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1. Introduction 

This Landfill Nitrogen Response Plan Technical Memorandum provides an updated assessment of 
groundwater conditions and potential response actions to mitigate sources of groundwater nitrogen and 
the flux of nitrogen migrating in groundwater from the Orleans Municipal Landfill (the landfill) toward Town 
Cove in Orleans, Massachusetts. Initial landfill investigations were completed in the spring of 2017 were 
summarized in the Final Phase 2 Technical Memorandum for Landfill Nitrogen Field Investigation dated 
September 25, 2017.  Additional groundwater investigations including monitoring well installation and 
sampling and pumping tests (the Phase 3 investigation) were completed in late 2017.  Phase 3 analyses 
were in part undertaken to provide additional information requested by UMass Dartmouth’s School for 
Marine Science & Technology (SMAST) and to further define the nitrogen source and presence in 
groundwater at the landfill. 

2. Orleans Landfill Site Description and Background 

A. The landfill consists of approximately 21 acres of Town-owned land located off Lots Hollow Road 
(Figure 1).  The property includes a natural kettle hole that was used for solid waste disposal from the 
1950s until 1991.  The unlined solid waste fill area was closed, and a 13-acre area was capped with a 
final cover system in 2005.  The landfill property also includes an active solid waste transfer station 
and yard waste composting and stockpile area (Figure 2).  The yard waste composting area is, in 
part, located on a land area formerly used for septage waste disposal to lagoons.  Six unlined 
septage lagoons, used between 1950 and 1989, were located to the north of the capped solid waste 
area. Landfill cap drainage from the north side of the landfill and transfer station stormwater has been 
infiltrated along a drainage swale constructed over the former septage disposal area when the landfill 
was capped in 2005.  Part of the area over the lagoons had been paved with asphalt. 
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B. The current stormwater control system includes a perimeter swale around the entire landfill and a 
108,000 cubic foot (808,000 gallon) capacity retention basin located in the northeast corner of the 
site.  The retention basin, also known as the infiltration pond, includes a sediment forebay and was 
designed to fully control the twenty-five-year storm event prior to discharge through an emergency 
spillway.  Stormwater system modifications are included in the design of the new Department of 
Public Works and Natural Resources (DPW) facility currently under construction at the landfill.  
These modifications include constructing new stormwater infiltration ponds. 

3. Landfill Nitrogen Investigation 

The landfill nitrogen assessment was completed in three phases of work.  Phase 1 was designed to 
collect initial information through site investigation, monitoring well installation, and soil and 
groundwater analyses.  Additional monitoring wells were installed in Phase 2 as necessary to broadly 
define the nature and extent of nitrogen in groundwater near the landfill and identify associated 
sources.  Phase 3 work was implemented to collect additional data regarding the extent of nitrogen in 
groundwater at the landfill necessary for groundwater modeling efforts planned by SMAST, and to 
complete groundwater pumping tests to confirm hydraulic conductivity values for assessment of the 
groundwater flow velocity. The groundwater investigation was mainly limited to areas at and 
immediately downgradient of the landfill except for two monitoring wells installed downgradient in the 
watershed closer to Town Cove. 

Source area and nearfield downgradient monitoring well locations are shown on Figure 2.  
Downgradient watershed sampling locations are shown on Figure 3.  The depth to groundwater in 
monitoring wells varies depending on location.  Surveyed top of casing elevations and well 
construction details including screen elevations are included in Table 1. 

Additional soil samples were also collected from the subsurface near the former septage lagoons 
during Phase 3 to assess the residual load of organic material and nitrogen from septage in the area.  
A discussion of test results is included in Section 4.C. Soil test results are included in Table 2. 

Monitoring wells were developed by pumping and sampled using the US EPA low flow methodology 
for field parameters, nitrogen compounds and selected anions, elements and, dissolved organic 
carbon (DOC).  Water table elevations were recorded prior to purging wells for sampling and are 
shown in Table 3.  Monitoring well groundwater sample results from all three phases of the nitrogen 
investigation are included in Table 4.  Pump test groundwater sample results are included in Table 5, 
and results of stormwater and compost leachate analyses are included in Table 6. 

Results of the Phase 1 and Phase 2 investigations were presented in detail in earlier Technical 
Memorandums (AECOM 2017a and AECOM 2017b).  The Phase 3 investigation results are presented 
below. 

A. The landfill groundwater monitoring well network initially included a small network of groundwater 
monitoring wells that was in place prior to the phased assessment and additional monitoring wells 
were added in subsequent phases.  These pre-existing monitoring wells have been used for semi-
annual groundwater monitoring as required by the MassDEP Solid Waste Program and include: 

• MW- MW-1S (56-66) and MW-1D (99-109); 

• MW- MW-2S (84-94) and MW-2D (124-134); 

• MW- MW-3S (50-60) and MW-3D (84-94); 

• MW-4S and 4D (upgradient wells); and 

• MW-MW-5S (78-88) and MW-5D (124-134). 

The range in parentheses refers to the screen depth in feet below ground surface for the 
monitoring wells downgradient of the landfill. 
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Monitoring wells installed during the Phase 1 and Phase 2 investigations included monitoring wells 
at previously existing locations at new deeper screen intervals and monitoring wells at new 
locations including: 

• MW-6A (64-74) and MW-6B (54-64); 

• MW-2 (140-150), MW-2 (161-171); 

• MW-5 (140-150); 

• MW-6 (88-98); 

• MW-7S (55-65), MW-7 (90-100), MW-7D (115-125); 

• MW-8 (36-46), MW-8 (84-94); 

• MW-9 (92-102); 

• MW-10 (85-95); and 

• MW-13 (74-84). 

The two deep screened monitoring wells installed further downgradient in the watershed between 
the landfill and Town Cove include MW-11 (91-101) and MW-12 (97-97). 

Additional monitoring wells installed during the Phase 3 assessment include: 

• MW-2 (236-246); 

• MW-13 (117-127); 

• MW-14 (150-160); 

• MW-15 (115-125); 

• MW-15 (145-155); and 

• MW-16 (110-120), MW-16 (140-150). 

Two “point in time” or grab groundwater samples were collected at deep intermediate depths 
during the soil boring for MW-2 (236-246).  The grab groundwater samples were collected at 186-
196 and 206-216 feet below ground surface. 

Two sets of pumping wells were also installed to conduct pumping tests including: 

• MW-PW-1S (95-125), MW-PW-1D (130-160); and 

• MW-PW-2S (100-130), MW-PW-2D (130-154). 

The depth to groundwater at monitoring wells varies depending on location.  All new Phase 3 
monitoring wells are 2-inch PVC wells with 10-foot screens.  Deep monitoring well MW-2 (236-
246) was installed by Sonic drilling, a method that uses a rotating and vibrating the rod, core 
barrel, and casing at sonic frequencies.  All additional monitoring wells and pumping wells were 
installed with hollow stem auger drilling. 

The new and selected previously installed monitoring wells were developed by pumping and 
sampled using the US EPA low flow methodology in July and August 2017.  Data collection 
included field parameters, nitrogen compounds and selected anions, elements and dissolved 
organic carbon (DOC). 

Water table elevations were recorded prior to purging wells for sampling.  Groundwater elevations 
on the north side of the landfill generally indicate flow to the northeast as indicated on Figure 2.  
Variations in groundwater elevation at cluster well locations also indicate the potential for steep 
downward vertical gradients. 
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B. A revised nitrogen distribution assessment has been completed based the additional data 
gathered in the Phase 3 investigation.  Groundwater data continues to support the conceptual site 
model indicating the presence of a two-layer shallow and deep nitrogen plume emanating from the 
landfill and transfer station property.  A review of the groundwater analyses shown in Table 4 
indicates that groundwater chemistry on the downgradient (north and northeastern) side of the 
landfill/transfer station property is stratified with a shallower more aerobic groundwater zone with 
nitrogen in the form of nitrate, and a deeper anoxic zone with nitrogen in the form of ammonia.  
The apparent area with elevated nitrate concentrations extends further to the northwest and 
deeper without underlying ammonia.  The extended area of elevated nitrate appears to be related 
to other sources (commercial properties) cross gradient from the landfill.  The assessed area to 
the southeast, near MW-13, did not show significant concentrations of nitrate or ammonia.  The 
landfill stormwater infiltration pond is in this southeast area and may influence the distribution of 
nitrate in groundwater by recharging high volumes of lower concentration stormwater. 

The groundwater area directly downgradient of the landfill can now we divided into two zones as 
follows: 

• A shallow nitrate contaminated groundwater zone approximately 500 feet wide extending 20 
feet in vertical thickness below the water table to approximately elevation -5 MSL.  The 
average nitrate concentration in this upper zone is approximately 9 mg/L based on the latest 
round of groundwater sampling; and 

• A deeper ammonia contaminated groundwater zone approximately 500 feet wide extending 
125 feet in vertical thickness, from 20 feet below the water table to approximately 145 feet 
below the water table (elev. -130 MSL).  The average concentration of ammonia in this deep 
zone is approximately 9 mg/L based on the most recent round of groundwater sampling.  This 
evaluation does not include the results of the grab groundwater samples that were collected at 
186-196 and 206-216 feet below ground surface.  The low nitrogen concentrations detected in 
these sample does not appear to be representative based on the significantly higher 
concentration of ammonia found it the permanent well installed at a deeper depth. 

A cross section of the landfill plume is provided in Figure 4. 

C. The Phase 3 assessment provided additional information related to groundwater near the landfill. 
Groundwater elevations have been recorded across the landfill investigation area at approximately 
12 to 16 feet above MSL and indicate the groundwater gradient that drives groundwater flow near 
the landfill.  Two monitoring wells showed the presence of perched groundwater above the 
regional groundwater flow system including MW-1S (56-66), groundwater elevation 23 feet, and 
MW-8 (36-56), groundwater elevation 24 feet. 

Water level data from other water table wells indicated that the horizontal groundwater flow 
direction varied from location to location but was generally toward to the north and northeast 
toward Town Cove.  At most locations with multi-level monitoring wells, water elevation data also 
showed a potential for downward vertical flow with water elevations higher in shallow screened 
wells and lower in deeper screened wells. 

The groundwater flow direction based on water table wells near monitoring well locations MW-7 
and MW-6, close to the capped landfill area and downgradient to MW-2, was to the north (heading 
approximately 3 degrees) with a gradient of 0.004.  Flow from MW-2 downgradient is generally 
toward MW-10 on a heading of approximately 30 degrees to the north northeast with a gradient of 
0.003. 

Darcy's Law can be used to calculate the groundwater seepage velocity.  V= Ki/n where: 

V = Seepage velocity (feet per day); 

K = assumed hydraulic conductivity based on the pumping test (feet per day; 100); 

i = groundwater gradient (unitless; 0.003 to 0.004); and 

n = effective porosity of sand (unitless; 0.3). 
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Based on this equation, the estimated the horizontal seepage velocity ranges from approximately 
1.0 feet per day in the downgradient area between the MW-2 location and MW-10, to 1.3 feet per 
day nearer to the capped landfill near monitoring well MW-6 and MW-7.  These estimates are 
based on groundwater elevations observed in water table monitoring wells and a hydraulic 
conductivity of 100 feet/day estimated from pump test data.  This hydraulic conductivity is similar 
to that of well sorted sand or sand and gravel and is considered representative of the area. 

It is anticipated that the hydraulic conductivity will vary from with depth and across the site 
depending on aquifer material present.  Soil borings completed for monitoring wells showed 
cuttings that were mainly fine to medium sand with occasional silty clay layers encountered at 
depth.  Silt and clay have lower hydraulic conductivities compared to sand. 

As expected, multi-level monitoring well water elevation data shows a potential for downward 
vertical flow with water elevations higher in shallow screened wells and lower in deeper screened 
wells.  The plume of nitrogen, including both the shallow nitrate and the deeper ammonia, is 
expected to flow to greater depths as it migrates downgradient toward Town Cove, eventually 
discharging all or in part vertically up under Town Cove.  Figure 5 shows modeled groundwater 
particle tracks along the expected migration path from the landfill to Town Cove.  The vertical 
extent of migration with groundwater starting near the water table at the top of the landfill plume is 
expected to reach depths of more than 140 feet below the water table downgradient.  Deeper 
portions of the plume will likely extend significantly deeper unless a low permeability stratum is 
encountered.  A full assessment of the downgradient extent of the landfill nitrogen plume is beyond 
the scope of this investigation and is not considered feasible or necessary based on the expected 
depth of migration. 

D. A revised nitrogen flux estimate has been prepared based on the additional information gathered 
in Phase 3. Nitrogen in the form of both nitrate and ammonia have been found in groundwater at 
the landfill.  Ammonia is found in groundwater as the ammonium cation (NH4+).  Nitrate is 
expected to migrate at the same velocity as groundwater while ammonium has a migration rate 
estimated at 1/4 the groundwater flow velocity (a retardation factor of 4).  This estimate is based 
on studies at the USGS tracer test site located on the wastewater plume at Joint Base Cape Cod 
(JBCC) in Falmouth.  Numerous monitoring wells located in the JBCC wastewater plume were 
sampled on multiple dates in the 1990s and provided data for assessment of ammonium migration 
that indicated the average retardation factor of 4.  Published data from additional experiments 
using a variety of methods to estimate ammonium transport at the tracer test site yielded 
retardation factors that ranged from 3.5 to 6 (Bohlke, 2006). 

Nitrogen mass flux estimates can be used to quantify plume strength at the landfill at a given time 
and location with available data.  Mass flux is a rate measurement specific to a defined area, 
which is usually a plume cross section.  Total mass flux or mass discharge is an integrated mass 
flux estimate (including the sum of all mass flux measures across a plume cross section) and thus 
represents the total mass of any solute conveyed by groundwater through a defined plane (ITRC, 
2010).  In this case, because the transport characteristics of nitrate and ammonium are different, 
the mass flux estimate for the shallow nitrate plume is combined with the mass flux estimated for 
the ammonium plume to calculate mass discharge referred to here as total flux. 

An updated total flux estimate has been developed based on dividing the area downgradient of the 
landfill into shallow and deep flux zones with differing forms of nitrogen.  Both these zones are 
estimated to be 500 feet wide cross gradient.  The nitrate zone used in the flux calculation is 
20 feet in vertical thickness and the ammonium zone is 125 feet in vertical thickness.  
Concentration data indicates the same average of approximately 9 mg/L for nitrate in the 20 feet 
shallow zone and 9 mg/L for ammonium in the deeper zone (see Figure 4). Ammonium was also 
detected at a lower concentration deeper with close to 5 mg/L measured in the deepest well MW-2 
(236-246). The differing migration rates for nitrate and ammonium in groundwater are included in 
the flux calculation along with a groundwater velocity of 1.3 feet/day.   The estimated nitrate flux in 
shallow groundwater was calculated at 372 kg/yr and ammonium flux was calculated at 711 kg/yr 
for a total nitrogen flux 1,083 kg/yr (see calculation in Appendix A). 
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4. Nitrogen Sources and Response Actions 

Primary sources of nitrogen confirmed at the landfill and transfer station include: 

• Solid waste: Leachate from the capped solid waste landfill entering groundwater; 

• Compost operations: Leachate from compost that either directly infiltrates through soil to 
groundwater or runs off to the stormwater management system; 

• Infiltration through the former septage lagoons: Residual nitrogen in soil in the former septage 
lagoon area mobilized by the infiltration of precipitation and stormwater; and 

• Transfer station and landfill runoff: Runoff from Transfer Station and landfill operations includes 
nitrogen from multiple sources and is recharged to groundwater. 

The nitrogen plume in groundwater (nitrate and ammonia) identified at the landfill is a secondary 
source of nitrogen migrating to downgradient groundwater. 

A. Source: Nitrogen from the Solid Waste Landfill:  Solid waste in the capped landfill is a main 
source of the plume of nitrate and ammonia in groundwater that flows from under the landfill in a 
northeasterly direction.  Elevated nitrogen concentrations associated with the landfill were 
observed at MW-2, MW-5, and Pumping Wells PW-1 and PW-2 locations.  Groundwater 
downgradient to the southeast of the landfill has lower concentrations of nitrogen, mainly in the 
form of nitrate.  This easterly area is likely affected by recharge of oxygenated water from the 
stormwater detention basin and receives less flow directly from the capped solid waste landfill 
area. 

Potential Response Actions:  The solid waste landfill was capped in 2005 to prevent infiltration 
of precipitation.  The unlined landfill is expected to continue to generate leachate that directly 
infiltrates to groundwater as the solid waste matures. Leachate generation is affected by landfill 
settlement, fluid movement, and biodegradation of wastes.  No additional direct response actions 
beyond the completed cap and ongoing groundwater monitoring are considered feasible. 

B. Source: Nitrogen from Composting Operations:  The landfill composting operation processes 
yard waste including leaves, brush, garden, and landscape trimmings.  Yard waste contains 
appreciable amounts of nitrogen, phosphorus, and mineral nutrients. 

Compost operations have included the maintenance of aerated windrows of yard waste in an area 
to the north of the capped landfill on both paved and unpaved surface.  An assessment of the 
concentration of nitrogen compounds in stormwater originating from the compost operations area 
and porewater collected from within compost piles indicated that compost is a source of high 
concentrations of nitrogen although leachate volume may be relatively low.  Leachate from 
compost has directly infiltrated to groundwater through sandy soil or is recharged to groundwater 
through the stormwater management system. 

The DPW has recently moved the main composting operation to a location up on the landfill cap.  
A yard waste material receiving area will be maintained in the area north of the Transfer Station.  It 
is anticipated that the receiving area will be used to store the material for approximately one year 
prior to moving the material to the composting area on the cap. 

Potential Response Actions 

1. Adding impermeable pavement and stormwater controls in the yard waste materials 
receiving area located on the north side of the transfer station:  The subject area is north 
of the paved transfer station area and Gift Shop Building.  The DPW plans to use this space 
for receiving and initial storage of yard waste and then periodically transfer materials to a new 
composting operations area on the landfill cap.  The current storage area occupies 
approximately 10,000 square feet of unpaved ground. Asphalt pavement or another 
impermeable surface should be installed with a slope of approximately 2 percent to facilitate 
drainage to the adjoining existing paved surface with catch basins in the stormwater 
management system. 
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The impermeable surface is expected to be effective and reliably reduce or eliminate direct 
infiltration of precipitation through yard waste to groundwater. The benefits of this response 
action include a near term contribution to aquifer restoration by preventing further groundwater 
contamination in the source area and long-term benefit through reduced nitrogen migration in 
groundwater to Town Cove. 

2. Stormwater Treatment:  Depending on the results of further stormwater sampling, 
stormwater generated from the yard waste storage area could be treated along with transfer 
station runoff, landfill cap drainage, and drainage from the composting area operations 
established on the landfill cap as described in Section 4.D. 

C. Source: Water Infiltration through the Former Septage Lagoons:  The mobilization of nitrogen 
from the former septage lagoon area has occurred by precipitation infiltrating through unpaved 
areas and the unlined riprap swale located to the north of the landfill cap. 

Additional investigation of the mass of residual septage material in soil was completed in July 
2017.  Eight soil borings were installed with a direct push Geoprobe rig to collect soil from the 
subsurface at what used to be the bottom of the septage lagoons.  Samples were analyzed for 
nitrate, nitrite, Total Kjeldahl Nitrogen (TKN), total nitrogen, and total volatile solids and the results 
are included in Table 2.  Previous samples collected from the soil boring at MW-7 had indicated 
the presence of soil with a high nitrogen and organic content with septage odor at approximately 
12-13 feet below ground surface.  The concentration of total nitrogen in this residual material at 
MW-7 was measured at 1,440 mg/kg.  Similar observations were made in the eight soil borings 
completed in July 2017.  A 2 to 3-foot layer of residual organic material in sand was encountered 
across the footprint of the septage lagoon area, with a maximum total nitrogen concentration of 
1,160 mg/kg, and an average concentration of 511 mg/kg total nitrogen.  Assuming a vertical 
thickness of 1.5 to 3 feet of residual septage material in sand, the residual total nitrogen in in the 
layer is approximately 1,500 to 3,000 kilograms based on the average concentration. 

There have been several sources of water infiltrating through the former septage lagoons.  A 
portion of footprint of the former septage lagoons was unpaved sandy soil that received direct 
infiltration of precipitation.  An unlined riprap perimeter swale to the north of the landfill cap was 
located over the septage lagoons and received runoff from the landfill cap drainage layer on the 
north and west sides of the landfill, as well as stormwater from transfer station catch basins.  
Stormwater enters the swale through three stormwater drain lines in the concrete headwall on the 
west end of the swale and through an open channel asphalt perimeter swale on the west side of 
the landfill cap.  Landfill drainage water also enters the swale from an underdrain line or 
downspout from the north slope of the cap, a downspout from the southwest slope, and from 
subsurface flow off the 40 mil HDPE liner below the drainage layer on the north slope.  The liner 
ends in or short of the center of the swale. 

This section of perimeter swale is located above southern edge of three of the six the former 
septage lagoons.  Based on landfill drawings and observation, much of the landfill drainage and 
stormwater infiltrates through the swale with limited flow east to the retention basin, except during 
significant storm events when water flows to the retention basin.  This results in recharge to 
groundwater through the residual organic material in the septage lagoon area.  Recharge of 
aerobic water to this area may also result in nitrification of ammonia in shallow groundwater as the 
ammonia plume flows north out from under the capped area of the landfill. Nitrification results in a 
four-fold increase in nitrogen mobility in groundwater.  Nitrification of the landfill ammonia plume 
and mobilization of nitrate from the septage lagoons likely accounts for the significant increase in 
nitrate observed at the downgradient MW-2S after the landfill was capped in 2005. 
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Potential Response Actions 

Potential response actions were reviewed with the Department of Public Works and Natural 
Resources and where possible response actions may be implemented by modifications to the 
DPW facility construction project. 

1. Placement of an impermeable pavement cover over the former septage lagoons area:  
The ongoing DPW facility construction project included paving over most of the area of the 
former septage lagoons, except for the area immediately adjacent to the north side of the 
capped landfill where a drainage swale is located over the lagoons (Figure 2). The pavement 
cap is expected to be effective and reliably reduce infiltration through the residual septage 
material identified in this area.  The benefits of paving include preventing further groundwater 
contamination in the source area. 

2. Replacing the unlined drainage swale on the north side of the landfill cap area with a 
swale or culvert with an impermeable base:  This proposed corrective action includes 
reconstructing the swale with an impermeable liner under the full extent of the drainage swale 
forming an impermeable base.  Swale reconstruction can be implemented during DPW 
construction activities to minimize costs.  This action presented a higher level of difficulty and 
cost in comparison to other source control actions due to a higher technical complexity, 
MassDEP Solid Waste Program permitting requirements, and level of contractor services. 
AECOM and MT Environmental Restoration prepared technical plans and a Permit Application 
for ditch maintenance was submitted for MassDEP approval.  The action required: 

• Excavation of the current swale for reconstruction of a new impermeable swale; 

• Excavation of the vegetative layer and drainage layer along the edge of the cap; 

• Installing a section of HDPE liner forming the impermeable swale; and  

• Repair of any disturbed drainage layer sand and vegetative layer topsoil. 

The extended HDPE liner in the swale will be covered with a sand layer and stone riprap 
forming a new impermeable rock swale. 

The benefits of swale reconstruction include a substantial near-term contribution to aquifer 
restoration by preventing further groundwater contamination in the source area and long-term 
benefit through reduced nitrogen migration in groundwater.  Design drawings for swale 
reconstruction are included in Appendix B. 

D. Source: Transfer Station and Landfill Stormwater Runoff:  Runoff from Transfer Station and 
Landfill operations includes nitrogen from atmospheric deposition to paved surfaces and diffuse 
sources including waste bins and compost operations.  A grab sample of Transfer Station runoff 
indicated a total nitrogen concentration of 4.5 mg/L, mainly in the form of organic nitrogen, while 
a sample of runoff from the composting operations area indicated a total nitrogen concentration 
of 27 mg/L.  The compost area runoff included significant nitrate and organic nitrogen content 
with a lower concentration of ammonia.  Groundwater monitoring data from monitoring wells 
installed at the MW-13 location adjacent to the current infiltration pond indicated a groundwater 
concentration of approximately 1.5 mg/L nitrate in the stormwater recharge area.  Additional 
stormwater sampling would be required to fully assess stormwater nitrogen. 

Potential Response Actions 

1. Collection of additional baseline stormwater quality, runoff rate, and volume data for 
stormwater treatment feasibility, evaluation, and design:  Preparation of a stormwater 
sampling plan is recommended to collect data for assessment of treatment feasibility.  Water 
quality and flow data could then be used to model and design a stormwater denitrification 
biofilter as described in 4.D.2. below. 
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2. Adding a stormwater denitrification biofilter system for treatment of transfer station 
stormwater and runoff:  Sources of nitrogen associated with the stormwater management 
and landfill cap system include transfer station runoff, runoff from the cap drainage layer, 
and runoff from composting operations.  Two new infiltration ponds are being constructed as 
part of the DPW redevelopment project.  Denitrification biofilters to treat all or a portion of 
the stormwater could be installed prior to the infiltration ponds. System design will require 
information regarding the available footprint for treatment cells and data from the baseline 
stormwater quality assessment. 

5. Nitrogen Migration in Groundwater 

The estimated nitrate flux in shallow groundwater was calculated at 372 kg/yr and ammonium flux was 
calculated at 711 kg/yr for a total nitrogen flux 1,083 kg/yr. 

Response actions described above to reduce infiltration through the former septage lagoons will serve 
to mitigate mobilization of residual nitrogen from the septage lagoons and will also reduce the 
infiltration of aerobic water on top of the landfill plume.  This aerobic recharge may be increasing flux 
by oxidizing ammonium in groundwater from the solid waste source to faster moving nitrate by 
modifying groundwater geochemistry. 

No direct response actions to treat the current mass discharge from the landfill are considered 
feasible.  Groundwater treatment to reduce mass discharge at the landfill would require a significant 
capital investment and long-term operation and maintenance of treatment facilities.  Removing 
nitrogen from groundwater at the landfill will not directly reduce nitrogen loading to Town Cove in the 
near term because the time for plume migration is estimated at approximately 50 years for nitrogen in 
the form of nitrate, and upwards of 200 years for nitrogen in the form of ammonia.  Nitrogen from the 
landfill may attenuate to some degree through natural processes as it migrates through the deep 
groundwater system toward Town Cove.  The plume from the landfill is expected to flow deeper below 
the water table as it migrates toward Town Cove.  The depth of migration in groundwater likely 
precludes direct assessment and response actions to intercept the nitrogen load in transit closer to 
Town Cove. 

The primary goal of this water quality and wastewater planning and engineering project is to reduce 
excessive nitrogen loading to the Town’s ponds, estuaries and embayments.  The Massachusetts 
Estuaries Project target for the Nauset Harbor system is to reduce the nitrogen load by approximately 
8,600 kg N/year, with a 6,700 kg N/year reduction goal for the Town Cove sub-embayment alone 
(Howes, et.al. 2012).  Additional work is planned by the Massachusetts Estuaries Project to update the 
projected nitrogen load to Town Cove. 

Given that the mass of nitrogen currently in transit to Town Cove as a result of past landfill and 
septage lagoon operations beginning in the 1950s is unknown, consideration should be given to 
offsetting the observed nitrogen mass discharge from the landfill.  The offset could be accomplished 
with management actions to reduce nitrogen loading to Town Cove from other sources such as septic 
systems located near Town Cove or removing nitrogen in transit to Town Cove in shallow groundwater 
from other sources.  Nitrogen offset by mitigation of sources closer to Town Cove through traditional 
sewer system installation or non-traditional methods would be beneficial as the groundwater transport 
times for nitrogen from these sources are short and the benefits would be realized over a short term. 

6. Summary and Conclusions 

The response actions outlined in Sections 4.A through 4.D above are related to landfill source 
mitigation and are likely to be feasible.  These actions could be implemented in the near term in 
conjunction with redevelopment of the landfill property for the new Department of Public Works and 
Natural Resources facility.  Nitrogen offset, removing nitrogen sources by extending sewer lines to 
include areas closer to Town Cove, by mitigating nitrogen in groundwater closer to Town Cove with 
Permeable Reactive Barriers, or by mitigating nitrogen in Town Cove with expanded shellfish 
aquaculture are viable alternatives to long term groundwater restoration at the landfill that will result in 
near- and long-term achievement of water quality goals in Town Cove. 
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Table 6 Orleans Landfill Stormwater Analyses
Sample ID Stormwater 1 Stormwater 2 LS-1

Sample Description
Transfer Station
Runoff Compost Runoff

Compost
Leachate

Sampling Date 2/8/2017 2/8/2017 3/28/2017
Laboratory Analyses
Nitrogen
Nitrate as N (mg/L) 0.424 10.5 1.2
Nitrite as N (mg/L) 0.026 0.15 0.428
Ammonia (mg/L) 0.67 2.92 4.94
Total Kjeldahl Nitrogen (TKN) (mg/L) 4.05 16.4 -
Total Nitrogen (mg/L) 4.5 27.1 98.5
Anions
Chloride (mg/L) 455 188
Sulfate (mg/L) <5 5.9
Organic Compounds
DOC (mg/L) 39.6 175
Notes:
Bold - detected above the Minimum
Detection Limit
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Appendix A – Orleans Landfill Nitrogen Groundwater Flux Calculations 
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Town of Orleans, Massachusetts

Water Quality and Wastewater Planning

Non‐Traditional Technologies ‐ Landfill Nitrogen Flux  Shallow Nitrate
Estimated Nitrogen flux (mass per time) at the Orleans Landfill.  

Parameter Units

Total 

Nitrogen

Flux

Hydraulic Gradient ft/ft 0.004

Conductivity ft/day 100.00

Porosity unitless 0.30

Darcy Velocity ft/d 0.40

Average Linear Groundwater Velocity ft/d 1.33

Vertical Extent  feet 20.00

Length of Affected Aquifer1  feet 500.00

Groundwater Flux ft3 / d‐ft length 8.00

Groundwater Flux  ft3 / day 4,000.00

Groundwater Flux  L/day 113,267.20

Groundwater Flux  Gallons/min 20.78

Nitrate Concentration mg/L 9.00

Nitrate Flux kg /yr‐ft length 0.74

Nitrogen Flux kg/year 372.08 372          
1. Affected Aquifer length ‐ cross‐gradient line across watershed at landfill

Deep Ammonia
Parameter Units

Hydraulic Gradient ft/ft 0.004

Conductivity ft/day 100.00

Porosity unitless 0.30

Darcy Velocity ft/d 0.40

Average Linear Groundwater Velocity ft/d 1.33

Vertical Extent  feet 125

Length of Affected Aquifer1 feet 500

Groundwater Flux ft3 / d‐ft length 50

Groundwater Flux  ft3 / day 25000

Groundwater Flux  L/day 707920

Groundwater Flux  Gallons/min 130

Ammonia Concentration mg/L 11.00

Ammonia Flux (adjusted by ammonium retardation factor of 4) kg /yr‐ft length 1.42

Nitrogen Flux (adjusted by ammonium retardation factor of 4) kg/year 711 711          
1. Affected Aquifer length ‐ cross‐gradient line across watershed at landfill

Total 

Nitrogen

Flux 1,083       
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Appendix B – Orleans Landfill Drainage Swale Reconstruction Drawings 
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