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MEMORANDUM 
To: Mar�n Pillsbury, Metropolitan Area Planning Council 

From: Neal Price and Mike Demanche, Horsley Witen Group 

Kevin MacKinnon, PG, PH and Andrew Walker, PH, CFPM, Weston & Sampson Engineers  

Date: November 30, 2023 

Re: Task 1 Literature Review Summary Memorandum - Ipswich River Watershed Water 
Supply Alterna�ves Modeling Project 

 

Introduc�on 
The Horsley Witen Group (HW) and Weston and Sampson Engineers (WSE) are pleased to 
submit this memorandum to the Metropolitan Area Planning Council (MAPC) and the North 
Shore Water Resilience Task Force (the Task Force) summarizing our review of key background 
literature for Ipswich River Watershed (IRW) water management issues. The IRW includes 22 
ci�es and towns between the Ipswich River’s headwaters in Wilmington and North Andover and 
its mouth in Ipswich. Public water systems which withdraw water from the IRW serve a 
popula�on significantly greater than the popula�on who live in the watershed. When a 
significant propor�on of the water withdrawn from a basin is discharged outside of the basin, 
that creates a situa�on of net water export that can contribute to strain on the basin’s water 
resources. The IRW also has a rela�vely low percentage of sand and gravel and rela�vely high 
rates of stormwater runoff and evapotranspira�on, which together limit the amount of water 
available for aquifer recharge and storage to supply sustained baseflow during extended periods 
of low precipita�on.  

The goal of the current project (the Project) is to evaluate the rela�ve impacts on Ipswich River 
flow and priori�ze the Task Force-iden�fied water supply alterna�ves developed by others 
under a separate contract. The primary literature items reviewed and summarized here were 
specifically listed in the Request for Proposals (RFP) for the Project for review. In addi�on, 
several “supplemental” documents were also reviewed and summarized here that we felt added 
addi�onal context to the background and supported the overall water budget modeling goal of 
this project. This memorandum serves as the deliverable for Task 1 of the Project and will 
inform the water budget modeling and analyses conducted in future tasks of the Project. 
Primary, RFP-requested literature reviewed for this memorandum are: 

• Assessment of Habitat, Fish Communi�es, and Streamflow Requirements for Habitat 
Protec�on, Ipswich River, Massachusets 1998-1999 (Armstrong et al, 2001); 



   
 

   
 

• A Precipita�on-Runoff Model for Analysis of the Effects of Water Withdrawals on 
Streamflow, Ipswich River Basin, Massachusets (Zariello and Reis, 2000); 

• Ipswich River Watershed Management Plan (Horsley & Witen, January 2003); 
• Simulated Effects of the 2003 Permited Withdrawal and Water-Management 

Alterna�ves and Reservoir Storage and Firm Yields in Three Surface-Water Supplies, 
Ipswich River Basin (Zariello, 2004); 

• Effects of Low-Impact-Development Prac�ces on Streamflow, Runoff Quality and Runoff 
Quan�ty in the Ipswich River Basin (2010);  

• Factors Influencing Riverine Fish Assemblages in Massachusets (Armstrong et al, 2011); 
• Ipswich Basin Water Management Act Planning Grant Study for Fiscal Year (FY) 2017;  
• Ipswich Basin Water Management Act Planning Grant Study for FY 2018; 
• Drought Management Plan Update, Town of Danvers, Massachusets, July 2019; 
• Below WMA-threshold Study for the Ipswich River and Parker River Basins (MassDEP, 

2018 and amended in 2019); 
• Minimiza�on Plan, Town of Danvers, Massachusets, 2019; and 
• MassDEP Water Management Act (WMA) Program Water Use Data. 

Supplemental literature reviewed for this memorandum are: 

• IRWA cri�que of DEP below WMA Threshold Study; 
• Massachusets Sustainable-Yield Es�mator: A decision-support tool to assess water 

availability at ungaged stream loca�ons in Massachusets (SIR 2009-5227, Archfield et al, 
2010); 

• Methods Used to Es�mate Daily Streamflow and Water Availability in the Massachusets 
Sustainable-Yield Es�mator Version 2.0 (Levin and Granato, 2018); 

• Massachusets Sustainable Water Management Ini�a�ve (SWMI) Framework Study 
(November 28, 2012); 

• STRMDEPL08—An Extended Version of STRMDEPL with Addi�onal Analy�cal Solu�ons 
to Calculate Streamflow Deple�on by Nearby Pumping Wells (Reeves, 2008); 

• Hydrologic Drought Decisions Support System (HyDroDSS)- (Gregory E. Granato, 2014); 
• Simula�on of Ground-Water Flow and Evalua�on of Water-Management Alterna�ves in 

the Upper Charles River Basin, Eastern Massachusets (Leslie A. Desimone, Donald 
Walter, John Eggleston and Mark Nimiroski,2002); and 

• City of Peabody Integrated Reservoir Model: Coupling Quan�ty, Conserva�on; Habitat 
(Weston & Sampson, 2022);  

• MassDEP WMA/SWMI tools and suppor�ng data; and 
• 2022 Massachusets Climate Change Assessment (Execu�ve Office of Energy and 

Environmental Affairs, December 2022).  



   
 

   
 

Primary, RFP Literature Review Summary 
 
Assessment of Habitat, Fish Communi�es, and Streamflow Requirements for 
Habitat Protec�on, Ipswich River, Massachusets 1998-1999 (Armstrong et al, 
2001) 
In this influen�al paper, researchers from the USGS and MassDEP assessed the consequences of 
low flow condi�ons in the Ipswich River on the habitats of fish communi�es in the system. The 
study included the delinea�on of stream macrohabitats by topographic and georeferenced 
orthophoto maps, visual habitat assessments using USEPA rapid bioassessment protocols, 
streamflow measurements and calcula�ons, and fish-community sampling via electrofishing 
with pulsed direct current backpack units. Fish-collec�on data was used to assess stream 
macrohabitats in three ways: species richness and composi�on, trophic composi�on, and 
abundance and condi�on. All informa�on collected in this study was used to establish 
streamflow requirements for habitat protec�on at six loca�ons along the Ipswich River. Key 
findings from the study include: 

• Habitat is not a limi�ng factor for fish communi�es in years when the Ipswich River 
maintains flow.  

• In dry seasons, such as 1999, channel margin habitats such as exposed roots, undercut 
banks, woody debris, and overhanging vegeta�on are unavailable to fish. During this 
1999 season en�re reaches of the Ipswich River dried completely and in many reaches 
that did not dry completely flow veloci�es were so low as to be undetectable. 

• 95% of fish species in the Ipswich River mainstem are classified as macrohabitat 
generalists that do not rely on strong river flow.  

• Streamflow requirements for fish passage at four sites are as follows:  
o Mill Street, North Reading/Reading: 7 cubic feet per second; 
o Log Bridge Road, Middleton/Danvers: 22 cubic feet per second; 
o Route 1, Topsfield: 22 cubic feet per second; and 
o Mill Road, Ipswich/Hamilton: 60 cubic feet per second. 

A Precipita�on-Runoff Model for Analysis of the Effects of Water Withdrawals on 
Streamflow, Ipswich River Basin, Massachusets (Zariello and Reis, 2000) 
Researchers from the USGS created a hydrologic model of the subbasins of the Ipswich River 
Watershed using the Hydrologic Simula�on Program Fortran (HSPF) to assess the impacts of 
contemporary and planned water use scenarios. Key findings from the study include: 

• HSPF was used to simulate surface and groundwater withdrawals from the Ipswich River 
basin. HSPF is a physically based mass-balance model based on climate, streamflow, and 
water use data, land-use derived hydrologic response units (HRU’s), and stream 
hydraulic characteris�cs. The model was calibrated to data from the South Middletown 



   
 

   
 

and Ipswich Gauging Sta�ons. The Ipswich River and main tributaries were divided into 
stream reaches based on hydrology, water withdrawals, habitat considera�ons, and 
wetlands. HRUs simula�ng unique combina�ons of land use, surficial geology, and water 
use prac�ces were developed to characterize the basin.  

• Modeling followed a study period from 1989 through 1993 during which �me combined 
water withdrawals exceeded streamflows above the South Middletown gage and nearly 
exceeded streamflows at the Ipswich gage during the summer. Groundwater 
withdrawals always exceeded surface water withdrawals at the Middleton gage, but only 
exceeded surface water withdrawals above the Ipswich gage during seasonal surface 
water restric�on periods.  

• Streamflow deple�on in HSPF is calculated using the USGS Stream Deple�on model 
(STRMDEPL) to compute the delayed effects of groundwater withdrawals based on well 
pumping rates, proper�es of the aquifer and streambed, and distance. 

• Mul�ple water use scenarios were evaluated. Low flow (99.8% exceedance probability) 
flow-dura�on curves were approximately an order of magnitude lower in calibra�on 
scenarios with only groundwater withdrawals versus simula�ons with only surface water 
withdrawals. This difference was larger at the South Middleton sta�on where 
groundwater withdrawals are a larger por�on of streamflow than at the Ipswich sta�on. 
Surface water withdrawal impacts were minimized during low flow condi�ons due to 
restric�ons requiring withdrawals only occur only during periods of high flow.  

Ipswich River Watershed Management Plan (Horsley & Witen, January 2003) 
Horsley & Witen prepared a watershed management plan on behalf of the Ipswich River 
Watershed Associa�on to build upon research previously conducted in the watershed and work 
towards balancing the water budget for the basin. Key findings from the plan include: 

• Of the water pumped from the Ipswich River watershed by municipali�es, 80% is 
discharged outside of the watershed.  

• Over �me the assemblage of fish species in the Ipswich River has changed from species 
that rely on flow to generalist species found in both lake and river environments.  

• The Ipswich River experiences severe and chronic low-flow problems in the summer and 
fall with occasional low flow problems in other seasons.  

o The upper half of the Ipswich River is o�en not usable for canoeing during the 
summer and early fall.  

o Canoeing in the lower half of the Ipswich River is impaired at �mes due to long 
sec�ons of the riverbed becoming too shallow.  

• Communi�es in the Ipswich River watershed use 25%-160% more water in peak months 
than in the winter.  

• Several measures to improve net water balance in the basin were outlined in the plan, 
including: 



   
 

   
 

o Improving water conserva�on, with the goal of reducing demand by 15% basin 
wide; 

o Seeking alterna�ve water supplies and reducing the demand from streamside 
wells; 

o Reducing water exports through the increased treatment and infiltra�on of 
wastewater within the basin; 

o Enhancing stormwater infiltra�on to reduce runoff;  
o Increasing water storage at various scales, from rainwater cisterns for irriga�on 

to large-scale reservoirs; and 
o Improving land use prac�ces through “smart growth” planning measures to 

reduce the per capita water demand in order to account for increased growth in 
the region. 

Simulated Effects of the 2003 Permited Withdrawal and Water-Management 
Alterna�ves and Reservoir Storage and Firm Yields in Three Surface-Water 
Supplies, Ipswich River Basin (Zariello, 2004) 
Following the original development of the HSPF model, USGS researchers adapted the model to 
assess the impacts of surface water withdrawal permi�ng thresholds on the resiliency of public 
drinking supply reservoir systems that rely on the Ipswich River. Key findings from the study 
include: 

• The HSPF precipita�on-runoff model developed by Zariello and Reis (2004) was u�lized 
to assess water budgets and firm yield capacity for the Salem-Beverly, Peabody, and Lynn 
water supply reservoirs. Mul�ple reservoirs within each system were modeled as single 
combined reaches within the HSPF model.  

• Firm yield (the maximum demand rate that can be sustained during droughts) 
calcula�ons for the systems analyzed in this report are complicated by the need to 
follow minimum streamflow requirements, which vary seasonally, as well as the use by 
some systems of non-variable pumping rate pumps that are either on at maximum 
capacity or off.  

• Under the 2003 permited withdrawals, none of the systems analyzed could meet 1998-
2000 system demands. Storage in each system failed during mul�ple years of the study 
period at each system, and storage was below 25% of capacity during a significant period 
of the study. 

  



   
 

   
 

Results Summary Table Lynn (10.6 
MGD 
demand) 

Peabody (5.9 MGD 
demand) 

Salem-
Beverly (10.1 
MGD) 

Average storage as % of capacity 73% 35% 73% 
Years during which system failure 
occurred 

4 of 35 34 of 35* 
 

4 of 35 years 

Percentage of �me storage below 
25% of capacity 

8% 50% 7% 

Firm yield % below 1998-2000 
average demand 

19% 45% 17% 

Calculated Firm Capacity and % 
below 1998-2000 average demand 

8.59 MGD  
(19%) 

3.24 MGD  
(45%) 

8.38  
(17%) 

Calculated Firm Capacity increase 
with hypothe�cal low-flow 
pumping 

+0.31 -0.17 +0.41 

*The Peabody system was depleted approximately 25% of the en�re simula�on �me. 

• Management alterna�ves analyzed included adding variable pumping rate pumps with 
lower pumping rates to each system, crea�ng alterna�ve minimum streamflow 
thresholds, and allowing withdrawal rates above the firm yield (only limited by 
streamflow thresholds) during years when that can be atained with the understanding 
that storage would be depleted leaving the reservoir system more suscep�ble to failure 
under condi�ons of successive droughts where storage is not replenished.   

o The use of lower pumping rate pumps would allow the systems to withdraw 
water more slowly, enabling withdrawal to con�nue during lower river flows 
without withdrawals viola�ng the minimum streamflow threshold. 

o The calculated firm yields for all systems were slightly less sensi�ve to changes in 
the spring streamflow threshold value than to the fall/winter threshold. 

• The study found that persistent, mul�-year droughts pose the greatest risk of system 
failure, however systems are also vulnerable to short-term droughts during the fall and 
winter. Low storage in the spring leads to higher risk later in the year.  

Effects of Low-Impact-Development Prac�ces on Streamflow, Runoff Quality and 
Runoff Quan�ty in the Ipswich River Basin (2010)  
USGS, in coopera�on with Massachusets DCR, studied several low impact development (LID) 
prac�ces in the Ipswich River Watershed between 2005 and 2010. The study included in situ 
experimental installa�ons of LID prac�ces in Wilmington, the results of which were extrapolated 
to the broader watershed through simula�on in the HSPF model described above. Key findings 
from the study include: 

• The following LID prac�ces were evaluated for their impacts on the quality and quan�ty 
of surface water runoff and groundwater: 



   
 

   
 

o Replacing a tradi�onal parking lot with porous pavement: Enhanced infiltra�on 
at this installa�on did not lead to increased nutrient, metals, or petroleum-
hydrocarbon concentra�on in the effluent groundwater.  

o Installing 12 rain gardens and porous pavement throughout a 3-acre 
neighborhood: No change in water quality parameters were observed. Surface 
runoff decreased during small storms (<0.25 inches of rain), but no change in 
runoff ra�o was observed during larger rain events.  

o Installing a 3,000�2 green roof: More than 50% of precipita�on was retained by 
the roof in storms with an antecedent dry period greater than 70 hours (49 of 70 
storms during the study). The total amount of roof-related chemicals decreased, 
but due to the lower volume of runoff this resulted in higher concentra�ons.  

• New baseline condi�ons for the HSPF model were established as well as new buildout 
poten�al scenarios with LID implementa�on at mul�ple scales. LID implementa�on was 
reflected in the model via changes in land use parameters. Water conserva�on pilot-
program based withdrawal reduc�ons were also evaluated.  

• Modeled impacts of LID implementa�on on streamflow was limited at the major basin 
scale by the rela�vely low prevalence of impervious landcover types throughout the 
watershed. In most subbasins, the amount of exis�ng impervious area was too low to 
appreciably increase streamflow even when LID implementa�on was modeled as 
reducing the effec�ve impervious area by 50%.  

• LID implementa�on may increase streamflow at a local scale in small subbasins with 
higher propor�ons of impervious cover. The impacts are greater when LID prac�ces can 
capture runoff from rela�vely large impervious areas and minimize the direct 
conveyance of runoff to watercourses, thereby increasing aquifer recharge. 

• Water conserva�on pilot projects were included in the study, such as the 
implementa�on of “smart” irriga�on controllers on municipal athle�c fields, soil 
amendments to improve water reten�on at athle�c fields, use of rainwater collec�on 
systems for irriga�on water, and offering free residen�al water-use audits, retrofits, and 
rebates for low-flow appliances. The effects of widespread implementa�on of these 
water-conserva�on pilot projects yielded a similarly minor impact on streamflows at a 
basin scale.  

Factors Influencing Riverine Fish Assemblages in Massachusets (Armstrong et al, 
2011) 
In this so-called “Fish and Flow” study, USGS, in conjunc�on with MADCR, MADEP, and MA Fish 
and Game, studied the rela�onships between fish-assemblage characteris�cs, anthropogenic 
factors such as impervious cover and flow altera�ons, and environmental factors such as 
physical basin structure and land use in small to medium streams throughout the 
Commonwealth. Key findings from the study include: 



   
 

   
 

• Data on local habitats (stream width, substrate, stream velocity, water depth, and 
stream temperature) and data on mesohabitats (number, quality, and sequencing of 
riffles, runs, and pools) were not available for analysis. Local channel slope, strongly 
related to velocity, was es�mated using GIS for each fish sampling site. 

• Percent flow altera�on was determined to be a significant variable impac�ng fish 
assemblages. 

o As many as 7 fluvial fish species are expected in streams with litle flow altera�on 
or impervious cover. 

o No more than 4 fluvial fish species are expected in streams where flow 
altera�ons from groundwater withdrawals exceed 50% of the August median or 
the percent area of impervious cover exceeds 15%. 

o As rates of withdrawal approach 100%, few fluvial fish remain. 

• An increase in the es�mated percent altera�on of August median flow from 
groundwater withdrawals from 0 to 14% is associated with a loss of roughly 1 fluvial 
species. 

• Keeping all other variables the same, a 1% increase in the percent altera�on of August 
median streamflow from groundwater withdrawals indicator is associated with a 0.9% 
decrease in rela�ve abundance of fluvial fish, with the 95% confidence interval indica�ng 
the decrease is between 0.1 and 1.7%. 

Ipswich Basin Water Management Act Planning Grant Study for Fiscal Year (FY) 
2017  
Six community water suppliers in the Ipswich River Basin (Danvers, Middleton, Hamilton, 
Lynnfield Center Water District, Topsfield, and Wenham), the Massachusets Waterworks 
Associa�on, and Kleinfelder conducted a study to evaluate contemporary and future challenges 
facing municipal water suppliers in the Basin and iden�fy solu�ons. Key findings from the study, 
as reported by Kleinfelder, include: 

• The mean annual streamflow at USGS gauging sta�ons is 68 cubic feet per second just 
below the South Middleton Dam and 194 cubic feet per second just below the 
Willowdale Dam.  

• Evapotranspira�on within the Ipswich Basin is seasonal, averaging 24 million gallons per 
day in December and 352 million gallons per day in July.  

• Over 95% of total authorized withdrawals in the Ipswich Basin are from municipal water 
suppliers.  

• On average, water suppliers in the Ipswich Basin meet water conserva�on standards.  
• Due to hydrologic constraints, municipal groundwater suppliers in the Ipswich Basin are 

unable to implement advanced strategies to minimize environmental impact (e.g. no 
access to surface supply storage to moderate the use of wells during the summer).  



   
 

   
 

• Modeling by Zarrielo and Ries suggests that benefit gained by enac�ng restric�ons on 
groundwater withdrawals may be offset by an increase in evapotranspira�on caused by 
climate change.  

• Expansion of regional water supplies and surface water supply op�ons should be 
explored.  

• Alterna�ve water sources preliminarily iden�fied, and their feasibility ra�ng, were: 
o New local groundwater sources – Poor feasibility. 
o Construc�ng a new reservoir – Poor feasibility.  
o Reclaiming water – Poor feasibility.  
o Eleva�ng exis�ng reservoirs – Fair to poor feasibility. 
o Municipal interconnec�ons – Fair to good feasibility.  
o Connec�on to the Massachusets Water Resources Authority – Fair to good 

feasibility. 

• Poten�al stormwater recharge improvement techniques and their limita�ons are: 
o Permeable paving – Clogging must be prevented. 
o Rain gardens/bioreten�on cells – Requires careful landscaping.  
o Roof drywells – Best for residen�al roofs. 
o Leaching catch basins – Best if deep sumps are provided for pre-treatment. 
o Infiltra�on basins or trenches – Requires frequent maintenance. 
o Subsurface structures – Not suitable for all soils and must be designed to prevent 

clogging. 
o Ar�ficial recharge/injec�on well – Pre-treatment required to avoid groundwater 

contamina�on. 

Ipswich Basin Water Management Act Planning Grant Study for FY 2018  
This report builds on the FY 2017 Planning Grant Study by developing an Integrated Opera�onal 
Model to further examine op�ons for water management within and water importa�on to the 
Ipswich Basin. Key findings from the study, as reported by Kleinfelder, include: 

• The four types of alterna�ve management scenarios discussed were: 
o Increased storage throughout the basin;  
o Demand reduc�on;  
o Sharing of water between communi�es within authorized volumes; and  
o Impor�ng water.  

• There is a lack of available suitable aquifers in undeveloped areas away from headwater 
streams, which has led to very limited success by municipal suppliers in iden�fying new 
groundwater sources. 

• A year-round demand reduc�on of 10% would result in a 1-2% improvement in supply 
reliability.  

• The poten�al for water shor�alls is greatest in communi�es without storage. 



   
 

   
 

• In general, the Ipswich Basin has enough water to sa�sfy all authorized needs, but the 
water is not always in the right place at the right �me.  

• Augmen�ng their supplies with imported water from the MWRA system could provide 
sufficient amount of water for Danvers, Lynnfield Center, and Topsfield. Extensive 
documenta�on is required to be admited to the MWRA system.  

• While it would require regulatory consent and addi�onal infrastructure, one poten�al 
opportunity would be for two or more communi�es to form a regional partnership in 
which the total authorized withdrawals are pooled, and water could be transported from 
where it is available to where it is needed without exceeding the maximum withdrawal 
amounts.  

Drought Management Plan Update, Town of Danvers, Massachusets, July 2019 
Following the FY 2017 and FY 2018 planning grant studies, Kleinfelder con�nued their technical 
support for the Town of Danvers (which also provides water to Middleton), by preparing a 
drought management plan (DMP) for the Town. This Water Management Act FY 2019 Grant 
project’s purpose was to compile and review the past 18 years of demand (hydrologic and 
opera�onal), consider climate change and demand projects, and update the Drought 
Management Plan. Key findings from the study, as reported by Kleinfelder, include: 

• The Town of Danvers has a drought management plan, circa 2000, that was developed in 
response to the need to rely on outside water purchases during drought years. When 
necessary, during drought condi�ons, the town has purchased water from Salem Beverly 
Supply Board. 

• The study compared data prior to the DMP (1980-1999) to post-DMP (2000-2018), such 
as: 

o Demand remained rela�vely consistent (3 – 3.5 MGD) despite increased 
popula�on in the towns, likely due to successful conserva�on efforts and 
opera�onal efficiency improvements.  

o Rainfall increased by five inches, resul�ng in increased streamflow of the Ipswich 
River. The post-DMP period saw a higher overall streamflow rate and less 
frequent summer low flow condi�ons.  

o The Middleton Pond reservoir has drawn down further in the winter and 
maintains more capacity into late summer and fall months.  

• The study assessed the applicability of drought stage trigger levels on current and future 
demand in the Towns. These trigger levels (based on the Middleton Pond Reservoir 
height) had been established as of the 2000 DMP.   

o A frequency analysis of the drought stage trigger levels indicates that those 
triggers are rela�vely stable and are suitable for the supply and demand of the 
towns.  



   
 

   
 

o The report translated the reservoir eleva�on triggers into remaining “days of 
supply” to determine if these triggers allow for sufficient protec�on of remaining 
supply in the reservoir.  

o Es�mated future demand increases of 8% and 15% were assessed. Under these 
condi�ons the triggers remained sufficient. Trigger stages may need to be re-
evaluated if demand increases exceed 15%. 

• The DMP was evaluated for resiliency against climate change.  
o Available climate change predic�ons suggest that short-term droughts would 

likely occur more frequently, increasing the frequency of drought triggers. Severe 
and emergency drought stages were predicted to be in effect 13-14% of the �me.  

o Climate predic�ons suggest that warmer winter and spring temperatures will 
melt snow earlier, resul�ng in higher spring flows in the Ipswich River. 

o Exis�ng drought stage triggers are sufficient throughout the year under predicted 
clima�c condi�ons.  

• Addi�onal recommenda�ons included maximizing the current use of exis�ng wells 
within the limits of the WMA and to explore alterna�ve sources, which may be limited in 
the future.  

• The DMP was updated with the following: 
o Drought responses were updated to reflect outdoor water conserva�on 

requirements of the 2006 WMP permit.  
o Roles and responsibili�es of staff, public info and outreach, and contact lists were 

updated to reflect the �mes.  
o Ipswich flow triggers were updated to reflect the increase in streamflow. 

Below WMA-threshold Study for the Ipswich River and Parker River Basins 
(MassDEP, 2018 and amended in 2019) 
MassDEP conducted a study to inventory all water supply sources in the Ipswich and Parker 
River Basins that withdraw less than 100,000 gpd, and thus are not regulated by the WMA. Key 
findings from the study include: 

• The WMA regulates withdrawals for all en��es that withdraw at least 9 million gallons 
over a 90-day period through registra�ons and/or permits. 

• Sources in the withdrawal inventory included residen�al wells (drinking water, irriga�on, 
both), wells and surface water sources used for irriga�on at large private proper�es 
(agriculture, golf courses, housing complexes, retail, industry, non-profit proper�es), 
municipal irriga�on sources, and water supply sources at commercial and industrial 
facili�es with high water use (concrete batching, car washes, playing fields, etc.). 

• WMA withdrawals represent approximately 95% of the total annual withdrawals within 
Ipswich Basin and approximately 80% of total annual withdrawals within the Parker 



   
 

   
 

Basin.  For withdrawals not regulated by the WMA, nonessen�al outdoor water use is 
limited.  

• Municipal records, municipal Public Water Supply (PWS) boundaries, USGS Data, 
MassDEP SearchWell database, GIS layers, Annual Sta�s�cal Reports (ASRs), and visual 
observa�ons were u�lized in the final calcula�ons and inventory.  

o Es�mates were included for both inside and outside municipal PWS boundaries. 
o Independent withdrawals inside municipal PWS boundaries are primarily wells 

for irriga�on. 

• The study concluded that a majority of water withdrawals inside of PWS boundaries are 
for irriga�on while those outside of PWS boundaries are for both potable and non-
potable uses. 

Minimiza�on Plan, Town of Danvers, Massachusets, 2019 
The Town of Danvers was tasked to develop a minimiza�on plan for the impacts of groundwater 
withdrawal on the Ipswich Basin as a result of the revised 2014 WMA regula�ons and the 
renewal of the Towns WMA permit. The goal was to modify well withdrawals to minimize 
impacts on streamflow while s�ll mee�ng system demands. Key findings, as reported in the 
study include: 

• The evalua�on included a desktop review of exis�ng source op�miza�on, an assessment 
of poten�al alterna�ve sources as well as the feasibility, impact, and cost of each, an 
assessment of surface water releases, and an assessment of addi�onal water 
conserva�on measures. 

• The SWMI framework was used to balance water supply needs with impacts on 
streamflow by minimizing groundwater deple�on.  

o Danvers’ groundwater sources are already constrained by the streamflow 
maintenance requirement of the exis�ng WMA permit. Therefore, the study 
opined that further modifica�on of exis�ng well withdrawals to minimize impacts 
is not considered feasible.  

o Availability of water from the Town of Danvers’ wells has varied due to yield and 
water quality impacts. Wells have needed replacement or improvement to 
restore yields. One wellsite has been taken offline due to PFAS contamina�on.  

• Opera�onal changes, such as changes in pump capacity or reservoir holding �me, and 
reservoir eleva�on increases (e.g. increased storage capacity) were modeled under 
current and predicted future demand scenarios using an updated version of the HSPF 
model developed for the Ipswich River Watershed.  

o Well pumping rates at Well 1 were below their permited capacity due to 
technical constraints such as plugging. Addi�onally, PFAS was present in Well 1 
above the proposed MassDEP health advisory level. 



   
 

   
 

o Part 1 of this modeling assumed Danvers’ exis�ng wells were u�lized at the full 
limit of their exis�ng WMA Permit annual average withdrawal limits. Under this 
scenario, the exis�ng reservoir system is currently op�mized given its physical 
and hydrologic constraints.  

o Increased reservoir capacity could provide full resiliency to historic drought 
condi�ons under current demand by raising the eleva�on of the Emerson and 
Middleton Pond Reservoirs by 2 and 5 feet respec�vely, though a 15% increase in 
demand would negate this posi�ve impact and water would s�ll need to be 
purchased during periods of drought. 

o Part 2 of the modeling assumed pumping Danvers’ exis�ng wells at current, 
limited yields. With limited well produc�on, the eleva�on of Middleton Pond 
Reservoir would need to be increased by 8 feet in order to provide drought 
resiliency. The results of this modeling scenario emphasize the inflexibility within 
the current system, the importance of the wells for mee�ng demand, and the 
importance of demand management to the system’s resilience. 

• Alterna�ves were considered to minimize withdrawals, including: 
o A new Ipswich basin groundwater source in the North Coastal Basin: Several 

Ipswich River subbasins in Middleton are under 25% net groundwater deple�on, 
with very low amounts of addi�onal withdrawal available without increasing the 
groundwater deple�on category under the SWMI �er 3 requirements. In 
subbasins where addi�onal withdrawal would not change the groundwater 
deple�on category, poor hydrogeologic condi�ons limit the feasibility of an 
addi�onal groundwater source. A new source may be feasible in a poten�ally 
produc�ve aquifer in the North Coastal Basin in Danvers. Development of this 
source would not trigger the Interbasin Transfer Act, since this well would not 
increase supply capacity and water would not be delivered across town lines, but 
any addi�onal groundwater withdrawal (if hydrogeologically feasible) in the 
subbasin would trigger Tier 3 new source approval of a groundwater source 
under the WMA. 

o Purchase water from interconnec�ons with other suppliers outside of the Basin: 
Hydraulic modeling, conceptual design, and cost es�mate analyses would be 
required to fully assess the feasibility of this alterna�ve. In the mean�me, the 
con�nued purchasing from Salem-Beverly is likely to con�nue to occur despite 
high costs.  

o Purchase water from direct connec�ons with MWRA: This alterna�ve may only 
be affordable as part of a larger regional project with cost-sharing.  

o Increasing the height of the Middleton Pond Reservoir: There may only be an 
incremental benefit but at a high cost. Therefore, this was deemed unlikely to be 
feasible. 



   
 

   
 

o Per WMA Guidance, determine if reservoir releases can improve �ming, 
magnitude, and dura�on of downstream flows: Modeling in the study 
determined that the current reservoir and produc�on configura�on is currently 
well op�mized and opera�onal changes cannot significantly improve streamflow 
condi�ons.  

o Opportuni�es to return water via infiltra�on, recharge, or wastewater discharge: 
 Wastewater discharge: Danvers is 95% served by sewer, and Middleton is 

unsewered. All new development is expected to be served by on-site 
sep�c. Exis�ng and future sep�c returns in Middleton are feasible 
returns. 

 Infiltra�on/Inflow improvements: Danvers has an improvement plan 
which includes infiltra�on removal in selected sewer subareas. 

 Small scale recharge efforts may yield marginal improvements but are not 
likely to provide much benefit rela�ve to their costs. 

• According to the report, the Town’s exis�ng water supplies have litle to no flexibility for 
modifica�on for minimiza�on purposes and current efforts have been effec�ve for 
minimizing impacts on the Ipswich River.  

MassDEP WMA Program Water Use Data 
The database comprising the WMA Permi�ng Tool (release date 11/26/2018) was downloaded 
and assessed. Data from this tool will be incorporated in the modeling effort in Task 2. 
Characteris�cs of the subbasins within the IRW were exported from the database for inclusion 
in the model. Key characteris�cs include the area and percent impervious cover of the subbasin, 
sep�c system and other groundwater discharges, surface water discharges (NPDES), PWS and 
commercial well withdrawal volumes, private well withdrawal volumes, and unaffected 
streamflow.  

Data from the WMA tool were extracted and compiled to populate Table 1 (atached) which 
summarizes the current WMA-regulated, water withdrawal landscape in the watershed by 
subbasin. 

Supplemental Literature Review 
 

Massachusets Sustainable-Yield Es�mator: A decision-support tool to assess 
water availability at ungaged stream loca�ons in Massachusets (SIR 2009-5227) 
The Massachusets Sustainable Yield Es�mator Tool (MA SYE) was developed by the USGS in 
conjunc�on with MassDEP and released in 2009. The MA SYE tool provides screening/planning 
level es�mates of unregulated streamflow in ungaged basins throughout the Commonwealth, 
adjusted for ground and surface water withdrawals and discharges in those basins. Key findings 
from the study include: 



   
 

   
 

• Groundwater withdrawals and discharges can be modified using the STRMDEPL 
analy�cal program to reflect varia�ons in magnitude and �ming caused by aquifer 
proper�es at the withdrawal.  

• Users of the MA SYE tool can manipulate withdrawal and discharge quan��es and 
�ming, the �me period of analysis, or flow targets to assess the impacts of different 
water management scenarios on the sustainable yield of a basin, where the sustainable 
yield is defined as the difference in volume of water required to meet flow targets and 
the unregulated flow to the stream. 

• The MA SYE tool couples physically based flow dura�on curve es�mates, calculated 
based on characteris�cs of the ungaged target basin, with historical streamflow records 
from a reference loca�ons in order to es�mate daily flow. The characteris�cs needed to 
parameterize a basin’s response can be found using StreamStats.  

• Since the SYE flow es�mate relies on comparisons to data from reference gaging 
sta�ons, the MA SYE tool can only be used to es�mate historical flows, specifically for 
the period of October 1, 1960, through September 30, 2004.  

The process by which the MA SYE tool es�mates unregulated streamflow in an ungaged basin is 
as follows: 

1. Physical and climate characteris�cs of the basin are used to calculate quan�les of 
streamflow at six primary exceedance probabili�es. 

2. Eleven addi�onal exceedance probabili�es are calculated by the use of more detailed 
regression analyses. 

3. These exceedance probabili�es are interpolated log-linearly to produce a con�nuous 
daily flow dura�on curve for the basin.  

4. A reference stream gage is selected based on the es�mated Pearson R correla�on 
coefficient between logarithms of streamflows at the ungaged stream and reference 
stream gages throughout the state. The es�mated correla�on coefficient is selected 
based on the loca�on of the ungaged stream, compared to maps of coefficient values 
determined by correla�ng the streamflows of all reference stream gages used in the SYE 
tool. Flows at the reference stream gage are used to es�mate flows at the ungaged basin 
based on their respec�ve FDC curves.  

Massachusets Sustainable Water Management Ini�a�ve Framework Study 
(November 28, 2012) 
The Sustainable Water Management Ini�a�ve (SWMI) was created under the Massachusets 
Execu�ve Office and Environmental Affairs (EEA) with Advisory and Technical subcommitees to 
advise EEA on sustainable water management prac�ces to balance human and ecological needs. 
SWMI developed a framework to guide MassDEP’s permi�ng process for new water 
withdrawals under the WMA. SWMI was partly informed by the SYE, Fish and Flow study, and 
other studies discussed here in this memorandum. Key findings from the SWMI study include: 



   
 

   
 

• The SWMI framework establishes a Safe Yield for major basins which incorporates 
environmental protec�on and hydrologic factors. The Safe Yield is defined as 55% of 
Drought Basin Yield plus reservoir storage. A 55% factor was determined based on 
findings from the USGS Fish and Flow study (Armstrong et al, 2011) which found 
altera�ons greater than 25% of the August median flow caused significant impacts. A 
study of August median flows in basins throughout the Commonwealth determined that 
25% of the August median flow was approximately equal to 60% of the 90th percen�le 
flows (Drought Basin Yield). Inclusion of a safety factor yields the 55% threshold.  

o Reservoir storage for the calcula�on of safe yield is only included for those 
reservoirs of a capacity greater than one year’s flow in the river (Chicopee, 
Nashua, Wes�ield, Narraganset, Quinebaug, Boston Harbor, Charles, and 
Housatonic). 

• Streamflow criteria were established for biological, groundwater withdrawal, and 
seasonal criteria. 

o Biological categories were established based on an assumed linear reduc�on 
rela�onship between fish abundance and basin characteris�cs (flow, impervious 
cover, drainage area, channel slope, and percent sand and gravel) established by 
Armstrong et al (2011, Factors Influencing Riverine Fish Assemblages in 
Massachusets, summarized above). This model defined altera�ons to flow that 
resulted in decreases in fish abundance. 

o Groundwater withdrawal criteria assume a 1:1 rela�onship between withdrawal 
and reduc�on in streamflow. Thresholds were established at the same flow 
volume altera�ons which caused the basin to change from one biological 
category to the next. 

o Seasonal criteria adjust the withdrawal categories (established for August median 
streamflows) for other �mes of the year, based on the assump�ons that high 
summer demand and low flow results in the highest streamflow altera�on.  

• Baseline in the SWMI framework is the condi�on against which future withdrawal 
requests are compared. The proposed baseline condi�on was the higher of 2003-2005 
average use, plus 5%. Baseline could not be lower than the registered volume, must 
comply with permited volume, and cannot be more than the volume for 20 years of 
new water needs as forecasted by the agencies.  

• The SWMI framework is applied to permi�ng under the WMA to protect habitat quality 
by incorpora�ng impacts as changes to the biological and groundwater withdrawal 
categories. Different permit requirements are applied to u�li�es withdrawing from 
waters in different categories. 

IRWS cri�que of DEP below WMA Threshold  
Ipswich River Watershed Association issued a critique in response to MassDEP’s Below WMA 
Threshold Water Withdrawal Inventory. Key points from the critique include: 



   
 

   
 

• The assessment focuses solely on the withdrawals in the Ipswich Basin. The IWRA made 
no conclusions about the Parker River Watershed, which is also a part of the MassDEP 
study. 

• IRWA deemed there were several data gaps and flawed assump�ons, such as: 
o Well installa�ons prior to the year 2000 were not (for the most part) included. 

Prior to 2000, municipali�es generally did not require permits for well 
installa�on, and therefore, IRWA was concerned that DEP’s database likely does 
not include es�mates for the numerous pre-2000 wells.   

o The study assumed that irrigators accounted for rainfall and adjusted accordingly, 
which may not be accurate. 

o Based on these factors, IRWA determined the study underes�mates the total 
volume of withdrawals.   

o Study did not consider withdrawals from wells inside the PWS service areas and 
therefore missed some large-scale withdrawals. 

o Water leaks or other unaccounted for water use was not considered.   
o Timing, loca�on, and/or method of withdrawals were not taken into account for 

the impact on withdrawals.   

• IRWA adjusted the DEP inventory to address these data gaps. Based on the IRWA-
adjusted data, below threshold withdrawals exceed 4 MGD, are growing, and likely will 
con�nue to grow, largely due to their exempt status. These conclusions are in contrast to 
those found by MassDEP. IRWA requested that the study and DEP amend the report to 
address the iden�fied concerns.   

• IRWA recommenda�ons included:  
o MassDEP should review and lower the 100,000 GPD threshold in stressed basins 

like Ipswich. 
o MassDEP should de-incen�vize below threshold withdrawals in order to reduce 

impact. 
 Incen�ves will only increase in the future as Towns try to stay within their 

permits and registered volumes.  
o MassDEP should apply conserva�on measures in stressed basins like Ipswich. 
o MassDEP should reconsider below threshold withdrawal volumes for Safe Yield 

and WMA permit decisions.   
o Total WMA-registered (not WMA-permited) and below-threshold withdrawals 

represent approximately 90% of total withdrawals. 
o In order for MassDEP to meet the requirements of the WMA they should 

condi�on registra�ons and bring more of the below threshold withdrawals under 
the regulatory umbrella in the Ipswich Basin.   



   
 

   
 

STRMDEPL08—An Extended Version of STRMDEPL with Addi�onal Analy�cal Solu�ons 
to Calculate Streamflow Deple�on by Nearby Pumping Wells 
This USGS report discussed STRMDEPL, a one-dimensional model that uses two analy�cal 
solu�ons to calculate streamflow deple�on by a nearby pumping well. The extended program is 
named STRMDEPL08. The original program incorporated solu�ons for a stream that fully 
penetrates the aquifer with and without streambed resistance to groundwater flow. The modified 
program includes solu�ons for a par�ally penetra�ng stream with streambed resistance and for 
a stream in an aquitard exposed to pumping from an underlying leaky aquifer. This tool is used in 
both the HSPF model and SYE. 

Methods Used to Es�mate Daily Streamflow and Water availability in the 
Massachusets Sustainable-Yield Es�mator Version 2.0 (SIR 2018-5146) 
The Massachusets Sustainable Yield Es�mator Tool (MA SYE) is a decision support tool 
developed by the USGS in conjunc�on with MassDEP and originally released in 2009. The MA 
SYE tool provides screening/planning level es�mates of unregulated streamflow in ungaged 
basins throughout the Commonwealth, adjusted for ground and surface water withdrawals and 
discharges in those basins. This 2018 report describes an updated Version 2.0 of the SYE that 
includes refinements made to the previously published methods to es�mate unaltered and 
water-use-adjusted stream flow.  Most significant for this current IRW study is the fact that the 
SYE Version 2.0 now uses streamflow response coefficients (SYE v 1.0 used the USGS STRMDEPL 
program) to es�mate the lag �me between groundwater withdrawals and streamflow impacts. 

• The report states that “Because of the poten�al for STRMDEPL to provide unreliable 
groundwater altera�on es�mates, the method to es�mate the �me-lagged streamflow 
altera�on from ground-water withdrawals in the MA SYE v2 has been updated to use 
algorithms developed for the U.S. Geological Survey Hydrologic Drought Decision Support 
System (HyDroDSS; Granato, 2014). Monthly groundwater response coefficients range 
from 0.0 to 1.0 and propor�on each monthly water-use volume to the month of pumping 
and the 11 following months. For example, a response coefficient of 1.0 in the first month 
of pumping indicates that streamflow deple�on in that month is equal to the volume of 
pumping. A response coefficient of 0.5 in the first month indicates that streamflow 
deple�on in the first month of pumping is only 50 percent of the pumping volume for that 
month and that the rest of the pumping volume would cause deple�ons in subsequent 
months.” 

• Because the effects of pumping may persist for several months a�er pumping, the 
streamflow deple�on for a given month is equal to the deple�ons caused by the current 
month’s pumping plus the con�nuing effects of the previous 11 months of pumping. 

• Response-coefficient values were compiled from the results of calibrated three-
dimensional modular finite-difference groundwater-flow models for 108 groundwater 
sites documented in seven USGS modeling studies in Rhode Island and central and eastern 
Massachusets. The 12-month response-coefficient paterns were selected for each 



   
 

   
 

groundwater withdrawal or return flow site on the basis of the distance and diffusivity of 
each site. Groundwater sites that are close to a stream in high-transmissivity aquifers have 
a rapid altered-flow response. Sites that are distant from the stream or sites in low 
transmissivity aquifers have a slow altered-flow response. The 108 groundwater sites 
were classified into groups with similar transmissivi�es and stream distances, and average 
response coefficients from many wells were used to iden�fy deple�on paterns and select 
monthly response-coefficient values for each group. 

Hydrologic Drought Decisions Support System (HyDroDSS) (Gregory E. Granato, 2014) 
The hydrologic drought decision support system was developed by the USGS in coopera�on with 
the Rhode Island Water Resources Board for use in the analysis of hydrologic variables that may 
indicate the risk for streamflows to be below user defined flow targets and may be adversely 
affected by pumping. The purpose of HyDroDSS is to provide water managers with some insight 
on balancing water-supply needs and aqua�c-habitat protec�on goals to mi�gate poten�al 
effects of hydrologic drought. This document was added to the literature review since it provides 
a more detailed overview of the response coefficient methodology that was used in the SYE v2. 
Streamflow-deple�on response coefficients are defined as the dimensionless ra�o of monthly 
deple�on to unit withdrawals.  
 
This ra�o can be applied as an analy�cal solu�on to develop response coefficients if a numerical 
model is unavailable. A case study was discussed in which response coefficients were es�mated 
for seven produc�on wells and one industrial well in the Hunt River Basin in Rhode Island a 
numerical groundwater model developed for the Annaquatucket and Petaquamscut stream-
aquifer system area. The well closest to the stream had the quickest response to pumping because 
of proximity to the stream and local aquifer condi�ons. The farthest in distance had the slowest 
response to pumping. The response coefficients for all the other wells are slightly less than 1, with 
an average of about 0.985. In all cases, the pumping wells were located in rela�vely close 
proximity to surface water. 

Simula�on of Ground-Water Flow and Evalua�on of Water-Management Alterna�ves in 
the Upper Charles River Basin, Eastern Massachusets- Leslie A. Desimone, Donald 
Walter, John Eggleston and Mark Nimiroski,2002  
This study was conducted to develop tools for evalua�ng water-management alterna�ves in the 
Upper Charles River basin. Geologic and hydrologic data were compiled and characterized the 
groundwater and surface water systems. A numerical groundwater model was developed for the 
basin and applied to evaluate the effects of increased withdrawals and altered recharge on 
groundwater levels, pond levels, and stream base flow. The management model that was 
developed was linked to the numerical groundwater model through a matrix of response 
coefficients. This document was added to the literature review because of the use of response 
coefficients for a basin within Massachusets. The response coefficients for streamflow deple�on 
at downstream observa�on points from pumping wells generally ranged from 0.79 to 0.98. 



   
 

   
 

City of Peabody Integrated Reservoir Model: Coupling Quan�ty, Conserva�on, and 
Habitat (Weston & Sampson, 2023) 

In 2022, a�er each of the City of Peabody’s three terminal reservoirs approached or reached 
their failure level, the City contracted Weston & Sampson to develop an Integrated Reservoir 
Model to assist in proac�vely making water supply decisions and to ensure the long-term 
resilience of their public water supply. The City’s water supply system consists predominantly of 
a series of surface water reservoirs, some of which are filled in part from the Ipswich River. This 
study not only developed a mul�-reservoir model but also evaluated the vulnerability of each of 
Peabody’s terminal reservoirs to climate change, demand increases, and poten�al future 
changes to their Ipswich River withdrawal permit with regard to minimum flow requirements. 
The model was also incorporated into a web-based applica�on that allows the City to simulate 
the likelihood of failure in any of their three terminal reservoirs under a “Business-as-Usual” 
approach as well as six alterna�ve reservoir management scenarios, including inter-reservoir 
transfers, increased regional purchases, and increased water use restric�ons. Key findings of the 
study include: 

• Climate change-driven increases in evapotranspira�on and seasonal increases and 
decreases in precipita�on were not predicted to significantly alter reservoir 
vulnerability. 

• An evalua�on of long-term trends in Ipswich River streamflow since 1970, evaluated on 
a monthly basis, indicated that climate change-driven changes in streamflow regime 
were unlikely to significantly impact the City’s ability to fill their reservoirs, in part, from 
the Ipswich River, and as a result the vulnerability of their reservoir system. 

• Model simula�ons indicate that if the minimum flow requirements were adjusted as 
part of future permi�ng of the City’s Ipswich River withdrawal, those changes would be 
unlikely to significantly impact their reservoirs’ likelihood of failure. 

• Peabody’s reservoir system is somewhat divided into two sub-systems, one of which is 
significantly more vulnerable to failure than the other, par�cularly during mul�-drought 
periods. 

• The study iden�fied a number of capital improvement projects and opera�onal changes 
that could improve the resilience of the City’s reservoir system. More detailed analyses 
and permits may be required to implement those changes.  

 

Current WMA Withdrawals Landscape 
In order to beter visualize the overall WMA-regulated water withdrawal landscape in the IRW, Table 1 
lists all of those WMA-regulated withdrawals by sub-basin, permited or registered volume, and type. For 
further reference, Figures 1-3 visually map the various IRW withdrawals by sub-basin with different 
SWMI-related categoriza�ons shown. Figure 1 depicts the SWMI Groundwater Categories (GWC) for 



   
 

   
 

each sub-basin, which are informed by the percent altera�on of es�mated, unimpacted, August flows 
(es�mated by the USGS SYE) based solely on groundwater withdrawals, referred to in the SWMI context 
as “August Flow Altera�on”. GWC 1 is the least impacted at less than 3% and GWC 5 is the most 
impacted at 55% or greater. Figure 2 depicts sub-basins not by their GWC but by their underlying percent 
August Flow Altera�on. Figure 3 depicts the “August Net Flow Deple�on”, which incorporates 
wastewater inputs that may par�ally offset groundwater withdrawals, and then divides that quan�ty by 
the es�mated, unimpacted August flows.  

Comparing the three figures one against the other in sequence provides a bit more of a nuanced look 
into the data underlying the SWMI GWC categoriza�ons and a fuller picture of the variability of flow 
impacts amongst the sub-basins. The Figure 1 GWC is the same visual output as can be obtained using 
the SWMI online viewer where all sub-basins are simply divided into 5 bins of groundwater withdrawal-
based flow impacts.  Figure 2 uses the same underlying data as Figure 1 but, instead of dividing into 5 
bins of rela�ve impact, uses a more nuanced color spectrum of variable impact with the actual percent 
August flow altera�on for each sub-basin shown.  

On Figure 2 one can see that there is a broad range of percent August flow altera�ons amongst GWC-5 
sub-basins. Some GWC 5 sub-basins are at or near the 55% threshold for GWC 5, while others (notably 
sub-basin 21004 at 278% August flow altera�on) are far in excess of that threshold. Sub-basin 21004 has 
a percent August flow altera�on approximately double the next closest sub-basin and approximately 
triple most of the other GWC 5 sub-basins. Similarly, some GWC 4 sub-basins’ percent August flow 
altera�on are not far below the 55% cutoff for GWC-5. This same dynamic of sub-basins with different 
GWCs having rela�vely close percent August flow altera�ons plays out amongst the GWC breakouts 
between lower GWCs. This is not a cri�cism of the GWC breakouts. Dividing any dataset that exists along 
a con�nuum into bins always requires se�ng cutoff points somewhere. And, as the SWMI 
documenta�on describes, the selec�on of the percent August flow altera�ons that serve as GWC 
breakpoints was based on a scien�fic assessment of flow impacts rela�ve to biological health 
categoriza�on. The point of this discussion is simply to point out that some sub-basins within any GWC 
(and par�cularly GWC 5) have significantly more impact than others. 

Comparing Figure 3 against Figure 2 is also illustra�ve. Figure 3 includes the offse�ng impacts of 
wastewater discharges in the calcula�on of percent August flow altera�on to arrive at what is termed as 
August Net Deple�on. Figure 3 shows that wastewater discharges have a significant mi�ga�on impact on 
flow altera�ons in many sub-basins. And, since the inclusion of wastewater discharges is a physical 
reality affec�ng the mass balance of water availability in any sub-basin, this Figure 3 August Net 
Deple�on is, in the opinion of the authors of this memorandum, arguably a more per�nent metric for 
evalua�ng flow impacts than is the straight SWMI GWC. Figure 3 s�ll depicts a number of sub-basins 
with an August Net Deple�on well above the 55% GWC 5 threshold (and understanding that this is not a 
strictly accurate comparison to make between different metrics), but also shows that the overall percent 
August deple�on is less for many sub-basins when comparing Figuring 2 to Figure 3. There are also a 
number of sub-basins that show up with nega�ve percent altera�ons meaning that those sub-basins are 
actually surcharged with wastewater inputs exceeding groundwater withdrawals. This comparison of 
Figure 2 to Figure 3 highlights the general statements made in the Introduc�on sec�on of this 
memorandum about the importance of wastewater exports out of the IRW in general, and sub-basins 
more specifically, rela�ve to the loca�ons of water withdrawals.  



   
 

   
 

Summary  
The Ipswich River was designated as one of the most endangered rivers in the United States by 
the organiza�on American Rivers in 1997. Segments of the upper river have experienced 
extended low flow and dry condi�ons during summers for several decades. These low- or no-flow 
episodes harm riverine fish species and other na�ve biota, hinder recrea�onal opportuni�es on 
the river, and threaten water supplies for communi�es in the watershed which rely on surface 
flows to fill their reservoirs. The hydrologic challenges facing the Ipswich River Watershed have 
been known and studied for decades and include both natural and anthropogenic contribu�ng 
factors.  
 
Several natural, physical characteris�cs of the watershed are thought to contribute to its observed 
low flow regime, including:  
 
 The rela�vely shallow nature and limited extent of the sand and gravel aquifers limit the 

overall groundwater recharge poten�al and groundwater storage capacity within the 
watershed. Limited groundwater storage in the watershed limits the capacity to supply 
sustained baseflow to the river during extended periods of low precipita�on.  

 The low-lying topography, high groundwater table, and significant area of wetlands favor a 
rela�vely high loss of water via evapotranspira�on, further limi�ng the amount of water 
available for aquifer recharge and storage.  

 
At the sub-basin level, the limita�ons impac�ng groundwater recharge and storage due to the 
physical characteris�cs described above are o�en magnified. As a result, the baseflow capacity at 
the sub-basin level can o�en be significantly less than is the case for the larger watershed.  
 
As discussed in the 2022 Massachusets Climate Change Assessment (Execu�ve Office of Energy 
and Environmental Affairs, December 2022), climate change is predicted to cause longer periods 
of higher temperatures and changing precipita�on paterns in the region, exacerba�ng the  
recharge limita�ons described above further impac�ng baseflow to the river.Winter�me 
precipita�on is expected to increase significantly while summer�me precipita�on is expected to 
remain constant or decrease. The number of days of precipita�on is expected to decrease overall. 
Less, frequent, higher intensity precipita�on paterns will increase the amount of surface runoff 
in the region, especially over the winter. Decreased summer�me precipita�on, coupled with 
increased evapotranspira�on due to increased temperatures, will likely exacerbate low flow 
condi�ons during the summer months. Though this project does not specifically assess the 
impacts of temperature and precipita�on changes under climate change, these predica�ons 
further emphasize the general need for a more sustainable and resilient water management 
framework for the Ipswich River basin. 
 
The natural watershed characteris�cs contribu�ng to low flow condi�ons are compounded by 
human influences in the watershed associated with the growing popula�on in and around the 
watershed. The key human factors contribu�ng to low flow include: 



   
 

   
 

 
• Water withdrawn from the watershed serves a popula�on significantly greater than the 

popula�on who live in the watershed, crea�ng a situa�on of significant net water export 
from the basin. Water delivered to communi�es with wastewater discharges outside of 
the watershed represents a significant increase of consump�ve water use compared to a 
scenario without water export.  Water used within the basin, when its non-consump�ve 
por�on is returned to the aquifer (e.g., sep�c system effluent), becomes available to 
contribute baseflow to the river. Water withdrawn from the IRW and discharged out of 
basin is completely lost. 

• This same dynamic of net wastewater export also exists at the sub-basin scale for sub-
basins with significant water withdrawals but limited popula�on for wastewater return 
flow. 

• The primary locations for large volume groundwater wells have been historically sited in 
close proximity to streams and rivers because the Basin’s limited sand and gravel aquifers 
are situated primarily within river and stream valleys. Due to this proximity, flow impacts 
from well withdrawals happen with relatively short lag times.  

• Many of these groundwater wells are located in sub-basins in the upper parts of the 
watershed with limited natural recharge capacity such that their impacts are 
proportionally greater. This can cause greater impacts at the sub-basin scale, which 
propagate and accumulate downstream to negatively impact all connected, downstream 
sub-basins.  

• Reservoirs in the watershed are both “in-line” and “off-line”. Off-line reservoirs in which 
river water is pumped or otherwise transferred to storage through flood skimming are 
effective tools for storing excess water harvested during high flow periods and minimizing 
stream impacts during low flow periods. However, in-line reservoirs that are essentially 
dammed portions of the river or its tributaries, retain back stream flow at all times of the 
year and, therefore, withdrawals from these in-line reservoirs represent net losses of 
available flow to the connected downstream river segments. To the extent that such in-
line reservoirs can retain excess water during higher flow periods without decreasing 
outflow during lower flow periods, they can also provide effective water storage capacity 
while minimizing downstream flow impacts. Effective management of such in-line 
reservoirs to provide high flow storage while maintaining low flow throughflow can be 
complicated from an operational water management perspective. 

• Impervious cover, while modest at the overall watershed scale, is a potentially significant 
source for lost aquifer recharge in certain sub-basins with a high percentage of effective 
impervious cover in close proximity to connected stream corridors.  

 
As a result of the natural and anthropogenic factors cited above, 17 of the 31 sub-basins in the 
Ipswich Watershed are defined by MassDEP as SWMI GWC 4 or 5 (for significant flow impacts), 
and 12 are considered to be Net Groundwater Depleted.  
 



   
 

   
 

As documented in this literature review, a growing body of scien�fic research has been conducted 
on the symptoms, causes, and poten�al solu�ons to the Ipswich River Watershed water budget 
problem. These studies have, collec�vely, contributed to an improved understanding of the 
natural and anthropogenic factors as they relate to the flow regime of the Ipswich River, even if 
debate s�ll exists regarding the rela�ve impact of one factor over another. To date, no effec�ve 
solu�on or suite of solu�ons to the problem have progressed to the point where implementa�on 
is imminent. 
 
In the opinion of the HW/ WSE technical Project team, conclusively ranking the importance of 
the various factors affec�ng flow in the IRW is not a necessary prerequisite to make meaningful 
progress towards evalua�ng poten�al improvements. This is true for several reasons: 

• Natural, physical characteris�cs of the watershed (e.g., available sand and gravel aquifer 
storage capacity, wetlands area coverage and evapotranspira�on, precipita�on 
variability, etc.) are out of societal control (atemp�ng to reduce climate change impacts 
not withstanding). As such, assessing the rela�ve impact of natural versus anthropogenic 
factors has minimal bearing on the analysis of water management alterna�ves since the 
set of op�ons available to improve flow condi�ons is limited to those factors which 
stakeholders have the ability to implement. 

• Stormwater runoff from impervious cover is similarly difficult to address on a watershed 
scale. The amount of directly connected “effec�ve” impervious cover is rela�vely low for 
the watershed as a whole, such that retrofi�ng exis�ng stormwater management 
measures is unlikely to significantly improve flow condi�ons overall. And those subbasins 
with larger percentages of effec�ve impervious area are also the most densely 
developed, with limited publicly owned land area available with opportuni�es for 
implemen�ng effec�ve green infrastructure stormwater management. While there may 
be poten�al for significant streamflow improvement to occur in some subbasins from 
stormwater management, the difficulty of implemen�ng those stormwater management 
changes at a scale necessary to have significant impact would be high. There is s�ll value 
in con�nuing to pursue stormwater management improvements, par�cularly with 
regards to water quality and future development. Those improvements, however, are 
likely less impac�ul on flow condi�ons on a basin wide scale compared to other 
alterna�ves. 

• Flow impacts are already tracked on a subbasin scale using the SWMI framework for 
groundwater deple�on and biological categories and they are an important component 
of the regulatory basis for decisions regarding WMA permi�ng. Therefore, the 
evalua�on of how any par�cular water management strategy, or combina�on of 
strategies, may change the SWMI characteriza�ons of specific subbasins is a valuable 
outcome from a regulatory perspec�ve. 

 
The modeling to be conducted for this Project aims to assess the cumula�ve impact of various 
alterna�ve water management prac�ces on the Ipswich River Watershed at a subbasin scale. The 
intent of this project is to use the exis�ng SWMI framework and related tools (e.g., WMA Tool 



   
 

   
 

and the Sustainable Yield Es�mator) to rela�vely assess the ability of selected water supply 
alterna�ves (to be determined by the Task Force) to posi�vely improve the SWMI groundwater 
deple�on characteriza�on of various subbasins. Given that the groundwater deple�on 
characteriza�on is one of the more important factors considered for WMA permi�ng decisions, 
understanding which poten�al alterna�ves have greater rela�ve impacts on groundwater 
deple�on characteriza�on than others will be helpful from both a regulatory perspec�ve and a 
general physical perspec�ve.  
 
While a watershed-scale, numerical, groundwater model would more accurately es�mate aquifer 
and streamflow dynamics and streamflow responses to water management alterna�ves than do 
any of the analy�cal modeling tools available, such a watershed-scale, numerical groundwater 
model for the Ipswich River watershed is not currently available. Regardless of the accuracy of 
the SWMI framework, or the rela�ve significance of any one factor on stream flow, understanding 
the rela�ve efficacy of the various poten�al water supply alterna�ves compared to each other is 
valuable. Only with this knowledge can other factors associated with each alterna�ve (e.g., cost, 
difficulty for implementa�on, regulatory constraints, etc.) be viewed in holis�c context to help 
the Task Force and watershed communi�es evaluate which alterna�ves may be more appropriate 
than others. 
 
This literature review was conducted to support this overall goal for the Project water budget 
model. The background informa�on and data reviewed here provide suitable material to perform 
the analy�cal water budget modeling to be conducted under Task 2 of this project. 
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Table 1
Summary of WMA Withdrawals In Ipswich River Watershed

HUC 12 
Name

Sub 
Basin

Water Features
Ground 
Water 
Category

Biological 
Category

Net GW 
Depletion

August 
Affected 
Flow

August 
Unaffected 
Flow

GW 
Withdrawals

WW 
Discharges

Town System Name Average MGY
Withdrawal Point

Registered/ 
Permitted

PointID
Source 
Type

Annual 
Average MGY 
(2000-2004) Status

21009 Lower Pye Brook 4 5 28.301 0.751 1.047 0.497 0.200 TOPSFIELD TOPSFIELD WATER DEPARTMENT 194.18 NORTH ST. TUB WELL Reg/Perm PWS-3298000-01G GW 93.7006 ACTIVE
21065 Upper Pye Brook, Ponds 3 4 3.364 0.729 0.755 0.152 0.127
21001 Lower Howlett Brook 4 5 18.970 1.169 1.443 0.520 0.246
21008 Upper Howlett Brook 2 4 -6.132 0.303 0.286 0.021 0.039

LYNNFIELD LYNN WATER & SEWER COMMISSION 3068.19 IPSWICH RIVER Reg/Perm PWS-3163000-05S SW 702.144 ACTIVE
LYNNFIELD LYNNFIELD CENTER WATER DISTRICT 186.15 MAIN STREET G.P. WELL Reg PWS-3164000-02G GW 72.175 ACTIVE

WELL #1 Reg WMA-81854-G GW #N/A #N/A
WELL #2 Reg WMA-81855-G GW #N/A #N/A
WELL #3 Reg WMA-81856-G GW #N/A #N/A
SAGAMORE SPRINGS #1 Reg WMA-81857-S SW #N/A #N/A
SAGAMORE SPRING #2 Reg WMA-81858-S SW #N/A #N/A
GW 1 Reg WMA-82386-G GW #N/A #N/A
GW 2 Reg WMA-82387-G GW #N/A #N/A
GW 3 Reg WMA-82388-G GW #N/A #N/A
GW 4 Reg WMA-82389-G GW #N/A #N/A
SW 1 Reg WMA-82390-S SW #N/A #N/A
SW 2 Reg WMA-82391-S SW #N/A #N/A
SW 3 Reg WMA-82392-S SW #N/A #N/A
MID-IRON DRIVE POND Reg/Perm WMA-83334-S SW #N/A #N/A
INLET POND OFF IPSWICH R. Reg/Perm WMA-83335-S SW #N/A #N/A
SUTLIFF WELL Reg/Perm WMA-83336-G GW #N/A #N/A
CENTRAL ST. WELLFIELD Reg/Perm PWS-3213000-04G GW 29.2902 ACTIVE
ROUTE 125 WELL Reg/Perm PWS-3213000-05G GW 39.284 ACTIVE
RAILROAD BED WELLS Reg/Perm PWS-3213000-01G GW 73.9122 ACTIVE
LAKESIDE BLVD. WELL # 2 Reg/Perm PWS-3213000-02G GW 25.16232 ACTIVE
LAKESIDE BLVD. WELL # 4 Reg/Perm PWS-3213000-07G GW 25.16232 ACTIVE
LAKESIDE BLVD. WELL # 3 Reg/Perm PWS-3213000-03G GW 25.36232 ACTIVE
SALEM ST. GP WELL Reg/Perm PWS-3342000-08G GW 154.8138 ACTIVE
BROWNS CROSSING WELLFIELD Reg/Perm PWS-3342000-01G GW 270.7804 ACTIVE
BARROWS WELLFIELD Reg/Perm PWS-3342000-02G GW 188.604 ACTIVE

NORTH READING NORTH READING WATER DEPT. 477.42 STICKNEY WELL Reg/Perm PWS-3213000-06G GW 0 INACT
GROVE STREET WELL Reg WMA-81810-G GW #N/A #N/A
MEADOW BROOK POND Reg WMA-81811-S SW #N/A #N/A
WELL # 82 20 Reg PWS-3246000-08G GW 69.20852 ACTIVE
TOWN FOREST Reg PWS-3246000-07G GW 278.72392 ACTIVE
WELL # 3 Reg PWS-3246000-05G GW 55.38098 ACTIVE
WELL # 15 Reg PWS-3246000-11G GW 52.5459 ACTIVE
WELL #2 Reg PWS-3246000-04G GW 118.63916 ACTIVE
REVAY WELL # 1 Reg PWS-3246000-03G GW 15.89428 ACTIVE
WELL # 13 Reg PWS-3246000-10G GW 37.50682 ACTIVE
WELL # 66 8 Reg PWS-3246000-09G GW 23.38194 ACTIVE
B LINE WELL Reg PWS-3246000-06G GW 112.1671 ACTIVE
REVAY WELL # 2 Reg PWS-3246000-02G GW 0 ABAND
SHAWSHEEN AVE. GP WELL Reg/Perm PWS-3342000-05G GW 128.97738 ACTIVE
ALDRICH RD. GP WELL Reg/Perm PWS-3342000-06G GW 0 INACT
CHESTNUT ST WELL # 1A Reg/Perm PWS-3342000-10G GW 103.67966 ACTIVE
CHESTNUT ST. GP WELL Reg/Perm PWS-3342000-03G GW 34.97394 ACTIVE
BUTTERS ROW GP WELL #1 Reg/Perm PWS-3342000-07G GW 20.3386 ACTIVE
BUTTERS ROW GP WELL #2 Reg/Perm PWS-3342000-09G GW 76.06716 ACTIVE
TOWN PARK GP WELL Reg/Perm PWS-3342000-04G GW 25.17272 ACTIVE

HAMILTON HAMILTON WATER DEPARTMENT 194.18 PATTON G.P. WELL Reg/Perm PWS-3119000-03G GW 14.337 ACTIVE
TOPSFIELD SALEM BEVERLY WATER SUPPLY BOARD 1060.69 IPSWICH RIVER Reg/Perm PWS-3030001-04S SW 1482.42 ACTIVE

21003 Mile Brook 5 5 101.747 -0.004 0.213 0.258 0.041 TOPSFIELD TOPSFIELD WATER DEPARTMENT 194.18 PERKINS ROW TUB WELL Reg/Perm PWS-3298000-02G GW 80.0884 ACTIVE
CAISSON WELLS Reg/Perm PWS-3119000-04G GW 20.6057 ACTIVE
IDLEWOOD #2 G.P. WELL Reg/Perm PWS-3119000-06G GW 98.1773 ACTIVE
IDLEWOOD #1 WELLS Reg/Perm PWS-3119000-05G GW 28.6741 ACTIVE
PLATEAU G.P. WELL Reg/Perm PWS-3119000-07G GW 24.1029 ACTIVE
GP WELL # 2 Reg/Perm PWS-3320000-02G GW 64.1347 ACTIVE
GP WELL # 1 Reg/Perm PWS-3320000-01G GW 64.1347 ACTIVE

21006 Putnamville Reservoir, Salem-Beverly Canal 1 3 -14.039 0.586 0.514 0.011 0.084 DANVERS SALEM BEVERLY WATER SUPPLY BOARD 1060.69 PUTNAMVILLE RES. Reg/Perm PWS-3030001-03S SW 1142.04 ACTIVE
WINTHROP GD WELL # 2 Reg PWS-3144000-04G GW 19.57898 ACTIVE
WINTHROP GD WELL #3 Reg PWS-3144000-05G GW 4.00418 ACTIVE
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21077

21076

21074

5

1.2003.6833.1060.62379.92855

0.568-0.222112.1395

22.745

5

2.1386.9866.9052.05870.1985

2.6221.832

4.015

1.7881.382

5

14.053

1.289

4

5

5

0.0960.9330.335-0.502249.9825

5

3.9849.666

9.74519.783

Subbasin Characteristics

IPSWICH WATER DEPARTMENT

WENHAM WATER DEPARTMENT

HAMILTON WATER DEPARTMENT

LYNNFIELD

MIDDLETON

NORTH READING

NORTH READING

WILMINGTON

READING

WILMINGTON

READING

28.96654

5

0.474

0.882 848.26

35.04

38.69

3.65

477.42

848.26

System Characteristics

No withdrawal points in these subbasins

WILMINGTON WILMINGTON WATER & SEWER DEPARTMENT

WILMINGTON WATER & SEWER DEPARTMENT

BOSTIK INC

SAGAMORE SPRING GOLF CLUB INC

READING DPW

MEADOW BROOK GOLF CLUB

WILMINGTON WATER & SEWER DEPARTMENT

NORTH READING WATER DEPARTMENT

Water Use Point Characteristics

61.32

529.98

848.26

THOMSON COUNTRY CLUB

5

13.48829.639

194.18

255.5

108.77

IPSWICH

HAMILTON

WENHAM

19.170

North Shore Water Resiliency-Ipswich Watershed Modeling Project
Hydrologic Modeling of the Ipswich River Watershed and Evaluation of Water Supply Alternatives

Horsley Witten Group
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Table 1
Summary of WMA Withdrawals In Ipswich River Watershed

HUC 12 
Name

Sub 
Basin

Water Features
Ground 
Water 
Category

Biological 
Category

Net GW 
Depletion

August 
Affected 
Flow

August 
Unaffected 
Flow

GW 
Withdrawals

WW 
Discharges

Town System Name Average MGY
Withdrawal Point

Registered/ 
Permitted

PointID
Source 
Type

Annual 
Average MGY 
(2000-2004) Status

Subbasin Characteristics System Characteristics Water Use Point Characteristics

ESSEX RD GP & GD WELLS Reg PWS-3144000-06G GW 28.56164 ACTIVE
FELLOWS RD. G.D. WELL Reg PWS-3144000-07G GW 34.4465 ACTIVE

BEVERLY WENHAM LAKE Reg/Perm PWS-3030001-01S SW 3703.019 ACTIVE
WENHAM LONGHAM RES. Reg/Perm PWS-3030001-02S SW 840.92 ACTIVE

21066
Main Ipswich River between Black Brook and 

Miles River
4 5 27.300 15.076 20.737 9.761 4.100 IPSWICH IPSWICH WATER DEPARTMENT 255.5

WINTHROP GD #1 & TUBULAR WELLS
Reg

PWS-3144000-03G GW 0.03508 ACTIVE
SCHOOL G.P. WELL Reg/Perm PWS-3119000-02G GW 35.3432 ACTIVE
BRIDGE ST. TUB & GP WELLS Reg/Perm PWS-3119000-01G GW 0 INACT

SOUTH HAMILTON MYOPIA HUNT CLUB 35.04 MILES RIVER Reg WMA-82380-S SW #N/A #N/A
21217 Ipswich River below Miles River 4 5 22.879 18.908 24.517 10.106 4.497 IPSWICH CORLISS BROTHERS INC 18.25 CORLISS POND Reg WMA-81470-S SW #N/A #N/A

21005
Ipswich River between Fish Brook and Salem-

Beverly Canal
4 5 28.738 10.952 15.369 7.894 3.477

21067 Black Brook 1 3 -16.024 0.476 0.410 0.006 0.072
IPSWICH RIVER Reg/Perm PWS-3229000-03S SW 1333.92 ACTIVE
SUNTAUG LAKE Reg/Perm PWS-3229000-02S SW 1019.58 ACTIVE

MIDDLETON MIDDLETON POND RES. Reg/Perm PWS-3071000-01S SW 1128.22 ACTIVE
NORTH READING SWAN POND RES. Reg/Perm PWS-3071000-02S SW 25.94 ACTIVE

DANVERS WELL # 2 Reg/Perm PWS-3071000-02G GW 44.94 ACTIVE
WELL # 1 Reg/Perm PWS-3071000-01G GW 20.752 ACTIVE
WELL #1NORTH REPLACEMENT Reg/Perm PWS-3071000-03G GW 0 ACTIVE
WELL #1SOUTH REPLACEMENT Reg/Perm PWS-3071000-04G GW 0 ACTIVE

21020 Emerson Brook and Ponds 3 4 -12.084 0.478 0.426 0.050 0.101 MIDDLETON DANVERS WATER DEPARTMENT 883.3 EMERSON BROOK RES. Reg/Perm PWS-3071000-03S SW 852.3 ACTIVE

21071
Nichols Brook, Ipswich River between Boston 

Brook and Fish Brook
5 5 38.147 7.471 12.079 7.551 2.944 MIDDLETON SHERATON FERNCROFT COUNTRY CLUB 24.82 SW 1 Reg WMA-80653-S SW #N/A #N/A

21021
Ipswich River between Middleton Pond Tributary 

and Boston/Emerson Brooks
5 5 54.062 4.096 8.916 7.331 2.511

21069 Lower Boston Brook 3 4 -12.449 1.217 1.082 0.112 0.247
21072 Upper Boston Brook 2 4 -15.477 0.954 0.826 0.074 0.202
21070 Lower Fish Brook 3 4 -4.223 2.356 2.261 0.328 0.424
21041 Upper Fish Brook 3 4 -13.248 1.191 1.052 0.117 0.256

No withdawal points in subbasins

No withdawal points in subbasins

Fish Brook No withdawal points in subbasins

Long Meadow Brook, Lower Miles River below 
Long Causeway Brook

Upper Miles River, Wenham Lake, Longham 
Reservoir

Middle Miles River

Norris Brook

Middleton Pond, tributary

Ipswich River between Norris Brook and 
Middleton Pond tributary
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IPSWICH WATER DEPARTMENT
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883.3

2769.62

1060.69

255.5

MIDDLETON

PEABODY

HAMILTON

IPSWICH

194.18
2

0.1100.006

0.133
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datasource: Groundwater Withdrawal Category (GWC) August 2013 data
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