
increase storage in the system. This weir should be raised to prevent the fast movjng influent 

flow from sp ashing over the weir under peak flow con ~tions. 

The model indic_ates that these ·mprovements to the Broad Street CSO egulator will eliminate 

overflows or both the 3-month and 1-year storms. 

Tampa Street (CSO 007). The model showed that the NRI has the capacity to receive more 

flow from this regulator. Increasing-the diameter of the dry weather connection from 1 0-inches 

to 18-inches will eliminate overflows for the -month and 1-year storms. A "duckbill" type -valve orflap gate is also recommended at this location to keep the Nashua River from flowing 

over the regulator and into the sewers wllen the River is at high stage. 

Lock Street (CSO 009). The model showed a considerable amount ofheadloss across the dry 

weather connection, indicating that the pipe was undersized. ReiiLoving the plate (as note ·n 

Ghapter 3) and increasing the diameter of the dry weather connection ro 

inches would eliminate overflows for the 3-month and -year oesign storms. 

ches to 8-

Nashua River (CSO 006). This structure is on the banks of the Nashua River, where the NRI 

and NMRI connect. It is one of the primary relief points for the interceptor system. Simulations 

of the 3-month and 1-year design storms, under NFBC, produced 0.32 mgal and 1.26 mgal of 

overflow, respectively. Although the interceptor upstream and downstream of the structure is 

extremely large (1 08-inch diameter), flow is limited by a 54-inch by 54-inch opening, designed 

to protect the downstream interceptor from surcharging and to limit flow to the NWTF. Here, 

the recommended imQrovement is raising the W€ir by 2.5 feet, rather than increasing the diameter 

of the connecting pipe. This will allow the hydraulic grade in the pipe to rise higher before 

overflowing, yet is not predicted to cause flooding upstream. This improvement will eliminate 

overflow for the 3-month and 1-year design storms. 

East Hollis Street (CSO 005). The weir at the East Hollis Street CSO is the lowest in the 

system. As previously discussed, downstream hydraulic restrictions at the NWTF can cause 

flow in the interceptor to rise above the weir, causing overflows. Raisjng the weir by 3.0 feet 
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would prevent flow in the interceptor from discharging out the East Hollis Street structure. It 

would a so reduce overflows from the combined sewage entering tne ast'Rollis Street structure. 

The model predicts-that implementing this SOM would reduce-the 3-month storm overflow 

volume by 0.21 mgal, and would reduce overflow from the 1-year storm by 0.31 mgal. 

Burke Street (CSO 004). The model indicates that during peak flows, flow will overtop the 

weir. \!ncreasing-the diameter of the dry weather conn€ction from 1 O-inch€s to 15-inches, 

coupled with increasing-the height of the weir by 3 inches, · s pre icted to eliminate overflows 

during the 3-month and 1-year design storms. 

Salmon Brook (CSO 002). he moael predicted no overflows at this CSO during either the 3--
mont~n storms. As a result, no system optimization measures were developed 

for the Salmon Brook CSO. 

Farmington Road (CSO 003). Dry weather flow from the Farmington Road CSO regulator is 

diverted to the South Merrimack Interceptor (SMI). Providing hydraulic relief at the NWTF 

would significantly reduce the peak hydraulic grade in the SMI. That in tum would allow more 

flow to be diverted from the Farmington Road system. This could be accomplishedoy 

increasing the diameter ofthe dry weather connection.from I 0-inches to 20-inches. With this 

modification in place overflows ar_e predicted to be eJjminated at CSO 003 during the 3-month 

and 1-year design storms. 

Summary of Proposed System Optimization Measures 

System optimization measures can eliminate overflows that occur under NFBC during the 3-
~ e\ 

month and 1-year storms in ~ of e se · CSOs. The CSO discharges eliminated are at CSOs 

that are relatively remote from the NWTF, at locations where end-of-pipe storage or treatment 

facilities would be more difficult to construct and operate. The model predicts that if all 

recommended SOMs are implemented, as shown in Table 8-4, overflows would still occur -
during the 1-year storm at CSO 005. 
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TABLE 8-4. SUMMARY OF SYSTEM OPTIMIZATION MEASURES WITH NWTF WET WEATHER BYPASS 

NPDES 
Overflow Volume for Design Storm Event (mgal) 

Discharge Location Description of SOM 

Number 3-Month 1-Year 2-Year1 

w/o SOM 0.00 0.00 0.00 
cso 002 Salmon Brook w/SOM 0.00 0.00 0.00 None c~ 

Change 0.00 0.00 0.00 '( 

w/o SOM 0.12 0.32 0.46 ,-- '.,1<. J• 

cso 003 Farmington Road w/ SOM 0.00 0.00 0.05 Increase DWC to 20 inches 

Change -0.12 -0.32 -0.41 
w/o SOM 0.39 0.84 1.24 Raise weir elevation 0.25 feet 

cso 004 Burke Street w/ SOM 0 0 0.01 Increase DWC to 15 inches 
Change -0.39 -0.84 -1.23 

w/o SOM 0.33 0.86 1.39 
cso 005 E. Hollis Street w/ SOM 0.12 0.55 0.93 Raise weir elevation 3.0 feet 

Change -0.21 -0.31 -0.46 
w/o SOM 0.32 1.26 2.59 

cso 006 Nashua River w/ SOM 0 0 1.09 Raise weir elevation 2.5 feet 
Change -0.32 -1.26 -1.50 

w/o SOM 0 0.02 0.12 
cso 007 Tampa Street w/ SOM 0 0 0 Increase DWC to 18 inches 

Change 0.00 -0.02 -0.12 
w/o SOM 0.21 0.51 0.7 Raise weir elevation 0.5 feet 

cso 008 Broad Street w/SOM 0 0 0.04 Increase DWC to 20 inches 
Change -0.21 -0.51 -0.66 

w/o SOM 0.04 0.08 0.12 Increase DWC to 18 inches 
cso 009 Lock Street w/ SOM 0 0 0 Remove diversion plate at DWC 

Change -0.04 -0.08 -0.12 
w/o SOM 1.41 3.89 6.62 

TOTAL w/SOM 0.12 0.55 2.12 
Net Change -1.29 -3.34 -4.50 

Note: I. Based on the 2-year actual storm event. 
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SYSTEM OPTIMIZATION COST DERIVATION 

This section presents cost estimates for the proposed system optimization measures. 

Cost Estimating Approach 

System optimization measure costs have been developed based on typical unit costs for simple 

modifications, and site-specific costs for more complex optimization measures. Certain types of 

system optimization measures (such as constructing masonry weirs) will have similar unit costs 

regardless of location. These unit costs were then adjusted as appropriate to account for site

specific factors. More complex system optimization measures, such as increasing the size of a 

connection between a regulator and interceptor, required site-specific cost estimates. A brief 

discussion of the basis for developing unit costs for the types of system optimization measures is 

presented below. 

Unit Cost Derivation 

Unit construction costs were developed based o the 20-city average ENR Construction Cost 

Index of 6512 (May, 200J), (\lld represent a preliminary estimate of a contractor' s bid price for 

the work, including costs for labor, materials, equipment, contractor overhead and profit, and 

contractor's contingencies. An additional allowance o 25 percenLfor other contingencies was 

added, along with a 20 percent allowance fOT legal administrative, and t:ngineering costs, to 

arrive at-the total unit costs. 

Costs for Weir Improvement SOMs 

Masonry Weirs. The estimated cost is based on the following approach: 

• Perform construction during dry weather, when there is no overflow, so that bypass 

pumping will not be required. 

• Provide traffic cones and/or barrels, and a police detail for traffic control 
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• Utilize bricks, concrete masonry unit (CMU) blocks, and mortar as required to construct 

the weir. 

• Utilize a four person crew, including one authorized confined space entrant, one laborer, 

and one foreman. 

• Based on the costs incurred on other, similar projects, a ypical cost of $3 ,700 per weir is 

anticipated or masonry weir construction work. 

Cast-in-Place Concrete Weirs. The estimated cost is based on the following approach: 

• Perform construction during dry weather, when there is no overflow, so that bypass 

pumping will not be required. 

• Provide traffic cones and/or barrels, and a police detail for traffic control. 

• Utilize reinforcing steel and/or wire fabric to reinforce and anchor the new work to the 

existing structure. Wooden forms will be installed, and concrete placed. After the 

concrete has cured, the forms will be stripped. 

• Utilize a five person crew: a laborer and a carpenter (both qualified as confined space 

authorized entrants); a confined space attendant; a laborer to handle material at the 

ground surface; and a foreman. 

• Allow two consecutive days to install reinforcing forms and place the concrete. A third 

day will be required to strip forms and finish the work. 

Based on the costs incurred on other, similar projects, a typical cost of $13,750 per weir is 

anticipated for cast::in-place construction work. 

Ati}E:Burke Street (004 and East Hollis Street (005) CSOs, it was assumed that the weir ~ 

elevation could be raised with brick construction and therefore would cost $3 ,700 at each site. CJ Ct 
7 

In the Nashua ·ver (006) eso, the large wei and high flows warrant a stronger formed (? 
concrete weir. Therefore the estimated cost is $13,750. 

Enlarging dry weather connections. Typical costs for replacing the dry weather connection 

pipes at the regulators with larger diameter pipes have been developed based on costs for similar 
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work done recently in the greater Boston area. Those costs were adjusted to reflect the current 

construction cost index (ENR 6512). The following were included in the projected cost: 

• Excavation and shoring 

• Dewatering 

• Bypass pumping during construction 

• Manholes 

• Paving/site work 

• Traffic control/police details 

• Mobilization 

Basea on costs incurred on other similar projects, a typical cost of $60,000 pe connection is 

anticipated. 

At the Broad Street regulator, the section of dry weather connection pipe to be replaced is 

significantly longer than at other typical sites. Therefore, the cost for this work at-e SO 008 was 

estimated separately, based on bids submitted for other, similar projects. Based on this, a cost of 

$720,000 was estimated for improvements at CSO 008. 

Flap-gate at end of outfall. The $40,000 unit cost for the flap-gate to be installed at the end of 

the Tampa Street CSO outfall includes the cost of the gate, and installation costs. 

derived from manufacturer cost estimates. 

e cost was 

Table 8-5 presents the recommended SOMs and the estimated cost for each improvement. 
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NPDES 

TABLE 8-5. SUMMARY OF SYSTEM OPTIMIZATION MEASURES WITH 
NWTF WET WEATHER BYPASS 

Discharge Location Description of SOM Cost 
Number 

cso 002 Salmon Brook None $0 

cso 003 Farmington Road Increase DWC to 20 inches $60,000 

Raise weir elevation 0.25 feet 
cso 004 Burke Street Increase DWC to 15 inches $63,700 

cso 005 E. Hollis Street Raise weir elevation 3.0 feet $3,700 

cso 006 Nashua River Raise weir elevation 2.5 feet $13 ,750 

Increase DWC to 18 inches 
cso 007 Tampa Street Install Flap-gate on end of outfall $100,000 

Raise weir elevation 0.5 feet 
cso 008 Broad Street Increase DWC to 20 inches $723 ,700 

Increase DWC to 18 inches 
cso 009 Lock Street Remove diversion plate at DWC $60,000 

TOTAL $1,024,850 

Note: DWC =Dry weather connection 
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CHAPTER9 

METHODOLOGY FOR DEVELOPING CSO CONTROL ALTERNATIVES 

This chapter describes the methodologies used to develop, size, cost, and evaluate the 

alternatives identified for CSO control in Nashua. 

First, the CSO control technologies considered in this study are presented. This is 

followed by discussions of the methodology for sizing alternatives, cost estimating, and 

the methodology used to evaluate performance. The end of this chapter identifies non

monetary issues that were factors in analyzing alternatives and developing the 

recommended plan. 

CSO CONTROL TECHNOLOGIES 

The first step in the evaluation process was to identify and screen general technologies 

suitable for CSO control. Three categories of CSO control technologies were examined: 

• Collection system controls 

• Storage technologies 

• Treatment technologies 

Technologies were screened by evaluating their general characteristics, effectiveness, and 

feasibility of implementation within the Nashua study area. Technologies were 

considered for localized use (at individual CSOs) and widespread use (at multiple CSOs) 

as applicable. 

While sewer separation is not addressed as a CSO control technology in this chapter, 

sewer separation was evaluated and compared with other alternatives (see Chapter 10). 
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Collection System Controls 

Collection system controls include alternatives that target existing combined sewer 

collection system features. Some low-cost collection system controls such as street 

cleaning and proper maintenance of collection system structures, as presented in the Nine 

Minimum Controls Report (Report on Nine Minimum Control Measures, prepared by 

CDM, April 1996), have already been implemented in Nashua. Other collection system 

controls evaluated in this study include system optimization measures (SOMs) such as 

raising regulator weirs, and relieving hydraulic constraints in the system where they exist 

for short distances, by enlarging pipes or increasing slopes. Details of these collection 

system controls were presented in the previous chapter, and the recommended SOMs 

were incorporated into model simulations used for sizing CSO control alternatives. 

Storage Technologies 

Storage of wet weather flows in the collection system can be an effective means of CSO 

control, provided that the stored flow is later conveyed to the wastewater treatment plant, 

once capacity becomes available. Storage technologies can provide flow equalization in 

the collection system, reducing the hydraulic peak to the wastewater treatment plant. 

Storage technologies that are available include in-system storage, off-line storage, and 

surface storage. Off-line storage, which involves using storage tanks or conduits in 

parallel with the sewer system, is of principal consideration for Nashua. Peak flows 

would be stored during the height of a storm, then would be pumped back into the 

collection system for subsequent treatmen once capacity is available. 

Storage tanks offer significant advantages: they are simple to design and operate, and 

they can respond to rapid changes in flow. The main drawback to off-line storage is 

difficulty in acquiring appropriate sites large enough to accommodate these facilities. 
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Treatment Technologies 

Treatment technologies target reducing the pollutant loads in CSO discharges. Specific 

technologies address specific pollutants, such as floatables, bacteria and viruses, 

suspended solids, and various biochemical constituents. Treatment technologies that 

were evaluated for Nashua include screening, detention/treatment, high-rate 

sedimentation, and disinfection. These rocesses are reliable and are commonly used in 

wastewater treatment, specifically in treating CSOs. In general, these processes are 

flexible, readily automated, and capable of operating over a wide range of flows . 

Screening. This technology removes solids and floatables of various sizes, depending on 

the type of screen. Screens come in many different sizes and shapes: sim le bar screens, 

coarse and fine scr_eens, and microstrainers. Typically, Goarse screens are used upstream 

of other control technologies, to protect the function of downstream facilities. Screening 

equipment can be installed either in-line or off-line, depending on the type. A major 

consideration with in-line facilities is avoiding large head losses, which could restrict 

flow and possibly cause flooding. Microstrainers and fine screens are more susceptible to 

operational problems such as clogging and high head loss. Coarse bar screens and fine 

screens that have been used effectively in CSO applications have been considered in this --
report for use in end-of-pipe treatment facilities, both adjacent to CSO regulators and at 

the NWTF bypass. 

Detentionffreatment. The detention/treatment technology is based on conventional 

primary sedimentation, where suspended solids sink to the bottom of a large tank. This 

technology has been used historically to remove settleable solids in domestic sewage and 

has also been successfully used for CSO treatment. Detention basins offer the advantages 

of being able to store CSOs during small storm events and providing treatment during 

larger events. Detention basins also provide contact time necessary for chlorine 

disinfection. However, one of the disadvantages of this technology is that it requires a 

relatively large land area. 
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High-Rate Sedimentation. While conventional sedimentation tanks were considered for 

primary treatment facilities adjacent to CSO regulators, enhanced settling methods such 

as coagulant additio{ll'flocculation, lamella settler tube settlers, and high rate ballaste 

settling systems were considered for use at the NWTF. Although high rate sedimentation 

technologies are less common than conventional sedimentation for CSO control 

applications, they are a proven technology for removal of BOD and TSS, where can out

perform conventional sedimentation technologies, and have relatively small land 

requirements. 

In common chemically enhanced, ballasted sedimentation processes, a chemical 

coagulant such as alum or ferric is added to screened wastewater to destabilize suspended 

solids and colloidal material. The wastewater stream then passes into an injection tank 

where a flocculant aid polymer and ballast (either recycled sludge or microsand) are 

added and rapidly mixed with the wastewater, forming floc. Wastewater then flows to a 

maturation tank where milder mixing helps to form ballasted floc particles containing 

polymer bridges between the ballast and destabilized suspended solids. Next, wastewater 

enters the settling tank, where the majority of floc particles settle to the bottom of the 

tank. Most of the remaining particles are removed in the plate-settling zone, and clarified 

water exits over a series of plate settler weirs. The ballasted floc is removed and if 

microsand is used as the ballast a grit cyclone separates the sludge for thickening or final 

disposal and recycles the rnicrosand to the treatment process. 

Disinfection. Disinfection destroys disease producing microorganisms such as bacteria 

and viruses. Disinfection efficiency depends on factors such as mixing, contact time, 

dosage control, and equipment reliability. Several disinfection technologies involve the 

use of chlorine-based compounds. These technologies require a subsequent 

dechlorination step, to reduce residual chlorine levels to prevent harm to aquatic life. 

Sodium hypochlorite solution is essentially a concentrated form of liquid chlorine bleach. 

It is the most commonly used disinfectant for CSO treatment. Chemical metering pumps 

can automatically deliver sodium hypochlorite from storage tanks to CSO flow in 
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response to storm events. This disinfection technology is recommended for use in 

conjunction with the treatment technologies presented above. 

The most common form of dechlorination at CSO treatment facilities involves applying 

liquid sodium bisulfite. Like sodium hypochlorite, chemical metering pumps can 

automatically deliver sodium bisulfite from storage tanks to CSO flow in response to 

storm events. Sodium bisulfite dechlorination is recommended for use in conjunction 

with the treatment technologies presented above. 

DEVELOPMENT OF ALTERNATIVES 

The CSO control technologies described above were evaluated further for applicability in 

Nashua, based on the hydraulic characteristics of the Nashua combined sewer system and 

the land use characteristics of the area. A discussion of the process used to develop 

alternatives is presented below and includes a description of the sizing of facilities, cost 

estimating, and performance evaluation. 

CSO Control Technology Sizing 

The first step in developing site-specific CSO control technologies was to select the 

appropriate size of the facilities and equipment, based upon the intended level of control. 

Model simulations for near future baseline conditions (NFBC) with the recommended 

system optimization measures (SOMs) were run with the typical year rainfall file and for 

a series of design storms. e larger storm events in the typical year, along with design 

storm events with recurrence intervals greater than one year, were the basis for sizing the 

alternative. 

CSO control technologies were sized to achieve a range of levels of performance (e.g., 

number of untreated overflows per year). For example, storage tanks were sized to 

achieve four, one, and zero overflows in a typical year. CSO control technologies were 
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subsequently sized to achieve higher levels of performance (e.g., to achieve no untreated 

overflows in response to 2-year, 5-year, and larger storm events). 

Storage tank sizes were selected based on containing the overflow volume from the 

design storms while treatment units were sized to handle the peak flow rate. After the 

unit sizes were computed, capital costs were developed for each alternative. 

CSO Control Cost Estimating 

Construction Cost Estimates. Most construction costs were derived from published 

sources or based on the cost of other projects in New England involving equipment and 

tanks similar to those being considered for Nashua. All costs presented below were 

developed based on an Engineering News Record (ENR) cost index of 6512, representing 

the National 20-city average, May 2002. 

Storage. Storage facility costs were estimated using an equation (USEP A CSO Control 

Manual, September 1993) that accounts for materials, excavation, backfill, concrete 

work, and mechanical and electrical equipment. The calculation is based on the CSO 

volume to be stored, and assumes a 15-foot sidewater depth. Other costs that are added 

to the basic facility cost, computed with the equation, include piping, sheeting, disposal 

of excavate, and odor control costs. Piping costs were computed based on an equation 

that estimates the cost per unit length of pipe for a given pipe diameter, while sheeting, 

disposal of excavate and odor control costs were estimated from projects of similar scope 

and size. 

Screening and Disinfection. Construction costs for screening and disinfection facilities 

included costs for a chlorine contact tank, mechanically-cleaned fine screens and 
-=--

chemical feed (disinfection/dechlorination) equipment and associated building space, 

effluent pumps, odor control equipment, and piping to convey flow to and from the 

facility. The chlorine contact tank cost was developed using the construction cost curve 

\ CV",. 
l 
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: : .· : FIGURE 9-1. CHLORINE CONTACT TANK COST CURVE, ENR 2000 
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shown in Figure 9-1 , which produces a unit cost per cubic foot of CSO to be treated. A 

chlorine contact tank must be large enough to provide 15 minutes of detention time at 

peak design flow. Costs for screening and chemical feed facilities were based on the 

construction cost curve shown in Figure 9-2, in which cost is a function of the peak CSO 

rate in mgd. For the purpose of developing costs, it was assumed that flow discharged 

from screening and disinfection facilities would require pumping. The cost for effluent 

pumps was calculated from Figure 9-3, in which the cost is determined by the expected 

peak flow to be pumped. Piping costs were computed as described for storage 

alternatives, above. 

Detentionffreatment. The detention/treatment alternative involves primary 

sedimentation tanks, mechanically-cleaned fine screens and chemical feed 

(disinfection/chlorination) equipment, odor control equipment, and associated building 

space, effluent pumps, and piping to convey flow to and from the facility. The primary 

sedimentation tank costs were computed using the same equation used for the storage 

tanks. Tank size was based on providing an overflow rate of 4,500 gpdltf under peak 

flow conditions. Piping costs were computed as described for storage alternatives, above. 

Costs for screening and chemical feed facilities and effluent pumps were calculated from 

the construction cost curves described for the screening and disinfection facility 

alternatives, above. 

High-Rate Sedimentation. Construction costs for high-rate sedimentation units were 

developed from cost data provided by manufacturers of the two units evaluated for use in 

Nashua, US Filter' s Actiflo and ODI's Densadeg. Since the high-rate sedimentation 

process will be followed by disinfection and dechlorination, costs for chlorine contact 

tanks and chemical feed facilities were calculated from the construction cost curves 

described for the screening and disinfection facility alternatives, above. 

Capital Costs. Capital costs include base construction costs, derived as described above, 

and allowances for contractor overhead and profit, engineering and construction 
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FIGURE 9-2. SCREENING BUILDING/CHEMICAL FEED COST CURVE, ENR 6512 
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FIGURE 9-3. SEW AGE PUMPING STATION COST CURVE, ENR 2000 
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management, and an appropriate contingency. oaded construction costs were computed 

by a plying a 17 percent allowance for contractor overhead and profit to the base 

construction costs. A 20 percent allowance o engineering and construction 

management was then applied to the loaded construction...cost, and a 5 percent 

contingency was then addea to the loaaed construction cos Ius allowance o 

engineering and construction services. 

Sewer separation costs used for comparison to alternatives developed as part of this study 

were based on actual cost data developed from current sewer separation projects in 

Nashua. hose construction costs include piping, excavation, appurtenant structures, and 

backfill. Other costs included in the capital cost for sewer separation include ~ 

reconstructing curbs and sidewalks, repaving streets, and realigning adjacent utilities W 

disrupted by the work. 

Evaluation of CSO control alternatives 

After developing costs for the different CSO control alternatives, the alternatives were 

compared against one another in terms of cost-performance. Percent reduction of the 

annual E. coli loading was plotted against the facility costs. Alternatives with a relatively 

high cost and poor performance (top and left hand portion of the graph in Figure 9-4) 

were eliminated from further consideration. Conversely, alternatives with relatively high 

performance and low cost (at the "knee-of-the-curve") appeared most suitable in terms of 

cost-performance. Cost-performance curves were developed based on bacteria loading 

from CSOs only, as well as on bacteria loading from CSOs and stormwater. 

Non-Monetary Factors 

Non-monetary factors involve aspects of an alternative that cannot be fully quantified in 

terms of cost. These can reflect performance, uncertainty or risk associated with 

alternatives, and are often useful for comparing various alternatives. 
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FIGURE 9-4. EXAMPLE OF A COST-PERFORMANCE CURVE FOR ALTERNATIVES 
EVALUATED FOR THE EAST HOLLIS STREET CSO (005) 
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The following non-monetary factors were considered in comparing alternatives: 

• Performance 

• O&M considerations 

• Proximity to NWTF 

• Other considerations 

These factors are discussed in the paragraphs that follow. 

Performance. The performance of a CSO control alternative was measured in terms of 

the capability to achieve fecal coliform disinfection standards, to prevent discharge of 

disinfectant residuals, and to control floatables. 

Operations & Maintenance (O&M) Considerations. This factor focused on the 

operational and maintenance complexity of each alternative, the suitability for unattended 

automatic start-up following prolonged down time, and prior CSO applications. 

Technologies that were simpler to operate and maintain, were suited to rapid, unattended 

start-up and shut-down, and had been used successfully at CSO treatment facilities were 

rated higher in terms of this factor. 

Proximity to NWTF. Resources to operate and maintain remote treatment facilities are 

centered at the NWTF. For that reason, it is preferable to locate more complex 

alternatives, such as sedimentation basins and screening and disinfection units, close to 

theNWTF 

Other Considerations. Considerations related to operator and public safety, such as the 

need to store bulk chemicals on site, were compared. For example, alternatives that did 

not require chemical storage were considered preferable. 
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CHAPTERlO 

DEVELOPMENT AND EVALUATION OF CSO ALTERNATIVES 

As discussed in Chapter 8, providing a wet weather treatment unit just upstream of the NWTF 

would significantly reduce overflows at upstream CSO regulators. Implementing recommended 

system optimization measures (SOMs) would reduce the activation frequency and discharge 

volumes even further. With the implementation ofa wet weather treatment unit upstream o the 

NWTF and SOMs, all overflows would be eliminated during the 1-year design storm, except for 

at East Hollis Street (CSO 005). 

The hydraulic model was also used to simulate performance over a typical year after 

implementing the SOMs and the wet weather treatment unit upstream of the NWTF. That 

simulation showed favorable results: n o overflows wouJa occur at the Salmon rook._(002), 

Tam a Street (007), Broad Street (008) and Lock Street (009) CSOs; and only one activation 

annually each at tlie Farmington Road (002) urke Street (004}, and Nashua River (006) CSOs. 

The East Hollis CSO (005) and the proposed NWTF wet weather treatment unit would be the 

most active we weather discharges, wjth the East HoJljs CSO activating 7 time and the NWTF 

wet weather treatment unit activating 10 times ·n the annual simulation. Discharge volumes and 

peak overflow flow rates for the 5 largest storms in the typical year are presented in Table 10-1. 

INITIAL SIZING OF ALTERNATIVES 

The two most active CSO discharges are the East Hollis S1reet CSO and theN 

treatment unit, where the model predicted annual CSO discharge volumes o 1.]1~~ 

mgal, respectively. Alternatives evaluated at these two sites included storage; screening 

followed by disinfection and dechlorination, and detention/treatment (conventional 

sedimentation) followed by disinfection and dechlorination. Additionally, high-rate, chemically 

enhanced sedimentation, followed b disinfection and dechlorination was evaluated for the 

NWTF treatment unit. These alternatives are discussed in detail below. 

10-1 

EXHIBIT G 
AR J.1



NPDES 
Discharge Location 

No. 
002 Salmon Brook 
003 Farmine:ton Road 
004 Burke Street 
005 E. Hollis St. 
006 Nashua River OF 
007 Tampa Street 
008 Broad Street 
009 Lock Street 

TOTAL 

TABLE 10-1. CSO VOLUMES AND PEAK DISCHARGE RATES 
FOR THE 5 LARGEST STORMS IN THE TYPICAL YEAR 

(Near Future Baseline Conditions, with SOMs and Wet weather bypass at NWTF) 

Overflows During the 5 Largest Storms in the Typical Year 
5th Largest 4th Largest 3rd Largest 2nd Largest 

Vol. (me:al) Qpk (cfs) Vol. (me:al) Qpk (cfs) Vol. (me:al) Qpk (cfs) Vol. (mgal) Qpk (cfs) 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.02 2.60 0.05 4.10 0.08 7.00 0.57 27.0 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.02 0.05 0.08 0.57 

0.02 0.05 0.08 0.57 
1.52 1.86 2.14 3.32 

Largest 
Vol. (mgal) Qpk (cfs) 

0.00 0.00 
0.04 6.60 
0.01 1.10 
0.96 43.2 
0.42 33.2 
0.00 0.00 
0.00 0.00 
0.00 0.00 
1.43 

1.38 
3.85 
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East Hollis Street CSO Structure (005) 

The hydraulic model predicted that the East Hollis Street CSO structure would activate 7 times 

in the typical year, discharging 1. 71 mgal of combined sewage into the Merrimack River. The 

following alternatives were considered for this location: 

• storage tank sized to allow four overflows in a typical year 

• storage tank sized to allow one overflow in a typical year 

• storage tank sized to allow no overflows in a typical year 

• screening and disinfection facility 

• detention/treatment facility 

The estimated sizes and estimated costs for these facilities are presented in Table 10-2. 

TABLE 10-2. ALTERNATIVES SIZED FOR THE EAST HOLLIS STREET CSO 
STRUCTURE (005) 

Alternative Capital Cost Details of Design 
(millions) Level of Control 

Storage, 4 
Storage volume: 0.02 mgal 

overflows/year 
$2.3 Untreated discharge in typical year: 1.58 mgal 

Basin size: 15 feet deep, 19 feet long, 9 feet wide 

Storage, 1 
Storage volume: 0.57 mgal 

overflow/year 
$6.5 Untreated discharge in typical year: 0.39 mgal 

Basin size: 15 feet deep, 96 feet long, 48 feet wide 

Storage, 0 
Storage volume: 0.96 mgal 

overflows/year $10.3 Untreated discharge in typical year: 0.00 mgal 
Basin size: 15 feet deep, 131 feet long, 65 feet wide 
Sized to treat Qpk= 43.2 cfs 
15 minutes of detention at Qpk, Volume = 0.29 mgal 

Screening/Disinfection $5.0 Reduces E. coli concentration in discharge to 
126 coV100mL 

Treated CSO discharged in typical year: 0.95 mgal 
Sized to treat Qpk= 43.2 cfs 
Overflow rate: 4,500 gpdlft2 

Detention/Treatment $13.4 
29 minutes of detention at Qpk, Volume = 0.56 mgal 
Reduces E. coli concentration in discharge to 

126 coV100mL 
Treated CSO discharged in typical year: 0.41 mgal 
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The cost-effectiveness of each alternative considered at the East Hollis Street CSO is presented 

in Figure 10-1 , where capital cost is plotted against percent E. coli reduction on an annual basis. 

Figure 10-1 shows the relationship between capital cost and percent reduction in E. coli loading 

to the rivers for the Hollis Street CSO (005), for the five control alternatives under consideration. 

This figure illustrates that three of the approaches under consideration: 

1. detention and treatment; 

2. storage sized for no overflows in a typical year; and 

3. screening with disinfection; 

would each achieve virtually 100% reduction in E. coli discharges to the river from CSO 005. 

Of these three alternatives, the screening and disinfection approach would have the lowest capital 

cost. 

Figures 10-2 and 10-3 present this information in a different format, showing that the alternative 

of screening and disinfection is one of the three approaches with the highest performance in 

terms of bacterial reduction. Furthermore, it is the most cost effective of all the approaches 

considered here, having the lowest capital cost per trillion colonies of E. coli removed from the 

CSO discharge. 

Under the screening and disinfection alternative, screens with an openin of~ inch or less 

between the bars would remove floatable materials and larger, objectionable solids. A facility of 

this type would emove approximately 99.97% of the bacterial load to the river, at an estimated 

capital cost of$4.98 m· lion. 

Although the storage tank sized for zero overflows in a typical year would eliminate bacteria 

loadings from this CSO on an annual basis, virtually the same reduction in bacterial loading to 

the river could be obtained at less than half the cost with the screening and disinfection 

alternative. 

The detention/treatment alternative would also essentially eliminate the bacteria discharges to the 

river in the typical year (99.99% reduction) but was the most expensive alternative 
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FIGURE 10-2. COMPARISON OF ALTERNATIVES IN TERMS OF 
PERFORMANCE, EAST HOLLIS STREET CSO (005) 
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( 13.4 mil ·on). Though the detention/treatment facility also would reduce settleable solids 

discharged, it is a more complex treatment alternative than a screening and disinfection facility. 

Furthermore, the detention/treatment acjlity would discharge flow only once auring a typical 

year. Such infrequent operation oi the equipment can cause operational problems. Since the 

primary water quality parameter of concern is bacteria, and the screening and disinfection facility 

achieves essentially the same bacterial reduction at substantially less cost, the alternative was not 

considered :ft.Hther. 

The 1997 L TCP included a detailed discussion of possible sites for locating a treatment unit near 

the East Hollis Street CSO structure. That study, which evaluated sites based on the basis of 

current land use, historical significance, presence of a buffer zone, site access/traffic, zoning, and 

surrounding land use, concluded that the plot of land north of Bridge Street, east of Bancroft 

Street, on the bank of the Merrimack River would be the best location for a treatment facility. -

This site remains available for a screening and disinfection-facility for flows discharged from the 

East HOllis Street CSO (005). 

NWTF Wet Weather Treatment Unit 

The hydraulic model predicted that the F wet weather treatment unit would activate 1 0 
/ 

times in a typical year, dischargin 16. mgal f combined sewage. Alternatives sized at this 

-----location included: 

• storage tank sized to allow four overflows in a typical year 

• storage tank sized to allow one overflow in a typical year 

• storage tank sized to allow no overflows in a typical year 

• screening and disinfection facility 

• detention/treatment facility 

• high-rate, chemically enhanced sedimentation unit 

The estimated sizes and estimated costs for these facilities are presented in Table 10-3. 
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TABLE 10-3. ALTERNATIVES SIZED FOR THE 
NWTF WET WEATHER TREATMENT UNIT (NWTF) 

Alternative Capital Cost Details of Design 
(millions) Level of Control 

Storage, 4 
Storage volume: 1.52 mgal 

overflows/year 
$13.2 Untreated discharge in typical year: 4.75 mgal 

Basin size: 15 feet deep, 165 feet long, 82 feet wide 

Storage, 1 
Storage volume: 3.32 mgal 

overflow/year 
$25.4 Untreated discharge in typical year: 0.53 mgal 

Basin size: 15 feet deep, 24 3 feet long, 122 feet wide 

Storage, 0 
Storage volume: 3.85 mgal 

overflows/year 
$28.9 Untreated discharge in typical year: 0.00 mgal 

Basin size: 15 feet deep, 262 feet long, 131 feet wide 
Sized to treat Qpk= 92.1 cfs 
15 minutes of detention at Qpk, Volume = 0.62 mgal 

Screening/Disinfection $5.9 Reduces E. coli concentration in discharge to 
126 col/1 OOmL 

Treated CSO discharged in typical year: 10.72 mgal 
Sized to treat Qpk= 92.1 cfs 
Overflow rate: 4,500 gpd/fY 

Detention/Treatment $21.2 
29 minutes of detention at Qpk, Volume = 1.19 mgal 
Reduces E. coli concentration in discharge to 

126 coVIOOmL 
Treated CSO discharged in typical year: 6.74 mgal 

High-rate, chemically 
Sized to treat Qpk= 92.1 cfs 

enhanced $26.7 
Includes disinfection with 15 minutes of detention 

Sedimentation 
time at Qpk 

Provides high level of BOD5 and TSS removals. 

Figure 10-4 shows the relationship between capital cost and the percent reduction in E. coli 

loading to the rivers for the NWTF wet weather treatment unit for the six control alternatives 

under consideration. This figure illustrates that four of the approaches under consideration: 

1. detention and treatment; 

2. storage sized for no overflows in a typical year; 

3. screening and disinfection; and 

4. high-rate, chemically enhanced sedimentation 

would each achieve virtually a 100% reduction in E. coli discharges to the river from the NWTF 

wet weather treatment unit. Of these three alternatives, the screening and disinfection approach 

would have the lowest capital cost. 
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FIGURE 10-4. COMPARISON OF COST VS. PERFORMANCE FOR ALTERNATIVES AT NWTF 
WET WEATHER TREATMENT UNIT (NWTF) 
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Figures 1 0-5 and 10-6 present this information in a different format, showing that the screening 

and disinfection alternative.is one of the four alternatives with the highest performance in terms 

of bacterial reduction, and has the lowest capital cost per trillion colonies of E. coli removed. 

This option, however, would not reduce BOD and would not significantly reduce TSS. Due to 

the large overflow volumes at this wet weather treatment location, storage tanks would be 

extremely large and very expensive, and essentially infeasible to site at the NWTF. Even the 

storage tank sized for four overflows per year would be significantly more expensive than a 

screening and disinfection facility. The detentionltreatmen facility option would also require a 

substantial land area. The high-rate, chemically enhance seaimentatio unit would require less 

an tl1an the detention/treatment option, and would provide a higher level of BOD ana SS 

remoYal. 

For the purpose of this report, it has been assumed that the o_ws a iscnarged from the existing 

treatment [aGility and the NWTF wet weather tn~atm 

necessary to provide an appropriate degree of treatment fo the wet weather flows to remove 

BOD and TSS. Therefore, this approach woul aYor the detention/treatment and the high-rate, 

chemically enhancea sedimentation alternatives. Of these alternatives, high-rate, chemically 

enhanced sedimentation requires a much smaller footprint than detention/treatment, and can 

handle higher surface overflow rates since this technology relies on ballasted floc formation and 

lamellar settlers. High rate, chemically enhanced sedimentation units would also be able to 

attain a higher degree of BOD and TSS removal than detention/treatment and would therefore be 

the preferred alternative if wet weather treatment unit flow is to be blended with the NWTF 

effluent. 

Ifthe NWTF wet weather treatment unit is located adjacent to the NWTF, just upstream ofthe 

headworks of the facility, it will not be necessary to increase the capacity of the pumps at NWTF 

headworks. The control weir (or other bypass control device) could be set to activate only after 

the NWTF is receiving its peak capacity of 50 mgd. Since the treatment facility can only accept 

flow at this rate for a limited period of time (refer to table 2-3) during longer storms, the main 

gate at the NWTF could be partially closed, raising the hydraulic grade in the pipe network 
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FIGURE 10-5. COMPARISON OF ALTERNATIVES IN TERMS OF 
PERFORMANCE, NWTF WET WEATHER DISCHARGE (NWTF) 
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upstream of the plant. As the hydraulic grade rises in response to the gate throttling, more water 

would be diverted to the wet weather treatment unit. 

SYSTEMWIDE ANALYSIS OF ALTERNATIVES 

The plan proposed in this report has been compared against sewer separation, Nashua' s current 

recommended plan. 

Sewer Separation 

Sewer separation is an alternative that is often considered for control of CSOs. Removing 

storm water runoff from the combined sewer system can dramatically reduce system overflows. 

However, not all of the stormwater inflow can be removed from older, urban area sewer systems 

under a sewer separation program. Some storm water runoff would still enter the combined 

syste through internal roof drain connections, sump pum s and other connections that would 

be difficult (if not impossil5Je to eliminate. Sewer separation projects in densely populated 

urban areas have shown to be effective at removing only up to approximately 80 percent of the 

stormwater inflow. 

Comparison of Alternatives 

When comparing various alternative approaches to CSO pollution control, it is important to look 

at the "big picture", the net effect of the action being considered. This is particularly important 

when looking at the alternative of complete sewer separation. For example, while a program to 

completely separate the sewers will remove 80 percent of the storm water inflow to the 

combined sewers, that flow does not disappear. Instead, that runoff is discharged to the rivers 

through separate storm sewer discharges. 

Storm sewers also introduce pollutants to the rivers, from urban runoff. For example, the recent 

wet weather sampling program confirmed that Nashua stormwater discharges have a typical E. 

coli load of 5,000 col./ I OOmL. Therefore, although a sewer separation program in Nashua would 
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eliminate the bacterial loading to the rivers from CSOs during a typical year, it would at the same 

time increase the bacterial loading to the rivers from storm sewer discharges. 

When the environmental benefits of sewer separation are compared with those of a CSO 

treatment alternative, it is necessary to consider the net loading to the rivers from both sources, 

the CSOs and the storm water discharges. 

Providing screening/disinfection facilities at the Hollis Street CSO (005) and at the NWTF 

treatment unit would reduce bacterial loading from CSOs to the rivers from those two discharges 

by 97.5% on an annual basis. The complete sewer separation program would reduce the CSO 

loading from those two discharges by 100%. However, if storm water is considered also, the 

picture changes considerably. There would be a net annual reduction in bacterial loading to the 

rivers (from both CSOs and stormwater) of 30% with the screening/disinfection approach, but 

only a 10% reduction with complete separation. This is presented graphically in Figure 10-7. 

Therefore, since bacterial loading to the rivers is the primary concern, the CSO treatment 

approach provides greater net environmental benefits than th sewer separation program. The 

treatment alternative also is significantly less expensive and can be implemented more quickly. 

Figure 1 0-8 shows the predicted stormwater and CSO loadings under the sewer separation plan, 

over the proposed implementation schedule, which continues through 2019. As seen in Figure 

10-8, complete elimination of bacteria loading from CSO sources will take the entire 20 year 

period; and in the end, the increase in loading from stormwater sources will offset a considerable 

portion of the benefit realized by the reduction from CSO sources. Figure 1 0-9 shows the 

comparative benefits of the approach now being considered which includes treatment at the 

NWTF wet weather treatment unit and at the East Hollis Street CSO (005). Constructing these 

two treatment facilities would take less time than complete separation. Also, the bacterial 

loading from CSOs would be dramatically reduced in a shorter period of time, and those gains 

would not be offset by an increase in the stormwater load. 
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The cumulative (20-year) CSO, stormwater, and total (CSO plus stormwater) E. coli loadings 

for both the sewer separation plan and the approach now being considered are summarized in 

Figure 10-10. :rhis figure shows that the alternative approach for CSO control p_resented in this 

report will result in lower bacterial loadings from both CSO and stormwater as compared to the 

sewer separation plan. 

In the typical year simulation, one overflow occurred at the Farmington Rood (003), Burke Street 

(004) and Nashua River (006) CSOs. Details of the alternatives evaluated for these locations are 

presented below. 

Farmington Road (003). At this location, storage and screening/disinfection were considered 

for control of the single, 0.04 mgal annual overflow event. Model output showed the peak 

overflow rate to be 6.60 cfs. Therefore, a 0.04 mgal detention basin would be required to 

provide 15 minutes of contact time at peak flow. Since the entire volume of overflow would be 

retained in a contact basin this size, chlorination facilities would not be required, since flow 

retained in the basin could be pumped back into the collection system after the peak of the storm. 

Estimated capital cost of tiie storage tank is $2. million. 

Burke Street (004). The model indicates that that the only overflow from this location during a 

typical year will be 0.01 Mgal. Therefore a treatment system would not be appropriate. A small 

storage tank providing 0.01 Mgal of storage could be sited in the wooded area, adjacent to the 

regulator structure, for $1 .6 million. 

Nashua River CSO (006). The model predicted only one overflow event at this location during 

a typical year. However, the volume overflowing during that event was much larger than at 

other CSOs that activated only once in a typical year. The one activation at this location resulted 

in 0.42 Mgal of CSO, comparable in volume to the to the largest overflow event in the typical 

year at CSO 005 . Therefore, the alternatives developed for CSO 005 served as a basis for 

alternatives considered at this location. Since the storage alternative and the 
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screening/disinfection alternative proved to be-the most \'iable options aLCSO 005, these 

approaches were use for the Nashua ·ver CSO as well. 

• Storage. A 0.42 mgal storage tank; to achieve zero CSO discharge · a typical year, 

would be 15 feet deep, 87 feet long, and 43 feet wide. The total cost estimated for this 

storage facility is $5.3 million 

• Screening/Disinfection. A screening/disinfection facility at this site would be sized to 

treat a peak flow o 2J .5 mgd, the unit would have a contact ta volume of-0.22 Mgal, 

and lias an estimated capital cost of $5.2 million. Since the facility will essentially store 

0.22 Mgal of the overflow in the contact tank, only 0.20 Mgal of treated discharge would 

be released from this facility in a typical year. 

In siting a screening/disinfection facility for the Nashua River CSO (006), it became evident that 

this facility should be located on or near the same parcel of land as the facility for the East Hollis 

Street CSO (005). Rather than having two separate systems, side-by-side, it would be more 

--===-"~ 

construct a larger combined facility. This would have an estimated capital cost of 

uch less than the sum ofthe two individual units ($10.2 million). The combine 

ould be sized to treat a peak flow of 49.4 mgd, and would provide 15 minutes o 

detention time aLpeak flow, in a 0.41 Mgal tank. Treate CSO discharge rom this combinatio 

facility would be 0.97 Mgal per typical year, 0.18 Mgalless than the .15 Mgal of treated flow 

that would be discharged from two separate units. 

Summary 

Based on the initial sizing and cost-performance analysis, the initially preferred CSO control 

alternatives include: 

• Farmington Road CSO (003). Provide 40,000 gal. storage basin 

• Burke Street CSO (004). Provide 10,000 gal. storage basin 
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• East Hollis Street (005) & Burke Street (006). Provide a single, combined 

screening/disinfection facility for overflows from both CSOs, capable of treating a peak 

overflow of 49.4 Mgd . 
..=:::=> 

• NWTF Wet Weather Treatment Unit (NWTF). Provide a screening/disinfection 

facility, capable of treating a peak flow of 59.5 M d, or a high-rate, chemically enhanced --
sedimentation unit, capable of treating a peak flow of 59.5 Mgd. 

Implementing these recommended control measures would eliminate all discharges of untreated 

combined sewers in a typical year. Since overflow volumes for the largest storm in the typical 

year were nearly equal to the overflow volumes produced in the 2-year and 5-year actual storm 

events (Table 1 0-4), the initially preferred CSO control options presented above would nearly 

eliminate the discharge of CSO, even for these larger-sized, relatively infrequent occuring 

storms. 

CSO CONTROL, GREATER THAN TYPICAL YEAR 

In previous sections of this report, the CSO control alternatives considered, including complete 

sewer separation, have been compared on the basis of performance ofthe alternatives during a 

typical year. In this section, system performance during more intense storm events, which would 

occur less frequently than once per year, is examined. 

Sewer Separation 

At the time the City ofNashua' s current Administrative Order on CSO improvements was 

issued, it was generally believed that separating all of the combined sewers in Nashua would 

eliminate all combined sewer overflow events, and would allow the city to seal all off the 

existing CSOs. However, the new collection system model develo ed for this study shows that 

sewer separation would not allow the CSOs to be eliminated. 

Based on sewer separation work done in communities similar to Nashua, a program to separate 

all of the combined sewers in the city can be expected to remove approximately 80% of 

stormwater inflow currently entering the sewer system. The remaining 20%, including flow 
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from sources such as roof drains, sump pumps, and other miscellaneous connections, has proven 

to be infeasible to remove from the system based on experience in other communities. 

TABLE 10-4. OVERFLOW VOLUMES AND PEAK OVERFLOW RATES FOR 
DESIGN STORMS 
Largest Storm 2-Year (Actual) 5-Year (Actual) 
Typical Year Design Storm Design Storm 

NPDES Location Volume Peak Volume Peak Volume Peak 
Discharge (Mgal) Flow (Mgal) Flow (Mgal) Flow 

No. (cfs) (cfs) (cfs) 
002 Salmon Brook 0.00 0.00 0.00 0.00 0.00 0.00 

003 Farmington Road 0.04 6.60 0.04 8.25 ~ 2.00 

004 Burke Street ( o.oy . 0- l-0.01- .1.93_ ~ 0.02l 3.06 

005 E. Hollis St. 0.96 43.20 0.92 45.60 ~ 43.67 

006 Nashua River 0.42 33.20 1.11 57.49 0.31 16.70 

007 Tampa St. 0.00 0.00 0.00 0.00 0.00 0.00 

008 :V Broad St. 
1
\o .o:§) 0.00 0.01 6.13 ~ 0.96 

009 Lock St. 0.00 0.00 0.00 0.13 0.00 0.29 

TOTAL 1.43 2.09 1.18 

005/006 Combination 1.38 76.40 2.03 103.09 1.12 60.37 

NWTF Treatment unit 3.85 92.10 6.84 93.98 8.00 87.10 

The collection system model indicates that this remaining 20% of inflow would result in 

significant adverse impacts during the 5-year and 1 0-year frequency TP-40 storms if the CSOs 

are closed. If the CSOs are not closed, CSO discharges would not be eliminated, even during the 

5-year and 1 0-year TP-40 storms. 

As indicated in Table 10-5, the collection systemmode predicts that overflows will occur at six 

of--the eight CSOs auring the 5-year storm, and at seven of the eight during the 1 0-year storm 

even after separating all of the combined sew€rs in Nashua. This was based on the assumption 

that a complete sewer separation program would remove 80% of the storm water inflow from the 

sewer system. The total amount of overflow during-these storms would be 8.12 Mgal for-the 5-

year storm, and 2.41 Mgal for the 1 0-year storm. 
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TABLE 10-5. OVERFLOWS DURING 5-YEAR AND 10-YEAR TP-40 STORMS WITH 

COMPLETE SEWER SEPARATION 

NPDES Overflow Volume and Peak Flow during Selected Design 

Discharge Location 
Storms<•> 

5-Year TP-40) 10-Year (TP-40) No. 
Vol. (Mgal) Qpk (cfs) Vol. (Mgal) Qpk (cfs) 

002 Salmon Brook 0.00 0.00 0.08 5.82 

003 Farmington Road 0.21 7.57 0.57 16.68 

004 Burke St. 0.19 7.33 0.37 11.55 

005 E. Hollis St. 1.89 49.51 2.56 58.67 

006 Nashua River 5.27 119.70 7.95 170.55 

007 Tampa St. 0.00 0.00 0.00 0.00 

008 Broad St. 0.42 13.85 0.68 18.28 

009 Lock St. 0.14 5.91 0.20 7.85 

TOTAL 8.12 12.41 
. I Note. Overflow volumes and peak flows m these columns are based on complete sewer separatiOn, w1th 80% of 

the storrnwater inflow removed from the collection system. 

As a check on the sensitivity of the percent removal of stormwater inflow selected for evaluating 

the performance of complete sewer separation, a model simulation was run using 90% removal 

of storm water inflow from the sewer system. Even wiili this degree of separation, which would 

not be attainable oased on experience in other communities there still would be overflows om 

the CSOs: 2.72 Mgal released during the 5-year storm, and 5.1 Mgal during the 10-year storm. 

The collection system model shows that if the CSOs are bulkheaded following a sewer 

separation program, the sewers will exceed their capacity and surcharge. Ultimately, the sewers 

will relieve themselves through the lowest connection points in the system: for example, through 

building basements, floor drains, and manholes at low points. These manholes are generally 

located adjacent to the rivers. This uncontrolled release of sewage would present an 

unacceptable public health hazard. For that reason, it will not be possible to eliminate the 

overflows, even after a long-term program of complete sewer separation. 
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Figure 10-11 shows the locations where flooding is predicted to occur in a 1 0-year storm, under 

separated conditions with the outfalls sealed. Red dots indicate places were the peak hydraulic 

grade will be above the rim of the manhole, and green dots indicate where the peak hydraulic 

grade will come within 5 feet of the ground surface, typically the elevation ofbasement drain 

connections. 

Expansion of Initially Preferred CSO Control Alternatives 

One of the advantages of the CSO control approach recommended in this report is that the end-

o -pjpe treatment alternatiy_es can be expanded if necessary. y using a modular approach for 

the construction of these units, additional modules can be added, providing a higher level of CSO 

control, if and when necessary. 

It is imperati_ve to note that expansion o the initially preferred CSO control alternati_ves is not 

recommended at this time. Expansion of the initially preferred G 0 contro alternatives should 

only be considered after the initially preferred CSO GontroJ altemati_ves have been implemented 

and-there is a ocumented need fo urther CSO control that would resul in commensurate water 

quality benefits. However, o tions that could be implementeo to expand these alternatives have 

been deve oped in response to regulatory agency requests tha Nashua develop such options, and 

to present a comparison to the current complete sewe_r separation plan. It is expected that the 

ongoing Army Corps of Engineers (ACOE) study of wet weather pollutant impacts on the 

Merrimack River will provide high quality data over a long-term monitoring program. In 

addition, the ACOE study will provide extensive data interpretation and river quality modeling 

that will aid in understanding the impacts of various pollution sources (e.g. , dry weather sources, 

CSOs and stormwater) on the Merrimack River. Furthermore, once the initially preferred CSO 

control alternatives have been implemented, the beneficial impact of the alternatives on water 

quality should be assessed in order to better be able to evaluate and recommend additional CSO 

control alternatives if necessary. 
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FIGURE 10-11 . IMPACT OF COMPLETE SEWER 
SEPARATION TO NFBL WITH SOMs - 10-YEAR 
DESIGN STORMS WITH CSO OUTFALLS SEALED 

Manholes in system where complete sewer separation and 
bulkheading the CSO's will create worse conditions than the 
initially preferred alternative during a 1 0-year storm event. 

e Street Flooding with Sewage 
e Sewage within 5' of Ground 

N Modeled Pipes 

(1) It has been assumed that complete sewer separation 
will remove 80% of the wet weather inflow from the collection 
system. 

N 
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Preliminary design of the end-of-pipe treatment facilities recommended for the NWTF wet 

weather treatment unit, and for the E. Hollis Street (005)/Nashua River (006) combined 

discharge, has been based on peak flow rates for the largest storm in the typical year. 

Converging to a higher level of control at these facilities would be based on the maximum 

possible flowrate capable of passing through the overflow. These maximum flowrates were 

determined by plotting the peak flow through each overflow from 1-year to 25-year design storm 

events. Plots were evaluated to determine if a finite flow capacity through these overflows was 

evident. Figure 10- 2 presents the plot for the NWTF wet weat er treatment unit and Figur 10-

13 shows the plot for the 005700 combination facility. 

NWTF Wet Weather Treatment Unit. Reviewing Figure 10-12 shows that the peak flow to 

the NWTF wet weather treatment unit appears to level off at approximately 120 cfs. Although 

rainfall depth and intensity increase going from the 2-year storm up to the 25-year storm, flow to 

the NWTF does not rise considerably for the larger, less frequency storms. This is due to 

limiting capacity in the interceptors that deliver flow to the NWTF. 

East Hollis Street (005)/Nashua River (006) Combination. The peak flow at the combined 

facility appears to level off at approximately 550 to 600 cfs. Based on experience with modeling 

peak flows during extreme storm events (greater than 5-year recurrence interval), inlet capacity 

may limit peak flows to a greater extent than pipe capacity. In other words, even though a 

substantially surcharg combined sewer may be predicted to convey a particular peak flow, 

limitations on the capacity of the catch basins and roof drainage system components typically 

prevent this peak flow from reaching the combined sewer. Prio to up-sizing the wet weather 

treatment capacity at the East Hollis Street (005)/Nashua River (006) combination (if such 

upsizing can be justified based on water quality benefit), more detailed hydraulic investigations -f 
are recommende to be performed to establish an appropriate peak flow for desigp.. 

Comparison to Sewer Separation 

Increasing the capacity of the NWTF wet weather treatment unit, and at the 005/006 combined 

screening/disinfection facility would dramatically reduce the volume of 
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untreated CSO discharged systemwide during a 1 0-year storm. In addition, further 

improvements could be made at certian other CSOs to further reduce, or to treat, combined 

sewage discharges during extreme storm events. These alternatives are listed in Table 10-6. 

Also presented in Table 10-6 is the expected volume ofuntreated combined sewage discharge 

from each CSO under the recommended plan and under the current complete sewer separation 

plan. 

Continuing to follow the current program of separating all combined sewers in Nashua would 

not prevent CSO discharges during very large, infrequent storms, as documented earlier in this 

chapter. The end-of-pipe treatment approach presented in this report offers greater potential than 

does sewer separation to reduce untreated CSO discharges during extreme storm events. The 

end-of-pipe CSO treatment approach provides the flexibility to attain a higher degree of capture 

and treatment of CSO through future expansion of facilities if warranted based on achieving 

commensurate water quality benefits. With this approach it would be possible to control 

untreated discharges even during extremely rare storm events, if that high level of control is 

warranted in the future. 
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TABLE 10-6. COMPARATIVE PERFORMANCE OF EXPANSION OF INITIALLY 
PREFERRED CSO CONTROL ALTERNATIVES TO SEWER SEPARATION DURING 

EXTREME STORM EVENTS 
Untreated Untreated CSO 

NPDES cso Discharge Vol. 
Description of CSO 

Discharge Location 
Control Alternative<t) Discharge Sewer 

No. Vol. Separation 
(Mgali2)(J) (Mgai)(J)(4) 

cso 002 Salmon Brook 
Re-route to NWTF 

0.00 0.08 treatment unit 
cso 003 Farmington Rd. Sewer Separation + Storage 0.00 0.57 

cso 004 Burke St. None 0.65 0.37 

cso 005 E. Hollis St. 10.51 
Expand modular treatment 0.00 

cso 006 Nashua River 

cso 007 Tampa St. Sewer separation 0.00 0.00 

cso 008 Broad St. None 1.60 0.68 

cso 009 Lock St. None 0.15 0.20 

NWTF Treatment unit Expand modular treatment 0.00 N/A 

TOTAL 2.40 12.41 

. I ... 
Note. The CSO control alternatives hsted m this table represent an expansiOn of the Initially preferred CSO 

control alternatives presented earlier in this chapter. These alternatives shall only be considered if an 
extraordinary level of CSO control is deemed warranted in the future. 

2 With expansion of initially preferred CSO control alternatives 
3 Untreated CSO volumes are based on a 10-Year TP-40 storm event 
4 Untreated CSO volumes in this column are based on complete sewer separation, with 80 percent of 

stormwater inflow removed from the collection system. For comparative purposes, the total untreated 
CSO volume with 90 percent of the inflow removed would be 5.1 Mgal, which is still greater than the 
untreated CSO volume predicted with expansion of initially preferred CSO control alternatives. 
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CHAPTERll 

RECOMMENDED PLAN 

This chapter presents the recommended plan for the control of CSO discharges in Nashua as an 

alternative to the current recommended plan (CRP) for complete sewer separation. The 

information in this chapter is organized as follows: 

• Summary of Recommended Plan 

• Benefits of Recommended Plan as compared to the CRP 

• Stormwater Controls 

• Infrastructure Improvements 

• Implementation of Recommended Plan 

SUMMARY OF RECOMMENDED PLAN 

Based on the results of this study, the projects presented in Table 11-1 constitute the 

recommended plan for CSO control in Nashua, as an alternative to the CRP for complete sewer 

separation. The recommended plan also includes a continued commitment to maintaining and 

improving the aging wastewater collection system and a commitment to implement stormwater 

controls as the most appropriate means to realize incremental water quality benefits beyond those 

achieved by the CSO controls presented in this document. 

The total estimated capital cost foi the recommended plan is less than $38 million, substantially 

less than the $250 million cost::ofthe CRP. 

BENEFITS OF RECOMMENDED PLAN AS COMPARED TO THE CRP 

The recommended plan represents an improvement over the CRP for the following reasons: 

• The recommended plan will result in greater water quality benefits, specifically less 
bacterial pollution of the Nashua and Merrimack Rivers, as compared to the CRP. With 
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complete sewer separation, stormwater volume, and hence, stormwater pollutant loading 
to the Nashua and Merrimack Rivers would increase. The recommended plan will reduce 
annual bacterial loading to the rivers from CSOs without increasing stormwater 
discharges. Furthermore, the recommended plan will result in better receiving water 
quality as compared to the CRP, based on the aerial extent, magnitude, and duration of 
predicted violations of water quality standards. 

TABLE 11-1. SUMMARY OF RECOMMENDED PLAN 

Priority Action Description 
Report Cost 

Reference ($million) 
Raise weirs/increase 

1 Implement SOMs diameters of dry weather Table 8-4 $1.0 
connections 
Wet weather bypass high-rate, 

2 NWTF chemically enhanced Table 10-3 $26.0 
sedimentation treatment unit 

3 cso 005/006 
Screening/disinfection Table 10-2 

$ 6.0 
treatment unit Page 10-11 

4 cso 003 40,000 gallon storage tank Page 10-10 $ 2.5 
5 cso 004 10,000 gallon storage tank Page 10-11 $ 2.0 

Total Project Cost $37.5 

• The recommended plan will achieve environmental benefits much more quickly than the 
CRP. The recommended plan can be implemented in less than half the time it would take 
to separate all of the sewers in Nashua. 

• The recommended plan offers flexibility to achieve higher degrees of CSO control in the 
future to control untreated overflows during extreme storm events, if this ever is eemed 
necessary. With a program based solely on complete sewer separation, it will not be 
feasible to control CSO discharges during extreme storm events. If the existing CSO 
outfalls were sealed following complete sewer separation, flooding of homes and 
businesses and the overtopping of manholes along t~e receiving waters would result 
during these extreme events. · 

• lbe recommended plan maximizes the use of existing infrastructure by maximizing 
system storage through the implementation o system optimization measures. This is 
consistent with State and National CSO control policies. 

• The recommended plan is much more cost effective ·n reducing pollution and can be 
im lemented at significantly lower capital cost than complete sewer separation. The 
estimated cost of the recommended plan is $38 million, compared to over $250 million 
for the CRP. 
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These benefits of the recommended plan as compared to the CRP are discussed in more detail in 

the paragraphs that follow. 

Recommended Plan Will Result in Greater Water Quality Benefits 

One of the main benefits of the recommended plan is that urban runoff, which is currently 

captured by the combined sewer system, would continue to be collected and treated as a 

component of combined sewage. Separating the combined sewers would increase storm water 

pollution, partially offsetting the benefit of decreased pollution from CSOs. Based on the 

collection system model, sewer separation would increase the volume of storm water by 

approximately 250 Mgal in a typical year. This quantity of increased storm water represents a 

29% increase in annual stormwater volume and annual stormwater bacterial load during a typical 

year. This increase in bacterial load from stormwater offsets the reduction of CSO bacterial 

loading that would be achieved from complete sewer separation, such that the net effect of 

complete sewer separation is only a 1 0% reduction in E. coli based on annual CSO and 

stormwater loads. 

The recommended plan will provide a similar evel of CSO control as sewer separation during a 

typical year, butwithoufgenerating additional stonnwater runoff. By achieving zero untreated 

CSO discharges in a typical year, the recommended plan will reduce total annual E. coli loading 

by 30%. Since the recommended plan does not result in additional stormwater volume, the 

benefit of this annual CSO E. coli load reduction is not offset by an increase in stormwater. 

The net effect on the CRP and the Recommended Plan on reduction of total (CSO plus 

stormwater) E. coli load is presented graphically in Figure 11-1. 

As documented in Chapter 7, the recommended plan achieves greater water quality benefits 

based on output from the receiving water quality model. For example, at location RIV-3 (on the 
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Merrimack River near its confluence with the Nashua River) a total of 5 hours of violation of the 

water quality standard (406 E. coli colonies per 100mL) are predicted if the CRP were 

implemented, while 3 hours of violation are predicted under the recommended plan. In addition, 

the magnitude of predicted violation at this location is lower under the recommended plan (560 

E. coli colonies per 100mL) as compared to the CRP (740 E. coli colonies per 100mL). This 

trend of superior performance of the recommended plan versus the CRP was evident at other 

locations examined in the receiving water quality model. 

Recommended Plan Will Achieve Environmental Benefits More Quickly Than CRP 

The CRP would not be completed until2019, and the full benefit of the sewer separation 

program in terms of reducing CSOs would not be realized until that time. One of the drawbacks 

complete sewer separation is that benefits are often delayed until near the end of the rogram 

when separated flows can be "daylighted" to discharge to receiving waters. During-the course of 

sewer separation piograms it is often necessary to temporarily re-combine upstream separated 

areas until downstream separation projects can be completed. 

The recommended plan, however, can be implemented in a much shorter period of time, with the 

completion of each phase providing measurable water quality benefits. The work associated 

with implementing the recommended plan could be completed in approximately 9 years, as 

shown in Figure 11-2. 

Each of the projects shown in Figure 11-2 provides incremental CSO control benefits that are 

independent of other projects, and will be realized as soon as each project is completed. 

Recommended Plan Offers Flexibility to Achieve Higher Degrees of CSO Control in Future 

As documented in Chapter 10, the CRP will not result in elimination of CSOs during extreme 

storm events due to the impact of remaining inflow that cannot be removed from the combined 

sewer system. The recommended plan will achieve zero CSO discharges in a typical year, and 

based on application of the collection system model, CSOs would nearly be eliminated in the 
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FIGURE 11-2. IMPLEMENTATION SCHEDULE 
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2-year and 5-year design storms derived in the 1997 CSO LTCP. If there is a documented need 

for CSO control beyond the level provided by the recommended plan, an advantage of the 

recommended plan is its suitability for expansion to achieve higher levels of control, as 

described in Chapter 10. 

Recommended Plan Maximizes Use of Existing Infrastructure 

The Nashua Wastewater Treatment Facility (NWTF) has a finite capacity, which is exceeded 

during moderate to large wet weather events. When NWTF capacity is exceeded, flow backs up 

in the large interceptors that deliver flow to the NWTF. By optimizing current operations of the 

NWTF and by installing a wet weather bypass just upstream of the NWTF, flows from nearly all 

storms that occur in an average rainfall year can be conveyed to the vicinity of the NWTF, 

greatly reducing the frequency of activation at upstream CSOs. This maximization of wet 

weather flow to just upstream of the NWTF results in maximizing the use of the existing 

interceptor network, and is a key component of the recommended plan. 

Recommended Plan Can Be Implemented at Significantly Lower Cost than CRP 

Based on sewer separation work completed in Nashua to date, the cost to separate one mile of 

combined sewer is approximately $2.3 million. Therefore, se arating the 110 miles of existing 

combined sewers in Nashua would cost an estimated $250 million (2002 oJlars). Inflation and 

other factors will increase that cost by the time the project is completed in 2019. The 

recommended plan, at a cost of $38 million, is approximately one-quarter of the estimated capital 

cost for complete sewer separation, and can be completed in less than half the time. Since the 

recommended plan will also achieve a greater reduction in bacterial poJJution on a total load 

basis (CSO plus stormwater) as compared to the CRP the recommended plan is.mo_re cost 

effective than sewer separation, an is more "environmentally friendly." The cost effectiveness 

ofthe recommended plan as compared to the CRP is presented graphically in Figure 11-3. 
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RECOMMENDED PLAN IS CONSISTENT WITH STATE AND NATIONAL CSO 

POLICIES AND WITH CSO CONTROL IN OTHER COMMUNITIES 

The recommended plan presented in this report has been developed in accordance with the NH 

DES and the national CSO control policies. Elimination of CSOs has been considered and found 

to be infeasible, and a high level of CSO control that achieves substantial environmental benefit 

has been proposed. The level of CSO control to be provided by the recommended plan is also 

appropriate when compared to the various approaches to CSO control currently being 

implemented in other communities nation-wide. While each CSO community must develop a 

unique approach for CSO control based on its collection and treatment system and receiving 

water characteristics, it is clear that the level of CSO control proposed to be implemented in 

Nashua is consistent with or greater than the level of CSO control being implemented by other 

communities. 

INFRASTRUCTURE IMPROVEMENTS 

One benefit of a comprehensive sewer separation program is replacement of aging infrastructure. 

The combined sewer areas in Nashua contain some of the city' s oldest water and sewer lines. 

Based on the results of this study, the CRP for complete sewer separation is not an appropriate 

plan for water quality improvement in the Nashua and Merrimack Rivers, and is no longer 

recommended for implementation. Nasbua does, however, remain committed to continued 

i vestigation and repair/replacement of aging sections ofthe collection system. It is expected 

tha capital expenditures to fund continued improvements o the city' s wastewater collection 

system will occur throughout the 9-year period required for implementation o:fthe recommended 

plan. 

IMPLEMENTATION OF STORMW ATER CONTROLS 

As noted throughout this report, storm water is a significant source of bacterial contamination to 

the Nashua and Merrimack Rivers. While the CRP would increase stormwater pollutant 

loadings, the recommended plan will not. In addition, the city of Nashua is currently 
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implementing innovative stormwater control projects, which will augment the benefits to be 

achieved by the reco~ended CSO control plan. These stormwater control projects will reduce 

stormwater pollution to the receiving waters, while the CRP would increase stormwater 

discharges. Furthermore, separate stormwater discharges will likely require pollution control 

measures in the future, potentially at great additional cost to Nashua. Controlling CSOs by 

maximizing use of existing infrastructure and limited use of wet weather treatment facilities will 

avoid the negative impact of increased separate stormwater loadings on water quality, and the 

cost of future facilities to treat separate storm water. The city is committed to the development 

and implementation of cost-effective projects to reduce the volume and impact of separate 

stormwater on the Nashua and Merrimack Rivers, and to develop public education programs to 

inform citizens ofthe importance of proper watershed management and the benefits of 

stormwater runoff control. These stormwater control projects are proposed to be implemented as 

part of a comprehensive approach to wet weather pollution control in conjunction with the 

recommended CSO control plan presented in this report. 

IMPLEMENTATION OF RECOMMENDED PLAN 

As presented earlier in this chapter, the recommended plan can be completed in approximately 9 

years (refer to Figure 11-2). This implementation schedule considers the critical path for project 

implementation and prioritizes projects based on relative CSO control benefit. 

The cash flow projection, presented in Figure 11-4, shows the estimated capital expenditure by 

year, for the 9 year implementation schedule. For the cash flow analysis, engineering cost 

incurred during the design phase of the projects is estimated to be 10% ofthe total project cost. 

The remaining 90% of the project cost is for construction, incurred during the construction 

phase. 

The fust pioject thaLmust be implemented is t e wet weather bypass just upstream ofthe 

NWIF. This project must be implemented prim to system optimization measures (SOMs~ 

because SOM implementation is dependen on the lower hydraulic grade ines in the main 
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FIGURE 11-4. CASH FLOW 

PROJECT 

NWTF Wet Weather Bypass and Treatment FacilitL__ 

S}'_stem_ 0()_timizat~on 

f SO OQ_S/006 Screei1_0g/Di~i!:lfection Faci!J "----- - l- l-1---1- l-1--t-r-

CSO 003 and CSO 004 Storage Tanks 

Legend 

Design 
Construction 
Planning and Implementation 

Total Cost per Year I $ 0.96 I $ 0.96 I $ 4.53 I $ 8.30 I $ 9.25 I $ 6.50 I $ 2.50 I $ 2.20 I $ 2.30 
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interceptors that will result from the wet weathei bypass. It will be necessary to construct the 

treatment facility concurrent with construction of the wet weather bypass so that the treatment 

facility can come on-line as soon as the wet weather bypass is placed into operation. Once 

completed, this project will achieve system-wide CSO control benefits by lowering the hydraulic 

grade line in the vicinity of many of the CSOs, thereby reducing untreated CSO discharges. 

Once the hydraulic grade line in the major interceptors has been lowered, SOMs can be 

implemented on a system-wide basis. Once implemented, these measures will eliminate 

upstream CSOs along the Nashua River and will reduce CSOs along the Merrimack River in the 

typical year. 

The major untreated CSO discharges that will remain following implementation of SOMs are the 

East Hollis Street (CSO 005) and_Nashua River (006) CSOs. Accordingly, the third project 

recommended for implementation will be the scr_eening and disinfection facility to treat these 

discharges. Completion of this project will result in nearly eliminating untreated CSOs in the 

City in a typical year. 

After completion of the screening and disinfection facility for CSOs 005 and 006, untreated 

CSOs in the typical year will be limited to small discharges at Farmington Road (003) and Burke 

Street (004). The final project in the recommended plan will involve construction of small 

storage basins to eliminate these--untreated discharges in the typical year. 
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APPENDIX A. RESULTS OF WATER QUALITY SAMPLING PROGRAM 

WET WEATHER SAMPLING DATA 

Location Sam le Point ~ Nash Sample Point- Mid Sample Point -Huds 

Sample M Sample 10 Date&. Time E<oli Sample M Sample 10 

Concentration 
(roi.IIOOml) 

RIV· I 02 11 0063-0 1 3-0-Nuh 1116102 l :2l AM 60 02 11 0063.()2 ).().Mid 

02 11 0072-ll 3·3-Nuh 11 /6102 1:4l AM 60 02 11 0072-1 6 3-3-Mid 

02 11 0011.()1 3-6-Nash 11 /6/02 11 :40 AM :::::::m_ 02 11 001!.()2 3-6-Mid 

02 11 0011-14 3-6-Mid-Dup 

021 10019.() 1 3·12-Nash 1116102 4:00PM 120 02 11 0019.()2 3-12-Mid 

3-24-Mid 02110094.()2 3-24-Nash lln.<l2 7:ll AM 220 02 110094.()3 

02 11 0101.03 3-41-Nash 1111/02 7:4l AM u60" ~ 02110101.()2 3-41-Mid 

RJV-2 02 11 006).()4 ).().Nash 1116102 6: II AM ~ 02 11 0063-0l 3.0-Mid 

02 11 0072·11 3·3-Nash 11 16102 9:3 I AM 40 02110072-19 3-3-Mid 

02 11 0011.()4 3-6-Nash 11 /6102 12:21 PM 40 02 11 0011-0l 3-6-Mid 

02 11 0089.()4 3-12-Nash 1116102 4:2l PM ~1gg '· 02 110019-0l 3-12-Mid 

02110094.0l 3-24-Nash lln/02 8:21 AM 120 02 11 0094.()6 3-24-Mid 

RIV-3 02 11 0063-07 ).().Nuh 1116102 l :l3 AM 60 02 11 006).()1 J.().Mid 

0211 0072-21 3-3-Nuh 1116102 9: 10 AM 40 02 11 0072-22 3·3·Mid 

0211001!.()7 3-6-Nash 11 /6102 12:0l PM 60 021100!1.01 3·12-Mid 
02110089.()7 3·12-Nosh 11161024:17 PM <20 02110019.()1 3·12-Mid 

RIV-4 02110063-10 ).().Mid 

0211 0072.()2 3-3-Mid 

02 11 0081- 10 3-6-Mid 

02110019-10 3·12-Mid 

RlV·l 02110063·11 3.0-Mid 
02 11 0072.()) 3-3-Mid 

02 110011- 11 3-6-Mid 

02 110081-13 3-6-Mid-Dup 

02 110019-11 3·12-Mid 

02 11 0094.()1 3-24-Mid 

02 11 0108.0 1 348-Mid 

RJV-6 0211 0063- 12 3-0-Mid 

02 11 0072.()4 3-3-Mid 

02110081-12 3-6-Mid 

02110089-12 3-12-Mid 

Location CS0-1 

Sample f Sample 10 Oate&Timc E-<:oli Sample II Sample 10 

Conoc:ntration 
(ooi.IIOOml) 

C50150 0211 0063-17 3- 1 11 /6/02 5:04 AM 308000 3-1 
C50150 02 11 0063-18 3-2 11 /6/02 6:03 AM 220000 3-2 
C50/50 021 10063-19 3-3 1116/02 6:46AM 198000 3-3 

C50/50 0211 0072-11 3-3a Micro 11/6/02 10:05 AM 5500 3-3a Micro 

C50/50 0211 0072-07 3-5 11/6/02 8:18 AM 1300 3-5 

C50/50 02110072-08 ~ 1116102 9:10AM 2100 ~ 

Notes: 
c==:Jconcentration reported is greater than 126 coV IOO ml, and less than 406 coVml 
c::::JConcentration reported is greater than 406 coVIOO ml 

D1te&Timc E.-coli Sample II Sample ID Date &Timc 

Concmuation 

(roi./IOOml) 

1116102l:28 AM 20 02110063.()) J.().Huds 1116102l:30 AM 

1116102 1:41 AM 40 02110072-17 3-3-Huds ll/6/021:ll AM -11 16102 11 :4l AM lOO 02 11 001!.()) 3-6-Huds 1116102 II :lO AM 

11 /6102 11 :4l AM 210 
1116/02 4:04 PM 200 02 110019.()3 3·12-Huds 1116/02 4:07 PM 

'· I lnto2I:OI AM ta•o 02110094.()4 3-24-Hud• Iln/021:04 AM 

IIIR/02 7:41AM 1010 02110 101-ll4 3-4!-Huds 11 11102 7:ll AM 

11 /6102 6:21 AM 20 02 11 0063~16 3.0-Huds 1116102 6:24 AM 

1116102 9:40 AM <20 02110072-20 3·3·Huds 1116102 9:43 AM 

1116102 12:3 I PM 120 02 11 0011.()6 3-6-Huds 1116102 12:34 PM 

1116/02 4:21 PM 1400 02110019.()6 3-12-Huds 1116102 4:3 I PM 

lln/02 1:3 I AM 440 02110094.07 3-24-Huds 1116/021:34 AM 

1116102l :l6 AM 100 021 10063.()9 3.0-Huds 1116/02l :l0 AM 
11 /6/02 9:13AM 10 02110072.()1 3-3-Huds 1116102 9:16AM 

11 /6102 12:01 PM 120 02110081.()9 3-6-Huds 1116102 12:11 PM 
1116102 4:20PM 100 02110019.()9 3-12-Nosh 1116/02 4:23 PM 

11 /6102 5:42AM RO 

1116102 9:02AM ',::260 
ll /610211 :ll AM 80 

11 /6/024:11 PM <20 

1116102 l :30 AM 140 

1116102 8:311 AM 410 

11 /6/02 II :4l AM ~ ~iO 
11 16102 11 :4l AM 80 
11 /61024:10 PM 40 .. -Iln/02 7:22AM 300 
1111102 7:1l AM 260 

1116102 6:06AM L~ 
1116102 9:22 AM RO 

1116102 12: ll PM -:-rao · 
1116/02 4:2l PM 120 

---·----- -- -. 

CS0-2 S0-1 

Datc&Timc 1 E-<X>Ii 
Sample M Sample 10 Date&. Time 

Conocntr1tion 

(ool ./100m12. 

No Flow 02110063-13 3-1 11/6/02 5:10 AM 

No Flow 02 11 0063-14 3-2 11 /6102 6:30AM 

No Flow 02 110063-20 3-3 1116/02 7:05AM 
No Flow 02110072-12 3-4 11 /6/02 8:05 AM 

No Flow 021 10072-13 3-5 1116102 9:05 AM 

No Flow 0211 0072-1 4 3-6 11 /6/02 10:05 AM 

Sam leblank 
E-c::oli S.-nplo ll Sample tO Datc&Time E-coli 

Concentration Conoenb"ation 

(ooi./IOO ml) (ool./100 ml) 

--.J90-
<211 

=:~~= 
-~~0-

~~~s.~,.~ . , «o .. 
' <400 

40 --no 
.. 2~ ..... 

l60 

60 

40 

.-..Jl9...-
<20 

02 11 0089-13 3-Blonk 1116102 4:20PM <20 

SD-2 

E-coli Sample M Somple 10 Datc&Time E-ooli 
Concc:ntration Concmtration 
(roi.IIOOml) (ooi./IOOml) 

220 02 110072-05 3-3 Micro 11/6102 8:45AM 1320 
640 02110072-06 3-3 Micro Dup 11/6/02 6:45AM 1460 

4200 02110063-15 3-1 1116/02 5:00AM 980 
3800 02 110063-16 3-2 1116/02 6:05 AM 11000 

1580 0211 0072-09 3-4 Micro 1116102 10:05 AM 1660 
940 02110072-10 3-Blank 1116/02 10:05 AM <20 

--
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APPENDIX A. RESULTS OF WATER QUALITY SAMPLING PROGRAM 

WET WEATHER SAMPLING DATA 

Location Sam ole Point· Nash Sam1le Point · Mid Sam le Point ·Huds 

Sample N Sample !D Date&Time 1!-coli Sample N Sample!D 

Concentration 
(col./100 ml) 

RIV-1 021001SI - IO 2.Q.Nash 10/16/02 3:10 PM <20 021001SI-09 2-0-Mid 

021001S2..Q4 2-3-Nash 10/ 16/02 S:IS PM 160 02 100 1S2-0S 2-3-Mid 

021001S3-07 2-6-Nash 10/16/02 8:20 PM 260. 02100 1S3-0S 2-6-Mid 

02 1001S3-06 2-6-Mid-Oup 

02 100 1 S4-03 2- 12-Nash 10/16/02 IO:SS PM <20 021001S4-04 2-12-Mid 

02 100 1SS-0 1 2· 18-Nash I 0/ 17/02 8:00 AM 100 02100 1SS-02 2-18-Mid 

02 1001S9-01 2-24-Nash I 0/17/02 I :SO PM .L. ~!l9.-. 02 1001S9-02 2-24-Mid 

02 100170-01 2-48-Nash I 0/18/02 I O:OS AM 40 021 00 170-02 2-48-Mid 

RIV-2 021001SI-13 2-0-Nash 10116/02 2:1S PM 40 02100 1SI·I2 2-0-Mid 

021001S2-07 2·3-Nash I 0/16/02 4:30 PM 269 r 02100 1S2-08 2-3-Mid 

02100 1S3-09 2·6-Nash I 0/16/02 7:30 PM <20 02 100 1S3-10 2-6-Mid 

021001S4-06 2- 12-Nash I 0116/02 9:SS PM " 4Qg 
.. 

02 1001S4-07 2- 12-Mid 

02 100 1S4-0S 2- 18-Nash I 0/1 7102 8:30 AM 40 02 100 1SS-06 2- 18-Mid 

02100 1S9-04 2-24-Nash 10117/02 2:18PM 60 02 100 1S9-04 2-24-Mid 

RIV-3 021001S I- 16 2.Q.Nash 10116/02 2:4S PM 100 02 1001SI- I S 2-0-Mid .. 
02 1001S2-IO 2-3-Nash 10/16102 S:OO PM 220 021001S2- 11 2-3-Mid 

02 1001S3-12 2-6-Nash 10/16102 7:S7 PM :···\ 3000 ' ' 021001S3-13 2-6-Mid 

021001S4-09 2-12-Nash 10116102 10:2S PM 20 021001S4-10 2-12-Mid 

RIV-4 02100 1SI-1 8 2-0-Mid 

02 100 1S2-13 2-3-Mid 

02 100 1S3- IS 2-6-Mid 

02100 1S4· 12 2·12 Mid 

02 1001SS-08 2-18 Mid 

RIV-S 021001SI-19 2.Q.Mid 

02100 1S3-03 2-3 Mid 

02 100 I S3-04 2-6 Mid 

02 100 1S4-0 I 2- 12 Mid 

021001SS-09 2· 18Mid 

RIV-6 021001S I-20 2·0-Mid 

021001S2-14 2-3-Mid 

02 1001S3-16 2-6-Mid 

02100 1S4- 13 2-12 Mid 

021001SS- IO 2-18 Mid 

Lou cion CS0 - 1 

Sample N Sample ID Oate&Time E-coli Sample# Sample ID 

Concentration 

(col./100 ml) 

CSO/SD 021001S0-04 2-1 10/16102 12:30 PM y:~·~.z~ 02100 I S2-03 2· 1 

CSO/SD 021001SI-OI 2-2 10/16/02 l:SS PM 230000 2-2 

CSO/SD 02 1001S I-03 2-3 10/16102 3:00PM 226000 2-3 

CSO/SD 02 100 1SI-04 2-4 10/16/02 4:1S PM 304000 2-4 

CSO/SD 02 100 1S2-0 I 2-S 10/16/02 S:IS PM 108000 2-S 

CSO/SD 02100 1S2-02 2-6 10/16/02 6:1S PM 760000 2-6 

Notes: 

~
All dilutions too numerous to count. Highest dilution was I :2000 
Concentration reported is greater than 126 coVIOO ml, and less than 406 coVml 
Concentration reported is greater than 406 coVIOO ml 

Date& Time E-coli Sample# Sample ID Date&Time 
Concentration 
(col./100 ml) 

I 0/ 16/02 3:07 PM 20 02100 ISI -11 2-0-Huds 10/ 16/02 3:0S PM 

10/16102 S:l6 PM J:io 02100 1S2-06 2-3-Huds 10/ 16/02 S:l 4 PM 

10/ 16/02 8:17 PM 60 02 1001S3-08 2-6-Huds 10/ 16/02 8:1S PM 

10/ 16/02 8:17PM <20 

10/ 16/02 IO:S3 PM 20 02100 1S4-0S 2·12-Huds 10/ 16/02 IO:SO PM 

10/17/02 8:04AM <20 021 00 1SS-03 2- 18-Huds 1011 7/02 8:07AM 
....- --...... 

10117/02 I :S4 PM -~200 ·- 021001S9-03 2·24-Huds I 0/1 7/02 I:S8 PM 

10118/0210:07 AM <20 021 00170-03 2-48-Huds 10/18/02 10:10 AM 

I 0/16/02 2:20PM 40 021001S I·I4 2·0-Huds 10/16/02 2:2S PM 

10/16/02 4:30PM 140 021001S2·09 2·3-Huds 10116/02 4:3S PM 

10116/02 7:3S PM - l9600 021001S3-II 2-6-Huds 10/16/02 7:37 PM 

I 0116/02 9:S8 PM - _ 260 - 02100 1S4-08 2-12-Huds I 0/16102 I 0 :02 PM 

I 0/17/02 8:34 AM <20 02100 1SS-07 2- 18-Huds 1011 7/02 8:37 AM 

I 0/17/02 2:21 PM 80 02 1001S9-06 2-24-Huds I 0/17/02 2:24 PM 

10/16/02 2:SO PM <20 02 100 1SI-17 2-0-Huds I 0116/02 2:SS PM 

10/16/02 4:S6 PM -w~ 02 1001S2-12 2-3-Huds 10/16/02 4:S3 PM 

I 0/16/02 8:00 PM ~ 021001S3-14 2-6-Huds 10116/02 8:03 PM 

10/16/02 10:28 PM 120 02 1001S4- 11 2-12-Huds 10116/02 10:3 1 PM 

10116/02 3:00PM 60 
10116/02 S:04 PM 100 ·~ .. 
10/16/02 8:08PM _240 __ 

10116/02 10:36 PM <20 

I 0/17102 8:08 AM 20 

10/16/02 2:2S PM <20 

10116/02 4:40PM 600 
10116/02 7:20PM - 1240-

I 0/16/02 I 0:20 PM <20 

10/17/02 7:1S AM 120 

10/16/02 2:32 PM 380 
~ 

10116/02 4:4S PM 1040 

I 0/16102 7:SO PM 660 
10116/02 IO:IS PM 200 

10/17102 8:18AM -- _2§0 -

CS0 -2 SD-1 

Oate&Time E·coli Sample# Sample ID Date&Time 

Concentration 

(col./100 ml) 

10/16/02 S:OO PM TNTC" ' 021001SO-OI 2-1 10116/02 I I :IS AM 

No Flow 021 00 I S0-02 2-2 I 0/16102 12:30 PM 

No Flow 02 1001S I-OS 2-3 I0/16/02 1:4S PM 

No Flow 02 100 1SI-06 2-4 10/16/02 3:00 PM 

No Flow 02 1001SJ-OI 2-S 10/16/02 S:IS PM 

No Flow 02 1001S3-02 2-6 10/16/02 7:00PM 

Sample blank 

E·coli Sample# Sample !D Date&Time 1!-coli 

Concentration Concentration 

(coi./IOOml) (col .II 00 ml) 

20 

300 
.,~S·'~ ,<l-

<20 

60 02 100 1SS-04 2- 18-Biank I 0/17/02 8:00AM <20 

100 

<20 

<20 
,,_, 420 ' ' 

'~':(!"'- " \ l:!: 
_,.,, 1.19'.,.:~. 

.)jiM ~· ·:~~ 160 
100 

40 

120 

,·420 ,· ·: 
· !!{1:2 "·~·~ 

<20 

02 100 1S4-02 2-Biank 10/16/02 10:30 PM <20 

SD-2 

E-coli Sample N Sample ID Date& Time E-coli 

Concentration Concentration 

(coL/100 ml ) (col .II 00 ml) 

2600 02 1001SO-OS 2·1 I 0/ 16/02 II :30 AM 780 

S200 021001S0-06 2-2 I 0/16/02 II :SO AM 1800 

6800 02 100 1SI-07 2-3 10/16/02 3:4S PM 2420 

44000 2-4 No Flow 

4,600 2-S No Flow 
800 2-6 No Flow 
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APPENDIX A. RESULTS OF WATER QUALITY SAMPLING PROGRAM 
DRY WEATHER SAMPLING DATA 

Location Sample Point - Nosh Sample Point- Nash (field dup) Sample Point- Mid 

Date& Time E-coli Date& Time E-coii Date& Time 

Concentration Concentration 

(col./ I 00 ml) (coi./100 ml) 

RIV-1 07/22/2002 23 07/22/2002 

07/23/2002 >80 07123/2002 

07/29/2002 18 07/29/2002 

07131/2002 4 0713 1/2002 

08/0512002 15 08/0512002 

08/0712002 6 08/07/2002 

08/ 1912002 12 08/ 19/2002 

08/26/2002 17 08/2612002 

RIV-2 07/2212002 20 0712212002 

07/23/2002 22 0712312002 

07/29/2002 >1 §!! 07/29/2002 

0713112002 28 0713112002 

08/0512002 14 08/0512002 

08/07/2002 32 08/07/2002 

08/ 19/2002 22 08/ 19/2002 

08/26/2002 60 08/26/2002 

RIV-3 07/2212002 57 0712212002 

0712312002 >80 07/2312002 . 
>I@.'::J 0712912002 07129/2002 

07/3112002 12 0713112002 

08/05/2002 21 08/05/2002 

08/0712002 55 08/07/2002 

08/ 1912002 60 08/ 1912002 

0812612002 24 08/26/2002 

RIV-4 07122/2002 

0712312002 

07/29/2002 

07/31/2002 

08/05/2002 

08/0712002 

08/ 19/2002 

08/2612002 

RIV-5 07/22/2002 

07/23/2002 

07/29/2002 

0713112002 

08/05/2002 

08/0712002 

08/ 19/2002 

08/26/2002 

RIV-6 07/22/2002 

07/23/2002 

0712912002 

07131/2002 

08/05/2002 

08/07/2002 

08/ 1912002 

08/2612002 

Notes. 

c=:Jconcentration reported is greater than 126 col/ 100 ml, and less than 406 col/ml 
c==:=:::Jconcentration reported is greater than 406 col/100 ml 

E-coli 

Concentration 

(col./ I 00 mi) 

I 7 

>80 

22 

4 

9 

7 

8 

15 

29 

32 

>160 

32 

13 

29 

4 

52 

26 

>80 

2 

4 

5 

14 

8 

II 

152 
f·~·>· i&g -·:a~- .. 

90 

86 

72 

30 

16 

400 
.,. 

>80 

8 

30 

4 

10 

34 

57 

14 

72 

140 

~,. ~- -
116 

108 

114 

96 

68 

Sample Point -Mid ( field dup) 

Date& Time E-coli 

Concentration 

(coi. / 100 ml) 

0712212002 26 

0712312002 25 

07/29/2002 25 

07/31/2002 25 

08/05/2002 27 

08/0712002 28 

08/ 19/2002 26 

08/26/2002 26 

Sample Point -Huds 

Date& Time E-coli 

Concentration 

(coi./100 ml) 

07/2212002 14 

07/23/2002 > 80 

07129/2002 8 

0713112002 4 

08/0512002 5 

08/07/2002 5 

08/1912002 8 

0812612002 17 

0712212002 29 

0712312002 44 

07129/2002 >I§Q : 

07131/2002 40 

08/0512002 8 

08/07/2002 22 

08/19/2002 8 

08/26/2002 . 
0712212002 7 

0712312002 >80 

07/29/2002 4 

0713 1/2002 40 

08/05/2002 . 
08/07/2002 13 

08/ 1912002 24 

08/2612002 34 

Sa mple Point -Huds ( field dup) 

Date& Time E-coli 

Concentration 

(col./100 mi) 

0712212002 5 

07123/2002 > 80 

0712912002 12 

0713112002 10 

08/0512002 5 

08/0712002 17 

08/1912002 5 

08/26/2002 16 
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APPENDIX A. RESULTS OF WATER QUALITY SAMPLING PROGRAM 
DRY WEATHER SAMPLING DATA 

Location Samplt Point · Naslo Sample Poiat • Mid Samplt Point -Buds 

Date& Time E-<:<>li Date& Time E-coli Date& Time 

Concentration Concentration 

(coiJIOO ml) (col./100 mJ) 

RJV-1 0612812001 48 0612812001 58 0612812001 

0712312001 4 0712312001 2 07/2312001 

0712412001 5 0712412001 8 07/2412001 

07125/2001 4 0712512001 2 0712512001 

07130/2001 8 0713012001 5 0713012001 

0&/0112001 4 0&/01/2001 2 0&/01/2001 

0&/07/2001 15 0&107/2001 33 0&107/2001 

08/0812001 >80 0&/0812001 5 0&/0812001 

0&/10/2001 80 0&/1012001 48 0&/1012001 

RIV-2 0612812001 78 0612812001 37 0612812001 

07/23/2001 8 07/23/2001 8 07/23/2001 

07/2412001 16 07/2412001 9 07/2412001 

07/2512001 II 07/25/2001 8 0712512001 

0713012001 8 0713012001 7 0713012001 

0&/0112001 13 0&/01/2001 20 0&/01/2001 

0&/07/2001 56 08107/2001 78 0&/0712001 

0810812001 >80 08/0812001 > 80 0&/0812001 

0&/1012001 48 08/1012001 20 0&/1012001 

RJV-3 06128/2001 37 0612812001 26 061281200 1 

07123/2001 40 07/23/2001 <2 0712312001 

07/2412001 9 07/2412001 6 071241200 1 

0712512001 <I 0712512001 5 0712512001 

07/3012001 14 07/3012001 8 0713012001 

0&/0112001 2 08101/2001 5 0810 1/2001 

0&/0712001 > 80 0810712001 >80 0810712001 

0810812001 > 80 0&/0812001 4 0&/0812001 

08110/2001 4 081101200 1 4 08/101200 1 

RIV-4 0612812001 78 

0712312001 53 

07/2412001 ).80 -. 

0712512001 63 

0713012001 31 

08101 /2001 72 

0&/0712001 ~~~~ 
08108/2001 132 

0811012001 330 

RIV-5 0612812001 42 

07123/2001 13 

07/2412001 16 

07/2512001 14 

07130/2001 5 

08101/2001 68 

0&/0712001 19 

0810812001 >80 

08/1012001 32 

RJV-6 0612812001 ISO 

07/23/2001 .141 
07/24/2001 93 

07/25/2001 200 

0713012001 86 

0&/0112001 >80 

08/07/2001 :JJI 
0810812001 117 

08/1012001 240 . 

Notes: 

c===]concentration reported is greater than 126 coVI 00 ml, and less than 406 coVml 
~Concentration reported is greater than 406 col/ ! 00 ml 
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APPENDIX A. RESULTS OF WATER QUALITY SAMPLING PROGRAM 
Date Sampled: 10/18/2002 

Method# Analyte Unit of Concentration Results 
Measure Sample#: 02100176-01 Sample#: 02100176-02 Sample#: 02100176-03 

Metcalf & Eddy ID: Comp SD-1-2 Metcalf & Eddy ID: Comp SD-2-2 Metcalf & Eddy ID: Comp SD-2-2-Dup 
160.2 Total Suspended Solids mg/L 8 15 12 
160.5 Settleable Solids milL <0.2 <0.2 <0.2 
351.3 Kjeldahl-N mg/L 0.82 0.966 0.573 
365.2 Phosphorus-P mg!L 0.15 201 0.242 
405 .1 BOD mg/L 6 6 7 

sw 3015 Aqueous Microwave Digestion N/A N/A N/A NIA 
SW 6010B Copper mg/L <0.010 0.021 0.165 
SW 6010B Zinc mg/L 0.05 0.042 0.129 
sw 7421 Lead mg/L <0.005 0.019 0.008 

APPENDIX B. RESULTS OF WATER QUALITY SAMPLING PROGRAM 
Date Sampled: 11/6/2002 

Method# Analyte Unit of Concentration Results 
Measure Sample#: 02110123-02 Sample#: 02110123-01 Sample#: 02110123-03 

Metcalf & Eddy ID: Comp SD-1-3 Metcalf & Eddy ID: Comp SD-2-3 Metcalf & Eddy ID: Comp SD-2-3 Dup 
160.2 Total Suspended Solids mg/L 8 <4 <4 
160.5 Settleable Solids milL <0.2 <0.2 <0.2 
351.3 Kjeldahl-N mg!L 0.281 0.86 0.774 
365.2 Phosphorus-P mg!L 0.126 0.374 0.368 
405.1 BOD mg!L 126 218 155 

sw 3015 Aqueous Microwave Digestion N/A N/A N/A N/A 
SW 6010B Copper mg!L <0.010 0.01 O.Ql 
SW 6010B Zinc mg!L 0.026 0.103 0.103 
sw 7421 Lead mg/L <0.005 <0.005 <0.005 

---- --------
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APPENDIX B. CALIBRATION PLOTS 
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Calibration volumes (MG) 
Meter Metered Modeled 

Location 6/2-3/2001 6/11-12/20 6/17/2001 6/2-3/2001 6/11-12/20 6/17/2001 
2 8.50 7.38 4.46 7.27 6.12 4.54 

20F 0.00 0.00 0.09 0.00 0.00 0.13 
3 5.57 5.20 2.85 4.89 3.93 3.19 

30F 0.40 0.11 0.41 0.13 0.01 0.59 •, 

4 1.81 0.89 1.32 2.00 ~ 1.11 1.67 
40F 0.73 0.26 2.05 0.75 0.17 1.00 

5 9.48 5.67 6.36 9.27 5.34 
·-: 

6.79 
50F 0.52 0.12 1.45 11f 1.28._., 0.02 2.09 

6 18.67 14.40 11.43 17.01 12.51 13.29 
60F 1.93 1.23 5.74 2.10 0.00 6.09 

7 0.42 0.39 0.35 0.56 0.41 0.41 
?OF 0.00 0.00 0.09 0.00 0.00 0.08 
80F 0.03 0.04 0.52 0.38 0.06 0.66 

9 1.21 0.55 0.56 0.89 0.52 0.74 
90F 0.28 0.17 0.18 0.22 0.04 0.35 

-- -
12 1.75 1.25 0.95 1.36 0.83 1.10 

120F 0.00 0.00 0.00 0.00 0.00 0.00 
21 5.62 5.43 3.18 5.52 5.10 3.07 
22 6.36 6.44 3.52 6.47 6.09 3.53 
23 0.81 0.78 0.42 0.83 0.79 0.44 
24 2.85 2.60 1.73 3.03 2.75 l 1.70 
25 8.02 7.43 3.82 8.05 7.10 4.48 
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