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1. Introduction 

A. The Orleans Municipal Landfill and former septage lagoons (landfill) are located in the Town 
Cove/Nauset Marsh Estuarine System watershed.  Nitrogen in groundwater in the vicinity of the 
landfill has the potential to migrate to Town Cove, affecting estuarine water quality.  Assessment work 
is planned to investigate the flux of nitrogen compounds in groundwater emanating from the landfill 
and migrating toward Town Cove.  In addition, landfill groundwater monitoring has recently identified 
the solvent 1,4-dioxane in groundwater at concentrations greater than the current Massachusetts 
regulatory limit of 0.0003 mg/L and action is required to assess associated risks.  This work plan 
provides an overview of landfill conditions and planned assessment activities. 
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2. Orleans Landfill Site Description 

A. The landfill consists of approximately 20 acres located off Lots Hollow Road (Figure 1).  The 
property includes a natural kettle hole with an 11-acre area that was used for solid waste disposal 
from the 1950s until 1991.  The solid waste fill area was closed and capped at a maximum 
elevation of approximately 110 feet above mean sea level (MSL) 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 includes land formerly used for septage waste 
disposal to lagoons.  Six unlined former septage lagoons used between 1950 and 1989 were 
located just to the north of the capped solid waste area at an approximate elevation of 50 feet 
above MSL.  The landfill property is downgradient of the Town of Orleans public well property to 
the south. Adjacent properties also include commercial properties and the Charles Moore Ice 
Arena to the west, and commercial properties to the north and east.  Plans have been developed 
by Weston and Sampson for the construction of a new DPW facility on portions of the landfill 
property in 2017. 

B. Nitrogen compounds (total nitrogen, nitrate, and ammonia) have been detected at significant 
concentrations in groundwater downgradient of the landfill and former septage lagoons.  Long 
term monitoring of four monitoring wells (MW-1S, MW-2S, MW-2D, and MW-5S) indicates 
groundwater nitrate concentrations greater than the Massachusetts Maximum Contaminant Limit 
of 10 mg/L, with a maximum concentration of 40 mg/L observed at monitoring well 2S.  Landfill 
monitoring wells were first tested for total nitrogen in May of 2015.  Results of testing indicated 
that total nitrogen concentrations were significantly higher than nitrate concentrations in some of 
the deeper wells, while nitrate was dominant in shallow wells.  Ammonia test results were not 
directly reported by the laboratory however, the significant difference between the concentration 
of total nitrogen and nitrate in some of the samples is likely due to the presence of ammonia.  The 
ammonia concentrations calculated from the fall 2015 test results for monitoring wells MW-2D 
and MW-5D were 15.1 mg/L and 15.9 mg/L, respectively. 

C. Groundwater samples were first tested for low-level concentrations of the solvent 1,4,-dioxane to 
comply with new MassDEP requirements in May of 2015.  To date 1,4-dioxane has only been 
detected in monitoring well MW-2D, at concentrations ranging from 0.0014 mg/L to 0.0019 mg/L, 
four to six times the Massachusetts regulatory limit of 0.0003 mg/L. 

3. Current Landfill Groundwater Monitoring Well Network 

A. Existing groundwater monitoring well locations shown on Figure 2 are as follows: 

 MW-1S and 1D on the west side of the landfill property; 

 MW-2S and 2D to the north; 

 MW-3S and 3D to the east; 

 MW-4S and 4D to the south; 

 MW-5S and 5D to the northeast; and 

 MW-E6B and E6A to the north. 

B. Four of the shallow landfill water table monitoring wells (MW-1S through MW-4S) were installed in 
1992 as part of an assessment associated with the septage lagoon closure.  Deeper screened 
monitoring wells (MW-1D, MW-2D, MW-3D, and MW-4D) were installed as part of the 1994 
landfill Comprehensive Site Assessment, completing the well couplets at these locations.  One 
additional couplet (MW-5S and MW-5D) was also installed in 1994. Monitoring well couplet MW-
E6B and MW-E6A was installed by AECOM in 2016 for nitrogen assessment.  The landfill 
monitoring wells have been routinely sampled twice a year for nitrate, dissolved iron and 
manganese, and volatile organic compounds.  Total nitrogen and low level 1,4-dioxane were 
added to the sampling plan starting in May 2015. Results of recent nitrogen related analyses for 
landfill monitoring wells are included in Table 1 and results for 1,4-dioxane analyses are included 
in Table 2. 
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4. Conceptual Site Model 

A. A Conceptual Site Model (CSM) is a tool used to provide a framework of information to help 
understand and communicate what is known about a potential problem, visualize available 
information, identify gaps in data and prioritize response actions.  The following paragraphs 
provide a narrative version of the CSM for the landfill concerning nitrogen and 1,4-dioxane in 
groundwater. 

B. Potential Sources of Nitrogen in Groundwater: Municipal operations at the landfill, starting in the 
1950s. Operations included operation of septage lagoons until 1989 and solid waste disposal until 
1991.  Current operations include a transfer station and stockpiling and composting of yard 
wastes.  All these operations may have released nitrogen in the past or may be continuing to 
release nitrogen compounds to groundwater.  The solid waste landfill was capped in 2005, 
reducing the infiltration of water through waste material.  The runoff from the landfill cap may be 
intensifying the release of nitrogen compounds from the former septage lagoons, located off the 
northern edge of the capped area where runoff is infiltrated from a drainage swale.  Leachate 
from compost operations and stormwater runoff from the transfer station is also infiltrated in the 
vicinity of the former septage lagoons. 

C. Potential Sources of 1,4-Dioxane in Groundwater: 1,4-dioxane has been used in many products, 
including paint strippers, dyes, greases, varnishes and waxes.  1,4-dioxane is also found as an 
impurity in antifreeze and aircraft deicing fluids and in some consumer products including 
deodorants, shampoos and cosmetics (EPA, 2014).  Groundwater contamination at the landfill 
has likely resulted from disposal of solvents and consumer products containing 1,4-dioxane in 
solid waste and/or in septage discharged to the former lagoons. Studies suggest that people 
exposed to elevated levels of 1,4-dioxane may have an increased risk of certain cancers (EPA, 
2014). 

D. Groundwater Flow and Potential Contaminant Transport: Nitrogen compounds and 1,4-dioxane 
are soluble in groundwater and are generally transported with groundwater flow by advection with 
little retardation.  There is a potential for natural attenuation of these groundwater contaminants 
under specific conditions.  Under aerobic groundwater conditions ammonia may be converted to 
nitrate.  In the presence of sufficient carbon, nitrate may be attenuated to nitrogen gas under 
anaerobic denitrifying conditions.  1,4-dioxane is relatively resistant to biodegradation in 
groundwater but may be degraded by microorganisms under aerobic conditions in the presence 
of a suitable co-metabolic substrate (an alternative food/energy source that stimulates the 
production of enzymes that also fortuitously degrade 1,4-dioxane). 

Regional groundwater contour maps prepared by the United States Geological Survey (USGS) 
and Cape Cod Commission and previous assessment reports associated with the landfill indicate 
groundwater flow to the north northwest, north, and northeast toward Town Cove (Walter et. al., 
2004 and Coastal Engineering, 1999). 

Boring logs for landfill monitoring wells show subsurface sediments that consist of glacial outwash 
sands and gravel with thin layers of more silty sand, silt and clay.  The depth to groundwater 
varies significantly with location due to land surface elevation differences associated with the 
topography of the kettle hole.  The approximate range for depth to groundwater at monitoring 
wells is 35 to 90 feet. 

Groundwater elevation measurements, characterization of the aquifer sediments, and aquifer 
tests were used by Coastal Engineering to estimate groundwater velocity and flow direction in the 
vicinity of the landfill (Coastal Engineering, 1999).  The hydraulic conductivity of aquifer materials 
was determined from aquifer testing at various locations.  The hydraulic conductivity determined 
at shallow screen locations ranged from 5.6 feet/day at MW-1S to 70.88 feet/day at MW-2S.  In 
general, a higher hydraulic conductivity indicates the potential for faster groundwater flow, 
depending on the gradient.  The hydraulic conductivity determined at deeper screen locations 
ranged from 14.14 feet/day at MW-3D to 147.74 feet/day at MW-1D (Coastal Engineering, 1999). 
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The slope of the potentiometric surface (the water table) derived from water elevation 
measurements was used to determine the hydraulic gradient and flow direction.  According to the 
Comprehensive Site Assessment prepared for landfill closure by Coastal Engineering in 1999, 
there is the potential for divergent flow (groundwater flow in more than one direction) from the 
landfill area.  The shallow screen wells indicated a consistent gradient of 0.012 to the northeast 
while deeper screen wells showed variation in flow direction including flow to the north and north 
northwest.  Measurements indicated an average gradient of 0.0006 to the northwest and an 
average gradient of 0.003 to the north in the deeper screened wells.  The 1990s data also 
indicated vertical gradients at all monitoring well couplets (downward at MW-1, MW-2, MW-3, and 
MW-4 and upward at MW-5). The variation in the vertical gradient and divergent groundwater flow 
direction could be the due to local mounding effects from stormwater, differences in sediment 
permeability, and the location of the landfill in a recharge area of the groundwater system.  A 
downward vertical gradient indicates groundwater flow deeper into the aquifer.  The porosity was 
estimated at 0.30 from soil samples collected during soil boring installation.  Based on these data, 
Coastal Engineering calculated the horizontal groundwater velocity at a range of 0.029 feet/day to 
2.84 feet/day. 

The groundwater velocity estimate is highly variable from point to point depending on sediments 
present in the well screen interval, and velocity can be expected to vary along the long flow path 
from groundwater recharge to discharge.  Slower flow is more likely in a silty sand layer as 
compared to groundwater in medium sand layers.  Town Cove is located approximately 5,450 
feet. downgradient on a heading of 40 degrees northeast, consistent with the direction of shallow 
groundwater flow at the site.  The travel time for groundwater from the landfill to Town Cove is 
unknown but has been estimated to range from 5 to 50 years. 

E. Contaminant Assessment - Nitrogen in Groundwater: Landfill monitoring well nitrate data have 
been collected for more than 20 years between September 1994 and December 2016.  The 
1990s data (September 1994 through December 2000) were collected during assessments 
related to closure of the septage lagoons and solid waste landfill.  A gap in data collection 
occurred during the landfill capping operations and semi-annual monitoring was resumed starting 
in March 2005.  More limited test data are available for MW-1D and MW-3S as they were 
sampled less frequently. 

Recent data indicates total nitrogen concentrations are significantly higher than nitrate 
concentrations in some of the deeper wells.  Ammonia concentrations calculated from October 
2015 test results for monitoring wells MW-2D (15.1 mg/L), MW-2D (6.1 mg/L), and MW-5D (15.9 
mg/L). 

A reference background nitrate concentration of 0.46 mg/L was previously reported for Cape Cod 
by the USGS (LeBlanc, 1984).  Earlier data from Frimpter and Gay (1979), indicate 
uncontaminated groundwater may have less than 0.1 mg/L nitrate nitrogen.  At the landfill, the 
lowest nitrate concentrations were observed in the upgradient deep screened monitoring well 
MW-4D and were consistent with background Cape Cod groundwater.  All other wells tested 
showed nitrate concentrations above background. 

Four of the monitoring wells (MW-1S, MW-2S, MW-2D, and MW-5S) had nitrate concentrations 
above the Massachusetts Drinking Water Maximum Contaminant Level (MMCL) of 10 mg/L on 
one or more sampling dates.  MW-5S has shown a consistent elevated nitrate concentration over 
the entire 20-year sampling period (pre- and post-landfill capping), with the nitrate concentration 
ranging from 6.6 mg/L to 22 mg/L.  Other wells including MW-1S, MW-2S, MW-2D, and MW-4S 
showed a marked increase in nitrate concentration with renewed post-capping groundwater 
monitoring starting in March 2005 compared to the 1990s data.  One shallow monitoring well, 
MW-2S, has shown an increasing, but highly variable, trend in nitrate concentration starting when 
post-capping groundwater sampling was resumed.  The concentration of nitrate at MW-2S 
reached a maximum concentration of 40 mg/L in September 2009 and was reported at 34 mg/L in 
March of 2014. 
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Landfill groundwater monitoring data also included measurements of dissolved oxygen, which 
indicated that oxygen levels were below saturation in groundwater but that the shallow 
groundwater was generally aerobic (>1 - 2 mg/L dissolved oxygen).  Deeper screened wells 
generally had lower dissolved oxygen concentrations and there may be some locations where 
groundwater is anaerobic.  Biological attenuation of nitrate in groundwater by denitrification is 
inhibited under aerobic conditions.  Attenuation of nitrate, at least in shallow groundwater, is 
unlikely during migration from the landfill to Town Cove.  The significant thickness of the 
unsaturated zone above groundwater may be helping to maintain aerobic conditions in shallow 
groundwater, allowing for aeration of infiltrating precipitation and runoff.  The depth to 
groundwater may also be limiting migration of organic carbon from below the former septage 
lagoons and from composting operations to groundwater while allowing for conversion of 
infiltrating ammonia to nitrate under aerobic conditions. The breakdown of residual organic 
carbon in the unsaturated zone below the septage lagoons may also be a source of nitrogen. 

Ammonia appears to be the dominant nitrogen species in deeper wells and the reason for this is 
not well understood.  The deeper groundwater is generally anaerobic and therefore would not 
support the conversion of ammonia to nitrate.  The source of the ammonia has not been defined. 

Due to the limited number and location of monitoring wells, the extent of nitrogen compounds in 
groundwater both vertically and horizontally is unknown.  Assessment of the horizontal and 
vertical extent of nitrogen compounds in groundwater immediately downgradient of the landfill 
and septage lagoons is necessary to determine the flux of nitrogen compounds from the landfill 
that may be discharging to Town Cove.  Assessment is also necessary to confirm the sources of 
nitrogen compounds in groundwater and to facilitate evaluation of necessary response actions. 

F. Contaminant Assessment - 1,4-Dioxane in Groundwater: Landfill monitoring wells have been 
sampled three times for 1,4-dioxane since May 2015 and the compound has only been detected 
in monitoring well MW-2D (Table 2 below).  Groundwater conditions at MW-2D appear to be 
anaerobic while the shallow well MW-2S at this location is screened in aerobic groundwater. 

Table 2 - 1,4-Dioxane in Groundwater 

 

Well Sampling Event Parameter 

MA Standard 

(mg/L) 

Reported Value 

(mg/L) 

 

MW-2D 

 

5/15 1, 4-dioxane 0.0003 0.0019 

9/15 1, 4-dioxane 0.0003 0.0016 

3/16 1, 4-dioxane 0.0003 0.0014 

Due to the wide spacing of monitoring wells and limited number of screens, the source and extent 
of 1,4-dioxane is presently unknown.  Assessment of the horizontal and vertical extent of 1,4-
dioxane in groundwater immediately downgradient of the landfill and septage lagoons is 
necessary to determine the potential watershed area that may be affected by contaminant 
migration and provide a basis for evaluation of risk management options. 

G. Conceptual Site Model Summary: The CSM for 1,4-dioxane in groundwater at the landfill shows 
that the compound has remained persistent in one monitoring well indicating a potentially ongoing 
source.  Due to its physical characteristics, 1,4-dioxane has the potential to migrate long 
distances, affecting groundwater quality over a wide area that is currently undefined. The CSM 
also indicates that there is the potential for groundwater with significant concentrations of nitrogen 
compounds at the landfill to contribute to the nitrogen load to Town Cove. 
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The mass flux of nitrogen in groundwater migrating from the landfill toward Town Cove is the 
mass that passes through a defined cross sectional area affected by the landfill over a period of 
time.  Based on current information, the area with elevated nitrogen concentrations at the landfill 
appears to extend at least 800 feet cross-gradient (between MW-1 to the west and MW-3 to the 
east).  Elevated nitrogen concentrations also extend to at least 40 fee. below the water table.  
The full horizontal and vertical extent is unknown.  These cross-section area and groundwater 
flow data indicate there may be a significant mass flux of nitrate from the landfill.  Elevated 
concentrations of nitrate have been present in groundwater at the landfill for at least 22 years, a 
period of time extending at least to the start of regular groundwater monitoring in 1994. 

Historical landfill and septage lagoon operations beginning around 1950 were likely sources of 
nitrogen to groundwater.  With an estimated groundwater travel time of 50 years or less to Town 
Cove, it is likely that nitrogen from the landfill property may already be contributing nitrogen 
loading to Town Cove. Given current conditions and without corrective action, sources of nitrogen 
will continue to contribute a nitrogen load to the groundwater and to Town Cove over the long 
term. 

Current yard waste composting operations may be a potential source of nitrogen leaching to 
groundwater.  Current infiltration of precipitation and runoff from the capped landfill and transfer 
station near and/or through the former septage lagoon area may also be adding significant 
nitrogen to groundwater. 

The infiltration of aerobic runoff may have converted a historical ammonia plume to a plume with 
nitrate as the dominant nitrogen compound in shallow groundwater while ammonia remains 
dominant in deeper anaerobic groundwater. 

5. Assessment Plan 

A. Assessment plans to define groundwater contaminant sources and the horizontal and vertical 
extent of nitrogen compounds and 1,4-dioxane in groundwater along a transect immediately 
downgradient of the landfill and septage lagoons are outlined below. 

B. Proposed assessment activities include: 

 Evaluate the landfill cap drainage design and stormwater management systems in the vicinity 
of the transfer station and material composting areas to determine if runoff from the landfill 
surface or transfer station stormwater is recharging groundwater through the former septage 
lagoons; 

 Assess the concentration of nitrogen compounds and 1,4-dioxane in landfill stormwater and 
in groundwater at the recharge location(s); 

 Sample selected existing groundwater monitoring wells; 

 Install and sample new groundwater monitoring wells placed in/near potential source areas 
(monitoring well locations 1, 2, 6 and 7) (Figure 2); 

 Install and sample new groundwater monitoring wells along a line northwest to southeast 
forming a transect downgradient of the landfill (monitoring well locations 5, 8, 9, and 10) 
(Figure 2).  The monitoring wells will be installed in a phased approach as necessary to 
assess the horizontal (cross-gradient) and vertical extent of 1,4-dioxane and nitrogen 
compounds in groundwater; 

 Develop a layered project base map with landfill site features including stormwater systems, 
well locations, solid waste and septage lagoon areas, and features of the proposed new DPW 
facility; 

 Assess groundwater hydrogeology and groundwater flow in the vicinity of the landfill; 

 Identify private wells downgradient of the landfill and septage lagoons and collect 
groundwater samples for analyses where appropriate; 
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 Collect and analyze sub-surface soil samples from the unsaturated zone at and below the 
former septage lagoon area; 

 Install new monitoring wells downgradient of the landfill closer to Town Cove as necessary 
(monitoring well locations 11, 12, and 13).  The monitoring wells will be sampled and 
groundwater samples will be analyzed and evaluated; and 

 Perform groundwater sampling and analyses from selected existing monitoring wells and/or 
irrigation wells to assist in the landfill groundwater contamination assessment. 

Proposed source and downgradient transect monitoring well locations are shown on Figure 2.  
Proposed downgradient watershed sampling locations are shown on Figure 3.  Results of the 
investigation will be presented in two Technical Memorandums which will include: (a) results of 
initial assessment with an update of the Conceptual Site Model; and (b) a summary of additional 
measures to fill data gaps, a risk evaluation, potential risk management actions, and both a 
feasibility evaluation and conceptual design for management actions to address nitrogen flux and 
1,4-dioxane in the groundwater. 
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