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Memorandum 

 

1. Executive Summary 

The Eldredge Parkway Demonstration Test Permeable Reactive Barrier (PRB) was installed at the 
parking lot area southwest of the Nauset Middle School in November 2016.  Baseline groundwater 
monitoring was completed before the PRB installation. Groundwater monitoring since implementation has 
included sampling events in 2017 (January, March, June, and September) and 2018 (January, April).  
While groundwater flow at the location has been found to be complex, some clear trends have developed 
that provide for interpretation of PRB performance to date.  Based on multiple lines of evidence including 
groundwater flow direction, dissolved organic carbon concentrations in groundwater derived from the 
injected PRB substrate and reductions in nitrate concentration, the PRB is performing well in the 
monitored area downgradient of the PRB to the east northeast. 

A portion of the area originally targeted for assessment of PRB performance further to the north of the 
PRB has been found to be potentially outside of the area of influence of the PRB due a difference in 
groundwater flow direction in this northerly area.  Consistent with the Adaptive Management Approach, a 
modification of the Demonstrations Test PRB is recommended that includes extending the PRB treatment 
line to the north to intercept and treat nitrate in groundwater along this untreated flow path. Installation of 
the new section of PRB is scheduled in June 2018. 
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2. Background 

This purpose of this technical memorandum is to provide an update of quarterly groundwater monitoring 
results as part of the Eldredge Parkway Permeable Reactive Barrier demonstration program.  In addition 
to presenting baseline and quarterly groundwater monitoring data, this memorandum also summarizes 
PRB construction with emulsified vegetable oil (EVO) substrate injections for the Eldredge Park 
demonstration test site.  AECOM Technical Services, Inc. (AECOM) PRB Technical Team (AECOM and 
MT Environmental Restoration) prepared this technical memorandum for the Town of Orleans.  AECOM 
is providing water quality and wastewater planning and engineering services to the Town to reduce 
excessive nitrogen loading to the Town’s ponds, estuaries and embayments. 

3. Introduction 

A. The full Project represents the first to implement a “Hybrid” approach under the Cape Cod 208 Water 
Quality Plan, which has been approved by both the United States Environmental Protection Agency 
(USEPA) and the Massachusetts Department of Environmental Protection (MassDEP).  The Project 
goal is to reduce the nitrate load to impacted estuaries in the most cost effective manner by 
maximizing the use of several non-traditional technologies (Coastal Habitat Restoration, Aquaculture, 
and Permeable Reactive Barriers) in combination with limited centralized wastewater treatment. 

B. PRBs are a non-traditional treatment technology with the potential to reduce the levels of nitrate in the 
groundwater by treating groundwater biologically before it reaches sensitive surface water bodies 
such as estuaries. 

C. The results of the demonstration will be incorporated into an overall Adaptive Management Plan 
which will be implemented to evaluate the impacts of the selected technologies to reduce nitrogen 
loading to surface water.  AECOM will continue to work closely with the Town and the regulatory 
agencies including the Cape Cod Commission (CCC) and MassDEP, in implementing the Adaptive 
Management Plan as it is critical to obtaining one of the first watershed permits granted by MassDEP. 

D. The PRB Demonstration Test aims to provide data to assess the cost effectiveness and applicability 
of PRBs as a treatment alternative for the Town.  It is expected that the test will demonstrate the level 
of nitrate removal that can be achieved with PRBs and provide data to prepare a full scale design.  
The Demonstration Tests will be evaluated by the following performance objectives: 

1) Achieve satisfactory distribution of the EVO substrate into the subsurface soils; 

2) Establish and maintain necessary dissolved organic carbon concentrations and anaerobic 
(reducing) conditions in the groundwater while maintaining groundwater flow throughout the 
targeted treatment area; 

3) Demonstrate reduced nitrate concentrations and the mass of nitrate transported in groundwater 
(nitrate flux) through groundwater monitoring; 

4) Evaluate performance through compliance monitoring and assessment of treated water quality, 
including potential secondary water quality affects, through a groundwater monitoring program; 

5) Evaluate the life expectancy of the EVO and time frame for technology performance; 

6) Evaluate potential impacts to sensitive receptors (surface water, private wells, etc.); and 

7) Obtain data for engineering evaluations and to optimize full scale design and implementation to 
meet nitrate reduction targets. 

  



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

AECOM Technical Services, Inc.  Page 3 
Pocasset, MA 

4. Demonstration Test Location 

A. The Eldredge Parkway Demonstration Test site is located in the parking lot area between the Nauset 
Middle School playing fields and the Town-owned Eldredge Park baseball field.  The demonstration 
site is owned by Nauset Public Schools.  The Nauset Regional School Committee granted permission 
to install monitoring wells and conduct the PRB Demonstration Test at this location.  Town Cove is 
located approximately 2,400 feet to the northeast of the PRB Demonstration Test site.  Groundwater 
in this area generally flows in a northeasterly direction, toward Town Cove (Figure 1). 

B. Existing groundwater monitoring wells were identified at the Nauset Regional Middle School (NRMS) 
in the recreational field and parking lot area providing background groundwater quality data.  These 
wells were installed in 1992 as part of an ongoing program to monitor groundwater in the vicinity of 
the NRMS wastewater treatment facility’s leaching fields.  An irrigation well for Eldredge Park was 
also identified near the corner of Eldredge Park and South Orleans Road with an available boring log 
and groundwater quality data. 

5. Demonstration Test  Overview 

A. PRB Treatment Process Description 

1) PRBs are a passive treatment technology, designed in this application to intercept and treat 
nitrate in groundwater through biological denitrification before groundwater reaches downgradient 
surface waters.  The PRB treatment zone is located in the groundwater saturated zone below the 
water table, where amendments are injected along a line to form the PRB.  PRBs are typically 
oriented perpendicular to the direction of groundwater flow and rely on the natural groundwater 
gradient to carry the contaminant through the PRB (ITRC, 2011).  The system is permeable 
because the amendments added are designed not to interfere with groundwater flow. 

2) The PRB in-situ (in place in the ground) treatment method typically introduces a carbon food 
substrate into the aquifer, allowing naturally occurring microbes in the aquifer to consume the 
carbon substrate while respiring oxygen and creating anoxic conditions (without oxygen) 
favorable for denitrifying bacteria.  Under anoxic or anaerobic conditions, maximum energy is 
gained by microbes using nitrate as an electron acceptor (denitrification reaction).  Nitrate is the 
preferred electron acceptor to soil microbes after dissolved oxygen in the groundwater is 
consumed.  This process of bacterial metabolism results in the conversion of nitrate to inert 
nitrogen gas and requires both anoxic conditions and sufficient food substrate for bacterial 
growth. 

Denitrification: NO3
− → NO2

− → NO + N2O → N2 (g) 

B.  Demonstration Test Layout 

The current PRB Demonstration test line is oriented northwest to southeast (perpendicular) to the 
northeasterly regional groundwater flow direction and is approximately 110 feet long.  Future full-
scale PRBs or sections or PRBs are anticipated to be longer (500 to 3,000 feet, depending on the 
location).  Demonstration Test locations are shorter in length, selected to assess 
construction/implementation, and allow intensive monitoring of groundwater conditions in the vicinity 
of the PRB.  A vertical treatment interval from the top of the groundwater table to approximately 35 
feet into the saturated soils was selected for this Demonstration Test PRB. 

C. Reactive Amendment Application Method 

PRBs have been designed and implemented through several construction methods.  During this 
demonstration test, direct-push methods were used place the EVO substrate in the subsurface.  
Direct–push injection is a method of soil boring modified with a down-hole injection screen and tubing 
used for placement of organic carbon electron donor EVO substrate.  The direct-push injections are 
temporary injection points that are sealed following injection. 
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D. PRB Demonstration Test Substrate and System Details 

An EVO solution with a larger droplet size was selected so that the EVO droplets will adhere to sand 
grains in the formation to minimize the advection, or distribution, of EVO after injection.  EVO adheres 
to the sandy aquifer material in the treatment zone and provides a slow release of soluble organic 
carbon compounds that are distributed by advection, dispersion, and diffusion in groundwater.  A 
larger droplet size will also maximize the persistence of the carbon substrate within the PRB.  For this 
demonstration test, Terra System’s 60 percent Large Droplet Slow Release EVO for Nitrate 
Reduction (SRS-NR) was used.  The SRS NR is a modified formulation developed so that the 
emulsion is “stickier” in order to reduce migration after injection and increase persistence.  Injecting 
EVO diluted with water enhances the distribution of EVO in the subsurface.  The 60 percent EVO was 
mixed with water making a 15.5 percent solution for injection. 

For in-situ remediation technologies, delivery of an appropriate amount of injected amendments is a 
primary factor to achieving successful treatment.  Sufficient carbon substrate/electron donor material 
must be applied to establish nitrate reducing conditions in the PRB.  The Substrate Estimating Tool 
for Enhanced Anaerobic Bioremediation of Chlorinated Solvents developed for the Environmental 
Security Technology Certification Program (ESTCP) was used to support EVO quantities for the PRB 
Demonstration Tests.  This tool estimates quantities of various carbon substrates to provide sufficient 
amendment for the sum of electron donor demand from electron acceptors (dissolved oxygen, nitrate, 
and sulfate) as well as dissolved volatile organic compounds if present.  For the Demonstration Test, 
the EVO dosage was determined primarily to meet the electron donor demand based on site 
conditions including expected nitrate concentrations.  Actual quantities of EVO used to establish the 
Demonstration Test treatment zone are summarized in Table 4-1. 

The metabolism of added carbon substrate by soil microbes can result in a decrease in groundwater 
pH, and a neutralization agent (i.e., sodium bicarbonate) is sometimes injected with the carbon 
substrate to counteract changes in pH.  Groundwater pH is typically between pH 5.5 and pH 6 across 
Cape Cod. Denitrifying bacteria are most active in circumneutral groundwater (pH 6 to 8).  Based on 
groundwater data indicating a lower pH (5.5-6.5) at the site, sodium bicarbonate was used as a pH 
buffer with the EVO.  Approximately 10.3 pounds of sodium bicarbonate was added per 300-gallons 
of EVO solution. 

Table 4-1 - Summary of Design Parameters for 
Permeable Reactive Barrier Demonstration Test 

  

Parameter Demonstration Test Site 
  

Area Description Parking lot between the playing fields off Eldredge Park 
Depth to Ground Water 30 to 40 feet below grade 

Demonstration Test PRB Length 110 feet 
Injection Interval 38 to 68 feet below grade 

Injection Point Spacing 10 feet 
Injection Points 17 

Injection Pore Volume 12 percent (assumed effective porosity of 25 percent) 
Total Injection Volume (gal) 10,800 

Injection Volume Per Point (gal) 600 (Three points received 720, 820, 860 gal in order to use 
the remainder of the EVO.) 

EVO Dilution 15.5 percent (~3.9:1 dilution from 60 percent EVO delivered) 
Total EVO (gal) 2,620 (60 percent soy bean oil) 
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E. Substrate Delivery Record 

ISOTEC, Inc. performed the injections on November 15, 2016 through November 18, 2016 with 
oversight by the AECOM PRB Team.  Injection of carbon substrate was performed directly through 
direct-push (i.e., GeoProbe®) rods, configured in 4-foot or 8-foot intervals with thin, laser cut injection 
holes.  During the Demonstration Test, there were few geological limitations observed.  The majority 
of the EVO was injected successfully with wellhead/injection pressure reading of 0 psi indicating no 
measureable resistance to injection.  Several wells had higher wellhead pressures, close to 20 psi, 
particularly at their deepest intervals (56 to 68 feet).  The higher pressure may indicate injection into 
lower permeability material such as finer sand and silt.  The 17 injection points were spaced 
approximately 10 feet apart.  In order to assess the effect of injection point density and injection 
volume, the eastern side of the PRB consisted of 10 points configured in two parallel, offset lines of 
five points each.  The five points were spaced approximately 10 feet from each other.  The second 
line was five feet downgradient and off-set by five feet.  The western side of the PRB consisted of a 
single line with seven points, spaced 10 feet apart.  Injection locations are depicted on Figure 1. 

F. Field Injection Activities 

The system for preparation, mixing, and injection of substrate solutions consisted of mixing tanks, 
mixers, pumps, piping, meters, valves, and fittings.  All components were selected from materials that 
are compatible for use with the selected amendments.  Injection batches were prepared in 300-gallon 
plastic tanks by adding appropriate quantities of water to achieve the selected dilution concentration.  
Mobile above-ground pumps and hoses were used to convey EVO directly to the injection points.  
Flow totalizers, pressure gauges, and shut-off valves were used to monitor injection pressure, flow 
rates, and total volume added to each injection interval at each injection point. 

At each injection point, a direct-push drill rig advanced injection tooling to a targeted depth of 68 feet 
below grade.  Seventy-five gallons of the diluted EVO solution were injected per four-foot interval. 
Both 4-foot and 8-foot injection points were used for injection.  The injection rods were lifted up four 
(or eight) feet to the subsequent injection target depth and the process was repeated.  This method of 
direct-push injection is referred to as bottom-up injection.  To minimize mounding and improve 
delivery, injection was generally not performed at adjacent points at the same time.  A field log was 
maintained to record the solution composition, volume of solution delivered to each injection interval 
at injection point, length of time required for injection, and the injection pressure. Electricity to power 
remediation equipment was provided by a gasoline-powered generator.  Potable water for batching 
and injection was collected from a nearby hydrant. More installation detail can be found in the 
Technical Memorandum for Eldredge Park Permeable Reactive Barriers Demonstration Overview of 
Baseline Sampling, Injection Activities and Post-Injection Groundwater Monitoring – Final (AECOM, 
March 2017). 

6. Permitting 

The EPA Underground Injection Control (UIC) Program is responsible for regulating the construction, 
operation, permitting, and closure of injection wells that place fluids underground for storage and 
disposal.  The UIC Program requirements were developed by EPA and designed to be adopted by states.  
The Massachusetts Department of Environmental Protection (MassDEP) UIC Program is defined in 310 
CMR 27.00: Underground Injection Control Regulations and details the regulation of injection of fluids 
within Massachusetts. 

To implement the Demonstration Test a UIC permit application (MassDEP form BRPWS 06) was filed 
with MassDEP under the category “Aquifer Remediation.”  Similar injections of carbon substrates to 
enhance biodegradation of chemicals in groundwater have been commonly implemented in 
Massachusetts.  Many of these sites are exempt from the UIC registration process if the injections are 
conducted for waste site cleanup in accordance with the Massachusetts Contingency Plan (MCP, 310 
CMR 40.0000) or similar federal statutes. In implementing the Demonstration Test all injections 
associated with the PRB complied with the requirements of the Massachusetts UIC regulations and the 
MCP requirements, including all required monitoring.  MassDEP issued UIC Registration 
ID#MAS41A224209-5B6 for the Demonstration Test. 
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7. PRB Demonstration Test Performance Monitoring 

A. General 

Performance monitoring of the PRB Demonstration Test is being implemented to assess nitrate 
reduction, concentrations of biogeochemical indicators, and the distribution of the injected reagents.  
It is anticipated that the monitoring program will be frequently evaluated and modified to respond to 
observations, adjusting the monitoring as necessary. 

Groundwater samples are collected from selected monitoring wells in the Demonstration Test area.  
The monitoring well network includes 31 monitoring wells screens, including multi-level monitoring 
wells and single monitoring wells upgradient and downgradient of the PRB within the regional flow 
system.  These wells are aligned in two transects oriented from southwest to northeast. There are 
additional monitoring wells located cross gradient and more regional monitoring wells around the PRB 
area.  The monitoring network plan view is presented on Figure 1 and PRB monitoring well transect 
cross sections Transect 1 (A-A’) and Transect 2 (B-B’) shown on Figure 2 and Figure 3 respectively.  
The monitoring wells upgradient and downgradient of the PRB are used to evaluate changes to 
nitrate concentrations and groundwater quality based on PRB performance.  Monitoring wells 
downgradient of the PRB are located at selected distances from the PRB along the transects to 
assess distance of emulsion travel, extent of reducing conditions for denitrification, potential for 
metals mobilization.  The wells are also used for collection of groundwater elevation data for 
monitoring groundwater flow. 

B. Sampling Method, Frequency, and Analyses 

Groundwater samples are collected using a submersible pump.  Groundwater quality parameters 
measured in the field include pH, oxidation reduction potential (ORP), dissolved oxygen (DO), specific 
conductivity, temperature, and turbidity.  Field parameters are monitored with the use of a multi-
parameter probe in a flow-through cell.  Samples are collected after field water quality parameters 
stabilize. 

Groundwater samples were collected prior to EVO injection to provide a comparative baseline to 
evaluate performance of the Demonstration Test.  Baseline groundwater samples were analyzed to 
determine pre-treatment concentrations of nitrate and other indicator parameters.  Concentration 
change is indicative of the impact of the PRB.  Several synoptic water level monitoring events were 
conducted prior to the start of injections to assess the groundwater flow direction and gradient. 
Monitoring well construction details are provided in Table 1 and elevation data is included in Table 2. 

During injection activities, select groundwater wells were monitored for field parameters (pH, 
temperature, dissolved oxygen, oxidation-reduction potential, and conductivity).  Additionally, the 
EVO vendor Terra Systems monitored the 10 foot and 20 foot downgradient monitoring wells using 
an in-well probe for these same parameters in order to observe any potential changes during 
injection.  During the third full day of injections, select wells were sampled and analyzed for dissolved 
organic carbon (DOC) and alkalinity to estimate whether there had been any EVO migration.  
Generally DOC and alkalinity test results did not indicate EVO migration.  Visual monitoring at test 
wells located 10 foot and 20 foot downgradient of injection points indicated sporadic observation of 
higher turbidity and what may have been dilute EVO during injection. 

The first post-injection sampling event was a stand-alone sampling event approximately 7 weeks after 
the injections with samples collected on January 5, 2017 and January 10, 2017.  Following first post 
injection sampling, groundwater sampling is being performed quarterly for a projected period of three 
years.  Primary objectives of the post-injection sampling are to: 

1) Assess potential reduction in nitrate concentrations in groundwater compared to baseline 
samples and/or wells upgradient of the PRB; 

2) Identify distance traveled by EVO emulsion and DOC; 

3) Identify extent of generated reducing conditions; 
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4) Evaluate potential for reduction in aquifer permeability as a result of EVO application; 

5) Evaluate persistence of EVO emulsion and anaerobic conditions favorable for denitrifying 
bacteria after PRB injection; and 

6) Assess changes in groundwater monitoring parameters as a result of the PRB. 

As a result of the generation of reducing conditions in groundwater, temporary mobilization of some 
metals native to the aquifer material may result.  Laboratory analysis of select metals will be 
conducted as part of performance monitoring in select wells.  Table 6-1 presents an overview of the 
Demonstration Test performance monitoring analyses and relevance to the PRB Demonstration Test.  
The monitoring program was designed to be dynamic and continuously evaluated to adjust the 
selected monitoring parameters and frequency of monitoring based on data collected and 
observations. 

Table 6-1 - Summary of Analyses for Groundwater Performance Evaluation 
  

Parameter Relevance to PRB Demonstration Test 
  

Nitrate Primary groundwater compound targeted for treatment. 

Nitrite Intermediate nitrogen species from the aerobic nitrification of ammonia to 
nitrate. 

Ammonia Reduced inorganic nitrogen species that occurs in proximity of septic 
system leach fields and landfills. 

TKN 
 

Total Nitrogen 

Total Kjeldahl Nitrogen (TKN) is the total concentration of organic nitrogen and 
ammonia. 
Analyses provide a summation of all organic and inorganic nitrogen 
species in groundwater as a result of leach fields and landfill. 

CENSUS-DNA 
(Denitrifying Bacteria) 

Analysis quantifies relative abundance of denitrifying bacteria. 

Metals (Fe, Mn, As) Mobility of metals can be impacted by groundwater geochemistry 
changes, notably pH and ORP. 

DOC Dissolved Organic Carbon (DOC) is the limiting factor in enhancing 
denitrification-and is increased by injection of EVO. DOC tracks the area 
of influence of the PRB. 

Sulfate Sulfate will decrease with generation of sufficiently anaerobic conditions 
favorable for sulfate-reducing bacteria. 

pH Denitrification optimal pH (6.0 and 8.5).  Groundwater pH can decrease 
as a result of fermentation of injected carbon substrates. 

ORP Oxidation-reduction potential (ORP) will decrease with generation of 
reducing conditions following injection of carbon substrate. 

Chloride Chloride concentrations indicate potentially infiltrating stormwater. 

Alkalinity Denitrification reactions generate alkalinity (3.57 mg of CaCO3 for each 
mg of nitrate reduced). 

Boron Boron is present in laundry detergents and is an indicator of groundwater 
flow emanating from leach fields. 
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8. PRB Demonstration Test Performance Monitoring Results To Date 

A. Baseline Groundwater Monitoring 

Baseline and cumulative quarterly field and laboratory test results are all shown in Table 3.  Baseline 
groundwater monitoring samples were collected on October 4, 2016, November 3, 2016 and 
November 4, 2016.  Baseline sampling indicated nitrate concentrations ranging from 0.357 mg/L 
(MW-BU2A) to 37 mg/L (MW-1050A) and generally aerobic redox conditions. 

B. Monitoring during Injection Activities 

During the demonstration injections, field parameters were monitored at select upgradient and 
downgradient wells.  Overall, no distinct patterns between the field parameters (temperature, pH, 
dissolved oxygen, conductivity, and turbidity) were observed before, during, and immediately 
following the injections 

Laboratory dilutions were completed by Terra Systems producing stock solutions of EVO at various 
dilutions to determine a reasonable correlation between turbidity and the estimated SRS-NR 
concentrations.  Based on these dilutions and the turbidity measured, data suggests the potential for 
movement of the SRS-NR emulsion up to 20 feet from the injection at certain depths.  However, the 
conductivity was variable and did not correlate to turbidity.  Field visual observations did not indicate 
significant quantities of emulsion at the downgradient wells.  There was potentially a dilute “milky” 
coloration to the groundwater at the 10-foot and 20-foot wells, however, these observations were 
soon followed by indications of “clearer” water.  These observations support the target area 
distribution of EVO along the PRB.  EVO was not observed following completion of injection indicating 
the injected material was stable and not migrating. 

Groundwater samples were collected from seven wells on November 17, 2016 and analyzed for 
alkalinity and DOC.  Alkalinity was measured as a potential indication of the pH buffer that was added 
with the injections and DOC was measured as a potential indication of the EVO.  The alkalinity at the 
downgradient wells (MW-1010C, MW-1020C, MW-2010C, and MW-2020B) ranged from 11 to 20 
mg/L, which is slightly higher than the upgradient and cross-gradient wells (MW-12C, MW-BC2C, and 
MW-BU2C), which ranged from 4 to 13 mg/L.  DOC ranged from 0.576 to 0.852 mg/L and was similar 
for both upgradient/cross-gradient and downgradient wells. 

C. Initial Post-Injection Sampling (7 weeks) 

A total of 14 groundwater samples were collected from select wells on January 5, 2017 and 
January 10, 2017.  The wells sampled included upgradient wells MW-12A/B/C and MW-BU2A/B/C, 
cross-gradient well MW-BC2C, and downgradient wells MW-B1010C, MW-B1020B/C, MW-B1050A, 
MW-B2020B/C, and MW-B2050A.  MW-B2010C was not sampled due to snow cover. 

D. Quarterly Sampling 

1) Q-1 February 2017 

The first post-injection quarterly sampling event occurred on February 23, 2017 and 
February 24, 2017 (Q-1). Four additional monitoring wells were installed and sampled in 
March 2017 for supplementary assessment of groundwater flow direction and nitrate 
concentration.  

The expected lag time from PRB injection to measurable nitrate reduction in groundwater 
immediately downgradient of the barrier is two to four months.  During this time the EVO begins 
to increase DOC concentrations, stimulating biological activity, which leads to an increase in the 
biomass of desired nitrate reducing bacteria. 
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The February samples were collected approximately three months post injection.  Shallow 
groundwater monitoring wells closest to the PRB (MW-B1010C and MW-B2010C) are located 
approximately ten feet downgradient of the injection zone (Figure 1).  The February Quarter-1  
(Q-1) sample at MW-B1010C indicated an increase in DOC from less than 1 mg/L during baseline 
sampling (November 2016) to 14 mg/L at Q-1.  The MW-B1010C nitrate concentration decreased 
27 percent from 13.6 at baseline to 9.94 mg/L at Q-1.  Nitrate concentration data for baseline and 
quarterly sampling is included in Table 3 and on the cross-sections shown in Figure 4 and 
Figure 5. 

Monitoring well MW-B2010C laboratory results also showed an increase in DOC concentrations. 
DOC increased from 2.2 mg/L at baseline to 19 mg/L at Q-1.  Over the same period of time, the 
nitrate concentration decreased 68 percent from 15.7 to 5.06 mg/L. 

Significant increases in DOC were not observed at other monitoring well locations and changes in 
nitrate concentration also did not appear to be significant with the exception of nitrate at 
monitoring well B1050A, where the nitrate concentration decreased 68 percent from 37 mg/L at 
baseline to 11.8 mg/L at Q-1. 

No significant changes for dissolved iron and manganese were noted between the baseline and 
Q-1 sampling.  Methane was not detected in groundwater at any of the locations sampled. These 
results indicate no significant impacts with respect to secondary water quality had occurred.  No 
migration of EVO material was indicated by sampling observations or test results. 

2) Q-2 June 2017 

The second post-injection quarterly sampling (Q-2) event occurred on June 28, 2017 and 
June 29, 2017, approximately seven months post injection.  

During the June 2017 quarterly sampling event, groundwater samples were collected from 24 
monitoring wells and analyzed for nitrate, nitrite, ammonia, total nitrogen, chloride, sulfate, 
dissolved iron, dissolved manganese, total alkalinity, and DOC.  Field-measured parameters, 
such as water level, pH, temperature, DO, ORP, conductivity, and turbidity, were also measured.  
MW-12C has not been repaired from the damage during snow removal and was unable to be 
sampled.  Additionally, water levels were collected from 9 monitoring wells outside of the core 
monitoring well network. 

a) Assessment of Groundwater Flow Through the PRB June 2017 

The PRB treatment line is composed of a series of injection points oriented northwest to 
southeast (perpendicular) to the northeasterly regional groundwater flow direction and is 
approximately 110 feet long.  Depth to groundwater measurements at monitoring wells in the 
immediate vicinity of the PRB were completed prior to sampling during each monitoring 
event.  The depth to water information was used to calculate water elevation and assess the 
direction of groundwater flow by developing contour maps of water level.  Water elevation in 
shallow, intermediate depth, and deep wells were evaluated separately to assess flow 
direction at different depths. 

Note that groundwater elevation can vary over time due to seasonal changes in groundwater 
recharge and can also change over the short term due to significant precipitation events.  
These changes can result in local variations in groundwater flow.  Groundwater flow direction 
can also be in different directions at different depths below the water table, resulting in a 
complex 3-dimensional groundwater flow system. 
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MW-BX1B and MW-BX1C are intermediate and shallow wells that were installed in March 
2017 approximately 20 feet northwest of where EVO was injected during the November 2016 
demonstration injection activities.  The purpose of installing MW-BX1B and MW-BX1C was to 
gather more information to get a better understand the groundwater flow pattern across the 
site and help with the interpretation of observed nitrate concentrations.   High nitrate 
concentrations had been noted along the monitoring transects east of the selected location 
for these new monitoring wells (e.g. at MW-B1020C, MW-B1050B, MW-B1050A, and  
MW-B2020B) shown on Figure 1.  No similar high nitrate concentrations were observed in 
monitoring wells upgradient to the southwest of the PRB (e.g. MW-12A, MW-12B, and  
MW-12C). 

Groundwater elevations calculated from the June 2017 data were interpolated to develop 
groundwater contour lines and assess groundwater flow direction (See AECOM – Technical 
Memorandum for Eldredge Park Permeable Reactive Barriers Demonstration Project – 
Groundwater Monitoring Quarterly Report – Final dated February 5, 2018.  Figure 6, Figure 7, 
and Figure 8). Based on this assessment, flow through the PRB did not appear to reach the 
full set of monitoring wells along the established monitoring well transects. Treated water may 
only be reaching the nearest monitoring wells on the north side and easterly of the PRB (e.g. 
MW-B1010C, MW-B2010C, MW-B2020B, and MW-B2020C).  Monitoring wells further to the 
north along transects 1 and 2 also appeared to be affected by a local source of high nitrate 
concentration. 

b) Assessment of Groundwater Chemistry Data June 2017 

Groundwater sample locations closest to the PRB (MW-B1010C and MW-B2010C) are 
located approximately ten feet downgradient of the injection zone (Figure 1).  The June 
Quarter-2 (Q-2) sample at MW-B1010C indicated an increase in DOC from 14 mg/L during 
Q-1 sampling (February 2017) to 17 mg/L at Q-2.  Similarly, MW-B2010C indicated an 
increase in DOC from 19 mg/L during Q-1 to 83 mg/L during Q-2.  The nitrate concentrations 
at MW-B1010C appear similar to baseline.  The nitrate concentrations at MW-B2010C 
continued to show a concentration (5.7 mg/L) significantly below baseline (15.7 mg/L) and the 
oxidation-reduction potential (ORP) at MW-B2010C was negative, which indicates reducing 
conditions favorable to denitrification. 

The DOC concentrations also increased slightly at the wells located approximately 20 feet 
from the injection points.  MW-B1020B increased from 1.1 mg/L in Q-1 to 3.2 mg/L in Q-2, 
MW-B2020B increased from 1.0 mg/L in Q-1 to 3.5 mg/L in Q-2, MW-B2020C increased from 
2 mg/L in Q-1 to 23 mg/L in Q-2. 

Nitrate increased at upgradient monitoring wells MW-BX1B from 11.4 mg/L at Q-1 to  
34.4 mg/L at Q-2, at MW-BX1C from 0.3 mg/L at Q-1 to 38.7 mg/L at Q-2.  These high nitrate 
concentrations appear to be from a local source and are not within the target PRB treatment 
area.  

Nitrate increased at MW-B1050A from 11.8 mg/L at Q-1 to 26.8 mg/L at Q-2, and at  
MW-B2020B from 14.8 mg/L at Q-1 to 22.4 mg/L at Q-2.  While MW-B1050A and  
MW-B2020B both saw increases in nitrate concentrations, the shallow wells at those 
locations saw decreases in nitrate concentrations.  Nitrate decreased at MW-B1050B from 
28.7 mg/L at Q-1 to 18.2 mg/L at Q-2, at MW-B1050C from 4.0 mg/L at Q-1 to 3.3 mg/L at  
Q-2, and at MW-B2020C from 7.0 mg/L at Q-1 to 0.5 mg/L at Q-2. 

Significant increases in DOC were not observed at other monitoring well locations and 
changes in nitrate concentration also did not appear to be significant. 
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It was also noted that dissolved iron increased from 1.8 mg/L at Q-1 to 24.2 mg/L at Q-2 and 
dissolved manganese increased from 0.2 mg/L at Q-1 to 1.6 mg/L at Q-2 in MW-B2010C.  
Dissolved iron increased from <0.1 mg/L at Q-1 to 8.0 mg/L at Q-2 and dissolved manganese 
increased from 0.1 mg/L at Q-1 to 1.0 mg/L at Q-2 in MW-B2020C.  These two locations are 
also where the significant increases in DOC were observed.  The increases in iron and 
manganese are also indications of the reducing conditions favorable to denitrification.  No 
significant changes for dissolved iron and manganese were noted between the Q-1 and Q-2 
sampling at other locations.  Methane was not detected in groundwater at MW-B1010C but 
was present at 11.3 µg/L at MW-B2010C.  This location demonstrated the highest increase in 
DOC and dissolved iron.  No migration of EVO material was indicated by sampling 
observations or test results. 

3) Q-3 September 2017 

The third post-injection quarterly sampling (Q-3) event occurred on September 12, 2017 and 
September 13, 2017, approximately ten months post-injection.  During the September 2017 
quarterly sampling event, groundwater samples were collected from 24 monitoring wells and 
analyzed for nitrate, nitrite, ammonia, total nitrogen, chloride, sulfate, and DOC.  Select 
groundwater samples were also analyzed for dissolved iron and dissolved manganese.  Field-
measured parameters, such as water level, pH, temperature, DO, ORP, conductivity, and 
turbidity, were also measured.  Additionally, water levels were collected from 6 monitoring wells 
outside of the core monitoring well network. 

a) Assessment of Groundwater Flow Through the PRB September 2017 

Groundwater elevations calculated from the September 2017 data were interpolated to 
develop groundwater contour lines.  These groundwater data indicated a similar pattern to 
the June 2017 contours and confirmed that flow through the PRB does not likely reach the full 
set of monitoring wells along the established monitoring well transects.  Treated water may 
only be reaching the nearest monitoring wells on the north side and easterly of the PRB. 
Monitoring wells along transects 1 and 2 further to the north also continued to be affected by 
a local source of high nitrate concentration originating upgradient to the west of MW-BX1B 
and MW-BX1C. 

b) Assessment of Groundwater Chemistry Data 

Groundwater sample locations closest to the PRB (MW-B1010C and MW-B2010C) are 
located approximately ten feet downgradient of the injection zone (Figure 1).  The September 
Quarter-3 (Q-3) sample at MW-B1010C indicated an increase in DOC from 16.9 mg/L during 
Q-2 sampling (June 2017) to 21.4 mg/L at Q-3.  MW-B2010C indicated a slight decrease in 
DOC from 83.3 mg/L during Q-2 to 69.4 mg/L during Q-3, however, this is still significantly 
elevated over the baseline DOC of 2.2 mg/L.  The nitrate concentrations at MW-B1010C 
decreased to 2.5 mg/L at Q-3 compared to 13.6 mg/L at baseline.  The nitrate concentrations 
at MW-B2010C showed a concentration (0.18 mg/L) well below baseline (15.7 mg/L) and the 
oxidation-reduction potential (ORP) at MW-B2010C was negative (-119.80 mV), which 
indicates more reducing conditions favorable to denitrification. 

The DOC concentrations increased slightly at almost all other monitoring wells.  The largest 
of these increases was noted at MW-2020B, which increased from 3.5 mg/L in Q-2 to  
29.8 mg/L in Q-3 indicating this location was likely now affected by the PRB.  MW-2020B also 
saw a significant decrease in nitrate concentration from 22.4 mg/L in Q-2 to 6.0 mg/L in Q-3.  
Nitrate concentrations saw little to no change at most of the monitoring wells located 50 to  
75 feet from the PRB along transect 1 (A to A’).  Nitrate concentrations decreased slightly at 
the three 50-foot wells on transect 2 (B to B’), with the largest decrease at MW-B2050A, from 
32.8 mg/L in Q-2 to 25.5 mg/L in Q-3. 
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Groundwater nitrate concentrations increased at the upgradient monitoring well MW-BX1B 
from 34.4 mg/L at Q-2 to 39.0 mg/L at Q-3.  The concentration at MW-BX1C remained high at 
37.8 mg/L.  These high nitrate concentrations appear to be from a local source and are not 
within the target PRB treatment area. 

Dissolved iron increased at MW-1010C from 0.14 mg/L in Q-2 to 3.88 mg/L in Q-3.  There 
was no major increase in dissolved manganese at this location.  It was also noted that 
dissolved iron increased from 24.2 mg/L at Q-2 to 46.2 mg/L at Q-3 and dissolved 
manganese increased from 1.6 mg/L at Q-2 to 2.6 mg/L at Q-3 in MW-B2010C.  Dissolved 
iron increased from 8.0 mg/L at Q-2 to 13.1 mg/L at Q-3 and dissolved manganese increased 
from 1.0 mg/L at Q-2 to 2.1 mg/L at Q-3 in MW-B2020C.  The increases in iron and 
manganese are also indications of the reducing conditions favorable to denitrification.  No 
significant changes for dissolved iron and manganese were noted between the Q-2 and Q-3 
sampling at other locations where analyzed.  No migration of EVO material was indicated by 
sampling observations or test results. 

4) Q-4 January 2018 

The fourth post-injection quarterly sampling (Q-4) event occurred on January 8, 2018 through 
January 10, 2018, approximately fourteen months post-injection. During the January 2018 
quarterly sampling event, groundwater samples were collected from 24 monitoring wells and 
analyzed for nitrate, nitrite, ammonia, Total Nitrogen, chloride, sulfate, DOC, dissolved iron and 
dissolved manganese.  Two select wells were also analyzed for boron.  Field-measured 
parameters, such as water level, pH, temperature, DO, ORP, conductivity, and turbidity, were 
also measured.    Additionally, water levels were collected from seven monitoring wells outside of 
the core monitoring well network. 

a) Assessment of Groundwater Flow Through the PRB January 2018 

Groundwater elevations calculated from the January 2018 data were interpolated to develop 
groundwater contour lines.  The groundwater data again indicated a similar groundwater flow 
pattern to that observed in June 2017 and September 2017.  These data again confirmed that 
flow through the PRB does not appear to reach the full set of monitoring wells along the 
established monitoring well transects and treated water may only be reaching the monitoring 
wells approximately 20 feet north of the PRB due to groundwater flow directions. 

b) Assessment of Groundwater Chemistry Data 

Groundwater quality at sample locations closest to the PRB, including MW-B1010C on 
Transect 1 (A-A’) and MW-B2010C on Transect 2 (B to B’), appear to be significantly 
improved by the PRB. Graphs of nitrate and DOC concentrations show generally decreasing 
nitrate concentration trends and increasing DOC concentration trends. Decreasing nitrate 
concentrations and increasing DOC concentrations provide two lines of evidence for PRB 
performance.  The January Quarter-4 (Q-4) sample at MW-B1010C indicated a slight 
decrease in DOC from 21.4 mg/L at Q-3 to 13.6 mg/L at Q-4.  MW-B2010C indicated an 
increase in DOC from 69.4 mg/L during Q-3 to 94.3 mg/L in Q-4.  The nitrate concentrations 
at MW-B1010C increased slightly to 2.76 mg/L, which is still well below the baseline 
concentration of 13.6 mg/L.  The nitrate concentrations at MW-B2010C was below detection 
at <0.03 mg/L, dissolved oxygen was less than 0.5 mg/L, and the oxidation-reduction 
potential (ORP) at MW-B2010C was negative (-102.1 mV), all indicators of reducing 
conditions favorable to denitrification. 
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The monitoring wells located 20 feet from the PRB including MW-B1020B and MW-B1020C 
on Transect 1 (A to A’), and MW-2020B and MW-2020C on Transect 2 (B to B’) also 
appeared to be significantly affected by the PRB with increased DOC concentrations and 
decreased nitrogen concentrations.  Dissolved iron increased at MW-1010C from 3.88 mg/L 
in Q-3 to 9.69 mg/L in Q-4.  There was no major increase in dissolved manganese at this 
location.  It was also noted that dissolved iron increased from 46.2 mg/L at Q-3 to 88.2 mg/L 
at Q-4 and dissolved manganese increased from 2.6 mg/L at Q-3 to 5.2 mg/L at Q-4 in MW-
B2010C.  The increases in iron and manganese are also indications of the reducing 
conditions favorable to denitrification.  Dissolved manganese increased from 2.1 mg/L at Q-3 
to 5.1 mg/L at Q-4 in MW-B2020C, however, dissolved iron decreased from 13.1 mg/L at Q-3 
to 1.8 mg/L at Q-4.  No significant changes for dissolved iron and manganese were noted 
between the Q-3 (or Q-2 when Q-3 unavailable) and Q-4 sampling at other locations where 
this was analyzed.  No migration of EVO material was indicated by sampling observations or 
test results. 

Nitrate concentrations also decreased at all monitoring wells located in an area approximately 
50 feet north from the PRB. The largest decreases were at MW-1050A, from 26.7 mg/L in  
Q-3 to 4.89 mg/L in Q-4 and MW-B2050A, from 25.5 mg/L in Q-3 to 11.6 mg/L in Q-4.  Nitrate 
was also noted top have decreased at the monitoring wells MW-BX1B and MW-BX1C from 
39.0 mg/L at Q-3 to 10 mg/L at Q-4 and at MW-BX1C from 37.8 mg/L at Q-3 to 11.1 mg/L at 
Q-4. The lower nitrate concentrations in the area 50 feet north of the PRB were not 
associated with increased DOC concentrations. These nitrate test results are similar to 
concentrations observed during the first sampling event for MW-BX1B in March 2017. BX1B 
and MW-BX1C appear to be located upgradient from MW-1050A and MW-2050A based on 
groundwater contours.  Changes in concentration in the area 50 feet north of the PRB are not 
likely associated with the PRB. 

Nitrate concentration data for baseline and quarterly sampling is included in Table 3 and on 
the cross-sections shown in Figure 4 and Figure 5.  Nitrate data are also included with 
January 2018 groundwater contours and flow direction for shallow, intermediate depth, and 
deep groundwater monitoring wells on Figure 6, Figure 7, and Figure 8 respectively. 

5) Q-5 April 2018 

The fifth post-injection quarterly sampling (Q-5) event occurred on April 18th and 19th, 2018, 
approximately 17 months post-injection. During the April 2018 quarterly sampling event, 
groundwater samples were collected from 25 monitoring wells and analyzed for nitrate, nitrite, 
ammonia, Total Nitrogen, chloride, sulfate, DOC, dissolved iron and dissolved manganese.  Two 
select wells were also analyzed for boron.  Parameters, such as water level, pH, temperature, 
DO, ORP, conductivity, and turbidity, were also measured in the field.    Additionally, water levels 
were collected from several other monitoring wells outside of the core monitoring well network. 

Concurrent with this quarterly sampling event, several monitoring wells were in the process of 
being installed and repairs were made to existing wells.  These efforts included: repairing MW-1 
and installing four triplet wells and one single screen well.  These were installed at various 
locations to allow for better assessment of groundwater flow direction and were not yet developed 
or sampled as part of this event.      

a) Assessment of Groundwater Flow Through the PRB April 2018 

Groundwater elevations calculated from the April 2018 data were interpolated to develop 
groundwater contour lines (Figure 6, Figure 7, and Figure 8).  The groundwater data again 
indicated a similar groundwater flow pattern to that observed in June 2017 and September 
2017.  These data again confirmed that flow through the PRB does not appear to reach the 
full set of monitoring wells along the established monitoring well transects and treated water 
may only be reaching the monitoring wells approximately 20 feet north of the PRB due to 
groundwater flow directions.   



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

AECOM Technical Services, Inc.  Page 14 
Pocasset, MA 

b) Assessment of Groundwater Chemistry Data 

Nitrate concentration data for baseline and quarterly sampling is included in Table 3 and on 
the cross-sections shown in Figure 4 and Figure 5.  Nitrate data are also included with April 
2018 groundwater contours and flow direction for shallow, intermediate depth, and deep 
groundwater monitoring wells on Figure 6, Figure 7, and Figure 8 respectively. 

Groundwater quality at the Transect 1 wells generally showed an increase in nitrate 
concentration.  This increase in nitrate concentration was also observed at the upgradient 
monitoring wells MW-BX1B and MW-BX1C.  This correlation further supports the observation 
that this area to the north is affected by a high concentrations source, likely the section of the 
Nauset Regional Middle School 1977 leaching pit wastewater infiltration system located 
under the north end of the soccer field.  

Charts 1-8 show trends between nitrate and DOC concentration at various wells. Elevated 
DOC is present in groundwater as a direct result of the injection of the EVO substrate.   In 
general, the wells near the eastern half of the PRB (MW-B2020C, MW-2020B, and MW-
2020C) show a correlating trend between elevated DOC and reduced nitrate concentrations 
compared with the wells on the western half of the PRB (MW-B1020C, MW-1020B). The 
nitrate concentration at MW-B2020B continued to decrease compared to previous sampling 
events. MW-B2010C and MW-B2020C nitrate concentrations remained below detection 
having been previously reduced by effective PRB treatment in this area.     

9. Summary, Schedule, and Coordination 

These monitoring data indicated the PRB is functioning as expected, increasing DOC and reducing 
nitrogen concentrations within the area affected by the PRB.  The treated area is where the flow is from 
the southwest to northeast, through the PRB line to downgradient wells. This treated area is currently 
limited to the area near the southeast section of the PRB.  Monitoring has also indicated the groundwater 
flow from the west to east, not passing through the PRB, is more prevalent approximately 50 feet north of 
the PRB.  This area to the north is affected by a high concentrations source, likely the section of the 
Nauset Regional Middle School 1977 leaching pit wastewater infiltration system located under the north 
end of the soccer field (Figure 9). 

A modification of the PRB system is necessary to improve the demonstration.  This modification requires 
additional monitoring well installation to verify flow directions north of the PRB and establish an additional 
PRB injections zone starting at the west end of the current PRB injection zone and extending to the north 
up to 110 feet, roughly along the edge of the field and parking lot areas.  As mentioned, these wells were 
installed concurrent with the April 2018 sampling event.  The monitoring wells are necessary to verify 
groundwater contours for orientation of the new section of PRB perpendicular to the direction of 
groundwater flow.  Additional injections as part of the PRB extension are scheduled to occur in June 
2018.  This modification of the PRB is being coordinated with Nauset Public Schools Superintendent’s 
office. 

In summary the completed PRB Demonstration Test milestones include: 

• PRB groundwater monitoring network installation; 

• Baseline groundwater quality data collection and analysis; 

• PRB construction with injection of EVO as planned; 

• Initial post-injection water quality data collection and analysis; and 

• First four post-injection quarterly monitoring data collection and analysis. 

The current plan includes collecting quarterly samples for a period of three years.  Periodic reporting will 
be conducted to share results and observations with the Town, regulatory agencies, and the public.  The 
next quarterly monitoring event is expected to occur in July or August 2018. 
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Table 2 Orleans Groundwater Elevations

Well ID Location Date

TOC
Elevation

(ft)

Depth to
Water

(ft )
GW Elevation

(ft)
MW-1 Eldredge Park 11/3/2016 41.31 30.10 11.21
MW-1 Eldredge Park 11/14/2016 41.31 30.20 11.11
MW-1 Eldredge Park 1/18/2017 41.31 30.43 10.88
MW-1 Eldredge Park 1/27/2017 41.31 30.25 11.06
MW-1 Eldredge Park 2/24/2017 41.31 29.50 11.81
MW-1 Eldredge Park 4/25/2017 41.31 28.17 13.14
MW-1 Eldredge Park 6/29/2017 41.31 28.37 12.94
MW-1 Eldredge Park 9/13/2017 41.31 N/A N/A
MW-1 Eldredge Park 1/10/2018 41.31 28.15 13.16
MW-1 Eldredge Park 4/18/2018 41.31 N/A N/A

MW-11 Eldredge Park 11/3/2016 45.14 34.20 10.94
MW-11 Eldredge Park 11/14/2016 45.14 34.20 10.94
MW-11 Eldredge Park 1/18/2017 45.14 34.42 10.72
MW-11 Eldredge Park 1/27/2017 45.14 33.31 11.83
MW-11 Eldredge Park 2/24/2017 45.14 33.87 11.27
MW-11 Eldredge Park 4/25/2017 45.14 32.84 12.30
MW-11 Eldredge Park 6/29/2017 45.14 32.82 12.32
MW-11 Eldredge Park 9/13/2017 45.14 N/A N/A
MW-11 Eldredge Park 1/10/2018 45.14 32.89 12.25
MW-11 Eldredge Park 4/19/2018 45.14 30.30 14.84

MW-11S Eldredge Park 11/3/2016 45.25 34.15 11.10
MW-11S Eldredge Park 11/14/2016 45.25 34.25 11.00
MW-11S Eldredge Park 1/18/2017 45.25 34.51 10.74
MW-11S Eldredge Park 1/27/2017 45.25 34.36 10.89
MW-11S Eldredge Park 2/24/2017 45.25 33.93 11.32
MW-11S Eldredge Park 4/25/2017 45.25 32.92 12.33
MW-11S Eldredge Park 6/29/2017 45.25 32.90 12.35
MW-11S Eldredge Park 9/13/2017 45.25 32.95 12.30
MW-11S Eldredge Park 1/10/2018 45.25 32.97 12.28
MW-11S Eldredge Park 4/19/2018 45.25 30.39 14.86
MW-12A Eldredge Park 11/3/2016 45.57 34.40 11.17
MW-12A Eldredge Park 11/14/2016 45.57 35.01 10.56
MW-12A Eldredge Park 1/18/2017 45.57 34.71 10.86
MW-12A Eldredge Park 1/27/2017 45.57 34.57 11.00
MW-12A Eldredge Park 2/23/2017 45.57 34.16 11.41
MW-12A Eldredge Park 4/25/2017 45.57 33.85 11.72
MW-12A Eldredge Park 6/29/2017 45.57 33.17 12.40
MW-12A Eldredge Park 9/12/2017 45.57 33.17 12.40
MW-12A Eldredge Park 1/8/2018 45.57 33.19 12.38
MW-12A Eldredge Park 4/18/2018 45.57 30.77 14.80
MW-12B Eldredge Park 11/3/2016 45.58 34.50 11.08
MW-12B Eldredge Park 11/14/2016 45.58 34.90 10.68
MW-12B Eldredge Park 1/18/2017 45.58 34.79 10.79
MW-12B Eldredge Park 1/27/2017 45.58 34.64 10.94
MW-12B Eldredge Park 2/23/2017 45.58 34.24 11.34
MW-12B Eldredge Park 4/25/2017 45.58 33.70 11.88
MW-12B Eldredge Park 6/29/2017 45.58 33.21 12.37
MW-12B Eldredge Park 9/12/2017 45.58 33.12 12.46
MW-12B Eldredge Park 1/8/2018 45.58 33.30 12.28
MW-12B Eldredge Park 4/18/2018 45.58 30.80 14.78



Table 2 Orleans Groundwater Elevations

Well ID Location Date

TOC
Elevation

(ft)

Depth to
Water

(ft )
GW Elevation

(ft)
MW-12C (Existing) Eldredge Park 11/3/2016 46.61 36.27 10.34
MW-12C (Existing) Eldredge Park 11/14/2016 46.61 35.99 10.62
MW-12C (Existing) Eldredge Park 1/18/2017 46.61 36.21 10.40
MW-12C (Existing) Eldredge Park 1/27/2017 46.61 36.06 10.55
MW-12C (Existing)1 Eldredge Park 2/23/2017 46.61 36.30 10.31
MW-12C (Existing)1 Eldredge Park 4/25/2017 46.61 34.95 11.66
MW-12C (Existing)1 Eldredge Park 6/29/2017 46.61 34.79 11.82
MW-12C (Existing)1 Eldredge Park 9/13/2017 46.61 13.00 33.61
MW-12C (Existing)1 Eldredge Park 1/8/2018 46.61 26.50 20.11
MW-12C (Existing)1 Eldredge Park 4/18/2018 46.61 N/A #VALUE!

MW-2 Eldredge Park 11/3/2016 44.82 33.65 11.17
MW-2 Eldredge Park 11/14/2016 44.82 33.83 10.99
MW-2 Eldredge Park 1/18/2017 44.82 34.03 10.79
MW-2 Eldredge Park 1/27/2017 44.82 33.91 10.91
MW-2 Eldredge Park 2/24/2017 44.82 33.43 11.39
MW-2 Eldredge Park 4/25/2017 44.82 32.68 12.14
MW-2 Eldredge Park 6/29/2017 44.82 32.54 12.28
MW-2 Eldredge Park 9/13/2017 44.82 32.15 12.67
MW-2 Eldredge Park 1/10/2018 44.82 32.55 12.27
MW-2 Eldredge Park 4/19/2018 44.82 30.07 14.75
MW-4 Eldredge Park 11/3/2016 46.57 35.53 11.04
MW-4 Eldredge Park 11/14/2016 46.57 35.71 10.86
MW-4 Eldredge Park 1/18/2017 46.57 35.98 10.59
MW-4 Eldredge Park 1/27/2017 46.57 35.83 10.74
MW-4 Eldredge Park 2/24/2017 46.57 35.48 11.09
MW-4 Eldredge Park 4/25/2017 46.57 35.63 10.94
MW-4 Eldredge Park 6/29/2017 46.57 34.41 12.16
MW-4 Eldredge Park 9/13/2017 46.57 34.52 12.05
MW-4 Eldredge Park 1/10/2018 46.57 34.42 12.15
MW-4 Eldredge Park 4/19/2018 46.57 31.15 15.42
MW-8 Eldredge Park October 2016 46.16 35.30 10.86
MW-8 Eldredge Park 11/14/2016 46.16 35.22 10.94
MW-8 Eldredge Park 1/18/2017 46.16 35.62 10.54
MW-8 Eldredge Park 1/27/2017 46.16 35.50 10.66
MW-8 Eldredge Park 2/24/2017 46.16 35.12 11.04
MW-8 Eldredge Park 4/25/2017 46.16 24.51 21.65
MW-8 Eldredge Park 6/29/2017 46.16 34.03 12.13
MW-8 Eldredge Park 9/13/2017 46.16 34.21 11.95
MW-8 Eldredge Park 1/10/2018 46.16 N/A N/A
MW-8 Eldredge Park 4/19/2018 46.16 N/A N/A



Table 2 Orleans Groundwater Elevations

Well ID Location Date

TOC
Elevation

(ft)

Depth to
Water

(ft )
GW Elevation

(ft)
MW-B1010C Eldredge Park 11/3/2016 44.46 33.60 10.86
MW-B1010C Eldredge Park 11/14/2016 44.46 33.98 10.48
MW-B1010C Eldredge Park 1/18/2017 44.46 33.97 10.49
MW-B1010C Eldredge Park 1/27/2017 44.46 33.81 10.65
MW-B1010C Eldredge Park 2/23/2017 44.46 33.25 11.21
MW-B1010C Eldredge Park 4/25/2017 44.46 32.53 11.93
MW-B1010C Eldredge Park 6/29/2017 44.46 32.15 12.31
MW-B1010C Eldredge Park 9/12/2017 44.46 32.13 12.33
MW-B1010C Eldredge Park 1/9/2018 44.46 32.18 12.28
MW-B1010C Eldredge Park 4/18/2018 44.46 27.37 17.09
MW-B1020B Eldredge Park 11/3/2016 44.18 33.42 10.76
MW-B1020B Eldredge Park 11/14/2016 44.18 33.68 10.50
MW-B1020B Eldredge Park 1/18/2017 44.18 33.81 10.37
MW-B1020B Eldredge Park 1/27/2017 44.18 33.66 10.52
MW-B1020B Eldredge Park 2/23/2017 44.18 33.18 11.00
MW-B1020B Eldredge Park 4/25/2017 44.18 32.60 11.58
MW-B1020B Eldredge Park 6/29/2017 44.18 32.14 12.04
MW-B1020B Eldredge Park 9/12/2017 44.18 32.01 12.17
MW-B1020B Eldredge Park 1/9/2018 44.18 N/A N/A

MW-B1020B Eldredge Park 4/18/2018 44.18 29.63 14.55
MW-B1020C Eldredge Park 11/3/2016 44.10 33.16 10.94
MW-B1020C Eldredge Park 11/14/2016 44.10 33.32 10.78
MW-B1020C Eldredge Park 1/18/2017 44.10 33.53 10.57
MW-B1020C Eldredge Park 1/27/2017 44.10 33.32 10.78
MW-B1020C Eldredge Park 2/23/2017 44.10 32.80 11.30
MW-B1020C Eldredge Park 4/25/2017 44.10 32.10 12.00
MW-B1020C Eldredge Park 6/29/2017 44.10 31.71 12.39
MW-B1020C Eldredge Park 9/12/2017 44.10 31.74 12.36
MW-B1020C Eldredge Park 1/8/2018 44.10 31.74 12.36
MW-B1020C Eldredge Park 4/18/2018 44.10 28.90 15.20
MW-B1050A Eldredge Park 11/3/2016 43.42 32.84 10.58
MW-B1050A Eldredge Park 11/14/2016 43.42 32.92 10.50
MW-B1050A Eldredge Park 1/18/2017 43.42 32.91 10.51
MW-B1050A Eldredge Park 1/27/2017 43.42 32.88 10.54
MW-B1050A Eldredge Park 2/23/2017 43.42 32.54 10.88
MW-B1050A Eldredge Park 4/25/2017 43.42 31.28 12.14
MW-B1050A Eldredge Park 6/29/2017 43.42 31.42 12.00
MW-B1050A Eldredge Park 9/12/2017 43.42 31.45 11.97
MW-B1050A Eldredge Park 1/9/2018 43.42 31.46 11.96
MW-B1050A Eldredge Park 4/18/2018 43.42 28.74 14.68



Table 2 Orleans Groundwater Elevations

Well ID Location Date

TOC
Elevation

(ft)

Depth to
Water

(ft )
GW Elevation

(ft)
MW-B1050B Eldredge Park 11/3/2016 43.54 32.65 10.89
MW-B1050B Eldredge Park 11/14/2016 43.54 32.72 10.82
MW-B1050B Eldredge Park 1/18/2017 43.54 32.98 10.56
MW-B1050B Eldredge Park 1/27/2017 43.54 32.81 10.73
MW-B1050B Eldredge Park 2/23/2017 43.54 32.28 11.26
MW-B1050B Eldredge Park 4/25/2017 43.54 31.45 12.09
MW-B1050B Eldredge Park 6/29/2017 43.54 31.21 12.33
MW-B1050B Eldredge Park 9/12/2017 43.54 31.19 12.35
MW-B1050B Eldredge Park 1/9/2018 43.54 31.18 12.36
MW-B1050B Eldredge Park 4/18/2018 43.54 28.35 15.19
MW-B1050C Eldredge Park 11/3/2016 43.55 32.80 10.75
MW-B1050C Eldredge Park 11/14/2016 43.55 32.80 10.75
MW-B1050C Eldredge Park 1/18/2017 43.55 33.02 10.53
MW-B1050C Eldredge Park 1/27/2017 43.55 32.96 10.59
MW-B1050C Eldredge Park 2/23/2017 43.55 32.40 11.15
MW-B1050C Eldredge Park 4/25/2017 43.55 31.52 12.03
MW-B1050C Eldredge Park 6/29/2017 43.55 31.21 12.34
MW-B1050C Eldredge Park 9/12/2017 43.55 31.22 12.33
MW-B1050C Eldredge Park 1/9/2018 43.55 31.36 12.19
MW-B1050C Eldredge Park 4/18/2018 43.55 28.52 15.03
MW-B1075B Eldredge Park 11/3/2016 43.29 32.55 10.74
MW-B1075B Eldredge Park 11/14/2016 43.29 32.57 10.72
MW-B1075B Eldredge Park 1/18/2017 43.29 32.78 10.51
MW-B1075B Eldredge Park 1/27/2017 43.29 32.62 10.67
MW-B1075B Eldredge Park 2/23/2017 43.29 32.10 11.19
MW-B1075B Eldredge Park 4/25/2017 43.29 31.22 12.07
MW-B1075B Eldredge Park 6/29/2017 43.29 30.98 12.31
MW-B1075B Eldredge Park 9/13/2017 43.29 30.93 12.36
MW-B1075B Eldredge Park 1/9/2018 43.29 31.15 12.14
MW-B1075B Eldredge Park 4/18/2018 43.29 29.25 14.04
MW-B2010C Eldredge Park 11/3/2016 44.70 33.95 10.75
MW-B2010C Eldredge Park 11/14/2016 44.70 34.10 10.60
MW-B2010C Eldredge Park 1/18/2017 44.70 34.41 10.29
MW-B2010C Eldredge Park 1/27/2017 44.70 34.21 10.49
MW-B2010C Eldredge Park 2/24/2017 44.70 33.77 10.93
MW-B2010C Eldredge Park 4/25/2017 44.70 33.00 11.70
MW-B2010C Eldredge Park 6/29/2017 44.70 32.67 12.03
MW-B2010C Eldredge Park 9/13/2017 44.70 32.52 12.18
MW-B2010C Eldredge Park 1/10/2018 44.70 32.66 12.04
MW-B2010C Eldredge Park 4/19/2018 44.70 30.28 14.42



Table 2 Orleans Groundwater Elevations

Well ID Location Date

TOC
Elevation

(ft)

Depth to
Water

(ft )
GW Elevation

(ft)
MW-B2020B Eldredge Park 11/3/2016 44.50 33.90 10.60
MW-B2020B Eldredge Park 11/14/2016 44.50 33.90 10.60
MW-B2020B Eldredge Park 1/18/2017 44.50 34.15 10.35
MW-B2020B Eldredge Park 1/27/2017 44.50 34.03 10.47
MW-B2020B Eldredge Park 2/24/2017 44.50 33.50 11.00
MW-B2020B Eldredge Park 4/25/2017 44.50 32.88 11.62
MW-B2020B Eldredge Park 6/29/2017 44.50 32.45 12.05
MW-B2020B Eldredge Park 9/13/2017 44.50 32.32 12.18
MW-B2020B Eldredge Park 1/9/2018 44.50 32.58 11.92
MW-B2020B Eldredge Park 4/19/2018 44.50 29.98 14.52
MW-B2020C Eldredge Park 11/3/2016 44.45 33.80 10.65
MW-B2020C Eldredge Park 11/14/2016 44.45 33.98 10.47
MW-B2020C Eldredge Park 1/18/2017 44.45 34.22 10.23
MW-B2020C Eldredge Park 1/27/2017 44.45 34.07 10.38
MW-B2020C Eldredge Park 2/24/2017 44.45 33.55 10.90
MW-B2020C Eldredge Park 4/25/2017 44.45 32.90 11.55
MW-B2020C Eldredge Park 6/29/2017 44.45 32.43 12.02
MW-B2020C Eldredge Park 9/13/2017 44.45 32.23 12.22
MW-B2020C Eldredge Park 1/9/2018 44.45 32.72 11.73
MW-B2020C Eldredge Park 4/19/2018 44.45 30.01 14.44
MW-B2050A Eldredge Park 11/3/2016 44.06 33.41 10.65
MW-B2050A Eldredge Park 11/14/2016 44.06 33.60 10.46
MW-B2050A Eldredge Park 1/18/2017 44.06 33.88 10.18
MW-B2050A Eldredge Park 1/27/2017 44.06 33.64 10.42
MW-B2050A Eldredge Park 2/24/2017 44.06 33.04 11.02
MW-B2050A Eldredge Park 4/25/2017 44.06 32.68 11.38
MW-B2050A Eldredge Park 6/29/2017 44.06 32.12 11.94
MW-B2050A Eldredge Park 9/13/2017 44.06 31.98 12.08
MW-B2050A Eldredge Park 1/9/2018 44.06 32.23 11.83
MW-B2050A Eldredge Park 4/19/2018 44.06 29.53 14.53
MW-B2050B Eldredge Park 11/3/2016 44.28 33.60 10.68
MW-B2050B Eldredge Park 11/14/2016 44.28 33.73 10.55
MW-B2050B Eldredge Park 1/18/2017 44.28 34.00 10.28
MW-B2050B Eldredge Park 1/27/2017 44.28 33.84 10.44
MW-B2050B Eldredge Park 2/24/2017 44.28 33.32 10.96
MW-B2050B Eldredge Park 4/25/2017 44.28 32.63 11.65
MW-B2050B Eldredge Park 6/29/2017 44.28 32.20 12.08
MW-B2050B Eldredge Park 9/13/2017 44.28 32.01 12.27
MW-B2050B Eldredge Park 1/9/2018 44.28 32.42 11.86
MW-B2050B Eldredge Park 4/19/2018 44.28 29.70 14.58



Table 2 Orleans Groundwater Elevations

Well ID Location Date

TOC
Elevation

(ft)

Depth to
Water

(ft )
GW Elevation

(ft)
MW-B2050C Eldredge Park 11/3/2016 44.17 33.35 10.82
MW-B2050C Eldredge Park 11/14/2016 44.17 33.51 10.66
MW-B2050C Eldredge Park 1/18/2017 44.17 33.90 10.27
MW-B2050C Eldredge Park 1/27/2017 44.17 33.87 10.30
MW-B2050C Eldredge Park 2/24/2017 44.17 33.07 11.10
MW-B2050C Eldredge Park 4/25/2017 44.17 32.31 11.86
MW-B2050C Eldredge Park 6/29/2017 44.17 31.93 12.24
MW-B2050C Eldredge Park 9/13/2017 44.17 32.07 12.10
MW-B2050C Eldredge Park 1/9/2018 44.17 32.11 12.06
MW-B2050C Eldredge Park 4/19/2018 44.17 27.61 16.56
MW-B2075A Eldredge Park 4/25/2017 44.23 32.40 11.83
MW-B2075A Eldredge Park 6/29/2017 44.23 31.97 12.26
MW-B2075A Eldredge Park 9/12/2017 44.23 31.85 12.38
MW-B2075A Eldredge Park 1/10/2018 44.23 32.30 11.93
MW-B2075A Eldredge Park 4/19/2018 44.23 29.44 14.79
MW-B2100 Eldredge Park 11/3/2016 44.23 33.50 10.73
MW-B2100 Eldredge Park 11/14/2016 44.23 33.65 10.58
MW-B2100 Eldredge Park 1/18/2017 44.23 33.87 10.36
MW-B2100 Eldredge Park 1/27/2017 44.23 33.66 10.57
MW-B2100 Eldredge Park 2/24/2017 44.23 33.10 11.13
MW-B2100 Eldredge Park 4/25/2017 44.23 32.38 11.85
MW-B2100 Eldredge Park 6/29/2017 44.23 32.01 12.22
MW-B2100 Eldredge Park 9/12/2017 44.23 31.89 12.34
MW-B2100 Eldredge Park 1/10/2018 44.23 32.29 11.94
MW-B2100 Eldredge Park 4/19/2018 44.23 30.34 13.89
MW-BC1C Eldredge Park 11/3/2016 42.50 31.36 11.14
MW-BC1C Eldredge Park 11/14/2016 42.50 31.87 10.63
MW-BC1C Eldredge Park 1/18/2017 42.50 31.81 10.69
MW-BC1C Eldredge Park 1/27/2017 42.50 31.65 10.85
MW-BC1C Eldredge Park 2/24/2017 42.50 31.14 11.36
MW-BC1C Eldredge Park 4/25/2017 42.50 30.43 12.07
MW-BC1C Eldredge Park 6/29/2017 42.50 30.07 12.43
MW-BC1C Eldredge Park 9/12/2017 42.50 N/A N/A
MW-BC1C Eldredge Park 1/10/2018 42.50 N/A N/A
MW-BC1C Eldredge Park 4/19/2018 42.50 27.61 14.89
MW-BC2C Eldredge Park 6/29/2017 43.52 31.61 11.91
MW-BC2C Eldredge Park 11/3/2016 43.52 32.84 10.68
MW-BC2C Eldredge Park 11/14/2016 43.52 N/A N/A
MW-BC2C Eldredge Park 1/18/2017 43.52 33.22 10.30
MW-BC2C Eldredge Park 1/27/2017 43.52 33.08 10.44
MW-BC2C Eldredge Park 2/24/2017 43.52 32.63 10.89
MW-BC2C Eldredge Park 4/25/2017 43.52 31.93 11.59
MW-BC2C Eldredge Park 9/13/2017 43.52 31.26 12.26
MW-BC2C Eldredge Park 1/10/2018 43.52 31.70 11.82
MW-BC2C Eldredge Park 4/19/2018 43.52 27.65 15.87



Table 2 Orleans Groundwater Elevations

Well ID Location Date

TOC
Elevation

(ft)

Depth to
Water

(ft )
GW Elevation

(ft)
MW-BC3B Eldredge Park 4/25/2017 43.86 32.45 11.41
MW-BC3B Eldredge Park 6/29/2017 43.86 31.90 11.96
MW-BC3B Eldredge Park 9/12/2017 43.86 31.50 12.36
MW-BC3B Eldredge Park 1/10/2018 43.86 32.36 11.50
MW-BC3B Eldredge Park 4/19/2018 43.86 29.55 14.31
MW-BU1A Eldredge Park 11/3/2016 43.48 32.55 10.93
MW-BU1A Eldredge Park 11/14/2016 43.48 32.44 11.04
MW-BU1A Eldredge Park 1/18/2017 43.48 32.86 10.62
MW-BU1A Eldredge Park 1/27/2017 43.48 32.74 10.74
MW-BU1A Eldredge Park 2/24/2017 43.48 32.30 11.18
MW-BU1A Eldredge Park 4/25/2017 43.48 31.75 11.73
MW-BU1A Eldredge Park 6/29/2017 43.48 31.36 12.12
MW-BU1A Eldredge Park 9/13/2017 43.48 31.21 12.27
MW-BU1A Eldredge Park 1/10/2018 43.48 31.40 12.08
MW-BU1A Eldredge Park 4/18/2018 43.48 28.83 14.65
MW-BU1C Eldredge Park 11/3/2016 43.65 32.50 11.15
MW-BU1C Eldredge Park 11/14/2016 43.65 N/A N/A
MW-BU1C Eldredge Park 1/18/2017 43.65 32.84 10.81
MW-BU1C Eldredge Park 1/27/2017 43.65 32.72 10.93
MW-BU1C Eldredge Park 2/24/2017 43.65 32.25 11.40
MW-BU1C Eldredge Park 4/25/2017 43.65 31.71 11.94
MW-BU1C Eldredge Park 6/29/2017 43.65 31.31 12.34
MW-BU1C Eldredge Park 9/13/2017 43.65 31.03 12.62
MW-BU1C Eldredge Park 1/10/2018 43.65 31.30 12.35
MW-BU1C Eldredge Park 4/18/2018 43.65 28.88 14.77
MW-BU2A Eldredge Park 11/3/2016 44.56 33.90 10.66
MW-BU2A Eldredge Park 11/14/2016 44.56 34.03 10.53
MW-BU2A Eldredge Park 1/18/2017 44.56 34.22 10.34
MW-BU2A Eldredge Park 1/27/2017 44.56 34.05 10.51
MW-BU2A Eldredge Park 2/23/2017 44.56 34.62 9.94
MW-BU2A Eldredge Park 4/25/2017 44.56 33.25 11.31
MW-BU2A Eldredge Park 6/29/2017 44.56 32.72 11.84
MW-BU2A Eldredge Park 9/12/2017 44.56 32.56 12.00
MW-BU2A Eldredge Park 1/10/2018 44.56 32.75 11.81
MW-BU2A Eldredge Park 4/18/2018 44.56 30.26 14.30
MW-BU2B Eldredge Park 11/3/2016 44.70 33.93 10.77
MW-BU2B Eldredge Park 11/14/2016 44.70 34.07 10.63
MW-BU2B Eldredge Park 1/18/2017 44.70 34.31 10.39
MW-BU2B Eldredge Park 1/27/2017 44.70 34.15 10.55
MW-BU2B Eldredge Park 2/23/2017 44.70 33.75 10.95
MW-BU2B Eldredge Park 4/25/2017 44.70 33.10 11.60
MW-BU2B Eldredge Park 6/29/2017 44.70 32.72 11.98
MW-BU2B Eldredge Park 9/12/2017 44.70 32.47 12.23
MW-BU2B Eldredge Park 1/10/2018 44.70 32.76 11.94
MW-BU2B Eldredge Park 4/18/2018 44.70 30.26 14.44



Table 2 Orleans Groundwater Elevations

Well ID Location Date

TOC
Elevation

(ft)

Depth to
Water

(ft )
GW Elevation

(ft)
MW-BU2C Eldredge Park 11/3/2016 44.68 33.99 10.69
MW-BU2C Eldredge Park 11/14/2016 44.68 34.08 10.60
MW-BU2C Eldredge Park 1/18/2017 44.68 34.30 10.38
MW-BU2C Eldredge Park 1/27/2017 44.68 34.15 10.53
MW-BU2C Eldredge Park 2/23/2017 44.68 34.05 10.63
MW-BU2C Eldredge Park 4/25/2017 44.68 33.08 11.60
MW-BU2C Eldredge Park 6/29/2017 44.68 32.64 12.04
MW-BU2C Eldredge Park 9/12/2017 44.68 32.60 12.08
MW-BU2C Eldredge Park 1/10/2018 44.68 32.72 11.96
MW-BU2C Eldredge Park 1/10/2018 44.68 30.40 14.28
MW-BU2C Eldredge Park 4/18/2018 44.68 30.40 14.28
MW-BX1B Eldredge Park 4/25/2017 45.38 33.85 11.53
MW-BX1B Eldredge Park 6/29/2017 45.38 33.46 11.92
MW-BX1B Eldredge Park 9/12/2017 45.38 33.43 11.95
MW-BX1B Eldredge Park 1/8/2018 45.38 33.46 11.92
MW-BX1B Eldredge Park 4/18/2018 45.38 31.02 14.36
MW-BX1C Eldredge Park 4/25/2017 45.37 33.29 12.08
MW-BX1C Eldredge Park 6/29/2017 45.37 32.98 12.39
MW-BX1C Eldredge Park 9/12/2017 45.37 32.98 12.39
MW-BX1C Eldredge Park 1/8/2018 45.37 32.95 12.42
MW-BX1C Eldredge Park 4/18/2018 45.37 30.10 15.27

Notes:

N/A = Not Available

1. MW-12C (Existing) was damaged during winter 2017.  Water elevations taken prior to the repair in April 2018 may be affected.
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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 Task 11.1.B.2.A)

ESS Laboratory Work Order Number:   1804528

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
Dependability          ♦          Quality          ♦          Service

Page 1 of 25
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804528

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 18, 2018 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
MW-12A 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-01 

MW-12B 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-02 

MW-B1010C 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-03 

MW-B1020B 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-04 

MW-B1020C 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-05 

MW-BX1B 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-06 

MW-BX1C 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-07 

MW-B1050A 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-08 

MW-B1050B 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-09 

MW-B1050C 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-10 

MW-B1075B 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-11 

MW-BU2A 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-12 

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:  1804528

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

MW-BU2B 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-13 

MW-BU2C 200.7, 350.1, 351.2, 353.2, 4500N, 5310B, 9038, 

9250

Ground Water1804528-14 

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:  1804528

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

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:  1804528

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
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804528

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Dissolved Metals

Client Sample ID:  MW-12A
Date Sampled:  04/18/18 10:25
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-01
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.100 200.7 1 04/19/18  10:19 10 10KJK

Manganese 0.023 mg/L 0.020 200.7 1 04/19/18  10:19 10 10KJK

Client Sample ID:  MW-12B
Date Sampled:  04/18/18 10:55
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-02
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.100 200.7 1 04/19/18  10:50 10 10KJK

Manganese ND mg/L 0.020 200.7 1 04/19/18  10:50 10 10KJK

Client Sample ID:  MW-B1010C
Date Sampled:  04/18/18 11:30
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-03
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron 9.62 mg/L 0.100 200.7 1 04/19/18  10:54 10 10KJK

Manganese 0.600 mg/L 0.020 200.7 1 04/19/18  10:54 10 10KJK

Client Sample ID:  MW-B1020B
Date Sampled:  04/18/18 12:40
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-04
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.100 200.7 1 04/19/18  10:58 10 10KJK

Manganese 0.326 mg/L 0.020 200.7 1 04/19/18  10:58 10 10KJK

Client Sample ID:  MW-B1020C
Date Sampled:  04/18/18 13:10
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-05
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.100 200.7 1 04/19/18  11:03 10 10KJK

Manganese 0.060 mg/L 0.020 200.7 1 04/19/18  11:03 10 10KJK

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:  1804528

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Dissolved Metals

Client Sample ID:  MW-BX1B
Date Sampled:  04/18/18 13:45
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-06
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.100 200.7 1 04/19/18  11:07 10 10KJK

Manganese 0.658 mg/L 0.020 200.7 1 04/19/18  11:07 10 10KJK

Client Sample ID:  MW-BX1C
Date Sampled:  04/18/18 14:15
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-07
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.100 200.7 1 04/19/18  11:11 10 10KJK

Manganese 0.501 mg/L 0.020 200.7 1 04/19/18  11:11 10 10KJK

Client Sample ID:  MW-B1050A
Date Sampled:  04/18/18 15:00
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-08
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.100 200.7 1 04/19/18  11:15 10 10KJK

Manganese 0.214 mg/L 0.020 200.7 1 04/19/18  11:15 10 10KJK

Client Sample ID:  MW-B1050B
Date Sampled:  04/18/18 15:20
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-09
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.100 200.7 1 04/19/18  11:33 10 10KJK

Manganese 0.128 mg/L 0.020 200.7 1 04/19/18  11:33 10 10KJK

Client Sample ID:  MW-B1050C
Date Sampled:  04/18/18 15:50
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-10
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.100 200.7 1 04/19/18  11:37 10 10KJK

Manganese 0.025 mg/L 0.020 200.7 1 04/19/18  11:37 10 10KJK

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:  1804528

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Dissolved Metals

Client Sample ID:  MW-B1075B
Date Sampled:  04/18/18 16:15
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-11
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron 0.253 mg/L 0.100 200.7 1 04/19/18  11:42 10 10KJK

Manganese 0.120 mg/L 0.020 200.7 1 04/19/18  11:42 10 10KJK

Client Sample ID:  MW-BU2A
Date Sampled:  04/18/18 17:00
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-12
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.100 200.7 1 04/19/18  11:46 10 10KJK

Manganese ND mg/L 0.020 200.7 1 04/19/18  11:46 10 10KJK

Client Sample ID:  MW-BU2B
Date Sampled:  04/18/18 17:20
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-13
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.100 200.7 1 04/19/18  11:50 10 10KJK

Manganese ND mg/L 0.020 200.7 1 04/19/18  11:50 10 10KJK

Client Sample ID:  MW-BU2C
Date Sampled:  04/18/18 17:45
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-14
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.100 200.7 1 04/19/18  11:54 10 10KJK

Manganese 0.078 mg/L 0.020 200.7 1 04/19/18  11:54 10 10KJK

Total Metals

Client Sample ID:  MW-BX1B
Date Sampled:  04/18/18 13:45
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-06
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Boron 0.056 mg/L 0.050 200.7 1 04/19/18  22:31 50 25KJK

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:  1804528

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Total Metals

Client Sample ID:  MW-BX1C
Date Sampled:  04/18/18 14:15
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-07
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Boron 0.057 mg/L 0.050 200.7 1 04/19/18  22:35 50 25KJK

Classical Chemistry

Client Sample ID:  MW-12A
Date Sampled:  04/18/18 10:25
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-01
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N 0.36 mg/L 0.10 350.1 1 04/23/18  18:24JLK

Chloride 144 mg/L 6.0 9250 2 04/19/18  13:41EEM

Dissolved Organic Carbon (Average) 1.85 mg/L 0.250 5310B 1 04/20/18  18:38CCP

Nitrate as N 0.676 mg/L 0.030 353.2 1 04/19/18  19:25JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  17:31JLK

Sulfate 16.1 mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N 0.57 mg/L 0.20 351.2 1 04/24/18  15:36EEM

Total Nitrogen 1.25 mg/L 0.22 4500N 1 04/24/18  15:36EEM

Client Sample ID:  MW-12B
Date Sampled:  04/18/18 10:55
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-02
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/23/18  18:25JLK

Chloride 46.7 mg/L 3.0 9250 1 04/19/18  13:27EEM

Dissolved Organic Carbon (Average) 3.66 mg/L 0.250 5310B 1 04/20/18  18:50CCP

Nitrate as N 4.82 mg/L 0.210 353.2 10 04/19/18  20:00JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  17:34JLK

Sulfate 13.2 mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N ND mg/L 0.20 351.2 1 04/24/18  15:37EEM

Total Nitrogen 4.82 mg/L 0.40 4500N 10 04/24/18  15:37EEM

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:  1804528

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Classical Chemistry

Client Sample ID:  MW-B1010C
Date Sampled:  04/18/18 11:30
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-03
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N 0.16 mg/L 0.10 350.1 1 04/23/18  18:26JLK

Chloride 21.5 mg/L 3.0 9250 1 04/19/18  13:28EEM

Dissolved Organic Carbon (Average) 13.0 mg/L 0.250 5310B 1 04/20/18  19:02CCP

Nitrate as N 6.66 mg/L 0.210 353.2 10 04/19/18  20:01JLK

Nitrite as N 0.026 mg/L 0.010 353.2 1 04/19/18  17:35JLK

Sulfate 14.3 mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N 1.03 mg/L 0.20 351.2 1 04/24/18  15:38EEM

Total Nitrogen 7.72 mg/L 0.40 4500N 10 04/24/18  15:38EEM

Client Sample ID:  MW-B1020B
Date Sampled:  04/18/18 12:40
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-04
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/23/18  18:29JLK

Chloride 25.2 mg/L 3.0 9250 1 04/19/18  13:29EEM

Dissolved Organic Carbon (Average) 5.43 mg/L 0.250 5310B 1 04/20/18  19:40CCP

Nitrate as N 18.3 mg/L 0.410 353.2 20 04/19/18  20:02JLK

Nitrite as N 0.028 mg/L 0.010 353.2 1 04/19/18  17:36JLK

Sulfate 6.1 mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N ND mg/L 0.20 351.2 1 04/24/18  15:39EEM

Total Nitrogen 18.3 mg/L 0.60 4500N 20 04/24/18  15:39EEM

Client Sample ID:  MW-B1020C
Date Sampled:  04/18/18 13:10
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-05
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/23/18  18:29JLK

Chloride 18.7 mg/L 3.0 9250 1 04/19/18  13:29EEM

Dissolved Organic Carbon (Average) 6.02 mg/L 0.250 5310B 1 04/20/18  19:52CCP

Nitrate as N 9.70 mg/L 0.410 353.2 20 04/19/18  20:03JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  17:37JLK

Sulfate 8.0 mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N ND mg/L 0.20 351.2 1 04/24/18  15:45EEM

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:  1804528

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Classical Chemistry
Total Nitrogen 9.70 mg/L 0.60 4500N 20 04/24/18  15:45EEM

Client Sample ID:  MW-BX1B
Date Sampled:  04/18/18 13:45
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-06
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N 0.44 mg/L 0.10 350.1 1 04/23/18  18:37JLK

Chloride 47.1 mg/L 3.0 9250 1 04/19/18  13:31EEM

Dissolved Organic Carbon (Average) 6.50 mg/L 0.250 5310B 1 04/20/18  20:04CCP

Nitrate as N 28.5 mg/L 1.01 353.2 50 04/19/18  20:08JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  17:38JLK

Sulfate 8.4 mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N ND mg/L 0.20 351.2 1 04/24/18  15:46EEM

Total Nitrogen 28.5 mg/L 1.20 4500N 50 04/24/18  15:46EEM

Client Sample ID:  MW-BX1C
Date Sampled:  04/18/18 14:15
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-07
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N 0.37 mg/L 0.10 350.1 1 04/23/18  18:40JLK

Chloride 52.6 mg/L 3.0 9250 1 04/19/18  13:32EEM

Dissolved Organic Carbon (Average) 6.38 mg/L 0.250 5310B 1 04/20/18  20:16CCP

Nitrate as N 27.7 mg/L 1.01 353.2 50 04/19/18  20:09JLK

Nitrite as N 0.016 mg/L 0.010 353.2 1 04/19/18  17:43JLK

Sulfate 10.0 mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N ND mg/L 0.20 351.2 1 04/24/18  15:47EEM

Total Nitrogen 27.7 mg/L 1.20 4500N 50 04/24/18  15:47EEM

Client Sample ID:  MW-B1050A
Date Sampled:  04/18/18 15:00
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-08
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N 0.28 mg/L 0.10 350.1 1 04/23/18  18:41JLK

Chloride 44.8 mg/L 3.0 9250 1 04/19/18  13:32EEM

Dissolved Organic Carbon (Average) 3.96 mg/L 0.250 5310B 1 04/20/18  20:29CCP

Nitrate as N 13.1 mg/L 0.410 353.2 20 04/19/18  20:10JLK

Nitrite as N 0.016 mg/L 0.010 353.2 1 04/19/18  17:44JLK

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:  1804528

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Classical Chemistry
Sulfate ND mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N ND mg/L 0.20 351.2 1 04/24/18  15:47EEM

Total Nitrogen 13.1 mg/L 0.60 4500N 20 04/24/18  15:47EEM

Client Sample ID:  MW-B1050B
Date Sampled:  04/18/18 15:20
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-09
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/23/18  18:42JLK

Chloride 29.1 mg/L 3.0 9250 1 04/19/18  13:33EEM

Dissolved Organic Carbon (Average) 3.68 mg/L 0.250 5310B 1 04/20/18  21:07CCP

Nitrate as N 20.1 mg/L 1.01 353.2 50 04/19/18  20:11JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  17:45JLK

Sulfate ND mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N ND mg/L 0.20 351.2 1 04/24/18  16:08EEM

Total Nitrogen 20.1 mg/L 1.20 4500N 50 04/24/18  16:08EEM

Client Sample ID:  MW-B1050C
Date Sampled:  04/18/18 15:50
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-10
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/23/18  18:43JLK

Chloride 61.7 mg/L 3.0 9250 1 04/19/18  13:34EEM

Dissolved Organic Carbon (Average) 5.78 mg/L 0.250 5310B 1 04/20/18  21:19CCP

Nitrate as N 5.76 mg/L 0.210 353.2 10 04/19/18  20:12JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  17:46JLK

Sulfate 22.2 mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N ND mg/L 0.20 351.2 1 04/24/18  16:10EEM

Total Nitrogen 5.76 mg/L 0.40 4500N 10 04/24/18  16:10EEM

Client Sample ID:  MW-B1075B
Date Sampled:  04/18/18 16:15
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-11
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N 17.8 mg/L 1.00 350.1 10 04/23/18  18:59JLK

Chloride 258 mg/L 15.0 9250 5 04/19/18  13:42EEM

Dissolved Organic Carbon (Average) 11.1 mg/L 0.250 5310B 1 04/20/18  21:31CCP

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:  1804528

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Classical Chemistry
Nitrate as N 5.57 mg/L 0.210 353.2 10 04/19/18  20:13JLK

Nitrite as N 0.098 mg/L 0.010 353.2 1 04/19/18  17:47JLK

Sulfate 24.8 mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N 17.7 mg/L 2.00 351.2 10 04/24/18  16:37EEM

Total Nitrogen 23.4 mg/L 2.20 4500N 10 04/24/18  16:37EEM

Client Sample ID:  MW-BU2A
Date Sampled:  04/18/18 17:00
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-12
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/23/18  18:45JLK

Chloride 98.9 mg/L 3.0 9250 1 04/19/18  13:35EEM

Dissolved Organic Carbon (Average) 1.58 mg/L 0.250 5310B 1 04/20/18  21:43CCP

Nitrate as N 0.374 mg/L 0.030 353.2 1 04/19/18  19:45JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  17:48JLK

Sulfate 7.4 mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N 0.40 mg/L 0.20 351.2 1 04/24/18  16:12EEM

Total Nitrogen 0.78 mg/L 0.22 4500N 1 04/24/18  16:12EEM

Client Sample ID:  MW-BU2B
Date Sampled:  04/18/18 17:20
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-13
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/23/18  18:46JLK

Chloride 115 mg/L 6.0 9250 2 04/19/18  13:43EEM

Dissolved Organic Carbon (Average) 2.91 mg/L 0.250 5310B 1 04/20/18  21:55CCP

Nitrate as N 2.44 mg/L 0.110 353.2 5 04/19/18  20:14JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  17:49JLK

Sulfate ND mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N 0.31 mg/L 0.20 351.2 1 04/24/18  16:13EEM

Total Nitrogen 2.75 mg/L 0.30 4500N 5 04/24/18  16:13EEM

Client Sample ID:  MW-BU2C
Date Sampled:  04/18/18 17:45
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804528-14
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/23/18  18:53JLK

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:  1804528

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Classical Chemistry
Chloride 162 mg/L 15.0 9250 5 04/19/18  13:43EEM

Dissolved Organic Carbon (Average) 3.35 mg/L 0.250 5310B 1 04/20/18  22:33CCP

Nitrate as N 5.78 mg/L 0.210 353.2 10 04/19/18  20:15JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  17:50JLK

Sulfate ND mg/L 5.0 9038 1 04/20/18  16:20EEM

Total Kjeldahl Nitrogen as N 0.26 mg/L 0.20 351.2 1 04/24/18  16:14EEM

Total Nitrogen 6.04 mg/L 0.40 4500N 10 04/24/18  16:14EEM

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

Page 14 of 25



Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804528

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 

Dissolved Metals

Batch CD81908 - 200.7/6010BNoDigest

Blank

0.100 mg/LIron ND

0.020 mg/LManganese ND

LCS

2.500 80-120101mg/LIron 2.51

0.5000 80-120100mg/LManganese 0.499

Total Metals

Batch CD81844 - 3005A/200.7

Blank

0.050 mg/LBoron ND

LCS

0.050 0.2500 85-11572mg/LBoron 0.181

LCS Dup

0.050 0.2500 2085-11573 1mg/LBoron 0.183

Classical Chemistry

Batch CD81915 - General Preparation

Blank

3.0 mg/LChloride ND

LCS

30.00 90-110105mg/LChloride 31.4

Batch CD81935 - [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 CD81936 - [CALC]

Blank

0.020 mg/LNitrate as N ND

0.020 mg/LNitrate/Nitrite as N ND

0.020 mg/LNitrate/Nitrite as N ND

0.02 mg/LTotal Nitrogen ND

LCS

mg/LNitrate as N 0.462

0.5000 90-11092mg/LNitrate/Nitrite as N 0.462

0.5000 90-11092mg/LNitrate/Nitrite as N 0.462
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804528

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 CD81936 - [CALC]

mg/LTotal Nitrogen 0.462

Batch CD82014 - General Preparation

Blank

5.0 mg/LSulfate ND

LCS

9.988 85-11595mg/LSulfate 9.5

Batch CD82023 - General Preparation

Blank

0.500 mg/LDissolved Organic Carbon (1) ND

0.500 mg/LDissolved Organic Carbon (2) ND

0.250 mg/LDissolved Organic Carbon (Average) ND

LCS

0.500 5.000 80-12088mg/LDissolved Organic Carbon (1) 4.38

0.500 5.000 80-12089mg/LDissolved Organic Carbon (2) 4.43

0.250 mg/LDissolved Organic Carbon (Average) 4.40

LCS Dup

0.500 5.000 20080-12089 2mg/LDissolved Organic Carbon (1) 4.45

0.500 5.000 20080-12090 1mg/LDissolved Organic Carbon (2) 4.49

0.250 mg/LDissolved Organic Carbon (Average) 4.47

Batch CD82312 - NH4 Prep

Blank

0.10 mg/LAmmonia as N ND

LCS

0.10 0.09994 80-120103mg/LAmmonia as N 0.10

LCS

0.10 0.9994 80-12097mg/LAmmonia as N 0.97

Batch CD82319 - TKN Prep

Blank

0.20 mg/LTotal Kjeldahl Nitrogen as N ND

0.20 mg/LTotal Nitrogen ND

LCS

2.00 11.70 80-120106mg/LTotal Kjeldahl Nitrogen as N 12.4

2.00 mg/LTotal Nitrogen 12.4

Batch CD82410 - TKN Prep

Blank

0.20 mg/LTotal Kjeldahl Nitrogen as N ND

0.20 mg/LTotal Nitrogen ND

LCS

2.00 11.70 80-120105mg/LTotal Kjeldahl Nitrogen as N 12.3

2.00 mg/LTotal Nitrogen 12.3
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804528

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.

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:  1804528

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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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 Task 11.1.B.2.A)

ESS Laboratory Work Order Number:   1804568

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.
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804568

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 19, 2018 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
MW-B2075A 200.7, 350.1, 353.2, 4500N, 5310B, 9038, 9250Ground Water1804568-01 

MW-B2100C 200.7, 350.1, 353.2, 4500N, 5310B, 9038, 9250Ground Water1804568-02 

MW-BC3B 200.7, 350.1, 353.2, 4500N, 5310B, 9038, 9250Ground Water1804568-03 

MW-BC1C 200.7, 350.1, 353.2, 4500N, 5310B, 9038, 9250Ground Water1804568-04 

MW-BC2C 200.7, 350.1, 353.2, 4500N, 5310B, 9038, 9250Ground Water1804568-05 

MW-B2050A 200.7, 350.1, 353.2, 4500N, 5310B, 9038, 9250Ground Water1804568-06 

MW-B2050B 200.7, 350.1, 353.2, 4500N, 5310B, 9038, 9250Ground Water1804568-07 

MW-B2050C 200.7, 350.1, 353.2, 4500N, 5310B, 9038, 9250Ground Water1804568-08 

MW-B2020B 200.7, 350.1, 353.2, 4500N, 5310B, 9038, 9250Ground Water1804568-09 

MW-B2020C 200.7, 350.1, 353.2, 4500N, 5310B, 9038, 9250Ground Water1804568-10 

MW-B2010C 200.7, 350.1, 353.2, 4500N, 5310B, 9038, 9250Ground Water1804568-11 
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804568

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:  1804568

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:  1804568

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Dissolved Metals

Client Sample ID:  MW-B2075A
Date Sampled:  04/19/18 09:35
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-01
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.200 200.7 1 04/20/18  16:12 10 10KJK

Manganese 0.051 mg/L 0.020 200.7 1 04/20/18  16:12 10 10KJK

Client Sample ID:  MW-B2100C
Date Sampled:  04/19/18 10:05
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-02
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.200 200.7 1 04/20/18  16:16 10 10KJK

Manganese 0.096 mg/L 0.020 200.7 1 04/20/18  16:16 10 10KJK

Client Sample ID:  MW-BC3B
Date Sampled:  04/19/18 10:35
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-03
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.200 200.7 1 04/20/18  16:20 10 10KJK

Manganese 0.048 mg/L 0.020 200.7 1 04/20/18  16:20 10 10KJK

Client Sample ID:  MW-BC1C
Date Sampled:  04/19/18 12:00
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-04
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.200 200.7 1 04/20/18  16:24 10 10KJK

Manganese 0.066 mg/L 0.020 200.7 1 04/20/18  16:24 10 10KJK

Client Sample ID:  MW-BC2C
Date Sampled:  04/19/18 11:35
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-05
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.200 200.7 1 04/20/18  16:28 10 10KJK

Manganese 0.050 mg/L 0.020 200.7 1 04/20/18  16:28 10 10KJK
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804568

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Dissolved Metals

Client Sample ID:  MW-B2050A
Date Sampled:  04/19/18 13:35
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-06
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.200 200.7 1 04/20/18  16:32 10 10KJK

Manganese 0.265 mg/L 0.020 200.7 1 04/20/18  16:32 10 10KJK

Client Sample ID:  MW-B2050B
Date Sampled:  04/19/18 14:05
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-07
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.200 200.7 1 04/20/18  16:36 10 10KJK

Manganese 0.311 mg/L 0.020 200.7 1 04/20/18  16:36 10 10KJK

Client Sample ID:  MW-B2050C
Date Sampled:  04/19/18 14:35
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-08
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.200 200.7 1 04/20/18  18:04 10 10KJK

Manganese 0.090 mg/L 0.020 200.7 1 04/20/18  18:04 10 10KJK

Client Sample ID:  MW-B2020B
Date Sampled:  04/19/18 15:05
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-09
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron ND mg/L 0.200 200.7 1 04/20/18  18:08 10 10KJK

Manganese 0.760 mg/L 0.020 200.7 1 04/20/18  18:08 10 10KJK

Client Sample ID:  MW-B2020C
Date Sampled:  04/19/18 15:30
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-10
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron 4.56 mg/L 0.200 200.7 1 04/20/18  18:12 10 10KJK

Manganese 8.28 mg/L 0.020 200.7 1 04/20/18  18:12 10 10KJK
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804568

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Dissolved Metals

Client Sample ID:  MW-B2010C
Date Sampled:  04/19/18 15:55
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-11
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed I/V F/V

All methods used are in accordance with 40 CFR 136.

Iron 110 mg/L 0.200 200.7 1 04/20/18  18:16 10 10KJK

Manganese 5.77 mg/L 0.020 200.7 1 04/20/18  18:16 10 10KJK

Classical Chemistry

Client Sample ID:  MW-B2075A
Date Sampled:  04/19/18 09:35
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-01
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N 0.12 mg/L 0.10 350.1 1 04/25/18  16:41JLK

Chloride 268 mg/L 30.0 9250 10 04/23/18  16:38EEM

Dissolved Organic Carbon (Average) 0.882 mg/L 0.250 5310B 1 04/23/18  16:41CCP

Nitrate as N 0.642 mg/L 0.030 353.2 1 04/19/18  22:17JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  21:18JLK

Sulfate 7.7 mg/L 5.0 9038 1 04/20/18  16:30EEM

Total Nitrogen 1.33 mg/L 0.22 4500N 1 04/24/18  16:34EEM

Client Sample ID:  MW-B2100C
Date Sampled:  04/19/18 10:05
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-02
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/25/18  16:53JLK

Chloride 72.5 mg/L 3.0 9250 1 04/23/18  16:19EEM

Dissolved Organic Carbon (Average) 2.25 mg/L 0.250 5310B 1 04/23/18  17:46CCP

Nitrate as N 1.23 mg/L 0.110 353.2 5 04/19/18  22:44JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  21:19JLK

Sulfate 13.9 mg/L 5.0 9038 1 04/20/18  16:30EEM

Total Nitrogen 1.57 mg/L 0.30 4500N 5 04/24/18  16:35EEM
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804568

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Classical Chemistry

Client Sample ID:  MW-BC3B
Date Sampled:  04/19/18 10:35
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-03
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/25/18  16:56JLK

Chloride 136 mg/L 30.0 9250 10 04/23/18  16:39EEM

Dissolved Organic Carbon (Average) 4.95 mg/L 0.250 5310B 1 04/23/18  17:59CCP

Nitrate as N 3.45 mg/L 0.210 353.2 10 04/19/18  22:45JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  21:20JLK

Sulfate 12.6 mg/L 5.0 9038 1 04/20/18  16:30EEM

Total Nitrogen 3.69 mg/L 0.40 4500N 10 04/24/18  16:36EEM

Client Sample ID:  MW-BC1C
Date Sampled:  04/19/18 12:00
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-04
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/25/18  16:57JLK

Chloride 279 mg/L 30.0 9250 10 04/23/18  16:28EEM

Dissolved Organic Carbon (Average) 1.99 mg/L 0.250 5310B 1 04/23/18  18:11CCP

Nitrate as N 0.750 mg/L 0.030 353.2 1 04/19/18  22:20JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  21:21JLK

Sulfate 9.2 mg/L 5.0 9038 1 04/20/18  16:30EEM

Total Nitrogen 1.19 mg/L 0.22 4500N 1 04/24/18  16:37EEM

Client Sample ID:  MW-BC2C
Date Sampled:  04/19/18 11:35
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-05
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/25/18  16:57JLK

Chloride 103 mg/L 30.0 9250 10 04/23/18  16:28EEM

Dissolved Organic Carbon (Average) 3.31 mg/L 0.250 5310B 1 04/23/18  18:50CCP

Nitrate as N 3.26 mg/L 0.210 353.2 10 04/19/18  22:46JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  21:22JLK

Sulfate 7.0 mg/L 5.0 9038 1 04/20/18  16:30EEM

Total Nitrogen 3.61 mg/L 0.40 4500N 10 04/26/18  14:28EEM

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:  1804568

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Classical Chemistry

Client Sample ID:  MW-B2050A
Date Sampled:  04/19/18 13:35
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-06
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N 0.83 mg/L 0.10 350.1 1 04/25/18  16:58JLK

Chloride 75.1 mg/L 3.0 9250 1 04/23/18  16:29EEM

Dissolved Organic Carbon (Average) 5.54 mg/L 0.250 5310B 1 04/23/18  19:03CCP

Nitrate as N 24.0 mg/L 1.01 353.2 50 04/19/18  22:47JLK

Nitrite as N 0.179 mg/L 0.010 353.2 1 04/19/18  21:27JLK

Sulfate 7.6 mg/L 5.0 9038 1 04/20/18  16:30EEM

Total Nitrogen 24.2 mg/L 1.20 4500N 50 04/26/18  14:30EEM

Client Sample ID:  MW-B2050B
Date Sampled:  04/19/18 14:05
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-07
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N 0.12 mg/L 0.10 350.1 1 04/25/18  16:59JLK

Chloride 82.4 mg/L 3.0 9250 1 04/23/18  16:30EEM

Dissolved Organic Carbon (Average) 4.76 mg/L 0.250 5310B 1 04/23/18  19:15CCP

Nitrate as N 4.04 mg/L 0.210 353.2 10 04/19/18  22:48JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  21:28JLK

Sulfate 15.2 mg/L 5.0 9038 1 04/20/18  16:30EEM

Total Nitrogen 4.27 mg/L 0.40 4500N 10 04/26/18  14:31EEM

Client Sample ID:  MW-B2050C
Date Sampled:  04/19/18 14:35
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-08
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/25/18  17:00JLK

Chloride 270 mg/L 30.0 9250 10 04/23/18  16:40EEM

Dissolved Organic Carbon (Average) 2.93 mg/L 0.250 5310B 1 04/23/18  19:27CCP

Nitrate as N 2.90 mg/L 0.210 353.2 10 04/19/18  22:49JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  21:29JLK

Sulfate 13.5 mg/L 5.0 9038 1 04/20/18  16:30EEM

Total Nitrogen 2.90 mg/L 0.40 4500N 10 04/26/18  14:32EEM
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804568

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Classical Chemistry

Client Sample ID:  MW-B2020B
Date Sampled:  04/19/18 15:05
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-09
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N ND mg/L 0.10 350.1 1 04/25/18  17:01JLK

Chloride 34.8 mg/L 3.0 9250 1 04/23/18  16:31EEM

Dissolved Organic Carbon (Average) 17.0 mg/L 0.750 5310B 3 04/23/18  20:59CCP

Nitrate as N 2.40 mg/L 0.150 353.2 5 04/19/18  22:30JLK

Nitrite as N 1.43 mg/L 0.050 353.2 5 04/19/18  21:54JLK

Sulfate 37.0 mg/L 25.0 9038 5 04/20/18  16:30EEM

Total Nitrogen 4.58 mg/L 0.30 4500N 5 04/26/18  14:33EEM

Client Sample ID:  MW-B2020C
Date Sampled:  04/19/18 15:30
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-10
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N 0.13 mg/L 0.10 350.1 1 04/25/18  17:09JLK

Chloride 28.5 mg/L 3.0 9250 1 04/23/18  16:31EEM

Dissolved Organic Carbon (Average) 7.76 mg/L 0.750 5310B 3 04/23/18  21:39CCP

Nitrate as N ND mg/L 0.030 353.2 1 04/19/18  22:31JLK

Nitrite as N ND mg/L 0.010 353.2 1 04/19/18  21:31JLK

Sulfate 27.6 mg/L 5.0 9038 1 04/20/18  16:30EEM

Total Nitrogen 1.19 mg/L 0.22 4500N 1 04/26/18  14:34EEM

Client Sample ID:  MW-B2010C
Date Sampled:  04/19/18 15:55
Percent Solids:  N/A

ESS Laboratory Sample ID:  1804568-11
Sample Matrix:  Ground Water

Analyte UnitsResults MRL Method DF Analyst Analyzed

All methods used are in accordance with 40 CFR 136.

Ammonia as N 0.49 mg/L 0.10 350.1 1 04/25/18  17:10JLK

Chloride 28.5 mg/L 3.0 9250 1 04/23/18  16:32EEM

Dissolved Organic Carbon (Average) 52.5 mg/L 5.00 5310B 20 04/23/18  21:52CCP

Nitrate as N ND mg/L 0.030 353.2 1 04/19/18  22:32JLK

Nitrite as N 0.090 mg/L 0.010 353.2 1 04/19/18  21:32JLK

Sulfate 51.5 mg/L 25.0 9038 5 04/20/18  16:30EEM

Total Nitrogen 2.34 mg/L 0.22 4500N 1 04/26/18  14:40EEM
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804568

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 

Dissolved Metals

Batch CD82017 - 200.7/6010BNoDigest

Blank

0.200 mg/LIron ND

0.020 mg/LManganese ND

LCS

2.500 80-12099mg/LIron 2.46

0.5000 80-12096mg/LManganese 0.479

Classical Chemistry

Batch CD81944 - [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 0.252

0.2497 90-110101mg/LNitrite as N 0.252

Batch CD81945 - [CALC]

Blank

0.020 mg/LNitrate as N ND

0.020 mg/LNitrate/Nitrite as N ND

0.020 mg/LNitrate/Nitrite as N ND

0.02 mg/LTotal Nitrogen ND

LCS

mg/LNitrate as N 0.484

0.5000 90-11097mg/LNitrate/Nitrite as N 0.484

0.5000 90-11097mg/LNitrate/Nitrite as N 0.484

mg/LTotal Nitrogen 0.484

Batch CD82015 - General Preparation

Blank

5.0 mg/LSulfate ND

LCS

9.988 85-11596mg/LSulfate 9.6

Batch CD82318 - General Preparation

Blank

3.0 mg/LChloride ND

LCS

30.00 90-110105mg/LChloride 31.6

Batch CD82335 - General Preparation

Blank

0.500 mg/LDissolved Organic Carbon (1) ND

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:  1804568

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 CD82335 - General Preparation

0.500 mg/LDissolved Organic Carbon (2) ND

0.250 mg/LDissolved Organic Carbon (Average) ND

LCS

0.500 5.000 80-12091mg/LDissolved Organic Carbon (1) 4.56

0.500 5.000 80-12094mg/LDissolved Organic Carbon (2) 4.68

0.250 mg/LDissolved Organic Carbon (Average) 4.62

LCS Dup

0.500 5.000 20080-12091 0.2mg/LDissolved Organic Carbon (1) 4.57

0.500 5.000 20080-12091 3mg/LDissolved Organic Carbon (2) 4.54

0.250 mg/LDissolved Organic Carbon (Average) 4.56

Batch CD82403 - NH4 Prep

Blank

0.10 mg/LAmmonia as N ND

LCS

0.10 0.09994 80-12081mg/LAmmonia as N 0.08

LCS

0.10 0.9994 80-12098mg/LAmmonia as N 0.98

Batch CD82410 - TKN Prep

Blank

0.20 mg/LTotal Kjeldahl Nitrogen as N ND

0.20 mg/LTotal Nitrogen ND

LCS

2.00 11.70 80-120105mg/LTotal Kjeldahl Nitrogen as N 12.3

2.00 mg/LTotal Nitrogen 12.3

Batch CD82505 - TKN Prep

Blank

0.20 mg/LTotal Kjeldahl Nitrogen as N ND

0.20 mg/LTotal Nitrogen ND

LCS

2.00 11.70 80-120109mg/LTotal Kjeldahl Nitrogen as N 12.8

2.00 mg/LTotal Nitrogen 12.8
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Client Name:  AECOM Environment - ENSR
Client Project ID:  Orleans MA ESS Laboratory Work Order:  1804568

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.

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:  1804568

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

AECOM Technical Services, Inc. 
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