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EXECUTIVE SUMMARY 
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This Supplemental Investigation Workplan Addendum presents the rationale and technical 
approach for data collection to address Additional Work (AW) requirements and Draft Focused 
Feasibility Study (FFS) data gaps for Shepley' s Hill Landfill (SHL) in Ayer, Massachusetts. This 
workplan provides a summary of relevant site conditions including the current remedy in place 
and remedial alternatives under consideration in the FFS (Alternatives 1 through 5). This 
workplan was developed in two parts to allow for Base Realignment and Closure (BRAC) 
Cleanup Team (BCT) agreement on the scope and rationale for investigations before the 
detailed procedures associated with those studies are finalized . This Supplemental Investigation 
Workplan Addendum summarizes the overall Technical Approach and Rationale, and the 
accompanying Volume 2 of the workplan provides a Sampling and Analysis Plan (SAP) for 
investigations that are expected to be implemented earliest in the project schedule. Detailed 
development of procedures for the later investigations described in Volume 1 is expected to 
continue for several months, and will be documented in a subsequent SAP addendum. 

Technical objectives identified in the AW requirements or in the Draft FFS list of data needs are 
summarized in Table 1. Each objective has an associated "hypothesis" that represents the 
current state of knowled ge regarding the objective. The data needed to fill any gaps in that 
hypothesis are listed, and a technical approach to collecting those data is summarized. These 
objectives and technical approaches are discussed in detail in Section 2 of this submittal. 
Proposed inves tiga tions in the Impacted Area north of the current capture zone are shown in 
Figure 1, and investigations in the area south of the capture zone are shown in Figure 2. 

Table 1 and the detailed technical approaches in Section 2 describe a series of supplemental 
investigations that include: 

A. Geophysical survey, borings and monitoring well installa tions as needed to delineate the 
arsenic plume and establish temporary groundwater monitoring locations in the Impacted 
Area north of SHL (see Section 2.1). 

B. Borings and m onitoring well installations as needed to confirm the arsenic capture zone 
on the east side of the landfill (see Section 2.2). 

C. Sampling and tes ting of aquifer materials w ithin the Impacted Area to evaluate 
mechanisms associated with Monitored Natural Attenuation (MNA) in this area (see 
Sec tion 2.3). 

D. Modeling the potential for methane inh'usion into basement air from dissolved methane in 
groundwater (see Section 2.4). 

E. Borings and monitoring well installations as needed to provide hydraulic and chemistry 
information in the area upgradient of Area of Concern (AOC) 72, i.e., Plow Shop Pond 
(see Section 2.5). 

F. Sampling and testing of landfill source materials to evaluate arsenic mobilization 
mechanisms and the potential source concentra tions within the landfill (see Section 2.6). 

G. Perform an evaluation of the applicability for an air sparging system to treat the arsenic 
plume discharging into Red Cove as described in FFS Alternative 4 (see Section 2.7). This 
evaluation may include bench scale and/ or pilot tes ting if deemed appropriate. 

iv 
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H. Evaluate relocating wastes above the water table and eliminate leaching to groundwater 
as described in FFS Alternative 5 (see Section 2.9). 

Also, as explained in Section 2.8, the Feasibility Study Screening Report for AOC 72 will have 
information developed regarding a floe removal process for Red Cove that can be used to 
satisfy the data gap for FFS Alternative 2. 

The above investigations will be conducted in 2010 as described in Section 3, and results will be 
incorporated in either the Final FFS or in a report on the AW activities, as appropriate. The 
attached Volume 2 contains procedures addressing items A, B, and E above, which are expected 
to be the first field investigations for this workplan. Items D and H do not require sampling and 
analysis at this time, and so may proceed independent from the initial field work. An 
addendum to Volume 2 will be developed to provide procedures for addressing items C and F 
above, and the evaluation of the air sparging alternative conducted under item G. A proposed 
schedule for these plans and subsequent work is provided in Section 3. 

Though the submission of this Workplan Addendum, the following changed were made in the 
January 2010 Shepley's Hill Landfill Supplemental Investigation Workplan (Final Version): 

1. As part of the East Plume evaluation, one boring / well will be installed to evaluate 
conditions. This information will be incorporated into the FFS, and used to determine the 
location of other points in the landfill during the remedial design phase, if necessary. 
Representative soil samples obtained from this location will be analyzed for concentrations 
of TAL Metals and Total Organic Carbon. Analysis will be targeted at lithology changes. 

2. Air sparging is not considered a viable alternative based upon a review of the site 
conditions, analysis of site data, based upon experience with other locations of this nature. 

3. The limits of the wetlands was evaluated and determined, and a report with plan subm.itted 
to the Ayer Conservation Commission. 

4. Drilling operations conducted within the East Plume will be conducted using a Rotosonic 
drill-rig. All other locations will be conducted using a direct push method. 

5. Groundwater samples obtained at 10-foot sampling intervals will be screened using an 
Arsenic Test Kit, and analyzed for arsenic by the laboratory under a 24-hour turn-around 
time frame. 

6. Copies of the Standard Operations Procedures and Laboratory Qualification are included as 
an attachment to the Field Sampling Plan, and the Quality Assurance Project Plan is being 
revised to comply with current UFP-QAPP Manual requirements. 

V 
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1.0 INTRODUCTION 
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Information contained within this document was prepared by AMEC and outlined in a 
Supplemental Investigation Workplan dated January 2010. As part of contract requirements, 
Sovereign has updated sections or attachments to this document to conduct the proposed 
investigation. 

1.1 Purpose and Organization 

The purpose of this Supplemental Investigation Workplan is to present the technical approach 
to collecting data needed for AW items and the Draft FFS for Shepley's Hill Landfill in Ayer, 
Massachusetts. This draft workplan provides a summary of relevant site conditions including 
the current remedy in place and remedial alternatives under consideration in the FFS. This 
workplan was originally prepared under contract Number GS-10F-0230J, Delivery Order 
Number W912WJ-05-F-0037, for the US Army Corps of Engineers, New England District. 

This workplan was developed in two parts to allow for BCT agreement on the scope and 
rationale for investigations before the detailed procedures associated with those studies are 
finalized. This phased approach will maximize the efficiency of workplan development. The 
current submittal represents the Supplemental Investigation Workplan Addendum Volume 2 
Technical Approach and Rationale. Volume 2 of the workplan provides a Sampling and 
Analysis Plan for investigations that are expected to be implemented earlies t in the project 
schedule. 

Section 1 of this workplan provides a brief history of the site and current conditions. Portions of 
Section 1 are summarized from recent reports including the Supplelllentnl Groundwnter nnd 
Lnndfill Cnp Assessment for Long-Term Monitoring nnd Maintennnce (AMEC 2009) or Supplemental 
Assessment Report (SAR) and the 2008 Annunl Report (ECC 2009). Section 2 describes objectives 
and data gaps related to AW items and the Draft FFS, and presents a technical approach to 
collecting the required information. Section 3 provides an ac tivity-based project schedule 
including dependencies. 

1.2 Site History 

SHL encompasses approximately 84 acres in the northeast corner of the main post of the former 
Fort Devens. The landfill is bordered to the northeast by Plow Shop Pond, to the north by 
residences and Nonacoicus Brook, to the w est by Shepley's Hill, to the sou th by recent 
commercial development, and to the southeast by land fo rmerly containing a railroad 
roundhouse. The landfill includes three AOCs investigated under the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) in accordance with US 
Environmental Protection Agency (USEPA) requirem ents: AOC 4, the sani tary landfill 
incinerator; AOC 5, sanitary landfill No. 1; and AOC 18, the asbes tos cell. Plow Shop Pond is 
identified as AOC 72 (Operable Uni t for surface water and sediments) and is being investigated 
under CERCLA for groundwater impacts emanating from SHL. 
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The landfill was reportedly operating by the early 1940s, and evidence from test pits within the 
landfill suggests earlier usage, possibly as early as the mid-nineteenth century. The landfill 
contains a variety of waste materials, including incinerator ash, demolition debris, asbestos, 
sanitary wastes, spent shell casings, glass, and other wastes. As described previously (Harding 
ESE 2002), the maximum depth of the refuse occurs in the cenh·al portion of the landfill and is 
estimated to be about 40 feet below ground surface (bgs). The volume of waste in the landfill 
SHL-0127 Page lhas been estimated at over 1,300,000 cubic yards (cy), of which approximately 
320,000 cy (25 %) is below the water table. The saturated wastes may be emplaced in a wetland 
reducing environment; at least two areas previously mapped as swamps appear to have been 
filled (Harding ESE 2002). 

The landfill was closed in five phases between 1987 and 1992-93 in accordance with 
Massachusetts regulations at 310 CMR 19.000. The Massachusetts Department of Environmental 
Protection (MassDEP) approved the closure plan in 1985. Closure consisted of installing a 30-
mil polyvinyl chloride membrane cap, covered with soil and vegetation and incorporating gas 
vents. Closure also included installation of wells to monitor groundwater quality around the 
landfill, and consh"uction of drainage swales to conh"ol surface water runoff. MassDEP issued a 
Landfill Capping Compliance Letter approving the closure in February 1996. 

1.3 ROD and Contingency Remedy 

Subsequent to closure of the landfill (1987-1993), remedial investigation (RI) under CERCLA 
evaluated soil, sediment, surface water, and groundwater conditions at and in the immediate 
vicinity of the landfill. The results confirmed the presence of various con taminants, particularly 
certain inorganics and volatile organic compounds, in groundwater, sediments, and surface 
water at or adjacent to Shepley's Hill Landfill. A Feasibility Study (FS) and Record of Decision 
(ROD) resulted in a remedy that required long term monitoring and maintenance of the 
existing landfill cap and groundwater monitoring. 

The ROD (USEPA 1995) included a contingency provision, which required that a groundwater 
exh·action and h·eatment system be installed if groundwater contaminant concentrations, 
primarily arsenic, did not meet risk-based performance standards over time. The Army 
installed and started full time operation of a groundwater extraction and treatment system in 
March 2006 to address groundwater contamination emanating from the northern portion of the 
landfill. In 2007 the BCT decided to increase the Arsenic Treatment Plant (ATP) flow rate from 
25 gpm to 50 gpm, and this was completed in July 2007. The ATP sys tem trea ted and 
discharged approximately 18 million gallons of groundwater during 2008, bringing the 
cumulative treatment total to approximately 38 million gallons as of 2008. 

1.4 Conceptual Site Model 

The Conceptual Site Model (CSM) for northern groundwater flow is summarized from the 
recent Supplemental Assessment report (AMEC 2009). Potential sources of arsenic in 
groundwater include bedrock, bedrock-derived soils, buried wetland sediments, and landfill 
wastes. The relative magnitudes of the various types of sources are unknown. Landfill wastes 
are located above and below the water table. Arsenic is dissolved from the source materials by 
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landfill induced reducing conditions in groundwater. A portion of the landfill overlies a swamp 
where naturally-occurring reducing conditions may also have existed and where iron and 
arsenic might have accumulated because of focused groundwater discharge to the wetland 
prior to filling. The landfill cap completed in 1993 reduces infilh·ation and the formation of 
landfill leachate from wastes above the water table, but would not reduce the formation of 
landfill leachate from wastes below the water table. While reducing the flow of water through 
unsaturated wastes, the cap may exacerbate the severity or duration of reducing conditions 
below the water table by limiting the infiltration of relatively oxygenated rainwater or 
meltwater. 

In the absence of landfill leachate, such as might be achieved with FFS Alternative 5 (landfill 
consolidation), the nahual flushing of the aquifer with oxygenated groundwater may be 
expected to gradually reestablish aerobic conditions - except perhaps in the original swampy 
area that was filled - such that arsenic is immobilized as a solid precipitate. The duration over 
which reducing conditions would persist is not well known, though sh1dies at a similar landfill 
suggest that flushing of hundreds of aquifer pore volumes is needed to oxidize the aquifer 
material. The additional oxygen demand posed by wastes below the water table would 
lengthen the time needed for recovery. 

Arsenic in groundwater is mainly in the form of arsenite (As3+) under the reducing conditions 
associated with the highest arsenic concenh·ations. Groundwater carrying elevated arsenic 
concenh·ations flows north to the vicinity of Nonacoicus Brook. Arsenic is immobilized as a 
solid phase within the aquifer matrix in the area beneath the stream where reduced 
groundwater h·ansitions to the oxygenated conditions present in the sh·eam. Deeper 
groundwater near the stream travels north along the eas tern flank of the buried bedrock 
surface, before turning west along the valley axis and discharging to the sh·eam. 

The CSM for eas tern groundwater flow is summarized from the recent RI Workplan for AOC 72 
(AMEC 2009). Groundwater from SHL carrying dissolved arsenic, iron, and other metals 
discharges to AOC 72 in the vicinity of Red Cove. Iron oxides precipitate as an orange-red floe 
or sediment in Red Cove as reduced groundwater discharges to oxygenated surface water. 
Arsenic is adsorbed by or co-precipitated with the iron floe. Precipitation of metals occurs near 
and above the sediment surface where oxidizing conditions prevail. Mixing of the sediment and 
surface water may lead to "recycling" of iron and arsenic where the dissolved contaminants 
from deeper zones are oxidized and precipitate again as sediment. Recycling between sediment 
and surface water may result in arsenic h·ansport beyond the area of groundwater discharge, 
depending on the amount of turbulence and surface water flow. However, eleva ted sediment 
arsenic concentrations are observed primarily where the highes t rates of groundwater from 
SHL are likely to discharge, closest to shore and south of the "hinge" between groundwater 
discharge to and recharge from the pond. Plow Shop Pond is a shallow, low-energy 
environment unfavorable to large-scale sedimentary mixing. 
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The Army prepares an Annual Report (AR) that documents the long-term monitoring, 
inspection, and operations and maintenance activities conducted at SHL. The AR includes a 
performance assessment for the ATP that is focused on extraction system hydraulics and 
demonstration of containment of contaminated groundwater in excess of Maximum 
Contaminant Levels (MCLs) established for drinking water. The 2008 AR concludes that the 
ATP contains the majority of arsenic mass being mobilized by landfill-induced reducing 
conditions (ECC 2009). Based on estimated groundwater velocities, it will take many years to 
'flush' currently impacted groundwater from areas outside the capture zone. Further, it will 
likely require additional time for new equilibrium redox conditions (presumably oxidizing) to 
be established, which in turn are expected to result in declines in arsenic concentration. Studies 
indicate that the Contingency Remedy does not preclude or significantly reduce groundwater 
discharge to AOC 72. 

USEP A conducted a Remediation System Evaluation (RSE) for the ATP in 2009 and provided 
recommendations to improve effectiveness, reduce costs, and other technical improvements 
(USEPA 2009). Recommendations regarding effectiveness include updating the groundwater 
flow model and evaluating options to increase plume capture such as h·eated water injection, 
hydraulic conh·ols for clean groundwater, and increasing the extraction and h·eatrnent rate. 
Recommendations regarding cost reduction include evaluating options for treated water 
discharge, alternative chemical usage, and modified solids handling. Other technical 
recommendations included measurement of specific capacity of wells, and discontinuing 
addition of hypochlorite to a microfiltration clear w ell. Several recommendations of the RSE 
have already been adop ted or are included for evaluation in the Draft FFS. 

1.6 Risk Summary 

The Army prepared a Supplemental Groundwater and Landfill Cap Assessment for Long-Term 
Monitoring and Maintenance which evaluated whether a significant risk to human health or the 
environment exists at or to the north of SHL with the current remedy in place (AMEC 2009). 
This report concluded that no significant current risk to human health is present, but such a risk 
could exist if groundwater is used as a source of drinking water. Exposure pathways considered 
for the human health risk assessment included drinking water use, recreational use of 
Nonacoicus Brook, and landfill gas exposures from: 1) direct venting of gases from the landfill; 
2) lateral migra tion from the landfill through shallow soils, and; 3) migration of gases from 
groundwater containing dissolved gas. Risks to aquatic, benthic, and terrestrial organisms in 
Nonacoicus Brook appear to either be rela ted to sources in or upstream of Sawmill Brook, 
and / or related to chromium which appears to have a source(s) not related to Army activities. 

The Army will prepare a H uman and Ecological Risk Assessment (HERA) for AOC 72 based on 
the recent RI Workplan (AMEC 2009) and data collected from. 1991 to 2009. Earlier risk 
assessments for AOC 72 and the adjacent Grove Pond have concluded tha t human and 
ecological risk drivers include arsenic, other metals, and other compounds such as polycyclic 
aromatic hydrocarbons, some of w hich rn.ay have an thropogenic sources (Gannett Fleming 
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2006). The RI and HERA for AOC 72 are expected to be submitted in draft form during January 
2010. 

1.7 Draft Focused Feasibility Study 

The Draft FFS was completed to evaluate alternatives to the current remedy in place. The report 
described five remedial alternatives (including the current remedy, and optimizations of it) and 
evaluated each one in terms of CERCLA criteria. The Draft FFS conducted a preliminary 
comparison among the alternatives and identified several data gaps based on these evaluations 
and comparisons. The Army recommended that these data gaps be filled before a final, detailed 
comparison between alternatives. These data gaps are considered in the workplan that follows. 

2.0 TECHICAL OBJECTIVE AND DATA COLLECTION 

Technical objectives identified in the Additional Work requirements or in the Draft FFS data 
needs are summarized in Table 1. Each objective has an associated "hypothesis" that represents 
the current state of knowledge regarding the objective. The data needed to fill any gaps in that 
hypothesis are listed, and a technical approach to collecting those data is summarized. These 
objectives and technical approaches are discussed in the following subsections. 

A schedule for implementing these investigations is provided in Section 3. The initial 
investigations of Landfill Gas Impacts (Section 2.4), Floe Removal Feasibility (Section 2.8), and 
Landfill Consolidation (Section 2.9) do not require field data collection and may proceed upon 
contract approval. The first proposed field investigations are for North Plume Delinea tion 
(Section 2.1), Nor th Plume Capture Evaluation (Section 2.2), and East Plume Delineation and 
Capture (Section 2.5); procedures for data collection are provided in the attached Volume 3. 
Data collection procedures will be developed for MNA and Source Sfrength Evaluations 
(Sections 2.3 and 2.6) and provided in an addendum to Volume 3. A separa te pilot tes t 
workplan will be submitted for the proposed Air Sparging Implementability evaluation (Section 
2.7). 

2.1 North Plume Delineation and Monitoring for Impacted Area 

An AW objective is to further delineate the arsenic plume north of the ATP capture zone in all 
directions (including depth), and install monitoring and senh·y wells around the delineated 
boundaries. Figure 1 is adapted from the SAR (Figure 4-5) and AR (Figure 4-4) to show 
dissolved arsenic detections above and below the drinking water criterion of 10 micrograms per 
liter or parts per billion (ppb), based on the most recent well sampling results. Figure 1 includes 
groundwater resul ts along West Main Stree t from 2001 sampling; some of the results are for 
unfiltered samples, but these are the only data available for this area. The SAR also includes 
Figures 4-3 and 4-4 showing detections in cross-sectional view . 

Figure 1 also contains mod.el-generated tracks of particles ("particle tracks") inh·oduced at the 
mid-point of well screens in which arsenic was detected. at concentrations grea ter than the MCL 
(10 ppb) and allowed to migrate with the groundwater flow. The tracks represent the paths that 
particles would take through the aquifer under ambient conditions with the ATP ex traction 
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wells operating at 42 gallons per minute. While the particle tracks provide valuable information 
for understanding groundwater flow directions and selecting locations for new wells, they do 
not provide information on concenh·ations of arsenic along the expected flow paths. 

In the area immediately north of the landfill, the western and eastern plume limits ( defined as 
clearly impacted groundwater with negative ORP and arsenic >100 ppb) along Molumco Road 
appear to be near SHM-07-03 (ND in 2007) and SHM-99-32X (204 ppb in 2008), respectively. 
The eastern limit in this area is also supported by earlier results from SHX-99-05 (1999) and 
SHP-99-34 (2001) as illustrated in SAR Figure 4-3. A Supplemental Groundwater Investigation 
(Harding ESE, 2002) indicates arsenic detections along the eastern extent are neither contiguous 
with the main plume lobe nor strongly correlated with ORP. Because prevailing hydraulic 
gradients are westward in the Nonacoicus Brook valley fill aquifer, further investigation east of 
SHX-01-06X and Nonacoicus Brook has not been a key issue. However, since Institutional 
Controls (ICs) on residential use of groundwater are under consideration in the FFS, further 
investigation is proposed to better define the area where ICs would be needed. 

Farther north the following initial data gaps are apparent: 

• 

• 

• 

The western plume limit just north and downgradient of West Main Sh·eet is west of DEP-
08-03, which h ad 1700 ppb dissolved arsenic (6/08). While this plume edge is constrained 
by earlier (2001) profile results from SHX-01-lOX, -13X, and -llX located slightly 
upgradient, the screens at SHP-07-0lC and -0lD sampled in 2007 are shallower than DEP-
08-03 and may be above the plume. Consequently, the western plume in the area of West 
Main Street is unconstrained in the area east of DEP-08-05 (which ex tended to bedrock) 
and northwest of SHX-01-1 lX. 
The northern plume limit is interpreted to be under Nonacoicus Brook immediately north 
of DEP-08-03 and -08, which had 1700 and 240 ppb dissolved arsenic respectively (both 
6/08). There is no monitoring well situated directly north of these locations where drilling 
access is limited by the wetland. 
To the northwest the plume appears to be constrained by DEP-08-07, but a data gap may 
exist to the west between DEP-08-05 and DEP-08-07. 

Borings are proposed in each of the above areas at the approximate locations indicated in Figure 
1. Bedrock has a strong influence on groundwater flow patterns, therefore a geophysical survey 
to map the bedrock surface in this area is proposed to precede the selection of final boring 
locations. Each boring would extend to bedrock with groundwater sampling every 10 feet 
during drilling, and analysis for arsenic and field parameters (pH, SC, ORP, DO). If drilling 
results sugges t the 100 ppb plume limit has not been adequa tely identified, a new boring may 
be advanced to collect this data. When drilling results sugges t the plume limit has been 
identified, temporary well screens would be constructed at appropriate intervals and sampled 
for metals and water quality characteristics . The plume w ill be mapped in plan and section 
views based on these results. Sentry n1_onitoring wells will be identified following plume 
delineation, and may include new and exis ting wells . If any exis ting wells identified for sentry 
monitoring are not constructed or si ted appropriately, they will be rep laced with new wells. 
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Objectives for the current remedy in place include operating the treatment system to contain the 
arsenic plume in the vicinity of the base boundary near the north end of the landfill and 
demonsh·ating that the arsenic plume is captured. The latest revised groundwater model and 
other lines of evidence as presented in the 2008 Annual Report suggest that impacted 
groundwater at the toe of the landfill is fully contained, subject to some uncertainty on the 
eastern plume extent at the toe (ECC 2009) . This uncertainty relates to the extent of impact east 
of SHM-96-5B. A boring is proposed in the area of SHL-21 as indicated in Figure 1, extending to 
bedrock with groundwater sampling every 10 feet during drilling, and analysis for arsenic and 
field parameters. If drilling results suggest the plume limit has not been identified, a new boring 
would be advanced (offset east away from the plume) to collect this data. When drilling results 
suggest the plume limit has been identified, temporary well screens would be consh·ucted at 
appropriate intervals and sampled for metals and water quality characteristics. 

2.3 North Plume MNA for the Impacted Area 

An AW objective is to establish that MNA will be effective for remediation for the arsenic 
plume north of the ATP capture zone within a timeframe that is reasonable given the 
circumstances of the site. The expected attenuation mechanism is immobilization of dissolved 
arsenic as it reaches the oxygenated groundwater discharge zone around Nonacoicus Brook. 
Unimpacted and oxygenated groundwater entering the area downgradient from the capture 
zone is not expected to mobilize arsenic sorbed to aquifer solids. An evaluation of MNA 
effectiveness will be based on criteria established by USEP A for inorganic contaminants, as 
identified in EPA/600/R-07 /140. The determination of whether an MNA timeframe is 
reasonable is part of a comparison between MNA and aggressive remedies, such as Alternative 
3B in the Draft FFS which consists of implementing a separate ATP for the Impacted Area. 

USEPA recommends a four-tier approach for site characterization to evaluate the viability of 
MNA for site remediation (USEPA 2007): 

1. demonsh·ate a static or shrinking plume that has not reached compliance boundaries or 
impacted existing water supplies; 

2. determine rates and mechanisms of attenuation; 
3. determine stability of immobilized arsenic and capacity of the aquifer to sustain uptake; 

and 
4. es tablish a monitoring plan and contingency plans in the event of MNA failure. 

The results of the SAR indicate that arsenic is sequestered in the aquifer below and south of 
Nonacoicus Brook, and is no t expec ted to migrate to the n eares t downgradient water supply 
well. As d escribed in the CSM (Section 1.4), arsenic is immobilized as a solid phase in the 
aquifer where reduced groundwater transitions to the oxygenated conditions present in the 
s tream. Further investigations will be completed to demonstrate a static or shrinking plume and 
monitor plume boundaries within the Impacted Area as described in Section 2.1 above. 
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The general mechanism for attenuation is immobilization of dissolved arsenic through 
precipitation, co-precipitation, and sorption on aquifer solids associated with a change in redox 
conditions in groundwater. Dissolved arsenite and arsenate species have been observed in 
groundwater, with the former dominating under reducing conditions and the latter under 
oxidizing conditions. Data characterizing aquifer solids - immobilized forms of arsenic and 
minerals that control or react with arsenic - remain to be collected. These data can be used to 
identify specific mechanisms for immobilization, which can further the understanding of 
reaction rates and stability of the immobilized material. Collection of co-located solid and liquid 
samples from representative portions of the aquifer is recommended, with analysis of arsenic 
species, other metals, mineral phases, and organic carbon in each media. 

The stability of immobilized arsenic and the time to achieve cleanup goals in the Impacted Area 
will be evaluated theoretically based on the determination of specific reactions from the solid / 
liquid phase analyses discussed above, and empirically by a core flushing study similar to an 
evaluation conducted by US Geological Survey for the Saco Landfill (USGS 2004). This study 
will use cores of aquifer material collected from the same locations used for the solid-liquid 
phase analyses. The cores will be flushed with arsenic-free groundwater from areas near the site 
that are upgradient of the sampling locations. The eluting water will be tested for metals and 
organic carbon. Results will be used with a reaction-h·ansport model to simulate long-term 
geochemical changes and the time required to achieve cleanup goals. Mineralogy of selected 
cores will be tested again following flushing to confirm the immobilization mechanisms. 
Relevant data from the LTM monitoring network, before and after full scale operation of the 
ATP, will also be considered in the assessment of attenuation mechanisms and timeframes. 

The capacity of the aquifer to sustain arsenic uptake will be evaluated considering the specific 
immobilization m echanisms to be determined as describe above, and the mass dish·ibution of 
metals, minerals, or other reactants in the aquifer. The data to be used for this evaluation are 
expected to be p1;ovided from the studies described above. Likewise, monitoring and 
contingency planning will be tailored to the site based on the specific reactions that are found to 
be integral to MNA and the expected capacity for further uptake. 

Specific sampling locations and test methods for the above investigations will be developed 
after further evaluation of current and historic groundwater flow paths and discussion of field 
screening methods. A schedule for this additional investigation planning is provided in Section 
3, including documentation in a subsequent Sampling and Analysis Plan. 

2.4 Landfill Gas Impact 

Objectives for the current remedy in place include completing an evaluation of landfill gas 
impacts in the Impacted Area to ensure that methane emanating from the landfill will not cause 
unacceptable risks in nearby structures. This evaluation will be conducted in accordance with 
USEPA Guidance for Evaluating Landfill Gas Emissions from Closed or Abandoned Facilities 
(USEPA 2005a). The referenced guidance document describes the evalua tions of potential gas 
migration pathways, which include lateral migration of gas throu gh soil or utility pipe bedding 
and indoor vapor intrusion in structures. Results of monitoring perimeter soil gas probes a t the 
north end of the landfill indicate that landfill gas is not migrating off site la terally through soil 
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(ECC 2009). Recent improvements have been made to the soil gas monitoring system to ensure 
that the appropriate soil depths are sampled. USEPA recommends vapor intrusion modeling as 
a screening step to evaluate the hazard for sh·uctures overlying a plume of contaminated 
groundwater. 

Vapor intrusion modeling is proposed in accordance with the referenced guidance and using 
USEPA's CW-SCREEN or GW-ADV models to estimate the potential for methane inh·usion into 
basement air from dissolved methane in groundwater. Methane poses an explosion hazard at 
air concentrations of 50,000 parts per million (ppm) which is 5 % of air (the lower explosive 
limit) and is an asphyxiant at air concentrations above 140,000 ppm. There is no identified 
adverse health effect from potential human exposure to non-explosive levels of methane in air. 
The proposed model inputs are as follows: 

• Depth to groundwater = 10 feet 
• SCS Soil type above the water table = Sand 
• Dissolved m ethane concentration in groundwater = 10 m g/1 

The depth to groundwater in the Impacted Area appears to be shallowest on the north side of 
West Main Street, where it is approximately 20 feet bgs; if a 10-foot deep basement is assumed 
then the model depth would be 10 feet. Soil types in the Impacted Area are sandy and the SCS 
type of "Sand" provides the highest modeled vapor inh·usion. The dissolved methane 
concentration of 10 mg/I is near the upper end of the range of concentrations in groundwater 
entering the ATP, and is higher than any measured concenh·ation in a monitoring well near the 
Impac ted Area, therefore it is a "worst case" estimate for this screening. The model output will 
be an estima ted methan e vapor concenh·a tion in a hypo the tical building, for comparison with 
the methane lower explosive limit (50,000 ppm). Results w ill be discussed with BCT to evaluate 
the need for further modeling or field measurements. Previous air sampling in residential 
basements in the Scully Road area did not find detectable levels of methane. 

2.5 East Plume Delineation and Capture 

Objectives for the current remedy in place include controlling the continuing discharge of high 
arsenic groundwater from SHL to Plow Shop Pond (AOC 72) sediments. New groundwater 
monitoring wells were recommended by USEP A for the area between SHL and AOC 72 to 
collect data in this area (USEP A 2008). This information will be u sed, in combination with 
groundwater modeling, to evaluate remedies such as hydraulic conh·ols (exh·action or injection) 
or in situ treatment in the discharge area. 

The proposed well locations identified by USEP A included the following: 

• 
• 

three locations within and near the center of the landfill, southwest of Red Cove; and 
two locations along the eas tern edge of the landfill west of Red Cove. 

These well installations were proposed to evaluate horizontal and vertical plume dimensions in 
the area upgradient of the discharge to AOC 72. However, it was decided by the Army that one 
location would be completed at the location identified as SHP-10-07 on Figure 2. Information 
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obtained from this location would be used and incorporated into the Focus Feasibility Study. 
Additional borings and wells, at or near the EPA locations may be completed as part of the 
remedial design phase of the east plume discharge remedy. 

The groundwater flow model for SHL was recently revised as part of the comment/response 
process for the 2008 AR. The model is currently being revised further as described in the AOC 
72 RI Workplan, through adjustment of parameters controlling pond-aquifer communication. 
That revised model will be used in the AOC 72 RI/FS and in the SHL Final FFS. Since the 
current model revision will incorporate the latest relevant data and represent the best 
understanding of groundwater flow patterns near the pond, this model is proposed to be used 
for siting the wells required for the upgradient area. Results obtained from SHP-10-07 will be 
used to determine locations for additional wells in this area, if they are required. 

This boring (SHP-10-07) would be extended to bedrock with groundwater sampling every 10 
feet during drilling, and analysis for arsenic and field parameters. Temporary well screens 
would be constructed at appropriate intervals and sampled for metals and water quality 
characteristics. Based on the new hydraulic and chemistry data and using the updated 
groundwater model, an evaluation of hydraulic conh·ols or extent of in-situ remedy will be 
conducted in the Final FFS. 

2.6 Arsenic Source Strength Evaluation 

Objectives for the SHL FFS include evaluation of remedial timeframes that require estimates of 
the arsenic source sh·ength within the landfill wastes and surrounding aquifer materials. 
Potential sources of arsenic in groundwater include bedrock, bedrock-derived soils, former 
wetland sediments, and landfill wastes which are located above and below the water table. 
Arsenic is dissolved from the source materials by landfill-induced reducing conditions in 
groundwater. A portion of the landfill overlies a swamp where naturally-occurring organic 
material and reducing conditions may also have existed and where iron and arsenic might have 
accumulated because of focused groundwater discharge to the w etland prior to filling. Arsenic 
mobilized from source materials to groundwater may deposit in aquifer solids downgradient 
from the source through precipitation, co-precipitation, and sorption. This solid phase arsenic in 
the downgradient aquifer is a potential source material if groundwater conditions change to 
upset the~ equilibrium between solid and liquid phases. 

Arsenic source strength can be estimated theoretically from an understanding of mobilization 
and immobilization mechanisms and masses of the reactants, and empirically through testing of 
source materials to evaluate reaction rates. The data gaps are similar to those identified for the 
evaluation of MNA in the Impacted Area in Section 2.3, but apply in this case to the source 
materials (including bedrock) in and around the landfill rather than the aquifer in the 
downgradient Impacted Area. The proposed investigations are therefore similar in terms of 
characterizing solid and liquid phases for the source materials. The core flushing study in this 
case will be conducted using site groundwater fr om the area of the source material to simulate 
arsenic mobilization. The eluting water will be tested for me tals and organic carbon. Results 
will be used with a reac tion-transport model to simulate long-term geochemical changes. 
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Chemistry of selected cores will be tested again following flushing to confirm the mobilization 
rate. 

Specific sampling locations and test methods for the above investigations will be developed 
after further evaluation of historic data (including aerial photos and maps) and discussion of 
field screening methods and the potential use of geophysical techniques. Borings proposed for 
East Plume Delineation in Section 2.5 of the Workplan might also be utilized in this effort. A 
schedule for this additional investigation planning is provided in Section 3, including 
documentation in a subsequent SAP. 

2.7 Air Sparging Implementability 

Objectives for the SHL Draft FFS included evaluation of implementability for an air sparging 
remedy that would be constructed along and above the bedrock surface several hundred feet 
north of the landfill. The original northern proposed location of air sparging was suggested in 
the comments on the Draft FFS. Based on our review and analyses of the site data and 
conditions we do not believe that air sparging is a viable alternative for the treatment of 
impacted groundwater water at this time. Attempts to implement air sparging for similar sites 
has shown that the shift in groundwater geochemistry from anaerobic to aerobic typically 
causes major performance problems that include: 

o Uniform injection of oxygen may be difficult to achieve, 
o Injection and sparging wells will require frequent maintenance due to blinding with 

precipitates, 
o Formation of precipitates may also affect groundwater flow patterns and reduction in 

effective hydraulic conductivity. These occur from growth of excessive biomass and build 
up of unwanted mineral precipitation side reactions that include calcite solids and iron 
slimes that can effectively foul the air sparging system and reduce effective pore size in the 
aquifer, altering flow and permeability. 

o Reduced performance or inability of system to maintain h·eatment objectives due to the 
aforementioned issues. 

Based on these concerns/ issues as well as our experience with air sparging, typical systems are 
implemented and operated for less than five to ten years, which is much less than what would 
be required for this site. Therefore, air sparging is not deemed to be a viable long term 
alternative for this site and will be no longer retained as an in-situ alternative in the Focused 
Feasibility Study. 

2.8 Floe Removal Feasibility Study 

The SHL Draft FFS proposes a floe removal remedy for Red Cove that can reduce risks to 
ecological recep tors in the presence of a continuing source of contamination as part of 
Alternative 2, an MNA approach. Such a removal process could also be combin ed with other 
alternatives under consideration in the FFS. Ecological risks in AOC 72 are currently under 
evalua tion as part of an RI as described in Section 1.6. RI results w ill be used to establish 
remedial action objectives for sediment or surface water and identify/ screen remedial 

11 

SHL-SOV01 



Shepley's Hill Landfill Supplemental In ves tigation Workplan Addendum 
Volume 1 - Technical Approach and Rationale 
Revision Number 1 to the Jan 2010 Workplan 

'fflfif Sovere ign Consulting Inc. 

technologies in an AOC 72 FS Screening Report (FSSR). The Draft FSSR is scheduled to be 
completed approximately two months before the SHL Draft Final FFS (see Section 3) . Since the 
FSSR would be the usual vehicle for developing information needed to evaluate a remedy in an 
FS, and the FSSR timing is adequate for this purpose, the AOC 72 FSSR will be used to select an 
appropriate floe removal remedy to include in the SHL Final FFS. 

The FSSR evaluation is expected to include typical sediment remediation techniques such as 
Monitored Natural Recovery (MNR), in situ capping, and dredging/ excavation (USEPA 2005b). 
MNR may not be feasible in the case where a continuing source is present, since the 
contaminant would not be degraded or isolated through thin-layer placement of solids or burial 
by natural sediments. In situ capping might be feasible if a reactive or oxygen-release material 
was used to sequester arsenic beneath the benthic habitat cap. Dredging or excavations to 
periodically remove impacted sediment for offsite disposal also appear to be feasible, and such 
a dredging remedy is currently in use for a similar arsenic discharge at the HBHA Pond portion 
of the Indush·i-plex Superfund site in Woburn, MA. 

2.9 Landfill Consolidation Feasibility Study 

The SHL Draft FFS proposes a landfill consolidation remedy Alternative remedy that would 
include relocating wastes above the water table and lining the landfill to eliminate leaching to 
groundwater. In order to evaluate the landfill consolidation, the Army will utilize existing data 
to m ap the ex tent of landfill waste. Using the data collection, a memorandum will present a 
description of two consolidation alternatives that include: 

1. Consolidation of north part of the landfill to the southern part that is designed to contain the 
waste material; and, 

2. Removal and consolidation of the waste material that is located within the sa turated zone. 

This memorandum shall provide a description of each alternative including a discussion of the 
LTO&M environmental conh"ols (run-on and runoff, drainage, gas, leachate) required, a list of 
various assumptions, a conceptual drawing, and drawing(s) that present a conceptual depiction 
of the proposed remedy for each of the two alternatives. In accordance with the work plan, and 
consistent with EPA guidance for feasibility Studies, the cost estimate prepared for each of the 
two landfill consolidation alternatives will be within a 30 to 50 percent accuracy range. In 
addition this memo will evaluate the implementability and constructability of the alternatives 
as w ell as the long term effectiveness and permanence of the remedies. Finally the memo shall 
also identify any significant data gaps that would limit accuracy of the conceptual design 
outside of the 30 to 50 percent accuracy range. 

2.10 Wetlands Evaluation / Delineation 

Prior to commencing field activities, persorn1el will locate and mark out the exploration points, 
geophysical lines within the North Plume Delinea tion area, and access points. Persorn1el will 
inspec t each of the locations, flag wetlands, and map activities which will occur within the 
wetlands or buffer zone. The locations of these points / lines will be GPS loca ted on a plan. A 
vvetlands report will be prepared that will describe wetlands and buffer zone areas impacts and 
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the scope of the work within the wetlands or buffer zone. Measure to minimize impacts to 
wetlands will be discussed. The Army will submit the report to the Aye_r Conservation 
Commission. Further informa tion on the geophysical investiga tion, transect lines, and 
grubbing are outlined in the Field Sampling Plan Report. 

3.0 PROPOSED SCHEDULE 

The project schedule is illustrated in Figure 3 and consists of the following milestones: 

1. Submitting the Supplemental Investigation Workplan Addendum, Sampling and 
Analysis Plan (SAP), Data Assessment Plan (DAP), and Quality Assurance Project Plan 
(QAPP) in May 2010; 

2. Commence Rotosonic Drilling and the DPT Drilling in May 2010 to June 2010; 
3. Submission the draft MNA / Source Sh·ength Work Plan Addendum in July 2010; 

The status of these investigation and plans will be detailed within the Monthly Monitoring 
Letter Report. 

4.0 REFERENCE 
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ATTACHMENT A-RESPONSE TO COMMENTS ON THE 10/30/09 SUPPLEMENTAL 
INVESTIGATION WORKPLAN 

INTRODUCTION 

This Response to Comments (RTC) is for the 10/30/09 Draft Supplemental Investigation Workplan 
Volume 1 for Shepley's Hill Landfill. The draft workplan presents the rationale and technical approach for 
dnta collection to address Additional Work requirements and Focused Feasibility Study (FFS) dntn gaps 
for Shepley's Hill Landfill in Ayer MA. The Army proposes to provide n detailed sampling and analysis 
plnn for the datn collection as Volume 2 of the workplan. 

The Draft Workplnn Volu111e 1 describes site characterization activities including conventional drilling 
and sampling and specialized testing of aquifer cores and landfill source materials for geochemicnl 
properties. The comments on the general nppronch contained in draft Volume 1 were generally supportive 
of the overall concepts, but included nwny suggestions on refining the approach or detnils regarding 
testing. Some of these suggestions are adopted as described in the RTC that follows. The Army expects to 
develop other detnils of the workplan through discussions with the BCT. 

The Ar111y proposes n two-prong nppronch for co111pleting Volume 2 as needed to nllow the field 
investigations to proceed. First, initial discussions should focus on co111pleting nn expedited sampling nnd 
nnnlysis plan for the more conventional ti;pes of fielrf. investigations such ns plume delineation and 
monitoring. Second, discussions nnd conmzunicntions should continue ns needed to develop detnils for the 
more specialized testing related to MNA nnd source strength evaluations. Becnuse this lntter component 
of the i11'uestigntions involves some techniques that have not been employed nt the site to dnte, the Army 
expects thnt relatively more development time will be needed to ensure consensus on datn qunlihJ 
objectives and collection methods. Selection of final test locations for this work may nlso involve field 
screening mens11re111e11 ts. We propose to ndvnnce these discussions ns needed to nllow the associated 
salllple collection or field screening to occur duri11g the snme field mobilization ns the conventional 
investigations. A schedule for this process will be provided in the Finni Workplnn Volume 1. 

USEPA COMMENTS 
Comments on the 10/30/09 Draft Workplnn were received from USEPA on 12/1/09. The comments nre 
provided below with responses in i tnlics following each comment. Several comments hnve been divided 
into separate pnragraphs to clarifi; the responses to multiple issues. 

EPA has reviewed the document titled "Shepley's Hill Landfill, Draft Supplemental 
Inves tigation Workplan - Volume 1," dated October 2009 and prepared by AMEC Earth & 
Environmental, Inc., on behalf of the Army. EPA comments on the Draft Workplan are attached. 
The majority of the comments rela te to details of the inves tiga tion sampling locations and 
implem entation and are provided to support the on going preparation of the Sampling and 
Analysis Plan (Volunte 2) . It is our understanding tha t the BCT mee ting planned for December 
17, 2009 will be a technical meeting on the supplem ental inves tiga tion and serve as an 
oppor tuni ty for discussion and resolution of the enclosed comments. 
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In addition, the Draft Workplan refers numerous times to the FFS. Note that the FFS is to be 
revised to address stakeholder comments, as discussed at the November 19, 2009 BCT meeting. 
Where appropriate, the Draft Workplan should be revised to be consistent with revisions 
proposed for the FFS. 

Response: Revisions to the remedial alternatives listed in the Draft FFS are indicated in the 12/3/09 RTC 
for that document. Any corresponding revisions to the Draft Workplan will be as indicated in the 
following RTC for the workplan and subsequent meetings or communications. 

USEP A General Comments: 

1. General Subsurface Investigation Approach: Given the importance of the data to be 
collected during this supplemental investigation, as well as recent experiences from the 
last round of field work, a robust approach to the subsurface investigation is needed. EPA 
recommends a combination of surface geophysical methods and 'traditional' geotechnical 
drilling approaches. This more comprehensive and traditional approach is advantageous 
in that residual uncertainties will be minimized. Detailed recommendations follow, below. 

Response: Data collection techniques will be designed to achieve Data QualihJ Objectives (DQOs) , which 
will be discussed with BCT and detailed in the Workplan Volume 2. 

2. Seismic Surveys: As a first phase, surface geophysical (i.e., seismic) methods are 
recommended to better target drilling locations as well as to corroborate results from 
subsequent and previous drilling phases. In particular, a combination of traditional 
seismic refraction methods as well as the multi-channel analysis of surface waves (MASW) 
method are recommended. The MASW approach is likely to be advantageous in areas 
containing low-velocity subsurface materials such as trench fill and buried waste, which 
typically inhibit standard refraction approaches. Specific approaches are discussed below 
for various site sub-areas. EPA would be willing to consider assisting with seismic survey 
conceptualization, design, and/ or implementation via our IAG with USGS. 

Response: We note that specific recommendations for seismic surveys are contained in EPA specific 
comments 3, 4, 5, 7, and 11. The Army's responses to those recommendations are provided below. 

3. Drilling Methodology: Light-duty drilling approaches (Geoprobe, MicroWells®, hand­
held vibratory hanuners, e tc.) have been used with varying levels of success by the Army, 
EPA and DEP for various facets of the SHL characterization. While these methods have 
many advantages, they share a common deficiency, i.e. , a general inability to penetrate 
harder subsurface layers, particularly at depth. At this stage, as the investigation becomes 
more focused towards evaluation of particular rem edial alternatives and specific remedial 
components, there is a greater need for reliable subsurface data. For this reason, a re turn 
to traditional drilling approaches, using standard geotechnical m ethodologies (e.g., 
standard penetration tes t, drive and wash and/ or h ollow-s tem au ger drilling), is 
recommended. EPA looks forward to discussing the specific drilling approach in more 
de tail with the Army, but it is our general expectation that the methods employed will 
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adhere to the guidelines discussed in US Army Corps of Engineers Engineering and 
Design Manual EM-1110-1-4000, 1 Nov 98, Monitoring Well Design, Installation and 
Documentation at Hazardous, Toxic and Radioactive Waste Sites. 

Response: The investigation tec!tnologies will be selected to provide results t!tat meet data qualihJ 
objectives. 

4. Soil and Groundwater Profiling: In order to further evaluate the geochemical complexities 
at this site and answer questions regarding the specific processes responsible for arsenic 
fate and h·ansport, EPA requests that soil and groundwater be profiled in tandem at all 
new locations. At all new boring locations, split-spoon soil samples should be collected at 
a minimum of 5-foot intervals and at each change in stratigraphy. In some locations and 
depth intervals, it may be advisable to collect a continuous profile of soil samples using 
these methods. At depths beyond which split-spoon "refusal" is encountered, bedrock 
should be confirmed through collection of at least 5-feet of bedrock core. While the Draft 
Workplan proposes groundwater profiling at 10-foot intervals, it may be advisable to 
collect samples at a tighter discretization (e.g., 5-foot intervals) at some locations and 
depth intervals (e.g., at locations above and below buried swamp horizons) or perform 
continuous vertical groundwater profiling at selected locations. Given the proposed 
coupling of soil and groundwater data, it may be advantageous to employ a temporary 
sampling screen for groundwater in concert with the split-spoon sampler for soil within 
the same casing string in order to collect both data sets with a single vertical advancement 
to depth. However, it may be advantageous for other reasons to collect groundwater 
profiles using a separate method/ advancement. 

Response: Sampling procedures will be selected to fill identified data gaps and meet data qualihJ 
objectives. If collocnted soil and groundwater samples are needed to meet an objective, as the Army 
has identified for some locntions in the Dmft Workplan, these samples will be collected. We do not 
propose to collect suc!t samples if t!te results would not fill a data gap. 

USEP A Specific Comments: 

1. Page 1-2, Section 1.2, Site History: A summary of land use within the historical operating 
boundary of Shepley' s Hill Landfill is provided in this section, making reference to three 
facility locations/ operations - "AOC 4, the sanitary landfill incinerator; AOC 5, sanitary 
landfill No. 1; and AOC 18, the asbestos cell". Within the tex t of the 1995 Record of 
Decision (page 3), the following additional descriptive text is provided: "AOC 4, the 
sanitary landfill incinerator was loca ted in former Building 38 near the end of Cook Sh·eet 
within the area included in Phase I of the sanitary landfill closure. The incinera tor was 
constructed in 1941, burned household refuse, and operated until the late 1940s. Ash from 
the incinerator was buried in the landfill." Within the 1995 Record of Decision (page 4), 
reference is made to additional information provided in the " ... RI Addendum report, 
December 1993, Section 3, and the Feasibility Study (FS) report, February 1995, Subsection 
1.2". Based on the apparent time of operation of the incinerator and ash disposal, it 
appears reasonable that Municipal Solid Waste Incinerator (MSWI) ash was disposed in 
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the portion of Shepley's Hill Landfill that was capped during Phase I of the landfill closure 
effort. [See also EPA's September 15, 2005 letter, General Comment 3, and EPA's February 
21, 2006 letter, Response 1 follow-up.] As reported in the technical literature, MSWI ash is 
a potential source of elevated arsenic concentrations in leachate, with example references 
provided below. In addition to these potential sources, the potential presence of waste 
water h-eatment plant residuals (e.g., sludges), septic waste, arsenic h·ioxide (e.g., "white 
arsenic", rat poison) and copper chromated arsenic (CCA) cannot be overlooked. As 
proposed in Section 2.6, soil cores will be collected by drilling into buried waste and 
underlying soil down to bedrock at three locations illush-ated in Figure 2. As illush·ated, 
two of these proposed locations are located within the area of the landfill suspected to 
have received MSWI ash (i.e., during Phase I capping). It is anticipated that information 
derived from these analyses will help in pinpointing whether elevated arsenic in 
groundwater below buried waste is derived from waste materials, natural soils or 
bedrock, or some combination thereof. In support of the final selection for these soil 
boring locations, it is recommended that a review of the following document be conducted 
to determine if historical aerial photography may help in confirming the historical location 
of the "sanitary landfill incinerator" and refining the location(s) where MSWI ash may 
have been disposed: EPIC (Environmental Photographic Interpretation Center), 
September 1991, EPA Installation Assessment, Fort Devens, Volumes I and II, Final. 

Landsberger, S., Buchholz, B. A., Kaminski, M., and Plewa, M. Trace elements in 
municipal solid waste incinerator fly ash. Journal of Radioanalytical and Nuclear 
Chemish·y 167:331-340 (1993). 

Rahman, Farhana Alamgir; A; R; S, Arsenic Availability from Chromated Copper 
Arsenate (CCA)-Treated Wood. Journal of Envirornnental Quality 33 (1): 173-180. 
http: / / jeq.scijournals.org/ cgi/reprint/33/1/173. (2004). 

Sabbas, T., Polettini, A., Pomi, R., Ash·up, T., Hjelmar, 0., Mostbauer,- P., Cappai, G., 
Magel, G., Salhofer, S., Speiser, C., Heuss-Assbichler, S., Klein, R., and Lechner, P. 
Management of municipal solid waste incineration residues. Waste Management 
23:61-88 (2003). 

Shimaoka, T., Zhang, R., and Watanabe, K. Alterations of municipal solid waste 
incineration residues in a landfill. Waste Management 27:1444-1451 (2007). 

Response: The nvnilnble historic nerinl plwtogmphy will be reviewed nlld disrnsseri with BCT prior to 
finnli zing boring locntions. Plense see relnterf EPA co 1J11J1e11ts 7 nnd 8, nllri MnssOEP co1111J1ent 3 
nlld the respoHses regnrdillg irieutificntio11 of source nrens nlld npproprinte sn111pli11g locntio11s. 

2. Page 3, Section 1.5, Recent Data on Rem edy Performance: The langu age in this Section is 
consistent with language in Section 1.5 of the Draft FFS. Please see EPA's October 30, 2009 
comment letter on the Draft FFS, Specific Comment 3, and the Army's response on this 
comment. Please revise this Section to be consistent with the proposed revisions to the 
FFS. 
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Response: The statement "Given that a number ... " near the end of the first przragmph will be deleted. 

3. Page 5, Section 2.1, North Plume Delineation and Monitoring for Impacted Area: A 
seismic refraction survey should be performed from DEP-08-05 northeastward to DEP-08-
08. Subsurface data from this alignment will serve to define the configuration of the 
bedrock/ overburden contact, as well as provide depth information for till or other 
subsurface layers. This information should guide the location of proposed new wells. In 
addition, the seismic data will serve to verify the adequacy of the depth-of-penetration 
achieved from the "SHP-07" and "DEP-08" series which were all advanced with direct­
push equipment. 

Response: We agree thrzt rzdditional bedrock delinerztion in this rzrea would rzssist with plume delineation, 
since bedrock is a strong influence on groundwater flow patterns. 

In addition, one of the purposes of the Additional Work objective cited in this section was 
to ensure that there are permanent monitoring locations for all significant areas of the 
plume and to serve as sentry wells to ensure that the plume does not migrate beyond final 
delineated plume boundaries (i.e., that it remains stable or shrinking). The focus of this 
section is to delineate the plume limits and this is a critical first step for determining 
locations for senh·y wells. The proposed MNA sampling locations may offer important 
information for determining locations for additional monitoring wells within the plume. 
However, it is not clear that the proposed sampling program will result in a sufficient 
long-term monitoring well network. Once the data from the proposed investigation is 
evaluated, EPA requests that the BCT discuss the LTM network and work together to 
select locations for additional permanent monitoring wells. 

Response: The A rllly agrees with this concept rznd the text can be revised rzccordingly. 

4. Page 6, Section 2.2, North Plume Caphue at Boundary: An MASW or h·aditional seismic 
refraction survey is recommended in an alignment roughly from the ex traction w ells on 
the west to just beyond SHL-21 on the east. This data will serve to define the configuration 
of the bedrock/ overburden contact as well as providing depth information for till or other 
subsurface layers along the eas tern edge of the caphue zone, where subsurface 
information is presently limited. 

Response: Seismic refraction data deli11erzti1Lg bedrock in this area were collected during the SHL RI rznd 
reported by ABB in the 1993 Fi11al RI Addwdulll. The rzdditionrz/ bori11g(s) proposed i11 this area for 
the plume capture objective (Sec tion 2.2) will provide further infor111rztio11. No specific drztrz 
ohjecti71es relatillg to Adrfitional Wo rk or t/1e FFS l,m1e been ident1fierf for this area. 

5. Page 6, Section 2.3, North Plume MNA for the Impacted Area: Relative to selection of 
proposed loca tions for "MNA Sampling", it is recommended that Figure 1 be revised to 
provide an overlay of exis ting and proposed well/boring loca tion s with measured 
potentiome tric surface for groundwa ter representative of the anticipa ted p eriod fo r 
installation and sampling. This groundwater flow analysis should be used to develop a 
consensus regarding appropriate loca tions for the proposed soil and/ or groundwater 
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profiling. An important aspect to this characterization effort is delineation of the vertical 
distribution of arsenic concenfrations in groundwater along the presumed flow path(s) 
delineated by the "proposed MNA sampling locations". The Workplan proposes 
collection of co-located solids and groundwater at 3 depth intervals for the 3 proposed 
well/boring locations. However, as noted in General Comment 4, it may be advisable to 
profile soils and groundwater at a tighter discretization (e.g., 5- or 10-foot intervals) or 
perform continuous vertical profiling. The results of profiling groundwater chemisfry 
would provide valuable information for targeting the locations and dep th of the aquifer 
solids sampling and tes ting effort for the purpose of confirming the hypothesized 
mechanism for attenuation and the stability of sequestered arsenic. This information 
would also support decision-making for the installation of permanent LTM wells in the 
future. 

Response: A revised Figure 1 will be developed to show the modeled potentiometric swjnce nnd 
groundwater flow paths before and after implementation of the extmction system. We agree that 
conditions affecting MNA may vary significnntly within the Impacted Aren, nnd thnt further 
evaluation of existing data and field screening methods is appropriate to ensure that the tes ted 
mnterials are represen tative of the majorif:tJ of the aquifer. As discussed in the Introduction to this 
RTC, we propose to conduct this investigation plnnning on a sepamte tmck from other Additionnl 
Work requirements so as not to delay those efforts; a schedule for this activihJ will be developed for 
discussion. Please see related EPA comment 9 part 2 and MassDEP comment 2 and the responses 
regnrding identificntion of nppropriate snmpling locntions. 

Relative to the hypothesized mechanism that might lead to a ttenuation of arsenic 
migration in groundwater and relative time frame(s) or capacity for a ttenua tion , it is 
recommended that recently compiled site charac terization information from AOC50 
studies be reviewed. One source of these data is available via the following public 
document: http:/ /www.serdp.org/Research /upload /ER-1374-FR.pdf. While the 
characteristics of the groundwater flow system and contaminant plume are different at 
this location, the information derived from this site evaluation effort can provide useful 
perspective towards refining the characterization effor t and data quality objectives for the 
proposed supplemental characterization effor t for the Nor th Plume. 

Response: The referenced document has been reviewed, nnd we ngree that it is relevnn t in particular for 
developing snmpling nnd nnalysis procedures. 

In addition, it is recommended that the design and implementation of the proposed 
coreflushin g study be discussed with the BCT given the sensitivity of the chemical 
characteristics of sampled groundwa ter and aquifer solids that may depend on the 
techniques used for sample retrieval and processing. As an example, please see the case 
study analysis of potential problems particular to assessments of arsenic attenu ation that 
is provided in EPA/600/R-08/114 (http://www.epa.gov/nrmr1/pubs/600r08114/ 
600r08114.pdf). While the core-flushing work, as described, seems to be a logical 
approach, it may not be reasonable to expect that results will be similar to those obtained 
from the Saco Landfill experiment. Key similarities and differences between the Saco 
Landfill and SHL - for example, in the type(s) and amount(s) of organic carbon sorbed to 
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the aquifer materials used in the columns - should be considered in designing and 
conducting the proposed experimental work. It is cautioned that the applicability of the 
results of the proposed flushing study depends upon the assumption that redox 
conditions in the North Plume Impacted Area are stable. Changes in redox conditions, 
driven by actions already taken (e.g., construction of the landfill cap, operation of the 
extraction system) or by future actions (e.g., installation of an air sparging system), may 
alter the mobility of arsenic at any particular location. Lastly, it should be noted that there 
are likely nontechnical differences between the Saco Landfill and SHL which will need to 
be carefully assessed. For example, the land ownership situation is quite different at the 
two sites. At Saco Landfill, the town of Saco owns the land underlain by the down­
gradient plume, and there are no known residences which are affected offsite. 

Response: The referenced document has been reviewed. We do not necessarily believe that the results of 
the SHL study will be similar to the Saco study results. Rather, the Saco study was offered as 1111 

approach to examine the conditions at SHL. Other relevant studies (such as the AOC 50 study 
cited in the preceding comment) will also be considered in developing the details of the testing 
program. Similar to the planning for sample collection (see response to first part of this comment), 
we propose to conduct this test program planning on a separate track from other Additional Work 
requirements so as not to delay those efforts; a schedule for this activity will be developed for 
discussion . 

Note, also, that the data from the LTM monitoring network should also be considered in 
the evaluation of arsenic attenuation and remedial timeframes. Although only a couple of 
data points are available for post-full-scale ATP operation, this data set should provide 
important information into the assessment. 

Response: The available data will be considered, and this will be made explicit ill the workplan. 

Finally, while numerous Micro Wells® have been installed along West Main Sh·ee t (~ 2001) 
and Molumco Road (~ 1999 to 2007), there is still some ambiguity, given the inherent 
limitations of Micro Wells®, regarding the true depth to bedrock, the presence of till layers, 
e tc., in these areas. While the proposed n ew borings co-located with SHM-07-05 (Molumco 
Rd.) and SHX-01-09X (W. Main St.) respectively will provide some insight into the depth 
to bedrock and presence of till at those locations, the affected areas along these existing 
'transects' are 800+ ft and 1000+ ft respectively. In this context, it is worth considering 
additional seismic refraction surveys in these areas, primarily to insure the adequacy of 
the current monitoring network in these areas. 

Respo11se: We note that this co111111wt relates more to the adequacy of 1110Hitori11g (Section 2.1; see EPA 
Specific Comment 3 and the response) than to the MNA evaluation (Sec tion 2.3). We agree tl,at 
bedrock deliHeation in this area would assist with plume delillentioll, sillce bedrock is a strong 
i11flue11ce Oil gro,rnriwater flow patterns. 

6. Page 8, Section 2.4, Landfill Gas Impacts: The tex t notes the significant result that air 
monitoring in residential basements along Scully Road did not detect methane. Given that 
the potential for vapor intrusion is now being considered for homes along West Main 

21 

SHL-SOV01 



Shepley's Hill Landfill Supplemental Investigation Workplan Addendum 
Volume 1 - Technical Approach and Rationale 
Revision N umber 1 to the Jan 2010 Workplan 

• Sovereign Consulting Inc. 

Street, further direct measurements (e.g., basement indoor air or soil gas) should be 
considered in this area, rather than relying entirely on model calculations. The proposed 
modeling may be insightful, but the "ground h·uth" provided by direct measurements 
may be more compelling. 

Response: Vapor intrusion modeling is recommended in EPA guidance as a screening approach to 
estimate the potential for methane exposure within buildings. Results will be discussed with the 
BCT to evaluate the need for further modeling or measurement of soil gas concentrations. 

7. Page 8, Section 2.5. East Plume Delineation and Capture: The Workplan notes that the 
groundwater flow model for SHL is currently being revised to better incorporate 
parameters conh·olling pond-aquifer interaction. The need for this revision is illustrated by 
the relative lack of correspondence between the observed and model-predicted 
potentiomeh·ic surface contours in the eastern portion of the modeled domain presented 
in Figure 5-5 of the 2008 Annual Report. Proper revision of the model using hydraulic 
head data from wells in the RSK network adjacent to Red Cove should result in a better 
match between predicted and observed gradients in this area. 

Response: The revisions to the model will include recalibmtion to long-term rwerage water levels 
including those from wells in ORD's RSK network for which there are multiple synoptic 
observations. 

Consistent with EPA's recommendations in the "Final Report, Arsenic Fate, Transport and 
Stability Study," dated September 30, 2008, which was prepared by EPA's Office of 
Research and Development ("EPA/ORD Final Report" - page 130 and Figure 74), five 
new proposed wells/borings are shown on Figure 2. The Workplan indicates that borings 
at the well locations will extend to bedrock and groundwater will be sampled every 10 
feet during drilling. As discussed above in General Comment 4, EPA recommends 
collection of soil samples collocated with the groundwater samples, for characterization of 
aquifer solids and landfill waste along the same ( or adjacent) vertical profiles . The deep 
overburden, in particular, represents a significant data gap with respect to 
characterization of arsenic in association with aquifer solids. Given that the highest 
groundwater arsenic concentrations are typically found at depth, characterization of the 
deep soils, in conjunction with collection of vertically-discretized groundwater samples, is 
critical to further testing and development of the conceptual model. 

Response: We agree that chamcterization of aqwfer solids and wastes Oil the eastern side of the lmidfill 
would be beneficial for further deuelopment of the CSM and possible evalHation of remedies. This 
issue is closely associated with the laudfill source strength chamcterizntioll described in Sectioll 2.6. 
Please see related EPA comments 1 and 8, and MassDEP conullen t 3 and the responses regarding 
identification of source areas and appropriate sampling locntio11s. To the exten t possible co JL sidering 
the schedule a11d that some or all of the fi'"ue proposed wells/bori11gs described in Section 2.5 for the 
East Plu1J1e Deli11eatio11 //lay be cornpleted while details of tl1e source clwmcterization effort are still 
being developed, the data Heeds for source cl1amcterizntio11 will be considered d11ri11g the pl11111e 
de linen ti 011. 
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EPA requests that the Army consider one additional well immediately adjacent to the 
boring location shown next to the N-5 piezometer pair, with vertical-profile sampling of 
groundwater and soil during installation. This area is of particular interes t, because it is 
known from the boring log for the NS piezometer pair that there is saturated waste at this 
location, the deep piezometer (screened in bedrock) has shown historically very high 
arsenic concenh·ations, and the shallow piezometer (screened in waste) has shown 
relatively low concentrations. The relatively thick domain between these two piezometer 
screens remains uncharacterized chemically. 

Response: Similar to the preceding comment, this issue appears to be associated with the landfill source 
strength characterization as described in Section 2.6, and we propose to address it as part of that 
investigation program. 

In addition, a north-south oriented seismic refraction or MASW transect along the access 
road between Red Cove and the landfill cap could be beneficial to improving the CSM for 
the east plume as well as contributing to a better understanding of site subsurface in this 
area for purposes of landfill consolidation. Better control on the elevation of the top of 
bedrock surface in this area could also assist in fine-tuning the locations for the new wells, 
as well as helping to consh·ain the model in this area given the widely known sensitivity 
of models to the position of the top-of bedrock surface. 

Response: Seis lllic refraction data delineating bedrock in this area were collected during the SHL RI 
and reported by ABB in the 1993 Final RI Addendum. The RSK borings around Red Cove provide 
supportillg data for this delineation . 

Finally, reference is made within this draft to "eliminating the continuing discharge of 
high arsenic groundwater (arsenic >100 ppb)" as an objective for the current remedy. 
However, this statement implies that discharge of groundwater with arsenic 
concentrations greater than 10 ppb, but less than 100 ppb would be accep table. Please 
explain the basis of the 100 ppb criterion proposed here. 

Response: The remedial objective is to eliminate discharge of groundwater to the pond at levels exceeding 
risk-based concen trations. Those concentrntions have not yet been determined, nor have background 
groundwater concentrations been deterlllined. The text "(arsenic >100 ppb)" will be deleted from 
the referenced sta tement. 

8. Page 9, Section 2.6. Arsenic Source Strength: The objective concerning arsenic source 
strength is multi-faceted. In addition to naturally occurring sources, among the potential 
contributors to the dissolved arsenic plume in groundwater within the landfill footprint, 
incinera tor ash deposition and buried swamp (i.e., wetlands/peat) deposits have been 
hypothesized and merit further inves tigation. As such, in order to distinguish between 
these various potential inputs, boring loca tions and intervals for core selection will need to 
be carefully considered. For example, a boring targe ted to a buried swamp deposit, which 
also may have received anthropogenic waste, would be an ideal candidate for a 
continuous soil profile. In such an area, a core sample above the former swamp horizon 
(e.g., waste material) may have different characteris tics than naturally-produced arsenic 
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containing substances (e.g., "bog-iron") within or beneath the former swamp horizon. 
Additional discussions are needed in order to ensure that a comprehensive set of unique 
'end-members' (e.g., incinerator ash, swamp deposits unaffected by waste, sludge 
deposits, etc.) are identified and selected for core sample collection and subsequent 
analysis. 

Response: We agree that there are many possible substances and geochemicnl conditions which may exist 
in and under the landfill. Considering the difficulhj in characterizing heterogeneous areas under 
the landfill, it appears that the evaluation of remedial timeframes will necessarily be broad and 
results expressed as a range. Please see related EPA comments 1 and 7, and MassDEP comment 3 
and the responses regarding identification of source areas and appropriate sampling locations. We 
agree that further evaluation of historic data (including aerial photos and maps) and discussion of 
field screening methods is appropriate to ensure that the tested materials include significant arsenic 
and carbon sources. Borings proposed for East Plume Delineation in Section 2.5 of the Workplan 
might also be utilized in this effort (see EPA comment 7 parts 2-3 and the response). As indicated 
in the Introduction to this RTC, we propose to conduct this investigation planning on a separate 
track from other Additional Work requirements so as not to delay those efforts; a schedule for the 
planning and related field screening activities will be developed for discussion . 

As identified in the EPA/ORD Final Report, a current data gap for understanding the 
source of arsenic contamination in groundwater below buried waste is the lack of 
information on the vertical dish·ibution of arsenic and other potential leachate indicators 
(e.g., see groundwater cons tituent data for piezometer pair N5-Pl,P2 shown in Figure 43 
of the referenced report). Prior to the collection of subsurface solids for the core flushing 
study, EPA recommends vertical profiling of soils and groundwater as a first phase, 
similar to the recommendation for Section 2.3. The data derived from this effort will help 
inform the selection of boring and well installation loca tions and provide critical 
information on the vertical dimension of the plume that is migrating towards the 
groundwater extraction system. This phased approach could be undertaken using staged 
field deployments or via concurrent operations to evaluate field groundwater chemistry 
measurements to guide the selec tion of subsurface solids for further testing and/ or the 
placement of well screens. As an example, there are field methods for the analysis of 
dissolved arsenic concenh·ations that could be implemented during drilling and vertical 
profiling (see example reference below). 

Response: The plume tltat is migrating towards the groundwater extraction systelll extends from the 
water table to bedrock, ns illdicnted by the results at the NS well pair and the profile results at the 
extraction well locntio,1. We agree that some field screening is likely appropriate to select samples 
for the MNA testillg, as i11dicnted in the preceding respollse. Plense see also the !11troductio11 to this 
RTC regarding the overall approach to the MNA and source strength evnl11atiolls. 

In addition, it is reques ted tha t the boundaries of the historical land feature addressed in 
the statement, "A portion of the landfill overlies a swamp where naturally-occurring 
organic material and reducing conditions may also have exis ted and where iron and 
arsenic might have accumulated because of focused groundwater discharge to the 
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wetland prior to filling", be graphically delineated in Figure 2. It is not clear to what area 
of the landfill this description applies. 

Response: A revised Figure 2 will be developed ns pnrt of the investigntion plnnning described nbove. 

Finally, the discussion of empirical assessment of arsenic source strength by testing of 
source materials refers again to the proposed core-flushing study. It should be noted that 
the reactive h·ansport model in the Saco Landfill study assumed that sorption of arsenic by 
hydrous ferric oxides (HFO) and the subsequent dissolution of HFO under reducing 
conditions due to landfill carbon were the primary processes controlling arsenic uptake 
and release. Other mechanisms that may determine arsenic behavior in the SHL system, 
including precipitation and dissolution of other arsenic-containing phases and other 
redox-controlled reactions besides reductive dissolution, should also be considered in 
conjunction with further testing and development of the conceptual model. 

Steinmaus, C. M., George, C. M., Kalman, D. A., and Smith, A. H. Evaluation of two new 
arsenic field test kits capable of detecting arsenic water concentrations close to 10 
µg/L. Environmental Science & Technology 40:3362-3366 (2006). 

Response: The PHREEQC model used in the Saco study wns calibmted to the column study results; 
therefore it is expected to rensonably simulate the mechnnisms controlling arsenic behnvior in the 
snmples tested. Likewise for the SHL study, calibmtion of the model to experimentnl results will 
provide the /'/lost renlistic simulation of future conditions. Experil'llentnl results will be evnlunted 
nlong with theoretical es timntes bnsed on specific chemical renctions ns deterlllined from the 
solid/liquid phnse nnnlyses . 

9. Page 9-10, Section 2.7. Horizontal Drilling Implementability: A seismic refraction line 
should be considered in the area identified on Figure 1 for the "horizontal drilling 
evaluation". The seismic survey line should ex tend westward from SHL-9 to the bedrock 
upland. A seismic survey is necessary to support this objective in order to determine 
whether bedrock pinnacles or other abrupt variations in subsurface topography are 
present in the area. Such features may be problematic for a horizontal drilling scheme, and 
may not be revealed with three widely-spaced ver tical test borings. 

Response: Considering potentinl ndvnntnges of moving nn nir spnrging remedy closer to (or into) the 
lnndfill ns were suggested in the conm1ents on the Omft FFS, the SCI-proposed location of nir 
spnrging nlong mi enst-wes t line nbout 200 feet north of the lnndfill 111ny no lo11ger be opti111nl. The 
Army proposes to hold off on the original proposed series of borings until further dntn nre collected 
011 source 111nterinls n11d geoc/1e111ical conditions within t/1e lnndfill ns described in tire respon se to 
EPA co 111111ent 8, pnrt 1. 

It is noted that three borings to bedrock are proposed to better define the distribution of 
contaminants west of well SHL-9. Consistent with General Comment 4, it is recommended 
that the proposed vertical-profile samplin g of groundwater in this area be expanded to 
include collec tion of co-loca ted soil samples as well. It is also recommended that a 
piezometer be installed in a t least one of the boreholes a t the wes tern plume boundary to 
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provide hydraulic head data to aid in the evaluation of the capture zone for the ongoing 
exh·action system. 

Response: Tice three borings proposed in the draft workplan may no longer be needed; please see the 
preceding response, and the 12/3/09 RTC for the Drrzft FFS, regarding potential changes to the Air 
Sparging alternative. The Army will consider collecting one or more samples of aquifer solids in 
this area as part of the MNA evaluation for the Impacted Area described in Section 2.3; please see 
the response to EPA comment 5, part 1. 

In addition, air-sparging systems are susceptible to fouling and plugging from the 
precipitation of iron oxyhydroxides for systems with high dissolved ferrous iron 
concenh·ations. This process results in rapidly diminishing efficiency and/ or high 
maintenance costs. The problem encountered in these systems is, in part due to the high 
concenh·ations of oxygen introduced during direct injection of air. It is suggested that 
injection of trea ted, oxygenated effluent water from the existing treatment system be 
considered as an alternative source of oxygen that would introduce less severe gradients 
in oxygen concenh·a tions that would otherwise induce fouling of system components due 
to iron oxyhydroxide precipitation. It is also recommended that consideration be given to 
the potential added benefit of injec ting water to exert greater hydraulic conh·ol on 
subsurface flow within this portion of the aquifer, relative to performance objectives for 
the groundwater extraction system. 

Response: The use of oxygenated water as part of an in situ remedy will be considered 111 the FFS, as 
indicrzted in the 12/3/09 RTC (see MassDEP comment 4 and the response). Injection of water for 
hydraulic con trol is also under consideration as part of Alternative 3A. After additional 
consideration of the potential applicrztions for air sparging, the Army proposes to develop a pilot test 
of this remedy on the east side of the landfill to evaluate groundwater treatment upgrrzdient of Red 
Cove. Details for this test would be developed in a separrzte plan, which would consider data 
developed for the East Plume Delineation described in Section 2.5 of the workplan . Please see also 
EPA commeut 7 and the response regarding plume delinea tion. 

10. Page 10, Section 2.8. Floe Removal Feasibility Study: It is recommended tha t the objective 
of this component of the draft be more clearly defined. Based on the title of this section, it 
appears tha t an objective of this task could be to evaluate the efficacy of existing dredging 
technologies to remove the shallow sediment layer (" floe") in a maimer that does not 
result in dispersal of these arsenic-bearing solids to o ther portions of Plow Shop Pond tha t 
currently possess lower arsenic concentrations. However, the current text does not 
provide a clear picture of the objective(s) to be targeted under this section. 

Respo11se: RI results will be used to establ/sh re 111edial action objectives for sedi111e11t or slllface water or 
both. These objectives will be addressed in a Draft FS Screrni11g Report (FSSR) for AOC 72 as 
described in the text. The FSSR will be used to select an appropriate floe re 111m1al rernerfy to include 
in the SHL Fi11al FFS . 

In addition, the following statement is made within the tex t from this section: "Dredging 
or excava tions to periodically remove impacted sediment for offsite disposal also appear 
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to be feasible, and such a dredging remedy is currently in use for a similar arsenic 
discharge at the HBHA Pond portion of the Industri-Plex Superfund site in Woburn, MA." 
It should be noted that there are two objectives for sediment dredging under the proposed 
OU02 remedy for the Indush·i-Plex Superfund Site: 1) potential periodic removal of 
accumulated sediments in the northern treatment cell in order to sustain performance for 
arsenic removal from the discharging arsenic plume, and 2) removal of existing 
contaminated sediments from the southern cell of the HBHA Pond that does not serve as a 
component of the treatment system. Contaminated sediments within the portion of the 
HBHA Pond used as a component of the OU02 groundwater remedy will be left in place, 
except for situations where degradation in h·eatment performance is observed due to 
excess sediment accumulation. The loss of this portion of the pond/ wetland system is 
being offset through purchase, by the Responsible Parties, of additional un-impacted 
wetland areas with equivalent acreage within the same watershed. 

Response: Co111ment noted. 

11. Page 10, Section 2.9, Landfill Consolidation Feasibility Study: Careful consideration 
should be given to a comprehensive MASW survey in order to supplement the proposed 
interpretation of photos, maps, and borings in determining the extent of buried waste. An 
MASW survey would help to determine not only the locations of buried waste materials, 
but the thickness of such deposits, relationship to the water table, and the configuration, 
thickness, and dep th of undishubed geologic materials benea th the waste. A MASW 
survey promises to provide a much more accurate engineering estimate of the volume of 
buried waste, which will be invaluable to a decision to consolidate. Further, a more 
refined knowledge of waste locations, depths and the configuration of geologic deposits 
beneath the waste will be invaluable toward locating proposed boreholes within the 
landfill footprint. A series of nor thsou th MASW survey lines are likely needed given the 
presumed eas t-west linear character of trench-fill deposits loca ted in the landfill. 
However, potential benefits, logistics and other considerations of MASW a t the landfill 
merit additional BCT discussions. 

Response: The Army would like to discuss whether there is relevant experience using the MASW 111ethod 
for evaluation of landfill co111position. The landfill wastes are expected to be significantly less 
compacted than the typical geological materials that are evaluated with seismic techniques. The 
costs and tmck record for this surney 111ethod can be co111pared with the available alternatives such 
as drilling, if a significant data gap is identified following the initial emluation of existing data that 
is described in the workpln11. 

12. Table 1, Item 5: Under Hypothesis, bedrock is listed as a po tential source of arsenic in 
groundwater. Also, aquifer mineralogy and association of arsenic with solid phases are 
listed as data gaps. However, the Technica l Approach for this item indica tes that only soil 
and groundwater samples will be collected and characterized. Explain how bedrock as a 
potential arsenic source will be evalua ted and discuss how mechanisms potentially 
responsible for mobilizing arsenic from bedrock w ill be assessed. Given the identification 
of bedrock as a potential arsenic source, please expand this sec tion to explain how bed rock 
will be included in the es timate of arsenic source sh·en gth and duration. 
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Response: The detnils of the nrsenic source strength evnluntion remnin to be developed ns described in 
EPA comment 8 nnd the response, but mny include bedrock snmpling to evnlunted minernlogi; nnd 
conduct column flushing tests. Tnble 1 and the text in Section 2.6 will be clarified to indicate t!te 
potential for inclusion of bedrock snmples, to be determined bnsed on ndditionnl investigation 
planning. 

MASSDEP COMMENTS 

Comments on the 10/30/09 Drnft Workplan were received from MnssDEP on 11/23/09. The comments 
are provided below with responses in italics following ench comment. 

1. Section 2.1: Available data indicate that the plume axis is located north of the two 
exploratory borings proposed to delineate the extent of the north plume. In particular, the 
West Main Street samples with the highes t arsenic concentrations were collec ted from 
wells SHX-01-09X (s:;3,070 µg/L) and SHX-01-lOX (s:;4,640 µg/L), and water level 
measurements and groundwater modeling indicate that groundwater flow downgradient 
of these wells is west-north-westward. Consequently, if sample results indicate that one or 
both of the exploratory borings is located outside of the plume, subsequent borings should 
be offset northward, rather than westward, until the plume axis is located, and thereafter 
extended downgradient along the plume axis until the downgradient extent of the plume 
is determined and sentry well locations can be identified. 

Response: Suitable drilling locations in this nren mny be restricted due to wetland protections nnd 
nllownble nccess from properhJ owners. We ngree with the genernl concept thnt if snmple results 
indicate the initinl boring(s) did not encounter the plume, ndditionnl borings will be ndvnnced until 
the limit is encountered, and nny restrictions on drilling will be discussed with the BCT, the 
Conservntion Commission nnd other town officinls, nnd properhJ owners ns approprinte. The text 
will be revised to clnrifiJ this. 

2. Section 2.3: The workplan should briefly explain how the "representative portions of the 
aquifer" will be identified. 

Respollse: The Army proposes to further evnlunte existing dntn nnd field screening methods to ensure thnt 
the tested mnterinls nre representative of the mnjority of the nquifer, ns described in the response to 
EPA comment 5, pnrt 1. We propose to conduct this investigntion plmming on n sepnrnte trnck 
fro 111 otl1er Additiollnl Work requirements so ns 110t to delny those efforts; n schedule for this nctivihJ 
will be developed for discussion. 

3. Section 2.6: The workplan should briefly explain how the depth intervals that would be 
sampled at each source material sampling location will be determined. The proposed 
source ma terial loca tions should be selected so that the underlying wetland may be 
sampled to further understand the role of the wetland deposits and provide necessary 
data for the design of landfill consolidation. More than three samples at each loca tion 
should be considered, including loca ting the bo ttom of the waste, determining how much 
was te is sa tura ted, identifying different was tes as arsenic sources, and a sample of the 
wetland deposits. 
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Response: We agree that testing of source area materials may require more than three samples at some 
locations, and propose to develop a detailed approach as described ill the response to EPA comment 
8; please also see related EPA comnzen ts 1 and 7. 

PACE COMMENTS 

Comments on the 10/30/09 BCT Draft Workplan were received from ECR on behalf of PACE on 
12/11/09. The comments are provided below with responses in italics following each comment. 

According to Figure 1 of the Work Plan, only two borings are proposed in the down-gradient 
portion of the Impacted Area, one of which is located in the immediate vicinity of an 
existing boring. This effort seems insufficient to meet the stated goal of "delineating the 
north plume in all directions." To meet this goal, additional wells should be installed in 
several areas, including the following: 

• North and northeast of SHM-99-31 and SHM-99-32X, where arsenic concentrations 
exceeded the MCL by a factor of more than 20. While the data indicate that the heart of 
the plume trends to the northwest, the data also show that the eastern portion of the 
plume appears to be significantly more diffuse than the western portion. This portion 
should be better defined to ensure that residential properties to the north/northeast 
are not impacted. 

• North, northwest and northeast of DEP-08-08, including locations across Nonacoicus 
Brook, to define the ex tent of the arsenic plume and in these areas. Existing 
information suggests that the arsenic plume makes an approximately 90-degree turn to 
the west in this area; however, sufficient groundwater data has yet to be obtained to 
demonsh·ate that the plume actually does make this turn, and to demonstrate that a 
portion of the plume does not migrate to the north. 

• To provide an adequate delineation of the plume, the area northwest of DEP-08-05 
should be investigated using a well transect rather than the single well proposed in the 
Work Plan. 

• The Work Plan should include a contingency to install additional wells based on the 
data obtained from the initial round of wells. Additional wells may be needed to mee t 
the goal of delinea ting the plume in all directions. 

Response: T/1e eastern li1J1it of t/1e JLort/1 plullle ill the area of SHM-99-32X is supported by enrlier results 
from profili11g at SHX-99-05 (1 999) aHd lllonitoring at SHP-99-34 (2001). Tl1ese results are 11ot 
shown in the workplan Figure 1 because they are older, but they are included in the SAR (AMEC 
2009) cross section Figure 4-3. In adriitioll, the SGl illcluded n detailed i11 vestign tioll of co11riitio11 s 
along t/1e West Main St. transect (see SGl Figure 3-26) which indicates arsenic rietec tio11 s along 
the easte rn extent (t/Je nren due north of SHM-99-31 a11d SHM-99-32X) are neither co11tiguous 
wit/1 the lllni11 plullle lobe 1wr stro11gly correlated with ORP. Because pre-unili11g hydraulic 
grnriie11ts are westward in t/Je Nollncoic11 s Brook valley Jill aquifer, further i11 vestigatioll east of 
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SHX-01-06X was considered unnecessary. However, since Institutional Controls (]Cs) on 
residential use of groundwater are under consideration in the FFS, further investigation is proposed 
to better define the area where !Cs would be needed. 

Beyond West Main St, the north plu111e limit would be difficult to confirm near OEP-08-08 since 
this area is a broad wetland with limited drilling access. However, we agree that data on the north 
side of the wetland (east of OEP-08-07) would be useful to provide an additional constraint. 
Additional data on the bedrock surface, which has a significant affect on groundwater flow, will be 
collected in the stream valley area as described in the response to EPA Specific Comment 3. Water 
levels on either side of the wetland (from existing and proposed wells) cnn be used to confirm the 
expected flow gradients and groundwater discharge to the stream. As indicated in the last 
pamgmph of Section 2.1, additional or contingent boring(s) will be advanced in this area as needed 
to delineate the north plume. Please also see EPA General Comment 3 and the response regarding 
additional wells in this area. 

The Conceptual Site Model discussion in Section 1.4 should mention that the placement of the 
cap limited the infilh'ation of rainwater/ meltwater into the landfill wastes, and that this 
likely resulted in the creation of a more reducing environment within the landfill. 

Response: The requested change will be made. 

In Section 1.4, it is stated that "Arsenic is immobilized as a solid phase within the aquifer mah·ix 
in the area beneath the sh·eam (i. e., the Nonacoiws Brook) where reduced groundwater 
h·ansitions to the oxygenated conditions present in the stream" (italics added). Although 
this is a plausible scenario, ECR is not aware of any field data from the Brook that verifies 
that dissolved arsenic precipitates within the aquifer mah·ix . In the following paragraph of 
Section 1.4, it is stated that arsenic migrating into Red Cove is adsorbed or co-precipitated 
with iron floe within the surface water (as opposed to within the aquifer mah'ix). What 
data are used by the Army to conclude tha t arsenic is immobilized within the aquifer 
beneath the Nonacoicus Brook? And what is the basis for concluding that the primary 
location of arsenic precipitation differs between Red Cove and Nonacoicus Brook? The 
eventual immobilization of arsenic is a crucial component of the CSM, and should be 
verified with field data from the site. 

Response: The CSM regarding transport near Nonacoicus Brook is based Oil the following observations 
described in the Supplemental Assessment Report (AMEC 2009): oxygeuated conditions directly 
beneath the stren lll, reducing conditio1Ls ill the deeper aquifer, absence of iroll floe i11 the strea /JJ, anrl 
that the stream and surrounding wetland nre a groundwater discharge nren. The Army 
nclmowledges tltnt direct 111ens11re111e11t of soliri arsenic hJpes and n/J/01111 ts in the nq111fer i11 this aren 
are yet to be mnde, and these are proposed i11 Sec tion 2.3 of the rlrnft workplnn. T/1e CSM for Red 
Cove is based largely on USEPA's studies of arseuic fate nlld transport in this nren since 2005 
(USEPA 2008). 

30 

SHL-SOV01 



-,;l.D S'rt;,-,,"'\ . e". 
~ 7' 

th ,iL.. 0 ,, ._ z 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 1 

$ ~~- ~ 
o ,11 . s--,. k ;, 

-;."'-i- ...-"' 1
/it. r•noV'i-.c 

February 25, 2010 

Mr. Robert Simeone 

5 POST OFFICE SQUARE, SUITE 100 
BOSTON, MASSACHUSETTS 02109-3912 

BRAC Environmental Coordinator 
BRAC Environmental Office 
30 Quebec Street, Box I 00 
Devens, MA 01434 

Re: Shepley's Hill Landfill 
Supplemental Investigation Workplan 
January 2010 

Dear Mr. Simeone: 

EPA has reviewed the document titled "Shepley's Hill Landfill, Supplemental 
Investigation Workplan," dated January 2010, as prepared by AMEC Earth & 
Environmental, Inc., on behalf of the Anny. The Workplan was discussed in detail at the 
February 18, 2010 BCT meeting. EPA comments on the Workplan are attached. 

If you have any questions, please contact me at ( 617) 918-17 54 or at 
lombardo.ginny@epa.gov. 

Sincerely, 

Ginny Lombardo 
Remedial Project Manager 

Attachment 

cc: Bill Brawner, Anny BRAC Program Manager 
David Chaffin, MassDEP 
Hui Liang, MassDEP 
Bill Brandon, EPA 
Ron Ostrowski, MassDeveloprnent 
Dave McTigue, Gannett Fleming 
Carol Stein, Gannett Fl eming 
Marilyn McMillan , Ayer Board of Health 
Brian Poitras, National Industrial Portfolio , LLC 
John Root, Hackman Capital Partners, LLC 
Richard Doherty, ECR Consulting, Inc. 
Laurie Nehring, PACE 
Julie Corenzw it, PACE 
Ron McGuigan, Southern Container 



EPA Comments on 
Shepley's Hill Landfill 

Supplemental Investigation Workplan 
January 2010 

Volume 1-Technical Approach and Rationale: 

1. Page 5, Section 2.0: EPA believes that the evaluation oflandfill consolidation would benefit 
from "field data collection". Specifically, a better understanding of the geometry and volume 
of the buried waste deposits could serve to refine cost estimates for landfill consolidation. 
Surface geophysical surveys should be considered in this respect. 

2. Page 9, Section 2.5: Text needs to be added here regarding the collection of soil and waste 
samples. Refer to page 12 of Volume 2 - Field Sampling Plan, Section 4.3.1.1, which 
indicates that soil and waste samples from the bo1ing installed in the landfill will be collected 
every 10 feet, logged for visual characteristics, and sampled for reference purposes. See 
Comment 9 on the Field Sampling Plan, below, regarding EPA's request that the aquifer 
solids and wastes be further characterized. 

3. Pages 9-10, Sections 2.5 and 2.6: As indicated in past communications with the BCT, EPA 
is in favor of using surface geophysical methods in an attempt to better delineate the 
geometry of buried waste deposits (e.g. , source materials) and the depth and shapes of buried 
layers such as fom1er swamp deposits, the position of the top-of-bedrock surface, etc. In this 
respect, we would like to discuss potentially running a limited scale pilot study in a subset 
area of the larger landfill in order to verify which techniques are most amenable to the SHL 
enviro1m1ent. As a follow-up to the USGS presentation to the BCT on February 18, 2010, 
EPA plans on working with USGS and the BCT to identify a suitable sub-area within the 
landfill where a pilot test could be conducted. Such a test would seek to test a va1iety of 
geophysical methods over identical survey lines. Ideally, a pilot study of this type could help 
to streamline follow-on geophysical work by identifying the most effective geophysical 
methodologies for this site. Ultimately, surface geophysical surveys may prove to be 
extremely useful in locating additional wells/borings within the landfill footprint. 

4. Page 11, Section 2.9: EPA believes evaluation of a landfill consolidation remedy would 
benefit from a more accurate understanding of the waste geometry, potentially afforded 
through application of surface geophysical surveys. 

Volume 2 - Field Sampling Plan 

I. Page 6. Section 3.1.2 . 1: In addition to the geophysical survey lines presented on Figure 1, an 
additional line is needed south ofNonacoicus Brook, roughly parallel to the proposed line B­
B ' . The new line should extend from the DEP-08-05 area northeasterly to the vicinity of 
DEP-08-03 , proj ecting along this orientation several hundred feet further to the northeast so 
as to intersect the green NW-trending forward particle tracks shown on the figure. Similarly, 
additional NNW-SSE trending alignments should be considered to better constrain the 
expected low, generall y thought to underli e the brook area. In thi s respect, C-C' should be 



extended across Nonacoicus brook southward to the DEP-08-05 area. For extending across 
the brook, specialized equipment such as geophones designed for use in swamps and water 
areas will be required. 

2. Page 6-7, Section 3.1.2.2: It is likely that the plume, or at least a significant portion ofit, 
turns to the west/southwest in the area south of the stream channel. As such, while it is 
appropriate to develop better control to the north (i.e., proposed SHM-10-02, -03 , -04), a 
commensurate or greater level of effort is needed to the south. It is likely, given the past 
detections at SHX-01-1 lX, -13X, and -12X that at least some portion of the plume takes a 
more abrupt bend to the WSW than the forward particle tracks on Figure 1 would suggest. 
Modifications to the proposed well locations shown on Figure 1 and addition of new locations 
will allow for a reasonable degree ofN-S characterization if an irregular quasi N-S transect is 
constructed. As such, EPA proposes the following modifications and additions to the 
proposed North Plume delineation effort: 

• Move SHM-10-03 ~ 50 to 100' south of the proposed location; 
• SHM-10-02 as proposed; 
• Move SHM-10-04 to the southern end of A-A' or C-C'; 
• SHM-10-01 as proposed; 
• New MW location equidistant between DEP-08-05 and SHM-10-01; 
• Additional groundwater profiling to TOR in SHP-07-0lCS/CD area; and 
• New MW location co-located with DEP-08-03 and/or SHP-07-0lCS/CD. 

3. Page 7, Section 3.1.2.2: EPA requests that Anny collect soil samples co-located with the 
proposed groundwater samples where pernrnnent monitoring wells will be installed. The 
purpose of co-located soil samples is to characterize the aquifer matrix, as little solid phase 
information exists in the North Plume area. For some locations, chemical analysis of the soil 
profile samples should be considered, with particular emphasis on obtaining information 
about mineral phases that may play a role in controlling arsenic behavior ( e.g., sequestration, 
attenuation, etc.). This infonnation will be useful towards improving the CSM with respect 
to arsenic fate and transport in the downgradient portion of the plume, and may provide 
insight into MNA strategies. For example, such data could provide insight in the key area 
adjacent to Nonacoicus Brook, where previous work by AMEC and the MADEP has shown 
that redox conditions and associated arsenic concentrations can be highly variable on small 
vertical length scales. Comment 8, below, provides further infonnation. 

4. Page 7, Section 3.1.2.2: The second paragraph of this section indicates that field screening 
for arsenic (described further in Appendix C) will be conducted and, in addition, 
groundwater samples wil l be submitted for laboratory analysis of arsenic, iron, and 
manganese. It is not clear how the field and/or lab data will be used to locate the appropriate 
intervals for the proposed well screens, nor is it clear how these data will be used to 
detennine whether the 100 ppb plume limit has been found and , if not, if a new boring is 
required. Will these decisions be made on the basis of the field As results, or does the 
reference to laboratory analysis imply an expedited tum-around for the results? What degree 
of confidence can be placed on the accuracy of the field screening results? A comparison of 
field results obtained using the Arsenic Quick Test Kit and laboratory data would help to 
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suppo1i decision-making based on the field results alone. If such data are avai lable, please 
include these in this document, along with clarification regarding the use of field As results 
for defining plume limits and locating monitoring well screens. 

5. Page 7. Section 3.2.2: For the proposed boring(s) in the vicinity of SHL-21, please see 
Comment 4 regarding accuracy of As field screening results and decisions regarding well 
screen placement or additional borings based on these results. See also Comment 8, below. 

6. Page 8, Section 3.3.1: The text here indicates: "Information derivedfrom installation and 
sampling of this well will be used initially to evaluate the need for additional wells in this 
area, and ultimately, in combination with groundwater modeling, to evaluate remedies such 
as hydraulic controls or in situ treatment." Note that Volume 1, page 9, Section 2.5, states: 
" . . . results from this monitoring well will be used to determine locations for additional wells 
in this area." The language in Volume 1, Section 2.5, implies that additional wells will be 
installed, whereas the language in this section is not as decisive on future wells to evaluate 
the discharge to Red Cove. EPA's position is that additional wells will be required in this 
area in order to adequately characterize groundwater discharging to Red Cove and evaluate 
remedies for this area. The choice of a single monitoring well within the landfill footprint, 
and its proposed location, raises several questions: 

What is the rationale for placing this single well on a groundwater ' divide'? How 
accurately will this well be sited with respect to the groundwater divide? What 
information will be used to locate thi s well , given the probability that the exact position 
of the groundwater divide moves with time? If locating the divide is impotiant, at least 
three ( or more?) wells will be needed to constrain the hydraulic grad ients in that area. 

The last sentence in this section states that data from thi s well will be used to evaluate the 
need for additional well s. What information is anticipated from this well? What decision 
process is envisioned for using information from this well to suppo1i a decision to install 
more wells? 

EPA recognizes that the Arsenic Source Strength evaluation, which is to be addressed in the 
next phase of the work plan, may propose boring/monitoring well s that could serve both the 
Arsenic Source Strength objective and the East Plume objective. We look forward to 
discussing this situation in greater detail with the benefit of the new infonnation to be 
provided by the initial new well , SHM-10-07, and/or geophysical survey data. 

7. Page 8. Section 3.3.2: Text needs to be added here regarding the co ll ection of soil and waste 
sampl es. Refer to page 12 of Volume 2 - Field Sampling Plan, Section 4.3. 1.1, which 
indicates that soi l and waste samples from the boring installed in the landfill will be collected 
every 10 feet , logged for visual characteristics, and sampled for reference purposes. Also, 
please see Comment 4, above, regarding use of As field screening results as a basis fo r 
decis ion-making and Comment 9, below. 

8. Page 11. Section 4.3 : The text in this section indicates that air-rotary methods will be used to 
advance the borings from which groundwater profile samples are to be co ll ected. As 
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discussed at the February 18, 2010 BCT meeting, the air-rotary method will not pern1it 
collection of co-located solid and groundwater samples, and will not allow for the collection 
of rock core samples to confinn bedrock. Instead, EPA recommends standard hollow-stem 
auger/drive-and-wash or roto-sonic methods. While it may be possible to conduct 
groundwater profiling in conjunction with these methods (through the same casing string), it 
may or may not be more cost-effective to instead consider using a succession of two drilling 
methods, at least in some areas, to collect co-located soil and ground water characterization 
data. For example, one effective strategy may be to advance drive-and-wash or roto-sonic 
borings (e.g., for soil and rock characterization) in tandem with a second hole which could be 
advanced for groundwater profiling using direct-push sampling methods (e.g., Microwell 
technology has been effective in the past in ground water profiling at SHL). The ground 
water profiles could be advanced to "refusal depth". Depending on the results of 
groundwater samples submitted to the laboratory, a second co-located borehole could be 
drilled at locations selected for permanent monitoring well installation. This would enable 
collecting split-spoon soil samples and rock core ( e.g., using standard hollow-stem 
auger/drive-and-wash/rock coring or roto-sonic methods), and subsequently installing the 
pennanent monitoring well at these locations. Soil and rock samples are needed at all 
locations where monitoring wells are planned so that the CSM can be informed by the 
geologic units present at that location. 

EPA requests that 5-10 feet of bedrock core be collected at all locations where monitoring 
wells are installed. Due to the significant role that bedrock plays in the system, it will be 
critical to obtain core samples from the planning monitoring well locations for visual 
characterization and possible future analysis. It should be noted that the presence oflarge 
glacial erratics on Shepley' s Hill suggests that at least 10 feet of rock core should be 
collected in order to insure that an accurate measurement of the top-of-rock surface is 
collected and to identify rock type(s) at these locations, as well as providing some 
information on the density and orientation of fractures. 

The initial well proposed within the landfill footprint represents a special case. A 
combination of roto-sonic drilling and direct-push groundwater profiling may be most 
effective here. A groundwater profile using a separate advancement with direct-push 
methods would contribute initial groundwater quality results. A second co-located hole 
could be collected with roto-sonic drilling methods. The roto-sonic method affords the 
ability to collect continuous solid cores through a variety of materials including soils, waste, 
peat, till, and bedrock. This may prove invaluable for borings located in waste. Waste 
material may thus be inspected and described over a nearly continuous profi le, and a sub-set 
ofrepresentative specific intervals can then be selected for chemical analysis at a desired 
vertical spacing. 

9. Page 12, Section 4.3.1.1: The text at the end of this section states that soil and waste samples 
will be collected every 10 feet during the installation of the single monitoring well cmTently 
proposed within the landfill footprint. These samples '· . .. will be logged for visual 
characteristics, and a representative sample collected in an 8-ounce jar for reference 
purposes. '· EPA recommends the use of appropriate EPA protocols for collection, 
preservation, and analysis of these samples. The issue of As as a component of the landfill 
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waste has been a 'data gap' for the BCT for years, so the proposed boring presents an 
opportunity to address this issue. Decisions regarding analytical methods will have to be 
made in consultation with laboratory personnel once the nature of the waste and matrix are 
better known. At a minimum, EPA suggests analysis of solid samples for T AL metals and 
TOC. Please refer to the attached table for further details on EPA' s recommendations. 

10. Page 12, Section 4.3 .2: According to the text, vertical-profile groundwater samples from the 
boring through the landfill cover will be analyzed in the laboratory for iron, manganese, and 
arsenic. As discussed at the February 18, 2010 BCT meeting, EPA requests that groundwater 
profile samples also be analyzed for additional parameters. Please refer to the attached table 
for further details on EPA' s recommendations. These data will be critical to refining the 
CSM and may provide key information on the geochemical nature of landfill impacts to 
groundwater. As shown in the attached table and as also discussed at the BCT meeting, EPA 
requests that analysis of groundwater from the monitoring wells also include the major 
cations. Sampling rounds from the monitoring wells installed downgradient of the landfill 
may then be compared to the "source tenn" groundwater geochemistry (i.e., from new and 
existing wells screened within the landfill/waste) in an effort to establish whether or not the 
limits oflandfill-impacted groundwater may or may not coincide with the arsenic "plume." 

11. Table 1-1, Red Cove Area: Under "Technical and Data Quality Objectives", bullet 2 
indicates that one objective is to get "data on bedrock elevation, waste thickness, presence of 
peat deposits and till layers." Bullet 3 indicates another objective is "evaluate waste and 
bedrock as a potential source of arsenic and/or reducing conditions." In order for these 
objectives to be met, the additional characterization of soil and wastes and bedrock coring 
requirements outlined in comments 8 and 9 above must be completed. In addition, under 
"Technical Approach," bullet 2 indicates that objectives will be met via "core sampling and 
detailed analysis o.fstratigraphy." Further, a bullet should be added under "Data Evaluation" 
related to the soil and waste characterization. 

12. Table 1-1, Red Cove Area: Volume 1, page 9, Section 2.5, states: " . .. results.from this 
monitoring well will be used to determine locations for additional wells in this area ." 
Volume 2, page 8, Section 3 .3 .1, states: "Information derivedfi'om installation and sampling 
of this well will be used initially to evaluate the need for additional wells in this area, and 
ultimately, in combination with groundwater modeling, to evaluate remedies such as 
hydraulic controls or in situ treatment." These objectives are not represented in the table. 

Data Analysis Plan: 

l. Page 2, Section 2.0: Change ··Grove Shop Pond" to ··Plow Shop Pond:· 

2. Page 4, Section 2.2.3: See Comment 8 on the Field Sampling Plan, above. 

Quality Assurance Project Plan: 

l. The QAPP should be updated to reflect decisions regarding collection and analysis of solid 
(soil and waste) samples. 
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TABLE OF EPA RECOMMENDATIONS 
FOR GROUNDWATER AND SOIL SAMPLING 

WELL/ VERTICAL PROFILE WELL SCREEN GW VERTICAL PROFILE SOIL 

BORING* GW SAMPLES SAMPLES SAMPLES 

No. analytes No. analytes No . analytes 
samples** samples samples*** 

SHM-10-01 5 r11--r 41 2 r11-D1,r51 8 r6l , r?l * 
SHM-10-02 6 [1 ]- [ 4] 2 [1]-[3],[5] 6 Visual 

Characterization 
SHM-10-03 10 [1 ]-[4] 2 [1]-[3],[5] 11 Visual 

Characterization 
SHM-10-04 10 r11--r41 2 rll- -f3l,[5] 11 r6l , r?l* 
SHM-10-05 5 r11--r 41 2 rn--r3l,[5J 10 [6], r?l* 
SHM-10-06 8 [1 ]- [ 4] 2 [1 ]- [3 ],[ 5] 11 Visual 

Characterization 
SHM-10-07 4 rll- [4] 2 r1J- [3J ,[5J 8*** r6J , r?J 

Recommended analytes for vertical profile and well screen samples (in addition to field water­
quality parameters): 

[1] Metals of interest: As, Fe, Mn 
[2] Major cations: Ca, Mg, K, Na 
[3] Major anions: Cl, SO4, nitrate/nitrite, alkalinity 
[4] Possible landfill indicators: ammonia (Method 350.2 or 350.3), COD (Method 410.4) 
[5] ROD metals not otherwise specified: Al , Cr, Pb, Ni 

Recommended analytes for vertical profile soil samples: 

[ 6] T AL metals 
[7] TOC 
If Army is unable to perform the analysis of the soil profile samples, EPA would be willing to 
use our laboratory services to conduct the recommended soil profile sample analysis. 

* Note for SHM-10-01, -02, -03, -04 and -05: We recognize these well locations may be adjusted 
based on other comments. EPA's recommendations for soil profile sampling and analysis can be 
adjusted based on the modified well locations. Our recommendation for soil profiling and 
analysis is based on trying to obtain soil data from a few widely spaced well locations. 

** Anticipated saturated thickness (from Table 4-1 )/profile sampling interval of 10 feet. 

*** Anticipated depth (from Table 4-1)/soil sampling interval of 10 feet. Profiling should be 
completed at a minimum every 10 feet and at each change in stratigraphy. For well location 
SHM -1 0-07, soil profil ing it is recommended completed every 5 feet and at each change in 
stratigraphy. If this is done, the number of samples would increase to 16. 
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Table 1 Technical Objective and Approach for Data Collection 

O bjec tive 
From EPA Additional Wo rk Letter 
No rth Plume Delineation & Monitoring for 
Impac ted Area Delinea te the north plume in all 
directions to depth in order to es tablish final 
delinea ted plume bounda ries. 

Ins ta ll additi onal monitoring we lls to be 
inco rpora ted into the long-term monitoring 
program that will ensure tha t there are 
pe rmanent monito rin g loca ti ons for all 
s ignificant areas of the plume (e.g., West Main 
Street) and to serve as sentry we lls to ensure 
tha t the plume does not mig rate further 
beyond the final delinea ted plume boundaries. 
Inco rporate these wells into a rev ised long­
term monitoring plan. 

2a. North Plume Ca pture a t Bound ary Operate 
and /o r modify the b·ea tment sys tem to contain 
the arseni c p lume in the vicinity of the base 
boun da ry nea r the north end of the landfill and 
demonstrate tha t the a rseni c plume is 
ca ptured. 

2b. No rth Plume Mo nitored Na tural 
Attenua ti on (MNA) for the Impacted Area 
Once ca pture is de monstra ted, es tablish that 
monitored na tu ra l a ttenua ti on will be effective 
a l remediating the north plume (i.e., the 
Impac ted Area) within a timeframe that is 
reasonable given the circumstances of the site 

Hypothes is 

The plume north of the capture zone has 
sta ble limits bounded by bedrock and 
advec ti ve fl ow of unimpac ted or 
oxygena ted ground wa ter (GW). 

The plume lintits in the area of Molumco 
Rd are nea r SHM-07-03 on the west and 
SH M-99-32X on the eas t; in the area of 
Wes t Main St are wes t of DEP-08-03 and 
nea r DEP-08-08 on the east; and in the 
area of Nonacoicus Brook are southwest 
of DEP-08-07 (See Fi gure 1). 

The la tes t rev ised GW model and other 
lines of ev idence as presented in the 2008 
Annual Report {ECC 2009) suggest that 
impac ted GW a t the toe of the landfill is 
fully contained, subjec t to some 
uncertainty on the eastern plume extent 
at the toe. 
MNA in the Impacted Area will be 
effective based on immobiliza tion of 
disso lved a rsenic. Effectiveness depends 
on: (1) demonstra tion of a s ta tic or 
shrinking plume (see objec tive #1); (2) 
determining ra tes and mechanisms of 
attenua tion; (3) determining stability of 
immobilized arsenic; and (4) establishing 
a monitoring plan and contingency plans 
(USEPA 2007). The time required for 
arsenic to be immobilized in the 
Impacted Area by MN A or by an 
aggressive remedy are both decades or 
longer. 

Data Gaps 

GW chemisb·y data above, 
below, and lateral to the 
plume in the following 
general areas: 

• West Main St west of 
DEP-08-03 

• Nonacoicus Brook north 
west of DEP-08-05 and 
southwest of DEP-08-07 

• N orth of the brook, NE of 
DEP-08-07 

• EastofSHX-01-06X 

GW chemistry data east of 
the toe of the landfill, in the 
area east of SHM-96-SB. 

Aquifer mineralogy and 
association of arsenic with 
the various solid phase 
components. Time to 
achieve MCLs due to 
flushing with unimpacted 
GW, both for MN A and 
aggressive (FFS Alternative 
3B) scenarios. 

Teclmical Approach 

Install borings extending to 
bedrock in each area and collec t 
GW samples at 10-ft intervals for 
arsenic and field para meters. 
Complete permanent wells based 
on profile results and sample 
twice for metals. Map plume in 
3D based on the results 

Install boring(s) extending to 
bedrock and collect GW samples 
a t 10-ft interva ls for metals and 
field parameters . Complete 
permanent well(s) based on 
profile results and sample twice 
for metals. [See Note 1] 
Collect co-located soil and GW 
samples from the Impacted Area 
for chemical and microscopic­
spectroscopic analysis of solids. 
Conduct flushing timeframe 
study similar to USGS Saco 
Landfill study; test cores of 
aquifer material from the 
Impacted Area and use reaction 
model to simulate 
immobilization. 



Objec tive Hvpothes is Data Ga ps Technica l Approach 
From EPf\ Additio na l Work Le tte r 
3. Landfill Gas Im pacts Complete a n Results of monitoring perimeter soil gas None a t this time. Conduct va por inh·usion 
eva lua ti on of landfi ll gas impacts in the area of probes at the north end of the landfill modeling based on conservative 
the north plume (i.e., the Im pacted Area) in indicate that methane is not migra ting es timates of site conditions. 
acco rd ance wi th the EPA Guida nce for offsite laterally throu gh so il. Offsite Discuss results a nd need for site-
Eva lua ting La ndfill Gas Em issions from Closed structures in the Impacted Area north of specific measurements wi th BCT. 
or Aba nd oned Fac ilities to ens u re that metha ne the ca pture zo ne may have methane 
em,rnating from the landfill w ill not cause intrusion from groundwater if sufficient 
unacceptable risks (i.e., ex plosive conditions) levels of methane volati lize from the top 
in nearby s tructures. of the water table and migrate through 

the vadose zone. 

4. Eas t Plume Delinea ti on and Capture Discharge of shallow arsenicimpacted Arsenic GW concenh·ations Update GW model based on 
Elimina te the continuing discharge of high- groundwater from the eastern portion of and flow rates between pond flux measurements and use 
arse nic gro und wa ter to Plow Shop Pond the landfill to Red Cove may be SHL and Red Cove. model for siting wells upgradient 
sed iments. rt is ex pec ted that new conh·olled using GW injec tion, of Red Cove. Insta ll borings 
gro undwater monitoring we lls, as exh·ac tion, or in-s itu h·ea tment. ex tending to bedrock a nd co llect 
reco mmended in EPA's October 2, 2008 letter GW samples at 10-ft intervals for 
a nd in Sec tion 5.3 of ORD' s Final Report, will metals and field parameters. 
be co mpleted and data from these wells will be Complete permanent well (s) 
co nside red in this effort. based on profile resu lts and 

sample twice for metals. 

From 9/30/ 09 Draft FFS: 
5. Arseni c So urce Strength Es tima te the arsenic Potential sources of arsenic in Aquifer mineralogy and Collect co-located so lid and GW 
source s trength and d urati on, including the groundwa ter include bedrock, bedrock- association of arsenic wi th samples from source materials 
q uantity of arsenic that may be m obilized and derived soils, and land fill wastes, which the various solid phase for chemical and microscopic-
the s trength and duration of sources of a re loca ted above and below the water components. Time to spech·oscopic analysis of so lids. 
red ucing conditi ons. ta ble. Arsenic is disso lved fro m the deplete source ma terials Conduct flushin g timefram e 

source materials by landfi ll-induced due to mobili zation. study; test cores of sou rce 
reducing cond itions in groundwater. A material us ing reduced 
portion of the landfill overlies a swamp groundwater to s imula te 
where naturally-occu1Ting reducing mobilization of metals. [See 
conditions may a lso have existed. Note 1] 

6. Air Spa rging Feas ibility Evaluate no longer Not Applicab le No t Applicable No t Applica ble 
reta ined as a results of assess ment. See Section 
2.7. 



Ob jec tive Hypothesis Data Gaps Technical Approach 
7. Floe Remova l Feasibili ty Evaluate Arsenic-bearing fl oe acc umulating in Red None at this time. Evaluate floe removal remedies 
imp lementab ili ty, conceptua l des ign, and costs Cove sediments may be removed or in the AOC 72 FSSR. 
of fl oe removal in Red Cove (FFS Alternative seques tered to red uce risks to eco logical 
2). receptors. The FFS a I terna tive 

incorporating this remedy ass umes that 
the source of fl oe is continuing. 

8. Landfill Conso lida ti on Feasibi lity Evaluate Landfill wastes may be removed from None a t trus time. Map current waste extent based 
implementab ility of onsite waste management below the wa ter table and the landfill on photos, maps, and boring 
for landfill consolidation (FFS Alterna tive 5) reconstructed and lined to eliminate logs. Complete a conceptual 
based on was te vo lumes a nd footp rint. leaching to groundwater. This FFS design for the reconstructed 

alternative assumes that wastes wou ld be landfill, including construction 
reloca ted w ithin the existing landfill and waste manage ment methods, 
footprint. sufficient for es timating costs to -

30/ +50% accuracy. 

No te ]: The ob1ec ti ve and ap proach to be finalized during the 5/20/10 BCT meeting 
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Shepley's Hill Landfill Supplemental Investigati on Workp lan Addendum 

Volume 2 - Field Sampling Plan 

Revision Number 1 to Jan 20 10 Workplan 

lffiii Sovereign Consulting Inc. 

A Workplan Addendum has been prepared to the existing Shepley's Hill Landfill Supplemental 
Investigation Workplan prepared by AMEC dated January 2010. This Workplan Addendum 
details additional investigation work not covered by the AMEC Work Plans . The intent of this 
Workplan Addendum is to build upon the AMEC work plans and specifically detail the Army 
Contractor's Standard Operating Procedures (SOPs), Field Sampling Plan (FSP), Data 
Acquisition Plan , and Quality Assurance Project Plan . 

This Sampling and Analysis Plan (SAP) includes a Field Sampling Plan (FSP) including an 
addendum to the Site Safety and Health Plan (SSHP), a Data Analysis Plan (OAP), and a 
Quality Assurance Project Plan (QAPP) each prepared as separate sections of the workplan. 
These plans are based on existing approved plans for the site (AMEC 2007). The field activities 
described in the FSP will be performed by the Army's contractor. The Army's contractor has 
completed the FSP and will provide its own QAPP and SSHP prior to conducting the fieldwork . 
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1.0 INTRODUCTION 

i'ffln Sovereign Consulting Inc. 

The purpose of this Shepley's Hill Landfill Supplemental Investigation Workplan Addendum is to 
present the technical approach to collecting data needed for Additional Work items and the Draft 
FFS for Shepley's Hill Landfill in Ayer, Massachusetts. The Supplemental Investigation 
Workplan prepared by AMEC was submitted in January 2010 by AMEC, contained the 
objectives, hypotheses, and decision rules that provide a framework for data collection. This 
Field Sampling Plan (FSP) along with the Data Analysis Plan (OAP), the Quality Assurance 
Project Plan (QAPP) and the Site Safety and Health Plan (SSHP), are components of the 
Supplemental Investigation Workplan Addendum. This FSP describes the protocols for 
collecting additional information as described in the Supplemental Investigation Workplan 
(AMEC). 

Information contained within this document was prepared by AMEC and outlined in a 
Supplemental Investigation Workplan dated January 2010. As part of contract requirements, 
the Army's contractor has updated sections or attachments to this document to conduct the 
proposed investigation. 

1.1 Site History and Background 

A summary of site history and project background is presented in Volume 1 of this workplan. 

1.2 Scope and Objectives 

The workplan technical objectives identified in the Supplemental Investigation Workplan (Table 
1-1) are summarized here: 

1. Extent of arsenic plume north and northwest of landfill; 

2. North plume capture at landfill boundary; 

3. North plume monitored natural attenuation within the Impacted Area; 

4. Landfill gas impacts in the area of the North Plume; 

5. East plume hydraulic characteristics in the vicinity of Plow Shop Pond; 

6. Arsenic source strength and predicted duration; 

7. Implementability of an air sparging system; 

8. Implementability of floe removal in Red Cove of Plow Shop Pond; 

9. Implementability of onsite waste management for landfill consolidation 

The objective of the work presented in this FSP is to collect sufficient additional information to 
meet the data needs identified for Items 1, 2 and 5 above. These objectives are associated with 
distribution and extent of arsenic in groundwater north of the landfill , and at the eastern margin 
of the landfill in the vicinity of Red Cove. These specific data needs along with data qua lity 
objectives and proposed field activities to address the data need are presented in the attached 
Table 1-1 (Proposed Rationale for Selection of Sampling Locations). 
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For each data gap, the project team considered the data quality objective (OQO) process . The 
OQO process produces qualitative and quantitative statements that define the type , quality, and 
quantity of data necessary to support defensible technical decisions. The OQOs identify when 
and where to collect monitoring samples, the number of samples to be collected, how the 
samples should be analyzed, the analytical performance criteria to be met, how the results 
should be interpreted relative to the monitoring objectives, the practical constraints for collecting 
the samples, and the level of uncertainty that is acceptable to the decision makers using the 
data. The Supplemental Investigation Workplan contained the first steps in the OQO process. 
For each technical issue, it identified the objectives , hypotheses, and decision rules that provide 
a framework for data collection (USEPA, 2004). This FSP, in addition to other associated plans 
including the QAPP, contains the details regarding the precise data collection methods and 
quality control/ quality assurance measures . This FSP thus fulfills Step 4 of the framework for 
developing and implementing monitoring plans, including the development of OQOs. 

1.3 Document Organization 

This FSP represents one component of the Shepley's Hill Landfill Supplemental Investigation 
Workplan Addendum . The other components of the Supplemental Investigation Workplan 
Addendum (the OAP, QAPP, and SSHP) have been prepared as separate sections of the 
workplan. The OAP, QAPP, and HASP are stand-alone documents. A summary of the project 
organization and responsibilities during performance of the activities proposed in this FSP is 
presented in Section 2.0. Proposed field activities designed to meet the project objectives as 
well as the rationale for the sample design is presented in Section 3.0 while specific field 
procedures are presented in Section 4.0 . In the terminology of USEPA's Guidance for 
Monitoring at Hazardous Waste Sites: Framework for Monitoring Plan Development and 
Implementation (US EPA, 2004 ), Section 3 describes the monitoring boundaries, or the "what, 
where , and when" aspects of the Monitoring Plan. Section 4 describes the data collection 
methods in more detail. Section 5.0 summarizes the requi rements fo r project documentation. 
Corrective action procedures are presented in Section 6.0 . 

2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

Specific roles related to this Supplemental Investigation Workplan Addendum are described 
below. 

2.1 Laboratory Responsibilities 

Quality assurance responsibilities of laboratory personnel are presented in the QAPP. 
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2.2 Field Technical Staff 

2.2.1 Field Team Leader 

if Sovereign Consulting Inc. 

The Field Team Leader will coordinate field mobilization activities and will oversee all phases of 
work at the Site that generates data, including items as follows: 

• Coordinating field related activities with the Project Manager; 

• Daily coordination with USACE personnel regarding field activities and logistical issues; 

• Provide as appropriate daily or weekly updates to the Project Manager regarding 
progress and report on any technical or logistical issues that arise; 

• Management and supervision of all field personnel, including subcontractors; 

• Supervising the collection of the samples and providing and ensuring that field activities 
are conducted in accordance with approved procedures and methodologies, that 
QA/QC samples have been collected as required, and that sampling forms, labels, 
chain-of-custody forms and custody seals have been prepared correctly; 

• Communicating with the laboratory for timely deliver of supplies; 

• Advising the laboratory of any changes to scheduled sample submittals; 

• Directing the packaging and delivering or shipping samples to the laboratory; and 

• Adhering to work schedules as established by the Project Manager. 

2.2.2 Site Health and Safety Officer 

The Site Health and Safety Officer (SHSO) will be responsible for verifying that project 
personnel adhere to the site safety requirements. The Field Team Leader or his/her designee 
will serve as the SHSO. SHSO responsibilities include: 

• Conducting the health and safety training for project personnel and subcontractors, as 
appropriate; 

• Modifying health and safety equipment or procedure requirements based on data 
gathered during the site work; 

• Determining and posting locations and routes to medical facilities, including poison 
control centers, and arranging for emergency transportation to medical facilities; 

• Notifying local public emergency officers, i.e., police and fire departments, of the nature 
of the field operation and posting their telephone numbers ; 

• Assigning health and safety-related duties to qualified field team individuals; 

• Ensuring that before personnel work on site , acceptable medical examinations are 
current; 

• Ensuring the acceptability of health and safety training ; 

• Observing work party members for symptoms of exposure or stress ; 

• Providing first aid if necessary on site; and 

• Performing site audits to verify adherence to the requirements of the project Health and 
Safety Plan. 
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The SHSO has the authority to stop any operation that threatens the health or safety of the 
team or surrounding populace . The daily health and safety activities may be overseen by the 
SHSO or his designee. 

2.2.3 Additional Field Technical Staff 

The Field Team will be composed of technical staff drawn from the Army's contractor pool of 
company resources. The technical team staff will be utilized to gather and analyze data, and to 
prepare various task reports and support materials. All of the designated technical team 
members are experienced professionals who possess the degree of specialization and technical 
competences required to effectively and efficiently perform the required work. Specific 
individual responsibilities will include: 

• Provision of day-to-day assistance to the Field Team Leader on technical issues in 
specific areas of expertise; 

• Maintaining field logs and transferring data for permanent storage; 

• Coordination and oversight of technical efforts of subcontractors assisting the field team; 

• Identifying problems at the field team level, resolving difficulties in consultation with the 
Field Team Leader, implementing and documenting corrective action procedures, and 
providing communication between team members and upper management; and 

• Participating in preparation of the final report. 

2.3 Special Training Requirements and Certification 

All field personnel on-site have completed OSHA training in accordance with the Code of 
Federal Regulations (CFR) in 40CFR 1910.120 and are trained regarding the requirements 
stated in the QAPP and the SSHP. The drilling subcontractors selected for this project are 
Massachusetts Registered Well Driller. Each laboratory that analyzes samples for this project is 
Environmental Laboratory Accreditation Program (ELAP) certified , or have current (un-expired) 
USACE validation for applicable methods. In addition, the laboratory is Massachusetts State 
certified for any applicable analyses. 

3.0 FIELD ACTIVITIES 

As presented in the Supplemental Investigation Workplan (AMEC), various technical objectives 
have been identified in delineating the arsenic plume associated with SHL. This FSP addresses 
the following three objectives : 

o North Plume Boundaries - downgradient extent in the vicinity of Nonacoicus Brook, and 
the east and west boundaries along West Main Street; 

o Capture of eastern margin of North Plume east of capture wells ; and 
o East Plume boundary and behavior in the vicinity of Red Cove . 

Field activities to address these data gaps will comprise the following tasks: 

• Arsenic plume assessment, including installation of monitoring wells , gauging 
groundwater levels , and collecting and analyzing groundwater and soil samples; 
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• Geophysical survey, to provide information on the elevation and topography of the 
bedrock surface to assist with final placement of monitoring wells north of the landfill; 
and 

• Determination of bedrock surface and location/orientation of buried bedrock valley in the 
vicinity of Nonacoicus Brook. 

The following provides specific details about the data gaps and the steps proposed to close 
them. 

3.1 North Plume Delineation and Monitoring for Impacted Area 

3.1.1 Data Gap Summary - North Plume Boundary 

A work objective is to further delineate the arsenic plume north of the ATP capture zone in all 
directions (including depth), and install monitoring and sentry wells around the delineated 
boundaries. Figure 1 shows dissolved arsenic detections above and below the drinking water 
criterion of 10 micrograms per liter or parts per billion (ppb ), based on the most recent well 
sampling results. Figure 1 includes groundwater results along West Main Street from 2001 
sampling; some of the results are for unfiltered samples, but these are the only data available 
for this area . 

Figure 1 also contains model-generated tracks of particles ("particle tracks") introduced at the 
mid-point of well screens in which arsenic was detected at concentrations greater than the MCL 
(10 ug/I), and allowed to migrate with the groundwater flow. They represent the path a particle 
would take through the aquifer under ambient conditions with the ATP extraction wells operating 
at 42 gallons per minute (gpm). While the particle tracks provide valuable information for 
understanding groundwater flow directions and selecting locations for new wells , they do not 
provide information on concentrations of arsenic along the tracks. 

In the area immediately north of the landfill, the western and eastern plume limits (defined as 
clearly impacted groundwater with negative ORP and arsenic >100 ppb) along Molumco Road 
appear to be near SHM-07-03 (ND in 2007) and SHM-99-32X (204 ppb in 2008), respectively. 
The eastern limit in this area is also supported by earlier results from SHX-99-05 (1999) and 
SHP-99-34 (2001) as illustrated in Figure 4-3 of the Supplemental Assessment Report (AMEC 
2009). A Supplemental Groundwater Investigation (Harding ESE, 2002) indicates arsenic 
detections along the eastern extent are neither contiguous with the main plume lobe nor 
strongly correlated with ORP. Because prevailing hydraulic gradients are westward in the 
Nonacoicus Brook valley fill aquifer, further investigation east of SHX-01-06X and Nonacoicus 
Brook has not been a key issue. However, since Institutional Controls (ICs) on residential use 
of groundwater are under consideration in the FFS, further investigation is proposed to better 
define the area where ICs would be needed. 

Farther north , the following data gaps were identified in of the Supplemental Investigation 
Workplan (AMEC): 
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• The western plume limit just north and downgradient of West Main Street is west of 
DEP-08-03, which had 1700 ppb dissolved arsenic (6/08). While this plume edge is 
constrained by earlier (2001) profile results from SHX-01-10X, -13X, and -11X located 
slightly upgradient, the screens at SHP-07-01 C and -01 D sampled in 2007 are shallower 
than DEP-08-03 and may be above the plume. Consequently, the western plume in the 
area of West Main Street is unconstrained in the area east of DEP-08-05 (which 
extended to bedrock) and northwest of SHX-01-11X. 

• The northern plume limit is interpreted to be under Nonacoicus Brook immediately north 
of DEP-08-03 and -08, which had 1,700 and 240 ppb dissolved arsenic respectively 
(both 6/08). There is no monitoring well situated directly north of these locations where 
drilling access is limited by the wetland . 

• To the northwest the plume appears to be constrained by DEP-08-07, but a data gap 
may exist to the west between DEP-08-05 and DEP-08-07. 

3.1.2 Proposed Field Activities 

The following describes field activities proposed to close the identified data gaps. 

3.1.2.1 Wetlands Evaluation/ Delineation 

Prior to commencing field activities , the Army's contractor personnel will locate and mark out the 
exploration points and geophysical lines within the North Plume Delineation area . The Army's 
contractor personnel will inspection each of the locations, and determine whether the detailed 
items are located within the wetlands or buffer zone . The locations of these points/ lines will be 
GPS located on a plan , with information and a letter detail the scope of the project being 
submitted to the Ayer Conservation Commission. 

3.1 .2.2 Geophysical Survey 

Bedrock has a strong influence on groundwater flow patterns; therefore, a geophysical survey to 
map the bedrock surface in this area is proposed to precede the selection of final boring 
locations. The principal objective of the geophysical survey is to determine the depth to and the 
elevation of the bedrock surface in the vicinity of Nonacoicus Brook, downgradient of the landfill. 
Available information suggests the presence of a bedrock trough beneath the northern toe of the 
landfill and Nonacoicus Brook (Figure 1 ). The trough is oriented N-S beneath the landfill toe, 
and gradually turns west until generally aligned E-W beneath Nonacoicus Brook. Information 
generated from the geophysical survey will be reviewed prior to selection of final well locations. 
The geophysical survey includes the completion of seismic refraction imaging lines designated 
A-A', B-B' and C-C' as depicted on Figure 1. The refraction survey will be completed via the use 
of a Betsy-gun shock source and an evenly spaced geophone array placed along the imaging 
lines. Some minor grubbing and brush clearing will be performed to aid with access along the 
transect image lines. 
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Borings are proposed in each of the above areas at the approximate locations indicated in 
Figure 1, subject to obtaining approvals and access agreements from private property owners. 
Proposed boring SHM-10-01 is located to evaluate the western limit of the plume in the area of 
West Main Street. Proposed borings SHM-10-02 and -03 are located to evaluate the western 
limit of the plume in the area of Nonacoicus Brook and the bedrock valley. Proposed location 
SHM-10-04 is located to evaluate the northern limit of the plume in the area of Nonacoicus 
Brook. Proposed location SHM-10-05 is located to evaluate the eastern limit of the plume in the 
area of West Main Street. Based on meetings between the Army's contractor and the USACE 
an additional 3 locations (SHM-10-08 through -10) were also included as depicted on Figure 1 
to evaluate the limit of the plume in the area of Nonacoicus Brook. 

Each boring would extend to bedrock (or maximum drilling refusal) with groundwater sampling 
(profiling) every 10 feet during drilling. During drilling, groundwater samples at 10 foot depth 
intervals through the water table will be field screened using an arsenic test kit (Appendix B) to 
expedite field decisions on "arsenic delineation" and boring locations. Split samples at each 
sampling interval will be prepared and submitted for laboratory analysis under a 24-hour turn­
around . To confirm and document the accuracy of the testing kits a correlation study will be 
conducted prior to the implementation of the explorations program. The profile samples will also 
be screened in the field for water quality parameters (pH, SC, ORP, DO), and laboratory­
analyzed for arsenic, iron , manganese, calcium, magnesium , potassium, sodium , chloride, 
sulfate, nitrate, nitrite, alkalinity , ammonia , and chemical oxygen demand (Table 4-3). If drilling 
results suggest the 100 ppb plume limit has not been adequately identified, a new boring may 
be advanced to collect this data. When drilling results suggest the plume limit has been 
identified , temporary well screens would be constructed at appropriate intervals and sampled for 
ROD metals and water quality characteristics. Two rounds of sampling will be conducted 
approximately three months apart following the installation of the wells. The plume will be 
mapped in plan and section views based on these results . A summary of groundwater sample 
collection is included on Table 4-3 of this FSP. Sentry monitoring wells will be identified 
following plume delineation, and may include new wells to be installed under a separate scope 
and mobilization at a future time. If any existing wells identified for sentry monitoring are not 
constructed or sited appropriately, they will be replaced with new wells. 

All borings proposed for the North plume (and others specified in this workplan) will be 
advanced using direct-push drilling techniques capable of: 1) reaching the anticipated depth of 
100 feet below ground surface (bgs); and 2) permitting collection of representative groundwater 
samples at discrete depths throughout the entire depth of the aquifer (i.e ., profile samples). The 
direct push drilling technique wil l allow for the installation of temporary wells of diameters 
between 1 and 1.5 inches. While the direct push drilling technique may not be able to accurately 
confirm the presence and depth of bedrock, the final boring depth elevations will be compared 
to geophysical data and existing bedrock elevations (and interpreted surfaces) in defining the 
"type" of drilling refusal. Permanent sentry wells to be installed at a futu re time and mobilization , 
if necessary, will be installed using in locations determined following the two sampling events of 
the temporary we lls . During the sentry well installation , depth to bedrock will be confirmed and 
permanent 2 inch diameter wells will be installed. 
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Objectives for the current remedy in place include operating the treatment system to contain the 
arsenic plume in the vicinity of the base boundary near the north end of the landfill and 
demonstrating that the arsenic plume is captured . The latest revised groundwater model and 
other lines of evidence as presented in the 2008 Annual Report suggest that impacted 
groundwater at the toe of the landfill is fully contained, subject to some uncertainty on the 
eastern plume extent at the toe (ECC 2009). This uncertainty relates to the extent of impact 
east of SHM-96-5B. The results from the proposed effort will be used to evaluate whether the 
current groundwater extraction system in capturing the eastern portion of the plume. 

3.2.2 Proposed Field Activities 

A boring is proposed in the area of SHL-21 as indicated in Figure 2, extending to bedrock with 
groundwater profile sampling every 10 feet during drilling and will be installed using direct push 
drilling techniques. During drilling, groundwater samples at 10 foot depth intervals through the 
water table will be field screened using an arsenic test kit (Appendix B) to determine relative 
arsenic concentration . The profile samples will also be screened in the field for water quality 
parameters (pH, SC, ORP, DO), and laboratory-analyzed for arsenic, iron and manganese. A 
summary groundwater sample collection is included on Table 4-3 of this FSP. If drilling results 
suggest the plume limit has not been identified , a new boring would be advanced (offset east 
away from the plume) to collect this data . Up to three drilling attempts are scoped for this 
activitiy. When drilling results suggest the plume limit has been identified (arsenic concentration 
less than 100-ppb ), a temporary well screens would be constructed at appropriate intervals and 
sampled for ROD metals and water quality characteristics. Two rounds of groundwater 
sampling will be conducted in accordance with methods described in Section 4.4. 

3.3 East Plume 

3.3.1 Data Gap Summary 

Objectives for the current remedy in place include controlling the continuing discharge of high­
arsenic groundwater from SHL to Plow Shop Pond (AOC 72) sediments . Discussions among 
stakeholders have identified the need for additional information on the hydraulic characteristics 
of groundwater on the eastern margins of the landfill in the vicinity of Red Cove and near the 
center of the landfill, southwest of Red Cove. Five new groundwater monitoring wells were 
recommended by USEPA for the area between SHL and AOC 72 to collect data on arsenic 
concentrations in this area (USEPA 2008). Based on subsequent discussions among 
stakeholders, and review of results from an updated groundwater model , one new monitoring 
well is proposed at this time . Its location is sh'own on Figure 2 and is designated as SHM-10-07. 
It has been sited to provide initial information on the location of the divide between groundwater 
which discharges north and that which discharges east to Red Cove and Plow Shop Pond. 
Information derived from installation and sampling of this well will be used initially to evaluate 
the need for additional wells in this area , and ultimately, in combination with groundwater 
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modeling, to evaluate remedies such as hydraulic controls (extraction or injection) or in situ 
treatment in the discharge area. 

3.3.2 Proposed Field Activities 

A boring is proposed in the area of RSK24 as indicated in Figure 2, designated as SHL-10-07, 
extending to bedrock with groundwater profile sampling every 10 feet during drilling and will be 
installed using rotosonic drilling techniques. During drilling, groundwater samples at 10 foot 
depth intervals through the water table will be field screened using an arsenic test kit (Appendix 
B) to determine relative arsenic concentration. The profile samples will be screened in the field 
for arsenic and water quality parameters (pH, SC, ORP, DO), and laboratory-analyzed for 
arsenic, iron and manganese. Additionally vertical profile soil samples will be collected from 
each lithology change and laboratory-analyzed for target analyte list (TAL) metals and total 
organic carbon (TOC). Based on the laboratory analytical groundwater results , a temporary well 
screen will be constructed at appropriate intervals and sampled for ROD metals and water 
quality characteristics. The well will be developed in accordance with well development SOPs 
outlined in Appendix C. and two rounds of groundwater sampling will be conducted in 
accordance with methods described in Section 4.4. Depth to groundwater will be measured 
during well installation , development and sampling. In addition, the well will be included during 
synoptic water level measurement rounds conducted in the area . A summary groundwater and 
soil sample collection is included as Table 4-3 of this FSP. 

Because the boring will be advanced through the landfill cover, precautions will be taken to 
minimize disruption of the cover components and ensure that the completed well casing does 
not permit infiltration of surface water into the landfill. These procedures are described in 
Section 4.3.1.1 . 

4.0 FIELD PROCEDURES 

4.1 Environmental Requirements and Protection of Property 

Work on Shepley's Hill Landfill must comply with federal, state, and local requirements to 
protect the environment and the property on which the work is performed . 

As part of project planning, applicable Federal , State and Local laws and regulations will be 
identified as well as installation-specific orders or agreements . Work will be performed in 
accordance with said authorities . This effort will include all permits , licenses, approvals, and/or 
certificates necessary to accomplish the work specified. All such regulatory requirements will 
apply to the Army's contactor and their subcontractors and suppliers. This list will be updated, 
as appropriate, as the project progresses. 

In the unlikely event of noncompliance, the Army's contractor will immediate ly bring the incident 
to the attention of the USACE-NAE Contracting Officer (KO), Army's Contracting Officer's 
Representative (COR), and Devens Base Realignment and Closure (BRAC) Environmental 
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Coordinator (BEC) by telephone and then by written notice. The Army will independently review 
Contractor work to ensure compliance with all applicable requirements. 

While completing this work, the Army's contractor will have the following responsibilities: 

• When the work to be performed requires clearances, such as digging or drilling permits, 
the Army's contractor will obtain such clearances and/or permits, with the assistance of 
the facilities point of contact, prior to initiation of any drilling or excavating operations 

• All excavating will be coordinated with the Mass Development Department of Public 
Works on Devens, and/or Town of Ayer Department of Public Works and Dig Safe 
(Rights of Entry and Easements) prior to performing work 

• The Army's contractor will verify the available utility maps, contacting DigSafe for utility 
clearance 

• The Army's contractor will comply with all on and off-site Installation or site-specific time 
and procedural requirements (federal, state, and local) described in the permits obtained 

• The Army's contractor will exercise due diligence to protect all property on the premises 
from damage resulting from the work described herein , and will be responsible for any 
such damage. Any property of the United States damaged or destroyed by the Army's 
contractor incident to the exercise of the privileges herein granted shall be promptly 
repaired or replaced by the Army's contractor to a condition satisfactory to the COR or 
reimbursement is made therefore by the Army's contractor team in an amount necessary 
to restore or replace the property to a condition satisfactory to the COR in accordance 
with Federal Acquisition Regulation (FAR) Clause 52.245-2. 

4.2 Geophysics 

The geophysical technique of seismic refraction will be used to characterize bedrock elevations 
along multiple intersecting profiles. The method of seismic refraction uses a physical impact at 
the ground surface, such as a sledge hammer or Betsy Gun, to propagate seismic waves 
through the subsurface. The seismic energy travels through the geologic materials reflecting 
and refracting at geologic interfaces between layers that have differing acoustic impedances. 
The method of seismic refraction measures the travel times of waves that are refracted (rather 
than reflected) and is commonly used to ascertain the depth to "hard" layers, particularly 
bedrock, that underlay "softer" unconsolidated materials (such as sand and gravel layers). The 
pulse of seismic energy produced by the impact "source" travels down to bedrock, across the 
bedrock surface, and returns to the surface to be detected by an array of geophones installed 
along linear profiles at the ground surface . The depth to bedrock is calculated using the time it 
takes for the seismic pulse to travel from the source to each geophone in the array. Modern 
seismic processing allows the determination of bedrock depth directly beneath each geophone 
in the array. Seismic refraction profiles can be made to any length by stringing refraction arrays 
along a line. Seismic refraction may also provide information about the stratigraphy in 
overburden. 

Seismic refraction will be conducted along three (3) intersecting profiles as shown on Figure 1. 
Each profile will be made up of strings of 250-foot long geophone arrays with inter-geophone 
spacings of ten (10) feet. Multiple seismic source locations ("shots") will be fired along the array 
and at off-set locations using a Betsy Gun. Should the Betsy Gun not produce a sufficient 
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shock source at the onset of the project, the Army's contractor will contact USACE personnel 
and determine if the survey will continue. Explosive shock sources will not be utilized in this 
effort. The efficacy of the Betsy Gun will be readily apparent early in the survey and a field 
decision will be made as soon as possible to minimize the delay in completion of the survey. 

The seismic profiles will be completed in the order A, B and C (Figure 1 ). The positioning of 
Profile A is intended to provide bedrock elevations cross-strike of the interpreted bedrock low 
and to intersect the approximate location of two proposed monitoring wells. Based on the nature 
of the field testing procedures for the North Plume Delineation as outlined in Section 3.1.2.2 , the 
final location of direct push borings may offset from the seismic profile. Profile A will be 
approximately 1,250 feet long (i.e., five 250-foot refraction arrays) and strike roughly 14 degrees 
east of north. The northern end of Profile A will be just south of the Ayer Wastewater Treatment 
Plant (WWTP) access road. The southern end of Profile A will be just north of Nonacoicus 
Brook. Profile B is intended to provide depth-to-bedrock information that is roughly parallel to 
the strike of the interpreted bedrock low and to intersect the location of two proposed monitoring 
wells. Profile B will be approximately 1,750 feet long (i.e., seven 250-foot long refraction arrays) 
and strike approximately 55 degrees east of north. The northern end of the profile will be bound 
by Brook Street and the southern end will be bound by Nonacoicus Brook. Profile C is intended 
to provide bedrock topography information on a line perpendicular to the strike of the interpreted 
bedrock low and to intersect the location of one proposed monitoring well. Profile C will be 
approximately 1,250 feet long (i.e ., five 250-foot long refraction arrays) and strike approximately 
33 degrees west of north , paralleling the western boundary of the Ayer WWTP. The 
southeastern end of Profile C will be the Nonacoicus Brook. The northern end will extend 
approximately 100 feet north of the Ayer WWTP access road. 

In the unlikely event that portions of the seismic lines are inundated (i .e., standing water in 
wetland areas), a field decision will be made as to whether: 1) the crossing is short enough to 
leave out of the survey, 2) the profile can be diverted slightly to avoid the wet area or, 3) marsh 
geophones should be used instead of the more conventional land geophones, if the section is 
considered critical. In no case will a section be removed if that section exceeds five percent of 
the full length of the profile. 

4.3 Drilling and Monitoring Well Installation 

As described in Sections 3.1 , 3.2 , and 3.3 , up to eight proposed monitoring wells will be 
installed near the North Plume Delineation area, one well will be installed in the North Plume 
Capture area , and one well through the landfill cap near Red Cove . A vertical profile of arsenic 
concentrations and field parameters for groundwater will be generated at each well location 
using drilling and sampling techniques described below. Based on a review of these data , the 
well screen(s) will be installed at each location at the depth(s) determined after review of the 
profile data. Potential well locations are presented on Figures 1 and 2. Table 4-1 lists the 
proposed locations and anticipated maximum depth of each monitoring well. 

4.3.1 Well Installation - Drilling Methods and Equipment 

Because the soil borings for the temporary monitoring wells will be advanced below the water 
table into unconsolidated sediments, and because one primary objective is the collection of valid 
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groundwater profile samples, soil borings will be advanced using rota-sonic and/or direct-push. 
These methods do not introduce supplemental air or water into the aquifer, and helps assure 
that the collected groundwater profile samples are representative of the local aquifer. Drilling 
will proceed until the elevation of the bedrock surface has been confirmed by drilling five to ten 
feet into bedrock only within the East Plume. All drilling operations will be performed in general 
accordance with the Monitoring Well Installation SOP included in and Appendix C of this FSP. 

Collection of soil samples during advancement of soil borings in the North Plum Nonocoicus / 
Capture Areas is not required for this field effort. Vertical profile soil samples will be collected 
from each lithology change and laboratory-analyzed for TAL metals and TOC during the 
advancement of the soil boring in the East Plume Area. Observations regarding the density, 
competency, color, odor, and other overburden and bedrock characteristics that can be made 
during boring and well installation activities will be recorded on boring log forms during 
advancement of all soil borings. 

Drill cuttings and drilling water generated during boring installation will be handled in 
accordance with the procedures for handling investigation derived waste (IDW) outlined in 
Section 4-9. 

4.3.1.1 Boring and Well Installation - Through Landfill 

One boring will be advanced within the margins of the landfill (Figure 2). This will involve 
penetrating the landfill cover components including topsoil , sand (drainage layer), PVC liner 
( cover), and gas collection system. Any impacts to the system components and their ability to 
function as designed must be minimized, and be temporary. The monitoring well must be 
constructed in such a manner that the cap retains its ability to direct surface water runoff, 
prevent infiltration through the cap and underlying wastes, and collect and direct landfill gases 
as designed. Boring advancement and well construction will be conducted in general 
accordance with guidance provided in the Supplemental Groundwater and Landfill Cap 
Assessment (SGLCA) Scope of Work (SOW) (AMEC 2007). 

The following general procedures will be followed to minimize temporary and permanent 
impacts to the landfill cover: 

o Construct drilling pads (gravel , wood , etc.) to minimize damage to cap from drill rigs and 
support vehicles during boring and well installation; 

o Prepare a soil berm on the uphill side of the drilling location to divert surface water runoff 
away from the boring and minimize infiltration; 

o Remove the topsoil and sand drainage layer by hand in the immediate vicinity of the 
boring location to expose the PVC liner/cover; 

o Remove section of liner sufficiently large so that drill stem does not come in contact with 
the undisturbed liner material during boring advancement and well construction; 

o Excavate by hand or small machine to sufficient depth to ensure that gas collection 
piping will not be impacted; 

o Drill boring as described in previous section, being sure to prevent uncontrolled runoff of 
any drilling fluids . 

o Construct well as described in Section 4.3.3; and 
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o Reconstruct liner and other cover components as described in Appendix A, ensuring the 
well penetration area is sealed to prevent infiltration of surface water through the cap. 

During advancement of the boring(s) through the landfill , soil and waste samples will be 
collected every lithology change, in accordance with the Drilling Operations SOP in the SGLCA 
SOW. The samples will logged for visual characteristics, and a representative sample collected 
for laboratory analysis of TAL metals and TOC. The information will be used to help define the 
general composition and thickness of the waste, the elevation of the bottom of the waste, the 
saturated thickness of the waste, and characteristics of the native materials underlying the 
waste. 

4.3.2 Vertical Groundwater Profiling 

Vertical profiling will be conducted during boring advancement. Groundwater samples will be 
collected at 10-foot intervals, starting from approximately 10 feet below the water table to the 
bedrock interface using the procedures described below. 

Groundwater profile samples will be collected using either a peristaltic or submersible nitrogen­
purge bladder pump (depending on depth) equipped with dedicated polyethylene tubing . Field 
parameters (pH, temperature, conductivity, dissolved oxygen, redox potential and turbidity) will 
be measured using a flow-through cell. When parameters stabilize or following a 30 minute 
maximum purging time samples will be collected for: 1) field screening for arsenic using a 
colorimetric process, and 2) laboratory analysis for arsenic, iron and manganese. Samples will 
be analyzed as filtered by pumping water through a new 0.45 µm filter into the appropriate 
sample container. All sample containers will be filled by allowing the pump discharge to flow 
gently down the inside of the container with minimal turbulence. Sample containers , 
preservatives, volumes, hold times, and shipping requirements are summarized in Table 4-2. 
Each sample will be labeled and placed into a cooler with ice for shipment to the laboratory in 
accordance with the procedures outlined in Section 4.8 . 

Field screening of the samples for arsenic will be conducted using Arsenic Quick™ Test Kits 
(Part No. 481396). The selected kit must be able to detect arsenic at concentrations in the 10-
100 ug/I range. This particular kit is recommended because of its low detection level (5 ug/I) 
and number of sensitivity ranges (8) between 5 ug/I and 100 ug/1. The screening kits will be 
used in accordance with the screening kit manufacturer's instructions. Information on the 
Arsenic Quick™ Test Kits is included in Appendix B. 

4.3.3 Well Installation - Materials and Construction 

In general, all monitoring wells will be installed in accordance with and in accordance with the 
Monitoring Well Installation SOP included in the SGLCA SOW and Appendix C of this FSP and 
with the MassDEP Standard Reference for Monitoring Wells (MassDEP, 1991 ). Permanent 
monitoring wells will be constructed of 2-inch I.D. Schedule 40 PVC casing. Based on a review 
of existing site lithological information , it is anticipated the wells will be constructed using a well 
screens with a slot size of 0 .010 inches and a screen length of 10 feet. The screen length and 
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slot size may be modified based on field conditions with any modifications noted in the field 
logbook. Temporary wells will be constructed of 1 inch or 1.5 inch diameter Schedule 40 PVC 
and will also have 10 foot well screens with 0.010 inch slot sizes. 

Screen intervals will be selected based on the results of the vertical profile sampling with the 
objective of monitoring zones of arsenic contamination. Although not anticipated based on 
previous sampling results from nearby wells , any wells to be installed at the water table will be 
installed such that the water table intersects the well screen taking into account temporal 
variations in groundwater elevation while ensuring that sufficient screened interval below the 
water is present to allow installation of bladder pumps for groundwater sampling. A locking 
waterproof cap will be installed on each well casing prior to placement of filter pack materials to 
prevent any of these materials from entering the well. 

After placement of the well materials in the borehole, a sand filter pack will be placed in the 
boring to a depth of 2 feet above the top of the screen. After placement of the filter pack, a 
minimum 2-foot thick layer of bentonite chips will then be placed above the filter pack. If the 
bentonite layer is above the water table, bentonite powder may be used instead of bentonite 
chips and the bentonite will be hydrated with clean, potable water from the local municipal water 
source in order to ensure that a proper seal is created . The remaining annular space in the 
boring will be filled with bentonite grout to a depth of 1 foot bgs . As the annular space is being 
filled , the steel casing will be gradually withdrawn from the borehole being careful not to remove 
the casing to a depth where the bottom of the casing is above the top of the fill material. 

The boring in the East Plume is expected to penetrate into bedrock five to ten feet. To protect 
against having the borehole act as a conduit between the overburden and bedrock aquifers , the 
portion of the borehole in the bedrock will be completely filled with a bentonite grout slurry, and 
the slurry will extend at least three feet above the bedrock-overburden interface (unless it 
interferes with a well screen). 

At locations where surface completion is required to be flush with the ground surface , a road 
box capable of withstanding vehicular traffic will be installed over each well. At other locations, 
a protective steel casing with a locking cap will be cemented in place over each well. Protective 
bollards are not anticipated to be needed based on the location of the wells in this work scope. 

4.3.4 Well Development 

In order to ensure a proper connection with the aquifer after drilling , each monitoring well will be 
developed no sooner than 48 hours after installation . Monitoring well development will be 
conducted in accordance with the procedures outlined below and the Monitoring Well 
Development SOP included in Appendix C of this FSP. 

Well development will be performed using surging and pumping. A surge block may be used to 
mechanically surge water back and forth between the we ll and the formation in order to remove 
fines from the filter pack and enhance the connection between the well and the aquifer. After 
surging , a submersible pump wil l be lowered into the well to pump out water and the associated 
fines. Surging and pumping cycles will continue as needed to reduce the amount of fines 
entering the well. 
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As development proceeds, water quality parameters (conductivity, pH , and temperature) shall 
be measured and turbidity shall be measured or described (e .g., low, moderate, high is 
acceptable) at approximately even fluid withdrawal increments during the course of 
development. Development will continue until at least three well volumes have been removed . 
If three successive parameters have stabilized (values within ten percent of each other) and 
turbidity is low, well development can cease. If stabilization has not been attained or if turbidity 
remains high, development shall continue until a maximum of ten well volumes has been 
removed. Purge water generated during development will be handled in accordance with the 
procedures for handling IDW outlined in Section 4.9. 

4.4 Groundwater Sampling - Wells 

Groundwater sampling at wells will be performed using low-flow sampling techniques using 
either a bladder pump or a peristaltic pump. At locations with inside diameters too small to 
accommodate a bladder pump, a peristaltic pump will be used. Procedures for vertical profile 
sampling are presented in Section 4.3.2. 

The objective of performing low flow rate purging is to collect groundwater samples which best 
characterize actual groundwater conditions within the aquifer. Low flow rate sampling 
techniques minimize the amount of disturbance to the water contained within the well resulting 
in less agitation and minimal entrainment of particulates . The result is a more rapid stabilization 
of the parameters used to indicate that actual formation water (vs. stagnant casing water) is 
being collected. 

Two rounds of groundwater samples will be collected from each of the newly installed wells: one 
after installation and the other approximately three months later in order to generate data from 
both high and low groundwater conditions. The second sampling event will be scheduled to 
coincide with groundwater sampling activities conducted by other parties in conjunction with the 
ongoing groundwater monitoring program under the SHL ROD. It is currently anticipated that 
the installation activities will be conducted in late Spring 2010 with the second sampling event 
to occur in Summer 2010 in order to provide additional data for the pending Focused Feasibility 
Study. Analytical parameters are summarized in Table 4-3. 

4.4.1 Groundwater Sampling Methods 

Groundwater sampling will be conducted in accordance with the procedures described below 
and in accordance with the USEPA Region 1 Low Flow Groundwater Sample Collection SOP in 
Appendi x C of this FSP. Where different, procedures described below will supersede those of 
the SOP. Prior to sampling , the depth to the groundwater surface will be measured to the 
nearest 0.01 foot. The groundwater sampling pump will be equipped with dedicated 
polyethylene tubing and will be lowered slowly into the well to the approximate center of the 
saturated screen section. The pump intake will remain at least two feet above the bottom of the 
well to prevent the disturbance of any sediment which may be present. The water level will be 
measured and recorded before starting the pump. If available, sampling records from 
previously sampled nearby wells will be reviewed in order to determine initia l flow rates . 
Otherwise , purging will be started at flow rates of approximately 0.2 to 0.5 liters per minute. The 
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flow rate will be adjusted to ensure that little or no drawdown (less than 0.3 feet) occurs in the 
well. If this level of drawdown cannot be attained , the pumping rate will be reduced to the 
minimum capabilities of the pump to avoid pumping the well dry. The level of the water will not 
be allowed to drop below the intake on the pump to avoid the possible entrainment of air into the 
sample. If the recharge rate is very low, sampling shall commence as soon as the well has 
recharg~d to a sufficient level to purge one system volume (volume of pump and tubing) and 
then collect the appropriate volume of sample. 

During the purging of the well, the field parameters (pH, temperature, conductivity, dissolved 
oxygen , redox potential and turbidity) will be monitored every 3 to 5 minutes, or as appropriate, 
using a flow-through cell , until the parameters stabilize. Field parameters will be considered 
stabilized when, for three consecutive readings , the temperature is within ± 3%, pH is within ± 
0.1 , dissolved oxygen is within ± 10% or changes less than 0.3 mg/L, redox potential is within ± 
10 mV, conductivity is within ± 3%, and turbidity is within ± 10%. An attempt will be made to 
purge the well until turbidity of the purged water is less than 5 nephelometric turbidity units 
(NTUs). These measurements are consistent with the procedures in EPA/540/S-95/504, Ground 
Water Issue, Low-flow (Minimal Drawdown) Ground-Water Sampling Procedures. Purge water 
will be collected, characterized and disposed of in accordance with the procedures in Section 
4.9. 

After purging is completed, groundwater samples will be pumped directly into the proper sample 
containers. All sample containers will be filled by allowing the pump discharge to flow gently 
down the inside of the container with minimal turbulence. Samples will be analyzed as both 
filtered and unfiltered samples . Samples requiring dissolved constituent analysis will be 
co llected by pumping water through a new 0.45 µm filter into the appropriate sample container. 
Sample containers , preservatives, volumes , hold times, and shipping requirements are 
summarized in Table 4-2 . Each sample will be labeled and placed into a cooler with ice for 
shipment to the laboratory in accordance with the procedures outlined in Section 4.8. 

4.5 Field QC Sampling Procedures 

Field QC samples that will be prepared and submitted to the laboratory for analyses during 
performance of this field effort will consist of equipment blanks (for all analyses), duplicate 
samples (for all analyses), and matrix spike/matrix spike duplicate samples (for all analyses). A 
summary of the QC samples can be found in Table 4-4. The frequency and method of 
collection of field QC samples are described in the QAPP. 

4.6 Decontamination Procedures 

All non-dedicated equipment will be decontaminated in accordance with the procedures outlined 
below and those presented in the Sampling Equipment Decontamination SOP presented in 
Appendi x C of this FSP. 

All down-hole drilling equipment shall be decontaminated prior to initial use and between each 
borehole. Non-dedicated groundwater sampling devices (i .e. , pumps, etc.) shall be 
decontaminated prior to initial use and between collection of each sample to prevent the 
possible introduction of contaminants into successive samples . Equipment can be 
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decontaminated at the sample location, or at a pre-designated , controlled location. All 
equipment must be decontaminated before leaving the site . 

Decontamination of drilling equipment includes drill bits, drill-string tools, drill rods, tremie pipes , 
clamps, hand tools, steel cable, along with pump droplines and pumps. These items are 
typically cleaned, by the subcontractor, with a steam pressure washer. 

Types of equipment requiring decontamination may also include, but are not limited to water 
level and water quality meters, bailers, and miscellaneous tools. All items will be cleaned using 
the method detailed within the attached SOPs. 

Where possible, equipment shall be disassembled prior to cleaning. If equipment is heavily 
soiled, a second wash with an aqueous non-phosphate detergent solution will be added at the 
beginning of the process. In addition, heavily soiled items may require steam cleaning using a 
portable, high pressure steam cleaner equipped with a pressure hose and fittings . 

4.7 Surveying 

The horizontal and vertical position of all newly installed wells will be surveyed by a licensed 
and Massachusetts-registered surveyor to a horizontal accuracy of 0.1 ft and a vertical accuracy 
of 0.01 ft. These positions will be tied to a permanent benchmark located near the site (e.g ., 
U.S. Coast and Geodetic Survey, USGS, or USACE benchmark), and the marker will be tied to 
the National Geodetic Vertical Datum (NGVD) Mean Sea Level. The water level measuring 
point (notch) on the riser pipe and the ground surface elevations will be surveyed at each 
monitoring well location. 

4.8 Sample Packaging and Shipping Requirements 

Packaging and shipment of all environmental samples collected during the field activities 
described above will be conducted in accordance with all appropriate U.S. Department of 
Transportation regulations (e.g., 49 CFR, Parts 100 199). 

The sample containers will be placed in an insulated cooler with frozen gel packs (such as "blue 
ice") or ice in double , sealed zip-lock bags . The lids of the containers shall not be sealed with 
duct tape, but may be covered with custody seals or placed directly into self-sealing bags. 
Samples should occupy the lower portion of the cooler, while the ice should occupy the upper 
portion . Prior to shipping , glass sample containers will be wrapped on the sides , tops, and 
bottoms with bubble wrap or other appropriate padding to prevent breakage during transport. 
Samples shall be shipped as soon as possible to allow the laboratory to meet holding times for 
analyses. Prior to shipment, the ice or cold packs in the coolers will be replaced so that 
samples will be maintained as close to 4°C as possible from the time of collection through 
transport of the samples to the analytical laboratory. 

When a cooler is ready for shipment to the laboratory, two copies of the chain of custody form 
shall be placed inside a zip-lock bag and taped to the inside of the cooler. Chain-of-custody 
seals will be placed on the coolers and the coolers will then be sealed with strapping tape and 
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labeled "Fragile ," "This-End-Up" or other appropriate notices. A letter stating the names and 
telephone numbers of the sampling and laboratory personnel at various locations who can be 
contacted in the event of problems with the sample shipment should also be taped to the 
outside of the cooler. 

4.9 Investigation-Derived Waste (IDW) Management 

As part of the field activities described above, investigation-derived waste (IDW) materials will 
be generated in association with soil boring, monitoring well installation, well development, 
sample collection and handling , and decontamination. IDW materials generated will be handled 
and disposed of in accordance with state and federal requirements . Decontamination fluids will 
be containerized and transported to a temporary storage area at Devens RFTA for 
characterization and disposal. Drilling cuttings and purge water associated with well 
development and sampling will be returned to the local setting, with the exception of the East 
plume. At this one location, drill cutting will be containerized for proper disposal. 

4.1 0 Data Validation/ Database 

For all analytical services procured through Alpha Analytical in accordance with this Task Order, 
the laboratory will report data in a format compatible with the Army Environmental Information 
System (ERIS). The analytical datasets will comply with either ERIS or ERIS Range, as 
appropriate per the PWS. ERIS v3.0, which was released in January 2006, is the current 
version detailed at http://aec.army.mil/usaec/reporting/erisOO.html. ERIS v3.0 combined the 
ERIS v2.0 and ERIS Range Databases into a single database. The data shall be entered into 
the ERIS v3.0 database through the ERIS website. Data will be entered either through data 
entry screens or through batch file uploads. 

The Army's contractor shall provide the necessary data and documentation for closeout of this 
site in the Army Environmental Database - Restoration Module (AEDB-R) if SHLF achieves 
Response Complete during the performance period of this task order. 

The Army's contractor will perform a QC review of project data in accordance with the review 
procedures and qualification requirements as described in USEPA Contract Laboratory Program 
National Functional Guidelines for Organic Data Review (1999) and USEPA Contract 
Laboratory Program National Functional Guidelines for Organic Data Review (2004 ). The 
validated analytical data will be included in the Annual RA(O)/L TMM Report. 

Where there is conflict between the requirements of the USEPA guidance and the SW-846 
analytical method , the method requirements will take precedence . For those methods where no 
USEPA guidance exists , the reviewer will apply the protocols from the guidelines that most 
closely correspond to the method in question. The validation effort will be guided by the 
installation and project-specific information presented in the site-specific QAPP. The data 
review will only be for the QC elements in described below and will not constitute a CLP-type 
validation normally associated with Level IV data collection activities. For each type of chemical 
analysis, the validator will complete a data validation report using the Army approved format. 

Elements of The Army's contractor's data validation process include the following: 
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Review of chain-of-custody documentation to verify sample identities. 
Review of sample log-in documents to determine if there are any problems with sample 
delivery and conditions. 
Review of rinse blank and trip blank data to determine whether problems with container 
contamination, preservative contamination, sampling equipment contamination, laboratory 
reagent water contamination, or cross-contamination between samples has occurred. 
Review of method blank data to determine whether there are any sources of contamination 
in the analytical process. 
Review of matrix spike/matrix spike duplicate (MS/MSD) recoveries to evaluate the potential 
for matrix effects and as a measure of analytical accuracy. MS/MSD recoveries will be 
compared against the laboratory's statistically derived acceptance criteria. 
Comparison of MS/MSD results to evaluate sample homogeneity and as a measure of 
analytical precision . MS/MSD precision data will be compared against the laboratory's 
statistically derived acceptance criteria. 
Review of laboratory control spike (LCS) data as a mEmsure of analytical accuracy. LCS 
recoveries will be compared against the laboratory's statistically derived acceptance criteria . 
Review of LCS duplicate data (if available) as an additional measure of analytical accuracy 
and of analytical precision. LCS/LCSD data will be compared against the laboratory's 
statistically derived acceptance criteria . 
Review of sample duplicate data (if available) as a measure of sample homogeneity and as 
a measure of analytical precision. Sample duplicate data against the laboratory's 
statistically derived acceptance criteria . 
Review of surrogate recovery data to assess extraction efficiency, effectiveness of sample 
introduction , matrix effects, and possible loss during cleanup activities. 
Review of sample dates, preparation dates, and analysis dates to determine if maximum 
holding times were met or exceeded. 

Pursuant to our discussions with the CENAE, all data validation will utilize an Automated Data 
Review (ADR) for EQulS, in lieu of the Level 11 data validation for 100% of the data delivery 
groups (SDGs), which streamlines data validation . 

5.0 FIELD OPERATIONS DOCUMENTATION 

5.1 Field Logbook and Field Data Sheets 

Field activities will be documented using a field logbook in accordance with the Field Notes SOP 
presented in Appendix C of this FSP. The documentation in the field logbook is designed to 
contain sufficient information to enable the sampling activity to be reconstructed without relying 
on the collector's memory. 

For certain tasks, information will be recorded on pre-printed field data sheets (e.g., boring logs, 
well installation/development logs , or drum logs). This information should not be repeated in the 
field logbook, except in summary form to avoid transcription errors. Examples of field data 
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sheets to be used during the activities are incorporated into the SOPs which are attached as 
Appendix C of this FSP. 

5.2 Photographic Records 

All sampling points will be documented by photograph in order to permit positive identification of 
the sampling point in the future and to document their validity as a representation of an existing 
situation. Photographs taken to document sampling points will include two or more reference 
points to facilitate relocating the point at a later date . 

For each photograph taken, the following items should be noted in the field logbook: 

• Date and time of photograph , 
• Photographer name, 
• Name of site , 
• Sequential number of the photograph with unique identifier relating to digital file , 
• Site sketch indicating location of photographer when picture was taken and the general 

direction faced, and 
• General description of the subject. 

5.3 Sample Documentation 

5.3.1 Sample Numbering System 

Site-specific sample identification numbers will be assigned prior to sample collection . Each 
sample will be identified in the field notebook and field sampling form by an alpha-numeric code 
following the identification scheme outline below. The site-specific sample number will consist of 
the following: 

Groundwater Profile SamQles 

Notation : 

Where: 

Ex: 

GP-XX-XX-YYY-Z 

GP indicates Groundwater .Erofile , 
-XX-XX indicates boring/well location, 
-YYY is 3-digit depth at which sample was collected , and 
-Z is space to indicate Eiltered or Unfiltered . 

GP-10-01-095-U ; Unfiltered groundwater profile sample from boring/well location 
SHM-10-01 , at a depth of 95 ft below ground surface. 

Groundwater Samples from Monitoring Wells 
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-MMDDYY is the 6-digit date on which sample was collected,and 

Ex: 

-Z is space to indicate Eiltered or Unfiltered. 

SHM-10-01-042110-F; filtered monitoring well sample from boring/well location 
SHM-10-01, collected on April 4, 2010. 

Duplicate Samples 

Notation: DUP- MMDDYY-Z 

Where: DUP indicates blind DUPiicate sample 
-MMDDYY is the 6-digit date on which sample was collected, and 
-Z space to indicate Eiltered or Unfiltered. 

Ex: DUP-042110-F; Duplicate sample (filtered) collected on April 21 , 2010. 

5.3.2 Sample Labels 

All samples containers will be identified using a label affixed to the container prior to 
transportation to the laboratory. Information on sample labels will include: 

• the name of the project or site; 
• a unique sample identification number (See Section 5.3.1 ), 
• the sampler's name/signature/initials; 
• the nature of the chemical preservative , if appropriate, 
• the type of analysis requested, and 
• the date and time the sample was taken. 

5.3.3 Chain-of-Custody Records 

All sample handling will be conducted using the appropriate chain-of-custody procedures 
detailed in the Chain-of-Custody SOP in Appendix C of this FSP and in the QAPP. Chain-of­
Custody procedures provide documentation of the handling of each sample and are 
implemented so that a record of sample collection , transfer of samples between personnel , 
sample shipping, and receipt by the laboratory that will analyze the sample is maintained. A 
sample Chain-of-Custody Record is available in the QAPP. 
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Any USACE project team member may initiate the field corrective action process. This process 
consists of identifying a problem, acting to eliminate the problem, documenting the corrective 
action, monitoring the effectiveness of the corrective action, and verifying that the problem has 
been eliminated. Although not all inclusive, examples of corrective actions for field 
measurements may include the following: 

• Repetition of a measurement to check the error; 
• Check for all proper adjustments for ambient conditions such as temperature; 
• Check of batteries; 
• Calibration checks; 
• Recalibration ; 
• Replace instruments or measurement devices; 
• Stop work (if necessary); 
• Revisions to information submitted on chain-of-custody forms; and 
• Amendment of sampling procedures or Work Plans. 

Technical staff and project personnel will be responsible for reporting all technical or QA non­
conformances or suspected deficiencies of any activity or issued document by reporting the 
situation to the PM and the QA/QC Coordinator on a Nonconformance Report (NCR). The 
QA/QC Coordinator will be responsible for assessing the suspected deficiency based on the 
potential for the situation to impact the quality of the data. 

The Field Team Leader, or a designee, will be responsible for correcting equipment 
malfunctions throughout the field sampling effort and resolving situations in the field that may 
result in nonconformance or noncompliance with the QAPP. All corrective measures will be 
immediately documented in the field logbook, and sample alteration forms will be completed . 

Additional corrective actions, if necessary, will be determined by the Project Manager. The 
Project Manager has the authority to initiate stop work orders, if necessary, and is responsible 
for ensuring that a corrective action for a nonconformance is initiated. 

If appropriate, the Project Manager will be responsible for ensuring that no additional work that 
is dependent on the nonconforming activity is performed until the corrective action(s) is 
completed . 

Laboratory 
All laboratories are required to comply with the standard operating procedures previously 
submitted to the Project Chemist. The laboratory project managers will be responsible for 
ensuring that appropriate corrective actions are initiated as required for conformance with thi s 
QAPP. All laboratory personnel will be responsible for reporting problems that may compromise 
the quali ty of the data . 

SHL-SOV01 Page 22 



Shepley's Hill Landfill Supplemental Investigation Workplan Addendum 

Volume 2 - Field Sampling Plan 

Revision Number 1 to Jan 2010 Workplan 

lffln Sovereign Consulting Inc. 

The Project Chemist will be notified immediately if any QC sample exceeds the project-specified 
control limits. The analyst will identify and correct the anomaly before continuing with the 
sample analysis . The Laboratory Project Manager will document the corrective action taken in a 
memorandum submitted to the Project Chemist within five days of the initial notification. A 
narrative describing the anomaly, the steps taken to identify and correct it, and the treatment of 
the relevant sample batch (i.e., recalculation, reanalysis, re-extraction) will be submitted with the 
data package using a corrective action form. Copies of each laboratory's corrective action forms 
are found in their Quality Assurance Manuals. 
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AREA OF INTEREST 

1. Red Cove area. . 
. . . 
. 

2. Area due east of the . 
extraction wells. . 

. 

. 
3. Ayer residential area . 
along W. Main St. 

. 

. 

. . 
4. Nonacoicus Brook . 
area 

. . 

. 

. . 

Table 1-1 
Proposed Rationale for Selection of Sampling Locations 

Supplemental Investigation Workplan Addendum 
Shepley's Hill Landfill 

TECHNICAL AND DATA QUALITY OBJECTIVE(S) TECHNICAL APPROACH DATA EVALUATION 

Extend monitoring network west beyond the area . Profi ling arsenic concentrations in groundwater to bedrock. • Update relevant interpretive maps 
immediately adjacent to Red Cove. . Core sampling and detailed analysis of stratigraphy . and cross-sections. 
Provide data on bedrock elevation. . Collect samples for geotechnical analysis . • Compare GW flow direction to 
Assess hydrau lic grad ients and flow patterns. . One temporary monitoring well constructed to allow for pred ictions made wilh recalibrated 
Determine arsenic concentrations (DL :o 1 0ug/I) and ORP sampling and water level monitoring . groundwater model. 
values in groundwate r in the probable source area of . Collect water levels from new and existing wells . 
arsenic discharging to Red Cove. 
Provide input for groundwater model 

Explici tly define the eastern exten t of the main northward . Profil ing arsen ic concentrations in groundwater to bedrock . • Comparison to predicted capture 
trending lobe of the Arsenic plume. . One temporary monitoring well constructed to allow for zone for the extraction wells at 
Determine arsenic concentrations (DL <: 1 0ug/I) in the area sampling and water level monitoring . cu rren t operational rates. 
at the margin of the extraction well influence. 
Define SHL arsenic plume boundary (defined as arsenic " 
1 00pbb and negative ORP). 
Provide input for groundwater model 

Provide a bounding monitoring well to constrain the . Profi ling arsenic concentra tions in groundwater to bedrock. • Update relevant interpretive maps 
eastward extent of the north trend ing SHL arsenic plume . Two temporary monitoring well constructed to allow for and cross-sections. 
lobe. sampling and water level monitoring. 
Determine arsenic concentrations (DL <: 1 0ug/I) and ORP 
values in groundwater in the region currently under-
characterized . 
Define SHL arsenic plume boundary (defined as arsenic " 
1 00pbb and negative ORP). 
Provide input for groundwater model. 
Acquire sufficient and appropriate plume information to 
develop in stitutional co ntrols for groundwater use. 

Constrain the western plume extent by completing the . Characterizebedrock eleva tions using geophysical • Integrate bedrock elevations from 
·necklace· of deep monitoring wells, established by DEP- techniques. borings and geophysical studies with 
08-03, DEP-08-05 and DEP-08-07, encircling the . Profi ling arsenic concentrations in groundwater to bedrock . existing information to select 
presumed discharge area. . Six temporary monitoring wells constructed to allow for optimum well locations. 
Assess hydraulic gradien ts and flow patterns. sampling and water level monitoring . • Update groundwater flow model and 
Determine arsen ic concentrations (DL 5 10ug/l) and ORP evaluate changes to predicted flow 
values in groundwater. patterns and discharge locations. 
Define SHL arsenic plume boundary (defined as arsenic oc 

1 00pbb and negative ORP). 
Provide input for groundwater model. 
Determine if Nonacoicus Brook and associa ted wetland is a 
hydraulic barrie r. 

Locations for proposed boring\wells and geophysica l tran sects are shown on Figures 1 and 2 . 
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OUTCOME 

• Provide data to validate or re fine 
prediction made with the groundwater 
model with respect to flow patterns and 
potential sources of Arsenic . 

• Improved plume delineation to support 
performance assessment of 
Contingency Remedy with respect to 
containment of the primary Arsenic 
source . 

• Provide the basis for defining the 
extent of insti tutiona l contro ls required 
to manage risk to residen ts for 
exposure to impacted groundwater. 

• Improved plume delinea tion to support 
assessment of potential for Arsenic to 
migrate westward toward the 
MacPherson water supply well. 
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Table 4-1 
Boring/Well Locations and Anticipated Depths 

Supplemental Investigation Workplan Addendum 
Shepley's Hill Landfill 

Anticipated 
Latitude Longitude 

Depth (ft bgs) 

North Plume - Nonacoicus Brook Area 
SHM-10-01 42.55930 71.60124 80 
SHM-10-02 42.55885 71 .60315 90 
SHM-10-03 42.55971 71 .60297 115 
SHM-10-04 42.55897 71.60413 85 
SHM-10-05 42.55935 71.59561 80 
SHM-10-08 42.55846 71.60323 55 
SHM-10-09 42.55860 71.60136 70 
SHM-10-10 42.55947 71.60001 65 

North Plume - Capture Area 
SHM-10-06 42.55949 71.59616 110 

East Plume 
SHM-10-07 42.55390 71.59598 80 

Notes: 
1) Locations are approximate and may be adjusted in the field based on observed conditions. 
2) Northings and Eastings reference to NAD83 Massachusetts Mainland coordinate system , in feet. 
3) ft bgs = feet below ground surface 
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Anticipated 
Saturated 
Thickness 

(ft) 

60 
85 
100 
75 
60 
45 
50 
55 

75 

40 



Name 

Metals 
(Groundwater) 
Metals (Soil) 

Anions (chloride , 
nitrate , sulfate) 

Ammonia 

Nitrite 

Sulfide 

Alkal inity 

Total Dissolved 
Solids (TDS) 

Total Suspended 
Solids (TSS) 
Total Organic 
Carbon (TOC) 
(Groundwater) 
Total Organic 
Carbon (TOC) 

(Soil) 
Chemical Oxygen 
Demand (COD) 

Hardness 

Table ,-2 
Requirements for Sample Containers, Preservation, Volume, and Holding Time 

Supplemental Investigation Workplan Draft Addendum 
Shepley's Hill Landfill 

Analytical Container Preservative Sample Maximum Holding Time 
Method Type1 Container Size2 

Reference 
Water Sam oles 

6020A p Nitric acid to 
500 ml 180 days until analysis pH <2 

60108,7470A G 4°c 8 oz container 180 davs until analysis 
48 hours until analysis for nitrate, 28 

300.0 p 4°c 250 ml days until analysis for chloride and 
sulfate 

350.1 p Sulfuric acid 
500 ml 28 days until analysis 

to pH <2, 4°C 
SM4500-NO2B p 4°c 250 ml 48 hours until analysis 

SM4500-S AD, 
Zinc acetate 

P or G and NaOH, 250 ml 7 days until analysis 
376.2 

no headspace 

SM23208 p 4°C, no 
250 ml 14 days until analysis head space 

SM2540C p 4°c 1 liter 7 days until analysis 

SM2540D p 4°c 1 liter 7 days until analysis 

Sulfuric acid 
SM5310C, 415 .1 G or HCI to pH 2 - 40 ml vials 28 days until analysis 

<2 

9060(M) G 4°c 4 oz container 14 days until analysis 

SM5220D, 410.4 p Sulfuric acid 
250 ml 28 days until analysis to pH <2, 4°C 

SM23408 p Nitric acid to Combined with 
180 days until analysis pH <2; 4°C metals analysis 

1 G = Glass, amber; P = Polyethylene 
2 In some cases , multiple sample analyses can be combined into one sample container. 
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Number of 
Borings/Wells 

Groundwater 

Vertical Profiling 
North Plume/Nonoco,cus Area 8 
North Plume/ Capture Area 1 
East Plume 1 

New Wells 

North Plume/Nonocoicus Area 8 
North Plume/ Capture Area 1 

East Plume 1 

Notes : 

Table 4-3 
Groundwater and Soil Sampling Summary 

Supplemental Investigation Workplan Draft Addendum 
Shepley's Hill Landfill 

Analytical Parameters 

Number Water Water Arsenic ROD Metals' 
of Qua li ty Quality 

Samples5 Parameters 1 Parameters2 

(Field Test Kits) Total Dissolved 
(Field) (Lab) 

62 X X 

7 X X 

4 X X 

16 X X X X 

2 X X X X 

2 X X X X 

1 Field Water Quality Parameters consist of pH , temperature , conductivi ty, dissolved oxygen, redox potential and tu rbidity 

Limited Metals4 

Total Dissolved 

X 

X 

X 

2 Water Quality (WQ) suite includes: anions (ch loride, nitrate, sulfate) by Method 300.0; ammonia by Method 350. 1; nitrite by SM4500N02B; sulfide by 
SM4500S2AD/376.2; alka linity by SM2320B; total dissolved solids by SM2540C; tota l suspended solids by SM2540D; total organic carbon by SM531 0C/415.1 ; chemica l 
oxygen demand by SM5220D/4104; and hardness by SM2340B. 
3 ROD Meta ls include metals for which groundwater cleanup levels were defined in the Record of Decision (i.e. , Aluminum, Arsenic, Chromium, Iron, Lead, Manganese, 
Nickel, and Sodium by EPA Method 60108) 
4 

Limited metals includes Arsenic , Manganese, Iron , ca lcium, magnesium, potassium, sodium, chloride, su lfate, nitrate, nitrite, alka linity, ammonia, and chemical oxygen 
demand 
5 Includes one sample/1 o· 
6 TAL -Taraet Ana lvte List Metals and TOG - Total Oraanic Carbon 

SHL-0127V2 Page 1 

Soil Sampling 

TAL Metals& TOC6 Visual Characteization 

X 

X 

X X 



Med ium/ 
Matrix 

GW 

GW 

GW 

GW 

Soi l 

Soil 

Notes: 

GW = Groundwater 
MS = Matrix spike 

Ana lytical 
Parameter 

Tota l Metals 3 

ROD list 

Dissolved Meta ls 3 

ROD list 

Water Qua lity 

Tota l Meta ls 3 

Profile list 

TAL Meta ls 6 

TOC 7 

MSD = Matrix sp ike duplicate 

Cone. Level 

Low 

Low 

Low 

Low 

Low 

Low 

Tc. , 4-4 
Field and Quality Control Sample Summary Table 
Supplemental Investigation Workplan Addendum 

Shepley's Hill Landfill 

Analytical Method No. of No. of Field Inorganic 
Sampling Duplicate 
Locations Pairs No. of No. of 

Duplicates MS 

CHEMICAL ANALYSES 
Groundwater - New Monitoring We lls 

6020A 20 2 1 1 

6020A/ 20 2 1 1 

WQ Su ite 
4 

20 2 1 15 

Groundwater Profiles 

6020A Approx 62 7 3 3 

So il Sampling 

6010B Approx 5 1 1 1 

9060M Approx 5 1 1 1 

No. of Equip. No. of Total No. of 
Blanks QA Split Samples to 

Sam ples ' Lab 2 

Approx 6 None Approx 30 
Proposed 

Approx 6 None Approx 30 
Proposed 

Approx 6 None Approx 30 
Proposed 

Approx 25 None Approx 100 
Proposed 

NA None Approx 9 
Proposed 

NA None Approx 9 
Proposed 

1 
Quality Assurance (QA) split samp les (samples sent to a government designated independent testi ng laboratory) wi ll be co llected if directed by USACE-NAE, USEPA, or MassDEP. 

2 
Tota l number of samples to lab consists of: number of sampling locations+ number of field dup licate pairs+ number of MS/MSD + number of equipment blanks. 

3 Meta ls lists include: 
Record of Decision (ROD) meta ls= aluminum, arsenic, chromium, iron , lead, manganese, nickel, and sod ium 
Profi le meta ls = arsenic, iron, and manganese 

4 
Water Qua lity (WQ) suite includes anions (chloride, nitrate, sulfate) by Method 300.0 ; ammonia by Method 350.1; nitrite by SM4500N02B; sulfide by SM4500S2AD/376.2 ; 

,alka linity by SM2320B; tota l dissolved so lids by SM2540C ; tota l suspended solids by SM2540D; tota l organ ic carbon by SM531 0C/415.1; chemica l oxygen demand by 
SM5220D/410.4; and ha rdness by SM2340B. 

5 Matrix spike samp les are app licable to all ana lyses except su lfide, TDS and TSS , 
6 Tota l Ana lyte List Meta l - TAL Metals 
7 Total Organic Carbon - TOC 
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SECTION 

CAP PENETRATION MATERIALS AND PROCEDURES SPECIFICATIONS 

PART 1 - GENERAL 

1.01 WORK INCLUDED 

A. The work under this Section includes the furnishing of all labor, equipment and 
materials, and performing all operations in connection with installation of borings 
and wells within the Central Landfill Superfund Site relative to work associated 
with the Hot Spot Exploration that will penetrate the existing landfill cap. 

B . The work under this Section shall be performed in accordance with a1l pertinent 
health and safety regulations with special emphasis on the hazards associated with 
work on a landfill. 

C. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 
and installation equipment necessary for the installation and repair of 60 mil 
HDPE membranes as specified herein, as shown on the Detail. 

D. The Contractor shall be prepared to install the geornembranes in conjunction with 
earthworks and other components of the iiner system . 

E. furnishing and installation of all single wall HDPE pipe and appu11enances within 
around cap penetrations. 

f. This specification does not include any description of the material or placement 
procedures for the Volclay Grout that will be used to fill the annular space between 
the landfill material and the well casing. Volclay grout and placement procedures 
are included in the work plan submitted under separate cover from this specification . 

1.02 RELATED WORK 

A. Central Landfill Hot Spot Explorations Work Plan 

1.03 REFERENCES 

A. HDPE Geomembrane Liner 

l. ASTM D 570: 
Plastics. 

2. ASTM D 638: 

02772 

Standard Test Method for Water Absorption of 

Standard Test Method for Tensi le Prope11ies of 
Plastics. 
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3. ASTM D 746: Standard Test Method for Brittleness, Temperature of 
Plastics and Elastomers by Impact. 

4 . ASTM D 792: Standard Test Methods for Specific Gravity (Relative 

5. 

6. 

7. 

8. 

9. 

10. 

] 1. 

12. 

13. 

ASTM D 882: 

ASTM D 1004: 

ASTM D 1204: 

ASTM D 1238: 

ASTM D 1505: 

ASTM D 1593: 

ASTM D 5199 

ASTM D 1603: 

NCL D 5397 

Density) and Density of Plastics by Displacement. 

Standard Test Methods for Tensile Properties of Thin 
Plastic Sheeting. 

Standard Test Method of Initial Tear Resistance of 
Plastic Film and Sheeting. 
Standard Plastics Test 
Dimensional 
Thermoplastic Sheeting 
Temperature 

Method for Linear 
Changes of Nonrigid 

or Film at Elevated 

Standard Test Method for Flow Rates of 
Thermoplastics by Extrusion Plastometer 

Standard Test Methods for Density of Plastics by 
Density Gradient Techniques 

Standard Specification for Nonrigid Vinyl Chloride 
Plastic Sheeting. 

Standard specification for testing of thickness for 
polyethylene sheeting. 

Standard Test Method for Carbon Black content. 

Standard Test Method for Environmental Stress 
Cracking of Ethylene Plastics. 

14. ASTM D 5596: Recommended Practice for Microscopical 
(Carbon Black) in Plastic Compounds. 

15. ASTM D 4833: 

] 6. ASTM D 4833: 

B. Bentonite Clay 

Standard Test Methods for Detennining the Integrity 
of Field Seams Used in Joining Flexible Polymeric 
Geomembranes 

Federal Test Method Standard for Puncture 
Resistance and Elongmion Test 

1. ASTM D 4643 - Detennination of Wc1ter (Moisture) Content of Soil by 
Microwave Oven Method 
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2.. ASTM D 5084 - Hydraulic Conductivity of Saturated Porous Material Using 
a Flexible Wall Perrneameter 

3. ASTM D 5993- Test Method for Measuring the Bentonite Mass per Unit 

C. HOPE PIPE (ASTM) 

1. 
2. 
3. 
4. 
S. 
6. 
7. 
8. 
9. 

ASTMD-638 
ASTM D-1238 
ASTM F-1248 
ASTMD-1505 
ASTMD-2837 
ASTM D-3261 
ASTM D-3350 
ASTMF-714 
ASTMD-2321 
Sewer Pipe 

Area 

Tensile Properties 
Flow Rates of Thennal Plastics 
Environmental Stress Crack Resistance (ESCR) 
Density of Plastics by Gradient Technique 
Hydrostatic Design Basis for Thermal Plastics 
Butt Heat Fusion for Polyethylene (PE) 
Specs for Polyethylene Pipe and Fittings 
Polyethylene Pipe (SDR-PR) 
Underground Installation of Flexible Thennoplastic 

1.04 QUALIFICATIONS 

02772 

A. Manufacturer: Company specializing in the manufacturing of products specified 
in this section with a documented minimum of three year's experience. 

B. Installer: Company specializing in applying the work of this Section with a 
documented minimum of 3 years experience. The Company shall provide 
satisfactory evidence demonstrating the approved and accepted installation of a 
minimum 50 acres of FML or comparable geosynthetic systems on a minimum of 
five different projects. 

C. Additionally, the Liner Contractor must also have experience in the successful 
installation of FML materials for completing seams around liner penetrations and 

in forming membrane liners and other appurtenances. 

D. The Geosynthetic Clay Liner (GCL) Manufacturer must have produced at least l 0 
million square feet of GCL, with at least 8 million square feet installed. 

E. The GCL Installer must have either installed at least 1 million square feet of GCL, 
or must provide to the Engineer satisfactory evidence, through simi lar experience in 
the installation of other types of geosynthetics, that the GCL will be installed in a 
competent, professional manner. 

F. The Contractor shall furnish to the Engineer manufacturer's notari zed certificates of 
confom1ance stating that all materials to be furnished under this section of th e 
specifications confom1 with all specification requirements, and eacb shipment of 
dual-wall pipe, valves and access01ies meet all requirements of the specifications. 
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G. The pipe system supplier shall have a minimum of at least five- (5) years 

expenence m the fabrication of HOPE pipe systems and materials as specified 
herein. 

1.05 QUALITY CONTROL 

A. An individual experienced in the installation of HOPE Geomembrane liners shall be 
onsite during the initial startup of exploration installation and membrane repair 
work. The designated individual shall be responsible for assuring that the 
Contractor is instructed in the proper method to prepare, install, and test the HDPE 
material repairs according to this Specification and the Drawings. 

B. The appointment shall be subject to approval by the Engineer. The Engineer shall 
provide inspection services, described in this Specification, on behalf of the Owner. 

1.06 WARRANTY 

A. The manufacturer shall provide a ten ( 10) year warranty to the Owner against 
manufacturing defects. The warranty shall include defective areas where the 
product is found to be not in compliance with the requirements of Part 2. The 
warranty shall include replacement of the HDPE membrane with new material. 

1.07 SUBMJTT ALS 

01772 

A. Submittals 

1. Material Data - Submit complete manufacturer's specifications , 
descriptive drawings, and literature for th e geomembrane, including the 
product identification and supplier of the polymer resin and recommended 
method for handling and storage of all materials prior to installation. 

2. Submit for review a complete description of the geornembrane 
manufacturer's and the installer 's fonnal Quality Assurance/Quality 
Control programs for manufacturing, fabricating, handling, installing, and 
testing. The description shall include, but not be limited to, polymer resin 
supplier and product identification , acceptance testing, production testing, 
installation testing, documentation of changes, alterations, repairs, retests, 
and acceptance. The document shall include a complete description of 
seaming by ex trusion welding and double fusion welding. 

3. Production Dates - Submit statement of production dates for the resin and 
the geornembrane for thi s work. 

4. Concrete Seal Mix Design- Submit a concrete mix design at least seven 
days prior to start of work for review by the engineer. The proposed 
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concrete mix design shall meet the mm1mum requirements described 
within section 2.04 of this specification. 

B. The Contractor shall submit the following: 

1. Geomembrane Fabricator pre-delivery information questionnaire 
completed in full by the Fabricator. 

2. Copies of quality control certificates 

C. Prior to transporting any geomembrane to the site, the Contractor shall submit to 
the Engineer in writing the following documentation of the resin used to 
manufacture the geomembranes: 

1. Copies of quality control certificates issued by the resin supplier including 
production dates of the resin used to manufacture the geomembrane for 
the project. 

2. Results of tests conducted by the Geomembrane Manufacturer to verify 
the quality of the resin used to manufacture the geomembrane rolls 
assigned to the project. 

3. Certification thal no reclaimed polymer is added to lhe resin during the 
manufacture of the geomembrane to be used in this project. The use of 
polymer recycled during the manufacturing process will not exceed 5% by 
weight of the total polymer weight. 

4. Certification that the extrudate to be used is comprised of the same resin 
as the geomembrane to be used. 

D. The Contractor shall submit to the Engineer the following documentation on 
geomembrane material production prior to the shipment of the geomembrane 
rolls. 

l. Manufacturing certificates for each shift's production of geomembrane, 
signed by responsible parties employed by the Manufacturer (such as the 
production manager) , and notari zed. 

2. The quality control certifi cate shall include: 

a. Roll numbers, lot or batch numbers, and identification 

b. Sampling procedures; and 

c. Results of quality control tests, including descripti ons of th e tes t 
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E. 

methods used. 

Prior to commencement of the installation, the Contractor shall submit to the 
Engineer: 

1. Geomembrane Installer pre-installation information questionnaire 
completed in "full by the Installer. 

2. A drawing showing the installation and repair detail, as well as any 
variance or additional details which deviate from the Engineering 
drawings. Installation drawings shall show geomembrane layout with 
proposed size, number, position, and sequence of material placement and 
shall indicate the location of field seams. 

3. Installation schedule. 

4. A list of personnel who shall perform field seaming operations and details 
of their prior experience along with a resume. A certification for each 
welder should also be included that provides the perfonnance records that 
include linear feet of weld completed, number of samples tested and weld 
test failure rate, and that the requirements of Section 1.05 have been met. 

5. Certification of Subsurface - Prior to liner installation, submit certification 
from the Geomembrane Contractor that the surface on which the 
geomembrane shall be placed is acceptable. 

F. During the installation, th e Contractor shall be responsible for the timely 
submission to the Engineer of: 

1. Quality control documentation. 

2. Subgrade acceptance certificates, signed by the installer, dai ly for each 
area to be covered by the geomembrane. 

G. Upon completion of the installation, the Contractor shall be responsible for the 
submission to the Owner of: 

1. Geomembrane rnstallation certification . 

2. The Contractor will provide a written warranty guaranteeing the materi als 
of all products supplied on a pro-rated basis as a part for this work for a 
minimum period of twenty years fo llowing acceptance by the Owner. 
Said wananty will apply to nomrnl use and service by the Rhode Island 
Reso urce Recovery Corporation (Owner) and will specifically exclude 
mechani ca l abuse or puncture by machin ery. equipment or people, 
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exposure of the liner to hannful chemicals or catastrophe due to 
earthquake, flood or tornado . Such written warranty shall provide for the 
total and complete repair or replacement of the defect or defective area of 
lining material upon written notification and demonstration by the Owner 
of the specific non-confonnance due to the lining material itself or its 
installation with respect to the project specifications. Such defects of non­
conformance will be repaired or replaced within thirty days of written 
notification at no cost to the Owner provided that the portion of the area 
in question has been made available to the Contractor and that such areas 
have been cleared of all liquids, dirt, sand or gravel. 

3. Record Drawings - Submit reproducible drawings for record showing 
changes from the approved installation drawings. The record drawings 
shall include the identity and location of each repair, cap strip , penetration, 
boot, and sample taken from the installed geomembrane for testing. 

4. Quality Control Record - Submit copies of a ll material and seam test 
results. Each test shall be identified by date of sample, date of test, sample 
location, name of individual who performed the test, and standard test 
method. 

5. Weld Test Summary Report - Submit copies of report showing normal 
distribution of all test results , and individual test results identifying the 
high , low, and average of th e five coupon samples in each test. 

H. A Certifi cate of Calibration less than 12 months old shall be su bmitted for the 
field tensiometer referenced in Part 3.05.H-2 of this Section. 

l. The Contractor shall submit to the Engineer six copies of a statement of materials 
identifying the brand name of the HDPE material used in the piping and its physical 
and chemical characteristics, obtained from the manufacturer. 

J. Manufacturer' s test results in accordance with paragraph 2.01 C for the bentonite 
clay material. 

1.08 PRODUCT DELIVERY STORAGE AND HANDLING 

02772 

A. Transpm1ati on of the material to the site and all handling on site shall be the 
respons ibili ty of the Contracto r. 

B. The manufacturer' s representative shall have the right to verify the fo ll owing: 

I. Proper handling equipment ex ists on site which does not pose any danger to 
installation personnel or ,-isk of dc1mage to the liner material itself. 
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2. Contractor's personnel are knowledgeable in the methods for handling the 
liner with care. 

C. Upon delivery to the site, the Contractor and the Engineer shall have the right to 
conduct a surface inspection of all materials for apparent defects and damage 
resulting from shipment. This inspection shall be conducted without unrolling the 
liner materials . The Engineer shall indicate to the Contractor the following: 

1. Materials which should be rejected due to irreparable damage. 

2. Materials which should be re-inspected upon placement due to a suspected 
repairable flaw . 

0. The storage of materials shall be the responsibility of the Contractor. The 
Engineer shall have the right to verify the fo llowing to insure proper storage: 

E. 

1. HOPE membrane does not have any major rips or tears. 

2. Products are stored either in closed box trailers or on dry ground ( with 
perimeter drainage) and properly covered by a tarpaulin or simi lar protective 
moisture and sunlight barrier. 

HOPE material damaged or othenvise determined to be unsuitable by the Engineer 
fo llowing initial storage shall be replaced by the Contractor at hi s expense. 

1 .09 HOPE MEMBRANE OEFlNJTJONS 

02772 

A. Batch - A quantity of resin , usually the capacity of one rail car, used in the 
fab rication of hi gh density polyethylene (HOPE) geomembrane ro lls. The 
finished rolls are identi fied by a roll number corresponding to the resin batch 
used. 

B. Bridging - Condition existing when the geomembrane is not in contact with the 
underlying material. 

C. Extrndate - HOPE material produced in the fonn of a rod used by the 
Geomembrane Contractor to extrusion weld (repair) panels/patches of 
geomembrane together. 

D . Geo membrane - Very low permeability sy nthetic fl ex ibl e membrane lin er (FML) 
barrier used to minimi ze fluid migration. 

E. Co ntractor - The party responsible for manufacturing, shipping, field hand li ng, 
transporting, storing, deploy ing, seaming, temporary restraining (agains t wind) , 
and installing the geornembrane. 
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f. Geornernbrane Subsurface - Material surface upon which geomernbrane will be 
placed. 

G. Quality Assurance Laboratory (Third Party laboratory) - Party, independent form 
the Owner, Manufacturer, and Geornembrane Contractor, responsible for 
conducting laboratory tests on samples of geomembrane obtained at the Site. 

PART 2- PRODUCTS 

2.01 HDPE MEMBRANE 

02772 

A. RESIN 

l. The geomembrane shall be manufactured from new, first-quality 
polyethylene resin, and shall be designed and manufactured specifically 
for use in geomembranes. Reclaimed polymer shall not be added to the 
resin; however, the use of polymer recycled during the manufacturing 
process shall be pennitted if performed with appropriate deadlines and if 
the recycled polymer does not exceed 5% by weight of the total polymer 
weight. 

2. The resin material shall be tested at a frequency of one test per resin batch 
and shall meet the follo\ving hi gh density polyethylene (HDPE) specified 
in Table 02771-1. 

Table 02771-1 

Resin Properties 
T.est Test Metltoq Units Requirements 

Specific Gravity ASTM D 1505 Condition A glee 2 .932 
Melt Index ASTM D 1238 Condition E g/ J0 min. :'.::1.0 
Carbon Black ASTM D 1603 % 2-3 
Content 

B. GEOMEMBRANE PROPERTIES 

1. The Geomembrnne Manufacturer shall furni sh geomembranes ha ving 
properties that comply with the required property values shown in Tables 
02771-2 through 0277 1-5. 
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Table 02771-4 
Geomembrane Properties 

__ Prgp~rty ;Test l\'letbod · ·- Frequency -- <>Qroil __ 19mP -. :·-·-•. -------.... _ -,'- :, .-.-_ 
. -• ··•··• · ... ' . ·:: -•·•·- sfu~Jih - .. T~xtured _..,:::·::··:·.:(<:i,\'', ,·· .. . ·. ·:: '.:::·,-:-.-:.:_:_-:.::·:··.' ·: 1 (S()eNotes) ·· 

Sheet Thickness, mils Smooth - ASTM (I) 60 60 
D5199 

Density (2:/cc) ASTM D 1505-A (4) 0 .94 0 .94 

Tensile Properties (Typical) ASTM D638 Type IV (2) 
1. Tensile Strength at Yield 

(ppi) ~ 138 > 126 
2. Tensi le Strength at 

Break (ppi) ~ 240 ~ 100 
3. Elongation at Yield(%) > 13 > 13 - -
4. Elongation at Break(%) > 600 >200 

Tear Resistance Initiation (lbs) ASTMD 1004 (3) > 42 > 42 

Permeability (cm/sec) ASTM E 96 2.3 X J 0- 14 2.3 X 10-14 

Dimensional Stability % ASTM D 1204 (3) ± 1.0 ± 1.0 
Change Each Direction 

Table 02771 -5 
Geomembrane Pronerties 

Property Test Method Frequency 60 mil 60 mil 
(See Notes) Smooth Textured 

Environmental Stress NCR D 5397 (3) ~ 2,000 ~ 2,000 
Crack Resistance (hrs) 

Puncture Resistance ASTM D 4833 (5) > 90 > 75 - -
(lbs) 

Carbon Black Content ASTM D 1603 (4) + 2.0 ±_2.0 
(%) 
Carbon Black ASTM D 5596 (4) A-1 A -1 
Dispersion 

NOTES: 
(1) Eac h roll 
(2) I per 1,000 feet of manu fac tured sheet 
(3) 1 per 3.000 feet of manufactured sheet 
( 4) 2 per resi n batch number 
(5) l per 2,000 feet of rnanufact11red sheet 

2 . In addit ion to th e property values li sted in Table 02771-2 , the 
geomembranes shall : 
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a. Consist of new, first-quality products designed and manufactured 
for use as a landfill liner, as satisfactory demonstrated by prior use. 
The geomembrane shall be an unmodified high density 
polyethylene (HPDE) containing no plasticizers, filler, chemical 
additives, reclaimed polymers, or extenders. The only other 
compound elements shall be anti-oxidants and heat sta~ilizers, of 
which up to 2 percent total, as required for manufacturing, may be 
added. 

b. Be supplied as a single-ply continuous sheet with no factory 
seams, in rolls that shall have a minimum width of 15 feet. The 
roll length sha11 be maximized to provide the largest manageable 
sheet for the fewest field seams. 

c. Not have stnat10ns, roughness ( except in the case of textured 
HDPE geomembranes where a roughened surface is 
characteristic), pinholes, or bubbles on the surface or in the 
interior; 

d. Be produced so as to be free of holes, blisters, modules, 
undispersed raw materials, or any sign of contamination by foreign 
matter; and 

e. Be manufactured in a single layer (thinner layers shall not be 
welded together to produce the final required thiclrness). 

C. MANUFACTURING QUALITY CONTROL 

1. Resin: 

a. The Geomembrane Manufacturer shall sample and test the resin to 
demonstrate that the resin complies with the Specifications. The 
Manufacturer shall certify in writing that the resin does meet the 
Specifications, and shall be held liable for any non-compliance. 

b. Any geomembrane manu factured from noncomplying resin shall 
be rejected. 

c. Additional conformance testing, as defined in Part 3.03 of th is 
Section may be required at the Engineers discretion. If the 
Manufacturer's and the Engineers test results differ, the tests shal l 
be repeated by the Engineer, and the Manufacturer shall be 
allowed to monitor thi s testing. The results of this latter series of 
tests will prevail , provided that the applicable test methods have 
been followed. 
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d. The Manufacturer shal l comply with the submittal requirements of 
Part 1.06 of this Section. 

2. Material 

a. The Manufacturer shall continuously monitor geomembranes 
during the manufacturing process for inclusions, bubbles, or other 
defects. 

b. No geomembrane shall be accepted which exhibits any defects. 

c. The Manufacturer shall continuously monitor the geomembrane 
thickness during the manufacturing process. 

d. No geomembrane shall be accepted which fa ils to meet the 
specified minimum thickness. 

e. The Manufacturer shall sample and test the geomembrane to 
demonstrate that its properties confonn to the values as specified 
in Tables 02771-2 through 02771-5. 

]. Samples taken from stored rolls shall be taken across the 
entire width of the roll and shall not include the first outer 
layer of the rol l ( about 3 ft). 

2. Samples taken at the time of manufacturing can be obtained 
from the end of the roll. 

3. Un less otherwise specified, samples shall be 3 ft long by 
the roll width. The Manufacturer shall mark the machine 
direction on the samples with an arrow. 

f. Samples not meeting the specified properti es shall result in the 
rejection of the applicable rolls as described in this Section. 

g. In the case of a failure, additional tes ting shall be performed on 
geornembrane as described in Section 3 .3. 

h. Additional testing may be performed at the Man ufacturer's 
discretion and expense, to more closely identify the non-compl ying 
rolls and/or to quality individual rolls. 

1. The Manufacturer shall comply with the submittal requirement s of 
Part 1.07 of this Section. 
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A. Prior to the installation of any bentonite materials, the Contractor shall provide the 
Engineer with the following infonnation: 

1. Bentonite Producer 

a. Bentonite producers name, production plant, bentonite brand name 
and specifications 

b. Certifications from the bentonite producer of confonnance to the 
producer's specifications 

B. Bentonite Clay is to be composed of contaminant resistant bentonite compatible 
with municipal solid waste landfill leachate. The contaminant resistance is to be 
obtained through phosphate or sodium based treatments. The use of polymer 
enhancement, without phosphate treab11ent, is not allowed. The bentonite clay 
may be granular or chipped clay at the discretion of the contractor. 

C. The manufacturer shall conduct quality control testing for the following properties 
and at the indicated testing frequency; ail values are in terms of Minimum Average 
Clay Values: 

Free Swell 
Fluid Loss 

I /50 tons bentonite 
1/50 tons bentonite 

The GCL shall demonstrate the following values : 

ITEM CHARACTERISTICS 

Clay Component* Granular Sodium Bentonite 
Free Swell 22 mL/2g (Min .) 
ASTM D 5890 
Hydraulic Conductivity * l 5.0 x I 0·9 cm./sec. (Max.) 
ASTM D5084 
Fluid Loss ASTM D 5891 18mlmax. 

* I Testing with dcaired or di s tilled wale r al 80 ps i cell press ure, 77 ps i headwater 
pressure and 75 psi tai !wate r pressure 

D. Prior to shipment, the manufacturer shall provide the Engineer wi th a quality 
control certifi cate for each lot of material to be shipped. The quality control 
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certificate shall be signed by a responsible party employed by the manufacturer. 
The quality control certificates shall include: 

I. Product Identification 

2 . Lot Number 

3. Manufacturer's test results. 

2.03 CONCRETE SEAL 

2.04 

02772 

A. Concrete seal material shall be as manufactured shall consist of cast-in-place 
concrete with a minimum compressive strength of 3000 psi. The concrete shall 
be a standard ¾-inch aggregate mix with an absolute water to cement ratio of .58 
(as specified by ACI 318/318R-44 Table 5.4, 1992 for 3000 psi concrete). 

HDPEPIPE 

The pipe used around the cap penetration will be single wan pipe and shall be high density, 
extra high molecule weight polyethylene pipe. The pipe shall conform to ASTM D-3350 
with a minimum cell classification value of 345434C. The pipe shall have a minimum SDR 
rating of 32.5 and shall be manufactured at the diameters specified on the Cap Penetration 
Detail. The pipe shall be made from the same polyethylene resin base that meets this 
specification. The locking cap shall be compatible with the pipe manufacture and shall fonn 
an air tight seal with the pipe. 

A. Physical Properties: 

Test Method Nominal Value 

1. Density - ASTM D-1505 0.955 g/cm3 

2. Melt Index - ASTM D-1238 0.11 gm/ JO 
mm 

3. Flex Modulus - ASTM D-790 125,000 psi 
4. Tensile Strength at Yield - ASTM D-638 3500 psi 
5. ESCR-Environmental Stress Crack Resistance 5000 F, hours 

- ASTM D-1693 
6. Hydrostatic Design Basis - ASTM D-2837 1600 psi 
7. ESCR - Compressed Ring - ASTM F-1248 --

8. Cell Classification - ASTM D-3350; PE --
345434C 
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B. Acceptable Manufacturers: 

1. Plastic Fusion Fabrications, Inc 
2. Plexco 
3. Fluid Controls, Inc. 
4. Other approved equal by Engineer 

PART 3 - EXECUTION 

3.01 MATERlAL DELIVERY AND STORAGE 

A. HDPE liner material shall be delivered to the site and unloaded with equipment that 
can safely handle the material without causing damage. The material shall be stored 
on a clean, level, dry surface free of rocks or debris that could damage the material. 
The material shall be covered to prevent exposure to dust, mud, moisture, and 
sunlight until such time as the material will be used. 

B. Bentonite clay material shall be delivered to the site during dry weather. The 
material shall be unloaded with equipment that can safely handle the material 
without causing damage. The material shall be delivered in individual bags not 
weighing more than 50 pounds and shall be safely stacked on wooden pallets. The 
pallets shall be stored on clean, level , dry surface away from areas of ponded water 
or areas that attract stonnwater runoff. The material shall be covered and secured 
·with a moisture protective tarpaulin to prevent premature hydration of the material. 
Bentonite clay that is hydrated prior to use will be removed and replaced with dry 
mate,ial at no cost to the Owner. 

C Piping and accessories delivered on site shall be clean , new and bear the 
manufacturer 's identification and designation. Piping and accessories shall be 
un loaded and stored on site on pallets in accordance with the manufacturer' s 
recommendations. 

D. Piping and accessories damaged en route to the site or during the unloading will 
be rejected and shall be removed form the site and replaced with new piping 
meeting these specifications. 

3.02 INSPECTIONS 

02772 

A . The contractor shall be responsible for assuring that the material s have been placed 
in accordance wi th these Specifications and the Drawings. 

B. The Engineer shall inspect the work of the contractor to verify that the 
Specifi cat ions have been met. The Engineer shall, at a minimum, inspect for: 
bedding layer cond ition , logging of identifying labe ls from materials, adherence to 
penetration detail, weather conditions. cap penetrations work, overlaps. wrinkles 
and creases, and damage to material or the adjacent landfill cap. 
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C. Before covering the cap penetration, the contractor shall obtain the approval of the 
Engineer. The Engineer's approval will be based on verifying that conditions 
specified above satisfactorily meet these Specifications. The Contractor shall be 
responsible for repairing any defect or damaged mate1ial at his own expense, when 
and if such damage or defect has been caused by the actions of the Contractor, as 
determined by the Engineer. 

D. All piping and accessories shall be carefully inspected by the Contractor for 
defects before installation and all defective, unsound or damaged materials shall 
be rejected. The Engineer will make such additional inspection he deems 
necessary and the Contractor shall furnish all necessary assistance for such 
inspection. 

E. Operating parts shall be operated several times to demonstrate proper operation 
and adjustment. 

3.03 CAP PENETRATION PROCEDURES 

02772 

A. General 

1. Contractor shall verify the locations of all potentially conflicting utilities 
and structures as indicated en the Drav1ings prier to commencing cap 
penetration work. 

2. Contractor shall have onsite the shop manufactured 24-inch diameter SDR 
32.5 HDPE smooth pipe and 60-mil HDPE membrane boot connection, 
filter fabric, bentonite, concrete, and 36-inch diameter HDPE pipe with 
locking cap. Further, the contractor shall have a calibrated and operable 
landfill gas meter onsite operated by an individual trained in the proper 
use of such equipment. 

3. Contractor shall clear an area at least 72 inches by 72 inches of existing 
landfill cover soil material using hand excavation techniques (square 
shovels) . No picks, spade shovels, or other sharp pointed instruments 
shall be used. The cleared membrane area shall be carefully examined for 
visible damage. Any visible damage, outside the area to be covered by the 
new membrane boot, shall be tested and repaired (if necessary) prior to 
any other work being performed in accordance with the testing and 
we lding procedures described herein The air space immediately above 
the liner and the worker breathing space shall be monitored for the 
presence of methane, hydrogen sulfide, and oxygen deficiency prior to any 
penetration of the liner to establish background levels. 

4. Contractor shall cut a 24-inch by 24-inch opening in the ex isting 60-rn il 
HDPE liner at the location designated. Upon liner penetration. breathing 
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space monitoring using the landfill gas meter shall be perfonned at least 
once every 15 minutes. Should elevated levels of landfill gases or 
decreased levels of oxygen content be measured at any time during the 
work, then all work shall be stopped and implementation of health and 
safety measures to mitigate worker exposure shall commence. Measures 
such as, but not limited to, donning of level C (full face respirators, 
protective suits, etc) or level B (self-contained breathing apparatus) PPE 
should be anticipated. 

5. The contractor shall then install the shop manufactured 24-inch HDPE 
pipe and 60-mil boot centered over the liner penetration. The top of the 
24-inch HDPE pipe will be leveled and the 48-inch by 48-inch bottom 
sheet of the boot will then be extrusion welded to the existing 60-mil 
HDPE or LLDPE liner in accordance with the HDPE repair procedures 
described herein. Following extrusion welding, the contractor shall wait 
for the weld to cool and then perform vacuum testing of the weld in 
accordance with the testing procedures specified herein. 

6. The contractor shall install a minimum 12-inch thick layer of bentonite 
clay around the 24-inch booted pipe covering all of the exposed HDPE 
membrane and up to the exposed edges of the cover soil materials 
(approximately 72 inches by 72 inches and as needed to fill the excavation 
from sidewall to sidewall). The bentonite shall be tamped in place. The 
exposed surface shall be free of standing water during installation of the 
bentonite. 

7. The contractor shall then install th e 36-inch diameter HOPE pipe over and 
centered around the 24-inch pipe and embedding the 36-inch pipe 
approximately 6-inches into the bentonite clay layer. The contractor shall 
then pour the concrete seal material over the bentonite in a minimum 12-
inch thick layer around 36-inch pipe within a 72-inch by 72-inch wide by 
12-inch deep fonn. The thickness of concrete w ill be varied to meet the 
elevation of the top of the adjacent cover soils. Fonns shall be stripped 
no sooner than 24 hours after placement of concrete . 

8. The contractor will install the air-tight, locking cover over the 36-inch 
pipe after the concrete has sufficiently cured and the pipe is stable and 
resistant to lateral movement. 

3.04 FI ELD S EA MI NG 

02772 

A. Cap Penetration Boot and Repair Layout: 

In general, boot repair shall be square and ori ented a t 45 degree angles to th e 
s lope of the area to prevent damming o f water on top of the membrane. Whenever 
possibl e, no wel ds shall be perpendi cular (horizontal) to the slope. No sea ms 
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B. 

shall be located in an area of potential stress concentration. 

Personnel: 

1. All personnel perfom1ing seaming operations shall be qualified as 
indicated in Part 1.05-D of this Section. No seaming shall be perfonned 
unless a "master seamer" is present. 

C. Weather Conditions for Welding: 

1. Unless authorized in writing by the Engineer, welding shall not be 
attempted at ambient temperatures below thirty-five degrees Fahrenheit 
(35°F). At ambient temperatures between thirty-five degrees Fahrenheit 
(35°F) and forty degrees Fahrenheit (40°F), welding shall be allowed if 
the geornembrane is preheated either by the sun or a hot air device, and if 
there is no excessive cooling from the wind. At ambient temperatures 
above forty degrees Fahrenheit ( 40°F), no preheating shall be required. In 
all cases, the geomembrane shall be dry and protected from wind damage. 

2. If the Contractor wishes to use methods that may allow welding at 
ambient temperatures below thirty-five degrees Fahrenheit (35°F) or 
above one hundred ten degrees Fahrenheit (1 I 0°F), he shall use a 
procedure approved by the Engineer. In addition, an addendum to the 
Contract between the Owner and the Contractor shall be required which 
shal l specifically state that the seaming procedure does not cause any 
physical or chemical modification to the geomembrane that will generate 
any short or long tenn damage to the geomembrane. 

3. Ambient temperatures shall be measured six inches (6") above the 
geomembrane surface. 

D. Overlapping and Temporary Bonding: 

I. Geomembrane material shall be overlapped a minimum of 12-inches for 
all welds. 

2. The procedure used to temporarily bond adjacent panels together shall not 
damage the geomembrane. The temperature of the air at the nozzle of spot 
welding apparatus shall be controlled such that the geornembrane is not 
damaged. 

E. Weld Preparation: 

I . Pri o r lO weldin g, the area shall be clean and free of grease, moisture, dust 
di1i , debri s of any kind , and other foreign material. 
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2. If material overlap grinding is required, the process shall be completed 
according to the Manufacturer's instructions within one hour of the 
seaming operation and in a manner that does not damage the 
geomembrane. 

F . Welding Process: 

1. Approved processes for field welding repairs are extrusion welding only . 
Welding equipment shall not damage the geomembrane. Only apparatus 

which the Engineer has specifically approved by make and model shall be 
used. Proposed alternate processes shall be documented and submitted to 
the Engineer for approval. 

2. Extrusion Equipment and Procedures: 

a. The Contractor shall maintain at least one (1) spare operable 
seaming apparatus on site. 

b. Extrusion welding apparatus shall be equipped with gauges giving 
the temperature in the apparatus and at the nozzle. 

c . Prior to beginning a seam, the extruder shall be purged until all 
heat-degraded extrudate has been removed from the barrel. 
Whenever the extruder is stopped, the bane] shall be purged of all 
heat-degraded extrudate. 

d. The geomembrane surface shall be abraded a mmimum of one­
quarter inch ( 1/4") beyond the welded area, using a disc grinder, or 
equivalent, not more than one-half (1/2) hour before extruding 
seam. The top edges of geomembrane shall be beveled forty-five 
degrees Fahrenheit (45°F) using a hand held grinder. The ends of 
all seams, which are more than five (5) minutes old, shall be 
ground when restarting the weld. Grinding depth shall not exceed 
ten percent (10%) of the liner thickness. 

e. The Contractor shall provide documentation regarding the 
extrudate to the Engineer and shall certify that the extrudate is 
compatible with the Specifications, and consists of the same resins 
as the geomembrane. 

f The electric generator shall be placed on rub or scrub sheets . A 
smooth insulating plate or fabric shall be placed beneath the hot 
welding apparatus after use . 

G . Trial Welds: 
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I. Trial welds shall be made on fragment pieces of geomembrane to verify 
that seami ng conditions are adequate. Such trial welds shall be made at 
the beginning of each welding period, and at least once each five (5) 
hours, for each seaming apparatus used that day. Trial welds shall be 
made under the same conditions as actual seams. The trial weld sample 
shall be at least four feet long by two feet wide (4' long x 2' wide) (after 
seaming) with the seam centered lengthwise. weld overlap shall be as 
indicated in Part 3.04-D of this Section. 

2. Six (6) specimens, each one inch (1") wide, shall be cut from the trial 
weld sample by the Contractor. Three specimens shall be tested in shear 
and three in peel, using a field tensiometer and in accordance with the 
criteria detailed below. The test specimens shall not fail in the weld. If a 
specimen fails, the entire operation shall be repeated. If the additional 
specimen fails, the seaming apparatus and seamer shall not be accepted 
and shall not be used for welding until the deficiencies are corrected and 
two (2) consecutive successful trial welds are achieved. 

TABLE 02771-6 

REQUIRED HDPE GEOMEMBRANE SEAM PROPERTIES 

Properties Qualifier Specified Units 60 mil (1) 

Shear Strength (at yield point) Minimum lb/in 120 

Peel Test - Adhesion Extrusion Minimum lb/in 78 
Weld 

02772 

a. All tests shall exhibit a Film Tearing Bond type of separation in 
which the geomembrane material tears before the weld. At least 
five (5) coupons shall be tested by each test method. Five (5) of 
five(5) coupons shall meet minimum requirements. Coupons from 
each sample shall be selected alternately for testing (i.e. , peel, 
shear, peel, shear. . . . ). For double wedge seam samples, both 
welds shal l be tested in peel. Test results shall be provided 
verbally within twenty-four (24) hours after receiving samples and 
within seven (7) days in written fonn . 

3. After completion of the above-described tests, the remaining portion of the 
trial weld sample will be discarded. Alternatively, the remaining po11ion 
of the trial weld can be subjected to destructive testing. If a trial weld 
sample fails a test, then a destrnctive test weld sample shall be taken from 
the welds completed by the extrusion welder during the shift related to the 
considered trial weld. These samples shall be forwarded to the Engineer 
and, if they fail the tests. the procedure indicated in Pan 3.04-1 of this 
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Section shall apply. The conditions of this paragraph sha ll be considered 
as met for a given weld if a destructive seam test sample has already been 
taken from the considered seam. 

H. Nondestructive Seam Continuity Testing: 

1. The Contractor shall nondestructively test all field seams over their full 
length using a vacuum test, air pressure test (for double fusion seams 
only), or other approved method. No vacuum testing shall be used on 
double fusion well s unless approved by the Engineer. Continuity testing 
shall be carried out as the seaming work progresses, not at the completion 
of all field seaming. The installer shall complete any required repairs in 
accordance with Part 3.04-I of this Section . The following procedures 
shall apply to locations where seams cannot be nondestructively tested: 

a. If the seam is accessible to testing equipment prior to final 
installation, the seam shall be nondestructively tested prior to final 
installation. 

b. If the seam cannot be tested prior to final installation, the seaming 
operations shall be observed by the Engineer for uniformity and 
completeness. 

2. Vacuum Testing: 

a. The equipment shall comprise the fo ll owing: 

1. A vacuum box assembly consisting of a rigid housing, a 
transparent viewing window, a soft neoprene gasket 
attached to the bottom, port hole or valve assembly, and 
vacuum gauge. 

2. A steel vacuum tank and pump assembly equipped with a 
pressure controller and pipe connections. 

3. A rubber pressure/vacuum hose with fittings and 
connections. 

4 . A bucket and app licator. 

5. A soapy soluti on. 

b. The following procedures shall be followed: 

1. Energize the vac uum pump and reduce the tank pressure to 
approximate ly five pounds per square inch (5 psi) gauge. 
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2. Wet a strip of geomembrane weld approximately fonr 
inches by 48 inches (4" x 48") with the soapy solution. 

3. Place the box over the wetted area. 

4. Close the bleed valve and open the vacuum valve. 

5. Ensure that a leak tight seal is created. 

6. Apply a vacuum pressure of approximately five pounds per 
square inch (5 psi). 

7. Examine the geomembrane through the viewing window 
for the presence of soap bubbles for not less than fifteen 
(15) seconds. 

8. If no bubbles appear after fifteen (15) seconds, close the 
vacuum valve and open the bleed valve, move the box over 
the next adjoining area with a minimum three-inch (3") 
overlap, and repeat the process . 

9. 

l Defects and Repairs: 

All areas where soap bubbles appear shall be marked with a 
marker that will not damage the geornembrane and repaired 
in accordance with Part 3.04-1 of this Section. 

1. The geomembrane will be inspected before and after seaming for evidence 
of defects , holes, bli sters, undispersed raw materials and any sign of 
contamination by foreign matter. The surface of the geomembrane shall 
be clean at the time of inspection. The geomembrane surface shall be 
swept or washed by the Contractor if surface contamination inhibits 
inspection. The Contractor shall ensure that an inspection of the 
geomembrane precedes any seaming of that Section. 

2. Each suspect location, both in seam and non-seam areas, shall be 
nondestructive! y testing using the methods described in Part 3 .04-I of this 
Section, as appropriate. Each location which fails nondestructive testing 
shall be marked by the Engineer and repaired by the Contractor. 

3. When seaming of a geomembrane is completed (or when seaming of a 
large area of a geomembrane is completed) and prior to placing overlying 
material s, the Engineer shall id enti fy all excess ive geornernbrane wrinkles. 
The Contractor shall cut and reseam all wrinkles so identified. The seams 
thus produced shall be tested like any other seams. 
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4. Repair Procedures: 

a. Any portion of the geornembrane exhibiting a flaw, or failing a 
destructive or nondestructive test, shall be repaired by the 
Contractor. Several repair procedures exist. The final decision as 
to the appropriate repair procedure shall be agreed upon between 
the Engineer and the Contractor. The procedures available 
include: 

1. Patching, used to repair holes ( over three-eight-inch [3/8"] 
diameter), tears ( over two inches [2"] long), undispersed 
raw materials , and contamination by foreign matter; 

2. Abrading and re-seaming, used to repair small sections of 
extruded seams (less than twelve inches [ 12"] long); 

3. Spot seaming, used to repair small tears (less than two 
inches [2"] long), pinholes, or minor localized flaws and 
surface damage; 

4. Capping, used to repair long lengths of failed seams; 

5. Removing failed seam lengths and replacing with a strip of 
new material seamed into place (typically used with long 
lengths of fusion seams); and 

6. When sufficient overlap exists (one and one-half-inch 
[1.5"] or more) , heat tacking the fu sion seam flap and 
placement of an extrusion weld along the outer edge of th e 
upper geomembrane sheet. 

b. ln addition, the following shall be satisfied: 

I . Surfaces of the geomembrane which are to be repaired shal I 
be abraded no more than one ( 1) hour prior to the repair; 

2. All surfaces must be clean and dry at the time of repair; 

3. All seaming equipment used in repair procedures must be 
approved; 

4. The repair procedures, materia ls, and techniques shall be 
approved in advance, for the specific repair, by the 
Engineer and Contractor; 
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5. Geomernbrane surfaces to be repaired shall be abraded 
(extrusion welds only) no more than one-half (1 /2) hour 
prior to the repair; 

6. Patches or caps shall extend at least six inches (6") beyond 
the edge of the defect, and all corners of patches shall be 
rounded with a radius of at least three inches (3"); and 

7. The geomembrane below large caps shall be appropriately 
cut to avoid water or gas collection between the two (2) 
sheets. 

5. Repair Verification: 

Each repair shall be numbered and logged and shall be nondestructively 
tested using the methods described in Part 3.05-1 of this Section, as 
appropriate. Repairs which pass the nondestructive test shall be taken as 
an indication of an adequate repair. Failed tests will require the repair to 
be redone and retested until a passing test results. 

- END OF SECTION -
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during the test . Work in a 
well-ventilated area away 
from open flames and 
other sources of ignition. 
Review the Material Safety 

Data Sheet before 
handling any chemicals. 

Industrial Test Systems, Inc. 
1875 Langston Street, Rock Hill, SC 29730 USA 

Phone: (800) 861-9712, (803) 329-9712, Fax: (803) 329-9743 
eMail: its@sensafe.com , International: www lTSExport@sensafe.com 

Web: www.sensafe.com 

ITS Europe, LTD 
Unit B Stanley Court, Glenmore Business Park. Telford Road 

Churchfields Industrial Estate 
Sal isbury, Wiltshire SP2 7GL UK 

Phone: +44 (0) 1722 329502, Fax: +44 (0) 1722 329880 
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AsPI ij@~·-· 
Part Number : 481396, 100 Tests 

Kit Compon~ents: 

This test detects soluble inorganic Arsenic (As' 3 and As+5) 

This Arsenic Test Kil provide s a safe , simple, and reliable way to test for 
Arsenic from O to 0.5 mgll (up to 2.5mg/L when using 115 dilution 
method) . Follow the instructions carefu lly to get reliable results. All 
components are supplied in the kit except for a tim er and thermometer. 
This test tolerates up to 2.0 mg/L Hydrogen Sulfide without interference . 
No interference was found for this test kit for Antimony up to 0.5mg/L. No 
interference from Iron or Sulfate wa s found. II is recommended that the 
water sample be 22°C - 28°C. The color chart was standardized at 24°C. 
For reference purposes, record the temperature at which the sample was 
run . Use all reagents and lest strips within the allowed shelf life as marked 
on each container. 

2 Reaction Bottles, clear PVC, with 20ml (lower) and 100ml (upper) lines {Reorder # 487 396-BTL) 

2 White Caps, with white turret, for holding test strip {Reorder# 487396-WCP) 

3 Plastic Spoons (one large pink spoon for First Reagent; one small red spoon for Second 

Reagent; and one small white spoon for Third Reagent) {Reorder# 487396-SPN} 

1 Large Bottle of First Reagent (380 gm) (Reorder# 487 396-R7) 

1 Small Bottle of Second Reagent {65 gm) (Reorder# 487 396-R2} 

1 Small Batlle of Third Reagent {180 gm) (Reorder# 487396-RJ) 

1 Bollle of Arsenic Test Strips (100 total) - Caution: Each test strip pad contains about 

1 mg Mercuric Bromide (HgBr
2

) (Reorder# 487396-STP) 

Instruction Booklet (Reorder# 487 396-INST) 

Instruction Sticker (Located inside Plastic Case, Reorder# 487396-STK) 

Plastic Bag for Used Test Strips (Not shown in below photograph, Reorder # 481396-BG) 

2 Yellow Caps for mixing (Reorder# 481396-YCP) 

Plastic Case for Components (Reorder# 481396-PC) 

Easy-Read'M Color Chart (Reorder # 487396-EZCC) 

Options: 

• Thermometer - mercury free (US $3.99 each - sold separately, Order# 481396- T) 

• Stopwatch (US $14.99 each - sold separately, Order# 481660) 

Chemistry of the Reaction {Modified Gutzeit method): 
Inorganic Arsenic compounds in the water sample are converted to Arsine (AsH,) gas by the reaction of Zinc Dust and 
Tartaric Acid . Ferrous and Nickel salts have been added to accelerate this reaction. The Arsine converts the Mercuric 
Bromide on the test strip to mixed Mercury halogens (such as AsH

2
HgBr) that appear with a co lor change from white 

to yellow or brown. Potassium Peroxymonosulfate is added to oxidize Hydrogen Sulfide to Sulfate. 

PRECAUTIONS: Hydrogen gas and Arsine gas are generated during the reaction. Work in a well-ventilated area 
away from fire and other sources of ignition. All reagents are unsuitable fo r human consumption . 

US Patent# 6696300 

Plastic Case for 

Components 

Bottle of Fi rst Reagent ~ 

Ea sy- Read™ Color Chart 

2 Yellow Caps 

2 Reaction Bottles 

~ -.... ~ ~Yi;'\~~ . FJ~; ij ':.:,,;:; ~·'''~"' , w. 
Bottle of Se -- 1/ ______ ,-- ---~£~ : ; -----/ . hole Caps 

cond Reag i''~""'·•- . -._,;;•~:.c~;•-_ , .. -· __ __ - _ .-. • ____...-;------ // __ , · with Turret 
eot =-~-- ·••~v,." ',-__ s -,-,,~ _ii,,::;:,-,:"'"~)]"· .. ·,:<: ~ ,' ' 
Bottle of Thiod R:~ :· . Botti~ ~I A,seodest St,,ps 

3 Plastic Spoons 
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WARNING: Hydrogen and Arsine gases are generated during the test. Work in a As•" . . . . As •·· 
well-venUlated mea away from open flames and othec somces of fgnftion. Re,few the p I ~I; •C·· K 
Material Sa fety Data Sheet before handling any chemicals. .. , · ; · . . " ' 

For better accuracy, we recommend running the test in duplicate for each water sample. ·.. · • .• ~-. ·· 'iJ 
. . ., •• 

T e s t P r o c e d u r e . FOLLOW KIT INSTRUCTIONS CLOSELY 
(See Instruction Sticker in plastic case cover for visual help.) Part Number: 481396, 100 Tests 

1. For best results, the water temperature should be between 22°C to 28°C. Use a thermometer to 
verify the temperature of the sample. 

2. To the Reaction Bottle, slowly and carefully add the water sample to the upper marked line 
on the bottle (100 ml). 

3. Add 3 level pink spoonfuls of First Reagent [TI to the Reaction Bottle. Cap the bottle 
securely with yellow mixing cap and shake vigorously for 15 seconds. 

4. Uncap the Reaction Bottle; add 3 level red spoonfuls of Second Reagent~. Cap the 
bottle securely with yellow mixing cap and shake vigorously with bottle upright 
for 15 seconds. Allow the sample to sit for 2 minutes to minimize 
Sulfide interference. 

5. Uncap the Reaction Bottle and add 3 level white spoonfuls of Third Reagent@] . 
Cap the bottle securely with yellow mixing cap and shake vigorously for 5 seconds. 

6. Remove yellow mixing cap. Recap the bottle immediately and securely 
using the white cap (must be dry) with turret up (open). Back 

7. Remove one Arsenic test strip from the test strip bottle and immediately recap 
the test strip bottle. In order for the results to be accurate, the test strip 
must be oriented correctly, and inserted to the correct depth. Insert the 
test strip into the turret as illustrated in Figure 1 and Figure 2: 
a) Position the strip so that the test pad and red line are 

facing the back of the white cap (see Figure 1) . 
b} Insert the strip into the turret until the red line is even with the top of 

the turret, and close (flip down} the turret (see Figure 2). This will 
hold the test strip in place. (Note: Steps 6 & 7 should 
be completed within 30 seconds.) 

8. Using a timer, allow the reaction to occur in an undisturbed, well-ventilated / 
area for 10 minutes. Reaction generates small hydrogen gas bubbles. 

' Figure 1 

Figure 2 

9. After the 10 minute wait (but before 12 minutes}, pull up the turret and carefully remove the test strip. 
Do not touch the reaction pad. Use the Quick™ Easy-Read™ Color Chart to match the reaction pad 
color. Position the reacted test strip pad behind the punched holes, view center of test strip pad 
through the hole, and confirm precise color match and Arsenic level. COMPLETE MATCHING 
IMMEDIATELY (WAIT NO LONGER THAN 30 SECONDS) . After 30 seconds have elapsed, 
the colors begin to change (yellow colors fad e and browns turn grey or black} . For best color matching 
results use natural daylight; avoid direct sunlight. 

10. Record your result. 

NOTE: If your Arsen ic level is 200 ppb or above, you can confirm the elevated levels by diluting the 
wa ter sample 1 to 5. Fill the Reaction Bottle to the bottom marked line with 
water sa mple (20 ml) and add Arsenic-free water to the upper marked line. Now run steps 3 thru 10. 
For your true Arsenic value, multiply the resu lt by 5 to correct for dilution and record the value. 
(Mercuric Bromide strips (Arsenic test strips) will not react with arsine gas if they are wet!) 

ATTENTION: Soon after testing is completed, decant liqu id from the bottle down a drain lhat is not used for foocl preparation and flush with 
water. Wet Zinc should be collected and di sposed of according to loca l regu lations. Rinse It1e bottle. whi te cap, and yellow cap with clean water. 
Shake off any excess water and dry the white cap with turret with a soft ti ssue. Drying the white turret cap 1s especial ly important ii you plan to 
run the next test immediately. Store the used strips in the pla stic bag marked ··used Mercuric Bromide (HgBr2) Test Strips". l<eep the used strips 
inaccessi!Jle lo ch ildren and pets. and dispose according to loca l environmental regulations. 

w 



INSTRUCTIONS FOR BEST ACCURACY 

1. To gain confidence in using this test kit for unknown samples, it is highly recommended that 
you use the kit on a sample with a known inorganic Arsenic concentration value, or with a sample that 
has been prepared using an Arsenic standard. By making a "practice run" of the test, you will familiarize 
yourself with all of the procedures necessary to ensure accurate testing results. Additionally, you will 
have the opportunity to become famil iar with the process of color matching, which will help to ensure 
accurate test results. ITS suggests the test be run in duplicate for better accuracy. 

2. The water sample must not be preserved with Nitric Acid or any other preservation method. 
Small amounts of strong acids will interfere with the test results; and therefore it is best that the water 
sample be freshly drawn and run within 8 hours . Water samples held for over 24 hours may read as 
much as 20% lower. The water sample should not contain any significant amount of buffers. If you are 
planning to send a duplicate sample for ICP laboratory verification, follow preservation requirements for 
that sample only. 

3. The water and ambient temperature are very important to ensure accurate results. As an 
example, a water temperature of 15°C can result in the color development on the test strip pad to be as 
much as 3 color blocks lighter than the actual Arsenic concentration in the tested sample (a false low 
reading occurs). When the water is cold, warm water sample to 22°C to 28°C before testing. If the 
water temperature is above 28°C your result will read low (accelerator chemistry reacts too fast) . To 
correct for accelerator effect when water is above 28°C, use 2 level pink spoonfuls of First Reagent 
instead of 3 spoonfuls in step 3, page 3. This slows the chemistry to allow better results. Use the 
normal amount (3 spoonfuls) of Second and Third Reagents. Consideration must also be made for the 
air temperature when running the test. Best results are from 22°C to 28°C (water and air). The color 
chart and Arsenic Scan instrument chart are calibrated at 24°C. 

4. After the test has been run, try to rinse out the reaction bottle with clean tap water as soon as 
possible. When the reaction chemicals are allowed to sit in the reaction bottle after the reaction time, 
the zinc may begin to adhere to the bottom of the bottle. When this occurs, you may need to clean the 
reaction bottle with a bottlebrush. Another method for zinc removal is to use a 20% Hydrochloric Acid 
(reusable) rinse. Be sure to rinse the reaction bottle with clean tap water before running the next test. 

5. When matching your test strip pad with the colors on the Easy-Read™ color chart, it may be 
helpful to find a color that is clearly lighter than the test strip pad and make note of it (as an example, we 
will use a value of 10 ppb) . Next, find a color that is clearly darker than the test strip pad (as an 
example, we will use a value of 30 ppb). By defining a lowest and highest possible value range we can 
assume that the correct color match is 20 ppb. If the 20 ppb color matches, then you have determined 
your Arsenic level. In some cases, however, an exact color match will not be available . As an example, 
if your test strip pad is slightly darker than 20 ppb and slightly lighter than 30 ppb, you can estimate a 
value of 25 ppb as your result. Following these easy steps can make color matching more precise. 
Careful color matching will assure the best possible result. 

6. Excessive levels of Hydrogen Sulfide (above 2 mg/L) can interfere with the results of this test. 
Excess Hydrogen Sulfide will usually result in elevated Arsenic readings. Our test kit will eliminate up to 
2 mg/L of Sulfide interference. You can overcome Hydrogen Sulfide levels above 2 mg/Lin two ways: 
Allow the water sample to sit at room temperature, exposed to air for 8 hours (about 50% of the H2S 
gas dissipates for every 8 hours) , or double (6 red spoonfuls) the amount of Second Reagent used so 
the Hydrogen Sulfide gas elimination of the test is increased. 

Industrial Test Systems, Inc. sells Hydrogen Sulfide detection kits (part# 481197-20) for quick, accurate 
verification of this interfering ion . The test kit detects levels of 0. 3, 0.5, 1.0, and 2.0 mg/L (ppm) . The 
Hydrogen Sulfide test kit contains all components necessary to run the test, and is economically priced 
at $15.99 for 30 tests. 

7. It has been determnined that irrigation of crops with arsenic water increases the soil arsenic 
levels which can increase the arsenic content in the crop. This Arsenic kit can be used for screening of 
Arsenic levels in soil. See procedure on Page 8. 

8. If you have any questions or comments, please feel free to contact our R&D Department at 
1-803-329-01 62 ext 210 or by email at: research@sensafe.com. 
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QUICK™ ARSENIC TEST KIT TROUBLESHOOTING 

A,PI IC ~,·· 
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Problem 
" . 

Possible Causes/Solutions 

Low or no color development 1. Temperature of the sample may be below 20°C 
on reaction pad after 1 O 2. The strip may not have been inserted correctly. Run test 
minute reaction time. again and verify strip pad is exposed to arsine gas. 

3. Correct amount of reagents may not have been added. Run 
test again . 

4. The reaction cap may have been loose. Run test again. 
5. The sample may contain organic arsenic or the arsenic 

is bound. Kit only tests for soluble inorganic arsenic. 
6. pH of the sample during 10 minute incubation is incorrect. 

pH should be between 1.5 to 1.7 at step 5, page 3. 
7. Test strip pad is very wet, which inhibits colorimetric 

reaction. Moist pad at end of test is normal. 

Only part of the strip 1. Strip pad may not be facing properly. Run test again. 
reaction pad has color. 2. Reaction cap may have leaked. Run test again. 

Little or no Hydrogen gas 1. Addition of Reagent 1 could have been omitted, run test again. 

bubbles occur after Reagent 2. Excess oil and grease will hinder or suppress rate of 
3 addition. gassing, dilute sample and run test again. 

3. Strong acid may be present in sample as a preservative 
or from sampie source because of where and how the 
sample was collected. Strong acids interfere with test. 

4. pH of water sample is too alkali. For proper 
Hydrogen gas reaction the water sample with all three 
reagents added should be around a pH of 1.5 to 1. 7 at step 5, 
page 3. 

Color on the pad suggests 1. Possible interference, check for sulfide. 
more arsenic is present than is 2. Dilute sample 1 :5 and run test again. 
expected. 

Interference due to elevated 1. Allow sample to sit at room temperature, exposed to air 
Sulfide. for up to 8 hours (typically 50% of the hydrogen sulfide gas 

is dissipated every 8 hours). 
2. Run test again, using double the amount of Second Reagent 

Color on the pad is darker than 1. Dilute the sample with arsenic/sulfide free water, run 
the highest concentration on test again. 
the chart. 

Color on the Arsenic test 1. Cap may have leaked, run test again. 
pad suggests arsenic 2. Arsenic may be bound, insoluble, or organic. This kit only 
recovery is below arsenic tests for soluble inorganic arsenic. 
level expected. 3. Interference due to elevated nitrate, nitrite, Hydrogen 

Sulfide or lead (Pb+2) in water sample. 
4. Temperature may be too low. Run test again . 
5. The strip pad may be very wet. Be sure water temperature is 

below 28°C. 
6. Sample wa s preserved with strong acids . Run test again 

without preservative acids. 
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ADDITIONAL TROUBLESHOOTING IDEAS 
If the "Quick™ Arsenic Test Kit Troubleshooting at a Glance" section does not resolve the questionable 
result, then proceed as follows (in order given): 

1. Initial Verification Check 
a. Verify against the parts list that the correct kit and components were received . 
b. Verify that the storage time for the sample is within the recommended 8- hour window. 

Clean glass or plastic containers are acceptable for storage. Longer storage time is possible 
only when microbiological activity is not present. 

c. Verify that the sample is not preserved by acidification, with strong acids (especially nitric 
acid). Strong acids will interfere with the chemistry of the test kit. 

2. Standard Solution Check 
a. Run a known standard solution (such as a dilution of ITS' Cat# 800-4, 1000 ppm Arsenic 

standard), through the test procedure. 
The result of the standard solution check should meet kit specification(+/- 78 ppb or +/-30%). 

3. Test Procedure and Test Kit Check 
a. Verify that the correct test procedure matches the kit being used. 
b. Verify that the color chart is correct for the kit in use. 
c . Verify that the correct reaction vessel and volume are being used. 
d. Verify that the amount of reagents are correct for the sample size and kit being used. 
e. Verify that the dilution factor, if used, is correct. 
f. If using the optional Quick™ Arsenic Scan, verify that the density value is set to "Y". 
If any part of the test kit and/or procedure is incorrect, correct the problem and repeat 
the test. 

4. Test Kit Reagents and Analytical Technique Check 
If the standard solution check still does not match the expected results, check the 
reagents used in the test and the analytical technique as follows : 
a. Verify that the reagents have not expired. While most reagents have a reasonable shelf life, 

storage temperature and storage conditions may affect it. Replace suspect reagents and 
run the standard solution check (Step #2 above) again. 

b. Examine the test strip. Verify that the pads on the strips are white and dry. 
c. If the strips are out of date or do not pass the visual check above, obtain fresh strips and 

repeat the test. 

5. Reagent Contamination Check 
a. Run a water blank (arsenic and sulfide-free) through the entire process, using the correct 

test procedure for your kit; include sampling, storage, digestion, and colorimetric 
determination when applicable. Color development on the test pad may indicate 
a contaminated reagent. Substitute the reagents one by one with new reagents until the 
reacted pad is white (shows no arsenic). 

6. Unexplained differences to Reference Arsenic Test 
If you run ITS's Arsenic kit and find an unexplained difference when compared to a reference 
arsenic test method take the following steps: 

1. Confirm that you are running the test according to the correct procedure. 
2. Make sure your questionable sa mple is within the range of the test. (A sample out of 

range for the method may give erroneous results because of overdeveloped color.) 
3. Try a 1 :5 dilution of the sample with distilled or deionized water and retest the sample. 
4. Test a known standard (for example, a 100 ppb Arsenic standard) to see if it is within 

specifications. 
5. Confirm that organic arsenic is not the cause of the difference in results. 

If the test with a known standard solution gives the correct value in comparison with the reference 
method, then the sample with questionable results may have an interfering substance. The issue 
may possibly be resolved by a common analytical technique known as the Spiked Recovery Test 
Method for Interferences outlined below. (Note: Because this method is somewhat technical you 
should have already performed the easier steps li sted above ) 
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ADDITIONAL TROUBLESHOOTING IDEAS - CONTINUED 
7 . Spiked Recove ry Test Method for Interfere nces : 

1. Add a known amount of Standard Solution to the questionable sample. This is now the 
"spiked sample." To avoid test results being underdeveloped, it is recommended to add the 
Standard Solution amount that is at least equivalent to three times the minimum detectable 
limit of the test (15 ppb). 

2. Test the spiked and un-spiked (original) sample using the same reagents, instruments, and 
technique or test method. The spiked sample should show an increase equal to the amount 
of standard added. The value received is called the Recovery . Ideally the% recovery is 100%. 
Results are acceptable if % recovery is in the range of+/- 30%. The formula for Calculating 

Percent Recovery is below. 
3. If the percent recovery is not in the acceptable range there may be interferences. If it is not 

possible to dilute the sample past the point of interference, and still be within the detection 
limit of the test kit, a different test kit with a different detection specification may be needed. 

Calculating percent r ecovery : 

The percent recovery formula is as follows: 

Where: 

%Recovery = 1 00(Cs-Cu) 
K 

Cs = concentration found when testing the spiked sample 

Cu = concentration found when testing the unspiked sample (NOTE: result should be adjusted for 

the dilution of the spike volume if volume change is more then 5%) 

K = concentration of the spike added to the sample 

Example 1: 

An unspiked sample measures 30 ppb Arsenic . A separate 1000 ml portion of the questionable sample 
( wa s spiked by addinq 0.1 ml or 100 L of a 1000 ppm Arsenic Standard Solution. This is the eauivalent 
\ . - - .. ' 

(._ 

of adding 100 ppb Arsenic to the water sample. The spiked solution was measured by the same method 

as the original sample. The Spiked result was 150 ppb (Cs) 

Cs = 150 ppb 

Cu= 30 ppb 
K = 100 ppb 

% Recovery 100(150-30) 
100 

120% (Recovery result acceptable) 

Acceptable percent recovery values are 70-130% ( +/- 30 %) 

Example 2 : 

In another water sa mple using a similar spiked method as in Example 1 the results were 

Cs = 75 ppb 

Cu= 50 ppb 

K = 100 ppb 

%Recovery = 100(7 5-50) = 25% (Recovery result unacceptable) 

100 
This percent recovery va lue is low and would suggest that the water sample using this test is about 75 % 

below expected value for Arsenic. So in this example, you can calculate the Arsenic in thi s sample to be 

200 ppb. This is determined as follows: multiply the correction interference factor (for this example the 

100 divided by 25 equals 4.0) Th en multiply the 4.0 X 50 (As concentration found in this sample or Cu). 

Note: This example has never been known to occur; but is included as a theoretical possibility. 
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SOIL SCREENING METHOD FOR ARSENIC 
Scope and Application: (Non-Digestion Method) 
1. This method is valid for detection of Inorganic Arsenic in soil. 
2. The minimum Arsenic detection with 0.5 g of so il is 1.0 mg/kg. 
Sample Handling and Preparation (Recommended but n o t r equired): 
3. Dry soil for at least 1 hour at 60'C or until completely dry. 
4. Remove visible debris/stones from dried soil. 
5. Grind the dried so il into a fine powder and mix until homogenous using a coffee grinder or a mortar and pestle. 

(a Coffee Grinder works well) 
Interferences: 
6. Test tolerates up to 2 mg/kg of Hydrogen Sulfide, 9000 mg/kg of Iron, and 1500 mg/kg of Lead . 
Test Procedure: 
7. Weigh out 0.5 g of the dried soil and transfer to the Reaction Bottle supplied in the Arsenic Quick™ Kit 

(Part# 481396). Note: If the Sample Handling and Preparation steps are omitted, then use 1 g of soil. One gram 
is used on assumption that soil is 50% moisture by weight.) 

8. Fill the bottle to the upper marked line on the Reaction Bottle with 100 ml of Arsenic-free tap water or Distilled water. 
9. Follow the standard test procedure for the Arsenic Quick™ Kit starting with Step 3 on page 3. 
Calcula tion: 
10. Multiply the test result by 300 {correction multiplier) to get the Arsenic concentration in the soil as mg Arsenic/kg 

Soil. (Example: 40 gll x 300 = 12 mg Arsenic/kg Soil) 
NOTE: Because when compared to Acid DigestionllCP-MS Arsenic analysis, this soil screening method gives typically 

50% lower value; a correction multiplier of 300 is used (use 200 as a multiplier if you desire actual measured level) . 

SOIL SCREENING. METHODFOR ARSENIC 
Scope and Application: (Digestion Method) 
1. This method is applicable to the determination of Inorganic Arsenic in soil. 
2. The method is applicable in the range from 5 to 500 mg As/kg soil. 
Sample Handling a nd Preparation: 
3. Dry soil for at least 1 hour at 60°C or until completely dry. 
4. Grind the dried soi l into a fine powder using a coffee grinder or mortar and pestle and mix until sample is pulverized. 

(a Coffee Grinder works well) 
Interfe r e nces: 
5. Test can eliminate up to 2 ppm of Hydrogen Sulfide. 
h lr- '"'n rnnrantr".:'ltinnc ".:lhn.,,o Q()(\() n-i.n i='c./~n in cn il 1111ill niuo ln11,1 D.rco.nir r.oc11ltc 
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7. Lead concentrations above 1500 mg Pb/kg in soi l will give low Arsenic results. (Note: Lead levels of 5000 ppm or 
greater are considered as Superfund Contamination .) The lead poisons the zinc reaction and suppresses the 
generation of Hydrogen and Arsine gas. To minimize lead interference, 0.2 g of Potassium Iodide (Kl) should be 
added in the digestion procedure. 

Equipm ent/App aratus Needed: 
8. Heating Block (Hach® COD Reactor Model 45600 or Equivalent) 
9. Borosilicate screw cap style glass test tube (16 x 125 mm, Pyrex # 99449-1 Gx or 994 49-16xx or Equivalent) 

with Teflon lined screw cap (Pyrex # 9998-1 5 or Equivalent) 
10. Transfer Pipette 
11. Thermometer 
12. 50 ml or 100 ml Volumetric Flask 
Reagents Needed: 
13. 50% (vlv) Hydrochloric Acid [HCI] 
14. Distilled Water (or Arsenic-free Tap Water) 
Safety Con s iderations: 
15. Use a well-ventilated fume hood when handling Hydrochloric Acid (concentrated or 50%) . 
16. Wear Personal Protective Equipment (Gloves, Safety Glasses/Goggles, Lab Coat or Apron) when handling 

Hydrochloric Acid. 
Digestion Procedure: 
17 . Weigh 0.5 g of the dried soil and transfer to a glass test tube. 
18. Pipette 4.5 ml of 50% (v/v) HCI into the test tube, secure the screw ca p tightly on the test tube and shake upright 

for 5 seconds. (To minimize particles clinging to the upper walls of test tube and cap, it is recommended not to 
invert the test tube.) 

19. Place test tube in heating block for 1 hour at 95'C . Mix sample at least twice during digestion by carefully 
shaking test tube upright. 

20. Aner digesting the soil for 1 hour, remove the test tube lrom the heating block and allow to cool. 
21. Ca utiously open test tu be containing Digested Soi l Sample and point cap away from eyes and body. Transfer the 

cooled digest to a 50 ml volumetric flask. Wash the test tube several times with Disti lled or Arsenic-free water and 
add wash water to the flask without exceeding 50 ml volume. Fill to 50 rnl volume with distilled water. 

Test Procedure: 
22. Transfer 1 O ml of the 50 ml di luted digest to the Reaction Bottl e supplied in the Arsenic Quick™ Kit (Part# 

481396) . Fill the Reaction Bottle to the upper marked line with Arsenic-free tap water or Distilled water. 
23. Follow the standard test procedure for the Arsenic Quick™ Kit starting with Step 3 on page 3. 
Calculation. 
24. Mu ltip ly test resu lt by 1000 (Example 50 gll becomes 50 mg/kg) 

w 
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QUICK™ ARSENIC SCAN INSTRUCTIONS (INSTRUMENT SOLD 
SEPARATELY) FOR USE WITH ARSENIC QUICK™ TEST KIT (481396): 

Inst rume nt Components: 

1. Quickn, Arsenic Scan Unit (R710 Color Reflection Densitometer, part number 481305) 
2. Operation Manual (109 page book) 
3. Calibration Reference Card 
4. 18 Month Limited Warranty and Registration Card 
5. AC Adapter (ll0VAC) 
6 . Carrying Case 

7 . White Opaque Plastic Card (2 ' /•" x 7") 
8. Conversion Table for the Following Arsenic Test Kits: 

Arsenic Quick"' Test Kit (part number 481396) 

1. Instrument setup for Arsenic measurement: 
a. Remove the instrument from the case and turn the instrument over with the bottom facing up. 

between the two (2) screws near the round end of the measurement shoe. Slide it forward. 
unlocked, and will lift up by spring action from the body of the instrument. 

b. Loca te the "OFF/ON" switch at the square end of the instrument where the data port and DC 9V connector ports are located. Gently 
slide the switch to "ON". 

c . Turn the instrument upright so that the LCD screen and six soft keys (3 black buttons, menu, exit, help) are facing upward. 
d. Depress once any one of the six soft keys on top of the unit. The LCD display will turn on. 
e. The instrument is now ready to make density measurements. 

Notes: 
a. Th e instrument is calibrated, and ready for use when rece ived. 
b. The AC adapter (supplied) may be used while performing color density measurements. Be sure the power switch is "OFF" before 

connecting the adapter to prevent any surge in power. 
c . When the unit will stand unused for a long period of time slide the power switch to "OFF" . 
d. Typically, over 100 measurements ca n be made when using the battery pack only. 

2. Strip m easurement: 
a. Run th e test sample according to the arsenic kit instructions. 
b. Read the strip with th e Quick™ Arsenic Scan instrument within 30 seconds of completing the test. 

i. Pl ace the reacted strip with colored test pad facing upward on the white opaque plastic card (2 31s" x 7"). It is very important that the 
white opaque plastic card provided (or a white sustance) is placed under the reacted strip for accurate measuring. 

ii . Position th e target circle of the base shoe over the color pad so that the pad is centered in the black outlined circle (as illustrated) . 
iii . Press the body of the instrument down until the optical head is in contact with the target circle. Th e message "Measuring ... " 

,ivm appear in the LCD. A"'{ " and a nurnber next to the "Y" wrn appeal' in ihe LCD (Fur exampie, Y = 0.19 indicaies a ye iiow coior 
density of 0.19). 

iv. Use the number in the LCD (in the example 0. 19) and compare with the Data Table provided to determine the concentration of 
arsenic in th e sample. Be sure th at you are using the appropriate Data Ta ble for your test kit. 0.19 equals 20 µg/L or ppb Ar sen ic. 

v. Record the "Y" value and the conce ntration of Arsenic from the appropriate Data Table for future reference. Nole: Use of the Qu ick™ 
Arsenic Scan unit wil l yield more precise results when compared to using the Easy-Read'M color chart for color matching determinations. 

3. Calibration of Instrument: 
See details on pages 34-40 in the Color Reneclion Densitometer Operation Manual. It is recommended that "Quick Cal" (pages 39-40) be 
perform ed weekly. It is also recommended that "Standard Calibration" (steps 4, 5, & 8 in the manual) be performed when "Quick Ca l" 
results are not within the allowed +/- variance of the "Y" values (White, Black, & Solid {Yellow}) listed in the reference table below: 

S1ep l e 
White 

Slep 2c 
Black 

s,ep 3c I The Conversion Table below is valid for {Zinc) Reagent 3 \ol 9035. 
Solid (Yellow) 

Y value .J. 0 .01 I Yvalue +/· 0 .06 I Y va lue +1-0.03 l .. Note: For best accuracy dilute and retest samples wilh values >0.65 

Convers io n Table for Arsenic Q uick™ Kit Part# 481396 

Match the instrument reading to the corresponding As leve l (in ppb) as found in the table below: I "lhara (Y) Read ing" = Yellow density va lue 

lhara {Y) As Level lhara (Y) As Level lhara (Y) As Level lhara (Y) As Level lhara (Y) As Level lhara (Y) As Level lhara (Y) As Level 
Reading (ppb) Reading (ppb) Reading (ppb) Reading (ppb) Reading (ppb) Reading (ppb) Reading (ppb) 

0.00 'BDL 0 .15 10 0.30 57 0.45 105 0.60 175 0.75 265 0 .90 >400 

0 .01 BDL 0. 16 12 0 .31 60 0.46 110 0.61 180 0.76 270 0.91 >400 

0.02 BDL 017 14 0 32 63 0.47 115 0.62 185 077 280 0.9 2 >400 

0.03 BDL o.·13 17 0 .33 67 0.48 120 0.63 190 0.78 290 0 .93 >400 

0 .04 BDL 0 .19 20 0.34 70 0 .49 124 0.64 195 0.79 300 0.94 >400 

0 .05 BDL 0 .20 22 0.35 73 0.50 128 ··o.65 200 0 .80 >300 0.95 >400 

0 .06 BDL. 0 .21 24 0.36 77 0.51 132 0.66 205 0.81 >300 0.96 >500 
0 .07 BDL 0 .22 27 0 .37 80 0.52 136 0.67 210 0.82 >300 0.97 >500 

0.08 BDL 0.23 30 0 .38 83 0.53 140 0.68 215 0 83 >300 0.98 >500 

0.09 BDL 0 .24 35 0.39 86 0.54 145 0 .69 220 0.84 >300 0.99 >500 

0.10 BDL 0 .25 40 0.40 89 0.55 150 0.70 225 0.85 >300 1.00 >500 

0.11 3 0 26 43 0.4 1 91 0.56 155 0.71 230 0 .86 >300 ---- ----
0. 12 5 0.27 47 0.42 94 0.57 160 0.72 240 0.87 >300 

0.13 7 0.28 50 0 .43 97 0.58 165 0.73 245 0.88 >400 
0.14 9 0 .29 53 0.44 100 0.59 170 0.74 255 0 .89 >400 

w 



MSDS 1 
M ater ial Safety Data Sheet 

Section 1 Chemica l Identification 
Catalog# I Description: Part Number 481196-D 
Name: First Reagent 

Section 2 Composition I Informati on on Ingredients 
CAS#: 87-69 -4 L-Tartaric Acid 98.7% 
CAS#: 7720-78-7 Iron (II} Sulfate · 7H20 0.7% 
CAS#: 10101-97-0 Nickel (11) Sulfate· 6H2O 0.6% 

Section 3 Hazards Identification 
Precautionary Statements: 

· May be irritating lo eyes and nasal passages. 
• Low toxicity orally, moderately toxicity intravenously. 
• Tartaric Acid is reported to have an oral rabbit LD50 at 

5000 mg/kg, and a derm al rat LOSO at 485 mg/kg . 
Tartaric Acid Reagent has minimal toxicological effect. 
However, inhalation may cause irritation of respiratory 
tract; ingestion in large amounts may cause 
gastrointestinal upset; skin or eye contact may cause 
mild irritation; prolonged exposure may cause allergic 
reaction. Wash hands after use. 

• Iron (II) Sulfate is harmful if swa llowed or inhaled. 
Causes irritation to skin, eyes, and respiratory tract. 
Affects the liver. Oral mouse LOSO: 1520 mg/kg. 

• Nickel Sulfate is toxic. Harmful if swallowed. Possible 
risk of irreversible effects . May cause sensitization by 
inhalation and skin contact. Possible carcinogen. 
Toxicity data: oral rat LOSO: 264 mg/kg. 

Section 4 First-Aid Measures 
• If swa llowed, wash out mouth with water. Call a 

physician or the Poison Control Center as a 
precaution. 

• In case of skin contact, flush with copious amounts of 
waler for al least 15 minutes. 

• In case of contact with eyes, flush with copious 
amounts. of water for at least 15 rninutes_ 

· If inhaled, remove to fresh air. If breathing is difficult, 
give oxygen and seek medical advice. 

Section 5 Fire Fighting Measures 
Not Appl icable since the amount of First Reagent per kit is negligible. 

Section 6 Ex.e_osure Controls/ Personal Protection 
Do not expose lo eyes, skin, or clothing. Keep away from children 
and pets. Wash hands thoroughly after handling. Maintain general 
hygienic practices when using this product. 

Section 7 Phys ica l and Chemica l Properties 
Appearance and Odor: 

• Solid/semi-sol id , white powder. Soluble in water. 
Physica l Properties: 

· Melling Point: 
• Vapor Pressure: 
• Specific Gravity : 
• Vapor Density: 

Stability: 

Not Applicable 
Nol Applicable 
Not Applicable 
Not Applicable 

• Stable when stored under proper conditions. 
Hazardous Polymerization : 

· Will not occur. 

MSDS 2 
Material Safety Data Sheet 

Section 1 Chemica l Identification 
Catalog /I I Description: Part Number 481196-E 
Name: Second Reagent 

Secti on 2 
CAS# 
CAS# 
CAS# 
CAS# 
CASI/ 
Comments: 

Section 3 

Compos iti on I Information on Ingredients 
10058-23-8 Potassium Peroxymonosulfate 43% 
7646-93-7 Potassium Bisulfa te 23% 
7778-80-5 Potassium Sulfate 29% 
7727 -21-1 Potassium Peroxydisullale 3% 
546-93-0 Magnesium Carbonate 2% 

NOTE: CAS# for mixture is 70693-62-8 

Hazards Identification 
Emergency Overview: 

• Physical Appearance: While, granular material 
• Immediate Concerns: DANGER. CORROSIVE. Causes 

skin and eye damage. Wear goggles or face shield and 
rubber gloves when handling. May be fatal if swa llowed. 
Irritating to nose and throat. Avoid inhalation or dust. 
Remove and wash contaminated clothing before reuse. 

Potential Health Effects: 
• Eyes: DANGER. Corrosive. Causes eye damage. Do 
not get in eyes. 

Section 4 First-Aid Measures 
EYES: If contact with eyes occurs: Immediately flush wi th cold water 
for al least 15 minutes. Th en get immediate medical attention. 
SKIN: If contact with skin: Rinse off excess chemical and flush skin 
with cold water for at least 15 minutes. If skin irritation develops, seek 
medical attention. 
INGESTION: If swallowed: Do not induce vomiting. Drink 1-2 glasses 
of water to dilute the stomach contents. Never give anything by mouth 
to an unconsc ious person. Call a physician immediately. 
INHALATION: If inhaled: Remove to fresh air. If breathing is difficult, 
have trained person administer oxygen. If not breathing, give artificial 
respiration. Call a physici an immediately. 

Section 5 Fire Fiahlina Measures 
• This product is not flammable or combusti ble. 
· Will re lease oxygen when heated, intensi fying a fire . 
Acidic mist may be present. 

• Exercise cau tion when fighting any chemical fi re. 
• Ext inguishing Media: Water 

Section 6 Exgosure Contro ls/ Personal Pr-otection 
Do not expose to eyes, skin, or clothing . Keep away from children 
and pets Wash hands thoroughly after handling. Maintain general 
hygienic practices when using this product. 

Section 7 Ph ys ica l and Chemical Propert ies 
Appearance and Odor: 

• Solid . Granular, free-nowing solid. White. 
• Odorless 

Physica l Properties: 
• Melting Point: 
• Vapor Pressure: 
• Specific Gravity: 
• Vapor Density: 

Stability: 

Not Applicable 
Not Volatile 
1.1 to 1.4 
Nol Volatile 

• Stable when stored under proper conditions. 
Hazardous Polymerization: 

· Will not occur. 
Incompatibilities: Incompatibilities: 

• Reaction wi th silver, zinc, aluminum in the presence of • Mixing with compounds containing halides or active 
water or moisture wi ll release explosive Hydrogen gas. halogens can cause release of the respective halogens 

Section 8 Toxicological Information 
Acute Effects: 

· Do not breatt1e dust! Avoid contact with eyes, skin, 
and clothing. Avoid prolonged or repeated exposure. 

Section 9 Other Information 
The above information is believed to be correct but does not purport 
to be all-inclusive and shall be used ONLY as a guide. Keep away 
from chi ldren and pets. Store in a dry, cool plac e. Keep container 
tightly closed. 

[@ 

ii moisture is present. Mixing with cyanides can ca use 
release of hydrogen cyanide gas. Mixing with heavy 
metal sails such as lt1ose of cobalt, nickel, copper, or 
manganese can cause decomposition with release oi 
oxygen and hea t. 

' Sect ion 8 Toxicologi ca l Information 
· Acute Effects: 

• Skin Abso rption : 
• Oral LOSO: 
· Inhalation LC S0: 

Section 9 Other lnfor rnation 

>·11,000 rng/kg in rabbits 
2,000 mg/kg (rat) 
>5 rng/1 (rats) (4 -h our) 

The abo•1e information is bel ieved 10 be correc l but does not purpor! 
: to be all-inclusive and shall be used ONLY as a guide. Keep away 

from chi ldren and pets . 
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MSDS 3 
Material Safety_Data Sheet 

Section 1 Chemica l Identification 

Cata log II I Description : Part Number 481196-F 
Name: Third Reagent 

Secti on 2 

CAS #: 
Composition/ Information on lngredieDts 

7440-66-6 
Chemical Name: Zinc >99% 
Synonyms: 

• Blue powd er, granular zinc, zinc dust. zinc powder 

Section 3 Hazards Identification 

Precautionary Statements: 

Section 4 

• Flammable sol id. This material, like many powders, 
is capable of causing a dust explosion. 

• If inhaled, remove to fresh air. If breathing is difficult, 
give oxygen and seek medical advice. 

First-Aid Measures 

• If swallowed, wash out mouth with water. Call a 

physician or the Poison Control Center. 
• In case of skin contact, nush with copious amounts of 

water for at least 2 minutes. Remove contaminated 
clothing and shoes. 

• In case of contact with eyes, flush with copious 
amounts of water for at least 5 minutes. Call a 
physician . 

• If inhaled , remove to fresh air. If breathing is difficult, 
give oxygen and seek medical advice. 

Section 5 Fire Fi~ Measures 
Fire/Explosion Hazard: 

• Dust may form a nammable/explosive mixture with air. 
May form explosive mixture with oxidizers. 
Extinguishing Media: 

• Sand or inert dry powder. Do not use water. 

Section 5 Ex2£_sure Controls/ Personal Protection 
Do not get in eyes, on skin, on clothing. Keep away from children 
and pets . Wash hands thoroughly after handling. Use with adequate 
ventilation . Maintain general hygienic practices when using this 
product. 

Section 7 Physical and Chemica l Properti es 
Appearance and Odor: 
Solid bluish-gray powder 
Physical Properties: 

• Melting Point: 
• Vapor Pressure: 
• Specific Gravity: 
• Vapor Density: 

Stability: 

419°c 
Not Applicable 
7, 14 
Not Applicable 

• Stable when stored dried and at room temperature. 
Hazardous Polymerization: 

• Will not occur. 

Section 8 Tox icolo_gical Information 

• Skin and eye irritatio n may result from intermillen t 
exposure . 

• Avoid creating dust. DO NOT breathe dust. 

Section 9 Other In formation 

The above information is believed lo be correct but does not purport 
to be all -inclus ive and shall be used ONLY as a guide. Dispose ol 
empty bottle as normal tra sh. Keep away from children and pets. 

MSDS 4 
Material____S_afety_ Data Sheet 

Section 1 Chemical Identification 
Cata log II / Description: Part Number 481196-G 
Name: Arsenic Test Strips 

Section 2 
CAS #: 
Synonyms: 

Composition / Information on Ingredients 

7789-47-1 

• Toxic ingredient is: Mercuric Bromide. 

Secti on 3 Hazards Identifi cation 

Precautionary Statements: 
• Toxic poison is contained in test strip pad 

(about 7mg / strip). 
• Mercuric Bromide is reported to have an oral rat LD50 
at 40mg/kg, and a dermal rat LD50 at 1 00mg/kg. 

Section 4 First-Aid Measures 

• If swallowed, wash out mouth with water. Call a 
physician or the Poison Control Center as a precaution. 

• In case of skin contact, nush with copious amounts of 
water for at least 2 minutes. Remove contaminated 
clothing and shoes. 

• In case of contact with eyes, flush with copious 
amounts of water for at least 5 minutes. 

• If inhaled, remove to fresh air. If breathing is difficult. 
give oxygen and seek medica l advice. 

Section 5 Fire Fi~ Measures 
Not Applicable since the amount of Mercury per kit is negligible. 

Section 6 Exfl_osure Controls/ Personal Protection 

Do not expose to eyes, skin, or clothing. Keep away from children 
and pets. Wash hands thoroughly after handling. Maintain general 
hygienic practices when using this product. 

Section 7 Physical and Chemical Properties 
Appearance and Odor: 

• Solid/semi-solid , white paper pad (containing 
Mercuric Bromide) attached to plastic strip . 

Physica l Properties: 

Stability: 

• Melting Point: 
• Vapor Pressure: 
• Specific Gravity: 
· Vapor Density: 

Not Applicable 
Not Applicable 
Not Applicable 
Not Applicable 

• Stable when stored under proper conditions. 
Hazardous Polymerization : 

• Will not occur. 

Section 8 Toxicolo_g_ica l Information 
Acute Effects: 

• Each strip contains about 1 mg Mercuric Bromide so 
toxicological effect is minimal because of the amount. 
However, material is toxic and should be handled 
carefully to minimize exposure. Place all used test 
strips into pla stic bag labeled "Used Test Strips" . 
Dispose of used strip s per environmental and 
regulatory requirements in your community. Wash 
hands after use. 

Section 9 Other Information 

The above information is believed to be correct but does not purport 
to be all-inclusive and shall be used ONLY as a guide. Dispose of the 
used test strips as regulati ons require. Keep away from children and pets. 

[ill 



LETTER FROM THE KIT INVENTOR 

Thank you for purchasing our U.S. Patented (# 6,696,300) Arsenic Quick™ Kit. Our company ha s 
trademarked the kits Quick™ because of the short 14 minute time for analysis. 

The Drinking Water standard of the US EPA and the World Health Organization (WHO) allows a maximum contami­
nant level of 10 ppb (µg/L) for Arsenic . The old US EPA level of 50 ppb (µg/L) remain s as the ma ximum contaminant 
level for many countries in the world. 

For several years, Industrial Test Systems, Inc . {ITS) committed a major research & development effort to provide 
better and sa fer arsenic test kits. The goal was achieved. The test was made sa fer by using tartaric acid, instead of 
strong acids, for the reduction of inorganic arsenic (As+3/As+5) to arsine gas. For these efforts a US Patent was 
granted for the acceleration of the arsenic detection chemistry by the addition of metal enhancers, iron and nickel 
salts. This permits Arsenic field tests to be completed faster. The Quick™ II series of kits use a modified Turret cap 
which allows detection of arsenic below 70 ppb (µg/L) . The reduction reactions utilized in all kits are as follows: 

Zn +2H+ zn+2 + H2 (gas) and As4O6 + 12 Zn +24H+ 4AsH 3(gas) + 12 zn+2 + 6H 2O (pH 1.6) 

The analysis is performed in a closed reaction bottle (plastic) with an appropriate volume of sample {50 to 500 ml). 
After the 10 minute reduction reaction, the mercuric bromide strip or testing pad is removed and matched to the color 
ct1art or color analyzed by the Quick™ Arsenic Scan instrument. A light yellow to brown color change indicates that 
arsenic is present. The color intensity is proportionately related to the concentration of arsenic in the sample . NOTE: 
ITS test kits detect free inorganic arsenic only. ICP-MS methods detect inorganic and organic arsenic. If organic 
arsenic is present, ITS kit results can be expected to give lower values when compared to ICP-MS results. 

Specifications of o ur different arsenic field test kits: 

PRODUCT NAME NO. OF ETV® OPTIMUM TYPICAL COLOR CHART 
TESTS PERFORMANCE RANGE• DETECTION LEVELS 

VER IFI ED ppb (pg/L) ppb ( g/1.) 

Arsenic Econo-Q uick TM 0, 0.010. 0.025, 0.050, 0.1, 0 .2, 
{481298) 300 tests NO 50 lo 300 

0.3, 0 .5, 1 .0 ppm (mg/L) 

Arsenic Quick~ Kilt ~ 5, 10, 20, 30, 40, 50. 60. 80. 
{481396) 100 tests YES JJ}t:, 10 lo 200 

100. 150,200,250, 300,400, 500, >500 

Arsenic Low Range Quick'41 -I 

YES~ 

<2, 4. 10. 15. 20, 25, 30. 
50 tests 7 10 80 40, 50, 60, 70 , 80, 100, >150, >300 (481297-1) 

Arsenic Econo-Quick 11
•
1 II 

NO <2 . 3, 5, 7, 8, 9, 10, 12, 16, 20. 25. 
(481 304) 100 tes ts 4 lo 30 

30, 40. 50, 80. >80, >90, >100 

Arsenic Q uick, ,., 11 
50 tests '-Eni') 3 10 20 

<1, 2, 3, 4, 5. 6, 7, B. 10, 13, 20, 
(4 81 303) YES .,.,.,, ·. 

25. 30, 40, >50, >80, , 120. >160 j ·~-::::.:·=, 
Ar senic Low Range Q uickw ll 

so tests YES .. f51( 1 lo 10 
<0.5, 1.0 , 1.5, 2.0, 3.0. 4, 5, 

(48130 1) 6. 7, 8, 12, >20, >30, >50 

Arsenic Ultra-Low Quick",,., II 
25 teSIS .. !:;~ 0.5 lo 6 

0, 0. 3, 0 .7, 1.0, 1 5, 2, 2.5, 3, 
(481300) YES 3.5. 4. 5, 6, 8, 10. 13, 20, >20 ~--,~...:.::• ~.-,..· 
Quick n" Arsenic Scan lnstwment 

1 meter .. ~g N/A 
0.01 to > 1.00 color density ppb (µg/L) 

(481305) YES (as low as 0.2 ppb (µg/L) arsenic) 

Specifications subject to ch ange without notice. t This kit can also be used for soil analysis with modified procedure. 

'Range can be expanded by diluting the sample wilh Arsenic-free waler. 

TYPICAL ACCURACY•• PRICE IN US$ 
OF DU PLI CATES USING 
QUICK™ ARSENI C SCAN 

+/- 40 ppb or +1-40% $179.99 

+/-18 ppb or +/-30% $169.99 

+/-8 ppb or +/-25% $179.99 

+/-2 ppb or +/-18% $299.99 

+/-1. 2 ppb or +/-16% $219.99 

+/-0.8 ppb or +/-14% $349.99 

+/-0.4 ppb or +/-12% $299.99 

(see above) $1,599.99 

"As with any lest, actual results will fall within a range around lhe actua l va lue. The Typical Accuracy listed is from data generated by a technicia n in our lab using 
the Quick 'M Arsenic Scan instrument measuring interference -free aqueous arsenic standards. Kil expected accuracy is \he larger of the two va lues listed. 
(Example using Quick" ·': If the mean is 40 ppb, \hen the typical accuracy is +/-18 ppb which is larger th an +/-1 2 ppb (40 ppb X 30%)) . 
For independent evaluation da ta for selected kits see the ETV verification reports al www.epa .gov/etv. ver ified technologies. 

Where precision is importa nt, ITS recommends that you run the water sample in duplicate, since the typical color 
matching is within one color block. For best precision consider the purchase of our Quick™ Arsenic Scan instrument. 
This unit is ideal for use with all test kits. Please contact our sales department at 803-329 -97 12 for more information 
or to order the Quick™ Arsenic Scan instrument. 

Typica l shelf life of kits is over 12 months. The kit includes First Reagent (Tartaric acid wi th iron and nickel sa lts); 
Second Reagent (MPS, an oxidizer) ; Third Reagent (zinc dust) ; and mercuric bromide strips, which contains about 
1 mg mercury per strip After use, the strips should be di scarded according to loca l environmental regulations. The 
Second Reagent mu st not be shipped by passenger air lines. Valuable information about the kit is in the MSDS 
literature. As a safeguard lo minimize the operator s exposure to arsine and hydrogen gas, please run all tests in a 
well-ventilated area away fr om open fl ames and other sources of ignition. Arsine gas is highly toxic; and this 
precaution becomes more urgent if the water sample has high arsenic levels. 

Cord ia lly yours. 

lvars Jaunakais, Analyti cal Chemi st 

email: lvcJrs@scnsafc.corn 
[TI] 
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The purpose of thi s standard operating procedure (SOP) is to provide an overv iew of mon itor well developm ent 

practi ces. The purpose of monito r well development is to ensure remova l of tin e gra ined sediments (tines) from 

th e vicinity of the we ll sc reen. Thi s a ll ows th e water to fl ow freely from th e fo rm ation into the well , and a lso 

reduces the turbidity of th e wate r during sampli ng. Th e m ost common well develo pm ent me thods a re: surg ing, 

jetting, overpumping, and bailing. 

Surg ing in volves rais ing and lowering a surge block or surge plunger ins ide the well . The resu lting surging 

motion forces water into the fo rm at ion and loosens sed im ent , pu ll ed from the fo rm at ion into the well. 

O ccasiona ll y, sed iments m ust be removed from the well w it h a sand bailer to prevent sand lock in g of the s urge 

block. Thi s method may ca use the sa nd pack around the screen to be d isplaced to a degree that damages its 

va lue as a fi lterin g medium. C han ne ls or vo ids may form nea r the screen if the ti lter pack s loughs away during 

surging (Keel and Boating, 1987). 

Surg ing w ith compressed a ir is done by injecting a sudden cha rge of compressed air into the we ll w ith an a ir 

line so that water is forced through the we ll sc reen. T he a ir is then turned off so that the wa te r co lumn fa lls back 

into the we ll and the process is repeated . Peri od ica ll y , the a ir li ne is pu ll ed up in to a pipe string (educator) and 

wate r is pumped from the we ll us in g a ir as the lifting medium (air-l ift pumping). The process is repeated until 

the well is sediment free. Method va riation s in c lude leavi ng the a ir line in the pipe string at a ll times or us ing 

the well casing as the ed ucator pipe. 

Je ttin g in volves lowering a small di ameter pipe into the well and injecting a high ve locity horizonta l stream of 

wate r or air through the pip e into the screen openin gs. T hi s method is espec ia ll y effect ive at breaki ng down 

fi lte r cakes developed durin g mud rotary drilling. S imultaneous a ir- li f t pump in g is usua ll y used to rem ove lines. 

Overpumpin g in vo lves pumpi ng at a rate rap id enoug h to d raw the water leve l in the well as low as poss ibl e, 

and then a ll ow ing the well to recharge to the orig in a l leve l. Th is process is repeated until sed im ent-free wa ter 

is produced. 

Ba ili ng includes the use: or a simple m an ua ll y o perated c heck-\'alve ba ile r to n.:m ovc wate r from the we ll. The 

bail ing method, like ot her methods. shou ld be repeated unti l sediment free water is produced. Ba ili ng may be 

the method of choice in a sha ll ow well or we ll th,1t recharges s lowly. 

T hese arc sta ndard (i.e. , typica ll y appli cab le) operating procedures which nwy be va ried o r chan ged as required , 

dependent 0 11 s ite cond iti ons, equ ipment limitations or limitations imposed by the procedure. In all in s tances, 

the ult imate prnccdurcs emp loyed should be docu 1nrntcd a nd associated with a linal report. 

Mention or trade names or commercial products docs not constit ute Uni ted Sta tes Environmental Protecti on 
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Agency (U.S. EPA) endorsement or recomm endation for use. 

2.0 M ETHOD SUM MARY 

Afte r in sta lla ti on, develo pment of a we ll should occur as soon as it is prac ti ca l. It should no t occur any sooner 

th an 4 8 hours after g routing is completed, espec ia lly if a v igorous well developm ent me thod (i.e. surg ing) is 

be ing used. If a less vigoro us method (i .e ba iling) is used, it may be initi ated shmtl y after insta llati on. The 

method used fo r developm ent should no t interfere w ith th e setting of the well sea l. 

Several acti viti es mu st take pl ace pri or to we ll develo plll ent. Firs t, o pe n th e lll Onito r well , take initi a l 

llleasurements ( i.e ., head space a ir monitoring readings, wa te r level, tota l depth of th e well ) and reco rd results 

in the s it e logbook. Develo p the well by the appropria te me thod to accomlll odate site condi tions and proj ect 

o bjecti ves. Cont inu e until th e developm ent water is c lear and free o f sed im e nts , o r until parameters such as pH , 

tempera ture , and spec ifi c conducti vity stabili ze . Conta in e rize a ll purge wate r fro lll we ll s w ith known or 

suspected contaminati on. Record fin a l m easurem ents in th e s ite logbook. Decontamin ate equipm ent as 

approp ri ate pri or to use in the nex t well. 

3.0 SAM PLE PR ESERVA TI ON , CON T A INERS , HAN DLI NG, AN D STO RAGE 

Thi s sect ion is not appli ca bl e to thi s SOP . 

4.0 INT ERFERENCES AN D POTENT IA L PR O B LEMS 

Th e fo ll ow ing problems m ay be assoc iated w ith well develo pm ent: 

I . Ovcrpumping is not as v igorous as surg ing and j etting, and is probabl y th e lll OSt des irabl e method 

fo r monitor we ll deve lo pm ent. T he poss ibili ty of di sturbing the til te r pack is g reatest w ith surg ing and 

jettin g well developlll ent lll eth ods. 

2. Th e introdu ction of ex te rn a l wa ter or a ir by j ett in g may a lte r th e hyd ro chemi stry of the aquifer. 

3. Surg ing w ith a ir may produ ce ··a1r locking.. in so me fo rlllat ion s, p reventing wa te r from fl ow ing in to 

the well. 

4 . The use of surge b locks in fo rm ati on, con ta ining c lay may cause pl ugg ing of th e screen. 

5. Smal l (2 -inch nomina l d iameter) submers ib le pumps th at w ill tit in 2-in ch dia meter wel l cas ing arc 

especially susceptible to c logging if used in we ll development app li cat ions. 

6. Chemica ls/reagents used du ring the decontamin ation of dr ill ing equ ipment may comp li cate we ll 

dc vclnpment. 
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5.0 EQUIPM EN T/A PP A RAT US 

The ty p e of equipm ent used for well deve lopment is dependent on the diameter of th e well and th e development 

method. For example, the diameter of most subm ers ib le pumps is too large to tit into a two-inch inner di am ete r 

(I.D .) we ll , and oth er development meth ods should be used . Obtaining th e highes t poss ibl e y ie ld is not us ua lly 

an objecti ve in developing moni tor wells and vigorous develo pment is not a lways necessa ry . Many m onito r 

wells are constructed in fine-gra ined fo rmations th at would not no rnrn ll y be cons idered aquife rs . Specifi ca ti ons 

fo r th e d1illing contract should inc lude th e necessary well develo pment equipment (a ir co mpresso rs , pumps, 

a ir li nes, surge blocks, generators). 

6.0 RE AG EN T S 

T he use of chemi ca ls in develo ping well s th at w ill be used to monitor gro undwater quality should be avo ided 

if poss ib le; however, po ly ph osph a tes (a di spers in g agent ), ac ids, or di s infec tants arc often used in genera l well 

deve lo pm ent. Po lyph osph ates should no t be used in thinl y bedded sequences of sa nds and c lays. T he use 

of decon tamin ati on so luti ons m ay a lso be necessa ry. If decontaminati on of eq uipm ent is required at a we ll , 

refer to Environmenta l Response Team/Response Eng in eering and A na lyt ica l Cont rac t (ERT/ REAC) SO P #2006, 
Sampling Equipme111 Decon!Clmination and the site specifi c work pl an. 

7.0 PROCE DU R ES 

7.1 Prepara ti on 

I . Coordinate s ite access and obta in keys to we ll locks. 

2. O bta in inform ation on each well to be devel oped (i .e ., drilling m eth od, we ll di ameter, we ll 

depth, screened in terva l, anti c ipated contam in ants). 

3. Obta in a water level meter, a dept h sounder, 

deconta min at ion, and wate r qua li ty instrum en tat ion 

spcci t1 c conduc ti vi ty, tem perature, and turbid ity. 

a lso useful param eters. 

air mon ito ring instruments, materials fo r 

capable of measuring, at a m in imum , p H, 

Disso lved oxygen ( DO) and sa linity arc 

4. Assembl e co nta in ers fo r temporary storage of wa te r produ ced durin g we ll de ve lop me nt. 

Conta in ers mu st be stru c tura ll y so und, compatibl e w ith anti c ipated conta mi nant s, and easy 

to manage in th e ticld. T he use of truck -m ounted o r ro ll-off ta nks may be necessa ry in some 

cases : a lte rn ate ly , a portab le water treatment un it ( i.e. , ac tivated ca rbon) may be used 10 

deconta min ate the pu rge water. 

7.2 Operation 
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Development should be performed as soon as it is practical a fte r th e well is in sta lled, but no sooner 

th an 4 8 hours ah er well completion. 

I. Assemble necessary equipm ent on a plasti c shee t surrounding the well. 

2 . Record pe rtinent information in the s it e or persona l logbook (personne l, time, locati on ID, 

etc .). 

3. Open monitor well , take a ir monitor readin g at th e top of cas ing and in the breathing zone as 

appropri a te . 

4. Measure d epth to wa ter and th e tota l depth o f the monito r well. Calcul a te th e wate r co lu m n 

vo lum e of the well (Equation I , Section 8.0). 

5. Begin development and measure th e initi a l pH , tem perature , turbidi ty, and spec ific 

conduc ti vity of th e water and record in th e s ite logbook. Note th e initi a l co lo r, c la ri ty . and 

odor of th e water. 

6. Continu e to develop the we ll and periodica lly measure the water quality parameters indi ca te d 

in step 5 (above). Depending on proj ec t obj ecti ves and ava il abl e tim e, developm ent should 

proceed until these w ate r qu a lity pa ram eters sta bili ze, o r until th e wa te r has a turbidity of less 

than 50 neph e lom etric turbidi ty units (N T Us). 

7. A ll wa ter produced by develo pm ent of contaminated or suspected contamin ated we ll s mu st 

be containeri zed o r trea ted. Each contain e r mus t be cl ea rl y labe led w ith th e loca ti on ID , date 

co llec ted, and sampling contracto r. Dete rmin ati on of th e appropri a te di sposa l me thod w ill 

be based on the ana lyti ca l results from each well. 

8. No wa te r sha ll be added to th e well to ass ist deve lopm e nt w ith out pri o r approva l by th e 

appropri a te U.S. EPA ERT W ork Ass ignm ent Ma nager (W AM) and/or ,1 pp rn pri :1t c s tat e 

personn e l. In som e cases , sma ll amount s ll f po ta bl e wa te r may be added to he lp dc,·e lo p 

a poo r y ie lding well. It is essenti a l that at least fi ve times the amoun t of wate r inj ected mus t 

be recovered from the well in o rder to ass ure th at a ll inj ected wate r is removed from th e 

form ati on. 

9. Note th e tina l water qua li ty pa rameters in the s ite o r persona l logbook a long w it h the 

fo llow ing data: 

Well des ignat ion ( location ID) 

Datc(s) of we ll in sta ll a ti on 

Da tc(s) and tim e of we ll deve lopm ent 
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Stati c water level before and after develo pm ent 

Q uantity of wate r removed, and initi a l and compl etion tim e 

T ype and capac ity of pump o r ba ile r used 

Description of well developm ent techniques 
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7.3 Post-Opera ti on 

I . Decontamin ate a ll equipm ent; 

2. Secure ho lding tanks or conta ine rs of developm ent water; 

3. Review analyt ica l res ult s and de te rmin e th e appro pri ate wa ter di sposa l m e thod . Actua l 

disposa l of th e purge wa ter is genera ll y carried out by the O n- Scene Coordin ato r (OSC). 

8.0 CALCULAT IONS 

To ca lcul ate the vo lu111 e of water in the we ll , th e fo llow ing eq uati on is used: 

w here: 

r 

I, 

cf 

Well Vol ume (V) = • r2 h (ct) !Eq uation l j 

pi (3. 14) 

rad iu s of monito ri ng well in feet (ti) 

height of the water column in ft. [T hi s m ay be determin ed by sub trac ting the depth 

to wa te r from th e tota l d epth of the we ll as m easured from th e sa me reference po int .] 

convers ion fac to r in gal lons pe r cubic foo t (ga l/ft ') = 7.48 gal/ ft ' . [In thi s equat ion, 

7.48 ga l/tt 3 is the neccssa1y convers ion fac to r. ] 

Mo nito r well di ameters a rc typ ica ll y 2- , 3- , 4- , o r 6-ine hes. A nu mber of sta nd ard convers ion fac to rs ca n be used 

to s implify the above equ ati on us ing the di a meter of the moni to r we ll. T he volum e, in ga ll ons per lin ea r foot, 

fo r va ri ous standa rd moni tor we ll d iamete rs ca n be ca lcul ated as fo ll ows : 
where: 

I' 

cf 

V (gal/ft) • 1'2 (ct) !Equation 2] 

]J I 

radius of monitoring we ll (feet) 

con vcr,ion foctor (7.48 gal/ft ' ) 



U. 5. EPA ENVIRONMENTAL RESPONSE TEAM 

STANDARD OPERATING PROCEDURES 

MONITOR WELL DEVELOPMENT 

For example, a two in ch diameter well , the volume per linear foot can be calcu lated as follows: 

V (gal/ft) • r2 (cf) [Eq uation 2] 
3.14 (1/12 n)2 7.48 gal/ft3 

0.1631 gal/ft 

NOTE: The diameter mu st be converted to the radius in feet as fo ll ows: 

Well Diameter (inches) x 0.5 = Well Radius (feet) [Equation 3] 
12 

The volu me in ga ll ons/feet for th e comm on s ize monitor wells are as fo ll ows: 

Well di ameter (inches) 

Volume (gal/ft) 
2 

0. 1631 

3 
0.3670 

4 

0.6524 

6 

1.4680 

If you utili ze the vo lum es fo r th e commo n size well s above, Equation I is modified as fo ll ows: 

where: 

Well volume = (h)(I) [Equation 4] 

height of water co lumn (feet) I, 

.r the volume in ga l/ft ca lcul atecl from Equation 2 

9.0 QUALITY ASSURANCE/QUALITY CON TROL 
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There arc no spcciti c quality assurance (1Ct iviti es, which apply to the implem entati on of these procedures. 

However. the fol low ing general qu ality assuran ce/qua lity cont ro l (QA/QC) procedures appl y: 

I. All data must be docum ented in site and/or personal logbooks . 

2. All instrum en tat ion mu st be operated in accordance with operat ing in structions as suppli ed by the 

manufacturer. unl ess otherw ise spec ifi ed in the work pl an. Equipment check out and ca libration 

act iviti es must occ ur prior to sa mpling/operation and mu st be doc um en ted. 

10.0 DATA VA LID AT ION 

Th is section is not app li cable to thi s SOP. 

11.0 HEAL TH AND SAFETY 
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When work ing w ith potentially hazardou s mate ri a ls, fo ll ow U.S. EPA , Occupationa l Safety and Health (OSHA), 

and corporate health and safety practices. 

12.0 REFERENCES 

Driscoll , F. G. I 986 ... Development of Water Wells.' ' In: Groundwater and Wells. Second Edition. Chapter 15. 

John son Fil tration Division, St Paul , Minnesota. p. 497-533 . 

Freeze, A ll an R. and John A. Cherry. 1979. Groundwater Englewood C li ffs, NJ: Prentice-Ha ll , Inc. 

Keel , J. F. and K wasi Boating. I 987. ·'Monitoring Well Insta ll at ion, Purging, and Sampling Techniques - Part I : 

Conceptua li zations ··. Grounrhrnter, 25(3) :300-31 3. 

Keel, J.F. and Kwa s i Boating. 1987. ··Monitoring Well In stallat ion, Purging, and Sampling Techniques - Part 2: 

Case Histories··. Grou11d1 vater, 25(4):427-439. 

13.0 AP PEND ICES 

Thi s section is not app li cab le to thi s SOP. 
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1.0 SCOPE AND APPLICATION 

The purpose of this Standard Operating Procedure (SOP) is to set guidelines for the determination of the 
depth to water and separate phase chemical product (i.e. , gasoline , oil , PCE , TCE) in an open borehole, 
cased borehole, monitor well, or piezometer. These standard operating procedures may be varied or 
changed as required, dependent on site conditions , and equipment limitations. In all instances, the actual 
procedures employed will be documented and described in an appropriate site report. Mention of trade 
names or commercial products does not constitute U.S. EPA endorsement or recommendation for use . 

Generally , wa ter-level measurements taken in borehol es, piezometers, or monitor wells are used to 
construct water table or potentiometric sur face maps and to determ ine flow direction as we ll as other 
aquifer characteristics . Therefore , all water level measurements at a given site should preferably be 
collected within a 24 hour period. However , certain situations may produce rapidly changing groundwater 
levels that necessitate taking measurements as close in time as poss ible. Large changes in wa ter levels 
among wells may be indicative of such a cond ition . Rapid grou nd water level changes may occur due to: 

Atmospheric pressure changes 

Tidal influences 

Changes in river stage, impoundments levels. or flow in unlined ditches 

Pumping of nearby we lls 

Precipitation 

2.0 METHOD SUMMARY 

A survey mark should be placed on the top of the ri se r pipe or casing as a reference point for groundwater 
level measurements. If the lip of the riser pipe is not flat , the reference point may be loca ted on the grout 
apron or the top of the outer protecti ve casing (if present). The measurement reference point should be 
documented in the site logbook and on the groundwa ter level data fo rm (Appendix A), if used. All field 
personnel must be made aware of the measurement reference point being used in order to ensure the 
collection of comparabl e data. 

Before measurements are mad e. wa ler levels in pi ezometers and monitor we lls should be allowed to 
stabili ze for a minimum of 24 hours after we ll constru ction and deve lopment. In low yield situati ons , 
recovery of wa ter leve ls to equ ili briu m may take longer. All measurements should be made to an accuracy 
of 0.01 fee t. Water level measuring equipment must be decontam inated and. in general, measuremen ts 
should proceed from the least to the most contam inated we lls . 
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Open the well and monitor the headspace with the appropriate air monitoring instrument to determine the 
presence of volatile organic compounds. For electrical sounders lower the device into the we ll until the 
water surface is reached as indicated by a tone or meter defl ection . Record the distance from the water 
surface to the reference point. Measurement with a chalked tape will necessitate lowering the tape below 
the water level and holding a conve nient foot marker at the reference point. Record both the water level 
as indicated on the chalked tape section and the depth mark held at the reference point The depth to water 
is the di ffe rence between the two readings. Remove measuring device , replace rise r pipe ca p, and 
decontaminate equipment as necessary . Note that if a separate phase is present , an oil/water indicator 
probe is required for measurement of product thickness and water level. 

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING AND STORAGE 

This section is not applicable to this standard operating procedure (SOP) . 

4. 0 POTENTIAL PROBLEMS 

1. Cascading water, parti cularly in open-hole or roc k we lls, may interfere with the 
measurement. 

2. Some older types of elec tric sounders are only marked at fi ve-foot interva ls . A surveyor·s 
tape is necessary to extrapolate between the 5-foot marks. 

3. Oil or other product fl oating on the water column can insulate the contacts of the probe 
on an electri c sounder and give fa lse readings . For accurate level measurements in wells 
containing fl oating product, a special oil /water level indica tor is required. 

4. Tapes (electrical or surveyor's) may have damaged or miss ing sections, or may be spli ced 
inaccurately . 

5. An airline may be the only ava ilable mea ns to make measurements in sealed production 
we lls but the method is generally accurate only to approx imately 0.2 foot. 

G. When using a steel tape . it is necessary to lower the tape below the water level in order 
to make a measurement. This assumes knowledge of the approximate groundwater leve l. 

5.0 EQUIPfvlENT 

The elec tric water leve l ind icator and the chalked stee l tape are the devices common ly used to measure 
wa ter leve ls . Both have an accuracy of 0.01 feet. Other fi eld equ ipment may include: 

Air mon itori ng instrumentation 
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Well depth measurement device 

Chalk 

Ruler 

Site logbook 

Paper towels and trash bags 
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Decontamination supplies as outlined in Section 7. 2 or the current approved site specifi c 
work plan 

Groundwater level data forms 

6.0 REAGENTS 

No chemical reagents are used in this procedure ; however, decontamination sol utions may be necessary . 
If decontamination of equipment is requ ired , refer to ERT/REAC SOP #2006 Rev 0.0 08/11/94 , Sampling 
Equipment Decontamination , and the current approved site specific work plan. 

7.0 PROCEDURES 

7 .1 Preparation 

1. Determine the number of measurements needed , the methods to be employed, and the 
equipment and supplies needed. 

2. Decontaminate or pre-clean equipment , and ensure that it is in working order. 

3. Coordinate schedule with staff, cli ents , and regu latory agency, if appropriate. 

4. If this is an initial visit. perform a general site survey prior to site entry in accordance 
with the current approved site specific Health and Safety Plan. 

5. Identify sampl ing locat ions. 
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Procedures for determining wa ter leve ls are as follows: 

1. If poss ible, and when app licab le, start at those we lls that are least contaminated and 
proceed to those we lls that are most contaminated. 

2. Clean all the equipment entering the we ll (s) by the following decontamination procedure: 

Triple rinse equipment with deionized water. 

Wash equ ipment with an Alconox solution which is followed by a deionized 
water rinse. 

Rinse with an approved solvent (e.g ., methanol, isopropyl alcohol , acetone) as 
per the work plan , if organi c contamination is suspected. 

Place equipment on clean surface such as a teflon or polyethylene sheet to air 
dry. 

3. Remove locking we ll cap , note well ID , time of day , and date in site logbook or an 
appropriate groundwater level data form. 

4. Remove well cap . 

5. If required by site-spec ific condition , monitor headspace of well with a photo ioniza tion 
detector (PID) or flame ioniza tion detector (FID) to determine presence of volatil e 
organic compounds, and record results in site logbook. 

7. Lower water-level measuring device into the well. Electrica l tapes are lowered to the 
wa ter surface whereas chalked steel tapes are lowered genera lly a foot or more below the 
water surface . Steel tapes are generally chalked so that a 1-to 5- foot long section will fall 
below the expected wa ter level. 

8. For electrical tapes record the distance from the wa ter sur face , as determ ined by the 
audio signal or meter, to the reference measuring point and record in the site logbook. 
For cha lked tapes , an even fool mark is held at the reference point. once the chalked 
section of the tape is below the wa ter leve l. Both the wa ter level on the tape and the foot 
mark held at the reference point is record ed. The depth to the wa ter is then the 
difference between the two readings. In addition. note the reference point used (Lop of the 
outer cas ing . top of the ri ser pipe, ground surf'ace. or some other reproducible pos iti on 
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on the well head). Repeat the measurement. 

9. Remove all downhole equipment , replace well cap and locking steel caps. 

10. Rinse all downhole equipment and store for transport to the next well. Decontaminate 
all equipment as outlined in Step 2 above. 

11. Note any phys ical changes , such as erosion or cracks in protective concrete pad or 
variation in total depth of well, in fi eld logbook or on groundwater level data form . 

8.0 CALCULATIONS 

To determine groundwater elevation above mean sea level, use the following equation: 

where: 

Ew 
E 
D 

Ew = E - D 

Elevation of water above mean sea level (feet) or loca l datum 
Elevation above sea level or loca l datum at point of measurement (feet) 
Depth to water (feet) 

9.0 QUALITY ASSURANCE/QUALITY CONTROL 

The following general quality assurance/quality control (QA/QC) procedures apply: 

1. All data must be documented on field data sheets , groundwater level data forms, or within 
persona l or site logbooks. 

2. All instrumentation must be operated in accordance with operating instructions as supplied by the 
manufacturer. unless otherwise specified in the work plan. 

3. Each we ll shou ld be tested at least twice in order to compare results. If results do not agree to 
within O. 02 feet. a third measurement should be taken and th e readings averaged. Cons istent 
fa ilure or consecutive readings to agree suggests that leve ls are chang ing because of one or more 
conditi ons as indi ca ted in Section 1. 

10.0 DATA VALIDATJON 

This section is not applicable to this SOP. 
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11 . 0 HEAL TH AND SAFETY 

The results of monitoring the well head and breathing zone with a FID or PID , as per section 7.2, may 
indicate the need to upgrade the personal protection level accord ing to the current approved site Health and 
Safety Plan. 
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FORM 1. Groundwater Level Data Form 

PAGE_ OF 

SITE NAME: ------ LOGGER NAME : _____ _ 

LOG DATE: ------ WBS #: -=-R=IA~--------

Well T ime Elevation Depth to Depth Depth to COMMENTS 
I.D . of well11) bottom to product (pH , temperature, 

(T.O.C.) of we ll wa ter (ft) spec ific conductance) 
(ft) (ft) 

TOC: top of cas ing (1) feet above mean sea level 

MEASUREMENT REFERENCE POINT FROM GROUND SURFACE OR TOP OF CASING 

Weather Conditions: Temperature(°C) : ____ _ Rain: Heavy Medium Light (Circle one) 

Other significant observat ions: 



SEDIMENT SAMPLING 
SOP#: 2016 

DATE: 11/17/94 
REV. #: 0.0 

1.0 SCOPE AND APPLICATION 

This standard operating procedure (SOP) is applicable 
to th e co ll ection of representative sedim ent sa mpl es . 
Analysis of sedim ent may be biological , chemical, or 
physical in nature and may be used to determine th e 
fo llowing: 

C tox icity; 

C biologica l ava il abi lity and effec ts of 
contaminants; 

C benthic biota ; 

C extent and magnitude of contamination; 
C contaminant migra tion pa th ways and so urce; 
C fate of contaminants; 
C grain size distribution . 

The m ethodolog ies di sc ussed in thi s SOP are 
applicable to the sampling of sed im ent in both fl ow ing 
and s tanding wate r. They are ge ne ri c in nature and 
may be mod ifi ed in w hole or part to meet th e handling 
and anal yt ica l requirements of the contaminants o f 
co ncern , as we ll as th e co nstraints presented by sit e 
co nditi ons and equipment limitati ons . However, if 
modifications occur, they should be documented in a 
s ite o r perso na l logbook and discussed in report s 
summari z ing fi e ld activities and analytical res ul ts. 

For the purposes of thi s procedure, sedim ents are 
those mineral and o rgani c material s situated beneath 
an aqueous laye r. The aqueous layer may be e ither 
s tatic , as in lakes, ponds , and impoundments; o r 
flo w ing, as in ri ve rs and strea ms . 

Mention of trade names o r co mm erc ial produ cts does 
not cons titute U .S. EPA end orse me nt o r 
recommendati on fo r use . 

2.0 METHOD SUMMARY 

Sed iment sampl es m ay be co ll ec te d us ing a va ri e ty o f 

methods and equipment. depending on th e depth o f th e 
aqu eo us laye r, the portion of th e sediment profil e 

required (surface vs. subsurface) , the type of sample 
required ( disturbed vs . undi sturbed), contaminants 
present, and sediment type. 

Sediment is co ll ec ted from beneath an aqueous layer 

either directly , using a hand held de vice s uch as a 
sho ve l, tro we l, or auger; or indirec tly , us ing a 
remotely activated dev ic e s uch as an Ekman or Ponar 
dredge. Following collection, sediment is transferred 
from the sampling dev ice to a sa mpl e container of 
appropriate size and construction for the ana lyses 
requested . If composite sampling tec hniques ar e 
empl oyed, multiple grabs are placed into a container 
co nstructed of ine rt material , homogeni zed, and 
transfe rred to sample containers appropriate for the 
analyses requested. The homogeniza tion procedure 
should not be used if sample ana lys is includes vo latile 
o rga ni cs; in this case, sedim ent, or multipl e g rab s of 
sediment, should be transferred direc tl y from the 
sample collection dev ice or homoge ni zation container 
to th e sample container. 

3.0 

1. 

2. 

3. 

SAMPLE PRESERVATION, 
CONTAINERS,HANDLING AND 
STORAGE 

C hemi ca l prese rvati on of so lids is generall y 
not recommended. Cooling to 4 °C is usua ll y 
th e best ap proac h, suppl emented by the 
ap propri ate holding tim e for th e analyses 
requested . 

Wide mouth g lass containe rs w ith Tefl o n 
lined caps a re utili zed for sedime nt samp les . 
The sa mple vo lume is a functi on of the 
analyti ca l requ i re rn ents and w ii I be specifi ed 
in the Work Plan. 

If analysis of sed iment from a di sc rete depth 
or loca ti on is des ired, sediment is tran sferred 
directl y from th e sampling dev ice to a 
labe led sampl e co nta iner(s) of approp ri ate 
size and co nstru ct ion for the ana lyses 



4. 

5. 

4.0 

reques ted. Transfer is acco mpli s hed w ith a 
s ta inl ess s teel o r pl as ti c lab spoon o r 
equi va lent. 

If compos ite sampling techniques or multipl e 

gra bs are empl oyed, eq ua l po rti ons of 
sediment from eac h location a re deposited 
into a s tainless stee l, plas ti c, o r o th e r 
appropriate compos ition ( e.g., Teflon) 
co ntaine rs . The sedim ent is homoge ni ze d 

thoroughly to obtain a composite 
re presentati ve of the area sampl ed . The 
compos ite sediment sample is transferred to 
a labeled containe r(s) of appropri ate size and 
constructi on for the analyses reques ted. 
Transfer of sedim ent is acco mpli shed w ith a 
stainless stee l o r pl as ti c lab spoon o r 
equi va lent. Samples fo r vo latil e o rga ni c 
ana lys is must be transferred directly from the 
sa mple collection device or pool ed from 
multipl e areas in the homogeni zatio n 
co nt a iner prior to mi x ing. T hi s is done to 
minimize loss of co ntaminant due to 
vo latili zation durin g homogeni zation. 

All sampling dev ices s hould b e 
decontaminated , th en w rapped in aluminum 
fo il. The sa mpling dev ice should remain in 
thi s wra pping until it is needed. Eac h 
sampling dev ice sho uld be used for onl y one 
sample. Di sposable sampling de vices fo r 
sediment are genera ll y impractical due to 
cos t and the large number of sediment 
sa mples w hi ch may be required. Samp lin g 
devices shoul d be c lea ned in th e fi e ld us in g 
the decontam inati on procedure desc rib ed in 
the Sa mplin g Eq uipment Deco ntam inat io n 
SOP . 

INTERFERENCES AND 
POTENTIAL PROBLEMS 

Substrate particle s ize and orga ni c matte r co ntent a re 
a direc t co nsequence of the flo w cha rac te ri s ti cs of a 
wa te rb ody. Conta minants are more like ly to be 
concentrated in sediments typ ified by l~ne parti c le s ize 
and a hi gh orga ni c matte r co nte nt. Thi s type of 
sediment is mos t like ly to be co ll ec ted from 
depos iti onal zones. In con tras t, coa rse sed im ents w ith 
low o rga ni c matte r co ntent do not ty pica ll y 

co ncentrate po llu tants and are genera ll y fo un d in 
eros iona l zo nes. The se lec ti on o fa sa mp li ng location 
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can, th e refo re, g rea tl y influ ence the ana ly ti ca l res ults 
and s ho uld be ju stifi ed and spec ifi ed in the Work 

Pl an. 

5.0 EQUIPMENT/APPARATUS 

Equipment needed fo r co ll ection of sed iment sa mples 

may include: 

C Maps/plot pl an 
C Safety equipment 
C Co mpass 

C Tape measure 
C S urvey stakes , flags , o r buoys and ancho rs 

C Camera and film 
C Stainless stee l, plastic, or othe r app ro priat e 

compos ition bucket 
C 4 -oz., 8-oz., and one-quart w ide mouth jars 

w/Teflon lined lids 
C Zi ploc plastic bags 
C Logbook 
C Sample j a r labe ls 
C C hain of C ustody records, field data s heets 
C Coo le r(s) 

C Ice 
C D econtaminati o n suppli es/equipment 
C Spade o r s hove l 
C S patul a 
C Scoop 
C Trowe l 
C B ucket auger 
C Tu be auger 
C Ex tension rods 
C "T" handl e 
C Sed iment co rin g dev ice (tube, dri ve head , 

eggshell check va lue, nosecone, ac e tate tube, 
ex tens ion rod s, "T" handl e) 

C Ponar dredge 
C Ek man dredge 
C Ny lon rope or s tee l ca ble 
C Messe nge r dev ice 

6.0 REAGENTS 

Rea gents are not used fo r preserva ti on of sed iment 
sam ples . Decont amin at ion so luti o ns are spec ifi ed in 
the Sa mpling E quipm ent Decontamination SOP . 



7.0 

7.1 

I . 

2. 

3. 

4. 

5. 

6. 

PROCEDURES 

Preparation 

D etermine the objective(s) and ex tent of the 

sampling effo11. The sampling methods to be 

employed, and the types and amounts of 

equipment and s upplies required will be a 

function of site characteristics and objectives 
of the study. 

Obtain th e necessary sampling and 
monitoring equipment. 

Prepare sc hedul es , and coordinate w ith s taff, 

cli e nt, and regulato ry age nci es , if 
appropriate. 

D econtaminate or prec lean equipme nt, and 

ensure that it is in working order. 

Perform a general s ite survey prior to site 

entry in accordance w ith the s ite specific 
Health and Safety Plan. 

Use stakes, flagg ing , or buoys to ide ntify and 

mark all sa mpling loca tion s. Specific s it e 

factors including fl ow reg ime, bas in 

morphometiy, sed iment c harac teri s tic s, depth 

of overlying aqueous layer, contaminant 

so urc e, a nd ex tent and nature of 

co ntaminatio n s ho uld be co nsi dered w he n 

se lec ting sample loca ti o ns . If required , the 

proposed locations m ay be adjusted based on 

s ite access, property bounda ri es, a nd surfa ce 
obs tructions . 

7 .2 Sample Collection 

Selection of a sampling device is most often 

co ntin gent upo n: (!) th e dep th of wate r at the 

sa mpling loca tion, and (2) th e ph ys ical characte ri st ic s 

of the sedim e nt to be sa mpl e d. T he following 
procedure s may be utili zed : 

7.2. 1 Sampling Surface Sediment with a 
Trowel or Scoop from Beneath a 
Shallow Aqueous Layer 

Fo r th e purpose of thi s method , sur face sed im e nt i s 

conside red to range from O to s ix inches in dept h and 

3 

a shallow aqueous layer is considered to range fro m 0 

to 12 inches in d epth. Co ll ec tion of surfac e sedim e nt 

from be neath a s hall ow aqueous layer ca n b e 

accompli s hed w ith tool s such as spades, sho ve ls, 

trow e ls , and scoops . Although thi s method can be 

used to collect both un co nso lidated/conso lidate d 

sedim ent, it is limited so m ew hat by th e depth and 

mo ve ment of the aqueous laye r. Deep and rapid! y 

flowing water render this method less accurate than 

others discussed below . However, representati ve 

samples can be collected with this procedure in 

shallow s luggish water pro v ided care is de monstrated 

by the sample team m e mber. A s tainless s tee l or 

plastic sampling implement will suffice in mos t 

applications. Care s hould be exercised to a vo id th e 

use of dev ices plated w ith chrome or other material s; 

plating is particularly common with garden tro we ls. 

The following procedure w ill be used to collect 

sediment w ith a scoop, s ho ve l, or trowe l: 

1. 

2. 

3. 

Using a decontaminated sampling 

implement, remove th e des ired thickness and 

vo lume of sediment from th e sampling area. 

Tran sfer th e sampl e into an appropriate 

sampl e or homoge ni zati o n co ntain e r. E ns ure 

that no n-dedi cated contain ers have bee n 

adequate ly decontaminated . 

Surface water s ho uld be decanted from th e 

sa mpl e or ho mo geni zation co ntain er prior to 
sea ling o r transfer; ca re should be take n to 

retain th e fin e sedim e nt fraction during thi s 

procedure. 

7.2.2 Sampling Surface Sediment with a 
Bucket Auger or Tube Auger from 
Beneath a Shallow Aqueous Layer 

For th e purpose of thi s m ethod , surfac e sedim ent i s 

considered to range from O to s ix inc hes in depth and 

a shallow aqueous la ye r is co nside red to range from 0 

to 24 inches in depth. Co ll ec ti o n of surfa ce sedim e nt 

from be nea th a s hallow aqueous laye r can b e 

acco mpli s hed w ith a sys te m co ns ist in g of bucke t 

auger o r tube auger, a se ri es of ex tens io ns, and a "T" 

handl e (Figure 1, A ppe ndi x A) . The use of add iti o na l 

ex tens io ns in conjuncti o n w ith a bucket auge r ca n 

increase th e depth of wa te r from w hi c h sediment ca n 

be co ll ected from 24 inches to l O feet o r m ore . 

Howeve r, sample handling and manipulation increases 



in diffi culty with increasing depth of wa te r. The 
bucket auger or tub e auger is driven into th e sedim ent 

and used to extract a co re. The various depth s 
represen ted by th e co re are homogeni zed or a 
s ubsa mpl e of the co re is taken from the appropriate 
de pth . 

The fo llowing procedure will be used to co ll ec t 

sediment samples w ith a bucket auger or tube auger: 

1. An acetate core may be inserted into th e 
bucket auger o r tube auger prior to samp ling 
if characteristics of the sediments or 
waterbody warrant . By using this technique, 
an intact co re can be ex tracted. 

2. A ttach the auger head to the required leng th 
of ex tens ions, then attach the "T" handl e t o 
the upper ex tens ion. 

3. 

4. 

5. 

6. 

7. 

C lear the area to be sampled of any surfac e 
debri s. 

Inse11 the bucke t auger o r tube auge r into the 
sediment at a 0° to 2Cf ang le from ve rtical. 
This ori entation minimizes spillage of th e 
sa mple from the sampl er upon ex tra ctio n 
from the sed imen t and water. 

Rotate th e auge r to cut a core of sedim ent. 

Slowly w ithdra w the a uger; if using a tube 
auge r, make sure that the s lo t is fac in g 
upwa rd. 

Transfer th e sa mple o r a spec ified aliquot of 
sa mpl e into an appropriate sampl e or 
homogeni za tion containe r. Ensure that non­
dedi ca ted conta iners have been adequ a te ly 
decontaminated. 

7.2.3 Sampling Deep Sediment with a 
Bucket Auger or Tube Auger from 
Beneath a Shallow Aqueous Layer 

For th e purpose of thi s method , deep sedim ent i s 
co nside red to range from s ix to g rea ter than 18 inches 
in depth and a sha llow aqueo us laye r is co ns idered to 
ran ge from O to 24 inches. Co ll ec ti on of deep 
sediment from benea th a shall ow aqueous layer ca n be 
acco mpli s hed with a sys tem cons isting of a bucke t 
a uger, a tube auger. a se ri es of extensions and a 

4 

"T" handle. The use of additional ex tens ions ca n 
increase th e de pth of wa ter fro m w hi ch sediment ca n 

be co I lected from 24 inches to fi ve feet or more . 
Howeve r, water clarity must be hi gh enough to pe rmit 

the sample r to directly o bserve the sa mplin g 
operat ion. In addition , sample handling and 
m a nipulation increases in difficulty w ith increas in g 

de pth of water. The bucket auger is used to bo re a 
hole to the upper range of the des ired samp ling depth 
and then withdrawn. T he tube auger is then lowered 
down the borehole, and d1iven in to th e sediment to the 
lower range of the des ired sa mpling depth. The tube 
is then withdrawn and the samp le recovered fro m the 
tube. This method can be used to collect firm I y 

conso lidated sed iments, but is somewhat limited b y 
the depth of the aq ueo us laye r, and the integrity of th e 
initial borehole. 

The fo llowing procedure wi ll be used to co ll ec t deep 
sediment samp les w ith a bucket auger and a tub e 
auger: 

I. 

2. 

3. 

4. 

5. 

6. 

Attach th e bucket auger bit to th e require d 
leng th s of ex tens ions, then attach th e "T" 

handl e to th e upper extension. 

C lear the a rea to be sa mpled of any surface 
debri s . 

Beg in auge rin g, period ica ll y remo vi ng a ny 
accumu la ted sediment (i.e. , cuttings) from 
th e auger bucket. C uttings s hould be 
disposed of far eno ug h from the samp lin g 
a rea to minimize cross co ntamina ti on of 
va ri ous depths . 

After reac hing the upper range of the desired 
de pth, s low ly and ca refull y re move bucket 
auger from th e boring . 

Attach th e tube auger bit to th e require d 
leng th s of ex tens io ns, then attach th e "T" 
handl e to the uppe r ex tens ion. 

Ca refull y lower tub e auge r dow n bo re ho le 
us ing ca re to avo id mak ing co ntac t w ith th e 
bo reho le sides and , thus , cross contaminat ing 
the sa mpl e. Graduall y fo rce tube a uge r into 
sed im ent to the lower range of th e desired 
sa mp ling de pth. Hammering of th e tub e 
auge r to fac ilitate co rin g sho uld be avo id e d 
as the vibrati ons ma y ca use the borin g wa ll s 



to collapse. 

7. Remove tube auger from the borehole , again 
taking care to avoid making contact with the 

borehole s ides and , thus, c ross contaminating 
the sa mpl e . 

8. Discard the top of core (approximately l 
inch); as this represe nts material collected by 
the tube auger before penetration to the layer 
of concern. 

9. Transfer sample into an appropriate sample 
or homogeni zation container. Ensure that 
non-dedicated containe rs ha ve bee n 
adequately decontaminated. 

7.2.4 Sampling Surface Sediment with an 
Ekman or Ponar Dredge from 
Beneath a Shallow or Deep Aqueous 
Layer 

For the purpose of this method , surface sedim e nt i s 
co ns ide red to range from O to s ix inches in depth . 
Co ll ec tion of surface sedime nt can be accompli s hed 
w ith a sys tem consisting of a re mote ly activated 
device (dredge) and a deployment sys tem. This 
technique consists of lo werin g a sa mplin g device 
(dredge) to the s urfa ce of the sedim e nt by use of a 
rope, cable, or ex te nd ed handl e. The mechani sm is 
ac ti va ted , and the dev ice e ntraps sediment in sp rin g 
loaded or lever operated jaws. 

A n Ekman dredge is a li g htwe ig ht sediment sampl ing 
device w ith sp1ing activated jaws. It is used to co ll ect 
moderately consolidated , fine textured sed iment. The 
following proced ure w ill be used for co ll ectin g 
sed im ent with an Ek man dredge (Figure 2, 
Appendix A) : 

I. 

2. 

Attach a sturdy nylon rope or stainless s tee l 
cable throu g h the ho le on th e top of the 
bracket, o r sec ure the ex ten s io n hand le to th e 
bracket w ith mac hine bolts . 

A ttach springs to both s ides of the jaws. Fix 
the jaws so th at th ey are in open position by 
placing trip cab les ove r th e re lease s tud s . 

Ensure that th e hinged doors on th e dredge 
top are free to open. 

3. Low e r the sa mpler to a po int 4 to 6 inc hes 
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4. 

5. 

6. 

7. 

abo ve the sedim e nt surface. 

Drop th e sa mpl e r to the sediment. 

Trigger the jaw re lease mechani s m by 
lowering a messenger down the line , or b y 
depressing the button on the uppe r end of th e 

extens ion handl e . 

Raise the sampler and s lowly decant any free 

liquid through the top of the sampler. Care 
s hould be taken to retain the fine sediment 
fraction during thi s procedure. 

Open the dredge jaws and transfer the sampl e 
into a s tainl ess s teel , plastic or other 
appropriate composition (e .g. , Teflon) 
container. Ensure that non-d edicated 
containers ha ve been adequate ly 

decontaminated. If necessary, continue to 
co ll ect additiona l sediment grabs unti I 
sufficient mate rial has been secured to fulfill 
analytical require me nts. Thoroug hl y 
homogeni ze and then transfe r sediment to 

sampl e containers appropriate for the 
ana lyses requ ested. Samples for vo latil e 
organic a nal ys is must be col lected directl y 
from the bucket before homogenization to 
minimi ze vo latilization of contaminants . 

A Ponar dredge is a heavyweight sediment sampling 
device with weig hted jaws that a re leve r or sp rin g 
activated. It is used to co ll ect conso lidated fin e to 
coa rse textured sedime nt. The following procedure 
w ill be used for co ll ec ting sed ime nt w ith a Ponar 
dredge (Figure 3, Appendi x A) : 

I. Attach a sturd y ny lon rope or steel cable to 
th e ring pro vided o n top of the dredge. 

2. 

3. 

Arrange the Po nar dredge with th e jaws 1 n 
th e open position , sett ing the trip bar so the 
sa mpl e r re ma ins open w hen lifted from th e 

to p . If the dredge is so equipped , pl ace the 
spring loaded pin into the aligned ho les in the 

trip bar. 

Slowl y lower 
approx imate ly 
sediment. 

the 
two 

sampler 
inches 

to a 
above 

point 

th e 

4. Drop th e sampl e r to th e sediment. S lack o n 



5. 

6. 

the line wi ll re lease th e trip bar or spring 

loaded pin; pull up sharply on th e lin e 
c losing the dred ge . 

Raise th e dredge to th e surface and s low ly 
decant any free liquid through the screens on 
top of the dredge. Ca re should be taken to 
re tain the fine sediment fraction during this 

operation. 

Open the dredge and transfe r the sediment to 
a stainl ess s teel , plastic or other appropriate 
composition (e .g. , Teflon) containe r. Ens ure 
that non-dedicated conta ine rs have bee n 

adeq uate ly decontaminated. If necessary , 
continue to collect add iti ona l sediment until 
sufficient material has been secured to fulfill 
ana ly ti ca l requireme nts. Thoroug hl y 
homogenized and then transfer sed iment to 
sampl e con tainers appropriate for the 
analyses requ ested. Samp les for vo lat ile 
organ ic anal ys is must be co ll ected directly 
from th e bucket before homogenization to 
minimi ze vo lat ili za ti on of contaminants. 

7.2.5 Sampling Subsurface Sediment with 
a Coring Device from Beneath a 
Shallow Aqueous Layer 

For purposes of thi s me th od , s ubsurfa ce sedime nt i s 
co ns ide red to range from 6 to 24 inches in depth and 
a shall ow aqueous layer is co ns ide red to range from 0 
to 24 inches in depth . Coll ec ti on of s ubsurface 
sediment from beneath a shall ow aqueous la ye r can be 
acco mpli s hed w ith a syste m consi sting of a tub e 
sampler, acetate tube, eggs he ll c hec k va lve, nosecone, 
ex tens io ns, and "T" handl e, o r dri ve head. The use of 
add iti onal ex tens ions can increase the depth of wa te r 
from which sedim e nt can be co ll ec ted from 24 inches 
to IO feet or more . Thi s sampl er may be used w ith 
e ithe r a dri ve hamm er for firm sediment, or a "T" 
handl e for soft sed im ent. However, sa mpl e handling 
and manipulati o n inc reases 111 difficulty with 
increas ing dep th of wa te r. 

The fo ll owing procedure desc rib es th e use of a sa mple 
coring dev ice (Figure 4 , Appendi x A) used to co ll ec t 
subs ur face sed iments. 

I. Assembl e th e co rin g de vice by inse rting th e 
acetate co re into th e sa mpling tub e . 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11 . 

12. 

13. 

Inse rt th e "egg s he ll" check val ve into th e 
lowe r end of th e sampling tube w ith the 

convex surface pos itioned ins ide th e acetate 

core . 

Screw the nosecone onto the lower end of th e 
sampling tube, sec uring the acetate tube and 

eggshell check va lve. 

Screw the handl e onto the upper end of the 
sampling tube and add extension rods as 

needed. 

Place the sampler in a perpendicular position 

on the sediment to be sampl ed. 

If th e "T" handl e is used , place do wnward 
pressure on the dev ice until th e des ired de pth 
is reac hed. After th e des ired depth i s 
reached , rotate the sampler to shea r off th e 
core a t the botto m . S low ly withdraw th e 
sampl er from th e sed iment and proceed to 
Step 15. 

If the drive hammer is se lec ted, inse rt the 
tapered handle (dri ve head) of th e drive 
hammer through the dri ve head . 

Dri ve th e sa mpl e r into the sediment to th e 
des ired depth. 

Record the length of the tube that penetrated 
the sa mple mate rial , and the number of 

bl ows required to obtain thi s depth. 

Remove the dri ve hammer and fit th e 
key ho le- like opening on th e flat s ide of th e 
hammer onto the dri ve head. In thi s position , 
the hammer se rves as a handle for th e 
sampl e r. 

Rotate the sampler to shea r off the co re a t th e 
bo ttom. 

Lowe r the sampl e r handl e (hammer) until it 
just clea rs the two ea r-like protrusions on th e 

dri ve head , and rotate abo ut 90 °. 

Slow ly w ithdra w th e sa mpl er from th e 
sedim ent. lfthe dri vehead was used, pul l the 
hamm er up wa rd s and dislodge the sa mpl e r 

fro m the sedim e nt. 



14. 

15. 

16 . 

17. 

8.0 

Carefull y remove th e co ring dev ice from the 
wa te r. 

Unscrew th e nosecone and remo ve the 
eggshe ll check va lve . 

Slide the acetate co re out of the sa mple r 
tube . Decant surface water, us ing care to 
retain the fine sediment fraction. If head 
space is present in the upper end, a hacksaw 
may be used to shear the acetate tube off at 
the sediment surface . The acetate core may 
then be capped at both ends . Indicate on the 
acetate tube the appropriate orientation of the 
sediment core us ing a waterproof marker . 
T he sample may be used in thi s fash ion , o r 
the con tents transfen-ed to a sample o r 
homogeni za ti on containe r. 

Open the acetate tube and transfer the 
sedim ent to a sta inless stee l, plastic or other 
appropriate composition ( e.g., Teflon) 
co nta iner. Ens ure that non-dedicated 
containers ha ve been adeq uately 
decontaminated. If necessa ry , continue to 
co ll ec t additiona l sedim ent until suffi c ient 
material has been secured to fulfill analytical 
requirements . T horo ughl y homogeni ze and 
th e n transfer sed im ent to sa mpl e containe r s 
appropriate for th e a nal yses requ es ted . 
Samples for vo latile organic analys is mus t be 
co ll ec ted directly from the bucket befo re 
homogen iza ti on to minimize vo latili zatio n of 
contaminants. 

CALCULATIONS 

This sec tion is not app li ca ble to this SOP. 

9.0 QUALITY ASSURANCE/ 
QUALITY CONTROL 

There are no spec ific quality assurance (QA) act iviti es 
w hi c h app ly to the impl ementati on of these 
procedures. Howeve r, th e fo ll ow ing QA procedures 
app ly : 

1. A ll data must be documented on fie ld data 
shee ts o r w ithin s ite logbooks. 
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2. 

10.0 

A ll in strum entation must be operated in 
accordance wi th operating instru c ti ons a s 
suppli ed by the manufac turer, unless 
otherwi se spec ifi ed in th e wo rk pl an. 
E quipment checkout and ca librati o n 
ac ti viti es must 
s amp ling/opera ti on, 
documented . 

occur prior to 
and they must be 

DATA VALIDATION 

This sec tion is not applicable to thi s SOP. 

11.0 HEAL TH AND SAFETY 

When wo rkin g with potentially haza rdous mate rial s, 
fo ll ow U .S . EPA/OSHA and Corporate hea lth and 
safe ty procedures . 

More spec ifically, w hen sampling sed iment fro m 
waterbodies, phys ical hazards must be identifi ed and 
adequate precautions must be taken to ens ure th e 
safe ty of th e sampling team . The team membe r 
co ll ec ting the sa mple should no t get too c lose to the 
edge of the waterbody, w here bank fai lure may cause 
loss of balance . To prevent thi s, th e person 
pe rforming the sa mpling should be on a li fel ine, and 
be wea ring adeq uate protective equ ipment. If 
sampling from a vesse l is determined to be necessa ry, 
appropriate protecti ve measures mus t be imple mented. 

12.0 REFERENCES 

Mason, B.J ., Preparation of Soil Sam pling Protocol: 
Techn ique and Strateg ies. 1983 EPA-600/4-83-020 . 

Barth, D .S. and B.J. Mason, Soi l Samp li ng Quality 
Assurance User's G uid e . 19 84 EPA-600/4-84-043 . 

U.S. EPA. Characterization of Haza rdous Waste S ites 
- A Methods Manual: Volume II. Ava il abl e 
Sampling Methods, Seco nd Ed ition. 1984 EPA-
600/4-84-076. 

de Vera, E.R., B.P. S imm ons, R.D. Step hen, and D.L. 
Sto rm . Samp lers an d Sa mpling Procedures fo r 
Hazardous Waste Streams . 1980 EPA-600/2-80-018. 
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SURFACE WATER SAMPLING 

SOP#: 2013 
DATE: 11/17/94 

REV.#: 0.0 

1.0 SCOPE AND APPLICATION 

This standard operating procedure (SOP) is applica ble 
to the collection of representative liquid samples, both 
aqueous and non-aqueo us from streams, ri ve rs, lakes, 
pond s, lagoons, and surface impoundments. It 
includes sampl es co ll ec ted from depth , as we ll as 
sa mples co ll ected from th e surface. 

These are standard (i.e. , typi ca lly app li cab le) 
operating procedures which may be va ri ed or changed 
as required , dependent upon s ite conditions, 
equipment limitations o r limitati ons imposed by the 
procedure or other procedure limita tions . In a ll 
instances, the ultimate procedures empl oyed should be 
doc um ented and assoc iated w ith th e final report. 

Menti on of trade names or commerc ia l products do es 
not co nstitute U .S. E nvironmental Protection Agency 
(EPA) endorse ment o r reco mm endati on for use . 

2.0 METHOD SUMMARY 

Sam pling s ituat io ns va ry w ide ly, th e refore, no 
uni ve rsa l sampling procedure ca n be recomm ended . 
However, sampling of both aqueous and non-aqu eo us 
liquids from the above menti oned so urces is ge nerall y 
accomplished through the use of one of the fo ll ow ing 
sampl ers o r techniques : 

C Kemmerer bo ttl e 
C Bacon bomb sa mpler 
C Dip sa mpl er 
C Direct me th od 

Th ese sampling tec hniques wi ll a ll ow for th e 
collection of representat ive samples from th e majority 
of surface wate rs and impoundments encounte red. 

3.0 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

Once sa mples ha ve been co ll ec ted, the following 
procedure should be followed: 

I . Transfe r th e sa mpl e(s) into suitabl e, labe led 
sa mpl e co nta iners . 

2. 

3. 

4. 

Preserve the sample if appropriate, o r use 
pre-preserved sample bottles . Do not ove rfill 
bottl es if they are pre- prese rved. 

Cap th e container, place in a z iploc pl as ti c 
bag and coo l to 4"C . 

Reco rd all pe rtinent data in th e s ite log book 
and on fi e ld data sheets. 

5 . Compl e te th e C ha in of C ustody rec o rd . 

6. A tt ac h custody seal s to coo ler prior to 
shipm ent. 

7. Deco ntaminate a ll sampling equipment prior 
to the co ll ec ti on of additi ona l samples w ith 
that samp ling device . 

4.0 INTERFERENCES AND 
POTENTIAL PROBLEMS 

T he re a re two primary inte rfe rences o r potenti a l 
prob lems w ith surface wa te r sa mpling . T hese inc lu de 
cross con tamin ati on o f sa mpl es and imprope r sa mpl e 
co ll ec ti on. 



1. 

2. 

Cross contamination problems can be 
eliminated or minimized through the use of 

dedicated sampling equipment. If this is not 
poss ibl e or practical , then decontamination of 

sa mpling eq uipm ent is necessa ry . Refe r to 
the Sampling Equipment Decontamination 
SOP. 

Improper sample collection can involve using 
contaminated equipment, disturbance of the 
stream or impoundment substrate , and 
samp ling in an obviously disturbed area. 

Following proper decontamination procedures and 
minimizing disturbance of the sample site wil l 
e liminate these problems. 

5.0 EQUIPMENT/APPARATUS 

Eq uipm ent needed for co ll ection of surface water 
sa mples may include (depending on technique 
chosen): 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

6.0 

Kemmerer bottles 
Bacon bomb sampler 
Dip sampler 

Line and messenge rs 
Samp le bottles/prese rva ti ves 
Z iploc bags 
Ice 
Coo le rs 

C hain of C ustod y reco rds, custody sea ls 
Fie ld data sheets 
D econtamination equipment 
Maps/plot plan 
Safety equipment 
Compass 
Tape measure 

Survey stakes, flags , or buoys and anchors 
Camera and film 

Logbook/waterproof pen 
Sample bottle labe ls 

REAGENTS 

Reagents w ill be utili zed for prese rvation of samples 
and for decontamination of sa mpling equipm ent. The 
preservatives req uired are spec ifi ed by th e analys is to 
be performed. 
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7.0 

7.1 

I. 

2. 

3. 

4. 

5. 

PROCEDURES 

Preparation 

Determine the ex tent of the samp ling effort, 

the samp ling methods to be emp loyed, and 
the types and amounts of eq uipment and 
supp li es needed . 

Obtain the necessary samp ling and 
monitoring equipment. 

Decontaminate or pre-clean equipment, and 
ensu re that it is in work ing order. 

Prepare schedu ling and coordinate with s taff, 
c li ents, and regulatory agency , if appropriate. 

Perform a genera l s ite survey prior to site 
entry, in accordance with the site specific 
Health and Safety Plan. 

6. Use stakes, flagging, or buoys to identify and 
mark a ll sampling locations . If required th e 
proposed locations may be adjusted based on 
site access, prope rty boundari es, and surface 
obstructions. If collecting sediment samples , 
thi s procedure ma y di sturb th e bottom. 

7.2 Rep resen ta tive 
Considerations 

Sampling 

In order to collect a represe ntati ve sampl e, th e 
hy drology and morphom etrics of a stream or 
impoundment should be detern1ined prior to sampling. 
This w ill aid in dete rmining the presence of phases or 
laye rs in lagoons , or impoundments, flow patte rns in 
streams, and appropriate sampl e locations and depths . 

Water quality data s hould be co ll ec ted 111 

impoundments, and to dete rmine if stratification is 
present. Measurements of di sso lved oxygen , pH , and 
te mpe rature ca n indi cate if s trata ex ist w hich wo uld 
effec t analytica l res ults . Measurements s hould be 
co ll ec ted at one-meter int e rva ls from th e substrate to 
th e s urfa ce us ing th e appropriate instrum ent (i .e ., a 
I-Iyclrolab o r equi va lent). 



W a te r qu a lity measurements suc h as di sso lved 

oxygen, pH , tempera ture, co nducti v ity, and ox idati o n­
redu c ti o n potenti a l can ass is t in th e inte rpretati on of 
anal y ti ca l data and the se lect ion of sa mpling s ites and 

depth s w hen surface wate r sa mples a re co ll ec ted . 

Ge nera ll y, th e dec iding fac to rs in the se lec ti on of a 
sampling dev ice for sampling liquids in s treams, 

rivers, lakes, ponds, lagoons, and surfac e 
impo undments are: 

1. 

2 . 

3. 

4. 

Will the sa mple be coll ec ted fro m s ho re or 
fro m a boat? 

What is th e des ired de pth a t w hi ch yo u w is h 
to coll ec t th e sampl e? 

W hat is th e ove ra ll dep th and fl ow direc ti on 
of ri ve r o r s tream? 

W hat type of sample w ill be co ll ec ted (i.e. , 
wate r o r lagoon liquid s)? 

7. 2.1 Sampler Composition 

T he app ro priate sa mpling dev ice must be of a proper 
com pos ition. Se lec ti o n of sa mpl e rs co nstru c ted of 
g lass, s ta inl ess s tee l, PVC or PFTE (Teflo n) should be 
base d upo n th e ana lyses to be pe rformed. 

7.3 Sample Collection 

7.3 .1 Kemmerer Bottl e 

A Kem mere r bo ttle (F ig ure 1, A ppe nd ix A) may be 
use d in mos t s itua ti o ns w he re s it e access is fro m a 
boa t o r s truc ture s uc h as a bridge or pie r, and w he re 
sam ples a t depth are required . Sa mpling procedures 
a re as fo ll ows: 

I. 

2. 

Use a prope rl y deco ntamina ted Kemme re r 
bo ttl e . Set the sa mpling dev ice so th at the 
sa mpling e nd pi eces (up pe r and lower 
stoppers) a re pull ed away fro m th e samp ling 
tu be (body). a ll ow in g the subs tance to be 
sam pled to pas s th ro ug h thi s tub e. 

Lowe r the p re-se t sa m pling de vice to the 
p rede term ined de pt h . Avo id bottom 
di sturb ance. 
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3. 

4. 

When the Kemmere r bo ttl e is a t th e required 

depth , se nd dow n the messenge r, c los ing th e 
sa mpling dev ice. 

Retiieve th e sa mpl e r and di sc ha rge fro m th e 
bo ttom drain th e firs t 10-20 ml to c lea r any 
potenti a l contamina ti on of th e va lve . 

Transfe r the sa mple to th e app ro priate 
sampl e containe r. 

7.3.2 Bacon Bomb Sampler 

A baco n bo mb sample r (F ig ure 2, Appendi x A) may 
be used in s ituati ons s imila r to th ose outlin ed fo r th e 
K e mm e re r bo ttle. Sampling procedures a re as 
foll ows : 

1. L ower th e baco n bomb sa mp ler ca refull y to 
the des ired depth , a llowing the line fo r the 
tri gge r to rema in s lac k a t a ll tim es. When 
the des ired depth is reac hed, pull th e tri gger 
line until taut. Thi s will a ll ow th e sa mple r to 
fi 11. 

2. Re lease th e tri gger line and re tri eve th e 
sample r. 

3. T ra nsfe r th e sa mpl e to the app rop ri a te 
sample co nta iner by pulling up on th e tri gge r. 

7 .3 .3 Dip Sampler 

A d ip sa mpl er (F ig ure 3 , A ppe ndi x A) is use ful in 
s ituat io ns w he re a sample is to be recovered fro m an 
o utfa ll pipe o r a long a lagoo n ba nk w here d irect 
ac c ess is limited. The lo ng handl e on such a dev ice 
a llows access fro m a di sc rete loca ti on . Sa m pling 
proced ures are as fo llows: 

1. Asse mbl e th e dev ice in acco rd ance w ith th e 
m anufacture r's ins tru c ti ons. 

2. Ex tend the dev ice to the sa mple loca ti on and 
co ll ec t th e sa m ple by di pping th e sa mpl er 
in to the su bstance. 

3 . Retri eve the sa mp le r and transfe r th e sampl e 
to the ap pro pria te sam pl e con ta iner. 



7 .3 .4 Direct M ethod 

Fo r s tream s, ri ve rs, la kes, and o th e r surface wa te rs, 

th e direc t meth od ma y be utili zed to coll ec t wa te r 
sampl es fro m the surface directl y into th e sa mpl e 
bottl e . T hi s meth od is not to be used for sampling 

lag oo ns o r other impoundm ents w here contact w ith 
contaminants is a conce rn . 

U s ing adequ ate protective clothing, access the 
sampling s tati o n by a ppropri ate means . F o r s hall ow 
s tream stations, coll ect the sampl e und e r th e w ate r 
swface w hil e pointing the sampl e co ntaine r up stream; 
th e container must be upstream o f the collector. 
A void di s turbin g the substrate . Fo r la kes and other 
impoundm ents, co ll ec t th e sample und er th e wa te r 
surface avo iding surfac e debri s and th e boat wa ke . 

Wh e n us ing th e direct metho d , do not use pre­
preserved sa mple bottl es as the co ll ection me thod may 
dilute th e co ncentration of preservati ve necessary fo r 
proper sa mpl e preservati o n. 

8.0 CALCULATIONS 

T hi s sec ti o n is no t appli cabl e to thi s SOP. 

9.0 QUALITY ASSURANCE/ 
QUALITY CONTROL 

T here are no spec ific qua lity ass u ra nce (QA) ac ti v iti es 
w hi c h appl y to th e imple me nta ti o n of th ese 
p rocedures . However, the fo ll ow ing ge nera l QA 
procedures appl y : 

l . A ll da ta must be doc ume nted o n fie ld data 
s hee ts o r w ithin s ite logbooks. 

2. A ll in strume ntat io n must be o pera ted in 
acco rd ance w ith operating ins truc ti o ns as 
suppli ed by th e ma nu fac turer, unl ess 
o th e rw ise spec ifi ed in th e wo rk pl a n. 
Equipm e nt c hec ko ut a nd ca lib ra ti o n 
ac ti v iti es must occ ur pn o r to 
sa mplin g/o pe rat io n a nd th ey mus t be 
doc um e nted. 
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10.0 DATA VALIDATION 

Thi s sec ti o n is no t a ppli ca ble to thi s SOP . 

11.0 HEAL TH AND SAFETY 

Whe n wo rking w ith po tentiall y hazardous mate ri a ls, 

follo w U .S . EPA , O SH A and co rpo rate health and 

safe ty procedures. 

Mo re speci fic all y , w hen sa mpling lagoons o r surface 
impo undm ents conta ining kno w n or suspec ted 
ha za rd o us s ubstan ces, ad equate precautions must be 
taken to ensure the safety o f sampling pe rso nn e l. T he 
sampling team m e mber co ll ec ting th e sampl e sho uld 
no t ge t too cl ose to th e edge of th e impo undm e nt, 
w here bank failure may cause him/her to lose hi s/he r 
balance . T he pe rso n pe rfo rn1in g th e samplin g sho uld 
be o n a li fe line and be wearin g adequ ate protect ive 

equipment. When conducting sampling fro m a boa t in 
a n impoundme nt o r flo w ing wate rs, appropria te 
boat ing safety procedures s ho uld be foll owed . 

12.0 REFERENCES 

U.S. Geo log ica l Survey. 1977. Na ti ona l H andbook o r 
Reco mmend ed Meth ods fo r Wa te r Da ta Acqui s iti o n . 
Office of Wa te r Da ta Coordinati o n R es to n, V irg ini a. 
(C ha pte r U pdates ava il abl e) . 

U.S . E nv ironm enta l Protect io n Age ncy . 1984 . 
C harac teri za ti o n of H aza rd o us Was te S ites - A 
Me th ods Ma nu a l: Vo lume II . Ava il able Sa m p ling 
Me th ods, Second E diti o n. EPA/600/4-84-076 . 
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FIGURE 2. Bacon Bomb Sampler 
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U.S. EPA ENVIRONMENTAL RESPONSE TEAM 

STANDARD OPERATING PROCEDURES 

SOIL SAMPLING 

1. 0 SCOPE AND APPLICATION 

SOP: 
PAGE: 

REV : 
DATE: 

2012 
2 of 13 

0.0 
02/18/00 

The purpose of this standard operating procedure (SOP) is to describe the procedures for the co llection of 
representative soil samples . Sampling depths are assumed to be those that can be reached without the use 
of a drill rig, direct-push, or other mechanized equipment (except for a back-hoe). Analysis of soil samples 
may determine whether concentrations of specific pollutants exceed established action levels, or if the 
concentrations of pollutants present a ri sk to publi c health , welfare, or the environment. 

These are standard (i .e. , typically applicable) operating procedures which may be va ri ed or changed as 
required, dependent upon site conditions, equipment limitations or limitations imposed by the procedure. 
In all instances , the actual procedures used should be documented and descr ibed in an appropriate site 
report. 

Mention of trade names or commercial products does not constitute U.S. Environmental Protection Agency 
(EPA) endorsement or recommendation for use. 

2.0 METHOD SUMMARY 

Soil samples may be coll ected using a variety of methods and equipment depending on the dep th of the 
desired sample, the type of sample required (disturbed vs . undisturbed) , and the soil type. Near-surface 
soils may be eas ily sampled using a spade, trowel, and scoop. Sampling at grea ter depths may be 
performed using a hand auger, continuous fli ght auger, a trier. a split-spoon, or, if required, a backhoe. 

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 

Chemical preservation of solids is not generally recommended. Samples should , however, be cooled and 
protected from sunlight to minimize any potenti al reaction. The amount of sa mpl e to be coll ected and 
proper sample container type are discussed in ERT/REAC SOP #2003 Rev. 0.0 08/11 /94, Sample Storage . 
Preservation and Handling. 

4.0 INTERFERENCES AND POTENTIAL PROBLEMS 

There are two primary potential prob lems associated with soil samp li ng - cross contaminati on of samples 
and improper sample co llecti on. Cross contam ination problems ca n be eliminated or minimized th rough 
the use of ded icated sa mpli ng eq ui pment. If this is not possible or practi ca l. then decontam inat ion of 
sampling equi pment is necessary . Improper sample co llection can involve using contam inated equipment. 
disturbance of the matrix resulting in compaction of the sa mple. or inadequate homogeni zat ion of the 
samples where req uired. resulting in var iable, non-representative resul ts. 

5.0 EQUIPMENT 
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SOIL SAMPLING 

Soil sampling equipment includes the following: 

Maps/plot plan 
Safety equipment, as specified in the site-specific Health and Safety Plan 
Survey equipment or global positioning system (CPS) to locate sampling points 
Tape measure 

• Survey stakes or flags 
• Camera and film 
• Stainless steel . plastic . or other appropriate homogeniza tion bucket, bowl or pan 
• Appropriate size sample containers 
• Ziplock plast ic bags 
• Logbook 
• Labels 
• Chain of Custody records and custody sea ls 

Field data sheets and sample labels 
Cooler(s) 
Ice 

• Vermi culite 
Decontamination supplies/equipment 
Canvas or plastic sheet 

• Spade or shovel 
• Spatula 
• Scoop 
• Plastic or sta inless steel spoons 
• Trowel (s) 

Continuous flight (screw) auger 
• Bucket auger 
• Post hole auger 
• Extension rods 

T-handle 
Sampling trier 
Thin wa ll tube sampler 
Sp! it spoons 
Vehimeyer so il sampler outfit 
- Tubes 
- Points 
- Drive head 
- Drop hammer 
- Puller jack and grip 

• Backhoe 

6.0 REAGENTS 
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Reagents are not used for the preservation of so il samples. Decontamination solutions are specified in 
ERT/REAC SOP #2006 Rev. 0.0 08/ 11 /94 , Sampling Equipment Decontamination , and the site specific 
work plan. 

7 .0 PROCEDURES 

7 .1 Preparation 

1. Determine the extent of the sampling effort , the sampling methods to be employed , and the 
types and amounts of equipment and supplies required . 

2. Obtain necessary sampl ing and monitoring equipment. 

3. Decontaminate or pre-clean eq uipment , and ensure that it is in working order . 

4. Prepare schedu les and coordinate with staff, client, and regulatory agencies, if appropriate. 

5. Perform a general site survey prior to site entry in accordance with the site specific Health 
and Safety Plan. 

6. Use stakes, flagging , or buoys to identify and mark all sampling locations. Specific site 
factors, including extent and nature of contaminant , should be considered when selecting 
sa mple location. If required , the proposed locations may be adjusted based on site access, 
property boundaries, and surface obstructions . All staked locations shou ld be utility-cleared 
by the property owner or the On-Scene-Coord inator (OSC) prior to so il sampling; and 
utility clearance should always be confirmed before beginn ing work. 

7. 2 Sample Collection 

7.2.l Surface Soi l Sam pl es 

Collection of samples from near-surface so il can be accomplished with too ls such as 
spades. shovels . trowels . and scoops. Surface material is removed to the requ ired 
depth and a stainl ess steel or plastic scoop is then used to coll ect the sample. 

This method can be used in most soil types but is limited to sampling at or near the 
ground surface. Accurate, representati ve samples ca n be co llected with this procedure 
depending on the ca re and prec ision demonstrated by the sample team member. A flat. 
pointed mason trowel to cut a block of the des ired so il is helpful when undisturbed 
profiles are req uired. Tools plated with chrome or other materials should not be used. 
Plating is parti cularly common with garden implements such as potting trowe ls. 

The following procedure is used to co llec t sur face so il sa mpl es : 
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1. Carefully remove the top layer of so il or debris to the desired sample depth 
with a pre-cleaned spade. 

2. Using a pre-cleaned , sta inless steel scoop, plastic spoon , or trowel. remove and 
discard a thin layer of so il from the area which came in contact with the spade. 

3. If volatile organic analysis is to be performed , transfer the sample directly into 
an appropr iate , labeled sample container with a stainless steel lab spoon, or 
equ ivalent and secure the cap tightly. Place the remainder of the sample into 
a sta inless steel , plastic, or other appropriate homogenization container, and 
mix thoroughly to obtain a homogenous sample representative of the entire 
sampling interval. Then, either place the sample into appropriate, labeled 
containers and secure the caps tightly; or , if composite samples are to be 
collected, place a sa mple from another sampl ing interval or location into the 
homogenization conta iner and mix thoroughly. When compositing is complete, 
place the sample into appropriate , labeled conta iners and secure the caps 
tightly . 

7.2. 2 Sampling at Depth with Augers and Thin Wall Tube Sa mplers 

This system consists of an auger, or a thin-wall tube sampler, a series of extensions , 
and a "T" handle (Figure 1, Appendix A). The auger is used to bore a hole to a 
desired sampling depth , and is then withdrawn. The sample may be collected directly 
from the auger. If a core sample is to be collected, the auger tip is then replaced with 
a thin wall tube sampler. The system is then lowered down the borehole , and driven 
into the soil to the completion depth The system is withdrawn and the core is 
collected from the thin wa ll tube sampler. 

Several types of augers are avai lab le; these include: bucket type, continuous fli ght 
(screw), and post-hol e augers. Bucket type augers are better for direct sample 
recove ry because they provide a large volume of sampl e in a short time. When 
continuous flight augers are used, the sample ca n be collected directl y from the 
flights. The continuous fli ght augers are sa ti sfactory when a composite of the 
complete soil column is desired. Post-hole augers have limited utility for sa mple 
collection as they are designed to cut through fibrous, rooted, swa mpy soil and cannot 
be used below a depth of approximately three feet. 

The following procedure is used for collecting so il samples with the auger: 

I. Attach the auger bit to a drill rod extension . and attach the "T" handle to the 
drill rod. 
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2. Clear the area to be sampled of any surface debris (e .g., twigs , rocks , litter) . 
It may be advisable to remove the first three to six inches of surface so il for an 
area approximately six inches in radius around the drilling location. 

3. Begin augering , periodi ca lly removing and depositing accumulated soils onto 
a plastic sheet spread near the hole. This prevents accidental brushing of loose 
material back down the borehole when removing the auger or adding drill rods. 
It also fac ilitates refilling the hole, and avoids possible contamination of the 
surrounding area . 

4. After reaching the desired depth , slowly and carefully remove the auger from 
the hole. When sampling directly from the auger, collect the sample after the 
auger is removed from the hole and proceed to Step 10. 

5. Remove auger tip From the extension rods and replace with a pre-cleaned thin 
wall tube sampl er. Install the proper cutting tip . 

6. Carefully lower the tube sampler down the borehole. Gradually force the tube 
sampler into the soil. Do not scrape the borehol e sides . Avoid hammering the 
rods as the vibrations may cause the boring walls to co llapse . 

7. Remove the tube sampler , and unscrew the drill rods. 

8. Remove the cutting tip and the core from the device. 

9. Discard the top of the core (approximately l inch) , as this poss ibly represents 
material collected before penetration of the layer of concern. Place the 
remaining core into the appropr iate labeled sa mple container. Sa mple 
homogenization is not required. 

10. If volatile organic analys is is to be performed, transfe r the sample into an 
appropriate , labeled sample conta iner with a stainless steel lab spoon , or 
equi va lent and secure the ca p ti ghtly . Place the remainder of the sa mple into 
a stainless steel, plastic, or other appropriate homogeniza tion container. and 
mix thoroughly to obtain a homogenous sa mple representative of the entire 
sampling interva l. Then, either place the sa mple into appropriate, labeled 
containers and secure the ca ps tightly; or , if composite samples are to be 
co llected, place a sa mple from another sampling interva l int o the 
homogen izat ion conta iner and mix thoroughly . 

When compositing is com pl ete, place the sa mpl e into appropriate. labeled 
containers and secure the ca ps tightly 
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11. If another sample is to be collected in the same hole, but at a greater depth , 
reattach the auger bit to the drill and assembly, and follow steps 3 through 11 , 
making sure to decontaminate the auger and tube sampler between samples . 

12. Abandon the hole according to applicable state regulations. Generally , shallow 
holes can simply be backfilled with the removed soil material. 

7.2.3 Sampling with a Trier 

The system consists of a trier , and a "T" handle. The auger is driven into the so il to 
be sampled and used to extract a core sample from the appropriate depth. 

The following procedure is used to collect so il samples with a sampling trier : 

1. Insert the tr ier (Figure 2, Appendix A) into the material to be sampled at a 0° 
to 45° angle from horizontal. This or ientation minimizes the spillage of 
sa mple. 

2. Rotate the trier once or twice to cut a co re of material. 

3. Slowly withdraw the trier , making sure that the slot is fa cing upward. 

4. If volatile organic analyses are required , transfer the sample into an 
appropriate, labeled sample container with a sta inl ess steel lab spoon , or 
equivalent and secure the cap tightly . Place the remainder of the sample into 
a stain less steel, plastic, or other appropriate homogeniza tion conta iner , and 
mix thoroughly to obtain a homogenous sample representative of the entire 
sampling interva l. Then, either place the sample into appropriate , labeled 
conta iners and secure the caps tightly; or , if composite samples are to be 
co ll ected, place a sa mpl e from another sa mpling interva l into the 
homogenization container and mix thoroughly. When compositing is complete , 
place the sa mpl e into appropriate , labe led containers and secure the caps 
tightly . 

7.2.4 Sa mpling at Depth with a Split Spoon (Barrel) Sampler 

Split spoon sa mpling is generally used to coll ect undisturbed so il cores of 18 or 24 
inches in length. A ser ies of consecutive cores may be extracted with a split spoon 
sam pl er to give a complete so il column profile. or an auger may be used to drill down 
to the des ired depth for sam pling The split spoon is then dri ven to its sam pling depth 
through the bottom of the augured hole and the core ex tracted . 

When sp lit spoon sa mpling is performed to ga in geo logic information, all work should 
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be performed in accordance with ASTM Dl586-98 , "Standard Test Method for 
Penetration Test and Split-Barrel Sampling of Soils " . 

The following procedures are used for collecting so il samples with a spl it spoon: 

1. Assemble the sampler by aligning both sides of barrel and then screwing the 
drive shoe on the bottom and the head piece on top. 

2. Place the sampler in a perpendicular position on the sample material. 

3. Using a well ring , drive the tube. Do not drive past the bottom of the head 
piece or compression of the sample will result. 

4. Record in the site logbook or on field data sheets the length of the tube used to 
penetrate the material being sa mpled, and the number of blows required to 
obta in th is depth. 

5. Withdraw the sampler , and open by unscrewing the bit and head and splitting 
the barrel. The amount of recovery and so il type should be recorded on the 
boring log. If a spl it sa mple is desired, a cleaned, stainless steel knife should 
be used to divide the lube contents in half, longitudinal ly. This sampler is 
typically available in 2 and 3 1/2 inch diameters. A larger barrel may be 
necessa ry to obta in the required sample vo lume. 

6. Without disturbing the core , transfer it to appropriate labeled sample 
container(s) and seal tightly. 

7.2.5 Test Pit/Trench Excavation 

A backhoe can be used to remove sections of so il. when detailed examination of soi l 
characteristics are requ ired. This is probably the most expensive sampling method 
because of the relative ly high cost of backhoe operation . 

The follow ing proced ures are used for collecting so il sam ples from test pits or 
trenches : 

l. Prior to any excavation with a backhoe , it is importa nt to ensure that all 
sa mpling locations are clear of overhead and buri ed utiliti es . 

2 Rev iew th e site spec ifi c Hea lth & Safety plan and ensure that all safety 
precautions includ ing appropriate monitoring equipment are installed as 
required. 
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3. Using the backhoe , excavate a trench approximately three feet wide and 
approximately one foot deep below the cleared sampling location. Place 
excavated soils on plastic sheets. Trenches greater than five feet deep must be 
sloped or protected by a shoring system , as required by OSHA regulations . 

4. A shovel is used to remove a one to two inch layer of soil from the vertical face 
of the pit where sampling is to be done. 

5. Samples are taken using a trowel, scoop , or coring device at the desired 
intervals. Be sure to scrape the vertical face at the point of sampling to remove 
any soil that may have fallen from above , and to expose fresh soil for sampling. 
In many instances . samples can be collected directly from the backhoe bucket. 

6. If volatile organic analyses are required , transfer the sample into an 
appropriate, label ed sample container with a stainless steel lab spoon , or 
equivalent and secure the cap tightly. Place the remainder of the sample into 
a stainless steel, plastic , or other appropriate homogenization container, and 
mix thoroughly to obtain a homogenous sample representative of the entire 
sampling interval. Then , either place the sample into appropriate , labeled 
containers and secure the caps tightly; or , if composite samples are to be 
collected, place a sample from another sampling interval into the 
homogenization container and mix thoroughly. When compositing is complete , 
place the sample into appropriate, labeled containers and secure the caps 
tightly . 

7. Abandon the pit or excavation according to applicable state regulations. 
Generally , shallow excavations can simply be backfilled vvith the removed soil 
material. 

This section is not applicable to this SOP. 

9.0 QUALITY ASSURANCE/QUALITY CONTROL 

There are no spec ifi c quality assurance (QA) acti viti es which apply to the implementation of these 
procedures . However, the following QA procedures apply: 

1. All data must be documented on fi eld data sheets or within site logbooks. 

2. All instrumentation must be operated in accordance with operating instructions as supplied by the 
manufa cturer. unl ess otherwise specifi ed in the work pl an. Equipment checkout and ca libration 
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activities must occur prior to sampling/operation , and they must be documented. 

10.0 DATA VALIDATION 

This section is not applicable to this SOP. 

11 . 0 HEAL TH AND SAFETY 

When working with potentially hazardous materials , follow U.S. EPA , OHSA and corporate health and 
safety procedures, in addition to the procedures specified in the site specific Health & Safety Plan .. 

12.0 REFERENCES 

Mason , B .]. 1983. Preparation of Soil Sampling Protocol: Technique and Strategies. EPA-600/4-83-020. 
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SAMPLING EQUIPMENT 
DECONTAMINATION 

SOP#: 2006 
DATE: 08/1 1 /94 

REV. #: 0.0 

1.0 SCOPE AND APPLICATION 

The purpose of thi s Standa rd Operating Procedure 
(SOP) is to pro vide a desc ripti on of the methods used 
for preventing, min1m1 z ing, or limiting 
cross-contamination of samples due to inappropri ate 
or inadequate equipment deco ntamination and to 
provide ge nera l guid e lines fo r deve lopin g 
decontamination procedures fo r sampling equipment 
to be used durin g hazard o us waste operations as pe r 
29 Code of Federal R egul ations (CFR) 1910.120 . 
T hi s SOP does no t address pe rsonne 1 
decontamination . 

These are standard (i.e. typi ca ll y applicable) operating 
procedures w hi ch may be varied or changed as 
required, depend ent upon site conditions, equipment 
limitati o n, o r limitati ons imposed by the procedure . 
In a ll in stances, th e ultima te procedures emp loye d 
s ho uld be documented and ass ociated w ith the fina 1 
repo rt . 

Menti on of trade names or co mmercia l products does 
not constitute U.S. E nvironm enta l Protection Age ncy 
(U.S. EPA) end orsement o r recommendation fo r use . 

2.0 METHOD SUMMARY 

Remo ving o r neutrali z ing con taminants from 
equipment minimi zes th e like lihood of sa mpl e cross 
co ntamination , red uc es o r e liminates transfer of 
contam inants to c lean a reas, and pre vents th e mi xing 
of incompatibl e s ubstan ces . 

Gross co ntamination ca n be removed by phys ica 1 
decontamination procedures . These abras ive and 

non-abras ive meth ods inc lude the use of brushes , air 
and wet blasting, and hi gh and low pressure wa te r 
c leaning. 

The firs t s tep , a soa p and w ater was h, removes al 1 

visibl e pa11ic ul ate matter and res idual o ils and g rease. 
Thi s ma y be preceded by a stea m o r hi gh pressure 

water wash to facilitate res idual s remova l. The 
second step in vo lves a tap water rinse and a 
distill ed/deioni zed water rinse to remov e th e 
detergent. An acid rinse pro vides a low pH medi a for 
tra ce metal s remo va l and 1s inc luded 111 th e 
decontaminati on process if me tal sampl es are to b e 
collected. It is followed by an oth er di s tilled/de ioni zed 
wate r rinse . If sampl e anal ys is does no t include 
me tals , the acid rin se s te p can be o mitted. N ex t, a 
hi g h purity so lvent rin se is pe rform ed for trac e 
organics rem ova l if organics are a conce rn at th e site. 
T ypi ca l so lve nts used for remova l of o rgani c 
contaminants inc lude ace tone , hexa ne, o r wa te r. 
Acetone is ty pica ll y chosen because it is an exce llent 
so lvent, mi sci ble in water, and not a ta rge t analy te on 
the Priority Po llutant List. If acetone is known to be 
a co ntaminant of concern at a g ive n s ite or if Ta rget 
Co mpound L ist analys is (w hi c h inc ludes ace tone) i s 
to be pe rform ed, ano th er so lve nt may be substituted . 
The so lvent must be allowed to eva pora te co mple tely 
and th en a final di still ed/deio ni zed wa te r rin se is 
perform ed. Thi s rinse removes any res idua l traces of 

the so l ve nt. 

The decontamination procedure desc ribed above may 
be summari zed as fo ll ows : 

1. 

2. 
3. 

4. 
5. 
6. 

Physica l remova l 
No n-phosphate dete rge nt was h 
Tap wa te r rinse 
Distilled/de ioni zed wa te r rin se 
10% nitri c ac id rinse 
Distilled/deioni zed wate r rin se 

7. Sol ve nt rin se (pesticide grade) 
8. A ir dry 
9. Di s till ed/de ioni zed wa te r rin se 

If a particular co nta minant frac ti on is no t present at 
th e s ite , th e nine (9) s te p decontamination proced ure 
spec ified abo ve may be modified for s ite spec ifi c ity. 
Fo r exa mple, the nitri c ac id rin se may be e liminated 
if meta ls are no t of concern a t a s it e. S imi la rl y. th e 
solve nt rin se may be e liminated if o rga ni cs are not of 



concern at a s ite. Modifications to th e s tandard 
proced ure s ho uld be doc um ented in th e s ite spec ifi c 
work plan or s ub seq uent report. 

3.0 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

The amount of sample to be collected and the proper 
sample container type (i.e., glass, plastic), chemical 
preserva tion , and storage requirements are dependent 
on the matri x be ing sampled and th e parameter(s) of 
interest. 

More specifically, sample collection and analysis of 
decontamination waste may be required before 

begi nning proper di sposa l of decontamination liquids 
and so lids generated at a s ite. This s hould b e 
determined prior to initiation of s ite activities . 

4.0 INTERFERENCES AND 
POTENTIAL PROBLEMS 

C 

C 

C 

C 

5.0 

The use 
commonly 
ve ndors 

of dis ti I led/deioni zed wale r 
available from commercia I 

may be acceptable for 
decontamination of samp ling eq uipm e nt 
provided that it has been verified b y 
la borato ry analys is to be analyte free 
(s pec ifi ca ll y for the co ntam inants of 
conce rn). 

The use ofan untreated potable wate r suppl y 
is not an acceptable substitute for tap wate r. 
Ta p water ma y be used from any municipal 
or industrial wa ter treatment system . 

lf acids or so lvents are utili zed 111 

decontamination they raise hea lth and safety, 
and waste di sposal concerns . 

Damage can be incurred by acid and so lve nt 
was hing of com pl ex an d so phi s ti cated 
sampling eq uipm e nt. 

EQUIPMENT/APPARATUS 

Decontamination eq uipm e nt, materials , and suppli es 
are genera ll y se lec ted based on ava ilability . Ot her 
cons iderations include the ease of deco ntaminating or 
di spo s ing of the equipment. Most equipment and 
s uppli es can be eas il y proc ured. For examp le, soft-

2 

bri s tle sc rub brushes or long-handl ed bottl e brushes 
ca n be used to re mo ve co ntaminants . Large 
ga lvani zed was h tubs, stoc k tank s, or buckets can hold 

wash and rinse so lutions. C hildre n' s wading poo ls ca n 
also be used. Large plas tic garbage cans or other 

s imilar co ntaine rs lined w ith plas tic bags can he lp 
segregate contaminated eq uipm e nt. Co ntaminated 
liquid can be sto red temporaril y in metal or plastic 

cans or drums. 

The following standard mate rials and equipment are 
recommended for decontamination activities: 

5.1 

C 
C 

C 
C 

5.2 

C 
C 
C 
C 
C 
C 
C 
C 

Decontamination Solutions 

Non-phosphate deterge nt 
Se lec ted so lve nts (acetone , hexa ne, nitric 
acid, e tc .) 
Tap wate r 
Distilled or de ionized wa ter 

Decontamination Tools/Supplies 

Long and short handl ed brus hes 
Bottle brushes 
Drop c loth/plastic s heetin g 
Paper towel s 
Plastic o r ga lvan ized tub s or buckets 
Pressuri zed s pra yers (HP) 
Sol ve nt sprayers 
A luminum foil 

5.3 Health and Safety Equipment 

Approp ri ate personal protec ti ve e quipmen t ( i. e ., safety 
g lasses or splash shi e ld , appropriate g loves , aprons or 
covera ll s, resp irato r, emerge ncy eye was h) 

5.4 Waste Disposal 

C 
C 
C 
C 

Tras h bags 
Trash co ntain e rs 
55-ga ll o n drum s 
Metal /plastic bu ckets/conta iners fo r s torage 
a nd di sposal of deco nta min atio n so luti o ns 

6.0 REAGENTS 

Th e re a re no reage nt s used in thi s procedure as id e 
from th e ac tu a l decontam inatio n so luti o ns . Table I 
(Appendix A) li s ts so lve nt rinses w hi c h may b e 
required fo r e liminat ion of pa rti c ul a r chem ica ls . ln 



general, the following so lve nts are typically utili ze d 

for decontamination purposes : 

C 10% nitric acid is typically used for 

inorganic compounds such as metals. An 

acid rin se may no t be required if ino rga nic s 

are no t a contaminant of concern. 

C Acetone (pes ticid e grade)"l 

C Hexane (pesticide grade) 11 l 

C Methano l11 l 

IIJ - Only if sample is to be analyzed for organics. 

7.0 PROCEDURES 

As part of th e health and safe ty plan , a 

decontamination plan s hould be deve loped and 

rev iewed. The decontamination line sho uld be se t up 

befo re any perso nne l or equipment e nte r th e areas of 

pote ntial ex posure. The equipment decontamination 
plan sho uld include: 

C Th e number, location , and la yo ut of 

deco nta mination s tations. 

C 

C 

C 

C 

7.1 

D econtamination equ ipment needed. 

A ppropri a te deco nta minati on methods. 

M e thod s for di sposa l of contaminate d 

c lo thing, equipme nt, and so luti ons. 

Procedures can be es tabli shed to minimi ze 

the pote ntial fo r co ntamin ati o n. T hi s may 

in c lude: (!) work practices that minimi ze 

co ntac t w ith po te ntial co nta minan ts; (2) 

us ing re mote sampling tec hniques; (3) 

covering monitoring and sa mpling equipment 

w ith pl as tic , a luminum fo il , o r ot he r 

protec ti ve material ; (4) watering cl ow n dus ty 
areas; (5) avoiding laying dow n equipment in 

a reas of obv io us contamination; and (6) use 

of di sposa bl e sa mpling eq uipm e nt. 

Decontamination Methods 

A ll sa mples and equipm ent leav in g th e co nta111inated 

a rea of a s ite must be decontaminated to re 111 ove any 

co nt a min a ti o n th at may have ad he red to equip 111 ent. 

Vario us deco ntam inat io n methods wi ll re111ove 

co nt a 111ina nts by : ( 1) nushing or o th e r ph ys ical 

acti o n. o r (2) c he 111ical co 111pl ex in g to in act iva t e 
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contaminants by ne utrali zation , c he mical reaction , 

di s infec tion , o r s te rili zation . 

Phys ical decontamination tec hniques ca n be gro up ed 

into two categories : abrasive methods and 

non-abras ive m e thods, as follows: 

7 .1.1 Abrasive Cleaning Methods 

Abrasive cleaning methods work by rubbing and 

wearing away the top laye r of the surface containing 

the contam inant. The mechanical abrasive cleaning 

m ethods are most common ly used at hazardous waste 

s ites. T he fo ll owing abras ive m eth ods are avai lab le: 

Mechanical 

Mechanical methods of decontamination include using 

meta l or nylon brushes . The amount and type of 

contaminants re mo ved will va ry with the hardness of 

bri s tl es, leng th of tim e brushed , degree of brus h 

contact, degree of contamination, na ture of the surface 

being c leaned , and deg ree of contaminant adherence 

to th e s urface. 

A ir Blasting 

Air bl as tin g eq uipment uses compressed air to fo rc e 
abrasive material through a nozz le a t high ve loc iti es. 

The di s tanc e between nozz le and surfa ce c lea ne d, air 

pressure, tim e of appli ca ti o n, and ang le at w hi ch th e 

abrasive s trikes th e surfa ce w ill dictate cleaning 

efficiency. Disadvantages of thi s m e thod are th e 

in ab ility to contro l the am o unt of material remove d 

and the large amount of waste genera ted. 

Wet Blasting 

Wet blast cleaning invol ves use of a suspe nded fin e 

abrasive. The abras ive/water mi xture is de li ve re d by 

compressed air to th e co nta minated area . By us ing a 

very fine abras ive, th e am o unt of material s removed 

ca n be ca refull y co ntroll ed . 

7 .1.2 Non-Abrasive Cleaning Methods 

No n- a bras ive c lea ning 111 e thods wo rk by forcing th e 

con ta minan t off a s urfa ce w ith pressure. In ge nera l , 

the equipme nt surfa ce 1s not re moved us ing 

no n- abras ive 111 e th ods. 



Low-Pressure Water 

This method cons is ts of a container which is fill ed 
with water. The use r pumps air out of th e container to 

create a vacuum. A s lender no zz le and hose allow th e 
use r to spray in hard-to-reac h p laces. 

High-Pressure Water 

T hi s method consists of a high-pressure pump, a n 
operator co ntroll ed directional nozz le, and a high­

press ure hose . Operating pressure usuall y ranges 
from 340 to 680 atmospheres (atm) and flow rates 
usuall y ran ge from 20 to 140 liters per minute. 

U ltra-High-Pressure Water 

Thi s sys tem produces a wa te r jet that is pressure d 

from 1,000 to 4,000 atmosphe res. This 
ultra-hi g h-press ure spray can remove tightly-adh ered 
surface film s. T he wa te r ve loc ity ranges from 500 
mete rs/second (m/s) (1 ,000 atm) to 900 m/s (4,000 
atm). Additives can be used to enhance the c leaning 
action. 

Rinsing 

Co ntaminants are removed by rins ing through 
dilut ion, ph ys ica l attra c ti on, and so lubili za tion. 

Damp C loth Remo va l 

In so me instan ces , due to se nsiti ve, non-waterproof 
equipm ent o r du e to the unlik e lihood of equipment 
be ing co ntam inated , it is not necessary to conduc t an 
extens ive deco ntaminati on procedure . For exam ple, 
a ir sampling pumps hooked on a fe nce , placed on a 

drum , o r wrapped in plastic bags a re no t like ly t o 
become heavil y con tam inated. A damp c loth s hould 
be used to w ipe off co ntam inan ts w hi ch may have 
adhered to equipment through airborne conta minants 
o r from s urfaces upon w hi ch th e equ ipment was se t. 

Dis i n fect io n/S teri I iza ti o n 

Di s infec tants a re a prac ti ca l m ea ns of inac ti va ting 
infec ti ous age nts. Unfortun ate ly , s tandard 
s te rili za ti on meth ods are impractical for large 
equipm ent. T hi s me thod of deco ntamin at ion i s 
typi ca ll y performed off-s ite. 
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7.2 Field Sampling Equipment 
Decontamination Procedures 

The decontaminati on line is se tup so that the firs t 
s tati on is used to c lean the mos t contaminated item. 

It prog resses to th e la st s tation where th e leas t 
contaminated item is c leaned. The spread of 
contaminants is fu1ih er reduced by separa ting each 
decontamination station by a minimum of three (3) 

feet. Ideally, the contamination s hould decrease as the 
equipment prog resses from o ne sta tion to another 
fa1iher a long in the line. 

A s ite is typicall y divided up into th e fol lowing 

boundaries: Hot Zo ne or Exc lus ion Zo ne (EZ) , th e 
Co ntamination Reduction Zo ne (CRZ) , and th e 
Support o r Safe Zo ne (SZ) . The decontam ination line 
should be setup in th e Co ntamina ti on Reducti o n 
Corridor (CRC) whi ch is in the CRZ. Figure 1 
(Appendix B) shows a ty pical contaminant redu c ti on 
zone layout. The CRC controls access into and out of 
the ex c lus ion zo ne and confi nes decontamina tion 
activiti es to a limited area . The CRC boundaries 
should be conspi cuously marked. The far end is th e 
hotline, the boundary between th e exc lusion zone and 
th e contamination reduc ti o n zo ne. The s ize of th e 
decontaminatio n corrido r depends on the number of 
sta ti ons in th e decontamination process , overa l I 
dimensions of th e wo rk zo nes , and amount of s pace 
avai labl e at the s ite. W heneve r poss ible , it s hould be 
a s tra ig ht line . 

Anyone in th e CRC should be wea ring th e leve l of 
protecti on des ignated for the decontamination crew. 
A nother co rridor may be required for the entry and 
ex it of heavy equipment. Sa mpling and monitoring 
eq ui pment and sa mpling suppli es are all maintained 
o ut si de of th e C RC. Perso nn e l don their equipment 
away from the CRC and enter th e excl usion zo n e 
through a se parate access co nt ro l po int at th e hot line. 
O ne pe rson (or more) dedicated to decontaminating 
equipment is reco mm end ed. 

7 .2.1 Decontamination Setup 

Sta rtin g w ith th e mos t co ntaminated sta ti o n, the 
deco ntamination se tup s hould be as fo llows : 

Station I : Segrega te Equipment Drop 

P lace plastic s hee ting on the gro und (F ig ure 2 , 
A ppend ix B). S ize w ill depend on amo unt of 



equipm ent to be decontaminated . P rov ide co nta iners 

lined w ith pl as ti c if equipment is to be seg rega ted. 
Segregation may be required if se ns iti ve equipment o r 

mildl y co ntaminated equipment is used at the sa m e 
tim e as equipmen t w hi ch is like ly to be heav il y 
contaminated. 

Station 2: Phys ica l Removal With A High-Press ur e 
Washer (Optional) 

As indicated in 7 .1.2 , a hi gh-pressure was h may b e 

required for compounds w hich a re difficult to remove 
by washing w ith brushes. The e leva ted temperature of 
the water from th e high-pressure washers is excellent 
at re mov ing g reasy/o il y compo unds . High pressur e 
was he rs require wate r and e lectri city. 

A decontamination pad may be required for the hi gh­
press ure wash a rea. An example of a was h pad may 
consist of an approx imately I 1/2 foot-deep basin 
lined with plas tic sheeting ands loped to a sump at one 
comer. A layer of sa nd can be placed over the pl as ti c 
and the bas in is fill ed w ith grave l o r she ll. The sump 
is also lined w ith visqueen and a barre l is placed in th e 
ho le to prevent co ll apse. A sump pump is used t o 
remove the wa ter from the sump for transfer into a 
drum. 

Typi ca ll y heavy mac hin e ry is deco ntaminated at th e 
e nd of the day unl ess s ite sampling requires that th e 
mac hine1y be decontaminated frequ entl y. A se parate 
deconta minat ion pad may be required for heavy 
eq uipment. 

Sta ti on 3: Physical Remova l With B rus hes And A 
Wash Basin 

Pri or to setting up Sta ti o n 3, pl ace plas ti c s heetin g on 
the ground to cove r areas und e r Station 3 throu g h 
Sta ti o n 10 . 

F ill a wash basin, a la rge bucket, o r child's sw imming 
poo l w ith non-phospha te deterge nt and tap wate r. 
Severa l bottle and b,istle brushes to phys ica ll y remo ve 
co ntam ina ti on s hould be dedi ca ted to thi s sta ti on . 
A pp rox imate ly 10 - 50 ga ll ons of wate r may b e 
required initi a ll y depending upon th e amoun t of 
equipm ent to deco ntam inate and th e amount of gross 
contaminat ion. 

Statio n 4 : Wate r B_as in 

F ill a wash basin, a la rge bucket, o r child's sw imming 
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poo l w ith tap water. Several bottle and bristle brushes 
s ho uld be dedicated to thi s stat ion. A pp rox imate ly 
10-50 ga ll ons of water may be required initi a ll y 

de pe nding up on the amo unt of equipment to 
decontaminate and the amount of gross contaminati on. 

Stat io n 5 : Lo w-Press ure Spravers 

Fill a low-press ure sprayer w ith distilled/de ioni ze d 

wa te r. Provide a 5-gallon bucket or bas in to contain 
the water during the rinsing process. A pprox imate ly 
I 0-20 ga llons o f wate r may be required initial! y 
depending upon th e amount of equipment to 
deco ntaminate and the amount of gross contamination. 

Statio n 6: N itri c Ac id Sprayers 

Fill a spray bottle w ith I 0% nitric ac id . A n acid rinse 
may not be required if ino rga ni cs are no t a 
contaminant of co ncern . The amount of acid wil I 
de pend on th e amount of equipment to b e 
decontaminated. Provide a 5-gallon bucket or bas in to 
co ll ec t ac id during the rin sing process. 

Station 7 : Low-Pressure Sprayers 

Fill a low-press ure spraye r w ith di s till ed/de io ni zed 
wa te r. P rov ide a 5-ga ll on bucke t o r basin to co ll ec t 
wa te r during the rin sa te process. 

Stat ion 8: O rgan ic Solvent Spraye rs 

F ill a spray bottle with an organi c so lvent . Afte r eac h 
so lvent rin se, th e equipment s hould be rin sed w ith 
d is tilled/de ioni zed water and a ir dried . A mo unt of 
so lve nt w ill depend on the amou nt of equipme nt to 
decontam inate. Pro vide a 5-ga ll on bucket or bas in to 
co ll ect the so lve nt d uring th e rins ing process. 

So lvent 1inses may not be req uired unl ess orga ni cs a re 
a contaminant of concern, and may be e liminated from 
th e s ta ti on sequ ence . 

Sta ti o n 9: Low-Press ure Spravers 

F ill a low-p ress ure spra ye r w ith d is till ed/de io ni zed 
wa te r. Provide a 5-ga ll on bucke t o r bas in to co ll ec t 
wa te r during th e rin sa te process. 

Stat ion 10: C lea n Equipm ent Drop 

Lay a clean piece of plastic shee ting o ver the bottom 



plastic laye r. This w ill a llow easy remo va l of th e 
p last ic in th e event that it becomes dirty. Provid e 

aluminum foil , plastic , o r o the r protective mate rial to 
wrap c lean equipment. 

7.2.2 Decontamination Procedures 

Station 1: Segregate E quipment Drop 

Deposit equipment used on-s ite (i .e., too ls, sampling 

dev ices and containers, monitoring instruments radios , 
c Ii pboards, etc.) on th e pl as tic drop cloth/s heet or in 
different containe rs w ith p las ti c line rs. Each will be 
contaminated to a differe nt degree. Segrega tion at the 
drop reduc es th e proba bility of cross contamination. 
Loose leaf sampling data sheets or maps can be placed 
in p lastic z ip lock bags if con taminat io n is ev ident. 

Station 2: Phys ica l Remova l With A High-Press ur e 
Washer (Optional) 

Use hi gh pressure wash on gross ly contam inate d 
equipment. D o no t use high- pressure was h o n 
se ns iti ve or non- wate rp roof eq uipment. 

S ta ti on 3 : Phvs ica l Remova l With Brushes And A 
Wash Bas in 

Scrub eq uipm ent with soap and wa te r us ing bot tl e and 
bri st le brushes. Only sensiti ve eq uipmen t (i.e. , radios , 
a ir monitoring and sampling eq uipm e nt) which i s 
wate rp roof sho uld be was hed. Eq uipmen t w hi ch i s 
not waterproof should have plasti c bags removed and 
w iped down w ith a damp c loth. Aci ds and organ ic 
rinses may also ruin sensiti ve eq uipm ent. Consult th e 
man ufact urers fo r reco mmend e d decontamination 
so luti ons . 

Sta ti on 4: Equipment Rin se 

Wash soa p off of equipm en t w ith wate r by immers ing 
the equipment in the wa te r whil e brushing. Repeat as 
many times as necessa ry. 

Stat ion 5 : Low-Press ure Rinse 

Ri nse sa mpling equ ipment w ith di still ed/deioni zed 
wa te r wi th a low-press ure sprayer. 

Statio n 6: N itri c Ac id Sprayers ( required onl y if 

me ta ls a re a contamimrnt of concern) 
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Us ing a spray bo ttl e rin se sa mpling equipment w ith 
nitri c acid . Begin spra y ing (ins ide and outs ide) at one 
end of the equipment allow ing th e acid to drip to the 

other end into a 5-gallon bucke t. A rinsa te blank may 
be required at thi s s tation. Refer to Section 9. 

Sta ti o n 7: Low-Pressure S prayers 

Rinse sampling eq uipment with di stilled/deionized 

water w ith a low-pressure sprayer. 

Stati o n 8 : Organic Solve nt Sprayers 

Rinse sampl ing equipmen t w ith a so lvent. Begin 

s pray ing (inside and o uts ide) a t one end of th e 
equipmen t a llow ing the so lvent to drip to the o th e r 
e nd into a 5-gal lon bucket. A ll ow the so lvent to 
evaporate from the equipment befo re go ing to the nex t 
station. A QC rinsate sampl e may be required at thi s 

sta ti o n. 

Statio n 9: Low-Pressure Spravers 

Rinse sampling equipment w ith di still ed/deioni ze d 
wa te r w ith a low-pressure was he r. 

Station IO : C lea n Equ ipment Drop 

Lay c lea n equ ipment o n plastic s hee tin g . O nce a ir 
dried , w rap sa mpling equipm ent w ith a luminum fo il , 

plastic , o r othe r protec tive materia l. 

7.2.3 Post Decontamination Procedures 

I . Co ll ec t hi g h-press ure pad and heavy 
equipment deconta minat ion a rea liquid and 
waste and sto re in appro priate drum or 
co nta ine r. A s um p pump can a id in the 
coll ec ti on process. Refe r to the Departm ent 
of Tra nsportat ion (DOT) requirements fo r 
appropriate co nta ine rs based on th e 
contaminant of conce rn . 

2. 

3 . 

Co ll ect hi g h-press ure pad and heavy 
equipm ent deco ntaminat io n a rea so lid waste 
and store in approp ri ate d rum or co nta ine r . 
Refer to th e DOT requirements fo r 
appropriate co ntaine rs based on the 
con taminant of co nce rn. 

Empty soap and wate r liquid was tes fro m 
bas ins and bucke ts and s tore in appropriate 



4. 

5. 

6. 

7. 

8. 

9. 

8.0 

drum o r conta ine r. Refer to the DOT 
requirements for appropriate containe rs 
based on th e contaminant of conc e rn . 

E mpty ac id rin se waste and place 111 

appropriate container or neutrali ze w ith a 

base and pl ace in appropri ate drum . pH 
paper or an equivalent pH tes t is required for 
neutrali zation. Co nsult DOT requirements 

for appropriate drum for acid rinse waste. 

Empty so lvent rin se sprayer and so lvent 
waste into an appropriate container. Consult 
DOT requirements for appropriate drum for 
so lve nt rin se waste. 

Using low-press ure spraye rs, rinse bas ins , 
and brushes. Place li quid genera ted from 
thi s process into the wash water rinse 
container. 

E mpty low-pressure spraye r water onto the 
gro und . 

P lace a ll so lid was te mate ri a ls ge ne rate d 
from th e decontamination area (i.e ., g loves 
and pl ast ic s hee ting, etc.) in an approved 
DOT drum. Refer to the DOT requirements 
fo r appropriate conta ine rs based on th e 
co nta minant of co nce rn . 

Write appro pri ate labe ls fo r was te and make 
a rran ge ments for disposal. Co nsult DOT 
regulations fo r the appropri ate labe l for eac h 
drum ge nerated from the decontamination 
process . 

CALCULATIONS 

This sec ti o n is no t app li ca bl e to thi s SOP . 

9.0 QUALITYASSURANCE/ 
QUALITY CONTROL 

A rinsa te blank is one specific ty pe of qu al ity co nt ro l 
sa mpl e associa ted w ith the field deco nta minat io n 
process. This sa mpl e w ill provide in fo rmati on on the 
effec ti ve ness of th e decontamination process 
empl oyed in th e fie ld . 

Rinsate blanks are sa mpl es obtained by running 
analyte free wa te r over decontam inated sa mpling 
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equipment to tes t for res idua l co ntaminati on. The 
blank water is co ll ected in sampl e containe rs for 

handling, shipment, and ana lys is . These samples are 
treated identical to sa mpl es collected that clay. A 

rinsate blank is used to assess cross contamination 
brought about by improper decontamination 
proced ures. Where dedi cated sampling eq uipment is 
not utilized, coll ect one rinsa te blank per clay per type 

of sampling dev ice samp les to meet QA2 and QA3 
objectives. 

If sa mpling equipment requires the use of plastic 
tubin g it should be di sposed of as contaminated and 
replaced wi th clea n tubing befo re additional sampling 

occurs. 

10.0 DATA VALIDATION 

R esults of quality contro l samples wi ll be evaluated 
for contaminati on. This information w ill be utili ze d 
to qu al ify the environmental sample res ults in 
accordance with the projec t's data quality objectives. 

11.0 HEAL TH AND SAFETY 

When wo rkin g w ith potenti a ll y haza rd ous m ate rial s , 
fo ll ow OSHA, U.S. EPA , corporate, and other 
applicab le hea lth and safe ty procedures . 

Decontamination ca n pose haza rd s und e r ce rtain 
c ircumstances. Hazardous s ubstances may b e 
in compatibl e w ith decontamination material s. Fo r 
example, the decontamination so luti on ma y react w ith 
contam inants to produce hea t, exp los ion , or tox ic 
produc ts. A lso, va pors from decontamination 
so luti ons m ay pose a direct health ha za rd to wo rk ers 
by inhalation, co ntact, fire, o r exp los io n. 

The decontaminati on so luti ons must be dete rmined to 
be acceptabl e before use. Decontamination m aterial s 
may degrade pro tect ive c lothing or equipment; some 
so lve nts can pe rm eate protecti ve c lothing. If 
decontaminati on mate ri a ls do pose a health haza rd , 
m eas ures should be taken to protect pe rsonne l or 
substituti o ns sho uld be made to e limi nate th e haza rd. 
The choice o f resp ira to ry protec ti o n based on 
co nt aminants of co ncern from the s ite m ay not b e 
appropriate for so lvents used in th e decontamination 

process. 

Safety cons iderations should be addressed w hen us ing 
abrasive and non-abrasi ve cl econtam i nation 



equipment. Maxim um air press ure produced by 
abras ive equipment cou ld cause phy sical injury. 
Di splaced mate ria l requires control mechanisms. 

Material generated from decontamination act ivitie s 
require s proper handling , storage, and di sposa l. 
Personal Protecti ve Equipment may be required for 
these activiti es. 

Material safety data sheets are required for al I 
decontamination solvents or solutions as required by 
the Hazard Communication Standard (i.e ., acetone , 
alcoho l, and tri sodiumphosphate). 

In some juri sdictions, phosphate containing detergents 
(i .e ., TSP) are banned. 
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APPENDIX A 

Table 

Table 1. Solub le Contaminants and Reco mm end ed Solvent Rinse 

TABLE 1 
Soluble Contaminants and Recommended Solvent Rinse 

SOLVENT( !) EXAMPLES OF SOLUBLE 
SOLVENTS CONT AMIN ANTS 

Water Deionized water Low-chain hydrocarbons 
Tap water Inorganic compounds 

Salts 
Some organic acids and other polar 
compounds 

Dilute Acids Nitric acid Basic (caustic) compounds (e.g. , amines 
Acetic acid and hydrazines) 
Boric acid 

Dilute Bases Sodium bicarbonate (e .g. , Acidic compounds 
soap detergent) Phenol 

Thiols 
Some nitro and sulfonic compounds 

Organic Solvents 12) Alcohols Nonpolar compounds (e.g. , some 
Ethers organic compounds) 
Ketones 
Aromatics 
Straight chain alkalines 

(e.g., 
hexane) 

Common petroleum 
products (e.g., fu el, oil , 
kerosene) 

Organic Solvent (21 Hexane PCBs 

( I ) Material safe ty data sheets are required fo r a ll decontaminati on so lvents or soluti ons as required 
by the Hazard Communica ti on Standard 

(1) WARNING: Some orga ni c so lvents can permeate and/or degrade the protect ive clothin g 
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APPENDIX B 

Figures 

Figure 1. Contamination Reduction Zone Layout 
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Figures 

Figure 2. D econtaminatio n Layo ut 
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MONITOR WELL 
INSTALLATION 

SOP#: 2048 
DATE: 03/1 8/96 

REV. #: 0.0 

1.0 SCOPE AND APPLICATION 

The purpose of thi s s tandard operating procedure 
(SOP) is to pro vide an overview of th e method s used 

for gro und wa te r monito r we ll s. Monitor well 
insta llati on create pe rm anent access for collection of 
sampl es to assess g roundwater quality and th e 
hy drogeo log ic properti es of the aquifer in which 
contaminants ma y ex is t. Such we ll s should not alter 
th e medium which is be ing monitored. 

The m ost commonly used drilling me thods a re : the 
holl ow-stem auger, cab le tool , and hydraulic rotary. 
Rota ry drillin g can utili ze mud rotary or air rotary 
me th ods . 

Th ese a re s tanda rd (i.e ., typica ll y appli cable) 
operating procedures whi ch may be varied or changed 
as required , depending o n s ite conditions, equipm ent 
limitati ons, o r limita ti ons imposed by th e proced ures 

the mse lves . In a ll in s tances , th e ultimate procedures 
employed should be doc um ented and desc ribed in th e 
fin a l repo rt as we ll as in logbooks. 

Mention o f trade names o r corn me rc ial products does 
not co nstitute U nited States E nv iro nm enta l Protec ti o n 
Agency (U.S. EPA) end o rsement o r recommenda ti on 
fo r use. 

2.0 METHOD SUMMARY 

There is no ideal monito r we ll insta ll a ti o n me th od fo r 
a ll conditi ons th e refore, hydrogeo log ic co nditi o ns at 
th e s ite as we ll as proj ec t o bj ec ti ves mus t be 
co ns ide red befo re dec iding w hich drilling me th od is 
appropriate . 

2.1 Hollow-Stem Augering 

O ut s ide diam ete rs of ho ll ow-s te m augers ge ne rall y 
range from 6 1/4 inches to 22 inc hes w ith 
co rres pondin g inne r d iame te rs ra ng in g from 2 1/4 
inches to 13 inches . A uge r leng ths are us uall y 5 feet 

which allows easy handling. Howeve r, lengths of I 0 

or 20 fee t may be used for deepe r holes drilled with 
mac hines capable of handling the extended lengths. 
Fo1mation samples can be taken in a number of ways, 
de pe nding on the accurac y required. Cuttings may 
s uffi ce for shall ow depths but become less 
representati ve w ith depth, particul a rl y be low th e wa te r 
table . The most acc urate samples are obtained w ith 

vari ous coring dev ices , such as split spoons or she lby 
tub es which can be used inside the augers . 
Continuous cores can al so be taken with a thin -w all ed 
tub e wh ich is inse rted into th e lo west auger and 
locked in place . The tub e is retracted with a w ire line 
and ho is t after th e ho le has bee n ad vanced the leng th 
of the auge r. A bottom plug in the cutting head or bit 
prevents cuttings from e nte ring the augers until th e 
first core sample is take n and th e plug is knocked out. 

In unconsolidated mate ri a l, the auge rs se rve as a 
temporary cas ing and g rav e l-pac ked we ll s can be 
co nstru c ted inside th e auge rs and th en the auge rs 
withdra wn. Well deve lopment is us uall y less difficult 
than wi th we ll s drill ed by th e mud rotary method 
because a bentonite drilling fluid is no t normall y used. 

2.2 Cable Tool Drilling 

Cable too l drilling is a pe rcuss ion method in w hich a 
bit, attached to a drilling s tring, is lifted and dropped. 
The drilling s tring , co ns ists (bottom to top) of th e bit, 
drill s te m, drillin g jars, socket, and wire cabl e . A 
wa lkin g beam on the drillin g ri g pro vides th e lifting 
and dropping mo ti on to th e w ire ca bl e and hence to 
the drilling s trin g. The re peated action brea ks o r 
loose ns the fo rm at ion m aterial w hich mi xes w ith 
fo rm ati o n w ater o r wa te r added to the hole by th e 
o pe ra tor to fo rm a s lurry. Th e slurry fa c ilita tes 
rem ova l of th e cuttin gs w hi ch are pe ri odicall y 
re mo ved from the ho le w ith a bailer. In 
un co nso lida ted fo rm a ti o ns, s tee l cas ing mu st be 
dri ve n o r pus hed into th e gro und as the drilling 
prog resses in o rde r to preve nt ho le co ll a pse. A 
ha rd ened stee l dr ive shoe on the botto m end of the 



cas ing preve nts damage during dri v ing . A we ll may 

the n be constructed ins ide th e s tee l cas ing and th e 
casing pulled bac k. In conso lidated format io ns, the 
casing may be dri ve n through th e wea th e red zo ne, and 

sea ted in so lid rock. The ho le be low th e cas ing may 
re main o pe n o r may be fitt ed w ith a small e r diame te r 
inn e r cas ing and sc reen, de pe nding on th e sampling 
require me nts. Depe nding on formation m aterial , 

ex te ns ive we ll deve lopment may often not be 
necessa ry. 

2.3 Rotary Drilling 

2.3.1 Mud Rotary Method 

In the mud rota1y method the drill bit is rotated rapid ly 
to c ut th e fo rm ati o n mate ri a l a nd advance th e 
bo re ho le. The dri ll bit is a ttac hed to ho ll ow dri lling 

rod s which transfe r power from th e ri g to th e bit. In 
co nve nti o nal rotaiy drilling , cuttings a re re moved by · 
pumping drilling fluid (water, or wa te r mi xed w ith 
be nto nite o r other add iti ves) down throug h the dri ll 
rods and bit, and up the annulus betw een th e bo re ho le 
and the drill rod s . The drilling fluid fl ows into a mud 
pit w he re the cuttings settl e o ut and th e n is pumped 
back down th e drill rods . The dri lling fluid a lso coo ls 
th e bit and preve nts the boreho le fro m co llaps ing in 
unco nso li dated fo rm ati o ns . 

Sampling may be do ne fro m th e c uttin gs but sa mpl es 
a re ge ne ral ly mi xed and th e amo unt o f fin e mate ri a l 
ma y no t be acc urate ly represented. Corin g may be 
do ne throug h the drill rod s a nd bit if a co rin g bit (w ith 
a ce nte r o pening big e no ug h to allow passage of the 
co rin g tub e) is used. W he n dril ling un co nso lidated 
for m a ti o ns, a temporary surface o r s ha ll ow cas ing 
m ay have to be ins ta ll ed in o rde r to prevent cross­
conta minatio n, ho le co ll a pse, or wa ll e ros io n by the 
dril ling fluid. Casi ng (ri ser pipe), sc reen, and grave l 
pack are us uall y ins ta ll ed in th e open ho le o r through 
the surface cas ing. Once th e we ll is constru cted , 
extens ive well develo pment may be necessary in o rde r 
to re move drillin g fluid from th e fo rmati o n. 

2.3.2 A ir Rotary Method 

T he a ir ro tary meth od uses a ir as the drilling fluid . 
A ir is fo rced down the dri ll rods by a n air compresso r, 
escapes o ut of th e bit a nd ret urn s to the s urfa ce in th e 
annular space be twee n th e ho le wa ll and th e d rill 
s t r ing . C uttin gs a re moved o ut of the ho le by the 
ascending air and co ll ec t aro und th e ri g. C uttings are 
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mi xed and ma y no t a lways be re presentati ve of the 
depth c urre ntl y be ing dri ll ed. In the co nventi o na l a ir 

rota ry me thod, th e dri ll s trin g opera tes in a manne r 
s imilar to that desc ribed fo r th e mud ro tary sys te m . In 
a "hammer" or "down-th e-ho le" a ir rotary method , th e 

bit is pneuma ti ca ll y dri ve n rapidl y aga inst th e rock in 
s hort s trokes w hil e th e drilling s trin g slow ly rotate s . 
The use of air rota1y me thods a re ge nerall y limited to 

co nso lidated a nd semi-conso lidated fo1m ations . 
Casing is often used in semi-co nso lida ted formation s 
and through the weathe red po rti o n of conso lidated 
fo rmations to preve nt hole co llapse. In env ironme nta l 
wo rk , th e a ir s uppl y mu st be filtered to prevent 
introduction of contamination into the bore hol e . 

3.0 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

Often, a prima1y objecti ve of the drilling progra m is to 
obta in re presentati ve litho log ic o r e nv ironm e ntal 
samples. The most common tec hniques for re tri ev ing 

samp les a re: 

In unconso lidated form ations: 

C Sp lit spoon sampling, carried o ut 
continu o us ly or at di sc re te in terval s during 
drilling, as summ ari zed in ASTM M e th od D-
15 86-84, Sp lit Barre l Sampling 

C Shelby tube sampling w he n an undi s turb ed 
sample is required fro m c layey or s ilty so il s, 
es pec ia ll y for geo tec hni ca l eva lua ti o n o r 
c he mica l a na lys is 

C C uttin g co ll ec tion w he n a gene ral lith o log ic 
d esc ripti o n a nd approx im ate de pths are 
s u ffic ie nt 

In conso lidated fo rm ati o ns : 

C Rock co ring at contin uo us or di sc re te 
interva ls 

C C uttin g co ll ec ti o n w he n a ge ne ra l litho log ic 
desc ripti o n and appro x im ate depths a re 
s uffi c ie nt 

Whe n co ll ec tin g e nvironme nta l sa mpl es, th e am o unt 
o f sa mpl e to be co ll ec ted a nd th e prope r sa mpl e 
co nt a ine r type ( i. e ., g lass, plas ti c), c he mi ca l 
prese rva ti o n , and s to ra ge require ments are depe nd e nt 
on the mat ri x be ing sa mpl ed a nd the parame te r(s) o f 
inte res t. Sa mpl e prese rvat io n, co ntaine rs. hand ling 



and sto rage for air and was te sa mples are di sc ussed in 
th e s pec ifi c SOPs fo r th e tec hnique se lected . 

4.0 INTE RFER ENC ES AN D 
POTENTIAL PROBLEMS 

Advantages and di sad va ntages of th e various drilling 
me thods are summa ri zed be low . 

4.1 A uger Drilling 

The ad va ntages o f auge r drillin g a re : 

C 

C 

R elati ve ly fa st and inex pens ive 

Becau se auge rs ac t as tempo rary cas 111g, 
drillin g fluid s a re no t used res ultin g in 
reduced we ll deve lopment 

The di sad vantages of auge r drilling are: 

C 

C 

4.2 

V ery s low o r imposs ible to use in coa rse 
materi a ls such as cobbl e o r boulde rs 

Ca nno t be used in co nso lida ted formati ons 
a nd is ge nera ll y limited to de pths of 
app rox imate ly I 00 fee t in o rder to be 
effici ent 

Ca ble Tool Drilling 

The adva nta ges of ca bl e too l drillin g a re : 

C 

C 

C 

C 

C 

Re lati ve ly inex pensive wi th minimum labo r 
requirements 

The wate r tabl e and wa te r bea rin g zo nes are 
eas il y identifi ed 

Dri ve n cas ing stabili zes borehole and 
minimizes po tenti a l fo r cross-contaminati on 

Es pec ia ll y successful in drilling cavi ng 
fo rn1 ati ons o r fo nnati ons co nta ining bould ers 

Acc u ra te fo rm a ti o n samples can us ua ll y be 
obta ined fro m cuttin gs 

T he di sadva ntages of cab le too l drillin g are : 

C Extremely s low rate of d rillin g 
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C 

4.3 

Necess ity to dri ve cas ing may limit de pth in 

la rge di ame te r ho les. 

Rotary Drilling 

4 .3 .1 Mud Rotary Drilling 

The advantages of mud rota ry drilling are : 

C 

C 

F as t, more th an I 00 feet of bo reho le 
adv anc em ent pe r day is common 

Provides an open bo reho le, necessa ry fo r 
some types of geophys ica l logg ing and o the r 

te sts 

The di sad vantages of mud ro ta ry drillin g a re: 

C 

C 

C 

C 

C 

Potential for c ross-contamination of wa te r­
bearing zo nes 

Drill cuttings m ay be mi xed and not 
acc urate ly represent lith o log ies a t a g ive n 

drilling de pth 

Drilling mud m ay a lte r th e gro und wa te r 

chemi s try 

W ate r leve ls ca n onl y be de termin ed by 
co nstru cting we ll s 

Drilling mud m ay c hange loca l perm ea bility 
o f th e fo rm a ti on and may not be entire ly 
removed durin g we ll deve lopment 

C Di sposa l of la rge vo lum es of drilling fluid 
and c uttings m ay be necessa ry if they a re 
contaminated 

4 .3 .2 Air Rotary Drilling 

T he adva ntages of a ir ro ta ry drillin g are : 

C 

C 

Fas t, more than I 00 feet of bo reho le 

adva nce ment a day is poss ibl e 

Pre limina ry es tim a tes of we ll y ie lds and 
wa te r leve ls a re often poss ib le 

C No d rillin g nuid to p lu g th e bo re ho le 

T he d isadvan tages of a ir rota ry d rillin g are: 



C 

C 

Ge nera ll y canno t be used in unco nso lid ated 
fo rm a ti o ns 

In conta minated zo nes, th e use of hi g h­
pressure air ma y pose a s ig nifi cant haza rd to 
th e d rill c rew beca use of trans po rt of 

contaminated ma te ria l up the ho le 

C Introduc ti o n of a ir to the g roundwate r co uld 

reduce concentrati o n of vo latil e o rga ni c 
compo unds 

5.0 EQUIPMENT 

The fo llow ing equipm ent is necessa ry for th e s ite 
geol og ist: 

C Meta l c li pboa rd box case (co nta iner fo r 
we ll logs) 

C Rul e r 

C De pth so und e r 
C Wate r leve l indica to r 
C A ll required hea lth and safety gea r 
C Sampl e co ll ecti o n j a rs 
C Trowels 
C D escriptio n aids (M unsell co lo r c ha rt, gra in 

s ize c ha rts, etc .) 
C Geo li s® Log books (A ppe nd ix A) 
C F ie ld Logbook 

E quip me nt a nd too ls to ins ta ll th e we ll a re no rm a ll y 
prov ided by th e d rilling co nt rac to r. 

6.0 REAGENTS 

Reage nt s a re no t required fo r prese rva ti o n of so il 
sa mpl es. Sampl es s ho uld , however, be coo led to 4" C 

and pro tec ted fro m sunli g ht in o rd er to minimi ze a ny 
po te n t ia l react io n du e to the li g ht sens it iv ity of the 
sample. D eco nta minati o n of drill ing equipm ent 
s ho uld fo ll ow th e Sa mplin g E quipm e nt 
D eco nta mina ti o n SOP a nd th e s ite-spec ifi c wo rk 
pla n . 

7.0 PROCEDURES 

7.1 Preparation 

A ll drilling a nd we ll insta ll a ti o n progra m s m ust be 
p la nn ed and su pe rvised by a profess io na l 
geo log i s t/hyd rogeo l og is t. 

T he planni ng. se lec ti o n a nd im ple me ntatio n of a ny 
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m o nito r we ll in s ta ll a ti o n progra m s ho uld inc lude th e 

foll ow ing : 

C 

C 

C 

C 

C 

C 

C 

R eview of ex is tin g data o n site geo logy and 
hy d rogeo logy inc luding publi ca ti o ns, air 
pho tos, wate r qu a lity data, a nd ex is ting 

m a ps. T hese m ay be o bta ined fro m loca l, 
s tate o r federal age nc ies 

Asses me nt of th e s ite to dete rmin e po te nti a l 

access probl e ms fo r drill ri g, locate water 
s uppl y sources, establi sh equipme nt s to rage 
area , and o bserve outc rops 

Perfo rm utiliti es c hec k, no te loca ti o n of 
und e rg round utiliti es and of ove rh ead 
e lec tri ca l w ires 

Prepa rati o n of a S ite Safe ty Plan 

S e lec t drilling , sampling and we ll 

deve lopment m et hods 

D e te rmin a ti o n of we ll co nstruc ti o n 
s p ec ificat ions (i .e., cas ing and sc reen 
material s, cas ing and sc reen diam ete r, sc reen 
leng th a nd sc reen inte rva l, filte r pack a nd 
sc ree n s lo t s ize) 

D etermin ati o n o f the need fo r co nta ining drill 
c uttings a nd fluid s and the ir me thod of 

di sposa l 

C Preparat io n of wo rk pl a n inc lud ing a ll of th e 
a bove 

C Prepa rati o n of a nd exec ute the d rilling 
contrac t 

7 .2 Field Preparation 

P ri or to m ob ili za ti o n , the drill ri g a nd a ll assoc iated 
equipm ent should be th oro ug hl y deco nta minated by a 
stea m/pressure was he r to re move a ll o il , g rease , mud , 
etc. Befo re d rilling eac h bo ring , a ll the "dow n- the­
ho le" d rill equ ipme nt s hou ld be s tea m c lea ned a nd 
rin sed w ith po tabl e wate r to minimi ze c ro ss­
co nta mina ti on . Spec ia l a tte nti o n s ho uld be give n to 
the threaded sect io n of the cas ings, and to th e d rill 
rods. A ll d rillin g equipme nt sho ul d be s tea m-c lea ned 
at co m p le ti on of th e proj ect to ensu re th at no 
contaminat ion is tra nsported to o r fro m the sampling 

s it e. 



7 .3 Well Construction 

T he we ll cas ing ma te ri a l should not inte ract w ith th e 
ground wa ter. W ell cas ings fo r environmental projec ts 
a re usua ll y co nstructed of polyv in y l ch lo ride (PVC), 
TeflonTM, fibergla ss, o r s tainl ess s tee l. Detail s of the 

construction methods are g ive n in Sect ions 7 .3. 1 and 
7.3.2 . 

7.3.1 BedrockWells 

W e ll s completed in bedrock w ill be drilled using the 
a ir or mud rotary me thod . C rys talline rock we ll s a re 

us ua ll y drilled most effic iently w ith the air rotary 
method w hil e co nso lidated sedimentary formation s 
are drill ed us ing e ithe r the a ir rotary o r mud rota ry 
method. The compressed a ir suppl y w ill be filte red 
prior to introduction into the borehol e to remov e oil o r 
other contaminants. Bedrock wells may be completed 
as an open-hole, providing that boreho le cave-in is not 
a poss ibility. 

Bedroc k wells w ill be advanced with a ir or mud rotary 
meth ods until a minimum of 5 feet of competent rock 
has been drilled. Minimum boreho le diameter wi ll be 
8 inches. The drill string w ill then be pulled from th e 
bo reh o le and 6- inch l.D. Sc hedul e 80 or 40 PVC 
cas ing inse rted. Po rtl and cement/bentonite gro ut wi ll 
be pumped into the ho le and up the annul ar space 
outside th e cas ing. Afte r th e gro ut has se t (minimum 
of 24 hours) , the cem ent wi ll be drill ed out and the 
bo reho le advanced to th e des ired depth. Figure I 
(Appendix B) shows typica l co nstruc ti o n detai Is for an 
open-h o le bedrock we ll. 

The prefe rred method of we ll co mpl e tion fo r the 
be dro ck we ll s w ill be open-hol e . Howeve r, if the 
open borehole is subjec t to cave-in , th e we ll(s) w ill be 
comp leted as sc ree ned and cased sand-packed we ll s. 
Fo r de tail s of co mpl e tion see Sec ti on 7 .3.2 . 

7.3.2 Overburden Well Construction 

Any of the d1illing me thods di sc ussed in thi s SOP ca n 
be used to drill o r se t a we ll in th e ove rburden. The 
ho llow-ste m me th od is th e prere rred c ho ice for 
shallow (< I 00 ft.) ove rburd en we l Is because th e we l I 
ca n be co nstructed ins ide of th e auge rs. De tail s of th e 
co nstru c ti on a re pro vi ded be low and are show n in 
F igure 2 (Append ix B). 
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I. 

2. 

3. 

4. 

The sc reen s lo t s ize w ill be dete rmined by 
the s ite hydrol og is t, based upon sand-pa ck 

s ize. The leng th o f sc reen used w ill be s ite ­
de pend ent. Cas ing sec ti ons w ill be flu sh­
threaded. Screw-threaded bottom plugs w ill 

be used . To prevent introduc ti o n of 
contamina nts into th e we ll , no g lue­

connected fittings will be used. Each pi ece 
of PVC pipe, sc reen , and the bottom plug 
will be s team-cl eaned before lowering into 
the bore ho le. The s ite hydrogeo logist is 
responsible for the supervis ion of all s team 

c leaning procedures. 

The an nul ar space between the we ll sc reen 
and the boreho le wa ll will be fill ed w ith a 
uniform g rave l/sand pack to serve as a filt er 
media. Fo r we ll s deeper than approx imate ly 
50 feet , or when recommended by the s ite 
geologist, the sand pack will be emp laced 
using a tremie pipe. A sa nd s lurry composed 
of sa nd and potable water wi ll be pumped 
through the tremie pipe into th e annulus 
throug hout th e entire sc ree ned inte rva l, and 
over the top o f the sc reen. A llo wance must 
be made for settl ement of the sand pack. 

Th e depth of th e top of the sand w ill be 
dete rmin ed us ing th e tremie pipe, thus 
ve rifying th e thi ck ness o f the sand pack. 
Additiona l sa nd shall be added to bring th e 
top of th e sand pack to approx imate ly 2 to 3 
feet above th e top of the we ll screen. Under 
no circumstances should th e sa nd pac k 
extend into any aquife r othe r than the o ne to 
be monitored. In most cases, the we ll des ig n 
can be modifi ed to a ll ow for a suffi c ient sa nd 
pack w ithout threa t of cross flo w betwee n 
produc ing zo nes through the sand pack. 

In material s that w ill not maintain an open 
hol e us ing ho ll ow-s tem au ge rs, th e 
tempora1y or oute r cas ing w ill be w ithdraw n 
g radu a ll y during placeme nt of sa nd 
pa ck/gro ut. For exampl e, after fil ling two 
feet w ith sa nd pack. the oute r casing s hould 
be w ithdraw n 2 feet. This s tep o f plac ing 
m o re grave l and w ithdra w ing the outer 
cas in g s hould be repea ted until th e leve l of 
the sa nd pac k is approx ima te ly 3 fee t abo ve 
the top o f th e we ll sc re en. T hi s ensures that 
th ere is no locking of th e pe rm anent ( inne r) 

cas ing in the o uter cas ing. 



5. 

6. 

7. 

C 

C 

C 

C 

A be nto nite sea l o f a minimum 2-foot 

ve rti ca l thi ckness w ill be place d in th e 

a nnular space abov e th e sand pack to 

separate th e sa nd pac k from the ce m e nt 

s urface sea l. The be ntonite w ill be placed 

through a tre mie pipe o r po ured directl y in to 

the annu la r space, de pe nding upo n th e depth 

and s ite conditions. The be nto nite w ill be 

pourable pellets . The hydrogeo lo g is t w ill 

reco rd th e start and sto p times of the 

bentonite sea l e mpl ace me nt, the inte rva l of 

th e seal , the am o unt of be nto nite that was 

used , a nd problems that arise . The ty pe of 

be ntonite and the s uppli e r wi ll also be 
reco rd ed. 

A ca p placed ove r the to p of the we ll cas ing 

befo re po uring the bento nite pe ll e ts w ill 

prevent pe llets from ente rin g the we ll cas ing . 

If a s lurry of be nto nite is used as an nul ar 

sea l, it is prepared by mi x ing powde red or 
gra nul a r be ntonite w ith potabl e water. The 

s luITy mus t be of suffi c ie ntly hi g h spec ifi c 

grav ity and viscos ity to preve nt its 

di s pl acem e nt by th e gro ut to be e mplaced 

abo ve it. As a preca uti o n (rega rdl ess of 

depth) a nd de pe ndin g o n fluid v iscos ity, a 

few ha nd ful s of bento nite pe ll e ts may be 

added to solidi fy the be nto nite s lu rry s urface . 

Cement and/or bentonite gro ut is placed fro m 
the to p of th e ben to nite sea l to the g ro und 

s urfac e. 

O nly Type I o r II cemen t witho ut acc e le rato r 

additi ves m ay be used. An approved so urce 

of potabl e water mus t be used fo r mi x ing 

grouting mate rial s. T he fo llowing mi xes a re 

acce pta bl e: 

Nea t ce me nt, a m aximum of 6 ga ll ons of 
wa te r pe r 94 pound bag of cem ent 

Gra nul a r be nto nite, 1.5 po und s of be nto nite 

pe r I ga ll o n of wa te r 

Ce m e nt-bent o nite, 5 po und s of pure 

bentonite per 94 pound bag of cem e nt w ith 7-

8 ga ll o ns of wa te r 

Cemen t-b e nto nite , 6 to 8 pounds of pure 

be nt o nite pe r 94 pound bag of ce me nt w ith 

Ct.i 
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12. 

13. 

8- 10 ga ll o ns of water, if water mi xed 

No n-ex p andabl e cem e nt, mi xed a t 7. 5 

ga ll ons o f wate r to o ne ha lf ( 1/2) teas poon of 

A luminum Hydro x ide, 94 po unds of nea t 

ceme nt (Ty pe I) and 4 po und s of bento ni te 

No n- ex pa ndabl e cem e nt, mi xed at 7 ga ll o ns 

of wa te r to one half (1/2) teaspoo n of 

Aluminum Hydroxide, 94 pounds of neat 

cem ent (Type I and Type II) 

Grout is pumped throug h a trem ie pipe 

(normally a 1. 25 -i nch PVC or s tee l pipe) to 

the bo tto m of the annu lus until undiluted 

g rout flow s from the annulus at th e gro und 

surface 

ln mate rial s th a t w ill no t m a inta in a n open 

hol e , the te mpo rary s tee l cas in g s ho uld be 
withdra w n in a manner that prevents the 

leve l of grout fro m dropping belo w the 

bottom of the cas ing. 

A dditi ona l gro ut m ay be added to 

compensate for the re m ova l of the te mporary 

cas in g and th e tre mi e pipe to e nsure tha t th e 

top of the gro ut is at o r above g round s urface. 

Afte r th e gro ut has se t (abo ut 24 hours), any 

depress ion due to settl e m e nt is fill ed w ith a 

gro ut mi x s imil ar to that described abo ve. 

The protect ive cas in g sho uld now be se t. 

Cas in g m ay be a 5 foot minimum le ng th of 

bl ack iro n or ga lvani zed pipe ex tending about 

1.5 to 3 feet above th e gro und surface, and 

se t in co ncrete o r cement gro ut. T he 

protec ti ve cas ing diamete r sho uld be 4 in c hes 

g reate r than the well cas in g . A 0 .5-inc h dra in 

h o le m ay be in s ta ll ed nea r g round leve l. A 

flu s h-m o unt protec ti ve cas ing m ay a lso be 

used in areas of hi g h traffi c o r w here access 
to othe r a reas wo ul d be lim ited by a we ll 

s tick-up . 

A protect ive s tee l ca p, sec ure d to th e 

protec ti ve cas in g by a pad lock , s ho uld be 

in s ta ll ed. 

Stee l g ua rd posts s ho uld be in s tall ed aro und 

the protective cas in g in a reas w he re ve hi c le 

traffic may be a probl e m. Pos ts s ho uld have 

a minimum diam e te r of 3 inches a nd be a 
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minimum of 4 feet hi gh. 

A ll monitor we ll s s hou ld be labelled and 
dated with paint or steel tags. 

7.4 Well Development 

Well development is the process by w hi c h the 
aq uifer's hydraulic conduc tivity is restored by 
removi ng drilling fluids, and fine-grained formation 
material from newly ins talled wells. Two methods of 

we ll development that are common ly used are surging 
and bailing, and overpumping. A we ll is cons idered 
developed when the pH and conductivity of the 
gro und water stabili zes and the measured turbidity is 
< 50 nephelometric turbidity units (NTUs). 

Surging a nd bailing wi ll be performed as follow s: 

I. 

2. 

3. 

Measure the total depth (TD) of the we ll and 
depth to water (DTW). 

Using an appropriately sized s urge block , 
s urge 5-foot sec tion s of we ll sc reen , us ing 
I 0-20 up/down cycles per sec tion. 
Periodicall y re mo ve th e s urge block and bai 1 

acc umul ated sedim e nt fro m th e we ll , as 
required. 

For open-ho le we ll s , a 6-inc h surge block 
wi ll be used insid e th e cased portion of the 
well. Sediments will be bailed periodicall y, 
as required. Overpumping may be used in 
combination with s urg ing and bailing fo r 
development of bedrock wells. The 
method(s) used will be based on fie ld 
conditions e ncounte red , and will be 
de termined by the s ite hydrogeolog ist. 
However, sedime nt wi ll initially be re mo ved 
from the we ll s by bailing in order to 
minimi ze th e vo lume of development water 
generated. 

The pump used mus t be rated to achieve th e des ired 
y ie ld at a g ive n depth. The pump sys te m s ho uld 
inc lud e the fo llow ing: 

C 

C 
C 

A c hec k va lve to prevent wa te r from running 
back into th e we ll w he n th e pump is s hut off 
F lex ibl e di sc harge hose 

Safety cable o r rope to remo ve th e pump 
from the we ll 
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C 

C 
C 

Flow meter monitoring system (measuring 
bucket or inline tlo w mete r) 

Ge nerator 
Amp meter, to meas ure e lec trical current 

(load) 

The amp meter is used to monitor pump performanc e. 

If the pump becomes clogged, the current w ill 
increase due to stress on the pump. If the water leve l 
drops below the intake p011s, the current wi ll drop due 

to decreased resistance on the pump. 

8.0 CALCULATIONS 

To maintain an open bore hole during rotary drilling, 
the drilling fluid must exe11 a press ure g reater than th e 
fo rm ati on pore pressure. Typical pore press ures for 
unconfined and confined aq ui fers are 0.433 define 

(psi /ft) and 0.465 ps i/ft , res pec tively. 

The relationship for determining the hydrostatic 

pressure of the drillin g fluid is: 

H ydro static Pressure (psi) = F luid Dens ity (lb/gal) x 

H e ig ht of F luid Co lumn (ft) x 0 .052 

The minimum grout vo lum e necessa ry to gro ut a we ll 
can be ca lc ul ated us ing: 

Grout Vo l (ft3
) = Vo l of Bo re hol e ( ft 3

) - Vo l of Cas ing 

(ft1
) = L (ri/ - r/ ) 

w he re : 

L = length of bo re ho le to be gro uted (ft) 

r0 = radiu s of bo ring (ft) 

re = radius of casing (ft) 

9.0 QUALITY ASSURANCE/ 
QUALITY CONTROL 

There are no s pecifi c quality ass urance acti viti es th a t 
a ppl y to the impl e men tat io n of these procedures. 
However, the following general QA proced ures app ly: 

I . Al l data must be documented o n sta ndard 
we ll compl e ti o n fo rm s, fi e ld data s hee ts o r 

w ithin field /s ite log books . Descriptive logs , 
pump tes ts , and we ll compl e ti o n date a re 
e nte red o n Geo li s@J forms. The Geo li sQil 

fo rm s a re used to e nsure data is co ll ected 
uniforml y by a ll S ite Geo log is ts and pro v id e 
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input to a standardi zed computer well file. 
Appendi x A contains exampl es of Geoli s® 
form s used to record descriptions of geologic 
sa mpl es. 

A ll instrum entati o n must be operated in 
accordance w ith opera ting instructions as 
suppli ed by the manufacturer, unless 
otherwise specified in the work plan. 
Equipment checkout and calibration 
activities must occur prior to 
sampling/operation and must be documented. 

10.0 DATA VALIDATION 

Thi s section is not ap plicabl e to thi s SOP . 

l 1.0 HEALTH AND SAFETY 

Drilling rigs and equipment present a va ri ety of safety 
haza rds . REAC personnel working aro und drilling 
rigs should know the position of the emergency "kill" 
switch. Wirelines and ropes should be inspec ted and 
frayed or damaged sec tions discarded . Swi ve ls an d 
blocks should turn freely. Gages should be 
operational and control s c lea rl y marked. All 
und e rgro und utiliti es should be c learly marked , and 
drillers should be aware of any overhead haza rds such 
as pow er lines. Avoid drilling in th ese a reas. Ea r 
protection sho uld be worn when work ing around 
drilling eq uipm ent for extend ed pe ri ods of tim e, 
particularly air rotary eq uipment. Fa ilure to fo llo w 
safety procedure o r wea r th e proper pe rso nal 
protection gear on the part of e ither th e drilling crew 
or REAC personnel may res ult in di smi ssal from the 
job. 

When wo rking wi th potentially hazardous materials, 
follow U.S. EPA, OSHA, and corporate health and 
safety practices . 
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APPENDIX A 

Geolis Fonns 

Form 1. Geolis® Borehole Logging Form 

GEOLI~ Borehole Logging Form 
COMPANY: L..QCATION ID: 

!/1~-- -•-~ CLIENT: DATE: 

PROJECT: LOGGER: 

SITE /AREA: SIGNATURE: 

t ( · ... -~ .-·~ 
SAMPLING METHOD: SPS • CSS -STB -CTS. CUT. COR • NS 

OTHER: _______ ~------

SAMPLING INTERVAL: _ _ ___ __ TO _ _____ FT/M BG.S 

RECOVERY: ______ FT/M 

BLOW 
COUNT: □□DD/ DIN/CM 

NA 

NA 

ROD: % 

SAMPLING INTERVAL No.: 

UTHOLOGIC INTERVAL No.: 

UTHOLOGIC 
INTERVAL: TO FT/M BOO 

LITHOLOGY 
ARCHIVED? 

YES-ND 

NA 

NO .. .. 
RECOVERY /:':' 

FWID ENTRY/ ______ FT/M BGS ___ _ GPM 

LOSS ZONES : ______ FT/M BGS ____ GPM 

ANALYTICAL SAMPLE ID INTERVAL (FT/M BGS) 

TYPE/ LAB : LIND· DIS • CMP / MOB· GEO ·CHM· 

I 

TYPE/ LAB : LIND· DIS • CMP / MOB. GEO. CHM . 

MATERIAL: NATURAL • FILL • UNCERTAIN 

OBSERVED: STN • BHN - ODR - PRD. NA. OTHER: ______ _ 

INSTRUMENT 1 TYPE: READING: ___ _ 

INSTRUMENT 2 TYPE: READING: 

OVERBURDEN 
NA. BED· CLS. MIX 

GRAPHIC BEDROCK 
SECONDARY TYPE: 

COLOR: MUN. GSA----------

COLORATION: 

BOULDERS· 

UNI. STN ·MOT· VAR 

% MAXDIAM: IN 
COBBLES ___ % MAXDIAM: ___ IN 

TEXTURE: ~ 
GRAVEL: % 

SAND: 

S ILT : 

CLAY· 

ORGANIC : 

ROUNDNESS: 

% 

% 

% 

% 

GRAVEL· FAC - STA - ANG- SUB - RND. NA 
SAND ANG - SUS-RND-NA 

SORTING 

PLASTICITY 

WEL - MOD - POR - NA 

NON-LOW-MOD-HGH-NA 

MOISTURE ORY · MST - WET - SAT -NA 

CEMENTATION NON-SLT-MOD-WEL-NA 

GRAIN TYPE : OTZ- FRG -FOS- BO- NA _ _ _ 

::~~~#~y::: ~ 

-

-
%\ 

.. _. ____ %/ -I 

________ %········ ______ %:::: : 
__ _____ %::::: 

-

-

MATRIX MSM · CSM - CAL - O XD - ARG - SIL - NA :·::·_-: ___ _ 

STRENGTH · 

SECONDARY TYPE: NA· BED-VEN· MIX / $~~:::: 

COLOR: MUN-GSA 

ROCK TYPE: OTHER: 

SEO: SHL • SLT - SST - CGL - LST • DOL • COL 

MET: 

IGN: 

SLA- PHY- SHS -GNS - HRN - OZT- MBL _. . 

GRIN-RHY-BSL-GBR-TUF-BRC 

TEXTURE: !.-M-E NA 

GRAVEL: - % ----
SAND: - - - % ----
SI LT: % ----
CLAY/LIME MUD: % 

GRAIN TYPE: QTZ • FRG. FOB· BO· NA 

MATRIX: CAL· MIC. OXD. ARG. SIL . ORG. NA 

STRENGTH: EWK-VWK-WEK-MOD 
STR-VST-EST 

%':':':­
____ %' 

___ ____ %::::::: 
____ %:::::--

UPPER CONTACT: SHP-GRD-DIF • SAM -NA /,:-----

SECONDARY VUG • FRC • BED • NA · OTHER ':'::.-____ _ 
POROSITY: HGH • MOD. LOW 

WEATHERING: FAS· BLT · MOD· HGH ·CPL· NA :,:':°" ____ _ 

NATURAL FRACTURE SETS COHESIVE. VSF - SFT - FRM - STF - VST - HAD 

NONCOHESIVE VDN - DEN - FIR . LSE - NA INTERVAL (FT/M BGS) I #/FT-M I DIP I DIR I FlUJSHAPE/ROUGH/SURFACE 

UPPER CONTACT : SHP - GRD - OIF - SME - NA -•'-----

BEDDING THICK: _ _ _ _ IN/CM No.: 

TYPE: XBD - RPL - HOR - INC - NA 

MAS - LNS - LAM - GAU - GAD 

STRAT UN!T · 

NOTE LINE · 

NlaJCT sAMPiurn N.;_ ' oE'P'rH 1Ni-E0i'iiiiii.. ····::: NOT sAMPLED 
·: .... .. . .. ... ... .... .. . .. . . ,. 

l_f'<TEA_VAf..: / =-=-=::-TO = NO RECOVERY 

AU..: OPN . PRT · fUL 
SHA.PE: PLN ·CUR· UNO • GTP - lRR 
ROUOH : 8MH - MOO. OOH 
SURFACE: CLN ·MIN· OXD • BTN - WTH 

Fll.L:. Of"N • PRT· l"VL 
&HAPE.: PLN . CUR. UNO. BTP IRA 
RO\JOH: SMH • MOO - ROH 
&URFACE: CLN ·MIN· OXD - 8TN · WTl-1 

flU.: OPN • PRT - FUL 
8~: PLN ·CUR · UNO• 9W • IRA 
ROUGH · 8MH • MOO - Ra>! 
91..LRFACE: CLN ·MIN· OXO- 8TN · WTH 

Fll.L; OPN ·~ ·FUL 
SH.A.PE: PlN. CUR - UNO. aw IAA 
ROUGH: SMH · MOO • RGH 
9U~ACE: CLN ·MIN-OXD·8TN-WTH 

COMMENTS : (1) _ ___________________________ ___________ __________ _ 

(2) ___________________________________________ _ 

COPYRIGHT (t) 1991 by Roy F. Weston, Inc. GEOUS Version 1 .4 JAN 1995 G030195 
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APPENDIX A (Cont'd) 

Geolis Forms 

Form 2. Geo li s® Well Construction Form 

GEOLIS~ Well Construction Form Sheet of 

COMPANY: 

PROJECT: 

PROPERTY: 

SITE/AREA: 

START DATE: 

COMPLETION DATE: _________ _ 

WEU.. STATUS: PMP - ABN - COL - NOR 

LOCATION ID: 

DATE: 

LOGGER: 

SIGNATURE: 

--~ ---.·. 

il~J 
SURVEYED ELEVATIONS (MSL) 

GROUND LEVEL: FT/M 

FT/M 

DEPTH TO WATER DATE/TIME 

_____ FT/M(TOC) ______ _ 

M~~~~l~T: _____ _ 
_____ FT/M(TOC) ___ _ __ _ 

FT/M(TOC) 

WELL TYPE: SCREEN - MULTIPLE SCREEN • OPEN HOLE - NESTED - PROBE 

CASING : BINGLE - OOUBLE -TRIPLE COMPLETIQN: FLUSH - PROT - VAULT - CAP - NA 

TOTAL NO. OFSCREENS/WEU..S: ___ SCREEN/WELL NO.: __ 

DOM - PUB - IRA - FlR - MON - HYO - EXT - DEW - RCH - VEW - INJ - 0TH: 

WEU.. DESIGN CONSTRUCTION 

CASING #1: DIAMETER: ____ IN/CM INTIERVAL: _____ ro _____ FT/M SGS 

PNNERMOl,TJ TYPE: PVC. STN • LCS • GAL - SCHEDULE: -- 5-10-20-40-80-

CASING .DINTS: FLT - BUT - EUT - SOL- WLD - SON - CAM - 0TH: _____ _ 

CASING #2: DIAMETER: ____ l'<'CM INTERVAL: ______ ro ----- FT/M BG8 

TYPE: PVC - STN - l.CS - GAL-__ SCHEDULE: 5 - 1 0 - 20 - 40 - 80 - __ 

CASING "'3: DIAMETER: ____ IN/CM INTERVAL: _____ To - ---- FT/M BG8 

(OIJ7£1""0STJ TYPE: PVC - STN - LCS - GAL - SCHEDULE: 5 - 10 - 20 - 40 - 80 -

STICK UP: INNER CASING: _______ FT/M OUTER CASING: ___ ___ FT/M 

GROUT: TYPE: CMT - C/8 - BEN - HSB -OTH: ______________ _ 

INTERVAL: _____ TO----- FT/M BGS 

PLACEMENT: TRM - PAS - GAV CENTRA.I..JZERS: NON - 1 - 2 - 3 - 0TH: 

SEAL: TYPE 1: _________ INTERVAL: ____ To _ ___ FT/M BGS 

TYPE 2: _________ INTERVAL: ____ ro ____ FT/M 8GB 

SAND PACK: TYPE: _________ _ INTERVAL: ____ ro _____ FT/MBGS 

SCREEN 
OR DEVICE: 

DIAMETER: ___ IN.tMM INTERVAL:----'°---- FT/MBGS 

TYPE: PVC - STN - LCS - TEF - CEA - HOP - 0TH: 

SLOTS: CON - SI..H - SLV - BAG - CUT - 0TH: 

SLOT SIZE: e -10 -20 -30 -40-____ SLOT 

... ... .. ...... .. STRAT UNIT MONITORED: ______________ _ 

·f :::: : ::::::::j ORAWOOWN: _____ FT/MOMP 
CTI 

ESTIMATED WELL YlELD: ______ GPM/IJ'M 

WATER SAMPLING SYSTEM: NON - PMP - PKR - ~LS TYPE: __________ _ 

SEAL INTERVAL: _ _ __ ro ____ FT/M 8GS INTAKE DEPTH: ____ FT/M BGS 

NOTES : 

OPEN HOLE: DIAMETER 1 : ___ IN/CM INTERVAL: _ _ ___ To ____ _ Ft/M 8GS 

DIAMETER 2 : ___ 1"-1,'CM INTERVAL: _ ____ TO _ _ ___ FT/M 8GS 

SILT TRAP/SUMP: YES - NO INTERVAL: ______ ro _____ FT/M BGB 

INSIDE WELL T.0 .: ______ FT/M BGS COLI..APSE/BACKFll.L: COL - BFL - BTH - NON 

COLLAPSEINTEAVAL: _____ ro _____ FT/MBGS 

BACKFlLL INTERVAL: FT/M BOS TYPE; 

.... _ 000..0,0 3-± cpj;_'s(Fiuc,7pj£Ji-kllie )I COMM EN TS _______________ _____________ _ 

a,>c.- BOTTCMC#~C?'l'v'r:C,,\ONO Tll't - TCPOl'DII.T~ 

Ta4 - T'O~O#'lll>IT'CNrrl!...,,_ Wffl -TO'l'M.~INIICleYte..l. :'. 
T'1IA - TcP c, ~<X>C STD -~ TOTAL DV'T'l-4 

. ace - BCl'f'TQl,,IO,.a.Jl'VICAalHO toe - TCPcPCAaHCl{l'I~ 

T9P ~ 'fcPcP8N,&ll'ACK . ~ - ll!LOW~._...,. .... a: :: 
COPYRIGHT ICl 1990, 1994 by Roy F. Wooton, Inc . GEOUS Voraion 2.0 DEC 1994 G051294 
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APPENDIX B 

Figures 

FIGURE 1. Typical Bedrock Well Construction 
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FIGURE 2. Typical Overburd en Well Construction 
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Shepley's Hill Landfill Supplemental Investigation 
Workplan Addendum 
Volume 2 - Data Analysis Plan 
Revision 1 to the Final Workplan Dated January 2010 

'Ii' SOVE R EIGN CONSUL TING INC . 

In accordance with the contract approval , the Army Contractor has prepared a Workplan 
Addendum to the existing Shepley's Hill Landfill Supplemental Investigation Workplan , Volumes 
1 and 2 and prepared by AMEC dated January 2010. This Workplan Addendum details 
additional investigation work not covered by the AMEC Work Plans prior to implementing the 
field work portion of the contract. The intent of this Workplan Addendum is to build upon the 
AMEC work plans and specifically detail Standard Operating Procedures (SOPs) , Field 
Sampling Plan (FSP) , Data Acquisition Plan, and Quality Assurance Project Plan. 

This Data Analysis Plan describes how the data collected during the investigation efforts will be 
used and analyzed to fill the data gaps identified in Volume 1 and 2 of the Supplemental 
Investigation Workplan (AMEC) and further the understanding of site conditions. 
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EXECUTIVE SUMMARY 

Jff SOVEREIGN CONSUL TING INC . 

This Data Analysis Plan (OAP) , along with the Field Sampling Plan (FSP) , the Quality 
Assurance Project Plan (QAPP) and the Site Safety and Health Plan (SSHP) , are components 
of the Supplemental Investigation Workplan Addendum. This OAP focuses effort on data to be 
collected specifically related to proposed investigations listed in items 1, 2, 3, and 5 below. If 
data is required during preparation of items 4, 6, 7, 8, and 9 collected during the investigation 
that is not proposed our OAP will be updated with relevant data. This Data Analysis Plan 
describes how the data collected during the investigation efforts of items 1, 2, 3, and 5 will be 
used and analyzed to fill the data gaps identified in Volume 1 and 2 of the Supplemental 
Investigation Workplan (AMEC) and further the understanding of site conditions. More complete 
presentation of these analyses will be conducted and reported in future documents. 

Volume 1 of the Supplemental Investigation Workplan concluded that the following constitute 
the key data gaps for the Shepley's Hill Landfill: 

1. Extent of arsenic plume north and northwest of landfill; 

2. North plume capture at landfill boundary; 

3. North plume monitored natural attenuation within the Impacted Area ; 

4. Landfill gas impacts in the area of the North Plume; 

5. East plume delineation and capture in the vicinity of Plow Shop Pond; 

6. Arsenic source strength and predicted duration ; 

7. Implementability of an air sparging system ; 

8. Implementability of floe removal in Red Cove of Plow Shop Pond ; 

9. Implementability of onsite waste management for landfill consolidation. 

Closure of the data gaps as described will provide data necessary to complete delineation of 
contaminants , update human and ecological risk assessments , and evaluate previously 
identified and potentially new remedial alternatives . 

In order to address additional data needs identified in Volume 1 and 2 of the Supplemental 
Investigation Workplan , a series of field investigations has been proposed within this 
Supplemental Investigation Workplan Addendum. These proposed activities, as well as the 
rationale for conducting these activities, are presented in detail in the FSP. The information 
gathered from the field activities will be used in conjunction with existing data where possible to : 

• Validate and modify, if necessary , the existing Conceptual Site Model (CSM) ; 
• Validate and modify , if necessary, the numeri cal groundwater flow model ; 
• Evaluate the effectiveness of the exi sting groundwater extraction system to fully capture 

the North Plume at the landfill toe; and 
• Evaluate possible remedial scenarios to address contaminant migration into Red Cove. 

The revised CSM and groundwater flow model will subsequently be used to support the risk 
assessment as required and as appropriate to determine the need for additional remedial 
actions. 

SH L-SOV01 Page 2 



Shepley's Hill Landfill Supplemental Investigation 
Workplan Addendum 
Volume 2 - Data Analysis Plan 

Revision 1 to the Final Workplan Dated January 2010 

1.0 INTRODUCTION 

• SOVEREIGN CONSUL TING INC. 

This Data Analysis Plan (OAP), along with the Field Sampling Plan (FSP) , the Quality 
Assurance Project Plan (QAPP) and the Site Safety and Health Plan (SSHP), are components 
of the Supplemental Investigation Workplan Addendum. This OAP describes how the data will 
be used and analyzed to fill the data gaps identified in Volume 1 and 2 of the Supplemental 
Investigation Workplan (AMEC) and further of the understanding site conditions. A more 
complete presentation of these analyses will be conducted and reported as discussed in the 
following sections. 

1.1 Objectives 

In order to address additional data needs identified in Volume 1 and 2 of the Supplemental 
Investigation Workplan (AMEC), a series of field investigations has been proposed. These 
proposed activities as well as the rationale for conducting these activities are presented in detail 
in the FSP, and summarized on Table 1-1. The resulting information gathered during 
completion of the field activities will be used in conjunction with existing data where possible to : 

• Evaluate and modify, if necessary, the existing Conceptual Site Model (CSM); 
• Validate and modify, if necessary, the numerical groundwater flow model; 
• Evaluate the effectiveness of the existing groundwater extraction system to capture the 

North Plume at the landfill toe; and 
• Evaluate possible remedial scenarios to address contaminant migration into Red Cove . 

The revised CSM and groundwater flow model will subsequently be used to support an update 
to the risk assessment (if necessary) and to determine the need for additional remedial actions . 

1.2 Document Organization 

A summary of the initial data gaps analysis in relation to the major components of the existing 
CSM was presented in Volume 1 of the Supplemental Investigation Workplan (AMEC). Section 
2.0 of this OAP presents a discussion as to how the data gathered during the field activities will 
be used to evaluate and modify the CSM , as well as present some preliminary results. Methods 
to assess and modify the existing numerical groundwater flow model are summarized in Section 
4.0. 

2.0 CONCEPTUAL SITE MODEL 

While the existing CSM provides a good technical basis for ongoing characterization activities at 
the site , Volume 1 of the Supplemental Investigation Workplan identified several areas where 
additional data could be used to support the validity of, or refine if necessary, the existing CSM. 
In particular, the following additional data was identified as necessary to confirm the validity of 
the CSM: distribution of arsenic in groundwater north and northwest of the arsenic treatment 
plan (ATP) in the vicinity of Nonacoicus Brook, between the ATP and Plow Shop Pond , and 
within the area between the center of the landfill and Red Cove. Information will be collected 
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during the Supplemental Investigation. A description of the process for evaluating these data as 
well as preliminary results is presented below. 

2.1 Hydrogeologic Assessment 

2.1.1 Bedrock Topography 

In the prevailing hydrogeologic conceptual model for glacial-fill valleys, unconsolidated 
overburden (naturally occurring sands and gravels and , in this case, emplaced landfill waste) 
constitutes the primary aquifer. These aquifer materials have been deposited within a glacially­
eroded (and now partially buried) topography of crystalline bedrock of which Shepley's Hill is a 
remnant upland. By virtue of a significantly lower bulk permeability and porosity relative to 
overburden , bedrock is assumed to constitute a significant aquitard , effectively limiting active 
groundwater circulation to within the overlying overburden aquifer. 

As discussed in Volume 1 (AMEC) , bedrock is assumed to have a strong influence on 
groundwater flow patterns - and consequently arsenic plume locations - within the study area. 
One hypothesis is that the arsenic plume is following the buried bedrock valley beneath the 
study area. The valley is oriented generally north beneath the landfill, and is interpreted to turn 
more westerly, parallel to the general trend of Nonacoicus Brook. Proposed wells , together with 
results from a geophysical study, will permit testing this hypothesis. Information from the 
geophysical survey (seismic refraction) will be combined with depth-to-bedrock information from 
proposed borings to refine the topography of the bedrock surface as presented on Figure 1. 

2.1.2 Groundwater Flow 

Based on the current conceptual model , horizontal groundwater flow within the unconsolidated 
surficial aquifer is expected to be a significant groundwater transport process , while vertical 
gradients and flow should be limited to recharge and discharge areas. Further analysis of 
horizontal and vertical hydraulic gradients will be performed , to the extent possible, as part of 
the Supplemental Investigation. This will include water levels and analytical data from all new 
wells and borings . To the extent permitted by the data, the working hypotheses presented 
above will be revised as necessary based on those data. 

2.2 Arsenic Data Assessment 

2.2.1 North Plume 

A Supplemental Groundwater Investigation (Harding ESE, 2002) indicates arsenic detections 
along the eastern extent are neither contiguous with the main plume lobe nor strongly correlated 
with ORP. Because prevailing hydraulic gradients are westward in the Nonacoicus Brook valley 
fill aquifer, further investigation east of SHX-01-06X and Nonacoicus Brook has not been a key 
issue . However, since Institutional Controls (ICs) on residential use of groundwater are under 
consideration in the FFS, further investigation is proposed to better define the area where ICs 
would be needed . 
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• The western plume limit just north and downgradient of West Main Street is west of 
DEP-08-03, which had 1,700 ppb dissolved arsenic (6/08) . While this plume edge is 
constrained by earlier (2001) profile results from SHX-01-10X, -13X, and -11 X located 
slightly upgradient, the screens at SHP-07-01 C and -01 D sampled in 2007 are shallower 
than DEP-08-03 and may be above the plume. Consequently, the western plume in the 
area of West Main Street is unconstrained in the area east of DEP-08-05 (which 
extended to bedrock) and northwest of SHX-01-11 X. 

• The northern plume limit is interpreted to be under Nonacoicus Brook immediately north 
of DEP-08-03 and -08, which had 1700 and 240 ppb dissolved arsenic respectively (both 
6/08) . There is no monitoring well situated directly north of these locations where drilling 
access is limited by the wetland . 

• To the northwest the plume appears to be constrained by DEP-08-07, but a data gap 
may exist to the west between DEP-08-05 and DEP-08-07. 

Borings are proposed in each of the above areas (Figure 1 ). Locations shown on the north side 
of Nonacoicus Brook are tentative and will be refined based on field access. Groundwater will 
be profiled for arsenic using field testing methods with confirmatory laboratory analysis for 
arsenic and other water quality parameters at 10-foot intervals, from the groundwater table to 
the bedrock surface. 

For the northern plume areas, if profile results suggest the 100 ppb plume limit has not been 
adequately identified , a new boring would be advanced to collect this data. When drilling results 
suggest the plume limit has been identified, temporary well screens would be constructed at 
appropriate intervals and sampled for metals and water quality characteristics. The temporary 
wells will be installed at a separate time, following receipt of confirmatory laboratory arsenic 
data. 

The profile and laboratory analytical results will be used to update plume depictions (plan and 
section views) , and if appropriate, the CSM. Ultimately, the data will be used to identify sentry 
monitoring wells , and may include new and existing wells , particularly in the northern plume 
area. 

2.2.2 North Plume Capture at Boundary 

Objectives for the current remedy in place include operating the treatment system to contain the 
arsenic plume in the vicinity of the base boundary near the north end of the landfill and 
demonstrating that the north trending arsenic plume is fully captured. The latest revised 
groundwater model and other lines of evidence as presented in the 2008 Annual Report suggest 
that impacted groundwater at the toe of the landfill is fully contained , subject to some 
uncertainty as to the extent of impact east of SHM-96-SB (ECC, 2009). A boring is proposed in 
the area of SHL-21 as shown on Figure 2, extending to bedrock with groundwater sampling 
every 10 feet during drilling , and analysis for arsenic and field parameters. If profile results 
suggest the plume limit has not been identified, a new boring would be advanced (offset east 
away from the plume) to collect this data. When dril ling results suggest the plume limit has 
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been identified, temporary well screens would be constructed at appropriate intervals and 
sampled for metals and water quality characteristics . Using field data and the groundwater 
model, an assessment will be made as whether the existing extraction system is adequate, or 
whether additional remedial efforts (e .g. , additional extraction wells) may be required to fully 
prevent offsite migration of arsenic in groundwater. 

To assist in data interpretation , the groundwater profile and laboratory analytical results will be 
used to update plume depictions (plan and section views). The analytical results will be 
compared to historic data from nearby upgradient, downgradient and crossgradient wells. 
Finally, the analytical results will be evaluated for consistency with the groundwater model. 
Based on a comprehensive weight-of-evidence evaluation, the CSM will be updated if 
appropriate. 

2.2.3 East Plume Delineation and Capture 

Objectives for the current remedy in place include eliminating the continuing discharge of high­
arsenic groundwater from SHL to Plow Shop Pond (AOC 72) sediments . Discussions among 
stakeholders have identified the need for additional information on the distribution of arsenic in 
groundwater on the eastern margins of the landfill in the vicinity of Red Cove and near the 
center of the landfill, southwest of Red Cove. Five new groundwater monitoring wells were 
initially recommended by USEPA for the area between SHL and AOC 72 to collect data on 
arsenic concentrations in this area (USEPA 2008). Based on subsequent discussions among 
stakeholders, and review of results from an updated groundwater model , one new monitoring 
well is proposed at this time, to be located within the landfill approximately 350 feet southwest of 
Red Cove (Figure 2) . Information derived from installation and sampling of this well will be used 
initially to evaluate the need for additional wells in this area , and ultimately, in combination with 
groundwater modeling, to evaluate remedies such as hydraulic controls (extraction or injection) 
or in situ treatment in the discharge area. 

A boring will be extended to bedrock with groundwater sampling every 10 feet during drilling, 
and analysis for arsenic and field parameters and will ultimately be completed as a two-inch 
diameter temporary monitoring well using rotosonic drilling techniques. The boring will be 
advanced 5 to 10 feet into bedrock for bedrock confirmation purposes. The temporary well will 
be constructed and screened at the appropriate interval and sampled for metals and water 
quality characteristics . The removal and repair of the landfill cap will conducted using the 
methods outlined within the Field Sampling Plan . 

Data generated from the proposed activities will be incorporated into the site data base , and 
used to update the groundwater model , as appropriate. Data developed during installation and 
sampling of wells will provide further insight into groundwater flow in the area upgradient of Red 
Cove. It will assist in identifying the dividing line between groundwater that flows north and that 
which flows east into Plow Shop Pond. Also, data developed during drilling will be used to 
refine the CSM with respect to the presence and depth of buried wastes , and the quantity of 
waste present below the water table. Based on the new chemistry data and using the updated 
groundwater model , an evaluation of hydraulic controls or extent of in-situ remedy will be 
conducted in the Final FFS . 

SHL-SOV01 Page 4 



Shepley's Hill Landfi ll Supplemental Investigation 
Workplan Addendum 
Volume 2 - Data Analysis Plan 

Revision 1 to the Final Workplan Dated January 2010 

3.0 NUMERICAL GROUNDWATER FLOW MODEL 

llf SOVEREIGN CONSUL TING INC . 

The existing numerical groundwater flow model (developed using the USGS MODFLOW 
program (MacDonald & Harbaugh, 1988), and running groundwater Vistas pre- and post­
processor for the Shepley's Hill area has been utilized over many years to guide site 
investigations, interpret the arsenic plume trajectory, and predict the effectiveness of the 
contingency pump and treat remedy currently in operation . To date this model has been 
calibrated primarily to water level data. 

As necessary, revision and validation of the groundwater model will proceed in a step-wise 
fashion . The first step will be to incorporate all pertinent data collected as part of the proposed 
field investigation including depth to bedrock from borings and geophysical surveys, and 
hydraulic head data. 

The second step will be to compare model-predicted hydraulic heads, discharges, and flow 
patterns to field data. Hydraulic head data will be obtained from all new wells installed as part of 
the investigation. Flow patterns , particularly in the three areas addressed by the investigation, 
will be interpreted from the arsenic plume orientation , as determined by analytical data from 
existing and new proposed monitoring wells , and consideration of geochemical conditions . 

By iterative trial-and-error adjustment of aquifer permeabilities and model boundary conditions, 
the model will be recalibrated as necessary. Evaluation of the adequacy of calibration will be 
performed by computing key statistics on the residuals (differences between observed and 
predicted values) including the mean error (simple average of all residuals) , mean absolute 
error, and root mean squared error, as well as the spatial distribution of residual values. The 
primary objective will be to minimize individual residual values, the key statistics, and spatial 
bias (large residuals clustered in a specific area). 

Model variants will be prepared for a range of current and hypothetical future conditions so that 
impacts of the current contingency remedy , and any proposed modifications, on aquifer levels, 
flow patterns , and discharges to surface water can be evaluated. As long-term changes are of 
concern, all models will be run under steady-state conditions . Particle track simulations utilizing 
MODPATH (Pollock, 1989) will be used to illustrate flow patterns. The results of the flow 
modeling, in terms of flow patterns, groundwater velocities, and discharge rates , will be 
integrated with analytical data to define arsenic fluxes. 
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AREA OF INTEREST 

1. Red Cove area. . 
. . . 
. 

2. Area due east of the . 
extraclion wells. 

. 

. 
3. Ayer resident ial area . 
along W. Main St. 

. 

. 

. . 
4. Nonacoicus Brook . 
area 

. . 

. 

. . 

Table 1-1 
Proposed Rationale for Selection of Sampling Locations 

Supplemental Investigation Workplan Addendum 
Shepley's Hill Landfill 

TECHNICAL AND DATA QUALITY OBJECTIVE(S ) TECHNICAL APPROACH DATA EVALUATION 

Exlend monitoring network west beyond the area . Profi ling arsenic concentrat ions in groundwater to bedrock. • Update re levant interpretive maps 
immediately adjacent to Red Cove. . Core sampling and detailed analysis of stratigraphy . and cross-sections. 
Provide data on bedrock elevation. . Collect samples for geotechnical analysis . • Compare GW flow direction to 
Assess hydrau lic grad ients and flow patterns. . One temporary monitoring we ll constructed to allow for predictions made wi th recalibrated 
Determine arsenic concentrations (DL :S 10ug/l) and ORP sampling and water level monitoring . groundwater model. 
va lues in groundwater in the probable source area of . Collect water levels from new and existing wells . 
arsenic discharging lo Red Cove. 
Provide input for qroundwater model 
Explicitly define the eastern extent of the main northward . Profi ling arsen ic concentrat ions in groundwater to bedrock. • Comparison to predicted capture 
trending lobe of the Arsen ic plume. . One temporary monitoring well constructed to allow for zone for the extraction wells at 
Determine arsenic concentrations (DL ,s 10ug/l) in the area sampling and water level monitoring. cu rrent operationa l rates. 
al th e margin of the extraction we ll influence. 
Define SHL arseni c plume boundary (defined as arsenic o 

100ppb and negative ORP ). 
Provide input for groundwater model 
Provide a bounding monitoring well to constrain the . Profi ling arsenic concentrations in groundwater to bedrock. • Update relevant interpretive maps 
eastward extent of the north trending SHL arsenic plume . Two temporary monitoring well constructed to allow for and cross-sections. 
lobe. sampling and water level monitoring. 
Determine arsenic concentrations (DL :S 1 0ug/I) and ORP . 
values in groundwater in the reg ion cu rrently under-
characterized, 
Define SHL arsenic plume boundary (defined as arsenic " 
1 00ppb and negative ORP). 
Provide input for groundwater model. 
Acquire sufficient and appropriate plume information to 
develop institutional controls for qroundwater use. 
Constrain the western plume extent by completing the . Characterizebedrock elevations using geophysica l • Integrate bedrock elevations from , 
'necklace· of deep monitoring wells, established by DEP- techniques. borings and geophys ical studies with 
08-03, DEP-08-05 and DEP-08-07, encircling the . Profiling arsenic concentrations in groundwater to bedrock . existing information to select 
presumed discharge area. . Six temporary monitoring wells constructed to allow for optimum well locations. 
Assess hydraulic grad ients and flow patterns. sampling and water level monitoring . • Update groundwater flow model and 
Determine arsenic concentrations (DL :S 10ug/l) and ORP . evaluate changes to predicted flow 
values in groundwater. patterns and discharge locations. 
Define SHL arsenic plume boundary (defined as arsenic " 
1 00ppb and negative ORP) . 
Provide input for groundwater model. 
Determine if Nonacoicus Brook and associated wetland is a 
hvdraulic barrier. 

Locations for proposed boring\wells and geophysical transects are shown on Figures 1 and 2. 
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OUTCOME 

• Provide data to validate or refine 
prediction made with the groundwater 
model with respect to flow patterns and 
potentia l sources of Arsenic. 

• Improved plume delineation to support 
performance assessment of 
Contingency Remedy with respect to 
containment of the primary Arsenic 
source . 

• Provide the basis for defin ing the 
extent of institutional controls required 
to manage risk to residents for 
exposure to impacted groundwater. 

• Improved plume delineation to support 
assessment of potentia l for Arsenic lo 
migrate westward toward the 
MacPherson water supply well. 

05/18/2010 


	SHEPLEY HILL LANDFILL SUPPLEMENTAL INVESTIGATION WORKPLAN ADDENDUM REVISION 1 TO THE FINAL WORKPLAN DATED JANUARY 2010 May 2010
	Shepley's Hill Landfill Supplemental Investigation Workplan Addendum Devens, Massachusetts May 2010
	CERTIFICATION:
	TABLE OF CONTENTS
	EXECUTIVE SUMMARY
	1.0 INTRODUCTION
	2.0 TECHICAL OBJECTIVE AND DATA COLLECTION
	3.0 PROPOSED SCHEDULE
	4.0 REFERENCE
	1. ATTACHMENT A-RESPONSE TO COMMENTS ON THE 10/30/09 SUPPLEMENTAL INVESTIGATION WORKPLAN
	February 25, 2010 Mr. Robert Simeone Environmental Coordinator BRAC Environmental Office 30 Quebec Street, Box I 00Devens, MA 01434 Re: Shepley's Hill Landfill Supplemental Investigation Workplan January 2010
	Volume 1-Technical Approach and Rationale:
	Volume 2 - Field Sampling Plan
	Data Analysis Plan:
	Quality Assurance Project Plan:

	TABLES
	FIGURES
	FIELD SAMPLING PLAN
	TABLE OF CONTENTS
	1.0 INTRODUCTION
	2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES
	3.0 FIELD ACTIVITIES
	4.0 FIELD PROCEDURES
	5.0 FIELD OPERATIONS DOCUMENTATION
	6.0 NONCONFORMANCE/CORRECTIVE ACTIONS
	REFERENCES
	Figures
	Tables
	APPENDIX A Landfill Cap Penetration Materials and Procedures Specifications
	APPENDIX B Arsenic Quick Test Kit Information
	APPENDIX C Field Activities SOPs

	SOIL SAMPLING
	MONITOR WELL INSTALLATION
	DATA ANALYSIS PLAN
	TABLE OF CONTENTS
	EXECUTIVE SUMMARY
	1.0 INTRODUCTION
	2.0 CONCEPTUAL SITE MODEL
	3.0 NUMERICAL GROUNDWATER FLOW MODEL
	REFERENCES
	FIGURES
	TABLES




