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MassDEP REVIEW LETTER DATED DECEMBER 12, 2006 
REGARDING CHATHAM INFILTRATION LOADING TESTS 




















 
 
 
 
 
 
 
 
 
 
 
 


APPENDIX B 
 


GROUNDWATER LEVEL DATA 







`


Average 
Water 
Levels


11/19/1996 2/19/1997 5/5/1997 7/30/1997 10/28/1997 1/27/1998 4/20/1998 7/28/1998 10/5/1998 4/20/1999 10/22 & 
25/1999 4/19/2000 10/11 - 


16/2000 4/23/2001 10/16/2001 4/24 - 
29/2002


10/21-
24/2002


4/22 and 
5/13/   
2003


10/16-
23/2003


5/3-
24/2004


11/2-
22/2004


5/2-
19/2005


10/11-
20/2005 4/26/2006


11/1, 11/2
& 


11/13/06


MW-1S 48.16 13.97 16.19 15.06 15.81 15.34 14.06 14.06 13.91 15.37 14.17 13.16 12.18 12.43 12.67 13.97 12.85 12.44 11.94 15.94 13.95 -- -- -- -- -- --
MW-1D 48.15 11.85 13.64 12.95 -- -- -- -- -- -- -- -- -- -- -- 11.51 11.51 -- 9.19 13.01 11.15 -- -- -- -- -- --
MW-3S 21.67 10.16 11.40 10.88 11.49 10.66 9.67 10.49 11.35 10.46 9.82 9.68 8.93 9.64 8.67 10.38 9.20 9.24 8.73 11.40 10.20 10.39 9.64 11.33 10.25 10.14 9.99
MW-3D 21.68 11.15 12.84 12.20 12.92 11.51 10.63 11.18 13.22 11.69 10.81 10.72 9.30 10.17 9.59 11.23 9.63 10.05 9.17 12.72 10.90 11.65 10.37 12.87 10.91 11.56 11.0
MW-9S 45.75 13.88 15.56 15.20 16.08 15.10 13.46 13.84 16.20 15.35 13.98 12.89 11.62 12.12 12.09 13.46 12.25 11.90 11.34 15.58 13.85 14.23 12.72 15.94 14.30 14.23 13.73
MW-9D 44.71 11.32 13.52 12.85 13.59 12.21 10.88 11.78 13.48 12.11 8.41 10.86 9.40 10.19 9.68 11.38 9.85 10.02 9.17 12.93 11.07 11.79 10.44 13.09 11.37 11.76 11.29
MW-14S 29.11 14.71 16.23 16.02 -- -- -- -- -- -- -- -- -- -- -- 13.82 13.82 -- 11.73 16.02 14.58 14.78 13.48 16.39 14.93 14.85 14.54
MW-14D 27.79 11.77 13.59 13.00 13.71 12.26 11.33 11.87 13.23 12.55 11.45 11.33 9.80 10.61 10.18 11.88 10.33 10.53 9.53 13.37 11.51 12.21 10.92 13.48 11.61 12.24 11.7
MW-17S 20.84 15.63 16.49 16.29 16.45 15.65 14.71 17.22 16.05 15.13 14.63 15.30 14.85 14.99 14.30 16.63 14.05 16.67 14.99 17.44 15.49 15.74 15.63 16.46 15.09 15.4 15.16
MW-17I 21.21 15.89 16.48 16.30 16.45 -- -- -- -- -- -- -- -- -- -- 16.58 -- -- 14.80 17.38 15.61 15.69 15.53 16.38 15.00 15.31 15.06
MW-17D 20.59 11.00 12.91 12.26 12.99 11.66 -- 10.22 13.00 11.68 10.60 10.46 9.20 9.89 9.42 11.03 9.52 9.77 8.87 12.42 10.86 11.41 10.19 12.61 10.87 11.36 10.9


PW-2S 37.69 7.72 9.25 8.54 9.11 8.30 6.83 7.74 8.08 8.34 7.23 7.27 6.53 7.25 6.80 8.00 6.71 7.04 6.67 9.09 7.47 7.99 7.28 8.96 7.49 7.68 7.41
PW-2D 37.71 10.64 12.56 11.90 12.66 11.24 9.90 10.60 12.50 11.36 10.10 10.06 8.67 9.60 8.93 10.58 10.58 9.46 8.56 11.88 10.24 10.94 9.86 12.21 10.28 10.97 10.43
PW-3S 30.22 4.62 5.32 4.97 5.37 4.79 4.13 4.74 5.31 4.72 4.01 4.45 4.18 4.49 4.05 4.95 4.03 4.43 3.97 5.48 4.37 4.72 4.37 5.38 4.36 4.53 4.32
SW-22 58.02 12.43 -- -- -- -- -- -- -- 13.75 12.32 11.68 10.31 11.23 10.86 -- -- -- -- 14.86 12.44 12.99 11.51 14.66 12.55 12.74 12.17
SW-25 63.94 15.27 17.16 16.40 17.11 16.51 -- 14.54 -- 16.82 15.34 13.67 12.66 12.86 13.35 -- -- -- -- 16.76 15.13 15.24 13.82 17.06 15.51 15.37 14.86
SW-26 23.76 14.18 15.63 15.64 16.27 15.01 -- 14.26 -- 15.57 14.13 12.83 11.77 12.05 -- -- -- -- 11.13 15.32 13.99 14.35 12.81 15.84 14.54 14.41 13.92


QC: by LMS 1/2/07
Notes:
Elevations in feet relative to NGVD.
Depth to groundwater measured in monitoring wells from top of PVC riser.
-- = Depth to groundwater was not measured.
* = Water Level Indicator was not operational at these well locations.  Water level was estimated. 


Monitoring Well 
No.


Top of PVC
Elevation


(feet)


Groundwater Elevation (feet)


Appendix B
Groundwater Elevation Survey Data


Chatham Landfill and Wastewater Facilty
Monitoring Wells


Weston & Sampson
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TECHNICAL MEMORANDUM 


 
To: 


 
Brian Dudley, MADEP SERO 
Steven Hallem, MADEP Boston 
Ronald Lyberger, MADEP Boston 


From: Jesse Schwalbaum, Watershed Hydrogeologic 
Nathan C. Weeks, P.E., Stearns & Wheler 
Robert A. Duncanson, Ph.D., Town of Chatham 


Cc: Thomas Cambareri, CCC 
Donald Walter, USGS 


Date: June 22, 2007 


Re: Findings of Groundwater Modeling for  
Treated Water Recharge at Existing WWTF Site and Site No. 1 
Town of Chatham CWMP 
S&W No. 70098 


 
 
INTRODUCTION AND PURPOSE 
 
The Town of Chatham (Town) is in the process of completing a Comprehensive Wastewater 
Management Plan (CWMP) to address Town-wide wastewater problems and nitrogen total maximum 
daily loadings (TMDLs) that have recently been developed for the Town’s coastal estuaries by the 
Massachusetts Estuaries Project (MEP) and the Massachusetts Department of Environmental Protection 
(MassDEP).  
 
The CWMP project has evaluated several scenarios to manage wastewater in Town. The recommended 
scenario includes extension of the existing wastewater collection system and upgrade of the Chatham 
wastewater treatment facility (WWTF) to tertiary treatment standards. This management scenario would 
also include recharge of the treated water back to the aquifer near the existing WWTF.  
 
The purpose of this Technical Memorandum is to summarize groundwater modeling evaluations 
completed to refine the feasibility of recharging the treated water at the Chatham WWTF, and to identify 
the design hydraulic loading rate for the recommended recharge facilities.   
 
BACKGROUND  
 
The CWMP project has evaluated several potential treated water recharge sites, as illustrated on 
Figure 1. The most practical sites are the existing treated water recharge site that currently uses rapid 
sand infiltration beds (sand beds) and Site No. 1, located to the north of the existing site. The following 
studies have been completed in this area to demonstrate that the site is suitable for recharge of treated 
water: 
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1. Groundwater modeling completed by the United States Geologic Survey (USGS), as 
summarized in a Technical Memorandum dated July 11, 2005 (Stearns & Wheler, July 2005), 
demonstrated that treated water recharge at the site would not cause the groundwater under the 
capped landfill (adjacent to the existing sand beds and Site No. 1) to flow to public water supply 
wells in Chatham. This was an important finding because the treatment and recharge capacity at 
the WWTF had previously been limited to less than 0.15 million gallons per day (mgd) due to 
MassDEP concerns that recharge flows above 0.15 mgd could cause landfill-related contamination 
of the wells.  
 
2. Water quality modeling completed by the MEP as summarized in a Technical Memorandum 
dated November 2006 (MEP, 2006) demonstrated that nitrogen concentrations of up to 
3 milligrams per liter (mg/L) recharging to the upper reaches of Cockle Cove Creek and salt marsh 
would not cause eutrophic conditions in the creek. This was an important finding because Cockle 
Cove Creek is the surface water that would receive the majority of the treated water recharge as the 
groundwater recharges to the creek from the watershed. This study found that as long as the 
concentration of bioactive nitrogen (nitrate + ammonium + particulate organic nitrogen) in the 
tidal creek remains unchanged (less than 3 mg/L); the creek habitat should remain of high quality. 
 
3. Hydraulic load testing at the existing sand beds and Site No. 1 completed by the Town and 
Stearns & Wheler as summarized in a summary report dated July 2006 (Stearns & Wheler, July 
2006) demonstrated that the soils at these sites could convey water to the water table at rates of 
300 to 460 gallons per day per square foot (gpd/SF). These observed rates, in combination with 
USEPA design criteria for sizing of treated water infiltration facilities, indicated a design loading 
rate of 30 gpd/SF for the site (an order of magnitude below the observed rates to provide a suitable 
safety factor). This was an important finding because MassDEP typically limits the design 
infiltration rates to 5 gpd/SF when hydraulic loading tests are not completed. The lower design rate 
of 5 gpd/SF would require six times the sand bed area (and associated land and construction costs) 
as compared to the recommended rate of 30 gpd/SF. 
 


MassDEP review of the hydraulic load testing report (Stearns & Wheler, July 2006) agreed with the 
methodology and findings of the testing (letter from MassDEP dated December 2006 attached in 
Appendix A), but requested groundwater modeling at the site of 15, 30, and 45 gpd/SF to verify that this 
range of loading rates would not cause mounding impacts in the region. Also, there was interest to 
model the transport of the treated water to Cockle Cove Creek as well as to other estuaries, and to 
freshwater ponds and public water supply wells. 
 
Figure 2 illustrates the WWTF site as well as the sand beds (existing and potential) where the treated 
water recharge would occur as evaluated with the groundwater modeling.  
 
The Town is currently finalizing the CWMP, which proposes to extend sewers Town-wide in two 
phases: 
 


1. Phase I sewer extension work would extend sewers to approximately two thirds of the 
Town’s existing and future properties to meet the MassDEP nitrogen TMDLs. 
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2. Phase II sewer extension work would extend sewers to the rest of the Town to address other 
wastewater needs.  
 


The treated water recharge flows associated with these sewer extension phases are summarized in 
Table 1. 
 


Table 1 
Summary of Projected Treated Water Flows(1) 


AVERAGING PERIOD PHASE I TOTAL PHASE II 


Average annual  1.3 1.9 
Maximum month 2.1 3.1 


 
(1)  Flows are projected to the buildout conditions and include an allowance for inflow and infiltration to 


the future collection system. The flows have units of million gallons per day (mgd). 
 
 
The following projected sand bed areas are indicated when the projected flows are combined with the 
hydraulic loading rates requested by MassDEP. 
 
 


Table 2 


Summary of Projected Sand Bed Areas 
SAND BED AREAS (SF) FOR SPECIFIED 


HYDRAULIC LOADING RATES 
AVERAGING PERIOD AND PROJECTED FLOWS 15 GPD/SF 30 GPD/SF 45 GPD/SF 


Phase II maximum month flow of 3.1 mgd 210,000 100,000 69,000 
Phase II average annual flow of 1.9 mgd 130,000 64,000 43,000 
Phase I maximum month flow of 2.1 mgd 140,000 70,000 47,000 
Phase I average annual flow of 1.3 mgd 87,000 44,000 29,000 


 
 


The flows and sand bed areas summarized in Tables 1 and 2 were used for the groundwater modeling 
evaluations as summarized below. 
 
Groundwater Modeling Method 
 
The groundwater flow modeling program used in this analysis is the USGS’s three-dimensional 
groundwater flow model MODFLOW (McDonald and Harbaugh, 1988).   The modeling analysis is 
based on the regional groundwater model of Cape Cod developed by the USGS (Walter and Whealan, 
2004).  The portion of the Cape Cod model used in this analysis is referred to as the Monomoy Flow 
Lens and covers the eastern portion of Cape Cod from the Town of Dennis in the west to the Town of 
Chatham in the east.  A smaller sub-regional model was developed from this regional model by means 
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of a process known as telescopic mesh refinement (TMR).  An area of primary interest was defined 
(essentially the Town of Chatham and a small portion of Harwich), and this portion of the regional 
model was isolated and extracted from the regional model, and a finer grid spacing was developed. 
Groundwater Vistas (developed by Environmental Simulations, Inc.) was used as a graphical processor 
for the TMR process and subsequent model runs.  Once the sub-regional model was defined and 
developed, some site-specific changes were made to reflect localized conditions.  These changes to the 
original model are discussed below. 
 
Conceptual Model of Aquifer 
 
The original USGS regional model simulated the aquifer as a simple water table aquifer.  However, 
boring logs in the vicinity of the existing WWTF and surrounding area indicate the presence of a 
relatively thin but extensive clay layer.  The clay layer was noted in every boring log in the region of the 
WWTF and capped landfill. The clay layer is described in boring logs as clay, silt and clay or silty clay.  
However, in our experience, drillers often give the designation of clay to materials ranging from clay to 
silty fine sand. The thickness of the clay ranges from about 3 to 20 feet, but is generally 5 to 15 feet 
thick.  This clay layer was included in the sub-regional model described in this report.  Therefore, the 
aquifer is now conceptualized as a shallow upper aquifer underlain by a relatively thin semi-confining 
unit of clay and silt throughout much of the model domain, which in turn is underlain by a lower sand 
aquifer.  This subsurface condition is illustrated in two geologic cross sections.  The lines of cross 
section are shown in Figure 3.  The cross sections themselves are shown in Figures 4 and 5.  Figure 3 
also shows the apparent extent of the clay.  Clay is known to be present outside the area shown in 
Figure 3, but it is not as continuous. 
   
Model Design and Development 
 
The development of the regional USGS model is described in Walter and Whealan (2004).  The only 
changes to this original model were the development of a sub-regional model as described above and 
site-specific changes to specific parameters as described below. 
 
The extent of the Chatham sub-regional groundwater model is shown in Figure 6. The model area 
consists primarily of the Town of Chatham but includes a portion of Harwich in the west.  The model 
extends to Nantucket Sound in the south, Chatham Harbor in the east, and Pleasant Bay and Muddy 
Creek to the north. The area of the model is approximately 21 square miles (31,500 feet by 18,500 feet).  
The model grid consists of 93 rows, 158 columns, and 15 layers.  The model nodes range in size from 
200 by 200 feet in the outer portions of the model to 100 by 100 feet in the region of the WWTF. This 
grid sizing represents a significant refinement of the model compared to the 400 by 400 feet grid sizing 
in the USGS regional model.   
 
The boundary conditions for the sub-regional Chatham model are also shown in Figure 6. The primary 
difference in boundary conditions between the regional USGS Monomoy model and the sub-regional 
Chatham model is in the northwestern portion of the Chatham model, where upgradient groundwater 
flowing into the model domain is simulated using constant head nodes.   
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The coastal streams are still simulated as drain nodes and the discharge of groundwater into the harbor 
and Sound are simulated as general head boundaries.  However, the drain nodes were modified to more 
accurately represent the geometry and elevations of the streams based on the new grid dimensions.     
 
The primary change to the model parameters from the original USGS model was the inclusion of the 
clay layer described above.  The clay layer underlies the entire area from the WWTF to Cockle Cove 
Creek, but data from boring logs indicate that there may be gaps in the clay further to the west and east.  
In addition, there appears to be another clay layer deeper in the aquifer to the east.  This deeper clay 
layer was not simulated in the sub-regional model because of its distance from the WWTF and because 
the proposed recharge is expected to remain in the upper aquifer. 
 
The drains representing coastal streams were also modified.  With a more refined grid, it was possible to 
more accurately simulate the geometry of these features.  In addition, the drain elevations, representing 
the stream bottoms, were made to more precisely reflect topographic contours.  
   
Model Calibration 
 
The original calibration of the USGS regional model included relatively few data points within the 
Town of Chatham.  Therefore, in consultation with staff from the MassDEP, USGS, and the Cape Cod 
Commission, it was decided that the sub-regional model would be calibrated to additional water level 
data.  Water level data has been obtained on a roughly quarterly basis from a series of wells in the area 
of the WWTF and landfill since 1996. That data is included in Appendix B. Average and high 
groundwater levels from these wells are summarized in Table 3. The average water levels were included 
in the model as calibration targets. 
 
There have been several discussions regarding the potential hydraulic conductivity (K) of the clay layer 
in the region of the WWTF.  According to textbooks, a true silt or clay should have a horizontal K value 
of well below 1 ft/day (e.g., Freeze and Cherry, 1979).  However, Don Walter of the USGS has argued 
that this may not be a true clay and suggested that a horizontal K (Kh) value of as high as 10 ft/day may 
be appropriate.  During the calibration process, it was found that model-simulated water levels were 
quite sensitive to the vertical K (Kv) of the clay unit.  It was also found that if Kv values less than 0.01 
ft/day were used for the clay layer, this would require rainfall recharge rates and K values for the upper 
aquifer that were beyond reasonable ranges (less than 24 inches per year and greater than 350 ft/day, 
respectively).  The model calibrated well using a horizontal K value for the clay of 5 ft/day and a 
vertical K of 0.05 ft/day.   
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Table 3 


Summary of Average and High Groundwater Levels 
MONITORING 


WELL NO. 
ELEVATION 


TOP OF CASING 
AVERAGE WATER LEVEL 


ELEVATION(1) (FEET) 
HIGH GROUNDWATER 
ELEVATION (FEET)(2) 


MW-1S 48.16 13.97 15.94 
MW-1D 48.15 11.85 13.01 
MW-3S 21.67 10.16 11.40 
MW-3D 21.68 11.15 12.72 
MW-9S 45.75 13.88 15.58 
MW-9D 44.71 11.32 12.93 
MW-14S 29.11 14.71 16.02 
MW-14D 27.79 11.77 13.37 
MW-17S 20.84 15.63 17.44 
MW-17I 21.21 15.89 17.38 
MW-17D 20.59 11.00 12.42 
PW-2S 37.69 7.72 9.09 
PW-2D 37.71 10.64 11.88 
PW-3S 30.22 4.62 5.48 
SW-22 58.02 12.43 14.86 
SW-25 63.94 15.27 16.76 
SW-26 23.76 14.18 15.32 


 
(1)  Average water level elevation from 11/96 to 11/06. 
(2)  The highest groundwater elevations for the period of November 1996 to November 2006 occurred in 
April 2003. 
 
 
The hydraulic conductivity of the upper aquifer was also refined during the calibration process.  The 
model calibrated best when the hydraulic conductivity of the upper aquifer was raised from the 
170 ft/day assumed in the original USGS regional model to 240 ft/day.  This is well within the expected 
range for the observed soils. 
 
Precipitation recharge in the original USGS regional model ranged from 27 to 30.2 inches per year.  The 
sub-regional model calibrated best assuming a uniform precipitation recharge rate of 27.2 inches per 
year. 
 
Several statistical techniques are used to evaluate how well a model has been calibrated to observed 
conditions (Anderson & Woessner, 1992).  One is to calculate the mean error, which is the mean of the 
residuals (the difference between observed and simulated groundwater elevations). Table 4 lists the 
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residuals at the 18 observation wells.  The locations of the wells are shown in Figure 7. The mean of 
residuals was found to be 0.00 foot. 
 
One drawback to using the mean residual to evaluate calibration is that positive and negative residuals 
tend to cancel each other out, making the calibration appear better than it might be.  A better overall 
indication of error is the mean absolute residual.  For this, the mean is taken of the absolute values of all 
the residuals.  The mean absolute residual for the model calibration was 0.62 feet. 
 
 


Table 4 


Summary of Model Calibration Statistics 


WELL NO. OBSERVED WATER 
ELEVATION (FEET) 


SIMULATED WATER 
ELEVATION (FEET) 


RESIDUAL 
(FEET) 


15GCW38 11.34 12.31 -0.97 
CGW-177 11.91 10.95 0.96 
28WHITE 14.00 13.65 0.35 
CGW-176 12.73 13.73 -1.00 
CGW-182 3.02 3.60 -0.58 
HJW-156 4.79 4.93 -0.14 
PW-3 4.62 5.30 -0.68 
PW-2 7.72 7.01 0.71 
MW-3S 10.16 9.72 0.44 
MW-1S 13.97 13.40 0.57 
SW-26 14.18 14.38 -0.20 
SW-25 15.27 14.48 0.79 
SW-22 12.43 12.72 -0.29 
MW-9S 13.88 13.27 0.61 
MW-14S 14.71 13.80 0.91 
MW-9D 11.32 12.16 -0.84 
MW-14D 11.77 12.70 -0.93 
MW-1D 11.85 11.63 0.22 
Residual Mean 0.00   
Residual Standard Deviation 0.68   
Sum of Squares 8.35   
Absolute Residual Mean 0.62   
Minimum Residual -1.00   
Maximum Residual 0.96   
Range in Target Values 12.25   
Standard Deviation/Range 0.06   
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Another measure of the accuracy of a model calibration is the residual standard deviation divided by the 
range of head values. The residual standard deviation for the calibrated model was 0.68 feet. The 
observed range in head was 12.25 feet.  Therefore, the residual standard deviation divided by the range 
in head is 0.06 feet.  
 
The model results for simulated flows in Cockle Cove Creek were also compared to available flow data.  
Based on analyses done by Howes, et al (MEP, November 2006), flows in Cockle Cove Creek at sites 
designated CC-1 and CC-2 (see Figure 7) were estimated to be approximately 0.19 and 0.36 cubic feet 
per second (cfs), respectively. The calibrated sub-model predicts an average stream flow at these 
locations of 0.14 and 0.43 cfs, respectively.  This is a reasonably close match. 
 
By all of these measures, the model calibration is considered to be relatively good for the scale and head 
difference within the model.  The calibrated average groundwater levels for the sub-regional model are 
shown in Figure 7. 
 
Simulated High Groundwater Conditions 
 
One of the primary purposes of the groundwater model is to predict the groundwater mounding that 
would occur at the existing and proposed sand beds under maximum recharge conditions and high 
ambient water levels.  For each of the mounding model runs, the base condition was assumed to be high 
groundwater conditions.  High groundwater levels were estimated using the same database of water 
levels used to determine average water levels for the calibration process.  Instead of choosing the 
average water levels, water levels from the month showing the highest water levels was chosen.  These 
correspond to water levels obtained in April 2003 (see Appendix B).  These high groundwater levels are 
listed in Table 3.  Using these water levels as targets, the rate of recharge was increased until the best fit 
was found.  This corresponded to an average annual recharge rate of 48 inches per year.  The model 
simulated high groundwater conditions are shown in Figure 8. 
 
Maximum-Month, High Groundwater Model Simulations 
 
Treated water recharge was simulated as additional recharge over the area of the existing and proposed 
sand beds. Several different scenarios of recharge rate and recharge bed configuration were simulated.  
There were essentially two types of model runs:  (1) maximum monthly recharge runs for determining 
the highest potential groundwater mound; and (2) annual average recharge runs for determining the 
ultimate fate of treated water/groundwater. 
 
Two maximum monthly recharge rates were simulated corresponding to the projected Phase 1 and total 
Phase 2 sewer areas.  These maximum monthly rates were estimated to be 2.1 and 3.1 mgd, respectively, 
as discussed earlier.  For each of these maximum monthly recharge rates, the groundwater model was 
used to simulate three different loading rates: 15, 30 and 45 gallons per square foot of bed area.  For the 
Phase 1 loading rate of 2.1 mgd, these loading rates correspond to discharge areas of 140,000, 70,000, 
and 47,000 square feet, respectively.  For the Phase 2 recharge rate of 3.1 mgd, the recharge areas for the 
three loading rates were 210,000, 100,000 and 69,000 square feet, respectively. 
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The predicted mounds under high groundwater conditions for each of these recharge scenarios are 
presented in Figures 9 through 14. Even under the highest discharge scenario, the simulated groundwater 
mounds remained greater than 4 feet below the bottom of the proposed recharge beds. The highest 
projected groundwater mound is at an elevation of approximately 38 feet and the lowest ground surface 
at the WWTF is approximately 62 feet.   
 
The lowest elevation in the vicinity of the WWTF is in the bottom of the swale located between the 
WWTF and the former landfill.  The lowest elevation in this swale is approximately 28 feet.  The 
highest projected groundwater mound in this location is approximately 26 feet.  Based on the results of 
these model runs, it appears that increased water levels, even under high groundwater conditions and the 
highest projected recharge rate will not result in any negative impacts at or near the site. 
 
Average Annual/Steady-State Model Simulations 
 
The potential movement of treated water/groundwater through the aquifer was evaluated by means of a 
particle tracking analysis.  The particle tracking program MODPATH (Pollock, 1994) was used for this 
purpose.  Particles were initiated at the water table beneath the existing and potential sand beds. The 
particles were tracked through the steady-state flow field for a maximum of 100 years.   
 
The particle track analysis was conducted using average steady-state conditions for the Phase 1 and 
Phase 2 flows. The projected average flows for these phases are 1.3 and 1.9 mgd, respectively.  Once 
again, loading rates of 15, 30 and 45 gpd/SF of bed were analyzed.  The sand beds located closest to the 
area planned for future treatment facilities were used for each of the recharge scenarios. The particle 
tracks for each of these scenarios are illustrated in Figures 15 through 20. The particles were tracked for 
a period of 100 years.  In each scenario, the largest number of particles recharged to Cockle Cove Creek. 
Recharges also occur to Taylor’s Pond and its associated wetlands to the west of Cockle Cove Creek, 
and to the cranberry bogs and associated wetlands to the east  The particle track analysis also indicates 
that a significant percent of the treated water/groundwater will flow beneath the coastal wetlands and 
recharge directly into Nantucket Sound. In some cases, particle tracks flow northward and recharge into 
Muddy Creek. A summary of the ultimate fate of the wastewater recharge for each of the scenarios is 
presented in Table 5.  These percentages are based on the total number of particles that discharge to 
surface water within 100 years.  In each case there were a small number of particles that remain in the 
aquifer after 100 years.  Because of the small number and exceedingly long groundwater travel times, 
these were not considered significant to the impact analysis. 
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Table 5 


Model-Predicted Fate of Treated Water Recharge As Percent of Total Discharge 


       
Total recharge (mgd) 1.3 1.3 1.3 1.9 1.9 1.9 
Loading rate (gpd/SF) 15 30 45 15 30 45 
Flow to Cockle Cove Creek (%) 33 31 38 33 38 38 
Flow to Taylor’s Pond (%) 17 13 13 16 18 12 
Flow to bogs (%) 19 21 11 15 13 14 
Flow to Nantucket Sound (%) 31 35 35 26 21 28 
Flow to Muddy Creek (%) 0 0 3 10 10 8 


 
 
A water balance analysis was also conducted on the groundwater flow model results to estimate the 
increased freshwater recharge to Cockle Cove Creek. Flows were estimated for CC-1, CC-2 (see 
Figure 7) and the entire creek.  The projected flows for each model scenario are summarized in Table 6. 
 
 


Table 6 


Model-Estimated Flows to Cockle Cove Creek (cfs) 
MODEL SCENARIO SCENARIO DESCRIPTION CC-1 CC-2 ENTIRE CREEK 


-- MEP projection 0.19 cfs 0.38 cfs NA 
-- Calibrated model 0.14 cfs 0.41 cfs 1.00 cfs 
G 1.3 mgd 15 gpd/SF 0.35 cfs 0.67 cfs 1.27 cfs 
H 1.3 mgd 30 gpd/SF 0.36 cfs 0.69 cfs 1.30 cfs 
I 1.3 mgd 45 gpd/SF 0.36 cfs 0.67 cfs 1.30 cfs 
J 1.9 mgd 15 gpd/SF 0.47 cfs 0.82 cfs 1.46 cfs 
K 1.9 mgd 30 gpd/SF 0.47 cfs 0.82 cfs 1.46 cfs 
L 1.9 mgd 45 gpd/SF 0.47 cfs 0.82 cfs 1.47 cfs 


 
 
SUMMARY AND CONCLUSIONS 
 
Based on the calibration criteria, the groundwater flow model simulates existing and potential 
groundwater conditions at the site reasonably well. However, a better level of calibration was reached 
once the drains representing coastal streams and wetlands were more precisely simulated within the finer 
grid.  
 
The groundwater mounding analysis conducted under high groundwater conditions indicate that even 
under the highest expected recharge rates, the separation distance between the top of a projected mound 
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and the ground surface of the infiltration beds is significantly greater than the 4-foot minimum distance 
recommended by MassDEP. No groundwater mounding problems were indicated. Also, results of the 
particle tracking analysis indicate that the transport of the treated water/ groundwater is not radically 
different from previous analyses conducted by the USGS.  The primary difference is that the treated 
water/groundwater will remain primarily in the shallow portion of the aquifer, less groundwater flow 
will pass below the coastal embayments and into Nantucket Sound, and more water will flow to Cockle 
Cove Creek. 
 
RECOMMENDATIONS 
 
The Town CWMP should proceed with a design hydraulic loading rate of 30 gpd/SF as indicated by 
USEPA design criteria and the hydraulic loading tests (Stearns & Wheler, July 2006). This design 
loading rate, in combination with the Phase 1 and 2 maximum month flows and a 100 percent 
redundancy factor, indicates the need for sand bed areas of 140,000 and 200,000 SF for the Phase 1 and 
Phase 2 flows, respectively. These areas would indicate the need to plan for the following sand bed 
areas, shown on Figure 2 for the following flows: 
 


• Sand Beds 1, 2, 3, 4, and portions of Bed 5 for the Phase 1 flows 
• Sand Beds 1, 2, 3, 4, 7, and portions of Beds 5 and 8 for the Phase 2 flows 


 
The final area for Sand Beds 3, 4, 5, 7, and 8 would be finalized during detailed design. Slight revisions 
to the bed shape could allow the bed size to more exactly match the needed surface areas.  
 
Also, the Town should retain the land indicated for other potential sand beds as a buffer area and as a 
contingency that it may be needed in the future for additional wastewater facilities.  
 
Construction of the additional Phase 2 bed area (Bed No. 7 and portions of Bed No. 8) could be delayed 
until the implementation of the Phase 2 expansion. 
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