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TOWN OF SHREWSBURY 
Richard D. Carney Municipal Office Building 

100 Maple Avenue 

Shrewsbury, Massachusetts 01545-5398 

 

January 20, 2016 

 

To: Board of Selectmen 

 

From: Daniel J. Morgado 

 

Re: Water needs for the period through 2036 

 

Introduction 

 

I direct your attention to the attached report entitled “Alternate Water Supply Study” (Study) 

dated June 30, 2015 that was funded by a SWMI Grant provided by the Department of 

Environmental Protection. 

 

This report was commissioned to study what alternate water supplies exist, in addition to, or in 

lieu of, the Town’s current water source. 

 

A description of the Town’s water system is outlined in the introduction of the Study and a more 

lengthy explanation is immediately attached in the form of an excerpt from the Capital 

Efficiency Plan dated March of 2014, prepared by Tata & Howard. 

 

The Question Under Study 

 

The primary question being studied is what actions must be taken to provide an adequate water 

supply to meet the Town’s needs in 2036?   

 

Our current system, cannot, at this time, meet this need from a water quality and water quantity 

standpoint.   

 

The water quality problem can be resolved with additional treatment to remove manganese.  In 

fact, the Town Meeting in May set this solution into motion with the appropriation of $500,000 

to begin design of a treatment system to be installed at the site of the current Water Treatment 

Facility (WTF). 

 

The problem that is more difficult to address is the quantity problem. We estimate that in order to 

meet the Town’s economic development goals, that a water system must be developed to provide 

6 Million Gallons Per Day (6 MGD).  We are currently permitted (with offsets) for 4.35 MGD 

which leaves us 1.65 MGD short.  Our usage for 2015 was 3.60 MGD leaving us .750 MGD 
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below our WMA permit limit.  In 2005, the amount pumped was 3.81 MGD, in 1995 it was 3.64 

MGD which indicates that in 2015 we used less water than in 2005 and 1995. 

 

Year MGD

2015 3.60

2005 3.81

1995 3.64  
 

I must note that our sewer system also cannot meet our economic development needs due to 

regulatory barriers relative to the amount of flow that can be sent to the Westborough Water 

Treatment Facility.  The sewer allocation study assigned Shrewsbury a maximum flow of 4.39 

MGD (FY 2015 flow was 3.09 MGD).  This matter is also under study and will be the subject of 

a subsequent report. 

 

So, the quantity question is where do we source 6 MGD or 1.65 MGD, understanding that 

treatment for manganese is required should the Town continue to rely on the Home Farm Wells 

which provides the bulk of our current water supply. 

 

Options for 6 MGD or 1.65 MGD 

 

At a planning exercise on December 18, 2015, the staff and consultants identified the following 

seven primary options (see Table 4-1 for full list of options considered): 

 

1. Upgrade the Water Treatment Facility (WTF) to handle manganese remove but seek out 

no additional capacity.  This limits the Town to 4.35 MGD. 

2. Maximize the underutilized Home Farm sub-basin by altering the regulatory environment 

that provided the Town only .44 MGD from a request of 1.37 MGD (Note that 0.62 

MGD has been allocated to the Riverdale Water Co that does not operate). 

3. Join the MWRA and connect directly to the Town of Northborough’s water distribution 

system (Note that MWRA water cannot be mixed with water from our aquifer). 

4. Join the MWRA connecting directly to the MWRA and bring the water cross country to 

Shrewsbury (Note that MWRA water cannot be mixed with water from our aquifer). 

5. Connect directly to the City of Worcester and purchase 100% finished water. 

6. Connect directly to the City of Worcester and purchase finished water to supplement the 

Shrewsbury wells. 

7. Join the MWRA and move raw water from the Wachusett Reservoir to be injected into 

the aquifer in the Home Farm Well area which then in turn is extracted and treated at the 

WTF (Note upgrade to WTF is still required). 

 

The preferred option is to maximize the local aquifer but the regulatory environment makes that 

currently impossible because of the current conventional wisdom that exists.  The current 

regulatory environment creates a major barrier to good planning and engineering solutions being 

proposed and adopted as communities and entities must hoard capacity less additional regulatory 

scrutiny comes to bear. You will note that when you review the full report, there is much 
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discussion and expense surrounding permitting issues and current regulatory policy favors those 

communities and entities that have capacity created under a previous regulatory environment.  

 

When considering options there are two main costs to consider which are the cost to acquire a 

gallon of water at the source and the cost to get that gallon of water to distribution.  Making use 

of the existing aquifer puts the cost of acquisition at near zero.  Connection with the City of 

Worcester or MWRA has both a buy in fee and an annual cost per gallon thereafter. 

 

 1 2 3 4 5 6 7 

Cost Item Maintain 

WTF with 

no 

Addiotnal 

Capacity 

(4.35 MGD) 

Change 

Regulatory 

Environment 

(6 MGD) 

MWRA 

Through 

Northborough 

(6 MGD) 

MWRA 

Cross 

Country (6 

MGD) 

Connection 

to the City of 

Worcester 

for (6 MGD) 

Maintain 

WTF/ 

Connect 

with City of 

Worcester 

for (1.65 

MGD added 

to 4.35 

MGD) 

Aquifer 

Storage 

(Upgrade to 

WTF Still 

Required) (6 

MGD/2 

MGD 

Injected) 

(Costs are 

not fully 

developed) 

Water Treatment Plant 

Improvements 

$12,800,000  $20,000,000       $12,800,000  $15,000,000  

Design & Permitting  $750,000  $1,000,000  $957,000  $1,485,000  $860,000  $2,290,000  $1,675,000  

Water Main Improvements   $7,800,000  $7,400,000  $2,400,000  $800,000  $2,700,000  

Booster Pump   $580,000  $800,000    $600,000  

MWRA Buy In   $20,880,000  $20,880,000  $0  $0  $6,700,000  

Land Costs    $5,000,000     

Regulatory Mitigation     $25,000,000    

Recharge Beds       $1,200,000  

        

 $13,550,000  $21,000,000  $30,217,000  $35,565,000  $28,260,000  $15,890,000  $27,875,000  

   Without Mitigation $3,260,000   

        

First Year Bond Cost $948,500  $1,470,000  $2,115,190  $2,489,550  $1,978,200  $1,112,300  $1,951,250  

Cost Per MG's of Finished Water $462  $462  $3,888  $3,240  $5,080  $462/$5,080 $462/$1,800 

Cost of Water (at maximum)   $8,514,720  $7,095,600  $11,125,200  $3,059,430  $1,314,000  

Annual O&M WTF (at max) $733,541  $1,011,780     $733,541  $1,011,780  

        

Annual First Year Cost $1,682,041  $2,481,780  $10,629,910  $9,585,150  $13,103,400  $4,905,271  $4,277,030  

 

Short of changing the regulatory environment, the best option is to upgrade the WTF and 

supplement the supply with the purchase of water from the City of Worcester.  The MWRA and 

City of Worcester (at 100%) options are just too expensive from the acquisition water cost 

standpoint.  This option also allow the Town to ease into these additional costs as the 

supplemental water supply is not yet required. 
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The primary advantage of getting out of the water supply business is that we eliminate the need 

to operate our own WTF and we eliminate the need to deal with the regulatory environment of 

being a water producer. 

 

This matter will be reviewed at your meeting on January 26, 2016, as part of the Public Works 

Workshop. 

 

Please advise with any questions. 

 

Cc Jeff Howland 

 Robert Tozeski 

 Kristen Las 

 John Decillis 

 Vincent Thai 

 Paul Howard 

 Blake Martin 

 

 

 



 

TOWN OF SHREWSBURY 
Richard D. Carney Municipal Office Building 
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Town of Shrewsbury 

Alternate Water Information 

 
 

1. The Town has a registered water withdrawal approved prior to 1983 of 2.64 mgd (million 

gallons per day) 

 

2. Various additional water amount increases since that date have been requested under our 

Water Management Act Permit in addition to our registered volume of 2.64 mgd.  Under 

our present permit we have increased from our last permit by 0.26 mgd bringing us 

presently to 4.17 mgd (3.91 + 0.26) with an allocation volume cap at 4.35 mgd which is 

a not to exceed figure for our annual daily usage. 

 

3. We are grandfathered prior to 1983 under the Interbasin Transfer Act for a volume of 7.8 

mgd that can be pumped from the Blackstone Basin to the Concord River Basin.  The 

following pumping restrictions are in place today and any change requires going through 

the Water Resource Commission under Interbasin Transfer: 

A)  Total pumping daily not to exceed 7.8 mgd 

B)  Total pumping from the four Home Farm Wells 6-1, 6-2, 6-3, 6-4 not to exceed     

       5.4 mgd daily 

C)   With 6-3 and 6-4 installed as backup wells, total flow from 6-1, 6-3, and 6-4 shall  

        not exceed 4.32 mgd daily 

D) Sewell #4 well flow which does not run through the Plant air strippers is rated at 1.14 

mgd 

E) Lambert 3-3 and 3-2 flow is rated at 1.33 mgd 

 

4.   In reality, trying to pump these wells at these rates of flows causes hydraulic restrictions      

      As one well is fighting against the other impacting also the well levels.  There are also  

      physical limitations on the Treatment Plant configuration and 16-inch discharge piping.  

We are not comfortable running above 5.5 mgd for an extended period of time. 

 

5.   Additional wells may be installed on the Home Farm site but we would be pulling out of 

the same sub-basin and encounter similar aquifer issues with extended pumping. 
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6.   The City of Worcester Expenses to bring water into distribution system. 

Worcester 

 A)  Out of City Rate- 

       $3.80/hundred cubic feet (748 gals) 

       Add to 5% for projected increase 

       $3.99/hundred cubic feet 

 

 Cost per million gallons= 

  $5,334.23 

 

 Annual cost for 1.65 mgd   Annual cost for 1.0 mgd 

  $3,212,540     $1,946,994 

 

 Annual cost for 2.0 mgd   Annual cost for 0.5 mgd 

  $3,893,988     $973,497 

 

 B)  Pumping would be limited to our low pressure zone which we can configure by  

            valving to meet any sizing larger or smaller that we would require within the low 

       pressure hydraulic grade line limitations.  With our average day at around 3.7 mgd,  

            low system represents 35% of that volume which would be 1.3 mgd.  Our starting 

            point would be between 200,000 gallons (0.2 mgd) and 500,000 (0.5 mgd) at a cost  

            of $389,399 and $973,497 respectively plus $20,000 for addition of fluoride and  

            electricity.  

   

 



Capital Efficiency PlanTM- Shrewsbury, Massachusetts 

SECTION 2 - Existing Water Distribution System 

2.1 General 

The Town of Shrewsbury's distribution system consists of approximately 185 miles of water 
mains ranging in diameter from one to sixteen inches. Figure No. 2-1 shows a breakdown of 
the water main size distribution of the existing water system. Approximately one percent of 
the system is 16-inch diameter or larger water main, approximately 24 percent is 12-inch 
diameter water main, approximately 4 percent is 1 0-inch diameter water main, approximately 
42 percent is 8-inch diameter water main, approximately 27 percent is 6-inch diameter water 
main, and approximately two percent is 4-inch diameter or smaller water main. These mains 
are constructed of various materials including cement lined ductile iron (CLDI), cast iron 
(CI), asbestos cement (AC), and polyvinyl chloride (PVC). Figure No. 2-2 shows the 
breakdown of material distribution of the existing water system. 

The distribution system consists of seven active groundwater sources, six water storage 
facilities, three booster pump stations, a water treatment facility, and two emergency 
interconnections. The distribution system is divided into three separate pressure service areas, 
the Low (LSA), High (HSA), and Reduced High Service Areas (RHSA). A map of the 
existing water distribution system is included in Appendix A. 

The LSA has a hydraulic gradeline elevation (HGL) of approximately 600 feet. Ground 
elevations range from approximately 350 feet to 535 feet. The LSA constitutes approximately 
35 percent of the overall system demands. The RHSA has a HGL of approximately 680 feet 
and ground elevations range from approximately 360 feet to 595 feet. The RHSA constitutes 
approximately 33 percent of the overall demand. The HSA has a HGL of approximately 
800 feet and ground elevations range from approximately 425 feet to 740 feet. The HSA 
constitutes approximately 32 percent of the overall demand. 

2.2 Water Supply Sources 

The Shrewsbury water system is supplied by seven active groundwater supply sources at three 
locations. The active supplies are located in the Lake Quinsigamond aquifer. The aquifer 
extends along a north/south axis and is bound to the east and west by bedrock/till ridges. The 
Town of Shrewsbury is currently permitted to withdraw water from the Blackstone River 
Basin (Permit No. 9P4-2-12-271.01). The system is permitted by the Massachusetts 
Department of Environmental Protection (MassDEP) to withdraw a maximum daily rate of 
7.87 million gallons per day (mgd) and an annual average day rate of 3.91 mgd. Table No.2-
1 presents the permitted maximum daily withdrawal rates for each of the system's active 
supply sources. 

TATA & HOWARD Page 3 
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Figure No. 2-1 
Water Main Diameter Distribution 
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Capital Efficiency Plan TM - Shrewsbury, Massachusetts 

Figure No. 2-2 
Water Main Material Distribution 
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Capital Efficiency Plan™- Shrewsbury, Massachusetts 

Table No. 2-1 
Approved Withdrawal Volumes 

Permitted 
Source Name Withdrawal 

Volumes (MGD) 
- -~ 

Home Farm Well No. 6-1 4.32 
f---· - -
Home Farm Well No. 6-2 3.02 
Home Farm Well No. 6-3 * 
Home Farm Well No. 6-4 * --

Home Farm Wells Total: 5.4* 

Lambert Well No. 3-1 0.75 
Lambert Well No. 3-2 0.58 

• Lambert Well Total: 1.33 

-- --1-·- - -
Sewall Well No.4 1.14 

-~ -
Total: 1 7.87** 

I 

*Home Farm Wells No. 6-3 and 6-4 were mstalled as supplemental wells to Home Farm Wells 6-1 and 6-2. The 
combined withdrawal rate for the Home Farm Wells cannot exceed the maximum daily pumping rate of 5.4 
million gallons. 
**Based on information provided with the 2008 Interim WMA Permit, the total amount pumped from the 
sources cannot exceed 7.87 mgd based on Shrewsbury's interbasin transfer limit. . 

Home Farm Wells 
Home Farm Wells No. 6-1, 6-2, 6-3, and 6-4 are gravel packed wells located near the northern 
tip of Lake Quinsigamondjust south of Great Brook. Well No. 6-1 was constructed in 1974 
to a depth of 89 feet Well No. 6-2 was constructed in 1990 to a depth of 106 feet. Well No. 
6-3 was constructed in 2003 to a depth of 87 feet as a supplemental to Well No. 6-1. Well 
No. 6-4 was constructed in 2011 to a depth of approximately 75 feet. Well No. 6-4 is 
supplemental well to Well No. 6-2. 

Lambert Wells 
Lambert Wells No. 3-1 and 3-2 are gravel packed wells located south of the Home Farm site 
off North Quinsigamond Avenue. Well No. 3-1 was constructed to a depth of approximately 
51 feet. Well No. 3-2 was constructed to a depth of approximately 57 feet. The existing well 
screen at Lambert Well No. 3-1 has failed. A replacement well is currently being designed 
and constructed. 

Sewall Well No. 4 
Sewall Well No.4 is located north ofthe Home Farm site and is adjacent to an active gravel 
mining operation. It is a 42-inch diameter gravel packed well approximately 42 feet in depth. 

Page 6 



Capital Efficiency Plan TM ~ Shrewsbury. Massachusetts 

Home Farm Water Treatment Plant 
The Home Farm Water Treatment Plant (WTP) was constructed in the early 1990's with a 
design capacity of approximately 6.0 mgd for VOC removal using air strippers. The air 
stripping towers have been replaced since the WTP was constructed. The first was replaced 
in 2004 with the second replaced in 2006. Based on discussions with the manufacturers, the 
total maximum capacity of the towers is now 7.2 mgd. The discharge pipe is the limiting 
factor for the tower capacity. Water from the Home Farm Wells and the Lambert Wells is 
pumped through the air strippers. The Town has realized cost savings by pumping water from 
the Lambert supply through the air strippers, even though no VOCs have been detected at this 
site. The air strippers effectively remove a percentage of the carbon dioxide in the water, 
thereby increasing the pH and reducing the costs associated with the addition of potassium 
hydroxide for pH adjustment. 

Prior to its entry through the air strippers, a sequestering agent is added to the supply for the 
sequestering of iron and manganese. Additional chemical treatment is added to the water in 
the clearwell. Potassium hydroxide is added for further pH adjustment. The pH of the water 
in the clearwell is increased to approximately 8 to 8.5. Chlorine gas is added for disinfection 
and hydrofluosilicic acid is used for fluoride treatment. 

A 12-inch transmission main conveys water from Sewall Well No.4 to the Home Farm WTP. 
The Sewall transmission main is connected to the finished water transmission main outside of 
the WTP. Treated water from the clearwell is pumped into the distribution system through a 
16-inch diameter transmission main. The water from the clearwell is mixed with raw water 
from the Sewall supply, which lowers the pH of the water to approximately 7.2 to 7.5 prior to 
entry into the distribution system. 

The WTP has four high lift pumps used to pump water from the clearwell into the Town's 
distribution system. Pumps PI and P3 are 200 horsepower {hp) and pumps P2 and P4 are 125 
hp. The small and large pumps operating together can pump approximately 2.8 mgd. 
However, the number of pumps that are operated is dependent on the current demands in the 
distribution system. When all four pumps are operated together, the pressure at the WTP 
increases to approximately 130 to 140 pounds per square inch {psi). There is a 450 kW 
generator at the WTP for emergencies sized to run the WTP, one of the Home Farm Wells, 
one 125 hp pump, and one 200 hp pump. 

Water Storage Facilities 
The Town currently operates three water storage facilities in the LSA, two water storage 
facilities in the HSA, and one water storage facility in the RHSA. Information about the 
water storage facilities is summarized in Table No. 2-2. 

Water ond Wastewater ConsYitonts 
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Capital Efficiency Plan 1M- Shrewsbury, Massachusetts 

Table No. 2-2 
Water Storage Facility Summary 

Name Service Area 
Overflow 

Capacity {MG) 
Elevation (ft) 

-
Brownil!.~ Street Tank LSA 600 

~ 

1.0 
~--

Oak Street Tank LSA 598 0.45 
Hillside Drive Tank LSA 596 1.0 ·-
Masonic Hill Tank No. 3 HSA 800 1.25 -• Masonic Hill Tank No. 4 HSA 800 1.0 

i Temple Hill Tank RHSA 680 1.25 - -

Booster Pump Stations 
The West Main Street Booster Pump Station is located off West Main Street. This station was 
originally constructed in 1954 and updated in 1997. The station is equipped with two pumps 
rated at approximately 750 gallons per minute (gpm) at 277 feet of total dynamic head (TDH). 
This pump station pumps water from the LSA to the HSA. There is a generator located at this 
station for emergency power and is sized to operate one of the 750 gpm pumps. 

The Gulf Street Booster Pump Station is located in the northern portion of the LSA near the 
Browning Street Tank. Constructed in 1970, this station has two Peerless pumps, each with a 
capacity of 800 gpm at 225 feet of TDH. This pump stations pumps water from the LSA to 
the HSA. A generator was installed at this station in March 2011 for emergency power and is 
sized to operate one of the 800 gpm pumps. 

The Oak Street Booster Pump Station is located on Oak Street at Route 9. Constructed in 
2004, this station has three pumps, each with a capacity of 1,200 gpm at 135 feet of TDH. 
This pump station pumps water from the LSA to the RHSA. A generator is located at this 
station for emergency power and is sized to operate two of the 1,200 gpm pumps. 

Emergency Interconnections 
The Town of Shrewsbury has two emergency interconnections with the City of Worcester, on 
Hartford Turnpike (Route 20) and on West Main Street. The West Main Street 
interconnection requires a temporary connection from hydrant to hydrant. The Hartford 
Turnpike interconnection is a metered connection. Due to the HGL in the City of Worcester, 
Shrewsbury can receive water from Worcester in an emergency, but Worcester cannot receive 
water from Shrewsbury. In addition, there is a 12-inch transmission main along Hartford 
Turnpike that once supplied water from Worcester to the Grafton State Hospital. 
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1.0 INTRODUCTION 
 
 
The Town of Shrewsbury has a long history of water and wastewater planning to allow for wise 
stewardship of the Town’s natural and financial resources.  Thus, current efforts under the 
changing state requirements dictated by the Water Management Act have led to a variety of 
actions over the last 5-7 years.  These include early involvement under the SWMI process as a 
pilot community, on-going capital improvement planning, extensive investigations into local and 
regional water supplies, pilot testing to determine treatment options for existing sources and the 
current alternatives analysis under this SWMI Grant.  This alternatives evaluation was 
conducted under BRP 2014-06 Sustainable Water Management Initiative Grant issued by 
Massachusetts Department of Environmental Protection (Contract CT EQE 5014 
TWNSHERESBURYSWMI1502). 
 
The original scope of services included the following key evaluation tasks. 

1. Data Collection and Review 
2. Evaluate Alternatives (6) 
3. Alternatives Ranking 
4. Detailed Cost Analysis and Implementation Plan 

 
Following the initial data collection, meetings with Shrewsbury, Northborough, Worcester and 
the MWRA, it became clear that more than the originally conceived 6 alternatives which had 
never been considered included the potential for raw or untreated water sources from the 
MWRA.  These alternatives are described in later chapters but generally include accessing the 
MWRA system through the raw water aqueduct or at the Wachusett Reservoir and utilizing 
“raw” water in a variety of ways.  These alternatives included potential surface water treatment 
plants in Shrewsbury or Northborough or the use of untreated water as a recharge source to the 
Quinsigamond Aquifer. 
 

1.1  History 

 
Shrewsbury’s first registered water withdrawals resulted in a total volume of 2.64 MGD.  
Subsequent permitting efforts allowed the addition of Home Farm Well #6.2 and the transfer of 
previously allocated Concord River Basin withdrawals to the Blackstone River Basin.  This effort 
resulted in a permit issued to the town in September 2005.  A history appeals and discussions 
(see WMA Permit, Appendix A) has led to a complex set of requirements for Shrewsbury.  The 
current modified permit (July 2, 2015) and a settlement agreement (June 17, 2015) for permit 
#9P4-2-12-271.01 indicate the following. 
 
Shrewsbury has a maximum daily pumping volume from all of its sources of 7.0 MG.  These 
volumes are shown in Table 1-1 on the next page. 
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Table 1-1:  Maximum Daily Withdrawal Rates 
 

Source Name PWS Source Code ID Maximum Daily Rate (MGD) 

Sewell #4 2271000-02G 1.14 

Lamberts Sand Pit Well 3.1 2271000-04G ** 

Lamberts Sand Pit Well 3.2 2271000-05G 0.58 

Lamberts Sand Pit Well 3.3 2271000-11G 0.75** 

Home Farm Well 6.1 2271000-07G 4.32* 

Home Farm Well 6.2 2271000-08G 3.02* 

Home Farm Well 6.3 2271000-09G * 

Home Farm Well 6.4 2271000-10G * 

 
 
Because of an Interbasin Transfer Act permit (issued by the Water Resource Commission) 
allowing the transfer of Wastewater to the Concord River Basin, the Home Farm wells are 
restricted to 5.4 MGD.  These maximum day volumes represent short-term or daily maximums.  
Annual average withdrawal volumes are significantly lower.  Annual average withdrawal 
volumes are based on a calculated safe yield for a basin.  A “baseline” demand for the 
municipal system, and a projected demand are generally set by population projections and a 
water needs forecast developed by the Department of Conservation and Recreation.   
 
Under the Water Management program safe yield for each of the 28 major river basins must be 
determined and can impact the amount allocated to any given utility or water supplier.  For the 
Blackstone River Valley DEP’s Interim Safe Yield is 41.76 MGD with all but .44 MGD allocated 
to existing users.  This allocation has been incorporated into Shrewsbury authorized withdrawal 
volumes.   
  
The baseline volume set for Shrewsbury is 3.91 MGD (1427.15 MGY).  The current permit 
reflects this baseline volume with an additional allocation of up to .44 MGD – the remaining safe 
yield available within the basin.  The permit volumes are shown in Table 1-2 below.  Permit 
volumes for permit timeframes beyond 2017 have not yet been assigned. 
 

Table 1-2:  Maximum Authorized Annual Withdrawal Volumes 
 

5-Year Periods 

Total Raw Water Withdrawal Volumes 

Permit Permit + Registration 

Daily Average     
(MGD) 

Total Annual       
(MGY) 

Daily Average     
(MGD) 

Total Annual     
(MGY) 

Period One* 
3/1/2009 to 
1/21/2014 

1.27 463.6 3.91 1427.2 

 
1/21/2014 to 
2/28/2017 

1.53              
(1.71) 

558.45             
(624.2) 

4.17              
(4.35) 

1522.05        
(1587.8) 

 
The projected demands for Shrewsbury remain over the 3.91 MGD baseline value.  However, 
variations between the 2000 and 2010 census data have resulted in a slower population growth 
and therefore a lower anticipated demand than originally projected to be 4.176 MGD by 2018).  
Demand projections are generally allowed a 5% buffer placing the theoretical future demand at 
4.38 MGD.  Because of the .44 MGD basin yield limitation, the authorized volume is capped at 
4.35 (3.91 + .44).   
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In addition to multiple requirements (including mitigation) under the current permit, Shrewsbury 
faces potential future limitations to their water supply sources.  Development of additional 
sources of supply, permitting, design and construction will take years of careful planning and a 
balance of environmental impacts with costs and potential mitigation.  Many options exist both 
within Shrewsbury and external to the town boundaries, However, short-term solutions may not 
be effective if large scale long-term solutions provide more sustainable options.  

1.2 System Components 

 
The Shrewsbury system historically relied predominantly on 7 municipal supply wells.  These 
wells located in a valley aquifer north of Lake Quinsigamond exist near the upper reaches of the 
Blackstone River Valley. Current withdrawals are concentrated on the Home Farm Wells. 
Although the aquifer is highly productive, elevated levels of manganese created the need for 
pilot testing for future treatment options.  The current station at the Home Farm Treatment Plant 
includes aeration through packed column air stripping towers, chlorination for disinfection and 
pH adjustment.  Post aeration, a liquid linear phosphate is added for manganese sequestration.  
Fluoridation is also added at this station.  The distribution system consists of three pressure 
zones and is discussed in greater detail in Section 3.0.  
 

1.3 Study Goals 

 
The evaluation of alternate sources of supply is recognized as a component or piece of the 
potential long-term solutions for Shrewsbury.  Changing regulatory issues and approaches have 
led to a concern regarding the sole reliance on the existing aquifer and the gravel pack wells 
currently in use.  However, additional withdrawals within Shrewsbury and outside of the 
Blackstone basin need to be evaluated within the context of current Water Management Act 
requirements.  Sources outside of or external to Shrewsbury also have regulatory constraints, 
cost implications, and long-term management considerations.  The alternatives for the 
development of alternate supply sources within town boundaries (internal) are discussed in 
Section 2.0.  External alternatives are discussed in Section 3.0.  A comparative analysis is 
presented in Section 4.0 with conceptual costs provided in Section 5.0.  Conclusions are 
provided in Section 6.0. 
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2.0 INTERNAL ALTERNATIVES 
 
 
Internal alternatives for sources of supply include the viability of developing additional 
groundwater supplies within the town boundaries of Shrewsbury.   Additional surface water 
resources were previously discarded due to the lack of protected watersheds, limited supporting 
watershed areas and the cost for treatment.  This planning level analysis was conducted with 
the use of Geographic Information Systems (GIS) and data layers compiled by the 
Massachusetts Office of Geographic Information (MassGIS), the US Geological Survey (USGS), 
and Weston & Sampson.  The purpose of the analysis is to identify areas that potentially meet 
new source approval siting requirements for ground water supply development. Using GIS, 
potential future areas for supply wells were identified by cutting away areas that would likely not 
be available for new well development under current policy, such as land within 400 feet of 
developed areas and federally or state owned open space or land within 100 feet of wetlands.   
 
The mapping analysis utilized the following datasets available from MassGIS:  
 

 Tax Map Data 

 Town Boundaries 

 Basin Delineations (HUC-8, HUC-10, HUC-12) 

 Public Water Supplies 

 Wellhead Protection Areas (Zone IIs, IWPA’s) 

 MassDOT Roads 

 Hydrography (rivers, streams, lakes, ponds, wetlands)   

 MassDEP wetlands 

 SWMI Groundwater and Biological Categories, Coldwater Fishery Resources  

 1:24,000 Surficial Geology Mapping 

 Bedrock Lithology 

 Aquifer Mapping 

 Protected and Recreational Open Space  

 MassDEP Tier Classified Chapter 21E Sites 
 
In addition, the mapping analysis made use of digitized aquifer transmissivity data from the 
following USGS publications: 
 

 Water Resources of the Assabet River Basin, Central Massachusetts, 1969,  
Hydrologic Investigations Atlas HA-312 

 Water Resources of the Blackstone River BASIN, Massachusetts, 1983, 
Hydrologic Investigations Atlas HA-682 

 Massachusetts Bedrock Geologic Map, USGS Open-File Report 2006-1272, 
Preliminary Integrated Geologic Map Databases for the United States 

 

2.1 Methodology  

 
The aforementioned datasets were used to create a series of maps designed to a) identify areas 
in town that are permittable through the new source approval process and; b) are overlying 
favorable aquifer materials or; c) may be overlying mapped bedrock fracture systems.   
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The first step was to identify the land areas that are permittable through the new source 
approval process. This was accomplished by subtracting lands within town boundaries with 
restricted land uses and land covers.  The first restriction removed developed land uses in 
addition to land uses, such as solid waste facilities, and Tier 1A and Tier 1B - 21 E Sites, with a 
400 foot buffer.  Additional restrictions removed included wetlands and a 100-foot buffer zone 
around the DEP Wetlands layer, to comply with the DEP conservancy wetlands for Shrewsbury.  
 
The restrictions include:  
 

 Developed land uses 
o Solid Waste Facilities w/ 400 ft. buffer 
o Tier 1A and Tier 1B 21E Sites w/ 400 ft. buffer 

 Wetlands w/ 100 ft. buffer 

 Federally-owned or permanently protected state- or privately-owned open space w/ 400 
ft. buffer 

 Roads w/ 400 ft. buffer 
 
These areas were cumulatively removed over the total area of the municipality.  The remaining 
159 areas are displayed as potential new public water supply well areas (Figure 2-1).  This 
preliminary screening or analysis includes restrictions based solely on land use, without regard 
to the locations of aquifers, bedrock fractures, or certain sensitive environmental areas. The 
result of this analysis reveals 159 areas that could potentially be developed as groundwater 
supply wells.  Additional geologic / hydrogeologic evaluation is discussed below.  
 

2.2 Potential Surficial Aquifer Well Sites 

 
Using the permittable areas described in the previous section, an overlay map was created to 
understand if any of the sites delineated were coincident with mapped surficial aquifers within 
town boundaries.  Having looked at the MassGIS aquifer datalayer in comparison to the 
1:24,000 surficial geologic mapping compilation, it was noticed that coarse sand and gravel 
stratified drift deposits mapped in the SuAsCo basin were not delineated on the MassGIS 
aquifer datalayer and therefore limited the viable sites in that basin.  As such, the USGS 
Hydrologic Investigations Atlas’s were consulted to confirm that transmissive aquifer material 
was delineated within town boundaries in the SuAsCo basin.  The Hydrologic Atlases were 
subsequently geo-referenced and digitized in order to supplement the MassGIS aquifer 
datalayer.   
 
After this was completed, Figure 2-2 was produced to identify thirty-six (36) areas; twenty three 
(23) of which are located in the Blackstone basin and thirteen (13) in the SuAsCo basin. These 
areas represent the permittable areas overlying mapped sand and gravel aquifers within the 
Town.  Given the Water Management Act permit limitations for the Town of Shrewsbury, a 
specific focus on the thirteen areas in the SuAsCo Watershed was emphasized for this report.  
The thirteen areas are shown on Figure 2-2, with the Site ID numbers 1 – 13 used to distinguish 
each site. In order to understand if any of the sites are viable potential groundwater withdrawal 
sites, site specific studies would be required, however the list can be prioritized to determine the 
most favorable from the standpoint of potential recharge to a well in these locations and from a 

water management perspective.  Table 2-1 below lists each of the thirteen sites identified in the 

SuAsCo basin along with their respective upgradient drainage basin areas, areas of stratified 
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drift, and a calculated potential recharge value in million gallons per day (MGD).  Additionally, 
the Subbasin ID was used with the Water Management Act permitting tool to determine the 
estimated August depletion condition and groundwater category (GWC) to understand if the 
basin that the Site is located in has any additional withdrawal volume before backsliding 
(declining in GWC rating towards a less favorable score).   
 

Table 2-1: SuAsCo Surficial Deposit Sites 

Site 
ID 

Drainage 
Basin 
(mi

2
) 

Stratified 
Drift Area 

(mi
2
) 

Potential 
Recharge 

(MGD) 

Subbasin 
ID 

SWMI 
GWC 

Volume to 
Backslide 1 
GWC (MGD) 

Volume to 
Backslide 2 

GWC's (MGD) 
CFR 

11 1.71 0.68 0.82 12017 2 0.01 0.0146 YES 

10 1.64 0.65 0.78 12017 2 0.01 0.0146 YES 

9 1.6 0.61 0.73 12017 2 0.01 0.0146 YES 

2 2.17 0.53 0.64 12037 4 0.209 NA YES 

8 1.23 0.39 0.47 12017 2 0.01 0.0146 YES 

7 0.88 0.23 0.28 12017 2 0.01 0.0146 YES 

6 0.87 0.22 0.26 12017 2 0.01 0.0146 YES 

12 0.58 0.12 0.14 12017 2 0.01 0.0146 YES 

13 0.58 0.12 0.14 12017 2 0.01 0.0146 YES 

3 0.15 0.0945 0.11 12017 2 0.01 0.0146 YES 

4 0.15 0.0945 0.11 12017 2 0.01 0.0146 YES 

5 0.36 0.0202 0.02 12017 2 0.01 0.0146 YES 

1 0.0479 0.0202 0.02 12037 4 0.209 NA YES 

 

As shown by Table 2-1 above, the most favorable Sites are located in a GWC 2 basin, however 

only 0.01 MGD (10,000 GPD) is available in the basin before it backslides to a GWC 3.  
Additionally, only 0.0246 MGD (24,600 GPD) total is available before the basin would backslide 
to a GWC 4.  As a result, a majority of any large groundwater withdrawal (>100,000 GPD) would 
need to be mitigated with offsetting recharge flows under the new Water Management Act 
regulations in the two subbasins identified herein (12017, 12037). If backsliding was acceptable 
and mitigatable, the volume ‘allowable’ from the two basins collectively (0.2246 MGD) is not a 
significant volume and may not satisfy future deficits for Shrewsbury. These groundwater 
withdrawal sites would have to be supplemented with additional sources in other basins to meet 
system needs.  
 

2.3 Potential Bedrock Aquifer Well Sites 

 
Using the 159 permittable areas described in Section 2.1, an overlay map was also created to 
understand if any of the Sites delineated were coincident with mapped bedrock contacts or fault 
systems.  Characterizing and estimating the recharge and ultimately the potential yield of a 
bedrock well using regional bedrock data would not be a valid method to rank the favorability of 
one site over another. A town-wide fracture trace analysis, followed by surface geophysics and 
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site specific test well drilling program would be required to accurately identify and subsequently 
quantify the potential safe yield from these sites.   
 
A look at the intersection of each site within the 59 sites identified in the SuAsCo basin that 
contain a geologic formation contact or brittle fault structure was used as a first pass to prioritize 
the sites. Eleven sites (Figure 2-3) were ultimately identified that intersected a formation contact 
or fault zone in the SuAsCo basin. Information such as bedrock type and number of contacts or 
faults in each site area was used to develop a geologic feature rank for each site. Additional 
factors such as land ownership by the Town further assisted in ranking each site. Two of the 
sites (Sites 7 and 11) are municipally owned.  The results of this ranking are provided below in 
Table 2-2.   
 

Table 2-2: SuAsCo Bedrock Sites 

Site 
ID 

Geo- 
Feature 

Rank 

Municipal 
Owned 

Subbasin 
SWMI 
GWC 

Volume to 
Backslide 1 
GWC (MGD) 

Volume to 
Backslide 2 
GWC (MGD) 

CFR 

8 1 NO 12017 2 0.01 0.0146 YES 

1 2 NO 12020 / 23030 5 0 / 0 0 / 0 YES / NO 

2 2 NO 12018 / 12020 2 / 5 0.015 / 0 0.07 / 0 NO / YES 

3 2 NO 12020 5 0 0 YES   

5 2 NO 12017 2 0.01 0.0146 YES 

6 2 NO 12018 / 12020 2 / 5 0.015 / 0 0.07 / 0 NO / YES 

7 2 YES 12017 2 0.01 0.0146 YES 

9 2 NO 12037 4 0.209 0 YES 

10 2 NO 12037 4 0.209 0 YES 

11 2 YES 12037 4 0.209 0 YES 

4 3 NO 12018 2 0.015 0.07 NO   
Note: Some sites identified were located in two subbasins, therefore the GWC, associated backslide volumes, and 

CFR information is provided for both subbasins.   
 
Finally, a statistical approach was used by taking advantage of existing data in the DEP 
SearchWell database.  The database was used to parse out bedrock well yields queried from a 
list of 219 domestic and irrigation bedrock well records in the Town of Shrewsbury.  The query 
resulted in an average well yield of 18.61 gpm, with a range from 0.25 to 125 gpm.  From this 
data, a probability of success at any particulate site shown on Figure 2-3 for the 11 sites 
identified in the SuAsCo basin was factored into the costs associated with investigating a 
favorable bedrock location.  Given the average yield in the Town of Shrewsbury is on the order 
of 20 gpm, 14 to 21 bedrock wells may be needed to achieve between 0.4 to 0.6 MGD. 

2.4 Summary 

 
Given the need for multiple sources to meet the current deficit, a combination of both surficial 
groundwater wells and bedrock groundwater wells would be required.  Multiple sites, if proven 
favorable with site specific aquifer testing, would require significant costs for land, infrastructure 
(wells, distribution system, and chemical addition), permitting, and mitigation prior to successful 
development.  This is true even without factoring in treatment for iron or manganese which is a 
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common problem throughout the region.  Long term operational costs would also be associated 
with the multiple withdrawal points of this size and the costs to treat a variety of groundwater 
sources.  Due to these complications and costs, the viability of developing additional 
groundwater supplies within the town boundaries of Shrewsbury ranks very low in the list of 
alternatives identified in this study.  
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3.0 EXTERNAL ALTERNATIVES 
 
 
External alternatives require the involvement of other local municipalities, permitting under DEP, 
and occasionally the involvement of Regional Agencies such as the MWRA (for 
interconnections) or the WRC (for IBTA issues).  These alternatives require importing water to 
the Shrewsbury Water infrastructure but can vary in terms of the source basin and the final 
discharge basin.  The alternatives can also range in magnitude and implementation period 
based on the projected need or water demand in Shrewsbury.   
 
The following discussion divides the alternatives into 4 general categories for external water 
supply source alternatives.  These are: 
 

A. Connection to add supply from nearby Towns 
B. Connection to or source water from, the MWRA via Northborough 
C. Connection to the City of Worcester 
D. Viable hybrid alternatives including a combination of internal and external sources 

 
Each option listed above has various engineering, political, regulatory and economic 
considerations.  Conceptual descriptions and planning level discussions of each option are 
presented below and discussed in a comparative fashion in Section 4.0 of this report. 
 

3.1 Connections to Neighboring Municipalities 

 
Towns surrounding Shrewsbury include those that directly abut Shrewsbury and those that are 
within the general region.  These include Boylston, Grafton, and Northborough.  
Interconnections with municipal systems in each of these towns are discussed below. 
 

3.1.1 Connection to Grafton 

 

Grafton Water District maintains four gravel packed wells, 68 miles of water mains, two booster 
stations and three water storage tanks.  Interconnects exist with Worcester, Millbury, Upton and 
Wilkinsonville Water District.  Former interconnections with Shrewsbury have been removed 
from service due to the age and condition of the infrastructure (personal communication – Matt 
Pearson, Grafton Water District). The other interconnections are designed to provide water to 
Grafton in the event of emergency.  The current lack of excess source capacity and the 
infrastructure improvements needed to allow the Grafton system to be a reliable long term 
source of supply for Shrewsbury relegate this as a poor alternative.   
 

3.1.2 Connection to Boylston 

 
Similar to Grafton the Boylston Water District operates a total of five gravel packed wells.  Of 
these wells only the gravel packed well #3 the Scar Hill Bluff well is located in the Nashua River 
Basin.  Although this well has historically provided up to 104 MGY, reliance on the other four 
wells in the Blackstone Basin is common.  The Blackstone Basin wells fall within subbasin 
23008 which is listed as having a GWC level of 5 and a Biological Category (BC) level of 5 as 
well.  The Scar Hill Well #3 is located in subbasin 11010 and has a GWC level of 3 and a BC 
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level of 4.  In addition to insufficient capacity, further withdrawals from these wells would require 
mitigation.  Mitigation requirements enacted by Boylston on behalf of Shrewsbury make this 
alternative effectively impractical. In addition, significant infrastructure upgrades would be 
required for a viable interconnection and to manage existing system hydraulics. 
 
Mitigation for additional Blackstone River Basin withdrawals are effectively the same as the 
requirement for Shrewsbury if it were to increase withdrawals north of Lake Quinsigamond. 
 

3.2 Connections through Northborough 

 
Northborough was historically supplied by groundwater sources located within the town 
boundaries.  Recently, Northborough has utilized an interconnection with the MWRA to replace 
all local sources.  The groundwater wells remain as inactive emergency supplies but are not 
intended to be reactivated due to low yield and poor water quality (elevated iron and 
manganese).  In addition to the proximity of the John J. Carroll Water Treatment Facility, raw 
water from the Quabbin Reservoir passes through Northborough via an aqueduct. The aqueduct 
and a potential route for a water distribution system upgrade connecting to the finished water 
source from the MWRA are shown in Figure 3-1. 
 
The presence of both the raw water supply and the finished water supply from MWRA provide a 
variety of alternatives. Water supply alternatives relative to Shrewsbury’s needs include the 
following: 
 

1. Interconnection with Shrewsbury allowing MWRA supply to “wheel” through 
Northborough 

2. Dedicated supply line from MWRA (John J. Carroll WTF) to Shrewsbury through 
Northborough. 

3. Raw water supply from MWRA aqueduct to a new water treatment plant located in 
Northborough or Shrewsbury. 

4. Utilize groundwater supplies in Northborough and treat or pump to the water 
treatment plant in Shrewsbury. 

 
Each of these scenarios is considered in greater detail below. 
 

3.2.1 Connection to MWRA, Wheel Water through Northborough 

 
This concept appears to provide an ample long-term supply.  Excess capacity at the John J. 
Carroll WTF could be utilized to feed all or part of Shrewsbury’s current demand and future 
increases to average day demands.  This alternative would require: 

a. Entrance into MWRA by Shrewsbury. 
b. Improvements to infrastructure including Northborough distribution and any 

necessary booster systems to meet Shrewsbury hydraulic grade lines. 
c. Resolution of water quality concerns due to mixing (if any sources from Shrewsbury 

are maintained). 
d. Inter-municipal agreements covering fees, operation and maintenance, etc. 
e. Permitting under the WMA and IBT requirements. 

Conceptually, this alternative would require distribution system improvement costs.  Upgrades 
to water mains would likely include increasing water main diameters from about 12-inches to 20-
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inches along the major route between John J. Carroll WTF and the Shrewsbury System on Main 
Street with approximately 29,000 LF of improvements.  Design and construction costs could 
range between 6 and 8 million.  Additionally, improvements in the Shrewsbury system could 
include booster stations and water main upgrades to feed both the high pressure zone and the 
reduced high pressure zone within Shrewsbury.   
 
In addition to system hydraulic issues, blending MWRA water at a pH of 8-8.5 with Shrewsbury 
sources would add a level of complexity.  Currently MWRA water is blended with existing 
sources in the communities of Stoughton, Weymouth, Reading and Woburn.  Chemical addition 
for pH reduction is generally sufficient but increases the initial capital costs and longer term 
operation and maintenance costs.  Elimination of Shrewsbury sources and reliance fully on 
MWRA supply would eliminate the chemical addition but may require additional capital costs for 
infrastructure redundancy and piping improvements 
 

3.2.2 Direct Connection to MWRA 

 
Within Shrewsbury town boundaries, the reversal of existing hydraulic gradients and system 
reconfiguration will likely have a significant cost.  Further engineering analysis is warranted.  
Direct connection to finished water from the John J. Carroll WTF is also an option.  Construction 
of a dedicated pipeline through Northborough would be required and significant increases in the 
pump output at the plant are likely.  Approximate distances from such a pipeline, connecting to 
the Shrewsbury system at Main Street, could be approximately 26,000 LF as shown in Figure 3-
2.  A more direct route can be designed.  Permitting, easement acquisition, and agreements 
from Northborough place the costs for this close to 9 million dollars.  Like the previous option, 
chemical addition and a booster pump station would likely be needed.  Entrance into MWRA 
and associated water rates would be part of this concept as well. Again, elimination of 
Shrewsbury sources and reliance on MWRA would eliminate chemical addition but additional 
infrastructure costs may be required within the Shrewsbury system.  A dedicated line also 
significantly increases the risk level as redundancy is not maintained if the Home Farm wells 
and treatment system are eliminated from use.  Reliance on a single dedicated pipeline is not 
optimum as breaks, leaks or failures would be costly and difficult to respond to.  Long-term 
maintenance issues outside of Shrewsbury also increase costs.  Like the option above, the 
dedicated line represents one portion of the problem.  Again , internal system hydraulics within 
Shrewsbury would require substantial engineering study and design modifications. 
 

3.2.3 MWRA Raw Water Source, WTP in Northborough or Shrewsbury 

 
Discussions with Northborough and MWRA indicated that this option existed.  As the 
Wachusett-Marlborough Aqueduct and the Wachusett Aqueduct both cross through 
Northborough, a spur off on or the other aqueduct could carry raw water to a new facility for 
treatment and subsequent distribution.  Locating a plant within Northborough would allow the 
simplest raw water connection to MWRA.  Locating a plant in Shrewsbury would require a 
longer initial connection from the aqueduct to a possible plant location near Shrewsbury’s 
existing wellfield. 
 
The largest cost for this option would be the construction of a treatment facility.  Locations in 
Northborough would have been suggested close to the center (personal communique Dan 
Nason).  Northborough would benefit from this additional source by having a separate 
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connection to MWRA and the shared costs for that connection born by Shrewsbury.  
Presumably costs would be apportioned by demand from each municipality.  Shrewsbury would 
currently require approximately 4.35 MGD average day demand with peak demands closer to 
6.0 MGD. Northborough demand is approximately 1.2 MGD.  While Northborough is currently 
an “MWRA community”, Shrewsbury would be required to become a member community.  Both 
communities could benefit significantly if MWRA establishes a lower entrance fee for a “raw” or 
untreated connection along with lower rate structure for raw water from MWRA.   
 
Long-term inter-municipal agreements (IMA) would be required for such a collaborative 
approach to work.  The IMA would need to clearly specify ownership, operational conditions, an 
equitable fee structure and ongoing administrative governance rules.  Generally the complexity 
and uncertainty in these agreements presents a formidable obstacle to completing such a 
“marriage”. 
 
Permitting requirements for this option would include the IBT issues that MWRA faces, local 
permitting, MEPA and state drinking water approvals through MADEP.  
 

3.2.4 Utilize groundwater sources in Northborough to augment Shrewsbury supplies 

 
Groundwater sources in Northborough fall within the Assabet River Basin.  As Shrewsbury’s 
wastewater discharges through the Marlborough plant to this basin, limited additional 
withdrawals may be permitted.  Current well yield and water quality data suggest treatment will 
be required for these existing sources.  However, the sources reportedly consist of a total 
available capacity of less than 400,000 gpd (personal communique, Don Bunker, PE, Fay 
Spofford & Thorndike).  Treatment could be accomplished at a central location in Northborough 
or more likely at a facility near Poor Farm Brook wells in Shrewsbury, A facility in Shrewsbury 
would allow the inclusion of Shrewsbury’s existing wells into a combined plant. 
 
Transmission mains, pumping costs, IMA’s and long-term operation and maintenance of 
sources within Northborough must be considered.  Direct transmission would likely require 3-5 
miles of 8-12-inch water main.  In addition, permitting requirements including potential mitigation 
for these withdrawals under the new WMA regulations makes this alternative extremely 
expensive and marginally viable.  Compounding this issue is the low total water volume offered 
by these sources.  Anticipated withdrawals of 200-300 GPM would be insufficient to meet 
Shrewsbury’s long-term demand. 

 

3.3 City of Worcester Alternatives 

 
The City of Worcester represents a significant viable partner for the Town of Shrewsbury.  As 
previously described, the city currently has an average day demand of 24-26 MGD.  Under its 
current registered WMA volume, the City can withdraw up to 32MGD from all of its sources.   
 
The variety of alternatives including the City of Worcester is highly varied but can be relegated 
to the following discussed options. 
 

A.  Shaft 3 to Kendall Reservoir - This option includes utilizing a current emergency 
connection to the MWRA maintained by Worcester.   Pumps currently installed in Shaft 3 
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could be used to transfer raw water to the Kendall Reservoir, treated at the existing WTF 
and as needed volumes provided to Shrewsbury.   
 

B. Shaft 3 direct distribution to Shrewsbury – Again utilizing Worcester’s current emergency 
pumping station, a dedicated main to Shrewsbury would provide MWRA water to 
Shrewsbury.  Treatment within Shrewsbury is undoubtedly required.  
 

C. Worcester Wells – The city of Worcester has previously tested what is known as the 
Shrewsbury well site.  Development of these wells and possibly other wells in Worcester 
could provide source water to Shrewsbury. 
 

D. Direct Connection to Worcester’s distribution system – A direct connection of treated 
drinking water is also considered an option.  Connections could be undertaken in a 
variety of locations with an obvious location being along Rte. 20 and/or Lincoln Street.   

 

3.3.1 Shaft 3 to Kendall Reservoir 

 
Although this alternative has been suggested, a closer look indicates serious potential flaws in 
this option.  The shaft 3 pumps require a significant amount of energy to lift water to the 
hydraulic grade line of the Kendall Reservoir.  Treatment capacity is not an apparent issue but 
the wisdom of pumping water from a contained system into an open air reservoir must be 
questioned.  The additional flow into the reservoir may not be required for the bulk of the year.  
During low flow periods flow augmentation may be necessary.  However, quantifying how much 
water is needed, how much water is lost to evaporation and a fair payment for such intermittent 
water use is unduly complex and certainly a potential huge waste of energy and operating costs. 
 

3.3.2 Shaft 3 Direct Distribution to Shrewsbury 

 
Eliminating the surface water reservoir from the previous alternative would require exorbitant 
transmission costs.  Additional treatment costs for a facility in Shrewsbury are also necessary.  
Although this alternative theoretically provides an abundant source, other alternatives are 
simpler, more efficient, and far less costly. 
 

3.3.3 Worcester Wells 

 
Historical efforts to develop a well site for the City of Worcester were abandoned due to water 
quality issues (potential contamination threats).  The wells exist within the same valley train 
deposits as the existing Shrewsbury system, although they are significantly deeper.  
Reactivation of these wells face similar mitigation requirements and water quality threats as the 
existing Shrewsbury sources 
 

3.3.4 Direct Connection to Worcester 

 
Full reliance on the sale of water from Worcester to Shrewsbury has regulatory limitations if 
mitigation for this use/withdrawal is required.  Unless the permitting issues under the WMA and 
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the Interbasin Transfer Act can be resolved, the transfer of 4-6 MGD will not be politically or 
economically viable.  From an infrastructure perspective (see Figure 3-3) the hydraulic grade 
lines between the Worcester system and Shrewsbury’s low pressure zone are fairly similar with 
Worcester being roughly 30-40 feet higher.  Thus, flow into Shrewsbury could be realized at the 
Rte. 20 interconnection.  As this area is also a projected growth area, having an additional 
supply or connection to Worcester in this area is ideal.  An alternate connection is highly 
recommended with the most viable option being a water main extension along Lincoln St. West 
to Main St. in Shrewsbury.  This short pipeline improvement and metered/valved connection 
would help with balanced flow.  Piping upgrades to Rte. 20 will need to be evaluated.  Water 
quality similarities and comparable rate structures do not represent an impediment to this 
alternative. 
 

3.4 Hybrid Alternatives 

 
Previous sections have discussed singular solutions to long-term demand increases or to 
Shrewsbury’s entire demand.  A number of hybrid solutions or combination solutions exist.  
These alternatives are discussed in general below with one hybrid alternative discussed in 
greater detail, Aquifer Storage and Recharge.  The variety of hybrid solutions includes: 
 

A. Purchase from Worcester. Utilize current Shrewsbury wells with a new WTF. 
 

B. Development of Worcester ground water supply wells, ground water treatment plant, 
aquifer storage and recharge from Wachusett. 

 

3.4.1 Maintain Shrewsbury Wells, WTF, Augment Wells with Supply from Worcester 

 
Ongoing pilot testing must confirm that treatment for manganese is achievable with an 
economically viable method.  Indications are that a WTF can be constructed for 12-14 million 
dollars.  While this does not provide additional capacity without mitigation within the Blackstone 
River Basin, increased system demand could be obtained from the City of Worcester.  Again, 
withdrawals from the City of Worcester must be achieved without significant mitigation costs or 
changes to the City’s current registration or allowances. 
 

3.4.2 Aquifer Storage and Recharge (ASR) 

 
This hybrid alternative would consist of the following items: 
 

 Possible actuation of ground water supplies / aquifer identified between 1992 and 
1996 by City of Worcester. 

 Retrofit of Worcester intake into Wachusett with agreements needed from the City of 
Worcester and MWRA. 

 Construction of a pipeline and ASR system along Poor Farm Brook area. 
 
The aquifer conditions north of Lake Quinsigamond identified by previous studies undertaken by 
the City of Worcester indicate the potential for significant withdrawals.  These withdrawals could 
potentially be mitigated with recharge from surface waters.  While the obvious surface water 
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appears to be the nearby lake Quinsigamond, there are watershed protection and water quality 
issues surrounding this surface water feature.  Instead, the Wachusett reservoir represents a 
substantial water asset within a reasonable distance. The intake structure would require 
assessment, designed improvements and environmental permitting efforts.  In addition, 
transmission of raw water would require the construction of a pipe line to a satisfactory 
discharge location (see Figure 3-4).  Discharge systems would require a detailed hydrogeologic 
evaluation prior to selection of a final design.  However, aquifer recharge in this area would 
require one or more of the following methods: 
 

a. Rapid Infiltration Basins 
b. Injection Wells 
c. Subsurface infiltration trenches or manufactured infiltrators. 

 
The type of system, design requirements and permitting through Massachusetts DEP would 
need to be taken in a step by step fashion.  Currently, although several working sessions have 
been held with DEP, interested consultants and stakeholders have not developed a 
methodology for approving ASR systems,  Subsurface discharges are currently regulated under 
the Underground Injection Control (UIC) program or the Ground Water Discharge Permit 
guidelines assuming the surface water source is sufficiently disinfected and generally free of 
sediment and turbidity, the ability to recharge subsurface deposits is dependent on soil 
conductivity and the hydraulic grades that any given system can develop.  Each type of system 
is discussed briefly below. 

3.4.2.a  Rapid Infiltration Basins (RIBS) 

 
Although more commonly used for the discharge of treated wastewater or in residuals 
drying beds for water treatment plants, Rapid Infiltration Basins represent a method to 
recharge water to subsurface deposits.  RIBS generally consist of a larger bermed area 
with an internal sand bed.  The sand bed is generally constructed near or at existing 
grade.  RIB construction includes the removal of topsoil or loam and shallow 
impermeable deposits allowing a direct hydraulic connection between the artificial sand 
bed and lower permeable geologic deposits (e.g. sand and gravel).  Internally, lateral 
dispersion piping or conduits can be constructed to allow even distribution of discharge 
water over the entire bed.  RIB infiltration rates are generally considered to be 10 
gpd/sqft although infiltration of clean, low turbidity waters can often maintain rates 
greater than 10 gpd/sqft.  Infiltration rates are most often restricted by the subsurface 
deposits, depth to saturation and depth of overall saturated permeable deposits below 
and surrounding the RIBS.  Most RIBS are sighted and designed following a mounding 
analysis to determine the assimilative capacity of the surrounding aquifer and the local 
watershed. 
 
RIBS located upgradient of the existing Shrewsbury well fields would benefit from the 
available permeable deposits and the extensive and deep aquifer deposits. 
Environmental impacts and design issues related to potential break out would require a 
site specific investigation under the state’s Ground Water Discharge Permit program.  
Groundwater flow modeling would be a likely requirement for large volumes of flow. 
 
In general RIBS require a significant land area if large flow volumes are to be realized.  
For planning purposes, approximately 1- 2 acres of land would be required for the 
construction of a RIB system.  
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3.4.2.b  Injection Wells 

 
ASR wells are more common in the coastal plain deposits of Southern NJ and along the 
Mid-Atlantic states.  Many ASR projects were identified to eliminate saltwater intrusion 
where over withdrawals from fresh water aquifers were occurring.  Within New England 
injection wells have been used in Westport, MA for treated wastewater although these 
wells were not specifically designed to mitigate water withdrawals or create additional 
storage of water resources in subsurface deposits. 
 
In general, injection wells can be limited by the aquifer characteristics and the resulting 
well hydraulics.  Again, depth to the water table from ground surface can limit the 
amount of hydraulic head available for injection.  Similarly size of well and construction 
characteristics are important for long-term flow characteristics.  In general injection wells 
are constructed like municipal production wells with longer screens and an associated 
gravel filter peak between the screens and the natural formation.  Injection volumes are 
generally 20-30% of a similarly designed extraction well, often due to local hydraulic 
conditions.  For planning purposes, injection rates of 500-600 gpm within the aquifer 
deposits north of the current Shrewsbury / Worcester well system would require 5-7 
injection wells with an installed price of $80,000-$100,000.  Using $700,000 as an 
estimated well construction cost, additional costs for testing, modeling and permitting 
could readily add $250,000 to the well cost.  Reinjection of surface waters would 
undoubtedly require treatment to remove sediment and deactivation of bacteria.  
Although no clear permitting process exists for ASR injection well projects, likely 
permitting requirements will include a UIC permit and a Groundwater Discharge Permit. 

3.4.2.c  Infiltration Trenches or Chambers 

 
A commonly used technique for recharging stormwater is the use of infiltration trenches 
or manufactured infiltration chambers. These systems also used in septic system design 
or leaching fields can be utilized for groundwater recharge.  Varying capacities exist 
dependent on design however, unitized recharge rates fall between 2 and 5 gpd/sqft of 
surface area for these subsurface systems.  At these rates the overall footprint of a 400-
500,000 gpd system could range between 1 to 2 acres of subsurface field size.  
Construction costs for this range between $10 and $20/sqft creating a planning level 
cost of $800,000 – $1,600,000 dependent on site conditions and depth of bury. 
 
Water quality concerns would need to be addressed in both the design and permitting 
efforts.  Similar to injection wells disinfection/deactivation and TSS removal is 
recommended to eliminate fouling.  However, subsurface systems tend to be 
significantly more robust or less susceptible to fouling when compared to injection wells.  
Open RIB systems remain the least costly or difficult to maintain but concerns for 
freezing may create periods of shutdown during extremely cold weather.   
 
Permitting requirements would include a comprehensive hydrogeologic evaluation to 
characterize subsurface mounding under the state’s Groundwater Discharge Permit 
requirements.  
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FIGURE 3-4
Routing from
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Shrewsbury, MassachusettsData Source: Office of Geographic and Environmental Information (MassGIS), Commonwealth of
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4.0 MATRIX EVALUATION 
 

 
An evaluation matrix can often provide clarity and objectivity to an alternatives analysis.  
Alternatives discussed in previous chapters are summarized in Table 4-1 below.  Multiple 
criteria for each source alternative are provided.  These include: 
 

 Yield - Potential source of production 

 Environmental – Environmental impacts and difficulty in obtaining permits 

 Evaluation / Design – Costs and schedule for implementation 

 Capital Costs – Total infrastructure costs 

 Operational Costs – Increase in variable costs effecting water rates, not including 
capital funding 

 Political – Political acceptance 
 
Each of the factors is defined in greater detail below.  All scores were designated to range 
between values of 1 to 5 with 1 being the least favorable or highest cost and 5 being the most 
favorable or least costly to implement. 
 

4.1 Yield 

 
The alternative selected must be carefully considered for its overall yield.  Yield considerations 
for Shrewsbury can be divided into short-term, low volume solutions sufficient to meet increases 
above their current source capacity versus long-term, high volume sources capable of providing 
a full replacement capacity for the foreseeable future.  These sources generally have predicted 
yields between .010 and .15 MGD. Those alternatives which had an unknown yield or poor 
capacity were ranked as a 1.  Sources that provided full replacement capacity and had 
redundant production capacities were ranked as a 5.  Where source alternatives had sufficient 
capacity to augment current supplies or mitigate their withdrawal effects these options were 
scored a median value of 3.  These options can generally be considered not full capacity 
replacements as they may be subject to future political or regulatory hurdles. 
 

4.2 Environmental 

 
Although this can be a broad based category, environmental considerations are broken into 
three overall areas:  potential impacts, difficulty of obtaining permits (including estimates of 
potential mitigation), and long-term energy increases for the selected alternative.  Permitting 
and mitigation have direct impacts on schedule and overall project costs.  Widespread 
mitigation measures can be costly and difficult to implement.  Temporary environmental impacts 
due to construction were not included in the scoring as these impacts assumed to be handled 
under current requirements of local and state regulatory agencies (e.g. wetlands crossings, 
etc.).  In general, local development of additional groundwater sources sufficient to meet 
demand were viewed as requiring extensive mitigation under the changes to the Water 
Management Act.  Bedrock well sources are viewed as having slightly less impact on surface 
water resources although detailed site specific investigations would be required.  MWRA 
supplies are considered to be of sufficient capacity that the impact of required withdrawal 
volumes has already been assessed.  Where there is a transfer of raw water requiring a new 
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additional surface water treatment facility, the increased energy for operating and maintaining 
another WTF is recognized through a lower score.  Environmental scorings are intended to 
show relative rank within the category and are useful as a comparative tool rather than an 
absolute value.   
 

4.3 Evaluation / Design 

 
Both the length of time and the difficulty of the study/design process generally impact the costs.  
All alternatives were constrained to available or proven technologies.  The treatment of 
groundwater sources with elevated iron or manganese was assumed to be pressure filtration 
using catalytic oxidation or an equivalent process.  Surface water treatment was assumed to 
require either conventional methods or membrane filtration.  Extensive pipeline development for 
cross country transmission or distribution piping was ranked less favorably than upgrades to 
existing piping although further work needs to be accomplished relative to the Northborough 
options as system hydraulics may be disrupted by assumed upgrades. 
 

4.4 Capital Costs 

 
Capital costs were significantly impacted by alternatives where new treatment facilities are 
required.  Additional groundwater wells and even the ongoing use of existing supplies may 
require filtration.  Multiple smaller plants, if required to treat disperse groundwater supply 
locations would result in elevated capital costs.  Connection to the Worcester system appears to 
have the lowest capital costs with the assumption that costs for any required mitigation under 
the WMA is not included.  Including mitigation costs if Worcester were used as a full 
replacement source, would significantly modify the score or rank for this alternative. 
 

4.5 Operational Costs 

 
Distribution of treated water provided by an external system has the least operation costs for 
Shrewsbury’s water department.  Water rates for purchased water are assumed to include 
operational costs for the system where the supply originates.  Options where Shrewsbury must 
construct and operate a new WTF will rank lower due to increased expenses for manpower, 
chemicals, energy, and maintenance.  Multiple treatment facilities and multiple sources 
generally create operational cost increases over a centrally located facility.  Costs are further 
analyzed in Section 5.0.   
 

4.6 Results 

 
The matrix scoring provides a segregation of primary alternatives from lower tier considerations. 
These results are shown in Table 4.1 
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A distinct scoring split can be seen for alternatives scoring above 20 total points.  These 
alternatives are relegated to an A class of alternatives.  A second tier exists for those 
alternatives scoring between 15 and 19 with a B classification.  Class C alternatives score below 
15. 
 
The highest ranking/scoring alternatives, in no assigned order of preference are: 
 

 MWRA connection through Northborough Infrastructure 

 MWRA connecting through Northborough with a dedicated line 

 Connection to Worcester 

 Maintain existing wells and augment with Worcester 

 ASR to wells/aquifer located in Shrewsbury 
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5.0 COSTING ANALYSIS 
 

 
Cost Comparisons for each of the 5 highest scoring alternatives can provide insight into 
implementation requirements, cost variables, and even risk associated with each alternative.  
The following breakdown of conceptual project specifics and associated costs is meant for 
planning and comparison purposes.  Detailed evaluations and extended design efforts are 
necessary for all options in order to develop any given alternative beyond conceptual stages 
and to maintain water quality and quantity requirements for Shrewsbury. 
 
The alternatives, their description and a description of the costing assumptions are provided 
below. 
 

5.1 MWRA Connection via Northborough Infrastructure 

 
The connection to finished water from MWRA’s John J. Carroll Treatment Facility would 
originate at the Marlborough – Northborough town line.  Currently a 16-inch water main leaves 
the plant changing to a 12-inch main within 1000 feet.  From here a variety of 10 and 12-inch 
water mains transmit flow towards a possible connection point with Shrewsbury along Main 
Street.  Upgrades to this pipe would assume a minimum of 20-inch water main would be 
installed at an estimated cost of 5.8 million dollars.  As an interconnection does not exist, 
metering and a booster station would be required to meet hydraulic pressures of the 
Shrewsbury system.  An estimated booster station cost of $580,000 assumes no land 
acquisition costs.  Miscellaneous distribution upgrades may be necessary in Northborough to 
maintain hydraulic balance with a budget estimate of $1,000,000 dollars.  As Shrewsbury would 
most likely eliminate use of its own sources (possibly keeping them as back-up supplies) the 
entrance fees for the MWRA would reflect the 4.35 MGD demand and are estimated at 20.88 
Million Dollars ($4.8 Million / 1 MGD).   
 
Permitting and design costs can be estimated together at approximately 15% of capital 
construction costs based on these budget estimates. 
 
Operating costs for this alternative are not considered as the deactivation of operating 
Shrewsbury’s current sources of supply could be offset by any increases to run, maintain and 
administer the new system.  Similarly, the operation of a booster pump station may be offset by 
the discontinuance of the well pumps.  Infrastructure operation within Shrewsbury should 
continue in a similar fashion as it is today.   
 
Transferring water through Northborough is generally associated with a “wheeling” fee.  Typical 
costs for wheeling water are 10-20 percent premium to the base rate.  MWRA projected rates 
are provided in Appendix B. 
 
For comparison purposes, initial capital costs are shown as an annual loan payment with a 
finance cost of 2% over the 20 year borrowing period.   
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Table 5-1:  MWRA Connection via Northborough Infrastructure  
Cost Estimate 

 

Water Main Improvements $7,800,000 

Booster Pump Station 580,000 

Design & Permitting @ 15% 957,000 

MWRA Connection Fee 20,880,000 

  

Total Estimate $30,217,000 

  

Distributed Capital Costs (20 years at 2% interest) 1,834,356/year 

  

Note:  Plant / Upgrades to MWRA are unknown and therefore not included. 
          Connection fee costs are based on $4.8 million/MGD demand. 
          Demand set at permit limit of 4.35 MGD 

5.2 Connection to MWRA with Cross Country Pipeline Route 

 
In order to avoid impacts to Northborough’s Water System a dedicated water main to 
Shrewsbury could be constructed from the MWRA.  At first glance multiple routes exist from 
Marlborough, however, detailed property analysis and design efforts would need to be 
undertaken prior to final selection.  Construction costs would be lower due to the more direct 
route (26,000 LF) and the absence of road reparation and utility conflicts.  However, costs of 
$4,680,000 are estimated for land easements / purchase and must be factored into this effort.  A 
planning level cost between $100 and $200 / LF easily drives this cost upwards.  A booster 
pump station or significant improvements to the MWRA finished water piping system is also 
anticipated for this alternative.  Design and permitting costs are assumed to increase 
dramatically to allow for increased difficulty (i.e. local wetlands permitting etc.).  Again an 
entrance fee to MWRA is needed.   
 
 
   

Table 5-2:  Connection to MWRA with Cross Country Pipe Line Route  
Cost Estimate   

 

Water Main Construction (dedicated 20-inch main) $7,400,000 

Land Costs (estimated) 5,000,000 

Booster Pump Station 800,000 

Design / Permitting @ 15%  1,485,000 

MWRA Connection Fee 20,880,000 

  

Total Estimate $35,565,000 

  

Distributed Capital Costs (20 years at 2% interest) 2,159,000/year 
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5.3 Connection to Worcester 

 
System connections to Worcester allowing Worcester to provide all of Shrewsbury’s demand 
with an uninterrupted supply may require multiple connections.  Currently connections will feed 
into Shrewsbury’s low pressure zone, and boosted pressure is likely to be satisfied by the 
existing system pumps and storage tanks.  Capital costs for interconnections and Infrastructure 
improvements are estimated at $1.8 – 2.4 million based on 2 system connections.  Design and 
permitting at 15% does not reflect the need to complete an Interbasin transfer Act application 
and to develop and implement potential mitigation requirements in Worcester.  Assuming the full 
cost for mitigation measures equivalent to Shrewsbury’s demand is paid for by Shrewsbury, 
SWMI Pilot Study results indicate for 4.5 MGD flows could be as much as $25 million dollars. 
Although the timing for implementing mitigation may be entirely unrealistic, this alternative is 
dependent on mitigation and regulatory requirements. 
 
 

Table 5-3:  Connection to Worcester  
Cost Estimate   

 

Infrastructure Improvements  
   (mains, connections, booster pump station) 

$2,400,000 

Design & Permitting @ 15%  360,000 

Premium for IBTA, WMA 500,000 

Mitigation Measures 25,000,000 

  

Total Estimate without Mitigation/offsets 3,260,000 

Total Estimate including Mitigation/offsets 28,260,000 

  

  

Distributed Capital Costs (20 years) 144,600 

Distributed Capital Costs with Mitigation/offsets 1,253,448 

  

Note: SWMI Pilot Studies indicated total costs for offset approximately 25 million dollars. 
 

5.4 Maintain Wells, Construct WTF and Augment Supply from Worcester 

 
Although the results of the current plot testing effort for manganese removal is not complete, 
preliminary cost estimates for a Water Treatment Facility range between 12.8 and 13.5 million 
dollars with favorable results being shown by Biologically Activated Carbon technology (BAC).  
The recent Water Management Act Permit places the baseline system demand at 3.91 MGD 
with an additional withdrawal allowed from the Blackstone River Basin of .44 MGD.  The 
combined demands are within the capacity of the current sources barring any significant 
changes in the watershed.  Peak day demands and possible future demand from growth in 
Shrewsbury would be satisfied in this alternative by purchase from the City of Worcester.  This 
alternative requires further definition of any required mitigation, if any for use of capacity from 
Worcester sources.  Additionally, permitting requirements are assumed to be in the range of 
$250,000 should MEPA and IBTA issues arise.  As these issues are dependent on the volume 
transferred significant future work needs to be completed to identify these costs and 
requirements.  Table 5-4 provides estimated costs for this alternative,   As Worcester finished 
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water rates are comparable to Shrewsbury it is conceivable that wholesale water sales could be 
set at a rate that has little effect on Shrewsbury’s retail customer rates. 
 

Table 5-4: Maintain Wells, Construct WTF, Augment Supply from Worcester 
Cost Estimate   

 

Design, Construct WTF $12,800,000 

Miscellaneous infrastructure 800,000 

Design @ 15% 2,040,000 

IBTA, WMA 250,000 

Mitigation Measures 0 

  

Total Estimate $15,890,000 

  

Distributed Capital Costs (20 years) 960,000/yr. 

  

 

5.5 Aquifer Storage and Recharge to Shrewsbury Wells 

 
This alternative represents the most unique solution to the long-term supply issues faced by 
Shrewsbury.  The opportunity to provide mitigation for potential withdrawal impacts within the 
Blackstone River Basin by transferring raw, untreated water from the Wachusett reservoir will 
require significant further analysis and agreement from regulators and suppliers.  However, 
assuming that the current Worcester intake system can be refurbished and a raw water pipeline 
constructed, the overall costs are within the ranges seen for other alternatives. 
 
The most important variable appears to be both the connection fee and the unit cost for 
untreated water.  Assuming the MWRA entrance fee could be diminished by 30 to 50%, and the 
recharge volumes could be maintained below 2 MGD on an annual basis, the initial costs might 
range between 4.8 and 6.7 million dollars.  Similarly, the rate for raw water, although not 
determined could reflect a discount over finished or treated water costs from the MWRA.  Using 
a 20 percent reduction from the current rates charged for the Chicopee Valley Aqueduct service 
area (i.e. $1,800/million gallons or $1.80/1000 gallons).  
 
Table 5-5 provides estimated capital costs including pipeline costs and recharges beds.  
 

Table 5-5: Aquifer Storage and Recharge via Wachusett Reservoir 
Cost Estimate   

 

MWRA Entrance Fee $6,700,000 

Intake Modifications/Booster Pump 600,000 

12-inch diameter Transmission Main (18,000 ft.) 2,700,000 

Recharge Beds 1,200,000 

Engineering Design @ 15% (construction only) 675,000 

  

Total Estimate $11,875,000 

Distributed Capital Costs (20 years) 720,888 
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6.0 SUMMARY 
 
The feasibility analysis for alternate sources of supply revealed a much greater variety of 
alternatives than originally anticipated within Shrewsbury.  The development of additional 
sources is unrealistic.  Both bedrock well sites and sand and gravel aquifers suffer from 
marginal yield, potential water quality problems, and poorly quantified mitigation costs under the 
current WMA process. 
 
In addition, capital and operating costs are excessive for water utilities with numerous low yield 
sources.  Similarly, relying on groundwater resources from surrounding communities is also 
unrealistic for many of the same reasons. 
 
The matrix analysis ranking indicates clearly that alternative sources with sufficient capacity to 
replace the current groundwater wells rank favorably.  Infrastructure costs to connect to treated 
sources from MWRA are a significant drawback to those options.  Additionally, the entrance fee 
represents a significant financial impediment.  Utilizing Worcester as a full replacement has 
significant costs unless permitting issues and/or mitigation hurdles can be overcome.  Costs for 
mitigation indicate that Worcester may represent only a partial supply source.  The resultant 
cost effective options therefore reflect the continued use of the existing wells with either 
supplemental supply from Worcester or a possibly robust mitigation plan for aquifer recharge 
allowing current and future increased withdrawals from the current aquifer. 
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