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1.0 INTRODUCTION
1.1 PURPOSE OF WORK PLAN

Stell Environmental, Inc. (Stell) preparellid RemedialDesign(RD) Work Plan to describe the
methods and activitiehat will be usedfor implementation of the selected remedy perFRimal
Decision Document (DD) dated February 2015 for the fovdaldorf Nike Missile Battery W
44 site in Waldorf, Maryland(the site) (ERT, Inc. [ERT] 2015) The selected remedy will
remediate chlorinatedblatile organic compounds (CVG@Limpacts in groundwater at tisée

Stell developedhis Work Plan in accordance witthe 23 June 2015 revised request for proposal

(RFP) and statement of work (SOW) issued by the United States (U.S.) Army Cé&mgirnders

(USACE) Baltimore District (CENAB) CENAB 2 0 1 5) and Stell déds 13 Ju
Approach and Cost Propos&itell teamed with WestoSolutions, Inc. (WVESTON®) to execute

this task order an@repare tis Work Plan under a Prime/Subcontractotagonship

This RD Work Plan is intendedto provide sufficient detail for CENAB to proceedwith
implementation of theemedial action (RAt thesite

The Maryland Department of the Environment (MDE) is the lead regulatory agency for this
project. Documents are not required to be provided to the U.S. Environmental Protection Agency
(USEPA) for review and concurrence.

1.2 WORK PLAN OBJECTIVES
The goals of the Work Plan, per tBeell 13 July2015Technical and Cost Proposate as follove:

1 A comprehensive description of the preferred remedly-situ chemical reductioiSCR)
and enhanced bioremediation@¥OCs as presented in the 2015 Final DD.

91 A description of the studies that have been performed to support the development and
implementation of the preferred remedy.

1 Design specifications for ISCR applications, ISCR injection array, calculated application
rates, required injection and monitoring equipment, and performance monitoring metrics.

1 Descriptions of the necessary insiibmial controls, permits, and public and private
easements that need to be obtained for implementation andelongnonitoring of the
remedy.

91 Descriptions and specifications feite preparation, remediation and environmental media

materials management,né& environmental controls that will be used during

implementation.

Environmental health and safgty&S) management and controls during implementation.

Site restoration requirements and institutional controls for {mm protectiveness during

the remedion period.

1 Preparation of &ite Monitoring and Performance Evaluation (SMPE) Plan summarizing
the methods that will be used to evaluate if the effectiveness of the remedy in attaining
Remedial Action Objectives (RAOs) within the projected remediatiarogheand the
metrics used to determine efficacy and progress.

= =4

If properly implemented, th Work Planwill meet the project objectives and RAOs stated in the
Final DD.
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1.3 SITE BACKGROUND
1.3.1 SiTE DESCRIPTION

Thesiteis locatel in Waldorf, Charles County, MaryldrfFigure 11). Thesiteis defined as all
federal, private, and municipal properties that require investigation or remedial activities relative
to addressing the release of carbon tetrachloride (CT) and trichloroethylene (TCE) to groundwater,
as described in the 2015 DD (ERT BQIThesiteboundary and features are shownFogure t

2.

The site is a Formerly Used Defenssite (FUDS) that was transferred by the Department of
Defense (DoD) to Charles County, Marylaaad is leased bZharlesCounty to the Maryland
Indian HeritageSociety(MIHS) for use as a cultural center.

1.3.2 SITE HISTORY

The government acquirédio separate properties between 1955 and i®6@8velod\Nike Missile

Battery W44, which included a missile Control Area, a missiéaihch Area, and easements for
accessroads. The Launch Aremasl ocated i n the southern portion
the northern portion of Charles County. The Contnaa was located approximatelyrhile west

of the Launch Area, along Country Lane

Operations and maintenance at #ite included the use of chlorinated solvents such asa@I

TCE as cleaning agents for bare metals parts, missile bodies, steering fins, stabilizer fins, ailerons,
rocket motor fins, and system components including filters for the launching contrp) gover
simulator group, flight simulator group, and launcher interconnection box. Additionallgn@T

TCE were used as degreasing agents and to remove cofposi@ntion compounds from
unpainted surfaces of missile stabilizer fins (USACE 2003).

Betwea June 1965 and February 1986, 18l acres that compose the property for the Launch
Area weredeclared as exss by DoD, and #hsite was formally transferred to Charles County,
Maryland Thecountycurrently leases the land and some builditogglIHS for use as a cultural
center According toCENAB, dl structures, underground storage tanks, and electrical distribution
system equipment constructed by DoD remained on the pyaetietime of conveyance. The
boundaries of the property coincide with #gDS boundary showm .

The Launch Area became eligible for funding under the FUDS program in 1987. Since then,
USACE has conducted several investigations asiteeincluding groundwater, surface water,
surface and subsurface soil, silo samplantd soil gasSamples were alyaed for volatile organic
compounds (VOCs), semmblatile organic compounds (SVOCs), polychlorinated biphenyls
(PCBs), pesticides, metals, perchlorate, total petroleum hydroca(b&hss) indicators for
natural attenuation of VOCsnd radioactivity and microbial indicators (biological oxygen
demand, CENSUSleoxyribonucleic acidDNA] bioassay forDehalococcoides sgDHC]).
Additional analyses include cone penetrometer teg@Rjr), risk assessment, and a pilot ISCR
injection testSampling locationsrdm these previous investigations are summarized on Figure 1
3.

USACE Baltimore District 1-2 April 2020
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During the environmental investigations, groundwater samples collected from monitoring wells
immediately adjacent to and downgradient of the Missile Assembly Building (Building 31,
exhibited CT and TCE at concentrations exceeding their respdtdixienum Contaminant Levsl
(MCLs). Other CVOCs were detected at concentrations less than their respective MCLs. Samples
collected from monitoring wells MW4 and MW12 historicaly have exhibitedthe highest
concentrations of CT and TCE. This indicates that the source of the contamuaatitisely
superficial spil(s) of solvents usetb clean missile parts on thaesern sideof Building 31 (Stell
Environmental, Inc. [Stell] 2037

1.3.3 PREVIOUS INVESTIGATIONS

Previous investigatia) including the summaries of CT and TCE results necessary for the Work
Plan development, are summarized beléwcomplete listing and description of historical data
collected is available in the referenced documents and the project administrative record.

1.3.3.1 1986Donohue Confirmation Study

During the Confirmation Study conducted by Donohue & Associatesnfonitaing wells were
installed, groundwater samples collected, and additional water samples were collected from
missile silos and a water supply wdlhe groundwater samples were analyzed for met&ls,

and VOCsAdditionally, soil samples were collectethe soil samples were analyzed for metals,
TPH, and VOCs.

CVOCs were detected in groundwate andTCE, weredetected in groundwater samples from
monitoring wells MW4 and MW5 at concentrations exceeding MCLs (Donohue & Associates,
Inc. 1987).The locatons of MW4 and MW5 are shown orand Figure 13.

1.3.3.2 1991Haliburton NUS Site Screening Inspection

During the Site Screening Inspection conducted by Haliburton NW&991,soil, surface water,
groundwaterand sedimergamples from monitoring wells at tkée (Figure 13) were analyzed
for VOCs, petroleum hydrocarbons, metals, SVOCs, PCBs, and pestichieayticd data
identified CT and TCE in groundwater at concentrations above MCEadlifurton NUS
Environmental CorporatiorHalliburton NUS 1992).

1.3.3.3 1993 to 2000 Varioud.imited Investigations

Between 1993 and 2000, various limited investigations were perforyn&@lBC Associates, Inc.
(ATEC) (1994a 1994) and WESTON® (1995, 1996,2000). The investigations included
monitoring well installation and sampling, soil sampling, a soil gas survey along the western extent
of the FUDS boundary and downgradient of the llauy, and risk assessmebiata and results

of these investigations and risk assessment were summarized and can be reviewed in the
WESTON? 2005Remedialinvestigation (RIReport.Locations are shown on Figure31

The findings of the investigations relative to the objectives of the responsedegmibedn the
2015DD are:

1 CT andTCE concentrations in groundwater samglesn monitoring wells MW4 and
MW-7, and in temporary monitoring wells M\®A and MW4A, excesded federal MCLs
(groundwater monitoring well locations are shown orCT was also detected at a
concentration exceeding the MG directpushtechnology (DPT)groundwagr sample
point GR3, located immediately downgradient of M¥V All other CT and TCE

USACE Bdtimore District 1-9 April 2020



Final Remedial Design Work Plan Former Waldorf Nike Missile Battery ¥4

concentrations detected were either less than MCLs ordemtt below the MCL
(WESTON 2005).

1 Soil gas surveys indicated maximum CT and TCE vapor concentrations of 16 jagul 23
in samples collected from SG SG2, and S& located along the western FUDS
boundary(Figure 13). Off-siteand downgradient soil gas points indicated a maximum CT
vapor concentration of 6 pg/L at S4Jocated near the present location of monitoring well
MW-18 on unoccupied Lot 10, and a maximum TCE vapor concentration of 0.08 pg/L at
SG-11 located on unoccupd.ot 8 (Figure 13).

f The risk assessment performedWESTON identified the potential exposure pathways
for vapor entrance and accumulation asements and ingestion of groundwater obtained
from shallow private wells if installed in the future. Presenthye sole residence
downgradient of the FUDS boundary and the adjoining residences obtain drinking water
from municipal supply.

1.3.3.4 2001 Cone Pengbmeter Testing

CPT was performed at nine locations (G®I'to CPTF09) during July 2001ising a truckmounted

cone penetrometer rig and an integrated electrical resistivity aoder the supervision of
WESTON® on-site personnel.At each CPT location, groawater sampk were collected
(WESTONP 2005) CPT sample locations are shownKigure %3.

1.3.3.5 2003 Silo Investigation

In 2003, samples of standingater were collected fromefunct omrsite missile silos Silo A and

Silo B, and analyzed for VOCs, perchlorate, and total metals. Perchlorate and VOCs were not
detected in samples collected from either silo (WESTQ@BI05). The locations of the silos are
shown on Figurel-2 and1-3.

Three downgradient monitoring wells (M\M, MW-15, and MW17) were installed to assess
potential leaching of constituents from the silos. Groundwater samples collected from the wells
downgradient of the silos did not exhibit detectable levels of any chemicals of potential concern.
A dye tracer test waserformed to determine if standing water in the silos was potentially leaching
from the silos to groundwater. The dye tracer test confirmed that the silos were not leaking and,
therefore, not considered to be a hazard to human health or the envirantheoit a source area
contributing to the groundwater contaminant plume asiteWESTON® 2005).

1.3.3.6 2005 R Report
The following conclusions were presented in the 2005 RI report:
(1) The two former missile silos at tlsgéeare not leaking standing water;
(2) CT and TCE concentrations in groundwater were detected above their respective MCLs;

(3) The unnamed intermittent stream west of #ite was not contaminated and could be
considered as unthreatened by contamination froreitgeand

(4) Potential future groundwatese and the inhalation of vapors associated with contaminant
of concern (COC) concentrations are potential exposure pathways (WESDS).

USACE Bdtimore District 1-10 April 2020
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1.3.3.7 2009 RI Addendum

In 2009, an Rl Addendum was conduclBdERTto evaluate the potential risk of COC soil gas
intrusion into future ossiteand offsite buildings. The Rl Addendum concluded that

(1) Concentrations of CTand TCE in shallow soil gas we below USEPA riskbased
screening leus for residential airSEPA 2003;

(2) Concentrations of CT and TCE gmoundwater decreageadially and downgradient of the
potential source area at Building 31; and

(3) Concentrations of Clnd TCE in groundwater contindeto exceed théJSEPA MCL
(ERT 2009).

The passive soil gas survey reported in the 2009 RI Addendum incldsail gas points; of
which were located along the western FJlbundary. CT and TCE were detected at maximum
concentrations of 0.1/icrograms per litefug/L) and 0.04 pg/L, respectively, at soil gas points
SG1 and SG2. The concentrations detected wbetowthe site-specific RemedialGoal of 0.33
eg/ L calcul ated ®RnRegothe 2005 WESTON

1.3.3.8 2011 Focused Feasibility Study

The 2011 Focused Feasibility Stu@lyFS) established RAOs for the sidated COCs and
evaluatedpotential remedial alternatives. The FFS evaluaéededies to address two potential
exposure pathways for the COCs: (1) vapors present iartbegurated zone entering basements
on adjacent asidential Cedar Tree Properties, and f®@tential future groundwater use
(WESTONP 2011). Results of the FFS were used to develop the propasedial response action
identified in theProposed Remedial Action Pldrat was eventually chosen as the gelbcemedy

in the DD.

1.3.3.9 2012 Rl Addendum

In 2011, a second Rl Addendum was completed to address data gaps related to the location of a
potential source area and to refine the extent of the groundwater plume (ERTA2xb2)ndwater

sample collocated with boringB-3 (Figure 13) reported a CT aacentration of 2.7 ug/L and a

TCE concentration of 32 4g/L. This sample was located approximately 15 feet noattthwest

of an empty, deteriorating steel-§allon drumsouthwest of Building 3IThe 55gallon drum was

corroded, broken, and tipped @s side in a ditchBecause ot he dr umdés apparen
condition, its location upgradient of the groundwater plume, and the presence of TCE in soil
samples adjacent to the drum, the deteriorated drum was determined to be a potential source of the
groundvater plume (ERT 2012).

In addition, indoor air samples were collected i1@@om the basement and first floor of the
residential structure situated on Lot(Rigure 13), west of Cedar Tree Lane, to address the
potential for a vapor intrusion pathway liesidential structures west of Cedar Tree Lane (ERT
2012). In accordance wittJSEPA and MDE guidance, indoor air sampling is the most definitive
approach for determining if a potential vapor intrusion pathway exists. Based on the results of the
indoor ar sampling, no COC concentrations were detected. Therefore, the RI Addendum
determined that no vapor intrusion pathway exists for residential structures west of Cedar Tree
Lane (ERT 2012).
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1.3.3.102015 Decision Document

The Final DD presents and describes the selected remedy faitthas ISCR with the
implementation ofand use controlsLUCs) (ERT 2015).LUCs will be implemented to prevent
the use of groundwater for drinking purposes astteand the impacted arelwngradient of the
siteand prevent indoor activities at Buildings 23 andRBfjure 13), unless the area is ventilated
until groundwater COCs achieve the RAOs forgite The RAOs for thesitestated in the DD are
as follows:

1 Prevent human exposure via inhalationCdf and TCE concentratiorabove riskbased
concentrationsand

1 Prevent the use of groundwater until the CT and TCE concentrations in groundwater are
belowtheUSEPA MCLs of 5 eg/ L.

1.3.3.11 February 2019Pre-Remedial Designinvestigation Final Technical Memorandum

Stell and Weston conductegee-remedial design investigation (PRDI) during 2017 and 2018 to
determine the currergite conditions with respect to groundwater contamination and collect
additional information necessary to support this Work Plan. PRDI acticitiesisted obaseline
groundwater samplinghe installation and sampling of eight new monitoring wédlsown on

Figure X2 and 13), assessmentoftlsted s hy dr aul i ¢ c scaledbufferttestvandt vy, a
an injection pilot test to assesiteinjectability, radius of injectiofROI), and optimaskite-specific

injection protocol.The PRDI also included postjection groundwater monitoring at MM and

MW-19 at 2, 4, and-énonth intervalsFeatures of the PRDI are showrFigurel-4: MW-4/MW-

19 Injection Wells and Soil Borings December 2017/April 2018 CT Plamael5.

Currentsite conditions were determinetuiring the PRDI. The CT and TCE groundwater plumes
were delineatedFigure 1-4: MW-4/MW-19 Injection Wells and Soil Borings December
2017/April 2018 CT Plumend 15). Aquifer testswere performed to determineydraulic
conductivity.A dense gravel layeabove the watebearing zone prevented the implementation of
membrane interface prob (P) technologyduring the PRDto evaluate EHEdistribution in the
subsurfaceThe PRDI recommended thise of magnetic susceptibility field screening methods
and visual color contrast are recommended for future ROI investigationssiei(tell 2019)

The PRDI produced results indicating #iwould be amenable tolarge scaleEHC® injection.
Using a top-down injection method coupled with water fracturing, EHC® was detected in
multiple directions from the injection point at distances of betwe&etand 6 feet from the
injection point. An injection boring spacing interval of 8 feets recomrended for fullscale
implementation based on afdot ROI. Additionally, the aquifer geochemistry responded
favorably to amendment injections during the PRDxidationreduction potential (ORP) was
substantially reduced as a result of the injections. gaalle implementation would likely further
reduce ORP to desirable levels, further promoting the degradation ofTh@éEyroundwater pH
increasedo ranges within or nearly within a range ideal f8CR following the additionof a
buffer solution.

CT concentrations were significantly reduegdIW-4. ISCR appears to be the mechanism behind
observed CT reduction$CE concentrations were not significantly reduced at eitiaritoring
well sampled (MW4 and-19). Some microbial activity appears to be occurraighe siteas
indicated by the slight increases in TCE daughter productslight increases in SVOC degrading
microbial populationsAlthough TCE concentration redimn was limited during the relatively
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smaltscale pilot test implementation, the pilot test demonstrated effective reagent distribution and
geochemical influencéAs previously stated, ORP and pH were not in the ideal ranges for full
scale ISCReffectivenessDuring full scale implementatiomgductionsof ORP andncreases of

pH are expectedhich are expected to increase TCE degradd&oell 2019).

1.4 REMEDIAL ACTION OBJE CTIVES

The 2015 FinaDD is the current and guiding document for the selected renTddy document
identifies the selectetkmedy adSCR using zerwalent iron ZVI), combined with LUCsto
prevent exposure to CVOQ@sitil concentrations in groundwater have declined to b&l@EPA
groundwater standards that meet the RAERT 2015).The DD describethelSCRamendments
as Atypically consisting of f iThe DDdustherstategga ni c
AToxicity, mobility andvolume of contaminantsill be reduced quicklyhrough abiotic chemical
reduction reactions thabccur between the VOCand tle reactive ironamendments and
AAdditional reductions in TMV ofcontaminants will occumore gradually viabiological
transformation processes stimulated bthe carbon portion of then-situ amendmends
Specifically, the selecte@med will address conentrations of CT and TCE in groundwat€he
RAOs for the site stated in the DD are as follows:

1 Prevent human exposure via inhalation of CT and TCE concentrations abocliasesk
concentrations.

1 Prevent the use of groundwater until the CT and TGicentrations in groundwater are
bel ow the MCL for CT and TCE of 5 eg/ L.
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2.0 SITE CHARACTERISTICS

The location of the site is shown kigure1-1. The boundaries of the study area at the site are
showninFigure2.The site is | ocated on the boundary o
County and the northern portion of Charles County, Madjlapproximately 15 miles southeast

of the center of Washington, D.&igure1-1).

2.1 CLIMATE

Thesiteis located within the humid subtropical climate zone and exhibits four distinct seasons.
Thesiteis in a temperate climate with a warm spring and falh#al snowfall in the area averages

15.5 inches. Winter temperatures average around 38 degrees Fahrenheit ffDecember to
mid-February. Summers are hot and humid with a July daily average of 79.8 degrees Fahrenheit
and average daily relative humidigyound 66 percer(®0). The combination of heat and high
humidity in the summer results in frequent thunderstorms, some of which occasionally produce
tornadoes in the area.

Blizzards affect theiteon average once every 4 to 6 years. Hurricanes occasionally track through
the area in late summer and early fall but are often weakened by the time they reitetatba,
partly due to its inland location.

2.2 TOPOGRAPHY

The elevation of study area randesm approximately 210 to 186 feet above mean sea level. The
siteis very similar to the physical geography of much of Maryland and is typically flat and forested.
The topography at thateis mostly level, having a relief of less than 5 feet relativeddar Tree

Lane, which parallels th&ite on the west (Figure-2). The surface gradient at thige dips to the
west/southwest toward the stormwater detention basin and an unnamed intermittent tributary to
Mattawoman Creek on the other side of Cedar Tia®e. The surrounding area is bounded by
low-density residential neighborhoods and forest. There is one unnamed intermittent tributary that
borders the study area on the west (Stell 2017)

2.3 GEOLOGY/HYDROGEOLOGY
2.3.1 GEOLOGY

Thesiteis locatedn the Atlantic Castal Plain physiographia@vince, and the area is underlain
by sedimentary and metamorphic rocks. The sedimentary deposits consist of gravelsjlsands,
and clays up to 2,000 fethick. The metamorphic rock formations consist of granite, gabbro,
quatz diorite, schist, rhyolite, greenstone, and quar{8tell 2017)

The shallow deposits in the area surrounding dite consistof Quaternaryage Upland and
Lowland Depositsnade up osand and gravel with some silt and clay. In the region, these two
units have a maximum combined total thickness of 2@d tnderlying these deposits are the
Calvert, NanjemoyandMarlboro ClayFormationsandthe upper portion of the AquiabFmation.

All of these formations are confining usiitvith a total thicknessf 150 to 300 feetUnderlying

these deposits are the Monmouth, Magothy, and Patapsco Formations. These formations are all
productive aquifers in the regigd/ESTON® 2005).

Thesubsurface of theiteis summarized in FiguresPthrough 23.
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2.3.2 HYDROGEOLOGY

The primary watebearing geologic unit at tteteconsists of interbedded sands and gravels from
the Monmouth, Magothy, and Patapscorifrations The average vertical hydréc conductivity

of theseformationsis 1.0 X 10° feet per day (ft/dYWESTON® 2011) Water storage and
movement in these unconsolidated deposicsur within the interstices or voids of the
unconsolidated ovedoden. Based on aquifer test results, the 2005 RI determined a representative
hydraulic conductivity of 9.3 ft/dnd effective porosity of 0.38VESTON® 2005). Additional

aquifer testsvereperformed by Stell in 201 After removing falling head tests fromells with
partially-submerged screens the hydraulic conductivity results (averaged for each well if more than
one valid test was available) ranged from 1.8 feet per day ft/d atl®W 30.3 ft/d at MALG. If

only slug tests with at least three validtseare considered, the range of average hydraulic
conductivity values at each well ranged from 2.8 ft/d at #2®to 19.0 ft/d at MWA. This range

is consistent witlthe 2005 aquifer test results apdpectations foa silty sand aquifer.

Based on soil bangs performed during the 2017 and 2@RDI, aquifer materials impacted by
CVOCs consist of silty, poorlgorted fine to coarse sands with some gravel co(fégire 22

and 23). A contiguousclayey silt unit, believed to be a confining ymas encoutered below the

sand and gravel groundwadeearing zone. This clayey silt ung greater than 16 feet thick at
some locationsind, based on the cone penetrometer dynamic pore pressure data, the hydraulic
conductivity of the clayey siltinit is low (appraximately 1.4 X 16 ft/d), making the unit a
potential lower confining aquitard or aquiclude for the shallow aq(@&STON® 2005).

The depth to groundwater (shallow aquifer) atditeis on the order of 5 to 15 fele¢low ground
surface bg9. Groundwater flow at thsiteis generally west and northwest at an average gradient
of approximately 0.012 (WESTON2005).Figure 24 is a representative map of the groundwater
potentiometric surface of the shallow aquifer atgitefrom August 2018

Based o017 hydraulicconductivityresults of 1.8 t@0.3ft/d, typical groundwater gradient of
0.012, and assumed effectiverpsiiesof 0.25 t00.35 for asilty gravel and sand mixtui@etter
2001) the linear groundwater flow velocity across #ite ranges fronm0.09to 1.04ft/d, with an
average groundwater flow velocity 0f75ft/d. This is equivalent to approximatedy 4 feet per
year.

The shallow aquifer is unconfined and recharged locallgibsct precipitation and infiltration.

The deeper aquifers are recharged through slow percolation of local precipitation and infiltration
of precipitation through outcrops located west of the Potomac River in VirgMESTON®

2005).

2.3.3 SURFACE HYDROLOGY

Thesiteis generallyflat terrain. There appears to be little potential for significant runoff to leave
the site Surface drainage on the wastside of thesite flows approximately 300 feet overland
southwest to Mattawoman Creek. Surface water runoff éaSedar Tree Lane is collected in
storm drains and discharged into an unlined stormwater detention basin westitd thetween
Lots 8, 9, and 10 and the intermittent stred&ngyre 12). Stormwater drains from the detention
basin through a floveontrolculvert on the westnside of the basin to the intermittent stream.

Residual stormwater not drained from the basiitirates to the shallow groundwater table. The
intermittent stream flows northward approximately 600 feet to its confluence with Mattawoman
Creek. Mattawoman Creek flows west and southwest and eventually discharges into the Potomac
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River. Another unnamed perennial stream passes approximately 700 feet northeast ef the sit
flowing northward into Mattawoman Creek about 1,500 feet north of théviateawoman Creek

and the unnamed tributary are designated as Class 1 water bodies by the State of Maryland and are
protected for the basic uses of water contact recreatiogyoheh and propagation of fish, other
aquatic life, and wildlife; and water supply (WESTORD05).

2.3.4 WATER SUPPLY

Shallow unconfined groundwater at the site is not currently used as a potable source of water and
will likely not be used in the futurélowever, the selected remedy will prevent the use of shallow
unconfined groundwater until the groundwater concentrations for CT and TCE achieve the RAOs.

The main supply aquifer in the site vicinity is the Magothy Formation, which is roughly 500 feet
bgs.Four wells that supply residents in the area are drawing from the Magothy Formation. These wells

are located within a-ile radius of the site (WESTON2005). e Magot hy aqui fer ¢
area is located in Virginia and is overlain by three main corgininits. These aquitards consist

of the Calvert, Nanjemoy, and Marlboro Formations, and together are roughly 300 feet thick.
Based on site and regional stratigraphy, there is no reasonable potential for contaminants present

in the shallow aquifer to migta laterally or vertically into a drinking water aquifer.

2.4 CURRENT AND POTENTIAL FUTURE LAND USE

After the DoD declared the Waldorf Nike Battery excess between 1965 and 1986, the property
was conveyed to other owners. The site is currently owned by CRanledy and is leased to the
MIHS for use as a cultural center.

The property remains in use by the MIHS, which uses the former personnel barracks, vehicle
maintenance building, warhead maintenance building, and generator building remaining at the site
(future use is expected to be the same).

Land use adjacent to the site is primarily idensity residential. The Cedar Tree Development
residential properties are immediatelgjacent to the site and will continue to be so for the
foreseeable future.
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3.0 NATURE AND EXTENT OF CONTAMINATION
This section presents tlletails for thenature and extent of contaminatianthesite
3.1 SOURCE AREA

The source of the Cadnd TCE detected in groundwater is likely a surficial spill or spills of solvents
used to clean missile parts west of the Missile Assembly Building (Buildiffg@lre 12). Based

on the results of historicalteinvestigations, a source area in soil for CVOCs has not been clearly
identified. CVOCs in soil have not been detected at concentrations exceeding screening levels or
at concentrations and distributions indicative of a residual source area iBas®ld on ast
investigations at theite, USACE believes thaany remaining unknown sources are unlikely.
Source areas and vadose zone contamination are discussedrinathRemedial Investigation
Report Addendum No.2, Dec 20(ERT 2012)

Historical groundwater omitoring since 1987 has consistently detected CVOCs, specifically CT
and TCE These compounds are detected in concentragixseedindDE and USPE/Ascreening
levels in groundwateilhe groundwater contaminant plume was fully delineated during the PRDI,
as demonstrated ifrigure 1-4: MW-4/MW-19 Injection Wells and Soil Borings December
2017/April 2018 CT Plumand 15. The center of mass of the groundwater plume appears to be
approximately 100 feet west of the former rocket booster maintenance building (Building 31).

3.2 CARBON TETRACHLORIDE AND TRICHLOROETHYLENE
CONCENTRATIONS

CT and TCE maximum concentrations haamgedup to 14 and 450 ug/L, respectively, in
groundwater sampled from monitoring well M¥Mocated west of Building 31. The solubility of

CT and TCE in wateis approximately 0.8E+05 and 1.0E+06 ug/L, respectively. Thergthee

presence of a reservoif derse noraqueous phase liqu{@®NAPL) as a source of CT or TCE at

this site is highly unlikely based on the historically low groundwater sampling results and the
USEPA guidancewhich indicates that concentrations of at least approximately one percent of the
contaminantoés solubility | imit needgUSEPA be pr
2004)

PRDI performance monitoring was performed in monitoring wells M\&hd MW19 at 2, 4, and

6 months followinginjection of ISCR reagentCT concentrations decreased at both monitoring
wells in comparison to primjection concentrations. The concentrationd 6 did not change
however, there were increases of its breakdown product$,@aichloroethylenelpCE], ethene,
and ethane) at M¥Z29. During the PRDI, ORP and pH were not in the ideal ranges for full
effectivenesshowever, ideal ORP and pH ranges arpeexed during full scalenplementation
(Stell 2019)
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4.0 SITE PREPARATION

The site will require some vegetation removal and earth moving site preparation for the ISCR
application in the area of the soil mound to provide access for the DPT injection equipnment.
area is shown on Figurelin Section 5.0The potential area afisturbance is approximately
1,800 square feet.

According to Charles County regulations, the area of disturbance that triggers an Erosion and
Sediment Control Plan is 5,000 square feet or 100 cubic yards of soil. Although an Erosion and
Sediment Control l|&n would not be required, the site clearing and earth moving work will be
conducted in accordance with Maryland best management practices for erosion and sediment
control.No other environmental controls are anticipated during implementation of the RD.

41 SITE CONTROLS

The site is fenced, and the gate is locked. No additional security is planned for the injection
equipmentAccess to thesite will be coordinated through staff at the American Indian Cultural
Center located osite

LUCs will be implemented tprevent the use of groundwater for drinking purposes aitinand
the downgradient impacted area, if necessary, until the CT and TCE concentrations achieved the
RAOs.

4.1.1 STAGING AREA PREPARATION

The staging area will serve as the equipment and remedi@hdiment storage area for the
implementatiorof theRD. The proposed staging area is secure insickeed gate and chainlink
fence surrounding the perimeter of 8ie The proposed staging area viné locatedhear defunct
Building 31 andnissile silosFigure 12). Paved surfaces are also presensib@and will facilitate
heavy vehicle traffic (i.e., frac tank mobilization or equipment and amendment delivéhes).
injection DPT rig and support trucks may be stored at the staging\aeagit, if necessary.

Before beginning the injection program, the following equipment will be staged a&itéhes
staging areand discussed in further detail betow

1 Two frac tanlks with a volume capacity of approximately 20,000 gallons
1 Hose of sufficent lengthand capacity to connettte frac tanksvith the fire hydrant located
west of the site
1 ISCR application material
1 Portable toilet
1 Conex box
A Inoculum (described below) must remain chilled to maintain efficacy. Coolers will
be staged in the Cond@ox, so inoculum can be maintained on ice.
A Can also be used to store equipment and supplies.

4.1.2 MAKEUP WATER SUPPLY

The makeup water needed to act as the dilution water for the injection will come from a potable
water sourceThis Work Plan proposes to ube fire hydrant located outsidethe t e 6s per i m
fence (Figure®). Thi s hydrant is | ocated west of the si
Cedar Tree Lane.
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As a result of the location of the proposed water sotnaefrac tanlks with a volume capacity of
approximately 20,000 gallons will be broughtsite These frac tanls will be positioned near the
injection areaand will mix water from the hydrant and ISCR amendm¥fater will be added to
the frac tanks by running hose from the tgdrant to the frac tanks. The perimeter fence may
have to be temporarily opened to facilitate placement of the hose.

4.1.3 INJECTION CONDITIONING

Prior to mixing, thenitial water quality of the potable waténom the hydrantill need tobe
assessed (i.e., pH, ORP, and dissolved oxygen [D@j]s will determine the proper treatment
dosage t@enerate makeup water with anaerobic, reducing condit@R#,pH, and DO will be
measured using a calibrated myérameter water quality metefQ1 Pro Plusor equivalent).

The makeup water must be anaerobic before injection to prevent conditions that would be
detrimental or lethal to dehalogenating bacteria that would support biotic COC degradation.
Potable water quality data will also be ob&irfrom the Charles County Public Works Utilities
Division to confirm that the water is usable with or without pretreatment.

In order toallow sufficient time to creathe necessargnaerobic conditions in the frac tankse
process of filling these t&s will beginseveral daybefore the injections begirsodium ascorbate

will be added to the makeup water to turn the water anaerobic and neutralize chlorine that could
inhibit or kill microbial communitiesat an initial rate of 2.5 pounds per 1,000 gadl of water.
Additional sodium ascorbate will be added if DO is detected at 1 mg/L or greater in the makeup
water.

4.1.4 DISCHARGE TO SURFACE WATER BODIES

Based on the depth of injection and dense nature of subsurface materials, surface discharge of
injected méerials to surface water bodies is unlikely. However, if surface discharge were tp occur
the most likely location would be the-gite ditch adjacent to the injection area. The ditch will be
visually monitored for surface discharge. If injection amendrdisscharge is detected visually in

the ditch, the injection boring experiencing active injection at the time of the detection will be
terminated and abandoned

4.2 PERMITTING AND ACCESSREQUIREMENTS

The following permits and waivers must be completed and approved befd&CtRénjections
can take place

4.2.1 UTILITIES CLEARANCE

Maryland MissUtility will be notified before intrusive work begins. A private utility locator will
also be contracted to screthe planned injection area for utilities and subsurface anomalies

4.2.2 FIRE HYDRANT PERMIT

If used a fire hydrant permit would be obtained before withdrawing water from the hyAriure.
hydrant permit, if issued by Charles County, would require thewolg:

1 Reducedressure princigl backflow preventer assembly, tested annually
1 Countyissued water volume meter

1 Compliance with meter reading schedule set forth by Charles County
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4.2.3 INJECTION PERMIT

The Code of Maryland Regulation26.08.07.01 establishesMa r y | gmnnthdy sof the
Underground Injection Control Progna which is managed by the MDEnd prohibits any
underground injection except as authorized by rule or peNbitpermits are required fdRAs
performed at CERCLA siteé\n injection permit wald not likely be required from MDBecause

the injection work would be conducted in accordance with an appMice® Plan. However,
MDE would be notified prior to beginning injections and an injection permit would be obtained if
required

4.2.4 MATERIALS MANAGEMENT

Portions of the ISCR applications require additional management. The microbial inoculum must
stay coldInoculum can be stored for up to three weeks if temperature is maintained between 2 to
4 degrees Celsiuk.is the recommendation tfis Work Plarto store thenoculum within a Conex

box on ice to ensure the material is kept at the correct temperature before apphcatibonally,

the ISCR application material must be kept plrior to use.

4.3 SURVEY LOCATIONS AND UTILITY CLEARANCE

Beforethe start of the injectioprogram, thénjection locationswill be marked in the field based

on existing permanent landmarks (iermanent groundwater monitoring well&} discussed in
Section 4.2.1, aMiss Utility public utility locate request will be submitted and verified for
completion before intrusive work beginkhe locate request will also be renewed as needed for
the duration of intrusive work. Additionally, a private utility locator will be subcontractscrézn

the proposed injection area using radiofrequency and gfpenetrating radar utilitjocating
techniques. Markings emplaced by the private utility locator will be maintained by injection
implementation personnel for the duration of intrusive work.

44 FIRE HYDRANT WATER S UPPLY

Water for injectate preparation can be obtained from a fire hydrant located west of the injection
area along Cedar Tree Lam@etails of permitting and compliance for use of the fire hydrant are
described abovim Section 4.2.

45 PRE-INJECTION DEPTH TO GROUNDWATER MONITORING

Prior to the commencement of injectionse round of baseline groundwater monitoring will be
conducted. Tis effort will include the measuring of the static water level and groundwater
monitoring.

451 DEPTH-TO-WATER AND NAPL MEASUREMENT

The static water level oéight groundwater monitoring wedlwill be determinedprior to
groundwater samplingGroundwaterelevationmeasurements will be taken using an interface
probe designed to differentiate between two liquid phases, if present. Groundwater elevations will
be measured to the nearest 0.01 feet.

The interfaceprobe will be lowered gently into the well casing until it signals contact with the
fluid surface in the well, and a level reading will be recorded. The probe will then be lowered to
verify the total depth of the monitoring well. The differences between tlasured total well
depths and constructed well depths will be compared to determine if significant siltation of the
well screen has occurred.
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Although NAPL has never been detected at the sitikeipresence dMAPL is indicatedusingthe
interface probe the probe will be lowered until the NAPL/water interface is detected. This
procedure will be continued during total depth measurement to determine if dense NAPL is present
in the bottom of the well. Measurements will be referenced to the top of the wiath @ a point

based on a visual examination of the hpghint of the cut casing surface, previously marked
reference point, or to magnetic north if the previous points are not discernable. All depth
measurements will be interpolated and recorded to onérbdth of a foot.

Depthto-water and NAPL measurementwill be collectedfor the following wells, whichare
shown on Figure -2:

MW-4

MW-7

MW-12
MW-17
MW-18
MW-19
MW-20
MW-24

These measurements will be used to adjust injection depth intemad areprovided inTables
5-1through 54, located at the end of Section 5.0

Of note,during pre-designgaugingactivities, static water levels observedaells MW-20 and
MW-22 were notedo beabove the well scrednllowing installation.Existing well capsat MW-

20 and MW22 shouldbe replaced with vented well caps should the screened intervals at these
wells remain fully saturated during subsequent gaugimjorsampling events.

=4 =4 =4 -8 _98_9_98_-2°

4.5.2 GROUNDWATER MONITORING

The aght groundwater monitoring wells will be purged and sampled for VOCs using a submersible
pump with dedicated tubing using low stress (low flow) protocols in accordanceJ®iERA
Standard Operating Procedu@OP EQASORGW4 (2017. Caremustbe taken to ensurthe
sample pumjntakeis installed within the screened interval at eanitoringwell location.Field
measurement equipment used during groundwater sampling will consist of a He&sbavater
guality meter, or similar instrument, with a fletwrough ell and a water level indicator. The
Horiba water quality meter will be calibrated each morning prior to usage in the field. Purge water
will pass through the Horiba flothrough cell where pH, conductivityrbidity, DO, temperature,
andORPvalueswilb e moni t ored and recorded on each wel
5 minutesdepenént upon théow rateto ensure thaa minimum ofone flowthrough cell volume

is purged between each consecutive readibach well will be purged until thgroundvater
quality parameters have stabilizeas indicated belowp ensure that formation water is being
sampled. Wells wilbe consideredtabilized when the following criteria are observed over three
consecutive measurements obtained approximately 3 to 5 minutes apart:

1 pH: +~ 0.1 standard pH unit

1 Specific conductance: +8%

1 Turbidity: +/- 10%nephelometric turbidity units (NTUS)
1 DO: within 10%

1 Temperature: +/3%
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1 ORP: +£10%

Field parameters including pH, DO, and ORIR be monitored to assess geochemical conditions
are appropriate for COC degradation.

Ideal field parameter ranges for reductive dechlorination are as follows:

1 pHbetween 5 and 9 standard pH units
1 DO less than 0.5 mg/L
1 ORP less tharl00 mV

Dedicated tubing will be disconnected from the fitwough cell once the water quality has
stabilized. Using the same pump and dedicated tubing from the well purging, thevgaitemadll

be transferred directly into laboratesypplied sample containeihe samples will be shipped to
a certified laboratory ananalyzed fothe following constituents

. VOCs by USEPA S\A846 Method 8260B
A VOCs will be monitored to track concentratis of COCs and their degradation
products.

1 Total iron by USEPA S\W846 Method 6010C
A Total ironwill be monitored to track the presence of Hoased ZVI amendment. Total
iron concentrations elevated above background concentrations indicate the likely
pres@ce of EHC.

1 Performancenonitoringparameters:
A Performance monitoringarametersiill be monitored to track geochemical conditions
and their appropriateness for reductive COC degradation. These parameters
supplement information provided by measuring figddlameters such as pH, DO, and
ORP.

A Total organic carbon (TOC) by USEPA S846 Method 9060A
0 TOC at concentrations above approximately 20 mg/L are generally needed to
support biotic dechlorination.

A Alkalinity by Standard Metho@320B
U Alkalinity can be arnndicator of carbon dioxide generated by microbial activity.
Generally, an alkalinity twice that of background is interpreted as evidence of
microbial activity.

A Chloride, nitrate, and sulfate anions by USEPA-8%6 Method 9056A
U Chloride can be a daughteroguct of organic chlorine. A chlorine concentration
of twice background concentration is generally indicative of chlorinated organic
compound degradation. Nitrate and sulfate can complete with CVOC degradation
and indicate that geochemical conditions amet adequately reducing.
Concentrations are ideally lesen1 mg/L and 20 mg/L, respectively.

A Dissolved gases (methane, ethene, ethane) by Method AM20GAXx
U Methane, ethene, and ethane are CVOC breakdown chain end products and can
indicate thatomplete CVOC breakdown has occurred.

A Total sulfide by USEPA SV846 Method 9034
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U Sulfide is an indicator of sulfideeducing conditionsSulfide concentrations
greater than 1 mg/L are ideal, lthis depends on prexisting sulfur in the system.

A Total mangaese by USEPA SV846 Method 6020A
0 Manganese can act as a competing electron acceptor to the reductive
dehalogenation process.

1 Microbial analyses (M\W4, MW-12, and MW19 only):

A CensusDNA (DHC). The cell count of the only bacterial group isolated to datkish
capable of complete reductive dechlorination of tetrachloroethylene (PCE) and TCE to
ethene.

A CensusDNA (bvcA Reductasé BVC). The bvcA gene encodes the vinyl chloride
reductas€VCR) enzyme responsible for reductive dechlorination of vinyl chloiede
ethene by DHC.

A CensusDNA (tceA Reductaseé TCE). The tceA gene encodes the enzyme responsible
for reductive dechlorination of TCE to DCE in some strains of DHC.

A CensusDNA (VCR). The vcrA gene encodes théCR enzyme responsible for
reductive dechloriation of DCE and vinyl chloride by DHC.

Groundwater samples will be collected in laboraforgvided containers that hold an appropriate
preservative for the proposed test method. The samples will be labeled, placed htaoiade
chest, and transported bByovernightcourier service ta preletermined laboratory for analysis.
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5.0 IN-SITU CHEMICAL RED UCTION APPLICATION
METHODOLOGY

The amendmentsaand microbeswill be injected into the grounduring two separate events.
Initially, EHC® Plus(or equivalent)and a potassium bicarbonate bufféll be injected followed
by injections ofSDG-9 (or equivalent)an inoculum containing a consortium of naturaltgurring
microbes capable of degrading CT and TCECRreagentdemandand decay ratealculations
performedoy PeroxyChem LLC (PeroxyChem to supporidevelopmenbf the RDare provided
in Appendix A

5.1 EHC®PLUS INJECTION COMP OSITION

EHC® Plus is a proprietary amendment used for stimulating ISCR of organic compounds in
groundwater and is composed of ZVI ngperticles, controlled release substrate, and nutrients.
EHC® Plus is an amendmebased orEHC® which was used during the PRemedia Design
(Stell 2019). When properly injected, EB®Ilus will rapidly create strong reducing conditions
via abiotic and biotic mechanisms. Nasiae (i.e., less than 100 micron) ZVI particles provide
substantial reactive surface area that stimulates diterhical dechlorination of CVOCs upon
contact. Additionally, ferrous iron (Fe+2) generatedn the groundwateby the introduction of
the ZVI component ofEHC® Plus Following injection,dissolved Fe+2will migrate into areas
with higher redox potentisdnd will precipitate out as various ferrous and ferric compounds,
including, but not limited to, iron oxider sulfide.The iron can act as an oxygen scavenger to help
createreducing conditions.

As the bacteria ferment the organic portion of EH®us, they release volatile fatty acids (e.g.,
lactic, propionic, butyric acids), which diffuse into the groundwater plume and serve as electron
donorsto stimulatehe metabolic processe§other bacteria, including dehalogenators.

In addition to the ZVland carbon substrate in EBCEHC® Plus also contains 15% powdered
activated carbon (PAC). PAC is useful in biotic CVOC degradation. Contaminant mass and
electron donors supplied by the organic portion of the EHC® Plus are concentrated on PAC
particles, dbwing dehalogenating bacteria to more effectively metabolize contaminant mass. PAC
also sequesters contaminant mass from the dissolved phase, potentially aiding in slowing COC
migration via groundwater flow.

EHC® Plusis sold as a solid powder and is paegd as a slurry esite by mixing with anaerobic

water.A product fact sheet for EHCPIus is included in AppendiB. A potassium bicarbonate

buffer will also be added tilve slurry toadjust aquifer pH to the ideal pH range for biotic CVOC
degradation(6 to 8). The buffer dosing rate was established by a buffer titration bench test
conducted by Peroxghem before implementing the injection pilot t¢3¢oxyCh e m dmsmary

reportis providedn AppendixC for referenceThe PRDI demonstrated that
ranged between 4.5 and 5.5 (Stell 2019)

For each injection pointheslurry will be prepared consisting of 350 pound€biC® Plus 350

pounds of potassium bicarbonate, and 120 gallons of anaerobic Astdiscussed previously,
sodium ascorbate will be added to the makeup water to turn the water anaerobic and neutralize
chlorine that could inhibit or kill the SDG microbes.SDC9 is discussed ifurther detail in
Section 5.3
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Theapproximate total quiities of amendments and makeup water are as follasgsimingl94
EHC® Plusinjection pointsand64 SDG-9 injection pointswhich isdiscussed in further detai
the subsequent sections

1 68,250pounds of EHE Plus

1 68,250pounds of potassiutmicarbonate
1 23,400gallons of anaerobic water

1 59pounds of sodium ascorbate

The prepared slurry will be injected at three discrete depth intervals and will be preceded by pre
fracturing using anaerobic water, as describeldw.

5.2 pHBUFFER

Acceptable pH for microbial contaminant degradation is between 5 to 9, with an optimal pH range
from 6 to 8. Existing pH values typical of the contaminated aquifer are generally below the ideal
range.Additionally, the contaminant degradation process cathér lower the pH of the aquifer

by generating volatile fatty acids and liberating chloride ions from chlorinated contaminant
molecules.Therefore,the pH of the aquifer will be adjusted to the appropriate pH range by
injecting potassium bicarbonate berffconcurrently with th&HC® Plus amendment. Abench
scalebuffer test was performed prior to implementation of the pilot scale injection test and buffer
dosing results from the buffer tests were establish buffer dosing rates for the pilot test-and full
scale implementation.

5.3 SDC-9 INJECTION COMP OSITION

After the EHC Plus injection program is complete, the site will be inoculated with-SD&
equivalent) at areas with higher contaminant concentratioB®G9 is a consortium of
microorganisms used to cofefely biodegradelfCE to ethene. It contains multiple strains of
Dehalococcoides maccat(DHC) as well asother bacteria that support the growth @HC
populations SDG9 is effective wherd®HC is absent and can increase theeldorination rates
As demonstrated in the 2019 Technical MemorandiAC populations are not found at ttsge
(Stell 2019).The addition of an inoculuprsuch as SD@, will help ensure that the organic
component of the injectdBHC® Plusis used for biotic contaminant giadation A product fact
sheet for SDE is included in AppendiB.

SDGC9 is soldin 19liter stainless steel kegsa greenish liquidThe SDG9 inoculum must be
maintained on ice until injecteds previously discussedpolers containing ice will betaged in

the Conex box for the purpose of maintaining itheal temperature of the SD& inoculum.
Although SDC9 has a shelf life of approximately 3 weeks if properly stored, weekly shipments
of SDG9 will be arranged to ensure microbe viability.

The bufer solution used to adjust the groundwater pH for the application o BMEG will also
be benetial for the application of SDO; SDG9 is also most effective in the pH range of 6 to 8.

Care must be taken not to introduce air or aerobic water duren@gplication of the SDS
inoculation. Pressurized nitrogen should be used to deliver the93B@he injection pointslf
water is used during the inoculation process, anaerobic water should be used.

Oneliter per inoculum boring of SDG will be appied to the64 borings shown in Figuresb
through 54 and summarized in Section B. The total amount oSDG9 necessarywill be
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calculateddetermining the total inner volume of hoses and DPT rods that will be used to deliver
the SDG9 inoculum This will be determined by thiejection applicatiorsubcontractor.

5.4 INJECTION SPACING

Injection amendments will be applied to the most heavily impacted portions of the contaminant
plume infour injection areasljection Areas A, B, Cand D asshownon Figures 5-1 through 5
4).

A treatment area of approximately,100square feet is proposdshsed on the most recent
treatment arewvide groundwater sampling results (Figute$and1-5). This area was selected to
eliminate contaminant source mass identified Bealding 31 and along the ditch near monitoring

well MW-4. Injection points will be horizontally spaced afto®t intervals. This interval assumes

an injection ROI of 4 feet. This ROl was determined to be ideal for the site as a result of the PRDI
injection test observations (Stell 201%he DD calls for an injection area approximately 100 feet
long by 100 feet wide. Howevethe approximatel4,100square footinjection area has been
selected based on recent groundwater monitoring results to addressnagpataminant mass
source area®issuming an injection spacing ofé@et, approximatel94injection pointsof EHC®
Pluswould be required to apply amendment to the proposed treatment area.

Injection locations will be placed in an offset grid patten maximize the distribution
effectiveness. Some injection points may have to be omitted or relocated due to site conditions
(i.e., topography inaccessible to the injection equipment, subsurface utilities, buried debris, etc.).

5.5 INJECTION AREAS

Injections wil be applied sequentially in Injection Areas A, BaBd D asshownon Figures 5-1
through 54.

Injection areas are as follows:

1 Injection Area Ai selected to degrade CT and TCE mass in the area surroundirlGVW
See Figure 2.

1 Injection Area Bi selected to degrade CT and TCE mass in the area surrounding MW
and MW12 plus the mound area extending east to Injection Areze€ Figure 3.

1 Injection Area Ci selected to degrade suspected CT and TCE mass near Building 31
(suspected source of TCE piacty. See Figure 5.

1 Injection Area Di selected to degrade€T and TCE mass in the area between M\Ahd
MW-19. See Figure-3.

The area between Building 31 and MA\s characterized by a large topographic moutids
anticipated that brush cleariagd limited earth moving will be required for the DPT equipment
to access the mound area to conduct injection operations.

Additionally, thereis a ditchshown on Figures-& through 53 to indicate thathis area may be
problematico accessvith DPT equipmentwhen injecting the amendments.

5.6 EHC®PLUSINJECTION METHODOLOG Y

Injections of the EHE Plus will be implemented using a pressantivated injection tooling tip
and hollow drive rods. These rods will be advanced into the subsurface by a DPT machine.
Injections will be completed using a tdpwn approach with prevater fracturingbased on
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favorable results during the injection pilot test using this method. Other injection methods were
evaluated during the injection pilot test, including botigpnand topdown without prewater
fracturing; those methods did not resulthe vertical and lateal distribution observed using the
top-down with prewater fracturing methadThe amendment slurry will be injected at the
shallowest target interval first, subsequently followed by injections into deeper target intervals.

Three injection target intervalsave been selected for the application of EH&us. These
intervals were established in order to distribute amendments across the-i@y@&ed stratum
in the aquifer. The intervals are shown in TabldstBrough %4.

It is critical thatinjection depths not exceed 25 feet bgs under any circumstance, so as to prevent
penetration of the base of the silt layer, which could result in contaminant migration to the clean
units below the silt layefThisis noted here, as well asTiables 51 through 54. Injection borings

should not penetrate the base of the silt layer encountered at the bottom of the proposed injection
intervals.Introducing some remedial amendment within or immediately above the silt layer may
help facilitate remediation asre@ contaminant mass may have infiltrated the silt layer over time
despite its relatively low hydraulic conductivity. Further, emplacing PAC in close proximity to the
silt layer may help control baadiffusion that may occur as the more permeable lithologits

are remediated and the more difficult to access silts contribute contaminant mass to the remediated
units above it. However, the base of the silt layer should not be pengtaated prevent
contaminant migration ttheclean units belowhe siltlayer.

At each injection location, the DPT machine will advance injection tooling to the shallowest target
interval and apply approximately 15 gallons of anaerobic water at approximately 100 to 150
pounds per square inch (psi) of pressure teffaeure he aquifer formation. The preparation of

the anaerobic water is discussed in Sectidn3. During injecton, ORP, pH, and DQf the
amendmentvill need to be monitored

Following prefracturing, onehird of the prepared slurry will be injected into #allowest target
interval at an approximate pressure of 200 to 300 psi. The DPT tooling will then be advanced to
the next deepest tip opening depth. Thefpaeturing and injection process will be repeated. Once
the intermediate depth has been irgecthe deepest target interval will be injected.

After completing injections at a given injection point, DPT tooling will be retracted and the
borehole will be filled with bentonite chips and hydrated to seal the borehole.

5.7 SDC-9INJECTION METHODOLOG Y

The SDC9 inoculum will be injected at select injection borings shown on Fsdufliethrough 5
4. Pressurectivated injection tooling tip and hollow drive rods, advanced by a DPT machine, will
be used to inject the SBZinoaulum.

Care must be taken not itatroduce air or aerobic water during the SB@noculation process.

Prior to injecting the SD@® inoculum, one system volume of anaerobic water will be pumped
through the hoses and DPT rods to ensure that air and anaerobic water have been purged.
Pressurzed nitrogen should be used to deliver the SD@ water is used during the inoculation
process, anaerobic water should be used.

SDGC-9 borings will be as close as possible to corresponding®@#MiGinjection boringswithout
causing daylighting of eitliematerial. One Liter per boring of SDO will be introduced in
accordance with user instructions provided in AppeliX6DG-9 injections will occur at one
depthper boring at the intermediate tippeningdeptts summarized in Tables-5 through 4.
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Theinjection tool tip will bevertically centered within the EHCPIus injection depth intervals
surrounding the SDQ injection points.

After applying the SDE inoculum, two system volumes of anaerobic water will be pumped
through the hosesd DPT rods to ensure that the inoculum is delivered into the subsurface. DPT
rods will then be retracted and the borehole will be filled with bentonite chips and hydrated.
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FIGURE 5-2
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FIGURE 5-3
INJECTION AREA B

Waldorf Nike Site (W-44)
Launch Area Location
Town of Waldorf, Charles
County, MD

Legend
e EHC Injection Point Location
® SDC-9 Inoculation Point Location
@ Monitoring Well Location

H==¢== Fence

: Approximate Extent Mound

E Approximate Extent of Ditch
Approximate SDC-9

:l Radius of Influence
Approximate EHC Injection
Radius of Influence

"
' : FUDs Site Boundary

EHC Injection Areas

D Frac Tank Staging Area

- — Fect
0 5 10 20
Imagery September 2016 NAIP

Projection: WGS 1984 UTM Zone 18 North

STELL

600 Eagleview Bivd, Suite 300 (610) 286-0100
Exton, PA 19341 wvw.stellee.com

FILE PARIKEVAREN meciar JreaB red 5 03 30 FHY 27 G020 jehna

USACE Baltimore District 5-11 April 2020



Final RemediaDesign Work Plan Former Waldorf Nike Missile Battery W4

This page isntentionally left blank.

USACE Baltimore District 5-12 April 2020



Final RemedialDesign Work Plan Former Waldorf Nike Missile Battery W4

FIGURE 5-4
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Table 5-1: Injection Area A Depths and Amendment Amounts

o Upper Tip Interm_ediate Tip L0\_/ver Tip EHC® Plus F_’otassium Anaerobic SDC-9
Injection ID Opening Depths | Opening Depths | Opening Depths (Pounds) Bicarbonate Water (Liters)
(Feet bgs) (Feet bgs) (Feet bgs)* (Pounds) (Gallons)
A-Al 18 215 25 350 350 120 N/A
A-A2 18 215 25 350 350 120 N/A
A-A3 18 21.5 25 350 350 120 N/A
A-A3 (SDG9) N/A 215 N/A N/A N/A Varies 1
A-Ad 18 21.5 25 350 350 120 N/A
A-A5 18 215 25 350 350 120 N/A
A-A5 (SDG9) N/A 21.5 N/A N/A N/A Varies 1
A-Bl 18 21.5 25 350 350 120 N/A
A-B2 18 215 25 350 350 120 N/A
A-B2 (SDG9) N/A 21.5 N/A N/A N/A Varies 1
A-B3 18 215 25 350 350 120 N/A
A-B4 18 21.5 25 350 350 120 N/A
A-B5 18 215 25 350 350 120 N/A
A-B6 18 21.5 25 350 350 120 N/A
A-C1 18 21.5 25 350 350 120 N/A
A-C1 (SDG9) N/A 21.5 N/A N/A N/A Varies 1
A-C2 18 21.5 25 350 350 120 N/A
A-C3 18 21.5 25 350 350 120 N/A
A-C3 (SDG9) N/A 21.5 N/A N/A N/A Varies 1
A-C4 18 21.5 25 350 350 120 N/A
A-C5 18 21.5 25 350 350 120 N/A
A-C5 (SDG9) N/A 21.5 N/A N/A N/A Varies 1
A-D1 18 215 25 350 350 120 N/A
A-D1 (SDG9) N/A 215 N/A N/A N/A Varies 1
A-D2 18 215 25 350 350 120 N/A
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o Upper Tip Interm_ediate Tip L0\_/ver Tip EHC® Plus F_’otassium Anaerobic SDC-9

Injection ID Opening Depths | Opening Depths | Opening Depths (Pounds) Bicarbonate Water (Liters)

(Feet bgs) (Feet bgs) (Feet bgs)* (Pounds) (Gallons)

A-D2 (SDG9) N/A 215 N/A N/A N/A Varies 1
A-D3 18 215 25 350 350 120 N/A
A-D4 18 21.5 25 350 350 120 N/A
A-D5 18 215 25 350 350 120 N/A

A-D5 (SDG9) N/A 21.5 N/A N/A N/A Varies 1
A-E1 18 215 25 350 350 120 N/A

A-E1 (SDG9) N/A 21.5 N/A N/A N/A Varies 1
A-E2 18 21.5 25 350 350 120 N/A
A-E3 18 215 25 350 350 120 N/A
A-F1 18 21.5 25 350 350 120 N/A
A-F2 18 215 25 350 350 120 N/A

A-F2(SDGC9) N/A 21.5 N/A N/A N/A Varies 1

Notes

* Injection depths shall noexceed 25 feet bgsder any circumstanceso asto preventpenetration of the

base of the silt layer, which could result in contaminamigration to the clean units below the silt layer.
bgs = below ground surface
Anaerobic water to be prepared using sodium ascorbate prior to injection

Field adjustentof locations will be necessary due to topography and/or subsurface obstructions
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Table 5-2: Injection Area B Depths and Amendment Amounts

Injection 1D Oplé?]\?rlg I;I(fpths EHC® Plus Bliac(:);?sg:gpe Ar\]/%g:g? © S!DC—Q
(Feet bgs)* (Pounds) (Pounds) (Gallons) (Liters)
B-Al 23 350 350 120 N/A
B-Al (SDG9) N/A N/A N/A Varies 1
B-A2 23 350 350 120 N/A
B-A3 23 350 350 120 N/A
B-A3 (SDG9) N/A N/A N/A Varies 1
B-A4 23 350 350 120 N/A
B-A5 23 350 350 120 N/A
B-A5 (SDG9) N/A N/A N/A Varies 1
B-A6 23 350 350 120 N/A
B-A7 23 350 350 120 N/A
B-A7 (SDG9) N/A N/A N/A Varies 1
B-A8 23 350 350 120 N/A
B-A9 23 350 350 120 N/A
B-A9 (SDG9) N/A N/A N/A Varies 1
B-A10 23 350 350 120 N/A
B-All 23 350 350 120 N/A
B-All (SDG9) N/A N/A N/A Varies 1
B-Al12 23 350 350 120 N/A
B-B1 23 350 350 120 N/A
B-B1 (SDG9) N/A N/A N/A Varies 1
B-B2 23 350 350 120 N/A
B-B2 (SDG9) N/A N/A N/A Varies 1
B-B3 23 350 350 120 N/A
B-B4 23 350 350 120 N/A
B-B4 (SDG9) N/A N/A N/A Varies 1
B-B5 23 350 350 120 N/A
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iecion'o e e i I
(Feet bgs)* (Pounds) (Gallons)
B-B6 23 350 350 120 N/A
B-B6 (SDG9) N/A N/A N/A Varies 1
B-B7 23 350 350 120 N/A
B-B8 23 350 350 120 N/A
B-B8 (SDG9) N/A N/A N/A Varies 1
B-B9 23 350 350 120 N/A
B-B10 23 350 350 120 N/A
B-B10 (SDG9) N/A N/A N/A Varies 1
B-B11 23 350 350 120 N/A
B-B12 23 350 350 120 N/A
B-C1 23 350 350 120 N/A
B-C2 23 350 350 120 N/A
B-C3 23 350 350 120 N/A
B-C4 23 350 350 120 N/A
B-C5 23 350 350 120 N/A
B-C6 23 350 350 120 N/A
B-C7 23 350 350 120 N/A
B-C8 23 350 350 120 N/A
B-C9 23 350 350 120 N/A
B-C10 23 350 350 120 N/A
B-C11 23 350 350 120 N/A
B-C12 23 350 350 120 N/A
B-D1 23 350 350 120 N/A
B-D1 (SDGY9) N/A N/A N/A Varies 1
B-D2 23 350 350 120 N/A
B-D3 23 350 350 120 N/A
B-D3 (SDG9) N/A N/A N/A Varies 1
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iecion'o e e i I
(Feet bgs)* (Pounds) (Gallons)
B-D4 23 350 350 120 N/A
B-D5 23 350 350 120 N/A
B-D5 (SDG9) N/A N/A N/A Varies 1
B-D6 23 350 350 120 N/A
B-D7 19 350 350 120 N/A
B-D7 (SDG9) N/A N/A N/A Varies 1
B-D8 19 350 350 120 N/A
B-D9 19 350 350 120 N/A
B-D9 (SDG9) N/A N/A N/A Varies 1
B-D10 19 350 350 120 N/A
B-D11 19 350 350 120 N/A
B-D11 (SDG9) N/A N/A N/A Varies 1
B-E1l 23 350 350 120 N/A
B-E2 23 350 350 120 N/A
B-E3 23 350 350 120 N/A
B-E4 19 350 350 120 N/A
B-E5 19 350 350 120 N/A
B-E6 19 350 350 120 N/A
B-E7 23 350 350 120 N/A
B-E8 23 350 350 120 N/A
B-E9 19 350 350 120 N/A
B-E10 19 350 350 120 N/A
B-F1 23 350 350 120 N/A
B-F2 19 350 350 120 N/A
B-F2 (SDG9) N/A N/A N/A Varies 1
B-F3 19 350 350 120 N/A
B-F3 (SDG9) N/A N/A N/A Varies 1
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iecion'o e e i I
(Feet bgs)* (Pounds) (Gallons)
B-F4 19 350 350 120 N/A
B-F5 23 350 350 120 N/A
B-F5 (SDG9) N/A N/A N/A Varies 1
B-F6 23 350 350 120 N/A
B-F7 23 350 350 120 N/A
B-F7 (SDG9) N/A N/A N/A Varies 1
B-F8 23 350 350 120 N/A
B-F9 23 350 350 120 N/A
B-F9 (SDG9) N/A N/A N/A Varies 1
B-F10 23 350 350 120 N/A
B-G1 19 350 350 120 N/A
B-G2 19 350 350 120 N/A
B-G3 23 350 350 120 N/A
B-G4 23 350 350 120 N/A
B-G5 23 350 350 120 N/A
B-G6 23 350 350 120 N/A
B-G7 23 350 350 120 N/A
B-G8 23 350 350 120 N/A
B-G9 23 350 350 120 N/A
B-G10 23 350 350 120 N/A
B-H1 23 350 350 120 N/A
B-H1 (SDGY9) N/A N/A N/A Varies 1
B-H2 23 350 350 120 N/A
B-H3 23 350 350 120 N/A
B-H3 (SDG9) N/A N/A N/A Varies 1
B-H4 23 350 350 120 N/A
B-H5 23 350 350 120 N/A
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iecion'o e e i I
(Feet bgs)* (Pounds) (Gallons)

B-H5 (SDG9) N/A N/A N/A Varies 1
B-H6 23 350 350 120 N/A
B-H7 23 350 350 120 N/A

B-H7 (SDG9) N/A N/A N/A Varies 1
B-H8 23 350 350 120 N/A
B-H9 23 350 350 120 N/A

B-H9 (SDGY9) N/A N/A N/A Varies 1
B-11 23 350 350 120 N/A
B-12 23 350 350 120 N/A
B-13 23 350 350 120 N/A
B-14 23 350 350 120 N/A
B-15 23 350 350 120 N/A
B-16 23 350 350 120 N/A
B-17 23 350 350 120 N/A
B-18 23 350 350 120 N/A
B-J1 23 350 350 120 N/A

B-J1 (SDG9) N/A N/A N/A Varies 1
B-J2 23 350 350 120 N/A
B-J3 23 350 350 120 N/A

B-J3 (SDG9) N/A N/A N/A Varies 1
B-J4 23 350 350 120 N/A
B-J5 23 350 350 120 N/A

B-J5(SDG9) N/A N/A N/A Varies 1
B-J6 23 350 350 120 N/A
B-J7 23 350 350 120 N/A

B-J7 (SDG9) N/A N/A N/A Varies 1
B-J8 23 350 350 120 N/A

USACE Baltimore District 5-21 April 2020



Final RemediaDesign Work Plan

Former Waldorf Nike Missile Battery W4

iecion'o e e i I
(Feet bgs)* (Pounds) (Gallons)
B-K1 23 350 350 120 N/A
B-K2 23 350 350 120 N/A
B-K3 23 350 350 120 N/A
B-K4 23 350 350 120 N/A
B-K5 23 350 350 120 N/A
B-K6 23 350 350 120 N/A
B-K7 23 350 350 120 N/A
B-L1 23 350 350 120 N/A
B-L1 (SDG9) N/A N/A N/A Varies 1
B-L2 23 350 350 120 N/A
B-L3 23 350 350 120 N/A
B-L3(SDC9) N/A N/A N/A Varies 1
B-L4 23 350 350 120 N/A
B-L5 23 350 350 120 N/A
B-L5 (SDG9) N/A N/A N/A Varies 1
B-L6 23 350 350 120 N/A
B-L7 23 350 350 120 N/A
B-L7 (SDG9) N/A N/A N/A Varies 1
B-M1 23 350 350 120 N/A
B-M2 23 350 350 120 N/A
B-M3 23 350 350 120 N/A
B-M4 23 350 350 120 N/A
B-M5 23 350 350 120 N/A
B-M6 23 350 350 120 N/A
B-N1 23 350 350 120 N/A
B-N1 (SDGY9) N/A N/A N/A Varies 1
B-N2 23 350 350 120 N/A
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o Upper Tip Interm_ediate Tip Loyver Tip EHC® Plus F_’otassium Anaerobic SDC-9
Injection ID Opening Depths | Opening Depths | Opening Depths (Pounds) Bicarbonate Water (Liters)
(Feet bgs) (Feet bgs) (Feet bgs)* (Pounds) (Gallons)
B-N3 18 20.5 23 350 350 120 N/A
B-N3 (SDG9) N/A 20.5 N/A N/A N/A Varies 1
B-N4 18 20.5 23 350 350 120 N/A
B-N5 18 20.5 23 350 350 120 N/A
B-N5 (SDG9) N/A 20.5 N/A N/A N/A Varies 1
B-O1 18 20.5 23 350 350 120 N/A
B-O2 18 20.5 23 350 350 120 N/A
B-O3 18 20.5 23 350 350 120 N/A
B-O4 18 20.5 23 350 350 120 N/A
B-O5 18 20.5 23 350 350 120 N/A
B-P1 18 20.5 23 350 350 120 N/A
B-P1(SDG9) N/A 20.5 N/A N/A N/A Varies 1
B-P2 18 20.5 23 350 350 120 N/A
B-P3 18 20.5 23 350 350 120 N/A
B-P3 (SDG9) N/A 20.5 N/A N/A N/A Varies 1
B-P4 18 20.5 23 350 350 120 N/A
B-Q1 18 20.5 23 350 350 120 N/A
B-Q2 18 20.5 23 350 350 120 N/A
B-Q3 18 20.5 23 350 350 120 N/A
B-Q4 18 20.5 23 350 350 120 N/A
Notes:

* Injection depths shall not exceed 25 feet bgs under any circumstance, so as to prevent penetration of the base daylee, sithich could result in

contaminant migration to theclean units below the silt layer.

bgs = below ground surface
Anaerobic water to be prepared using sodium ascorbate prior to injection
Shallower depths are indicated to compensate for lower surface elevations in the ditchmegstafngwell MW-4.
Field adjusientof locations will be necessary due to topography and/or subsurface obstructions
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Table 5-3: Injection Area C Depths and Amendment Amounts

Upper Tip Intermediate Tip Lower Tip EHCE® P Potassium Anaerobic
_— L ; ; us . SDC9
Injection ID Opening Depths | Opening Depths | Opening Depths (Pounds) Bicarbonate Water (Liters)
(Feet bgs) (Feet bgs) (Feet bgs)* (Pounds) (Gallons)
C-Al 18 20.5 23 350 350 120 N/A
C-A2 18 20.5 23 350 350 120 N/A
C-A3 18 20.5 23 350 350 120 N/A
C-A3 (SDG9) N/A 20.5 N/A N/A N/A Varies 1
C-B1 18 20.5 23 350 350 120 N/A
C-B1 (SDG9) N/A 20.5 N/A N/A N/A Varies 1
C-B2 18 20.5 23 350 350 120 N/A
C-B3 18 20.5 23 350 350 120 N/A
c-C1 18 20.5 23 350 350 120 N/A
C-C2 18 20.5 23 350 350 120 N/A
C-C3 18 20.5 23 350 350 120 N/A
C-C3 (SDGY9) N/A 20.5 N/A N/A N/A Varies 1
C-C4 18 20.5 23 350 350 120 N/A
C-D1 18 20.5 23 350 350 120 N/A
C-D2 18 20.5 23 350 350 120 N/A
C-D3 18 20.5 23 350 350 120 N/A
C-D3 (SDG9) N/A 20.5 N/A N/A N/A Varies 1
Notes:

* Injection depths shall not exceed 25 feet bgs under any circumstance, so as to ppesegtration of the

base of the silt layer, which could result in contaminant migration to the clean units below the silt layel
bgs = below ground surface
Anaerobic water to be prepared using sodium ascorbate prior to injection
Field adjustentof locations will be necessary due to topography and/or subsurface obstructions
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Table 5-4: Injection Area D Depths and Amendment Amounts

Upper Tip Intermediate Tip Lower Tip ® Potassium Anaerobic
Injection 1D Opening Depths | Opening Depths | Opening Depths EHC® Plus Bicarbonate Water SDC—9
(Feet bgs) (Feet bgs) (Feet bgs)* (Pounds) (Pounds) (Gallons) (Liters)
D-Al 18 21.5 25 350 350 120 N/A
D-A2 18 21.5 25 350 350 120 N/A
D-A3 18 21.5 25 350 350 120 N/A
D-B1 18 21.5 25 350 350 120 N/A
D-B1 (SDGY9) N/A 21.5 N/A N/A N/A Varies 1
D-B2 18 21.5 25 350 350 120 N/A
D-B3 18 21.5 25 350 350 120 N/A
D-B3 (SDG9) N/A 21.5 N/A N/A N/A Varies 1
D-C1 18 21.5 25 350 350 120 N/A
D-C2 18 21.5 25 350 350 120 N/A
D-C2 (SDG9) N/A 21.5 N/A N/A N/A Varies 1
D-C3 18 21.5 25 350 350 120 N/A
D-C3(SDG9) N/A 21.5 N/A N/A N/A Varies 1
D-D1 18 21.5 25 350 350 120 N/A
D-D1 (SDGY9) 18 21.5 25 350 350 120 N/A
D-D2 18 21.5 25 350 350 120 N/A
D-D3 18 21.5 25 350 350 120 N/A
D-E1 18 21.5 25 350 350 120 N/A
D-E2 18 21.5 25 350 350 120 N/A
D-E2 (SDGY9) N/A 21.5 N/A N/A N/A Varies 1
Notes:

* Injection depths shall not exceed 25 feet bgs under any circumstance, so as to prevent penetration of tl

base of the silt layer, which could result in contaminant migration to the clean units below the silt layer.
bgs = below ground surface
Anaerobic water to be prepared using sodium ascorbate prior to injection

Field adjustentof locations will be necessary due to topography and/or subsurface obstructions
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6.0 SITE MONITORING AND PERF ORMANCE EVALUATION

Following theinjections of the ISCR amendment, the SMPE plan wiliigemened. The SMPE
will consist of groundwater sampling the existing groundwater monitoring wells at regular
intervalsand evaluating analytical data to evaluate the effectiveness BRthe

6.1 GROUNDWATER SAMPLING

Once theRA is completegroundwater sapling will be conducted to determine the effectiveness
of the RAand to ensuréhattheinjection programhasnot resulted in the mobilization of COCs
and exparsion ofthe contaminant plumetoward theadjacentprivate residencesGroundwater
samplesare scheduled tbe collected froneightgroundwaer monitoring wells a8, 6, 9, 12, 18,

24, 30, and 36months following injection completiortHowever, quarterly sampling may be
continued after the first year based on the results bhieal reviews and discussions with MDE.
Per the DD, tiis anticipatedhat the RAOs will be achieved upon the completiothcgeyears of
monitoring and four total years following the implementation of the(RRT 2015.

Thefollowing eight wells selectéfor postinjection sitemonitoring areshown onFigure 61 and
arelocated within the outline of the CT and TCE plupaswell as up, cross, and downgradient
of the plume

1 MW-17 (upgradiendf the CT and TCE plumesinimpacted background well)
MW-4 (within CT and TCEplumes location ofthe hihest CTconcentratioh

MW-7 (within CT and TCE plumes)

MW-12 (within CT and TCEplumes location of the highest CT concentration)
MW-18 (within theCT plume;downgradient sentinel well)

MW-19 (within the CT and TCE plumes; locationtbe highest TCE concentration)
MW-20 (within the CT and TCE plumes)

T MW-24 (within the CT and TCE plumes)

Groundwater sampling at thes®nitoring wellsis expected tgrovide adequate informatidn

evaluatepotental increases in COC concentrations near dbe/ngradient residencelbat may
occur if COCs mobilize. Of particular concern near the downgradient residencdiseisinyl

chloridebyproductgenerated from the ISCR process, which may presemthatationhazard if
present in sufficientoncentrations

=4 =4 A4 A4 A -2

It is noted that groundwater sampliagMW-24 is critical toverifying CVOC concentrationsn
groundwater upgradient of tipgivate residence locat@émmediately northwest of MV24.

6.1.1 GROUNDWATER LEVEL MEASUREMENTS

Prior to purging or sampling, the static water level of each groundwater monitoring well will be
determined. Groundwater level measurements will be taken using an interface probe designed to
differentiate between two liquid phases, repent. Groundwater elevations will be measured to

the nearest 0.01 feet.

The probe will be lowered gently into the well casing until it signals contact with the fluid surface
in the well, and a level reading will be recorded. The probe will then beddweerify the total
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depth of the monitoring well. The differences between the measured total well depths and
constructed well depths will be compared to determine if significant siltation of the well screen
has occurred.

Although NAPL has never been deted at the sitef, NAPL is indicated, the probe will be lowered
until the NAPL/waterinterface is detected. This procedure will be continued during total depth
measurement to determiii@lense NAPL is present in the bottom of the well. Measuremerits wil
be referenced to the top of thell casing at a point based on a visual examination of the high
point of the cut casing surfacpreviously marked reference point, or to magnetic north if the
previous points are not discernable. ddipth measurementslhbe interpolated and recorded to
one hundredth of a foot.

6.1.2 GROUNDWATER SAMPLE COLLECTION

Eight existing groundwater monitoring wells will be purged and sampled for VOCs using a
submersible pump with dedicated tubing using low stress (low flow) prstotatcordance with
USEPA SOP EQASO®5W4 (2017). Care must be taken to ensure the sample pump irgake
installed within the screened interval at each monitoring well locatiegld measurement
equipment used during groundwater sampling will consist of a Horba Water quality meter,

or similar instrument, with a flowhrough cell and a water level indicator. The Horiba water
quality meter will be calibrated each morning prio usage in the field. Purge water will pass
through the Horiba flovthrough cell where pH, conductivityurbidity, DO, temperature, and
ORPval ues wil|l be monitored and recorded on
minutes dependent upothe flow rate to ensure that a minimum of one filmough cell volume

is purged between each consecutive readidagrh well will be purged untihe groundwater
guality parameters have stabilizess indicatedbelow, to ensure that formation water is bgin
sampled. Wells will be considered stabilized when the following criteria are observed over three
consecutive measurements obtained approximately 3 to 5 minutes apart:

pH: +/- 0.1 standard pH unit
Specific conductance: +8%
Turbidity: +~ 10%NTUs

DO within 10%
Temperature: +/3%

ORP: +£10%

Dedicated tubing will be disconnected from the fitwough cell once the water quality has
stabilized. Using the same pump and dedicated tubing from the well purging, the groumdivater
be transferred diregtlinto laboratorysupplied sample containeihe samples will be shipped to
a certified laboratory andnalyzed fothe following parameters:

1 VOCs by USEPA S\W846 Method 8260B
1 Total iron by USEPA S\W846 Method 6010C
1 Performance monitoringarameters:
- TOC by USEPA S\W846 Method 9060A
- Alkalinity by Standard Method 2320B
- Chloride, nitrate, and sulfate anions by USEPA-846 Method 9056A

= =4 =4 -8 -8 -1
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- Figure6-1: Post Injection Site Monitoring
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