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1.

Project Description
The Town of Orleans is in the process of addressing wastewater management and water quality issues
caused by excessive nitrate loading surrounding estuaries. The Town is considering both traditional
and non-traditional technologies to manage nitrate. Non-traditional technologies proposed include
aquaculture, floating constructed wetlands and permeable reactive barriers (PRBs). The traditional
technologies being considered at this time include collecting and treating wastewater and discharging
the effluent to groundwater. Two areas have been identified for the collection and treatment of
wastewater: the Downtown and Meetinghouse Pond areas, The proposal includes an overview of the
Orleans Water Quality and Wastewater Management Planning. The project overview is followed by a
description of the proposed WWTF and groundwater discharge sites. Also included is a proposal to
perform a hydrogeologic investigation and evaluation of the proposed groundwater discharge site for
the Downtown area. The proposal details field investigations, data collection and analysis, groundwater
mounding evaluation, and a summary of what will be included in the final report.
a.

Overview
The proposed hydrogeologic site evaluation is being conducted as part of the evaluation of
proposed treatment and disposal of sanitary sewage generated in the Meetinghouse Pond Area
of Orleans, MA. Proposed treatment will take place at a new facility to be built at 223 Beach
Road located in Orleans, Massachusetts or as an alternative at 178 Beach Road both located in
Orleans, MA. Proposed discharge will take place at a new facility to be built at 223 Beach Road
located in Orleans, Massachusetts (Figure 1). As part of the required Ground Water Discharge
Permit (GWDP) (314 CMR 5.00), a hydrogeologic site evaluation is required to evaluate the
feasibility of the proposed treated effluent discharge. The findings of this proposed hydrogeologic
evaluation will be submitted to the Massachusetts Department of Environmental Protection
(MassDEP) prior to and eventually as part of the GWDP for the facility
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The design flow of the proposed Wastewater Treatment Facility (WWTF) is to be determined, but
is expected to treat and discharge approximately up to 200,000 gallons per day. The WWTF will
serve businesses, residents, and other facilities in the Meetinghouse Pond Area and potentially
the Downtown Area of Orleans. As the design flow has not been determined, the proposed
hydrogeologic evaluation will estimate the groundwater discharge capacity for the site.
b.

History and Background
The Town of Orleans developed a Comprehensive Wastewater Management Plan (CWMP) in
2010 to protect surface and groundwater from the nutrient loads associated with on-site
wastewater systems, increased development and seasonal flux population. In 2012 the
recommendations in the CWMP did not receive the required votes at Town Meeting to be
implemented. The plan was brought before the town in 2013, but again there were insufficient
votes to implement.
In 2014, the Town convened the Orleans Water Quality Advisory Panel (WQAP) to guide studies
and assessments, and define preferred approaches for a customized, affordable water quality
management plan for the Town of Orleans. In March 2015 the WQAP agreed on an Amended
Water Quality Management Plan and Adaptive Management Plan (Consensus Plan) for
improving water quality in Orleans’ natural water systems to meet nitrogen reduction targets and
other key requirements of local, regional, State and Federal regulations.
The Consensus Plan includes implementing a combination of traditional and non-traditional
technologies. Non-traditional technologies proposed include aquaculture, floating constructed
wetlands and permeable reactive barriers (PRBs). The Consensus Plan includes the construction
of demonstration projects of each of these non-traditional technologies. These demonstration
projects would be designed and built in order to test hypotheses of nitrogen reduction through the
use of these alternative technologies, which can then be used to estimate full implementation size
and costs. As such, the Consensus Plan minimizes the number of properties within Orleans to be
sewered by maximizing the use of non-traditional technologies. A copy of the Consensus Plan
showing the location of the proposed sewer and demonstration areas is provided in Appendix A.
The traditional approach proposed within the Consensus Plan delineates two areas within
Orleans for sewer implementation:


Downtown Area - The Downtown Area, encompassing approximately 280 parcels, is
estimated to generate approximately 100,000 gpd of domestic wastewater. The proposed
facility will treat approximately 145,000 gpd, including 100,000 gpd of domestic wastewater
from the Downtown Area and up to 45,000 gpd of septage. The new treatment facility will
include tertiary treatment processes and is expected to have effluent concentrations of 10
mg/L of nitrate (N), 30 mg/L total suspended solids (TSS), and 30 mg/L biological oxygen
demand (BOD).



Meetinghouse Pond Area - The Meetinghouse Pond watershed area, encompassing
approximately 360 parcels, is estimated to generate approximately 50,000 GPD of domestic
wastewater to be treated at a satellite treatment facility and disposed at locations yet to be
identified.

The proposed Hydrogeologic Site Evaluation will focus only on the discharge for the
Meetinghouse Pond Area. A proposal for the Downtown Area will be submitted separately.
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Site Description – 223 Beach Road
The 223 Beach Road site consists of five contiguous parcels owned by the Town of Orleans
(Figure 2). The parcels total approximately 8.65 acres. The design of the proposed wastewater
treatment facility (WWTF) is yet to be determined.
The elevation of the proposed discharge is approximately 40 to 47 feet above mean sea level
(msl). The depth to groundwater is expected to be in excess of 35 feet. Groundwater below the
site flows in an easterly direction towards the Atlantic Ocean. Therefore the nitrogen load in the
effluent does not recharge the Meetinghouse Pond watershed and thereby reducing the
watershed nitrogen load. The Atlantic is over 1,000 feet east of the site. Soils underlying the site
are mapped as outwash sands and gravel.
The new WWTF will be constructed to treat wastewater flow from the Meetinghouse Pond Area
and potentially the Downtown Area. A disposal facility on this site would consist of subsurface
leaching trenches or sand beds (Figure 2). The discharge method selected will be based on the
results of the hydrogeologic evaluation. If wicks are considered for discharge, MassDEP will be
notified should additional hydrogeologic evaluation measures be necessary.

2.

Proposed Hydrogeologic Evaluation
a.

Test Pit Investigation
It is anticipated that a minimum of six test pits will be excavated in the proposed discharge area
shown on Figure 2. Percolation tests will be conducted by a Certified Soils Evaluator at each
location. The MassDEP and the Town of Orleans Health Department will be contacted to
schedule their availability for witnessing the excavation of the proposed test pits.

b.

Soils Testing and Data Analysis
To date, there have been no soil borings or monitoring wells installed at the proposed discharge
site. Approximately four soil borings are proposed to be drilled using direct push drilling methods.
The soil borings will be advanced to a depth of approximately 10 to 15 feet below the water table
with split spoon samples collected every five feet. At one or two locations, the soil boring will be
extended to depths of 25 to 40 below the ground surface to further evaluate the subsurface soils.
If refusal occurs prior to reaching the water table, the borehole will be abandoned and a new
location 10 to 15 feet from the proposed location will be drilled. The soil borings will be drilled in
accordance with MassDEP’s “Standard References for Monitoring Wells”.
Three of the soil borings will be converted to monitoring wells by installing 2-inch diameter PVC
well casing with ten feet of 10-slot well screen at the base. The bottom of the well screen will be
installed a maximum of 15 feet below the water table. The wells will serve to collect water level
data, collect water samples, conduct slug tests and eventually as up and downgradient
monitoring wells. Each monitoring well will be surveyed for location and elevation (NGVD).
Water levels will be measured and recorded at each location to determine the groundwater
elevation, flow direction and horizontal gradient across the discharge area.

c.

Slug Testing and Data Analysis
Slug tests will be performed on each monitoring well where there is a sufficient thickness of
saturated soils. Slug tests consist of measuring the recovery of water levels in a well after a nearinstantaneous change in head. The slug tests will be performed using a cylinder to displace the
water in the well with a submersible pressure transducer connected to a data logger used to
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record the water level response over time. Analysis of the slug test data will provide an additional
estimate of horizontal hydraulic conductivity at each monitoring well location.
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Baseline Water Quality Analysis
A round of groundwater samples will be collected from each of the proposed monitoring wells to
provide baseline water quality data. Groundwater samples will be sent to a MassDEP approved
laboratory and will be analyzed for pH, specific conductance, temperature, total nitrate, nitrate,
nitrite, ammonia, phosphorus, orthophosphate, chloride, sodium and volatile organic compounds
(VOCs).

e.

Estimate of High Water Table
Once installed, a water level will be measures at the wells at the site and USGS monitoring wells
BMW-22. The USGS wells are installed in similar aquifer material and located in Orleans and
Brewster, respectively. The water table elevations measured at the site will then be adjusted to
reflect the historic high water table conditions at the USGS well. Once the high water table
elevations have been estimated, the values obtained from the groundwater mounding
calculations will be added, resulting in groundwater mound elevations across the site during high
water table conditions.

f.

Estimated Groundwater Mounding
Data obtained from the site investigations will be analyzed and used to design a numerical
groundwater flow model to simulate groundwater flow in the vicinity of the proposed discharge.
The groundwater flow model will use MODFLOW, developed in 1988 by McDonald and Harbaugh
of the US Geological Survey (USGS), to compute groundwater flow in an aquifer under different
stressors. Once calibrated, groundwater mounding resulting from the discharge of wastewater
will be simulated. The model will also be used to estimate the groundwater flow direction, design
the base elevation of the proposed wastewater discharge, assess potential impacts to sensitive
receptors, and evaluate the discharge capacity of the site and watershed(s) being discharged to.

g.

Final Report
A Hydrogeological Evaluation Report will be prepared which will summarize the results of the field
investigations, data analysis, laboratory results, groundwater mounding analysis, numerical
model documentation, and potential impacts to sensitive receptors. Included will be USGS
topographic and surficial geology maps, pertinent USGS geologic and hydrogeologic data,
estimated depth to bedrock, the location of existing and potential water supply areas within a halfmile of the site, water supply protection areas, and pertinent subsurface investigations conducted
at nearby sites.
The report will also identify watershed recharge areas and boundaries, assess potential impacts
of nitrogen and/or phosphorus to receiving waterbodies, and estimate the additional nutrient load
to the receiving watershed(s). The groundwater model results will include the lateral extent of the
groundwater discharge, separation between the base of the discharge and the mounded water
table under high water table conditions, groundwater travel times, and potential impacts on
watershed(s), infrastructure, and potential sensitive receptors.
The final report will include a groundwater monitoring plan and will be submitted with permit
application BRP WP 83 “Hydrogeologic Evaluation Report Guidance” at the conclusion of the
evaluation in support of a Groundwater Discharge Permit.
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APPENDIX A

Town or Orleans, MA - Consensus Plan
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