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Attachment 1



   
239 Causeway Street, Suite 105 

Boston, MA 02114 
 
 
Ms. Amanda Cavaliere 
Tata & Howard  
67 Forest Street  
Marlborough, MA 
01752 
 

May 24, 2016 
File No. 3888.03 

Re: Time of Travel Analysis – Sanitary Wastewater System to Raymond Road Well Field 
526 & 528 Boston Post Road 
Sudbury, Massachusetts 

 
Dear Amanda: 
 
On behalf of Tata & Howard (Client), Sanborn, Head & Associates, Inc. (Sanborn Head) has 
prepared this letter to summarize our field exploration activities at the Site and our 
observations of subsurface conditions to perform a travel time analysis from the proposed 
sanitary wastewater discharge system to the Sudbury Water District drinking water wells 
on Raymond Road in Sudbury, Massachusetts.  This information, along with historical 
information provided by Raytheon, the Town of Sudbury, and the Sudbury Water District 
has been used to create our conceptual hydrogeological model. 
 
Existing Conditions and Project Description 

The Site is located at 526 & 528 Boston Post Road (Route 20) in southern central Sudbury, 
Massachusetts and consists of approximately 50 acres of land previously owned and 
operated by the Raytheon Company (Raytheon) since 1958.  Up until January 2016, an 
active wastewater treatment plant (WWTP) consisting of treated wastewater discharging 
to three (3) open sand leaching beds has been in operation in the northern portion of the 
Site, as shown on Figure 1.  The beds are approximately 9,800 square feet in area.  It is our 
understanding that the former distribution system rotated the discharged wastewater to 
the two eastern beds, and the western bed served as a reserve field.  The Site is located 
within the Zone II Public Water Supply Protection Area for the Sudbury Water District 
Raymond Road water supply well field.  The nearest residential properties are located 
approximately 300 feet northwest of the Site and 1,000 feet southwest and southeast of the 
Site.  The Raymond Road well field is located approximately 0.3 miles southeast of the Site 
as shown on Figure 1. 

The WWTP is currently permitted to treat and discharge 50,000 gallons per day (gpd) 
under its current groundwater discharge permit. The redevelopment plans include a 
proposed upgrade of the current WWTP to support an increase of the maximum daily flow 
to 90,000 gpd.   
 
At this time, Sanborn Head is evaluating alternatives to support the increase in daily flow to 
90,000 gpd.  The proposed alternatives includes construction of subsurface leaching 
chambers, which is consistent with present-day construction practice.  Figure 2 shows the 
existing sand bed configuration and Figure 3 shows the proposed system upgrade.  
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The following sections discuss subsurface conditions at the Site based on subsurface 
explorations and groundwater measurements by Sanborn Head and others. The subsurface 
explorations, groundwater gauging rounds, surficial geology, Custom Soil Resource Report 
for Middlesex County, Massachusetts1, and the Groundwater Model Documentation 
Supplement to Prolonged Pumping Test Report for New Well No. 9 Report2 (Sudbury 
Groundwater Model Supplement) have been used to create a conceptual hydrogeologic 
model to evaluate modifications to the wastewater discharge system and proposed 
additional flow.   
 
Official Deep Observation Hole Test Pits 

Seven (7) deep observation hole test pits (SH-TP-401 through SH-TP-407) were excavated 
to depths of approximately 10 feet below ground surface on March 9, 2016.  In addition, 
five (5) deep observation hole test pits (SH-TP-408 through SH-TP-412) were excavated to 
depths of approximately 10 feet below ground surface on May 4, 2016.  The test pits were 
observed and logged by a Sanborn Head Soil Evaluator and were performed under the 
observation of Mr. Stephen Hallem from the Northeast Regional Office (NERO) of the 
Massachusetts Department of Environmental Protection (DEP) and Mr. Bill Murphy of the 
Sudbury Board of the Health (BOH).   
 
The test pits were completed within the vicinity of the existing sand bed area and in areas 
where the proposed system is anticipated to be located.  The deep observation hole test pit 
logs are included as Attachment A.  The approximate test pit locations are shown on Figure 
4.  The estimated seasonal high groundwater elevations at the test pit locations were 
estimated based on observations made in the field and our ground surface elevations 
interpolated between the existing ground surface contours shown on the recent 
topographic plan prepared by Vanasse Hangen Brustlin Inc. (VHB), dated October 2015. 
 
Official Soil Percolation Tests and Infiltration Tests 

Three (3) percolation tests were completed by a Massachusetts Soil Evaluator from 
Sanborn Head during our field program on March 9, 2016, and witnessed by Mr. Stephen 
Hallem of DEP.  Three (3) additional percolation tests and four (4) Guelph 
permeameter/infiltration tests were completed on May 4, 2016 and witnessed by Mr. 
Stephen Hallem of DEP.  Mr. Bill Murphy of the Sudbury BOH witnessed the percolation 
tests completed at SH-TP-402 and SH-TP-407. 
 
Percolation tests were completed at SH-TP-402, SH-TP-404, SH-TP-407, SH-TP-408, SH-TP-
411, and SH-TP-412 immediately adjacent to the deep observation hole test pits, at depths 
of approximately 38 to 102 inches below ground surface (bgs) – as noted on the attached 
logs.   The observed soils generally consist of loamy sands, fine to coarse sands, and fine to 
medium sands without encountering a more restrictive layer; therefore, the sand layer was 
used for the percolation tests with the approval of Mr. Hallem.  The measured percolation 

1 Custom Soil Resource Report for Middlesex County, Massachusetts, United States Department of Agriculture, 
Natural Resources Conservation Services, December 2015. 

2 Groundwater Model Documentation Supplement to Prolong Pumping Test Report for New Well No. 9, Sudbury, 
Massachusetts, H2O Engineering Consulting Associates, Inc., February 1993. 
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rates generally ranged from less than 2 minutes per inch to approximately 3.2 minutes per 
inch.   
 
Guelph permeameter/infiltration tests were performed by Sanborn Head at SH-TP-402, 
SH-TP-408, SH-TP-411, and SH-TP-412.  Results from the Guelph permeameter/infiltration 
tests generally ranged from 1 foot per day to 243 feet per day.  The percolation test and 
Guelph permeameter logs are included in Attachment B.  The approximate locations of the 
field tests are provided on Figure 4. 
 
Estimated Depth to Seasonal High Groundwater 

In accordance with the Sudbury Zoning Bylaw Article IX, Water Resource Protection Overly 
District (WRPOD) Section 4260, the maximum groundwater elevation throughout the 
entire area shall be determined by groundwater gauging from monitoring wells during the 
months of March, April, or May.  Groundwater elevation data was collected by GZA 
GeoEnvironmental, Inc. in monitoring wells across the Site on September 13, 2007, 
September 29 and 30, 2008, April 30 and May 1, 2013, and March 19, 2015.  In addition, 
Sanborn Head measured groundwater levels in a subset of these locations in the vicinity of 
the wastewater discharge system on November 12, 2015, December 11, 2015, January 7, 
2016, and March 9, 2016.  Groundwater measurements from gauging rounds are provided 
in Table 1.  As noted in the logs, groundwater was observed in the deep hole observation 
test pits at: SH-TP-401 through SH-TP-403, SH-TP-407, and SH-TP-410 through SH-TP-412 
at depths between 7 and 9 feet bgs (or approximately between El. 147.8 to El. 150.5 feet), 
which is consistent with the Site-wide groundwater measurements shown in Table 1.  
 
Based on the collected groundwater measurements, and in accordance with the DEP 
approved method for estimating seasonally high groundwater, a Frimpter (1981) analysis 
was completed by Sanborn Head.  As shown on Table 1, the estimated seasonal high 
groundwater levels range between approximately El. 149.5 feet and El. 152.3 feet.   
 
Visual evidence of estimated seasonal high groundwater (i.e., soil mottling/redoximorphic 
features) was observed in 10 of the 12 official deep observation hole test pit excavations 
(SH-TP-401 through SH-TP-404, SH-TP-406 through SH-TP-409, and SH-TP-411 and SH-
TP-412).   Although redoximorphic features were noted on the logs in SH-TP-405 and SH-
TP-410, these features were interpreted as an indication of influences from the existing 
open sand leaching beds. The visual observations of estimated seasonal high groundwater 
are consistent with the Frimpter-adjusted estimated seasonal high groundwater levels in 
nearby monitoring wells as shown in Table 1. 
 
Subsurface Soil Conditions 

In landscaped areas, the surface topsoil is generally 6 to 24 inches thick.  Below the topsoil, 
there is a combination of discontinuous layers of subsoil, fill materials, and buried topsoil 
on the order of 0 to 8 feet thick. The fill generally consists of sand with varying amounts of 
silt and trace amounts of gravel.   
 
Below the surface materials and fill material, the Site is underlain by natural glacial 
outwash deposits composed of sands and silts in discontinuous layers and strata.  Based on 
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our understanding of subsurface conditions across the overall development from 
subsurface exploration logs by Sanborn Head and others, these deposits are greater than 
25 feet thick.  The materials vary from sand with trace to little amounts of silt and trace 
amounts of gravel to non-plastic silts and sand.  At isolated locations near the top of the 
deposits, very few root particles and organic matter were encountered and are likely an 
indication of former grade and subsoil that was left in-place.  The organic content is 
estimated to be less than 1 percent by weight. The material is typically very loose to 
medium dense. 
 
Based on Site-wide explorations (approximately 62 explorations of depths ranging 
between 15 and 108 feet below ground surface), we understand the sand and silty sand 
deposits are underlain by glacial till at depths greater than 35 feet bgs within the existing 
leaching field area. 
 
Subsurface information for the Raymond Road aquifer was obtained from the Sudbury 
Groundwater Model Supplement and surficial geology maps provided by the Massachusetts 
Office of Geographic Information (MassGIS).  These reports indicate the Raymond Road 
aquifer consists of sand and gravel and fine-grained soil deposits approximately 25 to 110 
feet thick and underlain by glacial till.  Additionally, near surface organic soils can be found 
along depressions near streams within the Landham Brook watershed. For the purposes of 
creating a conceptual hydrogeologic model, we have assumed the subsurface conditions at 
the Raymond Road aquifer consist of loamy sand.  
  
Travel Time Analysis 

Based on the subsurface conditions observed at the Site and our review of the Sudbury 
Groundwater Model Supplement for the Sudbury Water District Raymond Road drinking 
water well field, a conceptual hydrogeologic model was created using Visual MODFLOW to 
estimate the travel time from the proposed wastewater discharge area to the well field 
based on the current discharge of 50,000 gpd, and a proposed daily flow of 90,000 gpd.   It 
should be noted that the DEP requires a minimum of 2 years of travel time from leaching 
fields to the nearest public water supply well in accordance with the DEP Guidelines for the 
Design, Construction, Operation, and Maintenance of Small Wastewater Treatment Facilities 
with Land Disposal, dated November 2014.   
 
As discussed previously, subsurface conditions at the Site were modeled in accordance 
with observed conditions during subsurface explorations at the open sand leaching bed 
area.  Subsurface conditions at the Raymond Road aquifer were modeled as loamy sand in 
accordance with the Sudbury Groundwater Model Supplement and MassGIS.  Well 
construction details and pumping rates were provided by Ms. Rebecca McEnroe, 
Superintendent at the Sudbury Water District, and were incorporated into the model.  
 
The travel time analysis was performed to estimate the length of time required for 
wastewater discharge from the leach fields to reach the Sudbury Water District Raymond 
Road drinking water well field. The travel time analysis was completed using the 
MODPATH package (with particle tracking) for Visual MODFLOW.   
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Based on the results of the hydrogeologic model, the estimated travel time it takes the 
wastewater discharge to reach the nearest Raymond Road drinking water supply well 
(Well No. 2) is as much as 20 years for both the existing and proposed design flow 
conditions for the deep groundwater flow regime. The groundwater discharge takes 
approximately 6 to 10 years to reach the nearest wellhead in the shallow groundwater flow 
regime.   
 
As indicated by the models, the travel time to the well head is not significantly altered by 
the increase in daily flow to 90,000 gpd, and significantly exceeds the minimum 2-year 
travel time required by DEP.  The MODFLOW output for the travel time analysis is provided 
in Attachment C.     
 
Very truly yours,  
SANBORN, HEAD & ASSOCIATES, INC. 
 

 
  
Luke Norton, P.E. 
Project Manager 

Stan S. Sadkowski, P.E. 
Senior Associate/ Vice President 
 

 
 
 
Danielle M. Volpe, P.E. 
Senior Project Engineer 
 
 
DMV/LDN/SSS/PMP: dmv 
 
Encl.  

Table 1: Groundwater Elevation Data 
Figure 1: Locus Plan  
Figure 2: Existing Conditions 
Figure 3: Proposed Conceptual Subsurface Bed  
Figure 4: Exploration Location Plan 
Attachment A: Test Pit Logs 
Attachment B: Percolation Test Logs  
Attachment C: Time Travel Analysis MODFLOW OUTPUT  

 
 
cc: Mr. Steve Senna & Mr. David Gillespie (BPR Sudbury Development LLC); 
 

\\wesserv1\shdata\3800s\3888.03\Source Files\Summary Memo\20160524 Summary Memo.docx 
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TEST PIT LOGS 
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ATTACHMENT B 

PERCOLATION TEST LOGS 



Commonwealth of Massachusetts
City/Town of Sudbury 
Percolation Test 
Form 12 

Percolation test results must be submitted with the Soil Suitability Assessment for On-site Sewage 
Disposal. DEP has provided this form for use by local Boards of Health.  Other forms may be used, but 
the information must be substantially the same as that provided here.  Before using this form, check with 
the local Board of Health to determine the form they use.  

Important: When 
filling out forms 
on the computer, 
use only the tab 
key to move your 
cursor - do not 
use the return 
key.

A. Site Information

Owner Name

528 Boston Post Road
Street Address or Lot #

Sudbury
City/Town 

MA
State 

01776
Zip Code

Contact Person (if different from Owner) Telephone Number

B. Test Results
3/9/2016
Date Time Date Time

Observation Hole # SH-TP-402

Depth of Perc Top of Hole 40"
Bottom of Hole 58"

Start Pre-Soak 8:26 (00:00)

End Pre-Soak 8:41 (15:00)

Time at 12” 8:41 (15:00)

Time at 9” 8:42 (16:47)

Time at 6” 8:45 (19:00)

Time (9”-6”) 02:13

Rate (Min./Inch) <2 min/in

                                                  Test Passed:              
Test Failed: 

Test Passed: 
Test Failed: 

Luke Norton (Soil Evaluator No. 13281) and Nell Briggs (Soil Evaluator No. 13938)
Test Performed By:

Bill Murphy (Sudbury BOH) and Stephen Hallem (DEP)
Board of Health Witness

Comments:

22 gal. used in pre-soak

t5form12.doc• 08/15 Perc Test • Page 1 of 1 



Commonwealth of Massachusetts
City/Town of Sudbury 
Percolation Test 
Form 12 

Percolation test results must be submitted with the Soil Suitability Assessment for On-site Sewage 
Disposal. DEP has provided this form for use by local Boards of Health.  Other forms may be used, but 
the information must be substantially the same as that provided here.  Before using this form, check with 
the local Board of Health to determine the form they use.  

Important: When 
filling out forms 
on the computer, 
use only the tab 
key to move your 
cursor - do not 
use the return 
key.

A. Site Information

Owner Name

528 Boston Post Road
Street Address or Lot #

Sudbury
City/Town 

MA
State 

01776
Zip Code

Contact Person (if different from Owner) Telephone Number

B. Test Results
3/9/2016
Date Time Date Time

Observation Hole # SH-TP-404

Depth of Perc Top of Hole 66"
Bottom of Hole 84"

Start Pre-Soak 13:30 (00:00)

End Pre-Soak 13:38 (07:45)

Time at 12” 13:38 (07:47)

Time at 9” 13:40 (9:40)

Time at 6” 13:40 (10:02)

Time (9”-6”) 0:22

Rate (Min./Inch) <2 min/in

                                                  Test Passed:              
Test Failed: 

Test Passed: 
Test Failed: 

Luke Norton (Soil Evaluator No. 13281) and Nell Briggs (Soil Evaluator No. 13938)
Test Performed By:

Stephen Hallem (DEP)
Board of Health Witness

Comments:

24 gal. used in pre-soak; 

t5form12.doc• 08/15 Perc Test • Page 1 of 1 



Commonwealth of Massachusetts
City/Town of Sudbury 
Percolation Test 
Form 12 

Percolation test results must be submitted with the Soil Suitability Assessment for On-site Sewage 
Disposal. DEP has provided this form for use by local Boards of Health.  Other forms may be used, but 
the information must be substantially the same as that provided here.  Before using this form, check with 
the local Board of Health to determine the form they use.  

Important: When 
filling out forms 
on the computer, 
use only the tab 
key to move your 
cursor - do not 
use the return 
key.

A. Site Information

Owner Name

528 Boston Post Road
Street Address or Lot #

Sudbury
City/Town 

MA
State 

01776
Zip Code

Contact Person (if different from Owner) Telephone Number

B. Test Results
3/9/2016
Date Time Date Time

Observation Hole # SH-TP-407

Depth of Perc Top of Hole 84"
Bottom of Hole 102"

Start Pre-Soak 11:26 (00:00)

End Pre-Soak 11:41 (15:00)

Time at 12” 11:41 (15:00)

Time at 9” 11:47 (20:52)

Time at 6” 11:54 (27:45)

Time (9”-6”) 6:53

Rate (Min./Inch) 2.3 min/in

                                                  Test Passed:              
Test Failed: 

Test Passed: 
Test Failed: 

Luke Norton (Soil Evaluator No. 13281) and Nell Briggs (Soil Evaluator No. 13938)
Test Performed By:

Bill Murphy (Sudbury BOH) and Stephen Hallem (DEP)
Board of Health Witness

Comments:

8 gal. used in pre-soak
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Commonwealth of Massachusetts
City/Town of Sudbury 
Percolation Test 
Form 12 

Percolation test results must be submitted with the Soil Suitability Assessment for On-site Sewage 
Disposal. DEP has provided this form for use by local Boards of Health.  Other forms may be used, but 
the information must be substantially the same as that provided here.  Before using this form, check with 
the local Board of Health to determine the form they use.  

Important: When 
filling out forms 
on the computer, 
use only the tab 
key to move your 
cursor - do not 
use the return 
key.

A. Site Information

Owner Name

528 Boston Post Road
Street Address or Lot #

Sudbury
City/Town 

MA
State 

01776
Zip Code

Contact Person (if different from Owner) Telephone Number

B. Test Results
5/12/2016
Date Time Date Time

Observation Hole # SH-TP-408

Depth of Perc Top of Hole 74"
Bottom of Hole 92"

Start Pre-Soak (00:00)

End Pre-Soak (15:00)

Time at 12” (15:00)

Time at 9” (24:16)

Time at 6” (34:15)

Time (9”-6”) (9:59)

Rate (Min./Inch) 3.3 min/in

                                                  Test Passed:              
Test Failed: 

Test Passed: 
Test Failed: 

Luke Norton (Soil Evaluator No. 13281) and Eleanor Briggs (Soil Evaluator No. 13938)
Test Performed By:

Stephen Hallen (DEP)
Board of Health Witness

Comments:

9.5 gal. used in pre-soak
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Commonwealth of Massachusetts
City/Town of Sudbury 
Percolation Test 
Form 12 

Percolation test results must be submitted with the Soil Suitability Assessment for On-site Sewage 
Disposal. DEP has provided this form for use by local Boards of Health.  Other forms may be used, but 
the information must be substantially the same as that provided here.  Before using this form, check with 
the local Board of Health to determine the form they use.  

Important: When 
filling out forms 
on the computer, 
use only the tab 
key to move your 
cursor - do not 
use the return 
key.

A. Site Information

Owner Name

528 Boston Post Road
Street Address or Lot #

Sudbury
City/Town 

MA
State 

01776
Zip Code

Contact Person (if different from Owner) Telephone Number

B. Test Results
5/12/2016
Date Time Date Time

Observation Hole # SH-TP-411

Depth of Perc Top of Hole 41"
Bottom of Hole 59"

Start Pre-Soak (00:00)

End Pre-Soak (10:53)

Time at 12”

Time at 9”

Time at 6”

Time (9”-6”)

Rate (Min./Inch) <2 min/in

                                                  Test Passed:              
Test Failed:

Test Passed: 
Test Failed: 

Luke Norton (Soil Evaluator No. 13281) and Nell Briggs (Soil Evaluator No. 13938)
Test Performed By:

Stephen Hallem (DEP)
Board of Health Witness

Comments:

24 gal. used in pre-soak
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Commonwealth of Massachusetts
City/Town of Sudbury 
Percolation Test 
Form 12 

Percolation test results must be submitted with the Soil Suitability Assessment for On-site Sewage 
Disposal. DEP has provided this form for use by local Boards of Health.  Other forms may be used, but 
the information must be substantially the same as that provided here.  Before using this form, check with 
the local Board of Health to determine the form they use.  

Important: When 
filling out forms 
on the computer, 
use only the tab 
key to move your 
cursor - do not 
use the return 
key.

A. Site Information

Owner Name

528 Boston Post Road
Street Address or Lot #

Sudbury
City/Town 

MA
State 

01776
Zip Code

Contact Person (if different from Owner) Telephone Number

B. Test Results
5/12/2016
Date Time Date Time

Observation Hole # SH-TP-412

Depth of Perc Top of Hole 28"
Bottom of Hole 46"

Start Pre-Soak (00:00)

End Pre-Soak (08:25)

Time at 12”

Time at 9”

Time at 6”

Time (9”-6”)

Rate (Min./Inch) <2 min/in

                                                  Test Passed:              
Test Failed:

Test Passed: 
Test Failed: 

Luke Norton (Soil Evaluator No. 13281) and Nell Briggs (Soil Evaluator No. 13938)
Test Performed By:

Stephen Hallem (DEP)
Board of Health Witness

Comments:

24 gal. used in pre-soak
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ATTACHMENT C 

TIME TRAVEL ANALYSIS MODFLOW OUTPUT 



Attachment C.1 
Time Travel Analysis Existing Conditions 

528 Boston Post Road Sudbury, MA 

Legend
1 year time increment

Approximate Site Boundary

Notes:
Existing conditions: 
10,000 gallons per day applied to Beds No.2 and No.3 
with Bed 1 on Reserve

N



Attachment C.2  
Time Travel Analysis Proposed Conditions 

528 Boston Post Road Sudbury, MA 

Legend

1 year time increment 

Notes:
Proposed conditions: 
90,000 gallons per day applied to New Bed (22,500 square feet) 
Bed No.2 on Reserve

Approximate Site Boundary

N



ATTACH
M

ENT 2

Attachment 2






































