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1.0 INTRODUCTION

This Groundwater Data Repgptesents the 2016 field prograandsamplingdataresults forthe
Maywood Formerly Utilized Sites Remedial Action Program (FUSRAP) site)(Bcated at
100 West Hunter Avenue in the Borough of Maywood, Bergen County, New Jdrsisyreport
has been prepared on behalf of thes.UArmy Corps of Engineers (USACE)ybCabrera
Services)nc. (Cabrera) under USACEontractNo. W912DQ13-D-3016

Cabrera performed this work in accordance with Braft Final LongTerm Groundwater
Monitoring Plan(LTGWMP) (USACE,2016&), and Maywood FUSRAP Groundwater Record of
Decision (ROD) (USACE 2012) (Groundwater ROD) The data report herein presents the
results of the first comprehensive sampling ewettt our new well network of monitoring wells
installedsince submittal of the LTGWMP andr@indwateilROD documents This new aray of
overburden and bedrock monitoring wells are intended to document baseline conditions prior to
remediation being completed.

Remediation ofsoil and groundwatecontaminant of concerrCQOC) source areass currently
ongoing at the Mywood Interim Stage Site (MISSpursuant tahe Draft Final Groundwater
Remedial Design/Remedial Action Work PIgQUSACE 201®), Groundwater ROD
(USACE, 2012)andMaywood FUSRABuildingsand SoilRecord of DecisioUSACE, 20@)

(Soils and Buildings ROD). Remediatiohall accessible groundwater C&@ndradiologically
impacted soils on the MISIS scheduled for September 202Annual groundwater monitoring

and data eporting is scheduled through 2021 or completion of MISS soil remediation. Once
MISS soil remediatio is completed, quarterly groundwater sampling will be conduoteal two

year periodas described in the LTGWMRNd reported via Quarterly Data Reports and Annual
Long- TermMonitoring (LTM) Reports.

1.1 PURPOSE AND SCOPE

The purpose of this annual Girdwater Data Report is to documéiasseline site conditiorfer
groundwater COCs, radiological parameters, and geochemical parameters awdllENMand
surface water monitoring locations.

The scope of thiSroundwater Data Repagincluded undertherepat sectionsas follows

1 Section 1.0 Introduction: Site History, Site Description, Sit&oil/Buildings RODand
Groundwater RODSummary and Findings of the Groundwater Site Investigatams,
Nature and Extent of Contamination

1 Section 2.0 Implementation of the 2016 LTM Program: Summary of Field
Activities, Well Repair and Modifications Existing Well Redevelopment, Well
Installation and Development, Groundwater Elevation Monitoring, Groundwater and
Surface Water Sampling, Laboratory Analysis and Repqrtamgl Deviations to the
LTGWMP.

1 Section 3.0 Results of LTM Groundwater and Surface Water Sampling
Groundwater Flow Conditions, Arsenic Groundwater Sampling Results, Lithium
Groundwater Sampling Results, Benzene Groundwater Sampling Results, Radiologic
Groundwater Sampling Results, and Surface Water Sampling Results.

11
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1 Section 4.0 Data Validation/Quality Control Summary Report: LTM Quality
Assurance/Quality ControlQA/QC) Sampling Program and Sampling Results, Sample
Management and Data Validation, Electmridata Deliverable(EDD), and Quality
Control Summary Repo(QCSR)

1.2 SITE HISTORY

The original plant onwhat is now the FUSRAP Maywood Superfund Site (FMSS) was
constructed in 1895 and became known as the Maywood Chemical Works (MiCY9)L8.
Principal products manufactured by the MCW included aromatics (mainly for the soap industry),
flavorings, lithium (in 30 different forms), pharmaceuticals (quinine, cocaine, and caffeine
among others), protein (extracted from leather), and rare earth salthdfglass industry).
Starting in 1916, portions of the facility were used to extfa@tium and rare earth metals from
monazite sands. The extractédorium was then sold to other companies for use in
manufacturing industrial products, such as mantlesgés lanterns. The wastes from this
process were pumped as slurry to holding ponds.

In 1932, the disposal areas were partially covered by the construction of New Jersey State
Route 17. Thorium extraction at the MCW ended in 1956 after approxima&leedrs of
production. The MCW property was subsequently sold to the Stepan Canhparig 1959.
Wastes from the various manufacturing processes were generally stored in open piles and
retention ponds. Some of the process wastes were removed far mmsgch and fill on nearby
properties, thereby contaminating those properties with radiodbtviem.

The U.S. Environmental Protection AgencyRE) listed the MCW on the Superfund National
Priorities List(NPL). In late 1983, Congress assigned a refeand development project to the

U.S. Department of Energy (DOE) to clean up the radioactive wastes at the MCW. The DOE
then placed the Site in the FUSRAP Program. In 1985, the Federal Government acquired an
11.7-acre portion of the Stepan Company prtypéo temporarily store soils excavated by the
DOE from offsite properties until a suitable permanent storage site was identified. TaerEl.7

site became known as the Maywood Interim Stoige (MISS).

In 1992, the DOE completed a remedial invesitoga(RI) that defined the nature and extent of
soil, sediment, and groundwater contamination. The DOE RI Report (DOE, 1992) concluded
that information regarding the nature and extent of groundwater contamination was incomplete
and that further investigah was required A focused FMSS Groundwater Rl was conducted by
USACE from 2000 to 2004. The results of the field investigations were reported kintdie
Groundwater Remedial InvestigatidReport FUSRAP Maywood Superfund Site (USACE,
2005)(GWRI).

The Soils and BuildingROD waspublishedin 2003. Tis ROD has been implementeddthe
associatedemedial action igurrentlyongoing. The Groundwater ROD waspprovedoy EPA

in July 2012and addresses the source area removidie final remedyfor groundwater as
presented inthe GroundwaterROD (USACE, 2012)is summaried in Section 1.4 of this
document. The EPA has conducted two Friear Reviews of the Maywood FUSRAP Site
associated with the Soils and Buildings ROD.
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1.3 SITE DESCRIPTION

The FMSSis locatedin a highly developed area of northeasterewNJerseylocated in the
Borougts of Maywoodand Lodj and the Township of Rochelle Pgifkigure t1). It is located
approximately 12niles northnorthwest of New York CityNew Yorkand 13 miles naheast of
Newark, New Jersey The FMSS is listed on the EPA Superfund NPL. Tuenprehensive
Environmental Response, Compensation, and Liability Information Systiemtification
number is NJD980529762JSACEwas delegated authority for the FUSRAP by BEnergy and
Water Development Appropriations Act of 19@8d subsequemppropriations es. The FMSS
consists of 92 designated industrial, residential, commercial and government properties
contaminated by former thorium processing activities at the ME@Qure 12).

The MISS (a portion of the FMSS) &n 11.7acre fenced lot that was previously part of a
30-acre property owned by the Stepan Company. The Fe@evarnment acquired the MISS
from the Stepan Company in 1985. The water reservoir, PumpelHand one of the railroad
spurs are still in use by the Stepan Company. The MISS is bounded on the WdsStaye
Routel7; on the north by a New York, Susqueha&n#estern Railway line; and on the south
and east by Stepan Company properesidental properties are located north of the railroad
line and within75 yardsof the northern MISS boundaryThe property is enclosed by a chain
link fence, and access to known or potentially hazardous areas is restricted.

1.4 SITE SOILS/BUILDING ROD and GROUNDWATER ROD

Contamination on the FMSS is being addressed in three seppstding units QUs), which
are coordinated by EPA Region 2. These include

f OU 1: Sois and Buildings OU at the MISS, Stepan Company, and the 22 commercial
and Government Vicity Properties. This OU includes soil, buried bulk wastes
(including theNRC-licensed burial pits), and buildings (all cantinated buildings are
located on the Stepan Company property and the MISS).

 OU 2: The USACE GW OU includes groundwater impactedFb\sRAP waste and
contaminated groundwater at the MISS.

! OU 3: NorFUSRAP chemical wastéaddressed by Stepan Company)

The Soils and Buildings ROD addresshe OU 1 radiologically and chemically contaminated
soil, debris (e.g., buried drums), and buiglimaterials defined as FUSRAP waste at the former
MCW and commercial/government properties in the vicinity of the site, including the Stepan
Company burial pits that are licensed and regulated byNRRE. The Groundwater ROD
(USACE, 2012)presents the &ected remedial actions for OU 2 groundwater at the MISS and
adjacent properties.
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The major components of theroundwater RODnclude the following

1 Removal and ofkite disposal of nhenadiological contaminated sdlithium, arsenic, and
benzene soilsvith concentrations above tlodeanup levels defined the Groundwater
ROD)on the MISS, to include pond sludge on the MISS.

1 Monitored Natural AttenuatioMNA) of arsenic,lithium, and benzenégroundwater
COCs)in overburden and shallow bedrock growader. MNA refers to the process of
documenting the progress and effectiveness of natural attenuation through a defined
monitoring program. Natural attenuation is the combination of physical, chemical, and
biological processes that result in reasonahlgdigtable reductions in contaminant
concentrations over time.

f Continued groundwater monitoring of radiological parameters at former Environmental
Monitoring Program (EMP) monitoring wells.

1 Land Use Controls(LUC) that will include use restrictions appicle to site
groundwater. LUCs will be utilized, as appropriate, to limit potential futuresite and
downgradient ofsite public and construction worker exposure to groundwater
contaminants until target cleanup goals are achieved.

The groundwater remead action will be considered complete and will be discontinued when:

1 Non-radiological source soils that result in groundwater contamination above cleanup
levels are removed from the MISS

1 Groundwater monitoring indicates that COCs and radiologic coratanis are at, or
below, cleanup levels on thdISS and at FUSRARmpacted offsite locations west of
Route 17. Former Step&ompanypropertiegi.e. MCW) west of Route 17 are expected
to impact groundwater as well.

1.5 GROUNDWATER CLEANUP LEVELS

The GroundwaterROD identified the COCsand groundwater cleanup levdty LTM, which
includes the followingqeeTable 11):

1 Arsenici 3 micrograms per litefng/L)
f Lithiumi 730ng/L
1 Benzend 1nyl/L.

Total uranium, total radium, gross alptend gross betavere not identified as groundwater
COCs due to the low detected activitygd low human health riskHowever,the Goundwater
ROD includes groundwater monitoring of radiological constituetdsensurehe protectiveness
of the Soil and Buildings Ollemediation Radiological groundwater monitoring was conducted
at 28 LTM wells in 2016, anig continued as part of the LTM program.

The regulations in 40 @le of Federal Regulations41l set maximum permissible levels of
radiological contaminants in groundwater §yyecifying the Federal Safe Water Drinking Act
Maximum Contaminant Levels (MCL) for each parameteRertinent MCLs have been

promulgated for totalranium,total radium, andgross alpha The New Jersey Department of

1-4
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Environmental ProtectiofNJDEP has aoptedthe Federal MCLs Table 11 summarizes
cleanup criteria fogroundwater on thMISS.

1.6 SUMMARY AND FINDINGS OF GROUNDWATER SITE
INVESTIGATIONS

The site characteristics summariaedhe sections to follovare described in thé WRI (2005,
Phass 16 and 19 Construction DewateringMonitoring Plan (USACE 2011) and the
LTGWMP (USACE, 2016a).

1.6.1 Regional Geology

The FMSS and MISS arelocated in the Piedmont Physiographic Province within the
U.S.Geological Survey Hackensack Quadrangle. TheglrRont Province ilNew Jerseyis
located within the Newark Basin,rertheastrending halgrabenthat extendssouthwestrom

the Hudson River Valley in New York to southeastern Pennsylvania.

The Newark Basin is primarily composed of a sequence omsedary rocks and intrusive
igneous rocks, commonly referred to as the Brunswick Group. The sedimentary rocks within the
Brunswick Group consist of sandstones, shales, mudstones, and conglomerates having strike
orientations ranging from N20E to N35E, adtping between 7 and 15 degrees to the
northwest

The sedimentary rocks of the Brunswick Group are divided into three formations: a lower unit,
the Stockton Formation; a middle unit, the Lockatong Formation; and an upper unit, the Passaic
Formation. he FMSSand MISS araunderlain by the Passaic Formation Sandstone Member
which is described as an interbedded grayish red to brownish red, medium to fine grained,
medium to thick bedded sandstone and brownish to purplish red, coarse grained siltstone; the
unit is planar to ripple cross laminated, fissile, locally calcareous containing desiccation cracks
and root casts. Upward fining cycles are 6 toféét t) thick. Maximum thickness is
approximately 3,600 ft.

Groundwater beneath the FMSS and MISS oxdn shallow and deep bedrock and locally in
overburden deposits. The term shallow bedrock as used here describes the interval typically
extending 10 to 35 ft below the top of bedrock and deep bedrock refers to the interval extending
from approximately 3 to 70 ft below the bedrock surfac&igure 1-3 provides a generalized
crosssection of the regionds geological wunits wh

Groundwater within the FMS@&nd MISSis classified as ClasH groundwater. Class i
groundwater As a designated use of potable groundwater with conventional water supply
treatment, either aits current water quality (Class-R) or subsequent to enhancement or
restoration of regional water quality, so that the water will be of potable quality with
conventional water supply treatment (Cldls8). Existing and potential potable water uses are
bothincluded in the designated use.

1.6.2 Site Overburden Hydrogeology

Saturated, laterally continuous overburden deposits were mapped in parts of the FMSS and
comprise the local overburden aquifer. Overburden material typically consists of a lower

1-5
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undifferentiated till and gravel unit (on bedrock), overlain by gravel, upper undifferentiated till
and sand, and an upper sand unit. In most FMSS areas, thengasdavered by fill of varying
thickness. The highest aquifer permeability and porosity (and groundwater yield) is typically
encountered in stratified drift (well sorted glacial outwash deposits composed of sand, gravel,
silt, and clay laid down by gtéal melt water in a river flood plain and in glacial lake deltas and
alluvial fans), and is expected in the mapped gravel and sand units. Stratified drift deposits are
usually laterally extensive within a paleodrainage, but can vary in composition gbéityeand

well yield. The reported yield of stratified deposits in the Hackensack Quadrangle ranges from
one to several hundreghllons per minutd GPM); however, local wells are expected to yield
from 0.5 to 5 GPM. The gravel and/or sand units arpp®d in all overburden aquifer areas,

and are expected to transmit the majority of groundwater in the overburden aquifer.

MISS overburden groundwater flowirection is west to southwest with anerage horizontal
gradient of 0.006 feet per footf{/ft) to 0.0111 ft/ft.

1.6.3 Site Bedrock Hydrogeology

Groundwater in bedrock occurs under confined and unconfined conditions within a network of
interconnected bedrock joints (fractures) and open bedding fractures in the Passaic Formation.
The permeability othe Passaic Formation is fracturentrolled, with the exception of some
sandstone aquifer units. Regionally, the Passaic Formation provides a major source of
groundwater in the Newark Basiand locally to a number of water districts in Bergen County.
The bedrock aquifer is layered (heterogeneous), typically consisting of a series of alternating
aquifers and aquitards several ten# thick.

The water bearing fractures of each aquifer are more or less continuous, but hydraulic connection
between indiwdual aquifers is poor. These aquifers generally dip downward for a few hundred
ft, and are continuous along the strike for thousandeebf Shallow bedrock, the depth of most
interest, generally extends 10 to 35 ft below the bedrock surface. Shutrack monitoring
wellsdyield on the FMSS range from 0.5 to 50 GPM with most wells producing 0.5 GEM

Shallow bedrock yields have been measured locally in three wells duringtesimorpumping

tests 2 to 72 hours), with average flows of 10.5, 46d 17GPM. Based on computer modeling
longterm pumping rates from single wells located on the MISS are expected to be less than
5 GPM.

Shallow bedrock groundwater flow at the MISS is generally towards the west and the Saddle
River. However, somergundwater flows to theorthwestand southwestdue to influence of a
bedrock high to the east of the MISS. Shallow bedrock groundwater flow in the westerly
direction across th8ite had an average horizontal gradient of 0.0075tét/f 0109ft/ft.

1.6.4 Groundwater i Surface Water Interaction

The upstream portion of Westerly Brook is conveyed by culvert pipe under the, NS
JerseyRoute 17and 96 Park Way, Rochelle Padnd opens to a channel at St. Ann Place in
Rochelle ParKFigure2-1).

A video survey conducted by USACE in 2000 found that both the ssonikh and eastest
sections of the Westerly Brook culvert leak heavily at open and cracked joints. Invert elevations
for the Westerly Brook culvert pipe show that the pipe is partially belmvseasonal low
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groundwater table and in some locations was installed on the top of bedrock. These data suggest
that groundwater from the MISS is infiltrating into Westerly Brook through open joints in the
pipe. The areas of groundwater infiltration anelicated orfFigure 21.

1.7 NATURE AND EXTENT

Groundwater COE€ (arsenic lithium, and benzeng and nonCOC (adiologica) groundwater
sampling was conducted at all USACE and available Stepan Company monitoring wells-in 2000
2002 as part of the GWR Annual radiological groundwater samplihgs beerronducted at4
monitoringwells as part of the MP since 1999.A later comprehensive round ofagindwater
COCGs (arsenic lithium, and benzenesampleswere collected from84 overburden andhallow
bedrock maitoring wells in 2011 as part of the approv&thases 16 and19 Construction
Dewatering Work PlajUSACE, 2011).

Five potentialMISS groundwatesource area®r areas of concerrAQC), were identifiedn the
GWRI. The location of MISS AOE€is shownon Figure1-4. Arsenic andithium contamination
in AOCs1 and 2 involve both the overburden astdllow bedrock aquifers, wheredé&nzene
contamination iNAOCs 6 and 7is limited to te shallow bedrock and overburden aquifers,
respectively. Historic radium exceedancewere detected ibedrock well B38W18D, which
definesAOC 5. The distribution ofarsenic, lithium, benzeng andradiumin each AOC (by
aquifer)is summarizedelow:

1 Overburdemquifer

AOC 1(Former Retention Pond A)arsenic,lithium
AOC 2 (Former Retention Pond C)arsenic,lithium
AOC 71 benzene

M ShallowBedrockAquifer

AOC 1 (Former Retention Pond A)arsenic,lithium
AOC 2 (Former Retention Pond C)arsenic,lithium
AOC 5- radium

AOC 61 benzene

It is noted thahistorictotal radiun exceedances AOC 5 pedrock well B38W18[Pmay have
be attributed tothe incorrect installation (and screening) of that well into radiologically
impacted overburden sludge and saproliiRadiologically impacted overburdeanaterial was
remediatedrom the area of AOC 5well B38W18D in 2015, resulting in damage to that well.
Well B38W18D was replaced in 2016 by bedrock well B38W18DBRaccordance with the
LTGWMP. Sampling results for that well are provided in Section 3.2.4.
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2.0 IMPLEMENTATION OF THE 2016 LTM PROGRAM

2.1 SUMMARY OF THE 2016 LTM FIELD AND ANALYTIC PROGRAM

The DraftFinal LTGWMP was submitted to the EPA for review in February 200®M field
activities were commenced &farch 15, 2016 andompleted orSeptember 22,016. The 2016
field taskswere completed as listed below

1. Redeveloment of40 existing LTM wells March 15 to August 22, 2016

2. Repair and Modificationsef 16 existing LTM wellsi
April 25 to May 4, 2016

3. Installation of 20onsite and ®ffsite LTM wells i May 9 to Sepember 6, 2016
4. Development of 28 nely-installedLTM wells i June 14 to September 8, 2016

5. Conducted groundwater samplingsétoverburden and bedro¢klM wells andtwo
LTM surfacewater locationg August 8 to September 6, 2016.

6. Sampledan additionaB new LTM wells (MW-52S/D and MISS04ARon
September 21 and 22, 2016.

7. Measurement of groundwater water le @k wells)1 September 14, 2016
8. Surveyednewy-installedand modifiedvellsi September 14 to 19, 2016

Analysis of groundwater and surface watempkes was conducted at two Gite laboratories
and onsite USACE FUSRAP Maywood LaboratorW EML). Off-site kboratoryanalysis was
conducted during the perigdugust 8 to November 21, 201®ata validation wasompleted for
all groundwater COC and rimdogical groundwater and surface water samplBsta validation
of laboratory deliverablewasconducted during the period August 19 to December 21, 2016.

2.2 WELL REPAIR S/IMODIFICATIONS, WELL DEVELOPMENT, AND
INSTALLATION OF NEW WELLS

Well repais andmodificatiors, well developmentandnewwell installatiors arepresentedhn the
sections tdollow.

2.2.1 Well Repair and Modifications

Sixteen LTMmonitoring wells were repaired and/or modified in 20M/ell repairs included
basicwell pad, outer protewwe casing and road box replacemeafiepairs that didnot involve
modifications to thesubsurface well components riger elevatios. A total of nine wells were
modified, which required new NJDEP well permits and permit numbers. LTM wells BRPZ2,
BRPZ3 BRPzZ4, BRPZ5BRPZ9 and MW34D were converted from flush mount to stickup
configuration. LTM flushmount wells B38W14S and B38W14D were elevaaed required
reconstruction of the roadox, pad and riser. LTM bedrock well MW6D watushed outand
recorstructedas ascreened wellfrom open borehole)LTM well constructiordataare provided

in Table 22. NJDEPwell permits, well records and survey form§~orm B) for modified LTM
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wells are provided irAppendix A. Well construction diagrams for LTM wslare shown in
AppendixB.

2.2.2 Existing Well Redevelopment

A total of 41 existing LTM wells were redevelopéd remove accumulated sludge/sediment and
minimize the turbidity of groundwater sampleBrior to development, the well headspace was
field screened for volatile organic compounds (VOC) with a photoionization detector (PID), and
the depth to water and depth to bottaare measured with a water level indicator to calculate
the volume of water in the wellThis and other well construction tdawere entered on the well
development data form, and the minimum development purge volume was calculated. A
minimum three purge volumes were pumped from each well during developmdntvell
development activities were conducted in accordance withle@tprocedures described in the
LTGWMP andUniform Federal PolicdQuality Assurance Project PI§dFP-QAPP), Operating
ProcedurdOP)-338M3 (Monitoring Well Construction and Well Development).

Water quality parameteracluding hydrogen ion concentratiqipH), temperature, conductivity,
dissolved oxyger(DO), oxidationreduction potentia(ORP), and turbidity vere measuredn
regularfive or ten minute intervals using a calibrated YSI 6820 multtieter (or equivalent)
equipped with aflow-through cell. Regular water quality parameter measurementyew
recorded on a well development log sheet, along with time, depth to water, discharge flow rate,
volume discharge@nd VOC (PID) measurementsAll wells were developed to achieve the
lowest possible turbiditymeasurementsand meet the turbidity goal of 50nephelometric
turbidity units (NTU) or less.

All existingwells were initially developed by overpumping and surging for repeated cycles until
the developmentischargewas clear of sedimentA decontamrmated Grunfo® submersible
pump was used to pump wells, andrging in 2-inch inside diameterID) screen wellsvas
accomplished by rapiderticalmovement othe Gunfos® pumpacross the well screen interval
while pumping. Open boreholeidch ID and 6inch ID wells were surged across the open
interval using a decontaminated Gru@opump with cooling shroud to increase the pump
diameter. Surging was continued untll sediment and sludge was removed from the base of the
well (if any), and thelischargevas sediment free

Well development was completed hyfinal period ofoverpumpingat alower sustained rate.
Discharge wasmonitored for water quality parameters usiting flow-through cell until the
turbidity goal and borehole purge volumes were mé&uring sustained pumping, water levels
werekept above the top of screenopen borehol& allow the accurate measurement of water
guality parameters.The goal of 50 NTU was met iall existing LTM wells, except for well
MW39S. Nearby USACE overburdevell MW8S was successfully redeveloped, aeplaced
well MW39Sin the 2016 LTM sampling program. Well developmeditaforms for all LTM
wells are provided il\ppendixC.

In accordance with the TGWMP, development watewas contained in drumsand offsite
development water wasansported to the MISS on a daily basis for dispoda¢velopment
water was treated by the onsite treatment system and discharged to the local pabiiciyl
treatment works (POTWh accordance with the work plans
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2.2.3 Monitoring Well Installation and Development

A total of 28 monitoring wellswereinstalledand developeth accordance witlthe LTGWMP.
Installed well locations are shown kigure 21. Prior to drilling activities, all sites are
checked for utilities and werground obstructions by a geophysical contractor using
electromagnetic method&round Penetrating Radaand a PublidJtilities Locator A NJDEP
well drilling permit and Mw JerseyOne-Call ticket were obtained in advance yGS Dirilling
(SGS), a New erseylicensed driling contractor Eachdrilling locationwas hand dug tdb ft
below ground surfacfog9 prior to drilling.

Prior to entering the work sitedrill rigs and all downhole equipment and materialere
decontaminated with a steam cleanarthe MISS A geologist supervigksite mobilization
well installation and developmeattivities andloggedwell drilling and constructiondetails.
The Geologist prepared well boring logs and well construction logs for each well, \ahéch
provided inAppendixB. All monitoring wells were constructeid a stick up or flush mount
configuration and includea cementwell pad, locking Plug and lock, and a tag with well
identificationand NJDEP permit number All wells were developed by pumping to rewve
sediment andb meet the turbidity goal of 50 NT8.br less. Well development data sheets for all
newLTM wells are provided il\ppendix C.

Wells were surveyed bylLayout Design PCa New Jerseylicensed surveyor The surveyor
providedthe horizontal caitrol and elevation of groun@ndtop of outer and innezasing toan

accuracy of0.01 ft. A summary of survey datéor the newlyinstalled and modified wells

provided inTable 21. The surveyor completeddJDEP Form B foeachnew wellasprovided

in AppendixA.

Specificinstallationand developmerdctivitiesfor overburden anghallowbedrock monitoring
wells are describeth the following paragraphs

Overburden Monitoring Well Installation

A total of 16 overburderLTM wells were installeih 2016 as part of the LTGWMP The wells
were installed using thieollow stemauger (HSA) drilling methodand wereaugeredo the top
of bedock (ypically 10 to 20 ft bgs)using a7-1/8-inch outside diametebit. Continuous split
spoon sampling as condu@d from the basef the 5 ft hand dug interval twedrockor refusal
using al40poundhammer. Eachsplit spoon sampl&as monitored for organic vapors, and
logged bythe geologist. The overburden wells wereonstructed with a-thch ID Schedule 40
polyvinyl chloride PVC) riser and screen, using a Morie #1 or equivalent filter safdb-ft
length of 10 slot@.010 inch screenand Morie #1 filter pack (or equivalentjas constructed
from the base of the aquiferith thetop of screen set below the watablewhere possibleo
minimize aeration during sampling.

In accordance withhe NJDEP Field Sampling Procedures Man(MJDEP,2011), wells were
constructed with a minimum 1f@interval of Morie #1 well filter pack from the top of screen,
and was topped with a 2.(t thick layer of #0(Morie filter sand (or equivalent) to limit the
seepage of cement grout into the filter padke wells were grouted with cement to the surface
for completion. Well boring logs and construction diagrams were prepgémedach overburden
well, and areprovided in Appendix B. Well constructioninformation is summarizedin
Table 22.
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It is noted that installation of two proposed LTM offsite overburden/bedrock well clusters was
delayed in 2016, andre plannedfor instdlation in 2017. These overburden wells will be
installed as proposed in the approved LTGWMP.

ShallowBedrock Monitoring Well Installation

A total of 12 newshallowbedrock LTM wells were installeloly air rotary drillingin 2016 as part
of the LTGWMP. A 10G-inch ID temporary drive casingas driven tdop of rock toseal off the
overburden aquifer from the deeper bedrock aquifenominal 18inch ID boreholevasdrilled
to a minimumof 10 ft into competenbedock, and a dnch ID steel casingvascenteed at the
base of the borehole. The annular spaeas tremie grouted with Portland Tyge (high early
strength cementto the surface and allowed to cure overnight.nominal 6inch ID borehole
wasdrilled 25 ft below the casing, completing the borehol

All but one bedrock well wasompleted with a 2% length or less of ch ID open borehole

as specified in the LTGWMPThe open borehole &fTM well MW54D wasadvancedeyond
25ft in a low yielding formation to obtaiadditionalwater,so thebaseof theopen borehole was
screeneavith a20 ft length of2-inch PVC screenn compliance with NJDEP regulationsVell
MW54D was constructed with B0-slot PVC screermand Morie #1 filter sand.The Morie #1
well filter packextend two ft from thebottomandtop of screen, andastopped with a2-ft
thick layer of #0MMorie filter sand to limit the seepage of cement grout into the filter p@bk.
well was completed witha 2-inch ID PVC riser andcementgrout to the surfaceLTM well
construction data iprovided inTable 22. Bedrock well boring logs and construction diagrams
are provided in AppendiB.

Note thatinstallation of two proposed LTM offsiteverburden/bedrockvell clusters was
delayed in 2016, and @anned for2017. Thesdedrockwells will be installed as proposed in
the approved LTGWMP.

New Monitoring Well Development

Developmenprocedures fonew installed overburden LTM wells is similar to that performed at
existing overburden wells, except thaitial development activities wereonducted by the
driller. Overburden wells were ovg@umped and surged for repeated cycles by the driller using
a decontaminated@hale® pump until the discharge was clear of sedimdrte volume of water
purged was recorded on the well development datatsby theGeologist. Well development
was completed by a final period of overpumping dbwer sustained rate. Discharge was
monitored for water quality parameters usingpfibrated YSI multimeter andlow through cell

until the turbidity goal anddrehole purge volumes were met

Development ohew bedrock open borehole wells invotzéhe following steps: (1) initial rig
development, (2pverpumping and surging with a submersible puaimd (3) oveipumping by
submersible pump and measurement ofirenmental parametersCompleted boreholes exe
initially developed by the drill rig using air displacement of water from the borehole and surging
of the borehole by vertical movement of the drill bit. Rig developmeag continued for a
minimum one houw period to remove rock fragments aooarsesediment from the well. The
volume of water purged by the drill ngasrecorded on the well development data slhyeahe
Geologist Once rig developmemnwascompleted.each well waghenoverpumped and suegl

by the driller usinga decontaminated submersible pumpjch was movedrertically within the
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open borehole portion of the welDverpumping and surging was continued until the discharge
was visibly clear of free sedimentThe volume ofpurge water was recorded on the well
development data shd®y the Geologist.

Well development was completed by a final period of gumenpingwith a decontaminated
submersibleat a high sustained rate. Discharge was monitored for water quality parameters
using a calrated YSI multimeter and flowthrough cell until the turbidity goal and borehole
purge volumes were metDevelopment of the screened shallow bedrock well (MW54D) is
similar to that described for overburden wells, except for the greater well depthngtiu ¢é
screen. The goal of 50 NTWY was met at all new installededrock LTM wells. Well
developmentormsfor all newLTM wells areprovided in AppendixC.

2.3 GROUNDWATER AND SURFACE WATER SAMPLING

2.3.1 Groundwater Elevation Monitoring

Groundwater dvel measurements were conducted on September 14, 2016 at 8lietalls,
including 69 LTM wells, ten USACEmMonitoringwells, and two Stepan Compamgonitoring
wells. The locatios of overburden and bedrockater level monitoring wellgre shownon
Figures 3-1 and 3-2, respectively All water level measurementsene completed in a one day
periodto provide a snapshot of groundwater elevatiand were measureid an accuracy of
0.01 ft from the well top ofheinner casingTIC) using a water level indator. Once the field
measurementvas recorded, the wellwvas secured by replacing the compression cap and lock.
Field groundwater measurememtsre tabulated ancbnverted to groundwater elevation das
summarized iMmable 23. Groundwater elevationadla wereplotted on separate overburden and
shallow bedrock mapswhich are showron Figures 31 and 32, respectively Groundwater
flow conditions areddressed i®ection 3.1.

2.3.2 Groundwater and Surface Water Sampling Locations and Parameters

A totd of 69 groundwater monitoring ells and two surface water locations wesampledin

2016 as part of the LTGWMP.LTM groundwater and surface water sampling locations are
shownon Figure 21. All groundwater monitoring wells were sampled for groundwatecCe
(arsenic, lithium and benzene)with radiologic and biogeochemical samplipgrformedat
selected wells.The rationale for selected radiologic and biogeochemical samplinf\atwells

is provided inthe LTGWMP (Table 3 and Sections 2.2.3 and 2.4 lhe samplingparameters

for LTM wells areshown inTable 24. Surface water samplingas conducted at two locations

at Westerly Brook (SW03 and SW004), and samples were collected/analyzed for groundwater
COCs and radiological parameters.

2.3.3 Groundwater and Surface Water Sampling Procedures

Prior to samplingeach well the well compression cap aw removed, and VOC vapor
concentrationsvererecorded using a calibrated PID. eWheadspace monitoringas conducted
during samplingin accordance withhe LTGWMP. The EPA low-flow sampling method
(EPA, 2011) described ithe LTGWMP andOP-355M (LowFlow Groundwater Samplingyas
applied forpurgng and colledang of all groundwatesamples
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Purging and Sampling @droundwater Monitorin@§Vells

Groundwéaer monitoring wells were purged and sampledising a decontaminate@ED
MicroPurge® bladder pump.Pumps vere decontaminatefdllowing the EPANJDEPprocedures
for sampling metals, radiological constituents, and VO&siew Teflon® bladder was installed
in the pump prior to each use

After an initial waterlevel measurement, th@ED pump was connected to new Tefl§dined
tubing and lowered to a predetermined depth in the screened interval. Once thegssep
the pump cord and tubingeresecured tdhe top of the well, and the pump discharge tubiag w
connected to the multheter flowthrough cellwith a disposable fitting. Purged water from the
flow-through cellwasdischargedhroughtubinginto a 5gallon bucket for later disposal on the
MISS. Eachwell waspurged and sampled at a steady pumping radb 250milliliters per
minute (mL/min), with an average flow rate of approximately 175 mL/miine purge flow rate
was measured every five minutes by discharge into a 26®0CGmilliliter (mL) graduated
cylinder, which was initially adjustedo minimize well drawdown antb stabilize the water
level. Wellsweresampled by disconnecting the Teffolined tubing from the flowthrough cell
fitting anddirectly filling sample bottles. VOC, mikane, andadongroundwater samplesere
collected first, followed by metals, radiological, and biogeochemical samples.

A calibrated YSI 68200r 6920 multi-meter connected to the flethirough cellwas used to
measure temperature, pH, conductivity, DO, ORRJ turbidity. A calibrated Hanna 2020E
turbidity meter wasised as a backdpr turbidity measurementduring purgingas needed the
YSI turbidity probe malfunctioned af questionable readings were observeReadingswere
recorded every five minuteon a purge data sheet and contihuatil stability of thewater
quality parameters. Stabilizatiowas achieved after three consecutive readingsler the
following criteria (EPA,2010:

1 Temperature within percentdegreep
Specific Conductivitywithin 3 percenpiS/cm
pH within 0.1standard units

ORP within 10millivolts

DO within 10percentmg/L

1 Turbidity within 10 percenNTUs.

Wells werepurged to achieviéhe lowest possible turbidity values and meet the turbidity goal of
50 NTUs or less Other recorded information includeaneasurement time, pumping rate, and
well drawdown position Purge flow rates ereinitially adjusted to minimize well drawdown

and stabilize the water level prior to sampling. Overburden and shallow bedrock wells are
typically purged a minimum of 48inutes, and often go for longer periods in turbid or very low
yielding wells. Final well purgewater qualitydatafor each wellare summarized irTable 25.

As shown the turbidity goal of 50 NTEwas achieved in aBample wells and38 of @ wells
showed a final turbidityneasuremerf 10 NTUs or less. Well purge data sheets for each well

are provided irAppendixD.
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Eachsample bottldhadan affixed sample identification label showing the sample date and time.
Sampe bottles wereplaced in an iced cooler during field woakd prior to final packagindor
shipmentto the laboratoryor analyses

Surface Water Sampling Method

Two surface water samples reecollected from Westerly Broolon September 7, 201éh
conjurction with the groundwateL TM sampling effort. Surface water grab samplesren
collectedusing a disposable sampling cafplocations SW003 and SWOQigure 2-1). Sample
SWO003 wvas collected fromthe open channel located adjaceiot West Central Avenuen
Maywood New Jersey Sample SW004 ascollected fromthe stormwater manhole located on
Park Wayin Rochelle ParkNew Jersey

Water quality peameters i(e., temperature, pH, conductivity, DO, OR&nd turbidity) vere
measuredmmediately prior tosampling using aalibrated YSI multimeter. Field parameters
were recordedon a data form, along with sample date and tink@ch sample bottlehad an
affixed sample identification labelisplayingthe sample data and timeSample bottles were
placed inan iced cooler during field work and prior to final packaging for shipment to the
laboratory for analysedata sheets for eacirface water sampbee provided irAppendixD.

2.3.4 Sample Labeling, Packing, and Shipping

Sampleidentification numbersvere assignedby the electronic sample databased LTM
groundwater and surface wateangple identification labelsvere prepared in advance of
sampling. Sample identification labels wexrifixed to sampling containers, and the sampling
date and timavere entered in the fielcat the time of sampling Once samplewere collected,
they were placed in an iced cooler until the completion of field whnk that day Prior to
sample packaging, each sample identificatrmmmber and collection date/timavas c¢oss
checked with the prepared laboratory chafirtustodyfor accuracy andQC. Eachglass bottle
waspackaged irbubble wrap to prevent breakage, and each sabgikee wassecured in &ip-
loc® plastic bag to ensurthat anybroken sampléottle did not leakinto the cooler during
shipping. A completed (signed and dated) laboratory cludinustody formwasattached to the
insidelid of the coolerprior to shipping The outside lid of the coolaras hen secured with two
signed chairof-custody seals andedr packing tapeThe sample container was then shipped for
nextday priority deliveryto the laboratory

2.3.5 Laboratory Analysis and Reporting
Groundwater COCArsenic, Lithium and Benzen&ample Analysis

Arsenig lithium, andbenzenesamplingwasconducted aeach of th&69 LTM groundwater wedl
and two surface watersamplinglocations. Analytes, chemicalanalysis methods, bottle and
preservation requirements, and holding times are summariZédbie 26. All samples were
analyzed by Accutest Lalatory, a New Jersegertified laloratory located in Dayton,
New Jersey
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Radiologic Sample Analysis

Radiologic sampling was conducted?&tL TM wells and two surface water location§he LTM
radiologic groundwater sampling progransiesmmarizedn Table 24. Radiologic groundwater
samples wre analyzedusing alpha spectroscoppr gross alphagross betaradium226,
radium228, thorium-228, thorium-230, thorium-232, uranium234, uranium235, anduranium
238. Radon vascollectedto assist in determing impacts to specific wells?otassiunwasalso
collectedto provideadjustment ofjrossbetadata Analyte sample analysis methods, bottle and
preservation requirements, and holding times are summariZédble 26. Four New Jersey
certified labor#ories wereusedduring2016 for LTM for radiological analysis. The UFML en
site laboratorywas used t@nalyze all groundwateand surfacevater radiologicalsamplesfor
primary parametersRadon222 samples were analyzed by GEL Laboratories, in Da@bi.
Potassium samplesgere analyzed by Accutest Laboratory in DaytoeyWersey Test America
in St. Louis,Missourianalyzel the USACE Quality Assurance (QA) split samples

Biogeochemicalnalysis

Biogeochemical samplinggas conducted &6 wells to characterizeedox and other conditions

in the overburdenand shallow bedrock aquifers, antb monitor change that may impact the
attenuationand fate and transport of COCs.The biogeochemical samplingrogram was
specificallyfocused on arsenicandberzeneAOCs and plume areas in both the overburden and
shallow bedrock. The LTM biogeochemicagroundwater sampling program igmmarizedin
Table 24.

The hogeochemical samplingrotocolincludeschemical oxygen demand (CODjutrients,and
alternative adctron acceptors. COD ia measure of the oxygen required to @edall
compoundsn water, both organic and inorganic, to carbon dioxid&OD is also used to assess
the ORP of groundwater, where increasing COD values correspond to reduced redoarsonditi
The essential microbial nutrients (nitrogen, phosphoams carbon) are alstested The
alternate electron acceptors (other than oxygesre analyzedto identify available acceptors,
and to provide data for characterization of the aquifersRedued electron acceptor
species/compoundsene alsdestedo provide evidence of specific acceptor utilization.

Biogeochemical sample analysis methods, bottle and preservation requirements, and holding
times are summarized ihable 26. The biogeochemicadamples vere analyzed byAccutest
Laboratory,a New Jerseycertified laboratorychosenn accordance with the FUSRAPaywood
UFP-QAPP.

2.4 DEVIATIONS TO THE LTGWMP

2.4.1 Groundwater Monitoring

Groundwater elevation monitoring was proposed at all LTM welthe LTGWMP. EXxisting

LTM monitoring wells MW40 S/D could not be monitored due to property access iSARS.
additional 12 existing USACE and Stepan Company wells were added to the monitoring network
in 2016 to provide better groundwater elevationtoa along the north and southern boundaries

of the FMSS. The added overburden and bedrock cluster wells include OBMW1/BRMW1,
MW4S/D, MW5S/D, MW7S/D, MW8S/D, and MW19S/D. The added well locations are shown
in Figure 31 (overburden) and-3 (bedrock).
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2.4.2 Well Installation

A total 33 new LTM wells were proposetbr installation in theL TGWMP. Five LTM wells
were not installech 2016 with the additional installation of two replacement LTM wells. Wells
MW49S MW49D, MW50S and MW50D were proposedafr installation at 96 Park Way
Borough of Rochelle Parlas shown in Figure-2. Both clusters were not installed in 2016 due
to property access delaytstallation of those wells is planned in 2017, pending site access.

Installation & overburdenwell MW45S was canceled due to the detection of thick sludge
material at that location and likelihood that the well would be screened in unstable sludge
material. There were no suitabl@gemediated)lternate locationfor installation of that well.
Bedrockwell MW45D was successfully installed #tat location by the use of a temporary
conductor casing to top of rock and casing off of the overburden aquifer with permanent steel
casing.

Existing overburden monitoring wells MISS4A and MISS7A could not beweldped due to
persistent low water levels, and were replaced by new overburden wells. Both wells showed a
history of low water levels or dry conditions, and were switable forsampling Replacement

wells MISSO04AR and MISO7AR were installed adjaceéné former wells and completed
(deepened) to top of bedrock to increase well yield. The replacement wells were successfully
developed to meet the 50 NTU goal.

2.4.3 Well Sampling

A total of 69 LTM wells were sampled in 2016, from 76 wells plannethe LTGWMP. Five
LTM monitoring wells were not installe(Section 2.4.1), and two existing wells (MW40S/D)
were not sampled in 2016 due to property access issheisting overburden welMW39S
could not be raleveloped to meet the 50 NTU turbidigypal, and was replaced by nearby
overburden well MW8S for sampling purpose®Vell MW39S was utilized for water level
measurements in 2016.
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3.0 RESULTS OF LTM GROUNDWATER AND SURFACE W ATER
SAMPLING

3.1 GROUNDWATER FLOW CONDITIONS

Synoptic waer levels were measured on September 14, 20161dtTaM, USACE, and Stepan
Company monitoring wells. Field data measurements were tabulated and converted to
groundwater elevation data, which is summarizet@iahle 23. Groundwater elevation datees
plotted on sepate overburden and bedrock aquifer maps, which are showigures 31 and

3-2, respectively.

Figure 31 shows thathe overburden groundwater flodirectionon the MISS ad downgradient
areas inRochelle Park is west toward the Saddle Riv8roundwaer contours at the southern
boundary of the MISS wrap around a bedrock higitextend west from theStepanCompany
property and forms a groundwater divide. Groundwater flosrection across the divide is
towardthe south.The hydraulic gradient in éhoverburden on the MISS is approximately 0.011
ft/ft, and is approximately 0.006 ft/ft to the west in Rochelle Park.

As shownon Figure 32, groundwater flowdirection in bedrock on the MISIS also generally
west toward the Saddle River, but locallyriea between arorthwest and southwest flow
direction. The hydraulic gradient in bedrock on the MISS is approximately 0.005 ft/ft, and
approximately 0.006 ft/ft to the west in Rochelle Park.

3.2 GROUNDWATER AND SURFACE WATER SAMPLING RESULTS

Arsenic, lithium, benzene, radiologicadnd biogeochemical sample results are presented in the
following sections. Groundwater sampling results foveyburden and bedrock wellare
presentedn Tables 31 and 32, respectively. Surface water sampling results gmesented in
Table 33. The data tables include LTM well ID, sample ID numlzeralyticalresult, qualifies,
method detection concentration (MD@hd ROD-requiredcleanup level. Exceedances of the
ROD cleanup levslareshown inbold-face text. Duplicate sampleesults arencluded inTables

3-1, 32, and 33. Note thathe greater oeither the original oduplicatesampleconcentration

(or radiological activity levelwas used irthe groundwater and surface tearesultsfigures.
Arsenic, lithium and benzene concentration data weletted on overburden and shallow
bedrock monitoring well maps, and isopleth maps were prepared for each groundwater COC.
Overburden and bedrock isopleth maps are presenteajures 33 through 38.

3.2.1 Arsenic Groundwater Sampling Results

Overburden arsenic concentratiolata and contours are shovior 30 sampled wellson
Figure 33. Thereare 12exceedancesf the 3.0 pgL arseniccleanuplevel in overburden
groundwater samples, with a maximum detected coratérirof 395ug/L of arsenicat well
MW3SR. The plotted arsenic plume extends approximately i5@est tosouthwesivest from

well MISS02AR on the MISS. The source of the arsenic plisn®OC 1 (former Retention
Pond A) on the MISS. Seven isolated, i®vel arsenic exceedances are plotted on the MISS
andto the west in the Township of Rochelle Park.
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Bedrock asenic concentratiodata andcontours are showfor 39 sampled wellsn Figure 34.

There ardenexceedancesf the3.0 pg/Larseniccleanupevel inbedrockgroundwater samples,

with a maxinum detected concentration of 2[ud/L at well MW47D. Theplotted arsenic plume

in bedrockextends approximately 350southwest from well MW47D on the MISS'he source

of the arsenic plume is AOC 1 (formBetention Pond A) on the MISSSix isolated, lowlevel
arsenic exceedances are plotted on the MISS and to the west in the Township of Rochelle Park.

3.2.2 Lithium Groundwater Sampling Results

Overburdenithium concentratiordata andcontoursare showrfor 30 sampled wellsn Figure
3-5. There arel5 exceedances of tHe80 pgL lithium cleanup level iroverburdergroundwater
samples, with a maximum detected concentratioh2g®00ug/L at well MW33S The pldted
lithium plumein overburden groundwat@xtends approximatel¥,300 ft southwest from well
MW33Son the MISS. The soursef thelithium plumeareAOC 1 (former Retention Pond A)
and AOC 2 (former Retention Pond @) the MISS.

Bedrock Ithium concentration data ar@ntoursare shown for 3%ampled wellon Figure 36.

There are 22 exceedance®f the 730 pg/L lithium cleanup levelin bedrock groundwater
samples, with a maxiom detected concentration @#,600ug/L at well MWA47D. The plotted
lithium plume in bedrock groundwater extends appnately 1,275 ft southwest from well
MW47D on the MISS. The sources of the lithium plume are AOC 1 (former Retention Pond A)
and AOC 2 (former Retention Pond C) on the MISBae bedrock lithium plume shows an
overall southwest transport direction, whideviates from the plotted westerly groundwater flow
direction. Bedrocklithium transport may be controlled by a combination of regional westerly
grourdwater flow and local flow along NNESSW trendingdractures.

3.2.3 Benzene Groundwater Sampling Results

Overburden bnzene concentration data and contoiars 30 sampled wells arshown on
Figure 37. There ardwo exceedances of tHe0 pug/L benzeneleanup levelwith a maximum
detected concentration of 47 /L at well MW33S. Two isolated benzeneuplesin the
overburden groundwaterre plotted on the MISSThe probable source of the benzene plumes
areAOC 6 onthe MISSas shown offrigure 4.

Bedrock Bnzene concentration data and contours 9sa@npled wells are shown on Figur&.3
There arel2 exceedancesf the 1.0 ug/L benzene cleanup levalith a maximum detected
concentration 02,510ug/L at wellBRPZ5. The plotted benzene plume in bedrock groundwater
extends approximately 800 ft southwest from well MW46D on the MISS. The probainte so
of the benzene plumis AOC 6 on the MISS Like the bedrock lithium plume described in
Section3.22, the bedroclkbenzenglume shows an overall southwest transport direction, which
deviates from the plotted westerly groundwater flow directidrhis may be attributed t@
combination of regional westerly groundwater flow and local flow along {8$&V trending
fractures.
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3.2.4 Radiological Groundwater Sampling Results

A total 27 radiological samples were collected at LTM wells, includigoterburdenand 4
bedrock wells. Overburden and bedroakell radiologicdataare summarized ifrables 31 and
3-2. In those tablesadjusted gross alpha, adjusted gross lietal radium total thoriumand
total uranium values are compared dvailable Federal/NJEP MCLs and screening criteria
Additional overburden and bedrock groundwater radiologgta is provided in Appendix E
(Tables E1 and E2), whichincludesgross alpha and beta (unadjustéshtopic radiumijsotopic
thorium andsotopicuranium resultsalong with the associatedethod detection activity (MDA)
and error for each parametdarossalphaandgrossbetaactivity resultswere adjusted foK-40
and uranium isotope activityespectivelywhich is shown irAppendix E(Tables E4 and E-5).

The total uranium activity concentration (pCi/L) values in Tablds&hd 32 are converted to

total uranium by dividing by the specific activity of2B8 (0.3365 pCi/ug), which represents
99.27% of total naturalkpccurring uranium by massThis is the NJIEP preferrecconversion
method and isdesignated Method 1A second approach (Method 2) has been added for
conversion of activity concentration uranium values to mass concentration uranium values in
Tables E1, E2 and E3 of Appendix E. Method 2 is a wighted approach calculation which
sums the three quotients of each result by its respective specific activity; i.e., Total Uranium
(ug/L) = (U-238 Result (pCi/L) / 0.3365 pCi/ugy (U-235 Result (pCi/L) / 2.2 pCilugy (U-

234 Result (pCi/L) / 6200 pfig).

It should be noted that for the current data, the relative percent difference (RPD) values between
the total uranium calculated usinga38 only and the weighted approach is less than 3% relative
for total uranium values greater than 1.0 pCi/L. Ldmegm Groundwater Sampling is scheduled

for 2021, at which time the USACE will likely switch to the ERpproved Standard Test
Method ASTM D5174, Trace Uranium in Water using Pulsed Laser Phosphorimetry.

Adjustedgross alphaadjustedyross betatotal radum, total thorium andtotal uranium data are
presented foisampledoverburden and bedrock welts Figures 3-9 and 310, respectively

These figuresnclude MCLs andgross betacreening criteridor comparison.Figure 39 shows

the radiological sampig results for 3 LTM overburden wells, including three duplicate
samples.There are no radiological exceedances detected at overburden wells during the 2016
sampling event.Figure 310 shows theadiological results fol4 sampled LTM bedrock wells
including three duplicate samplesThere is one radiologic exceedance of the gross beta
screening level (50 pCi/L) at bedrock well B38W25DR (57.68 pCi/l). There is no elevated
activity or exceedances of any isotopic radiological constituent at this welippos the
detected value. The adjusted gross beta exceedance at B38W25DR and net negative values
reported at some wells are attributed to uncertainties associated with thethighdlpotassium
concentrations and gross beta analysis results.

3.2.5 Biogeochemical Groundwater Sampling Results

A total 26 biogeochemical samples were colledtedn overburden and bedrock LTM wells.
Biogeochemical sample resufts overburden and bedrock welise presented ihables3-1 and
3-2, respectively Biogeochental sampledata from thissampling event and subsequent events
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will be evaluateccollectivelyin the 2021 LTM Monitoring Repotto confirm the character of
aquifer redox conditions and evaluatalata trends.

3.2.6 Surface Water Sampling Results

Surfae water samples were collected at two locations on Westerly BEWK03 and SW004)
and analyzed foarsenic,lithium, benzeneand radiologicparameters. Sampling results are
summarizedin Table 33. Arsenic lithium, benzene and radiological surfaceater
concentrations are plotted on corresponding COC overburden groundwater Figu@senic),
3-5 (lithium), 37 (benzene) and-8 (radiological). Figure -3 showsan arsenicexceedance at
downstream sample location SWO{J47 ug/L). Thereareno suface waer lithium, benzengor
radiologicalexceedances at SW003 or SW004.
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4.0 DATA QUALITY CONTROL

This section addresses t2€16 LTM QA/QC sampling program, sample management/data
validation, EPA Region 2 and NJDEEDDs, and QCSR.  Thesetopics areaddessed in the
sections tdollow.

4.1 QA/QC SAMPLING

This sectionpresentsa summary of theQCSR for the 2016 groundwater LTM event. It
addressegroundwater and surface water samglelectedfor analysisbetween August 7, 2016

and September 21, 2018he completeQCSR was prepared at the conclusion of the 2016 LTM
sampling programand isprovided inAppendixF. The contents of the QCSR include laboratory

data package and data validation documentation, and discussion of all data that may have been
compromised or influenced by aberrations in the sampling and analytical processes. Both field
and laboratory sampling and analysis QC activities are summarized, and relaipar®C
information is consolidated.

4.1.1 Field Quality Control Sampling

Field QC sampling was conducteas part of the 201§roundwaterand surface water LTM
program Field QC sampling includd the collection of trip blanks, field blanks, equipment
rinsate blanksandUSACE split sampls. Results of the QA/QC sampling analysis grovided

in Appendix E, Tables E-6, E-7 and E8. Field QC samplingincluded the followingelements

1 Trip Blank s were included in each cooler with VOC samplegdstfor contamination
during transporof the sample coolerThe tip blanks are providelly the laboratory and
consist of High Purity Liquid Chromatographic (HPL@rde water. The trip blanks
remain in the cooler during the trip from the dadory to the Site for samplings well
as on the return tripo the laboratory for analysisTrip blanks are analyzed for the
programVOC analyte ice., benzene) at the laboratona total 16 groundwater trip blank
samples and one surface water trip blank were collected and analyzed by Accutest
Laboratory.

1 Field Blanks are utilized to assess whetherspgosable equipment or material such as
Teflon®lined tubing, silicon tubingand disposable bailers afiee of contaminan.
New lots of tubingand bailerswere evaluated by pouring laboratory supplied HRPLC
grade water through the equipment and anatyzhe rinsate foprogram analytes
Information obtained from the field blank dateas tracked andused duringdata
validdion to confirm that consumable materials are free from contaminaticeid blank
sampleswere analyzed for the same parameterstlas groundwatersamples. One
groundwater field blank sample and surface water field blank sample were collected and
sent to then-site UFML andsentoffsite to Accutest Laboratories for analysis.

! Equipment Rinsate Blanks are used to assess potential €socontamination from
reusable equipmentcluding QED Micropurge® bladder pumpRinsate sampkewere
collected by pouring an aliquot of HPLgtade water through each type of equipment
after decontaminationThis blanktype testswhether the decontamation procedure was
successful in removing contaminants from the equipment. Information obtained from the
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equipment rinsate blank dateas alsotracked ancevaluated during the data validation
process Rinsate blank samplesere analyzed for the same pameters aghe field
samples.Thirteen rinsate blank samples were collected and sent to the UFML and offsite
Accutest Laboratories for analysis.

USACE Split Samples were submitted tothe USACE QA laboratory for testingas
required by the UFRAPP. Thistestingwasin addition tostandardaboratory duplicate
sample analysis. The purposetioé USACE split sample analysiwas to evaluate the
performance of the field crew and iMaboratory variability. Four QA split
groundwater samples and one surfaeder split sample was collected and sent to an
independent laboratory, Test Amerga Louis,which performed the same chemical and
radiological analysis as the sampkesalyzed by thdJFML. The frequency of dp
sample collection (5.percentfor groundwater sampleand 50percentfor surface water
samples)met the project required @ercentfrequencyfor split sampledor radiological
parameters, metalandorganicanalytes

4.1.2 Laboratory QA/QC Sampling

Laboratory QA/QC sampling was conductedpart of the 2016 groundwater and surface water
LTM program Laboratory QA/QC sampling includethe collection of field duplicate and
matrix sample. Laboratory QA/QC sampk included théollowing types

4.2

1 Field Duplicates were used for radiological pameters, metals and organics to provide a

measure of analytical precision. Field duplicate sampées collected at a frequency of

10 percent for chemical and radiological parameters. Eight field duplicate groundwater
samples and one surface water figigblicate sample were collected and analyzed for the
same groundwater C&G&nd radiological parametershe frequency of field duplicate
sample collection (11.percentfor groundwater samplend 50percentfor surface water
sample)met the 1(percentproject requirement.

Matrix Samples included matrix spike (MS), matrix spike duplicate (MS2nd matrix
duplicate (MD) samplesMS/MSD (for organic$ and MS/MD (for inorganics)samples

were used tomeasurehe effect ofthe matrix onthe accuracy of thanalytical process.

Four groundwater MS/MSD samples and one surface water MS/MSD were collected.
The frequency of MS/MSD sample collection (p&cent for groundwater samplasda

50 percentfor surface water samplemet the Spercentproject requirement.

FIELD DATA COLLECTION AND LAB ORATORY PREPARATION

LTM data collection procedures were evaluated for any deviations or modifications that may
have occurred in the areas of sample handling and custody, equipment calibration and
maintenance, and analydl methods. Within this report, the terms batch, package, and Sample
Delivery Group (SDG) are synonymous. A SDG is a data report that contains the various test
results of one or more sample batches plus associated QC data such as calibrationgkélank sp
and MS results, blanks, etc.

There were no sample collection anomalies during the 2016 sampling effort.
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