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1.0 Introduction 

At the request of the Massachusetts Division of Ecological Restoration (DER), the Horsley Witten Group, 

Inc. (HW) is pleased to present this assessment of potential water management strategies regarding the 

City of Brockton’s use of water from Silver Lake in Pembroke, Kingston and Plympton, Massachusetts.   

Brockton’s water supply diversions from surface water resources in Kingston, Pembroke, Halifax, 

Hanson, and Plympton are complex and controversial.  They are frequently referred to as “Tri-basin” 

water diversions because the diversions transfer water between three separate watersheds (Figure 1):  

1. Water is transferred from Furnace Pond in the North River Watershed to Silver Lake in the Jones 

River Watershed; 

2. Water is transferred from Monponsett Pond in the Taunton River Watershed to Silver Lake and; 

3. Water is transferred from Silver Lake (Jones River Watershed) for final use by Brockton in the 

Taunton River Watershed. 

 

Figure 1 Tri-Basin Watersheds and Primary Water Resources and Diversions (From Princeton Hydro, 
2013) 

  

Jones River 
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The subject of this study in the Tri-basin area is Silver Lake and its outflow to the Jones River.  The intent 

of the initial scope for this study was to use a surface water model (Water and Evaluation Planning, 

WEAP) linked to a groundwater model (MODFLOW) interactively to assess the impacts of potential Tri-

basin water management alternatives on Silver Lake and the Jones River. 

2.0 Objectives 

The objectives of this study are to evaluate potential management strategy alternatives intended to help 

maintain a suitable water level in Silver Lake and flow rate in the Jones River to support fish passage.  To 

simplify the potential management strategy alternatives, and because Furnace Pond diversions into Silver 

Lake are minimal in comparison to those from Monponsett Pond, no diversions from Furnace Pond into 

Silver Lake were included in any of the management strategy alternatives. 

There are two primary options for changing how water supply is managed from Silver Lake by the City of 

Brockton (Brockton): 

1. Change the rate and/or timing of diversions from Monponsett Pond into Silver Lake; and 

2. Change the rate of withdrawals out of Silver Lake.  

The focus of this study was to analyze changes in management strategy of Silver Lake and Jones River.  

While Brockton obtains water from other sources or has other potential sources, those sources were not 

included in this study.   

In order to evaluate whether the management alternatives provide enough flow in Jones River to sustain 

fish passage during the critical seasons, HW used the following metrics for Silver Lake elevation (metrics 

chosen by DER and Jones River Watershed Association (JRWA)).  For Silver Lake elevations, there were 

several target elevations to analyze model results against: 

 

 45 feet: represents the proposed Silver Lake outlet elevation following proposed dredging to 

lower the outlet channel (Figure 2), and represents the elevation of the outmigration notch in the 

Lake Street dam outlet structure (Figure 3); 

 46 feet: represents 1 ft of water above the outmigration notch in the Lake Street dam outlet 

structure (Figure 3);  

 46.2 feet: represents the current outlet invert at the natural outlet of Silver Lake (Figure 2 and 

Figure 3); and 

 47.6 feet: represents the top of the Lake Street dam outlet structure (Figure 2 and Figure 3). 

Note that all elevations are given in feet NGVD 29. 
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Figure 2. Profile of Potential Dredging of Silver Lake Outlet Channel (Gomez and Sullivan, 2014) 

 

Elevations given in feet NGVD29.  

 

Figure 3.  Profile view of Lake Street Dam Outlet Structures (Gomez and Sullivan, 2014) 

 

Elevations given in feet NGVD29.  
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No specific metrics for Jones River flow were selected.  The assumption is that higher elevations of Silver 

Lake will correlate to higher river flow rates.  The analysis presented in this report includes estimates of 

Jones River baseflow.  Baseflow is the groundwater derived component of streamflow that sustains flow 

between rainfall events.   Because baseflow is the critical streamflow component during low flow periods, 

in this project the relative impacts of different Brockton water management alternatives on baseflow are 

compared.    

3.0 Initial Linked WEAP and MODFLOW Modeling 

At the start of this project, HW was tasked with investigating the use of a linked WEAP model and 

MODFLOW model to analyze the management strategy alternatives. It was thought that, together, the 

linked models would better inform the overall surface water and groundwater interactions in the area and 

make investigating various management strategy alternatives easier.  The outputs from one model would 

inform the calculations of the other for each relevant time step.  In this way, both surface water and 

groundwater processes would be simulated in the most accurate manner possible using the appropriate 

tools.   

HW acquired the regional United States Geological Survey (USGS) MODFLOW transient model for the 

subject area from the USGS, converted it into a format that can be used with commercial groundwater 

modeling software (Groundwater Vistas), and modified it (to a limited extent) to better simulate the Tri-

Basin area.  HW obtained the Tri-Basin WEAP model from DER and worked to link the WEAP model 

with the USGS MODFLOW model to inform relevant water resources evaluations.  The linkage was a 

complex process that required numerous trial and error iterations to ensure proper communication 

between the models and the various supporting sub-packages to the models.   

Ultimately, the linked WEAP-MODFLOW model proved to be difficult to organize and run simulations 

and computationally time demanding.  Also, the efficacy of the linkage proved to be of questionable 

accuracy.  Due to these concerns, the decision was jointly made by DER and JRWA to abandon use of the 

linked model and instead use the MODFLOW model alone for this study.  The MODFLOW model has 

been shown to accurately and effectively model groundwater and the groundwater component of 

streamflow (baseflow) in the study area.  

4.0 Groundwater Modeling 

This study utilized the USGS MODFLOW numerical groundwater flow model for the Tri-basin area 

(Carlson and Lyford, 2005) to conduct water budget analyses to inform both the flow and water quality 

assessments.  MODFLOW (Harbaugh and others, 2000) is a three-dimensional groundwater flow model 

capable of simulating the complex flow dynamics within aquifers, and the interactions between 

groundwater and surface water.  It is a finite difference model that calculates water levels and water 

budget components at georeferenced grid-specific locations (i.e. model cells) at specified time steps 

throughout its simulation period.  MODFLOW is a powerful hydrogeologic tool that allows for different 

scenarios of water management and/or natural hydrologic variation to be evaluated comprehensively 

within its grid structure.  As the hydrology of the Silver Lake and Jones River area is significantly 

influenced by groundwater interactions, MODFLOW is an effective tool to use to evaluate the 

implications of different water management scenarios.    

4.1 Groundwater Model Setup 

HW obtained from USGS the MODFLOW input files necessary to reproduce the USGS groundwater 

model for the Tri-basin area.  The USGS model was published as “Simulated Ground-Water Flow for a 
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Pond-Dominated Aquifer System near Great Sandy Bottom Pond, Pembroke, Massachusetts” (Carlson 

and Lyford, 2005).  Two different time-period models were used for this project: a six-year transient 

model representing climactic conditions from 1998 through 2003, and a four-year transient model 

representing average monthly climatic conditions.  Transient models include variable hydrologic input 

factors for different “time steps” and produce outputs unique to each of those time-steps.  In contrast, 

steady state models include only constant hydrologic stresses and produce a single output result 

representing long-term average conditions.   

4.1.1 Description of the USGS Model 

The USGS model simulates ground-water flow for a 66.4 square mile area around Great Sandy Bottom 

Pond near Pembroke, Massachusetts.  Wetlands and ponds cover approximately 30 percent of the area in 

the model.  The remainder is upland.  The aquifer system is dominated by interactions between 

groundwater and the streams and ponds.  Altitudes in the model area range from approximately 10 feet to 

150 feet above the vertical datum NGVD 29.  The USGS model has the following primary attributes: 

 Grid cells are 250 feet on edge, with the model domain comprised of a total of 185 rows and 205 

columns (37, 925 cells per layer); 

 Three vertical layers are used to simulate the aquifer system, with layers 1 and 2 representing 

surficial materials and weathered bedrock within 20 feet of land surface and layer 3 representing 

more competent bedrock; 

 Boundary conditions at the edge of the model are no-flow cells near ground-water divides and 

constant-head cells at certain surface water features; 

 Hydraulic conductivity for aquifer materials varies from 10 feet/day up to 80 feet/day, the ponds 

are set at 50,000 feet/day to represent the “open” water column, and wetland areas are set at 

1,000 feet/day; 

 Streamflow is simulated using the Streamflow Routing Package (Prudic and others, 2004) which 

simulates streams as a head-dependent boundary condition capable of either gaining or losing 

water from or to the aquifer based upon the head differential between the stream cell and the 

adjacent aquifer cells; 

 A total of 199 stream segments are used.  Simulated streams were assigned a width of 10 feet 

and streambed hydraulic conductivity is set to 3 feet/day.  Streams that entered and exited ponds 

are simulated as continuously flowing through the pond; 

 Simulated stresses include production wells, surface-water withdrawals and exports, and 

groundwater recharge.  Monthly recharge rates account for precipitation, soil-moisture capacity, 

evapotranspiration, wastewater discharge to groundwater and pond evaporation.   

Time is simulated in MODFLOW through the use of “stress periods” and “time steps”.  Stress periods are 

time intervals of consistent hydrologic stress and time steps are the smaller units to which each stress 

period can be broken out.  For example, groundwater recharge in the model is simulated with variable 

values that change by month.  So each calendar year has 12 monthly stress periods within the model and 

the model calculates results for 12 time steps within each stress period.  Two different models were 

created by USGS and used by HW for this study, as discussed in this report.  They are: 

 A six-year transient model that has 69 monthly stress periods representing January 1998 to 

September 2003.  This model was used in this study for calibration, and to compare the model to 

observed field data. 

 A four-year transient model with 48 monthly stress periods.  This model uses average monthly 

recharge conditions for each calendar month (based on 1949-2002 field data) that are repeated for 

each year (e.g. January year 1 has the same recharge value as January year 2), and 2002 pumping 
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rates for all wells in the model.  This model was used for the predictive simulations at the heart of 

this study. 

4.1.2 HW Changes to the USGS Model 

In order to better simulate the hydrologic and hydrogeologic conditions of the Tri-Basin area for the 

specific purposes of this study, HW made a number of changes to model input parameters in the Silver 

Lake area:  

 The hydraulic conductivity of Monponsett Pond and Silver Lake was changed from 50,000 

feet/day (USGS value) to 100,000 feet/day to better simulate the open connection and free flow of 

surface water.  This change is reasonable given the unrestricted ability of water to move from one 

place to another in an open water body with no restriction from geologic materials.  The change 

also allowed the Pond to maintain a relatively flat water surface despite the influence of the 

imaginary extraction wells used to simulate the diversion of water from Monponsett Pond to 

Silver Lake.  Previously, in the USGS model, “cones of depression” could be observed around the 

extraction wells when model output was viewed at a sufficiently fine contour interval. 

 The stream bed elevation and stage in the stream cells used to simulate the Jones River between 

Silver Lake and the Lake Street dam were adjusted to represent controlling elevations between 

the pond and the dam (Figure 2 and Figure 3). 

 The entire diversion from Monponsett Pond to Silver Lake was simulated solely with wells 

located in East Pond in order to more realistically simulate the actual location of the diversion 

pipe in the southeast corner of East Monponsett Pond. 

 The storage in Silver Lake was adjusted to have the specific yield in the entire lake be equal to 1 

to better simulate the open water condition of the lake.  

 The Monponsett Pond diversions and Brockton withdrawals were changed to reflect average 

monthly observed values from 2003-2014. 

4.2 Model Calibration 

While the model was previously calibrated by the USGS to be regionally accurate over the entire model 

domain, HW undertook additional calibration to verify that the HW-revised model did not appreciably 

detract from the reported USGS calibration, and to improve upon the accuracy of the revised model for 

this study’s focus area around Silver Lake and Jones River. 

4.2.1 Six-year Transient Model Calibration 

HW began the calibration process using the 6-year transient model to calibrate against real-time observed 

Silver Lake elevations from 1998-2003 reported by Brockton.  Numerous parameters were altered in the 

model in order to better match modeled Silver Lake elevations with the observed elevations, including 

conductivity of the aquifer and ponds, stream bed elevation in the Jones River, storage coefficient in 

Silver Lake, and updating all modeled amounts of diversions into and withdrawals out of Silver Lake to 

match the actual data from Brockton for the 1998-2003 period (Figure 4). 

Table 1 details the parameter changes between the original USGS model and the HW-updated model for 

the 6-year 1998-2003 transient model.  The Silver Lake elevations were graphed and compared against 

the observed elevation data from 1998-2003 (Figure 4). 
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Table 1. Model Parameters Changed  

Parameter USGS Model HW Model 

Silver Lake hydraulic conductivity 50,000 feet/day 100,000 feet/day 

Monponsett Pond hydraulic 

conductivity 

50,000 feet/day 100,000 feet/day 

Monponsett Pond diversion wells A total of 16 wells; 8 

located in East Pond and 8 

located in West Pond 

A total of 8 wells all in East 

Pond 

Silver Lake storage capacity and 

specific yield 

Portions of Silver Lake had 

specific yield of 0.6 

All of Silver Lake has a 

specific yield of 1.0, with a 

perimeter specific yield of 

0.6.  

Streambed elevation at outlet of Silver 

Lake to Jones River 

Streambed elevation at 45.2 Streambed elevation at 46.2 

Monponsett Pond diversion volumes Observed monthly volumes 

between 1998-2003  

Average observed monthly 

volumes from 2003-2014 

Silver Lake withdrawal volumes Observed monthly volumes 

between1998-2003 

Average observed monthly 

volumes from 2003-2014 

 

Figure 4 illustrates that the HW-updated model improves model accuracy relative to the original USGS 

model, for replicating observed Silver Lake levels from 1998-2003.  It matches the general pattern of 

observed lake level changes but fails to accurately match the highs and lows, particularly the low water 

levels reported in the Brockton data from 2002-2003. 
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Figure 4. Comparison of Silver Lake Elevations 1998-2003 - Modeled Versus Observed 

 

Elevations given in feet NGVD29.  
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4.2.2 Four-year Average Conditions Transient Model Calibration 

HW applied those changes from the six-year transient model listed in Table 1 that created the best match 

to Silver Lake levels to the four-year average conditions model and calibrated the four-year average 

conditions model to both Silver Lake levels and Jones River streamflow.  The average conditions model 

is best suited for running management alternative scenarios for several reasons: 

1. Available upper Jones River flow data is relatively sparse and average monthly streamflow 

conditions will therefore be more appropriate to compare to model baseflow calculations than 

would time-specific data.  While the USGS does maintain a Jones River gauging station further 

downstream near the head of tide, that location is too far downstream from the Project area to be 

appropriate to use for the project’s evaluation of Brockton water management alternatives for 

Silver Lake.  For the purposes of this Project in this report, all references to Jones River flow 

refer to the upper Jones River at the Lake Street dam. 

2. The observed data for the  upper Jones River, received from DER, spans 2003-2015, and the 

most consistent data is from 2012-2015, so the target Jones River flow data are well outside the 

time range of the 1998-2003 model.  

3. The average conditions model is the best tool for running scenarios, since it uses average 

recharge conditions representing 1949-2002 and is better suited to evaluating generalized 

responses to scenarios, instead of specific time periods.  The Brockton diversions in this model 

were updated with monthly average diversion amounts that match the diversions observed 

between 2003 and 2014.  

Figure 5 shows the Silver Lake elevations modeled using the average conditions model with 2003-2014 

average monthly Monponsett Pond diversions and Silver Lake withdrawals.  The model accurately 

simulates low lake levels but tends to under predict the high lake levels by approximately 35%.   

In order to calibrate the average conditions model against observed Jones River flows, the observed Jones 

River flow values had to be converted into baseflow values because the MODFLOW model calculates the 

groundwater component of streamflow, which can be considered to be baseflow values.  
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Figure 5. Calibration of Average Conditions Model with 2003-2015 Withdrawals and Diversions 
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4.2.3 Jones River Baseflow Calculation 

Because it is a groundwater model that does not simulate stormwater runoff, MODFLOW computed 

streamflow values for the upper Jones River that constitute the groundwater component of streamflow and 

can be considered to represent baseflow conditions.  In order to calibrate the USGS average conditions 

model, HW used upper Jones River streamflow monitoring data to calculate average monthly baseflow 

for the river to use as a calibration target in the model.  The streamflow data received from DER was 

measured at the Lake Street dam from September 10, 2003 through September 28, 2015.  The frequency 

of streamflow measurements was inconsistent and therefore, the dataset has frequent spans of days to 

several weeks without any measurements.  HW used the most consistent, later data period to estimate 

baseflows.  HW calculated baseflow using three different methods: the USGS online Base-Flow 

Separation Tool, hydrograph separation, and comparison to precipitation data.  

1. The USGS Base-Flow Separation tool is part of the USGS Toolbox.  Since this tool requires a 

complete dataset and since the most consistent data was collected between 2013 and 2015, HW used 

the tool only on this subset of data.  Where there was a day with no recorded measurements, HW 

used the previous day streamflow values to fill in the blank spots.  The tool uses three baseflow 

separation methods including HySEP-Fixed, HySEP-LocMin and HySEP-Slide (Table 2).  The 

larger dataset from 2003-2012 had too many periods of missing data to be able to be used by the tool 

to estimate baseflow.  

 

2. A manual hydrograph separation was conducted using the constant slope method to interpolate 

the baseflow between rainfall events (Figure 6).  HW used the most consistent dataset between 2013 

and 2015 to conduct this assessment.  Precipitation in amounts 0.3 inches or greater were considered 

a storm event.  Linear interpolation was used to calculate the baseflow between these storm events.  

Average monthly baseflow values calculated by this method were slightly lower than those 

calculated using the USGS Base-flow Separation Tool for the months with more precipitation, and 

approximately equal for months where there was minimal precipitation (Table 2). 
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Figure 6. Hydrograph Separation Using the Constant Slope Linear Interpolation Method  
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Table 2. MODFLOW Modeled Baseflow and Calculated Baseflow (cfs)  

Month 
Modeled 
Baseflow  

HySEP-
Fixed 

HySEP-
LocMin 

HySEP-
Slide 

Hydrograph 
separation  

Precipitation 
Based   

1 0.918 0.073 0.077 0.079 0.047 0.601 

2 1.361 0.183 0.139 0.186 0.105 0.540 

3 1.458 0.357 0.268 0.362 0.310 1.970 

4 1.513 0.862 0.472 0.875 0.514 2.636 

5 1.279 0.097 0.093 0.095 0.093 2.084 

6 0.725 0.081 0.084 0.083 0.059 0.479 

7 0.228 0.026 0.026 0.027 0.027 0.030 

8 0.226 0.016 0.016 0.016 0.018 0.016 

9 0.154 0.013 0.014 0.013 0.013 0.020 

10 0.132 0.031 0.028 0.031 0.036 0.023 

11 0.206 0.022 0.021 0.022 0.024 0.326 

12 0.371 0.028 0.025 0.027 0.025 0.340 

Note: baseflow calculated using the following methods: USGS Base-Flow Separation tool, hydrograph 

separation by constant slope linear interpolation, and precipitation-based. 

The precipitation-based method is the only one that can be used to estimate baseflows for the entire 

duration of streamflow measurements (2003-2015) due to the generally inconsistent nature of the 

streamflow data.  Because of this and the generally good match between all the methods, the precipitation 

based method was used in this study to calculate baseflow for 2003-2015 timeframe.   

4.3 Using Average Conditions for Predictive Modeling 

As discussed in section 4.2.2, the average conditions model was determined to be the best tool to use to 

meet project objectives while respecting the limitations of the available data.  In the average conditions 

model, HW used average monthly input data across the 2003-2014 timeframe, including Monponsett 

Pond diversions, Silver Lake withdrawals, and recharge.  While this averaging approach has many 

benefits, there are also caveats worthy of further discussion.  Figure 7 compares the average observed 

monthly Silver Lake levels against the actual daily data over the time period from 1996-2014.  The 

average high lake levels compare well to the actual daily high lake levels, with a few exceptions (e.g., 

2001-2002).  

However Figure 7 clearly shows that actual daily lake levels frequently fall much lower than the average 

lake level for any given month.  Whereas the lowest monthly average observed lake level is 

approximately 45 feet, the annual lowest day levels across the period from 1996 to 2014 are well below 

45 feet (Table 3).  This occurs because low lake levels on any specific day are driven significantly by 

Brockton water withdrawal patterns and can occur during different months of the year, rather than 

following a more natural climatic cycle.  Therefore, the average lake levels for any given month include 

both lows and highs and stay well above the minimum lake levels that can occur for any specific day or 

period of time.  In fact, Table 3 shows that the annual low Silver Lake levels occurred in eight different 

months of the year, not just in the traditional late summer/early fall period of climatically low water 

levels.  Due to the legislatively allowed period of October to May for diversions from Monponsett Pond, 

Silver Lake generally does not begin to get refilled by the Monponsett diversion until after October 1
st
. 
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Figure 7.  Observed Daily Silver Lake Levels Versus the Observed Average Monthly Levels (1996-2014) 

 

Elevations given in feet NGVD29. 
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Table 3. Annual Minimum Silver Lake Elevation 

Year 
Minimum 

Elevation (ft) 

Month 

Minimum 

Occurred 

1996 44.7 October 

1997 41.6 October 

1998 43.2 January 

1999 42.6 September 

2000 42.6 September 

2001 42.2 December 

2002 40.6 October 

2003 44.9 July 

2004 44.1 October 

2005 44.2 July 

2006 45.0 October 

2007 41.4 December 

2008 42.0 September 

2009 47.0 May 

2010 44.2 July 

2011 44.9 October 

2012 43.3 August 

2013 43.3 November 

2014 43.3 November 

Average Annual 

Minimum 

43.4  

 

Therefore, when evaluating outputs from the average conditions model, it should be remembered that, 

while the model effectively simulates average conditions in any given month, actual daily lake levels may 

potentially be significantly lower for specific periods of time.  If timed to coincide with fish migration 

seasons, that discrepancy between modeled average low lake levels and minimum actual low lake levels 

may be ecologically significant.  

4.4 Management Strategy Alternatives 

The primary goal of this project is to investigate how to maintain minimum Jones River fish passage 

flows during the critical fall period.  Therefore, the following management strategy alternatives were 

selected by DER and JRWA for investigation.  For each alternative, multiple scenarios were run to 

examine the effects of varying model stresses on Silver Lake elevation and Jones River flow.   

1. No Monponsett Pond inflow diversions: with no Monponsett Pond inflow diversions into 

Silver Lake occurring, what Brockton withdrawals from Silver Lake can be supported while still 

maintaining minimum Jones River fish passage flows during the critical fall fish migration 

period? 

2. Paced Monponsett Pond inflow diversions, October-May: With Brockton withdrawals 

paced to Monponsett Pond inflow diversions from October-May, how do Silver Lake levels and 

Jones River flows compare to the goal of maintaining minimum Jones River fish passage flows 

during the critical fall fish migration period? 
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3. Paced Monponsett Pond inflow diversions, December-April: With Brockton withdrawals 

paced to Monponsett Pond inflow diversions from December-April (shortened diversion period), 

how do Silver Lake levels and Jones River flows compare to the goal of maintaining minimum 

Jones River fish passage flows during the critical fall fish migration period?  This simulation of a 

shortened diversion period was chosen to address the concern that water quality conditions in 

Monponsett Pond may potentially limit the allowable timeframe for diversions in the future. 

4. Drought Conditions: With recharge reduced in the area to represent drought conditions, what 

Brockton withdrawals can be supported while still maintaining minimum Jones River fish 

passage flows during the critical fall period? 

To simplify the alternatives analyses, and because Furnace Pond diversions into Silver Lake are minimal 

in comparison to those from Monponsett Pond, no diversions from Furnace Pond into Silver Lake were 

included in any of the management strategy alternatives. 

4.5 Modeling Results 

The following section shows the results for the four management strategy alternatives.  Both Silver Lake 

elevations and Jones River baseflow are discussed in this section to evaluate whether critical fish passage 

in the fall season can be sustained during the various strategies.  

4.5.1 No Monponsett Pond Inflow Diversions 

In this alternative assessment, scenarios of varying Brockton withdrawals were modeled with no 

Monponsett Pond inflow diversions.  Simulated Brockton withdrawals were reduced by 25%, 50%, 75%, 

and 90% relative to current average monthly withdrawals (Table 4).  The results of these scenarios are 

shown in Figure 8 and Figure 9.  Figure 8 shows the simulated Silver Lake elevation for all the evaluated 

scenarios of Brockton withdrawals, including the current conditions average monthly Brockton 

withdrawals.  In order to depict the results of the reduced Brockton withdrawal scenarios at a more 

focused scale, Figure 9 shows only those Silver Lake elevations due to reduced Brockton withdrawals.  

Figure 10 shows the simulated average monthly Jones River baseflow for the various Brockton 

withdrawal scenarios.  Table 4 is included to document the actual volumetric reduction of Brockton 

withdrawals for each percentage reduction scenario. 

The first thing that stands out upon examination of Figure 8 is the dependency of the current conditions 

Brockton withdrawals from Silver Lake on inflow diversions from Monponsett Pond.  Without those 

Monponsett Pond inflow diversions, Silver Lake water level is simulated to continue to drop each year of 

the four-year model time period, and the rate of decline does not stabilize by the end of the model run.  

This indicates that, at least as simulated here, current conditions Brockton withdrawals are not sustainable 

without the influence of inflow diversions from Monponsett Pond. 

Figure 9 zooms in at a tighter vertical scale to the remaining scenarios of reduced Brockton withdrawals.  

It is apparent here that although the rate of Silver Lake level decline is less than simulated for the current 

conditions scenario, the 25% withdrawal reduction scenario is also simulated to create a continuously 

declining Silver Lake level over the four-year model period.  Not until you get to a 50% reduction of 

Brockton withdrawals does the model simulate a sustainable condition for Silver Lake - albeit below 

many of the Project fish passage goals - that does not indicate a condition of continued lake level decline.  

The 50% reduction scenario simulates Silver Lake level to stay above the proposed, dredged elevation of 

the Silver Lake outlet, but not above the other fish passage benchmarks during the fish passage seasons. 

As Brockton withdrawals are progressively reduced, the simulated Silver Lake levels remain 

correspondingly higher.  At 75% reduction, Silver Lake is simulated to stay above all of the Project fish 

passage benchmarks during the fish passage seasons, except for the current Silver Lake outlet elevation.  

At 90% reduction, all Project fish passage goals are modeled as met.  100% reduction is simulated to 

produce only a marginal improvement over the 90% reduction. 
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When examining these results it should be remembered that the model appears to under estimate high 

points on the seasonal Silver Lake level curve by approximately 35% (Figure 5).  Therefore the simulated 

Silver Lake high levels shown on Figures 8 and 9 are likely lower than might actually occur in reality.  

Given that fact, and paying heed to the law of diminishing returns evident in Figures 8 and 9, something 

in the range of a 50-75% reduction of Brockton withdrawals would be necessary to meet most Project fish 

passage goals, in the event that diversions from Monponsett Pond into Silver Lake to be eliminated. 

Figure 10, showing simulated Jones River baseflow rates under the same management alternative 

scenarios discussed above for Figures 8 and 9, indicates that impacts to Jones River baseflow follow a 

similar pattern to those discussed for Silver Lake level.  Under both current conditions and 25% reduced 

Brockton withdrawals, the absence of inflow diversions from Monponsett Pond to Silver Lake are 

simulated to create an unsustainable condition of continually declining Jones River flow rates over the 

four-year model period.  At 50% reduced Brockton withdrawals, Jones River baseflow rates stabilize at a 

regular seasonal pattern.  Note that the blocky nature of the 50% reduced Brockton withdrawal line is due 

to the fact that, under this scenario, the level of Silver Lake is simulated to fluctuate around the current 

Silver Lake outlet elevation (which is modeled as the Jones River streambed elevation for the portion of 

the river between Silver Lake and the Lake Street dam).  Therefore, Jones River baseflows are simulated 

to fluctuate somewhat erratically as Silver Lake rises above and then falls below that critical threshold 

elevation.  As discussed regarding Silver Lake levels, somewhere in the range of 50 to roughly75% 

reduced Brockton withdrawals are simulated to produce the most meaningful increases of Jones River 

baseflow (per unit withdrawal reduction), if inflow diversions from Monponsett Pond were to be 

eliminated. 

 

Table 4. Summary of Brockton Withdrawals in Management Strategy Alternative #1- Scenarios of 
Brockton Withdrawals with no MP Inflow Diversions 

Month 

Average Brockton 
Withdrawals 

(MGD)  

25% Reduced 
Brockton 

Withdrawals 
(MGD)  

50% Reduced 
Brockton 

Withdrawals 
(MGD)  

75% Reduced 
Brockton 

Withdrawals 
(MGD)  

90% Reduced 
Brockton 

Withdrawals 
(MGD)  

1 9.50 7.13 4.75 2.38 0.95 

2 9.48 7.11 4.74 2.37 0.95 

3 9.20 6.90 4.60 2.30 0.92 

4 8.85 6.64 4.43 2.21 0.89 

5 9.11 6.83 4.55 2.28 0.91 

6 9.49 7.11 4.74 2.37 0.95 

7 9.48 7.11 4.74 2.37 0.95 

8 9.26 6.94 4.63 2.31 0.93 

9 9.02 6.76 4.51 2.25 0.90 

10 8.97 6.72 4.48 2.24 0.90 

11 9.10 6.83 4.55 2.28 0.91 

12 9.35 7.01 4.67 2.34 0.93 
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Figure 8. Average Monthly Silver Lake Levels - Scenarios of Brockton Water Withdrawals with No Inflow Diversions 
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Figure 9. Average Monthly Silver Lake Levels – Scenarios of Reduced Brockton Water Withdrawals with No Inflow Diversions 
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Figure 10. Average Monthly Jones River Baseflow (below Lake Street dam)- Scenarios of Reduced Brockton Water Withdrawals with No Inflow Diversions 
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4.5.2 Paced Monponsett Pond Inflow Diversions, October-May 

This second alternative management strategy assessment is similar to the first (section 4.5.1) except that 

the simulated Brockton withdrawal scenarios were capped to be no greater than the Monponsett Pond 

inflow diversion quantity for each month during the currently allowed Monponsett Pond diversion period 

from October to May.  During the non-diversion period summer months, simulated Brockton withdrawals 

were simulated to be no greater than the Brockton withdrawal during the last month of allowed diversion 

(May) (Table 5).  As was done with the first alternative management strategy evaluated in section 4.5.1, 

simulated Brockton withdrawal scenarios for this alternative management strategy assessment included 

Brockton withdrawals reduced by 25%, 50%, 75%, and 90%, relative to current average monthly 

withdrawals, and capped to be no greater than the rate of Monponsett Pond inflow diversions (Table 5).  

The results of these scenarios with respect to simulated Silver Lake elevations and Jones River baseflow 

rates are shown in Figures 11 and 12, respectively.  Table 5 is included to document the actual volumetric 

reduction of Brockton withdrawals for each percentage reduction scenario. 
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Figure 11. Average Monthly Silver Lake Levels - Brockton Water Withdrawals Paced to Average Monponsett Diversions (Oct-May Diversion Period) 
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Figure 12. Average Monthly Jones River Baseflow - Brockton Water Withdrawals Paced to Average Monponsett Diversions (Oct-May Diversion period) 
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Table 5. Summary of Brockton Withdrawals and MP Inflow Diversions in Management Strategy Alternative #2- Scenarios of Brockton Withdrawals Paced to 
MP Inflow Diversions October – May 

  
Existing Conditions 

Brockton Withdrawals Scenario 1 Scenario 2 Scenario 3 

Month 

MP 
Diversions 

(MGD) 

Brockton 
Withdrawals 

(MGD) 

MP 
Diversions 

(MGD) 

Brockton 
Withdrawals 

(MGD) 

MP 
Diversions 

(MGD) 

Brockton 
Withdrawals 

(MGD) 

MP 
Diversions 

(MGD) 

Brockton 
Withdrawals 

(MGD) 

1 12.79 9.50 12.50 9.50 12.50 4.75 12.50 4.75 

2 12.07 9.48 12.07 9.48 12.07 4.74 12.07 4.74 

3 10.71 9.20 10.71 9.20 10.71 4.60 10.71 4.60 

4 13.25 8.85 12.50 8.85 12.50 4.43 12.50 4.43 

5 8.80 9.11 8.80 8.80 8.80 4.55 8.80 4.55 

6   9.49   8.80   4.55     

7   9.48   8.80   4.55     

8   9.26   8.80   4.55     

9   9.02   8.80   4.55     

10 6.50 8.97 6.50 6.50 6.50 4.48 6.50 4.48 

11 7.26 9.10 7.26 7.26 7.26 4.55 7.26 4.55 

12 12.99 9.35 12.50 9.35 12.50 4.67 12.50 4.67 
 

Yellow highlights signify withdrawals and/or diversions that were altered from 2003-2015 historical data averages to meet scenario objectives. 

Existing Conditions: This is based on average monthly diversions and withdrawals from 2003-2015.  

Scenario 1: Withdrawals are no more than MP inflow diversions during the October – May diversion season, June – September withdrawals are equal to May MP inflow 

diversions, and MP inflow diversions are capped at 12.5 MGD. 

Scenario 2: 50% reduction of Brockton withdrawals from Scenario 1. 

Scenario 3: Scenario 2 with no Brockton withdrawals during June-September non-diversion period. 
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Unlike the first alternative management assessment that included no diversions into Silver lake from 

Monponsett Pond (section 4.5.1), this second alternative assessment of Brockton withdrawals from Silver 

Lake paced to inflow diversions from Monponsett Pond does not simulate continually declining Silver 

Lake levels and Jones River baseflow (Figures 11 and 12, respectively).  With anthropogenic inflows and 

outflows from Silver lake in relative balance, all model scenarios under this management alternative 

simulate a seasonal pattern of rising and falling Silver Lake levels and Jones River baseflow (Figures 11 

and 12, respectively).   

Scenario 1, which simulates a straight, paced Brockton withdrawal pattern with no further reductions in 

Brockton withdrawal, shows only minimal improvements of Silver Lake level and Jones River baseflow 

(Figures 11 and 12, respectively) relative to current conditions.  Seasonal lows of lake level and river 

baseflow are still simulated to fall at or below all Project fish passage goals during critical fish passage 

seasons.   Scenario 2, which includes a 50% reduction of Brockton withdrawals, is simulated to provide a 

significant improvement in Silver Lake levels and a more modest increase of Jones River baseflows 

(Figures 11 and 12, respectively).  However, it is still simulated to fail to meet two of the three project 

fish passage goals.  Only Scenario 3, which does not include any Brockton withdrawals from Silver Lake 

during the Monponsett Pond non-diversion period from June to September, is simulated to meet all of the 

Project fish passage goals.   

When examining these results it should be remembered that the model appears to underestimate high 

points on the seasonal Silver Lake level curve by approximately 35% (Figure 5).  Therefore the simulated 

Silver Lake high levels shown on Figure 11 are likely lower than might actually occur in reality.  Given 

that fact, and paying heed to the law of diminishing returns evident in Figure 11, it’s possible that some 

reduced schedule of Brockton withdrawals (50% reduction or greater) during the non-diversion period 

might potentially be able to occur while still meeting most Project fish passage goals. 

Figure 12, showing simulated Jones River baseflow rates under the same management alternative 

scenarios discussed above for Figure 11, indicates that impacts to Jones River baseflow follow a similar 

pattern to those discussed for Silver Lake level, though the simulated variance of baseflow between the 

different scenarios is not as pronounced as it is for lake levels.  Note that the erratic nature of the Scenario 

2 line during low streamflow periods is due to the fact that, under this scenario, the level of Silver Lake is 

simulated to fluctuate around the current Silver Lake outlet elevation (which is modeled as the Jones 

River streambed elevation for the portion of the river between Silver Lake and the Lake Street dam).  

Therefore, Jones River baseflows are simulated to fluctuate somewhat erratically as Silver Lake rises 

above and then falls below that critical threshold elevation.   

 

4.5.3 Paced Monponsett Pond Inflow Diversions, December-April 

This third alternative management strategy assessment is similar to the second (section 4.5.2) except that 

the hypothetical Monponsett Pond diversion period is reduced by three months from current conditions to 

only occur from December to April.  This time period was chosen because cyanobacteria algal blooms 

have recurred in Monponsett Pond for several years in a row, typically starting in May and persisting as 

late as December.  When cyanobacteria blooms are above the Massachusetts Department of 

Environmental Protection threshold of 70,000 cells/ml, diversions typically do not occur.  This scenario is 

therefore intended to simulate conditions in which Monponsett Pond diversions may only be available in 

a limited capacity due to water quality issues.  As was done with the first and second alternative 

management strategy evaluated in sections 4.5.1 and 4.5.2, simulated Brockton withdrawal scenarios for 
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this alternative management strategy assessment included Brockton withdrawals reduced by 25%, 50%, 

75%, and 90%, relative to current average monthly withdrawals, and capped to be no greater than the rate 

of Monponsett Pond inflow diversions for each month during the diversion period.  During the non-

diversion period summer months, simulated Brockton withdrawals were simulated to be no greater than 

the Brockton withdrawal during the last month of allowed diversion (April) (Table 6).   

The results of these scenarios with respect to simulated Silver Lake elevations and Jones River baseflow 

rates are shown in Figures 13 and 14, respectively.  Table 6 is included to document the actual volumetric 

reduction of Brockton withdrawals for each percentage reduction scenario. 
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Figure 13. Average Monthly Silver Lake Levels - Brockton Water Withdrawals Paced to Average Monponsett Diversions (Dec-April Shortened Diversion 
Period) 

 

Elevations given in feet NGVD29.  

Existing Conditions: This is based on average monthly diversions and withdrawals from 2003-2015.  

Scenario 1: Withdrawals are no more than MP inflow diversions during diversion season, and May - November withdrawals are equal to April MP inflow diversions, and MP 

inflow diversions capped at 12.5 MGD. 

Scenario 2: 50% reduction of Brockton withdrawals from Scenario 1. 

Scenario 3: Scenario 2 with no Brockton withdrawals during May - November non-diversion period. 
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Figure 14. Average Monthly Jones River Baseflow - Brockton Water Withdrawals Paced to Average Monponsett Diversions (Dec-April Shortened Diversion 
Period) 

 

Existing Conditions: This is based on average monthly diversions and withdrawals from 2003-2015.  

Scenario 1: Withdrawals are no more than MP inflow diversions during diversion season, and May - November withdrawals are equal to April MP inflow diversions, and MP 

inflow diversions capped at 12.5 MGD. 

Scenario 2: 50% reduction of Brockton withdrawals from Scenario 1. 

Scenario 3: Scenario 2 with no Brockton withdrawals during May - November non-diversion period. 
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Table 6. Summary of Brockton Withdrawals and MP Inflow Diversions in Management Strategy Alternative #3 - Scenarios of Brockton Withdrawals Paced to 
MP Inflow Diversions December - April 

  
Existing Conditions 

Brockton Withdrawals Scenario 1 Scenario 2 Scenario 3 

Month 

MP 
Diversions 

(MGD) 

Brockton  
Withdrawals 

(MGD)  

MP 
Diversions 

(MGD) 

Brockton 
Withdrawals 

(MGD) 

MP 
Diversions 

(MGD) 

Brockton  
Withdrawals 

(MGD) 

MP 
Diversions 

(MGD) 

Brockton 
Withdrawals 

(MGD)  

1 12.79 9.50 12.50 9.50 12.50 4.75 12.50 4.75 

2 12.07 9.48 12.07 9.48 12.07 4.74 12.07 4.74 

3 10.71 9.20 10.71 9.20 10.71 4.60 10.71 4.60 

4 13.25 8.85 12.50 8.85 12.50 4.43 12.50 4.43 

5 8.80 9.11   8.85   4.43     

6   9.49   8.85   4.43     

7   9.48   8.85   4.43     

8   9.26   8.85   4.43     

9   9.02   8.85   4.43     

10 6.50 8.97   8.85   4.43     

11 7.26 9.10   8.85   4.43     

12 12.99 9.35 12.50 9.35 12.50 4.67 12.50 4.67 
 

Yellow highlights signify withdrawals and/or diversions that were altered from 2003-2015 historical data averages to meet scenario objectives. 

Existing Conditions: This is based on average monthly diversions and withdrawals from 2003-2015.  

Scenario 1: Withdrawals are no more than MP inflow diversions during diversion season, and May – November withdrawals are equal to April MP inflow diversions, and MP 

inflow diversions capped at 12.5 MGD. 

Scenario 2: 50% reduction of Brockton withdrawals from Scenario 1. 

Scenario 3: Scenario 2 with no Brockton withdrawals during May - November non-diversion period. 
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This third alternative assessment of Brockton withdrawals is very similar to the previously discussed 

second alternative (section 4.5.2).  Both include Brockton withdrawals from Silver Lake paced to inflow 

diversions from Monponsett Pond.  The only difference between the two is that, in this third alternative 

assessment, the time period of diversions from Monponsett Pond has been reduced by three months, 

relative to the second alternative assessment.  Because of the shorter period of inflow diversions from 

Monponsett Pond in this alternative assessment, the overall water budget inflow to Silver Lake is less 

than it is for the second alternative assessment.  As a result, Silver lake water levels are simulated to be 

slightly lower overall than was the case for the second alternative assessment.  In fact, for the existing 

conditions Brockton withdrawals and for the Scenario 1 paced Brockton withdrawals, Figure 13 exhibits a 

slight trend of decreasing Silver Lake levels over progressive years because withdrawals exceed inflows.  

That dewatering effect is not evident for the 50% reduced Brockton withdrawal scenario (Scenario 2), nor 

for the scenario with no Brockton withdrawals during the non-diversion period (Scenario 3) (Figure 13).   

Scenario 1, which simulates a straight, paced Brockton withdrawal pattern with no further reductions in 

Brockton withdrawal, is simulated to actually be deleterious to Silver Lake level and Jones River 

baseflow, relative to current conditions, because the diversion period of inflows to Silver lake is shortened 

while Brockton withdrawals continue (Figures 13 and 14, respectively).  Seasonal lows of lake level and 

river baseflow are simulated to fall well below all Project fish passage goals during critical fish passage 

seasons for both existing conditions and Scenario 1.   Scenario 2, which includes a 50% reduction of 

Brockton withdrawals, is simulated to provide a significant improvement in Silver Lake levels and a more 

modest increase of Jones River baseflow (Figures 13 and 14, respectively).  However, it is still simulated 

to fail to meet two of the three Project fish passage goals.  Only Scenario 3, which does not include any 

Brockton withdrawals from Silver Lake during the Monponsett Pond non-diversion period from May to 

November, is simulated to meet all of the Project fish passage goals.   

When examining these results it should be remembered that the model appears to under estimate high 

points on the seasonal Silver Lake level curve by approximately 35% (Figure 5).  Therefore the simulated 

Silver Lake high levels shown on Figure 13 are likely lower than might actually occur in reality.  Given 

that fact, and paying head to the law of diminishing returns evident in Figure 13, it’s possible that some 

significantly reduced schedule of Brockton withdrawals (more than a 50% reduction) during the non-

diversion period might potentially be able to occur while still meeting most Project fish passage goals. 

Figure 14, showing simulated Jones River baseflow rates under the same management alternative 

scenarios discussed above for Figure 13, indicates that impacts to Jones River baseflow follow a similar 

pattern to those discussed for Silver Lake level, though the simulated variance of baseflow between the 

different scenarios is not as pronounced as it is for lake levels.  Note that the erratic nature of the Scenario 

2 line during low streamflow periods is due to the fact that, under this scenario, the level of Silver Lake is 

simulated to fluctuate around the current Silver Lake outlet elevation (which is modeled as the Jones 

River streambed elevation for the portion of the river between Silver Lake and the Lake Street dam).  

Therefore, Jones River baseflows are simulated to fluctuate somewhat erratically as Silver Lake rises 

above and then falls below that critical threshold elevation. 

4.5.4 Drought Conditions 

This fourth alternative assessment is different from those previously discussed in sections 4.5.1 to 4.5.3 in 

that it is not really a Brockton management strategy at all.  Instead it is an assessment of the simulated 

responses of Silver Lake and the Jones River to varying degrees of drought.  For all drought scenarios 
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evaluated under this alternative assessment, Brockton withdrawals were held at current average monthly 

conditions.   The three drought scenarios evaluated under this alternative assessment were: 

1. 20% reduction of natural, precipitation-based recharge for each month for the entire four-year 

model time period.  Recharge reductions are relative to the average monthly recharge values 

included in the USGS model, as received from the USGS (based on 1949-2002 field data);   

2. A drought followed by recovery scenario with 20% reduced recharge in years 1 and 2, followed 

by 50% reduced recharge for year 3, and then a recovery to 20% reduced recharge in year 4; and 

3. A worsening drought scenario with the first two years of 20% reduced recharge are followed by 

one year of 33% reduced recharge, and then one year of 50% reduced recharge. 

Reducing only the natural, precipitation-based recharge in the model was complicated because the 

recharge component of the USGS MODFLOW included both estimated natural recharge and septic 

system derived recharge combined together in each of the nearly 38,000 cells in layer one of the model, 

with many thousands of discrete recharge values making up the total matrix of recharge for the model.  In 

order to separate out the natural component of recharge and reduce only the natural component of 

recharge in the model, we assumed that, on average, natural recharge during the month of July is minimal 

due to the evapotranspiration demands of vegetation and the need to overcome soil moisture deficits 

during the peak summer.  Therefore the majority of the USGS modeled recharge for July would be from 

septic systems. 

We began the process of separating out the estimated natural recharge component from the septic system-

based component by exporting the recharge values for each of the MODFLOW model cells into separate 

Microsoft Excel spreadsheets for each of the 48 model stress periods.  In Excel, for each of the model 

stress periods, the septic system component of recharge for each cell (assumed to be equivalent to the July 

recharge value) was subtracted from the other months’ recharge value in order to estimate the natural 

recharge component.  That natural recharge component was then reduced for each cell and for each stress 

period by 20%, 33% and 50%, per the above-listed scenarios.  Once the natural recharge values had been 

appropriately reduced, the septic system recharge component was then added back in to create complete 

estimated recharge values for each model cell and time step for each hypothetical drought scenario.  

Finally these hypothetical drought recharge values were imported from Excel back into the MODFLOW 

model to provide the recharge values for the drought scenarios.      

The results of these scenarios with respect to simulated Silver Lake elevations and Jones River flow rates 

are shown in Figures 15 and 16, respectively.  No table of quantified Brockton withdrawals or drought-

based recharge reductions is included because the Brockton withdrawals are all constant at current 

conditions, and the recharge reductions are variable on a model cell by model cell basis with many 

thousands of discrete recharge values for each scenario. 
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Figure 15. Average Monthly Silver Lake Levels – Scenarios of Reduced Recharge 

 

Elevations given in feet NGVD29.  

20% Reduced Recharge: Non-septic recharge component is reduced by 20% across all four years. 

20-50% Reduced Recharge: Non-septic recharge component is reduced by 20% in years 1, 2 and 4, and reduced by 50% in year 3.  

20-33-50% Reduced Recharge: Non-septic recharge component is reduced by 20% in years 1 and 2, reduced by 33% in year 3 and reduced by 50% in year 4.  
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Figure 16. Average Monthly Jones River Baseflow - Scenarios of Reduced Recharge 

 
20% Reduced Recharge: Non-septic recharge component is reduced by 20% across all four years. 

20-50% Reduced Recharge: Non-septic recharge component is reduced by 20% in years 1, 2 and 4, and reduced by 50% in year 3.  

20-33-50% Reduced Recharge: Non-septic recharge component is reduced by 20% in years 1 and 2, reduced by 33% in year 3 and reduced by 50% in year 4
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All scenarios include the same 20% recharge reduction for the first two years and, therefore, are simulated 

to have identical Silver Lake and Jones River baseflow results for the first two years with the scenario 

lines overlapping each other on Figures 15 and 16, respectively.  The scenario with increasing drought 

followed by recovery shows an expected pattern of reducing Silver Lake levels and Jones River baseflows 

through year 3, followed by a modest recovery in year 4.  The scenario of steadily increasing drought 

shows the most significant impact to both Silver Lake levels and Jones River baseflows culminating in 

the simulated year 4 low points. Because all of these drought scenarios are shown in comparison to 

existing conditions (which already fail to meet most Project fish passage goals), all drought scenarios are 

simulated to create greater shortcomings from those goals. 

4.5.5 Simulated Jones River Baseflow Summary 

As a means of comparing the simulated impacts to Jones River baseflow from all modeled scenarios for 

all alternative management strategies, Table 7 depicts the minimum and maximum simulated Jones River 

baseflow for each scenario under the four management strategy alternatives.  For most of the scenarios, 

the maximum simulated baseflow occurs in March or April, consistent with seasonal norms.  While there 

is more variety in the timing of the simulated minimum baseflow, most of the minimum baseflow values 

occur in the fall season, particularly October.  Significant increases in Jones River baseflow are only 

simulated to occur for those scenarios that include significant reductions in Brockton withdrawals from 

Silver Lake.  This is true for the no Monponsett Pond diversion alternative and for the two paced 

Monponsett Pond diversion alternatives.  This is true because both of those management alternatives 

include reductions in the volume of water diverted from Monponsett Pond into Silver Lake, to varying 

degrees.  Therefore to counteract those losses of water input to the Silver Lake/ Jones River system, 

significant reductions in Brockton withdrawals are required to generate streamflow improvement, and 

habitat restoration. 
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Table 7. Minimum and Maximum Jones River Baseflow 

 Minimum Baseflow Maximum Baseflow 

Management Strategy/Scenario 
Min 

Month 
Min 
Year 

Min 
Value 
(cfs) 

Max 
Month 

Max 
Year 

Max 
Value 
(cfs) 

No MP Diversions 

Normal Withdrawals Oct Year 1 0.00 Jan Year 1 0.22 

25% Reduced Withdrawals Aug Year 3 0.00 Mar Year 1 0.31 

50% Reduced Withdrawals Jun Year 4 0.08 Apr Year 2 0.38 

75% Reduced Withdrawals Sept Year 4 0.03 Mar Year 2 0.64 

90% Reduced Withdrawals Aug Year 4 0.16 Mar Year 2 0.76 

No Withdrawals Jan Year 1 0.23 Mar Year 2 0.84 

Paced Oct-May Diversions 

Existing Model Oct Year 4 0.04 Apr Year 1 1.40 

Scenario 1 Oct Year 2 0.04 Apr Year 2 1.38 

Scenario 2 Oct Year 3 0.08 Mar Year 2 1.81 

Scenario 3 Sep Year 4 0.30 Mar Year 2 1.83 

Paced December-April Diversions 

Existing Model Oct Year 4 0.04 Apr Year 1 1.40 

Scenario 1 Oct Year 4 0.03 Apr Year 1 1.37 

Scenario 2 July Year 3 0.11 Apr Year 2 1.78 

Scenario 3 Sept Year 3 0.28 Mar Year 2 1.81 

Reduced Recharge  

Existing Model Oct Year 4 0.04 Apr Year 1 1.40 

20% Reduced Recharge Oct Year 2 0.04 Apr Year 1 1.36 

20-50% Reduced Recharge Oct Year 3 0.04 Apr Year 1 1.36 

20-33-50% Reduced Recharge Oct Year 4 0.03 Apr Year 1 1.36 

4.6 Modeling Limitations 

The work presented in this document provides an estimate of the relative hydrologic effects of the 

Brockton withdrawals and Monponsett Pond diversions management alternatives.  All assessments are 

based on the use of a USGS regional MODFLOW model of the greater Tri-Basin area.  The results of the 

groundwater simulations represent the best information available at this time but should not be considered 

absolutely accurate at any specific location or time.  Although model simulation results are approximate 

by nature, the relative comparison of different modeled scenarios does provide adequate information to 

evaluate the relative changes in Silver Lake elevation and baseflow in Jones River due to variations in the 

volume of water diverted to Silver Lake, and the volume of water withdrawn from Silver Lake for 

Brockton.  

Use of average conditions as a modeling tool has limitations.  By nature, average conditions do not 

capture the highest or lowest lake elevations or river flows that may occur on a day to day basis.  

However, the model is still able to show overall responses and trends and to, therefore, aid the evaluation 

of the relative impacts from the various management strategies.  These modeling results can help develop 
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the framework for sustainable water management practices.  However, real-world management policies 

should include lake level and flow monitoring with associated management triggers. 

5.0 Conclusions 

The objectives of this study were to evaluate potential management strategy alternatives intended to help 

maintain suitable water levels in Silver Lake and flow rates in the Jones River to support fish passage.  

There are two primary options for changing how water supply is managed from Silver Lake by the City of 

Brockton: 

1. Change the rate and/or timing of diversions from Monponsett Pond into Silver Lake; and 

2. Change the rate and timing of withdrawals out of Silver Lake.  

The focus of this study was solely to analyze the water balance impacts to Silver Lake and the Jones 

River from changes in management strategy of Silver Lake and Monponsett Pond.  While Brockton 

obtains water from other sources, or has other potential sources, those sources were not included in this 

study.  It is not known if the hypothetical changes to Silver Lake and Monponsett Pond management 

evaluated in this study can be offset by other sources.  The approach of this study was simply to evaluate 

the relative environmental impacts from those different management strategies without addressing the 

feasibility of implementing those strategies.   

Furnace Pond was not the focus of this study and therefore, diversions from Furnace Pond into Silver 

Lake were not modeled.  However, water diverted from Furnace Pond would obviously add to the amount 

of available water in Silver Lake and help offset Brockton withdrawals.  

Given known water quality issues in Monponsett Pond, Project Partners decided to run management 

strategy scenarios that included no Silver Lake inflow diversions from Monponsett Pond.  That 

assessment indicated that with no Silver Lake inflow diversions from Monponsett Pond, a 75% reduction 

in Brockton withdrawals would allow for Silver Lake elevations to be above the Project fish passage 

target of one foot of water over the outmigration notch of the Lake Street dam for the entire year.  A 50% 

Brockton withdrawal reduction would allow the lake elevation to be above this critical target for some of 

the year, but not during the critical months of the fall out-migration fish passage season.  Therefore, the 

50% reduction is not simulated to fully achieve the Project fish passage goals.  

Due to the ongoing concerns about water quality in Monponsett Pond, this project also included several 

scenarios where diversions from Monponsett Pond did not occur.  However, it should be noted that 

Monponsett Pond water quality issues should be addressed in order to continue to include that source as a 

continued, long-term water supply asset.  Assuming the current Monponsett Pond diversion period from 

October- May, lake elevations were simulated to remain above the critical target of one foot above the 

outmigration notch for the majority of the year if Brockton reduced withdrawals by 50%.  During a 

hypothetically shortened Monponsett Pond diversion period between December and April, maintenance 

of simulated lake elevations above the critical target of one foot above the outmigration notch for the 

entire year would require a Brockton withdrawal reduction of 50% from December to April and no 

withdrawals between May and November.   

Various scenarios of drought were also assessed as part of this project.  Simulated drought, even 

significant reductions of groundwater recharge that persisted over multiple years were simulated to 

impact Silver Lake levels and Jones River baseflows to a lesser degree than did simulated variations of 

the anthropogenic management of Brockton withdrawals and Monponsett Pond diversions.  Simulated 

drought conditions would exacerbate impacts from anthropogenic influences. 

The maximum Jones River baseflow values were obtained during the management strategies that included 

inflow diversions from Monponsett Pond paired with significantly reduced Brockton withdrawals.  The 

management strategy scenarios that included no inflow diversions from Monponsett Pond resulted in very 
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low simulated Jones River baseflows, particularly with Brockton withdrawals occurring normally.  As 

Brockton withdrawals were progressively reduced, simulated Jones River baseflow rates increased 

correspondingly, but never reached as high as those that were simulated under those scenarios that 

included Monponsett Pond inflow diversions. 
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