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1. INTRODUCTION AND BACKGROUND 

The Hydrogeologic Evaluation Technical Memorandum documents the approach used to evaluate the 
Overland Way site (Figure 1) for a groundwater discharge from the proposed Downtown Area wastewater 
treatment facility (WWTF).  This Memorandum includes the following: 

• Description of the initial steps taken in the process of evaluating groundwater discharge sites; 

• Summary of existing data that is available to help with the Overland Way site evaluation; 

• Summary of field investigations conducted at the Overland Way site; 

• Evaluation of field investigations and other available data;  

• Results of groundwater flow modeling and groundwater mounding analysis; and 

• Recommended maximum discharge capacity for the Overland Way site. 

The purpose of this document is to provide a transparent and objective assessment of the Overland Way 
Site for the discharge of WWTF effluent.  If the Town chooses to use the site for a groundwater 
discharge, a Hydrogeologic Evaluation will be submitted to the Massachusetts Department of 
Environmental Protection (MassDEP) as part of the Groundwater Discharge Permit (GWDP) application 
process. 
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2. PROPOSED COLLECTION, TREATMENT, AND DISCHARGE FACILITIES 

2.1. Collection Area and WWTF 

MEP estimates that approximately 7,000 kilograms per year (kg/yr) nitrate load of the nitrate load 
from existing and future septic load will need to be removed from the Town Cove Watershed to 
meet the nutrient load reduction target for Town Cove.  The OWQAP evaluated traditional and non-
traditional nutrient reduction technologies for nitrate removal within the watershed.  Due to the 
significant nitrate load removal within the Town Cove Watershed, the OWQAP proposed to manage 
a significant portion of the nitrate load through the construction of wastewater collection, treatment, 
and disposal facilities in the Consensus Plan.  Flow from the collection area will be primarily 
residential and commercial.  Flows are estimated at 260,000 gallons per day (gpd).  The proposed 
collection area is shown on Figure 2.  The method of treatment is also being evaluated although a 
sequencing batch reactor (SBR) facility is considered likely.  The location of proposed discharge 
site is shown on Figure 3. 

2.2. Discharge Sites Considered 

Nine potential locations for groundwater discharge of wastewater treatment facility effluent were 
considered including: 

• Overland Way (Parcels 1/1A) 

• Route 6 Interchange (Exit 12) Cloverleaf 

• Thayer Property (Orleans Market Place) 

• Old Colony Apartments (Old Colony Way) 

• Hole in One Restaurant Parking (Cranberry Highway) 

• Depot Square (Old Colony Way)  

• Orleans Elementary (46 Eldredge Park Way) 

• Nauset Regional Middle School (70 Eldredge Park Way) 

• Orleans Firebirds Baseball Field (80 Eldredge Park Way) 
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2.3. Site Suitability Criteria and Analysis 

A Site Selection Matrix was developed for objective evaluation of selected discharge sites.  The 
Matrix includes criteria for Site Suitability, Permitting, Project Evaluation and Other/Overriding 
Considerations.  These criteria address environmental, land use and implementation features of the 
proposed discharge locations.  Permitting criteria assess regulatory requirements and potential 
conflicts related to the proposed discharge locations.  Project evaluation criteria evaluate the 
benefits gained from a proposed discharge site.  The site selection screening was based on data 
available at the time of the screening process. 

AECOM collected site specific information for each, conducted site visits, and evaluated the 
potential performance effectiveness.  A rating system was then developed to quantify how well 
each site met a specific criterion.  The point-based system used is as follows. 

The Site Selection Matrix includes the following criteria that can be understood from currently 
available information and excluding hydrogeology which will be the subject of the investigations: 

A. Site Suitability 

• Property Ownership – Town owned, open space, privately owned, developed, 
undeveloped,  

• Distance from wastewater treatment facility – The length of the force main and route it 
would follow must be installed significantly affecting overall costs. 

• Ease of Access/Use of Property – Whether the discharge area is in an open area, under an 
existing parking lot, or in a developed area can affect the size and cost of the discharge 
area as well as installation and maintenance costs. 

• Site Topography - Significant changes in elevation may affect construction and monitoring. 

• Present Use of Site – Developed sites may be difficult to gain an easement agreement or 
right-of-way for a groundwater discharge. 

• Potential Use of Site – Sites that are zoned or slated for future development may be more 
difficult to get permission to access and can impact the purchase price of parcel or alter the 
value of Town owned land. 

• Depth to Groundwater - Deeper water table increases costs and may affect feasibility. 

• Subsurface Soils Profile – Finer, lower transitivity soils (silt and clay) between the ground 
surface and 20 feet or so below the groundwater table can limit the amount of groundwater 
that can be discharged as well as the method of discharge (open bed, subsurface, wick, 
etc.). 

• Area Available for Groundwater Discharge – Smaller discharge areas limit the amount of 
groundwater discharge potentially requiring discharge infrastructure at several locations. 

• Downgradient Water Use – Public water supply or potable water supply wells are located 
nearby or down gradient. 

B. Permitting 

• Potential for Watershed/Estuary Impacts - Distance from surface water and wetland 
resource areas/ water use considerations. 

• Potential Impacts to an ACEC. 

• Presence of Rare and Endangered species. 
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C. Project Evaluation 

• Watershed total maximum daily load (TMDL) – Discharging to a watershed with a nitrate 
total maximum daily load may require higher treatment levels at the wastewater treatment 
facility significantly increasing capitol and O&M costs. 

• Conclusion of Previous Studies – The quality and conclusion of previous studies can 
impact the tasks necessary to perform the required MassDEP Hydrogeologic Evaluation. 

• Required Effluent Discharge Quality – Site specific and surrounding conditions can impact 
required wastewater treatment facility discharge quality such as disinfection, nitrate levels, 
etc.  

• Groundwater Discharge Method(s) – Capital and O&M costs for groundwater discharge 
methods vary.  Site conditions can impact what discharge methods can be used. 

2.4. Findings and Recommendations 

The site suitability evaluation process resulted in the following ranking of sites: 

• Overland Way (Parcels 1/1A) – 13 Points 

• Route 6 Interchange (Exit 12 Cloverleaf) – 8 Points 

• Depot Square (Old Colony Way) – 5 Points 

• Old Colony Apartments (Old Colony Way) – 5 Points 

• Thayer Property (Orleans Market Place) – 1 Point 

• Hole in One Restaurant Parking (Cranberry Highway) – 1 Point 

2.5. Site Review and Shortlisted Sites 

The initial groundwater discharge sites were reviewed by the Selectmen at an open meeting on 
Wednesday December 14, 2016.  Two locations were initially shortlisted for hydrogeologic 
evaluation; Route 6A (Exit 12) Cloverleaf and the Overland Way. 

The Overland Way site (Parcels 1/1A) was considered for two primary reasons.  First, the site is 
located next to the proposed WWTF at Overland Way.  Second, the site is located outside the 
Town Cove Watershed allowing for the complete removal of the nitrate load from the nitrate 
impacted watershed. Preliminary model runs of the USGS Monomoy Lens Groundwater Model 
indicated that most if not all of the discharge up to 150,000 gpd would flow under the Namskaket 
and Little Namskaket Marshes discharging to Cape Cod Bay, outside of an estuary where the 
effluent nitrate could be a potential issue.  Flows of 150,000 gpd or greater indicated that a small 
percentage of the discharge could enter the outer reaches of the Namskaket and Little Namskaket 
Marshes near the mouth of the streams.  The focus of this report is the hydrogeologic evaluation 
that was performed at the Overland Way site including the groundwater model results resulting from 
the calibrated groundwater model. 

The Overland Way site is located in west Orleans along Overland Way (Figure 4).  The site is 
owned by the Town of Orleans and is the location of the Tri Town Septage Treatment Facility 
(STF).  The facility has not been in use since June 2016 and is scheduled for demolition beginning 
fall of 2017.  In March 2017, a hydrogeologic evaluation commenced to evaluate the site for a 
groundwater discharge. 
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On December 15, 2016, a proposed scope of work to conduct a Hydrogeologic Site Evaluation was 
submitted to MassDEP for review and comment.  The notification of the proposed scope of work 
was published in Volume 87, Issue 4 on December 21, 2016 of the Environmental Monitor and was 
open to public comment.  The Proposed Hydrogeologic Site Evaluation was approved by MassDEP 
on May 16, 2017.  Copies of the proposed Hydrogeologic Evaluation scope of work, Environmental 
Monitor Notification and MassDEP approval letter are provided in Appendix A.  The following 
Technical Memorandum reports on the scope of work, methodology, findings, conclusions, and 
recommendations of the Overland Way Hydrogeologic Evaluation. 

2.6. Effluent Disposal – Primary and Reserve Discharge Areas 

The potential discharge area at Overland Way (Parcels 1/1A) is shown on Figure 4.  The potential 
discharge area is in excess of 50,000 square feet (sqft).  The discharge area could be expanded by 
approximately 50,000 sqft by the cleared area behind the existing STF office building as additional 
discharge area. 

At this time the location of the primary and reserve discharge areas have not been determined.  
Several options exist.   The primary discharge could take place in the vicinity of the shed at Parcels 
1/1A while the reserve discharge would be designated for a site other than the Overland Way site.  
There is also the possibility that the reserve discharge could be designated for the area behind the 
STF office building. 

Based on the soils investigations performed by AECOM, the primary and potentially reserve 
discharge facilities will be designed using a percolation rate less than 2 minutes per inch.  This 
percolation rate has been verified by percolation tests conducted on March 29, 2017.  If the primary 
discharge area were to be limited to the shed area of Parcels 1/1A, an open bed, wicks or 
subsurface leaching trench discharge would be required to obtain a discharge rate above 100,000 
gpd. 
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3. HYDROGEOLOGIC INVESTIGATION 

Results of the hydrogeologic investigation are included in the following sections.  AECOM’s investigations 
included the excavation of test pits, performing Title 5 percolation tests, the installation of soil borings and 
monitoring wells, grain-size analysis of soil samples.  The data obtained were used to evaluate 
subsurface conditions, estimate the groundwater flow direction and calculate aquifer characteristics.  
Results of the field investigations and data analysis were incorporated into a numerical groundwater flow 
model to simulate groundwater flow across the site and estimate groundwater mounding under various 
discharge scenarios.  A summary of these investigations follows. 

3.1. Previous Subsurface Investigations 

The US Geological Survey (USGS) has conducted numerous investigations at the Overland Way 
site, focusing primarily in the vicinity of and downgradient of the former STF discharge lagoons.  
Investigations began in the mid- to late 1980s, prior to the startup of the STF.  Since 1986, the 
investigations have included: 

• The installation of numerous groundwater monitoring wells at various locations and depths. 

• Collection and analysis or baseline groundwater samples to establish water quality at 
numerous locations and depths prior to the Tri Town Septage Treatment Facility (STF) being 
brought on line. 

• Long-tern groundwater sampling and data analysis to establish changes in groundwater quality 
during the operation of the Tri Town STF. 

• Borehole geophysics to evaluate the locations of a subsurface clay layer and the discharge 
from the STF. 

• Estimate the locations of the groundwater plume from the STF. 

• Reports with supporting data, figures, tables, and appendices. 

In addition, the CCC investigated soils, water level and water quality data across the Town of 
Orleans in the early 1990s.  The CCC gathered existing soil boring and water level data from 
numerous previous investigations.  The CCC also had numerous additional soil borings and 
monitoring wells installed to evaluate soil and groundwater elevations across the Town of Orleans.  
Once collected, data was summarized in a report titled “Orleans Water Table Mapping Project, 
Orleans Massachusetts”, dated May 1995.  Soil boring logs, water level and groundwater elevation 
data, well location maps, geologic cross-sections and groundwater contour maps are included in 
the report. 

3.2. Test Pit Excavation and Percolation Tests 

On March 29, 2017 a total of 5 test pits and 1 percolation test were conducted by AECOM at the 
proposed discharge site (Figure 4).  The test pits were performed to assist in evaluating the overall 
suitability of the subsurface soils for the proposed discharge.  The test pits were excavated to 
depths of between 132 and 216 inches (11.0 and 18 feet). 

The test pits and percolation test was witnessed by MassDEP.  All test pits and the percolation test 
were performed under the direction of a Massachusetts licensed soil evaluator Mr. John Schnaible 
R.S. of Coastal Engineering Company of Orleans, SE 2166.  Mr. Adekunle Teniola of MassDEP 
SERO was present during the excavations.  Copies of the test pit data and Soil Evaluator Forms, 
including the percolation test results are contained in Appendix B. 
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3.3. Soil Boring and Monitoring Well Installation 

A total of three soil borings and three monitoring wells were installed by AECOM March 9, 2017 
through the March 13, 2017.  The soil borings (TTS-1, TTS-2, and TTS-3) were installed with a 
Geoprobe 6600 direct push rig.  Core samples were collected for soil type characterization.  
Continuous soil samples were collected to a depth of approximately 20 feet below the water table at 
all locations. 

Monitoring wells were constructed with 2-inch Schedule 40 PVC casings and 10 foot screens 
(Schedule 40 PVC .010" 10 slot well screen). The soil borings were advanced at locations TTS-1, 
TTS-2, and TTS-3 (Figure 4). 

Each monitoring well consisted of ten-foot sections of schedule 40 PVC riser pipe attached to 10-
foot sections of 10-slot well screen.  An artificial sand pack was installed between the well and the 
formation from the base of the well to approximately 2 feet above the well screen.  The sand pack 
was then capped by approximately 2 feet of bentonite pellets and allowed to hydrate.  Bentonite 
pellets sere then installed to a depth of 5 to 10 feet below the ground surface. 

The monitoring wells were used to determine the water table elevation.  All wells were surveyed for 
location and elevation relative to NAVD 1988.  Water table elevations were used to estimate 
groundwater flow patterns (Section 4.0).  Copies of the boring logs with monitoring well details are 
provided in Appendix C.  A summary of the well construction details is provided in Table 1. 

3.4. Grain-Size Analysis 

Soil samples were collected during the installation of the soil borings.  Select samples were 
submitted to a laboratory for grain size analysis.  Copies of the grain-size analysis reports are 
provided in Appendix D.  Results of the soils analysis are discussed in Section 4.2. 
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4. HYDROGEOLOGIC CONDITIONS AND DATA ANALYSIS 

4.1. Geology, Groundwater Flow and Boundary Conditions 

Orleans is underlain by glacially derived sediments deposited 15,000 or so years ago during the 
waning stages of continental glaciation.  The sediments consist of outwash deposited from the 
melting of the Cape Cod Bay and South Channel Lobes of the glacier (Wordsworth and 
Wigglesworth, 1934).  The Harwich Outwash Plain deposits were derived from the Cape Cod Bay 
Lobe, while the Nauset Heights and Eastham plain deposits were derived from the South Channel 
Lobe (Oldale et.al., 1971). 

According to Koteff and Cotton (1962) coarse sand and gravel deposits (Harwich Outwash Plain 
Deposits) are underlain by coarse sands to clayey silts followed by compact basal till directly 
overlying bedrock. The relatively thin layer of basal till indicates that the soils were deposited as the 
result of a single glaciation. Previous seismic investigations in the Orleans beach area indicate the 
bedrock surface at about 400 feet below sea level (Oldale and Tuttle, 1964). 

The Overland Way parcel is underlain by Harwich Outwash Plan Deposits, as mapped by Oldale 
et.al (1971).  According to Oldale, these deposits consist primarily of medium to very course sand 
and pebble to cobble gravel.  In general, these deposits are fairly well sorted and very permeable.  
Till and boulders can be found shallow or overlying the deposits.  Clayey silt can also be found in 
the deposits. 

Due west and north of the site, lake deposits and lake bottom deposits from the Cape Cod Bay 
proglacial lake are mapped by Oldale et.al. (1971). The deposits due west of the site are described 
as being gravely sand, pebble and gravel cobble gravel. Clayey silt and till can also be found.  
Deposits further to the northwest and north of the outwash deposits are described as being more 
gravely and clayey silt 

Geologic conditions found at the Overland Way in the vicinity of shed at Parcels 1/1A through 
AECOM’s field investigations are consistent with the deposits described above.  Test Pit 
excavations generally revealed fine or fine to medium sands (loamy sand) extending to depths 
between 11 to 14.5 feet below the ground surface.  A course to medium sand was excavated at TP-
2. 

Percolation tests were performed in the medium to fine sands at TP-1 and the fine sands at TP-2.  
After saturation, the percolation rate at both locations was less than 2 minutes per inch indicating 
that the underlying shallow sands are suitable for a groundwater discharge system. Copies of the 
soil evaluator forms are provided in Appendix B.  Copies of soil boring logs are in Appendix C.   

Groundwater was not encountered in any of the test pits, but was measured in the monitoring wells 
at a depth of approximately 65 to 75 feet below ground surface. 

The lines of geologic cross-section are shown on Figure 5.  The geologic cross-sections A-A’ and 
B-B’ (Figure 6, Figure 7, and Figure 8, respectively) graphically depict geologic conditions locally 
and regionally.  Well logs used to construct the geologic cross- section are in Appendix C. 

According to USGS and CCC water table maps, groundwater flows north northwesterly across the 
site toward the Namskaket and Little Namskaket Marshes (USGS, 2005).  The drainage divide to 
Namskaket and Little Namskaket Marshes is located approximately 50 to 110 feet southwest of the 
discharge. 
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4.2. Calculated Aquifer Values 

Aquifer characteristics were estimated through laboratory grain-size analysis described as follows. 

Samples collected from selected soil boring and test pit excavations were submitted to a laboratory 
for grain-size analysis.  In total, 6 soil samples were submitted for grain-size analysis, four samples 
each from soil borings at TTS-1, TTS-2 and TTS-3. 

Hydraulic conductivity (K) and porosity (n) values for each of the 6 samples were estimated using 
several numerical methods including Kozeny-Carman (Carman, 1937), Shepards (1989), Hazen 
(1892), and Slitcher (1992). 

The calculated hydraulic conductivity values from the grain-size analysis was 117 ft/day for sand 
samples.  Average conductivity values for samples containing sand and silt range from 2.5 to 33.5 
ft/day while the average value for the silt sample was 0.28 ft/day.  Including the results of the finer 
soils, the calculated averages at TTS-1, TTS-2, and TTS-3, were 18.0, 65.2, and 0.3 ft/day, 
respectively.  Averaging the results from all of the samples at all locations, results in a conductivity 
of 28.4 ft/day.  The calculated hydraulic conductivity values estimated from the grain-size analysis 
are summarized in Table 2.  Laboratory reports for the soils analysis are provided in Appendix D. 
The hydraulic conductivity approximation reports are provided in Appendix E. 

4.3. Groundwater 

The study area is located in a watershed that discharges to the Namskaket, Little Namskaket or 
Cape Cod Bay Watersheds.  Locally, groundwater flows northwest.  Water levels measured on April 
25, 2017, from over 45 monitoring wells were used to estimate the groundwater flow direction 
across the study area.  Each well was surveyed relative to NAVD 1988.  Using the survey data, the 
water levels obtained at each location were converted to elevation in feet msl.  A summary of 
groundwater elevation data is provided in Table 1. 

The static groundwater elevations were plotted on a map and approximated contours of the 
potentiometric surface were drawn.  The resulting contours are shown on Figure 9.  Contours were 
inferred between monitoring well locations.  Based on the contours, groundwater flow across the 
site is generally to the east.  The hydraulic gradient between the 11.0 and 12.0 foot contour was 
calculated at 0.006 ft/ft in the vicinity of monitoring wells OSW 129 and OSW 148.  Between the 
10.5 and 12.5 foot contour near wells OSW 146 and OSW 168, the gradient was shallower at 0.003 
ft/ft. The groundwater contours are shown on Figure 9. 

To evaluate whether the groundwater mound resulting from the discharge would cause the water 
table to rise to within four feet of the bottom of the discharge, high groundwater levels were 
estimated for the site.  High groundwater levels were estimated by comparing water levels collected 
across the Overland Way site with water level data at a USGS reference well on the same day.  
The USGS long-term reference well selected was OSW-22.  Reference Well OSW-22 is a USGS 
well located approximately 9,500 feet west of the Overland Way site in Orleans, which has been 
monitored since 1967.  The well is screened in a similar formation with a similar hydrogeologic 
setting as the Overland Way site. 

Water Levels were collected at the Overland Way site and the reference well site on the same day: 
April 25, 2017.  The observed groundwater level at OSW-22 was the compared to the historic high 
water level for that site.  The high water level on record was 1.80 feet higher than observed on April 
25, 2017.  Using the method developed by Frimpter, the 1.80 feet difference was added to the 
Overland Way water table elevations measured on the same date, adjusting the Overland Way site 
water table elevations to simulate high water level conditions (Frimpter, 1980). 

4.4. Surface Water 

The nearest surface water body is the upper reaches of Namskaket Marsh.  At its closest point, 
Namskaket Marsh is located approximately 950 feet due west of the proposed discharge area.  
However, groundwater flow is to the north northwest towards Little Namskaket Marsh where the 
marsh is closer to 1,975 feet from the discharge (Figure 1). 
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5. GROUNDWATER MODELING EVALUATION 

Groundwater modeling was performed by AECOM as a part of the evaluation of disposal options to 
provide feedback on potential designs; this feedback can then be used to help make design decisions.  
Specifically for this project, numerical groundwater flow modeling was used by AECOM to predict 
changes in groundwater elevations and flow directions based on the volume of discharge. 

More specifically, the purpose of the groundwater modeling was to: 1) evaluate the potential impacts of 
the groundwater discharge on ambient groundwater flow and water levels, 2) evaluate where the effluent 
originating from the Overland Way Discharge, and 3) estimate the nitrate load discharging to each 
watershed. 

5.1. Modeling Method 

A regional three-dimensional groundwater flow model of the Monomoy Lens was developed by the 
USGS as a tool for understanding the groundwater flow system and water budget (USGS, 2004).  
This regional groundwater flow model formed the basis of the model modified by AECOM for the 
purpose of performing groundwater discharge simulations.   

MODFLOW was used by AECOM for this analysis (MacDonald and Harbaugh, 1988).  The three-
dimensional groundwater flow model was coupled with a particle tracking model called MODPATH 
(Pollack, 2004) in order to illustrate the potential movement of groundwater over time.  Both of 
these models were used on the GMS platform, Version 10.0. 

5.2. Conceptual Model of the Aquifer System 

A conceptual site model (CSM) of a groundwater flow system is a representation of how an aquifer 
functions based on available data. Geologic maps and cross-sections, groundwater flow maps, and 
the generalized water balance (the volume of water entering and leaving the aquifer) are common 
elements of a conceptual aquifer model.  AECOM’s understanding of how the Town of Orleans 
groundwater flow system functions is based on the geological and hydrological data presented in 
Sections 3.0 and 4.0; additionally the CSM is based on the work done and reported on by the 
USGS (2004). 

The CSM for hydrogeology and groundwater flow in the Monomoy Lens is well documented in the 
USGS (2004) report.  Overall, the CSM documented in the USGS (2004) report is the same as is 
used for AECOM’s modeling effort.  However, AECOM’s investigation of the Overland Way site 
completed in December 2015-January 2016 was used to verify the USGS’s CSM.  AECOM’s work 
included new wells and hydraulic testing of the aquifer (to estimate K).  These results of the 
investigation and data analysis are discussed in Sections 3.0 and 4.0 of this document. 

In general, the aquifer in the Town of Orleans is a relatively simple water table aquifer composed of 
relatively homogeneous deposits of sand with trace amounts of gravel and silt.  The bottom of the 
aquifer is assumed to coincide with the bottom of the numerical model, around -350 feet elevation 
below sea level. 

According to the USGS’s CSM, water enters the aquifer system primarily in the form of rainfall 
recharge.  Rainfall recharge is expected to be around 29 inches per year except in wetlands, lakes, 
oceans where it may be low or zero.  Groundwater then leaves the aquifer system through surface 
water features, such as lakes, streams, wetlands, marshes and the ocean. 

5.3. Model Design and Updates 

The numerical groundwater flow modeling was completed using the USGS numerical groundwater 
flow model of the Monomoy Lens as a basis.  This model is documented in “Simulated Water 
Sources and Effects of Pumping on Surface and Ground Water, Sagamore and Monomoy Flow 
Lenses, Cape Cod, Massachusetts” (USGS, 2005).  Modeling files were received from the USGS 
and were imported into the GMS 10.0 platform.  GMS is a pre- and post-processor for MODFLOW-
2000 that facilitates data input, and depiction and interpretation of output. 
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5.3.1. Model Design 

The model prepared by the USGS, and modified by AECOM, is structured as follows: 

• The USGS model runs as a steady-state model, which incorporates long-term average 
conditions and does not include shorter-term (i.e., transient) changes in storage. 

• The USGS model domain included the entire Monomoy Lens; a map of this domain is 
included in Appendix 1 (USGS, 2004) Figure 1-1A.  The model domain updated by 
AECOM is bounded primarily by surface water features (streams, marshes, inlets, 
estuaries, and ocean).  The southwestern limit of the model domain was adjusted from 
the full regional model; a no flow boundary was assigned there to coincide with the 
groundwater divide.   

• The original USGS model and AECOM modified model are both 20 layers.  In this area 
of the Monomoy Lens, the groundwater table is low enough such that many of the 
upper layers go dry.  The first layer that is wet over the entire model domain is layer 8. 
The bottom updated model domain ranges from approximately -300 to -400 feet 
elevation below sea level.  With the exception of the lowest model layer, the model 
layers are uniform thickness across the model domain, see Appendix 1 (USGS, 2004. 
Figure 1-1B. 

• USGS assigned rainfall recharge using a variable array for the model domain.  The 
rainfall recharge rate ranges (0 to 33.7 in/year, with a model wide average of 22.9 
inches per year.  Lesser rates or zero rainfall recharge rates were assigned to 
wetlands, open water, and/or oceans.  Figure 11 shows rainfall recharge distribution 
across the model domain.  In the calibration process, AECOM increased the recharge, 
discussed below in the calibration section. 

• USGS simulated surface water features in a variety of ways: 

o Streams, wetlands, marshes, estuaries and other drainages were simulated using 
the drain (DRN) package. 

o The Atlantic Ocean and Cape Cod Bay were simulated with a general head boundary 
(GHB). 

o Lakes were simulated with horizontal flow boundaries (HFB) and high hydraulic 
conductivity. 

o The original model included using the stream (STR) package for some surface water 
drainages, but when the model domain was made smaller, those features were 
excluded.  Therefore, the updated model does not use the stream package. 
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• Hydraulic conductivity values used in the USGS model ranged from 10 ft/day for sandy 
silts to 300 ft/day for sand and gravel deposits.  The distributions of hydraulic 
conductivity values for layer 8 (the layer representing the water table aquifer) are 
shown in Figure 12.  The hydraulic conductivity values for layers 7 and 8 are identical in 
the area of the proposed discharge.  High hydraulic conductivities (50,000 ft/day) were 
used for lakes.  AECOM’s recent site investigations completed at the Overland Way 
(Parcels 1/1A) site indicated that the soils were fine- to coarse-grained sediments, 
resulting in hydraulic conductivity values ranging from 0.28 to 117 ft/day for the silt, silty 
sand, and sandy soils underlying the site.  In general, these values were consistent 
with the USGS model for these areas; therefore no changes to horizontal or vertical 
hydraulic conductivity in the updated AECOM model. 

• The original USGS model included groundwater extraction consistent with water usage 
using the well (WEL) package.  Extraction rates are summarized in Table 1-3 of 
Appendix 1 of the USGS (2004) report.  AECOM made no changes to the well rates for 
the updated model domain.  AECOM used the WEL package to simulate the 
groundwater discharge at the Overland Way site.  This is discussed in the Simulations 
section, below. 

5.3.2. AECOM Model Updates 

AECOM made a number of changes to the model by to meet model objectives.  They are 
as follows: 

• AECOM converted the solver package to the PCG2 package from the LMG package 
based on a recommendation from the USGS in the model documentation that 
accompanied the model files (“…due to licensing restrictions, the USGS is no longer 
able to publicly distribute the Algebraic Multi-Grid (AMG) solver, on which the Link-
AMG (LMG) Package relies. There are two possible solutions: 1) use a standard solver 
publicly available from USGS, such as SIP or PCG2 or 2) obtain the AMG/LMG solver 
from Fraunhofer-Institute for Algorithms and Scientific Computing (SCAI)”). 

• AECOM refined the grid around the Overland Way site.  The USGS model used a grid 
size of 400 feet by 400 feet over the entire model domain.  AECOM adjusted the grid to 
100 by 100 feet. This was completed to provide better resolution on the model inputs 
(i.e., discharge areas) and outputs. 

• In refining the grid, AECOM updated some model features: 

o Drain cell conductances were adjusted to reflect the new dimensions of the grid cells. 

o General head boundary conductances were adjusted to reflect the new dimensions 
of the grid cells. 

o Horizontal flow barrier segments were added as needed to encompass the 
ponds/lakes in the model domain. 
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Figure 10 shows AECOM’s updated model grid, general head boundaries and drain nodes.  
The distribution of recharge is shown in Figure 11.  The hydraulic conductivity values used 
by the USGS and AECOM are shown in Figure 12. 

After AECOM made the changes above, the model was verified to be an adequate 
representation of the original USGS model in the following ways: 

• A comparison of predicted groundwater elevations was made in select cells/areas to 
demonstrate that AECOM’s new version of the model predicted groundwater elevations 
similar to that predicted by the USGS model.  Generally, the differences were less than 
0.5 feet and lower in many instances. There are a handful of cells where AECOM 
model predictions are greater than 1 foot, but these are far from the areas of interest 
and so should not impact model predictions. 

• A comparison of groundwater flow directions as demonstrated with particle tracking.  
Particles were seeded in select areas to verify that groundwater flow paths and divides 
are similar as those mapped by the USGS.  Generally speaking the AECOM version of 
the model was the same or similar to the particle tracking under ambient conditions 
from the USGS version of the model. 

• AECOM made a comparison of mass balance generated by the two models.  More 
specifically, recharge, well, general head boundary, drain boundary volumes were 
compared to verify that the water balances were the same or similar to the USGS 
model.  Table 3 summarizes the comparison.  The percent differences on the water 
budget components are very small; most differences can be attributed, in part, to the 
regridding and resulting changes to conductances of the drain and general head 
boundaries. 

• The change in model solver (from LMG to PCG2), which results in a slightly different 
solution. 

In summary, AECOM made a number of changes to the original USGS model domain and 
structure to better meet the project objectives.  Despite the changes, the AECOM model 
replicated the USGS output adequately; differences can be explained and are not expected 
to impact model predictions.  Overall, AECOM considers this model a good tool to complete 
a preliminary evaluation of effluent disposal scenarios. 
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5.4. Model Calibration 

USGS calibrated the full Monomoy Lens model and this process is described in Appendix 1 of the 
USGS report (2004).  In accordance with our scope, AECOM verified that the calibration was 
maintained after the domain and grid were updated as discussed above.  In summary: 

• Simulated groundwater elevations from the USGS model compared favorably to the simulated 
groundwater elevations generated in the AECOM model. 

• Simulated groundwater flow paths from the USGS model compared favorably to the simulated 
groundwater flow paths generated in the AECOM model. 

• The water budget of the USGS model (for the area of interest) compared favorably with the water 
budget for the AECOM model. 

Regionally, the updated model was able to reproduce the results from the original USGS model 
very closely. 

On April 25, 2017, groundwater levels were measured at the Overland Way monitoring wells (TTS-
1 through TTS-3) and numerous other wells in Orleans.  An estimate of high groundwater levels at 
Overland Way and across the model domain were made based on the differences observed 
between high and current groundwater levels at OSW-22.  The simulated groundwater levels at the 
target locations predicted by the model indicating that the USGS calibrated model was simulating 
groundwater levels below the estimated high water table elevations.  Therefore, the model was 
further calibrated to better simulate the estimated high water table conditions. 

Numerous model runs were performed varying several parameters, including rainfall recharge, 
hydraulic conductivity values, the location of the model drain nodes used to simulate the 
Namskaket and Little Namskaket Marshes, the drain node elevation, and the drain node elevations.  
At the conclusion of the calibration process, the following changes were made: 

• Rainfall recharge was increased by 25 percent, from 22.9 inches to 28.6 inches; 

• The location of the Namskaket Marsh drain nodes, those within approximately 2,700 feet east 
of the discharge, were changed to better simulate the geometry of the march boundary; 

• The Namskaket Marsh drain node elevations and conductivity values within 2,700 feet of the 
discharge were made consistent; and 

• The elevation of the Namskaket Marsh drain node elevations and conductivity values within 
2,700 feet of the discharge were made consistent. 

At the conclusion of the calibration process, the model was considered a good tool for conducting 
predictive simulations.  The simulated groundwater elevations compared favorably to estimates for 
high groundwater elevation conditions.  The results of the calibrated steady-state model output 
(water table levels) are shown in Figure 13.  In the simulated contours are for Layer 8 of the 
model.  Table 4 summarizes the comparison between the calculated high water level conditions 
and the model simulated groundwater levels 

5.5. Predictive Simulations 

AECOM’s calibrated groundwater flow model was used to simulate nine discharge scenarios to 
predict groundwater mounding and the flow of groundwater from the discharge sites.  The Overland 
Way (Parcels 1/1A) site is proposed to be the primary discharge area for the groundwater 
discharge.  The entire discharge from the WWTF is proposed to be discharged in the vicinity of the 
shed on Parcels 1/1A. 
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AECOM ran a base case run with zero discharge.  The resulting groundwater contours and 
residuals are shown on Figure 13.  The model generated contours represent high water table 
conditions across the modeled area. The monitoring well locations shown on the figure are 
locations where water level data was collected on April 25 and high water table conditions were 
estimated (Section 5.4).   The residual are the calculated difference between the model simulated 
and the estimated high water table condition at each monitoring well location.  

Well locations where the model predicted water table elevation is within 0.5 feet of the estimated 
high water table elevation is indicated by dark green.  Lighter green symbols indicate that the 
simulated water table elevation is between 0.5 and on 1.0 feet of the calculated high water table.  
Light and dark red symbols represent locations where the residual is between 1.0 and 2.0 feet, and 
is greater than 2.0 feet, respectively.  Monitoring well symbols with a “+” are locations where the 
model simulated water table elevation is higher than the estimate water table conditions for that 
site.  A negative (“-“) indicated that the simulated water table is lower than the estimated high water 
table elevation. 

Also shown on Figure 13 is a graph plotting model simulated and estimated high water table 
elevations at each monitoring well location.  The residual at each location is the distance between 
the diagonal line and point plotted.  The closer the point to the diagonal line, the lower the residual 
and the closer the model is simulation high water table conditions.  As indicated by the scatter plot, 
the points are fairly evenly distributed above and below the diagonal line and the residuals are also 
relatively close to the line.  Both indicate that the model is reasonable calibrated to the estimated 
high water table conditions. 

Additionally, eight separate discharge simulations (Simulations A through H) were modeled using 
the calibrated model.  Each simulation scenario assumes a different discharge rate (between no 
discharge and a flow of 500,000 gpd) under the high water-table conditions described above.  The 
simulation results are illustrated in Figure 14 through Figure 21. 

• Based on particle tracking travel times, the model predicts that groundwater in the discharge 
area will reach Cape Cod Bay in approximately 65 years. 

• Simulation A – 25,000 gpd - Figure 14 shows the simulated paths of groundwater flow as 
determined by the particle-tracking module.  The ultimate discharge points of groundwater are 
shown by the particle track endpoints.  The modeling indicates that all of the groundwater will 
flow northwest and discharge into Cape Cod Bay.  There are no particle traces indicating 
discharge into Namskaket Marsh.  The baseline groundwater elevation near the center of the 
discharge area is 13.0 feet; with a 25,000 gpd discharge, the groundwater elevation at the 
same location is 13.7 feet, indicating 0.7 feet of mound.  

• Simulation B – 50,000 gpd - Figure 15 shows the results of Simulation B, treated effluent being 
discharged at a rate of 50,000 gpd.  The maximum mound elevation is predicted to be 
approximately 14.36 feet indicating 1.36 feet of mounding above the ambient groundwater 
levels.  The top of the mound would be approximately 25 feet the below ground surface.  No 
WWTF effluent appears to discharge into Namskaket although a single particle trace exiting at 
Little Namskaket Marsh indicates that some of the groundwater discharge is beginning to enter 
Little Namskaket Marsh. 

• Simulation C – 100,000 gpd - Simulation C (Figure 16) shows the simulated paths of 
groundwater flow as estimated by the groundwater model.  At 100,000 gpd, the model predicts 
that a majority of the groundwater will discharge northwest to Cape Cod Bay.  The model 
predicts a small amount of groundwater discharge to the Namskaket and Little Namskaket 
Marshes.  The groundwater elevation at the top of the mound is approximately 15.5 feet, or 2.5 
feet of mounding.  The overall distribution of the distribution continues to widen as the 
groundwater discharge increases. 
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• Simulation D – 150,000 gpd - Figure 17 also shows the simulated paths of groundwater flow as 
determined by the particle-tracking module for a discharge rate of 150,000 gpd.  The model 
results indicate that most of the groundwater will continue to discharge to Cape Cod bay, with 
smaller amounts discharge to Namskaket and Little Namskaket Marshes. The overall 
distribution of applied groundwater continues to widen with successive discharge rates.  The 
groundwater elevation below the discharge is approximately 16.6 feet from a 3.6 foot mound. 

• Simulation E – 200,000 gpd - Model Simulation E, simulates a groundwater discharge of 
200,000 gpd.  Figure 18 shows the model results of Scenario Simulation E.  The maximum 
mound height directly below the discharge is predicted to be approximately 17.7 feet above the 
ambient groundwater levels.  This is approximately 22 feet below ground surface.  MassDEP 
requires a four-foot separation between the bottom of the infiltration beds and the high water 
table. 

• Simulation F – 300,000 gpd – In this simulation, a groundwater discharge of 300,000 gpd was 
modeled.  Figure 19 shows the model results of Simulation F.  The maximum mound height, is 
approximately 19.7 feet above the ambient groundwater levels or approximately 20 feet below 
ground surface.  In this scenario, the groundwater discharge flows to Namskaket and Little 
Namskaket Marshes with most of the WWTF effluent discharging to Cape Cod Bay. 

• Simulation G – 400,000 gpd - In this simulation, a groundwater discharge of 400,000 gpd was 
modeled.  Figure 20 shows a majority of the WWTF discharge flowing below the Namskaket 
and Little Namskaket marshes. Model results of Simulation G indicate mound heights of 
approximately 8.7 feet above the ambient groundwater levels. 

• Simulation H – 500,000 gpd - In this simulation, a groundwater discharge of 500,000 gpd was 
modeled.  As with simulation G, particle traces indicate that discharge from the site flows into 
Cape Cod Bay, Namskaket and Little Namskaket Marshes.  Figure 21 shows the model results.  
The maximum mound height, directly below the discharge, is approximately 10.5 feet or 
approximately 17 feet below ground surface. 

A higher rate of discharge above 500,000 gpd was not simulated. 

5.6. Estimated Nitrate Load 

In order to calculate the flow to each of the boundaries, we used the USGS calibrated model and 
“flow budget” tool included in the GMS pre and post processer.  This tool reports on the flow in and 
out of selected cells and boundary conditions.  For example, a set of cells were selected to 
represent Namskaket Marsh and the flow budget tool was used it reported the flow through those 
drain cells.  This was completed separately for the drain cells representing Little Namskaket and 
Rock Harbor.  Flow through the general head boundary cells, representing Cape Cod flow into 
Cape Cod Bay, was similarly used using the flow budget tool.  Table 5 shows the flow budget 
output for the “base” case (i.e., no discharge) and for each of the simulations.  Percent change in 
flow from the base run can be calculated for each simulation. 

5.7. Nitrate Load Estimation 

The groundwater model was used to estimate the nitrate load to each watershed. 
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6. WATER QUALITY 

On May 4, 2017, baseline water quality sampling was performed at the Overland Way site.  Groundwater 
samples were collected from all three wells installed by AECOM, TTS-1, TTS-2, and TTS-3.  The samples 
were submitted to a Massachusetts certified analytical laboratory for select inorganic and organic 
analyses.  In addition, in-situ water quality sampling was performed in the field using an YSI water quality 
meter.  In general, the water quality results indicate that the groundwater quality results meet 
Massachusetts’s drinking water quality standards.  Nitrate and phosphorous levels are relatively low.  
Chloride levels in groundwater from Monitoring Well TTS-2 are slightly elevated compared to Monitoring 
Wells TTS-1 and TTS-3.  No VOCs were detected in any of the groundwater samples.  Results of the field 
and laboratory testing are summarized in Table 5.  Copies of the laboratory reports are provided in 
Appendix F. 

TABLE 5 

SUMMARY OF LABORATORY WATER-QUALITY RESULTS 

Parameter Units MRL 

Drinking 
Water 

Standard1 
Monitoring 
Well TTS-1 

Monitoring 
Well TTS-2 

Monitoring 
Well TTS-3 

Sample Date:    5/4/17 5/4/17 5/4/17 
       
Field Results:       
pH S.U. NA 6.5-8.52 5.15 5.36 6.29 
Specific 
Conductance µmho/cm 0 NE 79 330 234 

Turbidity  NTU 0.25 NE 11.2 5.89 979 
Temperature 0C 0.01 NE 11.55 10.59 12.88 
ORP mV 0.1 NE 225.10 205.6 166.8 
Dissolved Oxygen mg/L 2.50 NE 10.71 10.21 6.58 
       
Laboratory Results:       
Sodium mg/L 2.500 203 9.47 37.0 26.1 
Chloride mg/L 3.0 2502 14.0 94.6 20.4 
Nitrate-N mg/L 0.110 10 1.66 0.611 0.897 
Nitrite-N mg/L 0.010 1 ND ND 0.010 
Ammonia as N mg/L 0.10 NE 1.66 0.611 0.907 
Total Phosphorus 
as P mg/L 0.10 NE ND ND 0.37 

Ortho Phosphorus 
as P mg/L 0.10 NE ND ND ND 

VOCs µg/L Various 1 ND ND ND 
       

NA = not applicable    1Mass. Maximum Contaminant Level  
ND = not detected     2Mass. Secondary Maximum Contaminant Level   
NE = not established    3Mass. DEP Office Research and Standards Goal  
NTU = Nephelometeric turbidity units  mg/L = milligram per liter 
µg/L = microgram per liter    µmho/cm = micromho per centimeter 
S.U. = standard units    MRL = Minimum Reporting Limit  
VOCs = Volatile Organic Compounds 
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1. POTENTIAL IMPACTS 

The potential impacts resulting from the proposed groundwater discharge fall into two general categories: 
(1) potential water quality impacts; and (2) potential groundwater mounding impacts.  Although the 
discharge will be treated to high levels, the discharge may contain slightly higher levels of nutrients and 
other constituents compared to the ambient groundwater.  Potential mounding impacts include: one, the 
discharge of groundwater in areas where groundwater does not presently discharge, and second the rise 
of water levels on surrounding properties. 

1.1. Potential Groundwater Mounding Impacts 

The primary site of proposed discharge is at Overland Way in Orleans.  Based on AECOM’s 
groundwater model simulations, groundwater mounding would not impact any structures at the 
Overland Way site, or any nearby properties.  In general, the average or high water level elevations 
from groundwater mounding is well below surrounding ground elevations. 

1.2. Potential Water Quality Impacts 

Discharge from the WWTF is expected to be within water quality standards set by the state.  As 
noted in the model simulations, the effluent discharged will be widely distributed across several 
watersheds. 

There are several potential private water supply wells located downgradient of the discharge.  
According to Town records, there are properties on Old Colony Way, West Road, Kings Road, 
Namskaket Way, Bevan Way, and Skaket Beach Road that may have private wells on their 
property (Figure 21).  If the well is a drinking water or irrigation supply, the Town should consider 
connecting the property to the public water supply as the private well may be located with the 
influence of the potential discharge. 

1.3. Potential Water Quality Impacts 

The nitrate load from the WWTF to each watershed was estimated using the groundwater flow 
model.  The estimated nitrate loads are summarized in Table 6. 
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2. GROUNDWATER MONITORING PLAN 

A groundwater monitoring plan will be implemented to assess both baseline and compliance 
groundwater quality in the vicinity of the proposed primary discharge.  The location of the proposed 
monitoring wells, baseline water quality parameters and compliance water quality parameters are 
discussed in the following sections. 

2.1. Compliance Monitoring 

Once the WWTF is operational, groundwater samples will be collected and analyzed to 
demonstrate that the groundwater quality meets the standards set by MassDEP.  Groundwater 
monitoring will be performed at the three monitoring well locations (TTS-1, TTS-2, and TTS-3) 
outlined above.  The proposed sampling frequency and parameters are as follows: 

• Monthly Sampling – Water quality analysis for pH and conductivity will be analyzed on a monthly 
basis.  In addition, a round of water levels will be collected and recorded. 

• Quarterly Sampling – In addition to the monthly sampling, total nitrogen, total phosphorus, nitrate-
nitrogen, sodium and fecal coliform will be sampled and analyzed quarterly. 

• Twice Annual Sampling.  In addition to the monthly and quarterly sampling, VOCs will be sampled 
and analyzed twice annually. 

• Groundwater samples collected during each round will be sent to a MassDEP certified laboratory 
for analysis.  Groundwater sampling will be conducted in accordance with MassDEP’s “Standard 
References for Monitoring Wells”.  After each round of sampling, the water level data and water 
quality results will be summarized and submitted to the MassDEP for review. 

2.2. Replacement Monitoring Well Installation 

Should any of the monitoring wells become damaged or need to be replaced, the MassDEP will be 
notified prior to replacing the well.  The installation of the replacement well(s) will be as follows. 

For each replacement well, one soil boring will be drilled to a depth of approximately 10 to 15 feet 
below the water table.  At a minimum, split spoon samples will be collected every five feet to the 
total depth of the boring.  The soil borings will be drilled in accordance with MassDEP’s “Standard 
References for Monitoring Wells”. 

Once the soil boring is completed, a single monitoring well with ten feet of 10-slot well screen will 
be installed.  The bottom of the well screen will be installed approximately 15 feet below the water 
table.  The two-inch diameter PVC monitoring wells will be installed and developed in accordance 
with MassDEP’s “Standard References for Monitoring Wells”. 
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Correspondence 

  



Town of Orleans, MA 
Technical Memorandum  Water Quality and Wastewater Planning 
 

AECOM Technical Services, Inc. 
Pocasset, MA 

This Page Intentionally Left Blank 

  











Town of Orleans, MA 
Technical Memorandum  Water Quality and Wastewater Planning 
 

AECOM Technical Services, Inc. 
Pocasset, MA 

Appendix B 

Test Pit Data and Soil Evaluator Forms 
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Appendix C 

Soil Boring Logs 
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Laboratory Reports - Soils 
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ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

CERTIFICATE OF ANALYSIS

Mark Owen

AECOM Environment - ENSR

9 Jonathon Bourne Dr.

Pocasset, MA 02559

RE:  Orleans MA (60476644)

ESS Laboratory Work Order Number:   1705144

This signed Certificate of Analysis is our approved release of your analytical results. These results are 

only representative of sample aliquots received at the laboratory. ESS Laboratory expects its clients to 

follow all regulatory sampling guidelines. Beginning with this page, the entire report has been paginated. 

This report should not be copied except in full without the approval of the laboratory. Samples will be 

disposed of thirty days after the final report has been delivered. If you have any questions or concerns, 

please feel free to call our Customer Service Department. 

Laurel Stoddard

Laboratory Director

Analytical Summary

The project as described above has been analyzed in accordance with the ESS Quality Assurance Plan. 

This plan utilizes the following methodologies: US EPA SW-846, US EPA Methods for Chemical 

Analysis of Water and Wastes per 40 CFR Part 136, APHA Standard Methods for the Examination of 

Water and Wastewater, American Society for Testing and Materials (ASTM), and other recognized 

methodologies. The analyses with these noted observations are in conformance to the Quality Assurance 

Plan. In chromatographic analysis, manual integration is frequently used instead of automated 

integration because it produces more accurate results.

The test results present in this report are in compliance with TNI and relative state standards, and/or 

client Quality Assurance Project Plans (QAPP). The laboratory has reviewed the following: Sample 

Preservations, Hold Times, Initial Calibrations, Continuing Calibrations, Method Blanks, Blank Spikes, 

Blank Spike Duplicates, Duplicates, Matrix Spikes, Matrix Spike Duplicates, Surrogates and Internal 

Standards. Any results which were found to be outside of the recommended ranges stated in our SOPs 

will be noted in the Project Narrative.

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

SAMPLE RECEIPT

The following samples were received on May 04, 2017 for the analyses specified on the enclosed Chain of Custody Record. 

The samples and analyses listed below were analyzed in accordance with the Guidelines Establishing Test Procedures for 

the Analysis of Pollutants, 40 CFR Part 136, as amended.

Lab Number MatrixSample Name Analysis
TTS-1 350.1, 353.2, 365.1, 6010C, 8260B, 9250Ground Water1705144-01 

TTS-2 350.1, 353.2, 365.1, 6010C, 8260B, 9250Ground Water1705144-02 

TTS-3 350.1, 353.2, 365.1, 6010C, 8260B, 9250Ground Water1705144-03 

CLS-1 350.1, 353.2, 365.1, 6010C, 8260B, 9250Ground Water1705144-04 

CLS-2 350.1, 353.2, 365.1, 6010C, 8260B, 9250Ground Water1705144-05 

CLS-3 350.1, 353.2, 365.1, 6010C, 8260B, 9250Ground Water1705144-06 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

PROJECT NARRATIVE

8260B Volatile Organic Compounds
Continuing Calibration %Diff/Drift is below control limit (CD-).C7E0137-CCV1

1,4-Dioxane - Screen (24% @ 20%), Tetrahydrofuran (22% @ 20%)

End of Project Narrative.

No other observations noted.

DATA USABILITY LINKS
To ensure you are viewing the most current version of the documents below, please clear your internet cookies for 

www.ESSLaboratory.com. Consult your IT Support personnel for information on how to clear your internet cookies.

Definitions of Quality Control Parameters

Semivolatile Organics Internal Standard Information

Volatile Organics Internal Standard Information

Volatile Organics Surrogate Information

Semivolatile Organics Surrogate Information

EPH and VPH Alkane Lists
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

CURRENT SW-846 METHODOLOGY VERSIONS

Prep Methods

3005A - Aqueous ICP Digestion

3020A - Aqueous Graphite Furnace / ICP MS Digestion

3050B - Solid ICP / Graphite Furnace / ICP MS Digestion

3060A - Solid Hexavalent Chromium Digestion

3510C - Separatory Funnel Extraction

3520C - Liquid / Liquid Extraction

3540C - Manual Soxhlet Extraction

3541 - Automated Soxhlet Extraction

3546 - Microwave Extraction

3580A - Waste Dilution

5030B - Aqueous Purge and Trap

5030C - Aqueous Purge and Trap

5035 - Solid Purge and Trap

Analytical Methods

1010A - Flashpoint

6010C - ICP

6020A - ICP MS

7010   - Graphite Furnace

7196A - Hexavalent Chromium

7470A - Aqueous Mercury

7471B - Solid Mercury

8011 - EDB/DBCP/TCP

8015C - GRO/DRO

8081B - Pesticides

8082A - PCB

8100M - TPH

8151A - Herbicides

8260B - VOA

8270D - SVOA

8270D SIM - SVOA Low Level

9014 - Cyanide

9038 - Sulfate

9040C - Aqueous pH

9045D - Solid pH (Corrosivity)

9050A - Specific Conductance

9056A - Anions (IC)

9060A - TOC

9095B - Paint Filter

MADEP 04-1.1 - EPH / VPH

SW846 Reactivity Methods 7.3.3.2 (Reactive Cyanide) and 7.3.4.1 (Reactive Sulfide) have been withdrawn by EPA. These 

methods are reported per client request and are not NELAP accredited.
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-1

Date Sampled:  05/04/17 11:00

ESS Laboratory Sample ID:  1705144-01

Sample Matrix:  Ground Water

Percent Solids:  N/A

Extraction Method:  3005A

Units: ug/L

All methods used are in accordance with 40 CFR 136.

Total Metals

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed F/V BatchI/V
6010C 50 25Sodium  1 KJK CE7053005/06/17  16:18 9470 (2500) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-1

Date Sampled:  05/04/17 11:00

ESS Laboratory Sample ID:  1705144-01

Sample Matrix:  Ground Water

Analyst:  MDInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260B1,1,1,2-Tetrachloroethane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,1,1-Trichloroethane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,1,2,2-Tetrachloroethane  1 CE70703C7E013705/07/17  18:25 ND (0.5) 

8260B1,1,2-Trichloroethane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,1-Dichloroethane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,1-Dichloroethene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,1-Dichloropropene  1 CE70703C7E013705/07/17  18:25 ND (2.0) 

8260B1,2,3-Trichlorobenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,2,3-Trichloropropane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,2,4-Trichlorobenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,2,4-Trimethylbenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,2-Dibromo-3-Chloropropane  1 CE70703C7E013705/07/17  18:25 ND (5.0) 

8260B1,2-Dibromoethane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,2-Dichlorobenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,2-Dichloroethane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,2-Dichloropropane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,3,5-Trimethylbenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,3-Dichlorobenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,3-Dichloropropane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,4-Dichlorobenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B1,4-Dioxane - Screen  1 CE70703C7E013705/07/17  18:25 ND (500) 

8260B2,2-Dichloropropane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B2-Butanone  1 CE70703C7E013705/07/17  18:25 ND (10.0) 

8260B2-Chlorotoluene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B2-Hexanone  1 CE70703C7E013705/07/17  18:25 ND (10.0) 

8260B4-Chlorotoluene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B4-Isopropyltoluene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260B4-Methyl-2-Pentanone  1 CE70703C7E013705/07/17  18:25 ND (10.0) 

8260BAcetone  1 CE70703C7E013705/07/17  18:25 ND (10.0) 

8260BBenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BBromobenzene  1 CE70703C7E013705/07/17  18:25 ND (2.0) 

8260BBromochloromethane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-1

Date Sampled:  05/04/17 11:00

ESS Laboratory Sample ID:  1705144-01

Sample Matrix:  Ground Water

Analyst:  MDInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260BBromodichloromethane  1 CE70703C7E013705/07/17  18:25 ND (0.6) 

8260BBromoform  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BBromomethane  1 CE70703C7E013705/07/17  18:25 ND (2.0) 

8260BCarbon Disulfide  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BCarbon Tetrachloride  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BChlorobenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BChloroethane  1 CE70703C7E013705/07/17  18:25 ND (2.0) 

8260BChloroform  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BChloromethane  1 CE70703C7E013705/07/17  18:25 ND (2.0) 

8260Bcis-1,2-Dichloroethene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260Bcis-1,3-Dichloropropene  1 CE70703C7E013705/07/17  18:25 ND (0.4) 

8260BDibromochloromethane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BDibromomethane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BDichlorodifluoromethane  1 CE70703C7E013705/07/17  18:25 ND (2.0) 

8260BDiethyl Ether  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BDi-isopropyl ether  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BEthyl tertiary-butyl ether  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BEthylbenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BHexachlorobutadiene  1 CE70703C7E013705/07/17  18:25 ND (0.6) 

8260BHexachloroethane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BIsopropylbenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BMethyl tert-Butyl Ether  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BMethylene Chloride  1 CE70703C7E013705/07/17  18:25 ND (2.0) 

8260BNaphthalene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260Bn-Butylbenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260Bn-Propylbenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260Bsec-Butylbenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BStyrene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260Btert-Butylbenzene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BTertiary-amyl methyl ether  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BTetrachloroethene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BTetrahydrofuran  1 CE70703C7E013705/07/17  18:25 ND (5.0) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-1

Date Sampled:  05/04/17 11:00

ESS Laboratory Sample ID:  1705144-01

Sample Matrix:  Ground Water

Analyst:  MDInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260BToluene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260Btrans-1,2-Dichloroethene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260Btrans-1,3-Dichloropropene  1 CE70703C7E013705/07/17  18:25 ND (0.4) 

8260BTrichloroethene  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BTrichlorofluoromethane  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BVinyl Chloride  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BXylene O  1 CE70703C7E013705/07/17  18:25 ND (1.0) 

8260BXylene P,M  1 CE70703C7E013705/07/17  18:25 ND (2.0) 

8260BXylenes (Total)  1 [CALC]05/07/17  18:25 ND (2.0) 

%Recovery Qualifier Limits

70-13085 %Surrogate: 1,2-Dichloroethane-d4

70-13093 %Surrogate: 4-Bromofluorobenzene

70-13086 %Surrogate: Dibromofluoromethane

70-130106 %Surrogate: Toluene-d8
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-1

Date Sampled:  05/04/17 11:00

ESS Laboratory Sample ID:  1705144-01

Sample Matrix:  Ground Water

Percent Solids:  N/A

All methods used are in accordance with 40 CFR 136.

Classical Chemistry

Analyte Results (MRL) MDL UnitsMethod Limit DF Analyst Analyzed Batch
350.1 mg/LAmmonia as N  1 EEM CE7090505/10/17  14:57 ND (0.10) 

9250 mg/LChloride  1 EEM CE7081905/08/17  15:16 14.0 (3.0) 

353.2 mg/LNitrate as N  5 JLK [CALC]05/04/17  20:55 1.66 (0.110) 

353.2 mg/LNitrite as N  1 JLK CE7043405/04/17  19:10 ND (0.010) 

365.1 mg/LOrtho-phosphate as P  1 JLK CE7053705/05/17  16:45 ND (0.10) 

365.1 mg/LTotal Phosphate as P  1 JLK CE7084405/08/17  20:35 ND (0.10) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-2

Date Sampled:  05/04/17 11:45

ESS Laboratory Sample ID:  1705144-02

Sample Matrix:  Ground Water

Percent Solids:  N/A

Extraction Method:  3005A

Units: ug/L

All methods used are in accordance with 40 CFR 136.

Total Metals

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed F/V BatchI/V
6010C 50 25Sodium  1 KJK CE7053005/06/17  16:22 37000 (2500) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-2

Date Sampled:  05/04/17 11:45

ESS Laboratory Sample ID:  1705144-02

Sample Matrix:  Ground Water

Analyst:  MDInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260B1,1,1,2-Tetrachloroethane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,1,1-Trichloroethane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,1,2,2-Tetrachloroethane  1 CE70703C7E013705/07/17  18:52 ND (0.5) 

8260B1,1,2-Trichloroethane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,1-Dichloroethane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,1-Dichloroethene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,1-Dichloropropene  1 CE70703C7E013705/07/17  18:52 ND (2.0) 

8260B1,2,3-Trichlorobenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,2,3-Trichloropropane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,2,4-Trichlorobenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,2,4-Trimethylbenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,2-Dibromo-3-Chloropropane  1 CE70703C7E013705/07/17  18:52 ND (5.0) 

8260B1,2-Dibromoethane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,2-Dichlorobenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,2-Dichloroethane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,2-Dichloropropane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,3,5-Trimethylbenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,3-Dichlorobenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,3-Dichloropropane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,4-Dichlorobenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B1,4-Dioxane - Screen  1 CE70703C7E013705/07/17  18:52 ND (500) 

8260B2,2-Dichloropropane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B2-Butanone  1 CE70703C7E013705/07/17  18:52 ND (10.0) 

8260B2-Chlorotoluene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B2-Hexanone  1 CE70703C7E013705/07/17  18:52 ND (10.0) 

8260B4-Chlorotoluene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B4-Isopropyltoluene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260B4-Methyl-2-Pentanone  1 CE70703C7E013705/07/17  18:52 ND (10.0) 

8260BAcetone  1 CE70703C7E013705/07/17  18:52 ND (10.0) 

8260BBenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BBromobenzene  1 CE70703C7E013705/07/17  18:52 ND (2.0) 

8260BBromochloromethane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
Dependability          ♦          Quality          ♦          Service

Page 11 of 51



Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-2

Date Sampled:  05/04/17 11:45

ESS Laboratory Sample ID:  1705144-02

Sample Matrix:  Ground Water

Analyst:  MDInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260BBromodichloromethane  1 CE70703C7E013705/07/17  18:52 ND (0.6) 

8260BBromoform  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BBromomethane  1 CE70703C7E013705/07/17  18:52 ND (2.0) 

8260BCarbon Disulfide  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BCarbon Tetrachloride  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BChlorobenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BChloroethane  1 CE70703C7E013705/07/17  18:52 ND (2.0) 

8260BChloroform  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BChloromethane  1 CE70703C7E013705/07/17  18:52 ND (2.0) 

8260Bcis-1,2-Dichloroethene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260Bcis-1,3-Dichloropropene  1 CE70703C7E013705/07/17  18:52 ND (0.4) 

8260BDibromochloromethane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BDibromomethane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BDichlorodifluoromethane  1 CE70703C7E013705/07/17  18:52 ND (2.0) 

8260BDiethyl Ether  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BDi-isopropyl ether  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BEthyl tertiary-butyl ether  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BEthylbenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BHexachlorobutadiene  1 CE70703C7E013705/07/17  18:52 ND (0.6) 

8260BHexachloroethane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BIsopropylbenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BMethyl tert-Butyl Ether  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BMethylene Chloride  1 CE70703C7E013705/07/17  18:52 ND (2.0) 

8260BNaphthalene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260Bn-Butylbenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260Bn-Propylbenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260Bsec-Butylbenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BStyrene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260Btert-Butylbenzene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BTertiary-amyl methyl ether  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BTetrachloroethene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BTetrahydrofuran  1 CE70703C7E013705/07/17  18:52 ND (5.0) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-2

Date Sampled:  05/04/17 11:45

ESS Laboratory Sample ID:  1705144-02

Sample Matrix:  Ground Water

Analyst:  MDInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260BToluene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260Btrans-1,2-Dichloroethene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260Btrans-1,3-Dichloropropene  1 CE70703C7E013705/07/17  18:52 ND (0.4) 

8260BTrichloroethene  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BTrichlorofluoromethane  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BVinyl Chloride  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BXylene O  1 CE70703C7E013705/07/17  18:52 ND (1.0) 

8260BXylene P,M  1 CE70703C7E013705/07/17  18:52 ND (2.0) 

8260BXylenes (Total)  1 [CALC]05/07/17  18:52 ND (2.0) 

%Recovery Qualifier Limits

70-13086 %Surrogate: 1,2-Dichloroethane-d4

70-13095 %Surrogate: 4-Bromofluorobenzene

70-13088 %Surrogate: Dibromofluoromethane

70-130111 %Surrogate: Toluene-d8
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-2

Date Sampled:  05/04/17 11:45

ESS Laboratory Sample ID:  1705144-02

Sample Matrix:  Ground Water

Percent Solids:  N/A

All methods used are in accordance with 40 CFR 136.

Classical Chemistry

Analyte Results (MRL) MDL UnitsMethod Limit DF Analyst Analyzed Batch
350.1 mg/LAmmonia as N  1 EEM CE7090505/10/17  15:01 ND (0.10) 

9250 mg/LChloride  1 EEM CE7081905/08/17  15:19 94.6 (3.0) 

353.2 mg/LNitrate as N  1 JLK [CALC]05/04/17  20:42 0.611 (0.030) 

353.2 mg/LNitrite as N  1 JLK CE7043405/04/17  19:11 ND (0.010) 

365.1 mg/LOrtho-phosphate as P  1 JLK CE7053705/05/17  16:48 ND (0.10) 

365.1 mg/LTotal Phosphate as P  1 JLK CE7084405/08/17  20:36 ND (0.10) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-3

Date Sampled:  05/04/17 12:15

ESS Laboratory Sample ID:  1705144-03

Sample Matrix:  Ground Water

Percent Solids:  N/A

Extraction Method:  3005A

Units: ug/L

All methods used are in accordance with 40 CFR 136.

Total Metals

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed F/V BatchI/V
6010C 50 25Sodium  1 KJK CE7053005/06/17  16:26 26100 (2500) 
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Dependability          ♦          Quality          ♦          Service

Page 15 of 51



Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-3

Date Sampled:  05/04/17 12:15

ESS Laboratory Sample ID:  1705144-03

Sample Matrix:  Ground Water

Analyst:  MDInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260B1,1,1,2-Tetrachloroethane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,1,1-Trichloroethane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,1,2,2-Tetrachloroethane  1 CE70703C7E013705/07/17  19:18 ND (0.5) 

8260B1,1,2-Trichloroethane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,1-Dichloroethane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,1-Dichloroethene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,1-Dichloropropene  1 CE70703C7E013705/07/17  19:18 ND (2.0) 

8260B1,2,3-Trichlorobenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,2,3-Trichloropropane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,2,4-Trichlorobenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,2,4-Trimethylbenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,2-Dibromo-3-Chloropropane  1 CE70703C7E013705/07/17  19:18 ND (5.0) 

8260B1,2-Dibromoethane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,2-Dichlorobenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,2-Dichloroethane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,2-Dichloropropane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,3,5-Trimethylbenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,3-Dichlorobenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,3-Dichloropropane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,4-Dichlorobenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B1,4-Dioxane - Screen  1 CE70703C7E013705/07/17  19:18 ND (500) 

8260B2,2-Dichloropropane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B2-Butanone  1 CE70703C7E013705/07/17  19:18 ND (10.0) 

8260B2-Chlorotoluene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B2-Hexanone  1 CE70703C7E013705/07/17  19:18 ND (10.0) 

8260B4-Chlorotoluene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B4-Isopropyltoluene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260B4-Methyl-2-Pentanone  1 CE70703C7E013705/07/17  19:18 ND (10.0) 

8260BAcetone  1 CE70703C7E013705/07/17  19:18 ND (10.0) 

8260BBenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BBromobenzene  1 CE70703C7E013705/07/17  19:18 ND (2.0) 

8260BBromochloromethane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-3

Date Sampled:  05/04/17 12:15

ESS Laboratory Sample ID:  1705144-03

Sample Matrix:  Ground Water

Analyst:  MDInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260BBromodichloromethane  1 CE70703C7E013705/07/17  19:18 ND (0.6) 

8260BBromoform  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BBromomethane  1 CE70703C7E013705/07/17  19:18 ND (2.0) 

8260BCarbon Disulfide  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BCarbon Tetrachloride  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BChlorobenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BChloroethane  1 CE70703C7E013705/07/17  19:18 ND (2.0) 

8260BChloroform  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BChloromethane  1 CE70703C7E013705/07/17  19:18 ND (2.0) 

8260Bcis-1,2-Dichloroethene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260Bcis-1,3-Dichloropropene  1 CE70703C7E013705/07/17  19:18 ND (0.4) 

8260BDibromochloromethane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BDibromomethane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BDichlorodifluoromethane  1 CE70703C7E013705/07/17  19:18 ND (2.0) 

8260BDiethyl Ether  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BDi-isopropyl ether  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BEthyl tertiary-butyl ether  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BEthylbenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BHexachlorobutadiene  1 CE70703C7E013705/07/17  19:18 ND (0.6) 

8260BHexachloroethane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BIsopropylbenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BMethyl tert-Butyl Ether  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BMethylene Chloride  1 CE70703C7E013705/07/17  19:18 ND (2.0) 

8260BNaphthalene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260Bn-Butylbenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260Bn-Propylbenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260Bsec-Butylbenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BStyrene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260Btert-Butylbenzene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BTertiary-amyl methyl ether  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BTetrachloroethene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BTetrahydrofuran  1 CE70703C7E013705/07/17  19:18 ND (5.0) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-3

Date Sampled:  05/04/17 12:15

ESS Laboratory Sample ID:  1705144-03

Sample Matrix:  Ground Water

Analyst:  MDInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260BToluene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260Btrans-1,2-Dichloroethene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260Btrans-1,3-Dichloropropene  1 CE70703C7E013705/07/17  19:18 ND (0.4) 

8260BTrichloroethene  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BTrichlorofluoromethane  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BVinyl Chloride  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BXylene O  1 CE70703C7E013705/07/17  19:18 ND (1.0) 

8260BXylene P,M  1 CE70703C7E013705/07/17  19:18 ND (2.0) 

8260BXylenes (Total)  1 [CALC]05/07/17  19:18 ND (2.0) 

%Recovery Qualifier Limits

70-13088 %Surrogate: 1,2-Dichloroethane-d4

70-13094 %Surrogate: 4-Bromofluorobenzene

70-13088 %Surrogate: Dibromofluoromethane

70-130107 %Surrogate: Toluene-d8
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  TTS-3

Date Sampled:  05/04/17 12:15

ESS Laboratory Sample ID:  1705144-03

Sample Matrix:  Ground Water

Percent Solids:  N/A

All methods used are in accordance with 40 CFR 136.

Classical Chemistry

Analyte Results (MRL) MDL UnitsMethod Limit DF Analyst Analyzed Batch
350.1 mg/LAmmonia as N  1 EEM CE7090505/10/17  15:02 ND (0.10) 

9250 mg/LChloride  1 EEM CE7081905/08/17  15:20 20.4 (3.0) 

353.2 mg/LNitrate as N  1 JLK [CALC]05/04/17  20:43 0.897 (0.030) 

353.2 mg/LNitrite as N  1 JLK CE7043405/04/17  19:12 0.010 (0.010) 

365.1 mg/LOrtho-phosphate as P  1 JLK CE7053705/05/17  16:49 ND (0.10) 

365.1 mg/LTotal Phosphate as P  1 JLK CE7084405/08/17  20:37 0.37 (0.10) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-1

Date Sampled:  05/04/17 13:45

ESS Laboratory Sample ID:  1705144-04

Sample Matrix:  Ground Water

Percent Solids:  N/A

Extraction Method:  3005A

Units: ug/L

All methods used are in accordance with 40 CFR 136.

Total Metals

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed F/V BatchI/V
6010C 50 25Sodium  1 KJK CE7053005/06/17  16:30 12800 (2500) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-1

Date Sampled:  05/04/17 13:45

ESS Laboratory Sample ID:  1705144-04

Sample Matrix:  Ground Water

Analyst:  MDInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260B1,1,1,2-Tetrachloroethane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,1,1-Trichloroethane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,1,2,2-Tetrachloroethane  1 CE70703C7E013705/07/17  19:44 ND (0.5) 

8260B1,1,2-Trichloroethane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,1-Dichloroethane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,1-Dichloroethene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,1-Dichloropropene  1 CE70703C7E013705/07/17  19:44 ND (2.0) 

8260B1,2,3-Trichlorobenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,2,3-Trichloropropane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,2,4-Trichlorobenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,2,4-Trimethylbenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,2-Dibromo-3-Chloropropane  1 CE70703C7E013705/07/17  19:44 ND (5.0) 

8260B1,2-Dibromoethane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,2-Dichlorobenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,2-Dichloroethane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,2-Dichloropropane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,3,5-Trimethylbenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,3-Dichlorobenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,3-Dichloropropane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,4-Dichlorobenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B1,4-Dioxane - Screen  1 CE70703C7E013705/07/17  19:44 ND (500) 

8260B2,2-Dichloropropane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B2-Butanone  1 CE70703C7E013705/07/17  19:44 ND (10.0) 

8260B2-Chlorotoluene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B2-Hexanone  1 CE70703C7E013705/07/17  19:44 ND (10.0) 

8260B4-Chlorotoluene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B4-Isopropyltoluene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260B4-Methyl-2-Pentanone  1 CE70703C7E013705/07/17  19:44 ND (10.0) 

8260BAcetone  1 CE70703C7E013705/07/17  19:44 ND (10.0) 

8260BBenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BBromobenzene  1 CE70703C7E013705/07/17  19:44 ND (2.0) 

8260BBromochloromethane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-1

Date Sampled:  05/04/17 13:45

ESS Laboratory Sample ID:  1705144-04

Sample Matrix:  Ground Water

Analyst:  MDInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260BBromodichloromethane  1 CE70703C7E013705/07/17  19:44 ND (0.6) 

8260BBromoform  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BBromomethane  1 CE70703C7E013705/07/17  19:44 ND (2.0) 

8260BCarbon Disulfide  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BCarbon Tetrachloride  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BChlorobenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BChloroethane  1 CE70703C7E013705/07/17  19:44 ND (2.0) 

8260BChloroform  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BChloromethane  1 CE70703C7E013705/07/17  19:44 ND (2.0) 

8260Bcis-1,2-Dichloroethene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260Bcis-1,3-Dichloropropene  1 CE70703C7E013705/07/17  19:44 ND (0.4) 

8260BDibromochloromethane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BDibromomethane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BDichlorodifluoromethane  1 CE70703C7E013705/07/17  19:44 ND (2.0) 

8260BDiethyl Ether  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BDi-isopropyl ether  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BEthyl tertiary-butyl ether  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BEthylbenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BHexachlorobutadiene  1 CE70703C7E013705/07/17  19:44 ND (0.6) 

8260BHexachloroethane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BIsopropylbenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BMethyl tert-Butyl Ether  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BMethylene Chloride  1 CE70703C7E013705/07/17  19:44 ND (2.0) 

8260BNaphthalene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260Bn-Butylbenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260Bn-Propylbenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260Bsec-Butylbenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BStyrene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260Btert-Butylbenzene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BTertiary-amyl methyl ether  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BTetrachloroethene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BTetrahydrofuran  1 CE70703C7E013705/07/17  19:44 ND (5.0) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-1

Date Sampled:  05/04/17 13:45

ESS Laboratory Sample ID:  1705144-04

Sample Matrix:  Ground Water

Analyst:  MDInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260BToluene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260Btrans-1,2-Dichloroethene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260Btrans-1,3-Dichloropropene  1 CE70703C7E013705/07/17  19:44 ND (0.4) 

8260BTrichloroethene  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BTrichlorofluoromethane  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BVinyl Chloride  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BXylene O  1 CE70703C7E013705/07/17  19:44 ND (1.0) 

8260BXylene P,M  1 CE70703C7E013705/07/17  19:44 ND (2.0) 

8260BXylenes (Total)  1 [CALC]05/07/17  19:44 ND (2.0) 

%Recovery Qualifier Limits

70-13088 %Surrogate: 1,2-Dichloroethane-d4

70-130101 %Surrogate: 4-Bromofluorobenzene

70-13091 %Surrogate: Dibromofluoromethane

70-130110 %Surrogate: Toluene-d8
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-1

Date Sampled:  05/04/17 13:45

ESS Laboratory Sample ID:  1705144-04

Sample Matrix:  Ground Water

Percent Solids:  N/A

All methods used are in accordance with 40 CFR 136.

Classical Chemistry

Analyte Results (MRL) MDL UnitsMethod Limit DF Analyst Analyzed Batch
350.1 mg/LAmmonia as N  1 EEM CE7090505/10/17  15:10 ND (0.10) 

9250 mg/LChloride  1 EEM CE7081905/08/17  15:21 19.5 (3.0) 

353.2 mg/LNitrate as N  1 JLK [CALC]05/04/17  20:45 0.074 (0.030) 

353.2 mg/LNitrite as N  1 JLK CE7043405/04/17  19:13 ND (0.010) 

365.1 mg/LOrtho-phosphate as P  1 JLK CE7053705/05/17  16:50 ND (0.10) 

365.1 mg/LTotal Phosphate as P  1 JLK CE7084405/08/17  20:38 ND (0.10) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-2

Date Sampled:  05/04/17 14:25

ESS Laboratory Sample ID:  1705144-05

Sample Matrix:  Ground Water

Percent Solids:  N/A

Extraction Method:  3005A

Units: ug/L

All methods used are in accordance with 40 CFR 136.

Total Metals

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed F/V BatchI/V
6010C 50 25Sodium  1 KJK CE7053005/06/17  16:34 16600 (2500) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-2

Date Sampled:  05/04/17 14:25

ESS Laboratory Sample ID:  1705144-05

Sample Matrix:  Ground Water

Analyst:  GEMInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260B1,1,1,2-Tetrachloroethane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,1,1-Trichloroethane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,1,2,2-Tetrachloroethane  1 CE71150C7E019505/11/17  16:10 ND (0.5) 

8260B1,1,2-Trichloroethane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,1-Dichloroethane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,1-Dichloroethene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,1-Dichloropropene  1 CE71150C7E019505/11/17  16:10 ND (2.0) 

8260B1,2,3-Trichlorobenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,2,3-Trichloropropane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,2,4-Trichlorobenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,2,4-Trimethylbenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,2-Dibromo-3-Chloropropane  1 CE71150C7E019505/11/17  16:10 ND (5.0) 

8260B1,2-Dibromoethane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,2-Dichlorobenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,2-Dichloroethane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,2-Dichloropropane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,3,5-Trimethylbenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,3-Dichlorobenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,3-Dichloropropane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,4-Dichlorobenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B1,4-Dioxane - Screen  1 CE71150C7E019505/11/17  16:10 ND (500) 

8260B2,2-Dichloropropane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B2-Butanone  1 CE71150C7E019505/11/17  16:10 ND (10.0) 

8260B2-Chlorotoluene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B2-Hexanone  1 CE71150C7E019505/11/17  16:10 ND (10.0) 

8260B4-Chlorotoluene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B4-Isopropyltoluene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260B4-Methyl-2-Pentanone  1 CE71150C7E019505/11/17  16:10 ND (10.0) 

8260BAcetone  1 CE71150C7E019505/11/17  16:10 ND (10.0) 

8260BBenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BBromobenzene  1 CE71150C7E019505/11/17  16:10 ND (2.0) 

8260BBromochloromethane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-2

Date Sampled:  05/04/17 14:25

ESS Laboratory Sample ID:  1705144-05

Sample Matrix:  Ground Water

Analyst:  GEMInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260BBromodichloromethane  1 CE71150C7E019505/11/17  16:10 ND (0.6) 

8260BBromoform  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BBromomethane  1 CE71150C7E019505/11/17  16:10 ND (2.0) 

8260BCarbon Disulfide  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BCarbon Tetrachloride  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BChlorobenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BChloroethane  1 CE71150C7E019505/11/17  16:10 ND (2.0) 

8260BChloroform  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BChloromethane  1 CE71150C7E019505/11/17  16:10 ND (2.0) 

8260Bcis-1,2-Dichloroethene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260Bcis-1,3-Dichloropropene  1 CE71150C7E019505/11/17  16:10 ND (0.4) 

8260BDibromochloromethane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BDibromomethane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BDichlorodifluoromethane  1 CE71150C7E019505/11/17  16:10 ND (2.0) 

8260BDiethyl Ether  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BDi-isopropyl ether  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BEthyl tertiary-butyl ether  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BEthylbenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BHexachlorobutadiene  1 CE71150C7E019505/11/17  16:10 ND (0.6) 

8260BHexachloroethane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BIsopropylbenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BMethyl tert-Butyl Ether  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BMethylene Chloride  1 CE71150C7E019505/11/17  16:10 ND (2.0) 

8260BNaphthalene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260Bn-Butylbenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260Bn-Propylbenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260Bsec-Butylbenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BStyrene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260Btert-Butylbenzene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BTertiary-amyl methyl ether  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BTetrachloroethene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BTetrahydrofuran  1 CE71150C7E019505/11/17  16:10 ND (5.0) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-2

Date Sampled:  05/04/17 14:25

ESS Laboratory Sample ID:  1705144-05

Sample Matrix:  Ground Water

Analyst:  GEMInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260BToluene  1 CE71150C7E019505/11/17  16:10 1.4 (1.0) 

8260Btrans-1,2-Dichloroethene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260Btrans-1,3-Dichloropropene  1 CE71150C7E019505/11/17  16:10 ND (0.4) 

8260BTrichloroethene  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BTrichlorofluoromethane  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BVinyl Chloride  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BXylene O  1 CE71150C7E019505/11/17  16:10 ND (1.0) 

8260BXylene P,M  1 CE71150C7E019505/11/17  16:10 ND (2.0) 

8260BXylenes (Total)  1 [CALC]05/11/17  16:10 ND (2.0) 

%Recovery Qualifier Limits

70-130100 %Surrogate: 1,2-Dichloroethane-d4

70-13089 %Surrogate: 4-Bromofluorobenzene

70-13087 %Surrogate: Dibromofluoromethane

70-130107 %Surrogate: Toluene-d8
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-2

Date Sampled:  05/04/17 14:25

ESS Laboratory Sample ID:  1705144-05

Sample Matrix:  Ground Water

Percent Solids:  N/A

All methods used are in accordance with 40 CFR 136.

Classical Chemistry

Analyte Results (MRL) MDL UnitsMethod Limit DF Analyst Analyzed Batch
350.1 mg/LAmmonia as N  1 EEM CE7090505/10/17  15:11 0.11 (0.10) 

9250 mg/LChloride  1 EEM CE7081905/08/17  15:22 25.9 (3.0) 

353.2 mg/LNitrate as N  1 JLK [CALC]05/04/17  20:46 ND (0.030) 

353.2 mg/LNitrite as N  1 JLK CE7043405/04/17  19:14 ND (0.010) 

365.1 mg/LOrtho-phosphate as P  1 JLK CE7053705/05/17  16:51 ND (0.10) 

365.1 mg/LTotal Phosphate as P  1 JLK CE7084405/08/17  20:42 ND (0.10) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-3

Date Sampled:  05/04/17 15:20

ESS Laboratory Sample ID:  1705144-06

Sample Matrix:  Ground Water

Percent Solids:  N/A

Extraction Method:  3005A

Units: ug/L

All methods used are in accordance with 40 CFR 136.

Total Metals

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed F/V BatchI/V
6010C 50 25Sodium  1 KJK CE7053005/06/17  16:38 12800 (2500) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-3

Date Sampled:  05/04/17 15:20

ESS Laboratory Sample ID:  1705144-06

Sample Matrix:  Ground Water

Analyst:  GEMInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260B1,1,1,2-Tetrachloroethane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,1,1-Trichloroethane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,1,2,2-Tetrachloroethane  1 CE71150C7E019505/11/17  16:35 ND (0.5) 

8260B1,1,2-Trichloroethane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,1-Dichloroethane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,1-Dichloroethene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,1-Dichloropropene  1 CE71150C7E019505/11/17  16:35 ND (2.0) 

8260B1,2,3-Trichlorobenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,2,3-Trichloropropane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,2,4-Trichlorobenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,2,4-Trimethylbenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,2-Dibromo-3-Chloropropane  1 CE71150C7E019505/11/17  16:35 ND (5.0) 

8260B1,2-Dibromoethane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,2-Dichlorobenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,2-Dichloroethane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,2-Dichloropropane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,3,5-Trimethylbenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,3-Dichlorobenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,3-Dichloropropane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,4-Dichlorobenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B1,4-Dioxane - Screen  1 CE71150C7E019505/11/17  16:35 ND (500) 

8260B2,2-Dichloropropane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B2-Butanone  1 CE71150C7E019505/11/17  16:35 ND (10.0) 

8260B2-Chlorotoluene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B2-Hexanone  1 CE71150C7E019505/11/17  16:35 ND (10.0) 

8260B4-Chlorotoluene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B4-Isopropyltoluene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260B4-Methyl-2-Pentanone  1 CE71150C7E019505/11/17  16:35 ND (10.0) 

8260BAcetone  1 CE71150C7E019505/11/17  16:35 ND (10.0) 

8260BBenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BBromobenzene  1 CE71150C7E019505/11/17  16:35 ND (2.0) 

8260BBromochloromethane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-3

Date Sampled:  05/04/17 15:20

ESS Laboratory Sample ID:  1705144-06

Sample Matrix:  Ground Water

Analyst:  GEMInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260BBromodichloromethane  1 CE71150C7E019505/11/17  16:35 ND (0.6) 

8260BBromoform  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BBromomethane  1 CE71150C7E019505/11/17  16:35 ND (2.0) 

8260BCarbon Disulfide  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BCarbon Tetrachloride  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BChlorobenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BChloroethane  1 CE71150C7E019505/11/17  16:35 ND (2.0) 

8260BChloroform  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BChloromethane  1 CE71150C7E019505/11/17  16:35 ND (2.0) 

8260Bcis-1,2-Dichloroethene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260Bcis-1,3-Dichloropropene  1 CE71150C7E019505/11/17  16:35 ND (0.4) 

8260BDibromochloromethane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BDibromomethane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BDichlorodifluoromethane  1 CE71150C7E019505/11/17  16:35 ND (2.0) 

8260BDiethyl Ether  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BDi-isopropyl ether  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BEthyl tertiary-butyl ether  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BEthylbenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BHexachlorobutadiene  1 CE71150C7E019505/11/17  16:35 ND (0.6) 

8260BHexachloroethane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BIsopropylbenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BMethyl tert-Butyl Ether  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BMethylene Chloride  1 CE71150C7E019505/11/17  16:35 ND (2.0) 

8260BNaphthalene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260Bn-Butylbenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260Bn-Propylbenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260Bsec-Butylbenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BStyrene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260Btert-Butylbenzene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BTertiary-amyl methyl ether  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BTetrachloroethene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BTetrahydrofuran  1 CE71150C7E019505/11/17  16:35 ND (5.0) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-3

Date Sampled:  05/04/17 15:20

ESS Laboratory Sample ID:  1705144-06

Sample Matrix:  Ground Water

Analyst:  GEMInitial Volume:  5
Final Volume:  5

Percent Solids:  N/A

Extraction Method:  5030B

Units: ug/L

All methods used are in accordance with 40 CFR 136.

8260B Volatile Organic Compounds

Analyte Results (MRL) MDL Method Limit DF Analyzed Sequence Batch
8260BToluene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260Btrans-1,2-Dichloroethene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260Btrans-1,3-Dichloropropene  1 CE71150C7E019505/11/17  16:35 ND (0.4) 

8260BTrichloroethene  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BTrichlorofluoromethane  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BVinyl Chloride  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BXylene O  1 CE71150C7E019505/11/17  16:35 ND (1.0) 

8260BXylene P,M  1 CE71150C7E019505/11/17  16:35 ND (2.0) 

8260BXylenes (Total)  1 [CALC]05/11/17  16:35 ND (2.0) 

%Recovery Qualifier Limits

70-130109 %Surrogate: 1,2-Dichloroethane-d4

70-13087 %Surrogate: 4-Bromofluorobenzene

70-13095 %Surrogate: Dibromofluoromethane

70-130104 %Surrogate: Toluene-d8
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  CLS-3

Date Sampled:  05/04/17 15:20

ESS Laboratory Sample ID:  1705144-06

Sample Matrix:  Ground Water

Percent Solids:  N/A

All methods used are in accordance with 40 CFR 136.

Classical Chemistry

Analyte Results (MRL) MDL UnitsMethod Limit DF Analyst Analyzed Batch
350.1 mg/LAmmonia as N  1 EEM CE7090505/10/17  15:12 ND (0.10) 

9250 mg/LChloride  1 EEM CE7081905/08/17  15:28 20.3 (3.0) 

353.2 mg/LNitrate as N  1 JLK [CALC]05/04/17  20:47 0.051 (0.030) 

353.2 mg/LNitrite as N  1 JLK CE7043405/04/17  19:15 ND (0.010) 

365.1 mg/LOrtho-phosphate as P  1 JLK CE7053705/05/17  16:52 ND (0.10) 

365.1 mg/LTotal Phosphate as P  1 JLK CE7084405/08/17  20:43 0.36 (0.10) 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

Total Metals

Batch CE70530 - 3005A

Blank

2500 ug/LSodium ND

LCS

2500 12500 80-120102ug/LSodium 12800

LCS Dup

2500 12500 2080-120102 0.5ug/LSodium 12700

624 Volatile Organic Compounds

8260B Volatile Organic Compounds

Batch CE70703 - 5030B

Blank

1.0 ug/L1,1,1,2-Tetrachloroethane ND

1.0 ug/L1,1,1-Trichloroethane ND

0.5 ug/L1,1,2,2-Tetrachloroethane ND

1.0 ug/L1,1,2-Trichloroethane ND

1.0 ug/L1,1-Dichloroethane ND

1.0 ug/L1,1-Dichloroethene ND

2.0 ug/L1,1-Dichloropropene ND

1.0 ug/L1,2,3-Trichlorobenzene ND

1.0 ug/L1,2,3-Trichloropropane ND

1.0 ug/L1,2,4-Trichlorobenzene ND

1.0 ug/L1,2,4-Trimethylbenzene ND

5.0 ug/L1,2-Dibromo-3-Chloropropane ND

1.0 ug/L1,2-Dibromoethane ND

1.0 ug/L1,2-Dichlorobenzene ND

1.0 ug/L1,2-Dichloroethane ND

1.0 ug/L1,2-Dichloropropane ND

1.0 ug/L1,3,5-Trimethylbenzene ND

1.0 ug/L1,3-Dichlorobenzene ND

1.0 ug/L1,3-Dichloropropane ND

1.0 ug/L1,4-Dichlorobenzene ND

500 ug/L1,4-Dioxane - Screen ND

1.0 ug/L2,2-Dichloropropane ND

10.0 ug/L2-Butanone ND

1.0 ug/L2-Chlorotoluene ND

10.0 ug/L2-Hexanone ND

1.0 ug/L4-Chlorotoluene ND

1.0 ug/L4-Isopropyltoluene ND

10.0 ug/L4-Methyl-2-Pentanone ND

10.0 ug/LAcetone ND

1.0 ug/LBenzene ND

2.0 ug/LBromobenzene ND

1.0 ug/LBromochloromethane ND
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

8260B Volatile Organic Compounds

Batch CE70703 - 5030B

0.6 ug/LBromodichloromethane ND

1.0 ug/LBromoform ND

2.0 ug/LBromomethane ND

1.0 ug/LCarbon Disulfide ND

1.0 ug/LCarbon Tetrachloride ND

1.0 ug/LChlorobenzene ND

2.0 ug/LChloroethane ND

1.0 ug/LChloroform ND

2.0 ug/LChloromethane ND

1.0 ug/Lcis-1,2-Dichloroethene ND

0.4 ug/Lcis-1,3-Dichloropropene ND

1.0 ug/LDibromochloromethane ND

1.0 ug/LDibromomethane ND

2.0 ug/LDichlorodifluoromethane ND

1.0 ug/LDiethyl Ether ND

1.0 ug/LDi-isopropyl ether ND

1.0 ug/LEthyl tertiary-butyl ether ND

1.0 ug/LEthylbenzene ND

0.6 ug/LHexachlorobutadiene ND

1.0 ug/LHexachloroethane ND

1.0 ug/LIsopropylbenzene ND

1.0 ug/LMethyl tert-Butyl Ether ND

2.0 ug/LMethylene Chloride ND

1.0 ug/LNaphthalene ND

1.0 ug/Ln-Butylbenzene ND

1.0 ug/Ln-Propylbenzene ND

1.0 ug/Lsec-Butylbenzene ND

1.0 ug/LStyrene ND

1.0 ug/Ltert-Butylbenzene ND

1.0 ug/LTertiary-amyl methyl ether ND

1.0 ug/LTetrachloroethene ND

5.0 ug/LTetrahydrofuran ND

1.0 ug/LToluene ND

1.0 ug/Ltrans-1,2-Dichloroethene ND

0.4 ug/Ltrans-1,3-Dichloropropene ND

1.0 ug/LTrichloroethene ND

1.0 ug/LTrichlorofluoromethane ND

1.0 ug/LVinyl Chloride ND

1.0 ug/LXylene O ND

2.0 ug/LXylene P,M ND

2.0 ug/LXylenes (Total) ND

25.00 70-1309724.2 ug/LSurrogate: 1,2-Dichloroethane-d4

25.00 70-13010225.6 ug/LSurrogate: 4-Bromofluorobenzene

25.00 70-1309824.5 ug/LSurrogate: Dibromofluoromethane

25.00 70-13011328.3 ug/LSurrogate: Toluene-d8
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

8260B Volatile Organic Compounds

Batch CE70703 - 5030B

LCS

10.00 70-130106ug/L1,1,1,2-Tetrachloroethane 10.6

10.00 70-130107ug/L1,1,1-Trichloroethane 10.7

10.00 70-13096ug/L1,1,2,2-Tetrachloroethane 9.6

10.00 70-13089ug/L1,1,2-Trichloroethane 8.9

10.00 70-13091ug/L1,1-Dichloroethane 9.1

10.00 70-13093ug/L1,1-Dichloroethene 9.3

10.00 70-13094ug/L1,1-Dichloropropene 9.4

10.00 70-130115ug/L1,2,3-Trichlorobenzene 11.5

10.00 70-13096ug/L1,2,3-Trichloropropane 9.6

10.00 70-130105ug/L1,2,4-Trichlorobenzene 10.5

10.00 70-13088ug/L1,2,4-Trimethylbenzene 8.8

10.00 70-130113ug/L1,2-Dibromo-3-Chloropropane 11.3

10.00 70-130103ug/L1,2-Dibromoethane 10.3

10.00 70-130103ug/L1,2-Dichlorobenzene 10.3

10.00 70-130101ug/L1,2-Dichloroethane 10.1

10.00 70-13081ug/L1,2-Dichloropropane 8.1

10.00 70-13089ug/L1,3,5-Trimethylbenzene 8.9

10.00 70-130105ug/L1,3-Dichlorobenzene 10.5

10.00 70-130105ug/L1,3-Dichloropropane 10.5

10.00 70-130105ug/L1,4-Dichlorobenzene 10.5

200.0 0-33279ug/L1,4-Dioxane - Screen 158

10.00 70-130109ug/L2,2-Dichloropropane 10.9

50.00 70-13086ug/L2-Butanone 43.1

10.00 70-13096ug/L2-Chlorotoluene 9.6

50.00 70-130109ug/L2-Hexanone 54.6

10.00 70-13099ug/L4-Chlorotoluene 9.9

10.00 70-130104ug/L4-Isopropyltoluene 10.4

50.00 70-13087ug/L4-Methyl-2-Pentanone 43.4

50.00 70-130102ug/LAcetone 51.2

10.00 70-13088ug/LBenzene 8.8

10.00 70-130107ug/LBromobenzene 10.7

10.00 70-13098ug/LBromochloromethane 9.8

10.00 70-13092ug/LBromodichloromethane 9.2

10.00 70-130104ug/LBromoform 10.4

10.00 70-130107ug/LBromomethane 10.7

10.00 70-13094ug/LCarbon Disulfide 9.4

10.00 70-130108ug/LCarbon Tetrachloride 10.8

10.00 70-13096ug/LChlorobenzene 9.6

10.00 70-130106ug/LChloroethane 10.6

10.00 70-13096ug/LChloroform 9.6

10.00 70-13095ug/LChloromethane 9.5

10.00 70-13094ug/Lcis-1,2-Dichloroethene 9.4

10.00 70-13085ug/Lcis-1,3-Dichloropropene 8.5

10.00 70-130108ug/LDibromochloromethane 10.8
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

8260B Volatile Organic Compounds

Batch CE70703 - 5030B

10.00 70-13095ug/LDibromomethane 9.5

10.00 70-13090ug/LDichlorodifluoromethane 9.0

10.00 70-13092ug/LDiethyl Ether 9.2

10.00 70-13080ug/LDi-isopropyl ether 8.0

10.00 70-13086ug/LEthyl tertiary-butyl ether 8.6

10.00 70-13096ug/LEthylbenzene 9.6

10.00 70-130119ug/LHexachlorobutadiene 11.9

10.00 70-130105ug/LHexachloroethane 10.5

10.00 70-13091ug/LIsopropylbenzene 9.1

10.00 70-13096ug/LMethyl tert-Butyl Ether 9.6

10.00 70-13096ug/LMethylene Chloride 9.6

10.00 70-13091ug/LNaphthalene 9.1

10.00 70-130109ug/Ln-Butylbenzene 10.9

10.00 70-13097ug/Ln-Propylbenzene 9.7

10.00 70-130100ug/Lsec-Butylbenzene 10.0

10.00 70-13086ug/LStyrene 8.6

10.00 70-13095ug/Ltert-Butylbenzene 9.5

10.00 70-13085ug/LTertiary-amyl methyl ether 8.5

10.00 70-13083ug/LTetrachloroethene 8.3

10.00 70-13095ug/LTetrahydrofuran 9.5

10.00 70-13085ug/LToluene 8.5

10.00 70-13082ug/Ltrans-1,2-Dichloroethene 8.2

10.00 70-13080ug/Ltrans-1,3-Dichloropropene 8.0

10.00 70-13091ug/LTrichloroethene 9.1

10.00 70-13087ug/LTrichlorofluoromethane 8.7

10.00 70-13090ug/LVinyl Chloride 9.0

10.00 70-13092ug/LXylene O 9.2

20.00 70-13089ug/LXylene P,M 17.9

ug/LXylenes (Total) 27.1

25.00 70-13010225.6 ug/LSurrogate: 1,2-Dichloroethane-d4

25.00 70-13011729.2 ug/LSurrogate: 4-Bromofluorobenzene

25.00 70-13010526.2 ug/LSurrogate: Dibromofluoromethane

25.00 70-13011228.1 ug/LSurrogate: Toluene-d8

LCS Dup

10.00 2070-130105 0.09ug/L1,1,1,2-Tetrachloroethane 10.5

10.00 2070-130106 2ug/L1,1,1-Trichloroethane 10.6

10.00 2070-13089 7ug/L1,1,2,2-Tetrachloroethane 8.9

10.00 2070-13084 6ug/L1,1,2-Trichloroethane 8.4

10.00 2070-13094 3ug/L1,1-Dichloroethane 9.4

10.00 2070-130100 7ug/L1,1-Dichloroethene 10.0

10.00 2070-13096 2ug/L1,1-Dichloropropene 9.6

10.00 2070-130106 8ug/L1,2,3-Trichlorobenzene 10.6

10.00 2070-13088 9ug/L1,2,3-Trichloropropane 8.8

10.00 2070-13099 5ug/L1,2,4-Trichlorobenzene 9.9

10.00 2070-13087 1ug/L1,2,4-Trimethylbenzene 8.7
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

8260B Volatile Organic Compounds

Batch CE70703 - 5030B

10.00 2070-13094 18ug/L1,2-Dibromo-3-Chloropropane 9.4

10.00 2070-13098 5ug/L1,2-Dibromoethane 9.8

10.00 2070-13097 6ug/L1,2-Dichlorobenzene 9.7

10.00 2070-130100 1ug/L1,2-Dichloroethane 10.0

10.00 2070-13086 6ug/L1,2-Dichloropropane 8.6

10.00 2070-13088 1ug/L1,3,5-Trimethylbenzene 8.8

10.00 2070-130100 4ug/L1,3-Dichlorobenzene 10.0

10.00 2070-130103 2ug/L1,3-Dichloropropane 10.3

10.00 2070-130101 4ug/L1,4-Dichlorobenzene 10.1

200.0 2000-33277 3ug/L1,4-Dioxane - Screen 153

10.00 2070-130101 7ug/L2,2-Dichloropropane 10.1

50.00 2070-13082 4ug/L2-Butanone 41.2

10.00 2070-13091 5ug/L2-Chlorotoluene 9.1

50.00 2070-13094 15ug/L2-Hexanone 47.2

10.00 2070-13096 3ug/L4-Chlorotoluene 9.6

10.00 2070-13098 6ug/L4-Isopropyltoluene 9.8

50.00 2070-13082 6ug/L4-Methyl-2-Pentanone 41.0

50.00 2070-13099 3ug/LAcetone 49.6

10.00 2070-13089 1ug/LBenzene 8.9

10.00 2070-130101 6ug/LBromobenzene 10.1

10.00 2070-13094 5ug/LBromochloromethane 9.4

10.00 2070-13088 5ug/LBromodichloromethane 8.8

10.00 2070-130102 2ug/LBromoform 10.2

10.00 2070-130100 7ug/LBromomethane 10.0

10.00 2070-13095 1ug/LCarbon Disulfide 9.5

10.00 2070-130109 0.7ug/LCarbon Tetrachloride 10.9

10.00 2070-13097 0.6ug/LChlorobenzene 9.7

10.00 2070-130103 3ug/LChloroethane 10.3

10.00 2070-13096 0.7ug/LChloroform 9.6

10.00 2070-13085 12ug/LChloromethane 8.5

10.00 2070-13090 4ug/Lcis-1,2-Dichloroethene 9.0

10.00 2070-13081 5ug/Lcis-1,3-Dichloropropene 8.1

10.00 2070-130104 4ug/LDibromochloromethane 10.4

10.00 2070-13094 0.2ug/LDibromomethane 9.4

10.00 2070-13088 3ug/LDichlorodifluoromethane 8.8

10.00 2070-13086 6ug/LDiethyl Ether 8.6

10.00 2070-13082 2ug/LDi-isopropyl ether 8.2

10.00 2070-13084 3ug/LEthyl tertiary-butyl ether 8.4

10.00 2070-13098 1ug/LEthylbenzene 9.8

10.00 2070-130119 0.08ug/LHexachlorobutadiene 11.9

10.00 2070-13096 9ug/LHexachloroethane 9.6

10.00 2070-13090 1ug/LIsopropylbenzene 9.0

10.00 2070-13094 3ug/LMethyl tert-Butyl Ether 9.4

10.00 2070-130100 4ug/LMethylene Chloride 10.0

10.00 2070-13083 9ug/LNaphthalene 8.3
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

8260B Volatile Organic Compounds

Batch CE70703 - 5030B

10.00 2070-130102 7ug/Ln-Butylbenzene 10.2

10.00 2070-13093 4ug/Ln-Propylbenzene 9.3

10.00 2070-13099 1ug/Lsec-Butylbenzene 9.9

10.00 2070-13084 3ug/LStyrene 8.4

10.00 2070-13096 0.8ug/Ltert-Butylbenzene 9.6

10.00 2070-13085 0.4ug/LTertiary-amyl methyl ether 8.5

10.00 2070-13086 4ug/LTetrachloroethene 8.6

10.00 2070-13091 4ug/LTetrahydrofuran 9.1

10.00 2070-13086 2ug/LToluene 8.6

10.00 2070-13083 2ug/Ltrans-1,2-Dichloroethene 8.3

10.00 2070-13077 4ug/Ltrans-1,3-Dichloropropene 7.7

10.00 2070-13093 2ug/LTrichloroethene 9.3

10.00 2070-13089 2ug/LTrichlorofluoromethane 8.9

10.00 2070-13088 3ug/LVinyl Chloride 8.8

10.00 2070-13090 2ug/LXylene O 9.0

20.00 2070-13092 3ug/LXylene P,M 18.4

ug/LXylenes (Total) 27.5

25.00 70-13010426.0 ug/LSurrogate: 1,2-Dichloroethane-d4

25.00 70-13011628.9 ug/LSurrogate: 4-Bromofluorobenzene

25.00 70-13010526.2 ug/LSurrogate: Dibromofluoromethane

25.00 70-13011428.4 ug/LSurrogate: Toluene-d8

Batch CE71150 - 5030B

Blank

1.0 ug/L1,1,1,2-Tetrachloroethane ND

1.0 ug/L1,1,1-Trichloroethane ND

0.5 ug/L1,1,2,2-Tetrachloroethane ND

1.0 ug/L1,1,2-Trichloroethane ND

1.0 ug/L1,1-Dichloroethane ND

1.0 ug/L1,1-Dichloroethene ND

2.0 ug/L1,1-Dichloropropene ND

1.0 ug/L1,2,3-Trichlorobenzene ND

1.0 ug/L1,2,3-Trichloropropane ND

1.0 ug/L1,2,4-Trichlorobenzene ND

1.0 ug/L1,2,4-Trimethylbenzene ND

5.0 ug/L1,2-Dibromo-3-Chloropropane ND

1.0 ug/L1,2-Dibromoethane ND

1.0 ug/L1,2-Dichlorobenzene ND

1.0 ug/L1,2-Dichloroethane ND

1.0 ug/L1,2-Dichloropropane ND

1.0 ug/L1,3,5-Trimethylbenzene ND

1.0 ug/L1,3-Dichlorobenzene ND

1.0 ug/L1,3-Dichloropropane ND

1.0 ug/L1,4-Dichlorobenzene ND

500 ug/L1,4-Dioxane - Screen ND

1.0 ug/L2,2-Dichloropropane ND
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

8260B Volatile Organic Compounds

Batch CE71150 - 5030B

10.0 ug/L2-Butanone ND

1.0 ug/L2-Chlorotoluene ND

10.0 ug/L2-Hexanone ND

1.0 ug/L4-Chlorotoluene ND

1.0 ug/L4-Isopropyltoluene ND

10.0 ug/L4-Methyl-2-Pentanone ND

10.0 ug/LAcetone ND

1.0 ug/LBenzene ND

2.0 ug/LBromobenzene ND

1.0 ug/LBromochloromethane ND

0.6 ug/LBromodichloromethane ND

1.0 ug/LBromoform ND

2.0 ug/LBromomethane ND

1.0 ug/LCarbon Disulfide ND

1.0 ug/LCarbon Tetrachloride ND

1.0 ug/LChlorobenzene ND

2.0 ug/LChloroethane ND

1.0 ug/LChloroform ND

2.0 ug/LChloromethane ND

1.0 ug/Lcis-1,2-Dichloroethene ND

0.4 ug/Lcis-1,3-Dichloropropene ND

1.0 ug/LDibromochloromethane ND

1.0 ug/LDibromomethane ND

2.0 ug/LDichlorodifluoromethane ND

1.0 ug/LDiethyl Ether ND

1.0 ug/LDi-isopropyl ether ND

1.0 ug/LEthyl tertiary-butyl ether ND

1.0 ug/LEthylbenzene ND

0.6 ug/LHexachlorobutadiene ND

1.0 ug/LHexachloroethane ND

1.0 ug/LIsopropylbenzene ND

1.0 ug/LMethyl tert-Butyl Ether ND

2.0 ug/LMethylene Chloride ND

1.0 ug/LNaphthalene ND

1.0 ug/Ln-Butylbenzene ND

1.0 ug/Ln-Propylbenzene ND

1.0 ug/Lsec-Butylbenzene ND

1.0 ug/LStyrene ND

1.0 ug/Ltert-Butylbenzene ND

1.0 ug/LTertiary-amyl methyl ether ND

1.0 ug/LTetrachloroethene ND

5.0 ug/LTetrahydrofuran ND

1.0 ug/LToluene ND

1.0 ug/Ltrans-1,2-Dichloroethene ND

0.4 ug/Ltrans-1,3-Dichloropropene ND
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

8260B Volatile Organic Compounds

Batch CE71150 - 5030B

1.0 ug/LTrichloroethene ND

1.0 ug/LTrichlorofluoromethane ND

1.0 ug/LVinyl Chloride ND

1.0 ug/LXylene O ND

2.0 ug/LXylene P,M ND

2.0 ug/LXylenes (Total) ND

25.00 70-1309523.6 ug/LSurrogate: 1,2-Dichloroethane-d4

25.00 70-1309022.4 ug/LSurrogate: 4-Bromofluorobenzene

25.00 70-1308521.3 ug/LSurrogate: Dibromofluoromethane

25.00 70-13010626.5 ug/LSurrogate: Toluene-d8

LCS

10.00 70-13093ug/L1,1,1,2-Tetrachloroethane 9.3

10.00 70-13095ug/L1,1,1-Trichloroethane 9.5

10.00 70-130109ug/L1,1,2,2-Tetrachloroethane 10.9

10.00 70-13093ug/L1,1,2-Trichloroethane 9.3

10.00 70-13092ug/L1,1-Dichloroethane 9.2

10.00 70-130100ug/L1,1-Dichloroethene 10.0

10.00 70-13092ug/L1,1-Dichloropropene 9.2

10.00 70-130102ug/L1,2,3-Trichlorobenzene 10.2

10.00 70-130101ug/L1,2,3-Trichloropropane 10.1

10.00 70-130104ug/L1,2,4-Trichlorobenzene 10.4

10.00 70-13095ug/L1,2,4-Trimethylbenzene 9.5

10.00 70-130104ug/L1,2-Dibromo-3-Chloropropane 10.4

10.00 70-13088ug/L1,2-Dibromoethane 8.8

10.00 70-13099ug/L1,2-Dichlorobenzene 9.9

10.00 70-13095ug/L1,2-Dichloroethane 9.5

10.00 70-13095ug/L1,2-Dichloropropane 9.5

10.00 70-13099ug/L1,3,5-Trimethylbenzene 9.9

10.00 70-13091ug/L1,3-Dichlorobenzene 9.1

10.00 70-13097ug/L1,3-Dichloropropane 9.7

10.00 70-13096ug/L1,4-Dichlorobenzene 9.6

200.0 0-332121ug/L1,4-Dioxane - Screen 242

10.00 70-13096ug/L2,2-Dichloropropane 9.6

50.00 70-13092ug/L2-Butanone 45.9

10.00 70-13092ug/L2-Chlorotoluene 9.2

50.00 70-13094ug/L2-Hexanone 47.1

10.00 70-13098ug/L4-Chlorotoluene 9.8

10.00 70-130102ug/L4-Isopropyltoluene 10.2

50.00 70-13097ug/L4-Methyl-2-Pentanone 48.7

50.00 70-13097ug/LAcetone 48.3

10.00 70-13092ug/LBenzene 9.2

10.00 70-13096ug/LBromobenzene 9.6

10.00 70-13094ug/LBromochloromethane 9.4

10.00 70-13083ug/LBromodichloromethane 8.3

10.00 70-13082ug/LBromoform 8.2
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

8260B Volatile Organic Compounds

Batch CE71150 - 5030B

10.00 70-130114ug/LBromomethane 11.4

10.00 70-13097ug/LCarbon Disulfide 9.7

10.00 70-13093ug/LCarbon Tetrachloride 9.3

10.00 70-13094ug/LChlorobenzene 9.4

10.00 70-13089ug/LChloroethane 8.9

10.00 70-13097ug/LChloroform 9.7

10.00 70-13080ug/LChloromethane 8.0

10.00 70-130100ug/Lcis-1,2-Dichloroethene 10.0

10.00 70-13090ug/Lcis-1,3-Dichloropropene 9.0

10.00 70-13087ug/LDibromochloromethane 8.7

10.00 70-13085ug/LDibromomethane 8.5

10.00 70-13076ug/LDichlorodifluoromethane 7.6

10.00 70-13096ug/LDiethyl Ether 9.6

10.00 70-13093ug/LDi-isopropyl ether 9.3

10.00 70-13090ug/LEthyl tertiary-butyl ether 9.0

10.00 70-13097ug/LEthylbenzene 9.7

10.00 70-130113ug/LHexachlorobutadiene 11.3

10.00 70-13092ug/LHexachloroethane 9.2

10.00 70-13089ug/LIsopropylbenzene 8.9

10.00 70-13093ug/LMethyl tert-Butyl Ether 9.3

10.00 70-13091ug/LMethylene Chloride 9.1

10.00 70-13099ug/LNaphthalene 9.9

10.00 70-13098ug/Ln-Butylbenzene 9.8

10.00 70-13099ug/Ln-Propylbenzene 9.9

10.00 70-130102ug/Lsec-Butylbenzene 10.2

10.00 70-13090ug/LStyrene 9.0

10.00 70-130101ug/Ltert-Butylbenzene 10.1

10.00 70-13088ug/LTertiary-amyl methyl ether 8.8

10.00 70-13094ug/LTetrachloroethene 9.4

10.00 70-13091ug/LTetrahydrofuran 9.1

10.00 70-13089ug/LToluene 8.9

10.00 70-13086ug/Ltrans-1,2-Dichloroethene 8.6

10.00 70-13082ug/Ltrans-1,3-Dichloropropene 8.2

10.00 70-13096ug/LTrichloroethene 9.6

10.00 70-13079ug/LTrichlorofluoromethane 7.9

10.00 70-130108ug/LVinyl Chloride 10.8

10.00 70-130100ug/LXylene O 10.0

20.00 70-13095ug/LXylene P,M 19.0

ug/LXylenes (Total) 29.0

25.00 70-13010726.8 ug/LSurrogate: 1,2-Dichloroethane-d4

25.00 70-1309523.8 ug/LSurrogate: 4-Bromofluorobenzene

25.00 70-1309223.1 ug/LSurrogate: Dibromofluoromethane

25.00 70-13010025.1 ug/LSurrogate: Toluene-d8

LCS Dup

10.00 2070-13083 11ug/L1,1,1,2-Tetrachloroethane 8.3
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

8260B Volatile Organic Compounds

Batch CE71150 - 5030B

10.00 2070-13093 2ug/L1,1,1-Trichloroethane 9.3

10.00 2070-130104 5ug/L1,1,2,2-Tetrachloroethane 10.4

10.00 2070-13092 1ug/L1,1,2-Trichloroethane 9.2

10.00 2070-13091 0.7ug/L1,1-Dichloroethane 9.1

10.00 2070-13096 4ug/L1,1-Dichloroethene 9.6

10.00 2070-13089 4ug/L1,1-Dichloropropene 8.9

10.00 2070-13098 5ug/L1,2,3-Trichlorobenzene 9.8

10.00 2070-13093 9ug/L1,2,3-Trichloropropane 9.3

10.00 2070-130106 2ug/L1,2,4-Trichlorobenzene 10.6

10.00 2070-130100 5ug/L1,2,4-Trimethylbenzene 10.0

10.00 2070-13095 9ug/L1,2-Dibromo-3-Chloropropane 9.5

10.00 2070-13086 2ug/L1,2-Dibromoethane 8.6

10.00 2070-130100 1ug/L1,2-Dichlorobenzene 10.0

10.00 2070-13095 0.3ug/L1,2-Dichloroethane 9.5

10.00 2070-13088 8ug/L1,2-Dichloropropane 8.8

10.00 2070-130102 3ug/L1,3,5-Trimethylbenzene 10.2

10.00 2070-13096 6ug/L1,3-Dichlorobenzene 9.6

10.00 2070-13092 6ug/L1,3-Dichloropropane 9.2

10.00 2070-13097 1ug/L1,4-Dichlorobenzene 9.7

200.0 2000-332118 2ug/L1,4-Dioxane - Screen 236

10.00 2070-13094 2ug/L2,2-Dichloropropane 9.4

50.00 2070-13090 2ug/L2-Butanone 44.8

10.00 2070-13094 2ug/L2-Chlorotoluene 9.4

50.00 2070-13088 7ug/L2-Hexanone 43.8

10.00 2070-13099 0.8ug/L4-Chlorotoluene 9.9

10.00 2070-130104 2ug/L4-Isopropyltoluene 10.4

50.00 2070-13098 0.8ug/L4-Methyl-2-Pentanone 49.1

50.00 2070-130101 5ug/LAcetone 50.6

10.00 2070-13093 1ug/LBenzene 9.3

10.00 2070-13097 1ug/LBromobenzene 9.7

10.00 2070-13088 7ug/LBromochloromethane 8.8

10.00 2070-13082 1ug/LBromodichloromethane 8.2

10.00 2070-13082 0ug/LBromoform 8.2

10.00 2070-130116 2ug/LBromomethane 11.6

10.00 2070-13090 8ug/LCarbon Disulfide 9.0

10.00 2070-13095 1ug/LCarbon Tetrachloride 9.5

10.00 2070-13091 2ug/LChlorobenzene 9.1

10.00 2070-13095 7ug/LChloroethane 9.5

10.00 2070-13095 2ug/LChloroform 9.5

10.00 2070-13082 2ug/LChloromethane 8.2

10.00 2070-130101 1ug/Lcis-1,2-Dichloroethene 10.1

10.00 2070-13083 7ug/Lcis-1,3-Dichloropropene 8.3

10.00 2070-13090 3ug/LDibromochloromethane 9.0

10.00 2070-13085 0.1ug/LDibromomethane 8.5

10.00 2070-13078 2ug/LDichlorodifluoromethane 7.8
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

8260B Volatile Organic Compounds

Batch CE71150 - 5030B

10.00 2070-13084 14ug/LDiethyl Ether 8.4

10.00 2070-13088 5ug/LDi-isopropyl ether 8.8

10.00 2070-13089 1ug/LEthyl tertiary-butyl ether 8.9

10.00 2070-130101 5ug/LEthylbenzene 10.1

10.00 2070-130111 2ug/LHexachlorobutadiene 11.1

10.00 2070-13085 8ug/LHexachloroethane 8.5

10.00 2070-13095 7ug/LIsopropylbenzene 9.5

10.00 2070-130105 12ug/LMethyl tert-Butyl Ether 10.5

10.00 2070-13086 6ug/LMethylene Chloride 8.6

10.00 2070-130103 4ug/LNaphthalene 10.3

10.00 2070-130100 2ug/Ln-Butylbenzene 10.0

10.00 2070-130101 2ug/Ln-Propylbenzene 10.1

10.00 2070-130106 4ug/Lsec-Butylbenzene 10.6

10.00 2070-13081 10ug/LStyrene 8.1

10.00 2070-130111 9ug/Ltert-Butylbenzene 11.1

10.00 2070-13085 4ug/LTertiary-amyl methyl ether 8.5

10.00 2070-13093 0.8ug/LTetrachloroethene 9.3

10.00 2070-130111 20ug/LTetrahydrofuran 11.1

10.00 2070-13092 3ug/LToluene 9.2

10.00 2070-13083 3ug/Ltrans-1,2-Dichloroethene 8.3

10.00 2070-13081 1ug/Ltrans-1,3-Dichloropropene 8.1

10.00 2070-13097 2ug/LTrichloroethene 9.7

10.00 2070-13079 0.1ug/LTrichlorofluoromethane 7.9

10.00 2070-130114 6ug/LVinyl Chloride 11.4

10.00 2070-13095 4ug/LXylene O 9.5

20.00 2070-13096 0.9ug/LXylene P,M 19.2

ug/LXylenes (Total) 28.7

25.00 70-13010426.0 ug/LSurrogate: 1,2-Dichloroethane-d4

25.00 70-1309724.2 ug/LSurrogate: 4-Bromofluorobenzene

25.00 70-1309523.8 ug/LSurrogate: Dibromofluoromethane

25.00 70-13010225.6 ug/LSurrogate: Toluene-d8

Classical Chemistry

Batch CE70434 - [CALC]

Blank

0.010 mg/LNitrate as N ND

0.010 mg/LNitrite as N ND

0.010 mg/LNitrite as N ND

LCS

mg/LNitrate as N ND

0.2497 90-110101mg/LNitrite as N 0.253

0.2497 90-110101mg/LNitrite as N 0.253

Batch CE70435 - [CALC]

Blank
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

Classical Chemistry

Batch CE70435 - [CALC]

0.020 mg/LNitrate as N ND

0.020 mg/LNitrate/Nitrite as N ND

LCS

mg/LNitrate as N 0.544

0.5000 90-110109mg/LNitrate/Nitrite as N 0.544

Batch CE70537 - General Preparation

Blank

0.10 mg/LOrtho-phosphate as P ND

LCS

0.5000 90-110102mg/LOrtho-phosphate as P 0.51

Batch CE70819 - General Preparation

Blank

3.0 mg/LChloride ND

LCS

30.00 90-110100mg/LChloride 30.1

Batch CE70844 - General Preparation

Blank

0.10 mg/LTotal Phosphate as P ND

LCS

0.10 0.5000 90-110100mg/LTotal Phosphate as P 0.50

Batch CE70905 - NH4 Prep

Blank

0.10 mg/LAmmonia as N ND

LCS

0.10 0.09994 80-120110mg/LAmmonia as N 0.11

LCS

0.10 0.9994 80-12098mg/LAmmonia as N 0.98
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Notes and Definitions 

U Analyte included in the analysis, but not detected

D Diluted.

CD- Continuing Calibration %Diff/Drift is below control limit (CD-).

Sample results reported on a dry weight basis
Relative Percent DifferenceRPD

dry
Analyte NOT DETECTED at or above the MRL (LOQ), LOD for DoD Reports, MDL for J-Flagged AnalytesND

MDL
MRL

Method Detection Limit
Method Reporting Limit

I/V
F/V

Initial Volume
Final Volume

§ Subcontracted analysis; see attached report
1
2
3

Range result excludes concentrations of surrogates and/or internal standards eluting in that range.
Range result excludes concentrations of target analytes eluting in that range.
Range result excludes the concentration of the C9-C10 aromatic range.

Avg Results reported as a mathematical average.
NR No Recovery

LOD Limit of Detection

[CALC] Calculated Analyte

LOQ Limit of Quantitation

DL Detection Limit

SUB Subcontracted analysis; see attached report
Reporting LimitRL

EDL Estimated Detection Limit
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1705144

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

ESS LABORATORY CERTIFICATIONS AND ACCREDITATIONS

ENVIRONMENTAL

Rhode Island Potable and Non Potable Water: LAI00179

http://www.health.ri.gov/find/labs/analytical/ESS.pdf

Connecticut Potable and Non Potable Water, Solid and Hazardous Waste: PH-0750

http://www.ct.gov/dph/lib/dph/environmental_health/environmental_laboratories/pdf/OutofStateCommercialLaboratories.pdf

Maine Potable and Non Potable Water, and Solid and Hazardous Waste:  RI00002

http://www.maine.gov/dhhs/mecdc/environmental-health/dwp/partners/labCert.shtml

Massachusetts Potable and Non Potable Water: M-RI002

http://public.dep.state.ma.us/Labcert/Labcert.aspx

New Hampshire (NELAP accredited) Potable and Non Potable Water, Solid and Hazardous Waste: 2424

http://des.nh.gov/organization/divisions/water/dwgb/nhelap/index.htm

New York (NELAP accredited) Non Potable Water, Solid and Hazardous Waste: 11313

http://www.wadsworth.org/labcert/elap/comm.html

New Jersey (NELAP accredited) Non Potable Water, Solid and Hazardous Waste: RI006

http://datamine2.state.nj.us/DEP_OPRA/OpraMain/pi_main?mode=pi_by_site&sort_order=PI_NAMEA&Select+a+Site:=58715

United States Department of Agriculture Soil Permit: P330-12-00139

Pennsylvania: 68-01752

http://www.dep.pa.gov/Business/OtherPrograms/Labs/Pages/Laboratory-Accreditation-Program.aspx
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Grain Size Analysis Report 
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Hydraulic Conductivity Approximation
Orleans, MA

Summary of Equations:

Vukovic and Soro n=0.255*(1+0.83^u) U=(d60/d10)

Sheperds

b and c are read from Sheperds Chart

Hazen Ksat=c(d10)^2; c=1.0 to 1.5; d10 (mm)

Kozeny-Carman Ksat=g/viscosity*8.3*0.0018[n^3/(1-n)^2]*d10^2

Slitcher Ksat=g/viscosity*1*0.01*n^3.287*d10^2

g 9.81 m/s^2
viscosity 1.004E-06 m^2/s

Summary of Results
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Soil sample Depth (ft) D10 (mm) D50 (mm) D60 (mm) U(d60/d10)
n

(porosity) Classification Fines(%)

Kozeny-
Carman

Ksat
(ft/day)

Sheperds
Ksat

(ft/day)

Hazen
Ksat

(ft/day)

Slitcher
Ksat

(ft/day)

Sample
Average
(FT/day)

TTS-1-TP 10-15 10-15.0 0.0963 0.2044 0.2319 2.41 0.42 Poorly graded SAND with Silt 0.06 45.83 34.00 39.71 14.57 33.53

TTS-1 45-46.5 45-46.5 0.0056 0.0823 0.1225 21.7 0.26 Silty SAND 0.47 7.58 0.05 0.01 2.55

TTS-2-TP 10-15 10-15.0 0.1632 0.5646 0.7039 4.31 0.37 Poorly graded SAND 0.04 77.44 181.76 92.58 117.26

TTS-2 21-21.5 21-21.5 0.0124 0.1754 0.2763 22.32 0.26 Silty SAND 0.33 26.41 0.05 13.23

TTS-3 15-16.5  15-16.5 0.0035 0.0168 0.021 5.91 0.34 SILT 0.98 0.55 0.01 0.28

TTS-4 15.5-16.5 15.5-16.5 0.0032 0.0798 0.1482 46.95 0.26 Silty SAND 0.49 7.20 0.00 3.60

 Grain size outside the equation applicability range

 Insufficient grain size data

Based on average K value for Silt

Table 2
Summary of Aquifer Charactistics - Grain-size Analysis
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Laboratory Reports – Groundwater Quality 
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ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

CERTIFICATE OF ANALYSIS

Mark Owen

AECOM Environment - ENSR

9 Jonathon Bourne Dr.

Pocasset, MA 02559

RE:  Orleans MA (60476644 T10.1B)

ESS Laboratory Work Order Number:   1704795

This signed Certificate of Analysis is our approved release of your analytical results. These results are 

only representative of sample aliquots received at the laboratory. ESS Laboratory expects its clients to 

follow all regulatory sampling guidelines. Beginning with this page, the entire report has been paginated. 

This report should not be copied except in full without the approval of the laboratory. Samples will be 

disposed of thirty days after the final report has been delivered. If you have any questions or concerns, 

please feel free to call our Customer Service Department. 

Laurel Stoddard

Laboratory Director

Analytical Summary

The project as described above has been analyzed in accordance with the ESS Quality Assurance Plan. 

This plan utilizes the following methodologies: US EPA SW-846, US EPA Methods for Chemical 

Analysis of Water and Wastes per 40 CFR Part 136, APHA Standard Methods for the Examination of 

Water and Wastewater, American Society for Testing and Materials (ASTM), and other recognized 

methodologies. The analyses with these noted observations are in conformance to the Quality Assurance 

Plan. In chromatographic analysis, manual integration is frequently used instead of automated 

integration because it produces more accurate results.

The test results present in this report are in compliance with TNI and relative state standards, and/or 

client Quality Assurance Project Plans (QAPP). The laboratory has reviewed the following: Sample 

Preservations, Hold Times, Initial Calibrations, Continuing Calibrations, Method Blanks, Blank Spikes, 

Blank Spike Duplicates, Duplicates, Matrix Spikes, Matrix Spike Duplicates, Surrogates and Internal 

Standards. Any results which were found to be outside of the recommended ranges stated in our SOPs 

will be noted in the Project Narrative.

Subcontracted Analyses

Grain Size Analysis, Hydrometer AnalysesCTS - Cranston, RI
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1704795

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

SAMPLE RECEIPT

The following samples were received on April 28, 2017 for the analyses specified on the enclosed Chain of Custody Record. 

The samples and analyses listed below were analyzed in accordance with the Guidelines Establishing Test Procedures for 

the Analysis of Pollutants, 40 CFR Part 136, as amended.

Lab Number MatrixSample Name Analysis
CLS-1 70-72 §Soil1704795-01 

CLS-1 86-88 §Soil1704795-02 

CLS-1 95.5-96 §Soil1704795-03 

CLS-1 108-110 §Soil1704795-04 

CLS-2 21-24 §Soil1704795-05 

CLS-2 64.66 §Soil1704795-06 

CLS-2 74-76 §Soil1704795-07 

CLS-2 80-82 §Soil1704795-08 

CLS-3 65-69 §Soil1704795-09 

CLS-3 73-77 §Soil1704795-10 

CLS-3 87-95 §Soil1704795-11 

CLS TP-3 15-15 §Soil1704795-12 

CLS TP-7 10-15 §Soil1704795-13 

TTS-1-TP 10-15 §Soil1704795-14 

TTS-1 45-46.5 §Soil1704795-15 

TTS-2-TP 10-15 §Soil1704795-16 

TTS-2 21-21.5 §Soil1704795-17 

TTS-3 15-16.5 §Soil1704795-18 

TTS-4 15.5-16.5 §Soil1704795-19 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1704795

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

PROJECT NARRATIVE

End of Project Narrative.

No unusual observations noted.

DATA USABILITY LINKS
To ensure you are viewing the most current version of the documents below, please clear your internet cookies for 

www.ESSLaboratory.com. Consult your IT Support personnel for information on how to clear your internet cookies.

Definitions of Quality Control Parameters

Semivolatile Organics Internal Standard Information

Volatile Organics Internal Standard Information

Volatile Organics Surrogate Information

Semivolatile Organics Surrogate Information

EPH and VPH Alkane Lists
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1704795

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

CURRENT SW-846 METHODOLOGY VERSIONS

Prep Methods

3005A - Aqueous ICP Digestion

3020A - Aqueous Graphite Furnace / ICP MS Digestion

3050B - Solid ICP / Graphite Furnace / ICP MS Digestion

3060A - Solid Hexavalent Chromium Digestion

3510C - Separatory Funnel Extraction

3520C - Liquid / Liquid Extraction

3540C - Manual Soxhlet Extraction

3541 - Automated Soxhlet Extraction

3546 - Microwave Extraction

3580A - Waste Dilution

5030B - Aqueous Purge and Trap

5030C - Aqueous Purge and Trap

5035 - Solid Purge and Trap

Analytical Methods

1010A - Flashpoint

6010C - ICP

6020A - ICP MS

7010   - Graphite Furnace

7196A - Hexavalent Chromium

7470A - Aqueous Mercury

7471B - Solid Mercury

8011 - EDB/DBCP/TCP

8015C - GRO/DRO

8081B - Pesticides

8082A - PCB

8100M - TPH

8151A - Herbicides

8260B - VOA

8270D - SVOA

8270D SIM - SVOA Low Level

9014 - Cyanide

9038 - Sulfate

9040C - Aqueous pH

9045D - Solid pH (Corrosivity)

9050A - Specific Conductance

9056A - Anions (IC)

9060A - TOC

9095B - Paint Filter

MADEP 04-1.1 - EPH / VPH

SW846 Reactivity Methods 7.3.3.2 (Reactive Cyanide) and 7.3.4.1 (Reactive Sulfide) have been withdrawn by EPA. These 

methods are reported per client request and are not NELAP accredited.

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
Dependability          ♦          Quality          ♦          Service

Page 4 of 35



Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1704795

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Classical Chemistry

Client Sample ID:  CLS-1 70-72
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-01
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Client Sample ID:  CLS-1 86-88
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-02
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Client Sample ID:  CLS-1 95.5-96
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-03
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Hydrometer See Attached

Client Sample ID:  CLS-1 108-110
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-04
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Client Sample ID:  CLS-2 21-24
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-05
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Hydrometer See Attached
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1704795

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Classical Chemistry

Client Sample ID:  CLS-2 64.66
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-06
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Client Sample ID:  CLS-2 74-76
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-07
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Hydrometer See Attached

Client Sample ID:  CLS-2 80-82
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-08
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Client Sample ID:  CLS-3 65-69
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-09
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Client Sample ID:  CLS-3 73-77
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-10
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Hydrometer See Attached

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
Dependability          ♦          Quality          ♦          Service
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1704795

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Classical Chemistry

Client Sample ID:  CLS-3 87-95
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-11
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Client Sample ID:  CLS TP-3 15-15
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-12
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Client Sample ID:  CLS TP-7 10-15
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-13
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Client Sample ID:  TTS-1-TP 10-15
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-14
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Client Sample ID:  TTS-1 45-46.5
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-15
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Hydrometer See Attached

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
Dependability          ♦          Quality          ♦          Service
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1704795

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Classical Chemistry

Client Sample ID:  TTS-2-TP 10-15
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-16
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Client Sample ID:  TTS-2 21-21.5
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-17
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Hydrometer See Attached

Client Sample ID:  TTS-3 15-16.5
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-18
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Hydrometer See Attached

Client Sample ID:  TTS-4 15.5-16.5
Date Sampled:  04/28/17 00:00

ESS Laboratory Sample ID:  1704795-19
Sample Matrix:  Soil

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Grain Size See Attached

Hydrometer See Attached

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
Dependability          ♦          Quality          ♦          Service
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1704795

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Notes and Definitions 

Z-08 See Attached

Sample results reported on a dry weight basis
Relative Percent DifferenceRPD

dry
Analyte NOT DETECTED at or above the MRL (LOQ), LOD for DoD Reports, MDL for J-Flagged AnalytesND

MDL
MRL

Method Detection Limit
Method Reporting Limit

I/V
F/V

Initial Volume
Final Volume

§ Subcontracted analysis; see attached report
1
2
3

Range result excludes concentrations of surrogates and/or internal standards eluting in that range.
Range result excludes concentrations of target analytes eluting in that range.
Range result excludes the concentration of the C9-C10 aromatic range.

Avg Results reported as a mathematical average.
NR No Recovery

LOD Limit of Detection

[CALC] Calculated Analyte

LOQ Limit of Quantitation

DL Detection Limit

SUB Subcontracted analysis; see attached report
Reporting LimitRL

EDL Estimated Detection Limit

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
Dependability          ♦          Quality          ♦          Service
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1704795

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

ESS LABORATORY CERTIFICATIONS AND ACCREDITATIONS

ENVIRONMENTAL

Rhode Island Potable and Non Potable Water: LAI00179

http://www.health.ri.gov/find/labs/analytical/ESS.pdf

Connecticut Potable and Non Potable Water, Solid and Hazardous Waste: PH-0750

http://www.ct.gov/dph/lib/dph/environmental_health/environmental_laboratories/pdf/OutofStateCommercialLaboratories.pdf

Maine Potable and Non Potable Water, and Solid and Hazardous Waste:  RI00002

http://www.maine.gov/dhhs/mecdc/environmental-health/dwp/partners/labCert.shtml

Massachusetts Potable and Non Potable Water: M-RI002

http://public.dep.state.ma.us/Labcert/Labcert.aspx

New Hampshire (NELAP accredited) Potable and Non Potable Water, Solid and Hazardous Waste: 2424

http://des.nh.gov/organization/divisions/water/dwgb/nhelap/index.htm

New York (NELAP accredited) Non Potable Water, Solid and Hazardous Waste: 11313

http://www.wadsworth.org/labcert/elap/comm.html

New Jersey (NELAP accredited) Non Potable Water, Solid and Hazardous Waste: RI006

http://datamine2.state.nj.us/DEP_OPRA/OpraMain/pi_main?mode=pi_by_site&sort_order=PI_NAMEA&Select+a+Site:=58715

United States Department of Agriculture Soil Permit: P330-12-00139

Pennsylvania: 68-01752

http://www.dep.pa.gov/Business/OtherPrograms/Labs/Pages/Laboratory-Accreditation-Program.aspx

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
Dependability          ♦          Quality          ♦          Service
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LABORATORY TESTING DATA SHEET (1 of 2)

Project Name Orleans - GWDP Location Overland Way, MA Reviewed By

Project No.  1704795 Assigned By T. Parece

Project Manager T. Parece Report Date Date Reviewed 05.08.17
 

Boring/

Test Pit No.

Sample

No.
Depth ft. Lab     No.

Water

Content

%

LL

%

PL

%

Gravel 

%

Sand 

%

Fines  

(<#200) 

%

pH
Sulfate 

(mg/kg)

Chloride 

(mg/kg)

Resistivity 

(Mohms-cm)
GTL Resist

Laboratory Log

and

Soil Description

CLS-1 70-72 17-S-560 0.1 98.0 1.9

Light Brown-White poorly graded 

sand

CLS-1 86-88 17-S-561 0.0 97.3 2.7
Brown poorly graded sand

CLS-1 95.5-96 17-S-562 0.0 56.4 43.6
Brown silty sand

CLS-1 108-110 17-S-563 0.0 94.3 5.7

Brown poorly graded sand with 

silt

CLS-2 21-24 17-S-564 0.0 4.4 95.6
Light Brown silt

CLS-2 64-66 17-S-565 0.0 53.0 47.0
Light White-Brown silty sand

CLS-2 74-76 17-S-566 0.0 41.8 58.2
Light Brown sandy silt

CLS-2 80-82 17-S-567 0.0 89.0 11.0

Light Brown poorly graded sand 

with silt

CLS-3 65-69 17-S-568 0.0 85.6 14.4
Strong Brown silty sand

CLS-3 73-77 17-S-569 0.0 57.3 42.7
Brown silty sand

CLS-3 87-95 17-S-570 0.0 89.6 10.4

Brown poorly graded sand with 

silt

CLS TP-3 15-15 17-S-571 2.0 96.1 1.9
Red-Brown poorly graded sand

 

195 Frances Avenue

Cranston, RI 02910 401-467-6454

05.08.17

Identification Tests Corrosivity
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LABORATORY TESTING DATA SHEET (2 of 2)

Project Name Orleans - GWDP Location Overland Way, MA Reviewed By

Project No.  1704795 Assigned By T. Parece

Project Manager T. Parece Report Date Date Reviewed 05.08.17
 

Boring/

Test Pit No.

Sample

No.
Depth ft. Lab     No.

Water

Content

%

LL

%

PL

%

Gravel 

%

Sand 

%

Fines  

(<#200) 

%

pH
Sulfate 

(mg/kg)

Chloride 

(mg/kg)

Resistivity 

(Mohms-cm)
GTL Resist

Laboratory Log

and

Soil Description

CLS-TP-7 10-15 17-S-572 3.3 92.6 4.1
Brown poorly graded sand

TTS-1-TP 10-15 17-S-573 0.1 94.1 5.8

Red-Brown poorly graded sand 

with silt

TTS-1 45-46.5 17-S-574 0.0 53.0 47.0
Brown silty sand

TTS-2-TP 10-15 17-S-575 14.1 81.8 4.1
Light Brown poorly graded sand

TTS-2 21-21.5 17-S-576 0.0 66.9 33.1
Brown silty sand

TTS-3 15-16.5 17-S-577 0.0 2.5 97.5
Brown silt

TTS-4 15.5-16.5 17-S-578 0.0 51.2 48.8
Brown silty sand

 

195 Frances Avenue

Cranston, RI 02910 401-467-6454

05.08.17

Identification Tests Corrosivity
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17-S-560

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Light Brown-White poorly graded sand

.375
#4
#10
#20
#40
#60

#100
#200

100.0
99.9
99.8
97.6
78.6
45.2
11.4

1.9

NP NV NP

SP A-3

0.5736 0.4934 0.3084
0.2670 0.2035 0.1612
0.1351 2.28 0.99

05.01.17 05.02.17
JL

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 70-72'
Sample Number: CLS-1

Client:

Project:

Project No: Figure

TEST RESULTS (D6913)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)

P
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R
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E
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T
 F
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R
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100

GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel

Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0.0 0.0 0.1 0.1 21.2 76.7 1.9
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Particle Size Distribution Report
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17-S-561

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Brown poorly graded sand

#4
#10
#20
#40
#60

#100
#200

100.0
100.0

99.9
97.1
68.2
19.5

2.7

NP NV NP

SP A-3

0.3470 0.3150 0.2291
0.2076 0.1701 0.1401
0.1267 1.81 1.00

05.01.17 05.02.17
JL

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 86-88'
Sample Number: CLS-1

Client:

Project:

Project No: Figure

TEST RESULTS (D6913)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)

P
E

R
C

E
N

T
 F

IN
E

R
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100

GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel

Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0.0 0.0 0.0 0.0 2.9 94.4 2.7

6
 i
n

.

3
 i
n

.

2
 i
n

.

1
½

 i
n

.

1
 i
n

.

¾
 i
n

.

½
 i
n

.

3
/8

 i
n

.

#
4

#
1

0

#
2

0

#
3

0

#
4

0

#
6

0

#
1

0
0

#
1

4
0

#
2

0
0

Particle Size Distribution Report
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17-S-562

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Brown silty sand

#10
#20
#40
#60

#100
#200

0.0481 mm.
0.0347 mm.
0.0249 mm.
0.0132 mm.
0.0094 mm.
0.0067 mm.
0.0047 mm.
0.0034 mm.
0.0013 mm.

100.0
99.0
96.0
90.0
71.4
43.6
22.7
18.1
14.6

8.9
6.5
6.0
4.8
4.1
3.7

NP NV NP

SM A-4(0)

0.2502 0.2124 0.1106
0.0860 0.0577 0.0257
0.0150 7.35 2.00

05.01.17 05.02.17
IA

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 95.5-96'
Sample Number: CLS-1

Client:

Project:

Project No: Figure

TEST RESULTS (D7928)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)

P
E

R
C

E
N

T
 F
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E

R
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GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel

Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0.0 0.0 0.0 0.0 4.0 52.4 39.8 3.8
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17-S-563

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Brown poorly graded sand with silt

#4
#10
#20
#40
#60

#100
#200

100.0
100.0

99.9
94.5
64.4
25.0

5.7

NP NV NP

SP-SM A-3

0.3778 0.3410 0.2364
0.2093 0.1620 0.1206
0.1001 2.36 1.11

05.01.17 05.02.17
IA

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 108-110'
Sample Number: CLS-1

Client:

Project:

Project No: Figure

TEST RESULTS (D6913)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)

P
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E
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T
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E

R
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GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel

Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0.0 0.0 0.0 0.0 5.5 88.8 5.7
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17-S-564

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Light Brown silt

#10
#20
#40
#60

#100
#200

0.0375 mm.
0.0272 mm.
0.0197 mm.
0.0106 mm.
0.0079 mm.
0.0057 mm.
0.0042 mm.
0.0030 mm.
0.0013 mm.

100.0
100.0

99.9
99.7
98.8
95.6
92.2
87.4
81.8
66.6
60.3
53.9
45.9
39.4
26.1

NP NV NP

ML A-4(0)

0.0320 0.0235 0.0078
0.0049 0.0016

05.01.17 05.02.17
IA

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 21-24'
Sample Number: CLS-2

Client:

Project:

Project No: Figure

TEST RESULTS (D7928)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel

Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0.0 0.0 0.0 0.0 0.1 4.3 62.5 33.1
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17-S-565

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Light White-Brown silty sand

#4
#10
#20
#40
#60

#100
#200

100.0
100.0

99.7
98.5
89.5
68.6
47.0

NP NV NP

SM A-4(0)

0.2537 0.2203 0.1183
0.0840

05.01.17 05.02.17
JL

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 64-66'
Sample Number: CLS-2

Client:

Project:

Project No: Figure

TEST RESULTS (D6913)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
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% Gravel

Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0.0 0.0 0.0 0.0 1.5 51.5 47.0
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17-S-566

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Light Brown sandy silt

#10
#20
#40
#60

#100
#200

100.0
100.0

99.9
99.3
87.3
58.2

NP NV NP

ML A-4(0)

0.1630 0.1407 0.0779

05.01.17 05.02.17
IA

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 74-76'
Sample Number: CLS-2

Client:

Project:

Project No: Figure

TEST RESULTS (D7928)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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17-S-567

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Light Brown poorly graded sand with silt

#4
#10
#20
#40
#60

#100
#200

100.0
100.0

99.8
85.8
50.7
29.5
11.0

NP NV NP

SP-SM A-2-4(0)

0.4656 0.4184 0.2878
0.2469 0.1527 0.0881

05.01.17 05.02.17
JL

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 80-82'
Sample Number: CLS-2

Client:

Project:

Project No: Figure

TEST RESULTS (D6913)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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17-S-568

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Strong Brown silty sand

#4
#10
#20
#40
#60

#100
#200

100.0
100.0

98.6
92.7
79.2
43.9
14.4

NP NV NP

SM A-2-4(0)

0.3484 0.2860 0.1876
0.1640 0.1162 0.0766

05.01.17 05.02.17
JL

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 65-69'
Sample Number: CLS-3

Client:

Project:

Project No: Figure

TEST RESULTS (D6913)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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17-S-569

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Brown silty sand

#10
#20
#40
#60

#100
#200

0.0491 mm.
0.0351 mm.
0.0252 mm.
0.0132 mm.
0.0094 mm.
0.0067 mm.
0.0047 mm.
0.0034 mm.
0.0014 mm.

100.0
99.9
99.8
98.7
79.7
42.7
16.7
14.6
10.8

7.6
6.6
5.1
4.5
3.9
3.0

NP NV NP

SM A-4(0)

0.1894 0.1685 0.0996
0.0837 0.0628 0.0370
0.0234 4.25 1.69

05.01.17 05.02.17
JL

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 73-77'
Sample Number: CLS-3

Client:

Project:

Project No: Figure

TEST RESULTS (D7928)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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Fine Coarse Medium
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Clay
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17-S-570

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Brown poorly graded sand with silt

#4
#10
#20
#40
#60

#100
#200

100.0
100.0

99.8
96.2
71.4
34.3
10.4

NP NV NP

SP-SM A-3

0.3511 0.3144 0.2139
0.1878 0.1389 0.0919

05.01.17 05.02.17
JL

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 87-95'
Sample Number: CLS-3

Client:

Project:

Project No: Figure

TEST RESULTS (D6913)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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0.0010.010.1110100
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Fine Coarse Medium
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Clay
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17-S-571

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Red-Brown poorly graded sand

0.5
0.375

#4
#10
#20
#40
#60

#100
#200

100.0
99.5
98.0
92.2
57.1
19.4

7.0
3.0
1.9

NP NV NP

SP A-1-b

1.8256 1.5482 0.8950
0.7526 0.5327 0.3744
0.3043 2.94 1.04

05.01.17 05.02.17
JL

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 15-15'
Sample Number: CLS-TP-3

Client:

Project:

Project No: Figure

TEST RESULTS (D6913)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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17-S-572

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Brown poorly graded sand

0.5
0.375

#4
#10
#20
#40
#60

#100
#200

100.0
99.4
96.7
93.6
86.2
62.9
37.7
15.6

4.1

NP NV NP

SP A-3

1.0713 0.8044 0.3983
0.3214 0.2132 0.1472
0.1203 3.31 0.95

05.01.17 05.02.17
JL

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 10-15'
Sample Number: CLS-TP-7

Client:

Project:

Project No: Figure

TEST RESULTS (D6913)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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17-S-573

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Red-Brown poorly graded sand with silt

0.375
#4
#10
#20
#40
#60

#100
#200

100.0
99.9
99.5
97.9
90.1
65.5
26.8

5.8

NP NV NP

SP-SM A-3

0.4233 0.3617 0.2319
0.2044 0.1576 0.1163
0.0963 2.41 1.11

05.01.17 05.02.17
JL

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 10-15'
Sample Number: TTS-1-TP

Client:

Project:

Project No: Figure

TEST RESULTS (D6913)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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17-S-574

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Brown silty sand

#10
#20
#40
#60

#100
#200

0.0457 mm.
0.0332 mm.
0.0214 mm.
0.0126 mm.
0.0090 mm.
0.0065 mm.
0.0046 mm.
0.0034 mm.
0.0013 mm.

100.0
98.7
92.2
81.3
65.1
47.0
28.6
23.6
20.7
17.6
14.2
10.7

9.2
7.2
3.9

NP NV NP

SM A-4(0)

0.3684 0.2876 0.1225
0.0823 0.0480 0.0097
0.0056 21.70 3.33

05.01.17 05.02.17
IA

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 45.46.5'
Sample Number: TTS-1

Client:

Project:

Project No: Figure

TEST RESULTS (D7928)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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17-S-575

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Light Brown poorly graded sand

1.5
1

.75
0.5

.375
#4
#10
#20
#40
#60

#100
#200

100.0
89.0
89.0
89.0
86.9
85.9
83.0
67.5
37.3
19.5

8.7
4.1

NP NV NP

SP A-1-b

27.2477 2.9193 0.7039
0.5646 0.3514 0.2091
0.1632 4.31 1.07

05.01.17 05.02.17
JL

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 10-15'
Sample Number: TTS-2-TP

Client:

Project:

Project No: Figure

TEST RESULTS (D6913)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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17-S-576

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Brown silty sand

#4
#10
#20
#40
#60

#100
#200

0.0473 mm.
0.0339 mm.
0.0219 mm.
0.0092 mm.
0.0066 mm.
0.0044 mm.
0.0035 mm.
0.0014 mm.

100.0
97.6
86.9
69.8
57.8
46.9
33.1
20.4
17.7
14.1

8.3
6.5
5.2
4.6
3.0

NP NV NP

SM A-2-4(0)

1.0006 0.7782 0.2763
0.1754 0.0676 0.0242
0.0124 22.32 1.33

05.01.17 05.02.17
IA

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 21-21.5'
Sample Number: TTS-2

Client:

Project:

Project No: Figure

TEST RESULTS (D7928)

Opening Percent Spec.* Pass?

Size Finer (Percent) (X=Fail)
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17-S-577

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Brown silt

#10
#20
#40
#60

#100
#200

0.0335 mm.
0.0255 mm.
0.0200 mm.
0.0115 mm.
0.0086 mm.
0.0062 mm.
0.0045 mm.
0.0035 mm.
0.0014 mm.

100.0
99.0
98.7
98.6
98.4
97.5
80.2
71.5
57.2
38.8
26.1
17.5
13.4

9.9
5.6

NP NV NP

ML A-4(0)

0.0499 0.0407 0.0210
0.0168 0.0094 0.0051
0.0035 5.91 1.19

05.01.17 05.02.17
IA

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 15-16.5'
Sample Number: TTS-3

Client:

Project:

Project No: Figure

TEST RESULTS (D7928)
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17-S-578

Thielsch Engineering Inc.

Cranston, RI

(no specification provided)*

PL= LL= PI=

USCS (D 2487)= AASHTO (M 145)=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

Remarks

Brown silty sand

#4
#10
#20
#40
#60

#100
#200

0.0427 mm.
0.0314 mm.
0.0203 mm.
0.0122 mm.
0.0088 mm.
0.0063 mm.
0.0045 mm.
0.0036 mm.
0.0013 mm.

100.0
97.6
92.3
82.5
72.1
60.2
48.8
36.0
30.6
27.0
21.1
17.9
14.7
12.0
10.6

6.7

NP NV NP

SM A-4(0)

0.6980 0.4944 0.1482
0.0798 0.0298 0.0065
0.0032 46.95 1.90

05.01.17 05.02.17
IA

Matthew Colman, P.E.
Laboratory Manager

ESS/Town of Orleans
Orleans - GWDP
Overland Way, MA

1704795

Material Description

Atterberg Limits (ASTM D 4318)

Classification

Coefficients

Date Received: Date Tested:

Tested By:

Checked By:

Title:

Date Sampled:Source of Sample: Composite Depth: 15.5-16.5'
Sample Number: TTS-4

Client:

Project:

Project No: Figure

TEST RESULTS (D7928)
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Size Finer (Percent) (X=Fail)

P
E

R
C

E
N

T
 F

IN
E

R

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel

Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0.0 0.0 0.0 2.4 15.1 33.7 40.7 8.1

6
 i
n

.

3
 i
n

.

2
 i
n

.

1
½

 i
n

.

1
 i
n

.

¾
 i
n

.

½
 i
n

.

3
/8

 i
n

.

#
4

#
1

0

#
2

0

#
3

0

#
4

0

#
6

0

#
1

0
0

#
1

4
0

#
2

0
0

Particle Size Distribution Report

Page 31 of 35



Page 32 of 35



Page 33 of 35



Page 34 of 35



Page 35 of 35


	Appendix E - Grain Size Analysis - Overland.pdf
	Blank Page

	Appendix D - Lab Report Water - Overland.pdf
	Blank Page

	Appendix A - Correspondence - Overland.pdf
	Blank Page




