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Technical Memorandum 

To:  Paulette Malo – Town of Pembroke, NH    File No. 2486.08 

Cc:  Keith Pratt, Ross Baker – Underwood Engineers 

From:  David J. Mercier, P.E. – Underwood Engineers 

Date:  May 23, 2022 

Subject: SEWER INTERCONNECTION CAPACITY ANALYSIS 
 

BACKGROUND: 

 

In March of 2020, the Pembroke and Concord Sewer Interconnection Feasibility Analysis 

memorandum was issued by Underwood Engineers (UE). The memo explored the feasibility of 

sending a portion of the Pembroke sewer flow to Concord, identified modifications that will be 

required to existing sewer infrastructure, and estimated costs that will be associated with 

establishing a new interconnection. Two (2) zones were identified based on the layout of 

Pembroke’s existing collection system that could most efficiently be conveyed to the Concord 

system. For each zone, various evaluations were performed including projecting average and 

peak flows, identifying future infrastructure upgrades, and developing opinions of cost to 

perform an interconnection. 

 

After issuing the feasibility analysis memo, discussions were held with the City of Concord 

regarding the possibility of accepting a portion of Pembroke’s wastewater. The City expressed 

they would need to understand the anticipated strength of the wastewater in addition to the 

quantity in order to arrive at a decision to accept the waste, as well as to determine a cost for 

treatment. The Town of Pembroke subsequently retained UE to sample at key junction points for 

Zone 1 and Zone 2 to determine the quality of the wastewater. In October of 2020, the Sewer 

Interconnection Sampling Analysis memorandum was issued by UE which concluded that both 

Zones meet typical municipal wastewater quality criteria. Concord acknowledged this and stated 

the next step for Pembroke would be to evaluate what Concord collection system infrastructure 

would have to be upgraded to accept the Pembroke flows. This memo presents those evaluations. 

 

UE performed a sewer capacity analysis for the Concord sewer collection system from the point 

where the interconnection would occur at the Airport Road and Manchester Street intersection, 

down Manchester Street to Manhole 2581 near Old Turnpike Road. The existing Merrimack 

River siphon full flow capacity was estimated, however the siphon and the existing sewer up Old 

Turnpike Road was not included in this analysis as insufficient information was available. The 

City provided UE with various record drawings, flow reports, and GIS information which were 

used in the SewerCAD modeling. Models were created to evaluate the Manchester Street sewer 

with current flows and future peak flows from the proposed expansions in Concord and the 

Pembroke interconnection. 
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KNOWNS & ASSUMPTIONS: 

 

The following record materials were provided by the City of Concord: 

• “Outskirts Sewer” Manchester Street As-Built Record Drawings, 1971 

•  Manchester Street Sewer ArcGIS shapefiles 

•  ArcGIS screenshot of Proposed Terrill Park Force Main 

•  ArcGIS screenshot of the Old Turnpike Road sewer collection system boundary 

• “Manchester Street Roll Plan” 

• “Manchester Street Reconstruction” Utilities Plan by HTA, 2011 

• “Proposed Sewer Force Main Plan & Profile” Sheet C1.5 by Wilcox & Barton, 2020 

• “Garvins Falls Sewer Feasibility Study Report” by VHB, 2004 

• “Manchester Street Sewer Flow Report” by VHB, 2006 

• “Manchester Street Survey” CAD drawing by RDB, 2008 

 

UE proceeded with the modeling and analysis with the following assumptions: 

• The Manchester Street sewer material, size, length, slope, and elevations shown on the 

1971 “Outskirts Sewer” drawings are the most accurate representation of the current 

Manchester Street sewer. 

• All manholes were assumed to be 4 feet in diameter. 

• For manholes where no elevation data was available (MH-4289), the Rim and Invert 

elevations were back-calculated based on the upstream and downstream elevations and 

slope. 

• MH-2581 on Old Turnpike Road was assigned to be a free flow outfall for the purposes 

of the SewerCAD model. During modeling, it was assumed that sewer downstream of 

MH-2581 and the siphon were not over capacity and surcharging back into MH-2581. 

This would need to be verified.  

• The SewerCAD model did not include the flows contributed from the sewer up Old 

Turnpike Road to Sheep Davis Road shown in Figure 5, which ultimately flows into 

MH-2581.  

• The “Manchester Street Siphon” record plan by Camp Dresser & McKee Inc. dated July 

1978 is the most accurate representation of the current siphon and was used in the siphon 

capacity calculation. 

• The “Garvins Falls Sewer Feasibility Study” by VHB Inc. dated March 2004 was used to 

incorporate future Concord sewer expansion peak flows into the SewerCAD model. 

• The full flow sewer capacities presented in the “Manchester Street Sewer Flow 

Monitoring Report” by VHB Inc. dated December 20, 2006 were used in the Manchester 

Street SewerCAD Capacities calculation seen in Appendix B. 

 

ANALYSIS: 

 

Full Flow Pipe Capacities 
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UE started by creating the existing Manchester Street SewerCAD model using the 1971 

“Outskirts Sewer” drawings and the ArcGIS shapefiles provided by the City since these two sets 

of records shared the same pipe lengths, diameters, materials, and manhole rim and invert 

elevations. Figure 1 and Figure 2 provide a visual representation of the existing Manchester 

Street sewer based on the above-mentioned record information.  

 

Once the sewer infrastructure was added to the existing model, UE compared the full flow pipe 

capacities to the full flow pipe capacities from the 2006 VHB Flow Monitoring Report which is 

provided in Appendix B. As seen in Table 1 below, there are minimal differences between the 

full flow capacities calculated by UE and VHB except for instances where record information 

differed. These differences are described in the “Comments” column of Table 1. 

 

Table 1 – Manchester Street Existing Sewer Full Flow Capacity Comparison 

VHB Sewer 

Section

Record Info 

Sewer Section

SewerCAD 

ID

VHB Design 

Flow (gpd)

VHB Full Flow 

Capacity (gpd)

Existing Full 

Flow Capacity 

(gpd)

% 

Difference Comments

1 2580 - 2581 CO-29 1,840,000 No data 7,665,320

2 2578 - 2580 CO-28 1,840,000 2,524,266 2,501,247 -1%

3 2577 - 2578 CO-27 1,840,000 2,445,069 2,443,078 0%

4 4289 - 2577 CO-26 1,840,000 2,753,310
MH 4289 in between MH 2576 - MH 2577 has no data. 

Section 4 is split in two but VHB Report has it as one section.

4* 2576 - 4289 CO-25 1,840,000 2,740,295 2,746,847 0%

5 2575 - 2576 CO-24 1,840,000 2,814,473 2,785,626 -1%

6 2574 - 2575 CO-23 1,840,000 3,201,784 3,192,806 0%

7 2573 - 2574 CO-22 1,840,000 9,224,636 9,197,091 0%

8 2572 - 2573 CO-21 1,840,000 9,246,845 9,222,944 0%

9 2571 - 2572 CO-20 1,840,000 10,127,096 9,313,428 -8%

MH 2572 is a dop MH. The slope is 0.05 but VHB had a slope 

of 0.059 which is causing the discrepency. However, MH 

2572 drop inlet is EL 257.44 and drop outlet is EL 254.78. 

VHB slope assumes no drop and pipe enters MH 2572 at EL 

254.78.

10 2570 - 2571 CO-19 1,840,000 9,534,119 9,507,323 0%

11* 2569 - 2570 CO-18 1,840,000 6,616,423 7,290,456 10%
Record drawings show 240' of 15" VCP between MH 2569 - 

MH 2570. VHB Flow Report shows 294' in this section.

22,080,000 58,475,006 68,619,476

12 2564 - 2569 CO-17 1,650,000 9,827,747 7,742,878 -21%

MH 2569 is a dop MH. The slope is 0.034 but VHB had a 

slope of 0.055 which is causing the discrepency. However, 

MH 2569 drop inlet is EL 295.66 and drop outlet is EL 

289.56.  VHB slope assumes no drop and pipe enters MH 

2569 at EL 289.56.

13 2563 - 2564 CO-16 1,650,000 4,514,238 4,504,829 0%

14 2562 - 2563 CO-15 1,650,000 2,811,695 2,817,942 0%

15 2561 - 2562 CO-14 1,650,000 2,186,079 2,184,551 0%

16 2560 - 2561 CO-13 1,650,000 2,342,420 2,339,668 0%

17 2559 - 2560 CO-12 1,650,000 2,343,547 2,339,668 0%

9,900,000 24,025,726 21,929,536

18 2558 - 2559 CO-11 1,350,000 1,948,487 1,945,414 0%

19 2626 - 2558 CO-10 1,350,000 2,034,860 2,035,899 0%

20 2625 - 2626 CO-9 1,350,000 1,809,627 1,809,688 0%

21 2620 - 2625 CO-8 1,350,000 1,919,050 1,919,561 0%

22 2609 - 2620 CO-7 1,350,000 1,933,441 1,919,561 -1%

23* 2601 - 2609 CO-6 1,350,000 No data 1,945,414

Record drawings show only one 254' section of 15" VCP 

sewer between MH 2601 - MH 2609. VHB Flow Report has 

this broken between two (one 52' and one 202') sections.

24* 1,350,000 No data

25 2590 - 2601 CO-5 1,350,000 2,103,279 2,087,604 -1%

26 2579 - 2590 CO-4 1,350,000 1,969,996 1,958,341 -1%

27 2568 - 2611 CO-2 1,350,000 No data 3,470,722

28 2611 - 2579 CO-3 1,350,000 No data 1,137,518

29 2557 - 2568 CO-1 1,350,000 1,788,341 1,719,203 -4%
Record drawings show 43' of 12" VCP between MH 2557 - 

MH 2568. VHB Flow Report has 40' in this section which may 

cause a slight discrepency.

16,200,000 15,507,081 21,948,925

48,180,000 98,007,813 112,497,937

Section 1 - 11 Sub Total

Section 12 - 17 Sub Total

Section 18 - 29 Sub Total

Grand Total  
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A full flow capacity calculation for the existing Merrimack River siphon was performed 

separately from the SewerCAD model and is provided in Appendix A. Based on the 

assumptions cited in the calculation, the full flow capacity of the 12” DI siphon barrel is 

2,280,407 gpd and the full flow capacity of the 18” DI siphon barrel is 5,525,380 gpd for a 

combined total of 7,805,787 gpd. UE did not calculate the full flow pipe capacities for the Old 

Turnpike Road sewer collection basin which connects to the Manchester Street sewer at Terrill 

Park just before the siphon, and we have no information on flows coming from that area. 

However, we anticipate the addition of a third siphon barrel will be required when the future 

Manchester Street sewer expansions are built and further analysis of the Old Turnpike Road 

sewer collection basin are performed by others, regardless of whether the proposed Pembroke 

interconnection occurs. 

 

Existing Flow Analysis 

 

Once the full flow pipe capacities were confirmed, UE added the existing Manchester Street 

flows from the 2004 Garvins Falls Sewer Feasibility Study report into the existing SewerCAD 

model. Table 2 summarizes the average day and peak flows from each of the sewer areas and 

lists which manhole the flow was added into the model. Figure 1 and Figure 2 depict this 

visually. For continuity purposes, UE used the same flow area labels as shown in Figure 3 of the 

2004 Garvins Falls Sewer Feasibility Study report which has been provided in Appendix C.  

 

Table 2 – Manchester Street Existing Sewer Flows 

 
Notes: 

1. Average daily flows and their corresponding peaking factors were taken from "Appendix C - Peak Sewer Flows" of the 2004 VHB Garvins 
Falls Sewer Feasibility Study to calculate the peak flows. 

2. Manchester Street contributing flow areas taken from “Figure 3 – Sewer Flow Areas” of the 2004 VHB Garvins Falls Sewer Feasibility Study. 

 

According to the results of the existing Manchester Street SewerCAD model, none of the 

existing pipes are currently over capacity. However, the following sewer pipes listed in Table 3 

below are over 85% capacity and were already scheduled to be replaced and upsized to 18” when 

the Garvins Falls sewer expansion occurs. 
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Table 3 – Manchester Street Sewer Pipes Near Capacity with Existing Flows 

Sewer Section Existing Pipe Full Flow Capacity (gpd) Existing Capacity (%) 

2575 – 2576 15” VCP 2,785,626 86.5 

2576 – 4289 15” VCP 2,746,847 87.7 

4289 – 2577 15” VCP 2,753,310 87.6 

2577 – 2578 15” VCP 2,443,078 98.7 

2578 – 2580 15” VCP 2,501,247 96.3 

 

Future Flow Analysis 

 

After the existing SewerCAD model was created and the existing peak flows were incorporated, 

UE added the future flows from the 2004 Garvins Falls Sewer Feasibility Study report and the 

Pembroke interconnection into the existing SewerCAD model. Table 4 summarizes the average 

day and peak flows from each of the sewer areas and lists which manhole the flow was added 

into in the model. Figure 3 and Figure 4 depict this visually. For continuity purposes, UE used 

the same flow area labels as shown in Figure 3 of the 2004 Garvins Falls Sewer Feasibility Study 

report which has been provided in Appendix C.  

 

Table 4 – Manchester Street Sewer Future Flows 

 
Notes: 

1. Average daily flows and their corresponding peaking factors were taken from “Appendix C – Peak Sewer Flows” of the 2004 VHB Garvins 

Falls Sewer Feasibility Study to calculate the peak flows. 

2. Manchester Street contributing flow areas taken from “Figure 3 – Sewer Flow Areas” of the 2004 VHB Garvins Falls Sewer Feasibility Study. 

 

The future flows in Table 4 above would cause the majority of the existing Manchester Street 

sewer pipes to be over capacity. The only sewer pipes that would not be over capacity are those 

between MH 2563 and MH 2574 which is due to their location on the steep hill between Garvins 

Falls Road and Old Turnpike Road (see Figure 4). Although these pipes are 15” just like the rest 

of Manchester Street, they have slopes of 1.2 – 5% as compaed to the flatter areas with slopes 

ranging from 0.2 – 0.4%. The following sewer pipes listed in Table 5 below will be over 100% 

capacity and will require upsizing if the Concord sewer expansions and the Pembroke 

interconnection occur. 
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Table 5 – Manchester Street Existing Sewer Pipes Over Capacity with Future Flows 

Sewer Section Existing Pipe Full Flow Capacity (gpd) Future Capacity (%) 

2557 – 2586 12” VCP 1,719,203 121 

2568 – 2611  15” VCP 1,971,267 105.6 

2611 – 2579  15” VCP 2,003,583 113.4 

2579 – 2590  15” VCP 1,958,341 132.4 

2590 – 2601  15” VCP 2,087,064 124 

2601 – 2609 15” VCP 1,945,414 133.4 

2609 – 2620  15” VCP 1,919,561 134.9 

2620 – 2625 15” VCP 1,919,561 135.2 

2625 – 2626 15” VCP 1,809,688 143.4 

2626 – 2558 15” VCP 2,035,899 127.3 

2558 – 2559  15” VCP 1,945,414 133.4 

2559 – 2560 15” VCP 2,339,668 172 

2560 – 2561 15” VCP 2,339,668 172.1 

2561 – 2562 15” VCP 2,184,551 184.3 

2562 – 2563  15” VCP 2,817,942 142.9 

2574 – 2575 15” VCP 3,192,806 162.7 

2575 – 2576 15” VCP 2,785,626 186.5 

2576 – 4289 15” VCP 2,746,847 189.1 

4289 – 2577 15” VCP 2,753,310 188.8 

2577 – 2578 15” VCP 2,443,078 212.7 

2578 – 2580 15” VCP 2,501,247 207.6 

 

To address the over capacity issue, UE first proceeded with upsizing the pipes based on Figure 5 

of the 2004 Garvins Falls Sewer Feasibility Study report which has been provided in Appendix 

D. Unfortunately, once the Pembroke interconnection occurs, all of the upsized pipes shown in 

Table 6 will still be over 100% capacity except for sewer reach 2562 – 2563.  
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Table 6 – Manchester Street Sewer Pipes Over Capacity after Garvins Falls Upgrades 

Sewer Section Proposed Pipe Full Flow Capacity (gpd) Future Capacity (%) 

2557 – 2586 12” VCP 1,719,203 121 

2568 – 2611  15” VCP 1,971,267 105.6 

2611 – 2579  15” VCP 2,003,583 113.4 

2579 – 2590  15” VCP 1,958,341 132.4 

2590 – 2601  15” VCP 2,087,064 124 

2601 – 2609 15” VCP 1,945,414 133.4 

2609 – 2620  15” VCP 1,919,561 134.9 

2620 – 2625 15” VCP 1,919,561 135.2 

2625 – 2626 15” VCP 1,809,688 143.4 

2626 – 2558 15” VCP 2,035,899 127.3 

2558 – 2559  15” VCP 1,945,414 133.4 

2559 – 2560 18” VCP 3,806,807 105.7 

2560 – 2561 18” VCP 3,806,807 105.8 

2561 – 2562 18” VCP 3,554,744 113.4 

2562 – 2563  18” VCP 4,582,388 87.9 

2574 – 2575 15” VCP 3,192,806 162.7 

2575 – 2576 18” VCP 4,530,682 114.7 

2576 – 4289 18” VCP 4,466,050 166.3 

4289 – 2577 18” VCP 4,472,514 166.1 

2577 – 2578 18” VCP 3,974,850 130.8 

2578 – 2580 18” VCP 4,071,797 127.7 
Notes: 

1. Sewer reaches upsized to 18” based on Figure 5 of the 2004 VHB Garvins Falls Sewer Feasibility Study. 

 

UE then proceeded with increasing sewer pipe diameters in the model to obtain full flow 

capacities below 85% with all future flows from Garvins Falls and Pembroke included. Because 

larger diameter pipes would need to be installed to accommodate the future flows from Table 4, 

UE modeled these larger diameter pipes as SDR 35 PVC which is the most common new gravity 

sewer material. As seen in Table 7, UE proposed that all sewer pipes on Manchester Street be 

upsized with the exception of the pipes on the steep hill between Garvins Falls Road and Old 

Turnpike Road (MH 2564 – MH 2574). As mentioned previously, these pipes on the hill do not 

need to be replaced due to the available capacity from the steep slopes.  
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Table 7 – Manchester Street Sewer Pipes Capacity with UE Proposed Upgrades 

Sewer Section Proposed Pipe Full Flow Capacity (gpd) Future Capacity (%) 

2557 – 2586 15” PVC      4,052,408  51.3 

2568 – 2611  18” PVC      4,162,281  50 

2611 – 2579  18” PVC      4,239,840  53.7 

2579 – 2590  18” PVC      4,136,429  62.6 

2590 – 2601  18” PVC      4,420,808  58.6 

2601 – 2609 18” PVC      4,104,113  63.1 

2609 – 2620  18” PVC      4,065,334  63.8 

2620 – 2625 18” PVC      4,052,408  63.9 

2625 – 2626 18” PVC      3,819,733  67.8 

2626 – 2558 18” PVC      4,304,471  60.2 

2558 – 2559  18” PVC      4,110,576  63.1 

2559 – 2560 18” PVC      4,950,788  81.3 

2560 – 2561 18” PVC      4,944,325  81.4 

2561 – 2562 18” PVC      4,614,703  87.2 

2562 – 2563  18” PVC      5,952,580  67.6 

2563 – 2564 18” PVC      9,520,249  42.3 

2574 – 2575 18” PVC      6,747,549  77 

2575 – 2576 21” PVC      8,880,396  58.5 

2576 – 4289 21” PVC      8,764,059  59.3 

4289 – 2577 21” PVC      8,776,985  59.2 

2577 – 2578 21” PVC      7,788,120  66.7 

2578 – 2580 21” PVC      7,982,015  65.1 

2580 – 2581 21” PVC    24,437,246  21.3 

 

As noted in Table 6, the sections of sewer between MH 2559 and MH 2564 (italics) were 

scheduled to be upsized to 18” to accommodate the Garvins Falls sewer expansions. These pipe 

reaches will not need to be upsized further to accommodate Pembroke flows. All (shaded) pipes 

will require upsizing to accommodate Pembroke flows on top of Garvins Falls flows. It should 

also be noted that although the section of pipe between MH 2580 and MH 2581 does not need to 

be upsized to 21” for capacity reasons, UE would not recommend leaving an oddball 15” VCP 

pipe at this location. Note: MH 2581 also receives flow from the Old Turnpike Road sewer 

collection basin which is a significant part of the Concord sewer system as seen in Figure 5.   

 

Cost Estimation 

 

The following conceptual opinion of cost for the replacement and upsizing of the Manchester 

Street sewer pipes to accommodate the future Concord sewer expansions and the proposed 

Pembroke interconnection is shown in Table 8. The total estimated cost for the Manchester 

Street sewer upgrades is approximately $5.3M (MH 2557 – MH 2581). This cost does not 

include the purchase of treatment capacity for Pembroke which will be negotiated in an 

Intermunicipal Agreement should the interconnection occur.  
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Table 8 – Opinion of Cost for Proposed Manchester Street Sewer Upgrades 

Sewer Reach 

Length 

(LF)  Existing Pipe Proposed Pipe 

Unit Cost 

($/LF)1 Cost 

2557 - 2568 43 12" VCP 15" PVC $500 $21,500 

2568 - 2611 202 15" VCP 18" PVC $500 $101,000 

2611 - 2579 65 15" VCP 18" PVC $500 $32,500 

2579 - 2590 300 15" VCP 18" PVC $500 $150,000 

2590 - 2601 307 15" VCP 18" PVC $500 $153,500 

2601 - 2609 254 15" VCP 18" PVC $500 $127,000 

2609 - 2620 302 15" VCP 18" PVC $500 $151,000 

2620 - 2625 294 15" VCP 18" PVC $500 $147,000 

2625 - 2626 304 15" VCP 18" PVC $500 $152,000 

2626 - 2558 290 15" VCP 18" PVC $500 $145,000 

2558 - 2559 300 15" VCP 18" PVC $500 $150,000 

2559 - 25604 267 15" VCP 18" PVC $500 $133,500 

2560 - 25614 296 15" VCP 18" PVC $500 $148,000 

2561 - 25624 274 15" VCP 18" PVC $500 $137,000 

2562 - 25634 213 15" VCP 18" PVC $500 $106,500 

2563 - 25644 270 15" VCP 18" PVC $500 $135,000 

2574 - 2575 294 15" VCP 18" PVC $500 $147,000 

2575 - 2576 292 15" VCP 21" PVC $550 $160,600 

2576 - 4289 157 15" VCP 21" PVC $550 $86,350 

4289 - 2577 145 15" VCP 21" PVC $550 $79,750 

2577 - 2578 254 15" VCP 21" PVC $550 $139,700 

2578 - 2580 178 15" VCP 21" PVC $550 $97,900 

2580 - 2581 65 15" VCP 21" PVC $550 $35,750 

3rd Siphon Barrel2 510 12" & 18" DI TBD3 $600 $306,000 

Sub Total $3,043,550 

Contractor OH&P (15%) $456,533 

Contingency (30%) $913,065 

Total Construction Cost $4,413,148 

Engineering (20%) $882,630 

Total Probable Cost $5,295,777 
Notes: 

1. Unit costs are based on recent cost opinions for similar sewer replacement projects on highly travelled paved roads in other Towns. 
2. New siphon barrel to be directionally drilled 410 feet under the Merrimack River with an allowance of 50 feet either side of siphon structures. 

3. New siphon barrel size to be determined based on further evaluation of other Concord collection system expansions and growth. 

4. These pipe sections were recommended to be upsized to 18" for the Garvins Falls sewer expansion and will not need to be upsized further to 
accommodate the Pembroke connection. 

 

Since the peak flow from Zone 1 and Zone 2 of the Pembroke collection system is 1,490,000 

gallons/day and the total estimated peak flow after the Concord sewer expansions are built is 
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5,185,579 gallons/day according to Table 4, the Town of Pembroke would constitute 29% of the 

future Manchester Street sewer flows upstream of MH 2581. Pembroke’s percentage of the 

future needed siphon capacity could not be calculated as the existing and future flows coming 

from the Old Turnpike Road sewer collection basin (seen in Figure 5) are unknown at this time. 

UE did not evaluate the sewer pipe capacity between Old Turnpike Road and the siphon, or form 

the siphon to the Hall Street WWTF. For now, it is being assumed these reaches of pipe will not 

need to be upsized but this should be verified. 

 

The City of Concord and their engineering firm are just beginning evaluations of other areas of 

the Concord collection system including the Old Turnpike Road sewer collection basin and the 

multiple siphons the City has crossing the Merrimack River. The City of Concord may upgrade 

the existing siphon at the end of the Manchester Street sewer whether or not the interconnection 

with Pembroke occurs. However to be conservative, UE has assumed that Pembroke will be 

involved in these upgrades and contribute 29% of the upgrade costs. 

 

CONCLUSIONS AND RECOMMENDATIONS: 

 

In the first phase of this sewer interconnection analysis, UE estimated the average day and peak 

hour flows from both Zone 1 and Zone 2 of the Pembroke sewer collection system. In the first 

technical memorandum issued in March of 2020, UE estimated the cost to collect and transmit 

flow from both Zone 1 and Zone 2 to the Concord collection system to be $8.95M. In the second 

phase of this sewer interconnection analysis, UE performed 24 hour composite sampling at 

convergence locations of Zone 1 and Zone 2 and sent the results to the City of Concord who 

confirmed the wastewater quality is typical and acceptable. The outcome from the second 

technical memorandum issued in October of 2020 was that the existing Manchester Street sewer 

capacity would need to be evaluated and that Pembroke would have to pay for a portion of the 

necessary upgrades to accommodate the interconnection. In this third phase of the analysis, UE 

determined which Manchester Street sewer pipes would need to be upgraded to accommodate 

both future flows from Concord and Pembroke. The estimated cost for the Manchester Street 

upgrades is $5.3M. Table 9 presents the total estimated cost to Pembroke for sending wastewater 

from both Zone 1 and Zone 2 to the Concord collection system. 

 

Table 9 – Total Project Conceptual Opinion of Cost 

Project Cost3 

Pembroke Zone 1 and Zone 2 Infrastructure Upgrades $8,950,000 

Manchester Street Infrastructure Upgrades (29%)1 $1,520,000 

City of Concord Connection Fees2 $4,170,000 

Total $14,640,000 
Notes: 
1. This cost assumes the Town of Pembroke will pay 29% of the $5.3M based on their percentage of peak flow in the Manchester Street sewer 

system.  

2. This cost assumes $15/gal connection fee multiplied by the average daily flow from Zone 1 & Zone 2 (278,000 gpd) 
3. Costs are in 2020 and 2021 dollars.  
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The cost per gallon of capacity gained for both Zone 1 and Zone 2 would be $14.64M/278,000 

gpd or $52.66/gal. Building a new wastewater treatment facility in the 278,000 GPD size range 

in today’s dollars (2021) would likely cost $40-$50/gal. Based on the analyses and assumptions 

cited in this memorandum, $52.66/gal is considered reasonable.  

 

If Pembroke agrees and wishes to continue interconnection discussions with the City of Concord, 

next steps should include agreement on a buy-in fee, confirmation of annual treatment costs 

based on the quality and quantity of flow, establishment of Manchester Street sewer upgrade fees 

paid by Pembroke, and establishment of siphon upgrade fees to be paid by Pembroke. It should 

also be confirmed that sewer upgrades are not needed between Old Turnpike Road and the 

siphon and from the siphon to the WWTF.  

 

 

 



FIGURES 

 
1 – Existing Manchester Street Sewer 

2 – Existing Manchester Street Sewer 

3 – Proposed Manchester Street Sewer 

4 – Proposed Manchester Street Sewer 

5 – Old Turnpike Road Sewer Collection Basin 
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Project            : Concord Sewer Capacity Drawing Ref.

Analysis Pembroke Intercon Calculation by RMB

Description     : Merrimack River Siphon Date 14-Sep-21

Full Flow Capacity Estimation Page 1

REF. NOTES

PURPOSE:

To estimate the full flow capacity of the 12" and 18" DI siphon underneath the

Merrimack River by Terrill Park.

ASSUMPTIONS:

1 The elevations and lengths on the 1978 Manchester St Siphon Record Drawings by

Camp Dresser & McKee Inc. are accurate.

2 The appropriate formula to estimate the full flow capacity is the Darcy

Weisbach equation.

3 The headloss (hf) over the length of both siphon barrels is the difference between

the pipe invert elevations in MH 2608 & MH 2610 shown in profile view on Sheet 51

4 The equivalent sand grain roughness (ks) in inches for ductile iron pipe is similar

to the ks value for "Wrought Iron, Steel"

5 The viscosity of the sewage is similar to the viscosity of water at 70 degrees F

REFERENCES:

1 "Engineering Fluid Mechanics" by Donald F. Elger, et al. 11th edition. 

Figure 10.14 - Moody Diagram and Table 10.14 - Equivalent Sand Grain Roughness

for Various Pipe Materials.

2 "Manchester St Siphon" record drawings dated July 1978 by Camp Dresser & 

McKee Inc. Sheet 51 plan and profile view.

KNOWNS:

1 Darcy Weisbach Equation:

hf = f * (L/D) * (V
2
/2g)

where f is the friction factor taken from the Moody Diagram using the relative 

roughness:

ks/D

and the Reynolds Number parameter:

D
3/2

 * (2ghf/L)
1/2

/ѵ

2 List of known values:

12" ductile iron siphon barrel dia = (D1) = 1 ft Reference 2

18" ductile iron siphon barrel dia = (D2) = 1.5 ft Reference 2

Upstream MH 2608 D1 invert elevation = 217.63 ft Reference 2

Upstream MH 2608 D2 invert elevation = 217.63 ft Reference 2

Downstream MH 2610 D1 invert elevation = 215.51 ft Reference 2

Downstream MH 2610 D2 invert elevation = 216.14 ft Reference 2

Headloss D1 = (hf) = 2.12 ft

Headloss D2 = (hf) = 1.49 ft

Acceleration due to gravity = (g) = 32.2 ft/s
2

Reference 1

Length between MH 2608 and MH 2610 = (L) = 410 ft Reference 2

Kinematic viscosity (ѵ) of water @ 70 F = 0.000016 ft
2
/s Reference 1 Table A5

Equivalent roughness of ductile iron pipe = (ks) = 0.002 in Reference 1 Table 10.4

OR 0.0002 ft

PLEASE INITIAL AS CHECKED CHKD:

CALCULATIONS
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REF. OUTPUT

CALCULATE : 12" Siphon Full Flow Estimation

1 Solve for Reynolds Number parameter

D
3/2

 * (2ghf/L)
1/2

/ѵ = 36066

OR 3.61*10
4

2 Solve for relative roughness

ks/D = 0.00017

3 Use Moody Diagram to determine f value

f  = 0.0165

4 Find velocity (V) using Darcy Weisbach equation

hf = f * (L/D) * (V
2
/2g)

OR

V
2
 = hf/f * (L/D)/2g = 20.18

V = 4.49 ft/s

5 Solve for flow (Q) using Continuity equation

Q = V/A 

A = π/4 * D2 = 0.7854 sq ft

Q = 3.53 cfs

OR 2,280,407   gpd

CALCULATE : 18" Siphon Full Flow Estimation

1 Solve for Reynolds Number parameter

D
3/2

 * (2ghf/L)
1/2

/ѵ = 55547

OR 5.56*10
4

2 Solve for relative roughness

ks/D = 0.00011

3 Use Moody Diagram to determine f value

f  = 0.015

4 Find velocity (V) using Darcy Weisbach equation

hf = f * (L/D) * (V
2
/2g)

OR

V
2
 = hf/f * (L/D)/2g = 23.40

V = 4.84 ft/s

5 Solve for flow (Q) using Continuity equation

Q = V/A 

A = π/4 * D2 = 1.767 sq ft

Q = 8.55 cfs

OR 5,525,380   gpd

PLEASE INITIAL AS CHECKED CHKD:

CALCULATIONS
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REF. OUTPUT

RESULTS:

Total double barrel siphon full flow capacity = 12.08 cfs

OR 7,805,787   gpd

Per TR-16, siphons shall meet the following requirements

1 No less than two (2) barrels

2 Minimum pipe size of 6 in

3 Manholes at either end of the pipes for flushing and maintenance

4 Pipes shall have minimum velocity of at least 3 ft/s for average flows to keep the pipe

free of settleable solids

5 Inlet and outlet should be arranged so normal flow is diverted to one (1) barrel so that

either barrel can be taken out of service for maintenance

PLEASE INITIAL AS CHECKED CHKD:

CALCULATIONS
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APPENDIX B 

 
2006 VHB Manchester Street Sewer Flow Report 

 

 

 

 

 

 

 

 

 

 

 

 

 















 

 

 

 

 

 

 

APPENDIX C 

 
2004 Garvins Falls Sewer Feasibility Study Figure 3 “Sewer 

Flow Areas” by VHB 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

APPENDIX D 

 
2004 Garvins Falls Sewer Feasibility Study Figure 5 

“Conceptual Sewer Layout” by VHB 

 




