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This project will result in a capital expenditure of approximately $2.4 million. Table 1 illustrates the capital 
cost breakdown for this project below. John J. Brennan Construction, Inc., SCCRWA’s on-call contractor, 
was the installation contractor on this project.

Table 1
Estimated Project Capital Cost

Estimated Cost

Cost Description

Original Project Budget $1,745,000

Costs Incurred to Date (as of January 2020)                 $1,200,000  

Costs Incurred Pending Payment:

Pavement Restoration

Abandonment of 8” Main

Additional Right-of-Way Work

$ 200,000

$   400,000

$     70,000

Additional Estimated Costs to Complete the Project * $ 530,000 

TOTAL ESTIMATED PROJECT COST $2,400,000

* This amount represents pipe installation completed but not yet invoiced for Phase 3, restoration requirements in the Montoya Drive 
ROW and additional paving work in the Spring, dependent on CTDOT requirements.

5.2 Operation and Maintenance Cost

There is not a significant change in operational and maintenance costs associated with the installation of 
this transmission main. There is, however, a small savings of approximately $140 per MG of water
(associated with treatment costs), which equates to $1500 per year, to serve the Branford Hill area.  The 
area will now be served from North Branford SA whose source water is the Lake Gaillard Water 
Treatment Plant (WTP), which is less expensive to treat, compared to the area as currently served 
through Saltonstall SA, with source water from Saltonstall WTP.

5.3 Bonds or Other Obligations the SCCRWA Intends to Issue

The capital cost of the project to construction this transmission main is approximately $2.4 million.  This 
project has been primarily financed by SCCRWA Water System Revenue Bonds and may also be 
financed through internally generated funds.  Assuming debt financing, the annual average debt service 
would be approximately $131,630.  As a result, the annual cost of this project to a typical residential 
customer would be approximately $0.94, based on the overall project cost of $2.4 million.

6. Statement of the Facts on Which the Board Is Expected to Rely in Granting the Authorization 
Sought

This project addresses the Branford Hill area, which is a known area of deficiency in RWA’s 
distribution system. The improvements included in this project were part of SCCRWA’s long-
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Lessons Learned 

 
 
Project:  Branford Hill Service Area Improvements   

Summary of Lessons Learned Conducted February 11, 2020     

Background: 

This was a planned FY 2020 multi-year project, with an original project timeline encompassing FY 
2020 and FY 2021.  As a result of the CTDOT’s intent to perform roadway improvements in our 
planned project area the project was accelerated for completion in FY 2020, condensing a two 
year project into nine months.  CTDOT agreed to delay the start of their project to allow RWA to 
complete pipe installation work in Route 1.  Because of this condensed timeline, the project was 
executed using the design/build philosophy.  The highest goal of this extraordinarily complex 
project was the successful completion by the established deadline, which was attained. 
 
Issues affecting the project cost were the relocation of the proposed pipe corridor and the 
cancellation of the CTDOT’s roadway improvements project.   

Lessons learned questions and focus areas: 
 

 Contract execution:  Because of the timing of the project and the need to begin quickly, 
this project was awarded under our Capital Pipe Bid.  That contract is more suited to 
work in residential roadways, which led to cost increases for items such as saw cutting as 
a result of increased pavement depth.  To avoid this situation from reoccurring, the 
method by which large pipe projects are procured (bid individually versus utilizing the 
Capital Pipe Contract) will be evaluated to ensure that costs are better defined upfront. 

 
 Project budgeting:  Pipe installation projects, as with other capital improvement projects, 

are budgeted with a standard 5% contingency.  Because of the inherent uncertainty of 
underground conditions, pipe project contingencies will be examined and increased, 
where necessary, to a level appropriate for the specific pipe installation project. 

 
 Notification to the Authority:  Staff was aware that project costs would be close to the $2 

million threshold in late Fall of 2019.  Due to the inherent lag of contractor invoicing and 
concurrent work with multiple pipe crews working on the project, it was difficult to 
estimate what the final costs would be.  But those estimates should have been performed 
to the best of staff’s abilities.  Had this been the case, the Authority could have been 
notified that the project was likely going to exceed $2 million and staff could have begun 
preparation of an RPB application in December 2019.  Staff recognizes that there should 
have not been a delay in notifying the Authority of this potential issue while more precise 
cost estimates were being determined.  In the future, when a project is budgeted at an 
amount that is near, but not over the $2 million approval threshold, real-time cost 
increase estimates will be developed and the Authority will be advised as early as is 
possible of potential cost over runs.  

 
 





TECHNICAL MEMORANDUM Tighe&Bond

Proposed connection of North Branford Service Area and 
Branford Hill Area to Cherry Hill Service Area – Water 
Quality and Hydraulics Impacts 

TO: Beth Nesteriak, P.E. - RWA 

FROM: John McClellan, Ph.D., P.E. and Lesley Eckert 

COPY: Peter Grabowski, P.E. 

DATE: July 21, 2014 

 REVISED SEPTEMBER 2, 2014 

1 Background 
Due to the influence of the Brushy Plain Standpipe, the Regional Water Authority’s (RWA’s) 
Cherry Hill Service Area (CHSA) typically has high water age and associated water quality 
issues.  The RWA has considered various alternatives for improving the water quality in the 
CHSA including installation of a new elevated storage tank, installation of an air-stripping 
system in the existing tank, adding blow-offs, pipe looping, and allowing flow from the 
CHSA back to the Lake Saltonstall Service Area via a pressure reducing valve (PRV).  These 
alternatives were discussed in Tighe & Bond’s Cherry Hill Service Area Water Quality 
Modeling Analysis dated November 26, 2012 (included in Appendix A).  

Improvements to the Brushy Plain Standpipe, including a spray-aeration system for total 
trihalomethane (TTHM) removal and a rechlorination system, were designed and bid in May 
2014.  If the RWA decides to move forward with the spray-aeration system project, 
approval from the Representative Policy Board will be required, which will put the project off 
until 2015. 

As an alternative to the Brushy Plain Standpipe Improvements project, RWA is considering 
supplying the CHSA from the North Branford Service Area (NBSA) via a new approximately 
5,000 foot long water main from Queach Road in the NBSA to Laurel Hill Road in the CHSA.  
Under this alternative, the tank would be eliminated.  The Cherry Hill Pump Station (CHPS) 
would remain.  Preliminary modeling performed by Tighe & Bond indicated that this 
alternative would be hydraulically feasible.   

Additionally, RWA is considering serving the Branford Hill area, which is currently part of the 
Lake Saltonstall Service Area (LSSA), from the CHSA.  The Branford Hill area has relatively 
low pressure under existing conditions, and would have unacceptably low pressure if 
connected to the LSSA when the LSSA hydraulic grade is lowered in the future in 
accordance with RWA’s long term plans.  Connecting the Branford Hill area to the CHSA 
would address these issues.  

The hydraulic model of the RWA distribution system developed by Tighe & Bond for previous 
studies was used to evaluate hydraulic and water quality effects of the aforementioned 
proposed distribution system modifications.  The results of the evaluation are presented in 
this memorandum. 
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2 Results 
For purposes of this evaluation, the following types of model simulations were prepared: 

General pressure analysis – performed assuming maximum day, peak hour demand 
conditions.   

Available Fire Flow (AFF) analysis – performed assuming maximum day demand 
conditions. 

Water age and source contribution analysis – performed assuming average day 
demand conditions. 

The system-wide demand for the average day demand scenarios is 49 mgd, based on 
SCADA data from June 25, 2012.  Water age and source contribution results are presented 
as averages over a 24-hour period under average day demand conditions.  The system-wide 
demand for the AFF analysis is 89 mgd, representing max day demand.  The max day 
demand is based on SCADA data from July 13, 2012.  The system-wide demand for the 
general pressure analyses is 122 mgd, representing the peak hour demand during the max 
day, also based on July 13, 2012.  Refer to Appendix B for additional description of the 
model. 

2.1 Proposed Connection of CHSA to NBSA 
The CHSA and NBSA have nominal hydraulic grades (overflow elevation of the existing 
tanks) of 305 ft MSL.  The proposed interconnection consists of a new water main running 
from Queach Road in the NBSA to Laurel Hill Road in the CHSA.  The new main would 
intercept Laurel Hill Road to the north of the Rolling Hill Road intersection and continue in 
Laurel Hill Road to the existing 12-inch main near the intersection of Pineview Drive.  Two 
water main improvements alternatives were considered.  Alternative 1 consists of a 16-inch 
diameter Queach Road-Laurel Hill Road line and replacement of approximately 1,750 ft of 
existing 8-inch main in Brookhills Road with 16-inch main.  The Brookhills Road line is a 
hydraulic bottleneck in the flow path between the two service areas and replacing it would 
reduce headloss during periods of high demand.  Under Alternative 1, the existing CHPS 
pumping equipment would remain in service.  Alternative 2 consists of a 12-inch diameter 
Queach Road-Laurel Hill line and does not include the Brookhill Road water main, but does 
include a pumping equipment upgrade at the CHPS.  The additional pumping capacity would 
be necessary to provide adequate fire flow under Alternative 2 due to the additional 
headloss resulting from the smaller diameter water mains in the flow path from the NBSA to 
the CHSA.  The Brushy Plain Tank would be decommissioned under both alternatives.  The 
proposed water main improvements are presented in Figure 2-1. 

2.2 Proposed Connection of Branford Hill Area to CHSA  
The Branford Hill area and proposed water main improvements are shown in Figure 2-2.  
This area is currently connected to the LSSA, which has a nominal hydraulic grade of 233 ft 
MSL.  Connection of this area to the CHSA, which has a nominal hydraulic grade of 305 ft 
MSL, is proposed.  The proposed connection would require the following water main 
improvements: 

Approximately 2,200 feet of new 16-inch water main on Montoya Drive and Montoya 
Circle 
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Approximately 1,600 feet of new 16-inch water main and 1,300 feet of new 12-inch 
water main on West Main Street (Route 1) 

Closing existing gate valves and/or installing new valves as necessary to isolate the 
Branford Hill Area from the LSSA  

It is noted that new 16-inch diameter water mains on Montoya Drive, Montoya Circle, and 
West Main Street are proposed.  In the 2014 New Haven Service Area Improvements Study
prepared by Tata & Howard, 12-inch mains were proposed for these locations.  The 16-inch 
mains are necessary to minimize headloss to provide adequate fireflow.   

The 2014 New Haven Service Area Improvements Study shows the proposed new 12-inch 
water main on West Main Street from Kenyon Road to Gilbert Lane on the south side of the 
West Main Street, with crossings serving streets on the north side.  It may be possible to 
cross West Main Street only once between Jefferson Road and Mona Avenue.  The 
remainder of the new 12-inch main would run on the north side of West Main Street, 
connecting to Pompano Avenue, Gentile Place, and Gilbert Lane without crossing West Main 
Street.

2.3 Model Results - Hydraulics  

2.3.1 Connection of CHSA to NBSA 
Simulations were prepared to evaluate AFF and pressure under max day and peak hour 
demand conditions, respectively, assuming the CHSA and NBSA are connected as described 
in Section 2.1.  It is noted that “max day demand” means the average of the hourly flow 
rates that occurred on the max day, while “peak hour demand” is the highest hourly flow 
rate on the max day.   

The original proposed operational concept was to utilize the North Branford Pump Station as 
the primary source of supply for the combined CHSA/NBSA service area.  We prepared 
several preliminary simulations attempting to serve the combined service area with the 
NBPS only.  It was determined that the CHPS must operate some of the time in order to 
provide adequate pressure throughout the CHSA.  The simulations indicated that the CHPS 
would need to be operated approximately 8 hours per day under average day demand 
conditions, and 16 hours per day under max day demand conditions in order to maintain 
pressure above 20 psi in an area in the vicinity of the Brushy Hill Standpipe.  For purposes 
of this study, one CHPS pump is assumed to be operating during high demand periods of 
the day for the aforementioned durations for the water age, source contribution, and 
pressure simulations; and two pumps are assumed operating for AFF simulations.  For the 
average day demand (water age and source contribution) simulations, the pressure 
reducing valve in the CHPS is assumed to be opened for 7 hours per day during the 
overnight period at a flow rate of 200 gpm, allowing Lake Gaillard WTP water to flow from 
the CHSA into the LSSA.  For the Connection of CHSA to NBSA scenarios, the Alternative 1 
water main improvements discussed in Section 2.1 are assumed. 

Figure 2-3 shows model-predicted pressures under peak hour conditions, with the existing 
system configuration.  For this baseline simulation, the Brushy Plain Tank is in service, one 
pump is running at the CHPS, and the system is experiencing peak hour demand.  Figure 2-
4 shows pressure for the proposed combined NBSA/CHSA, with the tank eliminated, the 
water main improvements discussed above in place, and one CHPS running.  The model 
predicts a minimum pressure in the CHSA of 25 psi under existing conditions, and 26 psi 
under the proposed conditions.  
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Figure 2-5 shows model predicted AFF under the existing system configuration, max day 
demand, and two CHPS pumps running.  Figure 2-6 shows model-predicted AFF for the 
proposed combined NBSA/CHSA with two CHPS pumps running.  The model predicted AFF 
results for the two ISO sites within the CHSA under existing and proposed conditions are 
presented in Table 2-1. 

TABLE 2 1
Available Fire Flow – CHSA and NBSA Connected

ISO Site ISO Needed
Fire Flow

Model Predicted AFF (gpm)
Existing System CHSA NBSA Connected

Brushy Plain Rd & Cedar St 2,500 4,016 2,539

Green Farm Rd & Hemlock Rd 2,000 3,061 2,325

As indicated in the table, the AFF would decrease under the proposed conditions; however, 
the AFF at the two ISO sites within the CHSA would remain above the ISO Needed Fire Flow 
at both locations.  It is noted that the AFF determined in the ISO field tests is less than the 
model-predicted AFF for the existing system presented in Table 2-1.  The model-predicted 
AFF of the existing system configuration is sensitive to the Brushy Plain tank level and to 
the number of pumps operating at the CHPS.  The status of the pump station and the tank 
level at the time of the field tests is not known; however, with the CHPS off and the tank 
level set to match the static pressure observed during the field tests, the model predicted 
residual pressures were within 5 psi of the observed pressures. 

2.3.2 Connection of CHSA, Branford Hill, and NBSA 
Simulations were performed to evaluate AFF and pressure under max day and peak hour 
demand conditions, respectively, assuming the CHSA, NBSA, and Branford Hill area are 
connected as described in Section 2.1 and 2.2.  For these simulations, the Alternative 2 
water main improvements (12-inch diameter line connecting the NBSA and CHSA, no water 
main improvements in Brookhill Road, and CHPS pumping equipment upgrades) are 
assumed.

As discussed in Section 2.3.1, the operational strategy for the combined service area must 
include operating the CHPS during periods of high demand to maintain adequate pressure 
throughout the CHSA.  For purposes of the hydraulics analysis presented in this section, one 
pump is assumed to be operating for 8 hours per day during high demand periods for the 
average day (water age, source contribution) simulations; one pump is assumed to be 
operating for 16 hours for the peak hour (pressure) simulations; and two pumps are 
operating for AFF simulations.  Additionally, the PRV located in the CHPS is assumed to be 
flowing at 200 gpm for 7 hours during the overnight periods for the average day 
simulations.

Refer to Figure 2-3 for model-predicted pressures under peak hour conditions, with the 
existing system configuration.  For this baseline simulation, the Brushy Plain Tank is in 
service, one pump is running at the CHPS, and the system is experiencing peak hour 
demand.  Figure 2-7 shows pressure for the proposed combined NBSA/CHSA including the 
Branford Hill area, with the tank eliminated, the water main improvements discussed above 
in place, and one pump running in the CHPS.  The model predicts minimum pressures of 25 
psi and 28 psi in the CHSA and Branford Hill areas, respectively, under existing conditions.  
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Under proposed conditions, the model predicted pressures are 29 psi for the CHSA and 74 
psi for the Branford Hill area. 

Figure 2-5 shows model predicted AFF under the existing system configuration, max day 
demand, and two existing CHPS pumps running.  Figure 2-8 shows model-predicted AFF for 
the proposed combined NBSA/CHSA with the Branford Hill area connected and two 
upgraded CHPS pumps running.  The upgraded pumps are assumed to have a combined 
discharge of 1,300 gpm at 135 ft total dynamic head.  The model predicted AFF results for 
the two ISO sites within the CHSA under existing and proposed conditions are presented in 
Table 2-2. 

TABLE 2 2
Available Fire Flow – CHSA, NBSA, and Branford Hill Connected

ISO Site ISO Needed
Fire Flow

Model Predicted AFF (gpm)

Existing System CHSA, NBSA, and
Branford Hill Connected

Brushy Plain Rd & Cedar St
(CHSA) 2,500 4,016 2,562

Green Farm Rd & Hemlock Rd.
(CHSA) 2,000 3,061 2,284

West Main St. & Brainerd Rd.
(Branford Hill area) 5,000/3,500(1) 4,516 4,087

(1) Needed fire flow at West Main St & Brainerd Rd listed as 5,000 gpm but 3,500 gpm is the maximum required to be provided

As indicated in the table, the AFF would decrease under the proposed conditions; however, 
the AFF at the two ISO sites within the CHSA and one site within the Branford Hill area 
would remain above the ISO Needed Fire Flow.   

2.3.3 Hydraulics Summary 
A summary and comparison of model predicted AFF for existing and proposed conditions is 
presented in Table 2-3.  A summary and comparison of peak hour pressures is presented in 
Table 2-4. 
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TABLE 2 3
AFF Summary and Comparison(1)

Model Predicted AFF (gpm)

ISO Site ISO Needed
Fire Flow

Existing
Conditions

CHSA
NBSA

Connected

CHSA, NBSA,
and Branford

Hill Connected

West Main St & Brainerd Rd
(Branford Hill Area) 5,000/3,500(2) 4,516 4,983 4,087

Brushy Plain Rd & Cedar St.
(existing CHSA) 2,500 4,016 2,539 2,562

Green Farm Rd & Hemlock Rd
(existing CHSA) 2,000 3,061 2,325 2,284

(1) Conditions: MDD, both CHPS pumps on, NBPS on.
(2) Needed fire flow at West Main St & Brainerd Rd listed as 5,000 gpm but 3,500 gpm is the maximum required to be
provided

TABLE 2 4
Pressure Summary and Comparison(1)

Item Existing
Conditions

CHSA NBSA
Connected

CHSA, NBSA, and
Branford Hill
Connected

Min Pressure in CHSA (psi) 25 26 29
Min Pressure in Branford Hill area (psi) 28 27 74

(1) Conditions: MDD, 1 CHPS pump on, NBPS on.

2.4 Model Results – Water Quality  

2.4.1 Connection of CHSA to NBSA 
Simulations were performed to evaluate water age and source contribution under average 
day demand conditions, assuming the CHSA and NBSA are connected as described in 
Section 2.1. 

As discussed in Section 2.3.1, the operational strategy for the combined service area must 
include operating the CHPS during periods of high demand to maintain adequate pressure 
throughout the CHSA.  For purposes of the water quality analysis presented in this section, 
one CHSA pump is assumed to be operating for 8 hours per day for the average day 
simulations.  Additionally, the PRV located in the CHPS is assumed to operate for 7 hours 
per day during the overnight period, allowing Lake Gaillard WTP water to flow from the 
NBSA to the LSSA via the CHSA.  The North Branford Pump Station is controlled by the level 
in the North Branford Tank, such that the tank level fluctuates between 35 feet and 47 feet. 
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Figure 2-9 shows model-predicted water age under average day conditions, with the 
existing system configuration.  For this baseline simulation, the Brushy Plain Tank is in 
service, one pump is running at the CHPS, and the NBPS is controlled by the North Branford 
Tank.  Figure 2-10 shows water age for the proposed combined NBSA/CHSA with the tank 
eliminated, the water main improvements discussed above in place, and one pump and the 
PRV in the CHPS operating as discussed above.  Tables 2-5 and 2-6 present service area-
wide water age results for the CHPSA, NBSA, and LSSA. 

TABLE 2 5
Average Water Age All Model Nodes in Service Area

Scenario Existing
Cherry Hill SA

Existing N.
Branford SA

Existing
Saltonstall SA

Existing Conditions 231 108 38
CHSA NBSA Connected 96 94 45

TABLE 2 6
Number of Model Nodes in Service Area with Average Water Age > 100 hrs

Scenario Existing
Cherry Hill SA

Existing N.
Branford SA

Existing
Saltonstall SA

Number of Nodes in SA (1) 117 499 1924
Number of Nodes with Water Age >100 hours
Existing Conditions 87 272 114
CHSA NBSA Connected 39 138 151

(1) Excluding nodes on dead ends with no demands 

As indicated in the tables, the model predicts that the proposed interconnection results in a 
significant decrease in water age in the CHSA, a modest decrease in water age in the NBSA, 
and a small increase in the water age in the LSSA.   

Figure 2-11 shows model-predicted source contribution under existing system configuration.  
Figure 2-12 shows source contribution under the proposed configuration.  As indicated in 
the figures, the Lake Saltonstall WTP contribution in the CHSA is almost 100% under the 
existing system configuration, but the CHSA is predominantly supplied by Lake Gaillard WTP 
water under the proposed system configuration.  The NBSA is supplied entirely by the Lake 
Gaillard WTP with the existing system configuration.  Under the proposed configuration, the 
area in the vicinity of the proposed interconnection would be influenced slightly by the Lake 
Saltonstall WTP. 

2.4.2 Connection of CHSA, Branford Hill, and NBSA 
Simulations were performed to evaluate water age and source contribution under average 
day demand conditions, assuming the CHSA and NBSA are connected as described in 
Section 2.1, and the Branford Hill area is connected to the CHSA as described in Section 
2.2.

As discussed in Section 2.3.1, the operational strategy for the combined service area must 
include operating the CHPS during periods of high demand in order to maintain adequate 
pressure throughout the CHSA.   

Refer to Figure 2-9 for model-predicted water age under average day demand conditions, 
with the existing system configuration.  For the baseline simulation, the Brushy Plain Tank is 
in service, one pump is running at the CHPS, and the NBPS is controlled by the North 
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Branford Tank.  Figure 2-13 shows model predicted water age for the proposed combined 
NBSA/CHSA including the Branford Hill area.  Tables 2-7 and 2-8 present water age results 
for the CHSA, NBSA, and LSSA. 

TABLE 2 7
Average Water Age All Model Nodes in Service Area

Scenario Existing
Cherry Hill SA

Existing N.
Branford SA

Existing
Saltonstall SA

Existing Conditions 231 108 38
CHSA, NBSA, and Branford Hill Area
Connected 84 95 46

TABLE 2 8
Number of Model Nodes in Service Area with Average Water Age > 100 hrs

Scenario Existing
Cherry Hill SA

Existing N.
Branford SA

Existing
Saltonstall SA

Number of Nodes in SA(1) 117 499 1924
Number of Nodes with Water Age >100 hours
Existing Conditions 87 272 114
CHSA, NBSA, and Branford Hill Area
Connected 22 119 181

(1) Excluding nodes on dead ends with no demands 

Similar to the results presented in Section 2.4.1, the model predicts that the proposed 
interconnection results in a significant decrease in water age in the CHSA, a modest 
decrease in water age in the NBSA, and a slight increase in the water age in the LSSA.  It is 
noted that the Branford Hill area would experience a significant increase in water age if 
connected to the CHSA. 

Figure 2-11 shows model-predicted source contribution under existing system configuration.  
Figure 2-14 shows source contribution under the proposed configuration.  As indicated in 
the figures, the Lake Saltonstall WTP contribution in the CHSA is almost 100% under the 
existing system configuration; however, the contribution of the Lake Gaillard WTP is 
significant under the proposed system configuration, particularly in the northern part of the 
system near the interconnection point.  The influence of the Lake Saltonstall WTP on the 
NBSA is small under the proposed configuration.   
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2.4.3 Water Quality Summary 
Table 2-9 presents a summary of water age and source contribution results for the CHSA. 

TABLE 2 9
Water Quality Summary

Item Existing
Conditions

CHSA NBSA
Connected

CHSA, NBSA, and
Branford Hill
Connected

Average Water Age
CHSA 231 96 84

NBSA 108 94 95

LSSA 38 45 46

Number of Nodes with Water Age >100 Hours

CHSA 87 39 22

NBSA 272 138 119

LSSA 114 151 181

Source Contribution

CHSA Entirely
LSWTP

Predominantly
LGWTP

Mix – Mostly
LGWTP

NBSA Entirely
LGWTP

Predominantly
LGWTP

Predominantly
LGWTP

LSSA Entirely
LSWTP

Predominantly
LSWTP

Predominantly
LSWTP

3 Costs 
A conceptual cost estimate for connecting the NBSA and the CHPSA assuming Water Main 
Improvement Alternative 1 is presented in Table 3-1.  This alternative includes new 16-inch 
diameter water main from Queach Road to Laurel Hill Road and new 16-inch main in 
Brookhill Road.  Connection of the Branford Hill area to the CHSA is not included in this 
alternative, nor are improvements to the Cherry Hill PS.  More detailed estimates are 
included in Appendix C. 
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TABLE 3 1
Conceptual Cost Estimate Connection of NBSA and CHSA
August 2014

Item
Conceptual Cost

Estimate

Alternative 1 Water Main Improvements – Brookhills Road, Queach Road
to Laurel Hill Road, Laurel Hill Road. 7,400 ft of 16 inch water main $2,770,000

Demolish Brushy Plain Standpipe $120,000

Engineering and Contingency 40% $1,156,000

Project Total $ 4,046,000

A conceptual cost estimate for connecting the NBSA and the Branford Hill area of the LSSA 
to the CHPSA assuming Water Main Improvement Alternative 2 is presented in Table 3-2.  
This alternative includes new 12-inch diameter water main from Queach Road to Laurel Hill 
Road and new 12-inch main connecting the CHSA to the Branford Hill area on Montoya Drive 
and in West Main Street.  Alternative 2 also includes an upgrade to the Cherry Hill PS 
pumping equipment in order to provide adequate fire flow with reduced pipe diameter along 
the flow path between the NBSA and the CHSA.  More detailed estimates are included in 
Appendix C. 

TABLE 3 2
Connection of NBSA and CHSA, incorporation of Branford Hill Area in CHSA
August 2014

Item
Conceptual Cost

Estimate

Alternative 2 Water Main Improvements Queach Road to Laurel Hill
Road, 5,600 ft of 16 inch water main $2,480,000

Alternative 2 Water Main Improvements Montoya Drive, West Main
Street. 3,800 ft of 12 inch water main $770,000

CHPS Pumping Equipment Upgrade $320,000

Demolish Brushy Plain Tank $120,000

Construction Subtotal $3,690,000

Engineering and Contingency 40% $1,476,000

Project Total $5,166,000
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4 Conclusions 
Conclusions regarding the effect of the proposed connections of the CHSA to the NBSA and 
the Branford Hill area of the LSSA to the CHSA are as follows. 

Impact on pressure: In order to maintain adequate pressure in the CHSA the CHPS would 
need to run during periods of high system demand.  If one CHPS pump is running, the 
minimum pressures experienced in the CHSA would be comparable to those experienced 
under existing conditions.  Minimum pressure in the Branford Hill area would be increased 
by connection to the CHSA from ~30 psi to ~70 psi.  

Impact on available fire flow:  The available fire flow in the CHSA and Branford Hill area 
would be reduced under both of the proposed service area connection concepts compared to 
the available fire flow with the existing system configuration; however, the model predicts 
that the ISO needed fire flow could be provided in both cases.  The CHPS pumping 
equipment would need to be upgraded to provide adequate fire flow if the Branford Hill area 
is connected to the CHSA.   

In general, the proposed connections would provide adequate pressure and fire flow.  
Additionally, the CHPS would need to be available to maintain adequate pressure and fire 
flow, although it would need to operate for less than half the day under average demand 
conditions.   

Impact on water quality:  The proposed connections would result in a significant decrease in 
water age in the CHSA due to the elimination of the Brushy Plain Tank.  A significant portion 
of the CHSA supply would be provided by the Lake Gaillard WTP, which would also benefit 
water quality, as the Lake Gaillard WTP produces higher quality water than the Lake 
Saltonstall WTP. 

Costs: The cost of the water main improvements connecting the NBSA and the Branford Hill 
area to the CHSA and upgrading the Cherry Hill pump station as required to provide 
adequate fire flow is estimated at approximately $5,166,000. This cost is higher than the 
$1,755,608 bid received for painting the Brushy Plain Tank and installing a THM removal 
system.  However, the proposed interconnection project would improve water quality, and 
reduce future maintenance costs by eliminating the Brushy Plain  standpipe.  

In summary, the proposed distribution system modifications consisting of decommissioning 
the Brushy Hill Standpipe, connection of the CHSA and NBSA, connection of the Branford Hill 
area to the CHSA is hydraulically feasible and would improve water quality and provide for 
some redundancy to the Saltonstall Service Area along with increasing pressure in Branford 
Hill.   

J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Memo\Tech Memo_Rev 9_2_14.doc 



S̄)

"M

"M

Proposed Water Main on
Queach Road and
Laurel Hill Road

Proposed Water Main on
Brookhills Road

Former Brushy
Plain Tank

LAKE GAILLARD WTP

CHERRY HILL PS

N. BRANFORD PS

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid,
IGN, IGP, swisstopo, and the GIS User Community

Tighe&Bond
Z

Path: J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Model\ArcMap\Proposed_WM_Imps.mxd

Figure 2-1
Connection of CHSA to NBSA

Proposed Water
Main Improvements

South Central Connecticut
Regional Water Authority

"M Pump Station

S̄) Source

"̂ Tank

Existing Water Main

Proposed Water Main



"̂

"M

Proposed Water Main
on Montoya Drive and Montoya Circle

Proposed Water Main
on West Main Street

SALTONSTALL RIDGE TANK

CHERRY HILL PS

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid,
IGN, IGP, swisstopo, and the GIS User Community

Tighe&Bond
Z

Path: J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Model\ArcMap\Expanded_CHSA_Imps.mxd

Figure 2-
Branford Hill

Proposed Water
Main Improvements

South Central Connecticut
Regional Water Authority

"M Pump Station

S̄) Source

"̂ Tank

Existing Water Main

Proposed Water Main

Expanded Cherry Hill SA



"̂

"M

"M

BRUSHY PLAIN TANK

CHERRY HILL PS

RABBIT ROCK PS

© OpenStreetMap (and) contributors, CC-BY-SA

Tighe&Bond
Z

Path: J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Model\ArcMap\Pressure.mxd

Figure 2-3
Model Predicted Pressure

Existing Conditions

South Central Connecticut
Regional Water Authority

Pressure (psi)

<20

21 - 35

36 - 70

71 - 100

>100

"M Pump Station

S̄) Source

"̂ Tank



"M

"M
CHERRY HILL PS

RABBIT ROCK PS

© OpenStreetMap (and) contributors, CC-BY-SA

Tighe&Bond
Z

Path: J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Model\ArcMap\Pressure.mxd

Figure 2-4
Model Predicted Pressure

CHSA Connected with NBSA

South Central Connecticut
Regional Water Authority

Pressure (psi)

<20

21 - 35

36 - 70

71 - 100

>100

"M Pump Station

S̄) Source

"̂ Tank

Proposed Water Main



"̂

"M

"M

BRUSHY PLAIN TANK

CHERRY HILL PS

RABBIT ROCK PS

© OpenStreetMap (and) contributors, CC-BY-SA

Tighe&Bond
Z

Path: J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Model\ArcMap\AFF Expanded CHSA.mxd

Figure 2-5
Model Predicted Available Fire Flow

Existing Conditions

South Central Connecticut
Regional Water Authority

Available Fire Flow (gpm)

<750

751 - 1000

1001 - 2000

2001 - 3500

>3500

"M Pump Station

S̄) Source

"̂ Tank



"M

"M

Former Brushy
Plain Tank

CHERRY HILL PS

RABBIT ROCK PS

© OpenStreetMap (and) contributors, CC-BY-SA

Tighe&Bond
Z

Path: J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Model\ArcMap\AFF Expanded CHSA.mxd

Figure 2-6
Model Predicted Available Fire Flow

CHSA Connected with NBSA

South Central Connecticut
Regional Water Authority

Available Fire Flow (gpm)

<750

751 - 1000

1001 - 2000

2001 - 3500

>3500

"M

S̄)

"̂

Pump Station

Source

Tank

Proposed Water Main



"M

"M
CHERRY HILL PS

RABBIT ROCK PS

© OpenStreetMap (and) contributors, CC-BY-SA

Tighe&Bond
Z

Path: J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Model\ArcMap\Pressure.mxd

Figure 2-7
Model Predicted Pressure

CHSA Connected witrh NBSA
Expanded CHSA

South Central Connecticut
Regional Water Authority

Pressure (psi)

<20

21 - 35

36 - 70

71 - 100

>100

"M Pump Station

S̄) Source

"̂ Tank

Expanded Cherry Hill SA

Proposed Water Main



"M

"M

Former Brushy
Plain Tank

CHERRY HILL PS

RABBIT ROCK PS

© OpenStreetMap (and) contributors, CC-BY-SA

Tighe&Bond
Z

Path: J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Model\ArcMap\AFF Expanded CHSA.mxd

Figure 2-8
Model Predicted Available Fire Flow

CHSA Connected with NBSA
Expanded CHSA

South Central Connecticut
Regional Water Authority

Available Fire Flow (gpm)

<750

751 - 1000

1001 - 2000

2001 - 3500

>3500

"M Pump Station

S̄) Source

"̂ Tank

Proposed Water Main

Expanded Cherry Hill SA



"̂

"M

"M

BRUSHY PLAIN TANK

CHERRY HILL PS

RABBIT ROCK PS

© OpenStreetMap (and) contributors, CC-BY-SA

Tighe&Bond
Z

Path: J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Model\ArcMap\Age.mxd

Figure 2-9
Model Predicted Water Age

Existing Conditions

South Central Connecticut
Regional Water Authority

Water Age (hrs)

<10

11 - 20

21 - 50

51 - 100

>100
"M Pump Station

S̄) Source

"̂ Tank



"M

"M

Former Brushy
Plain Tank

CHERRY HILL PS

RABBIT ROCK PS

© OpenStreetMap (and) contributors, CC-BY-SA

Tighe&Bond
Z

Path: J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Model\ArcMap\Age.mxd

Figure 2-10
Model Predicted Water Age

CHSA Connected with NBSA

South Central Connecticut
Regional Water Authority

Water Age (hrs)

<10

11 - 20

21 - 50

51 - 100

>100
"M Pump Station

S̄) Source

"̂ Tank

Proposed Water Main



"̂

S̄)

"M

"M

"M

BRUSHY PLAIN TANK

LAKE GAILLARD WTP

CHERRY HILL PS

N. BRANFORD PS

RABBIT ROCK PS

© OpenStreetMap (and) contributors, CC-BY-SA

Tighe&Bond
Z

Path: J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Model\ArcMap\Source.mxd

Figure 2-11
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Figure 2-13
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Figure 2-14
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MEMORANDUM Tighe&Bond

Cherry Hill Service Area Water Quality Modeling Analysis 

TO: Stephen Rupar, P.E. - RWA 

FROM: John McClellan, Ph.D., P.E. and Lesley Eckert 

COPY: Brian Lakin, P.E. – RWA, Peter Grabowski, P.E. 

DATE: November 26, 2012 

1 Background 
Storage in the Regional Water Authority’s (RWA’s) Cherry Hill Service Area (CHSA) is 
provided by the 1 million gallon capacity Brushy Plain Standpipe.  The water level in the 
standpipe must be maintained above approximately 2/3 full in order to provide adequate 
distribution system pressure; thus, approximately 2/3 of the volume of the tank is unusable 
under normal operating conditions.  This excess storage results in excessive hydraulic 
retention time (water age) in the tank.  High water age is associated with low or absent 
chlorine residual and high concentrations of TTHM and HAA5.   

One alternative for improving water quality in the CHSA is replacing the Brushy Hill 
Standpipe with an elevated tank.  An elevated tank is expected to reduce the amount of 
unusable storage, thereby reducing water age in the tank and improving water quality.  A 
study conducted by Tighe & Bond in April 2012 indicated that replacing the existing standpipe 
with a 750,000 gallon capacity elevated spheroid tank would result in a reduction of water age 
in the tank, which is expected to result in an increase in chlorine residual and a decrease in 
TTHM and HAA5 concentrations.   

The proposed elevated spheroid tank represents a significant capital expense.  Therefore, the 
RWA wishes to evaluate other alternatives that may be more economical and/or more effective 
in achieving the RWA’s water quality objectives.  The objective of the current study is to 
identify and evaluate other alternatives for improving water quality in the CHSA.  This 
memorandum presents the results of our evaluation.   

2 Methodology 
The Regional Water Authority’s (RWA’s) water quality objectives for the CHSA are: 

A measurable chlorine residual must be maintained at all locations in the tank and 
distribution system at all times 

Locational Running Annual Average (LRAA) TTHM and HAA5 concentrations as required 
under the Stage 2 Disinfectants and Disinfection Byproduct Rule (DBPR) requirements 
must be met at all locations in the distribution system at all times 

In discussions with the RWA, the following basic concepts for improving water quality in the 
CHSA were identified: 

Modify operations in the CHSA with the objective of reducing water age 

Modify the existing tank to reduce the amount of unusable storage volume, thus 
reducing water age 

Provide treatment systems in the existing tank to remove TTHM and add chlorine 
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Install blow-offs in the distribution system, thus increasing system demand and 
reducing water age 

Combinations of the above 

The following alternatives were developed from the aforementioned concepts: 

1. Spheroid tank: replace the existing Brushy Plain Standpipe with a 750,000 gallon 
capacity spheroid tank.  This is the alternative considered in the April 2012 Cherry Hill 
Service Area Water Quality Modeling Study.

2. Existing tank with aeration system:  This alternative consists of installing a spray 
aeration TTHM stripper/rechlorination/mixing system in the existing Brushy Plain 
standpipe, such as the systems offered by Pax and SolarBee. 

3. Existing tank with false bottom:  This alternative consists of installing a false bottom at 
the mid-point elevation of the existing standpipe, with the objective of reducing 
unusable volume and decreasing water age in the tank. 

4. Blow-offs at dead ends:  This alternative consists of installing blow-offs flowing at 5 
gpm at five dead-end locations in the distribution system.   

5. One large blow-off:  This alternative consists of installing one large (25 gpm) blowoff at 
the east end of Hemlocks Road Extension that would discharge to the Lake Saltonstall 
watershed. 

6. Pipe looping: This alternative consists of installing new water mains (approximately 
1,150 ft total) at selected locations in the CHSA to provide looping.   

7. Flow from CHSA back to Saltonstall Service Area:  This alternative consisted of allowing 
flow back to the Saltonstall SA through the existing relief valve at the Cherry Hill P.S. at 
times when the pumps are off, with the objective of increasing overall system turnover. 

8. Existing tank with aeration and one large blow-off:  This alternative is a combination of 
Alternatives 2 and 5. 

9. Spheroid tank with aeration/mixing/rechlorination:  This alternative consists of a new 
spheroid elevated tank with an aeration/mixing/rechlorination system as proposed 
under Aternatve 2. 

10. Spheroid tank with aeration/mixing/rechlorination with one large blow-off:  This 
alternative is a combination of Alternatives 5 and 9. 

It is noted that alternative tank locations and alternative types of tanks were given preliminary 
consideration.  No promising alternatives with respect to improving water quality were 
identified based on these concepts.  

A computer model of the distribution system was utilized to compare the relative impact on 
water age, TTHM concentrations, and chlorine residual resulting from candidate alternatives.  
The water quality model developed as part of the April 2012 Cherry Hill Service Area Water 
Quality Modeling Study was used as a starting point.  This model was calibrated to water 
quality sampling results from samples collected in the CHSA and operational data from the 
SCADA system for August 23, 2012.   

A baseline simulation representing “worst-case” conditions with respect to TTHM and chlorine 
residual concentrations was developed from the calibration model.  For the baseline case, 
system demands were set to represent average day conditions based on SCADA data from May 
24-25, 2012.  Average day demand is assumed to be the lowest demand condition likely to 
occur during the summer season.  Water age is inversely proportional to demand; thus, the 
assumed average day demand condition results in the highest water age expected under warm 
water conditions when TTHM formation and chlorine decay rates are at their highest.  The 
TTHM formation and chlorine decay coefficients developed in the calibration scenario were used 
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for the baseline case, except that the parameter representing the maximum TTHM 
concentration was raised from 85 g/L to 100 g/L.    

The baseline scenario thus represents a conservative estimate of the “worst case” TTHM and 
chlorine residual concentrations that might occur in the CHSA for use as a basis for comparison 
of alternatives.  It is noted that TTHM is selected as a surrogate for disinfection byproducts in 
general including HAA5 and other non-regulated substances.  TTHM is selected for evaluation 
as TTHM concentrations have been higher relative to regulatory limits compared to HAA5 in the 
historical sampling data.  Reductions in TTHM concentration resulting from system 
modifications are, in general, expected to result in corresponding reductions in the 
concentrations of HAA5 and other disinfection byproduct species. 

Simulations were prepared representing candidate alternatives.  Alternatives were evaluated 
based on their model predicted effect on water quality.  The alternatives are described in more 
detail including model-predicted water quality impacts in the following sections. 

3 Modeling Results 

3.1 Calibration Scenario 
The purpose of this scenario was to replicate actual conditions that occurred on August 23, 
2012 for purposes of calibrating the model.  Hourly pump station flow and tank level data 
from the SCADA system were used to prepare a hydraulic simulation.  The diurnal system 
demand pattern was calculated by mass balance from the tank and pump station flow data.  
Plots of Cherry Hill Pump Station flow, Brushy Plain Standpipe level, and system demand 
are presented in Figure 3-1.  Overall system demand for the 24-hour period was estimated 
at approximately 403,000 gallons. 
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Figure 3-1  System Flows and Tank Level, August 23, 2012 

Water quality samples were collected in the CHSA on August 23 to provide model calibration 
data.  The sampling results are presented in Table 3-1. 
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TABLE 3 1
August 23, 2012 Sampling Results

Sample ID
Chloroform

(μg/L)

Chloro
dibromo
methane
(μg/L)

Dichloro
bromo
methane
(μg/L)

Bromoform
(μg/L)

TTHM
(μg/L)

Free
Chlorine
(mg/L)

pH

(#1) Cherry Hill PS 37 2.5 12 <0.50 52 0.10 7.41
#2 (275 Brushy Plain Rd) 53 4.2 18 <0.50 75 0.08 7.25
#3 (321 Brushy Plain Rd) 55 4.6 19 <0.50 79 0.08 7.29
#4 (Mountain Top Drive) 59 4.7 19 <0.50 83 0.06 7.63
#5 (Haystack Road) 61 4.4 19 <0.50 84 0.08 7.57
#6 (Brushy Hill ROW) 47 3.2 16 <0.50 66 0.50 7.32
#7 (Fern Dale ROW) 61 4.6 20 <0.50 86 0.00 7.52
#8 (Wilbraham Ct) 40 2.4 13 <0.50 55 0.71 7.26
#9 (Squire Hill Apts.) 57 4.2 18 <0.50 79 0.06 7.48
#10 (Foxbridge Village Rd) 60 4.8 20 <0.50 85 0.04 7.41

The August 23 sampling event was conducted during a period of the day when the pump 
station had been off for several hours so that water from the tank was flowing into the 
distribution system.  As indicated in Table 3-1, the objective of capturing high TTHM 
concentrations and low chlorine residuals in the samples was achieved.   

The model parameters representing TTHM formation rate, maximum TTHM concentration, 
and chlorine decay rate were set to provide reasonable agreement between model 
predictions and observed chlorine residuals and TTHM concentrations from the August 23 
samples.  TTHM formation and chlorine decay curves for the calibration scenario are 
presented in Figure 3-2.   

Water quality metrics are presented for each model scenario to provide a basis of 
comparison.  Two sets of metrics are presented.  The first set (“Tank”) represents model 
predicted water age, TTHM, and chlorine concentration in the tank.  The second set (“All 
System Nodes”) provides statistics representing model predictions for the entire service 
area.  Average concentrations for water age, TTHM, and chlorine residual are presented.     

It is noted that for the calibration scenario a “two-compartment” mixing model is used for 
the tank.  The two-compartment model captures the effect of tank stratification, where 
water moving in and out of the tank from the inlet/outlet compartment may have relatively 
low water age, but the main compartment tends to stagnate and develop high water age.  
Under normal tank cycling, it is possible for the water quality in the distribution system in 
the vicinity of the tank to be influenced primarily by the inlet/outlet compartment and thus 
have relatively good water quality, until such time as the tank level departs from its normal 
cycle and allows lower quality water from the main compartment to enter the distribution 
system.

For the scenarios representing future conditions (including the baseline scenario), a 
“completely mixed” tank model is assumed.  The rationale for using the completely mixed 
model is that a mixing system of some sort is recommended for all scenarios involving 
retaining the existing standpipe due to the likelihood that such a system would be required 
in the future by the DPH.  Additionally, assuming complete mixing in the tank allows “apples 
to apples” comparison of the alternatives with respect to water quality impacts in the 
distribution system. 
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Figure 3-2 TTHM formation and chlorine decay models 

 

3.2 Baseline Scenario 
A 48-hour baseline scenario was prepared to provide a basis of comparison for other 
alternatives.  For the baseline scenario, system demand was based on operational data from 
May 24 and 25, 2012.  Plots of system demand, Cherry Hill PS pumping rate, and Brushy 
Plain tank level for the 48-hour baseline simulation are presented in Figure 3-3. 

For this period, the average system demand as estimated from the operational data was 
approximately 380,000 gpd.  This demand is assumed to be at the low end of the range of 
system demand expected during warm weather conditions when disinfection byproduct 
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formation and chlorine decay rates are high.  Thus, the baseline scenario represents a 
“worst case” combination of high TTHM formation and chlorine decay rates and high water 
age.

Water quality metrics for the baseline scenario are presented in Table 3-2.  Model-predicted 
water age, chlorine residual and TTHM concentrations for the baseline scenario are shown 
on Figures 3-4, 3-5, and 3-6, respectively. 
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Figure 3-3  System Demand, Flows, and Tank Level – Baseline Scenario 
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Table 3 2
Baseline Alternative Water Quality Metrics1

Tank All System Nodes

Scenario 
Water 
Age 

(hours) 

Chlorine 
Residual 
(mg/L) 

TTHM 
Conc. 
( g/L) 

  

Average 
Water 
Age 

(hours) 

Average 
Chlorine 
Residual 
(mg/L) 

Average 
TTHM 
Conc. 
( g/L) 

Baseline (with mixer) 150 0.00 89  103 0.15 78 

1Based on model prediction during extended period simulation with tank at low point in cycle 

 

3.3 Alternative 1: Spheroid Tank 
This alternative consists of replacing the existing Brushy Plain standpipe with a 750,000-
gallon capacity elevated spheroid tank, as discussed in the April 2012 Cherry Hill Service 
Area Water Quality Modeling Study.  The bottom elevation of the proposed tank is 275 feet 
with an overflow elevation of 315 feet.  The majority of the volume of the proposed tank will 
be useable, allowing increased turnover compared to the existing standpipe.  A scenario was 
prepared representing the proposed spheroid tank under the supply, system demand, TTHM 
formation, and chlorine decay conditions used for the baseline scenario as discussed above.  
Water quality metrics for Alternative 1 are presented in Table 3-3. 

Table 3 3
Water Quality Metrics Alternative 1 Spheroid Tank1

Tank All System Nodes

Scenario 
Water 
Age 

(hours) 

Chlorine 
Residual 
(mg/L) 

TTHM 
Conc. 
( g/L) 

  

Average 
Water 
Age 

(hours) 

Average 
Chlorine 
Residual 
(mg/L) 

Average 
TTHM 
Conc. 
( g/L) 

Baseline (with mixer) 150 0.00 89  103 0.15 78 

Alt.1 Spheroid Tank 87 0.08 84  80 0.12 80 

1Based on model prediction during extended period simulation with tank at low point in cycle 

This alternative results in a significant decrease in water age in the tank and in the 
distribution system, and a detectable chlorine residual in the tank.  However, the effect on 
average chlorine residual and TTHM concentration throughout the distribution system is not 
significant; in fact, the model predicts a slight decrease in the system-wide average chlorine 
residual and an increase in the average TTHM concentration.  It is noted that for water age 
greater than about 4 days, there is little change in chlorine or TTHM concentrations as 
chlorine residual has disappeared and TTHM has reached formation potential (refer to Figure 
3-2).  Thus, the improvement in water age in the tank from 150 to 87 hours does not 
produce a significant improvement in TTHM or chlorine residual under the conditions 
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assumed.  Additionally, the larger tank volume exchange in the spheroid tank alternative 
has the effect of projecting water from the tank over a larger area in the distribution 
system, which has a negative impact on the system-wide metrics. 

Model-predicted water age, chlorine residual, and TTHM concentrations for the spheroid 
tank alternative are shown on Figures 3-7, 3-8 and 3-9, respectively.  A conceptual cost 
estimate for the proposed elevated spheroid tank is included in Appendix A. 

3.4 Alternative 2: Existing Tank with 
Aeration/Mixing/Rechlorination System  

This alternative consists of installing spray aeration, rechlorination, and mixing systems in 
the existing Brushy Plain standpipe.  Package systems that provide this functionality are 
offered by SolarBee and Pax Water Technologies.   

Since TTHM is relatively volatile, its removal from water by air stripping is feasible.  
Commonly used air stripping technologies include diffused (bubble) aeration, packed 
towers, and spray aeration.  Both diffused aeration and spray aeration would be relatively 
easy to implement in a tank.  Research by Dr. Robin Collins and students at the University 
of New Hampshire demonstrated that spray aeration is more effective in stripping TTHM 
than diffused aeration.  Spray aeration stripping was shown to be very effective where 
chloroform is the predominant TTHM species as is the case in the RWA system.   

Vendor information provided by SolarBee and Pax and the research literature (Brooke & 
Collins, JAWWA 103:10, October 2011) indicate that a reduction of TTHM in the tank of 40% 
or more can be expected with a spray aeration system.  This information is included in 
Appendix B.  The proposed spray aeration system would continuously cycle water drawn 
from the bottom of the tank through spray nozzles located in the dome of the tank.  The 
amount of TTHM removal that can be achieved depends in part on the flow rate through the 
stripper.  For purposes of this analysis, a flow rate of 230 gpm through the stripper was 
assumed, with TTHM removal of 50% in the recycle stream, resulting in an overall reduction 
in TTHM concentration of 40% in the tank, based on vendor information.  It may be possible 
to achieve additional TTHM removal by using larger-size equipment that would result in a 
higher flow rate through the stripper.  The proposed equipment considered in this 
alternative also includes a mixing system, which was modeled by assuming complete mixing 
in the tank, and a rechlorination system.   

Water quality metrics for Alternative 2 are presented in Table 3-4.  As indicated in the table, 
the model predicts no significant impact on water age, but a significant increase in chlorine 
residual and a significant decrease in TTHM concentration, both in the tank and in the 
distribution system.  

Table 3 4
Water Quality Metrics Alternative 2 – Aeration System1

Tank All System Nodes

Scenario 
Water 
Age 

(hours) 

Chlorine 
Residual 
(mg/L) 

TTHM 
Conc. 
( g/L) 

  

Average 
Water 
Age 

(hours) 

Average 
Chlorine 
Residual 
(mg/L) 

Average 
TTHM 
Conc. 
( g/L) 

Baseline (with mixer) 150 0.00 89  103 0.15 78 

Alt.2 Aeration system 147 0.13 60  103 0.24 69 

1Based on model prediction during extended period simulation with tank at low point in cycle 
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One potential problem with this alternative is the possibility of increasing HAA5 
concentration in the tank as a result of increasing the chlorine concentration in the tank.  No 
significant removal of HAA5 in the aeration system is expected.  The low HAA5 
concentration currently experienced in the tank is likely due in part to biodegradation; 
increasing the chlorine concentration would tend to limit biodegradation as well as increase 
the formation rate of HAA5.  The objectives of maintaining a detectable chlorine residual 
throughout the system and limiting HAA5 formation would have to be carefully balanced. 

Model-predicted water age, chlorine residual and TTHM concentrations for the aeration 
system alternative are shown on Figures 3-10, 3-11, and 3-12, respectively.  A conceptual 
cost estimate for Alternative 2 is included in Appendix A. 

3.5 Alternative 3: Existing Tank with False Bottom  
For this alternative, it is assumed that a false bottom is installed in the tank at elevation 
270.3 ft MSL, corresponding to half way up the tank sidewall.  Thus, the volume of the tank 
would be reduced by half, and most of the unusable volume at the bottom would be 
eliminated.   

Water quality metrics for Alternative 3 are presented in Table 3-5.  As indicated in the table, 
model predictions for this alternative indicate a measurable chlorine residual in the tank, a 
significant improvement in water age in the tank and in the distribution system, and little 
impact on distribution system TTHM or chlorine concentrations.  Alternative 3 is similar to 
Alternative 1 from a water quality standpoint; refer to the discussion provided under 
Alternative 1. 

Table 3 5
Water Quality Metrics – Alternative 3 – False Bottom in Existing Tank 1

Tank All System Nodes

Scenario 
Water 
Age 

(hours) 

Chlorine 
Residual 
(mg/L) 

TTHM 
Conc. 
( g/L) 

  

Average 
Water 
Age 

(hours) 

Average 
Chlorine 
Residual 
(mg/L) 

Average 
TTHM 
Conc. 
( g/L) 

Baseline (with mixer) 150 0.00 89  103 0.15 78 

Alt. 3 False bottom in 
existing tank 75 0.10 82  70 0.17 76 

1Based on model prediction during extended period simulation with tank at low point in cycle 

Another consideration for this alternative is the overall reduction in storage volume.  Under 
this alternative, the overall volume of the tank would be reduced by half, from 1 MG to 0.5 
MG.  It is noted that the volume that would be eliminated is considered “unusable” because 
it is below the elevation required to provide adequate pressure throughout the service area; 
thus, the existing “usable” storage capacity, consisting of the top 1/3 of the tank, is 
maintained under this alternative.  However, this volume is less than the volume 
recommended in the 2011 Alternative Investigation for Replacement of Brushy Plain Tank
prepared by Roald Haestad, Inc., and the tank operating range is lower than the 
recommended range.   
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Preliminary discussions with vendors indicate that installing a false bottom might be 
possible, but would likely be more expensive than constructing a new tank.  In light of the 
high cost and capacity and elevation considerations, this alternative is eliminated from 
consideration.  A conceptual cost estimate for Alternative 3 is included in Appendix A. 

3.6 Alternative 4: Blow-Offs at Dead Ends 
This alternative consists of installing blow-offs at selected dead ends.  The following 
locations were selected: 

Foxridge Village Road (N.W. section of loop) 

Brushy Plains Road (end of water main near Brookwood Drive intersection) 

Mountain Top Drive (E. end) 

Haystack Road (N. end) 

Ferndale Road (E. end) 

These locations were selected due to high model-predicted water age, and proximity to open 
space where disposal of water might be feasible.  Each blow-off was assumed to flow at 5 
gpm.  The blow-off locations are shown in Figure 3-13.  Water quality metrics for Alternative 4 
are presented in Table 3-6. 

Table 3 6
Water Quality Metrics – Alternative 4 – Blow offs at Dead Ends 1

Tank All System Nodes

Scenario 
Water 
Age 

(hours) 

Chlorine 
Residual 
(mg/L) 

TTHM 
Conc. 
( g/L) 

  

Average 
Water 
Age 

(hours) 

Average 
Chlorine 
Residual 
(mg/L) 

Average 
TTHM 
Conc. 
( g/L) 

Baseline (with mixer) 150 0.00 89  103 0.15 78 

Alt. 4 Blow-offs at dead ends 143 0.06 89  87 0.17 76 

1Based on model prediction during extended period simulation with tank at low point in cycle 

As indicated in Table 3-6, this alternative does not result in a significant improvement in water 
age or TTHM concentration in the tank, but provides modest improvement in the tank chlorine 
residual and a significant improvement in the distribution system average water age.  
Therefore, while this alternative is not recommended by itself, it may be attractive for use in 
conjunction with other alternatives.  A conceptual cost estimate for Alternative 4 is included in 
Appendix A. 

3.7 Alternative 5: One Large Blow-Off  
Under this alternative, one large blow-off would be installed at the end of Hemlocks Road 
Extension.  The proposed blow-off would discharge to the Lake Saltonstall watershed and 
would flow at 25 gpm.  The large blow-off location is shown in Figure 3-13.  Water quality 
metrics for Alternative 5 are presented in Table 3-7. 



MEMO Tighe&Bond

-12-

Table 3 7
Water Quality Metrics – Alternative 5 – One Large Blow off1

Tank All System Nodes

Scenario 
Water 
Age 

(hours) 

Chlorine 
Residual 
(mg/L) 

TTHM 
Conc. 
( g/L) 

  

Average 
Water 
Age 

(hours) 

Average 
Chlorine 
Residual 
(mg/L) 

Average 
TTHM 
Conc. 
( g/L) 

Baseline (with mixer) 150 0.00 89  103 0.15 78 

Alt 5 One large blow-off 142 0.06 89  92 0.16 77 

1Based on model prediction during extended period simulation with tank at low point in cycle 

As indicated in Table 3-7, Alternative 5 is similar to Alternative 4 from a water quality 
standpoint.  As discussed under Alternative 4, this alternative is not recommended by itself but 
may be attractive for use in conjunction with other alternatives.  A conceptual cost estimate for 
Alternative 5 is included in Appendix A. 

3.8 Alternative 6: Pipe Looping 
This alternative consists of installing sections of water main at selected locations in order to 
provide looping.  Installation of 8-inch water main at the following locations is proposed: 

Side Hill Road to Mountain Top Drive – 70 feet 

Hampton Park W. to Jerimoth Drive (cross-country) – 500 ft 

Laurel Hill Road (middle section with no water main) – 670 ft 

Water quality metrics for Alternative 6 are presented in Table 3-8.  As indicated in the table, 
this alternative does not provide a significant benefit in distribution system water quality.  
Therefore, Alternative 6 is eliminated from consideration as a stand-alone alternative.  A 
conceptual cost estimate is included in Appendix A.   

Table 3 8
Water Quality Metrics – Alternative 6 – Pipe Looping1

Tank All System Nodes

Scenario 
Water 
Age 

(hours) 

Chlorine 
Residual 
(mg/L) 

TTHM 
Conc. 
( g/L) 

  

Average 
Water 
Age 

(hours) 

Average 
Chlorine 
Residual 
(mg/L) 

Average 
TTHM 
Conc. 
( g/L) 

Baseline (with mixer) 150 0.00 89  103 0.15 78 

Alt. 6 Pipe looping 168 0.05 91  108 0.15 78 

1Based on model prediction during extended period simulation with tank at low point in cycle 
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3.9 Alternative 7: Flow from CHSA back to Saltonstall SA 
Under this alternative, the overall turnover in the CHSA would be increased by allowing gravity 
flow from the CHSA back to the Saltonstall SA.  Installing a new water main connection with 
control valve between the service areas was considered, but it was concluded that the most 
economical way to implement the concept would be to use the existing Cherry Hill Pump 
Station facilities, which would be modified as required.  The concept is to allow flow through 
the existing relief valve during periods when the pumps are off. 

Water quality metrics for Alternative 7 are presented in Table 3-9.  As indicated in the table, no 
significant improvement in distribution system water quality is predicted. Therefore, Alternative 
7 is eliminated from further consideration as a stand-alone alternative.  A conceptual cost 
estimate is provided in Appendix A. 

Table 3 9
Water Quality Metrics – Alternative 7 – Flow from CHSA back to Saltonstall SA 1

Tank All System Nodes

Scenario 
Water 
Age 

(hours) 

Chlorine 
Residual 
(mg/L) 

TTHM 
Conc. 
( g/L) 

  

Average 
Water 
Age 

(hours) 

Average 
Chlorine 
Residual 
(mg/L) 

Average 
TTHM 
Conc. 
( g/L) 

Baseline (with mixer) 150 0.00 89  103 0.15 78 

Alt. 7 Flow back to 
Saltonstall SA 155 0.05 90  95 0.17 77 

1Based on model prediction during extended period simulation with tank at low point in cycle 

3.10 Alternative 8: Existing Tank with Aeration/ 
Mixing/Rechlorination and One Large Blow-off 

This alternative is a combination of Alternatives 2 and 5, comprised of an 
aeration/mixing/rechlorination system in conjunction with a 25-gpm blow-off as discussed 
under Alternative 5.  Water quality metrics for Alternative 8 are presented in Table 3-10. 

Table 3 10
Water Quality Metrics – Alternative 8 – Aeration with Dead End Blowoff 1

Tank All System Nodes

Scenario 
Water 
Age 

(hours) 

Chlorine 
Residual 
(mg/L) 

TTHM 
Conc. 
( g/L) 

  

Average 
Water 
Age 

(hours) 

Average 
Chlorine 
Residual 
(mg/L) 

Average 
TTHM 
Conc. 
( g/L) 

Baseline (with mixer) 150 0.00 89  103 0.15 78 

Alt. 8 Existing tank with 
aeration/mixing/rechlorination 
and blow-off 

139 0.13 59  92 0.25 68 

1Based on model prediction during extended period simulation with tank at low point in cycle 
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As indicated in the table, Alternative 8 is predicted to provide significant improvement in 
tank water quality and water quality in the entire distribution system.  Model-predicted 
water age, chlorine residual, and TTHM concentrations for Alternative 8 are shown on 
Figures 3-14, 3-15, and 3-16, respectively.  Conceptual cost estimates for Alternatives 2 
and 5 are provided in Appendix A. 

3.11 Alternative 9: Elevated Spheroid Tank with 
Aeration/Mixing/Rechlorination  

This alternative consists of a new 750,000 gallon spheroid tank (Alternative 1) with an 
aeration/rechlorination/mixing system similar to the system proposed for the existing tank 
under Alternative 2.  Water quality metrics for Alternative 9 are presented in Table 3-11.   

Table 3 11
Water Quality Metrics – Alternative 9 – Spheroid Tank with Aeration1

Tank All System Nodes

Scenario 
Water 
Age 

(hours) 

Chlorine 
Residual 
(mg/L) 

TTHM 
Conc. 
( g/L) 

  

Average 
Water 
Age 

(hours) 

Average 
Chlorine 
Residual 
(mg/L) 

Average 
TTHM 
Conc. 
( g/L) 

Baseline (with mixer) 150 0.00 89  103 0.15 78 

Alt. 9 Spheroid tank with 
aeration/mixing/rechlorination 89 0.20 42  82 0.23 66 

1Based on model prediction during extended period simulation with tank at low point in cycle 

As indicated in Table 3-11, Alternative 9 is predicted to significantly improve water quality in 
the tank and in the distribution system.  Model-predicted water age, chlorine residual, and 
TTHM concentrations for Alternative 9 are shown on Figures 3-17, 3-18, and 3-19, 
respectively.  A conceptual cost estimate for Alternative 9 is included in Appendix A. 

3.12 Alternative 10: Elevated Spheroid Tank with 
Aeration/Mixing/Rechlorination and One Large Blow-off  

This alternative is a combination of Alternatives 5 and 9, consisting of a new 750,000 gallon 
spheroid tank with an aeration/rechlorination/mixing system (Alternative 9), in conjunction 
with a large blowoff flowing at 25 gpm (Alternative 5).  Water quality metrics for Alternative 
10 are presented in Table 3-12.   



MEMO Tighe&Bond

-15-

Table 3 12
Water Quality Metrics – Alternative 10 – Spheroid Tank with Aeration and Dead End Blowoffs 1

Tank All System Nodes

Scenario 
Water 
Age 

(hours) 

Chlorine 
Residual 
(mg/L) 

TTHM 
Conc. 
( g/L) 

  

Average 
Water 
Age 

(hours) 

Average 
Chlorine 
Residual 
(mg/L) 

Average 
TTHM 
Conc. 
( g/L) 

Baseline (with mixer) 150 0.00 89  103 0.15 78 

Alt. 10 Spheroid tank with 
aeration and blow-offs 82 0.20 42  75 0.24 64 

1Based on model prediction during extended period simulation with tank at low point in cycle 

As indicated in Table 3-12, Alternative 10 is predicted to significantly improve water quality 
in the tank and in the distribution system.  Based on model predictions, this alternative is 
expected to provide the greatest improvement in water quality of all the alternatives 
considered, but is also the most expensive.  Conceptual cost estimates for Alternatives 5 
and 9 are included in Appendix A. 
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3.13 Comparison of Alternatives 
Table 3-13 presents a comparison of alternatives in terms of their respective effectiveness 
in improving water quality, based on model predictions. 

Table 3 13
Comparison of Alternatives1,2

Tank All System Nodes

Scenario 
Water 
Age 

(hours) 

Chlorine 
Residual 
(mg/L) 

TTHM 
Conc. 
( g/L) 

  

Average 
Water 
Age 

(hours) 

Average 
Chlorine 
Residual 
(mg/L) 

Average 
TTHM 
Conc. 
( g/L) 

Overall 
water quality 
improvement 

Baseline (with mixer) 150 0.00 89  103 0.15 78 

Alt.1 Spheroid Tank 87 0.08 84 80 0.12 80 Fair
Alt.2 Existing tank with 
aeration/mixing system  147 0.13 60 103 0.24 69 Good

Alt. 3 Existing tank 
with false bottom 75 0.10 82  70 0.17 76 Excellent

Alt. 4 Blow-offs at dead 
ends 143 0.06 89  87 0.17 76 Poor
Alt 5 One large blow-
off 142 0.06 89  92 0.16 77 Poor

Alt. 6 Pipe looping 168 0.05 91  108 0.15 78 Poor

Alt. 7 Flow back to 
Saltonstall SA 155 0.05 90  95 0.17 77 Poor

Alt. 8 Existing tank 
with aeration/mixing 
and large blow-off 

139 0.13 59 92 0.25 68 Excellent

Alt. 9 Spheroid tank 
with aeration/mixing 89 0.20 42 82 0.23 66 Excellent

Alt. 10 Spheroid tank 
with aeration/mixing 
and large blow-off 

82 0.20 42 75 0.24 64 Excellent

1Based on model prediction during extended period simulation with tank at low point in cycle 
2Shading indicates alternatives selected for detailed evaluation 

As indicated in Table 3-13, Alternatives 4 through 7 are not predicted to provide a 
significant water quality benefit, and are therefore eliminated from consideration as 
standalone alternatives.  Of the remaining alternatives, Alternative 3 is eliminated due to 
hydraulic deficiencies, structural difficulties, and anticipated high cost.   

Alternative 8 combines an aeration/mixing/rechlorination system as included in Alternative 
2 with a large blow-off as proposed under Alternative 5.  Alternatives 9 incorporates an 
aeration/mixing/chlorination system with the proposed elevated spheroid tank, and 
Alternative 10 consists of one large blow-off (Alternative 5) in conjunction with Alternative 
9.  Of these alternatives, Alternative 10 is the “Cadillac”, resulting in the best overall system 
water quality.  Alternatives 1, 2, 8, 9, and 10 are selected for additional evaluation.  
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4 Feasibility and Costs of Selected 
Alternatives 

As discussed in the previous section, Alternatives 1, 2, 8, 9, and 10 are expected to be the 
most effective of the feasible alternatives considered from the standpoint of improving 
water quality.  In this section, feasibility evaluations and conceptual cost estimates are 
presented for these alternatives.   

4.1 Alternatives Involving Modifications to the Existing 
Standpipe 

Alternatives 2 and 8 involve modifications to the existing standpipe.  It is assumed that any 
alternative that includes keeping the existing tank will include interior and exterior painting, 
as the coating systems are in need of rehabilitation.  It is also assumed that any alternative 
that includes keeping the existing tank will include a mixing system, because of the modest 
cost and the likelihood that this type of mixing system will be required in the future.   

Painting the tank will require removing it from service for an extended period.  This will be 
logistically challenging due to the need to provide consistent pressure and adequate fire 
protection to the CHSA during the period the tank is off-line.  It is assumed that additional 
pumping capacity would need to be provided to meet peak demands, and that temporary 
storage would be provided for fire protection.  For purposes of developing budgets, it is 
assumed that the following would be provided: 

Temporary pumping equipment.  We estimate that the combined capacity of the 
existing pumps is approximately 900 gpm when pumping together against normal 
system head.  The peak system demand calculated for August 23, 2012 is between 
1,500 and 2,000 gpm.  To provide a flow rate of 2,000 gpm through the existing 
station, a total pumping head of approximately 450 feet would be required.  This 
required head exceeds the shutoff head of the existing pumping equipment.  
Therefore, temporary pumping equipment to meet peak demands would be required.  
For budgetary purposes, a rental unit that would be connected hydrant-to-hydrant is 
assumed.

Temporary water storage: three 50,000 gallon water bags (“Insta-Tank” or similar) 
to be located in the CHSA are assumed.  These would not be able to feed the system 
by gravity due to the system topography, but would be available for fire fighting in 
an emergency.  A budget of $40,000 is included for the water bags. 

The concept would be to operate the pump station with the pumps on continuously under 
VFD control, utilizing the existing pressure relief valve to bleed water back to the Saltonstall 
SA as necessary.  The existing pumps and VFDs would meet normal demands.  The 
temporary pump would provide additional capacity to meet peak demands. 

Alternative 2 – Existing tank with aeration, mixing, and rechlorination systems.
This alternative includes modifying the existing tank including interior and exterior painting, 
and installation of an aeration system for TTHM stripping, a mixing system, and chlorination 
system.  Some modifications to the tank would be required to accommodate the spray 
aeration, including modifying the tank roof to accommodate a blower and vents.  A power 
service and enclosure for instrumentation, electrical equipment, and chemical feed 
equipment would also be required.  The conceptual cost estimate for Alternative 2 is 
$1,600,000. A detailed conceptual cost estimate is provided in Appendix A. 
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Alternative 8 - Existing tank with aeration, mixing, and rechlorination systems
with one large blow-off.  This alternative incorporates Alternative 2 with a large blow-off 
that would be located at the end of Hemlocks Road Extension, as discussed under Alternative 
5.  The large blow-off would provide similar water quality benefits compared to several small 
blow-offs as discussed under Alternative 4, but is considered more feasible because it would be 
possible to discharge the water back to the Lake Saltonstall watershed.  The conceptual cost 
for Alternative 8 is $2,100,000.  A detailed conceptual cost estimate is provided in Appendix 
A.

4.2 Alternatives involving a new elevated spheroid tank 
A 750,000 gallon composite elevated storage tank was recommended in the Alternative
Investigation for Replacement of Brushy Plains Tank prepared by Roald Haestad, Inc. and 
dated January 2011.  Replacing the existing tank with a new elevated spheroid tank has the 
following significant advantages compared to alternatives that involve retaining and 
modifying the existing standpipe: 

The existing tank can remain in service while constructing the new tank, avoiding 
logistical challenges associated with maintaining adequate pressure and providing 
fire protection if the existing tank is taken out of service. 

The proposed elevated spheroid tank would provide the recommended storage 
volume at the recommended operating elevation range, while the existing tank is 
deficient in this respect. 

Alternative 1- New spheroid tank consists of a new 750,000 gallon capacity elevated 
spheroid tank as recommended in the 2011 Alternative Investigation.  Tighe & Bond’s 
conceptual cost estimate for this project is $3,200,000 adjusted for inflation to November, 
2012.  A detailed conceptual cost estimate is provided in Appendix A 

Alternative 9 – Spheroid tank with aeration/mixing/rechlorination system.  This 
alternative incorporates the proposed aeration/mixing/rechlorination system proposed for 
use in the existing standpipe under Alternative 2 in a new elevated spheroid tank.  Tighe & 
Bond’s conceptual cost estimate for Alternative 9 is $3,400,000.  A detailed conceptual cost 
estimate is provided in Appendix A  

Alternative 10 - Spheroid tank with aeration/mixing/rechlorination system and 
one large blowoff.  This alternative consists of Alternative 9 combined with a 25 gpm 
blow-off as discussed under Alternative 5.  The conceptual cost for Alternative 10 is 
$3,900,000.  A detailed conceptual cost estimate is provided in Appendix A. 
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4.3 Comparison of Alternatives and Recommendations 
Table 4-1 provides a summary of selected alternatives and conceptual cost estimates. 

Table 4 1
Comparison of Selected Alternatives

Scenario 

Overall 
effectiveness 
in improving 

water 
quality 

Conceptual 
Cost Estimate 

Remarks 

Alt.1 Spheroid Tank Fair $3,200,000 Provides hydraulic and storage
benefits

Alt.2 Existing tank with 
aeration/mixing/rechlorination 
system

Good $1,600,000
Includes tank painting and
temporary pumping & water
storage equipment

Alt. 8 Existing tank with 
aeration/mixing/rechlorination 
and 1 large blow-off 

Excellent $2,100,000
Includes tank painting and
temporary pumping & water
storage equipment

Alt. 9 Spheroid tank with 
aeration/mixing/rechlorination Excellent $3,400,000 Provides hydraulic and storage

benefits

Alt. 10 Spheroid tank with 
aeration/mixing/rechlorination 
and 1 large blow-off 

Excellent $3,900,000 Provides hydraulic and storage
benefits

As indicated in Table 4-1, Alternative 2, rehabilitation of the existing tank including 
installation of an aeration/mixing/rechlorination system is the most economical alternative 
that is considered feasible and is expected to meet the RWA’s water quality objectives.  
Including a blow-off as proposed under Alternative 8 would provide only a modest benefit 
from a water quality standpoint.  Therefore, it would be difficult to justify the capital cost of 
including this improvement (Alternative 8). 

Thus, Alternative 2 appears to be the most attractive from a water quality standpoint.  
However, in addition to providing superior water quality, Alternative 9 has an advantage 
from the standpoint of hydraulics because it would provide the storage capacity and 
operating elevation range recommended in the 2011 Alternative Investigation for 
Replacement of Brushy Plains Tank.  Furthermore, this alternative would avoid the 
significant logistical challenges associated with removing the existing tank from service 
during rehabilitation.  As discussed above, the cost of including the proposed blow-off 
(Alternative 10) would be difficult to justify based on the modest water quality 
improvement.   

In summary, Alternative 2 (rehabilitated existing tank with aeration/mixing/rechlorination 
system) and Alternative 9 (new spheroid tank with aeration/mixing/rechlorination system) 
are considered “finalists.”  Operation and maintenance costs would be equivalent for these 
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alternatives, so no detailed comparison is provided.  It is recommended that the RWA 
evaluate whether the logistical, hydraulic, and storage capacity benefits provided by 
Alternative 9 justify the significant difference in capital cost.  

J:\S\S1385\Cherry Hill July 2012\TechMemo\Memo_11_16_12.doc 
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Figure 3-5
Model-Predicted Chlorine Residual
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Figure 3-6
Model-Predicted TTHM
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Figure 3-7
Model-Predicted Water Age

Spheroid Tank Scenario
Cherry Hill Service Area Water Quality Evaluation

South Central Connecticut Regional Water Authority
Z

Path: J:\S\S1385\Cherry Hill July 2012\Figures\Spheroid.mxd

Tank

Cherry Hill 
Pump Station

Watermain

"M

UT
Water Age (hrs)

<20

21 - 40

41 - 100

101 - 160

>160



UT

"M
"M

Tighe&Bond

Figure 3-8
Model-Predicted Chlorine Residual
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Figure 3-9
Model-Predicted TTHM
Spheroid Tank Scenario
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Figure 3-10
Model-Predicted Water Age

Existing Tank with Aeration Scenario
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Figure 3-11
Model-Predicted Chlorine Residual

Existing Tank with Aeration Scenario
Cherry Hill Service Area Water Quality Evaluation
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Figure 3-12
Model-Predicted TTHM

Existing Tank with Aeration Scenario
Cherry Hill Service Area Water Quality Evaluation

South Central Connecticut Regional Water Authority
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Figure 3-13
Blow-Off Locations

Cherry Hill Service Area Water Quality Evaluation
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Figure 3-14
Model-Predicted Water Age

Existing Tank with Aeration and Large Blow-off Scenario
Cherry Hill Service Area Water Quality Evaluation
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Figure 3-15
Model-Predicted Chlorine Residual

Existing Tank with Aeration and Large Blow-off Scenario
Cherry Hill Service Area Water Quality Evaluation

South Central Connecticut Regional Water Authority
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Figure 3-16
Model-Predicted TTHM

Existing Tank with Aeration and Large Blow-off Scenario
Cherry Hill Service Area Water Quality Evaluation
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Figure 3-17
Model-Predicted Water Age

Spheroid Tank with Aeration Scenario
Cherry Hill Service Area Water Quality Evaluation

South Central Connecticut Regional Water Authority
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Figure 3-18
Model-Predicted Chlorine Residual

Spheroid Tank with Aeration Scenario
Cherry Hill Service Area Water Quality Evaluation

South Central Connecticut Regional Water Authority
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Figure 3-19
Model-Predicted TTHM

Spheroid Tank with Aeration Scenario
Cherry Hill Service Area Water Quality Evaluation
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Tighe&Bond

Alternative No. 1
New 750,000 gallon Elevated Spheroid Tank 

 ESTIMATE OF PROBABLE CONSTRUCTION COST
South Central Connecticut Regional Water Authority

November 2012

ITEM DESCRIPTION UNITS QTY UNIT PRICE TOTAL 

1 Design & Construct Tank incl. General Conditions LS 1 $1,600,000 $1,600,000
Contingency - 20% $320,000

Design & Construct Tank Total $1,920,000

2 General Contract
Excavation & Site Work LS 1 200,000 200,000
Rock Excavation LS 1 30,000 30,000
Concrete - Class A CY 50 1,250 62,500
Concrete - Class B CY 300 500 150,000
Gravel Fill CY 120 50 6,000
Gravel base & surfacing CY 375 60 22,500
Piping & Valves LS 1 125,000 125,000
Misc. Site Finishes LS 1 40,000 40,000
Demolish existing tank, foundation, and valve chamber LS 1 100,000 100,000
Electric Service LS 1 7,500 7,500
Electrical Work LS 1 5,000 5,000
Instrumentation LS 1 15,000 15,000
SCADA Programming LS 1 10,000 10,000

 Subtotal 773,500
General Conditions - 15% 116,025

General Contract Total 889,525
General Contract Engineering and Contingency - 40% 355,810

Total - General Contract incl. Engineering and Contingency 1,245,335

PROJECT TOTAL $3,165,335
SAY $3,200,000
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Tighe&Bond

Alternative No. 2
Brushy Plain Standpipe with Aeration/Mixing System

 ESTIMATE OF PROBABLE CONSTRUCTION COST
South Central Connecticut Regional Water Authority

November 2012

ITEM DESCRIPTION UNITS QTY UNIT PRICE TOTAL 

1 Grid Bee Mixing system EA 1 $20,000 $20,000
2 THM Removal System EA 1 $51,000 $51,000
3 Tank Modification LS 1 $25,000 $25,000
4 Chlorine Chemical Feed System LS 1 $25,000 $25,000
5 Enclosure for Chem Feed and Electrical Systems LS 1 $20,000 $20,000
6 Electric service LS 1 $7,500 $7,500
7 Electrical Work LS 1 $30,000 $30,000
8 Instrumentation LS 1 $10,000 $10,000
9 SCADA Programming LS 1 $10,000 $10,000
10 Site Work LS 1 $15,000 $15,000

Subtotal  - Mixing/TTHM/Chorine Systems $213,500

11 Tank Painting LS 1 $650,000 $650,000
12 Temporary pumping equipment rental LS 1 $75,000 $75,000
13 Temporary pumping equipment installation & controls LS 1 $40,000 $25,000
14 Temporary storage (bladder tank) LS 1 $25,000 $40,000

Subtotal  - Tank painting and temporary storage $790,000

SUBTOTAL - All Construction $1,003,500

General Conditions - 15% $150,600

CONSTRUCTION - SUBTOTAL $1,154,100

Engineering and Contingency - 40% $461,700

TOTAL $1,615,800
SAY $1,600,000

Notes:
1 Minimum roof hatch opening for Solar Bee installation is 18".  

Tank currently has one 24" by 24" equipment hatch located on the roof, which is sufficient.
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Tighe&Bond
Alternative No. 3

False Bottom in Brushy Plain Standpipe

 ESTIMATE OF PROBABLE CONSTRUCTION COST

South Central Connecticut Regional Water Authority
November 2012

ITEM DESCRIPTION UNITS QTY UNIT PRICE TOTAL

1 Tank structural alteration & false bottom LS 1 $1,000,000 $1,000,000
2 Tank painting LS 1 $650,000 $650,000
3 Temporary modifications to pump station LS 1 $50,000 $50,000
4 Temporary storage (bladder tank) LS 1 $25,000 $75,000

SUBTOTAL $1,775,000

5 General Conditions - 15% $266,300

CONSTRUCTION - SUBTOTAL $2,041,300

6 Engineering and Contingency - 50% $1,020,700

TOTAL $3,062,000
SAY $3,062,000

Notes:
1

2 Additional Engineering and Contingency is included due to structural uncertainties.

This alternative consists of installing a false bottom at the mid-point elevation of the existing standpipe, with the 
objective of reducing unusable volume and decreasing water age in the tank.
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Tighe&Bond
Alternative No. 4

Blow-offs at Dead Ends

 ESTIMATE OF PROBABLE CONSTRUCTION COST

South Central Connecticut Regional Water Authority
November 2012

ITEM DESCRIPTION UNITS QTY UNIT PRICE TOTAL

1 Curb Stop, Corporation, and Valve Box EA 5 $2,000 $10,000
2 Copper Pipe EA 5 $500 $2,500
3 Continuous Flushing Device EA 5 $500 $2,500
4 PVC Pipe and Fittings EA 5 $500 $2,500
5 Connect to Sanitary Sewer EA 5 $7,000 $35,000
6 Backflow Prevention EA 5 $400 $2,000

SUBTOTAL $54,500

7 General Conditions - 15% $8,200

CONSTRUCTION - SUBTOTAL $62,700

8 Engineering and Contingency - 40% $25,100

TOTAL $87,800
SAY $90,000

Notes:
1

2 Kupferle Model 5100 Continuous Flusher

This alternative consists of installing continuous flushing devices flowing at 5 gpm at five dead-end locations in the 
distribution system.
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Tighe&Bond
Alternative No. 5
One Large Blow-off

 ESTIMATE OF PROBABLE CONSTRUCTION COST

South Central Connecticut Regional Water Authority
November 2012

ITEM DESCRIPTION UNITS QTY UNIT PRICE TOTAL

1 Water main - 6" LF 2,300 $70 $161,000
2 Valve EA 1 $2,500 $2,500
3 Concrete headwall EA 1 $2,500 $2,500
4 Rip Rap Channel LS 1 $20,000 $20,000
5 Pavement repair SY 1,000 $90 $90,000
6 Traffic Maintenance & Protection, Flaggers, Details LS 1 $10,000 $10,000
7 Surface repair/landscaping LS 1 $5,000 $5,000

SUBTOTAL $291,000

7 General Conditions - 15% $43,700

CONSTRUCTION - SUBTOTAL $334,700

8 Engineering and Contingency - 40% $133,900

TOTAL $468,600
SAY $470,000

Notes:
1 This alternative consists of installing one large blow-off that would discharge back to the Lake Saltonstall 

watershed
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Tighe&Bond
Alternative No. 6

Pipe Looping

 ESTIMATE OF PROBABLE CONSTRUCTION COST

South Central Connecticut Regional Water Authority
November 2012

ITEM DESCRIPTION UNITS QTY UNIT PRICE SUB TOTAL TOTAL

1 Water main - 8" LF 1,240 $80 $99,200 $99,200
2 Valves EA 6 $2,500 $15,000 $15,000
3 Special Connections EA 6 $12,500 $75,000 $75,000
4 Test Pits CY 75 $50 $3,750 $3,750
5 Pavement Repair SY 1,100 $90 $99,000 $99,000
6 Traffic Maintenance & Protection, Flaggers, Details LS 1 $10,000 $10,000 $10,000
7 Surface repair/landscaping LS 1 $15,000 $15,000 $15,000

SUBTOTAL $316,950

8 General Conditions - 15% $47,600

CONSTRUCTION - SUBTOTAL $364,550

0 Engineering and Contingency - 40% $145,900

TOTAL $510,450
SAY $510,000
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Tighe&Bond
Alternative No. 7

Flow Back to Saltonstall SA
 ESTIMATE OF PROBABLE CONSTRUCTION COST

South Central Connecticut Regional Water Authority
November 2012

ITEM DESCRIPTION UNITS QTY UNIT PRICE TOTAL

1 Modify controls on existing relief valve LS 1 $2,000 $2,000
2 Flow instrument & transmitter LS 1 $5,000 $5,000
3 SCADA programming LS 1 $2,500 $2,500

SUBTOTAL $9,500

4 General Conditions - 15% $1,500

CONSTRUCTION - SUBTOTAL $11,000

5 Engineering and Contingency - 40% $4,400

TOTAL $15,400
SAY $15,000
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Tighe&Bond
Alternative No. 9

New 750,000 gallon Elevated Spheroid Tank with Aeration/Mixing System 
 ESTIMATE OF PROBABLE CONSTRUCTION COST

South Central Connecticut Regional Water Authority
November 2012

ITEM DESCRIPTION UNITS QTY UNIT PRICE
TOTAL (Grid 
Bee Mixer)

1 Design & Construct Tank incl. General Conditions LS 1 $1,600,000 $1,600,000
Contingency - 20% $320,000

Total - Tank incl. Engineering & Contingency $1,920,000

2 General Contract
Excavation & Site Work LS 1 200,000 200,000
Rock Excavation LS 1 30,000 30,000
Concrete - Class A CY 50 1,250 62,500
Concrete - Class B CY 300 500 150,000
Gravel Fill CY 120 50 6,000
Gravel base & surfacing CY 375 60 22,500
Piping & Valves LS 1 125,000 125,000
Misc. Site Finishes LS 1 40,000 40,000
Demolish existing tank, foundation, and valve chamber LS 1 100,000 100,000
Grid Bee Mixing system EA 1 20,000 20,000
THM Removal System EA 1 51,000 51,000
Chlorine Chemical Feed System LS 1 25,000 25,000
Enclosure for Chem Feed and Electrical Systems LS 1 20,000 20,000
Electric Service LS 1 7,500 7,500
Electrical Work LS 1 30,000 30,000
Instrumentation LS 1 25,000 25,000
SCADA Programming LS 1 10,000 10,000

 Subtotal 924,500
General Conditions - 15% 138,675

General Contract Total 1,063,175
General Contract Engineering and Contingency - 40% 425,270

Total - General Contract incl. Engineering and Contingency 1,488,445

PROJECT TOTAL $3,408,445
SAY $3,400,000
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GS-12-120v / GS-12-48v 

SB500PWc v18 

Medora Corporation 
3225 Highway 22 • Dickinson, ND 58601 

Tel: (701) 225-4495 • www.MedoraCo.com 

August 20, 2012 

GridBee™

Michelle McCadden - Regional Manager 
518-541-3543 • Michelle@SolarBee.com 

 
 

Factory contact information; if placing an order, 
purchase order should be made out to: 

 
Budget Estimate 

for 
SolarBee and GridBee  
Potable Water Mixers 

 



 

 

Quantity Description Purchase 
Cost Each

Purchase
Cost Total

1.0 INVESTMENT OPTIONS - Call us to discuss the appropriate model(s) for your system

1.1 Grid-Powered Models (See Appendix A)

1 GS-12 48v submersible grid-powered mixer: $12,800 $12,800
1 GS-12 120v submersible grid-powered mixer: $7,800 $7,800

1 Estimated freight and handling: $200 $200

Applicable Taxes: to be determined

For installation cost options and additional services, see Options list in Section 2.1

1 SB500PWc solar-powered mixer: $18,000 $18,000

1.2a Solar-Powered - Small Frame Model (See Appendix A)

Quantity Description Purchase 
Cost Each

Purchase
Cost Total

1 Estimated crate & freight: $2,000 $2,000

Applicable Taxes: to be determined

For installation cost options and additional services, see Options list in Section 2.2

Monthly Beekeeper cost during the term of the lease (see Appendix C): - Included -

1.2b 5-Year Lease Purchase for Solar-Powered Models

Cost for recommended machine per above: - Included -
Potable factory delivery, installation and startup (see Appendix B): - Included -

1.3 Solar-Powered - Large Frame Models

Solar-powered large frame models are also available.  These large frame models are typically used for 
large volume tanks where multiple small frame models may be considered.  Typically, one large frame 
model is sufficient for tank sizes up to 45 MG, for tanks larger than 45 MG, multiple large frame units 
are recommended.  Contact us for more information and pricing.

SB500PWc - Estimated monthly lease purchase cost (excluding taxes): $665



2.0 OPTIONS - Call us to discuss pricing for the following items:

2.1 Options for Grid-Powered Model

GS-12 Monitoring 
(SCADA)

4-20mA output, for system operation monitoring - integration of 4-20mA 
output into site PLC/RTU shall be provided by others. $1,000

Customer or Contractor 
Responsibility for 
Installation of the       

GS-12 Model

(If factory install is 
purchased.)

Customer or contractor responsibility for installation of GS-12 Units: to 
provide an electrical connection from the junction box on top of the tank to 
the control box near ground level, and to provide a 115 VAC / 5 amp power 
supply to the GS-12 control box.

Since the cost can vary depending on distance to the electrical supply source, 
local electrical codes and the tank design, the customer or contractor should 
contact a local electrician for a firm cost.  

Costs can vary 
depending on 
distance to the 

electrical supply 
source, local 

electrical codes 
and the tank 

design.

2.2 Options for Solar-Powered Models

Factory delivery, 
installation and startup 

for Solar-Powered Units

(Customer installable, 
but typically not 

recommended for the 
solar-powered units)

Factory Delivery, Installation and Startup.  Factory will send a team of 
trained factory representatives to deliver equipment and to perform on-site 
final assembly, placement and startup functions, and to train the customer's 
personnel on the operation and maintenance of the SolarBees.  The teams are 
trained to meet confined space, over-water and at-elevation safety 
requirements.  Special safety equipment is utilized, and special safety 
procedures are followed to meet all OSHA safety requirements. 

Costs can vary 
from $10,000 to 

$14,000 
depending on 
the quantity, 

distance from 
the factory and 

tank design.

Chemical Injection Line 
for the GS-12

60 ft injection hose kit, connects to fitting on intake of machine and to top of 
tank, shipped loose with machine for customer / contractor installation. $300

Factory Delivery, 
Installation and Startup 
for the GS-12 Model

(Customer installable, 
this option is provided 

for customer 
convenience.)

Factory Delivery, Installation and Startup.  Factory will send a team of 
trained representatives to deliver equipment and to perform on-site final 
assembly, placement and startup functions, and to train the customer's 
personnel on the operation and maintenance of the SolarBees.  The teams are 
trained to meet confined space, over-water and at-elevation safety 
requirements.  Special safety equipment is utilized, and special safety 
procedures are followed to meet all OSHA safety requirements.  

Costs can vary 
from $6,500 to 

$12,500 
depending on 
the quantity, 

distance from 
the factory and 

the tank 
requirements.

LED RPM Indicator for 
solar-powered units

Recommended when SCADA is not available.  An electronic pulsing monitor 
is added to the digital controller and a flashing green LED beacon is located 
outside of the tank.  The LED indicates the SolarBee impeller rotational 
speed, and the beacon can be directionally targeted for ground level viewing. 

$950

SCADA for the solar-
powered v18 units

All v18 models come standard with a SCADA brain-board with six outputs. 
For on-site communication options, please contact our SCADA Engineering 
Department.

Please request 
option list

Additional 80-watt 
PV panel

Recommended when ice is an issue.  The extra photovoltaic solar panel will 
improve ice control during winter periods when solar energy is at its lowest. $950



2.3 Options for all Models

Portable Disinfectant 
Boost System 

Consider when occasional on-site boosting is desired.  Portable Disinfectant 
Boost System (designed to be installed in the back of a pickup), safe, durable 
chemical transfer system to boost disinfectant in potable water reservoirs.  
Boosting rate up to 4 gpm, one system can treat multiple tanks, approximate 
dimensions:  20" W x 52" L x 20" H.  Air compressor (4 cfm @ 60 psi) is 
required to operate the air-powered diaphragm pump; air compressor not 
included.  Brochure available upon request.

$5,800

Beekeeper Program

A maintenance and support program is available for all models. Call for pricing

THM Removal System

Effective and economical air-stripping system to strip TTHM from potable 
water storage tanks and clearwells.  For more information on the THM 
removal system, please contact us.

Call for pricing

Appendix A:  Equipment

GS-12 Mixer: This high-flow submersible mixer rests on the tank floor, and has polymer pads to protect the floor.  It 
is constructed of 316 stainless steel and non-corrosion polymer construction, and the entire mixing system and motor 
are certified to NSF'ANSI Standard 61.  This mixer can easily be installed by the City or a contractor through any 
hatch with a 12" diameter minimum unobstructed clearance.    The user is to provide a 120 VAC power source, and 
on/off disconnect to meet the local electrical code.  NOTE:  This machine comes in a 120v or 48v version.  The 120v 
model comes with 60' of submersible cable, the tank roof junction box, through-tank fitting for the power cord, and 
the motor pigtail & splice kit.  The power service should be sized for 120 vac, 10 amps, with a circuit breaker or fuse 
as follows:  20 amp std or 15 amp delay type.  The 48v model comes with a 120v-to-48v voltage converter box and 
48v motor,  60' of submersible cable, the tank roof junction box, through-tank fitting for the power cord, and the 
motor pigtail & splice kit.   The power service should be sized for 120 vac, 6 amps, with a circuit breaker or fuse as 
follows:  15 amp std.

SB500PWc v18: High-flow NSF / ANSI Std 61-G Certified mixer, 316-stainless steel and non-corrosion polymer 
construction, 25-year life high-efficiency brushless electric motor designed to provide day and night operation with a 
solar-charged battery power system, digital control system for intelligent power management specific to this 
application, six parameter SCADA outputs, one (1) 80-watt solar panel and control box mounted on a 316SS 
pedestal, 6” diameter fluid intake hose, and fluid intake injection assembly (injection hose from the intake to the top 
of the tank).  NOTE:  (A) This collapsible unit can be installed through a hatch with 18" diameter minimum 
unobstructed clearance; (B) There is minimal impact from mounting PV panels and control box (typically only one 
penetration), and the integrity of the tank coating is maintained; (C) See Appendix D for information on the most 
extensive warranty in the industry.



Appendix B:  Factory Delivery , Installation and Startup

Factory Delivery, Installation and Startup:

Appendix C:  General Provisions

This is a Budget Estimate, please call for a firm Quotation:                       
This budget estimate replaces all prior budget estimates for this project.  It is valid until replaced by a subsequent 
budget estimate, or else for 60 days, whichever occurs first. 

The Factory will typically send a team of 3-4 trained factory representatives to deliver equipment, perform on-site 
final assembly, placement and startup functions, and to train the customer's personnel on the operation and 
maintenance of the SolarBees / GridBees.  The teams are trained to meet confined space, over-water and at-elevation 
safety requirements.  Special safety equipment is utilized and special safety procedures are followed to meet all 
OSHA safety requirements.  

Complete details of the factory delivery, installation and startup, including safety information, are available upon 
request. 



August 22, 2012 

Proposal for: 
 

Regional Water Authority 
 

c/o Kimberly Woodward 
Tighe & Bond 

 
Project # 4837 

GridBee Electric-Powered THM Removal System, Model SN5 

GridBee™

Michelle McCadden - Regional Manager 
518-541-3543 • Michelle@SolarBee.com 

 
Represented locally by: 

David F. Sullivan & Associates, Inc. 
Tim Bezler • 203-373-9261 

 
Amy Dinius - Inside Sales 

866-437-8076 • AmyD@SolarBee.com 
 

Factory contact information; if placing an order, 
purchase order should be made out to: 

Medora Corporation 
3225 Highway 22 • Dickinson, ND 58601 

Tel: (701) 225-4495 • www.MedoraCo.com 



1.0 PROJECT DESCRIPTION

1.1 Tank Name & Location: 
Brushy Plain Standpipe is located on Brushy Plain Road in Branford, CT.

THM Removal System: To provide complete mixing throughout the tank in conjunction with an interior spray 
system to lower the total trihalomethane (TTHM) levels in this system.  

Note: Every municipal water system has unique water chemistry, types and amounts of THMs, and variable flow 
rates, flow patterns, temperatures, detention times, and other parameters.  Therefore, no manufacturer can 
guarantee exactly what level of TTHM will be removed throughout the water system until a full-sized THM 
removal system is actually deployed.  Medora Corporation sized the system in this proposal based on the 
information made available to us and our 30+ year history of solving water quality and fluid handling problems.  
Medora Corporation's intent is to not oversize or undersize the system, but to work with our customers until an 
acceptable level of TTHM compliance is achieved.

1.4 Recommendation / System Design:
To meet the above objectives, we recommend the installation of one (1) SN5 (5-hp Floating Pump / Mixer / 
Spray Nozzle THM Removal System) and  Blower Ventilation System.

1.2 Description of Tank:
This is cylindrical, welded steel ground storage tank with a domed roof.  It is 70.6 feet tall, has a 50-foot 
diameter, a 3-foot headspace, a 63-foot normal water level, a 58-foot low water level, and a 24-inch by 24-inch 
equipment hatch located on the roof.  Brushy Plain Standpipe has a 300,000-gallon daily inflow, a 250-gallon 
per minute maximum fill rate, and a 1-million gallon capacity.

1.3 Project Objectives:

The system design calculation used for this tank is based on an estimated TTHM peak concentration of 60 ug/l, 
with chloroform as the predominant type.  The THM Removal System presented in this quotation is designed to 
reduce the maximum level of TTHM occurring in this tank by 30-40% or more.



Equipment Purchase (See Appendix D)

Quantity Description Purchase
Cost Total

2.0 INVESTMENT OPTIONS

2.1 Budget Estimate for the Recommended THM Removal System

1 One (1) SN5 THM Removal System: - Included -
1 Blower Ventilation System: - Included -

Total Investment (excluding taxes): $50,600

THM Floating Spray Nozzle Machine(s):

Assist at startup to ensure proper motor rotation and functioning of equipment SolarBee / GridBee

Assist at startup to ensure proper motor rotation and functioning of equipment SolarBee / GridBee

1 Lifting Device during installation of the above systems: - Included -
1 Factory Delivery, Installation and Start-up: - Included -

THM Reduction Equipment Scope of Supply

Item To be supplied by:

Manufacture, deliver, and install floating THM removal machines into tank SolarBee / GridBee

Bring the electric cord from each floating machine to  the junction box for that machine, supplied by 
customer, located outside of tank SolarBee / GridBee



Electrical system for floating THM removal machine(s):

Supply and install power supply line from power pole or other source to the  magnetic starters 
mentioned below City / Water District

Supply and install magnetic starters, for the THM removal machines, to owner's specification.  
Typically each starter will be a combination box  with circuit breakers, starter, extra quick-trip 
heaters, HOA switch, City SCADA controller if desired, in Nema 3R rainproof enclosure. NOTE: 
Factory can supply exact breaker and heater size desired, if needed, call 800-437-8076 if have 
questions.

City / Water District

Quantity and size:  1 x 5 hp

Supply and install  wiring from each magnetic starter to a separate junction box that the magnetic 
starter will control.  Supply the junction box and the tank penetration for the motor lead.  Factory 
crews will bring the motor lead cord from each floating THM removal machine in the tank to a 
respective junction box. 

City / Water District

Be present when Factory crews install the  floating machines into the tank, to assist at startup by 
switching the equipment on and, if necessary, rotate motor leads at the magnetic starters for proper 
motor rotation

City / Water District

Ventilation fan(s) for tank:

Supply and deliver  the ventilation fans and filter system on a baseplate SolarBee / GridBee

Quantity and size:  1 x 2 hp City / Water District
Locate the fan baseplate assemblies where desired. City / Water District
Make the air supply hole  through tank wall into the headspace City / Water District
Supply exterior air hose or duct from  blower to tank headspace opening  City / Water District
Supply interior air hose from tank penetration to 1 ft above tank overflow level City / Water District

Electrical system for ventilation fans:
Supply and install power supply line from power pole or other source to the magnetic starters 
mentioned below City / Water District

Supply and install magnetic starters, for the ventilation fan, to owner's specification.  Typically each 
starter will be a combination box  with circuit breakers, starter, extra quick-trip heaters, HOA switch, 
City SCADA controller if desired, in Nema 3R rainproof enclosure. NOTE: Factory can supply 
exact breaker and heater size if needed, call 800-437-8076 if have questions.

City / Water District

Quantity and size:  1 x 2 hp
Supply and install  wiring from each magnetic starter to the respective fan motor it will control City / Water District

Be present  to assist at startup by switching the equipment on and, if necessary, rotating motor leads 
at the magnetic starters for proper motor rotation City / Water District



Appendix B:  Delivery , Installation and Startup Options

Appendix A:  Equipment

SN5: 5-hp floating, grid powered, circulation and Trihalomethane (THM) removal equipment for potable water tanks 
and reservoirs. Materials of construction include 316 stainless steel frame, hardware, fittings, stainless steel pump, 
ANSI 61 Approved Motor and other NSF Approved Materials. Designed for continuous operation and installed 
through 18-inch minimum clear roof opening.  The spray unit direct flow rate is 330,000 GPD.  Each SN5 will also 
come with one (1) 2-hp single stage ventilation blowers supplying 750 cfm @ 6.0" H2O.  Note: requires single-phase 
or 3-phase power; all switches, breakers, emergency stop buttons, control panels and other controls shall be installed 
in accordance to all NEC, State, and local regulations (not supplied by Medora Corporation).

Appendix C:  Beekeeper Service Program

The Beekeeper Service Program utilizes trained factory crews to keep proprietary designed equipment operating at 
optimal efficiency and performance.  In addition to full maintenance and service, the Beekeeper:
• extends the warranty during the term of the Beekeeper,
• covers damage from Acts of God and vandalism,
• provides for power system upgrades and updates,                                                                                                            
• provides hardware, firmware, and software for computer upgrades,
• provides scientific and technical support,
• provides for scheduled and unscheduled field service calls, and much more.
Please request the Beekeeper brochure for more details.

Appendix D:  General Provisions

This is a Budget Estimate, please call for a firm Quotation:                       
This budget estimate replaces all prior budget estimates for this project.  It is valid until replaced by a subsequent 
budget estimate, or else for 60 days, whichever occurs first. 

Factory Delivery, Installation and Startup:
Medora Corporation will send a team of trained factory representatives to deliver equipment and to perform on-site 
final assembly, placement and startup functions, and to train the customer's personnel on the operation and 
maintenance of the GridBee / SolarBees.  The teams are trained to meet confined space, over-water and at-elevation 
safety requirements.  Special safety equipment is utilized and special safety procedures are followed to meet all 
OSHA safety requirements.  On-site testing during installation includes a temperature profile taken in one-meter 
increments.  A comprehensive report is compiled and forwarded to the customer including all location, testing, and 
machine operation data collected during the call. 

Purchase of the Medora Corporation circulation equipment in this quotation is an "Equipment Purchase," 
not a "Construction Project":
Medora Corporation circulation equipment is portable, and can be easily relocated or removed entirely from the 
premises at any time.  They do not become an integral part of any building or other structure, and never become part 
of "real estate".  Therefore, to purchase Medora Corporation circulation equipment, the city or other organization 
purchasing GridBees / SolarBees should use the same procedure as for purchasing other portable equipment, such as 
a forklift, a drill press, or an office desk.  Medora Corporation reserves the right not to accept an order if the purchase 
is incorrectly characterized as a "construction" project.  Medora Corporation. has not found any state or other 
jurisdiction where construction or contractor statutes apply to portable equipment that is sold by a factory, with on-
site final assembly and startup performed by factory personnel.



THM Removal Systems:

Assumptions:
This quotation may be based on worksheets and calculations that have been provided to the customer, either 
previously or else attached to this quotation.  The customer should bring to our attention any discrepancies in data 
used for these calculations.
Medora Corporation Limited Replacement Warranty:

Except as stated above, Medora Corporation and its affiliates expressly disclaim any and all express or implied 
conditions, representations and warranties on products furnished hereunder, including without limitation all implied 
warranties of merchantability or fitness for a particular purpose.

Please consult your state law regarding this warranty as certain states may have legal provisions affecting the scope 
of this warranty.

The GridBee THM Removal System (THMRS) is warranted to be free of defective parts, materials and workmanship 
for a period of two years from the date of installation.  This warranty is valid only for use of the THMRS is 
accordance with the owner's manual and any initial and ongoing factory recommendations.  This warranty is limited 
to the repair or replacement of defective components only.  There is no liability for consequential damages of any 
type, or for items that wear out from normal wear and tear.
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Lesley J. Eckert

From: David G. Goncalves
Sent: Monday, October 22, 2012 11:08 AM
To: John N. McClellan
Subject: FW: False bottom

John,

Here’s the cost from Rockwood regarding the tank false bottom. If you need anything else, please let me know.

I think that active mixing may be the way to go for your Client, based on their issues.

Regards,
David

From: dggoncalves@aol.com [mailto:dggoncalves@aol.com]
Sent: Monday, October 22, 2012 9:22 AM 
To: David G. Goncalves 
Subject: Fwd: False bottom 

Sent from my Verizon Wireless Phone 

----- Forwarded message ----- 
From: "Pierce A. Law, Jr." <PALawJr@RockwoodCorporation.com>
Date: Mon, Oct 22, 2012 8:59 am 
Subject: False bottom 
To: "David G. Goncalves" <DGGoncalves@tigheBond.com>, <dggoncalves@aol.com>

David,

As requested, we are providing our estimate to install a bottom in the  
70 x 50 standpipe, as follows: 

Extend inlet/outlet to 35 foot elevation... $35,000 
Add coarse sand to 35 foot elevation (2,545 cu yd)...$294,000 
Install new 1/4" steel floor (API 653 slot installation through wall)... $311,000 

Concept must be engineered and stamped by a MA PE, access to site must be provided, 
MA prevailing rates figured, no special MBE/WBE. 

Thanks,
Pierce

Pierce A. Law, Jr 
Rockwood Corporation 
6979 Laura St. 
Lyons Falls, NY 13368 
315-382-4341 T 
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APPENDIX B – HYDRAULIC MODEL DESCRIPTION Tighe&Bond
A system-wide hydraulic/water quality model was prepared by combining models of 
individual service areas that were provided by RWA in EPANet format.  These models 
included diurnal demand patterns and nodal demands representing high-demand conditions.  
The EPANet files were imported into the InfoWater software package and assembled into a 
system-wide model.   

In the original RWA models, pressure zones were modeled separately, and all supplies and 
large withdrawals were modeled as negative or positive nodal demands, respectively.  
Therefore, the EPANet files provided by the RWA did not contain system features that 
connect pressure zones (e.g. pump stations and control valves).  These features were added 
during preparation of the system-wide model.  Pump stations were represented in the 
model as single pumps, sized based on the flow rates and operating heads from the EPANet 
models.  Where possible, sources in the combined model were represented as negative 
demands, consistent with the original RWA models.  Controls were added to the combined 
model as necessary to allow extended period model simulations.   

The system demands and water production as represented in the combined model as 
received from the RWA in the EPANet models are summarized in Tables B-1 and B-2.   

The system demands presented in Table B-1 represent a Max Day Demand condition, with a 
system-wide demand of 89.49 MGD.  It is noted that the Mt. Carmel Well and City of Derby 
Well No. 1 are not producing in the EPANet models provided by the RWA.  Therefore, these 
wells are assumed to be off in the Max Day Demand model.  

TABLE B-1 
System demands as represented in the Max Day Demand model 

Service Area Name System Demand
(MGD) Percent of Total

Ansonia/Derby 3.33 3.7%
Branford Gravity 1.77 2.0%
Burwell Hill 6.96 7.8%
Cherry Hill 0.53 0.6%
Clintonville/Northford 1.20 1.3%
Cheshire 6.24 7.0%
High Rock 1.12 1.3%
Milford 5.23 5.8%
North Branford 1.93 2.2%
New Haven 30.41 34.0%
Rabbit Rock 3.35 3.7%
Stoney Creek 0.12 0.1%
Shingle Hill 7.76 8.7%
Saltonstall 7.02 7.8%
West River 3.09 3.5%
Whitney/Wintergreen 8.12 9.1%
York Hill 1.31 1.5%
Total 89.49 100%
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TABLE B-2 
Water production by source as represented in the Max Day Demand model 

Source Production
(MGD) Percent of Total

South Sleeping Giant Wellfield 1.27 1.4%
South Cheshire Wellfield 1.89 2.1%
Seymour Wellfield 2.13 2.3%
Lake Whitney Water Treatment Plant 2.46 2.7%
North Sleeping Giant Wellfield 2.61 2.8%
North Cheshire Wellfield 5.25 5.7%
West River Water Treatment Plant 7.39 8.0%
Lake Saltonstall Water Treatment Plant 8.70 9.4%
Lake Gaillard Water Treatment Plant 60.4 65.6%
Total 92.1 100.0%

The RWA provided SCADA data for June 25 and June 26, 2012, which represent an average 
system demand condition.  An Average Day Demand model was prepared based on these 
data.  Tables B-3 and B-4 provide a summary of system demands and source production for 
the Average Day Demand model. 

TABLE B-3 
System demands as represented in the Average Day Demand model 

Service Area Name System Demand
(MGD) Percent of Total

Ansonia/Derby 2.51 5.1%
Branford Gravity 0.87 1.8%
Burwell Hill 3.36 6.8%
Cherry Hill 0.30 0.6%
Cheshire 3.22 6.6%
Clintonville/Northford 0.50 1.0%
High Rock 0.99 2.0%
Milford 2.19 4.5%
New Haven 16.53 33.7%
North Branford 1.29 2.6%
Rabbit Rock 2.46 5.0%
Saltonstall 4.15 8.5%
Shingle Hill 4.83 9.8%
Stoney Creek 0.06 0.1%
West River 1.28 2.6%
Whitney/Wintergreen 3.35 6.8%
York Hill 1.13 2.3%
Total 49.03 100%
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-3- 

TABLE B-4 
Water production by source as represented in the Average Day Demand model 
Source Production (MGD) Percent of Total

South Sleeping Giant Wellfield 0.74 1.4%
South Cheshire Wellfield 1.10 2.1%
Seymour Wellfield 0.50 1.0%
Derby Well No. 1 0.41 0.8%
North Sleeping Giant Wellfield 2.09 4.0%
North Cheshire Wellfield 2.83 5.5%
West River Water Treatment Plant 6.13 11.8%
Lake Saltonstall Water Treatment Plant 4.75 9.2%
Lake Gaillard Water Treatment Plant 33.2 64.1%
Total 51.8 100.0%

The following items regarding the system supplies and demands represented in the models 
are noted: 

The differences between total production and system demand (92.1 MGD vs. 89.45 
MGD for the MDD model, 51.8 MGD vs. 49.03 MGD for the ADD model) represent 
the net system-wide change in storage volume over the courses of the respective 
simulations.

The Lake Whitney WTP is producing in the Max Day Demand model but not in the 
Average Day Demand model.  The Derby Well No. 1 is not producing in the Max Day 
Demand model but is producing in the Average Day Demand model.  The Max Day 
Demand model reflects the conditions represented in the model files provided by the 
RWA.  The Average Day Demand model reflects SCADA data from June 25 and June 
26, 2012. 

J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Appendix B.docx 
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Tighe&Bond

Connection of CHSA to NBSA - Alternative 1
 ESTIMATE OF PROBABLE CONSTRUCTION COST

South Central Connecticut Regional Water Authority
                                                                           August 2014                                        ENR CCI - 9845.59

ITEM DESCRIPTION UNITS QTY UNIT PRICE SUB TOTAL TOTAL

1 Pipeline $2,263,000
16" DI Pipe - Cross Country -HDD LF 5000 $400 $2,000,000 $2,000,000
16" DI Pipe and Fittings - Laurell Road LF 560 $100 $56,000 $56,000
16" DI Pipe and Fittings -Brookhills LF 1,750 $100 $175,000 $175,000
16" Gate Valves EA 1 $2,000 $2,000 $2,000
Hydrant Assemblies EA 2 $5,000 $10,000 $10,000
Special Connections LS 2 $10,000 $20,000 $20,000

2 Traffic Control $15,000
Maintenance and Protection of Traffic LS 1 $4,000 $4,000 $4,000
Uniformed Police/Flaggers for Traffic Control LS 1 $11,000 $11,000 $11,000

3 Restoration $102,000
Temporary Bituminous Concrete Repair SY 900 $40 $36,000 $36,000
Permanent Bituminous Concrete Repair SY 1,500 $40 $60,000 $60,000
Bituminous Concrete Driveway Repair SY 100 $60 $6,000 $6,000

4 Excavation $6,000
Test Pits LS 1 $2,000 $2,000 $2,000
Gravel Borrow LS 1 $3,000 $3,000 $3,000
Haybales and Silt Fence LS 1 $1,000 $1,000 $1,000

5 Other $20,000
Site Clearing LS 1 $20,000 $20,000 $20,000

SUBTOTAL $2,406,000

6 General Conditions - 15% $360,900

CONSTRUCTION - SUBTOTAL $2,766,900

7 Engineering and Contingency - 40% $1,106,800

TOTAL $3,873,700
SAY $3,870,000

Notes:
1 Costs for permitting and easements are not included.
2 Since subsurface conditions are unknown, costs for rock excavation are not included.

J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Cost Estimate\Cost Estimate 9-2-14.xlsx 9/2/2014
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Connection of CHSA to NBSA - Alternative 2
 ESTIMATE OF PROBABLE CONSTRUCTION COST

South Central Connecticut Regional Water Authority
                                                                            August 2014                                        ENR CCI - 9845.59

ITEM DESCRIPTION UNITS QTY UNIT PRICE SUB TOTAL TOTAL

1 Pipeline $2,088,000
16" DI Pipe - Cross Country -HDD LF 5000 $400 $2,000,000 $2,000,000
16" DI Pipe and Fittings - Laurell Road LF 560 $100 $56,000 $56,000

16" Gate Valves EA 1 $2,000 $2,000 $2,000
Hydrant Assemblies EA 2 $5,000 $10,000 $10,000
Special Connections LS 2 $10,000 $20,000 $20,000

2 Traffic Control $7,000
Maintenance and Protection of Traffic LS 1 $1,000 $1,000 $1,000
Uniformed Police/Flaggers for Traffic Control LS 1 $6,000 $6,000 $6,000

3 Restoration $34,000
Temporary Bituminous Concrete Repair SY 300 $40 $12,000 $12,000
Permanent Bituminous Concrete Repair SY 400 $40 $16,000 $16,000
Bituminous Concrete Driveway Repair SY 100 $60 $6,000 $6,000

4 Excavation $6,000
Test Pits LS 1 $2,000 $2,000 $2,000
Gravel Borrow LS 1 $3,000 $3,000 $3,000
Haybales and Silt Fence LS 1 $1,000 $1,000 $1,000

5 Other $20,000
Site Clearing LS 1 $20,000 $20,000 $20,000

SUBTOTAL $2,155,000

6 General Conditions - 15% $323,300

CONSTRUCTION - SUBTOTAL $2,478,300

7 Engineering and Contingency - 40% $991,400

TOTAL $3,469,700
SAY $3,470,000

Notes:
1 Costs for permitting and easements are not included.
2 Since subsurface conditions are unknown, costs for rock excavation are not included.
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Tighe&Bond

Demolish Brushy Plain Tank

South Central Connecticut Regional Water Authority
                                                                            August 2014  ENR CCI - 9845.59

ITEM DESCRIPTION UNITS QTY UNIT PRICE SUB TOTAL TOTAL

1 Demolish Existing Tank $105,000
Demolish existing tank LS 1 $125,000 $125,000 $125,000
Value of scrap steel LS 1 ($20,000) ($20,000) ($20,000)

SUBTOTAL $105,000

6 General Conditions - 15% $15,800

CONSTRUCTION - SUBTOTAL $120,800

7 Engineering and Contingency - 40% $48,400

TOTAL $169,200
SAY $170,000

J:\S\S1889 Regional Water Authority\25 - Brushy Plain Tank\Phase 5 - Modeling & Tech Memo\Cost Estimate\Cost Estimate 9-2-14.xlsx 9/2/2014



Tighe&Bond

Cherry Hill Pump Station Pump Upgrade
 ESTIMATE OF PROBABLE CONSTRUCTION COST

South Central Connecticut Regional Water Authority
                                                                            August 2014                                        ENR CCI - 9845.59

ITEM DESCRIPTION UNITS QTY UNIT PRICE SUB TOTAL TOTAL

1 Pumping Equipment $52,500
Demolition of old pumps LS 1 $2,500 $2,500 $2,500
New pumps EA 2 $25,000 $50,000 $50,000

2 Mechanical $15,000
Process piping demolition LS 1 $5,000 $5,000 $5,000
New process piping LS 1 $10,000 $10,000 $10,000

3 Electrical $207,500
Elctrical demolition LS 1 $7,500 $7,500 $7,500
New VFDs EA 2 $25,000 $50,000 $50,000
New generator EA 1 $75,000 $75,000 $75,000
Power & control wiring LS 1 $75,000 $75,000 $75,000

SUBTOTAL $275,000

6 General Conditions - 15% $41,300

CONSTRUCTION - SUBTOTAL $316,300

7 Engineering and Contingency - 40% $126,600

TOTAL $442,900
SAY $440,000

Notes:
1 Costs for permitting and easements are not included.
2 Since subsurface conditions are unknown, costs for rock excavation are not included.
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Tighe&Bond

Branford Hill Water Main Improvements
 ESTIMATE OF PROBABLE CONSTRUCTION COST

South Central Connecticut Regional Water Authority
                                                                            August 2014                                        ENR CCI - 9845.59

ITEM DESCRIPTION UNITS QTY UNIT PRICE SUB TOTAL TOTAL

1 Pipeline $503,000
12" DI Pipe and Fittings -RT 1 LF 1,300 $70 $91,000 $91,000
16" DI Pipe and Fittings -RT 1 LF 1,600 $100 $160,000 $160,000
16" DI Pipe and Fittings -Montoya LF 2,200 $100 $220,000 $220,000
12" Gate Valves EA 1 $2,000 $2,000 $2,000
Hydrant Assemblies EA 2 $5,000 $10,000 $10,000
Special Connections LS 2 $10,000 $20,000 $20,000

2 Traffic Control $77,000
Maintenance and Protection of Traffic LS 1 $15,000 $15,000 $15,000
Uniformed Police/Flaggers for Traffic Control LS 1 $62,000 $62,000 $62,000

3 Restoration $62,000
Temporary Bituminous Concrete Repair SY 600 $40 $24,000 $24,000
Permanent Bituminous Concrete Repair SY 800 $40 $32,000 $32,000
Bituminous Concrete Driveway Repair SY 100 $60 $6,000 $6,000

4 Excavation $6,000
Test Pits LS 1 $2,000 $2,000 $2,000
Gravel Borrow LS 1 $3,000 $3,000 $3,000
Haybales and Silt Fence LS 1 $1,000 $1,000 $1,000

5 Other $20,000
Site Clearing LS 1 $20,000 $20,000 $20,000

SUBTOTAL $668,000

6 General Conditions - 15% $100,200

CONSTRUCTION - SUBTOTAL $768,200

7 Engineering and Contingency - 40% $307,300

TOTAL $1,075,500
SAY $1,080,000

Notes:
1 Costs for permitting and easements are not included.
2 Since subsurface conditions are unknown, costs for rock excavation are not included.
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