23.85 7.18 0.80 10260 120 0.0074 75.6117 4.5 3.604 79.2159 
10250.0 14.76 22.84 23.85 7.36 0.84 10260 120 0.0077 79.1498 4.5 3.787 82.9365 
10500.0 15.12 23.40 23.85 7.54 0.88 10260 120 0.0081 82.7621 4.5 3.974 86.7358 
10750.0 15.48 23.95 23.85 7.72 0.93 10260 120 0.0084 86.4485 4.5 4.165 90.6137 
11000.0 15.84 24.51 23.85 7.90 0.97 10260 120 0.0088 90.2087 4.5 4.361 94.5698 
11250.0 16.20 25.07 23.85 8.08 1.01 10260 120 0.0092 94.0424 4.5 4.562 98.6040 
11500.0 16.56 25.62 23.85 8.26 1.06 10260 120 0.0095 97.9493 4.5 4.767 102.7159 
11750.0 16.92 26.18 23.85 8.44 1.11 10260 120 0.0099 101.9293 4.5 4.976 106.9054 
12000.0 17.28 26.74 23.85 8.62 1.15 10260 120 0.0103 105.9822 4.5 5.190 111.1722 
12250.0 17.64 27.30 23.85 8.80 1.20 10260 120 0.0107 110.1075 4.5 5.409 115.5161 
12500.0 18.00 27.85 23.85 8.98 1.25 10260 120 0.0111 114.3053 4.5 5.632 119.9369 
12750.0 18.36 28.41 23.85 9.16 1.30 10260 120 0.0116 118.5752 4.5 5.859 124.4343 
13000.0 18.72 28.97 23.85 9.34 1.35 10260 120 0.0120 122.9171 4.5 6.091 129.0082 
13250.0 19.08 29.52 23.85 9.52 1.41 10260 120 0.0124 127.3306 4.5 6.328 133.6583 
13500.0 19.44 30.08 23.85 9.70 1.46 10260 120 0.0128 131.8157 4.5 6.569 138.3844 
13750.0 19.80 30.64 23.85 9.88 1.51 10260 120 0.0133 136.3721 4.5 6.814 143.1864 
14000.0 20.16 31.19 23.85 10.05 1.57 10260 120 0.0137 140.9997 4.5 7.064 148.0640 
14250.0 20.52 31.75 23.85 10.23 1.63 10260 120 0.0142 145.6982 4.5 7.319 153.0170 
14500.0 20.88 32.31 23.85 10.41 1.68 10260 120 0.0147 150.4675 4.5 7.578 158.0454 
14750.0 21.24 32.87 23.85 10.59 1.74 10260 120 0.0151 155.3073 4.5 7.841 163.1488 
15000.0 21.60 33.42 23.85 10.77 1.80 10260 120 0.0156 160.2175 4.5 8.110 168.3271 
15250.0 21.96 33.98 23.85 10.95 1.86 10260 120 0.0161 165.1980 4.5 8.382 173.5801 
15500.0 22.32 34.54 23.85 11.13 1.92 10260 120 0.0166 170.2485 4.5 8.659 178.9077 
15750.0 22.68 35.09 23.85 11.31 1.99 10260 120 0.0171 175.3689 4.5 8.941 184.3097 
16000.0 23.04 35.65 23.85 11.49 2.05 10260 120 0.0176 180.5591 4.5 9.227 189.7859 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 620 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 620 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 620 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 620 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 620 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 620 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 620 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 620 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 620 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 620 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 620 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 620 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 620 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 620 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 620 120 0.0011 0.6538 2.7 0.265 0.9187 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

3750.0 5.40 8.36 23.85 2.69 0.11 620 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 620 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 620 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 620 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 620 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 620 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 620 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 620 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 620 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 620 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 620 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 620 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 620 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 620 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 620 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 620 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 620 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 620 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 620 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 620 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 620 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 620 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 620 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 620 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 620 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 620 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 620 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 620 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 620 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 620 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 620 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 620 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 620 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 620 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 620 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 620 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 620 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 620 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 620 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 620 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 620 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 620 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 620 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 620 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 620 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 620 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 620 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 620 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 620 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 620 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625 100 0.0000 0.0054 0.6 0.000 0.0056 

FM System Curve – 25.14” (24” HDPE) 
Diameter =  25.14 in 
Area =  3.447132 ft2 
RH=D/4= 0.52375   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

500.0 0.72 1.11 25.14 0.32 0.00 625 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625 100 0.0175 10.9132 0.6 0.905 11.8185 
15500.0 22.32 34.54 25.14 10.02 1.56 625 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625 100 0.0191 11.9280 0.6 0.997 12.9245 

 

 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 2455 120 0.0000 0.0000 2.75 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 2455 120 0.0000 0.0146 2.75 0.001 0.0157 
500.0 0.72 1.11 25.30 0.32 0.00 2455 120 0.0000 0.0529 2.75 0.004 0.0572 
750.0 1.08 1.67 25.30 0.48 0.00 2455 120 0.0000 0.1120 2.75 0.010 0.1218 

1000.0 1.44 2.23 25.30 0.64 0.01 2455 120 0.0001 0.1908 2.75 0.017 0.2082 
1250.0 1.80 2.79 25.30 0.80 0.01 2455 120 0.0001 0.2885 2.75 0.027 0.3157 
1500.0 2.16 3.34 25.30 0.96 0.01 2455 120 0.0002 0.4044 2.75 0.039 0.4435 
1750.0 2.52 3.90 25.30 1.12 0.02 2455 120 0.0002 0.5380 2.75 0.053 0.5912 
2000.0 2.88 4.46 25.30 1.28 0.03 2455 120 0.0003 0.6889 2.75 0.070 0.7585 
2250.0 3.24 5.01 25.30 1.44 0.03 2455 120 0.0003 0.8568 2.75 0.088 0.9449 
2500.0 3.60 5.57 25.30 1.60 0.04 2455 120 0.0004 1.0414 2.75 0.109 1.1501 
2750.0 3.96 6.13 25.30 1.76 0.05 2455 120 0.0005 1.2425 2.75 0.132 1.3740 
3000.0 4.32 6.68 25.30 1.91 0.06 2455 120 0.0006 1.4597 2.75 0.157 1.6163 
3250.0 4.68 7.24 25.30 2.07 0.07 2455 120 0.0007 1.6930 2.75 0.184 1.8767 
3500.0 5.04 7.80 25.30 2.23 0.08 2455 120 0.0008 1.9420 2.75 0.213 2.1551 
3750.0 5.40 8.36 25.30 2.39 0.09 2455 120 0.0009 2.2067 2.75 0.245 2.4513 
4000.0 5.76 8.91 25.30 2.55 0.10 2455 120 0.0010 2.4869 2.75 0.278 2.7652 
4250.0 6.12 9.47 25.30 2.71 0.11 2455 120 0.0011 2.7824 2.75 0.314 3.0966 
4500.0 6.48 10.03 25.30 2.87 0.13 2455 120 0.0013 3.0931 2.75 0.352 3.4453 
4750.0 6.84 10.58 25.30 3.03 0.14 2455 120 0.0014 3.4189 2.75 0.392 3.8113 
5000.0 7.20 11.14 25.30 3.19 0.16 2455 120 0.0015 3.7596 2.75 0.435 4.1944 
5250.0 7.56 11.70 25.30 3.35 0.17 2455 120 0.0017 4.1151 2.75 0.479 4.5945 
5500.0 7.92 12.25 25.30 3.51 0.19 2455 120 0.0018 4.4854 2.75 0.526 5.0115 
5750.0 8.28 12.81 25.30 3.67 0.21 2455 120 0.0020 4.8702 2.75 0.575 5.4453 
6000.0 8.64 13.37 25.30 3.83 0.23 2455 120 0.0021 5.2696 2.75 0.626 5.8958 
6250.0 9.00 13.93 25.30 3.99 0.25 2455 120 0.0023 5.6835 2.75 0.679 6.3629 
6500.0 9.36 14.48 25.30 4.15 0.27 2455 120 0.0025 6.1117 2.75 0.735 6.8466 
6750.0 9.72 15.04 25.30 4.31 0.29 2455 120 0.0027 6.5541 2.75 0.793 7.3467 
7000.0 10.08 15.60 25.30 4.47 0.31 2455 120 0.0029 7.0108 2.75 0.852 7.8631 
7250.0 10.44 16.15 25.30 4.63 0.33 2455 120 0.0030 7.4815 2.75 0.914 8.3958 
7500.0 10.80 16.71 25.30 4.79 0.36 2455 120 0.0032 7.9663 2.75 0.978 8.9448 
7750.0 11.16 17.27 25.30 4.95 0.38 2455 120 0.0034 8.4651 2.75 1.045 9.5098 
8000.0 11.52 17.83 25.30 5.11 0.40 2455 120 0.0037 8.9778 2.75 1.113 10.0910 
8250.0 11.88 18.38 25.30 5.27 0.43 2455 120 0.0039 9.5043 2.75 1.184 10.6881 
8500.0 12.24 18.94 25.30 5.42 0.46 2455 120 0.0041 10.0445 2.75 1.257 11.3012 
8750.0 12.60 19.50 25.30 5.58 0.48 2455 120 0.0043 10.5985 2.75 1.332 11.9302 
9000.0 12.96 20.05 25.30 5.74 0.51 2455 120 0.0045 11.1661 2.75 1.409 12.5751 
9250.0 13.32 20.61 25.30 5.90 0.54 2455 120 0.0048 11.7473 2.75 1.488 13.2356 
9500.0 13.68 21.17 25.30 6.06 0.57 2455 120 0.0050 12.3421 2.75 1.570 13.9119 
9750.0 14.04 21.72 25.30 6.22 0.60 2455 120 0.0053 12.9504 2.75 1.654 14.6039 

10000.0 14.40 22.28 25.30 6.38 0.63 2455 120 0.0055 13.5720 2.75 1.739 15.3115 
10250.0 14.76 22.84 25.30 6.54 0.66 2455 120 0.0058 14.2071 2.75 1.827 16.0346 
10500.0 15.12 23.40 25.30 6.70 0.70 2455 120 0.0061 14.8555 2.75 1.918 16.7732 
10750.0 15.48 23.95 25.30 6.86 0.73 2455 120 0.0063 15.5172 2.75 2.010 17.5273 
11000.0 15.84 24.51 25.30 7.02 0.77 2455 120 0.0066 16.1921 2.75 2.105 18.2968 
11250.0 16.20 25.07 25.30 7.18 0.80 2455 120 0.0069 16.8803 2.75 2.201 19.0817 
11500.0 16.56 25.62 25.30 7.34 0.84 2455 120 0.0072 17.5816 2.75 2.300 19.8819 
11750.0 16.92 26.18 25.30 7.50 0.87 2455 120 0.0075 18.2960 2.75 2.401 20.6975 
12000.0 17.28 26.74 25.30 7.66 0.91 2455 120 0.0077 19.0234 2.75 2.505 21.5282 
12250.0 17.64 27.30 25.30 7.82 0.95 2455 120 0.0081 19.7639 2.75 2.610 22.3741 
12500.0 18.00 27.85 25.30 7.98 0.99 2455 120 0.0084 20.5174 2.75 2.718 23.2353 
12750.0 18.36 28.41 25.30 8.14 1.03 2455 120 0.0087 21.2838 2.75 2.828 24.1115 
13000.0 18.72 28.97 25.30 8.30 1.07 2455 120 0.0090 22.0632 2.75 2.940 25.0028 
13250.0 19.08 29.52 25.30 8.46 1.11 2455 120 0.0093 22.8554 2.75 3.054 25.9092 

FM System Curve – 25.3” (30” HDPE) 
Diameter =  25.3 in 
Area =  3.491149 ft2 
RH=D/4= 0.527083   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

13500.0 19.44 30.08 25.30 8.62 1.15 2455 120 0.0096 23.6605 2.75 3.170 26.8306 
13750.0 19.80 30.64 25.30 8.78 1.20 2455 120 0.0100 24.4783 2.75 3.289 27.7669 
14000.0 20.16 31.19 25.30 8.94 1.24 2455 120 0.0103 25.3090 2.75 3.409 28.7182 
14250.0 20.52 31.75 25.30 9.09 1.28 2455 120 0.0107 26.1523 2.75 3.532 29.6844 
14500.0 20.88 32.31 25.30 9.25 1.33 2455 120 0.0110 27.0084 2.75 3.657 30.6655 
14750.0 21.24 32.87 25.30 9.41 1.38 2455 120 0.0114 27.8771 2.75 3.784 31.6615 
15000.0 21.60 33.42 25.30 9.57 1.42 2455 120 0.0117 28.7585 2.75 3.914 32.6722 
15250.0 21.96 33.98 25.30 9.73 1.47 2455 120 0.0121 29.6525 2.75 4.045 33.6977 
15500.0 22.32 34.54 25.30 9.89 1.52 2455 120 0.0124 30.5590 2.75 4.179 34.7380 
15750.0 22.68 35.09 25.30 10.05 1.57 2455 120 0.0128 31.4781 2.75 4.315 35.7930 
16000.0 23.04 35.65 25.30 10.21 1.62 2455 120 0.0132 32.4097 2.75 4.453 36.8626 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 1794 100 0.0000 0.0000 2.03 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 1794 100 0.0000 0.0194 2.03 0.001 0.0204 
500.0 0.72 1.11 24.00 0.35 0.00 1794 100 0.0000 0.0700 2.03 0.004 0.0740 
750.0 1.08 1.67 24.00 0.53 0.00 1794 100 0.0001 0.1483 2.03 0.009 0.1573 

1000.0 1.44 2.23 24.00 0.71 0.01 1794 100 0.0001 0.2527 2.03 0.016 0.2686 
1250.0 1.80 2.79 24.00 0.89 0.01 1794 100 0.0002 0.3821 2.03 0.025 0.4068 
1500.0 2.16 3.34 24.00 1.06 0.02 1794 100 0.0003 0.5355 2.03 0.036 0.5712 
1750.0 2.52 3.90 24.00 1.24 0.02 1794 100 0.0004 0.7124 2.03 0.049 0.7610 
2000.0 2.88 4.46 24.00 1.42 0.03 1794 100 0.0005 0.9123 2.03 0.063 0.9758 
2250.0 3.24 5.01 24.00 1.60 0.04 1794 100 0.0006 1.1347 2.03 0.080 1.2150 
2500.0 3.60 5.57 24.00 1.77 0.05 1794 100 0.0008 1.3792 2.03 0.099 1.4783 
2750.0 3.96 6.13 24.00 1.95 0.06 1794 100 0.0009 1.6455 2.03 0.120 1.7654 
3000.0 4.32 6.68 24.00 2.13 0.07 1794 100 0.0011 1.9332 2.03 0.143 2.0759 
3250.0 4.68 7.24 24.00 2.31 0.08 1794 100 0.0012 2.2421 2.03 0.167 2.4096 
3500.0 5.04 7.80 24.00 2.48 0.10 1794 100 0.0014 2.5719 2.03 0.194 2.7662 
3750.0 5.40 8.36 24.00 2.66 0.11 1794 100 0.0016 2.9225 2.03 0.223 3.1455 
4000.0 5.76 8.91 24.00 2.84 0.12 1794 100 0.0018 3.2935 2.03 0.254 3.5472 
4250.0 6.12 9.47 24.00 3.01 0.14 1794 100 0.0021 3.6849 2.03 0.286 3.9713 
4500.0 6.48 10.03 24.00 3.19 0.16 1794 100 0.0023 4.0963 2.03 0.321 4.4174 
4750.0 6.84 10.58 24.00 3.37 0.18 1794 100 0.0025 4.5277 2.03 0.358 4.8855 
5000.0 7.20 11.14 24.00 3.55 0.20 1794 100 0.0028 4.9790 2.03 0.396 5.3754 
5250.0 7.56 11.70 24.00 3.72 0.22 1794 100 0.0030 5.4498 2.03 0.437 5.8868 
5500.0 7.92 12.25 24.00 3.90 0.24 1794 100 0.0033 5.9401 2.03 0.480 6.4198 
5750.0 8.28 12.81 24.00 4.08 0.26 1794 100 0.0036 6.4499 2.03 0.524 6.9741 
6000.0 8.64 13.37 24.00 4.26 0.28 1794 100 0.0039 6.9788 2.03 0.571 7.5496 
6250.0 9.00 13.93 24.00 4.43 0.31 1794 100 0.0042 7.5269 2.03 0.619 8.1463 
6500.0 9.36 14.48 24.00 4.61 0.33 1794 100 0.0045 8.0940 2.03 0.670 8.7639 
6750.0 9.72 15.04 24.00 4.79 0.36 1794 100 0.0048 8.6799 2.03 0.722 9.4024 
7000.0 10.08 15.60 24.00 4.96 0.38 1794 100 0.0052 9.2847 2.03 0.777 10.0616 
7250.0 10.44 16.15 24.00 5.14 0.41 1794 100 0.0055 9.9081 2.03 0.833 10.7416 
7500.0 10.80 16.71 24.00 5.32 0.44 1794 100 0.0059 10.5502 2.03 0.892 11.4421 
7750.0 11.16 17.27 24.00 5.50 0.47 1794 100 0.0062 11.2107 2.03 0.952 12.1631 
8000.0 11.52 17.83 24.00 5.67 0.50 1794 100 0.0066 11.8896 2.03 1.015 12.9044 
8250.0 11.88 18.38 24.00 5.85 0.53 1794 100 0.0070 12.5869 2.03 1.079 13.6661 
8500.0 12.24 18.94 24.00 6.03 0.56 1794 100 0.0074 13.3024 2.03 1.146 14.4480 
8750.0 12.60 19.50 24.00 6.21 0.60 1794 100 0.0078 14.0360 2.03 1.214 15.2500 
9000.0 12.96 20.05 24.00 6.38 0.63 1794 100 0.0082 14.7878 2.03 1.284 16.0721 
9250.0 13.32 20.61 24.00 6.56 0.67 1794 100 0.0087 15.5575 2.03 1.357 16.9142 
9500.0 13.68 21.17 24.00 6.74 0.70 1794 100 0.0091 16.3452 2.03 1.431 17.7762 
9750.0 14.04 21.72 24.00 6.92 0.74 1794 100 0.0096 17.1507 2.03 1.507 18.6581 

10000.0 14.40 22.28 24.00 7.09 0.78 1794 100 0.0100 17.9740 2.03 1.586 19.5597 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

10250.0 14.76 22.84 24.00 7.27 0.82 1794 100 0.0105 18.8151 2.03 1.666 20.4810 
10500.0 15.12 23.40 24.00 7.45 0.86 1794 100 0.0110 19.6738 2.03 1.748 21.4220 
10750.0 15.48 23.95 24.00 7.62 0.90 1794 100 0.0115 20.5501 2.03 1.832 22.3825 
11000.0 15.84 24.51 24.00 7.80 0.95 1794 100 0.0120 21.4439 2.03 1.919 23.3626 
11250.0 16.20 25.07 24.00 7.98 0.99 1794 100 0.0125 22.3553 2.03 2.007 24.3621 
11500.0 16.56 25.62 24.00 8.16 1.03 1794 100 0.0130 23.2840 2.03 2.097 25.3810 
11750.0 16.92 26.18 24.00 8.33 1.08 1794 100 0.0135 24.2301 2.03 2.189 26.4193 
12000.0 17.28 26.74 24.00 8.51 1.12 1794 100 0.0140 25.1935 2.03 2.283 27.4769 
12250.0 17.64 27.30 24.00 8.69 1.17 1794 100 0.0146 26.1742 2.03 2.379 28.5537 
12500.0 18.00 27.85 24.00 8.87 1.22 1794 100 0.0151 27.1721 2.03 2.478 29.6496 
12750.0 18.36 28.41 24.00 9.04 1.27 1794 100 0.0157 28.1871 2.03 2.578 30.7647 
13000.0 18.72 28.97 24.00 9.22 1.32 1794 100 0.0163 29.2192 2.03 2.680 31.8989 
13250.0 19.08 29.52 24.00 9.40 1.37 1794 100 0.0169 30.2684 2.03 2.784 33.0522 
13500.0 19.44 30.08 24.00 9.57 1.42 1794 100 0.0175 31.3346 2.03 2.890 34.2244 
13750.0 19.80 30.64 24.00 9.75 1.48 1794 100 0.0181 32.4177 2.03 2.998 35.4155 
14000.0 20.16 31.19 24.00 9.93 1.53 1794 100 0.0187 33.5177 2.03 3.108 36.6256 
14250.0 20.52 31.75 24.00 10.11 1.59 1794 100 0.0193 34.6346 2.03 3.220 37.8545 
14500.0 20.88 32.31 24.00 10.28 1.64 1794 100 0.0199 35.7684 2.03 3.334 39.1022 
14750.0 21.24 32.87 24.00 10.46 1.70 1794 100 0.0206 36.9189 2.03 3.450 40.3686 
15000.0 21.60 33.42 24.00 10.64 1.76 1794 100 0.0212 38.0861 2.03 3.568 41.6538 
15250.0 21.96 33.98 24.00 10.82 1.82 1794 100 0.0219 39.2700 2.03 3.688 42.9576 
15500.0 22.32 34.54 24.00 10.99 1.88 1794 100 0.0226 40.4706 2.03 3.810 44.2801 
15750.0 22.68 35.09 24.00 11.17 1.94 1794 100 0.0232 41.6878 2.03 3.933 45.6212 
16000.0 23.04 35.65 24.00 11.35 2.00 1794 100 0.0239 42.9216 2.03 4.059 46.9808 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To A Modified High Point 
 

 
MIN Static Head = 32.88 
MAX Static Head = 37.38 
 

Q Q Losses 

(gpm) (mgd)  
0.0 0.00 0.00 

250.0 0.36 0.13 
500.0 0.72 0.49 
750.0 1.08 1.04 

1000.0 1.44 1.78 
1250.0 1.80 2.69 
1500.0 2.16 3.78 
1750.0 2.52 5.04 
2000.0 2.88 6.47 
2250.0 3.24 8.06 
2500.0 3.60 9.80 
2750.0 3.96 11.71 
3000.0 4.32 13.77 
3250.0 4.68 15.99 
3500.0 5.04 18.36 
3750.0 5.40 20.88 
4000.0 5.76 23.55 
4250.0 6.12 26.36 
4500.0 6.48 29.33 
4750.0 6.84 32.44 
5000.0 7.20 35.69 
5250.0 7.56 39.10 
5500.0 7.92 42.64 
5750.0 8.28 46.32 
6000.0 8.64 50.15 
6250.0 9.00 54.12 
6500.0 9.36 58.23 
6750.0 9.72 62.47 
7000.0 10.08 66.86 
7250.0 10.44 71.38 
7500.0 10.80 76.04 
7750.0 11.16 80.84 
8000.0 11.52 85.77 
8250.0 11.88 90.84 
8500.0 12.24 96.04 
8750.0 12.60 101.38 
9000.0 12.96 106.85 
9250.0 13.32 112.46 
9500.0 13.68 118.20 
9750.0 14.04 124.07 

10000.0 14.40 130.07 
10250.0 14.76 136.20 
10500.0 15.12 142.47 
10750.0 15.48 148.86 
11000.0 15.84 155.39 
11250.0 16.20 162.05 
11500.0 16.56 168.83 
11750.0 16.92 175.75 
12000.0 17.28 182.79 
12250.0 17.64 189.96 
12500.0 18.00 197.26 
12750.0 18.36 204.69 
13000.0 18.72 212.24 
13250.0 19.08 219.93 
13500.0 19.44 227.73 
13750.0 19.80 235.67 
14000.0 20.16 243.73 
14250.0 20.52 251.92 
14500.0 20.88 260.23 
14750.0 21.24 268.67 
15000.0 21.60 277.24 
15250.0 21.96 285.92 
15500.0 22.32 294.74 
15750.0 22.68 303.67 
16000.0 23.04 312.74 

Q Q Min Static Max Static 

(gpm) (mgd)    

0.0 0.00 32.88 37.38 
250.0 0.36 33.01 37.51 
500.0 0.72 33.37 37.87 
750.0 1.08 33.92 38.42 

1000.0 1.44 34.66 39.16 
1250.0 1.80 35.57 40.07 
1500.0 2.16 36.66 41.16 
1750.0 2.52 37.92 42.42 
2000.0 2.88 39.35 43.85 
2250.0 3.24 40.94 45.44 
2500.0 3.60 42.68 47.18 
2750.0 3.96 44.59 49.09 
3000.0 4.32 46.65 51.15 
3250.0 4.68 48.87 53.37 
3500.0 5.04 51.24 55.74 
3750.0 5.40 53.76 58.26 
4000.0 5.76 56.43 60.93 
4250.0 6.12 59.24 63.74 
4500.0 6.48 62.21 66.71 
4750.0 6.84 65.32 69.82 
5000.0 7.20 68.57 73.07 
5250.0 7.56 71.98 76.48 
5500.0 7.92 75.52 80.02 
5750.0 8.28 79.20 83.70 
6000.0 8.64 83.03 87.53 
6250.0 9.00 87.00 91.50 
6500.0 9.36 91.11 95.61 
6750.0 9.72 95.35 99.85 
7000.0 10.08 99.74 104.24 
7250.0 10.44 104.26 108.76 
7500.0 10.80 108.92 113.42 
7750.0 11.16 113.72 118.22 
8000.0 11.52 118.65 123.15 
8250.0 11.88 123.72 128.22 
8500.0 12.24 128.92 133.42 
8750.0 12.60 134.26 138.76 
9000.0 12.96 139.73 144.23 
9250.0 13.32 145.34 149.84 
9500.0 13.68 151.08 155.58 
9750.0 14.04 156.95 161.45 

10000.0 14.40 162.95 167.45 
10250.0 14.76 169.08 173.58 
10500.0 15.12 175.35 179.85 
10750.0 15.48 181.74 186.24 
11000.0 15.84 188.27 192.77 
11250.0 16.20 194.93 199.43 
11500.0 16.56 201.71 206.21 
11750.0 16.92 208.63 213.13 
12000.0 17.28 215.67 220.17 
12250.0 17.64 222.84 227.34 
12500.0 18.00 230.14 234.64 
12750.0 18.36 237.57 242.07 
13000.0 18.72 245.12 249.62 
13250.0 19.08 252.81 257.31 
13500.0 19.44 260.61 265.11 
13750.0 19.80 268.55 273.05 
14000.0 20.16 276.61 281.11 
14250.0 20.52 284.80 289.30 
14500.0 20.88 293.11 297.61 
14750.0 21.24 301.55 306.05 
15000.0 21.60 310.12 314.62 
15250.0 21.96 318.80 323.30 
15500.0 22.32 327.62 332.12 
15750.0 22.68 336.55 341.05 
16000.0 23.04 345.62 350.12 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

 

 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 36.00 100 0.0000 0.0000 1.9 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 36.00 100 0.0000 0.0004 1.9 0.001 0.0013 
500.0 0.72 1.11 24.00 0.35 0.00 36.00 100 0.0000 0.0014 1.9 0.004 0.0051 
750.0 1.08 1.67 24.00 0.53 0.00 36.00 100 0.0001 0.0030 1.9 0.008 0.0113 

1000.0 1.44 2.23 24.00 0.71 0.01 36.00 100 0.0001 0.0051 1.9 0.015 0.0199 
1250.0 1.80 2.79 24.00 0.89 0.01 36.00 100 0.0002 0.0077 1.9 0.023 0.0309 
1500.0 2.16 3.34 24.00 1.06 0.02 36.00 100 0.0003 0.0107 1.9 0.033 0.0441 
1750.0 2.52 3.90 24.00 1.24 0.02 36.00 100 0.0004 0.0143 1.9 0.045 0.0597 
2000.0 2.88 4.46 24.00 1.42 0.03 36.00 100 0.0005 0.0183 1.9 0.059 0.0777 
2250.0 3.24 5.01 24.00 1.60 0.04 36.00 100 0.0006 0.0228 1.9 0.075 0.0979 
2500.0 3.60 5.57 24.00 1.77 0.05 36.00 100 0.0008 0.0277 1.9 0.093 0.1204 
2750.0 3.96 6.13 24.00 1.95 0.06 36.00 100 0.0009 0.0330 1.9 0.112 0.1453 
3000.0 4.32 6.68 24.00 2.13 0.07 36.00 100 0.0011 0.0388 1.9 0.134 0.1724 
3250.0 4.68 7.24 24.00 2.31 0.08 36.00 100 0.0012 0.0450 1.9 0.157 0.2017 
3500.0 5.04 7.80 24.00 2.48 0.10 36.00 100 0.0014 0.0516 1.9 0.182 0.2334 
3750.0 5.40 8.36 24.00 2.66 0.11 36.00 100 0.0016 0.0586 1.9 0.209 0.2673 
4000.0 5.76 8.91 24.00 2.84 0.12 36.00 100 0.0018 0.0661 1.9 0.237 0.3035 
4250.0 6.12 9.47 24.00 3.01 0.14 36.00 100 0.0021 0.0739 1.9 0.268 0.3420 
4500.0 6.48 10.03 24.00 3.19 0.16 36.00 100 0.0023 0.0822 1.9 0.301 0.3827 
4750.0 6.84 10.58 24.00 3.37 0.18 36.00 100 0.0025 0.0909 1.9 0.335 0.4257 
5000.0 7.20 11.14 24.00 3.55 0.20 36.00 100 0.0028 0.0999 1.9 0.371 0.4709 
5250.0 7.56 11.70 24.00 3.72 0.22 36.00 100 0.0030 0.1094 1.9 0.409 0.5184 
5500.0 7.92 12.25 24.00 3.90 0.24 36.00 100 0.0033 0.1192 1.9 0.449 0.5681 
5750.0 8.28 12.81 24.00 4.08 0.26 36.00 100 0.0036 0.1294 1.9 0.491 0.6201 
6000.0 8.64 13.37 24.00 4.26 0.28 36.00 100 0.0039 0.1400 1.9 0.534 0.6743 
6250.0 9.00 13.93 24.00 4.43 0.31 36.00 100 0.0042 0.1510 1.9 0.580 0.7308 
6500.0 9.36 14.48 24.00 4.61 0.33 36.00 100 0.0045 0.1624 1.9 0.627 0.7895 
6750.0 9.72 15.04 24.00 4.79 0.36 36.00 100 0.0048 0.1742 1.9 0.676 0.8504 
7000.0 10.08 15.60 24.00 4.96 0.38 36.00 100 0.0052 0.1863 1.9 0.727 0.9135 
7250.0 10.44 16.15 24.00 5.14 0.41 36.00 100 0.0055 0.1988 1.9 0.780 0.9789 
7500.0 10.80 16.71 24.00 5.32 0.44 36.00 100 0.0059 0.2117 1.9 0.835 1.0465 
7750.0 11.16 17.27 24.00 5.50 0.47 36.00 100 0.0062 0.2250 1.9 0.891 1.1163 
8000.0 11.52 17.83 24.00 5.67 0.50 36.00 100 0.0066 0.2386 1.9 0.950 1.1884 
8250.0 11.88 18.38 24.00 5.85 0.53 36.00 100 0.0070 0.2526 1.9 1.010 1.2627 
8500.0 12.24 18.94 24.00 6.03 0.56 36.00 100 0.0074 0.2669 1.9 1.072 1.3392 
8750.0 12.60 19.50 24.00 6.21 0.60 36.00 100 0.0078 0.2817 1.9 1.136 1.4179 
9000.0 12.96 20.05 24.00 6.38 0.63 36.00 100 0.0082 0.2967 1.9 1.202 1.4989 
9250.0 13.32 20.61 24.00 6.56 0.67 36.00 100 0.0087 0.3122 1.9 1.270 1.5820 
9500.0 13.68 21.17 24.00 6.74 0.70 36.00 100 0.0091 0.3280 1.9 1.339 1.6674 
9750.0 14.04 21.72 24.00 6.92 0.74 36.00 100 0.0096 0.3442 1.9 1.411 1.7550 

10000.0 14.40 22.28 24.00 7.09 0.78 36.00 100 0.0100 0.3607 1.9 1.484 1.8448 

FM System Curve – 24” (24” Parallel FM Portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

10250.0 14.76 22.84 24.00 7.27 0.82 36.00 100 0.0105 0.3776 1.9 1.559 1.9368 
10500.0 15.12 23.40 24.00 7.45 0.86 36.00 100 0.0110 0.3948 1.9 1.636 2.0310 
10750.0 15.48 23.95 24.00 7.62 0.90 36.00 100 0.0115 0.4124 1.9 1.715 2.1274 
11000.0 15.84 24.51 24.00 7.80 0.95 36.00 100 0.0120 0.4303 1.9 1.796 2.2261 
11250.0 16.20 25.07 24.00 7.98 0.99 36.00 100 0.0125 0.4486 1.9 1.878 2.3269 
11500.0 16.56 25.62 24.00 8.16 1.03 36.00 100 0.0130 0.4672 1.9 1.963 2.4300 
11750.0 16.92 26.18 24.00 8.33 1.08 36.00 100 0.0135 0.4862 1.9 2.049 2.5352 
12000.0 17.28 26.74 24.00 8.51 1.12 36.00 100 0.0140 0.5056 1.9 2.137 2.6427 
12250.0 17.64 27.30 24.00 8.69 1.17 36.00 100 0.0146 0.5252 1.9 2.227 2.7523 
12500.0 18.00 27.85 24.00 8.87 1.22 36.00 100 0.0151 0.5453 1.9 2.319 2.8642 
12750.0 18.36 28.41 24.00 9.04 1.27 36.00 100 0.0157 0.5656 1.9 2.413 2.9782 
13000.0 18.72 28.97 24.00 9.22 1.32 36.00 100 0.0163 0.5863 1.9 2.508 3.0945 
13250.0 19.08 29.52 24.00 9.40 1.37 36.00 100 0.0169 0.6074 1.9 2.606 3.2129 
13500.0 19.44 30.08 24.00 9.57 1.42 36.00 100 0.0175 0.6288 1.9 2.705 3.3336 
13750.0 19.80 30.64 24.00 9.75 1.48 36.00 100 0.0181 0.6505 1.9 2.806 3.4564 
14000.0 20.16 31.19 24.00 9.93 1.53 36.00 100 0.0187 0.6726 1.9 2.909 3.5814 
14250.0 20.52 31.75 24.00 10.11 1.59 36.00 100 0.0193 0.6950 1.9 3.014 3.7087 
14500.0 20.88 32.31 24.00 10.28 1.64 36.00 100 0.0199 0.7178 1.9 3.120 3.8381 
14750.0 21.24 32.87 24.00 10.46 1.70 36.00 100 0.0206 0.7408 1.9 3.229 3.9697 
15000.0 21.60 33.42 24.00 10.64 1.76 36.00 100 0.0212 0.7643 1.9 3.339 4.1035 
15250.0 21.96 33.98 24.00 10.82 1.82 36.00 100 0.0219 0.7880 1.9 3.451 4.2395 
15500.0 22.32 34.54 24.00 10.99 1.88 36.00 100 0.0226 0.8121 1.9 3.566 4.3777 
15750.0 22.68 35.09 24.00 11.17 1.94 36.00 100 0.0232 0.8365 1.9 3.681 4.5180 
16000.0 23.04 35.65 24.00 11.35 2.00 36.00 100 0.0239 0.8613 1.9 3.799 4.6606 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 10260 120 0.0000 0.0000 4.5 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 10260 120 0.0000 0.0816 4.5 0.002 0.0838 
500.0 0.72 1.11 23.85 0.36 0.00 10260 120 0.0000 0.2945 4.5 0.009 0.3035 
750.0 1.08 1.67 23.85 0.54 0.00 10260 120 0.0001 0.6240 4.5 0.020 0.6443 

1000.0 1.44 2.23 23.85 0.72 0.01 10260 120 0.0001 1.0631 4.5 0.036 1.0992 
1250.0 1.80 2.79 23.85 0.90 0.01 10260 120 0.0002 1.6072 4.5 0.056 1.6635 
1500.0 2.16 3.34 23.85 1.08 0.02 10260 120 0.0002 2.2527 4.5 0.081 2.3338 
1750.0 2.52 3.90 23.85 1.26 0.02 10260 120 0.0003 2.9971 4.5 0.110 3.1074 
2000.0 2.88 4.46 23.85 1.44 0.03 10260 120 0.0004 3.8379 4.5 0.144 3.9821 
2250.0 3.24 5.01 23.85 1.62 0.04 10260 120 0.0005 4.7734 4.5 0.182 4.9559 
2500.0 3.60 5.57 23.85 1.80 0.05 10260 120 0.0006 5.8019 4.5 0.225 6.0272 
2750.0 3.96 6.13 23.85 1.98 0.06 10260 120 0.0007 6.9220 4.5 0.273 7.1946 
3000.0 4.32 6.68 23.85 2.15 0.07 10260 120 0.0008 8.1324 4.5 0.324 8.4568 
3250.0 4.68 7.24 23.85 2.33 0.08 10260 120 0.0009 9.4319 4.5 0.381 9.8126 
3500.0 5.04 7.80 23.85 2.51 0.10 10260 120 0.0011 10.8194 4.5 0.442 11.2609 
3750.0 5.40 8.36 23.85 2.69 0.11 10260 120 0.0012 12.2940 4.5 0.507 12.8009 
4000.0 5.76 8.91 23.85 2.87 0.13 10260 120 0.0014 13.8549 4.5 0.577 14.4316 
4250.0 6.12 9.47 23.85 3.05 0.14 10260 120 0.0015 15.5012 4.5 0.651 16.1522 
4500.0 6.48 10.03 23.85 3.23 0.16 10260 120 0.0017 17.2321 4.5 0.730 17.9620 
4750.0 6.84 10.58 23.85 3.41 0.18 10260 120 0.0019 19.0470 4.5 0.813 19.8602 
5000.0 7.20 11.14 23.85 3.59 0.20 10260 120 0.0020 20.9451 4.5 0.901 21.8461 
5250.0 7.56 11.70 23.85 3.77 0.22 10260 120 0.0022 22.9258 4.5 0.993 23.9192 
5500.0 7.92 12.25 23.85 3.95 0.24 10260 120 0.0024 24.9885 4.5 1.090 26.0788 
5750.0 8.28 12.81 23.85 4.13 0.26 10260 120 0.0026 27.1328 4.5 1.192 28.3244 
6000.0 8.64 13.37 23.85 4.31 0.29 10260 120 0.0029 29.3579 4.5 1.298 30.6554 
6250.0 9.00 13.93 23.85 4.49 0.31 10260 120 0.0031 31.6635 4.5 1.408 33.0714 
6500.0 9.36 14.48 23.85 4.67 0.34 10260 120 0.0033 34.0490 4.5 1.523 35.5718 
6750.0 9.72 15.04 23.85 4.85 0.36 10260 120 0.0036 36.5140 4.5 1.642 38.1562 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

7000.0 10.08 15.60 23.85 5.03 0.39 10260 120 0.0038 39.0581 4.5 1.766 40.8241 
7250.0 10.44 16.15 23.85 5.21 0.42 10260 120 0.0041 41.6807 4.5 1.894 43.5752 
7500.0 10.80 16.71 23.85 5.39 0.45 10260 120 0.0043 44.3816 4.5 2.027 46.4089 
7750.0 11.16 17.27 23.85 5.57 0.48 10260 120 0.0046 47.1602 4.5 2.165 49.3250 
8000.0 11.52 17.83 23.85 5.75 0.51 10260 120 0.0049 50.0163 4.5 2.307 52.3230 
8250.0 11.88 18.38 23.85 5.93 0.55 10260 120 0.0052 52.9495 4.5 2.453 55.4026 
8500.0 12.24 18.94 23.85 6.10 0.58 10260 120 0.0055 55.9594 4.5 2.604 58.5634 
8750.0 12.60 19.50 23.85 6.28 0.61 10260 120 0.0058 59.0457 4.5 2.759 61.8051 
9000.0 12.96 20.05 23.85 6.46 0.65 10260 120 0.0061 62.2080 4.5 2.919 65.1274 
9250.0 13.32 20.61 23.85 6.64 0.69 10260 120 0.0064 65.4461 4.5 3.084 68.5299 
9500.0 13.68 21.17 23.85 6.82 0.72 10260 120 0.0067 68.7596 4.5 3.253 72.0124 
9750.0 14.04 21.72 23.85 7.00 0.76 10260 120 0.0070 72.1482 4.5 3.426 75.5745 

10000.0 14.40 22.28 23.85 7.18 0.80 10260 120 0.0074 75.6117 4.5 3.604 79.2159 
10250.0 14.76 22.84 23.85 7.36 0.84 10260 120 0.0077 79.1498 4.5 3.787 82.9365 
10500.0 15.12 23.40 23.85 7.54 0.88 10260 120 0.0081 82.7621 4.5 3.974 86.7358 
10750.0 15.48 23.95 23.85 7.72 0.93 10260 120 0.0084 86.4485 4.5 4.165 90.6137 
11000.0 15.84 24.51 23.85 7.90 0.97 10260 120 0.0088 90.2087 4.5 4.361 94.5698 
11250.0 16.20 25.07 23.85 8.08 1.01 10260 120 0.0092 94.0424 4.5 4.562 98.6040 
11500.0 16.56 25.62 23.85 8.26 1.06 10260 120 0.0095 97.9493 4.5 4.767 102.7159 
11750.0 16.92 26.18 23.85 8.44 1.11 10260 120 0.0099 101.9293 4.5 4.976 106.9054 
12000.0 17.28 26.74 23.85 8.62 1.15 10260 120 0.0103 105.9822 4.5 5.190 111.1722 
12250.0 17.64 27.30 23.85 8.80 1.20 10260 120 0.0107 110.1075 4.5 5.409 115.5161 
12500.0 18.00 27.85 23.85 8.98 1.25 10260 120 0.0111 114.3053 4.5 5.632 119.9369 
12750.0 18.36 28.41 23.85 9.16 1.30 10260 120 0.0116 118.5752 4.5 5.859 124.4343 
13000.0 18.72 28.97 23.85 9.34 1.35 10260 120 0.0120 122.9171 4.5 6.091 129.0082 
13250.0 19.08 29.52 23.85 9.52 1.41 10260 120 0.0124 127.3306 4.5 6.328 133.6583 
13500.0 19.44 30.08 23.85 9.70 1.46 10260 120 0.0128 131.8157 4.5 6.569 138.3844 
13750.0 19.80 30.64 23.85 9.88 1.51 10260 120 0.0133 136.3721 4.5 6.814 143.1864 
14000.0 20.16 31.19 23.85 10.05 1.57 10260 120 0.0137 140.9997 4.5 7.064 148.0640 
14250.0 20.52 31.75 23.85 10.23 1.63 10260 120 0.0142 145.6982 4.5 7.319 153.0170 
14500.0 20.88 32.31 23.85 10.41 1.68 10260 120 0.0147 150.4675 4.5 7.578 158.0454 
14750.0 21.24 32.87 23.85 10.59 1.74 10260 120 0.0151 155.3073 4.5 7.841 163.1488 
15000.0 21.60 33.42 23.85 10.77 1.80 10260 120 0.0156 160.2175 4.5 8.110 168.3271 
15250.0 21.96 33.98 23.85 10.95 1.86 10260 120 0.0161 165.1980 4.5 8.382 173.5801 
15500.0 22.32 34.54 23.85 11.13 1.92 10260 120 0.0166 170.2485 4.5 8.659 178.9077 
15750.0 22.68 35.09 23.85 11.31 1.99 10260 120 0.0171 175.3689 4.5 8.941 184.3097 
16000.0 23.04 35.65 23.85 11.49 2.05 10260 120 0.0176 180.5591 4.5 9.227 189.7859 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 620 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 620 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 620 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 620 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 620 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 620 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 620 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 620 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 620 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 620 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 620 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 620 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 620 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 620 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 620 120 0.0011 0.6538 2.7 0.265 0.9187 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

3750.0 5.40 8.36 23.85 2.69 0.11 620 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 620 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 620 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 620 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 620 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 620 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 620 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 620 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 620 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 620 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 620 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 620 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 620 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 620 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 620 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 620 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 620 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 620 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 620 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 620 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 620 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 620 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 620 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 620 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 620 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 620 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 620 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 620 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 620 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 620 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 620 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 620 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 620 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 620 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 620 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 620 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 620 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 620 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 620 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 620 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 620 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 620 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 620 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 620 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 620 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 620 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 620 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 620 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 620 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 620 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625 100 0.0000 0.0054 0.6 0.000 0.0056 

FM System Curve – 25.14” (24” HDPE) 
Diameter =  25.14 in 
Area =  3.447132 ft2 
RH=D/4= 0.52375   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

500.0 0.72 1.11 25.14 0.32 0.00 625 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625 100 0.0175 10.9132 0.6 0.905 11.8185 
15500.0 22.32 34.54 25.14 10.02 1.56 625 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625 100 0.0191 11.9280 0.6 0.997 12.9245 

 

 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 2455 120 0.0000 0.0000 2.75 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 2455 120 0.0000 0.0146 2.75 0.001 0.0157 
500.0 0.72 1.11 25.30 0.32 0.00 2455 120 0.0000 0.0529 2.75 0.004 0.0572 
750.0 1.08 1.67 25.30 0.48 0.00 2455 120 0.0000 0.1120 2.75 0.010 0.1218 

1000.0 1.44 2.23 25.30 0.64 0.01 2455 120 0.0001 0.1908 2.75 0.017 0.2082 
1250.0 1.80 2.79 25.30 0.80 0.01 2455 120 0.0001 0.2885 2.75 0.027 0.3157 
1500.0 2.16 3.34 25.30 0.96 0.01 2455 120 0.0002 0.4044 2.75 0.039 0.4435 
1750.0 2.52 3.90 25.30 1.12 0.02 2455 120 0.0002 0.5380 2.75 0.053 0.5912 
2000.0 2.88 4.46 25.30 1.28 0.03 2455 120 0.0003 0.6889 2.75 0.070 0.7585 
2250.0 3.24 5.01 25.30 1.44 0.03 2455 120 0.0003 0.8568 2.75 0.088 0.9449 
2500.0 3.60 5.57 25.30 1.60 0.04 2455 120 0.0004 1.0414 2.75 0.109 1.1501 
2750.0 3.96 6.13 25.30 1.76 0.05 2455 120 0.0005 1.2425 2.75 0.132 1.3740 
3000.0 4.32 6.68 25.30 1.91 0.06 2455 120 0.0006 1.4597 2.75 0.157 1.6163 
3250.0 4.68 7.24 25.30 2.07 0.07 2455 120 0.0007 1.6930 2.75 0.184 1.8767 
3500.0 5.04 7.80 25.30 2.23 0.08 2455 120 0.0008 1.9420 2.75 0.213 2.1551 
3750.0 5.40 8.36 25.30 2.39 0.09 2455 120 0.0009 2.2067 2.75 0.245 2.4513 
4000.0 5.76 8.91 25.30 2.55 0.10 2455 120 0.0010 2.4869 2.75 0.278 2.7652 
4250.0 6.12 9.47 25.30 2.71 0.11 2455 120 0.0011 2.7824 2.75 0.314 3.0966 
4500.0 6.48 10.03 25.30 2.87 0.13 2455 120 0.0013 3.0931 2.75 0.352 3.4453 
4750.0 6.84 10.58 25.30 3.03 0.14 2455 120 0.0014 3.4189 2.75 0.392 3.8113 
5000.0 7.20 11.14 25.30 3.19 0.16 2455 120 0.0015 3.7596 2.75 0.435 4.1944 
5250.0 7.56 11.70 25.30 3.35 0.17 2455 120 0.0017 4.1151 2.75 0.479 4.5945 
5500.0 7.92 12.25 25.30 3.51 0.19 2455 120 0.0018 4.4854 2.75 0.526 5.0115 
5750.0 8.28 12.81 25.30 3.67 0.21 2455 120 0.0020 4.8702 2.75 0.575 5.4453 
6000.0 8.64 13.37 25.30 3.83 0.23 2455 120 0.0021 5.2696 2.75 0.626 5.8958 
6250.0 9.00 13.93 25.30 3.99 0.25 2455 120 0.0023 5.6835 2.75 0.679 6.3629 
6500.0 9.36 14.48 25.30 4.15 0.27 2455 120 0.0025 6.1117 2.75 0.735 6.8466 
6750.0 9.72 15.04 25.30 4.31 0.29 2455 120 0.0027 6.5541 2.75 0.793 7.3467 
7000.0 10.08 15.60 25.30 4.47 0.31 2455 120 0.0029 7.0108 2.75 0.852 7.8631 
7250.0 10.44 16.15 25.30 4.63 0.33 2455 120 0.0030 7.4815 2.75 0.914 8.3958 
7500.0 10.80 16.71 25.30 4.79 0.36 2455 120 0.0032 7.9663 2.75 0.978 8.9448 
7750.0 11.16 17.27 25.30 4.95 0.38 2455 120 0.0034 8.4651 2.75 1.045 9.5098 
8000.0 11.52 17.83 25.30 5.11 0.40 2455 120 0.0037 8.9778 2.75 1.113 10.0910 
8250.0 11.88 18.38 25.30 5.27 0.43 2455 120 0.0039 9.5043 2.75 1.184 10.6881 
8500.0 12.24 18.94 25.30 5.42 0.46 2455 120 0.0041 10.0445 2.75 1.257 11.3012 
8750.0 12.60 19.50 25.30 5.58 0.48 2455 120 0.0043 10.5985 2.75 1.332 11.9302 
9000.0 12.96 20.05 25.30 5.74 0.51 2455 120 0.0045 11.1661 2.75 1.409 12.5751 
9250.0 13.32 20.61 25.30 5.90 0.54 2455 120 0.0048 11.7473 2.75 1.488 13.2356 
9500.0 13.68 21.17 25.30 6.06 0.57 2455 120 0.0050 12.3421 2.75 1.570 13.9119 
9750.0 14.04 21.72 25.30 6.22 0.60 2455 120 0.0053 12.9504 2.75 1.654 14.6039 

10000.0 14.40 22.28 25.30 6.38 0.63 2455 120 0.0055 13.5720 2.75 1.739 15.3115 
10250.0 14.76 22.84 25.30 6.54 0.66 2455 120 0.0058 14.2071 2.75 1.827 16.0346 
10500.0 15.12 23.40 25.30 6.70 0.70 2455 120 0.0061 14.8555 2.75 1.918 16.7732 
10750.0 15.48 23.95 25.30 6.86 0.73 2455 120 0.0063 15.5172 2.75 2.010 17.5273 
11000.0 15.84 24.51 25.30 7.02 0.77 2455 120 0.0066 16.1921 2.75 2.105 18.2968 
11250.0 16.20 25.07 25.30 7.18 0.80 2455 120 0.0069 16.8803 2.75 2.201 19.0817 
11500.0 16.56 25.62 25.30 7.34 0.84 2455 120 0.0072 17.5816 2.75 2.300 19.8819 
11750.0 16.92 26.18 25.30 7.50 0.87 2455 120 0.0075 18.2960 2.75 2.401 20.6975 
12000.0 17.28 26.74 25.30 7.66 0.91 2455 120 0.0077 19.0234 2.75 2.505 21.5282 
12250.0 17.64 27.30 25.30 7.82 0.95 2455 120 0.0081 19.7639 2.75 2.610 22.3741 
12500.0 18.00 27.85 25.30 7.98 0.99 2455 120 0.0084 20.5174 2.75 2.718 23.2353 
12750.0 18.36 28.41 25.30 8.14 1.03 2455 120 0.0087 21.2838 2.75 2.828 24.1115 
13000.0 18.72 28.97 25.30 8.30 1.07 2455 120 0.0090 22.0632 2.75 2.940 25.0028 
13250.0 19.08 29.52 25.30 8.46 1.11 2455 120 0.0093 22.8554 2.75 3.054 25.9092 

FM System Curve – 25.3” (30” HDPE) 
Diameter =  25.3 in 
Area =  3.491149 ft2 
RH=D/4= 0.527083   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

13500.0 19.44 30.08 25.30 8.62 1.15 2455 120 0.0096 23.6605 2.75 3.170 26.8306 
13750.0 19.80 30.64 25.30 8.78 1.20 2455 120 0.0100 24.4783 2.75 3.289 27.7669 
14000.0 20.16 31.19 25.30 8.94 1.24 2455 120 0.0103 25.3090 2.75 3.409 28.7182 
14250.0 20.52 31.75 25.30 9.09 1.28 2455 120 0.0107 26.1523 2.75 3.532 29.6844 
14500.0 20.88 32.31 25.30 9.25 1.33 2455 120 0.0110 27.0084 2.75 3.657 30.6655 
14750.0 21.24 32.87 25.30 9.41 1.38 2455 120 0.0114 27.8771 2.75 3.784 31.6615 
15000.0 21.60 33.42 25.30 9.57 1.42 2455 120 0.0117 28.7585 2.75 3.914 32.6722 
15250.0 21.96 33.98 25.30 9.73 1.47 2455 120 0.0121 29.6525 2.75 4.045 33.6977 
15500.0 22.32 34.54 25.30 9.89 1.52 2455 120 0.0124 30.5590 2.75 4.179 34.7380 
15750.0 22.68 35.09 25.30 10.05 1.57 2455 120 0.0128 31.4781 2.75 4.315 35.7930 
16000.0 23.04 35.65 25.30 10.21 1.62 2455 120 0.0132 32.4097 2.75 4.453 36.8626 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 5273 100 0.0000 0.0000 4.66 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 5273 100 0.0000 0.0570 4.66 0.002 0.0593 
500.0 0.72 1.11 24.00 0.35 0.00 5273 100 0.0000 0.2058 4.66 0.009 0.2149 
750.0 1.08 1.67 24.00 0.53 0.00 5273 100 0.0001 0.4360 4.66 0.020 0.4565 

1000.0 1.44 2.23 24.00 0.71 0.01 5273 100 0.0001 0.7428 4.66 0.036 0.7792 
1250.0 1.80 2.79 24.00 0.89 0.01 5273 100 0.0002 1.1229 4.66 0.057 1.1798 
1500.0 2.16 3.34 24.00 1.06 0.02 5273 100 0.0003 1.5740 4.66 0.082 1.6559 
1750.0 2.52 3.90 24.00 1.24 0.02 5273 100 0.0004 2.0941 4.66 0.111 2.2055 
2000.0 2.88 4.46 24.00 1.42 0.03 5273 100 0.0005 2.6816 4.66 0.146 2.8272 
2250.0 3.24 5.01 24.00 1.60 0.04 5273 100 0.0006 3.3352 4.66 0.184 3.5195 
2500.0 3.60 5.57 24.00 1.77 0.05 5273 100 0.0008 4.0538 4.66 0.227 4.2813 
2750.0 3.96 6.13 24.00 1.95 0.06 5273 100 0.0009 4.8364 4.66 0.275 5.1117 
3000.0 4.32 6.68 24.00 2.13 0.07 5273 100 0.0011 5.6821 4.66 0.328 6.0097 
3250.0 4.68 7.24 24.00 2.31 0.08 5273 100 0.0012 6.5901 4.66 0.384 6.9745 
3500.0 5.04 7.80 24.00 2.48 0.10 5273 100 0.0014 7.5595 4.66 0.446 8.0054 
3750.0 5.40 8.36 24.00 2.66 0.11 5273 100 0.0016 8.5899 4.66 0.512 9.1017 
4000.0 5.76 8.91 24.00 2.84 0.12 5273 100 0.0018 9.6805 4.66 0.582 10.2628 
4250.0 6.12 9.47 24.00 3.01 0.14 5273 100 0.0021 10.8307 4.66 0.657 11.4882 
4500.0 6.48 10.03 24.00 3.19 0.16 5273 100 0.0023 12.0401 4.66 0.737 12.7772 
4750.0 6.84 10.58 24.00 3.37 0.18 5273 100 0.0025 13.3081 4.66 0.821 14.1294 
5000.0 7.20 11.14 24.00 3.55 0.20 5273 100 0.0028 14.6343 4.66 0.910 15.5443 
5250.0 7.56 11.70 24.00 3.72 0.22 5273 100 0.0030 16.0183 4.66 1.003 17.0215 
5500.0 7.92 12.25 24.00 3.90 0.24 5273 100 0.0033 17.4595 4.66 1.101 18.5606 
5750.0 8.28 12.81 24.00 4.08 0.26 5273 100 0.0036 18.9577 4.66 1.203 20.1612 
6000.0 8.64 13.37 24.00 4.26 0.28 5273 100 0.0039 20.5124 4.66 1.310 21.8228 
6250.0 9.00 13.93 24.00 4.43 0.31 5273 100 0.0042 22.1233 4.66 1.422 23.5452 
6500.0 9.36 14.48 24.00 4.61 0.33 5273 100 0.0045 23.7901 4.66 1.538 25.3280 
6750.0 9.72 15.04 24.00 4.79 0.36 5273 100 0.0048 25.5124 4.66 1.658 27.1709 
7000.0 10.08 15.60 24.00 4.96 0.38 5273 100 0.0052 27.2899 4.66 1.784 29.0735 
7250.0 10.44 16.15 24.00 5.14 0.41 5273 100 0.0055 29.1224 4.66 1.913 31.0356 
7500.0 10.80 16.71 24.00 5.32 0.44 5273 100 0.0059 31.0095 4.66 2.047 33.0569 
7750.0 11.16 17.27 24.00 5.50 0.47 5273 100 0.0062 32.9509 4.66 2.186 35.1372 
8000.0 11.52 17.83 24.00 5.67 0.50 5273 100 0.0066 34.9465 4.66 2.330 37.2760 
8250.0 11.88 18.38 24.00 5.85 0.53 5273 100 0.0070 36.9959 4.66 2.477 39.4733 
8500.0 12.24 18.94 24.00 6.03 0.56 5273 100 0.0074 39.0989 4.66 2.630 41.7288 
8750.0 12.60 19.50 24.00 6.21 0.60 5273 100 0.0078 41.2553 4.66 2.787 44.0421 
9000.0 12.96 20.05 24.00 6.38 0.63 5273 100 0.0082 43.4648 4.66 2.948 46.4132 
9250.0 13.32 20.61 24.00 6.56 0.67 5273 100 0.0087 45.7273 4.66 3.114 48.8417 
9500.0 13.68 21.17 24.00 6.74 0.70 5273 100 0.0091 48.0424 4.66 3.285 51.3275 
9750.0 14.04 21.72 24.00 6.92 0.74 5273 100 0.0096 50.4101 4.66 3.460 53.8703 

10000.0 14.40 22.28 24.00 7.09 0.78 5273 100 0.0100 52.8300 4.66 3.640 56.4700 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

10250.0 14.76 22.84 24.00 7.27 0.82 5273 100 0.0105 55.3021 4.66 3.824 59.1263 
10500.0 15.12 23.40 24.00 7.45 0.86 5273 100 0.0110 57.8260 4.66 4.013 61.8391 
10750.0 15.48 23.95 24.00 7.62 0.90 5273 100 0.0115 60.4017 4.66 4.206 64.6081 
11000.0 15.84 24.51 24.00 7.80 0.95 5273 100 0.0120 63.0289 4.66 4.404 67.4333 
11250.0 16.20 25.07 24.00 7.98 0.99 5273 100 0.0125 65.7075 4.66 4.607 70.3143 
11500.0 16.56 25.62 24.00 8.16 1.03 5273 100 0.0130 68.4373 4.66 4.814 73.2512 
11750.0 16.92 26.18 24.00 8.33 1.08 5273 100 0.0135 71.2182 4.66 5.025 76.2436 
12000.0 17.28 26.74 24.00 8.51 1.12 5273 100 0.0140 74.0499 4.66 5.242 79.2914 
12250.0 17.64 27.30 24.00 8.69 1.17 5273 100 0.0146 76.9323 4.66 5.462 82.3945 
12500.0 18.00 27.85 24.00 8.87 1.22 5273 100 0.0151 79.8653 4.66 5.687 85.5527 
12750.0 18.36 28.41 24.00 9.04 1.27 5273 100 0.0157 82.8487 4.66 5.917 88.7659 
13000.0 18.72 28.97 24.00 9.22 1.32 5273 100 0.0163 85.8823 4.66 6.152 92.0338 
13250.0 19.08 29.52 24.00 9.40 1.37 5273 100 0.0169 88.9661 4.66 6.390 95.3565 
13500.0 19.44 30.08 24.00 9.57 1.42 5273 100 0.0175 92.0998 4.66 6.634 98.7336 
13750.0 19.80 30.64 24.00 9.75 1.48 5273 100 0.0181 95.2834 4.66 6.882 102.1652 
14000.0 20.16 31.19 24.00 9.93 1.53 5273 100 0.0187 98.5167 4.66 7.134 105.6510 
14250.0 20.52 31.75 24.00 10.11 1.59 5273 100 0.0193 101.7996 4.66 7.391 109.1909 
14500.0 20.88 32.31 24.00 10.28 1.64 5273 100 0.0199 105.1318 4.66 7.653 112.7848 
14750.0 21.24 32.87 24.00 10.46 1.70 5273 100 0.0206 108.5135 4.66 7.919 116.4326 
15000.0 21.60 33.42 24.00 10.64 1.76 5273 100 0.0212 111.9442 4.66 8.190 120.1341 
15250.0 21.96 33.98 24.00 10.82 1.82 5273 100 0.0219 115.4241 4.66 8.465 123.8892 
15500.0 22.32 34.54 24.00 10.99 1.88 5273 100 0.0226 118.9529 4.66 8.745 127.6979 
15750.0 22.68 35.09 24.00 11.17 1.94 5273 100 0.0232 122.5305 4.66 9.029 131.5599 
16000.0 23.04 35.65 24.00 11.35 2.00 5273 100 0.0239 126.1569 4.66 9.318 135.4751 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To B Modified High Point 
 

 
MIN Static Head = 31.35 
MAX Static Head = 35.85 

Q Q Losses 

(gpm) (mgd)  
0.0 0.00 0.00 

250.0 0.36 0.17 
500.0 0.72 0.63 
750.0 1.08 1.34 

1000.0 1.44 2.29 
1250.0 1.80 3.47 
1500.0 2.16 4.87 
1750.0 2.52 6.49 
2000.0 2.88 8.32 
2250.0 3.24 10.36 
2500.0 3.60 12.61 
2750.0 3.96 15.06 
3000.0 4.32 17.71 
3250.0 4.68 20.55 
3500.0 5.04 23.60 
3750.0 5.40 26.83 
4000.0 5.76 30.26 
4250.0 6.12 33.88 
4500.0 6.48 37.69 
4750.0 6.84 41.68 
5000.0 7.20 45.86 
5250.0 7.56 50.23 
5500.0 7.92 54.78 
5750.0 8.28 59.51 
6000.0 8.64 64.42 
6250.0 9.00 69.52 
6500.0 9.36 74.79 
6750.0 9.72 80.24 
7000.0 10.08 85.87 
7250.0 10.44 91.68 
7500.0 10.80 97.66 
7750.0 11.16 103.81 
8000.0 11.52 110.14 
8250.0 11.88 116.65 
8500.0 12.24 123.32 
8750.0 12.60 130.17 
9000.0 12.96 137.19 
9250.0 13.32 144.39 
9500.0 13.68 151.75 
9750.0 14.04 159.28 

10000.0 14.40 166.98 
10250.0 14.76 174.85 
10500.0 15.12 182.88 
10750.0 15.48 191.09 
11000.0 15.84 199.46 
11250.0 16.20 208.00 
11500.0 16.56 216.70 
11750.0 16.92 225.57 
12000.0 17.28 234.60 
12250.0 17.64 243.80 
12500.0 18.00 253.16 
12750.0 18.36 262.69 
13000.0 18.72 272.38 
13250.0 19.08 282.23 
13500.0 19.44 292.24 
13750.0 19.80 302.42 
14000.0 20.16 312.76 
14250.0 20.52 323.26 
14500.0 20.88 333.92 
14750.0 21.24 344.74 
15000.0 21.60 355.72 
15250.0 21.96 366.86 
15500.0 22.32 378.16 
15750.0 22.68 389.61 
16000.0 23.04 401.23 

Q Q Min Static Max Static 

(gpm) (mgd)    

0.0 0.00 31.35 35.85 
250.0 0.36 31.52 36.02 
500.0 0.72 31.98 36.48 
750.0 1.08 32.69 37.19 

1000.0 1.44 33.64 38.14 
1250.0 1.80 34.82 39.32 
1500.0 2.16 36.22 40.72 
1750.0 2.52 37.84 42.34 
2000.0 2.88 39.67 44.17 
2250.0 3.24 41.71 46.21 
2500.0 3.60 43.96 48.46 
2750.0 3.96 46.41 50.91 
3000.0 4.32 49.06 53.56 
3250.0 4.68 51.90 56.40 
3500.0 5.04 54.95 59.45 
3750.0 5.40 58.18 62.68 
4000.0 5.76 61.61 66.11 
4250.0 6.12 65.23 69.73 
4500.0 6.48 69.04 73.54 
4750.0 6.84 73.03 77.53 
5000.0 7.20 77.21 81.71 
5250.0 7.56 81.58 86.08 
5500.0 7.92 86.13 90.63 
5750.0 8.28 90.86 95.36 
6000.0 8.64 95.77 100.27 
6250.0 9.00 100.87 105.37 
6500.0 9.36 106.14 110.64 
6750.0 9.72 111.59 116.09 
7000.0 10.08 117.22 121.72 
7250.0 10.44 123.03 127.53 
7500.0 10.80 129.01 133.51 
7750.0 11.16 135.16 139.66 
8000.0 11.52 141.49 145.99 
8250.0 11.88 148.00 152.50 
8500.0 12.24 154.67 159.17 
8750.0 12.60 161.52 166.02 
9000.0 12.96 168.54 173.04 
9250.0 13.32 175.74 180.24 
9500.0 13.68 183.10 187.60 
9750.0 14.04 190.63 195.13 

10000.0 14.40 198.33 202.83 
10250.0 14.76 206.20 210.70 
10500.0 15.12 214.23 218.73 
10750.0 15.48 222.44 226.94 
11000.0 15.84 230.81 235.31 
11250.0 16.20 239.35 243.85 
11500.0 16.56 248.05 252.55 
11750.0 16.92 256.92 261.42 
12000.0 17.28 265.95 270.45 
12250.0 17.64 275.15 279.65 
12500.0 18.00 284.51 289.01 
12750.0 18.36 294.04 298.54 
13000.0 18.72 303.73 308.23 
13250.0 19.08 313.58 318.08 
13500.0 19.44 323.59 328.09 
13750.0 19.80 333.77 338.27 
14000.0 20.16 344.11 348.61 
14250.0 20.52 354.61 359.11 
14500.0 20.88 365.27 369.77 
14750.0 21.24 376.09 380.59 
15000.0 21.60 387.07 391.57 
15250.0 21.96 398.21 402.71 
15500.0 22.32 409.51 414.01 
15750.0 22.68 420.96 425.46 
16000.0 23.04 432.58 437.08 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

 

 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 
13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 36.00 100 0.0000 0.0000 1.9 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 36.00 100 0.0000 0.0004 1.9 0.001 0.0013 
500.0 0.72 1.11 24.00 0.35 0.00 36.00 100 0.0000 0.0014 1.9 0.004 0.0051 
750.0 1.08 1.67 24.00 0.53 0.00 36.00 100 0.0001 0.0030 1.9 0.008 0.0113 

1000.0 1.44 2.23 24.00 0.71 0.01 36.00 100 0.0001 0.0051 1.9 0.015 0.0199 
1250.0 1.80 2.79 24.00 0.89 0.01 36.00 100 0.0002 0.0077 1.9 0.023 0.0309 
1500.0 2.16 3.34 24.00 1.06 0.02 36.00 100 0.0003 0.0107 1.9 0.033 0.0441 
1750.0 2.52 3.90 24.00 1.24 0.02 36.00 100 0.0004 0.0143 1.9 0.045 0.0597 
2000.0 2.88 4.46 24.00 1.42 0.03 36.00 100 0.0005 0.0183 1.9 0.059 0.0777 
2250.0 3.24 5.01 24.00 1.60 0.04 36.00 100 0.0006 0.0228 1.9 0.075 0.0979 
2500.0 3.60 5.57 24.00 1.77 0.05 36.00 100 0.0008 0.0277 1.9 0.093 0.1204 
2750.0 3.96 6.13 24.00 1.95 0.06 36.00 100 0.0009 0.0330 1.9 0.112 0.1453 
3000.0 4.32 6.68 24.00 2.13 0.07 36.00 100 0.0011 0.0388 1.9 0.134 0.1724 
3250.0 4.68 7.24 24.00 2.31 0.08 36.00 100 0.0012 0.0450 1.9 0.157 0.2017 
3500.0 5.04 7.80 24.00 2.48 0.10 36.00 100 0.0014 0.0516 1.9 0.182 0.2334 
3750.0 5.40 8.36 24.00 2.66 0.11 36.00 100 0.0016 0.0586 1.9 0.209 0.2673 
4000.0 5.76 8.91 24.00 2.84 0.12 36.00 100 0.0018 0.0661 1.9 0.237 0.3035 
4250.0 6.12 9.47 24.00 3.01 0.14 36.00 100 0.0021 0.0739 1.9 0.268 0.3420 
4500.0 6.48 10.03 24.00 3.19 0.16 36.00 100 0.0023 0.0822 1.9 0.301 0.3827 
4750.0 6.84 10.58 24.00 3.37 0.18 36.00 100 0.0025 0.0909 1.9 0.335 0.4257 
5000.0 7.20 11.14 24.00 3.55 0.20 36.00 100 0.0028 0.0999 1.9 0.371 0.4709 
5250.0 7.56 11.70 24.00 3.72 0.22 36.00 100 0.0030 0.1094 1.9 0.409 0.5184 
5500.0 7.92 12.25 24.00 3.90 0.24 36.00 100 0.0033 0.1192 1.9 0.449 0.5681 
5750.0 8.28 12.81 24.00 4.08 0.26 36.00 100 0.0036 0.1294 1.9 0.491 0.6201 
6000.0 8.64 13.37 24.00 4.26 0.28 36.00 100 0.0039 0.1400 1.9 0.534 0.6743 
6250.0 9.00 13.93 24.00 4.43 0.31 36.00 100 0.0042 0.1510 1.9 0.580 0.7308 
6500.0 9.36 14.48 24.00 4.61 0.33 36.00 100 0.0045 0.1624 1.9 0.627 0.7895 
6750.0 9.72 15.04 24.00 4.79 0.36 36.00 100 0.0048 0.1742 1.9 0.676 0.8504 
7000.0 10.08 15.60 24.00 4.96 0.38 36.00 100 0.0052 0.1863 1.9 0.727 0.9135 
7250.0 10.44 16.15 24.00 5.14 0.41 36.00 100 0.0055 0.1988 1.9 0.780 0.9789 
7500.0 10.80 16.71 24.00 5.32 0.44 36.00 100 0.0059 0.2117 1.9 0.835 1.0465 
7750.0 11.16 17.27 24.00 5.50 0.47 36.00 100 0.0062 0.2250 1.9 0.891 1.1163 
8000.0 11.52 17.83 24.00 5.67 0.50 36.00 100 0.0066 0.2386 1.9 0.950 1.1884 
8250.0 11.88 18.38 24.00 5.85 0.53 36.00 100 0.0070 0.2526 1.9 1.010 1.2627 
8500.0 12.24 18.94 24.00 6.03 0.56 36.00 100 0.0074 0.2669 1.9 1.072 1.3392 
8750.0 12.60 19.50 24.00 6.21 0.60 36.00 100 0.0078 0.2817 1.9 1.136 1.4179 
9000.0 12.96 20.05 24.00 6.38 0.63 36.00 100 0.0082 0.2967 1.9 1.202 1.4989 
9250.0 13.32 20.61 24.00 6.56 0.67 36.00 100 0.0087 0.3122 1.9 1.270 1.5820 
9500.0 13.68 21.17 24.00 6.74 0.70 36.00 100 0.0091 0.3280 1.9 1.339 1.6674 
9750.0 14.04 21.72 24.00 6.92 0.74 36.00 100 0.0096 0.3442 1.9 1.411 1.7550 

10000.0 14.40 22.28 24.00 7.09 0.78 36.00 100 0.0100 0.3607 1.9 1.484 1.8448 
10250.0 14.76 22.84 24.00 7.27 0.82 36.00 100 0.0105 0.3776 1.9 1.559 1.9368 
10500.0 15.12 23.40 24.00 7.45 0.86 36.00 100 0.0110 0.3948 1.9 1.636 2.0310 

FM System Curve – 24” (24” Parallel FM Portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

10750.0 15.48 23.95 24.00 7.62 0.90 36.00 100 0.0115 0.4124 1.9 1.715 2.1274 
11000.0 15.84 24.51 24.00 7.80 0.95 36.00 100 0.0120 0.4303 1.9 1.796 2.2261 
11250.0 16.20 25.07 24.00 7.98 0.99 36.00 100 0.0125 0.4486 1.9 1.878 2.3269 
11500.0 16.56 25.62 24.00 8.16 1.03 36.00 100 0.0130 0.4672 1.9 1.963 2.4300 
11750.0 16.92 26.18 24.00 8.33 1.08 36.00 100 0.0135 0.4862 1.9 2.049 2.5352 
12000.0 17.28 26.74 24.00 8.51 1.12 36.00 100 0.0140 0.5056 1.9 2.137 2.6427 
12250.0 17.64 27.30 24.00 8.69 1.17 36.00 100 0.0146 0.5252 1.9 2.227 2.7523 
12500.0 18.00 27.85 24.00 8.87 1.22 36.00 100 0.0151 0.5453 1.9 2.319 2.8642 
12750.0 18.36 28.41 24.00 9.04 1.27 36.00 100 0.0157 0.5656 1.9 2.413 2.9782 
13000.0 18.72 28.97 24.00 9.22 1.32 36.00 100 0.0163 0.5863 1.9 2.508 3.0945 
13250.0 19.08 29.52 24.00 9.40 1.37 36.00 100 0.0169 0.6074 1.9 2.606 3.2129 
13500.0 19.44 30.08 24.00 9.57 1.42 36.00 100 0.0175 0.6288 1.9 2.705 3.3336 
13750.0 19.80 30.64 24.00 9.75 1.48 36.00 100 0.0181 0.6505 1.9 2.806 3.4564 
14000.0 20.16 31.19 24.00 9.93 1.53 36.00 100 0.0187 0.6726 1.9 2.909 3.5814 
14250.0 20.52 31.75 24.00 10.11 1.59 36.00 100 0.0193 0.6950 1.9 3.014 3.7087 
14500.0 20.88 32.31 24.00 10.28 1.64 36.00 100 0.0199 0.7178 1.9 3.120 3.8381 
14750.0 21.24 32.87 24.00 10.46 1.70 36.00 100 0.0206 0.7408 1.9 3.229 3.9697 
15000.0 21.60 33.42 24.00 10.64 1.76 36.00 100 0.0212 0.7643 1.9 3.339 4.1035 
15250.0 21.96 33.98 24.00 10.82 1.82 36.00 100 0.0219 0.7880 1.9 3.451 4.2395 
15500.0 22.32 34.54 24.00 10.99 1.88 36.00 100 0.0226 0.8121 1.9 3.566 4.3777 
15750.0 22.68 35.09 24.00 11.17 1.94 36.00 100 0.0232 0.8365 1.9 3.681 4.5180 
16000.0 23.04 35.65 24.00 11.35 2.00 36.00 100 0.0239 0.8613 1.9 3.799 4.6606 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 10260 120 0.0000 0.0000 4.5 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 10260 120 0.0000 0.0816 4.5 0.002 0.0838 
500.0 0.72 1.11 23.85 0.36 0.00 10260 120 0.0000 0.2945 4.5 0.009 0.3035 
750.0 1.08 1.67 23.85 0.54 0.00 10260 120 0.0001 0.6240 4.5 0.020 0.6443 

1000.0 1.44 2.23 23.85 0.72 0.01 10260 120 0.0001 1.0631 4.5 0.036 1.0992 
1250.0 1.80 2.79 23.85 0.90 0.01 10260 120 0.0002 1.6072 4.5 0.056 1.6635 
1500.0 2.16 3.34 23.85 1.08 0.02 10260 120 0.0002 2.2527 4.5 0.081 2.3338 
1750.0 2.52 3.90 23.85 1.26 0.02 10260 120 0.0003 2.9971 4.5 0.110 3.1074 
2000.0 2.88 4.46 23.85 1.44 0.03 10260 120 0.0004 3.8379 4.5 0.144 3.9821 
2250.0 3.24 5.01 23.85 1.62 0.04 10260 120 0.0005 4.7734 4.5 0.182 4.9559 
2500.0 3.60 5.57 23.85 1.80 0.05 10260 120 0.0006 5.8019 4.5 0.225 6.0272 
2750.0 3.96 6.13 23.85 1.98 0.06 10260 120 0.0007 6.9220 4.5 0.273 7.1946 
3000.0 4.32 6.68 23.85 2.15 0.07 10260 120 0.0008 8.1324 4.5 0.324 8.4568 
3250.0 4.68 7.24 23.85 2.33 0.08 10260 120 0.0009 9.4319 4.5 0.381 9.8126 
3500.0 5.04 7.80 23.85 2.51 0.10 10260 120 0.0011 10.8194 4.5 0.442 11.2609 
3750.0 5.40 8.36 23.85 2.69 0.11 10260 120 0.0012 12.2940 4.5 0.507 12.8009 
4000.0 5.76 8.91 23.85 2.87 0.13 10260 120 0.0014 13.8549 4.5 0.577 14.4316 
4250.0 6.12 9.47 23.85 3.05 0.14 10260 120 0.0015 15.5012 4.5 0.651 16.1522 
4500.0 6.48 10.03 23.85 3.23 0.16 10260 120 0.0017 17.2321 4.5 0.730 17.9620 
4750.0 6.84 10.58 23.85 3.41 0.18 10260 120 0.0019 19.0470 4.5 0.813 19.8602 
5000.0 7.20 11.14 23.85 3.59 0.20 10260 120 0.0020 20.9451 4.5 0.901 21.8461 
5250.0 7.56 11.70 23.85 3.77 0.22 10260 120 0.0022 22.9258 4.5 0.993 23.9192 
5500.0 7.92 12.25 23.85 3.95 0.24 10260 120 0.0024 24.9885 4.5 1.090 26.0788 
5750.0 8.28 12.81 23.85 4.13 0.26 10260 120 0.0026 27.1328 4.5 1.192 28.3244 
6000.0 8.64 13.37 23.85 4.31 0.29 10260 120 0.0029 29.3579 4.5 1.298 30.6554 
6250.0 9.00 13.93 23.85 4.49 0.31 10260 120 0.0031 31.6635 4.5 1.408 33.0714 
6500.0 9.36 14.48 23.85 4.67 0.34 10260 120 0.0033 34.0490 4.5 1.523 35.5718 
6750.0 9.72 15.04 23.85 4.85 0.36 10260 120 0.0036 36.5140 4.5 1.642 38.1562 
7000.0 10.08 15.60 23.85 5.03 0.39 10260 120 0.0038 39.0581 4.5 1.766 40.8241 
7250.0 10.44 16.15 23.85 5.21 0.42 10260 120 0.0041 41.6807 4.5 1.894 43.5752 
7500.0 10.80 16.71 23.85 5.39 0.45 10260 120 0.0043 44.3816 4.5 2.027 46.4089 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

7750.0 11.16 17.27 23.85 5.57 0.48 10260 120 0.0046 47.1602 4.5 2.165 49.3250 
8000.0 11.52 17.83 23.85 5.75 0.51 10260 120 0.0049 50.0163 4.5 2.307 52.3230 
8250.0 11.88 18.38 23.85 5.93 0.55 10260 120 0.0052 52.9495 4.5 2.453 55.4026 
8500.0 12.24 18.94 23.85 6.10 0.58 10260 120 0.0055 55.9594 4.5 2.604 58.5634 
8750.0 12.60 19.50 23.85 6.28 0.61 10260 120 0.0058 59.0457 4.5 2.759 61.8051 
9000.0 12.96 20.05 23.85 6.46 0.65 10260 120 0.0061 62.2080 4.5 2.919 65.1274 
9250.0 13.32 20.61 23.85 6.64 0.69 10260 120 0.0064 65.4461 4.5 3.084 68.5299 
9500.0 13.68 21.17 23.85 6.82 0.72 10260 120 0.0067 68.7596 4.5 3.253 72.0124 
9750.0 14.04 21.72 23.85 7.00 0.76 10260 120 0.0070 72.1482 4.5 3.426 75.5745 

10000.0 14.40 22.28 23.85 7.18 0.80 10260 120 0.0074 75.6117 4.5 3.604 79.2159 
10250.0 14.76 22.84 23.85 7.36 0.84 10260 120 0.0077 79.1498 4.5 3.787 82.9365 
10500.0 15.12 23.40 23.85 7.54 0.88 10260 120 0.0081 82.7621 4.5 3.974 86.7358 
10750.0 15.48 23.95 23.85 7.72 0.93 10260 120 0.0084 86.4485 4.5 4.165 90.6137 
11000.0 15.84 24.51 23.85 7.90 0.97 10260 120 0.0088 90.2087 4.5 4.361 94.5698 
11250.0 16.20 25.07 23.85 8.08 1.01 10260 120 0.0092 94.0424 4.5 4.562 98.6040 
11500.0 16.56 25.62 23.85 8.26 1.06 10260 120 0.0095 97.9493 4.5 4.767 102.7159 
11750.0 16.92 26.18 23.85 8.44 1.11 10260 120 0.0099 101.9293 4.5 4.976 106.9054 
12000.0 17.28 26.74 23.85 8.62 1.15 10260 120 0.0103 105.9822 4.5 5.190 111.1722 
12250.0 17.64 27.30 23.85 8.80 1.20 10260 120 0.0107 110.1075 4.5 5.409 115.5161 
12500.0 18.00 27.85 23.85 8.98 1.25 10260 120 0.0111 114.3053 4.5 5.632 119.9369 
12750.0 18.36 28.41 23.85 9.16 1.30 10260 120 0.0116 118.5752 4.5 5.859 124.4343 
13000.0 18.72 28.97 23.85 9.34 1.35 10260 120 0.0120 122.9171 4.5 6.091 129.0082 
13250.0 19.08 29.52 23.85 9.52 1.41 10260 120 0.0124 127.3306 4.5 6.328 133.6583 
13500.0 19.44 30.08 23.85 9.70 1.46 10260 120 0.0128 131.8157 4.5 6.569 138.3844 
13750.0 19.80 30.64 23.85 9.88 1.51 10260 120 0.0133 136.3721 4.5 6.814 143.1864 
14000.0 20.16 31.19 23.85 10.05 1.57 10260 120 0.0137 140.9997 4.5 7.064 148.0640 
14250.0 20.52 31.75 23.85 10.23 1.63 10260 120 0.0142 145.6982 4.5 7.319 153.0170 
14500.0 20.88 32.31 23.85 10.41 1.68 10260 120 0.0147 150.4675 4.5 7.578 158.0454 
14750.0 21.24 32.87 23.85 10.59 1.74 10260 120 0.0151 155.3073 4.5 7.841 163.1488 
15000.0 21.60 33.42 23.85 10.77 1.80 10260 120 0.0156 160.2175 4.5 8.110 168.3271 
15250.0 21.96 33.98 23.85 10.95 1.86 10260 120 0.0161 165.1980 4.5 8.382 173.5801 
15500.0 22.32 34.54 23.85 11.13 1.92 10260 120 0.0166 170.2485 4.5 8.659 178.9077 
15750.0 22.68 35.09 23.85 11.31 1.99 10260 120 0.0171 175.3689 4.5 8.941 184.3097 
16000.0 23.04 35.65 23.85 11.49 2.05 10260 120 0.0176 180.5591 4.5 9.227 189.7859 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 620 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 620 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 620 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 620 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 620 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 620 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 620 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 620 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 620 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 620 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 620 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 620 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 620 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 620 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 620 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 620 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 620 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 620 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 620 120 0.0017 1.0413 2.7 0.438 1.4792 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

4750.0 6.84 10.58 23.85 3.41 0.18 620 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 620 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 620 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 620 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 620 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 620 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 620 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 620 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 620 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 620 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 620 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 620 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 620 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 620 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 620 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 620 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 620 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 620 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 620 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 620 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 620 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 620 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 620 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 620 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 620 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 620 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 620 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 620 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 620 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 620 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 620 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 620 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 620 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 620 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 620 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 620 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 620 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 620 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 620 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 620 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 620 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 620 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 620 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 620 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 620 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 620 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625 100 0.0000 0.0054 0.6 0.000 0.0056 
500.0 0.72 1.11 25.14 0.32 0.00 625 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625 100 0.0002 0.1488 0.6 0.009 0.1576 

FM System Curve – 25.14” (24” HDPE) 
Diameter =  25.14 in 
Area =  3.447132 ft2 
RH=D/4= 0.52375   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

1750.0 2.52 3.90 25.14 1.13 0.02 625 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625 100 0.0175 10.9132 0.6 0.905 11.8185 
15500.0 22.32 34.54 25.14 10.02 1.56 625 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625 100 0.0191 11.9280 0.6 0.997 12.9245 

 

 

 

FM System Curve – 25.3” (30” HDPE) 
Diameter =  25.3 in 
Area =  3.491149 ft2 
RH=D/4= 0.527083   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 2455 120 0.0000 0.0000 2.75 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 2455 120 0.0000 0.0146 2.75 0.001 0.0157 
500.0 0.72 1.11 25.30 0.32 0.00 2455 120 0.0000 0.0529 2.75 0.004 0.0572 
750.0 1.08 1.67 25.30 0.48 0.00 2455 120 0.0000 0.1120 2.75 0.010 0.1218 

1000.0 1.44 2.23 25.30 0.64 0.01 2455 120 0.0001 0.1908 2.75 0.017 0.2082 
1250.0 1.80 2.79 25.30 0.80 0.01 2455 120 0.0001 0.2885 2.75 0.027 0.3157 
1500.0 2.16 3.34 25.30 0.96 0.01 2455 120 0.0002 0.4044 2.75 0.039 0.4435 
1750.0 2.52 3.90 25.30 1.12 0.02 2455 120 0.0002 0.5380 2.75 0.053 0.5912 
2000.0 2.88 4.46 25.30 1.28 0.03 2455 120 0.0003 0.6889 2.75 0.070 0.7585 
2250.0 3.24 5.01 25.30 1.44 0.03 2455 120 0.0003 0.8568 2.75 0.088 0.9449 
2500.0 3.60 5.57 25.30 1.60 0.04 2455 120 0.0004 1.0414 2.75 0.109 1.1501 
2750.0 3.96 6.13 25.30 1.76 0.05 2455 120 0.0005 1.2425 2.75 0.132 1.3740 
3000.0 4.32 6.68 25.30 1.91 0.06 2455 120 0.0006 1.4597 2.75 0.157 1.6163 
3250.0 4.68 7.24 25.30 2.07 0.07 2455 120 0.0007 1.6930 2.75 0.184 1.8767 
3500.0 5.04 7.80 25.30 2.23 0.08 2455 120 0.0008 1.9420 2.75 0.213 2.1551 
3750.0 5.40 8.36 25.30 2.39 0.09 2455 120 0.0009 2.2067 2.75 0.245 2.4513 
4000.0 5.76 8.91 25.30 2.55 0.10 2455 120 0.0010 2.4869 2.75 0.278 2.7652 
4250.0 6.12 9.47 25.30 2.71 0.11 2455 120 0.0011 2.7824 2.75 0.314 3.0966 
4500.0 6.48 10.03 25.30 2.87 0.13 2455 120 0.0013 3.0931 2.75 0.352 3.4453 
4750.0 6.84 10.58 25.30 3.03 0.14 2455 120 0.0014 3.4189 2.75 0.392 3.8113 
5000.0 7.20 11.14 25.30 3.19 0.16 2455 120 0.0015 3.7596 2.75 0.435 4.1944 
5250.0 7.56 11.70 25.30 3.35 0.17 2455 120 0.0017 4.1151 2.75 0.479 4.5945 
5500.0 7.92 12.25 25.30 3.51 0.19 2455 120 0.0018 4.4854 2.75 0.526 5.0115 
5750.0 8.28 12.81 25.30 3.67 0.21 2455 120 0.0020 4.8702 2.75 0.575 5.4453 
6000.0 8.64 13.37 25.30 3.83 0.23 2455 120 0.0021 5.2696 2.75 0.626 5.8958 
6250.0 9.00 13.93 25.30 3.99 0.25 2455 120 0.0023 5.6835 2.75 0.679 6.3629 
6500.0 9.36 14.48 25.30 4.15 0.27 2455 120 0.0025 6.1117 2.75 0.735 6.8466 
6750.0 9.72 15.04 25.30 4.31 0.29 2455 120 0.0027 6.5541 2.75 0.793 7.3467 
7000.0 10.08 15.60 25.30 4.47 0.31 2455 120 0.0029 7.0108 2.75 0.852 7.8631 
7250.0 10.44 16.15 25.30 4.63 0.33 2455 120 0.0030 7.4815 2.75 0.914 8.3958 
7500.0 10.80 16.71 25.30 4.79 0.36 2455 120 0.0032 7.9663 2.75 0.978 8.9448 
7750.0 11.16 17.27 25.30 4.95 0.38 2455 120 0.0034 8.4651 2.75 1.045 9.5098 
8000.0 11.52 17.83 25.30 5.11 0.40 2455 120 0.0037 8.9778 2.75 1.113 10.0910 
8250.0 11.88 18.38 25.30 5.27 0.43 2455 120 0.0039 9.5043 2.75 1.184 10.6881 
8500.0 12.24 18.94 25.30 5.42 0.46 2455 120 0.0041 10.0445 2.75 1.257 11.3012 
8750.0 12.60 19.50 25.30 5.58 0.48 2455 120 0.0043 10.5985 2.75 1.332 11.9302 
9000.0 12.96 20.05 25.30 5.74 0.51 2455 120 0.0045 11.1661 2.75 1.409 12.5751 
9250.0 13.32 20.61 25.30 5.90 0.54 2455 120 0.0048 11.7473 2.75 1.488 13.2356 
9500.0 13.68 21.17 25.30 6.06 0.57 2455 120 0.0050 12.3421 2.75 1.570 13.9119 
9750.0 14.04 21.72 25.30 6.22 0.60 2455 120 0.0053 12.9504 2.75 1.654 14.6039 

10000.0 14.40 22.28 25.30 6.38 0.63 2455 120 0.0055 13.5720 2.75 1.739 15.3115 
10250.0 14.76 22.84 25.30 6.54 0.66 2455 120 0.0058 14.2071 2.75 1.827 16.0346 
10500.0 15.12 23.40 25.30 6.70 0.70 2455 120 0.0061 14.8555 2.75 1.918 16.7732 
10750.0 15.48 23.95 25.30 6.86 0.73 2455 120 0.0063 15.5172 2.75 2.010 17.5273 
11000.0 15.84 24.51 25.30 7.02 0.77 2455 120 0.0066 16.1921 2.75 2.105 18.2968 
11250.0 16.20 25.07 25.30 7.18 0.80 2455 120 0.0069 16.8803 2.75 2.201 19.0817 
11500.0 16.56 25.62 25.30 7.34 0.84 2455 120 0.0072 17.5816 2.75 2.300 19.8819 
11750.0 16.92 26.18 25.30 7.50 0.87 2455 120 0.0075 18.2960 2.75 2.401 20.6975 
12000.0 17.28 26.74 25.30 7.66 0.91 2455 120 0.0077 19.0234 2.75 2.505 21.5282 
12250.0 17.64 27.30 25.30 7.82 0.95 2455 120 0.0081 19.7639 2.75 2.610 22.3741 
12500.0 18.00 27.85 25.30 7.98 0.99 2455 120 0.0084 20.5174 2.75 2.718 23.2353 
12750.0 18.36 28.41 25.30 8.14 1.03 2455 120 0.0087 21.2838 2.75 2.828 24.1115 
13000.0 18.72 28.97 25.30 8.30 1.07 2455 120 0.0090 22.0632 2.75 2.940 25.0028 
13250.0 19.08 29.52 25.30 8.46 1.11 2455 120 0.0093 22.8554 2.75 3.054 25.9092 

C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

13500.0 19.44 30.08 25.30 8.62 1.15 2455 120 0.0096 23.6605 2.75 3.170 26.8306 
13750.0 19.80 30.64 25.30 8.78 1.20 2455 120 0.0100 24.4783 2.75 3.289 27.7669 
14000.0 20.16 31.19 25.30 8.94 1.24 2455 120 0.0103 25.3090 2.75 3.409 28.7182 
14250.0 20.52 31.75 25.30 9.09 1.28 2455 120 0.0107 26.1523 2.75 3.532 29.6844 
14500.0 20.88 32.31 25.30 9.25 1.33 2455 120 0.0110 27.0084 2.75 3.657 30.6655 
14750.0 21.24 32.87 25.30 9.41 1.38 2455 120 0.0114 27.8771 2.75 3.784 31.6615 
15000.0 21.60 33.42 25.30 9.57 1.42 2455 120 0.0117 28.7585 2.75 3.914 32.6722 
15250.0 21.96 33.98 25.30 9.73 1.47 2455 120 0.0121 29.6525 2.75 4.045 33.6977 
15500.0 22.32 34.54 25.30 9.89 1.52 2455 120 0.0124 30.5590 2.75 4.179 34.7380 
15750.0 22.68 35.09 25.30 10.05 1.57 2455 120 0.0128 31.4781 2.75 4.315 35.7930 
16000.0 23.04 35.65 25.30 10.21 1.62 2455 120 0.0132 32.4097 2.75 4.453 36.8626 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 10158 100 0.0000 0.0000 7.16 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 10158 100 0.0000 0.1098 7.16 0.003 0.1133 
500.0 0.72 1.11 24.00 0.35 0.00 10158 100 0.0000 0.3964 7.16 0.014 0.4104 
750.0 1.08 1.67 24.00 0.53 0.00 10158 100 0.0001 0.8399 7.16 0.031 0.8714 

1000.0 1.44 2.23 24.00 0.71 0.01 10158 100 0.0001 1.4310 7.16 0.056 1.4869 
1250.0 1.80 2.79 24.00 0.89 0.01 10158 100 0.0002 2.1633 7.16 0.087 2.2506 
1500.0 2.16 3.34 24.00 1.06 0.02 10158 100 0.0003 3.0322 7.16 0.126 3.1580 
1750.0 2.52 3.90 24.00 1.24 0.02 10158 100 0.0004 4.0340 7.16 0.171 4.2053 
2000.0 2.88 4.46 24.00 1.42 0.03 10158 100 0.0005 5.1658 7.16 0.224 5.3895 
2250.0 3.24 5.01 24.00 1.60 0.04 10158 100 0.0006 6.4250 7.16 0.283 6.7081 
2500.0 3.60 5.57 24.00 1.77 0.05 10158 100 0.0008 7.8094 7.16 0.350 8.1589 
2750.0 3.96 6.13 24.00 1.95 0.06 10158 100 0.0009 9.3170 7.16 0.423 9.7399 
3000.0 4.32 6.68 24.00 2.13 0.07 10158 100 0.0011 10.9461 7.16 0.503 11.4495 
3250.0 4.68 7.24 24.00 2.31 0.08 10158 100 0.0012 12.6952 7.16 0.591 13.2859 
3500.0 5.04 7.80 24.00 2.48 0.10 10158 100 0.0014 14.5628 7.16 0.685 15.2479 
3750.0 5.40 8.36 24.00 2.66 0.11 10158 100 0.0016 16.5477 7.16 0.786 17.3342 
4000.0 5.76 8.91 24.00 2.84 0.12 10158 100 0.0018 18.6486 7.16 0.895 19.5434 
4250.0 6.12 9.47 24.00 3.01 0.14 10158 100 0.0021 20.8645 7.16 1.010 21.8747 
4500.0 6.48 10.03 24.00 3.19 0.16 10158 100 0.0023 23.1943 7.16 1.133 24.3268 
4750.0 6.84 10.58 24.00 3.37 0.18 10158 100 0.0025 25.6370 7.16 1.262 26.8989 
5000.0 7.20 11.14 24.00 3.55 0.20 10158 100 0.0028 28.1919 7.16 1.398 29.5900 
5250.0 7.56 11.70 24.00 3.72 0.22 10158 100 0.0030 30.8579 7.16 1.541 32.3994 
5500.0 7.92 12.25 24.00 3.90 0.24 10158 100 0.0033 33.6343 7.16 1.692 35.3261 
5750.0 8.28 12.81 24.00 4.08 0.26 10158 100 0.0036 36.5204 7.16 1.849 38.3695 
6000.0 8.64 13.37 24.00 4.26 0.28 10158 100 0.0039 39.5155 7.16 2.013 41.5289 
6250.0 9.00 13.93 24.00 4.43 0.31 10158 100 0.0042 42.6188 7.16 2.185 44.8034 
6500.0 9.36 14.48 24.00 4.61 0.33 10158 100 0.0045 45.8297 7.16 2.363 48.1926 
6750.0 9.72 15.04 24.00 4.79 0.36 10158 100 0.0048 49.1475 7.16 2.548 51.6957 
7000.0 10.08 15.60 24.00 4.96 0.38 10158 100 0.0052 52.5718 7.16 2.740 55.3122 
7250.0 10.44 16.15 24.00 5.14 0.41 10158 100 0.0055 56.1018 7.16 2.940 59.0415 
7500.0 10.80 16.71 24.00 5.32 0.44 10158 100 0.0059 59.7372 7.16 3.146 62.8831 
7750.0 11.16 17.27 24.00 5.50 0.47 10158 100 0.0062 63.4772 7.16 3.359 66.8363 
8000.0 11.52 17.83 24.00 5.67 0.50 10158 100 0.0066 67.3215 7.16 3.579 70.9008 
8250.0 11.88 18.38 24.00 5.85 0.53 10158 100 0.0070 71.2695 7.16 3.807 75.0761 
8500.0 12.24 18.94 24.00 6.03 0.56 10158 100 0.0074 75.3208 7.16 4.041 79.3615 
8750.0 12.60 19.50 24.00 6.21 0.60 10158 100 0.0078 79.4749 7.16 4.282 83.7568 
9000.0 12.96 20.05 24.00 6.38 0.63 10158 100 0.0082 83.7314 7.16 4.530 88.2615 
9250.0 13.32 20.61 24.00 6.56 0.67 10158 100 0.0087 88.0898 7.16 4.785 92.8751 
9500.0 13.68 21.17 24.00 6.74 0.70 10158 100 0.0091 92.5498 7.16 5.047 97.5972 
9750.0 14.04 21.72 24.00 6.92 0.74 10158 100 0.0096 97.1108 7.16 5.317 102.4274 

10000.0 14.40 22.28 24.00 7.09 0.78 10158 100 0.0100 101.7727 7.16 5.593 107.3654 
10250.0 14.76 22.84 24.00 7.27 0.82 10158 100 0.0105 106.5349 7.16 5.876 112.4107 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

10500.0 15.12 23.40 24.00 7.45 0.86 10158 100 0.0110 111.3971 7.16 6.166 117.5630 
10750.0 15.48 23.95 24.00 7.62 0.90 10158 100 0.0115 116.3589 7.16 6.463 122.8220 
11000.0 15.84 24.51 24.00 7.80 0.95 10158 100 0.0120 121.4201 7.16 6.767 128.1872 
11250.0 16.20 25.07 24.00 7.98 0.99 10158 100 0.0125 126.5802 7.16 7.078 133.6584 
11500.0 16.56 25.62 24.00 8.16 1.03 10158 100 0.0130 131.8389 7.16 7.396 139.2353 
11750.0 16.92 26.18 24.00 8.33 1.08 10158 100 0.0135 137.1960 7.16 7.721 144.9174 
12000.0 17.28 26.74 24.00 8.51 1.12 10158 100 0.0140 142.6510 7.16 8.053 150.7045 
12250.0 17.64 27.30 24.00 8.69 1.17 10158 100 0.0146 148.2038 7.16 8.393 156.5963 
12500.0 18.00 27.85 24.00 8.87 1.22 10158 100 0.0151 153.8539 7.16 8.739 162.5925 
12750.0 18.36 28.41 24.00 9.04 1.27 10158 100 0.0157 159.6012 7.16 9.092 168.6928 
13000.0 18.72 28.97 24.00 9.22 1.32 10158 100 0.0163 165.4452 7.16 9.452 174.8969 
13250.0 19.08 29.52 24.00 9.40 1.37 10158 100 0.0169 171.3859 7.16 9.819 181.2046 
13500.0 19.44 30.08 24.00 9.57 1.42 10158 100 0.0175 177.4228 7.16 10.193 187.6155 
13750.0 19.80 30.64 24.00 9.75 1.48 10158 100 0.0181 183.5557 7.16 10.574 194.1294 
14000.0 20.16 31.19 24.00 9.93 1.53 10158 100 0.0187 189.7843 7.16 10.962 200.7460 
14250.0 20.52 31.75 24.00 10.11 1.59 10158 100 0.0193 196.1085 7.16 11.357 207.4651 
14500.0 20.88 32.31 24.00 10.28 1.64 10158 100 0.0199 202.5278 7.16 11.759 214.2865 
14750.0 21.24 32.87 24.00 10.46 1.70 10158 100 0.0206 209.0422 7.16 12.168 221.2098 
15000.0 21.60 33.42 24.00 10.64 1.76 10158 100 0.0212 215.6514 7.16 12.584 228.2349 
15250.0 21.96 33.98 24.00 10.82 1.82 10158 100 0.0219 222.3550 7.16 13.007 235.3615 
15500.0 22.32 34.54 24.00 10.99 1.88 10158 100 0.0226 229.1530 7.16 13.436 242.5894 
15750.0 22.68 35.09 24.00 11.17 1.94 10158 100 0.0232 236.0450 7.16 13.873 249.9184 
16000.0 23.04 35.65 24.00 11.35 2.00 10158 100 0.0239 243.0308 7.16 14.317 257.3482 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To C Modified High Point 
 

 
MIN Static Head = 24.85 
MAX Static Head = 29.35 

Q Q Losses 

(gpm) (mgd)  
0.0 0.00 0.00 

250.0 0.36 0.23 
500.0 0.72 0.83 
750.0 1.08 1.75 

1000.0 1.44 3.00 
1250.0 1.80 4.54 
1500.0 2.16 6.37 
1750.0 2.52 8.49 
2000.0 2.88 10.88 
2250.0 3.24 13.55 
2500.0 3.60 16.48 
2750.0 3.96 19.68 
3000.0 4.32 23.15 
3250.0 4.68 26.86 
3500.0 5.04 30.84 
3750.0 5.40 35.06 
4000.0 5.76 39.54 
4250.0 6.12 44.27 
4500.0 6.48 49.24 
4750.0 6.84 54.45 
5000.0 7.20 59.91 
5250.0 7.56 65.61 
5500.0 7.92 71.54 
5750.0 8.28 77.72 
6000.0 8.64 84.13 
6250.0 9.00 90.78 
6500.0 9.36 97.66 
6750.0 9.72 104.77 
7000.0 10.08 112.11 
7250.0 10.44 119.68 
7500.0 10.80 127.48 
7750.0 11.16 135.51 
8000.0 11.52 143.77 
8250.0 11.88 152.25 
8500.0 12.24 160.96 
8750.0 12.60 169.89 
9000.0 12.96 179.04 
9250.0 13.32 188.42 
9500.0 13.68 198.02 
9750.0 14.04 207.84 

10000.0 14.40 217.87 
10250.0 14.76 228.13 
10500.0 15.12 238.61 
10750.0 15.48 249.30 
11000.0 15.84 260.21 
11250.0 16.20 271.34 
11500.0 16.56 282.68 
11750.0 16.92 294.24 
12000.0 17.28 306.02 
12250.0 17.64 318.00 
12500.0 18.00 330.20 
12750.0 18.36 342.62 
13000.0 18.72 355.24 
13250.0 19.08 368.08 
13500.0 19.44 381.13 
13750.0 19.80 394.38 
14000.0 20.16 407.85 
14250.0 20.52 421.53 
14500.0 20.88 435.42 
14750.0 21.24 449.51 
15000.0 21.60 463.82 
15250.0 21.96 478.33 
15500.0 22.32 493.05 
15750.0 22.68 507.97 
16000.0 23.04 523.10 

Q Q Min Static Max Static 

(gpm) (mgd)    

0.0 0.00 24.85 29.35 
250.0 0.36 25.08 29.58 
500.0 0.72 25.68 30.18 
750.0 1.08 26.60 31.10 

1000.0 1.44 27.85 32.35 
1250.0 1.80 29.39 33.89 
1500.0 2.16 31.22 35.72 
1750.0 2.52 33.34 37.84 
2000.0 2.88 35.73 40.23 
2250.0 3.24 38.40 42.90 
2500.0 3.60 41.33 45.83 
2750.0 3.96 44.53 49.03 
3000.0 4.32 48.00 52.50 
3250.0 4.68 51.71 56.21 
3500.0 5.04 55.69 60.19 
3750.0 5.40 59.91 64.41 
4000.0 5.76 64.39 68.89 
4250.0 6.12 69.12 73.62 
4500.0 6.48 74.09 78.59 
4750.0 6.84 79.30 83.80 
5000.0 7.20 84.76 89.26 
5250.0 7.56 90.46 94.96 
5500.0 7.92 96.39 100.89 
5750.0 8.28 102.57 107.07 
6000.0 8.64 108.98 113.48 
6250.0 9.00 115.63 120.13 
6500.0 9.36 122.51 127.01 
6750.0 9.72 129.62 134.12 
7000.0 10.08 136.96 141.46 
7250.0 10.44 144.53 149.03 
7500.0 10.80 152.33 156.83 
7750.0 11.16 160.36 164.86 
8000.0 11.52 168.62 173.12 
8250.0 11.88 177.10 181.60 
8500.0 12.24 185.81 190.31 
8750.0 12.60 194.74 199.24 
9000.0 12.96 203.89 208.39 
9250.0 13.32 213.27 217.77 
9500.0 13.68 222.87 227.37 
9750.0 14.04 232.69 237.19 

10000.0 14.40 242.72 247.22 
10250.0 14.76 252.98 257.48 
10500.0 15.12 263.46 267.96 
10750.0 15.48 274.15 278.65 
11000.0 15.84 285.06 289.56 
11250.0 16.20 296.19 300.69 
11500.0 16.56 307.53 312.03 
11750.0 16.92 319.09 323.59 
12000.0 17.28 330.87 335.37 
12250.0 17.64 342.85 347.35 
12500.0 18.00 355.05 359.55 
12750.0 18.36 367.47 371.97 
13000.0 18.72 380.09 384.59 
13250.0 19.08 392.93 397.43 
13500.0 19.44 405.98 410.48 
13750.0 19.80 419.23 423.73 
14000.0 20.16 432.70 437.20 
14250.0 20.52 446.38 450.88 
14500.0 20.88 460.27 464.77 
14750.0 21.24 474.36 478.86 
15000.0 21.60 488.67 493.17 
15250.0 21.96 503.18 507.68 
15500.0 22.32 517.90 522.40 
15750.0 22.68 532.82 537.32 
16000.0 23.04 547.95 552.45 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 
 

 

 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 
14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 36.00 100 0.0000 0.0000 1.9 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 36.00 100 0.0000 0.0004 1.9 0.001 0.0013 
500.0 0.72 1.11 24.00 0.35 0.00 36.00 100 0.0000 0.0014 1.9 0.004 0.0051 
750.0 1.08 1.67 24.00 0.53 0.00 36.00 100 0.0001 0.0030 1.9 0.008 0.0113 

1000.0 1.44 2.23 24.00 0.71 0.01 36.00 100 0.0001 0.0051 1.9 0.015 0.0199 
1250.0 1.80 2.79 24.00 0.89 0.01 36.00 100 0.0002 0.0077 1.9 0.023 0.0309 
1500.0 2.16 3.34 24.00 1.06 0.02 36.00 100 0.0003 0.0107 1.9 0.033 0.0441 
1750.0 2.52 3.90 24.00 1.24 0.02 36.00 100 0.0004 0.0143 1.9 0.045 0.0597 
2000.0 2.88 4.46 24.00 1.42 0.03 36.00 100 0.0005 0.0183 1.9 0.059 0.0777 
2250.0 3.24 5.01 24.00 1.60 0.04 36.00 100 0.0006 0.0228 1.9 0.075 0.0979 
2500.0 3.60 5.57 24.00 1.77 0.05 36.00 100 0.0008 0.0277 1.9 0.093 0.1204 
2750.0 3.96 6.13 24.00 1.95 0.06 36.00 100 0.0009 0.0330 1.9 0.112 0.1453 
3000.0 4.32 6.68 24.00 2.13 0.07 36.00 100 0.0011 0.0388 1.9 0.134 0.1724 
3250.0 4.68 7.24 24.00 2.31 0.08 36.00 100 0.0012 0.0450 1.9 0.157 0.2017 
3500.0 5.04 7.80 24.00 2.48 0.10 36.00 100 0.0014 0.0516 1.9 0.182 0.2334 
3750.0 5.40 8.36 24.00 2.66 0.11 36.00 100 0.0016 0.0586 1.9 0.209 0.2673 
4000.0 5.76 8.91 24.00 2.84 0.12 36.00 100 0.0018 0.0661 1.9 0.237 0.3035 
4250.0 6.12 9.47 24.00 3.01 0.14 36.00 100 0.0021 0.0739 1.9 0.268 0.3420 
4500.0 6.48 10.03 24.00 3.19 0.16 36.00 100 0.0023 0.0822 1.9 0.301 0.3827 
4750.0 6.84 10.58 24.00 3.37 0.18 36.00 100 0.0025 0.0909 1.9 0.335 0.4257 
5000.0 7.20 11.14 24.00 3.55 0.20 36.00 100 0.0028 0.0999 1.9 0.371 0.4709 
5250.0 7.56 11.70 24.00 3.72 0.22 36.00 100 0.0030 0.1094 1.9 0.409 0.5184 
5500.0 7.92 12.25 24.00 3.90 0.24 36.00 100 0.0033 0.1192 1.9 0.449 0.5681 
5750.0 8.28 12.81 24.00 4.08 0.26 36.00 100 0.0036 0.1294 1.9 0.491 0.6201 
6000.0 8.64 13.37 24.00 4.26 0.28 36.00 100 0.0039 0.1400 1.9 0.534 0.6743 
6250.0 9.00 13.93 24.00 4.43 0.31 36.00 100 0.0042 0.1510 1.9 0.580 0.7308 
6500.0 9.36 14.48 24.00 4.61 0.33 36.00 100 0.0045 0.1624 1.9 0.627 0.7895 
6750.0 9.72 15.04 24.00 4.79 0.36 36.00 100 0.0048 0.1742 1.9 0.676 0.8504 
7000.0 10.08 15.60 24.00 4.96 0.38 36.00 100 0.0052 0.1863 1.9 0.727 0.9135 
7250.0 10.44 16.15 24.00 5.14 0.41 36.00 100 0.0055 0.1988 1.9 0.780 0.9789 
7500.0 10.80 16.71 24.00 5.32 0.44 36.00 100 0.0059 0.2117 1.9 0.835 1.0465 
7750.0 11.16 17.27 24.00 5.50 0.47 36.00 100 0.0062 0.2250 1.9 0.891 1.1163 
8000.0 11.52 17.83 24.00 5.67 0.50 36.00 100 0.0066 0.2386 1.9 0.950 1.1884 
8250.0 11.88 18.38 24.00 5.85 0.53 36.00 100 0.0070 0.2526 1.9 1.010 1.2627 
8500.0 12.24 18.94 24.00 6.03 0.56 36.00 100 0.0074 0.2669 1.9 1.072 1.3392 
8750.0 12.60 19.50 24.00 6.21 0.60 36.00 100 0.0078 0.2817 1.9 1.136 1.4179 
9000.0 12.96 20.05 24.00 6.38 0.63 36.00 100 0.0082 0.2967 1.9 1.202 1.4989 
9250.0 13.32 20.61 24.00 6.56 0.67 36.00 100 0.0087 0.3122 1.9 1.270 1.5820 
9500.0 13.68 21.17 24.00 6.74 0.70 36.00 100 0.0091 0.3280 1.9 1.339 1.6674 
9750.0 14.04 21.72 24.00 6.92 0.74 36.00 100 0.0096 0.3442 1.9 1.411 1.7550 

10000.0 14.40 22.28 24.00 7.09 0.78 36.00 100 0.0100 0.3607 1.9 1.484 1.8448 
10250.0 14.76 22.84 24.00 7.27 0.82 36.00 100 0.0105 0.3776 1.9 1.559 1.9368 

FM System Curve – 24” (24” Parallel FM Portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

10500.0 15.12 23.40 24.00 7.45 0.86 36.00 100 0.0110 0.3948 1.9 1.636 2.0310 
10750.0 15.48 23.95 24.00 7.62 0.90 36.00 100 0.0115 0.4124 1.9 1.715 2.1274 
11000.0 15.84 24.51 24.00 7.80 0.95 36.00 100 0.0120 0.4303 1.9 1.796 2.2261 
11250.0 16.20 25.07 24.00 7.98 0.99 36.00 100 0.0125 0.4486 1.9 1.878 2.3269 
11500.0 16.56 25.62 24.00 8.16 1.03 36.00 100 0.0130 0.4672 1.9 1.963 2.4300 
11750.0 16.92 26.18 24.00 8.33 1.08 36.00 100 0.0135 0.4862 1.9 2.049 2.5352 
12000.0 17.28 26.74 24.00 8.51 1.12 36.00 100 0.0140 0.5056 1.9 2.137 2.6427 
12250.0 17.64 27.30 24.00 8.69 1.17 36.00 100 0.0146 0.5252 1.9 2.227 2.7523 
12500.0 18.00 27.85 24.00 8.87 1.22 36.00 100 0.0151 0.5453 1.9 2.319 2.8642 
12750.0 18.36 28.41 24.00 9.04 1.27 36.00 100 0.0157 0.5656 1.9 2.413 2.9782 
13000.0 18.72 28.97 24.00 9.22 1.32 36.00 100 0.0163 0.5863 1.9 2.508 3.0945 
13250.0 19.08 29.52 24.00 9.40 1.37 36.00 100 0.0169 0.6074 1.9 2.606 3.2129 
13500.0 19.44 30.08 24.00 9.57 1.42 36.00 100 0.0175 0.6288 1.9 2.705 3.3336 
13750.0 19.80 30.64 24.00 9.75 1.48 36.00 100 0.0181 0.6505 1.9 2.806 3.4564 
14000.0 20.16 31.19 24.00 9.93 1.53 36.00 100 0.0187 0.6726 1.9 2.909 3.5814 
14250.0 20.52 31.75 24.00 10.11 1.59 36.00 100 0.0193 0.6950 1.9 3.014 3.7087 
14500.0 20.88 32.31 24.00 10.28 1.64 36.00 100 0.0199 0.7178 1.9 3.120 3.8381 
14750.0 21.24 32.87 24.00 10.46 1.70 36.00 100 0.0206 0.7408 1.9 3.229 3.9697 
15000.0 21.60 33.42 24.00 10.64 1.76 36.00 100 0.0212 0.7643 1.9 3.339 4.1035 
15250.0 21.96 33.98 24.00 10.82 1.82 36.00 100 0.0219 0.7880 1.9 3.451 4.2395 
15500.0 22.32 34.54 24.00 10.99 1.88 36.00 100 0.0226 0.8121 1.9 3.566 4.3777 
15750.0 22.68 35.09 24.00 11.17 1.94 36.00 100 0.0232 0.8365 1.9 3.681 4.5180 
16000.0 23.04 35.65 24.00 11.35 2.00 36.00 100 0.0239 0.8613 1.9 3.799 4.6606 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 10260 120 0.0000 0.0000 4.5 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 10260 120 0.0000 0.0816 4.5 0.002 0.0838 
500.0 0.72 1.11 23.85 0.36 0.00 10260 120 0.0000 0.2945 4.5 0.009 0.3035 
750.0 1.08 1.67 23.85 0.54 0.00 10260 120 0.0001 0.6240 4.5 0.020 0.6443 

1000.0 1.44 2.23 23.85 0.72 0.01 10260 120 0.0001 1.0631 4.5 0.036 1.0992 
1250.0 1.80 2.79 23.85 0.90 0.01 10260 120 0.0002 1.6072 4.5 0.056 1.6635 
1500.0 2.16 3.34 23.85 1.08 0.02 10260 120 0.0002 2.2527 4.5 0.081 2.3338 
1750.0 2.52 3.90 23.85 1.26 0.02 10260 120 0.0003 2.9971 4.5 0.110 3.1074 
2000.0 2.88 4.46 23.85 1.44 0.03 10260 120 0.0004 3.8379 4.5 0.144 3.9821 
2250.0 3.24 5.01 23.85 1.62 0.04 10260 120 0.0005 4.7734 4.5 0.182 4.9559 
2500.0 3.60 5.57 23.85 1.80 0.05 10260 120 0.0006 5.8019 4.5 0.225 6.0272 
2750.0 3.96 6.13 23.85 1.98 0.06 10260 120 0.0007 6.9220 4.5 0.273 7.1946 
3000.0 4.32 6.68 23.85 2.15 0.07 10260 120 0.0008 8.1324 4.5 0.324 8.4568 
3250.0 4.68 7.24 23.85 2.33 0.08 10260 120 0.0009 9.4319 4.5 0.381 9.8126 
3500.0 5.04 7.80 23.85 2.51 0.10 10260 120 0.0011 10.8194 4.5 0.442 11.2609 
3750.0 5.40 8.36 23.85 2.69 0.11 10260 120 0.0012 12.2940 4.5 0.507 12.8009 
4000.0 5.76 8.91 23.85 2.87 0.13 10260 120 0.0014 13.8549 4.5 0.577 14.4316 
4250.0 6.12 9.47 23.85 3.05 0.14 10260 120 0.0015 15.5012 4.5 0.651 16.1522 
4500.0 6.48 10.03 23.85 3.23 0.16 10260 120 0.0017 17.2321 4.5 0.730 17.9620 
4750.0 6.84 10.58 23.85 3.41 0.18 10260 120 0.0019 19.0470 4.5 0.813 19.8602 
5000.0 7.20 11.14 23.85 3.59 0.20 10260 120 0.0020 20.9451 4.5 0.901 21.8461 
5250.0 7.56 11.70 23.85 3.77 0.22 10260 120 0.0022 22.9258 4.5 0.993 23.9192 
5500.0 7.92 12.25 23.85 3.95 0.24 10260 120 0.0024 24.9885 4.5 1.090 26.0788 
5750.0 8.28 12.81 23.85 4.13 0.26 10260 120 0.0026 27.1328 4.5 1.192 28.3244 
6000.0 8.64 13.37 23.85 4.31 0.29 10260 120 0.0029 29.3579 4.5 1.298 30.6554 
6250.0 9.00 13.93 23.85 4.49 0.31 10260 120 0.0031 31.6635 4.5 1.408 33.0714 
6500.0 9.36 14.48 23.85 4.67 0.34 10260 120 0.0033 34.0490 4.5 1.523 35.5718 
6750.0 9.72 15.04 23.85 4.85 0.36 10260 120 0.0036 36.5140 4.5 1.642 38.1562 
7000.0 10.08 15.60 23.85 5.03 0.39 10260 120 0.0038 39.0581 4.5 1.766 40.8241 
7250.0 10.44 16.15 23.85 5.21 0.42 10260 120 0.0041 41.6807 4.5 1.894 43.5752 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

7500.0 10.80 16.71 23.85 5.39 0.45 10260 120 0.0043 44.3816 4.5 2.027 46.4089 
7750.0 11.16 17.27 23.85 5.57 0.48 10260 120 0.0046 47.1602 4.5 2.165 49.3250 
8000.0 11.52 17.83 23.85 5.75 0.51 10260 120 0.0049 50.0163 4.5 2.307 52.3230 
8250.0 11.88 18.38 23.85 5.93 0.55 10260 120 0.0052 52.9495 4.5 2.453 55.4026 
8500.0 12.24 18.94 23.85 6.10 0.58 10260 120 0.0055 55.9594 4.5 2.604 58.5634 
8750.0 12.60 19.50 23.85 6.28 0.61 10260 120 0.0058 59.0457 4.5 2.759 61.8051 
9000.0 12.96 20.05 23.85 6.46 0.65 10260 120 0.0061 62.2080 4.5 2.919 65.1274 
9250.0 13.32 20.61 23.85 6.64 0.69 10260 120 0.0064 65.4461 4.5 3.084 68.5299 
9500.0 13.68 21.17 23.85 6.82 0.72 10260 120 0.0067 68.7596 4.5 3.253 72.0124 
9750.0 14.04 21.72 23.85 7.00 0.76 10260 120 0.0070 72.1482 4.5 3.426 75.5745 

10000.0 14.40 22.28 23.85 7.18 0.80 10260 120 0.0074 75.6117 4.5 3.604 79.2159 
10250.0 14.76 22.84 23.85 7.36 0.84 10260 120 0.0077 79.1498 4.5 3.787 82.9365 
10500.0 15.12 23.40 23.85 7.54 0.88 10260 120 0.0081 82.7621 4.5 3.974 86.7358 
10750.0 15.48 23.95 23.85 7.72 0.93 10260 120 0.0084 86.4485 4.5 4.165 90.6137 
11000.0 15.84 24.51 23.85 7.90 0.97 10260 120 0.0088 90.2087 4.5 4.361 94.5698 
11250.0 16.20 25.07 23.85 8.08 1.01 10260 120 0.0092 94.0424 4.5 4.562 98.6040 
11500.0 16.56 25.62 23.85 8.26 1.06 10260 120 0.0095 97.9493 4.5 4.767 102.7159 
11750.0 16.92 26.18 23.85 8.44 1.11 10260 120 0.0099 101.9293 4.5 4.976 106.9054 
12000.0 17.28 26.74 23.85 8.62 1.15 10260 120 0.0103 105.9822 4.5 5.190 111.1722 
12250.0 17.64 27.30 23.85 8.80 1.20 10260 120 0.0107 110.1075 4.5 5.409 115.5161 
12500.0 18.00 27.85 23.85 8.98 1.25 10260 120 0.0111 114.3053 4.5 5.632 119.9369 
12750.0 18.36 28.41 23.85 9.16 1.30 10260 120 0.0116 118.5752 4.5 5.859 124.4343 
13000.0 18.72 28.97 23.85 9.34 1.35 10260 120 0.0120 122.9171 4.5 6.091 129.0082 
13250.0 19.08 29.52 23.85 9.52 1.41 10260 120 0.0124 127.3306 4.5 6.328 133.6583 
13500.0 19.44 30.08 23.85 9.70 1.46 10260 120 0.0128 131.8157 4.5 6.569 138.3844 
13750.0 19.80 30.64 23.85 9.88 1.51 10260 120 0.0133 136.3721 4.5 6.814 143.1864 
14000.0 20.16 31.19 23.85 10.05 1.57 10260 120 0.0137 140.9997 4.5 7.064 148.0640 
14250.0 20.52 31.75 23.85 10.23 1.63 10260 120 0.0142 145.6982 4.5 7.319 153.0170 
14500.0 20.88 32.31 23.85 10.41 1.68 10260 120 0.0147 150.4675 4.5 7.578 158.0454 
14750.0 21.24 32.87 23.85 10.59 1.74 10260 120 0.0151 155.3073 4.5 7.841 163.1488 
15000.0 21.60 33.42 23.85 10.77 1.80 10260 120 0.0156 160.2175 4.5 8.110 168.3271 
15250.0 21.96 33.98 23.85 10.95 1.86 10260 120 0.0161 165.1980 4.5 8.382 173.5801 
15500.0 22.32 34.54 23.85 11.13 1.92 10260 120 0.0166 170.2485 4.5 8.659 178.9077 
15750.0 22.68 35.09 23.85 11.31 1.99 10260 120 0.0171 175.3689 4.5 8.941 184.3097 
16000.0 23.04 35.65 23.85 11.49 2.05 10260 120 0.0176 180.5591 4.5 9.227 189.7859 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 620 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 620 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 620 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 620 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 620 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 620 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 620 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 620 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 620 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 620 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 620 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 620 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 620 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 620 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 620 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 620 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 620 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 620 120 0.0015 0.9367 2.7 0.391 1.3273 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

4500.0 6.48 10.03 23.85 3.23 0.16 620 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 620 120 0.0019 1.1510 2.7 0.488 1.6389 
5000.0 7.20 11.14 23.85 3.59 0.20 620 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 620 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 620 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 620 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 620 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 620 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 620 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 620 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 620 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 620 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 620 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 620 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 620 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 620 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 620 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 620 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 620 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 620 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 620 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 620 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 620 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 620 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 620 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 620 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 620 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 620 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 620 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 620 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 620 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 620 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 620 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 620 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 620 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 620 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 620 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 620 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 620 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 620 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 620 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 620 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 620 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 620 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 620 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 620 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 620 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625 100 0.0000 0.0054 0.6 0.000 0.0056 
500.0 0.72 1.11 25.14 0.32 0.00 625 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625 100 0.0002 0.1062 0.6 0.006 0.1123 

FM System Curve – 25.14” (24” HDPE) 
Diameter =  25.14 in 
Area =  3.447132 ft2 
RH=D/4= 0.52375   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

1500.0 2.16 3.34 25.14 0.97 0.01 625 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625 100 0.0003 0.1980 0.6 0.012 0.2099 
2000.0 2.88 4.46 25.14 1.29 0.03 625 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625 100 0.0175 10.9132 0.6 0.905 11.8185 
15500.0 22.32 34.54 25.14 10.02 1.56 625 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625 100 0.0191 11.9280 0.6 0.997 12.9245 

 

 

 

FM System Curve – 25.3” (30” HDPE) 
Diameter =  25.3 in 
Area =  3.491149 ft2 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

 
 

 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 2455 120 0.0000 0.0000 2.75 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 2455 120 0.0000 0.0146 2.75 0.001 0.0157 
500.0 0.72 1.11 25.30 0.32 0.00 2455 120 0.0000 0.0529 2.75 0.004 0.0572 
750.0 1.08 1.67 25.30 0.48 0.00 2455 120 0.0000 0.1120 2.75 0.010 0.1218 

1000.0 1.44 2.23 25.30 0.64 0.01 2455 120 0.0001 0.1908 2.75 0.017 0.2082 
1250.0 1.80 2.79 25.30 0.80 0.01 2455 120 0.0001 0.2885 2.75 0.027 0.3157 
1500.0 2.16 3.34 25.30 0.96 0.01 2455 120 0.0002 0.4044 2.75 0.039 0.4435 
1750.0 2.52 3.90 25.30 1.12 0.02 2455 120 0.0002 0.5380 2.75 0.053 0.5912 
2000.0 2.88 4.46 25.30 1.28 0.03 2455 120 0.0003 0.6889 2.75 0.070 0.7585 
2250.0 3.24 5.01 25.30 1.44 0.03 2455 120 0.0003 0.8568 2.75 0.088 0.9449 
2500.0 3.60 5.57 25.30 1.60 0.04 2455 120 0.0004 1.0414 2.75 0.109 1.1501 
2750.0 3.96 6.13 25.30 1.76 0.05 2455 120 0.0005 1.2425 2.75 0.132 1.3740 
3000.0 4.32 6.68 25.30 1.91 0.06 2455 120 0.0006 1.4597 2.75 0.157 1.6163 
3250.0 4.68 7.24 25.30 2.07 0.07 2455 120 0.0007 1.6930 2.75 0.184 1.8767 
3500.0 5.04 7.80 25.30 2.23 0.08 2455 120 0.0008 1.9420 2.75 0.213 2.1551 
3750.0 5.40 8.36 25.30 2.39 0.09 2455 120 0.0009 2.2067 2.75 0.245 2.4513 
4000.0 5.76 8.91 25.30 2.55 0.10 2455 120 0.0010 2.4869 2.75 0.278 2.7652 
4250.0 6.12 9.47 25.30 2.71 0.11 2455 120 0.0011 2.7824 2.75 0.314 3.0966 
4500.0 6.48 10.03 25.30 2.87 0.13 2455 120 0.0013 3.0931 2.75 0.352 3.4453 
4750.0 6.84 10.58 25.30 3.03 0.14 2455 120 0.0014 3.4189 2.75 0.392 3.8113 
5000.0 7.20 11.14 25.30 3.19 0.16 2455 120 0.0015 3.7596 2.75 0.435 4.1944 
5250.0 7.56 11.70 25.30 3.35 0.17 2455 120 0.0017 4.1151 2.75 0.479 4.5945 
5500.0 7.92 12.25 25.30 3.51 0.19 2455 120 0.0018 4.4854 2.75 0.526 5.0115 
5750.0 8.28 12.81 25.30 3.67 0.21 2455 120 0.0020 4.8702 2.75 0.575 5.4453 
6000.0 8.64 13.37 25.30 3.83 0.23 2455 120 0.0021 5.2696 2.75 0.626 5.8958 
6250.0 9.00 13.93 25.30 3.99 0.25 2455 120 0.0023 5.6835 2.75 0.679 6.3629 
6500.0 9.36 14.48 25.30 4.15 0.27 2455 120 0.0025 6.1117 2.75 0.735 6.8466 
6750.0 9.72 15.04 25.30 4.31 0.29 2455 120 0.0027 6.5541 2.75 0.793 7.3467 
7000.0 10.08 15.60 25.30 4.47 0.31 2455 120 0.0029 7.0108 2.75 0.852 7.8631 
7250.0 10.44 16.15 25.30 4.63 0.33 2455 120 0.0030 7.4815 2.75 0.914 8.3958 
7500.0 10.80 16.71 25.30 4.79 0.36 2455 120 0.0032 7.9663 2.75 0.978 8.9448 
7750.0 11.16 17.27 25.30 4.95 0.38 2455 120 0.0034 8.4651 2.75 1.045 9.5098 
8000.0 11.52 17.83 25.30 5.11 0.40 2455 120 0.0037 8.9778 2.75 1.113 10.0910 
8250.0 11.88 18.38 25.30 5.27 0.43 2455 120 0.0039 9.5043 2.75 1.184 10.6881 
8500.0 12.24 18.94 25.30 5.42 0.46 2455 120 0.0041 10.0445 2.75 1.257 11.3012 
8750.0 12.60 19.50 25.30 5.58 0.48 2455 120 0.0043 10.5985 2.75 1.332 11.9302 
9000.0 12.96 20.05 25.30 5.74 0.51 2455 120 0.0045 11.1661 2.75 1.409 12.5751 
9250.0 13.32 20.61 25.30 5.90 0.54 2455 120 0.0048 11.7473 2.75 1.488 13.2356 
9500.0 13.68 21.17 25.30 6.06 0.57 2455 120 0.0050 12.3421 2.75 1.570 13.9119 
9750.0 14.04 21.72 25.30 6.22 0.60 2455 120 0.0053 12.9504 2.75 1.654 14.6039 

10000.0 14.40 22.28 25.30 6.38 0.63 2455 120 0.0055 13.5720 2.75 1.739 15.3115 
10250.0 14.76 22.84 25.30 6.54 0.66 2455 120 0.0058 14.2071 2.75 1.827 16.0346 
10500.0 15.12 23.40 25.30 6.70 0.70 2455 120 0.0061 14.8555 2.75 1.918 16.7732 
10750.0 15.48 23.95 25.30 6.86 0.73 2455 120 0.0063 15.5172 2.75 2.010 17.5273 
11000.0 15.84 24.51 25.30 7.02 0.77 2455 120 0.0066 16.1921 2.75 2.105 18.2968 
11250.0 16.20 25.07 25.30 7.18 0.80 2455 120 0.0069 16.8803 2.75 2.201 19.0817 
11500.0 16.56 25.62 25.30 7.34 0.84 2455 120 0.0072 17.5816 2.75 2.300 19.8819 
11750.0 16.92 26.18 25.30 7.50 0.87 2455 120 0.0075 18.2960 2.75 2.401 20.6975 
12000.0 17.28 26.74 25.30 7.66 0.91 2455 120 0.0077 19.0234 2.75 2.505 21.5282 
12250.0 17.64 27.30 25.30 7.82 0.95 2455 120 0.0081 19.7639 2.75 2.610 22.3741 
12500.0 18.00 27.85 25.30 7.98 0.99 2455 120 0.0084 20.5174 2.75 2.718 23.2353 
12750.0 18.36 28.41 25.30 8.14 1.03 2455 120 0.0087 21.2838 2.75 2.828 24.1115 
13000.0 18.72 28.97 25.30 8.30 1.07 2455 120 0.0090 22.0632 2.75 2.940 25.0028 
13250.0 19.08 29.52 25.30 8.46 1.11 2455 120 0.0093 22.8554 2.75 3.054 25.9092 

RH=D/4= 0.527083   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

13500.0 19.44 30.08 25.30 8.62 1.15 2455 120 0.0096 23.6605 2.75 3.170 26.8306 
13750.0 19.80 30.64 25.30 8.78 1.20 2455 120 0.0100 24.4783 2.75 3.289 27.7669 
14000.0 20.16 31.19 25.30 8.94 1.24 2455 120 0.0103 25.3090 2.75 3.409 28.7182 
14250.0 20.52 31.75 25.30 9.09 1.28 2455 120 0.0107 26.1523 2.75 3.532 29.6844 
14500.0 20.88 32.31 25.30 9.25 1.33 2455 120 0.0110 27.0084 2.75 3.657 30.6655 
14750.0 21.24 32.87 25.30 9.41 1.38 2455 120 0.0114 27.8771 2.75 3.784 31.6615 
15000.0 21.60 33.42 25.30 9.57 1.42 2455 120 0.0117 28.7585 2.75 3.914 32.6722 
15250.0 21.96 33.98 25.30 9.73 1.47 2455 120 0.0121 29.6525 2.75 4.045 33.6977 
15500.0 22.32 34.54 25.30 9.89 1.52 2455 120 0.0124 30.5590 2.75 4.179 34.7380 
15750.0 22.68 35.09 25.30 10.05 1.57 2455 120 0.0128 31.4781 2.75 4.315 35.7930 
16000.0 23.04 35.65 25.30 10.21 1.62 2455 120 0.0132 32.4097 2.75 4.453 36.8626 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 12682 100 0.0000 0.0000 8.16 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 12682 100 0.0000 0.1371 8.16 0.004 0.1411 
500.0 0.72 1.11 24.00 0.35 0.00 12682 100 0.0000 0.4949 8.16 0.016 0.5108 
750.0 1.08 1.67 24.00 0.53 0.00 12682 100 0.0001 1.0486 8.16 0.036 1.0845 

1000.0 1.44 2.23 24.00 0.71 0.01 12682 100 0.0001 1.7865 8.16 0.064 1.8503 
1250.0 1.80 2.79 24.00 0.89 0.01 12682 100 0.0002 2.7008 8.16 0.100 2.8004 
1500.0 2.16 3.34 24.00 1.06 0.02 12682 100 0.0003 3.7856 8.16 0.143 3.9290 
1750.0 2.52 3.90 24.00 1.24 0.02 12682 100 0.0004 5.0364 8.16 0.195 5.2316 
2000.0 2.88 4.46 24.00 1.42 0.03 12682 100 0.0005 6.4494 8.16 0.255 6.7043 
2250.0 3.24 5.01 24.00 1.60 0.04 12682 100 0.0006 8.0214 8.16 0.323 8.3441 
2500.0 3.60 5.57 24.00 1.77 0.05 12682 100 0.0008 9.7498 8.16 0.398 10.1482 
2750.0 3.96 6.13 24.00 1.95 0.06 12682 100 0.0009 11.6320 8.16 0.482 12.1140 
3000.0 4.32 6.68 24.00 2.13 0.07 12682 100 0.0011 13.6659 8.16 0.574 14.2396 
3250.0 4.68 7.24 24.00 2.31 0.08 12682 100 0.0012 15.8496 8.16 0.673 16.5228 
3500.0 5.04 7.80 24.00 2.48 0.10 12682 100 0.0014 18.1813 8.16 0.781 18.9621 
3750.0 5.40 8.36 24.00 2.66 0.11 12682 100 0.0016 20.6593 8.16 0.896 21.5557 
4000.0 5.76 8.91 24.00 2.84 0.12 12682 100 0.0018 23.2823 8.16 1.020 24.3021 
4250.0 6.12 9.47 24.00 3.01 0.14 12682 100 0.0021 26.0488 8.16 1.151 27.2000 
4500.0 6.48 10.03 24.00 3.19 0.16 12682 100 0.0023 28.9574 8.16 1.291 30.2481 
4750.0 6.84 10.58 24.00 3.37 0.18 12682 100 0.0025 32.0072 8.16 1.438 33.4453 
5000.0 7.20 11.14 24.00 3.55 0.20 12682 100 0.0028 35.1968 8.16 1.593 36.7903 
5250.0 7.56 11.70 24.00 3.72 0.22 12682 100 0.0030 38.5253 8.16 1.757 40.2821 
5500.0 7.92 12.25 24.00 3.90 0.24 12682 100 0.0033 41.9916 8.16 1.928 43.9197 
5750.0 8.28 12.81 24.00 4.08 0.26 12682 100 0.0036 45.5948 8.16 2.107 47.7022 
6000.0 8.64 13.37 24.00 4.26 0.28 12682 100 0.0039 49.3341 8.16 2.295 51.6286 
6250.0 9.00 13.93 24.00 4.43 0.31 12682 100 0.0042 53.2084 8.16 2.490 55.6982 
6500.0 9.36 14.48 24.00 4.61 0.33 12682 100 0.0045 57.2172 8.16 2.693 59.9101 
6750.0 9.72 15.04 24.00 4.79 0.36 12682 100 0.0048 61.3594 8.16 2.904 64.2635 
7000.0 10.08 15.60 24.00 4.96 0.38 12682 100 0.0052 65.6345 8.16 3.123 68.7577 
7250.0 10.44 16.15 24.00 5.14 0.41 12682 100 0.0055 70.0417 8.16 3.350 73.3919 
7500.0 10.80 16.71 24.00 5.32 0.44 12682 100 0.0059 74.5803 8.16 3.585 78.1656 
7750.0 11.16 17.27 24.00 5.50 0.47 12682 100 0.0062 79.2497 8.16 3.828 83.0779 
8000.0 11.52 17.83 24.00 5.67 0.50 12682 100 0.0066 84.0492 8.16 4.079 88.1284 
8250.0 11.88 18.38 24.00 5.85 0.53 12682 100 0.0070 88.9782 8.16 4.338 93.3163 
8500.0 12.24 18.94 24.00 6.03 0.56 12682 100 0.0074 94.0361 8.16 4.605 98.6412 
8750.0 12.60 19.50 24.00 6.21 0.60 12682 100 0.0078 99.2224 8.16 4.880 104.1023 
9000.0 12.96 20.05 24.00 6.38 0.63 12682 100 0.0082 104.5365 8.16 5.163 109.6993 
9250.0 13.32 20.61 24.00 6.56 0.67 12682 100 0.0087 109.9778 8.16 5.454 115.4314 
9500.0 13.68 21.17 24.00 6.74 0.70 12682 100 0.0091 115.5460 8.16 5.752 121.2983 
9750.0 14.04 21.72 24.00 6.92 0.74 12682 100 0.0096 121.2404 8.16 6.059 127.2995 

10000.0 14.40 22.28 24.00 7.09 0.78 12682 100 0.0100 127.0605 8.16 6.374 133.4344 
10250.0 14.76 22.84 24.00 7.27 0.82 12682 100 0.0105 133.0060 8.16 6.696 139.7025 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

10500.0 15.12 23.40 24.00 7.45 0.86 12682 100 0.0110 139.0764 8.16 7.027 146.1035 
10750.0 15.48 23.95 24.00 7.62 0.90 12682 100 0.0115 145.2711 8.16 7.366 152.6368 
11000.0 15.84 24.51 24.00 7.80 0.95 12682 100 0.0120 151.5898 8.16 7.712 159.3021 
11250.0 16.20 25.07 24.00 7.98 0.99 12682 100 0.0125 158.0321 8.16 8.067 166.0989 
11500.0 16.56 25.62 24.00 8.16 1.03 12682 100 0.0130 164.5975 8.16 8.429 173.0268 
11750.0 16.92 26.18 24.00 8.33 1.08 12682 100 0.0135 171.2856 8.16 8.800 180.0854 
12000.0 17.28 26.74 24.00 8.51 1.12 12682 100 0.0140 178.0961 8.16 9.178 187.2744 
12250.0 17.64 27.30 24.00 8.69 1.17 12682 100 0.0146 185.0286 8.16 9.565 194.5933 
12500.0 18.00 27.85 24.00 8.87 1.22 12682 100 0.0151 192.0826 8.16 9.959 202.0417 
12750.0 18.36 28.41 24.00 9.04 1.27 12682 100 0.0157 199.2579 8.16 10.361 209.6193 
13000.0 18.72 28.97 24.00 9.22 1.32 12682 100 0.0163 206.5541 8.16 10.772 217.3258 
13250.0 19.08 29.52 24.00 9.40 1.37 12682 100 0.0169 213.9708 8.16 11.190 225.1608 
13500.0 19.44 30.08 24.00 9.57 1.42 12682 100 0.0175 221.5077 8.16 11.616 233.1240 
13750.0 19.80 30.64 24.00 9.75 1.48 12682 100 0.0181 229.1645 8.16 12.050 241.2150 
14000.0 20.16 31.19 24.00 9.93 1.53 12682 100 0.0187 236.9408 8.16 12.493 249.4335 
14250.0 20.52 31.75 24.00 10.11 1.59 12682 100 0.0193 244.8363 8.16 12.943 257.7791 
14500.0 20.88 32.31 24.00 10.28 1.64 12682 100 0.0199 252.8508 8.16 13.401 266.2517 
14750.0 21.24 32.87 24.00 10.46 1.70 12682 100 0.0206 260.9838 8.16 13.867 274.8508 
15000.0 21.60 33.42 24.00 10.64 1.76 12682 100 0.0212 269.2351 8.16 14.341 283.5762 
15250.0 21.96 33.98 24.00 10.82 1.82 12682 100 0.0219 277.6045 8.16 14.823 292.4276 
15500.0 22.32 34.54 24.00 10.99 1.88 12682 100 0.0226 286.0916 8.16 15.313 301.4046 
15750.0 22.68 35.09 24.00 11.17 1.94 12682 100 0.0232 294.6961 8.16 15.811 310.5071 
16000.0 23.04 35.65 24.00 11.35 2.00 12682 100 0.0239 303.4177 8.16 16.317 319.7347 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To D Modified High Point 
 

 
MIN Static Head = 24.18 
MAX Static Head = 26.68 

Q Q Losses 

(gpm) (mgd)  
0.0 0.00 0.00 

250.0 0.36 0.26 
500.0 0.72 0.93 
750.0 1.08 1.97 

1000.0 1.44 3.36 
1250.0 1.80 5.09 
1500.0 2.16 7.14 
1750.0 2.52 9.51 
2000.0 2.88 12.20 
2250.0 3.24 15.19 
2500.0 3.60 18.47 
2750.0 3.96 22.06 
3000.0 4.32 25.94 
3250.0 4.68 30.10 
3500.0 5.04 34.55 
3750.0 5.40 39.29 
4000.0 5.76 44.30 
4250.0 6.12 49.59 
4500.0 6.48 55.16 
4750.0 6.84 61.00 
5000.0 7.20 67.11 
5250.0 7.56 73.49 
5500.0 7.92 80.14 
5750.0 8.28 87.05 
6000.0 8.64 94.23 
6250.0 9.00 101.67 
6500.0 9.36 109.37 
6750.0 9.72 117.33 
7000.0 10.08 125.55 
7250.0 10.44 134.03 
7500.0 10.80 142.77 
7750.0 11.16 151.75 
8000.0 11.52 161.00 
8250.0 11.88 170.49 
8500.0 12.24 180.24 
8750.0 12.60 190.23 
9000.0 12.96 200.48 
9250.0 13.32 210.98 
9500.0 13.68 221.72 
9750.0 14.04 232.71 

10000.0 14.40 243.94 
10250.0 14.76 255.42 
10500.0 15.12 267.15 
10750.0 15.48 279.12 
11000.0 15.84 291.33 
11250.0 16.20 303.78 
11500.0 16.56 316.48 
11750.0 16.92 329.41 
12000.0 17.28 342.59 
12250.0 17.64 356.00 
12500.0 18.00 369.65 
12750.0 18.36 383.54 
13000.0 18.72 397.67 
13250.0 19.08 412.03 
13500.0 19.44 426.63 
13750.0 19.80 441.47 
14000.0 20.16 456.54 
14250.0 20.52 471.84 
14500.0 20.88 487.38 
14750.0 21.24 503.15 
15000.0 21.60 519.16 
15250.0 21.96 535.39 
15500.0 22.32 551.86 
15750.0 22.68 568.56 
16000.0 23.04 585.49 

Q Q Min Static Max Static 

(gpm) (mgd)    

0.0 0.00 24.18 28.68 
250.0 0.36 24.44 28.94 
500.0 0.72 25.11 29.61 
750.0 1.08 26.15 30.65 

1000.0 1.44 27.54 32.04 
1250.0 1.80 29.27 33.77 
1500.0 2.16 31.32 35.82 
1750.0 2.52 33.69 38.19 
2000.0 2.88 36.38 40.88 
2250.0 3.24 39.37 43.87 
2500.0 3.60 42.65 47.15 
2750.0 3.96 46.24 50.74 
3000.0 4.32 50.12 54.62 
3250.0 4.68 54.28 58.78 
3500.0 5.04 58.73 63.23 
3750.0 5.40 63.47 67.97 
4000.0 5.76 68.48 72.98 
4250.0 6.12 73.77 78.27 
4500.0 6.48 79.34 83.84 
4750.0 6.84 85.18 89.68 
5000.0 7.20 91.29 95.79 
5250.0 7.56 97.67 102.17 
5500.0 7.92 104.32 108.82 
5750.0 8.28 111.23 115.73 
6000.0 8.64 118.41 122.91 
6250.0 9.00 125.85 130.35 
6500.0 9.36 133.55 138.05 
6750.0 9.72 141.51 146.01 
7000.0 10.08 149.73 154.23 
7250.0 10.44 158.21 162.71 
7500.0 10.80 166.95 171.45 
7750.0 11.16 175.93 180.43 
8000.0 11.52 185.18 189.68 
8250.0 11.88 194.67 199.17 
8500.0 12.24 204.42 208.92 
8750.0 12.60 214.41 218.91 
9000.0 12.96 224.66 229.16 
9250.0 13.32 235.16 239.66 
9500.0 13.68 245.90 250.40 
9750.0 14.04 256.89 261.39 

10000.0 14.40 268.12 272.62 
10250.0 14.76 279.60 284.10 
10500.0 15.12 291.33 295.83 
10750.0 15.48 303.30 307.80 
11000.0 15.84 315.51 320.01 
11250.0 16.20 327.96 332.46 
11500.0 16.56 340.66 345.16 
11750.0 16.92 353.59 358.09 
12000.0 17.28 366.77 371.27 
12250.0 17.64 380.18 384.68 
12500.0 18.00 393.83 398.33 
12750.0 18.36 407.72 412.22 
13000.0 18.72 421.85 426.35 
13250.0 19.08 436.21 440.71 
13500.0 19.44 450.81 455.31 
13750.0 19.80 465.65 470.15 
14000.0 20.16 480.72 485.22 
14250.0 20.52 496.02 500.52 
14500.0 20.88 511.56 516.06 
14750.0 21.24 527.33 531.83 
15000.0 21.60 543.34 547.84 
15250.0 21.96 559.57 564.07 
15500.0 22.32 576.04 580.54 
15750.0 22.68 592.74 597.24 
16000.0 23.04 609.67 614.17 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

 
 

 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 57.50 100 0.0000 0.0000 1.85 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 57.50 100 0.0000 0.0006 1.85 0.001 0.0015 
500.0 0.72 1.11 24.00 0.35 0.00 57.50 100 0.0000 0.0022 1.85 0.004 0.0059 
750.0 1.08 1.67 24.00 0.53 0.00 57.50 100 0.0001 0.0048 1.85 0.008 0.0129 

1000.0 1.44 2.23 24.00 0.71 0.01 57.50 100 0.0001 0.0081 1.85 0.014 0.0226 
1250.0 1.80 2.79 24.00 0.89 0.01 57.50 100 0.0002 0.0122 1.85 0.023 0.0348 
1500.0 2.16 3.34 24.00 1.06 0.02 57.50 100 0.0003 0.0172 1.85 0.033 0.0497 
1750.0 2.52 3.90 24.00 1.24 0.02 57.50 100 0.0004 0.0228 1.85 0.044 0.0671 
2000.0 2.88 4.46 24.00 1.42 0.03 57.50 100 0.0005 0.0292 1.85 0.058 0.0870 
2250.0 3.24 5.01 24.00 1.60 0.04 57.50 100 0.0006 0.0364 1.85 0.073 0.1095 
2500.0 3.60 5.57 24.00 1.77 0.05 57.50 100 0.0008 0.0442 1.85 0.090 0.1345 
2750.0 3.96 6.13 24.00 1.95 0.06 57.50 100 0.0009 0.0527 1.85 0.109 0.1620 
3000.0 4.32 6.68 24.00 2.13 0.07 57.50 100 0.0011 0.0620 1.85 0.130 0.1920 
3250.0 4.68 7.24 24.00 2.31 0.08 57.50 100 0.0012 0.0719 1.85 0.153 0.2245 
3500.0 5.04 7.80 24.00 2.48 0.10 57.50 100 0.0014 0.0824 1.85 0.177 0.2595 
3750.0 5.40 8.36 24.00 2.66 0.11 57.50 100 0.0016 0.0937 1.85 0.203 0.2969 
4000.0 5.76 8.91 24.00 2.84 0.12 57.50 100 0.0018 0.1056 1.85 0.231 0.3368 
4250.0 6.12 9.47 24.00 3.01 0.14 57.50 100 0.0021 0.1181 1.85 0.261 0.3791 
4500.0 6.48 10.03 24.00 3.19 0.16 57.50 100 0.0023 0.1313 1.85 0.293 0.4239 
4750.0 6.84 10.58 24.00 3.37 0.18 57.50 100 0.0025 0.1451 1.85 0.326 0.4712 
5000.0 7.20 11.14 24.00 3.55 0.20 57.50 100 0.0028 0.1596 1.85 0.361 0.5208 
5250.0 7.56 11.70 24.00 3.72 0.22 57.50 100 0.0030 0.1747 1.85 0.398 0.5730 
5500.0 7.92 12.25 24.00 3.90 0.24 57.50 100 0.0033 0.1904 1.85 0.437 0.6275 
5750.0 8.28 12.81 24.00 4.08 0.26 57.50 100 0.0036 0.2067 1.85 0.478 0.6845 
6000.0 8.64 13.37 24.00 4.26 0.28 57.50 100 0.0039 0.2237 1.85 0.520 0.7439 
6250.0 9.00 13.93 24.00 4.43 0.31 57.50 100 0.0042 0.2412 1.85 0.564 0.8057 
6500.0 9.36 14.48 24.00 4.61 0.33 57.50 100 0.0045 0.2594 1.85 0.611 0.8700 
6750.0 9.72 15.04 24.00 4.79 0.36 57.50 100 0.0048 0.2782 1.85 0.658 0.9366 
7000.0 10.08 15.60 24.00 4.96 0.38 57.50 100 0.0052 0.2976 1.85 0.708 1.0057 
7250.0 10.44 16.15 24.00 5.14 0.41 57.50 100 0.0055 0.3176 1.85 0.760 1.0771 
7500.0 10.80 16.71 24.00 5.32 0.44 57.50 100 0.0059 0.3381 1.85 0.813 1.1510 
7750.0 11.16 17.27 24.00 5.50 0.47 57.50 100 0.0062 0.3593 1.85 0.868 1.2272 
8000.0 11.52 17.83 24.00 5.67 0.50 57.50 100 0.0066 0.3811 1.85 0.925 1.3059 
8250.0 11.88 18.38 24.00 5.85 0.53 57.50 100 0.0070 0.4034 1.85 0.984 1.3870 
8500.0 12.24 18.94 24.00 6.03 0.56 57.50 100 0.0074 0.4264 1.85 1.044 1.4704 
8750.0 12.60 19.50 24.00 6.21 0.60 57.50 100 0.0078 0.4499 1.85 1.106 1.5562 
9000.0 12.96 20.05 24.00 6.38 0.63 57.50 100 0.0082 0.4740 1.85 1.170 1.6445 
9250.0 13.32 20.61 24.00 6.56 0.67 57.50 100 0.0087 0.4986 1.85 1.236 1.7351 
9500.0 13.68 21.17 24.00 6.74 0.70 57.50 100 0.0091 0.5239 1.85 1.304 1.8280 
9750.0 14.04 21.72 24.00 6.92 0.74 57.50 100 0.0096 0.5497 1.85 1.374 1.9234 

10000.0 14.40 22.28 24.00 7.09 0.78 57.50 100 0.0100 0.5761 1.85 1.445 2.0211 
10250.0 14.76 22.84 24.00 7.27 0.82 57.50 100 0.0105 0.6030 1.85 1.518 2.1212 
10500.0 15.12 23.40 24.00 7.45 0.86 57.50 100 0.0110 0.6306 1.85 1.593 2.2237 
10750.0 15.48 23.95 24.00 7.62 0.90 57.50 100 0.0115 0.6587 1.85 1.670 2.3286 
11000.0 15.84 24.51 24.00 7.80 0.95 57.50 100 0.0120 0.6873 1.85 1.749 2.4358 
11250.0 16.20 25.07 24.00 7.98 0.99 57.50 100 0.0125 0.7165 1.85 1.829 2.5454 
11500.0 16.56 25.62 24.00 8.16 1.03 57.50 100 0.0130 0.7463 1.85 1.911 2.6574 
11750.0 16.92 26.18 24.00 8.33 1.08 57.50 100 0.0135 0.7766 1.85 1.995 2.7717 
12000.0 17.28 26.74 24.00 8.51 1.12 57.50 100 0.0140 0.8075 1.85 2.081 2.8883 
12250.0 17.64 27.30 24.00 8.69 1.17 57.50 100 0.0146 0.8389 1.85 2.168 3.0074 
12500.0 18.00 27.85 24.00 8.87 1.22 57.50 100 0.0151 0.8709 1.85 2.258 3.1288 
12750.0 18.36 28.41 24.00 9.04 1.27 57.50 100 0.0157 0.9034 1.85 2.349 3.2525 
13000.0 18.72 28.97 24.00 9.22 1.32 57.50 100 0.0163 0.9365 1.85 2.442 3.3786 
13250.0 19.08 29.52 24.00 9.40 1.37 57.50 100 0.0169 0.9701 1.85 2.537 3.5071 
13500.0 19.44 30.08 24.00 9.57 1.42 57.50 100 0.0175 1.0043 1.85 2.634 3.6379 
13750.0 19.80 30.64 24.00 9.75 1.48 57.50 100 0.0181 1.0390 1.85 2.732 3.7711 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

14000.0 20.16 31.19 24.00 9.93 1.53 57.50 100 0.0187 1.0743 1.85 2.832 3.9066 
14250.0 20.52 31.75 24.00 10.11 1.59 57.50 100 0.0193 1.1101 1.85 2.934 4.0444 
14500.0 20.88 32.31 24.00 10.28 1.64 57.50 100 0.0199 1.1464 1.85 3.038 4.1846 
14750.0 21.24 32.87 24.00 10.46 1.70 57.50 100 0.0206 1.1833 1.85 3.144 4.3272 
15000.0 21.60 33.42 24.00 10.64 1.76 57.50 100 0.0212 1.2207 1.85 3.251 4.4721 
15250.0 21.96 33.98 24.00 10.82 1.82 57.50 100 0.0219 1.2587 1.85 3.361 4.6193 
15500.0 22.32 34.54 24.00 10.99 1.88 57.50 100 0.0226 1.2971 1.85 3.472 4.7688 
15750.0 22.68 35.09 24.00 11.17 1.94 57.50 100 0.0232 1.3361 1.85 3.585 4.9208 
16000.0 23.04 35.65 24.00 11.35 2.00 57.50 100 0.0239 1.3757 1.85 3.699 5.0750 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 36.00 100 0.0000 0.0000 1.9 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 36.00 100 0.0000 0.0004 1.9 0.001 0.0013 
500.0 0.72 1.11 24.00 0.35 0.00 36.00 100 0.0000 0.0014 1.9 0.004 0.0051 
750.0 1.08 1.67 24.00 0.53 0.00 36.00 100 0.0001 0.0030 1.9 0.008 0.0113 

1000.0 1.44 2.23 24.00 0.71 0.01 36.00 100 0.0001 0.0051 1.9 0.015 0.0199 
1250.0 1.80 2.79 24.00 0.89 0.01 36.00 100 0.0002 0.0077 1.9 0.023 0.0309 
1500.0 2.16 3.34 24.00 1.06 0.02 36.00 100 0.0003 0.0107 1.9 0.033 0.0441 
1750.0 2.52 3.90 24.00 1.24 0.02 36.00 100 0.0004 0.0143 1.9 0.045 0.0597 
2000.0 2.88 4.46 24.00 1.42 0.03 36.00 100 0.0005 0.0183 1.9 0.059 0.0777 
2250.0 3.24 5.01 24.00 1.60 0.04 36.00 100 0.0006 0.0228 1.9 0.075 0.0979 
2500.0 3.60 5.57 24.00 1.77 0.05 36.00 100 0.0008 0.0277 1.9 0.093 0.1204 
2750.0 3.96 6.13 24.00 1.95 0.06 36.00 100 0.0009 0.0330 1.9 0.112 0.1453 
3000.0 4.32 6.68 24.00 2.13 0.07 36.00 100 0.0011 0.0388 1.9 0.134 0.1724 
3250.0 4.68 7.24 24.00 2.31 0.08 36.00 100 0.0012 0.0450 1.9 0.157 0.2017 
3500.0 5.04 7.80 24.00 2.48 0.10 36.00 100 0.0014 0.0516 1.9 0.182 0.2334 
3750.0 5.40 8.36 24.00 2.66 0.11 36.00 100 0.0016 0.0586 1.9 0.209 0.2673 
4000.0 5.76 8.91 24.00 2.84 0.12 36.00 100 0.0018 0.0661 1.9 0.237 0.3035 
4250.0 6.12 9.47 24.00 3.01 0.14 36.00 100 0.0021 0.0739 1.9 0.268 0.3420 
4500.0 6.48 10.03 24.00 3.19 0.16 36.00 100 0.0023 0.0822 1.9 0.301 0.3827 
4750.0 6.84 10.58 24.00 3.37 0.18 36.00 100 0.0025 0.0909 1.9 0.335 0.4257 
5000.0 7.20 11.14 24.00 3.55 0.20 36.00 100 0.0028 0.0999 1.9 0.371 0.4709 
5250.0 7.56 11.70 24.00 3.72 0.22 36.00 100 0.0030 0.1094 1.9 0.409 0.5184 
5500.0 7.92 12.25 24.00 3.90 0.24 36.00 100 0.0033 0.1192 1.9 0.449 0.5681 
5750.0 8.28 12.81 24.00 4.08 0.26 36.00 100 0.0036 0.1294 1.9 0.491 0.6201 
6000.0 8.64 13.37 24.00 4.26 0.28 36.00 100 0.0039 0.1400 1.9 0.534 0.6743 
6250.0 9.00 13.93 24.00 4.43 0.31 36.00 100 0.0042 0.1510 1.9 0.580 0.7308 
6500.0 9.36 14.48 24.00 4.61 0.33 36.00 100 0.0045 0.1624 1.9 0.627 0.7895 
6750.0 9.72 15.04 24.00 4.79 0.36 36.00 100 0.0048 0.1742 1.9 0.676 0.8504 
7000.0 10.08 15.60 24.00 4.96 0.38 36.00 100 0.0052 0.1863 1.9 0.727 0.9135 
7250.0 10.44 16.15 24.00 5.14 0.41 36.00 100 0.0055 0.1988 1.9 0.780 0.9789 
7500.0 10.80 16.71 24.00 5.32 0.44 36.00 100 0.0059 0.2117 1.9 0.835 1.0465 
7750.0 11.16 17.27 24.00 5.50 0.47 36.00 100 0.0062 0.2250 1.9 0.891 1.1163 
8000.0 11.52 17.83 24.00 5.67 0.50 36.00 100 0.0066 0.2386 1.9 0.950 1.1884 
8250.0 11.88 18.38 24.00 5.85 0.53 36.00 100 0.0070 0.2526 1.9 1.010 1.2627 
8500.0 12.24 18.94 24.00 6.03 0.56 36.00 100 0.0074 0.2669 1.9 1.072 1.3392 
8750.0 12.60 19.50 24.00 6.21 0.60 36.00 100 0.0078 0.2817 1.9 1.136 1.4179 
9000.0 12.96 20.05 24.00 6.38 0.63 36.00 100 0.0082 0.2967 1.9 1.202 1.4989 
9250.0 13.32 20.61 24.00 6.56 0.67 36.00 100 0.0087 0.3122 1.9 1.270 1.5820 
9500.0 13.68 21.17 24.00 6.74 0.70 36.00 100 0.0091 0.3280 1.9 1.339 1.6674 
9750.0 14.04 21.72 24.00 6.92 0.74 36.00 100 0.0096 0.3442 1.9 1.411 1.7550 

10000.0 14.40 22.28 24.00 7.09 0.78 36.00 100 0.0100 0.3607 1.9 1.484 1.8448 
10250.0 14.76 22.84 24.00 7.27 0.82 36.00 100 0.0105 0.3776 1.9 1.559 1.9368 
10500.0 15.12 23.40 24.00 7.45 0.86 36.00 100 0.0110 0.3948 1.9 1.636 2.0310 
10750.0 15.48 23.95 24.00 7.62 0.90 36.00 100 0.0115 0.4124 1.9 1.715 2.1274 

FM System Curve – 24” (24” Parallel FM Portion) 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

11000.0 15.84 24.51 24.00 7.80 0.95 36.00 100 0.0120 0.4303 1.9 1.796 2.2261 
11250.0 16.20 25.07 24.00 7.98 0.99 36.00 100 0.0125 0.4486 1.9 1.878 2.3269 
11500.0 16.56 25.62 24.00 8.16 1.03 36.00 100 0.0130 0.4672 1.9 1.963 2.4300 
11750.0 16.92 26.18 24.00 8.33 1.08 36.00 100 0.0135 0.4862 1.9 2.049 2.5352 
12000.0 17.28 26.74 24.00 8.51 1.12 36.00 100 0.0140 0.5056 1.9 2.137 2.6427 
12250.0 17.64 27.30 24.00 8.69 1.17 36.00 100 0.0146 0.5252 1.9 2.227 2.7523 
12500.0 18.00 27.85 24.00 8.87 1.22 36.00 100 0.0151 0.5453 1.9 2.319 2.8642 
12750.0 18.36 28.41 24.00 9.04 1.27 36.00 100 0.0157 0.5656 1.9 2.413 2.9782 
13000.0 18.72 28.97 24.00 9.22 1.32 36.00 100 0.0163 0.5863 1.9 2.508 3.0945 
13250.0 19.08 29.52 24.00 9.40 1.37 36.00 100 0.0169 0.6074 1.9 2.606 3.2129 
13500.0 19.44 30.08 24.00 9.57 1.42 36.00 100 0.0175 0.6288 1.9 2.705 3.3336 
13750.0 19.80 30.64 24.00 9.75 1.48 36.00 100 0.0181 0.6505 1.9 2.806 3.4564 
14000.0 20.16 31.19 24.00 9.93 1.53 36.00 100 0.0187 0.6726 1.9 2.909 3.5814 
14250.0 20.52 31.75 24.00 10.11 1.59 36.00 100 0.0193 0.6950 1.9 3.014 3.7087 
14500.0 20.88 32.31 24.00 10.28 1.64 36.00 100 0.0199 0.7178 1.9 3.120 3.8381 
14750.0 21.24 32.87 24.00 10.46 1.70 36.00 100 0.0206 0.7408 1.9 3.229 3.9697 
15000.0 21.60 33.42 24.00 10.64 1.76 36.00 100 0.0212 0.7643 1.9 3.339 4.1035 
15250.0 21.96 33.98 24.00 10.82 1.82 36.00 100 0.0219 0.7880 1.9 3.451 4.2395 
15500.0 22.32 34.54 24.00 10.99 1.88 36.00 100 0.0226 0.8121 1.9 3.566 4.3777 
15750.0 22.68 35.09 24.00 11.17 1.94 36.00 100 0.0232 0.8365 1.9 3.681 4.5180 
16000.0 23.04 35.65 24.00 11.35 2.00 36.00 100 0.0239 0.8613 1.9 3.799 4.6606 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 10260 120 0.0000 0.0000 4.5 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 10260 120 0.0000 0.0816 4.5 0.002 0.0838 
500.0 0.72 1.11 23.85 0.36 0.00 10260 120 0.0000 0.2945 4.5 0.009 0.3035 
750.0 1.08 1.67 23.85 0.54 0.00 10260 120 0.0001 0.6240 4.5 0.020 0.6443 

1000.0 1.44 2.23 23.85 0.72 0.01 10260 120 0.0001 1.0631 4.5 0.036 1.0992 
1250.0 1.80 2.79 23.85 0.90 0.01 10260 120 0.0002 1.6072 4.5 0.056 1.6635 
1500.0 2.16 3.34 23.85 1.08 0.02 10260 120 0.0002 2.2527 4.5 0.081 2.3338 
1750.0 2.52 3.90 23.85 1.26 0.02 10260 120 0.0003 2.9971 4.5 0.110 3.1074 
2000.0 2.88 4.46 23.85 1.44 0.03 10260 120 0.0004 3.8379 4.5 0.144 3.9821 
2250.0 3.24 5.01 23.85 1.62 0.04 10260 120 0.0005 4.7734 4.5 0.182 4.9559 
2500.0 3.60 5.57 23.85 1.80 0.05 10260 120 0.0006 5.8019 4.5 0.225 6.0272 
2750.0 3.96 6.13 23.85 1.98 0.06 10260 120 0.0007 6.9220 4.5 0.273 7.1946 
3000.0 4.32 6.68 23.85 2.15 0.07 10260 120 0.0008 8.1324 4.5 0.324 8.4568 
3250.0 4.68 7.24 23.85 2.33 0.08 10260 120 0.0009 9.4319 4.5 0.381 9.8126 
3500.0 5.04 7.80 23.85 2.51 0.10 10260 120 0.0011 10.8194 4.5 0.442 11.2609 
3750.0 5.40 8.36 23.85 2.69 0.11 10260 120 0.0012 12.2940 4.5 0.507 12.8009 
4000.0 5.76 8.91 23.85 2.87 0.13 10260 120 0.0014 13.8549 4.5 0.577 14.4316 
4250.0 6.12 9.47 23.85 3.05 0.14 10260 120 0.0015 15.5012 4.5 0.651 16.1522 
4500.0 6.48 10.03 23.85 3.23 0.16 10260 120 0.0017 17.2321 4.5 0.730 17.9620 
4750.0 6.84 10.58 23.85 3.41 0.18 10260 120 0.0019 19.0470 4.5 0.813 19.8602 
5000.0 7.20 11.14 23.85 3.59 0.20 10260 120 0.0020 20.9451 4.5 0.901 21.8461 
5250.0 7.56 11.70 23.85 3.77 0.22 10260 120 0.0022 22.9258 4.5 0.993 23.9192 
5500.0 7.92 12.25 23.85 3.95 0.24 10260 120 0.0024 24.9885 4.5 1.090 26.0788 
5750.0 8.28 12.81 23.85 4.13 0.26 10260 120 0.0026 27.1328 4.5 1.192 28.3244 
6000.0 8.64 13.37 23.85 4.31 0.29 10260 120 0.0029 29.3579 4.5 1.298 30.6554 
6250.0 9.00 13.93 23.85 4.49 0.31 10260 120 0.0031 31.6635 4.5 1.408 33.0714 
6500.0 9.36 14.48 23.85 4.67 0.34 10260 120 0.0033 34.0490 4.5 1.523 35.5718 
6750.0 9.72 15.04 23.85 4.85 0.36 10260 120 0.0036 36.5140 4.5 1.642 38.1562 
7000.0 10.08 15.60 23.85 5.03 0.39 10260 120 0.0038 39.0581 4.5 1.766 40.8241 
7250.0 10.44 16.15 23.85 5.21 0.42 10260 120 0.0041 41.6807 4.5 1.894 43.5752 
7500.0 10.80 16.71 23.85 5.39 0.45 10260 120 0.0043 44.3816 4.5 2.027 46.4089 
7750.0 11.16 17.27 23.85 5.57 0.48 10260 120 0.0046 47.1602 4.5 2.165 49.3250 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

8000.0 11.52 17.83 23.85 5.75 0.51 10260 120 0.0049 50.0163 4.5 2.307 52.3230 
8250.0 11.88 18.38 23.85 5.93 0.55 10260 120 0.0052 52.9495 4.5 2.453 55.4026 
8500.0 12.24 18.94 23.85 6.10 0.58 10260 120 0.0055 55.9594 4.5 2.604 58.5634 
8750.0 12.60 19.50 23.85 6.28 0.61 10260 120 0.0058 59.0457 4.5 2.759 61.8051 
9000.0 12.96 20.05 23.85 6.46 0.65 10260 120 0.0061 62.2080 4.5 2.919 65.1274 
9250.0 13.32 20.61 23.85 6.64 0.69 10260 120 0.0064 65.4461 4.5 3.084 68.5299 
9500.0 13.68 21.17 23.85 6.82 0.72 10260 120 0.0067 68.7596 4.5 3.253 72.0124 
9750.0 14.04 21.72 23.85 7.00 0.76 10260 120 0.0070 72.1482 4.5 3.426 75.5745 

10000.0 14.40 22.28 23.85 7.18 0.80 10260 120 0.0074 75.6117 4.5 3.604 79.2159 
10250.0 14.76 22.84 23.85 7.36 0.84 10260 120 0.0077 79.1498 4.5 3.787 82.9365 
10500.0 15.12 23.40 23.85 7.54 0.88 10260 120 0.0081 82.7621 4.5 3.974 86.7358 
10750.0 15.48 23.95 23.85 7.72 0.93 10260 120 0.0084 86.4485 4.5 4.165 90.6137 
11000.0 15.84 24.51 23.85 7.90 0.97 10260 120 0.0088 90.2087 4.5 4.361 94.5698 
11250.0 16.20 25.07 23.85 8.08 1.01 10260 120 0.0092 94.0424 4.5 4.562 98.6040 
11500.0 16.56 25.62 23.85 8.26 1.06 10260 120 0.0095 97.9493 4.5 4.767 102.7159 
11750.0 16.92 26.18 23.85 8.44 1.11 10260 120 0.0099 101.9293 4.5 4.976 106.9054 
12000.0 17.28 26.74 23.85 8.62 1.15 10260 120 0.0103 105.9822 4.5 5.190 111.1722 
12250.0 17.64 27.30 23.85 8.80 1.20 10260 120 0.0107 110.1075 4.5 5.409 115.5161 
12500.0 18.00 27.85 23.85 8.98 1.25 10260 120 0.0111 114.3053 4.5 5.632 119.9369 
12750.0 18.36 28.41 23.85 9.16 1.30 10260 120 0.0116 118.5752 4.5 5.859 124.4343 
13000.0 18.72 28.97 23.85 9.34 1.35 10260 120 0.0120 122.9171 4.5 6.091 129.0082 
13250.0 19.08 29.52 23.85 9.52 1.41 10260 120 0.0124 127.3306 4.5 6.328 133.6583 
13500.0 19.44 30.08 23.85 9.70 1.46 10260 120 0.0128 131.8157 4.5 6.569 138.3844 
13750.0 19.80 30.64 23.85 9.88 1.51 10260 120 0.0133 136.3721 4.5 6.814 143.1864 
14000.0 20.16 31.19 23.85 10.05 1.57 10260 120 0.0137 140.9997 4.5 7.064 148.0640 
14250.0 20.52 31.75 23.85 10.23 1.63 10260 120 0.0142 145.6982 4.5 7.319 153.0170 
14500.0 20.88 32.31 23.85 10.41 1.68 10260 120 0.0147 150.4675 4.5 7.578 158.0454 
14750.0 21.24 32.87 23.85 10.59 1.74 10260 120 0.0151 155.3073 4.5 7.841 163.1488 
15000.0 21.60 33.42 23.85 10.77 1.80 10260 120 0.0156 160.2175 4.5 8.110 168.3271 
15250.0 21.96 33.98 23.85 10.95 1.86 10260 120 0.0161 165.1980 4.5 8.382 173.5801 
15500.0 22.32 34.54 23.85 11.13 1.92 10260 120 0.0166 170.2485 4.5 8.659 178.9077 
15750.0 22.68 35.09 23.85 11.31 1.99 10260 120 0.0171 175.3689 4.5 8.941 184.3097 
16000.0 23.04 35.65 23.85 11.49 2.05 10260 120 0.0176 180.5591 4.5 9.227 189.7859 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 23.85 0.00 0.00 620 120 0.0000 0.0000 2.7 0.000 0.0000 
250.0 0.36 0.56 23.85 0.18 0.00 620 120 0.0000 0.0049 2.7 0.001 0.0063 
500.0 0.72 1.11 23.85 0.36 0.00 620 120 0.0000 0.0178 2.7 0.005 0.0232 
750.0 1.08 1.67 23.85 0.54 0.00 620 120 0.0001 0.0377 2.7 0.012 0.0499 

1000.0 1.44 2.23 23.85 0.72 0.01 620 120 0.0001 0.0642 2.7 0.022 0.0859 
1250.0 1.80 2.79 23.85 0.90 0.01 620 120 0.0002 0.0971 2.7 0.034 0.1309 
1500.0 2.16 3.34 23.85 1.08 0.02 620 120 0.0002 0.1361 2.7 0.049 0.1848 
1750.0 2.52 3.90 23.85 1.26 0.02 620 120 0.0003 0.1811 2.7 0.066 0.2473 
2000.0 2.88 4.46 23.85 1.44 0.03 620 120 0.0004 0.2319 2.7 0.087 0.3184 
2250.0 3.24 5.01 23.85 1.62 0.04 620 120 0.0005 0.2884 2.7 0.109 0.3979 
2500.0 3.60 5.57 23.85 1.80 0.05 620 120 0.0006 0.3506 2.7 0.135 0.4858 
2750.0 3.96 6.13 23.85 1.98 0.06 620 120 0.0007 0.4183 2.7 0.164 0.5818 
3000.0 4.32 6.68 23.85 2.15 0.07 620 120 0.0008 0.4914 2.7 0.195 0.6861 
3250.0 4.68 7.24 23.85 2.33 0.08 620 120 0.0009 0.5699 2.7 0.228 0.7984 
3500.0 5.04 7.80 23.85 2.51 0.10 620 120 0.0011 0.6538 2.7 0.265 0.9187 
3750.0 5.40 8.36 23.85 2.69 0.11 620 120 0.0012 0.7429 2.7 0.304 1.0470 
4000.0 5.76 8.91 23.85 2.87 0.13 620 120 0.0014 0.8372 2.7 0.346 1.1832 
4250.0 6.12 9.47 23.85 3.05 0.14 620 120 0.0015 0.9367 2.7 0.391 1.3273 
4500.0 6.48 10.03 23.85 3.23 0.16 620 120 0.0017 1.0413 2.7 0.438 1.4792 
4750.0 6.84 10.58 23.85 3.41 0.18 620 120 0.0019 1.1510 2.7 0.488 1.6389 

FM System Curve – 23.85” (28” HDPE) 
Diameter =  23.85 in 
Area =  3.102445 ft2 
RH=D/4= 0.496875   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

5000.0 7.20 11.14 23.85 3.59 0.20 620 120 0.0020 1.2657 2.7 0.541 1.8063 
5250.0 7.56 11.70 23.85 3.77 0.22 620 120 0.0022 1.3854 2.7 0.596 1.9814 
5500.0 7.92 12.25 23.85 3.95 0.24 620 120 0.0024 1.5100 2.7 0.654 2.1642 
5750.0 8.28 12.81 23.85 4.13 0.26 620 120 0.0026 1.6396 2.7 0.715 2.3546 
6000.0 8.64 13.37 23.85 4.31 0.29 620 120 0.0029 1.7740 2.7 0.779 2.5526 
6250.0 9.00 13.93 23.85 4.49 0.31 620 120 0.0031 1.9134 2.7 0.845 2.7581 
6500.0 9.36 14.48 23.85 4.67 0.34 620 120 0.0033 2.0575 2.7 0.914 2.9712 
6750.0 9.72 15.04 23.85 4.85 0.36 620 120 0.0036 2.2065 2.7 0.985 3.1918 
7000.0 10.08 15.60 23.85 5.03 0.39 620 120 0.0038 2.3602 2.7 1.060 3.4198 
7250.0 10.44 16.15 23.85 5.21 0.42 620 120 0.0041 2.5187 2.7 1.137 3.6554 
7500.0 10.80 16.71 23.85 5.39 0.45 620 120 0.0043 2.6819 2.7 1.216 3.8983 
7750.0 11.16 17.27 23.85 5.57 0.48 620 120 0.0046 2.8498 2.7 1.299 4.1487 
8000.0 11.52 17.83 23.85 5.75 0.51 620 120 0.0049 3.0224 2.7 1.384 4.4064 
8250.0 11.88 18.38 23.85 5.93 0.55 620 120 0.0052 3.1996 2.7 1.472 4.6715 
8500.0 12.24 18.94 23.85 6.10 0.58 620 120 0.0055 3.3815 2.7 1.562 4.9439 
8750.0 12.60 19.50 23.85 6.28 0.61 620 120 0.0058 3.5680 2.7 1.656 5.2237 
9000.0 12.96 20.05 23.85 6.46 0.65 620 120 0.0061 3.7591 2.7 1.752 5.5108 
9250.0 13.32 20.61 23.85 6.64 0.69 620 120 0.0064 3.9548 2.7 1.850 5.8051 
9500.0 13.68 21.17 23.85 6.82 0.72 620 120 0.0067 4.1550 2.7 1.952 6.1067 
9750.0 14.04 21.72 23.85 7.00 0.76 620 120 0.0070 4.3598 2.7 2.056 6.4155 

10000.0 14.40 22.28 23.85 7.18 0.80 620 120 0.0074 4.5691 2.7 2.163 6.7316 
10250.0 14.76 22.84 23.85 7.36 0.84 620 120 0.0077 4.7829 2.7 2.272 7.0549 
10500.0 15.12 23.40 23.85 7.54 0.88 620 120 0.0081 5.0011 2.7 2.384 7.3853 
10750.0 15.48 23.95 23.85 7.72 0.93 620 120 0.0084 5.2239 2.7 2.499 7.7230 
11000.0 15.84 24.51 23.85 7.90 0.97 620 120 0.0088 5.4511 2.7 2.617 8.0678 
11250.0 16.20 25.07 23.85 8.08 1.01 620 120 0.0092 5.6828 2.7 2.737 8.4197 
11500.0 16.56 25.62 23.85 8.26 1.06 620 120 0.0095 5.9189 2.7 2.860 8.7788 
11750.0 16.92 26.18 23.85 8.44 1.11 620 120 0.0099 6.1594 2.7 2.986 9.1450 
12000.0 17.28 26.74 23.85 8.62 1.15 620 120 0.0103 6.4043 2.7 3.114 9.5183 
12250.0 17.64 27.30 23.85 8.80 1.20 620 120 0.0107 6.6536 2.7 3.245 9.8987 
12500.0 18.00 27.85 23.85 8.98 1.25 620 120 0.0111 6.9072 2.7 3.379 10.2862 
12750.0 18.36 28.41 23.85 9.16 1.30 620 120 0.0116 7.1652 2.7 3.515 10.6807 
13000.0 18.72 28.97 23.85 9.34 1.35 620 120 0.0120 7.4276 2.7 3.655 11.0823 
13250.0 19.08 29.52 23.85 9.52 1.41 620 120 0.0124 7.6943 2.7 3.797 11.4909 
13500.0 19.44 30.08 23.85 9.70 1.46 620 120 0.0128 7.9653 2.7 3.941 11.9066 
13750.0 19.80 30.64 23.85 9.88 1.51 620 120 0.0133 8.2407 2.7 4.089 12.3292 
14000.0 20.16 31.19 23.85 10.05 1.57 620 120 0.0137 8.5203 2.7 4.239 12.7589 
14250.0 20.52 31.75 23.85 10.23 1.63 620 120 0.0142 8.8042 2.7 4.391 13.1955 
14500.0 20.88 32.31 23.85 10.41 1.68 620 120 0.0147 9.0924 2.7 4.547 13.6392 
14750.0 21.24 32.87 23.85 10.59 1.74 620 120 0.0151 9.3849 2.7 4.705 14.0898 
15000.0 21.60 33.42 23.85 10.77 1.80 620 120 0.0156 9.6816 2.7 4.866 14.5473 
15250.0 21.96 33.98 23.85 10.95 1.86 620 120 0.0161 9.9826 2.7 5.029 15.0118 
15500.0 22.32 34.54 23.85 11.13 1.92 620 120 0.0166 10.2878 2.7 5.195 15.4833 
15750.0 22.68 35.09 23.85 11.31 1.99 620 120 0.0171 10.5972 2.7 5.364 15.9616 
16000.0 23.04 35.65 23.85 11.49 2.05 620 120 0.0176 10.9108 2.7 5.536 16.4469 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.14 0.00 0.00 625 100 0.0000 0.0000 0.6 0.000 0.0000 
250.0 0.36 0.56 25.14 0.16 0.00 625 100 0.0000 0.0054 0.6 0.000 0.0056 
500.0 0.72 1.11 25.14 0.32 0.00 625 100 0.0000 0.0195 0.6 0.001 0.0204 
750.0 1.08 1.67 25.14 0.48 0.00 625 100 0.0001 0.0412 0.6 0.002 0.0434 

1000.0 1.44 2.23 25.14 0.65 0.01 625 100 0.0001 0.0702 0.6 0.004 0.0741 
1250.0 1.80 2.79 25.14 0.81 0.01 625 100 0.0002 0.1062 0.6 0.006 0.1123 
1500.0 2.16 3.34 25.14 0.97 0.01 625 100 0.0002 0.1488 0.6 0.009 0.1576 
1750.0 2.52 3.90 25.14 1.13 0.02 625 100 0.0003 0.1980 0.6 0.012 0.2099 

FM System Curve – 25.14” (24” HDPE) 
Diameter =  25.14 in 
Area =  3.447132 ft2 
RH=D/4= 0.52375   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

2000.0 2.88 4.46 25.14 1.29 0.03 625 100 0.0004 0.2535 0.6 0.016 0.2691 
2250.0 3.24 5.01 25.14 1.45 0.03 625 100 0.0005 0.3153 0.6 0.020 0.3350 
2500.0 3.60 5.57 25.14 1.62 0.04 625 100 0.0006 0.3833 0.6 0.024 0.4076 
2750.0 3.96 6.13 25.14 1.78 0.05 625 100 0.0007 0.4573 0.6 0.029 0.4867 
3000.0 4.32 6.68 25.14 1.94 0.06 625 100 0.0009 0.5372 0.6 0.035 0.5723 
3250.0 4.68 7.24 25.14 2.10 0.07 625 100 0.0010 0.6231 0.6 0.041 0.6642 
3500.0 5.04 7.80 25.14 2.26 0.08 625 100 0.0011 0.7147 0.6 0.048 0.7624 
3750.0 5.40 8.36 25.14 2.42 0.09 625 100 0.0013 0.8122 0.6 0.055 0.8669 
4000.0 5.76 8.91 25.14 2.59 0.10 625 100 0.0015 0.9153 0.6 0.062 0.9776 
4250.0 6.12 9.47 25.14 2.75 0.12 625 100 0.0016 1.0240 0.6 0.070 1.0943 
4500.0 6.48 10.03 25.14 2.91 0.13 625 100 0.0018 1.1384 0.6 0.079 1.2172 
4750.0 6.84 10.58 25.14 3.07 0.15 625 100 0.0020 1.2583 0.6 0.088 1.3461 
5000.0 7.20 11.14 25.14 3.23 0.16 625 100 0.0022 1.3837 0.6 0.097 1.4810 
5250.0 7.56 11.70 25.14 3.39 0.18 625 100 0.0024 1.5145 0.6 0.107 1.6218 
5500.0 7.92 12.25 25.14 3.56 0.20 625 100 0.0026 1.6508 0.6 0.118 1.7685 
5750.0 8.28 12.81 25.14 3.72 0.21 625 100 0.0029 1.7924 0.6 0.129 1.9211 
6000.0 8.64 13.37 25.14 3.88 0.23 625 100 0.0031 1.9394 0.6 0.140 2.0796 
6250.0 9.00 13.93 25.14 4.04 0.25 625 100 0.0033 2.0917 0.6 0.152 2.2438 
6500.0 9.36 14.48 25.14 4.20 0.27 625 100 0.0036 2.2493 0.6 0.164 2.4138 
6750.0 9.72 15.04 25.14 4.36 0.30 625 100 0.0039 2.4122 0.6 0.177 2.5895 
7000.0 10.08 15.60 25.14 4.52 0.32 625 100 0.0041 2.5802 0.6 0.191 2.7710 
7250.0 10.44 16.15 25.14 4.69 0.34 625 100 0.0044 2.7535 0.6 0.205 2.9581 
7500.0 10.80 16.71 25.14 4.85 0.36 625 100 0.0047 2.9319 0.6 0.219 3.1509 
7750.0 11.16 17.27 25.14 5.01 0.39 625 100 0.0050 3.1155 0.6 0.234 3.3493 
8000.0 11.52 17.83 25.14 5.17 0.42 625 100 0.0053 3.3042 0.6 0.249 3.5533 
8250.0 11.88 18.38 25.14 5.33 0.44 625 100 0.0056 3.4979 0.6 0.265 3.7629 
8500.0 12.24 18.94 25.14 5.49 0.47 625 100 0.0059 3.6968 0.6 0.281 3.9780 
8750.0 12.60 19.50 25.14 5.66 0.50 625 100 0.0062 3.9006 0.6 0.298 4.1987 
9000.0 12.96 20.05 25.14 5.82 0.53 625 100 0.0066 4.1096 0.6 0.315 4.4249 
9250.0 13.32 20.61 25.14 5.98 0.56 625 100 0.0069 4.3235 0.6 0.333 4.6565 
9500.0 13.68 21.17 25.14 6.14 0.59 625 100 0.0073 4.5424 0.6 0.351 4.8937 
9750.0 14.04 21.72 25.14 6.30 0.62 625 100 0.0076 4.7662 0.6 0.370 5.1363 

10000.0 14.40 22.28 25.14 6.46 0.65 625 100 0.0080 4.9950 0.6 0.389 5.3843 
10250.0 14.76 22.84 25.14 6.63 0.68 625 100 0.0084 5.2288 0.6 0.409 5.6377 
10500.0 15.12 23.40 25.14 6.79 0.72 625 100 0.0087 5.4674 0.6 0.429 5.8966 
10750.0 15.48 23.95 25.14 6.95 0.75 625 100 0.0091 5.7109 0.6 0.450 6.1608 
11000.0 15.84 24.51 25.14 7.11 0.79 625 100 0.0095 5.9593 0.6 0.471 6.4303 
11250.0 16.20 25.07 25.14 7.27 0.82 625 100 0.0099 6.2126 0.6 0.493 6.7052 
11500.0 16.56 25.62 25.14 7.43 0.86 625 100 0.0104 6.4707 0.6 0.515 6.9855 
11750.0 16.92 26.18 25.14 7.59 0.90 625 100 0.0108 6.7336 0.6 0.537 7.2710 
12000.0 17.28 26.74 25.14 7.76 0.93 625 100 0.0112 7.0013 0.6 0.561 7.5619 
12250.0 17.64 27.30 25.14 7.92 0.97 625 100 0.0116 7.2739 0.6 0.584 7.8580 
12500.0 18.00 27.85 25.14 8.08 1.01 625 100 0.0121 7.5512 0.6 0.608 8.1594 
12750.0 18.36 28.41 25.14 8.24 1.05 625 100 0.0125 7.8333 0.6 0.633 8.4661 
13000.0 18.72 28.97 25.14 8.40 1.10 625 100 0.0130 8.1201 0.6 0.658 8.7779 
13250.0 19.08 29.52 25.14 8.56 1.14 625 100 0.0135 8.4117 0.6 0.683 9.0951 
13500.0 19.44 30.08 25.14 8.73 1.18 625 100 0.0139 8.7079 0.6 0.709 9.4174 
13750.0 19.80 30.64 25.14 8.89 1.23 625 100 0.0144 9.0089 0.6 0.736 9.7449 
14000.0 20.16 31.19 25.14 9.05 1.27 625 100 0.0149 9.3147 0.6 0.763 10.0776 
14250.0 20.52 31.75 25.14 9.21 1.32 625 100 0.0154 9.6250 0.6 0.790 10.4155 
14500.0 20.88 32.31 25.14 9.37 1.36 625 100 0.0159 9.9401 0.6 0.818 10.7585 
14750.0 21.24 32.87 25.14 9.53 1.41 625 100 0.0164 10.2598 0.6 0.847 11.1067 
15000.0 21.60 33.42 25.14 9.70 1.46 625 100 0.0169 10.5842 0.6 0.876 11.4601 
15250.0 21.96 33.98 25.14 9.86 1.51 625 100 0.0175 10.9132 0.6 0.905 11.8185 
15500.0 22.32 34.54 25.14 10.02 1.56 625 100 0.0180 11.2469 0.6 0.935 12.1821 
15750.0 22.68 35.09 25.14 10.18 1.61 625 100 0.0185 11.5851 0.6 0.966 12.5508 
16000.0 23.04 35.65 25.14 10.34 1.66 625 100 0.0191 11.9280 0.6 0.997 12.9245 

 

 

 
 
 
 
 
 

FM System Curve – 25.3” (30” HDPE) 
Diameter =  25.3 in 
Area =  3.491149 ft2 
RH=D/4= 0.527083   
C= 120   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 25.30 0.00 0.00 2455 120 0.0000 0.0000 2.75 0.000 0.0000 
250.0 0.36 0.56 25.30 0.16 0.00 2455 120 0.0000 0.0146 2.75 0.001 0.0157 
500.0 0.72 1.11 25.30 0.32 0.00 2455 120 0.0000 0.0529 2.75 0.004 0.0572 
750.0 1.08 1.67 25.30 0.48 0.00 2455 120 0.0000 0.1120 2.75 0.010 0.1218 

1000.0 1.44 2.23 25.30 0.64 0.01 2455 120 0.0001 0.1908 2.75 0.017 0.2082 
1250.0 1.80 2.79 25.30 0.80 0.01 2455 120 0.0001 0.2885 2.75 0.027 0.3157 
1500.0 2.16 3.34 25.30 0.96 0.01 2455 120 0.0002 0.4044 2.75 0.039 0.4435 
1750.0 2.52 3.90 25.30 1.12 0.02 2455 120 0.0002 0.5380 2.75 0.053 0.5912 
2000.0 2.88 4.46 25.30 1.28 0.03 2455 120 0.0003 0.6889 2.75 0.070 0.7585 
2250.0 3.24 5.01 25.30 1.44 0.03 2455 120 0.0003 0.8568 2.75 0.088 0.9449 
2500.0 3.60 5.57 25.30 1.60 0.04 2455 120 0.0004 1.0414 2.75 0.109 1.1501 
2750.0 3.96 6.13 25.30 1.76 0.05 2455 120 0.0005 1.2425 2.75 0.132 1.3740 
3000.0 4.32 6.68 25.30 1.91 0.06 2455 120 0.0006 1.4597 2.75 0.157 1.6163 
3250.0 4.68 7.24 25.30 2.07 0.07 2455 120 0.0007 1.6930 2.75 0.184 1.8767 
3500.0 5.04 7.80 25.30 2.23 0.08 2455 120 0.0008 1.9420 2.75 0.213 2.1551 
3750.0 5.40 8.36 25.30 2.39 0.09 2455 120 0.0009 2.2067 2.75 0.245 2.4513 
4000.0 5.76 8.91 25.30 2.55 0.10 2455 120 0.0010 2.4869 2.75 0.278 2.7652 
4250.0 6.12 9.47 25.30 2.71 0.11 2455 120 0.0011 2.7824 2.75 0.314 3.0966 
4500.0 6.48 10.03 25.30 2.87 0.13 2455 120 0.0013 3.0931 2.75 0.352 3.4453 
4750.0 6.84 10.58 25.30 3.03 0.14 2455 120 0.0014 3.4189 2.75 0.392 3.8113 
5000.0 7.20 11.14 25.30 3.19 0.16 2455 120 0.0015 3.7596 2.75 0.435 4.1944 
5250.0 7.56 11.70 25.30 3.35 0.17 2455 120 0.0017 4.1151 2.75 0.479 4.5945 
5500.0 7.92 12.25 25.30 3.51 0.19 2455 120 0.0018 4.4854 2.75 0.526 5.0115 
5750.0 8.28 12.81 25.30 3.67 0.21 2455 120 0.0020 4.8702 2.75 0.575 5.4453 
6000.0 8.64 13.37 25.30 3.83 0.23 2455 120 0.0021 5.2696 2.75 0.626 5.8958 
6250.0 9.00 13.93 25.30 3.99 0.25 2455 120 0.0023 5.6835 2.75 0.679 6.3629 
6500.0 9.36 14.48 25.30 4.15 0.27 2455 120 0.0025 6.1117 2.75 0.735 6.8466 
6750.0 9.72 15.04 25.30 4.31 0.29 2455 120 0.0027 6.5541 2.75 0.793 7.3467 
7000.0 10.08 15.60 25.30 4.47 0.31 2455 120 0.0029 7.0108 2.75 0.852 7.8631 
7250.0 10.44 16.15 25.30 4.63 0.33 2455 120 0.0030 7.4815 2.75 0.914 8.3958 
7500.0 10.80 16.71 25.30 4.79 0.36 2455 120 0.0032 7.9663 2.75 0.978 8.9448 
7750.0 11.16 17.27 25.30 4.95 0.38 2455 120 0.0034 8.4651 2.75 1.045 9.5098 
8000.0 11.52 17.83 25.30 5.11 0.40 2455 120 0.0037 8.9778 2.75 1.113 10.0910 
8250.0 11.88 18.38 25.30 5.27 0.43 2455 120 0.0039 9.5043 2.75 1.184 10.6881 
8500.0 12.24 18.94 25.30 5.42 0.46 2455 120 0.0041 10.0445 2.75 1.257 11.3012 
8750.0 12.60 19.50 25.30 5.58 0.48 2455 120 0.0043 10.5985 2.75 1.332 11.9302 
9000.0 12.96 20.05 25.30 5.74 0.51 2455 120 0.0045 11.1661 2.75 1.409 12.5751 
9250.0 13.32 20.61 25.30 5.90 0.54 2455 120 0.0048 11.7473 2.75 1.488 13.2356 
9500.0 13.68 21.17 25.30 6.06 0.57 2455 120 0.0050 12.3421 2.75 1.570 13.9119 
9750.0 14.04 21.72 25.30 6.22 0.60 2455 120 0.0053 12.9504 2.75 1.654 14.6039 

10000.0 14.40 22.28 25.30 6.38 0.63 2455 120 0.0055 13.5720 2.75 1.739 15.3115 
10250.0 14.76 22.84 25.30 6.54 0.66 2455 120 0.0058 14.2071 2.75 1.827 16.0346 
10500.0 15.12 23.40 25.30 6.70 0.70 2455 120 0.0061 14.8555 2.75 1.918 16.7732 
10750.0 15.48 23.95 25.30 6.86 0.73 2455 120 0.0063 15.5172 2.75 2.010 17.5273 
11000.0 15.84 24.51 25.30 7.02 0.77 2455 120 0.0066 16.1921 2.75 2.105 18.2968 
11250.0 16.20 25.07 25.30 7.18 0.80 2455 120 0.0069 16.8803 2.75 2.201 19.0817 
11500.0 16.56 25.62 25.30 7.34 0.84 2455 120 0.0072 17.5816 2.75 2.300 19.8819 
11750.0 16.92 26.18 25.30 7.50 0.87 2455 120 0.0075 18.2960 2.75 2.401 20.6975 
12000.0 17.28 26.74 25.30 7.66 0.91 2455 120 0.0077 19.0234 2.75 2.505 21.5282 
12250.0 17.64 27.30 25.30 7.82 0.95 2455 120 0.0081 19.7639 2.75 2.610 22.3741 
12500.0 18.00 27.85 25.30 7.98 0.99 2455 120 0.0084 20.5174 2.75 2.718 23.2353 
12750.0 18.36 28.41 25.30 8.14 1.03 2455 120 0.0087 21.2838 2.75 2.828 24.1115 
13000.0 18.72 28.97 25.30 8.30 1.07 2455 120 0.0090 22.0632 2.75 2.940 25.0028 
13250.0 19.08 29.52 25.30 8.46 1.11 2455 120 0.0093 22.8554 2.75 3.054 25.9092 
13500.0 19.44 30.08 25.30 8.62 1.15 2455 120 0.0096 23.6605 2.75 3.170 26.8306 
13750.0 19.80 30.64 25.30 8.78 1.20 2455 120 0.0100 24.4783 2.75 3.289 27.7669 
14000.0 20.16 31.19 25.30 8.94 1.24 2455 120 0.0103 25.3090 2.75 3.409 28.7182 
14250.0 20.52 31.75 25.30 9.09 1.28 2455 120 0.0107 26.1523 2.75 3.532 29.6844 
14500.0 20.88 32.31 25.30 9.25 1.33 2455 120 0.0110 27.0084 2.75 3.657 30.6655 
14750.0 21.24 32.87 25.30 9.41 1.38 2455 120 0.0114 27.8771 2.75 3.784 31.6615 
15000.0 21.60 33.42 25.30 9.57 1.42 2455 120 0.0117 28.7585 2.75 3.914 32.6722 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

15250.0 21.96 33.98 25.30 9.73 1.47 2455 120 0.0121 29.6525 2.75 4.045 33.6977 
15500.0 22.32 34.54 25.30 9.89 1.52 2455 120 0.0124 30.5590 2.75 4.179 34.7380 
15750.0 22.68 35.09 25.30 10.05 1.57 2455 120 0.0128 31.4781 2.75 4.315 35.7930 
16000.0 23.04 35.65 25.30 10.21 1.62 2455 120 0.0132 32.4097 2.75 4.453 36.8626 

 
 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V^2/2g L C S S x L K K x (v^2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 24.00 0.00 0.00 14931 100 0.0000 0.0000 11.94 0.000 0.0000 
250.0 0.36 0.56 24.00 0.18 0.00 14931 100 0.0000 0.1614 11.94 0.006 0.1672 
500.0 0.72 1.11 24.00 0.35 0.00 14931 100 0.0000 0.5826 11.94 0.023 0.6060 
750.0 1.08 1.67 24.00 0.53 0.00 14931 100 0.0001 1.2346 11.94 0.052 1.2871 

1000.0 1.44 2.23 24.00 0.71 0.01 14931 100 0.0001 2.1034 11.94 0.093 2.1966 
1250.0 1.80 2.79 24.00 0.89 0.01 14931 100 0.0002 3.1797 11.94 0.146 3.3254 
1500.0 2.16 3.34 24.00 1.06 0.02 14931 100 0.0003 4.4569 11.94 0.210 4.6667 
1750.0 2.52 3.90 24.00 1.24 0.02 14931 100 0.0004 5.9295 11.94 0.286 6.2151 
2000.0 2.88 4.46 24.00 1.42 0.03 14931 100 0.0005 7.5931 11.94 0.373 7.9662 
2250.0 3.24 5.01 24.00 1.60 0.04 14931 100 0.0006 9.4440 11.94 0.472 9.9161 
2500.0 3.60 5.57 24.00 1.77 0.05 14931 100 0.0008 11.4788 11.94 0.583 12.0617 
2750.0 3.96 6.13 24.00 1.95 0.06 14931 100 0.0009 13.6948 11.94 0.705 14.4001 
3000.0 4.32 6.68 24.00 2.13 0.07 14931 100 0.0011 16.0894 11.94 0.839 16.9288 
3250.0 4.68 7.24 24.00 2.31 0.08 14931 100 0.0012 18.6604 11.94 0.985 19.6455 
3500.0 5.04 7.80 24.00 2.48 0.10 14931 100 0.0014 21.4055 11.94 1.142 22.5480 
3750.0 5.40 8.36 24.00 2.66 0.11 14931 100 0.0016 24.3230 11.94 1.312 25.6346 
4000.0 5.76 8.91 24.00 2.84 0.12 14931 100 0.0018 27.4111 11.94 1.492 28.9034 
4250.0 6.12 9.47 24.00 3.01 0.14 14931 100 0.0021 30.6682 11.94 1.685 32.3528 
4500.0 6.48 10.03 24.00 3.19 0.16 14931 100 0.0023 34.0927 11.94 1.889 35.9813 
4750.0 6.84 10.58 24.00 3.37 0.18 14931 100 0.0025 37.6833 11.94 2.104 39.7875 
5000.0 7.20 11.14 24.00 3.55 0.20 14931 100 0.0028 41.4385 11.94 2.332 43.7701 
5250.0 7.56 11.70 24.00 3.72 0.22 14931 100 0.0030 45.3573 11.94 2.571 47.9279 
5500.0 7.92 12.25 24.00 3.90 0.24 14931 100 0.0033 49.4383 11.94 2.821 52.2595 
5750.0 8.28 12.81 24.00 4.08 0.26 14931 100 0.0036 53.6805 11.94 3.084 56.7641 
6000.0 8.64 13.37 24.00 4.26 0.28 14931 100 0.0039 58.0829 11.94 3.357 61.4404 
6250.0 9.00 13.93 24.00 4.43 0.31 14931 100 0.0042 62.6443 11.94 3.643 66.2874 
6500.0 9.36 14.48 24.00 4.61 0.33 14931 100 0.0045 67.3639 11.94 3.940 71.3043 
6750.0 9.72 15.04 24.00 4.79 0.36 14931 100 0.0048 72.2408 11.94 4.249 76.4901 
7000.0 10.08 15.60 24.00 4.96 0.38 14931 100 0.0052 77.2740 11.94 4.570 81.8439 
7250.0 10.44 16.15 24.00 5.14 0.41 14931 100 0.0055 82.4628 11.94 4.902 87.3649 
7500.0 10.80 16.71 24.00 5.32 0.44 14931 100 0.0059 87.8062 11.94 5.246 93.0523 
7750.0 11.16 17.27 24.00 5.50 0.47 14931 100 0.0062 93.3036 11.94 5.602 98.9053 
8000.0 11.52 17.83 24.00 5.67 0.50 14931 100 0.0066 98.9543 11.94 5.969 104.9231 
8250.0 11.88 18.38 24.00 5.85 0.53 14931 100 0.0070 104.7574 11.94 6.348 111.1051 
8500.0 12.24 18.94 24.00 6.03 0.56 14931 100 0.0074 110.7123 11.94 6.738 117.4506 
8750.0 12.60 19.50 24.00 6.21 0.60 14931 100 0.0078 116.8183 11.94 7.141 123.9588 
9000.0 12.96 20.05 24.00 6.38 0.63 14931 100 0.0082 123.0748 11.94 7.554 130.6291 
9250.0 13.32 20.61 24.00 6.56 0.67 14931 100 0.0087 129.4811 11.94 7.980 137.4610 
9500.0 13.68 21.17 24.00 6.74 0.70 14931 100 0.0091 136.0367 11.94 8.417 144.4537 
9750.0 14.04 21.72 24.00 6.92 0.74 14931 100 0.0096 142.7409 11.94 8.866 151.6068 

10000.0 14.40 22.28 24.00 7.09 0.78 14931 100 0.0100 149.5932 11.94 9.326 158.9196 
10250.0 14.76 22.84 24.00 7.27 0.82 14931 100 0.0105 156.5930 11.94 9.799 166.3916 
10500.0 15.12 23.40 24.00 7.45 0.86 14931 100 0.0110 163.7399 11.94 10.282 174.0222 
10750.0 15.48 23.95 24.00 7.62 0.90 14931 100 0.0115 171.0332 11.94 10.778 181.8110 
11000.0 15.84 24.51 24.00 7.80 0.95 14931 100 0.0120 178.4724 11.94 11.285 189.7573 
11250.0 16.20 25.07 24.00 7.98 0.99 14931 100 0.0125 186.0571 11.94 11.804 197.8608 
11500.0 16.56 25.62 24.00 8.16 1.03 14931 100 0.0130 193.7868 11.94 12.334 206.1210 
11750.0 16.92 26.18 24.00 8.33 1.08 14931 100 0.0135 201.6610 11.94 12.876 214.5373 
12000.0 17.28 26.74 24.00 8.51 1.12 14931 100 0.0140 209.6793 11.94 13.430 223.1093 

FM System Curve – 24” 
Diameter =  24 in 
Area =  3.141593 ft2 
RH=D/4= 0.5   
C= 100   



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

12250.0 17.64 27.30 24.00 8.69 1.17 14931 100 0.0146 217.8411 11.94 13.995 231.8365 
12500.0 18.00 27.85 24.00 8.87 1.22 14931 100 0.0151 226.1462 11.94 14.572 240.7186 
12750.0 18.36 28.41 24.00 9.04 1.27 14931 100 0.0157 234.5939 11.94 15.161 249.7551 
13000.0 18.72 28.97 24.00 9.22 1.32 14931 100 0.0163 243.1840 11.94 15.762 258.9456 
13250.0 19.08 29.52 24.00 9.40 1.37 14931 100 0.0169 251.9160 11.94 16.374 268.2896 
13500.0 19.44 30.08 24.00 9.57 1.42 14931 100 0.0175 260.7894 11.94 16.997 277.7868 
13750.0 19.80 30.64 24.00 9.75 1.48 14931 100 0.0181 269.8041 11.94 17.633 287.4367 
14000.0 20.16 31.19 24.00 9.93 1.53 14931 100 0.0187 278.9594 11.94 18.280 297.2391 
14250.0 20.52 31.75 24.00 10.11 1.59 14931 100 0.0193 288.2551 11.94 18.938 307.1935 
14500.0 20.88 32.31 24.00 10.28 1.64 14931 100 0.0199 297.6908 11.94 19.609 317.2995 
14750.0 21.24 32.87 24.00 10.46 1.70 14931 100 0.0206 307.2661 11.94 20.291 327.5568 
15000.0 21.60 33.42 24.00 10.64 1.76 14931 100 0.0212 316.9807 11.94 20.984 337.9651 
15250.0 21.96 33.98 24.00 10.82 1.82 14931 100 0.0219 326.8343 11.94 21.690 348.5240 
15500.0 22.32 34.54 24.00 10.99 1.88 14931 100 0.0226 336.8264 11.94 22.407 359.2331 
15750.0 22.68 35.09 24.00 11.17 1.94 14931 100 0.0232 346.9569 11.94 23.135 370.0921 
16000.0 23.04 35.65 24.00 11.35 2.00 14931 100 0.0239 357.2252 11.94 23.876 381.1007 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – To E Modified High Point 
 

 
MIN Static Head = 19.85 
MAX Static Head = 24.35 

Q Q Losses 

(gpm) (mgd)  
0.0 0.00 0.00 

250.0 0.36 0.28 
500.0 0.72 1.02 
750.0 1.08 2.17 

1000.0 1.44 3.71 
1250.0 1.80 5.61 
1500.0 2.16 7.88 
1750.0 2.52 10.50 
2000.0 2.88 13.46 
2250.0 3.24 16.76 
2500.0 3.60 20.39 
2750.0 3.96 24.34 
3000.0 4.32 28.62 
3250.0 4.68 33.22 
3500.0 5.04 38.14 
3750.0 5.40 43.36 
4000.0 5.76 48.90 
4250.0 6.12 54.74 
4500.0 6.48 60.89 
4750.0 6.84 67.34 
5000.0 7.20 74.09 
5250.0 7.56 81.14 
5500.0 7.92 88.48 
5750.0 8.28 96.11 
6000.0 8.64 104.04 
6250.0 9.00 112.26 
6500.0 9.36 120.77 
6750.0 9.72 129.56 
7000.0 10.08 138.64 
7250.0 10.44 148.01 
7500.0 10.80 157.65 
7750.0 11.16 167.58 
8000.0 11.52 177.79 
8250.0 11.88 188.28 
8500.0 12.24 199.05 
8750.0 12.60 210.09 
9000.0 12.96 221.41 
9250.0 13.32 233.01 
9500.0 13.68 244.87 
9750.0 14.04 257.02 

10000.0 14.40 269.43 
10250.0 14.76 282.11 
10500.0 15.12 295.07 
10750.0 15.48 308.29 
11000.0 15.84 321.78 
11250.0 16.20 335.54 
11500.0 16.56 349.57 
11750.0 16.92 363.86 
12000.0 17.28 378.42 
12250.0 17.64 393.24 
12500.0 18.00 408.33 
12750.0 18.36 423.68 
13000.0 18.72 439.29 
13250.0 19.08 455.16 
13500.0 19.44 471.30 
13750.0 19.80 487.69 
14000.0 20.16 504.35 
14250.0 20.52 521.26 
14500.0 20.88 538.43 
14750.0 21.24 555.86 
15000.0 21.60 573.55 
15250.0 21.96 591.49 
15500.0 22.32 609.69 
15750.0 22.68 628.15 
16000.0 23.04 646.86 

Q Q Min Static Max Static 

(gpm) (mgd)    

0.0 0.00 19.85 24.35 
250.0 0.36 20.13 24.63 
500.0 0.72 20.87 25.37 
750.0 1.08 22.02 26.52 

1000.0 1.44 23.56 28.06 
1250.0 1.80 25.46 29.96 
1500.0 2.16 27.73 32.23 
1750.0 2.52 30.35 34.85 
2000.0 2.88 33.31 37.81 
2250.0 3.24 36.61 41.11 
2500.0 3.60 40.24 44.74 
2750.0 3.96 44.19 48.69 
3000.0 4.32 48.47 52.97 
3250.0 4.68 53.07 57.57 
3500.0 5.04 57.99 62.49 
3750.0 5.40 63.21 67.71 
4000.0 5.76 68.75 73.25 
4250.0 6.12 74.59 79.09 
4500.0 6.48 80.74 85.24 
4750.0 6.84 87.19 91.69 
5000.0 7.20 93.94 98.44 
5250.0 7.56 100.99 105.49 
5500.0 7.92 108.33 112.83 
5750.0 8.28 115.96 120.46 
6000.0 8.64 123.89 128.39 
6250.0 9.00 132.11 136.61 
6500.0 9.36 140.62 145.12 
6750.0 9.72 149.41 153.91 
7000.0 10.08 158.49 162.99 
7250.0 10.44 167.86 172.36 
7500.0 10.80 177.50 182.00 
7750.0 11.16 187.43 191.93 
8000.0 11.52 197.64 202.14 
8250.0 11.88 208.13 212.63 
8500.0 12.24 218.90 223.40 
8750.0 12.60 229.94 234.44 
9000.0 12.96 241.26 245.76 
9250.0 13.32 252.86 257.36 
9500.0 13.68 264.72 269.22 
9750.0 14.04 276.87 281.37 

10000.0 14.40 289.28 293.78 
10250.0 14.76 301.96 306.46 
10500.0 15.12 314.92 319.42 
10750.0 15.48 328.14 332.64 
11000.0 15.84 341.63 346.13 
11250.0 16.20 355.39 359.89 
11500.0 16.56 369.42 373.92 
11750.0 16.92 383.71 388.21 
12000.0 17.28 398.27 402.77 
12250.0 17.64 413.09 417.59 
12500.0 18.00 428.18 432.68 
12750.0 18.36 443.53 448.03 
13000.0 18.72 459.14 463.64 
13250.0 19.08 475.01 479.51 
13500.0 19.44 491.15 495.65 
13750.0 19.80 507.54 512.04 
14000.0 20.16 524.20 528.70 
14250.0 20.52 541.11 545.61 
14500.0 20.88 558.28 562.78 
14750.0 21.24 575.71 580.21 
15000.0 21.60 593.40 597.90 
15250.0 21.96 611.34 615.84 
15500.0 22.32 629.54 634.04 
15750.0 22.68 648.00 652.50 
16000.0 23.04 666.71 671.21 



Bridgehead Pump Station with AFM102 
 

AFM 102 (24-inch Parallel Forcemain Portion Only) – Final Curve 
 

        
Q Q Min Static Max Static 

(gpm) (mgd)     

0 0 58.13 62.63 
250 0.36 58.22 62.72 
500 0.72 58.47 62.97 
750 1.08 58.85 63.35 

1000 1.44 59.36 63.86 
1250 1.8 59.99 64.49 
1500 2.16 60.74 65.24 
1750 2.52 61.61 66.11 
2000 2.88 62.60 67.10 
2250 3.24 63.69 68.19 
2500 3.6 64.90 69.40 
2750 3.96 66.21 70.71 
3000 4.32 67.64 72.14 
3250 4.68 69.17 73.67 
3500 5.04 70.80 75.30 
3750 5.4 72.54 77.04 
4000 5.76 74.39 78.89 
4353 6.26832 77.16 81.66 
4500 6.48 80.74 85.24 
4750 6.84 87.19 91.69 
5000 7.2 93.94 98.44 
5250 7.56 100.99 105.49 
5500 7.92 108.33 112.83 
5750 8.28 115.96 120.46 
6000 8.64 123.89 128.39 
6250 9 132.11 136.61 
6500 9.36 140.62 145.12 
6750 9.72 149.41 153.91 
7000 10.08 158.49 162.99 
7250 10.44 167.86 172.36 
7500 10.8 177.50 182.00 
7750 11.16 187.43 191.93 
8000 11.52 197.64 202.14 
8250 11.88 208.13 212.63 
8500 12.24 218.90 223.40 
8750 12.6 229.94 234.44 
9000 12.96 241.26 245.76 
9250 13.32 252.86 257.36 
9500 13.68 264.72 269.22 
9750 14.04 276.87 281.37 

10000 14.4 289.28 293.78 
10250 14.76 301.96 306.46 
10500 15.12 314.92 319.42 
10750 15.48 328.14 332.64 
11000 15.84 341.63 346.13 
11250 16.2 355.39 359.89 
11500 16.56 369.42 373.92 
11750 16.92 383.71 388.21 
12000 17.28 398.27 402.77 
12250 17.64 413.09 417.59 
12500 18 428.18 432.68 
12750 18.36 443.53 448.03 
13000 18.72 459.14 463.64 
13250 19.08 475.01 479.51 
13500 19.44 491.15 495.65 
13750 19.8 507.54 512.04 
14000 20.16 524.20 528.70 
14250 20.52 541.11 545.61 
14500 20.88 558.28 562.78 
14750 21.24 575.71 580.21 
15000 21.6 593.40 597.90 
15250 21.96 611.34 615.84 
15500 22.32 629.54 634.04 
15750 22.68 648.00 652.50 
16000 23.04 666.71 671.21 



 
 



 
 

 





 

  

Appendix F.  Antioch Diversion Pump Station – Pump and 
Hydraulic Information 

 

 

 

 

 





 

  

Antioch Diversion Pump Station – New Flygt Pump Information 
 

 

 

 

 





59.0  -  6/21/2021 (Build 118)

Program version Data version

6/16/2021 15:42 A6P6

User group(s)

Xylem: USA - INT

40 °C

Patented self cleaning semi-open channel impeller, ideal for pumping in
waste water applications.  Modular based design with high
adaptation grade.

Head
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NP 3153 MT 3~ 434

227 mm

Number of blades
2

Technical specification

P - Semi permanent, Wet

Configuration

1/4 inch

Impeller diameter
227 mm

Discharge diameter
1/4 inch

Motor number Installation type
N3153.091 21-18-4AA-W
20hp

Inlet diameter

Maximum operating speed
1755 rpm

Materials

Curves according to:

Pump information

Discharge diameter

150 mm

Impeller diameter

Impeller
Grey cast iron

,39.2 °F,62.42 lb/ft³,1.6891E-5 ft²/s

Curve: ISO 9906

Max. fluid temperature

Water, pure
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59.0  -  6/21/2021 (Build 118)

Program version Data version

6/16/2021 15:42 A6P6

User group(s)

Xylem: USA - INT

NP 3153 MT 3~ 434
Technical specification
Motor - General

Frequency Rated voltage

Rated powerRated speed

Rated current

460 V

20 hp1755 rpm

26 A

3~N3153.091 21-18-4AA-W
20hp

Phases

Total moment of inertia
2.02 lb ft²

Power factor - 1/1 Load
0.83

0.77

0.66

87.5 %

89.0 %

89.0 %

Motor number

ATEX approved

60 Hz

Number of poles
4

Stator variant
5

Insulation class
H

Type of Duty

Motor - Technical

Power factor - 3/4 Load

Power factor - 1/2 Load

Motor efficiency - 1/1 Load

Motor efficiency - 3/4 Load

Motor efficiency - 1/2 Load

Starting current, direct starting

Starting current, star-delta

148 A

49.3 A

S1

Starts per hour max.
30

FM

Version code
091

7/8/2021Last updateCreated on 7/8/2021
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PERFORMANCE CURVE
DATE PROJECT: ISSUE

NO. OF
BLADES.......

TOT.MOM.OF
INERTIA...... KGM 2

RATED
SPEED........ RPM

POLES FREQ. HZ

VOLTAGE...... V
MOTOR SHAFT

POWER........
STARTING

TORQUE....... NM
MAX

TORQUE....... NM
RATED

CURRENT...... A
STARTING

CURRENT...... A

PROD

CURVE NO

IMPELLER DIAMETER

MOTOR TYPE

GEAR TYPE RATIO

1/1-LOAD 3/4-LOAD 1/2-LOAD

MOTOR COS PHI

MOTOR EFFICIENCY

GEAR EFFICIENCY

POWER

HEAD

(H)

FLOW (Q)
NOTE:

CURVES  SHOW PERFORMANCE WITH CLEAR COLD WATER.

* : PUMP EFFICIENCY / SHAFT POWER

O : OVERALL EFFICIENCY / INPUT POWER

NPSHR = NPSH3 + min. operational margin

EFF.
[%]

PERFORMANCE CURVE

2021-07-20 13
NP 3153.095

FM
MT

63- 434-00 -60 30

227 mm

21-18-4AA /01 (12)

4 60

460

20hp / 14.9kW

130

220

26

157

0.086

1760

2

0.83

87.5%

0.78

88.5%

0.67

87.5%

_____________DUTY POINTs : FLOW[USgpm] HEAD[ft] POWER [hp] EFF. [%] NPSHR[ft]

975 50.0 ( <19.3) ( <17.0)
*

( 67.6) (76.5)
*

22.9 HI grade 2B  Q&H (ANSI/HI 11.6:2012)

GUARANTEE )
*

-> No guarantee

dtroyer
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59.0  -  6/21/2021 (Build 118)

Program version Data version

6/16/2021 15:42 A6P6

User group(s)

Xylem: USA - INT

Pumps / Flow Head Shaft power Flow Head Shaft power Hydr.eff. Specific NPSHre
Systems Energy

1 982 US g.p.m. 50.4 ft 16.3 hp 982 US g.p.m. 50.4 ft 16.3 hp 76.6 % 233 kWh/US MG 22.2 ft

NP 3153 MT 3~ 434
Duty Analysis

Curves according to:

Head

Pump Efficiency
Overall Eff iciency

Pow er input P1
Shaft pow er P2

NPSHR-values

434 227mm

77.4%

 50.4 ft

 76.6 %

 68.1 %

 16.3 hp

 18.4 hp

 22.2 ft
 982 US g.p.m.

434 227mm

 50.4 ft

 76.6 %

 68.1 %

 16.3 hp

 18.4 hp

 22.2 ft
 982 US g.p.m.

434 227mm

 50.4 ft

 76.6 %

 68.1 %

 16.3 hp

 18.4 hp

 22.2 ft
 982 US g.p.m.

434 227mm (P2)

 50.4 ft

 76.6 %

 68.1 %

 16.3 hp

 18.4 hp

 22.2 ft
 982 US g.p.m.

434 227mm (P1)

 50.4 ft

 76.6 %

 68.1 %

 16.3 hp

 18.4 hp

 22.2 ft
 982 US g.p.m.

434 227mm

NPSHR = 32.809 ft

 50.4 ft

 76.6 %

 68.1 %

 16.3 hp

 18.4 hp

 22.2 ft
 982 US g.p.m.

0
5
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15
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45
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85
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0

20

40

60

[%]

0
4
8

12
16

[hp]

20
25
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35
40
[ft]

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 [US g.p.m.]

1

Operating characteristics

,39.2 °F,62.42 lb/ft³,1.6891E-5 ft²/sWater, pure
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59.0  -  6/21/2021 (Build 118)

Program version Data version

6/16/2021 15:42 A6P6

User group(s)

Xylem: USA - INT

NP 3153 MT 3~ 434
Dimensional drawing

MIN LEVEL

ZZ

ZZ

11"

10
"5"

43"

2"

Ø6"

11"

NP,FP 3153 MT

Weight

50°

13
"

caleS

Drawn

Reg no

Date
by
Checked

by

DRAWING
AUTOCAD

Denomination

Dimensional drwg

338 1712
2078

4916

17
3 4

218

2912
618 834

438

*1
51 2

41 2
35
1 4

51 8 10
1 4

71 2

BOLT Ø34 (4x)

DIMENSION TO ENDS OF GUIDE BARS*

VIEW

REF.LINE

C
L 

O
F 

D
IS

C
H

REF.LINE

(TO FURTHEST POINT)

REF.LINE

GUIDE BARS2"

6504300 12
5399

141117IW CJS

Ø6"

(lbs)
Pump Disch
485 175
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Antioch Diversion Pump Station – Hydraulic Calculations 
 

 

 

 

 





Antioch Diversion Pump Station 
 

Pump and Suction and Discharge Loss Curves – Antioch Diversion Pumps 
 

 
 
 
 
 
 
 

                  
Friction 
Losses   

Minor 
Losses 

Total 
Losses 

Q Q Q 
Pipe 
Dia. V V

2
/2g L C S S x L K 

K x 
(v

2
/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.00 0.00 0.00 8.00 0.00 0.00 38.57 120 0.0000 0.0000 4.55 0.000 0.0000 

100.00 0.14 0.22 8.00 0.64 0.01 38.57 120 0.0003 0.0115 4.55 0.029 0.0403 

200.00 0.29 0.45 8.00 1.28 0.03 38.57 120 0.0011 0.0415 4.55 0.115 0.1566 

300.00 0.43 0.67 8.00 1.91 0.06 38.57 120 0.0023 0.0879 4.55 0.259 0.3470 

400.00 0.58 0.89 8.00 2.55 0.10 38.57 120 0.0039 0.1498 4.55 0.461 0.6104 

500.00 0.72 1.11 8.00 3.19 0.16 38.57 120 0.0059 0.2264 4.55 0.720 0.9461 

600.00 0.86 1.34 8.00 3.83 0.23 38.57 120 0.0082 0.3173 4.55 1.036 1.3537 

700.00 1.01 1.56 8.00 4.47 0.31 38.57 120 0.0109 0.4222 4.55 1.411 1.8328 

800.00 1.15 1.78 8.00 5.11 0.40 38.57 120 0.0140 0.5406 4.55 1.842 2.3830 

900.00 1.30 2.01 8.00 5.74 0.51 38.57 120 0.0174 0.6724 4.55 2.332 3.0042 

1000.00 1.44 2.23 8.00 6.38 0.63 38.57 120 0.0212 0.8173 4.55 2.879 3.6960 

1200.00 1.73 2.67 8.00 7.66 0.91 38.57 120 0.0297 1.1456 4.55 4.145 5.2910 

1400.00 2.02 3.12 8.00 8.94 1.24 38.57 120 0.0395 1.5241 4.55 5.642 7.1664 

1600.00 2.30 3.57 8.00 10.21 1.62 38.57 120 0.0506 1.9517 4.55 7.370 9.3213 

1800.00 2.59 4.01 8.00 11.49 2.05 38.57 120 0.0629 2.4274 4.55 9.327 11.7545 

2000.00 2.88 4.46 8.00 12.77 2.53 38.57 120 0.0765 2.9504 4.55 11.515 14.4654 

2150.00 3.10 4.79 8.00 13.72 2.92 38.57 120 0.0875 3.3732 4.55 13.307 16.6803 

2200.00 3.17 4.90 8.00 14.04 3.06 38.57 120 0.0913 3.5200 4.55 13.933 17.4532 

2400.00 3.46 5.35 8.00 15.32 3.64 38.57 120 0.1072 4.1355 4.55 16.582 20.7171 

2500.00 3.60 5.57 8.00 15.96 3.95 38.57 120 0.1156 4.4602 4.55 17.992 22.4525 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Suction & Discharge - 8”  
 Diameter =  8 in 

Area for =  0.349066 ft2 
RH=D/4= 0.166667   
C= 120   
   



Antioch Diversion Pump Station 
 

Pump and Suction and Discharge Loss Curves – Antioch Diversion Pumps 
 
Pump Suction and Discharge Losses 

    Total Losses 
Q Q S&D 

(gpm) (mgd) (ft) 

0.00 0.00 0.0000 

100.00 0.14 0.0403 

200.00 0.29 0.1566 

300.00 0.43 0.3470 

400.00 0.58 0.6104 

500.00 0.72 0.9461 

600.00 0.86 1.3537 

700.00 1.01 1.8328 

800.00 1.15 2.3830 

900.00 1.30 3.0042 

1000.00 1.44 3.6960 

1200.00 1.73 5.2910 

1400.00 2.02 7.1664 

1600.00 2.30 9.3213 

1800.00 2.59 11.7545 

2000.00 2.88 14.4654 

2150.00 3.10 16.6803 

2200.00 3.17 17.4532 

2400.00 3.46 20.7171 

2500.00 3.60 22.4525 

 
Antioch Diversion Pumps – Flygt NP3153MT 434 impeller (227mm trim) 20Hp 
 

Mfr Pump Curve    
Adjusted 
Pump Curves 1 Pump   2 Pumps    3 Pumps 

  
Mfr Curve 

 
S&D Losses 

   

ADJ 
Curve 

   

ADJ 
Curve 

   

ADJ 
Curve 

Q Q Head 
 

S&D 
 

Q Q Head 
 

Q Q Head 
 

Q Q Head 

(gpm) (mgd) (ft) 
 

(ft) 
 

(gpm) (mgd) (ft) 
 

(gpm) (mgd) (ft) 
 

(gpm) (mgd) (ft) 

0.00 0.00 85.00   0.0000   0 0.00 85.00   0 0.00 85.00   0 0.00 85.00 
100.00 0.14 80.00   0.0403   100 0.14 79.96   200 0.29 79.96   300 0.43 79.96 
200.00 0.29 75.20   0.1566   200 0.29 75.04   400 0.58 75.04   600 0.86 75.04 
300.00 0.43 71.50   0.3470   300 0.43 71.15   600 0.86 71.15   900 1.30 71.15 
400.00 0.58 67.50   0.6104   400 0.58 66.89   800 1.15 66.89   1200 1.73 66.89 
500.00 0.72 64.00   0.9461   500 0.72 63.05   1000 1.44 63.05   1500 2.16 63.05 
600.00 0.86 61.00   1.3537   600 0.86 59.65   1200 1.73 59.65   1800 2.59 59.65 
700.00 1.01 58.00   1.8328   700 1.01 56.17   1400 2.02 56.17   2100 3.02 56.17 
800.00 1.15 56.00   2.3830   800 1.15 53.62   1600 2.30 53.62   2400 3.46 53.62 
900.00 1.30 53.00   3.0042   900 1.30 50.00   1800 2.59 50.00   2700 3.89 50.00 

1000.00 1.44 50.00   3.6960   1000 1.44 46.30   2000 2.88 46.30   3000 4.32 46.30 
1200.00 1.73 43.80   5.2910   1200 1.73 38.51   2400 3.46 38.51   3600 5.18 38.51 
1400.00 2.02 36.58   7.1664   1400 2.02 29.41   2800 4.03 29.41   4200 6.05 29.41 
1600.00 2.30 29.50   9.3213   1600 2.30 20.18   3200 4.61 20.18   4800 6.91 20.18 
1800.00 2.59 23.00   11.7545   1800 2.59 11.25   3600 5.18 11.25   5400 7.78 11.25 
2000.00 2.88 15.30   14.4654   2000 2.88 0.83   4000 5.76 0.83   6000 8.64 0.83 
2150.00 3.10 11.00   16.6803   2150 3.10 -5.68   4300 6.19 -5.68   6450 9.29 -5.68 
2200.00 3.17 0.00   17.4532   2200 3.17 -17.45   4400 6.34 -17.45   6600 9.50 -17.45 
2400.00 3.46 0.00   20.7171   2400 3.46 -20.72   4800 6.91 -20.72   7200 10.37 -20.72 
2500.00 3.60 0.00   22.4525   2500 3.60 -22.45   5000 7.20 -22.45   7500 10.80 -22.45 



Antioch Diversion Pump Station 
 

System Curve – 14” Forcemain to ESB 
 

 
 
 
 
 
 

                  
Friction 
Losses   Minor Losses Total Losses 

Q Q Q 
Pipe 
Dia. V V2/2g L C S S x L K K x (v2/2g)   

(gpm) (mgd) (cfs) (in) (fps) (ft) (ft)     (ft)   (ft) (ft) 

0.0 0.00 0.00 14.00 0.00 0.00 182.00 100 0.0000 0.0000 3.75 0.000 0.0000 
200.0 0.29 0.45 14.00 0.42 0.00 182.00 100 0.0001 0.0180 3.75 0.010 0.0281 
400.0 0.58 0.89 14.00 0.83 0.01 182.00 100 0.0004 0.0649 3.75 0.040 0.1053 
600.0 0.86 1.34 14.00 1.25 0.02 182.00 100 0.0008 0.1375 3.75 0.091 0.2285 
800.0 1.15 1.78 14.00 1.67 0.04 182.00 100 0.0013 0.2342 3.75 0.162 0.3961 

1000.0 1.44 2.23 14.00 2.08 0.07 182.00 100 0.0019 0.3540 3.75 0.253 0.6070 
1200.0 1.73 2.67 14.00 2.50 0.10 182.00 100 0.0027 0.4963 3.75 0.364 0.8605 
1400.0 2.02 3.12 14.00 2.92 0.13 182.00 100 0.0036 0.6602 3.75 0.496 1.1560 
1600.0 2.30 3.57 14.00 3.33 0.17 182.00 100 0.0046 0.8454 3.75 0.648 1.4931 
1800.0 2.59 4.01 14.00 3.75 0.22 182.00 100 0.0058 1.0515 3.75 0.820 1.8712 
2000.0 2.88 4.46 14.00 4.17 0.27 182.00 100 0.0070 1.2781 3.75 1.012 2.2900 
2200.0 3.17 4.90 14.00 4.59 0.33 182.00 100 0.0084 1.5248 3.75 1.224 2.7492 
2400.0 3.46 5.35 14.00 5.00 0.39 182.00 100 0.0098 1.7915 3.75 1.457 3.2486 
2600.0 3.74 5.79 14.00 5.42 0.46 182.00 100 0.0114 2.0777 3.75 1.710 3.7878 
2800.0 4.03 6.24 14.00 5.84 0.53 182.00 100 0.0131 2.3834 3.75 1.983 4.3667 
3000.0 4.32 6.68 14.00 6.25 0.61 182.00 100 0.0149 2.7082 3.75 2.277 4.9850 
3200.0 4.61 7.13 14.00 6.67 0.69 182.00 100 0.0168 3.0521 3.75 2.590 5.6425 
3400.0 4.90 7.58 14.00 7.09 0.78 182.00 100 0.0188 3.4147 3.75 2.924 6.3391 
3600.0 5.18 8.02 14.00 7.50 0.87 182.00 100 0.0209 3.7960 3.75 3.279 7.0746 
3800.0 5.47 8.47 14.00 7.92 0.97 182.00 100 0.0231 4.1958 3.75 3.653 7.8487 
4000.0 5.76 8.91 14.00 8.34 1.08 182.00 100 0.0254 4.6139 3.75 4.048 8.6615 
4200.0 6.05 9.36 14.00 8.75 1.19 182.00 100 0.0277 5.0503 3.75 4.462 9.5127 
4400.0 6.34 9.80 14.00 9.17 1.31 182.00 100 0.0302 5.5047 3.75 4.898 10.4022 
4600.0 6.62 10.25 14.00 9.59 1.43 182.00 100 0.0328 5.9770 3.75 5.353 11.3299 
4800.0 6.91 10.70 14.00 10.00 1.55 182.00 100 0.0355 6.4672 3.75 5.828 12.2957 
5000.0 7.20 11.14 14.00 10.42 1.69 182.00 100 0.0383 6.9751 3.75 6.324 13.2994 
5200.0 7.49 11.59 14.00 10.84 1.82 182.00 100 0.0412 7.5006 3.75 6.840 14.3410 
5400.0 7.78 12.03 14.00 11.26 1.97 182.00 100 0.0442 8.0436 3.75 7.377 15.4203 
5600.0 8.06 12.48 14.00 11.67 2.12 182.00 100 0.0473 8.6040 3.75 7.933 16.5372 
5800.0 8.35 12.92 14.00 12.09 2.27 182.00 100 0.0504 9.1818 3.75 8.510 17.6917 
6000.0 8.64 13.37 14.00 12.51 2.43 182.00 100 0.0537 9.7767 3.75 9.107 18.8837 
6200.0 8.93 13.81 14.00 12.92 2.59 182.00 100 0.0571 10.3888 3.75 9.724 20.1131 
6400.0 9.22 14.26 14.00 13.34 2.76 182.00 100 0.0605 11.0180 3.75 10.362 21.3797 
6600.0 9.50 14.71 14.00 13.76 2.94 182.00 100 0.0641 11.6641 3.75 11.019 22.6836 
6800.0 9.79 15.15 14.00 14.17 3.12 182.00 100 0.0677 12.3272 3.75 11.697 24.0246 
7000.0 10.08 15.60 14.00 14.59 3.31 182.00 100 0.0715 13.0071 3.75 12.396 25.4027 
7200.0 10.37 16.04 14.00 15.01 3.50 182.00 100 0.0753 13.7037 3.75 13.114 26.8178 
7400.0 10.66 16.49 14.00 15.42 3.69 182.00 100 0.0792 14.4170 3.75 13.853 28.2697 
7600.0 10.94 16.93 14.00 15.84 3.90 182.00 100 0.0832 15.1469 3.75 14.612 29.7586 
7800.0 11.23 17.38 14.00 16.26 4.10 182.00 100 0.0873 15.8934 3.75 15.391 31.2842 
8000.0 11.52 17.83 14.00 16.67 4.32 182.00 100 0.0915 16.6564 3.75 16.190 32.8466 

 

 

 

 

 

 

 

 

 

FM System – 14” 
Diameter =  16 in 
Area =  1.396263 ft2 
RH=D/4= 0.333333   
C= 100   



Antioch Diversion Pump Station 
 

System Curve – 14” Forcemain to ESB 
 

 
MIN Static Head = 38.43 
MAX Static Head = 46.43 

Q Q Losses 

(gpm) (mgd) 
 0 0.00 0.00 

200 0.29 0.03 
400 0.58 0.11 
600 0.86 0.23 
800 1.15 0.40 

1000 1.44 0.61 
1200 1.73 0.86 
1400 2.02 1.16 
1600 2.30 1.49 
1800 2.59 1.87 
2000 2.88 2.29 
2200 3.17 2.75 
2400 3.46 3.25 
2600 3.74 3.79 
2800 4.03 4.37 
3000 4.32 4.98 
3200 4.61 5.64 
3400 4.90 6.34 
3600 5.18 7.07 
3800 5.47 7.85 
4000 5.76 8.66 
4200 6.05 9.51 
4400 6.34 10.40 
4600 6.62 11.33 
4800 6.91 12.30 
5000 7.20 13.30 
5200 7.49 14.34 
5400 7.78 15.42 
5600 8.06 16.54 
5800 8.35 17.69 
6000 8.64 18.88 
6200 8.93 20.11 
6400 9.22 21.38 
6600 9.50 22.68 
6800 9.79 24.02 
7000 10.08 25.40 
7200 10.37 26.82 
7400 10.66 28.27 
7600 10.94 29.76 
7800 11.23 31.28 
8000 11.52 32.85 

Q Q Min Static Max Static 

(gpm) (mgd) 
 

  

0 0.00 38.43 46.43 
200 0.29 38.46 46.46 
400 0.58 38.54 46.54 
600 0.86 38.66 46.66 
800 1.15 38.83 46.83 

1000 1.44 39.04 47.04 
1200 1.73 39.29 47.29 
1400 2.02 39.59 47.59 
1600 2.30 39.92 47.92 
1800 2.59 40.30 48.30 
2000 2.88 40.72 48.72 
2200 3.17 41.18 49.18 
2400 3.46 41.68 49.68 
2600 3.74 42.22 50.22 
2800 4.03 42.80 50.80 
3000 4.32 43.41 51.41 
3200 4.61 44.07 52.07 
3400 4.90 44.77 52.77 
3600 5.18 45.50 53.50 
3800 5.47 46.28 54.28 
4000 5.76 47.09 55.09 
4200 6.05 47.94 55.94 
4400 6.34 48.83 56.83 
4600 6.62 49.76 57.76 
4800 6.91 50.73 58.73 
5000 7.20 51.73 59.73 
5200 7.49 52.77 60.77 
5400 7.78 53.85 61.85 
5600 8.06 54.97 62.97 
5800 8.35 56.12 64.12 
6000 8.64 57.31 65.31 
6200 8.93 58.54 66.54 
6400 9.22 59.81 67.81 
6600 9.50 61.11 69.11 
6800 9.79 62.45 70.45 
7000 10.08 63.83 71.83 
7200 10.37 65.25 73.25 
7400 10.66 66.70 74.70 
7600 10.94 68.19 76.19 
7800 11.23 69.71 77.71 
8000 11.52 71.28 79.28 



 
 

 





 

  

Appendix G.  APS Grinder Analysis – Grinder Information and 
Construction Cost Estimates 

 

 

 

 

 





 

  

APS Grinder Analysis – Grinder (JWC Environmental) Information 
 

 

 

 

 





www.jwce.com 

2850 S Red Hill Ave. Suite125 
Santa Ana, CA 92705 USA 
phone  (949) 833-3888 
toll-free (800) 331-2277 
fax  (949) 833-8858 
jwce@jwce.com 

SULZER CONFIDENTIAL 

CMF CHANNEL MONSTER FLEX BUDGET DESIGN INFORMATION 

DATE: 8/24/2021 

PROJECT: Antioch, CA – Delta Diablo WWTP 

TO: Misco Water – Brandon Olson 

Thank you for choosing JWC’s equipment. Enclosed you will find a specification and drawing based on the design 
parameters listed below. Please let us know if any of the information below changes. 

Number of units:  2 

Model:  CMF6030-M2.0E 

Flow:  10.3 MGD (1624.6m³/hr) 

Channel width:  42 inches (1066.8 mm) 

Channel depth:  81 inches (2054.7 mm) 

Shipping Weight:  3956 lbs. (1794.4 kg) each unit 

5HP XPNV Immersible Grinder Motor with 40' power cable 

1HP XPNV Immersible Solids Diverter Motor with 40' power cable 

PC2222 Motor Controller in a NEMA 4X FRP Enclosure 

Channel Frame, 316SS 

Slide Gate, 316SS 

Guiderail 13ft., 316SS 

Lifting Bail, 316SS 

Lifting Chain 20ft., 316SS  

BUDGET PRICE   $256,000 

(shipping & handling and one startup service included) 

Not to be used for construction 

Please contact JWC if you have any questions.
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®

Benefits
Equipment protection

• Protect pumps and other critical equipment from costly clogs and 
damage from tough solids

Efficient treatment operations
• Grinding separates organic from inorganic materials in the waste 

stream keeping organics in the treatment process, and removed 
screenings are cleaner

Lower operating cost
• Grinding solids into smaller pieces keeps pipes and pumps clear, 

resulting in shorter pump run cycles and lower electrical costs
• Reduced unit maintenance expense with modular FLEX grinder 

and solids diverter

Features

Overview
The patent pending Channel Monster FLEX consists of a FLEX grinder 
and a solids diverter with perforated screen connected by a FLEX 
frame. This modular design allows for the flexibility of servicing 
the FLEX grinder and solids diverter separately while maintaining 
the best-in-class technology for wastewater solids reduction. An 
exacta-lock adjuster mechanism allows for fine-distance adjustment 
between the grinder and screen to minimize solids bypass. The 
Channel Monster FLEX continues the Channel Monster legacy of 
high flow capacity while capturing and shredding rags, rocks, wood, 
and other solids into small pieces to pass harmlessly through pumps, 
pipes, and processing equipment.

1

2

3

4

5

FLEX grinder
• Dual-shafted, slow-speed, high-torque to grind a wide variety 

of solids
• Modular for easy field replacement
• Optional 10 hp motor for the highest cutting force for grinder 

in its size class

Solids diverter with perforated screen
• Allows higher flow while capturing solids and directing them 

into the grinder 
• 304 stainless steel 1/2-inch (12.7 mm) perforated drum
• Modular assembly for easy field replacement

FLEX frame
• Connects FLEX grinder and solids diverter
• Exacta-lock adjuster precisely locks distance between grinder 

and drum to optimize solids capture and shredding of solids 



Channel Monster® FLEX

Cutter Stack Height
18, 24, 36 or 60 inches

Drive Configuration
M - Multi-drive

Duty Rating
2.0 - Standard duty

5 3/4
(146mm)

C
B

F

G

2 5/8 (67mm)
Channel Seal

Clearance
Adjust to Fit Channel Wall

D

A

E

(HH)

Drum Diameter
12, 18, 24, 30, 36 or 60 inches

Drive Type
E - Electric motor
H - Hydraulic drive
HE - Hydraulic grinder / Electric drum drive

CMF HHDD-M2.0T 

Materials of construction
Solids diverter perforated screen: 304 stainless steel
Solids diverter cover: 304 stainless steel
Solids diverter end housings: Gray iron
FLEX grinder cutter and spacers: Hardened alloy steel standard, other metals optional
FLEX grinder shafts: Hardened alloy steel
FLEX grinder end housings, covers and side rails: Gray iron
Mechanical seal faces: Tungsten carbide
FLEX and channel frames: 304 stainless steel

Model
A 1

- inches 
(mm)

B
- inches 

(mm)

C
- inches 

(mm)

D
- inches 

(mm)

E
- inches 

(mm)

F
- inches 

(mm)

G
- inches 

(mm)

Min/Max Channel 
Width 

- inches (mm)

Max Flow  
– mgd (m3/hr)

Approximate 
Net Weight 
- lbs (kg) 1

CMF1812-M2.0E2 90-7/16 
(2297)

23-3/4 
(603)

31-1/2 
(800)

23 
(586)

10-1/4 
(260)

8-3/4 
(222)

27-5/8 
(700)

22 / 36 
 (559) / (914)

3.0 
(479)

1085 
(492)

CMF2412-M2.0E2 96-3/16 
(2443)

29-1/2 
(749)

37-1/8 
(943)

23 
(586)

10-1/4 
(260)

8-3/4 
(222)

27-5/8 
(700)

22 / 36 
 (559) / (914)

4.6 
(720)

1146 
(520)

CMF3612-M2.0E2 108-1/16 
(2745)

41-1/4 
(1048)

49 
(1245)

23 
(586)

10-1/4 
(260)

8-3/4 
(222)

27-5/8 
(700)

22 / 36 
 (559) / (914)

7.6 
(1206)

1311 
(595)

CMF6012-M2.0E2 132-1/16 
(3354)

65-1/4 
(1657)

73 
(1854)

23 
(586)

10-1/4 
(260)

8-3/4 
(222)

27-5/8 
(700)

22 / 36 
 (559) / (914)

12.7 
(2008)

1813 
(822)

CMF1818-M2.0E 61-13/16 
(1570)

23-3/4 
(603)

31-1/2 
(800)

27-3/4 
(706)

13 
(330)

9-1/4 
(235)

32-3/8 
(821)

30 / 44 
 (762) / (1118)

4.6 
(723)

1048 
(475)

CMF2418-M2.0E 67-1/2 
(1715)

29-1/2 
(749)

37-1/8 
(943)

27-3/4 
(706)

13 
(330)

9-1/4 
(235)

32-3/8 
(821)

30 / 44 
 (762) / (1118)

6.6 
(1036)

1116 
(506)

CMF3618-M2.0E 79-3/8 
(2016)

41-1/4 
(1048)

49 
(1245)

27-3/4 
(706)

13 
(330)

9-1/4 
(235)

32-3/8 
(821)

30 / 44 
 (762) / (1118)

10.4 
(1647)

1284 
(582)

CMF6018-M2.0E 103-3/8 
(2626)

65-1/4  
(1657)

73 
(1854)

27-3/4 
(706)

13 
(330)

9-1/4 
(235)

32-3/8 
(821)

30 / 44 
 (762) / (1118)

16.5 
(2596)

1587 
(720)

CMF1824-M2.0E 61-13/16 
(1570)

23-3/4 
(603)

31-1/2 
(800)

31-5/8 
(805)

16 
(406)

10-7/8 
(276)

36-1/4 
(919)

36 / 50 
(914) / (1270)

6.0 
(945)

1088 
(493)

CMF2424-M2.0E 67-1/2 
(1715)

29-1/2 
(749)

37-1/8 
(943)

31-5/8 
(805)

16 
(406)

10-7/8 
(276)

36-1/4 
(919)

36 / 50 
(914) / (1270)

8.5 
(1334)

1160 
(526)

CMF3624-M2.0E 79-3/8 
(2016)

41-1/4 
(1048)

49 
(1245)

31-5/8 
(805)

16 
(406)

10-7/8 
(276)

36-1/4 
(919)

36 / 50 
(914) / (1270)

13.1 
(2059)

1344 
(609)

CMF6024-M2.0E 103-3/8 
(2626)

65-1/4 
(1657)

73 
(1854)

31-5/8 
(805)

16 
(406)

10-7/8 
(276)

36-1/4 
(919)

36 / 50 
(914) / (1270)

20.0 
(3160)

1674 
(759)

CMF2430-M2.0E 67-1/2 
(1715)

29-1/2 
(749)

37-1/8 
(943)

35-7/8 
(912)

19 
(482)

12 
(305)

40-3/8 
(1026)

42 / 56
 (1067) / (1422)

10.5 
(1658)

1287 
(584)

CMF3630-M2.0E 79-3/8 
(2016)

41-1/4 
(1048)

49 
(1245)

35-7/8 
(912)

19 
(482)

12 
(305)

40-3/8 
(1026)

42 / 56
 (1067) / (1422)

16.9 
(2660)

1486 
(674)

CMF6030-M2.0E 103-3/8 
(2626)

65-1/4 
(1657)

73 
(1854)

35-7/8 
(912)

19 
(482)

12 
(305)

40-3/8 
(1026)

42 / 56
 (1067) / (1422)

26.6 
(4191)

1838 
(834)

CMF3636-M2.0E 79-3/8 
(2016)

41-1/4 
(1048)

49 
(1245)

40 
(1015)

22 
(559)

13 
(330)

44-1/2 
(1129)

48 / 62 
 (1219) / (1575)

23.5 
(3709)

1601 
(726)

CMF6036-M2.0E 103-3/8 
(2626)

65-1/4 
(1657)

73 
(1854)

40 
(1015)

22 
(559)

13
(330)

44-1/2 
(1129)

48 / 62 
 (1219) / (1575)

40.4 
(6378)

1977 
(897)

1. Estimated height and weight based on 1 hp XPNV solids diverter motor and 5 hp XPNV FLEX grinder motor.
2. Dimension “A” height is for solids diverter motor height with extended shaft. If extended shaft is required for FLEX grinder drive, solids diverter extended shaft must always exceed by a minimum of 30 inches (752mm).

* patent pending



Channel Monster® FLEX
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7-tooth:
Heavy Solids

17-tooth*:
Rags & Stringy Materials

11-tooth:
Typical Solids Loading

FLEX grinder cutters
• 7- and 11-tooth cutters in alloy steel or stainless steel
• 17-tooth serrated Wipes Ready® cutters* in alloy steel

Electric Motor Exclusive: JWC-Designed 
Immersible Motor

(NEMA 6P)

Electric motors
FLEX grinder 5 hp standard, 10 hp optional
solids diverter 1 hp

• TEFC: Totally enclosed fan-cooled 
• XPFC: Explosion-proof fan-cooled 
• XPNV: Exclusive immersible

Hydraulic drive motor assembly
• 10 hp hydraulic power pack: 3 hp equivalent on FLEX grinder, 

1 hp equivalent on solids diverter
• 15 hp hydraulic power pack: 5 hp equivalent on FLEX grinder, 

1 hp equivalent on solids diverter

Model PC2200 Standard Enclosure

Smart controller
• Load-sensing control system automatically reverses to clear jams
• Standard: NEMA 4X FRP enclosure with 3-position switch and status 

indicators
• Optional: NEMA 4X stainless steel or NEMA 7 enclosures
• Customized control configurations for any installation
• UL registered

Custom wall and channel frames
• Custom-built to meet site requirements: may include guide rails, 

grinder support base, overflow bar racks and more
• Guide rails for easy installation and maintenance of unit
• Stainless steel construction

Extended motor shaft
• Places motor above highest water level
• Available in 1-foot (305 mm) increments
• Maximum: 15 feet (4570 mm)

JWC Service Solutions
Monster Renew: Replace the worn Channel Monster FLEX grinder or solids diverter with 
a factory-new module. Renew module minimizes downtime and comes with a 1-year 
factory warranty.

* patent pending

Hydraulic Drives for 10 hp 
Power Pack 

Hydraulic Drives with 15 hp 
Power Pack

Extended Motor Shaft



MF1

T1

OL1

T2

T3

MR1

120VAC

XFMR

250VA

F
U

2

F
U

1

FU3

3A

51

17

TB

19

TB

 MOTOR THERMOSTAT

SCREEN

1

TB

2

TB

(MAINTAINED TYPE)

OPTIONAL EMERGENCY STOP

52 53

NOTES: UNLESS OTHERWISE SPECIFIED.

1. PROGRAM NUMBER: PC2222-000

2. THE TRIP SETTING FOR THE GRINDER MOTOR CURRENT SENSOR CT1 SHALL BE 80% OF THE MOTOR LOCKED ROTOR CURRENT

(LRC); THE TRIP SETTING FOR THE SCREEN MOTOR CURRENT SENSOR CT2 SHALL BE TWO (2) TIMES THE MOTOR FULL LOAD

AMPERAGE (FLA)

3. SHORT CIRCUIT CURRENT RATING (SCCR) FOR THE CONTROLLER IS 50kA @ 240V, 25kA @ 480V, 10kA @ 600Y/347V

4. A WIRE JUMPER IS REQUIRED, IF THE MOTOR IS NOT EQUIPPED WITH THE THERMOSTAT.

5HP OR 10HP

GRINDER MOTOR

GND

TB

1 26

1

to 51,84,95

3-PHASE

POWER SUPPLY

MF2

T1

OL2

T2

T3

MR2

1HP

SCREEN MOTOR

GND

TB

NC

NO

A2A1

66

INTERPOSING RELAY

SCREEN MOTOR THERMOSTAT

CR3

17

TB

18

TB

MOTOR THERMOSTAT

GRINDER

NC

NO

A2A1

62

INTERPOSING RELAY

GRINDER MOTOR THERMOSTAT

CR2

NC

NO

A2A1

67

STATUS RELAY

EMERGENCY STOP

CR4

EMERGENCY STOP

PB1

2

27

to 77

15

TB

16

TB

REMOTE START/STOP

16

NC

NO

A2A1

58

INTERPOSING RELAY

REMOTE RUN PERMISSIVE

CR1

GND

18

19

FU4

1A

FU5

1A

17

1

RED #16

RED #16

WHT #16

ON

POWER

LT1

A

(SEE NOTE 4.)

X2

TB2

1

TB2

L1

DISCONNECT SWITCH

MAIN CIRCUIT BREAKER

CB

L2

L3

MCP1

1L2

1L3

1L1

MCP2

2L1

2L2

2L3

X2

to 51,77,96

Sequence of Operation:

Grinder selector switch, ON

· energize grinder motor forward contactor, Grinder Run indicator lamp & Grinder

Run relay

Grinder selector switch, OFF

· de-energize grinder motor contactors, Grinder Run indicator lamp & Grinder Run

relay

Grinder selector switch, REMOTE

· energize grinder motor forward contactor when Remote Run Permissive

interposing relay input to PLC is ON; energize Grinder Run indicator lamp &

Grinder Run relay

Screen selector switch, ON

· energize Screen motor forward contactor, Screen Run indicator lamp & Screen

Run relay

Screen selector switch, OFF

· de-energize motor contactors, Screen Run indicator lamp, Screen Run relay

Screen selector switch, AUTO

· energize Screen motor forward contactor when the Grinder is running; energize

Screen Run indicator lamp & Screen Run relay

Grinder Jam Clearing Sequence

· when the current sensor detects a jam, the motor forward contactor will be

momentarily de-energized

· the motor reverse contactor will be energized for a pre-determined period of time

and de-energized

· the motor forward contactor will be re-energized

· this sequence is repeated, as required, to clear the jam for a total of no more

than 3 reversals in a 30-second period

· if the jam is not cleared in accordance with this sequence, an alarm condition is

set

· in order to avoid nuisance trips, the inrush current is ignored for 2.5 seconds

when the motor is energized

Screen Jam Clearing Sequence

· when the current sensor detects a jam, the motor forward contactor will be

momentarily de-energized

· the motor reverse contactor will be energized for a pre-determined period of time

and de-energized

· the motor forward contactor will be re-energized

· this sequence is repeated, as required, to clear the jam for a total of no more

than 2 reversals in a 30-second period

· if the jam is not cleared in accordance with this sequence, an alarm condition is

set

· in order to avoid nuisance trips, the inrush current is ignored for 2.5 seconds

when the motor is energized
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TABLE 1

BRANCH CIRCUIT PROTECTION BASED ON VOLTAGE AND HORSE-POWER

VOLTAGE TAG

DEVICE CURRENT RATING / WIRE SIZE

1HP 5HP 10HP TYPE

208V

CB - 45A / #10 80A / #6
AB 140G, G FRAME

MCP1 - 16A / #10 45A / #8 AB 140M-D / F

MCP2 4A / #12 - - AB 140M-D

FU1-FU2 2A / #14 CLASS CC TIME-DELAY

230V

CB - 40A / #10 70A / #6
AB 140G, G FRAME

MCP1 - 16A / #12 32A / #8 AB 140M-D

MCP2 4A / #12 - - AB 140M-D

FU1-FU2 2A / #14 CLASS CC TIME-DELAY

460V

CB - 20A / #12 35A / #12
AB 140G, G FRAME

MCP1 - 6.3A / #12 16A / #12 AB 140M-D

MCP2 1.6A / #12 - - AB 140M-C

FU1-FU2 1A / #14 CLASS CC TIME-DELAY

575V

CB

- 15A / #12 25A / #12
AB 140G, G FRAME

MCP1

- 6.3A / #12
10A / #12

AB 140M-D

MCP2

1.6A / #12 - - AB 140M-C

FU1-FU2

1A / #14
CLASS CC TIME-DELAY

X2

CT1

0-10VDC

+ -

0-10ACT2

0-10VDC

+ -
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Total

$33,030
$69,036
$81,160

$0
$71,049

$0
$4,204

$0
$18,500

$0
$302,000

$0
$0
$0
$0

$57,500
$57,150

$693,629
$124,853
$208,089

$1,027,000
1Cost Estimate in 2017 Dollars

Division 16 - Electrical
Division 17 - Instrumentation

Subtotal
Bond, Insurance, Overhead, and Profit (18%)
Contingencies (30%)
Total Cost (Rounded)

Division 15 - Mechanical

Division 4 - Masonry (Not Used)
Division 5- Metals
Division 6 - Wood and Plastics
Division 7 - Thermal and Moisture Protection
Division 8 - Doors and Windows (Not Used)
Division 9 - Finishes
Division 10 - Specialties (Not Used)
Division 11 - Equipment
Division 12 - Furnishings (Not Used)
Division 13 - Special Construction (Not Used)
Division 14 - Conveying Systems (Not Used)

Division 3 - Concrete

Antioch Pump Station - Grinder Structure (1 - Build common structure with Diversion PS at same time)
Antioch and Bridgehead Pump Stations and Conveyance System Improvments Project - Phase II Long 

Term Alternatives Analysis
Preliminary Level Construction Cost Estimate

Description
Summary - Specification Divisions

Division 1 - General Requirements
Division 2 - Site work
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Number Unit Unit Cost Total2 Unit Cost Total Unit Cost Total
Division 1 - General Requirements

Mobilization/Demobilization (5%) 1 LS 33030 $33,030

Construction Sequencing and Constraints (Included with Diversion PS) 1 LS 0 $0

Total Division 1 33030 $33,030

Division 2 - Site Work
02050 Demolition (Included with Initial Project) 

Demolition 1 LS 0 $0

02100 Site Preparation (Included with Initial Project) 
Site Preperation 1 LS 0 $0

02140 Dewatering
Grinder Structure 1 LS 28000 $28,000

02200 Earthwork
Earthwork

Grinder Structure
Excavation 445 CY 0 $0 35 $15,575 35 $15,575
Import 85 CY 15 $1,275 0 $0 15 $1,275
Backfill & Compaction 85 CY 0 $0 20 $1,700 20 $1,700
Removal of Excess 445 CY 0 $0 10 $4,450 10 $4,450

Extra for  Diversion PS
Excavation 34 CY 0 $0 35 $1,190 35 $1,190
Import 9 CY 15 $135 0 $0 15 $135
Backfill & Compaction 9 CY 0 $0 20 $180 20 $180
Removal of Excess 34 CY 0 $0 10 $340 10 $340

     Geotextile Fabric
Grinder Structure 77 SY 2 $154 6 $462 8 $616

02390 Shoring
Shoring 

Grinder Structure 1 LS 12000 $12,000

02513 AC Pavement and Base
AC Pavement 715 SF 2 $1,430 3 $2,145 5 $3,575

Total Division 2 $69,036

Division 3 - Concrete
03100 Concrete Formwork

(Included in section 03300)

03200 Reinforcing Steel
(Included in section 03300)

03300 Cast-in-Place Concrete
Grinder Structure

Slab on grade 19 CY 700 $13,300 1 $19.0 701 $13,319
Walls 43 CY 900 $38,700 38 $1,634.0 938 $40,334
Suspended Slab 8 CY 1270 $10,160 50 $400.0 1320 $10,560

Extra for Diversion PS
Slab on grade 2 CY 700 $1,400 1 $2.0 701 $1,402
Walls 12.5 CY 900 $11,250 38 $475.0 938 $11,725
Suspended Slab 1 CY 1270 $1,270 50 $50.0 1320 $1,320

03600 Grout
Miscellaneous Grout 1 LS 2500 $2,500

Total Division 3 $81,160

Division 4 - Masonry (Not Used)

Antioch Pump Station - Grinder Structure (1 - Build common structure with Diversion PS at same time)
Antioch and Bridgehead Pump Stations and Conveyance System Improvments Project - Phase II Long Term Alternatives Analysis

Preliminary Level Construction Cost Estimate

Quantity
Description

Material Cost Labor Cost Total Cost
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Number Unit Unit Cost Total2 Unit Cost Total Unit Cost Total

Antioch Pump Station - Grinder Structure (1 - Build common structure with Diversion PS at same time)
Antioch and Bridgehead Pump Stations and Conveyance System Improvments Project - Phase II Long Term Alternatives Analysis

Preliminary Level Construction Cost Estimate

Quantity
Description

Material Cost Labor Cost Total Cost

Division 5 - Metals
05070 Miscellaneous Metalwork

Miscellaneous Metalwork 1 LS 5000 $5,000

      Hatches (Type 316 SST)
Hatch for Grinder Structure

(4'X8' )(SST) 1 EA 16500 $16,500 5000 $5,000 21500 $21,500
(3'x3' )(SST) 1 EA 6500 $6,500 2500 $2,500 9000 $9,000

      Grating (Type 316 SST)
Grinder Structure

Grating 154 SF 65.5 $10,087 3 $462 69 $10,549
Banding 125 LF 21 $2,625 3 $375 24 $3,000
Supports 1 LS 10000 $10,000

Weir Plate
Grinder Structure

Weir Plate (Type 316 SST) 1 LS 1000 $1,000

         Fasteners 1 LS 5000 $5,000

         Ladder Rungs
Rungs w/ Ladder up safety post 1 LS 6000 $6,000

Total Division 5 $71,049

Division 6 - Wood and Plastics (Not Used)

Division 7 - Thermal and Moisture Protection
07110 Waterproofing, Dampproofing, and Moistureproofing

Grinder Structure 1065 SF 0.6 $639 1 $1,065 2 $1,704
 

07920 Sealants and Caulking 1 LS 2500 $2,500

Total Division 7 $4,204

Division 8 - Doors and Windows (Not Used)

Division 9 - Finishes
09800 Protective Coatings

Protective Coatings (Misc) 1 LS 1000 $1,000
Protective Coatings (Concrete Strucutre Lining) 1 LS 17500 $17,500

Total Division 9 $18,500

Division 10 - Specialties (Not Used)

Division 11 - Equipment
11390 Channel Grinders (includes explosion proof immersible motors, power cable, guide rails, stop gates, lifting chain and contoller enclosure)

Grinder Structure 2 EA 141000 $282,000 10000 $20,000 151000 $302,000

Total Division 11 $302,000

Division 12 - Furnishings (Not Used)

Division 13 - Special Construction (Not Used)

Division 14 - Conveyance Systems (Not Used)

Division 15 - Mechanical
15050 Piping, General

Sleeve-type Couplings (48" ø) included with Diversion PS 0 EA 5000 $0 1500 $0 6500 $0

15069 Reinforced Concrete Pipe (Included with Diversion PS)
48" ø RCP (w/ T-Lock) 1 LS 0 $0

Total Division 15 $0
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Number Unit Unit Cost Total2 Unit Cost Total Unit Cost Total

Antioch Pump Station - Grinder Structure (1 - Build common structure with Diversion PS at same time)
Antioch and Bridgehead Pump Stations and Conveyance System Improvments Project - Phase II Long Term Alternatives Analysis

Preliminary Level Construction Cost Estimate

Quantity
Description

Material Cost Labor Cost Total Cost

Division 16 - Electrical
Electrical (Additional for Grinder Structure) 1 LS 50000 $50,000

     Subcontractor Markup (15%) $7,500

Total Division 16 $57,500

Division 17 - Instrumentation
Electrical (Additional for Grinder Structure) 1 LS 45000 $45,000

     Subcontractor Markup (15%) $6,750
     Electrical Sub Markup On I&C (12%) $5,400

Total Division 17 $57,150
Subtotal
Bond, Insurance, Overheard, & Profit (18%)
Contingencies (30%)
Total Cost
Total (Rounded)
1Cost estimate in 2021 dollars
2Material cost includes tax

$693,629
$124,853
$208,089

$1,026,571
$1,027,000



8/27/2021

Total

$95,987
$203,686
$82,160

$0
$71,049

$0
$4,204

$0
$18,500

$0
$302,000

$0
$0
$0

$13,000
$86,250
$88,900

$965,736
$173,833
$289,721

$1,430,000
1Cost Estimate in 2017 Dollars

Division 16 - Electrical
Division 17 - Instrumentation

Subtotal
Bond, Insurance, Overhead, and Profit (18%)
Contingencies (30%)
Total Cost (Rounded)

Division 15 - Mechanical

Division 4 - Masonry (Not Used)
Division 5- Metals
Division 6 - Wood and Plastics
Division 7 - Thermal and Moisture Protection
Division 8 - Doors and Windows (Not Used)
Division 9 - Finishes
Division 10 - Specialties (Not Used)
Division 11 - Equipment
Division 12 - Furnishings (Not Used)
Division 13 - Special Construction (Not Used)
Division 14 - Conveying Systems (Not Used)

Division 3 - Concrete

Antioch Pump Station - Grinder Structure (2a - Build common structure with Diversion PS at later 
time)

Antioch and Bridgehead Pump Stations and Conveyance System Improvments Project - Phase II Long 
Term Alternatives Analysis

Description
Summary - Specification Divisions

Division 1 - General Requirements
Division 2 - Site work
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Number Unit Unit Cost Total2 Unit Cost Total Unit Cost Total
Division 1 - General Requirements

Mobilization/Demobilization (5%) 1 LS 45987 $45,987
Construction Sequencing and Constraints (Included with Diversion PS) 1 LS 50000 $50,000

Total Division 1 95987 $95,987

Division 2 - Site Work
02050 Demolition

Demolition 1 LS 10000 $10,000

02100 Site Preparation
Site Preperation 1 LS 5000 $5,000

02140 Dewatering
Grinder Structure 2 months 54000 $108,000

02200 Earthwork
Earthwork

Grinder Structure
Excavation 500 CY 0 $0 35 $17,500 35 $17,500
Import 140 CY 15 $2,100 0 $0 15 $2,100
Backfill & Compaction 140 CY 0 $0 20 $2,800 20 $2,800
Removal of Excess 500 CY 0 $0 10 $5,000 10 $5,000

Extra for  Diversion PS
Excavation 34 CY 0 $0 35 $1,190 35 $1,190
Import 9 CY 15 $135 0 $0 15 $135
Backfill & Compaction 9 CY 0 $0 20 $180 20 $180
Removal of Excess 34 CY 0 $0 10 $340 10 $340

     Geotextile Fabric
Grinder Structure 77 SY 2 $154 6 $462 8 $616

02390 Shoring
Shoring 

Grinder Structure 1500 SF 23 $34,500 8.5 $12,750 32 $47,250

02513 AC Pavement and Base
AC Pavement 715 SF 2 $1,430 3 $2,145 5 $3,575

Total Division 2 $203,686

Division 3 - Concrete
03100 Concrete Formwork

(Included in section 03300)

03200 Reinforcing Steel
(Included in section 03300)

03300 Cast-in-Place Concrete
Grinder Structure

Slab on grade 19 CY 700 $13,300 1 $19.0 701 $13,319
Walls 43 CY 900 $38,700 38 $1,634.0 938 $40,334
Suspended Slab 8 CY 1270 $10,160 50 $400.0 1320 $10,560

Grinder Structure Starter Walls (w/ Diversion Structure) 1 LS 1000 $1,000

Extra for Diversion PS
Slab on grade 2 CY 700 $1,400 1 $2.0 701 $1,402
Walls 12.5 CY 900 $11,250 38 $475.0 938 $11,725
Suspended Slab 1 CY 1270 $1,270 50 $50.0 1320 $1,320

03600 Grout
Miscellaneous Grout 1 LS 2500 $2,500

Total Division 3 $82,160

Division 4 - Masonry (Not Used)

Antioch Pump Station - Grinder Structure (2a - Build common structure with Diversion PS at later time)
Antioch and Bridgehead Pump Stations and Conveyance System Improvments Project - Phase II Long Term Alternatives Analysis

Preliminary Level Construction Cost Estimate

Quantity
Description

Material Cost Labor Cost Total Cost
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Number Unit Unit Cost Total2 Unit Cost Total Unit Cost Total

Antioch Pump Station - Grinder Structure (2a - Build common structure with Diversion PS at later time)
Antioch and Bridgehead Pump Stations and Conveyance System Improvments Project - Phase II Long Term Alternatives Analysis

Preliminary Level Construction Cost Estimate

Quantity
Description

Material Cost Labor Cost Total Cost

Division 5 - Metals
05070 Miscellaneous Metalwork

Miscellaneous Metalwork 1 LS 5000 $5,000

      Hatches (Type 316 SST)
Hatch for Grinder Structure

(4'X8' )(SST) 1 EA 16500 $16,500 5000 $5,000 21500 $21,500
(3'x3' )(SST) 1 EA 6500 $6,500 2500 $2,500 9000 $9,000

      Grating (Type 316 SST)
Grinder Structure

Grating 154 SF 65.5 $10,087 3 $462 69 $10,549
Banding 125 LF 21 $2,625 3 $375 24 $3,000
Supports 1 LS 10000 $10,000

Weir Plate
Grinder Structure

Weir Plate (Type 316 SST) 1 LS 1000 $1,000

         Fasteners 1 LS 5000 $5,000

         Ladder Rungs
Rungs w/ Ladder up safety post 1 LS 6000 $6,000

Total Division 5 $71,049

Division 6 - Wood and Plastics (Not Used)

Division 7 - Thermal and Moisture Protection
07110 Waterproofing, Dampproofing, and Moistureproofing

Grinder Structure 1065 SF 0.6 $639 1 $1,065 2 $1,704
 

07920 Sealants and Caulking 1 LS 2500 $2,500

Total Division 7 $4,204

Division 8 - Doors and Windows (Not Used)

Division 9 - Finishes
09800 Protective Coatings

Protective Coatings (Misc) 1 LS 1000 $1,000
Protective Coatings (Concrete Strucutre Lining) 1 LS 17500 $17,500

Total Division 9 $18,500

Division 10 - Specialties (Not Used)

Division 11 - Equipment
11390 Channel Grinders (includes explosion proof immersible motors, power cable, guide rails, stop gates, lifting chain and contoller enclosure)

Grinder Structure 2 EA 141000 $282,000 10000 $20,000 151000 $302,000

Total Division 11 $302,000

Division 12 - Furnishings (Not Used)

Division 13 - Special Construction (Not Used)

Division 14 - Conveyance Systems (Not Used)

Division 15 - Mechanical
15050 Piping, General

Sleeve-type Couplings (48" ø) 2 EA 5000 $10,000 1500 $3,000 6500 $13,000

15069 Reinforced Concrete Pipe (Included with Diversion PS)
48" ø RCP (w/ T-Lock) 1 LS 0 $0

Total Division 15 $13,000
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Number Unit Unit Cost Total2 Unit Cost Total Unit Cost Total

Antioch Pump Station - Grinder Structure (2a - Build common structure with Diversion PS at later time)
Antioch and Bridgehead Pump Stations and Conveyance System Improvments Project - Phase II Long Term Alternatives Analysis

Preliminary Level Construction Cost Estimate

Quantity
Description

Material Cost Labor Cost Total Cost

Division 16 - Electrical
Electrical (Additional for Grinder Structure) 1 LS 75000 $75,000

     Subcontractor Markup (15%) $11,250

Total Division 16 $86,250

Division 17 - Instrumentation
Electrical (Additional for Grinder Structure) 1 LS 70000 $70,000

     Subcontractor Markup (15%) $10,500
     Electrical Sub Markup On I&C (12%) $8,400

Total Division 17 $88,900
Subtotal
Bond, Insurance, Overheard, & Profit (18%)
Contingencies (30%)
Total Cost
Total (Rounded)
1Cost estimate in 2021 dollars
2Material cost includes tax

$965,736
$173,833
$289,721

$1,429,290
$1,430,000



8/27/2021

Total

$66,012
$221,991
$80,783

$0
$71,049

$0
$4,772

$0
$18,500

$0
$302,000

$0
$0
$0

$26,000
$86,250
$88,900

$966,257
$173,926
$289,877

$1,431,000
1Cost Estimate in 2017 Dollars

Division 16 - Electrical
Division 17 - Instrumentation

Subtotal
Bond, Insurance, Overhead, and Profit (18%)
Contingencies (30%)
Total Cost (Rounded)

Division 15 - Mechanical

Division 4 - Masonry (Not Used)
Division 5- Metals
Division 6 - Wood and Plastics
Division 7 - Thermal and Moisture Protection
Division 8 - Doors and Windows (Not Used)
Division 9 - Finishes
Division 10 - Specialties (Not Used)
Division 11 - Equipment
Division 12 - Furnishings (Not Used)
Division 13 - Special Construction (Not Used)
Division 14 - Conveying Systems (Not Used)

Division 3 - Concrete

Antioch Pump Station - Grinder Structure (2b - Build as separate structure at later time)
Antioch and Bridgehead Pump Stations and Conveyance System Improvments Project - Phase II Long 

Term Alternatives Analysis
Preliminary Level Construction Cost Estimate

Description
Summary - Specification Divisions

Division 1 - General Requirements
Division 2 - Site work
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Number Unit Unit Cost Total2 Unit Cost Total Unit Cost Total
Division 1 - General Requirements

Mobilization/Demobilization (5%) 1 LS 46012 $46,012
Construction Sequencing and Constraints (Included with Diversion PS) 1 LS 20000 $20,000

Total Division 1 66012 $66,012

Division 2 - Site Work
02050 Demolition

Demolition 1 LS 10000 $10,000

02100 Site Preparation
Site Preperation 1 LS 5000 $5,000

02140 Dewatering
Grinder Structure 2 months 54000 $108,000

02200 Earthwork
Earthwork

Grinder Structure
Excavation 555 CY 0 $0 35 $19,425 35 $19,425
Import 195 CY 15 $2,925 0 $0 15 $2,925
Backfill & Compaction 195 CY 0 $0 20 $3,900 20 $3,900
Removal of Excess 555 CY 0 $0 10 $5,550 10 $5,550

     Geotextile Fabric
Grinder Structure 77 SY 2 $154 6 $462 8 $616

02390 Shoring
Shoring 

Grinder Structure 2000 SF 23 $46,000 8.5 $17,000 32 $63,000

02513 AC Pavement and Base
AC Pavement 715 SF 2 $1,430 3 $2,145 5 $3,575

Total Division 2 $221,991

Division 3 - Concrete
03100 Concrete Formwork

(Included in section 03300)

03200 Reinforcing Steel
(Included in section 03300)

03300 Cast-in-Place Concrete
Grinder Structure

Slab on grade 19 CY 700 $13,300 1 $19.0 701 $13,319
Walls 58 CY 900 $52,200 38 $2,204.0 938 $54,404
Suspended Slab 8 CY 1270 $10,160 50 $400.0 1320 $10,560

03600 Grout
Miscellaneous Grout 1 LS 2500 $2,500

Total Division 3 $80,783

Division 4 - Masonry (Not Used)

Division 5 - Metals
05070 Miscellaneous Metalwork

Miscellaneous Metalwork 1 LS 5000 $5,000

      Hatches (Type 316 SST)
Hatch for Grinder Structure

(4'X8' )(SST) 1 EA 16500 $16,500 5000 $5,000 21500 $21,500
(3'x3' )(SST) 1 EA 6500 $6,500 2500 $2,500 9000 $9,000

      Grating (Type 316 SST)
Grinder Structure

Grating 154 SF 65.5 $10,087 3 $462 69 $10,549

Antioch Pump Station - Grinder Structure (2b - Build as separate structure at later time)
Antioch and Bridgehead Pump Stations and Conveyance System Improvments Project - Phase II Long Term Alternatives Analysis

Preliminary Level Construction Cost Estimate

Quantity
Description

Material Cost Labor Cost Total Cost
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Number Unit Unit Cost Total2 Unit Cost Total Unit Cost Total

Antioch Pump Station - Grinder Structure (2b - Build as separate structure at later time)
Antioch and Bridgehead Pump Stations and Conveyance System Improvments Project - Phase II Long Term Alternatives Analysis

Preliminary Level Construction Cost Estimate

Quantity
Description

Material Cost Labor Cost Total Cost

Banding 125 LF 21 $2,625 3 $375 24 $3,000
Supports 1 LS 10000 $10,000

Weir Plate
Grinder Structure

Weir Plate (Type 316 SST) 1 LS 1000 $1,000

         Fasteners 1 LS 5000 $5,000

         Ladder Rungs
Rungs w/ Ladder up safety post 1 LS 6000 $6,000

Total Division 5 $71,049

Division 6 - Wood and Plastics (Not Used)

Division 7 - Thermal and Moisture Protection
07110 Waterproofing, Dampproofing, and Moistureproofing

Grinder Structure 1420 SF 0.6 $852 1 $1,420 2 $2,272
 

07920 Sealants and Caulking 1 LS 2500 $2,500

Total Division 7 $4,772

Division 8 - Doors and Windows (Not Used)

Division 9 - Finishes
09800 Protective Coatings

Protective Coatings (Misc) 1 LS 1000 $1,000
Protective Coatings (Concrete Strucutre Lining) 1 LS 17500 $17,500

Total Division 9 $18,500

Division 10 - Specialties (Not Used)

Division 11 - Equipment
11390 Channel Grinders (includes explosion proof immersible motors, power cable, guide rails, stop gates, lifting chain and contoller enclosure)

Grinder Structure 2 EA 141000 $282,000 10000 $20,000 151000 $302,000

Total Division 11 $302,000

Division 12 - Furnishings (Not Used)

Division 13 - Special Construction (Not Used)

Division 14 - Conveyance Systems (Not Used)

Division 15 - Mechanical
15050 Piping, General

Sleeve-type Couplings (48" ø) 4 EA 5000 $20,000 1500 $6,000 6500 $26,000

15069 Reinforced Concrete Pipe (Included with Diversion PS)
48" ø RCP (w/ T-Lock) 1 LS 0 $0

Total Division 15 $26,000

Division 16 - Electrical
Electrical (Additional for Grinder Structure) 1 LS 75000 $75,000

     Subcontractor Markup (15%) $11,250

Total Division 16 $86,250

Division 17 - Instrumentation
Electrical (Additional for Grinder Structure) 1 LS 70000 $70,000
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Number Unit Unit Cost Total2 Unit Cost Total Unit Cost Total

Antioch Pump Station - Grinder Structure (2b - Build as separate structure at later time)
Antioch and Bridgehead Pump Stations and Conveyance System Improvments Project - Phase II Long Term Alternatives Analysis

Preliminary Level Construction Cost Estimate

Quantity
Description

Material Cost Labor Cost Total Cost

     Subcontractor Markup (15%) $10,500
     Electrical Sub Markup On I&C (12%) $8,400

Total Division 17 $88,900
Subtotal
Bond, Insurance, Overheard, & Profit (18%)
Contingencies (30%)
Total Cost
Total (Rounded)
1Cost estimate in 2021 dollars
2Material cost includes tax

$966,257
$173,926
$289,877

$1,430,061
$1,431,000
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SECTION 1 - ANTIOCH FORCEMAIN 102 HIGH POINT ANALYSIS 

1.0 INTRODUCTION 

Delta Diablo (“District”) provides water resource recovery services for the City of Antioch, the 
City of Pittsburg, and the unincorporated community of Bay Point, serving a population of nearly 
200,000. The District owns and operates five pump stations, including the Antioch Pump Station 
(“APS”), located on Fulton Shipyard Road north of Wilbur Avenue in Antioch, and the 
Bridgehead Pump Station (“BHPS”), located upstream and to the east of the APS. BHPS 
currently conveys flows to the APS, where the flow is then re-pumped to the District’s 
wastewater treatment plant (“WWTP”). The APS has two independent 24-inch diameter 
forcemains, AFM-101 and AFM-102, that were installed in 1977 and 1998, respectively. Figure 
1.1 includes a site plan that shows the locations of the APS and WWTP, and pipeline alignments 
for AFM-101 and AFM-102. BHPS, located east of the APS, is not shown in Figure 1.1. 

Figure 1.1 Site plan showing the Antioch Pump Station, AFM-101 and 102, and the WWTP 

 

The forcemains are comprised of AWWA C-303 bar-wrapped, steel cylinder concrete pressure 
pipe (“CCPP”). In 2013, the District experienced the first leak from AFM-102, on Pittsburg-
Antioch Highway near Verne Roberts Circle. The leak was evaluated and repaired with a cured-
in-place pipe (“CIPP”) liner. At that time, a second potentially compromised section of AFM-
102 on West 7th Street between G and H Streets was also lined as a preventive measure. In 2017, 
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the District experienced a second failure on Pittsburg-Antioch Highway east of the wastewater 
treatment plant, which was repaired using CIPP liner. In December 2019, pipe adjacent to the 
2013 preventive repair failed, leading to an emergency repair using a new HDPE pipe spool. 
This pipe spool leaked during testing, and was repaired by installing a concrete patch.  The repair 
locations are discussed further in Section 3 and shown on Figure 3.2. 

The leaks, which occurred at high points in the forcemain, were the result of corrosion of the 
CCPP steel cylinder and bar-wrap. It is believed that gaseous sulfide was trapped in these 
locations, and could not be released due to non-functioning or previously-removed CARVs. The 
gaseous sulfide corroded the interior mortar lining, steel cylinder, and bar-wrap, leading to each 
failure. AFM-102 was installed with elevations that generally follow the existing topography 
between the APS and the WWTP. As a result, the forcemain has numerous high and low points, 
creating multiples areas of risk related to internal corrosion. Figure 1.2 on the following page 
shows the profile of AFM-102. 

The District has contracted with V. W. Housen & Associates (“VWHA”) to complete the 
Antioch and Bridgehead Pump Station and Conveyance System Project – Phase 2 (“Phase 2 
Project”). Among other tasks, this project reviews pumping and forcemain options for the BHPS. 
As a component of the Phase 2 project, the District requested that VWHA review the potential to 
reduce the number of high points on AFM-102 to help reduce further risk of corrosion. The 
District also asked VWHA to determine whether lowering high points could potentially improve 
operational efficiency of the APS pumps. 

This Technical Memorandum (“TM”) summarizes the work completed for the AFM-102 High 
Point Analysis. This TM includes the following three sections: 

Section 1 Introduction 

Section 2 Background 

Section 3 Findings and Recommendations 
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Figure 1.2 Antioch Forcemain 102 (AFM-102) Profile 
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SECTION 2 - BACKGROUND 

This section presents general background information on prior failures, assessments, and system 
operations as pertinent to the AFM-102 High Point Analysis. A significant amount of work has 
been completed related to these topics, and additional information beyond the summaries 
presented in this TM is available through the previously completed studies that are discussed in 
this section.  

2.1 Prior Studies and Assessments 

The District has completed numerous assessments and repairs on AFM-102 that provided 
information relevant to the AFM-102 High Point Analysis. Information from the prior 
assessments was used to help determine the benefit of adjusting forcemain high points, and to 
also help define alternative project recommendations.  Table 2.1 on the following page 
summarizes the referenced work, which includes: 

• Antioch Forcemain Assessment Technical Memorandum, GHD, March 24, 2014 

• Delta Diablo Wall Map of AFM-102, undated 

• Closed-Circuit Television inspection videos, various dates 

• Wall Thickness Reports, CTS, December 30, 2019 

• AFM-101 and AFM-102 Forcemain Corrosion Assessment, VWHA, May 27, 2020 

• Contract Documents for the Construction of AFM-102, Winzler & Kelly, 1998 

• Wastewater Treatment Plant Headworks Modifications, G.S. Dodson, 1999 

2.2 System Operations 

This section discusses system operations as relevant to the AFM-102 High Point Analysis. 

2.2.1 Wet-Dry Cycles and Corrosion 
As discussed above, the APS has two 24-inch diameter forcemains that were installed at different 
times: AFM-101 and AFM-102. The two forcemains are connected to the APS pumps through a 
common header and operate in parallel under normal conditions. The forcemains have different 
alignments and profiles. As a result, the forcemains have different hydraulic characteristics.  
During a short period during the night when the APS sees its lowest flows, the system hydraulics 
cause flow to move only through AFM-101. During this time, AFM-102 partially drains. The 
only other time that one of the Antioch forcemains is not used is if the forcemain is taken out of 
service for maintenance. 

AFM-102 was constructed with numerous peaks and troughs as shown above in Figure 1.2. 
When AFM-102 drains, some of the peaks are filled with air. The air gaps created by the wet-dry 
cycle combined with the tendency for raw wastewater to release dissolved sulfides as hydrogen 
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sulfide gas create a corrosion-enhancing environment within the AFM-102 high points. If the 
trapped air is not able to be released through operable combination air release valves (“CARVs”) 
when the pumps restart, then this corrosive environment continues to be present within the pipe 
during normal operations.  

Table 2.1 Summary of Documents Reviewed for the High Point Analysis 

Document Description 

Antioch Forcemain 
Assessment Technical 
Memorandum, GHD, 
March 24, 2014 

This document evaluated options to address AFM-102 after the 2013 
forcemain failure. The memorandum provides a number of 
recommendations and “Figure 2” showing the location of active and 
inactive CARVs. GHS Figure 2 is reproduced as Figure 2.1 on the following 
page. 

Delta Diablo Wall Map of 
AFM-102 showing 
historical CCTV 
inspection and repair 
activities (undated) 

Delta Diablo staff maintain a wall map that uses the 1998 Winzler & Kelley 
drawings (see below) to identify the locations of prior repairs and closed 
circuit television (“CCTV”) inspections. This map is available for viewing at 
the District and pertinent information is included in Section 3, 
Recommendations. 

Closed-Circuit Television 
(“CCTV”) inspection 
videos (various dates) 

The District provided videos and tables summarizing prior pipeline 
inspections. The video from AFM-102 Station 119+60 to 124+71 was 
reviewed for this analysis, as this location correlated with a high point. 

Wall Thickness Reports, 
CTS, December 30, 2019 

Following an AFM-102 failure in December 2019, the District contracted 
with CTS to measure remaining wall thickness at two locations along the 
pipe. The results indicated the potential for imminent failure of the 
forcemain in the tested locations. These results initiated the broader 
testing program that is summarized below. 

AFM-101 and AFM-102 
Forcemain Corrosion 
Assessment, VWHA, May 
27, 2020 
 

The District measured pipe wall thickness at eight locations on AFM-102, 
and one location on AFM-101 following the December 2019 failure. 
During this effort, the team confirmed that two pipe wall thicknesses 
were used during construction of AFM-102. The pipe from the two 
December 2019 field test locations used the thinner wall. Therefore, 
those measurements no longer indicated an emergency situation. This 
document also discusses the temporary repair that was completed in 
December 2019 and recommends a permanent repair coupling at that 
location as well as reinstatement of inactive CARVs.  

Contract Documents for 
Construction of AFM-
102, Winzler & Kelly, 
1998 

Elevation profiles and information on utility conflicts were obtained from 
the original construction drawings for AFM-102. 

Contract Documents for 
Construction of the 
WWTP Headworks 
Modifications, G. S. 

The continuation of AFM-102 from the Winzler & Kelley 1998 documents 
to the WWTP are shown in these drawings. This pipe is labeled in the 
drawings as “RCCP” and may be Reinforced Concrete Cylinder Pipe in lieu 
of AWWA C-303 pipe used for the remainder of the alignment. 
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Dodson & Associates, 
1999 

When the APS begins pumping through AFM-102, entrapped air would ideally migrate into the 
peaks and escape the pipe through CARVs. However, to exacerbate the potential for corrosion, 
FM-102 does not have operable CARVs at all of the forcemain high points. Figure 2.1 includes a 
figure taken from the Antioch Forcemain Assessment Technical Memorandum (GHD, 2014) that 
shows the location of active and inactive CARVs.  

 
Figure 2.1 GHD Drawing Showing Active and Inactive CARVs 

(Figure 2 from GHD March 24, 2014 Memo, including GHD Notes) 

 

2.2.2 Potential Changes in System Hydraulics 
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In addition to the referenced materials listed in Table 2.1, in December 2020, VWHA provided a 
Technical Memorandum titled, “APS and BHPS and Conveyance System Phase 1 – Existing 
Conditions Hydraulic Analysis.” This memorandum evaluated current hydraulic conditions at the 
APS and BHPS. One component of the study was an evaluation of the APS pumps under a range 
of hydraulic conditions. This evaluation concluded that the controlling high point along the 
AFM-102 changes as flows change. Initially, one aspect of the High Point analysis was to 
determine whether lowering any high points to reduce the risk of corrosion would also provide 
operational benefits in certain pumping scenarios.  

As a separate component of the Phase 2 Project, VWHA is completing a BHPS alternatives 
analysis in parallel with the High Point analysis. The BHPS alternatives analysis is evaluating 
the most efficient flow scenario for managing buildout peak wet weather flows at both the BHPS 
and APS. Preliminary findings, which will be discussed in further detail at the upcoming APS 
and BHPS Conveyance System Alternatives Meeting (June 2021), indicate that the most efficient 
pumping scenario will result in utilization of AFM-102 by the BHPS, and utilization of AFM-
101 by the APS. In this situation, a new controlling high point will be created along the BHPS 
forcemain, upstream of the APS and no controlling high points will occur within the AFM-102 
alignment. Therefore, in this future scenario, the existing AFM-102 high points will no longer be 
a factor in calculating system hydraulics. As a result, the operational assessment component of 
this study has been tabled. 

Further, District staff have confirmed that the BHPS pumps operate continuously, including 
during the lowest nighttime flows. Therefore, in this future scenario, AFM-102 should not 
experience any downtime or draining during the normal operating cycle; the only time AFM-102 
would drain down would be when the forcemain is taken out of service for repairs.  

The future scenario, where AFM-102 remains continuously full, should result in decreased 
corrosion risk and an improvement in the remaining service life for AFM-102. In order to 
achieve the maximum remaining useful life for AFM-102, it is important that we confirm that 
that any locations along the forcemain that are at risk of corrosion due to the current wet-dry 
cycles are reinforced through lining or replacement, as some degradation in these locations has 
likely occurred. 
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SECTION 3 FINDINGS AND RECOMMENDATIONS 
The following process was used to identify and prioritize recommended changes to address and 
protect high points along AFM-102:  

1. Reviewed areas that drain during wet-dry cycles that occur at low nighttime flows; 

2. Reviewed available repair documentation to identify whether some or all of the exposed 
pipe that is at risk for corrosion due to draining has been lined through previous projects. 
If the pipe has been lined, then the evaluation assumed that lowering the pipe to reduce 
the risk of corrosion would not be necessary; 

3. Reviewed whether each high point that is at risk for corrosion due to draining has an 
associated working CARV. If an area under consideration for capital improvements as 
part of the AFM-102 High Point Analysis does not have an active CARV, the project 
recommendation includes reinstatement of the inactive CARV. 

4. If available CCTV inspection data was available for the location under review, the video 
was reviewed as a component of the analysis. 

3.1 Water Level during Wet-Dry Cycles 
During low flow periods, AFM-102 drains and the resulting water level in AFM-102 is as shown 
on Figure 3.1. 

 

Figure 3.1 Residual Water in AFM-102 when Not in Use 

 
As shown on Figure 3.1, several high points drain completely. These locations are more prone to 
corrosion because they are exposed to air on a daily cycle, and in particular, air that may contain 
gaseous sulfides. The District has had three corrosion-related failures along the forcemain; all of 
these failures were located at exposed high points. The first failure occurred at approximate 
Station 127+00 in 2013. The second failure occurred at approximate Station 147+00 in 2017, and 
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the third failure occurred at approximate Station 70+50 in 2019. The failure locations are shown 
in Figure 3.2. 

3.2 Prior Lining Installations and CARV Status 
The District repaired Failures 1 and 2, as shown at on Figure 3.2 (Sites 4 and 5), with a CIPP 
liner. The District also installed preventive CIPP liner in two areas, Sites 1 and 2, that have the 
potential to fail due to being high points that are exposed to air when AFM-102 drains. 

 

Figure 3.2 Cured-in-Place Pipe Repair Locations 

  
The pipe profile and the extent of exposed and repaired pipe were reviewed more closely in the 
five high point areas shown on Figure 3.2.  Appendix A includes detailed figures showing the 
extent of exposed pipe and repairs. Following are the findings from this review: 

• Site 1. The preventive liner that was installed in 2015 extends from approximate Stations 
34+00 to 39+00. The length of pipe that is exposed to air when the pipeline is out of use 
spans from approximate Station 33+80 to 38+60. Approximately 20 lineal feet of pipe 
remains unprotected on the eastern end of the installed lining, from Stations 33+80 to 
34+00. This site has an active CARV.  

• Site 2. The preventive liner that was installed in 2013 was installed from approximate 
Stations 70+50 to 74+50. The length of pipe that is exposed to air when the pipeline 
drains spans from approximate Station 70+40 to 74+20.  Approximately 10 lineal feet of 
pipe remained unprotected from Station 70+40 to 70+50. In December 2019, the pipe 
failed at this location. The District installed an interim repair spool in order to place the 
pipe back in service. However, a permanent repair has not been completed to date. This 
site has an active CARV. 
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• Site 3. This location includes two high points. The first, at approximate Station 117+80, 
includes approximately 150 lineal feet of pipe that is exposed to air when AFM-102 
drains. The second adjacent location at approximate Station 120+00 was inspected in 
2014 and similarly, has 150 lineal feet of pipe that is exposed to air when the forcemain 
drains.  The inspection revealed that the internal coating is missing at the crown of pipe 
throughout the inspected length. However, the remaining exposed concrete appears to be 
intact. Pipe wall thickness measurements conducted in early 2020 indicate that the pipe 
wall thickness at both Site 3 locations is intact. The pipe at this location cannot be 
lowered due to utility conflicts. Site 3 includes an inactive CARV at the high point closer 
to the WWTP, and no CARV at the high point closer to the APS. 

• Site 4. This site was repaired using CIPP lining after the first pipe failure in 2013. The 
liner extends beyond the extent of pipe that is exposed to air when AFM-102 is drained. 
Therefore, additional lining or repair is not required. This site has an active CARV. 

• Site 5. This site was repaired using CIPP lining after the second pipe failure in 2017. The 
liner on the plant side (i.e., Station 153+20) leaves approximately 230 feet of pipe 
unprotected when AFM-102 drains. The liner on the APS side (i.e., Station 143+30 
leaves approximately 270 feet of pipe unprotected. This site has an inactive CARV. 

3.3 Recommendations and Estimated Costs 
Based on the findings discussed above, four of the five sites that are exposed to air when AFM-
102 is taken out of service should be considered for additional repairs. These four locations are 
Site 1, Site 2, Site 3, which includes two high points, and Site 5. If AFM-102 is converted for use 
as a dedicated forcemain for the BHPS in the future, the forcemain should no longer experience 
wet and dry cycles on a daily basis. Therefore the risk of continued corrosion will be reduced. 
However, since these locations have been subject to a high-risk environment for over 20 years, 
these areas are inherently more vulnerable to failure than the remainder of the forcemain if left 
unrepaired. 

The improvements discussed in this section must be completed before buildout occurs, and 
before AFM-102 is converted for use as the new BHPS forcemain. In order to take AFM-102 out 
of service during construction, the APS and adjacent equalization storage basin must have 
sufficient capacity to be able to pump and store all incoming flows for the duration of 
construction, including flows from the BHPS. 

3.3.1 Recommendations for Repair 

• Site 1: Approximately 20 lineal feet of pipe remains unprotected from approximate 
Stations 33+80 to 34+00. It is recommended that the District address this portion of pipe 
by lining (60 feet) or pipe replacement. The adjacent section of pipe has a very thin wall 
and has been lined. The repair method would need to assure that the interface between the 
previously-lined pipe and new repair is structurally sound and protected from future 
corrosion. If a new pipe spool is installed, a repair length of at least 80 lineal feet is 
recommended, as it is likely that a portion of the previous repair will need to be removed 
in order to facilitate the new repair.  
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• Site 2: Approximately 10 lineal feet of pipe remained unprotected at approximate Station 
70+50 prior to the December 2019 failure at this location. A replacement pipe spool was 
installed but leaked upon startup. The leak was addressed with a concrete patch and no 
further leaks have occurred from this repair location since this time. If the replacement 
spool was greater than 10 feet in length, then it is possible that the unprotected pipe 
section has been removed. However, if AFM-102 is placed in continuous service as a 
dedicated forcemain for the BHPS, it is recommended that the District install a permanent 
repair spool that spans from Stations 70+00 to 70+50.  The same precautions at the 
interface between the existing, lined pipe and repair spool as discussed for Site 1 would 
apply to Site 2. Therefore, the actual repair may be up to 80 feet in length.  

• Site 3. Preventive CIPP lining is recommended at the two Site 3 high points. The first 
liner would span from approximate Stations 116+20 to 118+50 (230 lineal feet), and the 
second liner would span from approximate Stations 119+10 to 121+40 (230 lineal feet). 
Although not necessary, the incremental cost to line the additional 60 feet of existing pipe 
between these two sections may justify a continuous liner for these two high points. It is 
also recommended that the District reinstate the CARV at the location of the currently 
inactive CARV. 

• Site 5: Approximately 490 lineal feet of pipe remain unprotected on both sides of the 
existing CIPP liner when APS-102 drains. It is recommended that the District address 
these sections by lining or pipe replacement. The adjacent sections of pipe have very thin 
walls and have been lined. The repair method would need to assure that the interface 
between the previously-lined pipe and new repair is structurally sound and protected from 
future corrosion. If a new pipe spool is installed, a repair length of at least 250 lineal feet 
is recommended on the plant side, and 300 lineal feet on the APS side, as it is likely that 
a portion of the previous repair will need to be removed on each side of the existing CIPP 
lined sections in order to facilitate the new repairs.  

3.3.2 Estimated Costs 
Estimated costs are provided for the recommended improvements described in Section 3.3.1. For 
comparison, the cost to lower pipe at each site to avoid relining, if feasible, is also provided.  

• CIPP Lining, installed: $250/foot, with a minimum cost of $20,000. 

• 24-inch pipeline replacement, installed: $900/foot 

• Reinstated  CARV, installed: $25,000 

• Allowance for appurtenances and unknowns: 30 percent 

• Engineering (12%), Admin (5%), CM (12%), Permitting (1%): 30 percent 

• Contingency for Field Changes: 10 percent 

Estimated Costs for Site 1 
Costs were developed for four different repair scenarios at Site 1. Option 1 is recommended if 
feasible, followed by Option 2. 
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1. Install 60 lineal feet of liner from approximate Stations 33+60 to 34+00. This cost 
assumes that the interface between existing and new liner can be made seamless. 

− Construction Only: $26,000 

− Total Project Cost: $36,400 

2. Install an 80-foot repair spool to connect to the previously-lined pipe at approximate 
Station 34+00. 

− Construction Only: $93,600 

− Total Project Cost: $131,040 

3. Replace and lower approximately 500 lineal feet of 24-inch pipe to eliminate portion of 
pipe that is exposed during wet-dry cycles. This project would also require a new CARV. 

− Construction Only: $617,500 

− Total Project Cost: $864,500 

4. Remove the localized high point through the installation of approximately 2,000 lineal 
feet of new pipe to a maximum depth of 36 feet and abandoning the same length of 
existing pipe. It should be noted that most of this length is not vulnerable to corrosion. 

− Construction Cost Only: $2,340,000 

− Total Project Cost: $3,276,000 

Estimated Costs for Site 2 
Costs were developed for three different repair scenarios at Site 2. Option 1 is recommended. 

1. Replace the temporary repair spool with new, 80-foot long permanent repair spool. This 
cost assumes that the recently-installed spool will not be reused. 

− Construction Only: $93,600 

− Total Project Cost: $131,040 

2. Replace and lower approximately 400 lineal feet of 24-inch pipe to eliminate the portion 
of pipe that is exposed during wet-dry cycles. This project would also require a new 
CARV. 

− Construction Only: $500,500 

− Total Project Cost: $700,700 

3. Remove the localized high point by installing approximately 780 lineal feet of new pipe 
and abandoning the same length of existing pipe.  

− Construction Cost Only: $912,600 

− Total Project Cost: $1,277,640 
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Estimated Costs for Sites 3 and 4 
The existing pipeline at Site 3 cannot be lowered due to conflicting utilities. Therefore, estimated 
costs were developed for two options: 1) lining plus reinstatement of the inactive CARV at the 
high point closest to the WWTP; and 2) lower pipeline to eliminate high points. During the May 
26, 2021 meeting to discuss these results, the District expressed a preference for Option 2. 

1. Install CIPP liner in two locations, separated by 100 feet of unlined pipe. Total combined 
length of liner is 460 lineal feet. 

− Construction Only: $182,000 

− Total Project Cost: $254,800 

− The incremental cost to install continuous liner across both locations would be 
$27,300. 

2. Remove the localized high point by installing at least 1,500 lineal feet of new pipe and 
abandoning the same length of existing pipe. The actual length may be greater to avoid 
existing utilities. 

− Construction Only: $1,755,000 

− Total Project Cost: $2,457,000 

Estimated Costs for Site 5 
Costs were developed for two different repair scenarios at Site 5. Option 1 is recommended if 
feasible. The existing pipeline at Site 5 cannot be lowered due to conflicting utilities. 

1. Install 310 lineal feet of liner from approximate Stations 140+20 to 143+30. Also install 
260 lineal feet of liner from approximate Stations 153+20 to 155+80, and reinstate the 
CARV. This cost assumes that the interface between existing and new liner can be made 
seamless. 

− Construction Only: $217,750 

− Total Project Cost: $304,850 

3. Install a 250-foot repair spool on the plant side and 300-foot repair spool on the APS 
side. Connect to existing lined pipe on each end, and reinstate the CARV. 

− Construction Only: $676,000 

− Total Project Cost: $946,400 

 

 

 

 



Antioch Pump Station and Bridgehead Pump Station and Conveyance Systems
Antioch FM‐102 High Point Analysis

Appendix A

AFM‐102 Profiles with Findings



Sheet 
C‐3

Sheet 
C‐7

Sheet
C‐12

Sheet
C‐13

Sheet
C‐14 and C‐15

Findings and Recommendations
• Sheet C‐3 (Site 1):  

• This section was lined in 2015, except for a 20‐foot length @ STA34+00 (east edge) that remains unprotected. Recommend lining or replacing  40 feet of pipe (includes 20‐foot buffer). 
• Alternatively, if lining is not feasible, install an 80‐foot repair spool.
• In order to lower the high point to address all of the exposed length (including lined pipe), approximately 500 LF of new pipe would be required. No hydraulic benefit would be achieved. This 

option is not recommended.
• Sheet C‐7 (Site 2):

• This section was lined in 2013, except for a 10‐foot section @ STA70+50 (east edge) that remained unprotected. The exposed portion had a second failure in December 2019 and received a 
temporary repair. Replace temporary repair with new, 80‐foot permanent repair spool.

• In order to lower the high point to address all of the exposed length, approximately 400 LF of new pipe would be required. No hydraulic benefit would be achieved. This project is not 
recommended. 

• Sheet C‐12 (Site 3):
• Two locations are exposed to air when the pipe drains, neither of which have been lined. Both locations were potholed and the pipe wall thickness appears to be intact. 
• At Station 117+40, approximately 150 LF of pipe crown is exposed to air when the pipe drains. 230 LF of pipe liner (including buffer) is recommended. 
• At Station 120+00, approximately 150 LF of pipe is exposed to air when the pipe drains and the existing air valve is inactive. 230 LF of pipe liner (including buffer) and reinstatement of the 

CARV are recommended (only one of the two high point had a pre‐existing CARV that is recommended for reinstatement).
• Sheet C‐13 (Site 4)

• 400 LF of pipe crown is exposed to air when the pipe drains.  In 2013, a liner was installed to address this section. No action is recommended.
• Sheets C‐14 and C‐15 (Site 5)

• 1,460 LF of pipe beginning at Station 140+60 to 155+40 has exposed pipe when the pipe drains. In 2013, a liner was installed starting at Station 143+30 heading west to Station 153+20. As a 
result, 270 feet of pipe remains unprotected starting from Station 140+60 to the lined pipe, and 220 feet of pipe remains unprotected from the lined pipe to Station 155+40. The existing 
pipe cannot be lowered in this location due to a conflicting stormdrain. Install 570 total LF of liner on both sides of existing liner and reinstate CARV.

West To 
WWTP

Antioch FM 102 High Point Analysis



Preventive Liner Installed 2015
Would need to lower approximately 500 LF of pipe by up to five feet to 
eliminate empty pipe. No action is recommended.

Extent of Empty Pipe if Drained

20 feet of pipe remains 
unprotected if drained. 
Recommend lining or 
replacing pipe.

Active CARV

Controlling 
Elevation is 29.3’

Site 1



Controlling 
Elevation is 29.3’

Controlling 
Elevation is 23’

Preventive Liner Installed 2013
Would need to lower approximately 400 LF of pipe by up to five 
feet to eliminate empty pipe.
If 2019 failure was not fully repaired, District could consider 
replacing pipe. 

Extent of Empty Pipe if Drained

10 feet of pipe remains unprotected if 
drained. This was the location of the 
December 2019 failure and robust 
temporary repair. Recommend 
permanent repair.

Active CARV

Site 2



Inactive CARV

Controlling 
Elevation is 22.33’

Extent of Empty Pipe if Drained
CCTV from 6/6/2014 shows coating 
missing and exposed concrete at pipe 
crown. Condition appears good. However, 
there is evidence of an air gap. Recent 
thickness testing shows pipe wall is intact. 
Recommend lining approximately 230 LF 
of pipe and reinstating ARV.

Controlling 
Elevation is 23’

Extent of Empty Pipe if Drained
Wall diagram shows 2015 CCTV but no record. Recent thickness 
testing shows pipe wall is intact. Recommend lining approximately 
230 LF of pipe.

Site 3



Controlling 
Elevation is 22.33’

Extent of Empty Pipe if Drained

Active CARV

CIPP Liner Installed 2013. Extends beyond exposed pipe limits. 
No action is recommended.



Extent of Empty Pipe if Drained

Controlling 
Elevation is 22.33’

140 feet of pipe remains unprotected if drained. 
Continues on Sheet C‐15. Recommend lining.



Controlling 
Elevation is 22.33’

Extent of Empty Pipe if Drained

CIPP Liner Installed 2017

130 feet of pipe remains unprotected if drained. 
Continues on Sheet C‐14. Recommend lining.

Cannot lower pipe due to existing storm drain.

Inactive CARV

Controlling 
Elevation is 18.00’



Controlling 
Elevation is 18.00’

Extent of Empty Pipe if Drained

CIPP Liner 
Installed 2017

To Plant

220 feet of pipe remains unprotected 
if drained. Recommend lining.



End of AFM is Elev 14.5’ +/‐ in 1998 AFM‐102 
construction drawings and 11.21+/0 in 1999 
Headworks drawings (1999 project connected AFM‐102 
to the WWTP). Other supporting information confirms 
that there is a bust in the elevation callout only, and 
that these pipes connect at the same elevation.

New end of AFM is Elev, 18’ +/‐ in 1999 Headworks 
drawings. This elevation was used for the High Point 
Analysis.



 

  

Appendix I.  APS Improvements – Construction Cost Estimate 
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APS Improvements                                                            
(Does not include BHFM Extension, AFM102 
Repairs/Improvements, or New Future 3rd 

Forcemain)

$2,622,525
$1,117,845
$359,110

$0
$214,550
$32,500
$10,000

$0
$182,500

$6,500
$2,104,600

$0
$400,000

$0
$980,505

$1,409,400
$9,440,035
$1,699,206
$2,832,010

$13,971,252
$15,724,767
$15,725,000

3Estimated savings if not install grinders is $200,000 plus markups = $340,000 off total construction cost.

Total Cost (Escalated to Time of Construction)1, 2

Total Cost (Escalated to Time of Construction) (Rounded)1,2,3

1 Costs are escalated to Year 2025 (mid-point of construction). Escalation at 3% per year. The construction cost 
estimating methodology used to prepare this estimate is consistent with what has been used in the past, which is to 
start with estimated materials and labor pricing for purchases now, with escalation added to account for nominal price 
increases to the time of actual purchase and delivery.   This methodology remains sound, except the District should add 
bottom-line adjustments to account for current bidding climate/inflation.  For long duration projects, pricing at all 
levels of the Contractors’ organizations are subject to factors applied to account for uncertainties in future availability 
and cost of materials and labor. Due to current uncertainty volatility is high. The current bidding climate is seeing bids 
coming in significantly higher than the Engineer’s Estimate. 
2Estimated cost is for the contractor's bid price only. Cost does not include any costs associated with Engineering 
Services During Construction, construction management, District staff time, special inspections and testing, 
construction related costs outside of the Contractor's work, etc. 

Divisions 16 & 17 - Electrical/I&C
Subtotal

Bond, Insurance, Overhead, and Profit (18%)
Contingencies (30%)

Total Cost (In 2021$s)2

Division 15 - Mechanical

Division 4 - Masonry 
Division 5- Metals

Division 6 - Wood and Plastics
Division 7 - Thermal and Moisture Protection

Division 8 - Doors and Windows 
Division 9 - Finishes

Division 10 - Specialties
Division 11 - Equipment
Division 12 - Furnishings

Division 13 - Special Construction
Division 14 - Conveying Systems

Division 3 - Concrete

Antioch and Bridgehead Pump Station and Conveyance System Improvements - Phase II
Summary - APS Improvements

Preliminary Level Construction Cost Estimate

Description
Summary - Specification Divisions

Division 1 - General Requirements
Division 2 - Site Work
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Number Unit Unit Cost Total2 Unit Cost Total Unit Cost Total

Division 1 - General Requirements
Mobilization/Demobilization (5%) 1 LS $449,525 $449,525

01990 General Construction Sequencing and Constraints
Construction Sequencing and Constraints 1 LS $25,000 $25,000
Bypass Pumping (Build Diversion PS and Grinder Structure)5 1 LS $918,000 $918,000
Bypass Pumping (Replace APS Main Pumps, Electrical and I&C, and Generator)6 1 LS $1,230,000 $1,230,000

Total Division 1 $2,622,525

Division 2 - Site Work
02050 Demolition, Cutting and Patching

Demolition 1 LS $50,000 $50,000

02140 Dewatering
Dewatering (Diversion PS & Grinder Structure) 1 LS $150,000 $150,000
Dewatering (Gravity Sewers, MHs and Forcemain Piping) 1 LS $30,000 $30,000

02200 Earthwork
Earthwork - (Diversion PS & Grinder Structure)

Excavation 1215 CY $0 $0 $35 $42,525 $35 $42,525
Import 765 CY $15 $11,475 $0 $0 $15 $11,475
Backfill & Compaction 765 CY $0 $0 $20 $15,300 $20 $15,300
Removal of Excess 1215 CY $0 $0 $10 $12,150 $10 $12,150

Earthwork - Gravity Sewers, MHs, and Forcemains
Excavation 1777 CY $0 $0 $35 $62,195 $35 $62,195
Import 1637 CY $15 $24,555 $0 $0 $15 $24,555
Backfill & Compaction 1637 CY $0 $0 $20 $32,740 $20 $32,740
Removal of Excess 1777 CY $0 $0 $10 $17,770 $10 $17,770

Earthwork - Generator Pad
Excavation 124 CY $0 $0 $35 $4,340 $35 $4,340
Import 101 CY $15 $1,515 $0 $0 $15 $1,515
Backfill & Compaction 101 CY $0 $0 $20 $2,020 $20 $2,020
Removal of Excess 124 CY $0 $0 $10 $1,240 $10 $1,240

Earthwork - Misc 1 LS $5,000 $5,000

Geotextile Fabric
Geotextile Fabric 1200 SY $37 $44,400 $2 $2,400 $39 $46,800

02210 Controlled Low Strength Material (CLSM)
Controlled Low Strength Material (CLSM) (Fill abandoned pipelines) 124 CY $150 $18,600 $5 $620 $155 $19,220

02390 Shoring
Shoring (Diversion PS & Grinder Structure) 1 LS $125,000 $125,000
Shoring (FMs) 1 LS $50,000 $50,000
Shoring (Gravity Sewer and MHs) 1 LS $150,000 $150,000

02513 AC Pavement and Base
AC Pavement 1500 SF $2 $3,000 $3 $4,500 $5 $7,500
Base, Include elsewhere 0 CY $15 $0 $65 $0 $80 $0
Fog Seal (Existing Pavement) 5000 SF $1 $5,000 $1 $5,000 $2 $10,000

02600 Manholes
8' Manhole (Risers) (Tie-in MHs) 1 EA $15,000 $15,000 $15,000 $15,000 $30,000 $30,000
8' Manhole (Risers) 2 EA $15,000 $30,000 $15,000 $30,000 $30,000 $60,000
5' Manholes (Risers)  (Tie-in MHs) 1 EA $8,000 $8,000 $9,000 $9,000 $17,000 $17,000
5' Manholes (Risers) 1 EA $8,000 $8,000 $9,000 $9,000 $17,000 $17,000
Lining (Raven) 2300 SF $30 $69,000 $20 $46,000 $50 $115,000
Manhole Covers 5 EA $500 $2,500 $1,000 $5,000 $1,500 $7,500

Total Division 2 $1,117,845

Division 3 - Concrete
03151 Anchorage to Concrete

Anchorage to Concrete 1 LS $5,000 $5,000

03302 Concrete and Grout
Generator Pad 45 CY $700 $31,500 $1 $45 $701 $31,545
Transformer Pad 4.5 CY $700 $3,150 $1 $5 $701 $3,155
SE-1 FRP Building Pad 10 CY $700 $7,000 $1 $10 $701 $7,010
Pump Pedestals 7 CY $900 $6,300 $38 $266 $938 $6,566
Miscellaneous Grout 1 LS $2,500 $2,500

Concrete - Diversion Pump Station and Grinder Structure

Antioch and Bridgehead Pump Station and Conveyance System Improvements - Phase II 
APS Improvements - Preliminary Level Construction Cost Estimate

Description
Quantity Material Cost Labor Cost Total Cost
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Number Unit Unit Cost Total2 Unit Cost Total Unit Cost Total

Antioch and Bridgehead Pump Station and Conveyance System Improvements - Phase II 
APS Improvements - Preliminary Level Construction Cost Estimate

Description
Quantity Material Cost Labor Cost Total Cost

    Slab on Grade 68 CY $700 $47,600 $1 $68 $701 $47,668
    Suspended Slab 15 CY $1,270 $19,050 $50 $750 $1,320 $19,800
    Walls 167 CY $900 $150,300 $38 $6,346 $938 $156,646

Concrete - Generator Building (Misc. Wall Fill at Louvers)
    Generator Building (Misc. Wall Fill at Louvers) 1 LS $10,000 $10,000

Manholes (5)
Bases 53 CY $700 $37,100 $1 $53 $701 $37,153
Collars/Top Slab 13 CY $1,270 $16,510 $50 $650 $1,320 $17,160

Electrical Pads 7 CY $700 $4,900 $1 $7 $701 $4,907

03348 Concrete Finishing and Repair of Surface Defects
(included in 03302)

03400 Precast Concrete Structures
Miscellaneous Electrical 1 LS $5,000 $5,000

03600 Grout
Miscellaneous Grout 1 LS $5,000 $5,000

Total Division 3 $359,110

Division 4 - Masonry (Not Used)

Total Division 4 $0

Division 5 - Metals
05030 Hot Dip Galvanizing

Hot Dip Galvanizing 1 LS $2,500 $2,500

05060 Pipe Welding
(Included with Steel Pipe)

05070 Hatches
      Hatches (Type 316 SST)

Hatch for Diversion PS
(3'X5' )(SST) 1 EA 9000 $9,000 4000 $4,000 13000 $13,000
(3'x2' )(SST) 3 EA 5500 $16,500 2500 $7,500 8000 $24,000

Hatch for Grinder Structure
(4'X8' )(SST) 1 EA 16500 $16,500 5000 $5,000 21500 $21,500
(3'x3' )(SST) 1 EA 6500 $6,500 2500 $2,500 9000 $9,000

05505 Metal Fabrications
      Grating (Alum)

Diversion PS (Vault)
Grating 130 SF 66 $8,580 3 $390 69 $8,970
Banding 121 LF 21 $2,541 3 $363 24 $2,904
Supports 1 LS 10000 $10,000

      Grating (Type 316 SST)
Grinder Structure

Grating 154 SF 66 $10,164 3 $462 69 $10,626
Banding 125 LF 21 $2,625 3 $375 24 $3,000
Supports 1 LS 10000 $10,000

Weir Plate
Diversion PS

Weir Plate (Type 316 SST) 1 LS 7500 $7,500
Grinder Structure

Weir Plate (Type 316 SST) 1 LS 1000 $1,000

Fasteners 1 LS $10,000 $10,000

         Ladder Rungs
Rungs w/ Ladder up safety post 1 LS 6000 $6,000

Miscellaneous Metalwork 1 LS $10,000 $10,000

Electrical Panel Seismic Bracing (All New - included with Electrical Equipment)

Bollards 13 EA $250 $3,250 $100 $1,300 $350 $4,550
Generator stairs and platform (alum) 1 LS $30,000 $30,000
Drywell spiral stairs, platform and handrail (alum) 1 LS $30,000 $30,000

05522 Aluminum Railings
Included in 05505
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Antioch and Bridgehead Pump Station and Conveyance System Improvements - Phase II 
APS Improvements - Preliminary Level Construction Cost Estimate

Description
Quantity Material Cost Labor Cost Total Cost

Total Division 5 $214,550

Division 6 - Wood and Plastics (Not Used)
06600 FRP Modular Building 

SE-1 Building (Includes lights, ventilation and outlets) 1 EA $27,000 $27,000 $5,500 $5,500 $32,500 $32,500

Total Division 6 $32,500

Division 7 - Thermal and Moisture Protection
07110   Damp Proofing

Damp Proofing (Misc.) 1 LS $5,000 $5,000

07900 Joint Sealants
Sealants and Caulking 1 LS $5,000 $5,000

Total Division 7 $10,000

Division 8 - Doors and Windows (Not used)

Total Division 8 $0

Division 9 - Finishes
09800 Protective Coatings

Protective Coatings 1 LS $25,000 $25,000

09810  Protective Coating for Diversion PS and Grinder Structure
Wetwell 3150 SF $30 $94,500 $20 $63,000 $50 $157,500

Total Division 9 $182,500

Division 10 - Specialties
10400 Identification Devices

Identification Devices 1 LS $3,000 $3,000

10444 Signage
Signage 1 LS $1,000 $1,000

10520 Fire Protection Specialties
Fire Extinguishers 1 LS $2,500 $2,500

Total Division 10 $6,500

Division 11 - Equipment
11000 Equipment, General

(included in other sections)

11080 Standby Generator System
1000 kW Standby Generator (includes acoustic enclosure (72 dBA at 23'), Tier 4 
After Treatment Equipment includes DPF, SCR, Urea Tank and Pump, Etc., load bank, 
and 24 hour subbase fuel tank), and startup and testing 1 EA $685,000 $685,000 $25,000 $25,000 $710,000 $710,000

11200 Pumps, General
(included in other sections) 

11310 Sump Pumps
Sump Pumps (Diversion Pump Station) 1 EA $5,000 $5,000 $1,000 $1,000 $6,000 $6,000

11330 Sewage Pumps 

Main Pumps - Dry Pit Submersible (Flygt NT3312/766, 480mm, 280Hp) 4 EA $210,000 $840,000 $25,000 $100,000 $235,000 $940,000
Mfr Services (training, startup and testing) 1 LS $10,000 $10,000
Spare Parts 1 LS $20,000 $20,000
Vibration Testing 1 LS $5,000 $5,000
Pressure Gauges 8 EA $500 $4,000 $100 $800 $600 $4,800

Diversion Pumps - Submersible (Flygt NP3153MT, 434mm, 20Hp) 3 EA $30,000 $90,000 $5,000 $15,000 $35,000 $105,000
Spare parts (included above)
Mfr Services (included above)
Pressure Gauges 3 EA $500 $1,500 $100 $300 $600 $1,800

11390 Channel Grinders (includes explosion proof immersible motors, power cable, guide rails, frames, stop gates, lifting chain and controller enclosure)
Grinder Structure4 2 EA 141000 $282,000 10000 $20,000 151000 $302,000
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Total Division 11 $2,104,600

Division 12 - Furnishings (Not Used)

Total Division 12 $0

Division 13 - Special Construction (Not Used)

13600 Surge Tank (includes placeholder for surge protection at the APS) 1 LS $400,000 $400,000

Total Division 13 $400,000

Division 14 - Conveyance Systems (Not Used)

Total Division 14 $0

Division 15 - Mechanical

15050 Piping, General
12-inch Flex Connector 4 EA $1,250 $5,000 $1,500 $6,000 $2,750 $11,000
16-inch Flex Connector 4 EA $1,700 $6,800 $1,500 $6,000 $3,200 $12,800
Sleeve-type Couplings (48" ø) for GS 4 EA $5,000 $20,000 $1,500 $6,000 $6,500 $26,000
Sleeve-type Couplings (8- inch) 8 EA $500 $4,000 $500 $4,000 $1,000 $8,000

15061 Ductile Iron Pipe (fittings)
   6" x 8"diameter increaser (eccentric) (FLxFL) 3 EA $650 $1,950 $500 $1,500 $1,150 $3,450
   8" diameter (90 degree elbow FLxFL) 4 EA $750 $3,000 $250 $1,000 $1,000 $4,000
   18 x 16"diameter eccentric reducer (FLxFL) 3 EA $4,000 $12,000 $1,000 $3,000 $5,000 $15,000
   16" x 12"diameter increaser (FLxFL) (eccentric) 3 EA $1,500 $4,500 $750 $2,250 $2,250 $6,750
   Vic Couplings and Caps 1 LS $10,000 $10,000

15062 Steel Pipe
Fabricated Pump Suction Bells 4 EA $10,000 $40,000 $5,000 $20,000 $15,000 $60,000
Fabricated Steel Piping and Fittings
   16" diameter (9"L - FL/vic spool) 12 EA $1,500 $18,000 $500 $6,000 $2,000 $24,000
   16" diameter fabricated 60 degree bend (FL/vic) 8 EA $3,500 $28,000 $1,000 $8,000 $4,500 $36,000
   16" diameter (3'L - FL/FL spool) 4 EA $2,000 $8,000 $500 $2,000 $2,500 $10,000
   16"FL x 16"vic x 16"FL tee 4 EA $10,000 $40,000 $2,500 $10,000 $12,500 $50,000
   16" diameter (12'L - FL/vic spool) 1 EA $1,500 $1,500 $1,500 $1,500 $3,000 $3,000
   16" diameter (6'L - FL/vic spool) 1 EA $750 $750 $750 $750 $1,500 $1,500
   16" FM welded 110 LF $100 $11,000 $125 $13,750 $225 $24,750
   16" 45 degree bend (PE) 4 EA $3,500 $14,000 $1,000 $4,000 $4,500 $18,000
   14" FM welded 125 LF $90 $11,250 $125 $15,625 $215 $26,875
   14" 45 degree bend (PE) 3 EA $3,000 $9,000 $750 $2,250 $3,750 $11,250
   14" 90 degree bend (PE) 1 EA $3,500 $3,500 $1,000 $1,000 $4,500 $4,500
   14" x 14" x 8" wye (flat bottom) 3 EA $1,750 $5,250 $750 $2,250 $2,500 $7,500
   8" diameter (7.5'L - FL/FL spool) 6 EA $1,000 $6,000 $1,000 $6,000 $2,000 $12,000
   8" diameter (3.5'L - FL/Vic spool - wall pipe) 3 EA $500 $1,500 $500 $1,500 $1,000 $3,000
   8" diameter (1.5'L - FL/Vic spool) 4 EA $500 $2,000 $250 $1,000 $750 $3,000
   8" diameter (9"L - FL/Vic spool) 6 EA $500 $3,000 $200 $1,200 $700 $4,200
   8" diameter (3.5'L - FL/PE spool - wall pipe) 3 EA $500 $1,500 $500 $1,500 $1,000 $3,000
   8" diameter (1.5'L - PE/PE spool) 5 EA $500 $2,500 $250 $1,250 $750 $3,750
   8" diameter (1'L - PE/PE spool) 3 EA $500 $1,500 $250 $750 $750 $2,250
   8" diameter (14.5'L - FL/PE spool - wall pipe) 1 EA $1,500 $1,500 $1,500 $1,500 $3,000 $3,000
   8" diameter (10'L - PE/PE spool) 1 EA $1,250 $1,250 $1,250 $1,250 $2,500 $2,500
   8" diameter (7'L - Vic/PE spool - wall pipe) 3 EA $1,000 $3,000 $1,000 $3,000 $2,000 $6,000
   8" diameter (2.5'L - PE/PE spool) 1 EA $500 $500 $500 $500 $1,000 $1,000
   8" 90 degree bend (PE) 1 EA $750 $750 $500 $500 $1,250 $1,250
   8" 45 degree bend (PE) 3 EA $750 $2,250 $500 $1,500 $1,250 $3,750
   4" diameter  Pipe (drain to wetwell - wall pipe) 2.5 LF $250 $625 $200 $500 $450 $1,125

15065 Stainless Steel Pipe
Sump Pump Piping and Fittings 1 LS $5,000 $5,000
Vent Piping 1 LS $7,500 $7,500
 

15069 Reinforced Concrete Pipe
36" ø RCP (w/ T-Lock) 92 LF 240 $22,080 300 $27,600 540 $49,680

48" ø RCP (w/ T-Lock) 226 LF 300 $67,800 400 $90,400 700 $158,200

15070 Miscellaneous Piping Specialties

15090 Pipe Support Systems
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Pipe Supports 1 LS $25,000 $25,000

15100 Valves, General
(included in other sections)

15101 Valve Operators
Operators included with gates and valves

15105 Check Valve
Check Valve (16-inch) 4 EA $28,500 $114,000 $5,000 $20,000 $33,500 $134,000
Check Valve (8-inch) 3 EA $9,500 $28,500 $3,500 $10,500 $13,000 $39,000
Check Valves (sump pump) 1 EA $500 $500 $100 $100 $600 $600

15106 Ball Valves
1/2-inch SST ball valve (Pump PGs) 11 EA $225 $2,475 $100 $1,100 $325 $3,575
1-inch SST ball valve (Pump vent piping) 4 EA $500 $2,000 $100 $400 $600 $2,400

15108 Knife Gate Valves
16-inch Knife Gate Valve (Manual) 4 EA $7,500 $30,000 $5,000 $20,000 $12,500 $50,000

15109 Plug Valves
Plug Valve (18" manual actuator) w/handwheel 4 EA $8,250 $33,000 $5,500 $22,000 $13,750 $55,000
Plug Valve (8" manual actuator) w/ 2" nut 4 EA $2,000 $8,000 $1,000 $4,000 $3,000 $12,000
Plug Valve (4" SST manual) Suction Drain Piping - Dry Pit Submersible Pumps 4 EA $2,700 $10,800 $250 $1,000 $2,950 $11,800
Plug Valve (manual) sump pump 1 EA $500 $500 $250 $250 $750 $750

15110 Misc. Valves
Duckbill check valve (Vault Drain) 1 EA $1,500 $1,500 $300 $300 $1,800 $1,800

Total Division 15 $980,505

Divisions 16 & 17 - Electrical and Instrumentation
General Conditions, etc. 1 LS $15,000 $15,000
Electrical and I&C planning, workshops, shop drawings 1 LS $25,000 $25,000
Demolition, electrical and I&C 1 LS $20,000 $20,000
Electrical sequencing and temporary provisions 1 LS $25,000 $25,000
Temporary Generator (500 KW, 3 months) 1 LS $25,000 $25,000

PG&E fees (Paid by District)
PG&E transformer pad, underground infrastructure 1 LS $15,000 $15,000
Bollards 6 EA $500 $3,000
SE-1, materials and installation 1 EA $150,000 $150,000
SE-1, fiberglass enclosure 1 EA $15,000 $15,000
ATS, materials and installation 1 EA $100,000 $100,000
SWBD-A, materials and installation 1 EA $75,000 $75,000
MCC-1, materials and installation 1 EA $100,000 $100,000
MCC-2, materials and installation 1 EA $80,000 $80,000
300-hp VFD's 4 EA $50,000 $200,000
Pump/motor monitoring provisions 1 LS $20,000 $20,000
Electrical in support of standby generator 1 LS $10,000 $10,000
Power panelboards 2 EA $1,500 $3,000
480-volt feeders 1 LS $30,000 $30,000
Branch circuits 1 LS $15,000 $15,000
Lighting, inside 1 LS $6,000 $6,000
Lighting, outside 1 LS $5,000 $5,000
HVAC and fan feeders 1 LS $2,000 $2,000
PLC control panel, including hardwired logic 1 EA $60,000 $60,000
Programming, factory testing 1 LS $40,000 $40,000
Modifications to supervisory system 1 LS $10,000 $10,000
Field startup and testing support 1 LS $40,000 $40,000
Level control panel 1 EA $20,000 $20,000
Hardwired backup system 1 LS $10,000 $10,000
Flowmeter (Replace Existing on AFM101 in vault) 1 EA $10,000 $10,000 $15,000 $15,000 $25,000 $25,000
Pressure transmitters with seals 6 EA $1,000 $6,000
Other instruments 1 LS $10,000 $10,000
Gas detection 1 LS $25,000 $25,000
Intrusion alarm system 1 LS $5,000 $5,000
Fire alarm system 1 LS $5,000 $5,000
Spare parts 1 LS $15,000 $15,000
Electrical (Additional for Grinder Structure) 1 LS $50,000 $50,000
I&C (Additional for Grinder Structure) Some costs included elsewhere 1 LS $30,000 $30,000
Unlisted 1 LS $15,000 $15,000

Subtotal Divisions 16 & 17 $1,305,000
Electrical Markup on Equipment (4%) $52,200
Electrical Markup on I&C Sub (4%) $52,200
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Total Divisions 16 & 17 $1,409,400

Subtotal
Bond, Insurance, Overheard, & Profit (18%)
Contingencies (30%)
Total Cost (2021$s) 2

Total Cost (Escalated to Time of Construction)1,2

Total Cost (Escalated to Time of Construction) (Rounded)1,2,4

3Material Cost includes Tax
4Estimated savings if not install grinders is $200,000 plus markups = $340,000 off total construction cost.
5Bypass pumping assumes 4 months (PDWF (APS+BHPS flows)). Estimate provided by Rain for Rent. $672,000 of estimate is contributed to 2 person 24/7 pump watch. 
6Bypass pumping assumes 6 months (PDWF (APS flows only)). Estimate provided by Rain for Rent. $1,008,000 of estimate is contributed to 2 person 24/7 pump watch. 

$15,724,767

$15,725,000
1 Costs are escalated to Year 2025 (mid-point of construction). Escalation at 3% per year. The construction cost estimating methodology used to prepare this estimate is consistent with what has been used in 
the past, which is to start with estimated materials and labor pricing for purchases now, with escalation added to account for nominal price increases to the time of actual purchase and delivery.   This 
methodology remains sound, except the District should add bottom-line adjustments to account for current bidding climate/inflation.  For long duration projects, pricing at all levels of the Contractors’ 
organizations are subject to factors applied to account for uncertainties in future availability and cost of materials and labor. Due to current uncertainty volatility is high. The current bidding climate is seeing 
bids coming in significantly higher than the Engineer’s Estimate. 
2Estimated cost is for the contractor's bid price only. Cost does not include any costs associated with Engineering Services During Construction, construction management, District staff time, special 
inspections and testing, construction related costs outside of the Contractor's work, etc. 

$9,440,035
$1,699,206
$2,832,010

$13,971,252
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