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Memorandum 

 

1. Introduction 

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.  Demonstration Test initial 
activities are summarized in Technical Memorandum for Eldredge Park Permeable Reactive Barriers 
Demonstration Overview of Baseline Sampling, Injection Activities and Post-Injection Groundwater 
Monitoring – Final (AECOM, March 2017).  MassDEP issued UIC Registration ID#MAS41A224209-5B6 
for the Demonstration Test on September 15, 2016.  This memorandum has been prepared to inform you 
that a modification of the PRB injection line is proposed extending the groundwater treatment line up to 
110 feet to the north as shown in the attached site plan (Figure 1). 

Baseline groundwater monitoring was completed before the PRB installation. Groundwater monitoring 
since construction has included sampling events in 2017 (January, February, June, and September) and 
2018 (January).  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 northeast 
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. 
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2. PRB Demonstration Test Performance Monitoring Results To Date 

A. Monitoring Schedule 

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, prior to the injection activities in mid-November.  During injections, limited 
monitoring was completed.  Overall, no distinct patterns between the field parameters (temperature, 
pH, dissolved oxygen, conductivity, and turbidity) were observed before, during, and immediately 
following the injections.  EVO was not observed following completion of injection indicating the 
injected material was stable and not migrating. 

A preliminary post-injection sampling occurred approximately 7 weeks after injections in January 
2017.  Quarterly sampling has occurred in February 2017, June 2017, September 2017, and January 
2018. 

B. Summary of Recent Results 

1) 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 (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. 

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 (Chart 1 and Chart 2). 
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 (Chart 3, Chart 4, Chart 5, and Chart 6).  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 (Chart 7 and Chart 8). 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. 

3. Recommended  Demonstration Test PRB Extension 

A. Demonstration Test Layout 

The recommended PRB Demonstration Test extension line should be oriented to capture flow from 
the north northeast of the existing PRB.  Exact orientation of the expansion PRB shall be determined 
after additional monitoring wells are installed in this area and sampled.  The PRB is anticipated to be 
up to 110 feet long.  A vertical treatment interval from the top of the groundwater table to 
approximately 38 feet into the saturated soils is recommended, similar to the initial demonstration. 

B. 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) will be 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.  Sodium 
lactate will also be added to the injection to supply additional carbon substrate and sodium 
bicarbonate will be added as a pH buffer with the EVO, in order to allow for the most favorable 
conditions for denitrifying bacteria.  The 60 percent EVO will be mixed with water making an 
approximately 15.5 percent solution for injection. Representative parameters are included in Table 3-
1. 
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Table 3-1 - Summary of Design Parameters for 
Permeable Reactive Barrier Demonstration Test Extension 

  

Parameter Demonstration Test Site 
  

Area Description Parking lot between the playing fields off Eldredge Park/portion 
in the soccer field by the track 

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 20 
Injection Pore Volume 12 percent (assumed effective porosity of 25 percent) 

Total Injection Volume (gal) 14,800 
Injection Volume Per Point (gal) 740 

EVO Dilution 15.5 percent (~3.9:1 dilution from 60 percent EVO delivered) 
Total EVO (gal) 3,700 (60 percent soy bean oil) 

  

 
C. Substrate Delivery Methodology and Field Injection Activities 

It is anticipated that ISOTEC, Inc. will perform the injections with oversight by the AECOM PRB 
Team.  ISOTEC, Inc. performed the November 2016 injections and will use similar methodology.  
Injection of carbon substrate will be performed directly through direct-push (i.e., GeoProbe®) rods, 
configured in 4-foot or 8-foot intervals with thin, laser cut injection holes, while monitoring pressure on 
the injection wellheads. 

Based on the results of the preliminary results from the eastern side of the PRB from the November 
2016 injections, it is proposed that the expansion consists of injection points configured in two 
parallel, offset lines. 

Similar to the November 2016 injections, the system for preparation, mixing, and injection of substrate 
solutions will consist of mixing tanks, mixers, pumps, piping, meters, valves, and fittings.  Injection 
batches will be prepared in 300-gallon plastic tanks by adding appropriate quantities of water to 
achieve the selected dilution concentration.  Mobile above-ground pumps and hoses will be used to 
convey EVO directly to the injection points.  Flow totalizers, pressure gauges, and shut-off valves will 
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 will be advanced injection tooling to a targeted depth of 
68 feet below grade.  Approximately seventy-five gallons of the diluted EVO solution will be injected 
per four-foot interval. Both 4-foot and 8-foot injection points may be used for injection.  The injection 
rods will be lifted up four (or eight) feet to the subsequent injection target depth and the process 
repeated.  This method of direct-push injection is referred to as bottom-up injection.  To minimize 
mounding and improve delivery, injection generally will not be performed at adjacent points at the 
same time.  A field log will be 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 will be provided by a gasoline-powered 
generator.  Potable water for batching and injection may either be collected from a nearby hydrant or 
a rental water tank. 



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

AECOM Technical Services, Inc.  Page 5 
Pocasset, MA 

4. 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 with the initial injection in November 2016, 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 initial 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 on November 14, 2016 
through 18, 2016. 

This document summarizes a modification for the same project site. 

5. Summary, Schedule, and Coordination 

A modification of the PRB line is necessary to improve the demonstration.  This modification will require 
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.  The monitoring wells are 
necessary to verify groundwater contours for orientation of the new section of PRB perpendicular to the 
direction of groundwater flow in the target area.  This modification of the PRB is being coordinated with 
Nauset Public Schools Superintendent’s office and planned for the Spring of 2018. 

A tentative schedule includes: 

• Installation of additional monitoring wells: April 2018 

• PRB injections: June 2018 

• Monitoring: Baseline between new well installation and injection and then quarterly  

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.  
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