


31 January 2002 
Reference: 143.60 
 
Massachusetts Department of Environmental Protection 
Northeast Regional Office 
Bureau of Waste Site Cleanup 
205 Lowell Street 
Wilmington, MA 01887 
 
Re: Release Abatement Measure 120-Day Status Report 
 In Situ Chemical Oxidation Pilot Study 

Former Raytheon Facility 
 430 Boston Post Road  
 Wayland, Massachusetts (the “Site”) 

RTN 3-13574, Permit No. 133939 

Dear Sir or Madam: 

On behalf of Raytheon Company (Raytheon), Environmental Resources 
Management (ERM) is submitting this Release Abatement Measure 
(RAM) 120-Day Status Report for the above-referenced Site. This RAM 
Status Report was prepared in accordance with the requirements of 310 
CMR 40.0445 of the Massachusetts Contingency Plan (MCP). The original 
RAM Transmittal Form BWSC-106 is included as Appendix A. 

BACKGROUND 

ERM prepared a RAM Plan, dated 11 September 2001, that was 
submitted to the Department of Environmental Protection (DEP or 
Department) on 12 September 2001. The RAM Plan presented plans for a 
pilot study in two areas involving in-situ chemical oxidation (ISCO) of 
chlorinated hydrocarbons (primarily trichloroethene (TCE)) in 
groundwater. The purpose of the RAM was to evaluate the ability to 
reduce the concentrations of chlorinated volatile organic compounds 
(CVOCs) in groundwater using in-situ chemical oxidation. The two pilot 
study areas were designed to evaluate two different delivery methods 
for introducing oxidants to the subsurface. Figure 1 presents a site locus 
map and Figure 2 presents a site layout map. 

The Department issued a Conditional Approval of Release Abatement 
Measure letter, dated 6 November 2001 (Appendix B), regarding the 
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proposed RAM activities presented in the above-referenced RAM Plan. 
Subsequent to issuing this letter, the Department filed a Form BWSC-
102B for the Site (Appendix B), which indicates that a Conditional 
Approval letter was not necessary to implement the RAM. In accordance 
with the Form BWSC-102B, Raytheon will evaluate DEP’s 
recommendations for any future oxidant applications at the Site. 

A chronology of events related to the RAM is provided in Table 1. The 
remainder of this RAM Status Report is formatted consistent with the 
requirements of Massachusetts Contingency Plan (MCP), 310 CMR 
40.0445 (2). 

A) STATUS OF RESPONSE OPERATIONS 

As part of the RAM, two concurrent ISCO pilots were conducted to 
evaluate the efficacy of the following delivery methods:  

• Direct Push Injection (MW-33 pilot study area): this pilot study 
consisted of a single injection point located 55 feet north-
northeast of the MW-33 well cluster. Oxidant was injected into 
seven discrete three-foot vertical intervals, which were designed 
to facilitate oxidant delivery from the top of the silt unit (28 feet 
below grade) to slightly above the water table (12 feet below 
grade). The use of short vertical injection intervals was designed 
to enable relatively uniform oxidant delivery within the 
lithology. The oxidant (potassium permanganate) was injected 
under pressure using a pneumatic fracturing and liquid 
atomized injection (PFLAI) technique and allowed to migrate via 
natural advective and diffusive flow from the injection point 
throughout the study area. The RAM Plan indicated that two or 
three injection points would be used. However, geologic data 
obtained during the initial characterization phase suggested that 
one point could be used for the pilot study. Monitoring well 
couplets (i.e., a water table well and an adjacent deeper well) 
were installed up-gradient, cross-gradient and down-gradient of 
the injection point (Figures 2 and 3). Groundwater samples were 
collected as per the RAM Plan to evaluate the flow rate of 
oxidants through the aquifer, dispersivity within the aquifer and 
the rate of mass reduction achieved using this technology. 

• Single Well Injection (MW-43 pilot study area): this pilot study 
was conducted as a single-well injection-drift test utilizing 
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existing monitoring well MW-43S as the injection well. The 
oxidant (sodium permanganate) was passively injected (i.e., via 
gravity feed) and allowed to migrate via natural advective and 
diffusive flow. Six monitoring wells were installed around and 
down-gradient of the injection well (Figures 2 and 3) to evaluate 
the radius of influence of the injection and the efficacy of the 
oxidants in reducing TCE concentrations down-gradient of the 
MW-43 pilot study injection area. 

The pilot studies consisted of the following tasks: 

• Install monitoring wells 

• Conduct bench-scale oxidant demand tests 

• Establish baseline hydrogeochemistry 

• Apply reagent 

• Post-injection groundwater monitoring 

A description of the pilot study activities is provided below. 

Install Monitoring Wells 

The purpose of this task was to conduct a detailed evaluation of 
hydrogeology within the pilot study areas and provide a detailed well 
network to evaluate the effectiveness of the pilots. 

On 25 August 2001, ERM provided oversight for installation of 15 
monitoring wells at the Site. Nine borings were advanced in the vicinity 
of the MW-33 well cluster by ConeTec, Inc. of West Berlin, New Jersey 
using a cone penetrometer (CPT). A CPT is a direct push drill rig that 
uses electronic instrumentation to measure various parameters that, 
when interpreted, provide real time hydrogeologic information. Six 
borings were advanced adjacent to and down gradient of the MW-43 
well couplet by Geosearch, Inc. of Sterling, Massachusetts using a 
Geoprobe direct-push drill rig. On 24 September 2001, an additional well 
was installed in the MW-33 pilot study area by Geosearch using a 
Geoprobe direct-push drill rig.  

Monitoring wells were constructed in all borings using ¾-inch or one-
inch inside diameter (ID), Schedule 40, polyvinyl chloride (PVC) riser 
pipe and well screen, sand filter pack, bentonite seal, concrete surface 
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seal and flush-mounted roadbox. A summary of monitoring well 
construction data is presented in Table 2. Monitoring well locations are 
shown on Figure 2. Boring logs are presented in Appendix C. 

In the MW-33 pilot study area, five borings were advanced to a depth of 
35 feet and logged using the CPT. The CPT data indicated heterogeneity 
with a general change in stratigraphy from silty sand and sand to sandy 
silt and silt at approximately 25 feet depth (Appendix B). Monitoring 
well couplets were installed at each of the five locations allowing for 
monitoring of the silty sand and sand interval (15 feet to 25 feet depth) 
and the lower sandy silt and silt interval (25 feet to 35 feet depth). Three 
monitoring wells were installed in the MW-43 pilot study area to depths 
of 20 feet, consistent with the depth of the injection well, MW-43S. Three 
additional wells were installed down gradient of the MW-43 pilot study 
area to depths of 30 feet, which generally coincides with the top of a silt 
layer in this portion of the Site.  

Conduct Bench-Scale Oxidant Demand Tests 

The purpose of this task was to evaluate the soil oxidant demand (SOD) 
for the aquifer to ensure that an adequate amount of oxidant was injected 
to facilitate destruction of the contaminants within the pilot study areas 
while minimizing the amount of residual permanganate remaining after 
completion of the pilot studies. Potassium permanganate and sodium 
permanganate, the oxidants used for the pilot studies, are strong and 
somewhat non-selective oxidants.  Therefore, in addition to chlorinated 
hydrocarbons, they can oxidize other reduced soil and groundwater 
constituents, including natural organic carbons (e.g., humic and fulvic 
acids) and reduced minerals (e.g., ferrous iron). The oxidation process is 
a destructive process that degrades organic compounds to produce 
carbon dioxide and water. The SOD data, along with the observed CVOC 
concentrations in groundwater were used to calculate the concentration 
of permanganate that was injected in each study area. 

To perform the SOD test, ERM collected a composite soil sample from 
boring MW-101 (Figure 2), including soil from both sandy and silty 
intervals. This boring was chosen because it was located near the MW-33 
pilot study area and exhibited similar geologic characteristics. Soil 
samples were not collected during advancement of the CPT borings, due 
to the nature of this drilling technology.  
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The composite soil sample was submitted to ERM’s Remediation 
Technology Group in West Chester, Pennsylvania, where the SOD test 
was conducted for the oxidants permanganate and persulfate. Based on 
varying reaction times, the permanganate test was designed to occur 
over a seven-day period whereas the persulfate test was designed for a 
28-day period. At the completion of the permanganate test, ERM 
concluded that the SOD for the soil sample was very low, favoring 
permanganate as the preferred oxidant.  

The seven-day permanganate SOD fell in the range of 0.033 to 0.068 g/kg 
of wet soil, which translates to a required range of 0.09 to 0.18 pounds of 
permanganate per cubic yard of soil (assuming a soil density of 100 
pounds per cubic foot and 30% porosity). The mass of permanganate 
injected during the pilot studies was determined by combining the 
oxidant demands for native soil (i.e., SOD) and the calculated mass of 
CVOCs within the pilot study area.  Details of the reagent application are 
presented below. 

Establish Baseline Hydrogeochemistry 

The purpose of this task was to establish baseline conditions for 
groundwater flow and quality within the pilot test areas prior to 
conducting the oxidant injections. The locations and elevations of the 
newly-installed monitoring wells were surveyed relative to the existing 
Site datum. 

From 27 to 29 August 2001, ERM conducted a comprehensive 
groundwater monitoring round at the Site, including the 33 existing and 
15 newly installed wells. Prior to sample collection, all monitoring wells 
were gauged using an electronic water level indicator to determine 
groundwater elevations. Groundwater samples were collected using a 
variety of sampling techniques. The 33 existing monitoring wells were 
sampled using either dedicated polyethylene bailers or Waterra inertia-
lift methods. Low-flow sampling techniques were utilized for sample 
collection at 15 newly installed pilot study wells. Geochemical field 
parameters (pH, conductivity, temperature, oxidation-reduction 
potential and dissolved oxygen) were measured during sample 
collection. Groundwater sampling equipment (i.e., bailers, rope and/or 
tubing) was dedicated to prevent cross-contamination between 
monitoring points. Groundwater samples were collected from all wells 
for analysis of CVOCs by EPA Method 8021C. Groundwater samples 
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were collected from selected pilot study wells for analysis of manganese, 
chromium and fluoride, per the RAM Plan. 

Results of the comprehensive groundwater-monitoring round are 
presented in Appendix D. Laboratory analytical reports are presented in 
Appendix F. Groundwater elevations, flow directions and chemistry 
were consistent with historical data for the Site. A more detailed 
discussion of these data relative to the post injection data is presented 
below. 

Apply Reagent 

On 6 and 7 October 2001, ERM provided oversight during the injection of 
sodium permanganate, potassium permanganate and sodium fluoride 
(tracer) at the Site. Approximately 2,500 gallons of 2% potassium 
permanganate along with a 50 mg/L of sodium fluoride tracer were 
injected at a rate of 250 gallons per hour using the PFLAI method 
approximately 55 feet north-northeast of the MW-33 well cluster (Figure 
3). The injections were conducted at pressures ranging from 25 to 50 
pounds per square inch (psi). ERM elected to inject potassium 
permanganate at this location rather than sodium permanganate because 
it is easier to handle when working with large volumes. An injection 
concentration of 2% potassium permanganate was determined based on 
the SOD and CVOC concentrations on the projected radius of influence 
for this portion of the Site.  

Approximately 250 gallons of 4% sodium permanganate followed by 120 
gallons of potable water were injected into MW-43S via the gravity feed 
injection technique at a rate of 25 gallons per hour. ERM elected to inject 
sodium permanganate at this location rather than potassium 
permanganate because it is easier to handle when working with small 
volumes. Based on the SOD and CVOC concentrations on the projected 
radius of influence for this portion of the Site, ERM determined that a 4% 
sodium permanganate solution should be adequate to treat CVOCs 
within and immediately down gradient of the pilot study area.  

Post-Injection Groundwater Monitoring 

Sixteen post-injection field parameter monitoring rounds were 
conducted over a three-month period (Table 1). These monitoring rounds 
included measurements of groundwater elevations and field parameters, 
and collection of groundwater samples for analysis of fluoride, a 
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conservative tracer used in the MW-33 pilot study area. Groundwater 
samples were submitted for analysis of CVOCs by EPA Method 8021C 
for two of these monitoring rounds:  

• 12 – 13 November 2001: groundwater samples were collected 
from the MW-33 pilot study area only. Groundwater samples 
were not collected from the MW-43 pilot study area because 
visible concentrations of sodium permanganate were present in 
two wells.  

• 10 – 12 December 2001: groundwater samples were collected 
from both pilot study areas. Visible sodium permanganate was 
still present in the MW-43 pilot study area, but groundwater 
samples were collected to evaluate groundwater quality prior to 
submission of this report. 

Table 1 summarizes the wells and analytical parameters included in each 
monitoring round. Tables 3 through 5 present the monitoring results. 
Table 3 in Appendix D presents monitoring results for all wells at the 
Site. Laboratory analytical reports are presented in Appendix F. 

Low flow sampling techniques were used to collect groundwater 
samples during the post-injection monitoring period. For well MW-33S, 
which had historically been sampled using a bailer, ERM collected two 
samples on 10 December using both bailer and low flow sampling 
techniques to evaluate the effect of the sampling technique on CVOC 
concentrations. The results of this test indicated that the type of sampling 
method used did not affect CVOC concentrations for this well (Table 5A). 

Groundwater Elevation Data 

Groundwater elevations at the Site are consistent with historical data 
(Appendix D, Table 1; Figure 4). The fluoride tracer data (Table 5A) were 
used to calculate an approximate groundwater flow velocity of 0.7 feet 
per day within the MW-33 pilot study area during November 2001 
(Appendix E). As shown in Figures 5A and 5B, groundwater elevations 
in the MW-33 pilot study wells increased by approximately 0.8 feet over 
baseline conditions immediately following oxidant injection and steadily 
decreased through the December 2001 monitoring round. As shown in 
Table 3, the groundwater elevation in the injection well (MW-43S) 
increased immediately following oxidant injection. However, 
groundwater elevations in the other MW-43 pilot study wells decreased 
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following oxidant injection, indicating that the injection had no 
immediate hydraulic effect on these wells. 

Field Observations, Field Parameter and Tracer Data 

Immediately following injection in the MW-33 pilot study area, evidence 
of the permanganate solution was detected in well couplet MW-109/110 
(i.e., based on increased conductivity and pink-purple color; Table 4), 
approximately 20 feet southwest of the injection point. However, no 
evidence of the permanganate solution was observed at well couplet 
MW-107/108, approximately 10 feet northeast of the injection point.  
Though permanganate was not observed in MW-107/108, oxidizing 
groundwater was noted based on elevated oxidation-reduction 
potentials (ORP). This suggests that permanganate either reached these 
wells and was rapidly consumed or that it was present in close proximity 
to these wells. Evidence of permanganate has not been observed in any 
other wells in the MW-33 pilot study area. 

As noted above, immediately following injection permanganate was 
detected in wells MW-109/110. However, permanganate in MW-109 
(deep well) was expended within approximately one week following 
injection whereas low levels of permanganate were still present in MW-
110 (shallow well) five weeks after injection. This may be attributable to 
one or more of the following: 

• baseline CVOC concentrations in MW-109 were higher than MW-
110 (Table 5); 

• different injection radii for MW-109 (deeper well screened in 
sandy silt and silt) and MW-110 (shallow well screened in silty 
sand and sand), based on differences in geology; 

• finer-grained soil present around MW-109 likely exhibits higher 
SOD than the coarser-grained soil present at the depth of MW-
110. 

Immediately following injection in the MW-43 pilot study area, no 
evidence of permanganate was noted in any wells. Within one week after 
the permanganate injection, evidence of permanganate (pink to purple 
color and increased conductivity; Table 4) was noted in wells MW-43S 
and MW-104, indicating that advective, dispersive or diffusive transport 
of permanganate had occurred. Since mid-October, the electrical 
conductivity of water in these wells has steadily decreased suggesting a 
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decrease in permanganate concentrations over time. However, 
permanganate is still visibly present in both of these wells. To date, the 
radius of influence of the gravity feed injection was greater than five feet 
based on presence of permanganate in MW-104.  

CVOC Data 

In the MW-33 pilot study area, TCE concentrations decreased by an 
average of 55% through December 2001 in half of the wells sampled 
(MW-111, MW-112, MW-113, MW-114, MW-115 and MW-116; Table 5; 
Figure 6). These wells are located immediately downgradient of the 
permanganate injection area (i.e., radius of influence) and were not 
directly affected by the injection (i.e., there has been no visual or field 
parameter evidence to suggest that permanganate is or has been present 
in these wells). Therefore, it is likely that treated groundwater from 
within the permanganate radius of influence has migrated down 
gradient and mixed with untreated groundwater in the vicinity of these 
wells, resulting in a reduction of CVOC concentrations.   

Four of the five wells (MW-107, MW-108, MW-33S and MW-33M) that 
exhibited increases in TCE concentrations are located outside of the 
permanganate radius of influence. These increases in TCE concentration 
are within the historical variations observed for the wells in this portion 
of the Site and are attributed to the lack of precipitation and 
groundwater recharge during the pilot study. For instance, historical 
variations in TCE concentrations in MW-33S have ranged from 170 
micrograms per liter (µg/L) to 530 µg/L. During the pilot study, TCE 
concentrations increased from 240 µg/L to 380 µg/L. Concurrent with 
the increase in TCE at these wells, groundwater elevations in the pilot 
study area have decreased by approximately 0.5 feet due to a lack of 
groundwater recharge (Figures 5A and 5B).  

However, TCE concentrations also increased in MW-109, which is 
located within the permanganate radius of influence. ERM believes that 
the concentration increase most likely resulted from desorption of TCE 
from clay minerals via an ion exchange-type reaction where potassium 
replaces the TCE, resulting in increases in dissolved phase 
concentrations. 

In the MW-43 pilot study area, TCE concentrations decreased by an 
average of 75% through December 2001 in three of four wells sampled 
(MW-43S, MW-104 and MW-106; Table 5; Figures 6). Permanganate is 
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still present in MW-43S and MW-104, which both exhibit 100% decreases 
in TCE concentrations. MW-106 exhibits a 25% decrease in TCE 
concentration, which is likely attributable to the migration of treated 
groundwater and mixing with untreated groundwater. The increase in 
TCE concentration at the upgradient well, MW-105, is likely attributable 
to the decrease in groundwater elevations at the Site. 

Summary 

In analyzing the results of the pilot studies, it is evident that there are a 
number of interrelated processes and phenomena occurring.  The 
importance of these processes varies with time. The following provides 
an interpretation of the results in light of these processes.  

1. The first process was the injection of the permanganate solution, 
which was conducted under pressure using PFLAI (MW-33 pilot 
study area) and via gravity feed (MW-43 pilot study area). The PFLAI 
injection resulted in an apparent radius of influence of at least 20 feet. 
Gravity feed injection resulted in an apparent radius of influence of 
five to ten feet.  

2. Immediately following injection, the permanganate displaced and 
mixed with groundwater. Direct evidence (color and increased 
conductivity) of permanganate was observed in wells MW-109 and 
MW-110 in the MW-33 pilot study area and MW-43S and MW-104 in 
the MW-43 pilot study area. Indirect evidence (increased ORP) was 
noted in wells MW-107 and MW-108 in the MW-33 pilot study area. 

3. Permanganate reacted with oxidizable species in the soil (i.e., SOD), 
as well as the dissolved VOCs. In the MW-33 pilot study area, most of 
the permanganate was rapidly consumed.  However, in the MW-43 
pilot study area, the permanganate persisted. This is likely due to the 
higher permanganate concentration (4% v. 2%) injected in this pilot 
study area. Oxidizing groundwater was observed in several wells in 
both pilot study areas, based on increases in ORP.  

4. Advective groundwater migration transported the treated 
groundwater and any residual permanganate in the down-gradient 
direction. Some lateral distribution also occurred due to dispersion 
and diffusion.  The CVOC depleted groundwater mixed with 
unreacted groundwater, resulting in decreased CVOC concentrations 
but not complete elimination of CVOCs. 
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5. Increases in TCE concentrations were noted at some monitoring wells 
in the MW-33 pilot study area. These concentration variations fall 
within the historical range for wells in this portion of the Site. The 
increases are believed to be related to a significant decrease in the 
water table or desorption of CVOCs following oxidant injection.  

B) NEW SITE INFORMATION 

New Site information obtained as part of the ISCO pilot studies is 
discussed above in Section A. 

C) MANAGEMENT OF REMEDIATION WASTE, REMEDIAL 
WASTEWATER AND/OR REMEDIAL ADDITIVES 

Because the application of Remedial Additives to existing wells is an in-
situ technique, no Remediation Waste or Remediation Wastewater was 
generated as part of RAM activities.  The application of Remedial 
Additives was discussed above in Section A. 

D) REMEDIAL SYSTEM MONITORING DATA 

Data associated with monitoring the ISCO pilot studies are discussed 
above in Section A. The data is also presented in the attached tables.    

E) OTHER INFORMATION 

Further performance groundwater sampling will be conducted to further 
monitor the effectiveness of the technology.   

F) LSP OPINION 

The LSP opinion is provided in Section J of BWSC-106 (Appendix A).   
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Karen Stromberg, PIP Coordinator, MA Department of 
Environmental Protection, Northeast Regional Office, 205A 
Lowell Street, Wilmington, MA 01887 
 
PIP Mailing List (see attached) 
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Table 1
Chronology of RAM Activities
Raytheon Company
Wayland, Massachusetts

Date Activity Wells Parameters

27-Aug-01 Groundwater Monitoring
All Wells in MW-33 Pilot StudyArea                                                           

All Wells in MW-43 Pilot Study Area and MW-43D
Field Parameters,                             

VOCs

5-Oct-01 Groundwater Monitoring
All Wells in MW-33 Pilot StudyArea                                                           
All Wells in MW-43 Pilot Study Area

Field Parameters

6-Oct-01, 7-Oct-01 Oxidant Injection
Injection Well (MW-33 Pilot Study Area)                         

MW-43S
-

8-Oct-01 Groundwater Monitoring
All Wells in MW-33 Pilot StudyArea                                                           
All Wells in MW-43 Pilot Study Area

Field Parameters,      
Fluoride

10-Oct-01 Groundwater Monitoring All Wells is MW-33 Pilot Study Area except MW-33M
Field Parameters,      

Fluoride

12-Oct-01 Groundwater Monitoring
MW-33S, MW-111, MW-112, MW-113, MW-114, 

MW-115, MW-116
Field Parameters,      

Fluoride

14-Oct-01 Groundwater Monitoring
MW-33S, MW-111, MW-112, MW-113, MW-114, 

MW-115, MW-116
Field Parameters,      

Fluoride

16-Oct-01 Groundwater Monitoring
All Wells in MW-33 Pilot StudyArea                                                           
All Wells in MW-43 Pilot Study Area

Field Parameters,      
Fluoride

18-Oct-01 Groundwater Monitoring
MW-33S, MW-111, MW-112, MW-113, MW-114, 

MW-115, MW-116
Field Parameters,      

Fluoride

20-Oct-01 Groundwater Monitoring
MW-33S, MW-111, MW-112, MW-113, MW-114, 

MW-115, MW-116
Field Parameters,      

Fluoride

22-Oct-01 Groundwater Monitoring
All Wells in MW-33 Pilot StudyArea                                                           
All Wells in MW-43 Pilot Study Area

Field Parameters,      
Fluoride

24-Oct-01 Groundwater Monitoring
MW-33S, MW-111, MW-112, MW-113, MW-114, 

MW-115, MW-116
Field Parameters,      

Fluoride

26-Oct-01 Groundwater Monitoring
MW-33S, MW-111, MW-112, MW-113, MW-114, 

MW-115, MW-116
Field Parameters,      

Fluoride

28-Oct-01 Groundwater Monitoring
MW-33S, MW-111, MW-112, MW-113, MW-114, 

MW-115, MW-116
Field Parameters,      

Fluoride

30-Oct-01 Groundwater Monitoring
All Wells in MW-33 Pilot StudyArea                                                           
All Wells in MW-43 Pilot Study Area

Field Parameters,      
Fluoride

1-Nov-01 Groundwater Monitoring
MW-33S, MW-111, MW-112, MW-113, MW-114, 

MW-115, MW-116
Field Parameters,      

Fluoride

5-Nov-01 Groundwater Monitoring
All Wells in MW-33 Pilot StudyArea                                                           
All Wells in MW-43 Pilot Study Area

Field Parameters,      
Fluoride

12-Nov-01 Groundwater Monitoring All Wells is MW-33 Pilot Study Area 
Field Parameters,      
Fluoride, VOCs

10-Dec-01 Groundwater Monitoring
All Wells in MW-33 Pilot StudyArea                                                           

All Wells in MW-43 Pilot Study Area and MW-43D
Field Parameters,      
Fluoride, VOCs

Notes:
Fluoride Samples only taken at MW-33 Pilot Study Area 
Field Parameters = Depth to Water, Conductivity, Oxygen Reduction Potential, Dissolved Oxygen, Temperature, Color
All Wells in MW-33 Pilot Study Area = MW-33S, MW-33M, MW-107, MW-108, MW-109, MW-110,W-111, MW-112, MW-113, MW-114, MW-115, MW-116
All Wells in MW-43 Pilot Study Area = MW-43S, MW-104, MW-105, MW-106
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Table 2
Monitoring Well Construction Summary
ISCO Pilot Study Wells
Raytheon Company
Wayland, Massachusetts

Well Designation Date Installed
Ground Surface 

Elevation                         
(feet ASL)

Screen 
Length (feet)

Total Well 
Depth (feet)

Bottom Elevation 
(feet ASL)

Top Elevation (feet 
ASL)

Screened Material

MW-33S 14-May-98 133.91 5 30 103.91 108.91 Silt
MW-33M 13-May-98 133.91 5 50 83.91 88.91 Sand & Silt
MW-43S 2-Nov-98 134.37 5 20 114.37 119.37 Sand & Silt
MW-43D 24-Mar-00 134.55 5 55 79.55 84.55 Till
MW-104 25-Aug-01 134.52 10 20 114.52 124.52 Sand
MW-105 25-Aug-01 134.18 10 20 114.18 124.18 Sand & Silt
MW-106 25-Aug-01 133.86 10 20 113.86 123.86 Sand & Silt
MW-107 25-Aug-01 135.01 10 35 100.01 110.01 Sand
MW-108 25-Aug-01 135.01 10 25 110.01 120.01 Sand & Silt
MW-109 25-Aug-01 134.55 10 35 99.55 109.55 Sand & Silt
MW-110 25-Aug-01 134.52 10 25 109.52 119.52 Sand & Silt
MW-111 25-Aug-01 134.27 10 35 99.27 109.27 Sand
MW-112 25-Aug-01 134.27 10 25 109.27 119.27 Sand & Silt
MW-113 25-Aug-01 134.26 10 35 99.26 109.26 Sand
MW-114 25-Aug-01 134.29 10 25 109.29 119.29 Sand & Silt
MW-115 25-Aug-01 134.25 10 35 99.25 109.25 Sand
MW-116 25-Aug-01 134.25 10 25 109.25 119.25 Sand & Silt

Notes:
  ASL =  Above Mean Sea Level

Screened Interval
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Table 3
Groundwater Elevation Data
Raytheon Company
Wayland, Massachusetts

Well ID
(Baseline)
5-Oct-01 8-Oct-01 10-Oct-01 12-Oct-01 14-Oct-01 16-Oct-01 18-Oct-01 20-Oct-01 22-Oct-01 24-Oct-01 26-Oct-01 28-Oct-01 30-Oct-01 1-Nov-01 5-Nov-01 12-Nov-01 10-Dec-01

MW-43 Pilot Study Area
MW-104 15.96 16.01 - - - 16.32 - - 16.45 - - - 16.64 - 16.73 - 17.14
MW-105 16.07 16.16 - - - 16.36 - - 16.43 - - - 16.68 - 16.71 - 17.17
MW-106 15.57 16.67 - - - 16.79 - - 16.93 - - - 17.12 - - - 17.53
MW-43S 16.15 15.88 - - - 16.06 - - 16.23 - - - 16.36 - 16.48 - 16.90
MW-43D 17.35 - - - - - - - - - - - - - - - 18.36

MW-33 Pilot Study Area
MW-107 19.98 19.85 20.06 - - 20.09 - - 20.21 - - - 20.24 - 20.03 20.35 20.61
MW-108 22.60 20.05 20.17 - - 20.39 - - 20.49 - - - 20.59 - 20.63 20.75 20.91
MW-109 19.73 20.26 - - - 19.91 - - 20.02 - - - 20.13 - 20.10 20.21 20.49
MW-110 19.76 19.54 - - - 19.82 - - 19.94 - - - 20.06 - 20.15 20.26 20.41
MW-111 19.51 19.43 19.48 19.52 19.59 19.65 19.71 19.71 19.76 19.80 19.83 19.88 19.87 19.92 19.96 20.02 20.23
MW-112 19.30 19.10 19.20 19.25 19.34 19.39 19.45 19.51 19.52 19.56 19.57 19.62 19.64 19.67 19.72 19.81 19.97
MW-113 19.30 19.19 19.28 19.32 19.46 19.53 19.52 19.50 19.54 19.58 19.61 19.68 19.68 19.70 19.72 19.82 19.99
MW-114 19.21 19.06 19.17 19.21 19.27 19.32 19.36 19.42 19.45 19.48 19.49 19.55 19.56 19.59 19.63 19.72 19.90
MW-115 - 19.26 19.33 19.37 19.42 19.50 19.55 19.36 19.61 19.65 19.66 19.71 19.71 19.75 19.78 19.86 20.04
MW-116 19.50 19.37 19.46 19.48 19.50 19.62 19.68 19.70 19.74 19.81 19.80 19.86 19.85 19.91 19.92 20.01 20.17
MW-33S 19.33 19.21 19.26 19.26 19.36 19.43 19.48 19.51 19.54 19.58 19.60 19.66 19.66 19.72 19.76 19.80 20.00
MW-33M 20.22 19.76 - - - 19.81 - - 19.82 - - - 19.86 - 19.84 19.86 19.94

Notes:
- = Not Measured
Baseline depth to water for MW-43D was measured on 8/27/01.

Depth to Water (Feet Below Ground Surface) 
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Table 3
Groundwater Elevation Data
Raytheon Company
Wayland, Massachusetts

Well ID Measuring Pt.
Elevation (Baseline)
(feet ASL) 5-Oct-01 8-Oct-01 10-Oct-01 12-Oct-01 14-Oct-01 16-Oct-01 18-Oct-01 20-Oct-01 22-Oct-01 24-Oct-01 26-Oct-01 28-Oct-01 30-Oct-01 1-Nov-01 5-Nov-01 12-Nov-01 10-Dec-01

MW-43 Pilot Study Area
MW-104 133.77 117.81 117.76 - - - 117.45 - - 117.32 - - - 117.13 - 117.04 - 116.63
MW-105 134.29 118.22 118.13 - - - 117.93 - - 117.86 - - - 117.61 - 117.58 - 117.12
MW-106 134.47 118.90 117.80 - - - 117.68 - - 117.54 - - - 117.35 - - - 116.94
MW-43S 133.82 117.67 117.94 - - - 117.76 - - 117.59 - - - 117.46 - 117.34 - 116.92
MW-43D 134.55 117.20 - - - - - - - - - - - - - - - 116.19

MW-33 Pilot Study Area
MW-107 134.87 114.89 115.02 114.81 - - 114.78 - - 114.66 - - - 114.63 - - 114.52 114.26
MW-108 134.91 112.31 114.86 114.74 - - 114.52 - - 114.42 - - - 114.32 - - 114.16 114.00
MW-109 134.33 114.60 114.07 - - - 114.42 - - 114.31 - - - 114.20 - - 114.12 113.84
MW-110 134.27 114.51 114.73 - - - 114.45 - - 114.33 - - - 114.21 - - 114.01 113.86
MW-111 134.10 114.59 114.67 114.62 114.58 114.51 114.45 114.39 114.39 114.34 114.30 114.27 114.22 114.23 114.18 114.14 114.08 113.87
MW-112 133.90 114.60 114.80 114.70 114.65 114.56 114.51 114.45 114.39 114.38 114.34 114.33 114.28 114.26 114.23 114.18 114.09 113.93
MW-113 133.82 114.52 114.63 114.54 114.50 114.36 114.29 114.30 114.32 114.28 114.24 114.21 114.14 114.14 114.12 114.10 114.00 113.83
MW-114 133.69 114.48 114.63 114.52 114.48 114.42 114.37 114.33 114.27 114.24 114.21 114.20 114.14 114.13 114.10 114.06 113.97 113.79
MW-115 133.80 - 114.54 114.47 114.43 114.38 114.30 114.25 114.44 114.19 114.15 114.14 114.09 114.09 114.05 114.02 113.94 113.76
MW-116 133.95 114.45 114.58 114.49 114.47 114.45 114.33 114.27 114.25 114.21 114.14 114.15 114.09 114.10 114.04 114.03 113.94 113.78
MW-33S 133.78 114.45 114.57 114.52 114.52 114.42 114.35 114.30 114.27 114.24 114.20 114.18 114.12 114.12 114.06 114.02 113.98 113.78
MW-33M 133.57 113.35 113.81 - - - 113.76 - - 113.75 - - - 113.71 - - 113.71 113.63

Notes:
- = Not Measured
Baseline groundwater elevation for MW-43D was measured on 8/27/01.   

Groundwater Elevation (Feet ASL) 
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Table 4
Groundwater Field Parameter Data
Raytheon Company
Wayland, Massachusetts

Well ID
(Baseline)
5-Oct-01 8-Oct-01 10-Oct-01 12-Oct-01 14-Oct-01 16-Oct-01 18-Oct-01 20-Oct-01 22-Oct-01 24-Oct-01 26-Oct-01 28-Oct-01 30-Oct-01 1-Nov-01 5-Nov-01 12-Nov-01 10-Dec-01

MW-43 Pilot Study Area
MW-104 266 337 - - - 538 - - 655 - - - 653 - 638 - 646
MW-105 289 485 - - - 470 - - 309 - - - 298 - 564 - 497
MW-106 285 396 - - - 433 - - 286 - - - 268 - 500 - 257
MW-43S 252 404 - - - 542 - - 643 - - - 596 - 599 - 591

MW-33 Pilot Study Area
MW-107 154 535 210 - - 46 - - 8 - - - 14 - 6 -65 -71
MW-108 81 635 287 - - 268 - - 461 - - - 472 - 455 366 251
MW-109 369 415 - - - 380 - - 334 - - - 199 - 239 165 203
MW-110 237 500 - - - 441 - - 645 - - - 618 - 561 559 207
MW-111 287 224 285 245 209 262 245 185 340 367 269 231 263 338 221 190 175
MW-112 271 222 262 221 195 238 278 206 370 384 269 275 344 364 264 293 198
MW-113 289 224 261 212 200 237 234 169 277 339 215 204 227 313 176 83 96
MW-114 268 217 237 180 176 200 231 171 340 364 268 258 313 375 264 287 203
MW-115 271 240 190 172 176 158 213 132 244 304 225 177 205 320 197 284 65
MW-116 255 237 217 146 153 131 251 179 331 376 286 285 315 412 300 260 211
MW-33S 181 233 91 101 111 55 183 231 269 349 270 261 263 439 301 296 223
MW-33M 242 245 - - - 106 - - 309 - - - 279 - 280 -33 -133

Notes:
- = Not Measured

Oxidation Reduction Potential (ORP) (mV)
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Table 4
Groundwater Field Parameter Data
Raytheon Company
Wayland, Massachusetts

Well ID
(Baseline)
5-Oct-01 8-Oct-01 10-Oct-01 12-Oct-01 14-Oct-01 16-Oct-01 18-Oct-01 20-Oct-01 22-Oct-01 24-Oct-01 26-Oct-01 28-Oct-01 30-Oct-01 1-Nov-01 5-Nov-01 12-Nov-01 10-Dec-01

MW-43 Pilot Study Area
MW-104 1,721 1,573 - - - 2,759 - - 2,812 - - - 2,265 - 2155 - 1603
MW-105 1,387 1,245 - - - 1,420 - - 1,266 - - - 1,144 - 1140 - 1192
MW-106 753 700 - - - 946 - - 978 - - - 952 - 900 - 1078
MW-43S 1,107 397 - - - 5,348 - - 2,945 - - - 1,746 - 1644 - 1172

MW-33 Pilot Study Area
MW-107 807 785 937 - - 917 - - 841 - - - 850 - 848 797 789
MW-108 219 91 206 - - 233 - - 216 - - - 241 - 285 370 453
MW-109 428 916 - - - 400 - - 384 - - - 390 - 412 373 407
MW-110 70 2,728 - - - 265 - - 129 - - - 94 - 83 74 75
MW-111 276 213 252 248 239 221 206 196 205 208 198 186 197 193 195 180 179
MW-112 140 426 135 119 106 105 97 102 103 105 98 93 100 103 103 100 91
MW-113 342 278 370 365 342 336 309 301 321 330 307 287 305 311 310 288 290
MW-114 109 245 117 100 97 95 93 101 97 102 92 82 87 91 85 93 92
MW-115 325 265 341 334 320 311 271 283 299 301 283 272 290 290 293 284 297
MW-116 149 152 177 186 155 149 128 136 140 138 127 118 124 120 124 115 114
MW-33S 65 76 90 130 79 76 70 67 76 77 74 69 74 73 73 70 76
MW-33M 271 242 - - - 297 - - 277 - - - 264 - 263 255 237

Notes:
- = Not Measured

Conductivity (µS/cm)
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Table 4
Groundwater Field Parameter Data
Raytheon Company
Wayland, Massachusetts

Well ID
(Baseline)
5-Oct-01 8-Oct-01 10-Oct-01 12-Oct-01 14-Oct-01 16-Oct-01 18-Oct-01 20-Oct-01 22-Oct-01 24-Oct-01 26-Oct-01 28-Oct-01 30-Oct-01 1-Nov-01 5-Nov-01 12-Nov-01 10-Dec-01

MW-43 Pilot Study Area
MW-104 9.3 9.0 - - - 3.6 - - 6.6 - - - 11.9 - 17.1 - 8.4
MW-105 8.4 7.2 - - - 2.7 - - 2.1 - - - 6.7 - 12.2 - 5.9
MW-106 8.2 9.6 - - - 6.8 - - 7.1 - - - 10.0 - 12.0 - 7.7
MW-43S 8.2 8.3 - - - 8.0 - - 7.0 - - - 7.8 - 12.3 - 9.1

MW-33 Pilot Study Area
MW-107 5.6 7.4 2.7 - - 3.5 - - 0.9 - - - 2.3 - 6.2 0.3 0.3
MW-108 6.5 7.6 2.0 - - 4.1 - - 5.2 - - - 4.0 - 4.1 1.0 0.6
MW-109 4.2 6.2 - - - 5.8 - - 0.9 - - - 1.6 - 1.9 0.2 0.2
MW-110 8.8 6.2 - - - 3.1 - - 3.0 - - - 3.8 - 4.0 3.9 4.4
MW-111 5.2 7.3 2.8 2.7 1.6 2.8 2.7 2.7 2.3 1.5 3.0 1.4 1.9 1.8 1.8 0.6 0.2
MW-112 6.6 8.6 6.2 5.6 5.5 5.5 5.9 6.2 5.2 4.8 6.4 5.3 5.1 4.7 5.3 4.3 4.1
MW-113 6.2 6.8 1.5 2.7 1.0 1.3 1.4 3.6 1.3 1.0 1.2 1.3 1.3 1.3 1.5 0.3 0.3
MW-114 7.4 8.0 5.1 4.6 3.9 4.2 3.5 5.1 3.2 3.3 3.9 4.2 4.2 4.1 4.1 3.0 2.6
MW-115 2.0 6.2 1.6 1.4 1.4 1.0 1.5 3.4 1.1 0.9 1.2 1.5 1.9 2.1 1.5 0.3 0.2
MW-116 6.6 7.3 2.4 4.5 3.8 3.1 4.1 5.2 3.5 3.7 4.3 4.2 4.8 4.5 4.9 3.8 3.7
MW-33S 9.4 5.8 4.0 4.4 4.3 4.9 4.6 5.0 5.1 4.0 4.1 4.3 4.7 4.3 4.4 3.8 4.1
MW-33M 8.0 5.6 - - - 2.1 - - 3.0 - - - 1.8 - 1.8 0.4 0.2

Notes:
- = Not Measured

Dissolved Oxygen (mg/L)
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Table 4
Groundwater Field Parameter Data
Raytheon Company
Wayland, Massachusetts

Well ID
(Baseline)
5-Oct-01 8-Oct-01 10-Oct-01 12-Oct-01 14-Oct-01 16-Oct-01 18-Oct-01 20-Oct-01 22-Oct-01 24-Oct-01 26-Oct-01 28-Oct-01 30-Oct-01 1-Nov-01 5-Nov-01 12-Nov-01 10-Dec-01

MW-43 Pilot Study Area
MW-104 7.9 7.8 - - - 6.9 - - 6.8 - - - 7.2 - 7.3 - 7.3
MW-105 7.0 7.9 - - - 7.1 - - 7.0 - - - 7.3 - 7.3 - 7.1
MW-106 7.7 8.1 - - - 7.2 - - 7.1 - - - 7.3 - 7.4 - 7.7
MW-43S 7.4 7.9 - - - 7.5 - - 7.3 - - - 7.7 - 7.7 - 7.9

MW-33 Pilot Study Area
MW-107 6.0 6.3 6.3 - - 6.6 - - 6.3 - - - 6.6 - 6.6 6.8 6.9
MW-108 6.5 6.9 6.3 - - 6.1 - - 6.3 - - - 6.0 - 6.1 5.7 5.8
MW-109 6.5 11.4 - - - 9.8 - - 8.4 - - - 8.7 - 8.1 9.3 8.7
MW-110 7.4 9.8 - - - 6.7 - 5.8 - - - 6.2 - 6.1 6.0 5.9
MW-111 6.5 6.7 6.1 5.8 6.1 5.9 6.0 6.2 5.5 5.5 6.1 6.1 6.2 5.9 6.0 6.0 6.2
MW-112 6.1 6.5 6.5 6.2 6.4 6.2 6.1 6.1 5.6 5.6 6.2 6.2 6.1 5.9 6.0 5.9 5.9
MW-113 6.3 7.2 6.5 6.5 6.7 6.6 6.7 6.8 6.4 6.4 6.7 6.9 6.8 6.9 6.7 6.9 7.0
MW-114 6.5 7.2 5.9 6.1 6.1 6.1 6.3 6.3 5.5 5.7 6.1 6.2 6.0 6.0 6.0 5.9 6.0
MW-115 6.6 6.8 6.0 6.2 6.4 6.5 6.6 7.3 6.3 6.1 6.5 6.6 6.5 6.6 6.6 6.6 7.0
MW-116 6.7 7.5 5.6 6.2 6.0 6.0 6.1 6.4 5.6 5.4 5.9 6.0 5.9 6.0 6.0 5.8 5.8
MW-33S 6.1 8.0 6.0 7.3 6.8 5.9 5.9 5.8 5.7 5.6 6.3 5.9 5.6 6.2 5.8 5.6 5.8
MW-33M 6.5 6.6 - - - 6.8 - - 6.5 - - - 7.0 - 7.2 7.5 7.8

Notes:
- = Not Measured

pH
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Table 4
Groundwater Field Parameter Data
Raytheon Company
Wayland, Massachusetts

Well ID
(Baseline)
5-Oct-01 8-Oct-01 10-Oct-01 12-Oct-01 14-Oct-01 16-Oct-01 18-Oct-01 20-Oct-01 22-Oct-01 24-Oct-01 26-Oct-01 28-Oct-01 30-Oct-01 1-Nov-01 5-Nov-01 12-Nov-01 10-Dec-01

MW-43 Pilot Study Area
MW-104 16.4 11.3 - - - 17.3 - - 15.3 - - - 12.3 - 12.8 - 10.7
MW-105 16.0 12.2 - - - 17.0 - - 15.4 - - - 13.1 - 12.8 - 11.1
MW-106 17.7 11.3 - - - 16.5 - - 16.8 - - - 13.7 - 12.3 - 11.6
MW-43S 16.3 14.1 - - - 16.6 - - 15.3 - - - 14.0 - 13.3 - 11.6

MW-33 Pilot Study Area
MW-107 17.9 12.1 17.7 - - 17.9 - - 17.2 - - - 15.1 - 13.8 14.1 13.5
MW-108 17.3 12.5 17.9 - - 17.4 - - 18.0 - - - 15.9 - 14.4 14.5 14.5
MW-109 18.4 13.4 - - - 16.3 - - 15.7 - - - 14.5 - 13.4 14.0 13.6
MW-110 16.8 12.7 - - - 17.7 - - 18.4 - - - 14.7 - 12.9 13.9 12.5
MW-111 18.7 11.2 16.2 17.1 15.3 16.7 14.4 14.0 15.3 16.0 13.6 12.0 13.1 14.2 12.9 12.0 11.5
MW-112 20.1 11.1 16.5 17.0 15.1 16.4 14.7 13.8 15.0 16.3 13.9 12.7 13.2 14.2 13.1 11.3 11.3
MW-113 19.0 11.5 17.8 17.2 15.2 16.4 14.7 14.5 15.6 16.8 14.2 11.6 13.3 13.9 12.5 10.3 10.3
MW-114 19.0 12.1 16.9 17.0 16.1 16.2 15.1 13.9 15.6 16.2 13.7 12.2 13.6 13.7 13.0 11.5 12.1
MW-115 18.1 10.7 17.0 16.8 15.2 15.9 12.4 14.1 15.5 16.0 13.9 12.3 13.9 13.5 13.0 11.6 11.7
MW-116 18.2 10.0 17.3 17.8 15.4 15.9 12.9 14.6 16.0 16.4 14.7 12.6 13.9 13.6 13.5 11.9 12.3
MW-33S 14.4 10.2 16.8 16.6 14.5 15.7 13.9 13.6 15.3 16.7 15.2 12.2 14.1 12.7 12.2 10.9 10.7
MW-33M 16.5 10.2 - - - 16.9 - - 15.8 - - - 13.5 - 12.0 11.4 11.5

Notes:
- = Not Measured

Temperature (°C)
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Table 4
Groundwater Field Parameter Data
Raytheon Company
Wayland, Massachusetts

Well ID
(Baseline)
5-Oct-01 8-Oct-01 10-Oct-01 12-Oct-01 14-Oct-01 16-Oct-01 18-Oct-01 20-Oct-01 22-Oct-01 24-Oct-01 26-Oct-01 28-Oct-01 30-Oct-01 1-Nov-01 5-Nov-01 12-Nov-01 10-Dec-01

MW-43 Pilot Study Area
MW-104 Brown Brown - - - Dark Pink/Purple - - Dark Pink/Purple - - - Dark Pink/Purple - Dark Pink/Purple - Dark Pink/Purple
MW-105 Brown Brown - - - Light Brown - - Light Brown - - - Brown/Grey - Brown/Grey - Clear
MW-106 Brown/Grey Brown/Grey - - - Brown - - Brown - - - Brown/Grey - Brown/Grey - Clear
MW-43S Clear DarkPink/Purple - - - DarkPink/Purple Dark Pink/Purple - - - Dark Pink/Purple - Dark Pink/Purple - Dark Pink/Purple

MW-33 Pilot Study Area -
MW-107 Brown/Grey Brown/Grey Grey - - Brown/Grey - - Grey - - - Grey - Brown/Grey Clear Grey 
MW-108 Clear Clear Clear - - Clear - - Clear - - - Clear - Clear Clear Clear
MW-109 Brown Dark Pink/Purple - - - Light Pink/Pink - - Dark Tan/Brown - - - Grey - Brown/Grey Brown/Grey Brown
MW-110 Brown Dark Pink/Purple - - - DarkPink - - Light Pink/Pink - - - Light Pink - Light Pink/Brown Light Pink Light Brown
MW-111 Clear Brown/Grey Brown Grey Clear Clear Grey/Brown Clear Brown Brown/Grey Clear Clear Clear Clear Clear Clear Clear
MW-112 Clear Brown Brown  Brown Brown Clear Grey Clear Brown Brown/Grey Grey Grey Grey Clear Clear Clear Clear
MW-113 Brown Brown Brown/Grey Brown/Grey Brown Clear Grey Clear Brown/Grey Clear Clear Clear Grey Clear Brown/Grey Brown/Grey Brown 
MW-114 Brown Brown/Grey Brown/Grey Clear Brown Clear Clear Clear Brown/Grey Clear Clear  Brown Grey Clear Brown/Grey Clear Clear
MW-115 Brown Clear Brown/Grey Clear Clear Clear Clear Clear Brown/Grey Clear Clear  Brown Clear Clear Clear Clear Clear
MW-116 Clear Clear Brown/Grey Clear Clear Clear Clear Clear Brown/Grey Clear Clear  Brown Clear Clear Clear Clear Clear
MW-33S Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear
MW-33M Clear Brown/Grey - - - Clear - - Clear - - - Clear - Clear Clear Clear

Notes:
- = Not Measured

Color
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Table 5A

Sample I.D. Method 1 GW-1 MW-33S MW-33S MW-33S MW-33S MW-33S
Date Sampled Cleanup Standard 27-Aug-01 05-Nov-01 12-Nov-01 10-Dec-01 10-Dec-01

Parameter Comments (µg/L) low-flow bailer
Organics
Volatile Organic Compounds (VOCs) (µg/l) NA

Trichloroethene 5 240 380 360 350
cis-1,2-Dichloroethene 70 - - - -
1,1,1-Trichloroethane 200 78 120 110 110
1,1-Dichloroethene 7 - - - -

Inorganics
Dissolved Metals (mg/L) NA NA NA NA

Manganese NS 0.01
Chromium (III) 100 -

Other Ions
Fluoride (mg/L) NS 0.39 - - - -

Field Parameters
pH NS 6.0 5.8 5.6 5.8 5.8
Conductivity (mS/cm) NS 76 73 70 76 85
Temperature (°C) NS 13.3 12.2 10.9 10.7 11.8
Oxidation Reduction Potential (mV) NS 307 301 296 223 123
Dissolved Oxygen (mg/L) NS 6.5 4.4 3.8 4.1 4.9

Color NS Brown Clear Clear Clear Clear

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-33S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-33 Pilot Study Area
Raytheon Company
Wayland, Massachusetts
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Table 5A

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Trichloroethene 5
cis-1,2-Dichloroethene 70
1,1,1-Trichloroethane 200
1,1-Dichloroethene 7

Inorganics
Dissolved Metals (mg/L)

Manganese NS
Chromium (III) 100

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-33S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-33 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-33M MW-33M MW-33M MW-33M
27-Aug-01 05-Nov-01 12-Nov-01 10-Dec-01

NA
3.1 8.6 9.3
- 0.97 0.69
- - -
- - -

NA NA NA
0.73

-

0.28 - - -

6.7 7.2 7.5 7.8
215 263 237 237
17.9 12.0 11.4 11.5
188 280 -33 -1,328
5.0 1.8 0.4 0.2

Grey Clear Clear Clear
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Table 5A

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Trichloroethene 5
cis-1,2-Dichloroethene 70
1,1,1-Trichloroethane 200
1,1-Dichloroethene 7

Inorganics
Dissolved Metals (mg/L)

Manganese NS
Chromium (III) 100

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-33S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-33 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-107 MW-107 MW-107 MW-107 MW-107 MW-107
28-Aug-01 08-Oct-01 16-Oct-01 05-Nov-01 13-Nov-01 11-Dec-01

NA NA NA
34 65 68
2.0 3.4 2.6
- - -
- - -

NA NA NA NA NA
3.3
-

1.6 0.45 - 0.62 0.36 0.73

6.8 6.3 6.6 6.6 6.8 6.9
592 785 917 848 797 789
17.1 12.1 17.9 13.8 14.1 13.5
-438 535 46 6 -65 -71
1.0 7.4 3.5 6.2 0.3 0.3
- Brown/Grey Brown/Grey Brown/Grey Clear Grey
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Table 5A

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Trichloroethene 5
cis-1,2-Dichloroethene 70
1,1,1-Trichloroethane 200
1,1-Dichloroethene 7

Inorganics
Dissolved Metals (mg/L)

Manganese NS
Chromium (III) 100

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-33S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-33 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-108 MW-108 MW-108 MW-108 MW-108 MW-108
28-Aug-01 08-Oct-01 16-Oct-01 05-Nov-01 13-Nov-01 11-Dec-01

NA NA NA
1.4 3.7 4.6
- - -
- - -
- - -

NA NA NA NA NA
1.7
-

- - - - - -

5.7 6.9 6.1 6.1 5.7 5.8
159 91 233 285 370 453
17.8 12.5 17.4 14.4 14.5 14.5
100 635 268 455 366 251
1.1 7.6 4.1 4.1 1.0 0.6

Clear Clear Clear Clear Clear Clear
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Table 5A

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Trichloroethene 5
cis-1,2-Dichloroethene 70
1,1,1-Trichloroethane 200
1,1-Dichloroethene 7

Inorganics
Dissolved Metals (mg/L)

Manganese NS
Chromium (III) 100

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-33S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-33 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-109 MW-109 MW-109 MW-109 MW-109 MW-109
28-Aug-01 08-Oct-01 16-Oct-01 05-Nov-01 13-Nov-01 11-Dec-01

NA NA NA
18 26 35
1.6 2.0 2.3
- - -
- - -

NA NA NA NA NA
1.5
-

0.55 4.4 2.6 2.2 0.45 2.6

6.5 11.4 9.8 8.1 9.3 8.7
271 916 400 412 373 407
17.5 13.4 16.3 13.4 14.0 13.6
-151 415 380 239 165 203
1.2 6.2 5.8 1.9 0.2 0.2
- Purple Pink Brown/Grey Brown/Grey Brown
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Table 5A

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Trichloroethene 5
cis-1,2-Dichloroethene 70
1,1,1-Trichloroethane 200
1,1-Dichloroethene 7

Inorganics
Dissolved Metals (mg/L)

Manganese NS
Chromium (III) 100

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-33S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-33 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-110 MW-110 MW-110 MW-110 MW-110 MW-110
28-Aug-01 08-Oct-01 16-Oct-01 05-Nov-01 13-Nov-01 11-Dec-01

- NA NA NA - -

NA NA NA NA NA
0.24

-

0.32 7.9 2.4 0.66 0.43 0.44

5.9 9.8 6.7 6.1 6.0 5.9
72 2728 265 83 74 75

16.6 12.7 17.7 12.9 13.9 12.5
110 500 441 561 559 207
5.0 6.2 3.1 4.0 3.9 4.4
- Purple Pink Light Pink Pink/Brown Brown
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Table 5A

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Trichloroethene 5
cis-1,2-Dichloroethene 70
1,1,1-Trichloroethane 200
1,1-Dichloroethene 7

Inorganics
Dissolved Metals (mg/L)

Manganese NS
Chromium (III) 100

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-33S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-33 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-111 MW-111 MW-111 MW-111 MW-111 MW-111
28-Aug-01 14-Oct-01 24-Oct-01 05-Nov-01 13-Nov-01 11-Dec-01

NA NA NA
70 9.3 6.6
- - -

24 2 -
0.72 - -

NA NA NA NA NA
1.1
-

0.48 - - - - -

6.0 6.1 5.5 6.0 6.0 6.2
239 239 208 195 180 179
16.0 15.3 16.0 12.9 12.0 11.5
-434 209 367 221 190 175
0.8 1.6 1.5 1.8 0.6 0.2
- Brown/Grey Clear Clear Clear Clear
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Table 5A

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Trichloroethene 5
cis-1,2-Dichloroethene 70
1,1,1-Trichloroethane 200
1,1-Dichloroethene 7

Inorganics
Dissolved Metals (mg/L)

Manganese NS
Chromium (III) 100

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-33S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-33 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-112 MW-112 MW-112 MW-112 MW-112 MW-112
28-Aug-01 14-Oct-01 24-Oct-01 05-Nov-01 13-Nov-01 11-Dec-01

NA NA NA
82 47 37
- - -

29 15 12
- - -

NA NA NA NA NA
0.13

-

- - - - - -

6.1 6.4 5.6 6.0 5.9 5.9
324 106 105 103 100 91
16.2 15.1 16.3 13.1 11.3 11.3
161 195 384 264 293 198
6.2 5.5 4.8 5.3 4.3 4.1
- Brown Clear Clear Clear Clear
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Table 5A

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Trichloroethene 5
cis-1,2-Dichloroethene 70
1,1,1-Trichloroethane 200
1,1-Dichloroethene 7

Inorganics
Dissolved Metals (mg/L)

Manganese NS
Chromium (III) 100

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-33S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-33 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-113 MW-113 MW-113 MW-113 MW-113 MW-113 MW-113
29-Aug-01 12-Oct-01 24-Oct-01 05-Nov-01 12-Nov-01 11-Dec-01 11-Dec-01

DUP-1

NA NA NA
24 14 14 12
- 0.9 0.71 -

6.5 0.55 - -
- - - -

NA NA NA NA NA NA
1.5
-

- - - - - - -

6.1 6.5 6.4 6.7 6.9 7.0 7.0
306 365 330 310 288 290 290
16.3 17.2 16.8 12.5 10.3 10.3 10.3
-410 212 339 176 83 96 96
0.4 2.7 1.0 1.5 0.3 0.3 0.3

Brown Clear Brown/Grey Brown/Grey Brown Brown
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Table 5A

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Trichloroethene 5
cis-1,2-Dichloroethene 70
1,1,1-Trichloroethane 200
1,1-Dichloroethene 7

Inorganics
Dissolved Metals (mg/L)

Manganese NS
Chromium (III) 100

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-33S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-33 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-114 MW-114 MW-114 MW-114 MW-114 MW-114
28-Sep-01 14-Oct-01 24-Oct-01 05-Nov-01 12-Nov-01 10-Dec-01

NA NA NA
23 24 14
- - -

5.5 8.4 4.2
- - -

NA NA NA NA NA
1.7
-

- - - - - -

6.7 6.1 5.7 6.0 5.9 6.0
139 97 102 85 93 92
14.5 16.1 16.2 13.0 11.5 12.1
-197 176 364 264 287 203
2.1 3.9 3.3 4.1 3.0 2.6
- Brown/Grey Clear Brown/Grey Brown/Grey Clear
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Table 5A

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Trichloroethene 5
cis-1,2-Dichloroethene 70
1,1,1-Trichloroethane 200
1,1-Dichloroethene 7

Inorganics
Dissolved Metals (mg/L)

Manganese NS
Chromium (III) 100

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-33S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-33 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-115 MW-115 MW-115 MW-115 MW-115 MW-115
29-Aug-01 14-Oct-01 24-Oct-01 05-Nov-01 12-Nov-01 10-Dec-01

NA NA NA
81 60 41
- - -

24 17 10
- - -

NA NA NA NA NA
1.7
-

- - - - - -

6.3 6.4 6.1 6.6 6.6 7.0
315 320 301 293 284 297
16.4 15.2 16.0 13.0 11.6 11.7
-480 176 304 197 284 65
1.5 1.4 0.9 1.5 0.3 0.2

Clear Clear Clear Clear Clear
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Table 5A

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Trichloroethene 5
cis-1,2-Dichloroethene 70
1,1,1-Trichloroethane 200
1,1-Dichloroethene 7

Inorganics
Dissolved Metals (mg/L)

Manganese NS
Chromium (III) 100

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-33S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-33 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-116 MW-116 MW-116 MW-116 MW-116 DUP-1 MW-116
28-Aug-01 14-Oct-01 24-Oct-01 05-Nov-01 12-Nov-01 12-Nov-01 10-Dec-01

NA NA NA
180 130 120 81

- - - -
64 44 39 26
- - - -

NA NA NA NA NA NA
0.41

-

- - - - - - 0.29

5.8 6.0 5.4 6.0 5.8 5.8 5.8
122 155 138 124 115 115 114
17.4 15.4 16.4 13.5 11.9 11.9 12.3
58 153 376 300 260 260 211
2.9 3.8 3.7 4.9 3.8 3.8 3.7
- Clear Clear Clear Clear Clear Clear
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Table 5B

Sample I.D. Method 1 GW-1 MW-43S MW-43S MW-43D MW-43D
Date Sampled Cleanup Standard 27-Aug-01 12-Dec-01 27-Aug-01 12-Dec-01

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l) - - -

Tetrachloroethene 5 5.8
Trichloroethene 5 290
cis-1,2-Dichloroethene 70 -
Bromoform 5 -

Inorganics
Dissolved Metals (mg/L) NA NA NA

Chromium (III) 100 0.01
Manganese NS -

Other Ions
Fluoride (mg/L) NS 1.2 NA NA NA

Field Parameters
pH NS 7.3 7.9 7.7 7.8
Conductivity (mS/cm) NS 965 1,172 353 292
Temperature (°C) NS 15.9 11.6 18.1 9.8
Oxidation Reduction Potential (mV) NS 308 591 283 3,968
Dissolved Oxygen (mg/L) NS 8.8 9.1 5.5 2.7

Color NS Brown Purple Brown/Grey Clear

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-43S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-43 Pilot Study Area
Raytheon Company
Wayland, Massachusetts
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Table 5B

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Tetrachloroethene 5
Trichloroethene 5
cis-1,2-Dichloroethene 70
Bromoform 5

Inorganics
Dissolved Metals (mg/L)

Chromium (III) 100
Manganese NS

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-43S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-43 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-106 MW-106
27-Aug-01 12-Dec-01

3.3 -
160 120

- -
- -

NA
-

0.52

0.3 NA

7.3 7.2
949 1,078
18.1 11.6
-37 257
8.5 7.7

Clear Clear
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Table 5B

Sample I.D. Method 1 GW-1 
Date Sampled Cleanup Standard

Parameter Comments (µg/L)
Organics
Volatile Organic Compounds (VOCs) (µg/l)

Tetrachloroethene 5
Trichloroethene 5
cis-1,2-Dichloroethene 70
Bromoform 5

Inorganics
Dissolved Metals (mg/L)

Chromium (III) 100
Manganese NS

Other Ions
Fluoride (mg/L) NS

Field Parameters
pH NS
Conductivity (mS/cm) NS
Temperature (°C) NS
Oxidation Reduction Potential (mV) NS
Dissolved Oxygen (mg/L) NS

Color NS

Notes:
- = Analytical result below the method detection limit.
NA = Not Analyzed
NS = No Standard
µg/l=micrograms per liter (parts per billion (ppb))

Groundwater Quality Data  

GW samples were collected during step drawdown 
tests for well MW-43S on August 27, 2001. 
Analytical results are not representative of ambient 
conditions.

MW-43 Pilot Study Area
Raytheon Company
Wayland, Massachusetts

MW-104 MW-104 MW-105 DUP-1 MW-105
27-Aug-01 12-Dec-01 27-Aug-01 27-Aug-01 12-Dec-01

- - 1.8 1.8 -
290 - 60 66 82

- - 12 12 1.6
- 34 - - -

NA NA
- -

0.58 0.76 0.82

0.43 NA 0.73 0.76 NA

7.0 7.3 7.2 7.2 7.1
1,226 1,603 1,278 1,278 1,192
17.6 10.7 17.5 17.5 11.1
-71 646 -517 -517 497
8.9 8.4 5.2 5.2 5.9

Clear Dark Pink Clear Clear Clear
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Appendix A 
RAM Transmittal Form BWSC-106 












