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Acronyms and Abbreviations 
 
ADEQ  Arkansas Department of Environmental Quality 
AMC  Assessment monitoring constituents 
AMP  Assessment monitoring points 
amsl  Above mean sea level 
bgs  Below ground surface 
°C  Degrees Celsius 
DO  Dissolved oxygen 
EPA  U.S. Environmental Protection Agency 
GW  Groundwater 
Harbor  Harbor Environmental and Safety 
HASP  Health and Safety Plan 
ID  Identification 
IDW  Investigation-derived waste 
LDPE  Low-density polyethylene 
LE  Landfill Entrance (seep) 
LLDPE  Linear low-density polyethylene 
MCL  Maximum Contaminant Level 
mg/L  milligrams per liter 
MS/MSD Matrix spike and matrix spike duplicate 
mV  Millivolt 
NABORS North Arkansas Board of Regional Sanitation 
NPDWS National Primary Drinking Water Standards 
NSDWR National Secondary Drinking Water Regulations 
NTU  Nephelometric turbidity units 
ORP  Oxidation-reduction potential 
PG  Professional Geologist 
PQL  Practical quantitation limit 
PVC  Polyvinyl chloride 
QA/QC  Quality Assurance/Quality Control 
RSL  Risk-based screening levels 
RPD  Relative percent difference 
SAP  Sampling and Analysis Plan 
SMCL  Secondary Maximum Contaminant Level 
TD  Total depth 
TDS  Total dissolved solids 
TOC  Total organic carbon 
TOC  Top of casing 
USGS  United States Geological Survey 
μS/cm   Micro Siemens per centimeter 
VOC  Volatile organic compound 
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1.0 Introduction 

This groundwater monitoring report summarizes the April 2018 groundwater assessment 
monitoring report at the North Arkansas Board of Regional Sanitation (NABORS) Landfill (facility) 
near Three Brothers, Baxter County, Arkansas.  Field work was conducted by Harbor Environmental 
and Safety (Harbor) on April 16-21, 2018 and April 29-30, 2018.  All groundwater sampling 
activities were directed by an Arkansas-registered professional geologist (PG). 
 
The NABORS Landfill is located approximately 0.7-mile northeast of the community of Three 
Brothers, Arkansas, which is approximately nine miles north/northwest of Mountain Home, Baxter 
County, Arkansas.  The facility location is further described as being in portions of Sections 25, 26, 
35, and 36, Township 21 North, Range 14 West at latitude 36.46339 N and 92.44402 W.  A site 
location map is included as Figure 1. 
 
The facility consists of approximately 56 acres west of Arkansas State Highway 5.  Areas 
surrounding the facility are rural and sparsely populated.  Land use is largely agricultural and 
consists of cleared pasture for cattle farming or is wooded and undeveloped.  Review of the United 
States Geological Survey (USGS) 7.5-minute topographic map of the area (Midway, AR), shows 
moderate topographic relief across the area with elevations ranging from approximately 900 feet 
above mean sea level (amsl) to over 1100 feet amsl at the site.  The facility is situated on top of a 
drainage divide.  The site drainage is to the east, south, and west to several named and unnamed 
tributaries of Pigeon Creek, which flows southeast into Norfork Lake, an impoundment of the 
North Fork of the White River.    

Geologic Setting 

The site is located in the Ozark Plateaus physiographic province, which consists of Pennsylvanian 
to Ordovician-aged, mostly marine deposited sedimentary rocks.  The Ozark Plateaus is comprised 
of three plateaus, from youngest to oldest, the Boston Mountains in the south, the Springfield 
Plateau to the west, and the Salem Plateau to the east.  The site is located in the Salem Plateau 
where the surface geology consists primarily of dolostone, with some limestone and sandstone.    
 
Review of the Geologic Worksheet of the Midway quadrangle (Glick, 1974) shows that the site and 
surrounding areas are underlain by the early Ordovician-aged Cotter Dolomite.  According to the 
Stratigraphic Summary of Arkansas (McFarland, 1998), the “Cotter Dolomite is composed of 
dolostone of predominantly two types: a fine-grained, argillaceous, earthy textured, relatively soft, 
white to buff or gray dolostone called "cotton rock," and a more massive, medium-grained, gray 
dolostone that weathers to a somewhat hackly surface texture and becomes dark on exposure. 
The formation contains chert, some minor beds of greenish shale, and occasional thin interbedded 
sandstone. The chert nodules associated with the Cotter frequently have concentric light and dark 
bands.” 
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Several Arkansas Department of Environmental Quality (ADEQ) documents available via download 
from their website (www.adeq.state.ar.us) were reviewed to evaluate existing geology at the site.  
Primarily amongst these included the original Geotechnical and Hydrogeological Study prepared 
by Grubs, Garner & Hoskin, Inc. (GGH) in 1987.   Their report described three typical stratums 
below the site.  Stratum I consisted of tan and brown sandy silt with chert fragments to depths of 
1.5 to 3.5 feet below ground surface (bgs).  Stratum II consisted of reddish tan to tan silty clay 
with chert to depths up to 55 feet bgs.  Stratum III consisted of medium hard to hard gray and 
tan dolomite with chert with interbedded greenish gray and dark gray shale layers.     

Usable sources of groundwater in this region occur within the Ozark Plateaus aquifer system, 
which consists of three distinct water bearing zones separated by two distinct confining units 
(Groundwater Atlas of the United States, Segment 5 – Arkansas, Louisiana, Mississippi, 1998).  The 
uppermost aquifer in this system, the Springfield Plateau aquifer, is absent at the site and 
surrounding areas.  The primary aquifer in use below the site is the Ozark aquifer, which consists 
of the Ordovician-aged stratigraphic units that underlie the site (Cotter Dolomite).  Although the 
Cotter Dolomite is used for low-yield domestic wells in the vicinity of the site, the primary water-
bearing zones below the site include the Rubidoux Formation and the Gunter Sandstone Member 
of the Van Buren Formation.  The uppermost occurrence of groundwater below the site occurs in 
the pore spaces of overburden soils and weathered rock at the soil-rock interface, and in fractures, 
bedding planes and solution cavities in the underlying bedrock. 

Site Background 

Permit #0249-S was originally issued to RLH, Inc. by ADEQ in 1988 to begin operations as a Class 
I landfill.  In 2005, NABORS took over operations at the landfill and the permit was transferred 
accordingly.  NABORS operated the landfill under this permit until a new permit was issued in 
2006 (#0249-S1-R2).  NABORS continued operating the landfill until November 2012 when it 
ceased receiving waste.  NABORS began conducting post-closure activities; however, due to 
financial constraints, could not fulfill their obligations.  At this time closure activities were taken 
over by ADEQ.   In addition, ADEQ also took over management of leachate at the facility.  Currently, 
leachate is stored in aboveground storage tanks at the facility.  Leachate is periodically transported 
to the City of Springfield, Missouri for disposal under Wastewater Contribution Permit No. #593, 
which was issued in September 2016.  The landfill is currently in the process of being capped with 
ClosureTurf® over a 12-inch intermediate soil cover.  The ClosureTurf® consists of a 40-mil linear 
low-density polyethylene (LLDPE) microspike geomembrane overlain by an engineered synthetic 
turf and 0.5-inch sand layer.    

Previous Investigations 

As required by the permit, ongoing quarterly groundwater monitoring has been conducted at the 
facility.  A series of monitoring points has been established and expanded over time as a result of 
detections of volatile organic compounds (VOCs) and metals in several of the wells.  Currently, the 
monitoring network consists of a network of two-inch monitoring wells and springs within and 
around the facility.   
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 Groundwater Monitoring Network 

The NABORS landfill currently has 24 two-inch PVC monitoring wells and 13 documented springs 
and seeps, referred to as monitoring points.  Due to the recent closure activities, access to some 
of the wells, springs and seeps have been affected.  Table 1-1 below summarizes the monitoring 
points and their current condition.  Figure 2 attached to this report shows the monitoring point 
locations. 
 

Table 1-1 – Summary of Monitoring Points 
Monitoring 
Wells 

Status Sampled 
(Y/N) 

MW-1 Well intact and accessible by vehicle. Y 
MW-1R Well intact and accessible by vehicle. Y 
MW-2 Well intact and accessible by foot behind new chain link fence. Y 
MW-3 Well has been extended, but was not accessible due to excavated soils.  

Also, well is on steep slope and needs new well pad and riser.  Partially 
accessible by UTV.  Behind new chain link fence. 

N 

MW-4 Well intact and accessible by UTV.  Behind new chain link fence. Y 
MW-5 Well intact and accessible by UTV.  Behind new chain link fence. Y 
MW-6 Well intact and accessible by UTV.  Access road needs clearing. Y 
MW-7 Well intact and accessible by UTV.  Access road needs clearing. Y 
CAO-1 Two wells in this area.  Well to east obstructed at depth of 10 feet.  

Well to east intact and accessible by vehicle.  
Y 

CAO-2 Well has been extended but is on steep slope.  Needs new well pad 
and riser. Partially accessible by UTV.  Behind new chain link fence. 

Y 

CAO-3 Well intact and accessible by UTV Y 
NAB-2 Well was obstructed by 8” outer PVC pipe N 
NAB-3 Well intact and accessible by UTV.  Access road needs clearing. Y 
NAB-4 Well has been extended but is on steep slope.  Needs new well pad 

and riser. Partially accessible by UTV.  Behind new chain link fence. 
Y 

NAB-7 Well intact and accessible by UTV.  Access road needs clearing. Y 
NAB-8 Old NAB-8 damaged.  New NAB-8 nearly covered by closure.  Needs 

extension.  Purged and sampled with bailer 
Y 

MW-509D Well on top of topographic mound, but mostly accessible by UTV.  
Grading would help access. 

Y 

MW-577 Well on top of topographic mound, but mostly accessible by UTV.  
Grading would help access. 

Y 

MW-633D Well intact and accessible by vehicle. Y 
MW-689D Well intact and accessible by UTV.  Access road needs clearing. Y 
NE-2 Well intact and mostly accessible by UTV.  Need better access. Y 
NE-3 Well intact and accessible by UTV.  Access road needs clearing. Y 
NE-4 Well intact and mostly accessible by UTV.  Need better access. Y 
NE-6 Well intact and mostly accessible by UTV.  Access road needs clearing. Y 
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Table 1-1 – Summary of Monitoring Points (continued) 
Springs/Seeps Status Sampled 

(Y/N) 
Entrance seep Very difficult access due to steep, uneven slopes. Y 
Spring A Water observed in concrete spring box, but no flow. N 
Spring B Not observed. N 
TSP-1 Daylighting in stream channel. Y 
TSP-2 Daylighting in new rip-rap channel. Y 
TSP-3 Daylighting in stream channel. Y 
TSP-4 Daylighting in stream channel. Y 
Class I Draw Daylighting in stream channel. Y 
Class IV Draw Not observed. Appears to have been covered by closure construction. N 
SP-4 Very low volume iron-rich seep.  Not enough flow to sample. N 
SP-5 Either covered by closure activities or not flowing N 
SP-7 Very difficult access due to steep, uneven slopes. Y 
Spring near NE-3 Not observed. N 

Leachate Sampling 

Semi-annual monitoring of the leachate is required under the City of Springfield wastewater 
contribution permit.  A leachate sample (plus duplicate) was collected and included as part of the 
assessment monitoring.  A summary of the leachate analysis is included in Section 4.0 below. 
  

Investigative-Derived Wastes 

Investigative-derived wastes (IDW) generated during the groundwater sampling event included 
purged groundwater, decontamination water, and expendables (e.g., nitrile gloves, plastic 
sheeting, plastic tubing, bailers, etc.).  Purge and decontamination water was disposed of onsite 
into the leachate collection system.  Expendables were placed in garbage bags for onsite disposal 
– a portion of landfill cell 1-3 was left open for disposal of waste generated during closure 
activities. 

Assessment Monitoring Constituents 

The Assessment Monitoring Constituents (AMCs) were established based on Regulation 22 
assessment monitoring requirements.   The designated AMCs for groundwater are summarized in 
Table 1-2 below.  In addition, field-monitoring parameters are also listed in Table 1-2.  Specific 
laboratory analytical methods for the AMCs are listed in Tables 3-3 and 3-4 in Section 3.0 below. 
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Table 1-2 – Field Parameters and Assessment Monitoring Constituents 
Field Parameters 
Dissolved Oxygen pH Temperature  
Oxidation-Reduction Potential Specific Conductance Turbidity 
Indicator Parameters 
Chloride  Sulfate Total Dissolved Solids (TDS) 
Cyanide Sulfide Total Organic Carbon (TOC) 
Volatile Organic Compounds  
Acetone 1,4-Dichlorobenzene Styrene 
Acrylonitrile  trans-1,4-Dichloro-2-butene 1,1,1,2-Tetrachloroethane 
Benzene 1,1-Dichloroethane 1,1,2,2-Tetrachloroethane 
Bromochloromethane 1,2-Dichloroethane Tetrachloroethene 
Bromodichloromethane cis-1,2-Dichloroethene Toluene 
Bromomethane trans-1,2-Dichloroethene 1,1,1-Trichloroethane 
Carbon disulfide 1,2-Dichloropropane 1,1,2-Trichloroethane 
Carbon tetrachloride cis-1,3-Dichloropropene Trichloroethene 
Chlorobenzene trans-1,3-Dichloropropene Trichlorofluoromethane 
Dibromochloromethane Ethylbenzene  1,2,3-Trichloropropane 
Chloroethane 2-Hexanone Vinyl acetate 
Chloroform lodomethane Vinyl chloride 
Chloromethane Methyl ethyl ketone Xylenes  
Dibromomethane Methylene chloride  
1,2-Dichlorobenzene 4-Methyl-2-pentanone  
Inorganics 
Antimony Copper Selenium 
Arsenic Iron Silver 
Barium Lead Thallium 
Beryllium Manganese Tin 
Cadmium Mercury Vanadium 
Chromium Nickel Zinc 
Cobalt  
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2.0 Field Activities and Sampling Methodology 

An Arkansas-registered P.G. directed groundwater sampling activities.  Sample identification, 
labeling, preservation, quality assurance/quality control (QA/QC) methods, and laboratory 
analytical methods were conducted in accordance with the following sections.  All field work was 
conducted in accordance with the site-specific Health and Safety Plan (HASP), included in 
Appendix A of the previously submitted Sampling and Analysis Plan (SAP). 

Well/Spring Assessment and Water Level Measurement 

Prior to sample collection, each well or spring was visually evaluated for physical condition 
including condition of riser and well pad, presence of locking device, and presence of any bio-
hazards such as wasps, snakes, etc.  Photographs were taken to document the condition of each 
well.  After each well riser was opened and the internal well cap removed, an electronic water level 
indicator was used to measure static groundwater level and total depth of each well.  The static 
water level was allowed to equilibrate to atmospheric pressure prior to recording the final depth 
(it should be noted that most of the internal well caps were not sealed when opened, and 
groundwater levels were in equilibrium upon opening).  Groundwater levels (measured to the 
nearest 0.01-foot) and total depths (measured to the nearest 0.1-foot) were measured from the 
surveyed reference mark on the top of the well casing (if available), or the highest point of the 
well casing if no survey reference mark was present.  Groundwater depths and total depths were 
recorded on a Groundwater Sampling Record (see Appendix A - Field Forms) prepared for each 
well or spring.   

Monitoring Well Purging and Sampling 

Most of the wells were purged utilizing the low-flow sampling technique.  A stainless-steel 
submersible pump with dedicated low-density polyethylene (LDPE) tubing was gently lowered 
into each well to a point within the screened interval of the well.  The LDPE discharge tubing was 
connected to a flow-through cell to enable measurement of field parameters by a multi-parameter 
instrument.  Field parameters to be measured include dissolved oxygen (DO), oxidation-reduction 
potential (ORP), pH, specific conductance, temperature, and turbidity.  All field meters were 
calibrated daily per manufacturer recommendations prior to sampling (see Appendix B – Field 
Forms). 
 
The United States Environmental Protection Agency’s (EPA) Low-Flow (Minimal Drawdown) 
Groundwater Sampling Procedures (April 1996) was generally utilized to purge and sample the 
wells.  After purging, and once the field parameters had stabilized, turbidity is less than 10 
nephelometric turbidity units (NTU), and minimal drawdown has occurred, the wells were 
sampled.  Groundwater is considered stabilized if the field parameters are within ten percent for 
three consecutive readings.  All data collected was recorded on the Groundwater Sampling 
Record.   
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Upon stabilization, the discharge tube was disconnected from the flow-through cell and 
groundwater samples were collected from each well and placed in laboratory-supplied pre-
preserved containers.  Samples were collected in order of volatility – VOCs, total organic carbon 
(TOC), then indicator parameters, then inorganics.  The samples were properly labeled and 
preserved on ice.  Final field measurements and other sampling information (date and time, 
sample ID#) was recorded on the Groundwater Sampling Record.  Wells that could not be purged 
and sampled with the low-flow technique (NE-2 and NAB-8) were bailed dry, allowed to recharge 
overnight, and were sampled the following morning with the bailer.  Purge water was disposed 
on site into the on-site leachate storage system. 

Spring Sampling 

Prior to collecting groundwater samples from the springs, the multi-parameter instrument was 
utilized to measure the field parameters at each spring.  Data was recorded on a Groundwater 
Sampling Record.  Springs were sampled by dipping the sample container directly into the spring 
flow where practical.   

Leachate Sampling 

A leachate sample was collected from the facility leachate collection tank farm.  The sample was
collected directly from the tank discharge valve located on the east side of the tank farm.  The 
leachate sample was appropriately labeled and preserved on ice for later transport to the 
analytical laboratory under chain-of-custody.  The leachate sample was analyzed for the 
constituents required under the City of Springfield wastewater contribution permit.  Additional 
information regarding analytes and analytical procedures for the leachate sample are provided in 
Section 4.0 below.   

Equipment Decontamination 

All non-dedicated groundwater sampling equipment, such as the submersible pump and the 
water level indicator, was properly decontaminated before first use and between wells using the 
following procedure: 

Wash equipment using tap water and phosphate-free soap (e.g., Liquinox); 

Turn pump on to allow soap solution to clean internal portion of pump; 

Thoroughly rinse equipment with potable water (including running pump); 

Double-rinse equipment with organic-free deionized water (including running pump); 
and 

Allow equipment to air dry and wrap in aluminum foil (if not used immediately). 

The decontamination area contained a gross wash bucket with brush, tap water sprayer, deionized 
water sprayer, and equipment drying area.  Plastic sheeting was used to contain any spills from 
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the decontamination process.  New polyethylene tubing was used for each well and did not 
require decontamination. 

Sample Documentation and Shipment  

Field notes were kept in a bound logbook using indelible ink.  Information recorded included date, 
weather, site personnel, sampling procedures, site conditions, sample locations and ID codes, 
sampling dates and times, record of onsite arrival and departure, explanation of photographs, 
visual observations, sample handling or management procedures, deviations from the SAP, and 
any other pertinent site or project information.  Harbor documented any abnormal conditions 
observed, such as damaged wells or other infrastructure, by photograph.  Notes pertaining to any 
photographs taken were written in the field logbook. 
 
Groundwater sample collection forms were completed for each well or spring sampled.  
Completed field forms are included in Appendix A.  Site photographs were taken as necessary to 
document groundwater sampling activities, as outlined in the SAP. 
 
All samples were labeled according to the existing monitoring point network as listed in Table 1-
1 above.  The designated laboratory provided appropriate sample containers with pre-printed 
labels.  In general, each label contained the following information: date, time, sample identification 
number, preservatives, and requested analysis. 
 
A chain-of-custody form was completed for the samples collected and submitted to the 
designated laboratory for analyses.  The chain-of-custody provides chronological documentation, 
or a paper trail, showing the collection, custody, control, transfer, analysis, and disposition of the 
samples.  Information on the chain-of-custody includes: general project information, personnel 
contact information, sample code identification, date and time of sampling, sample type, 
containers, preservatives, requested analyses, sampler signature, and shipping/delivery 
information.  The chain-of-custody was transferred from Harbor to Arkansas Analytical upon 
hand-delivery of the sample ice chest(s) to the laboratory.  Copies of the chain-of-custody are 
included in Appendix B – Analytical Results.   

Tamper-evident custody seals were secured on the sample ice chests when the ice chests were 
not in Harbor’s custody.  When this occurred, the ice chests were locked in a vehicle, hotel room, 
or other secure structure.  The custody seals were signed, dated, and placed on the lid of the ice 
chests to assure that the ice chests are not tampered with.  The first batch of samples were 
delivered overnight via FedEx to ensure that hold times were met.  Remaining samples were hand-
delivered to Arkansas Analytical.  

Field QC Sample Objectives and Collection Frequency 

Primary measurements for field (and laboratory) QA/QC were derived from blind duplicate 
samples, Matrix spike/matrix spike duplicate (MS/MSD) samples, rinsate blanks, field blanks, and 
trip blanks collected in the field.  QC samples utilized in the field during the groundwater 
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monitoring event include field duplicates, rinsate (equipment) blanks, and trip blanks.  MS/MSD 
samples were prepared by the lab. 
 
A field duplicate is an identical sample collected from the same location, at the same time, under 
identical conditions as the investigative sample.  Field duplicate samples are analyzed along with 
the original to ascertain procedural precision and inherent source variability.  Two field duplicate 
samples were collected (5 percent) and analyzed for the same parameters as the associated 
investigation samples.   
 
Rinsate (or equipment) blanks were collected by pouring distilled water over decontaminated 
sampling equipment (e.g., pump, water level indicator) and into a sample container.  These blanks 
assess cross-contamination from improper decontamination.  Equipment rinsate samples were 
collected at a rate of one per day. 
 
Trip blanks prepared by the analytical laboratory were shipped with each cooler.  Trip blanks were 
kept unopened in the sample coolers until the collected samples and coolers were returned to 
the lab for analysis.  The trip blanks were then opened in the laboratory and analyzed for VOCs 
along with the investigative field samples.  One trip blank per cooler was analyzed.  
 
MS/MSD analyses are conducted by the laboratory to assess the heterogeneity of contamination 
concentrations in the groundwater samples.  MS/MSD samples were analyzed at a rate of 1 in 20 
(5 percent) per matrix for the same parameters as the associated investigation samples. 

Sample Identification, Collection, Processing and Documentation 

Samples were collected and labeled according to the existing well and spring identification 
numbers.  The following is a list of general sampling procedures and practices implemented 
during the groundwater sampling event to ensure consistency during sample collection.   

Pre-cleaned sample containers were provided by the designated laboratory. 
Sampler(s) donned clean pairs of protective Nitrile gloves between sampling locations and 
intervals. 
Samples for laboratory analysis were collected using either decontaminated stainless-steel 
equipment (pump) with new, disposable poly tubing or disposable bailer.   
All non-disposable sampling equipment was decontaminated in accordance with the 
procedures outlined in Section 2.5 above. 
Sample containers were labeled immediately following collection and placed on ice in an 
ice chest. 
 

Equipment Calibration 

Field meters (pH, specific conductance, turbidity) were calibrated daily prior to use per 
manufacturer’s specifications.  Calibration data was recorded on a calibration log and also in the 
field logbook.  Field calibration logs are included in Appendix A. 
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3.0 Groundwater Analytical Results 

The groundwater samples were delivered to Arkansas Analytical under proper chain-of-custody 
for analysis of the project AMCs.  Depth to groundwater and total depth of each well was 
measured prior to purging.  These values are listed in Table 3-1 below.  Groundwater elevations 
were utilized to prepare a potentiometric surface map which is included as Figure 2 of this report.  
Field parameters (dissolved oxygen, specific conductance, oxidation-reduction potential, pH, 
temperature and turbidity) were monitored during groundwater purging of wells to ensure that 
the well water was stabilized prior to sampling.  The final readings for each well prior to sampling 
are also listed in Table 3-1 below.  Additionally, field parameters were measured at each spring 
location prior to sampling.  Groundwater Sampling Records, completed for each sampling point, 
are included in Appendix A of this report. 
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Conceptual Groundwater Flow 

Figure 2 attached to this report shows the potentiometric groundwater surface below the site.  In 
addition to utilizing the groundwater elevations of the wells to construct the potentiometric map, 
elevations at flowing springs were utilized to further define the potentiometric surface. 
 
Currently, there are twenty-four monitoring wells in use for groundwater monitoring activities at 
the landfill.  Two of these wells, MW-3 and NAB-2 were inaccessible due to recent landfill closure 
activities and were not measured or sampled.  The remaining 22 wells were utilized to construct 
the potentiometric surface map.  It should be noted that Spring A and SP-4 had minimal flow at 
the time of this event and were not sampled.  As previously measured during the Second Half 
2017 event, the highest groundwater elevation during this event was measured in monitoring well 
CAO-1, located east of Area 1-2.  The lowest elevation occurred in monitoring well NE-3, located 
southeast of Area 1-3.  
 
The landfill is situated on a topographic high spot.  Several monitoring wells, CAO-1, MW-1, MW-
1R, MW-509D, MW-7, and NAB-7, define the highest groundwater elevations at the site.  
Groundwater generally flows outward and downward from these points.    
 
Review of the 1987 Geotechnical and Hydrogeological Study prepared by Grubbs, Garner, & 
Hoskyn, Inc. indicated an average hydraulic conductivity of 1.0 x 10-3 cm/sec for the unconfined 
aquifer below the site.  Porosity in dolomite bedrock ranges from 0 - 20 percent but could be 
higher in soils and weathered rock above the bedrock.  For consistency in calculating groundwater 
flow velocity at the site, Harbor utilized a porosity of ten percent and an effective porosity of nine 
percent (as utilized by others in previous groundwater sampling events).   
 
The hydraulic gradient in the Area 1-2 portion of the landfill was calculated by comparing 
upgradient well, MW-1R, to downgradient well MW-5. The change in head of 71 feet between the 
two wells over a distance of approximately 1,432 feet produces a hydraulic gradient of 0.050 (ft/ft). 
 
The hydraulic gradient in the Area 1-3 portion of the Landfill was calculated by comparing 
upgradient well, MW-1R, to a downgradient well, NAB-3. The change in head of 99.42 feet 
between the two wells over a distance of approximately 1811 feet produces a hydraulic gradient 
of 0.055 (ft/ft). 
 
The average linear groundwater velocity (for unconfined conditions) was calculated between 
monitoring well MW-1R and two different downgradient locations (MW-5 and NE-3) utilizing the 
following equation: 
 

Vx= Ki/ne 

where, Vx is the average linear velocity, K is the hydraulic conductivity, i is the hydraulic gradient, 
and ne is the effective porosity. 
From this, the following groundwater velocities were obtained for Areas 1-2 and 1-3. 
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Area 1-2: 

Vx = [(1.0 x 10-3 cm/sec)(0.050)]/(0.09) = 5.56x10-4 cm/sec or 1.575 ft/day 
 
Area 1-3: 
 

Vx = [(1.0 x 10-3 cm/sec)(0.055)]/(0.09) = 6.11x10-4 cm/sec or 1.732 ft/day 
 

Groundwater Analytical Results 

The results of the laboratory analysis of groundwater samples are summarized in Tables 3-2 and 
3-3 attached to this report.  The results were compared to the US EPA National Primary Drinking 
Water Regulations (NPDWRs) – Maximum Contaminant Levels (MCLs) and the National Secondary 
Drinking Water Regulations (NSDWRs).  MCLs are legally enforceable primary standards that 
protect public health by limiting the levels of contaminants in drinking water.  The NSDWRs are 
non-mandatory (non-enforceable) secondary maximum contaminant levels (SMCLs) that have 
been established for 15 contaminants.  The SMCLs are established as guidelines to assist public 
water systems in managing their drinking water for aesthetic considerations, such as taste, color, 
and odor.  Some AMCs were compared to regional screening levels (RSLs) which have been 
established by EPA in lieu of MCLs.  
 
Chloride was detected at concentrations ranging from 1.22 to 98.1 milligrams per liter (mg/L) in 
the samples from all of the wells, which is below the SMCL of 250 mg/L for chloride.  Sulfate was 
detected at concentrations ranging from 5.74 to 688 mg/L in the samples from all of the wells.  
With the exception of the detected concentration of 688 mg/L in the sample from monitoring well 
NE-2, none of the detected concentrations of sulfate exceeded the SMCL of 250 mg/L for sulfate.  
Total dissolved solids (TDS) ranged from 5 to 1,520 mg/L in the samples from all of the wells.  TDS 
exceeded the SMCL of 500 mg/L in the samples from MW-1, MW-1R, NE-2, NAB-4, and CAO-1. 
 
Antimony was detected in the samples from NAB-3, NE-2, and TSP-2 at estimated concentrations 
(J-flagged) ranging from 0.0009J to 0.003J mg/L.  None of the detected concentrations exceeded 
the MCL of 0.006 mg/L for antimony. 
 
Arsenic was detected in the samples from MW-1, MW-1R, NAB-7, and CAO-1 at concentrations 
ranging from 0.0373 to 0.205 mg/L, which exceed the MCL of 0.010 mg/L for arsenic.  Arsenic was 
detected in the samples from MW-2, NE-4, and the landfill entrance seep at estimated 
concentrations ranging from 0.00751J to 0.00787J mg/L.  Arsenic was below the reporting limit of 
0.0234 mg/L in the samples from all other wells and springs.  It should be noted that the reporting 
limit exceeds the MCL.   
 
Barium was detected in all of the samples at concentrations ranging from 0.0207 to 0.318 mg/L.  
None of the detected concentrations exceeded the MCL of 2.0 mg/L for barium.   
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Beryllium was detected in the samples from NAB-8, TSP-1, and TSP-2 at concentrations ranging 
from 0.000448 to 0.000538 mg/L.  Beryllium was detected in 19 of the other samples at estimated 
concentrations ranging from 0.0000349J to 0.000384J mg/L.  None of the detected concentrations 
exceeded the MCL of 0.004 mg/L for beryllium.   
 
Cadmium was detected in the samples from MW-509, MW-633, and NAB-7 at concentrations 
ranging from 0.00128 to 0.0038 mg/L.  Cadmium was detected in ten of the other samples at 
estimated concentrations ranging from 0.000358J to 0.00117J mg/L.  None of the detected 
concentrations exceeded the MCL of 0.005 mg/L for cadmium. 
 
Chromium was detected at an estimated concentration of 0.00499J mg/L in the sample from TSP-
4.  The detected concentration did not exceed the MCL of 0.1 mg/L for chromium. 
 
Cobalt was detected in the samples from MW-1, MW-1R, and CAO-1 at concentrations ranging 
from 0.01 to 0.12 mg/L.  The concentrations detected in the samples from MW-1 and MW-1R 
exceeded the RSL of 0.006 mg/L for cobalt.  Cobalt was detected in 16 of the other samples at 
estimated concentrations ranging from 0.000468J to 0.00530J mg/L. 
 
Copper was detected in nine of the samples at estimated concentrations ranging from 0.001J to 
0.002J mg/L.  None of the detected concentrations exceeded the MCL of 1.3 mg/L for copper. 
 
Iron was detected in all of the samples at concentrations ranging from 0.103 to 26.8 mg/L.  The 
detected concentrations exceeded the RSL of 14 mg/L for iron in five of the samples and exceeded 
the SMCL of 0.3 mg/L for iron in 15 of the samples.   
 
Lead was detected in the sample from NAB-7 at a concentration of 0.265 mg/L, which exceeds 
the MCL of 0.015 mg/L for lead.  Lead was detected in the samples from NE-4 and TSP-4 at 
estimated concentrations of 0.00428J mg/L and 0.00499J mg/L, respectively.  Lead was below the 
reporting limit of 0.0156 mg/L in the samples from all other wells and springs. 
 
Manganese was detected in 17 of the samples at concentrations ranging from 0.0125 to 1.32 
mg/L.  Manganese was detected in ten of the samples at estimated concentrations ranging from 
0.000956J to 0.00960J mg/L.  The detected concentrations exceeded the RSL of 0.43 mg/L for 
manganese in seven of the samples and exceeded the SMCL of 0.05 mg/L for manganese in seven 
of the samples.   
 
Mercury was detected in the samples from monitoring wells MW-1R, MW-6, and MW-633 at 
concentrations ranging from 0.00025 to 0.000625 mg/L.  Mercury was detected in 18 of the 
samples at estimated concentrations of 0.0000250J to 0.000100J mg/L.  None of the detected 
concentrations exceeded the MCL of 0.002 mg/L for mercury. 
 
Nickel was detected in the samples from monitoring wells MW-1, MW-1R, NAB-4, and CAO-1 at 
concentrations ranging from 0.001 to 0.009 mg/L.  Nickel was detected in seven of the samples 
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at estimated concentrations of 0.003J to 0.007J mg/L.  None of the detected concentrations 
exceeded the RSL of 0.39 mg/L for nickel. 
 
Selenium was detected in the samples from NAB-4 and TSP-3 at estimated concentrations of 
0.00593J mg/L and 0.00731J mg/L, respectively.  None of the detected concentrations exceeded 
the MCL of 0.05 mg/L for selenium.   
 
Thallium was detected in four of the samples at estimated concentrations of 0.002J to 0.004J mg/L. 
All of the detected estimated concentrations met or exceeded the MCL of 0.002 mg/L for 
selenium.   
 
Tin was detected in the samples from MW-577 and NAB-3 at estimated concentrations of 0.00348J 
mg/L and 0.00330J mg/L, respectively.  None of the detected concentrations exceeded the RSL of 
12 mg/L for tin. 
 
Vanadium was detected in eight of the samples at estimated concentrations ranging from 0.0005J 
to 0.006J mg/L.  None of the detected concentrations exceeded the RSL of 0.086 mg/L for 
vanadium. 
 
Zinc was detected in 20 of the samples at concentrations ranging from 0.0171 to 1.62 mg/L.  Zinc 
was detected in six of the samples at estimated concentrations ranging from 0.00502J to 0.0129J 
mg/L.  None of the detected concentrations exceeded the RSL or SMCL for zinc.   
 
Results of the laboratory analysis for antimony, cyanide, selenium, silver, and vanadium were 
below their respective reporting limits for all samples.  Results of inorganic laboratory analyses 
are summarized in Table 3-3 attached to this report.   
 
Table 3-3 summarizes the organic analyses.  TOC was detected in several of the wells at 
concentrations ranging from 1.06 to 12.8 mg/L.  No screening levels have been established for 
TOC.  Several VOCs, including 1,1-dichloroethane, cis-1,2-dichloroethene, methyl tert-butyl ether 
(MTBE), and vinyl chloride, were detected in the samples from MW-1 and MW-1R.  MTBE and vinyl 
chloride were also detected in the sample from CAO-1 (and the CAO-1 duplicate sample).  The 
detections are further discussed below: 
 

The detected concentrations of vinyl chloride exceeded the MCL of 2.0 μg/L in all three 
wells.    

 
The detected concentrations of 1,1-dichloroethane exceeded the RSL of 2.8 μg/L in MW-
1 and MW-1R.  No MCL for 1,1-dichloroethane has been established.   

 
The detected concentrations of cis-1,2-dichloroethene were below the MCL of 70 μg/L in 
the samples from MW-1 and MW-1R.   
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The detected concentrations of MTBE exceeded the RSL of 14 μg/L in the samples from 
MW-1 and MW-1R.  

 
Several other VOCs were detected at estimated (J-flagged) concentrations in the samples from 
CAO-1, MW-1, MW-1R, MW-4, MW-633D, NAB-3, and/or the landfill entrance seep.  J-flagged 
VOCs included benzene, 2-butanone, chlorobenzene, 1,4-dichlorobenzene, 1,1-dichloroethane, 
1,2-dichloroethane, cis-1,2-dichloroethene, 1,2-dimethylbenzene, 1,3-dimethylbenzene, ethyl 
benzene, Isopropylbenzene, methylene chloride, MTBE, toluene, and trichloroethene.  1,1-
dichloroethane was detected in the samples from CAO-1 and the landfill entrance seep at 
estimated concentrations of 3.31J and 3.44J mg/L, respectively, which exceed the RSL of 2.8 mg/L 
for 1,1-dichlorethane. None of the other detected constituents were at concentrations that 
exceeded respective screening levels. 
 

HDPE Pipe Analytical Results 

On June 20, 2018, ADEQ contacted Harbor to request collection of a water sample from a high-
density polyethylene (HDPE) pipe emanating from the east side of the 1-3 cell at NABORS Landfill.  
The HDPE pipe was uncovered during closure activities.  Harbor visited the landfill on June 21, 
2018 to collect the sample.  At the time of the site visit, minimal flow (a very slow drip) was 
observed from the pipe.  A small pool of relatively clear water was located under the end of the 
pipe.  It should be noted that no odor, such as that associated with leachate, was noticed during 
sample collection.  Harbor utilized a Horiba U-52 multi-parameter instrument to measure the pH, 
specific conductance, temperature, dissolved oxygen, and oxidation-reduction potential of the 
water.   
 
As minimal flow was occurring at the time, laboratory analytical samples were collected from the 
pool of water at the pipe outlet.  ADEQ requested that the samples be submitted for analysis of 
the AMCs.  Due to the low volume of flow (and low volume of water in the small pool below the 
pipe), not all of the samples could be collected.  Samples collected included VOCs, TOCs, and 
metals.  Due to inadequate volume, samples for analysis of chloride, sulfate, cyanide, sulfide and 
TDS could not be collected.  The results of this event are summarized in a Technical Memorandum 
previously provided to ADEQ.   
 
Per direction of ADEQ, Harbor retuned to collect an additional water sample directly from the 
HDPE pipe on August 16, 2018.  No field parameters were measured during this event; however, 
enough volume was collected for analysis of all of the AMCs.  The laboratory analytical results of 
both HDPE pipe sampling events are included in Tables 3-2 and 3-3 of this report.   
 
Antimony and lead exceeded the MCL in the original sample collected; however, both were non-
detect in the second sample.  Iron was detected above the SMCL in the original, but was 
substantially reduced in the second sample.  Manganese was detected above the RSL in both 
samples.  No other detected constituents exceeded applicable screening levels.   
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Statistical Analysis 

SanitasTM version 9.6.07 software was utilized to conduct statistical analysis of the groundwater 
data for the First Half 2018 sampling event.  The methods used in the SanitasTM program are based 
on statistical procedures outlined in the Statistical Analysis of Ground-Water Monitoring Data at 
RCRA Facilities (Unified Guidance, March 2009).  Historic and current data are presented in 
Appendix C. 
 
Time plots of individual AMCs at wells showing current and historic detections were plotted to 
provide a visual summary of current and historic detections at individual wells, along with possible 
trends in the data and variability among the wells.  The time plots also evaluate the potential 
presence of outliers that could disproportionally affect increasing or decreasing trends.  Wells 
showing potential AMC outliers were then further analyzed using Rosner's Outlier Test and Tukey's 
Outlier Screening to evaluate outliers.  Outliers were observed for AMCs 1,1-dichloroethene (CAO-
1), arsenic (MW-1), barium (NAB-7), chloride (MW-6), manganese (NAB-7), sulfate (MW-1), and 
zinc (MW-1 and NAB-7).  Time plots and outlier analysis are presented in Appendix D 
 
To be consistent with previous statistical analyses, the Mann-Kendall test for temporal trend 
combined with the Sen’s slope estimate was performed on current and historically detected AMCs 
to evaluate whether statistical trends are evident in the data.  The results of the Mann-
Kendall/Sen’s Slope plots associated with the First Half 2018 groundwater monitoring event are 
also presented in Appendix D.   Increasing and decreasing statistical trends for AMCs and wells 
are summarized in Table 3-4 below.   
 
  



NABORS Landfill  April 2018 Groundwater Monitoring Event 

 
24 

Table 3-4 – Summary of Statistical Trends 
Well Significant Increasing Trends Significant Decreasing Trends 
CAO-1 Arsenic, barium, benzene, chloride, iron, 

TOC 
Cobalt, 1,1-dichloroethane, manganese, 
nickel, vinyl chloride, zinc 

CAO-3  Chloride Barium, lead, nickel, sulfate, TOC, zinc  
MW-1 Arsenic, barium, chloride, chlorobenzene, 

1,1-dichloroethane, cis-1,2-
dichloroethene, cobalt, TDS, iron, 
manganese, nickel, sulfate, TOC, vinyl 
chloride, zinc 

  

MW-1R  Arsenic, chlorobenzene, 1,1-
dichloroethane, cis-1,2-dichloroethene, 
iron, sulfate 

Cobalt, manganese, TOC  

MW-2   Manganese 
MW-4  Chloride, sulfate, TDS, zinc   
MW-5  Chloride, sulfate, TDS, zinc   
MW-6 Chloride, sulfate, TDS, zinc   
MW-7    Barium, chloride, sulfate 
MW-509D  Chloride, sulfate, TDS   
MW-577  Chloride Barium, sulfate, TDS  
MW-633D   Barium, chloride, 1,1-dichloroethane, 

TDS, zinc 
Sulfate 

MW-689D TDS   
NAB-3   Barium, chloride, iron, TDS Zinc 
NAB-7  Barium, chloride, sulfate, TDS, zinc Nickel 
NAB-8   Chloride Barium 
NE-2 Zinc Chloride, iron, manganese, nickel, sulfate, 

TOC, TDS 
NE-3 Chloride Manganese, sulfate, zinc 
NE-6 Chloride Nickel, sulfate, zinc 

 
As discussed in previous reports, an important consideration is whether the data is significantly 
influenced by seasonal changes.  If so, the data should be adjusted for seasonal influences.  Based 
on the data generated to date and as stated in previous reports, it is suspected that concentration 
levels are significantly influenced by the amount of precipitation and the timing of individual 
precipitation events in relation to sampling events.  It is likely that the landfill cap will have a 
significant influence on the effect of precipitation at the site.   
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4.0 Leachate Analytical Results 

As previously referenced, the leachate generated at the NABORS Landfill is transported to the City 
of Springfield, MO wastewater collection system under Wastewater Contribution Permit #593.  A 
sample of the leachate plus a duplicate sample was collected and submitted for laboratory 
analysis.  Table 4-1 below summarizes the analytical methods and results of the analyses.   
 

Table 4-1 – Summary of Leachate Analysis Results 
Parameter Analytical Method Units Leachate Leachate 

Duplicate 
Chloride EPA 300.0, 2.1-1993 mg/L 703 675 
Sulfate EPA 300.0, 2.1-1993 mg/L 16.7 16.7 
Ammonia as N SM 4500-NH3 B,D,C-2011 mg/L 100 80.4 
Cyanide (total) SM 4500-CN B,E-2011 mg/L < 0.010 <0.010 
Flashpoint SW 1010A, Rev 1, 2004 °C Did Not Flash Did Not Flash 
Oil & Grease EPA1664 Mod, Rev. B 2010 mg/L < 3.50 < 3.50 
Sulfide SM 4500-S2 D-2011 mg/L < 0.100 < 0.100 
TDS SM 2540 C-2011 mg/L 2520 2510 
TOC SM 5310 B-2011 mg/L 136 129 
Antimony EPA 200.8 Rev 5.4(1994) ug/L < 2.08 < 2.08 
Arsenic EPA 200.8 Rev 5.4(1994) ug/L 17 17.4 
Barium EPA 200.8 Rev 5.4(1994) ug/L 2880 2900 
Beryllium EPA 200.8 Rev 5.4(1994) ug/L < 0.26 < 0.260 
Cadmium EPA 200.8 Rev 5.4(1994) ug/L < 0.26 < 0.260 
Chromium EPA 200.8 Rev 5.4(1994) ug/L 6.46 6.71 
Cobalt EPA 200.8 Rev 5.4(1994) ug/L 11.2 11.5 
Copper EPA 200.8 Rev 5.4(1994) ug/L 13.2 14.1 
Iron EPA 200.8 Rev 5.4(1994) ug/L 29700 30500 
Lead EPA 200.8 Rev 5.4(1994) ug/L 1.39 1.43 
Manganese EPA 200.8 Rev 5.4(1994) ug/L 2060 2020 
Mercury SW7470A/EPA245.1,3.0-1994 mg/L < 0.002 < 0.00200 
Nickel EPA 200.8 Rev 5.4(1994) ug/L 70.4 72.1 
Phosphorus EPA 200.8 Rev 5.4(1994) mg/L 0.56 0.627 
Selenium EPA 200.8 Rev 5.4(1994) ug/L < 2.08 < 2.08 
Silver EPA 200.8 Rev 5.4(1994) ug/L < 0.26 < 0.260 
Thallium EPA 200.8 Rev 5.4(1994) ug/L < 0.26 < 0.260 
Tin EPA 200.8 Rev 5.4(1994) ug/L 27.1 < 20.8 
Vanadium EPA 200.8 Rev 5.4(1994) ug/L 5.95 5.99 
Zinc EPA 200.8 Rev 5.4(1994) ug/L 34.1 35.2 
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Table 4-1 – Summary of Leachate Analysis Results (continued) 
Parameter Analytical Method Units Leachate Leachate 

Duplicate 
1,1-Dichloroethane EPA 624 ug/L < 10 < 10.0 
1,1-Dichloroethene EPA 624 ug/L < 10 < 10.0 
1,1,1-Trichloroethane EPA 624 ug/L < 10 < 10.0 
1,1,2-Trichloroethane EPA 624 ug/L < 10 < 10.0 
1,1,2,2-Tetrachloroethane EPA 624 ug/L < 10 < 10.0 
1,2-Dichlorobenzene EPA 624 ug/L < 5 < 5.00 
1,2-Dichloropropane EPA 624 ug/L < 10 < 10.0 
1,2-Dichloroethane EPA 624 ug/L < 10 < 10.0 
1,3-Dichlorobenzene EPA 624 ug/L < 5 < 5.00 
1,4-Dichlorobenzene EPA 624 ug/L < 5 < 5.00 
2-Chloroethyl vinyl ether EPA 624 ug/L < 10 < 10.0 
Acrylonitrile EPA 624 ug/L < 20 < 20.0 
Benzene EPA 624 ug/L < 10 < 10.0 
Bromodichloromethane EPA 624 ug/L < 10 < 10.0 
Bromoform EPA 624 ug/L < 10 < 10.0 
Acrolein EPA 624 ug/L < 50 < 50.0 
Bromomethane EPA 624 ug/L < 50 < 50.0 
Carbon tetrachloride EPA 624 ug/L < 2 < 2.00 
Chlorobenzene EPA 624 ug/L < 10 < 10.0 
Chlorodibromomethane EPA 624 ug/L < 10 < 10.0 
Chloroethane EPA 624 ug/L < 50 < 50.0 
Chloroform EPA 624 ug/L < 10 < 10.0 
Chloromethane EPA 624 ug/L < 50 < 50.0 
cis-1,3-Dichloropropene EPA 624 ug/L < 10 < 10.0 
Ethylbenzene EPA 624 ug/L 34.3 35.2 
Methylene chloride EPA 624 ug/L < 20 < 20.0 
Tetrachloroethene EPA 624 ug/L < 10 < 10.00 
Toluene EPA 624 ug/L < 10 < 10.00 
trans-1,2-Dichloroethene EPA 624 ug/L < 10 < 10.00 
Trichloroethene EPA 624 ug/L < 10 < 10.00 
trans-1,3-Dichloropropene EPA 624 ug/L < 10 < 10.00 
Vinyl chloride EPA 624 ug/L < 2 < 2.00 
Trichlorofluoromethane EPA 624 ug/L < 50 < 50.0 
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5.0 Quality Assurance/Quality Control Results 

Duplicate samples were collected from monitoring wells CAO-1 and NAB-3 during the first 2018 
semiannual groundwater sampling event.  In addition, a duplicate sample of leachate was also 
collected.  Comparison of the original and duplicate data shows good agreement between sample 
and duplicate pairs.  With the exception of the detected concentrations of zinc in the samples 
from CAO-1, the relative percent difference (RPD) for the measured concentrations was within ten 
percent for the groundwater samples and duplicates.  The RPD for zinc in the CAO-1 sample and 
duplicate was 11.1 percent.  The RPDs for the detected concentrations of ammonia and 
phosphorus in the leachate and leachate duplicate samples were 21.7 and 11.3 percent 
respectively. 
 
A total of six equipment blanks were collected during groundwater sampling activities.  The 
equipment blanks were collected by running distilled water over decontaminated equipment 
directly into the sample containers.  TDS was measured in two of the samples, EB-3 and EB-6, at 
concentrations of 5 and 16 mg/L, respectively.  It is likely that the TDS detections were the result 
of residual soap remaining on the equipment.  Antimony, beryllium, iron, manganese, mercury, 
thallium and/or toluene were detected in some the equipment blanks at very low, estimated (J-
values) concentrations.  No other AMCs were detected in any of the equipment blank samples.    
 
Six trip blanks were analyzed to evaluate the potential for sample cross contamination.  The trip 
blanks were analyzed for VOCs.  No VOCs were detected in any of the trip blanks above their 
respective detection limits.   
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Field Forms 
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Laboratory Analytical Results
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Appendix C 
 

Historical Database
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Appendix D 
 

Statistical Plots
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