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1. Introduction

This Technical Memorandum has been prepared to identify potential full-scale Permeable Reactive Barrier
(PRB) locations for implementation in accordance with the overall objectives of the Town of Orleans Amended
Comprehensive Wastewater Management Plan (ACWMP). The ACWMP was developed in accordance with
the Cape Cod 208 Water Quality Plan, which has been approved by both the United States Environmental
Protection Agency (US EPA) and the Massachusetts Department of Environmental Protection (MassDEP).

The ACWMP is a “hybrid” plan that includes provisions for use of conventional wastewater treatment and non-
traditional technologies, including PRBs, to remediate nitrate in groundwater. The PRB is a remediation
technology that intercepts and removes nitrogen in groundwater at key locations in the watersheds before it
discharges to sensitive embayments. Using a non-traditional technology allows for a reduction in sewer
collection system coverage and wastewater treatment facility costs while still achieving nitrogen control
objectives.

A PRB demonstration project is currently underway at the Eldredge Parkway site at the Nauset Regional Middle
School in Orleans. The PRB was implemented in November 2016 and was designed for evaluating of PRB
performance. Over the last four years, the project has shown that a PRB is effective in removing nitrate in
groundwater. As part of the ACWMP, the Town is planning to install additional PRBs to reduce the nitrate load
from nitrate impacted watersheds and estuaries in a cost-effective manner.

Three major watersheds have been identified for PRB groundwater remediation. These include the watersheds
to Pleasant Bay, Nauset Estuary and Rock Harbor shown in Figure 1. A planning document Technical
Memorandum “Permeable Reactive Barriers Implementation Plan for Full-Scale PRBs” (Implementation Plan)
was prepared for the Town of Orleans dated August 6, 2018 and included details on the design and logistics of
implementation of full-scale PRBs. The Implementation Plan for full-scale PRBs is in Appendix A and is also
available on the Town of Orleans website https://www.town.orleans.ma.us/water-quality-and-wastewater-
planning/pages/permeable-reactive-barriers-prb.
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2. Orleans Nitrogen Load Reduction Objectives

The watersheds recharging Pleasant Bay, Nauset Estuary and Rock Harbor in Orleans include numerous sub-
watersheds that discharge to creeks, rivers and salt ponds as shown in Figure 1. Total Maximum Daily Loads
(TMDLs) define the maximum nitrogen load that the water body can receive from all sources, including
watersheds, while still meeting necessary water quality criteria. To develop embayment specific TMDLs, the
Massachusetts Estuaries Project (MEP) assessed nitrogen loading to the estuaries using an analytical method
called the Linked Watershed-Embayment Management Modeling Approach. The model links watershed
nitrogen inputs with surface water circulation and nitrogen characteristics to establish nitrogen loading threshold
concentrations that must be achieved to restore and maintain water quality standards within the embayments.
Exceeding thresholds has significant environmental consequences. For embayments that exceed the TMDL,
corrective actions are needed to reduce nitrogen loading to achieve TMDLs in compliance with the federal
Clean Water Act and state law.

Threshold nitrogen concentration and TMDLs were developed with results from analysis by MEP documented
in technical reports prepared for Pleasant Bay, Rock Harbor and the Nauset Estuary (MEP 2006, MEP 2007,
MEP 2012, respectively). The MassDEP and US EPA have approved nitrogen TMDLs for Pleasant Bay.
Additional TMDLs are undergoing review by the regulatory agencies. TMDL thresholds and target goals for
these estuaries are discussed in more detail below.

A. Pleasant Bay TMDLs

Pleasant Bay is connected to the Atlantic Ocean and is characterized by three main basins including Little
Pleasant Bay, Pleasant Bay and Chatham Harbor. The bay has numerous sub-embayments. These sub-
embayments are at particular risk of eutrophication from high nitrogen loads entering by direct groundwater
discharge and by restricted tidal exchange. The main basins in or adjacent to Orleans include Pleasant
Bay Main Basin and Little Pleasant Bay. Sub-embayments in Orleans include Meetinghouse Pond, the
Upper and Lower River, Lonnie’s Pond (also known as Kescayo Gansett Pond), Namequoit River and Aries
Pond, Paw Wah Pond, Quanset Pond, and Pochet Inlet. The estimated nitrate loads to each of the
watersheds and sub-watersheds are detailed in the MEP issued report “Massachusetts Estuaries Project
Linked Watershed-Embayment Model to Determine Critical Nitrogen Loading Thresholds for the Pleasant
Bay System, Massachusetts” in May 2006.

In June 2017, the Select Boards of Brewster, Chatham, Harwich, and Orleans voted to sign a Resolution
of the Towns sharing the Watershed of Pleasant Bay, endorsing the Pleasant Bay Composite Nitrogen
Management Analysis as an accurate representation of each Town’s share of the current nitrogen load and
its responsibility to remove nitrogen in Pleasant Bay (Pleasant Bay Alliance, March 2017). The agreed
Town of Orleans share of the Pleasant Bay Watershed nitrogen load is 6,980 kilograms per year (kg/yr)
targeting sub-embayments as shown on Table 1.

The Towns also agreed to participate in a Watershed Permit Pilot Project with the Pleasant Bay Alliance,
MassDEP, US EPA and the Cape Cod Commission (CCC) to pursue efficiencies and cost savings through
coordinated implementation of nutrient management actions. The Pleasant Bay Watershed Permit was
issued by MassDEP in August 2018 in accordance with M.G.L. c. 21, § 27(6) and Section 2A of Chapter
259 of the Acts of 2014.

At this time, the Town of Orleans has targeted 100 percent of its share of the nitrogen load to be removed
by non-traditional technologies for Lonnie’s Pond, Arey’s Pond, Lower River, Namequoit River, Paw Wah
Pond, Quanset Pond, Pochet, Pleasant Bay Main Basin and Little Pleasant Bay. Other sub-embayment
removal goals have smaller targets for non-traditional technologies including 2 percent for Meetinghouse
Pond, which will be mainly addressed with conventional wastewater collection and treatment system and
54 percent for the Upper River. Given the expected favorable economic benefits of utilizing non-traditional
technologies, the current objective for full-scale PRB selection in this evaluation was to consider all feasible
locations within the Pleasant Bay Watershed.
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B. Nauset Harbor Embayment System TMDLs

The Nauset Harbor Embayment System in Orleans and Eastham is connected to the Atlantic Ocean and is
comprised of open waters including Nauset Harbor, Town Cove, Nauset Marsh (located behind Nauset
Barrier Beach) and three sub-embayments: Salt Pond, Wood Cove and Mill Pond. The Nauset Harbor
Estuary watershed is shared by the Towns of Orleans, Eastham and Brewster. The most impacted areas
with impaired habitat and therefore the focus of nitrogen load reduction in Orleans, include the upper reach
at Town Cove and the semi-enclosed Mill Pond and Wood Cove sub-embayments. The Salt Pond sub-
embayment in Eastham is also at risk of eutrophication. MEP issued the report “Linked Watershed-
Embayment Approach to Determine Critical Nitrogen Loading Thresholds for the Nauset Harbor
Embayment System, Towns of Orleans and Eastham, Massachusetts” in 2012 to support TMDLS for the
estuary.

The Nauset Embayment System exceeds the MEP established TMDL requiring measures to lower the
combined watershed nitrate load to the estuary (Howes et. al., 2012). The Town Cove nitrate TMDL is
21,432 kgl/yr with a Target Threshold Watershed Load (comprised of natural background, fertilizer, runoff
and septic system loads) of 4,368 kg/yr. According to the MEP report, the existing Watershed Load is
11,532 kg/yr. Therefore, a reduction of 7,164 kg/yr of nitrogen load is necessary to restore and maintain
the Town Cove’s water quality below the Target Threshold Load. Orleans has identified a PRB technology
removal target or goal of 566 kg/yr for Town Cove. The objective for full-scale PRB selection in this
evaluation was to consider all feasible locations within the Nauset Watershed.

C. Rock Harbor Embayment System TMDLs

The Rock Harbor Embayment System is in the Towns of Orleans and Eastham. Rock Harbor is a man-
made harbor at the mouth of a tidal river and salt marsh and opens to Cape Cod Bay to the north. Significant
habitat quality impairment and the presence of algal mats have been observed in the lower reach harbor
area, while the upper reach marsh area has a higher quality habitat. MEP issued the report “Linked
Watershed-Embayment Approach to Determine Critical Nitrogen Loading Thresholds for the Rock Harbor
Embayment System, Towns of Orleans, Massachusetts” in December 2008 to support TMDLs for the
estuary. The Rock Harbor System total TMDL 1,827 kg/yr with at Target Threshold Watershed Load of
1,358. The Present Watershed Load, comprised of natural background, fertilizer, runoff, WWTF and septic
system loads, is 3,309 kg/yr, leaving 1,951 kg/yr to be removed. The Orleans’ PRB technology removal
target for nitrate is 634 kg/yr. The objective in this evaluation was to consider all possible locations within
the Rock Harbor Watershed.

3. Site Selection Process

The PRB site selection process documented in this technical memorandum has identified 14 potential PRB
locations within the sub-watersheds to Pleasant Bay, 3 PRB locations in the Nauset watershed and 1 location
within the Rock Harbor watershed. PRBs were identified using local roadway names. Location and physical
characteristics of the potential PRBs are included in Table 2 and shown on Figure 2.

A variety of information sources were used to support the PRB selection process. Land use was reviewed in
the Orleans Geographic Information System https://www.town.orleans.ma.us/planning-department/pages/qis-
mapping. Hydrogeologic information including groundwater flow and watershed delineations were gathered
from MEP reports and from the regional USGS Monomoy Lens groundwater model (Walter and Whealan,
2005). Additional groundwater data were obtained from a 1990s CCC investigation of soils, water level and
water quality data across the Town of Orleans. The CCC gathered soil boring and water level data from
numerous previous investigations and installed additional soil borings and monitoring wells to evaluate soil and
groundwater elevations throughout Orleans. These data were summarized in a report titled “Orleans Water
Table Mapping Project, Orleans Massachusetts”, dated May 1995.

Full scale PRB location screening considered overall nitrogen remediation objectives, environmental conditions,
land use, downgradient water use, topography, wastewater nitrogen load upgradient within the capture zone of
the PRB and practical limitations to cost effective implementation of the technology.
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4. PRB Characteristics and Initial Siting Criteria

Initial PRB siting criteria were used to assess potential full-scale PRB locations in each of the three major
watersheds. Criteria included:

¢ Locating PRBs along roadways that are cross-gradient to the regional groundwater flow direction and
within a watershed requiring long term groundwater remediation;

e The depth to groundwater, generally less than 40 feet (depth affects costs and may affect feasibility);

e The accessibility of the PRB for installation, upgradient and downgradient monitoring well installation,
and long-term monitoring; and

e The location where groundwater discharges to the most sensitive upper reaches of the estuary where
possible.

A PRB screening matrix was developed to identify relevant characteristics and record results of assessments
of effectiveness discussed below. Candidate locations were mapped, depth to groundwater was estimated
based on topography and groundwater elevation contours and the vertical extent of the PRB was defined.
Screening included evaluation of roadway orientation upgradient of target embayments, considering sub-
watersheds to determine PRB location and PRB total length. The road layout and land use assessment utilizing
the Orleans Geographic Information System (GIS) database was followed up with field surveys.

5. Detailed Analysis of PRB Effectiveness

Potential PRB locations identified in the initial screening were assessed for effectiveness of nitrogen mass
removal by evaluating:

e The dimensions of the proposed PRB;

e Groundwater flow direction;

e The density of wastewater nitrogen sources upgradient of and within the capture zone of the PRB; and
o The ability in aggregate to achieve PRB nitrate mass remediation goals given the current assumptions.

The density of septic system wastewater nitrogen sources was assessed by estimating the number of parcels
within the capture zone or area of groundwater intercepted by the PRB and then calculating the nitrogen load
generated in that area with specified assumptions. A feasible PRB installation depth of approximately 70 to 80
feet below ground surface was assumed. This depth limitation and the depth to groundwater affects the size
of the upgradient capture zone of a PRB. The upgradient area of groundwater that will flow through the PRB
is limited because groundwater generally flows deeper into the aquifer as it moves towards the receiving water.
Once it reaches the receiving water body groundwater moves up to discharge. At a certain distance upgradient,
groundwater originating further upgradient will flow under the PRB and groundwater from that area cannot be
treated by the PRB.

AECOM developed a groundwater flow model for the Town of Orleans based on the USGS, Sagamore and
Monomoy flow lens Model (Walter and Whealan 2005). This model has been previously used to evaluate
groundwater mounding and alterations to groundwater flow paths resulting from the proposed WWTF
Groundwater Discharge at 32 Lots Hollow Road and 43 Lots Hollow Road in Orleans (AECOM, 2018). The
model is also suitable for evaluating the area contributing groundwater to the proposed PRBs. The capture
zone area was estimated by using the model to backtrack particles, simulating a drop of water’s flow path,
upgradient of each PRB. This was accomplished by using MODPATH (Pollock, 1994) in conjunction with the
MODFLOW (McDonald and Harbaugh, 1988) software.
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The wastewater load within the defined capture zone was then estimated by counting parcels within the capture
zone and assigning an annual nitrogen load for the PRB. This estimate considers wastewater related nitrogen
only and does not account for fertilizer applied to the land and atmospheric deposition of nitrogen within the
capture zone. The wastewater load estimate assumed one house per parcel. The parcel nitrate load assigned
was based on a reference wastewater nitrogen concentration of 26.25 mg/L used in MEP studies and a town-
wide average water use of 150 gallons per day per parcel based on Orleans water records for 2014 and 2015.
The estimated annual nitrogen load generated per parcel was 5.44 kg/yr.

Nitrogen from fertilizer, atmospheric deposition, and the presence of multi-unit condominiums on one parcel
would increase the estimated nitrogen load in the capture zone. MassDEP has indicated a preference for use
of actual nitrogen flux data and PRB nitrogen removal performance for determining the nitrogen load removal
credit assigned to PRBs. However, the MEP based estimate of 5.44 kg/yr has been used as a surrogate in this
evaluation. Ultimately PRB performance will be measured by actual groundwater nitrogen load and PRB
reduction as determined through groundwater monitoring.

Prior to assigning a nitrate load to each parcel, the parcels were reviewed for land use type and mapped
conservation land and parcels without obvious development were not counted. The parcel count is included in
Table 3. PRB lines, particle backtracks, and highlighted parcels show the capture zones and counted parcels
on Figure 2. For the purposes of site selection screening, the assumed nitrogen load removal by PRBs is 80
percent of the wastewater load generated within the capture zone. Current monitoring of the Eldredge Parkway
Demonstration PRB indicates a greater than 80 percent nitrogen removal efficiency. However, it is anticipated
that an 80 percent efficiency will be selected as the target for PRB management over time, triggering
replenishment of PRB carbon source once average efficiency drops below 80 percent.

The estimated annual nitrogen load in the capture zone of each PRB was normalized to PRB length to assess
load reduction on a kilogram per linear foot per year (Kg/LF/yr) basis for comparison with other potential PRBs.
The estimated PRB efficiency considering all locations ranged from 0.09 to 0.40 Kg/LF/yr. PRBs in each major
watershed were ranked for efficiency and given a rank as shown in Table 3.

The calculated efficiency was supplemented with a qualitative evaluation of PRB location relative to the most
impacted sub-embayments based on MEP modeled total nitrogen concentrations and embayment specific non-
traditional technology goals to guide potential funding and implementation planning.

6. Implementation Cost

AECOM has estimated the implementation cost for each PRB installation based on $1,230.00 per linear foot of
PRB line. This cost includes:

e Town administration;

e Engineering design;

e Monitoring well installation and baseline sampling;
¢ Injection contractor and sub-state costs; and

¢ Engineering oversight of implementation.

PRB implementation costs range from $492,000 for a 400-foot PRB to $8,979,000 for a 7,300-foot PRB as
shown in Table 4. Additional future costs will include long term monitoring, replacement costs for any damaged
monitoring wells and subsequent substrate injection events. These costs were developed for the Wastewater
Infrastructure Long Term Financial Plan that will address a phased implementation schedule for selected PRBs
over a 10-year period.

7. Life Cycle Cost Analysis

A Life Cycle Cost Analysis (LCCA) was performed to compare PRBs and Traditional Systems. The purpose of
this LCCA was to estimate the overall costs of PRBs and Traditional Systems and to utilize the information to
assist the Town in selecting the alternative which will provide the lowest overall cost (implementation plus
operation and maintenance) based on a cost per kg nitrate removed.
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For both the PRBs and Traditional Systems, numerous costs associated with implementation (e.g. planning,
design, bidding, construction, etc.) plus operation and maintenance of each the alternative was estimated. The
following summarizes the unit costs utilized for the LCCA.

PRBs
Description Unit Cost

Implementation Cost ' ($/LF) $1,230
Replacement Cost ? ($/LF Annual basis) $63
Monitoring Cost 3 ($/LF) $17
Notes:

1. Unit costs developed based on the Eldredge Park Way PRB Demonstration Project.

2.  Replacement costs will occur every 15 years for PRB reinjection.

3. Monitoring costs represent an average on $/LF basis. This may vary by location due to reporting efforts and costs.

Traditional Systems

Description Unit Cost
Collection System and Pumping Stations
Gravity Sewer (If) $425
Low-Pressure Sewer (If) $200
Pumping Station (each) $1,500,000
Force Main (If) $200
Highway Crossing (I.s.) $500,000
O&M Cost ($/gal) $1.75
WWTF and Aquifer Recharge
WWTF ($/gal) $100
Force Main (If) $200
Effluent Disposal ($/gal) $10
O&M Cost ($/gal) $3.25

Notes:

1. Based on the Average of Bids Received on May 6, 2020 for Contract 2019-02 - Downtown Area Collection System and
Pumping Stations

2.  O&M Cost Based on Estimated O&M Cost for Contract 2019-02 - Downtown Area Collection System and Pumping Stations

3. Based on the Average of Bids Received on May 13, 2020 for Contract 2019-01 - Downtown Area WWTF and Effluent
Disposal

4.  O&M Cost Based on Estimated O&M Cost for Contract 2019-01 - Downtown Area WWTF and Effluent Disposal
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The LCCA utilized the following assumptions:

Factors N Removal
Term at 30, 60 and 100 Years Utilized 26.25 mg/l per MEP Studies
Interest Rate at 1.5% PRBs - 80% Removal from Watershed
Inflation at 3.0% Traditional System - 100% Removal from Watershed

The PRB LCCA costs (on a cost per kg nitrate removed basis) were than compared to the Traditional System
LCCA costs (on a cost per kg nitrate removed basis). Conclusions are as follows:

1. When compared to Traditional Systems approximately:

a. 80 percent of the proposed PRBs are more cost effective (on a cost per kg nitrate removed
basis) over a 30-year life-cycle cost analysis; and

b. 27 percent of the proposed PRBs are more cost effective (on a cost per kg nitrate removed
basis) over a 100-year life-cycle cost analysis.

2. The proposed PRBs at Granny’s, Richwood, Blossom and Norseman are more cost effective (on a cost
per kg nitrate removed basis) compared to the Traditional Systems based on the 30-year, 60-year and
100-year life-cycle costs.

3. The proposed PRBs at Winslow, Gosnold and Rock Harbor are not as cost effective (on a cost per kg
nitrate removed basis) as compared to the Traditional Systems based on the 30-year, 60-year and 100-
year life-cycle costs.

Refer to the following summary; Table 4 for the 30-year, 60-year and 100-year life-cycle cost analysis for PRBs;
and Table 5 for the 30-year, 60-year and 100-year life-cycle cost analysis for Traditional Systems.

Comparison of PRBs and Tranditional Systems on a Cost per kg Nitrate Removed Basis
PRB Description LCCA at 30 Years LCCA at 60 Years LCCA at 100 Years
PRBs Traditional System PRBs Traditional System PRBs Traditional System

Pleasant Bay Estuary
Monument X X X
Keziah's X X X
Mayflower X X X
Namequoit, Ridge & Lockwood X X X
Quonset 1,2, &3 X X X
Granny's X X X
Winslow X X X
Richwood X X X
Duck Hole X
Gosnold X
Briar Spring X X X
Blossom X X X
Nauset Estuary
Tonset Road and Main Street X X X
Norseman X X X
Rock Harbor Estuary
Rock Harbor | | X | | X | | X

Totals| 1 | 3 | 7 | 8 | 4 | 1
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8. Consideration of Current Groundwater Use for Water Supply

Groundwater is currently used for water supply throughout the Town of Orleans. The Town operates municipal
wells and has a water main distribution system servicing much of the Town. Private potable water supply wells
are scattered throughout the Town with concentrations of these wells in certain areas. Parcels with private
wells are shown on Figure 2. PRBs were only considered at locations downgradient of zones of contribution to
municipal wells. AECOM assessed the distribution of private wells through town records and identified several
potential private wells and parcels with potential private wells downgradient of PRBs. Parcels with private wells
near potential PRBs appear to also be located adjacent to town municipal water mains and will need to be
connected to town water to avoid any potential secondary water quality effects to potable water and to facilitate
permitting PRB injection through the Massachusetts Underground Injection Control Program.

9. Conclusions

The performance of PRBs was considered against specific nitrogen reduction goals for non-traditional
technologies. In certain watersheds, such as the watersheds to Town Cove and Meetinghouse Pond, traditional
wastewater treatment will provide most of the nitrogen load reduction necessary to achieve TMDLs. Enhanced
aquaculture will be also be pursued as an additional non-traditional technology but will not be assigned a
specific share of the non-traditional remediation goal for watershed permitting in current planning.

The PRB siting criteria that specifies locating PRBs along roadways that are cross-gradient to the regional
groundwater flow direction is important for access and feasible installation. However, this criterion also
significantly limits the locations that can be selected. This limitation is considered the single most restrictive
criterium for placement of PRBs, affecting PRB options and achievement of nitrogen remediation goals. Areas
with significant concentrations of private wells were also avoided in locating PRBs due to concern for potential
impacts to drinking water quality. A modified approach to PRB installation may be necessary to select additional
locations or other alternatives may be necessary to achieve remediation goals. The ability of PRBs to achieve
specific watershed goals are discussed in more detail below.

A. Pleasant Bay PRBs

A total of fourteen PRBs were identified in the Pleasant Bay Watershed. PRBs were placed in targeted
sub-watersheds to the extent possible. Nitrogen removal requirements for sub-embayments are presented
in Table 1. Nitrogen remediation requirements for Quanset Pond were included with Pleasant Bay/Little
Pleasant Bay in this analysis due to difficulties in addressing Quanset Pond directly, giving a total of nine
remediation goals used for comparison to estimate nitrogen load reductions. Measures of PRB
effectiveness in relation to remediation goals are presented in Table 3 including:

o Estimated sewer load reduced (kg/yr) at 80% PRB efficiency;
e Percentage of embayment non-traditional technology goal achieved; and
o Estimated PRB efficiency (kg/LF/yr).

The nine targeted sub-watersheds cannot be fully remediated with PRBs to exceed the required non-
traditional technology targets with the given assumptions. The overall projected PRB nitrogen reduction for
Pleasant Bay based on the given assumptions was 2,115 kg/yr which is less than half the total Pleasant
Bay non-traditional technology remediation goal of 4,966 kg/yr. However, the proposed PRBs could remove
a significant percentage, ranging from 29 percent to 70 percent of the required removal load to impacted
sub-watersheds.

AECOM Technical Services, Inc. Page 8
Pocasset, MA



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

The most efficient PRB in the Pleasant Bay watershed on a kilograms-of-nitrogen removed per linear foot
per year basis was the Ridge (Ridgewood Road) PRB with a nitrogen removal efficiency of 0.27 Kg/LF/yr.
In combination, the Ridge PRB and the Namequoit (Namequoit Road) PRB achieved an estimated 70
percent reduction in targeted nitrogen load to the Namequoit River. The Namequoit River is also an upper
reach priority embayment that is significantly impacted by nitrogen load. Nitrogen load reduction in upper
reaches of the estuary is a priority because upper reaches are the most impacted and nitrogen reduction
in upper reaches will also benefit all lower areas in the estuary closer to the inlet to the bay.

Four PRB locations were identified in the Pochet Neck Stream and Pochet watersheds which is also a
priority upper reach of the estuary with significant impact from nitrogen load. In combination these PRBs
would remove 48 percent of the 1,564 kilograms of nitrogen load targeted for Pochet.

PRB locations could not be identified for Arey’s Pond mainly due to roadway orientation and developed
parcel locations. Meetinghouse Pond watershed will be remediated with conventional wastewater
treatment and no PRB were located in the Meetinghouse Pond sub-watershed.

B. Nauset Estuary PRBs

Three potential PRBs were identified for the Nauset Estuary with a total projected nitrogen remediation of
866 kg/yr, which significantly exceeds the non-traditional technology goal of 566 kg/yr for Town Cove. The
Tonset PRB was the largest identified and could be considered to help achieve the 7,164 kg/yr of nitrogen
load reduction necessary to restore and maintain the Town Cove’s water quality on an interim basis, treating
existing load already in the groundwater while traditional wastewater systems are brought online. The
relatively small 750-foot-long Main Street PRB was projected to be very efficient with a nitrogen removal of
0.4 Kg/LF/yr while the much longer Tonset PRB had a significantly lower nitrogen removal efficiency of 0.06
Kg/LF/yr.

C. Rock Harbor PRBs

One PRB location was identified for Rock Harbor along Rock Harbor Road that is estimated to remove 305
ka/yr of nitrogen which is less than half the Rock Harbor non-traditional remediation goal of 634 kg/yr. The
Rock Harbor PRB had a relatively low nitrogen removal efficiency of 0.08 kg/LF/yr.

The results of the effort to identify potential full-scale PRB locations indicated there are many viable options for
PRBs. Preliminary analysis indicates some locations are clearly more efficient and cost effective than others.
PRBs identified in this process do not fully achieve nitrogen remediation goals for non-traditional technologies
and additional alternatives may be required. The identified PRBs do however provide an important starting
point for implementation of non-traditional technologies and are expected to provide for significant nitrogen
removal. Actual groundwater data from field investigations will be necessary to confirm expected PRB
performance in relation to remediation goals and may indicate higher effectiveness by accounting for additional
nitrogen sources and/or higher source strength than considered in the screening assumptions. Groundwater
data and a calculated mass flux of nitrogen is the MassDEP’s preferred method for assessing PRB
performance. The field data collected from monitoring wells will be used to assess the actual mass of nitrogen
intercepted by the PRB on an annual basis.

Each of the potential PRB locations were evaluated based on the following considerations:

o Estimated PRB Efficiency (kg/LF/yr) o PRB location with regards to embayment

o Ability to meet PRB Non-traditional technology
goal (kg/yr)

o Life Cycle Cost Analysis (PRBs vs Traditional Environmental Response (Short Term vs. Long
System) Term)

Watershed Compliance (N Reduction)

e Secondary Water Impacts (Public and Private Implementation Costs (Capital Improvement
Water Supplies: Existing and Future) Plan)

e Location of PRBs vs. Wastewater Service Areas
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Critical factors include the estimated PRB efficiency (Kg/LF/yr), location, and ability to contribute to remedial
goals (percent nitrogen reduction). Even PRBs with relatively low efficiency can be beneficial if sufficient length
can be installed to achieve significant nitrogen reduction (% N reduction). In some cases, short length PRBs
with high efficiency but low % N reduction can be worthwhile and are cost effective. In addition, PRB location
with respect to the upper reach or head of the estuary matters. The upper reaches are the most impacted by
eutrophication from nitrogen loading, with documented overload of nutrients. Reducing nitrogen loading in the
upper estuary improves water quality throughout the bay. The following table presents the results of the
evaluation as well as identifies as to whether the location is feasible for PRB implementation.

Feasible PRB
Embayment PRB Name Remarks Location (Y / N)
Pleasant Bay Estuary (Orleans)
Meetinghouse Pond None N/A Conventional treatment N/A
Lonnies Pond / Monument e  High priority upper reach Y
Kescayo Gansett River e Higher efficiency
e Significant % N reduction
Aery’s Pond None Fails to meet siting criteria N
Upper River Keziahs e High priority upper reach Y
e Moderate efficiency
e Significant % N reduction
Lower River Mayflower e High priority upper reach Y
e Moderate efficiency
e Low % N reduction
Namequoit River Namequoit e  High priority upper reach Y
e Higher efficiency
e Highest % N reduction
Ridge e High priority upper reach Y
e Highest efficiency
e Highest % N reduction
Pah Wah Pond Lockwood e High priority upper reach Y
e Moderate efficiency
e Lower % N reduction
Quanset and Quonset e High priority upper reach Y
Pleasant Bay Main Basin 1,2,3 e Moderate efficiency
e Significant % N reduction
Grannys e Lower priority location Y
e Higher efficiency
e Moderate % N reduction
Winslow e Lower priority location N
e Low efficiency
e Low % N reduction
AECOM Technical Services, Inc. Page 10
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Feasible PRB
Embayment PRB Name Remarks Location (Y / N)
Richwood Lower priority location Y
Higher efficiency
Significant % N reduction
Pochet Duck Hole High priority upper reach Y
Lower efficiency
Significant % N reduction
Gosnold High priority upper reach Y
Low efficiency
Moderate % N reduction
Briar Spring High priority upper reach Y
Moderate efficiency
Significant % N reduction
Blossom High priority upper reach Y
Higher efficiency
Low % N reduction
Nauset Estuary (Orleans)
Town Cove Tonset High priority upper reach Y
Low efficiency
High % reduction
Main High priority upper reach Y
High efficiency
High % reduction
Mill Pond Norseman Lower priority location Y

Rock Harbor Estuary (Orleans)

Higher efficiency
Significant % reduction

Rock Harbor Rock Harbor

High priority upper reach Y
Lower efficiency
Significant % reduction

AECOM Technical Services, Inc.
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10.

Not all feasible PRBs are recommended for implementation and some of the feasible PRBs are less beneficial
than others and should be installed after the more advantageous locations. The Rock Harbor PRB and the
Nauset Watershed Tonset PRB are in areas adjacent to planned conventional wastewater treatment service
areas and would be better served by extending the conventional system. The Rock Harbor and Tonset PRBs
are therefore not recommended for additional investigation. The potential Winslow PRB in the Pleasant Bay
Watershed does not rank high enough to be considered for implementation due to projected low efficiency and
low nitrogen removal, in addition to being in an area that does not affect the upper reaches or a confined sub-
embayment of Pleasant Bay.

Implementation of the remaining feasible PRBs in the watersheds to Nauset Estuary and Pleasant Bay should
move forward. In Nauset Estuary the recommended PRBs include the Main Street PRB adjacent to Town
Cove, a relatively short cost effective PRB at a location that could provide a significant short-term benefit prior
to the water quality improvements resulting from the Downtown conventional system. If implemented this PRB
could address nitrogen already released to groundwater and migrating to Town Cove over the next 20 years.
The Norseman PRB is also a relatively short PRB that is cost effective and would improve water quality in the
Mill Pond sub-embayment. These locations should be investigated as described in the Next Steps presented
below.

The remaining 13 PRBs in the Pleasant Bay Watershed should also move forward in the process and be
investigated to confirm hydrogeologic conditions and water quality. A priority for implementation should be
established based on the additional information and consideration of efficiency and nitrogen reduction potential.

Next Steps

Additional effort is necessary to confirm potential PRB locations and plan the appropriate sequencing of PRB
implementation. Additional criteria for final selection of PRB locations will include site specific investigations
and evaluations as follows:

A. Continue PRB Watershed Planning in order to reduce nitrogen based on the results of the Eldredge Park
PRB Demonstration Test and previous Watershed Planning Activities. Conduct (a) field investigations; (b)
subsurface investigations; and (c) sampling, analysis and evaluation on the following:

e Two potential PRB locations in the Nauset Estuary
v" Main Street v" Norseman

e Thirteen potential PRB locations in the Pleasant Bay Estuary

v' Blossom v Briar Spring
v Duck Hole v" Gosnold

v' Grannys v' Keziahs

v" Lockwood v' Mayflower
v Monument v Namequoit
v" Quonset 1,2,3 v Richwood
v" Ridge

B. Field Investigations

e Perform field investigations to confirm suitability of the proposed PRB locations along roadways;
types of utilities present; roadway ownership; accessibility for upgradient and downgradient
monitoring well installation and long-term monitoring; and potential environmental impacts.

e Based on Board of Health information, verify the location and status of any private wells located in
the vicinity of the proposed PRBs.

¢ Field investigations to occur on up to ten PRB locations.

AECOM Technical Services, Inc. Page 12
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C. Subsurface Investigations

e Perform subsurface investigations to obtain subsurface geologic condition and to confirm
groundwater flow directions and water quality.

e Subsurface investigations to occur as follows:

v' Part 1 — Conduct drilling operations with soil sampling, groundwater profiling, and groundwater
monitoring well installation and sampling at up to three locations at each potential PRB site.
Based on the information obtain, evaluate the feasibility of each location as a potential PRB
location and conduct additional subsurface investigations at sites which are deemed feasible.

v' Part 2 — Conduct drilling operations with soil sampling, groundwater profiling, and groundwater
monitoring well installation and sampling at up to five additional locations at each potential PRB
site identified as feasible.

D. Sampling, Analysis and Evaluation

e Obtain hydrogeologic information and results of groundwater analyses and conduct an evaluation to
develop a baseline nitrogen concentration profile, geologic and geochemistry data to support a cost-
effective implementation.

e Sampling and evaluation to occur on up to eight monitoring well locations at each PRB.
E. Regulatory and Local Coordination

e Coordinate with the MassDEP, the Town of Orleans and the Pleasant Bay Alliance to discuss
planning activities, the results of the investigations and the evaluation of the proposed PRB site.
Setup and participate in up to two meetings.

e Update the Town’s webpage to include documents and presentations prepared as part of this phase
of the project.

F. Update the Full-Scale Watershed Planning Report — Update the Full-Scale Watershed Planning Report to
incorporate the planning activities, the results of the investigations and the evaluation of the proposed PRB
sites.

G. Meetings

e Prepare for and conduct two public meetings with the Select Board, Board of Water and Sewer
Commissioners, Planning Department and the public at large to obtain stakeholder input;

e Prepare for and conduct four coordination meetings Board of Water and Sewer Commissioners,
Planning Department and Department of Public Works and Natural Resources the public at large to
obtain stakeholder input.

This Technical Memorandum provides information for review by public stakeholders to facilitate ongoing public
involvement in the process. Prior to final selection, location-specific assessment are necessary to confirm
existing conditions and the nature of hydrogeological conditions and groundwater chemistry to estimate nitrogen
flux at PRB locations.

11. References
AECOM, Groundwater Discharge Hydrogeologic Evaluation, 32 and 43 Lots Hollow Road Town of Orleans”,
Massachusetts, August 2, 2018.
Cape Cod Commission, Orleans Water Table Mapping Project, Orleans Massachusetts”, May 1995.
Interstate Technology & Regulatory Council (ITRC) (2010). Use and Measurement of Mass Flux and Mass
Discharge.
Interstate Technology & Regulatory Council (ITRC) (2011). Permeable Reactive Barrier: Technology Update
(PRB-5).

AECOM Technical Services, Inc. Page 13

Pocasset, MA



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

MassDEP (May 2007) “Pleasant Bay System, Total Maximum Daily Loads for Total Nitrogen” (Report #96-
TMDL-12, Control #244.0).

Tchobanoglous, G., Burton, F. L., Stensel, H. D., & Metcalf & Eddy. (2003). Wastewater engineering: Treatment
and reuse. Boston: McGraw-Hill.

Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner (2006). Linked Watershed-
Embayment Model to Determine Critical Nitrogen Loading Thresholds for Pleasant Bay, Chatham,
Massachusetts. Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection.
Boston, MA.

Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner (2007). Linked Watershed-
Embayment Approach to Determine Critical Nitrogen Loading Thresholds for the Rock Harbor Embayment
System Towns of Orleans and Eastham, Massachusetts.

Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner (2012). Linked Watershed-
Embayment Approach to Determine Critical Nitrogen Loading Thresholds for the Nauset Harbor Embayment
System Towns of Orleans and Eastham, Massachusetts.

McDonald, M.G. and A.W. Harbaugh, 1988, "A Modular Three-Dimensional Finite Difference Groundwater Flow
Model", Techniques of Water Resources Investigations 06-Al, USGS.

Pleasant Bay Alliance (2017) Pleasant Bay Composite Nitrogen Management Analysis.

Pollock, D.W., 1994, User's Guide for MODPATH/MODPATH-PLOT, Version 3: A particle tracking post-
processing package for MODFLOW, the U.S. Geological Survey finite-difference ground-water flow model: U.S.
Geological Survey Open-File Report 94-464, 234 p.

Walter, D.A. and Whealan, A.T., 2005, Simulated water sources and effects of pumping on surface and ground
water, Sagamore and Monomoy flow lenses, Cape Cod, Massachusetts: U.S. Geological Survey Scientific
Investigations Report 2004-5181, 85 p. [https://pubs.usgs.gov/sir/2004/5181/].

AECOM Technical Services, Inc. Page 14
Pocasset, MA



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

Tables

AECOM Technical Services, Inc.
Pocasset, MA



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

This Page Intentionally Left Blank.

AECOM Technical Services, Inc.
Pocasset, MA



120z ‘£ Aenuer :pasinay VIN ‘19558204

TjoTa8eq 2U] ‘591IBS EI1UYIRL NODIY

[008°669'965 [0T9°SOL'TVS | _ 7 [98z‘e [ss¢ [ [206°€E | [ | Iel01 |enuajod apimumoy gyd|

00£/968°0TS  |002°9V8‘VS 80°0 €9 S0€ 0L 0v6'E JogJeH ooy (suea|10) Asenis3 JoqueH Yooy

JuawAequia Aoid yoeay 1addn [00Z'968°0TS STY'E0TS T 800 SOE [ SToig 05 J10gieH %00y 0v6'E UIBIN JOGIBH Y004 € | JogJeH 320y JogueH 204

V€9 SOE oL JdoqueH 304 ule JogueH ya0y

S3J0N uonenjeay (410 uasaid) ewnsy uey 4K/41/3) parewnsy (4A/3%) |eoo Kouapiy3 aud s|a2.ed [N () yadag speoy (1) y18ua1 [ 1 payssazem dIN sweN gyd Juawhequy
g4d 10§ ¥2D1 Jeah-0€ | 350D uonejjeIsul gud| Adumiya JA/Sy ASojouyday |eu ea]| %08 e (4A/3y) paonpas pajewnsy a3uey yadag pajeinies
gYd paysiazem -UoN juswAequiy PpeoT 1amas pajewnnsy

Aeg jueseajd

(sueajaQ) Asenis] JoqieH ooy

0 1A/41/33 Aduaidyy3 aSesany
00£850vZ$ |006°LEL'OTS 998 66T 0€L’8 (suea|sQ) Atenis3 1asneN
JuawWAequa Ajliold Yoeay 1addn|00L‘666'TS 00V'ETLS T 10 (449 8T GE010T or Py puod 08S puod [IIIN 8 uewssioN puod [IIA
IN ‘peoy suewasJoN
(443 8¢ puod |I'N
Juawhequia Ayold yaeay Jaddn|gyd 19sU0L Yim papni300s‘sy0‘TS (4 o0 6EE 8L 0T 01§ or uley 0S8 dN0) UMOL & uley dN0) UMO] |
JuawAequia Auioud yoeay 42ddn|000'650'22S 000'6£6'8S € 900 So¥ €6 0€ 01 0T o€ 3asuo] ‘uosqi 00€'L dN0) UMOL § 1asuol A0) UMOL
99s L 1733 3N0) umo] |
S210N uonenjeny (y1om 3uasaid) ajewnsy Jjuey JA/41/3) parewnsy (4A/3%) |eo Kouaniy3 gud s|221ed () mo oa (33) wadag speoy () yidua1 | @1 paysiarem dan aweN gud wawhequ3
gY4d 10§ Y221 4edA-0€ | 350D uone|jeisu| gud| Aduidyyg 1A/3y ASojouyday |euoiipeat| %08 1e (4A/3)) paonpas pajewns3 28uey yidag pajeinies
gyd paysiazem -uoN juswhequiz peoT JaMas parewns3
Aeg jueseajd
(sueajaQ) Asenis3 19snen
ot’o 4A/41/3% Aouapiy3 asesany
00v‘vvL‘T9$ |0TS'TZI'9ZS 996V STTC 98Y LET'TT (sueajs0) Atenis3 Aeg jueseajd
uswAequia AHoNg Yoeay 12ddn |00 ETS 1S 000265 € 910 59 ST 0% 03 08 (3 meymoiieds  [00v 394204 S€ wossolg 39204
‘ wosso|g
juswkequia Ajiolid 4oeay 1addn|00y'89T'8S 08EVLS'ES 13 600 15C 65 SE0I0T 0€ Bupds Jeng 906'C 19420d vE Bunds Jeng 194204
Juawhequia Ayolid yeay 1addn[00£°996°SS 0€9'655°CS €T 900 9T 62 0€010T o€ ‘plousog 180 Wea.ns }IaN 13Ya0d pjousog vYsod
pue 3194204 S€ ‘vE
JswAequia Aiond yoeay 124dn 008 SEE TS 000°€%0'SS (33 100 967 89 SE0IG [ 12707 ‘3J0H 00T weans 310H ¥Nna 134204
¥ong PlO ‘M3IA YSIH 03N 33Y00d S€
¥9S‘T L TLT 1dY20d
JuswAequia Aiiond yoeay 42ddn|00T'S08°2$ 00L%60'TS z 0z0 8LT 2 ST 0101 o€ Wiej poomMudly 068 puod 3asuenp pue ulseg ulel Aeg jueseald pue 3asueny
Aeg ueseald /€ ‘g€
Juswequi Kiiond Yoeay 15ddn 006967 €S 00SVIV'TS vT S00 19 vt or o g [3 Kep pueig Mo[sUIM_[0ST'T puOd 195UBND pue MOJSUIA useg ulel Aeg jueseald pue 3asuenp
Aeg jueseald /€ ‘g€
UawAeqUS Aorid (oeay 130dN | 002 72128 0056625 3 910 70T I3 0zo1ST 0 U7 shuuein 059 PUOJ 395UeND pue skuuein Uiseg Uie|y Aeg juesealq pue 39suenn
Aeg jueseald L€ ‘g€
UaWAequs Ao1d 4oeay 120dNn|006'T20°SS 0SE9YT'2S z 170 18T 22 0v 01 0T (3 1315h0 Sv.T puOd13SUEND pUE | €' 395U0ND Uiseg B Aeg JUesea|d pue 19sueny
1q e ‘PaymoL. Aeg jueseald /€ ‘g€
S8vT TES [44) uiseg ule|\ Aeg jueses|d pue 3asuenp
Juawhequia Ayolid yaeay Jaddn|gyd Jlonbawen yim p{006°zIS TS S a0 1413 SE ST91S 0€¢ Poomxd07 0€7'T puod yem yed ze poomxd07 puod yem yed
{144 (413 SE puod yem yed
JuswAequi Kjiond yoeay Jaddn|gyd 31onbaweN yim p{008's95S T [T0 9zt 62 0€ 031 0T [3 Py poomaspry 09t JionbaweN 0g 23py Jany 3onbaweN
JuswAequis Aiond Yoeay 42ddn 00225 LS 000'0EC'TS 9 710 Tt A3 0v 01 0T o€ peoy jionbaweN _ [000'T 14 lonbaweN 0g JionbaweN JaAly JionbaweN
8vE 1444 95 19A1Y onbawen
002'696'7$ 000'T60°Z$ T 600 (41 S€ 0€010T 0g yiauuay ‘Buiysiad  [00LT JoAlY Jamon 8¢ Jamoyihe |y JOAlY Jamo]
L1S (41 SE 19y Jamo]
jJuswkequia Ajiolid 4oeay 12ddn|00L'SLL'ES 00S'Z€5'TS 6 600 €11 9z 0v 01 5T [ syeizayl 0S2'T JaAy J2ddn T syeizayl Janry Jaddn
20z €1T 9z 4oy Jaddn
€1T 0 0 AUON puod shiay
JuawAequa Ajolid Yoeay J12ddn|006'688'7S 052'090'7% 8 110 8.1 T 050152 0€ Juswnuony SL9'T JaAY NasueD JuaWINUON 13A NOSUBD OABDS)/PUO SAIULOT
oAedsay|/puod
591UU0T 97 ‘ST
8¢ 8LT i1 1311y 119suen oAedsay|/puod saluuol
ov 0 0 auoN puod asnoH Sunasiy
S3j0N uonenjeay (4310 uasaid) 2ewnsy uey 4K/41/3) parewnsy (4A/3%) [eoo Kouapiy3 aud s|a2.ed [ () yadag speoy (1) y18ua1 [ 1 payssazem dIn sweN gyd Juawhequy
g¥d 10} ¥221 Jeah-0g | 350D uonejjeasul gud| Aduiyyg JA/8y ASojouyday |eu 908 3e (4A/3) pasnpai pajewns3 a3uey yadag pajeinjes

gyd paysisrem -uop judwAequiz Ppeo] JaMas parewns3
Aeg jueseajd

(sueajaQ) Asenis3 Aeg jueses|d

X143B[A] UOIID3|3S GHd SUedO
T 9l9eL



Table 2
Orleans PRB Selection Matrix - PRB Characteristics

Pleasant Bay Estuary (Orleans)

Saturated Thickness | Depth Range to
of PRB Groundwater
Embayment PRB Name MEP Watershed ID |PRB Length (ft) Roads (ft) (ft)
Meeting House Pond None
Lonnies Pond/
Kescayo Gansett River
25, 26 Lonnies
Pond/Kescayo
Lonnies Pond/Kescayo Gansett River Monument Gansett River 1,675 Monument 30 25to 50
Aerys Pond None
Upper River
Upper River Keziahs 41 Upper River 1,250 Keziahs 30 15 to 40
Lower River
Lower River Mayflower 28 Lower River 1,700 Pershing, Kenneth 30 10to 30
Namequoit River
Namequoit River Namequoit 30 Namequoit River 1,000 Namequoit Road 30 10 to 40
Namequoit River Ridge 30 Namequoit River 460 Ridgewood Rd 30 10to 30
Pah Wah Pond
Pah Wah Pond Lockwood 32 Pah Wah Pond 1,230 Lockwood 30 5to 15
Quanset and Pleasant Bay
Main Basin
33, 37 Pleasant Bay
Quanset and Pleasant Bay Main Basin Quonset 1,2,3 and Quanset Pond 1,745| Towhee, Lake Dr, Oyster 30 10 to 40
33, 37 Pleasant Bay
Quanset and Pleasant Bay Main Basin Grannys and Quanset Pond 650 Grannys 30 15 to 20
33, 37 Pleasant Bay
Quanset and Pleasant Bay Main Basin Winslow and Quanset Pond 1,150[ Winslow Dr and Way 30 5to 40
33, 37 Pleasant Bay
Quanset and Pleasant Bay Main Basin Richwood and Quanset Pond 890 Richwood Farm 30 10to 15
Pochet
35 Pochet Neck High View, Old Duck
Pochet Duck Hole Stream 4,100 Hole, Lovell 30 5to 35
34, 35 Pochet and
Pochet Gosnold Pochet Neck Stream 2,081 Gosnold, 30 10 to 30
Pochet Briar Spring 34 Pochet 2,906 Briar Spring 30 10to 35
Pochet Blossom 34 Pochet 400| Blossom , Sparrowhawk 30 30to 40
Pleasant Bay Estuary (Orleans) 21,237
Nauset Estuary (Orleans)
PRB Saturated
Thickness Depth Range to
Embayment PRB Name MEP Watershed ID |PRB Length (ft) Roads (ft) Groundwater (ft)
Town Cove
Town Cove Tonset 5 Town Cove 7,300 Gibson, Tonset 30 10 to 30
Town Cove Main 5 Town Cove 850 Main 40 5to 10
Mill Pond
Norsemans Road, Mill
Mill Pond Norseman 8 Mill Pond 580 Pond Rd 40 10 to 35
Nauset Estuary (Orleans) 8,730
Rock Harbor Estuary (Orleans)
PRB Saturated
Thickness Depth Range to
Embayment PRB Name MEP Watershed ID |PRB Length (ft) Roads (ft) Groundwater (ft)
Rock Harbor Main Rock Harbor
Rock Harbor Rock Harbor 3 Rock Harbor Main 3,940 Rock Harbor 50 5to 15
Rock Harbor Estuary (Orleans) Rock Harbor 3,940
|PRB Townwide Potential Total | | 33,907
AECOM Technical Services, Inc. Page 1of 1
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