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EXECUTIVE SUMMARY

This report summarizes the Resource Conservation and Recovery Act (RCRA) Fecility
Investigation (RFI), conducted by Malcolm Pirnieand Louis Berger & Associates, Inc., (LBA) a
the Main Manufacturing Area Watervliet Arsena (WVA), Watervliet, New York. The RFl was
performed under Contract DACA31-94-D-0017 with the U.S. Army Corps of Engineers
(USACE), Bdtimore Didrict in accordance with an Adminigtrative Order on Consent, Docket No.
Il RCRA-3008(h)-93-0210, between WV A, the New Y ork State Department of Environmentd
Conszrvation (NY SDEC) and theRegion 11 U.S. Environmental Protection Agency (USEPA). The
Order on Consent requires the investigation of 27 named and additional unnamed Solid Waste
Management Units (SWMUS) at the Watervliet Arsend. The purpose of thisreport isto compile
exiging steinformation and hydrogeol ogic and chemica datathat has been gathered fromindividud
ste RFIs and RFAs conducted concurrently at Buildings 25, 35, 36 and 135, the Arsenawide
Hydrogeologic Investigation, Manhole 43 Investigation, and the SWMUSs 7-14 Investigation, as
part of theseinvedtigationsdl the SWMUsin the Main Manufacturing Areawereinvestigated. This
gpproach has resulted in a report which provides a better overdl picture of the Ste-wide
hydrogeology and contamination distribution. The WVA, NY SDEC, and USEPA will use the
results of the report to assess the need for interim corrective measures (ICM) and/or a corrective
measures study (CMS).

The WVA is a 140-acre government-owned ingtalation under the command of the U.S.
Army Industrid Operations Command (USAIOC). TheWVA islocated inthe City of Watervliet,
New York, which iswest of the Hudson River, and five miles north of the City of Albany. The
WVA congdts of two primary aress. the Main Manufacturing Area, where manufacturing and
adminigrative operations occur, and the SberiaArea, which isprimarily used for the torage of raw
and hazardous materids, finished goods, and supplies brought from the Main Manufacturing Area.

Activities conducted at the WV A include the manufacture of tubesand tube assembliesfor

cannons, cannon components, mortars, and recoilless rifles. The primary hazardous wastes
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generated at the WV A are acid and cyanide wastes from plating operations. Additiona hazardous

wastes generated from Ste operations include non-hal ogenated spent solvents, asbestos, mercury

containing wagtes, smal quantities of soluble ails, pesticides, cleaning solutions, and laboratory

waste such as sulfuric and phosphoric acid. Petroleum, oil, and lubricants (POLs) have been and

are currently used in machining operations.

Severd environmenta studies have been conducted in the Main Manufacturing Area of

WVA. Detaled information concerning investigations of contamination at the WV A prior to 1980

arenot reedily available. Thefollowingisaligt of the previousmgor investigations completed at the

qte
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U.S. Army Toxic and Hazardous Materids Agency, 1980
William Cosulich Associates, P.C., 1980

Department of the Army, 1983

Dames & Moore, 1983

Empire- Thomsen, 1986

Groundwater Technology, Inc Report, 1987
Environmental Science and Engineering, 1987

C.T. Mae Associates (CTM) Report, 1990

Clough, Harbour and Associates, 1991

The Man Manufacturing Area investigation was conducted during the period of March

1995 through June 1998. Macolm Pirnieand LBA performed thefollowing tasksin order to assess

the nature and extent of contamination a the Main Manufacturing Area:

#

= OHF OH O H R

#

Site reconnai ssance and document search
Surface soil sampling and analyss

Soil Gas survey

Soil boring sampling and andlyss
Monitoring wdl ingalation

Groundwater sampling and andys's
Process pit sampling and analysis

Hydraulic conductivity testing
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# Borehole geophysica survey

The results of the hydrogeologic characterization conducted a the Main Manufacturing
Area show that a groundwater divide exigtsin the area of Building 135 which is coincident with a
bedrock ridge. Groundwater flows from the divide (bedrock ridge) in the area of Building 135,
east towardsthe Hudson River, whichisto theeast of WVA, and to the west, towards the Siberia
Area. Hydrogeologic flow sections congtructed for the Main Manufacturing Areaiindicate thet a
intermediate flow system exigts across the Site, with groundwater being recharged at the bedrock
ridge and flowing adong intermediate flow paths to the discharge area at the eastern site boundary
which isin close proximity to the Hudson River. A deeper flow system is dso bdlieved to exist
within a lower permeable wit across the Ste where recharge rates into the monitoring wells is
extremely low. However, thewhole hydrogeol ogic system at the Siteis unconfined and actsasone
system with varying hydraulic properties. Theresults of the site hydrogeol ogic characterization dso
showsthat the groundwater tableiswithin the competent bedrock in the western portions of thesite
and as you move eastward the water table is present within the weethered bedrock and then the
overburden. Direct recharge of groundwater tothe bedrock isoccurring inthe western portions of
theste, and it isprobablethat thisrechargeis potentialy Adriving@rontaminantsaong deeper flow
paths, where matrix diffusion limitsthe migration of the contaminantsto areasreatively closetothe
source aress.

In the area of Building 25, a soil gas survey was conducted to aid in the ddineation of the
volatile organic contamination. The results of the soil gas survey did not indicate any significant
source of volatile organicsin the soil withinthe areasurrounding Building 25. However, the soil gas
survey did indicate the presence of volatile organicsin the areanorth of Building 25, near Building
20. Thesevolatile organicsare not believed to be associated with activities or release from Building
25. Asaresult amonitoring well was located in the proximity of the former vapor degreaser at

Building 20.
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The results of the Building 25 monitoring well groundwater sampling indicate that volatile
organic contaminationisgenerdly limited to the areasurrounding Building 25. However, monitoring
wells upgradient of Building 25 dso exhibit eevated concentrations of volatile organics, which
indicate the presence of additional sourcessuch asBuilding 110 or other vapor degreasers. Thisis
dso indicated by the presence of high concentrations of volatile organics in the bedrock at the
eadtern Site boundary. The presence of volatile organics only in the bedrock at the Site boundary
uggests that migration of volaile organics is occurring within the bedrock from an upgradient
sourcearea. However, additiona groundwater monitoring well ingtdlations have not confirmed the
presence of an upgradient source to this contamination. The interpretation of the chemica detais
aso complicated by the presence of interconnected bedrock fractures, the downward vertica
gradientsand matrix diffusion of the contaminantsinto the bedrock pore space water. Based onthe
availableinformation gathered during the multiple phases of theit isbdieved that thereare numerous
sourcesareas of chlorinated organic contamination. Thegroundwater plumes emanating from these
sources have undergone transformation and have been limited in there migration by such mechanism
as matrix diffuson, etc. The results of the groundwater sampling aso indicate that semi-voldile
organics, pedticides, and inorganics are not of concern for the Main Manufacturing Area
However, in severd aress of the Main Manufacturing Area free-phase POL s have been identified
on the groundwater table and within the bedrock fractures (Building 35-MW-8). In the area of
Building 35 POL s were detected in bedrock fractures at depth below the water table, indicating
that the source for the POLs in this area could be in the groundwater recharge area of the Main
Manufacturing Area, which is dso co-incident with alarge spill of POLs. However, POLswere
a0 detected at the water table ingde Building 35, a P3, which is believed to from a near by
machine based n the visible characterigtics of the POL. Thiswould indicate that other sourcesmay
exis insde Building 35, which are not related to the recharge area. When free-phase POLs are
detected in a monitoring well there is ether no detection of semi-voltile organic compounds or
semi-volatile organics are detected at very low concentrations in the dissolved phase. Therefore,
the POLs detected are not very soluble and do not act as source of dissolved phase POL
contamination. Basad on the results of water level measurements and andytical data the primary
source of the POL s appearsto be upgradient of Building 35, and isbelieved to be associated with
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previous spills in the area of the bedrock ridge/recharge area. Additional sources of POLs are
believed to be lesks from machining equipment foundations within severd of the Man
Manufacturing Area buildings (i.e., Building 35, 110 and 135).

Soil sampling andyticd dataindicates that soils in the Main Manufacturing Area have not
been contaminated by volatile organics or pesticides above regulatory guiddines. However, semi-
volatile and sdlected inorganics have been detected above NY SDEC Technica Adminidtrative
Guidance Memorandum (TAGM) vauesin severd areas of the Main Manufacturing Area. Semi-
volatileorganics, in particular poly-aromatic hydrocarbons (PAHS), are wide spread throughout the
gtewithin thefill materids, especidly the former Erie Cand. Theinorganicsidentified as being of
concern are arsenic, chromium, and lead, in sdect areas of the Ste. The primary area for the
occurrence of chromium is the eastern portion of the Main Manufacturing Area. The maximum
chromium concentrations detected arein the area of the chromium dudge spill which occurredinthe
areaof Building 36. Other exceedances are noted aong chromic acid wastelinesand in theformer
chip handling areas. The arsenic exceedances do not appear to berelated to asource other than the
fill materidsused acrosstheste. The highest concentration of lead a the Main Manufacturing Area
was detected in the fill materiadsin the former Erie Cand, located to the east of Building 25. The
source of this elevated lead concentration is believed to be the fill materias used to backfill the
candl.

Based on the analytical and hydrogeologic data, the process pits within Buildings 35 and
135 are not believed to be sources of groundwater contamination, but appear to be collection
pointsfor POLsand other contaminantsthat may bein the groundwater within the area.of influence
of the pumping of sumps located at these locations.

The following recommendations are made based on the andyticd results obtained during
thisinvestigation and previous investigations:

# The following SWMUs will be consdered for Ano further action@ based on the
hydrogeologic and andyticd data, SWMU #4 (Demolished Cyanide Trestment
Facility), SWMUs#7-#14 (Waste Oil USTs), SWMUs#15-#17 (Waste Oil USTs),
SWMU #21 (Incinerator), SWMU #26 (Building 35 Process Pits), and #27 (Building
135 Process Pit).
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# A Corrective Measures Study should be conducted to eval uate corrective measuresfor
the soil and groundwater contamination detected in the Main Manufacturing Area.

# A receptor anaysisshould beimplemented upon completion of the additiond sampling
recommended above.
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1.0 INTRODUCTION

Macolm Pirnie, Inc. (Macolm Firnie) and its subcontractor, Louis Berger & Associates,
Inc. (LBA), have been retained by the Bdtimore Didtrict of the US Army Corps of Engineers
(USACE) to perform various Ste investigations at the Watervliet Arsend (WVA) in Watervlig,
NY. A United States Environmentd Protection Agency (USEPA) Adminidrative Order on
Consent (Docket No. 1l RCRA-3008(h)-93-0210) requires the investigation of 17 Site Solid
Waste Management Units (SWMUSs) at the Waterviiet Arsend. The purpose of thisreportistotie
together existing dite information and data that has been gathered from the site RFIs and RFAs
conducted concurrently at Buildings 25, 35, 36 and 135, the Arsend-wide Hydrogeologic
Investigation, Manhole 43 Investigation, and the SWMUSs 7- 14 Investigation. This approach has
resulted in a report which provides a better overdl picture of the site-wide hydrogeology and
contamination digtribution, including:

# A better definition of the dte-wide dratigraphy, rether than the loca hydrogeology

around individud SWMUs.

# A better definition of the nature, and horizontal and vertical extent of contamination in
dte soils and groundwater across the arsend as a whole, rather than at individua
SWMUs.

# A better definition of groundweter flow &t thearsena and migration pathway's between
SWMUs.

Figure 1- 1 identifies each of the SWMUs and illustrates the process by which each of the
individua SWMUswas investigated and how the results of the investigations will be reported for
each SWMU. This compilation of informeation, presented here as the Main Manufacturing Area
RFI, will be used to determine the need for additiond investigative or corrective measures.
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1.1 PURPOSE OF REPORT

The purpose of this RFI report is to present the nature and extent of any release(s) of
hazardous condtituents resulting from activities in and around the Main Manufacturing Area,
including the previoudy designated SWMUs and Buildings 25, 35, and 135. WVA, NY SDEC,
and USEPA will rdy ontheresults of thisreport to assessthe need for further investigation (RF1S)
a the Main Manufacturing Area and to assess the need for interim corrective measures (ICMS)

and/or a corrective measures study (CMS) at Buildings 25, 35 and 135.

1.2 SITEBACKGROUND - MAIN MANUFACTURING AREA

1.2.1 SiteHistory

The WV A is a 140-acre government-owned ingtalation under the command of the U.S.
Army Industrid Operations Command (USAIOC). TheWVA islocated inthe City of Watervlit,
New Y ork, whichiswest of the Hudson River, and five miles north of the City of Albany, asshown
on Figure 1-2. The WVA conggts of two primary areas. the Main Manufacturing Area, where
manufacturing and adminigirative operations occur, and the SiberiaArea, whichisprimarily used for
the storage of raw and hazardous materias, finished goods, and supplies brought from the Main
Manufacturing Area. Theseareasareshownon Figure1-3. Buildings25, 35, and 135 arelocated
in the Main Manufacturing Area.

TheWVA isanationd registered historic landmark which was established in 1813 with the
purchase of 12 acres of land by the U.S. War Department. It'sorigina purpose wasto distribute
supplies(i.e., ammunition, harnesses, and gun cartridges) to troopsaong the northern and western
frontiers. Over theyears, the main function of the WV A changed from the production of smal arms
ammunition, cannon cartridges, and leather goods, to the production of the nation's first 16-inch
gun. TheWVA aso played amgor roleinthe research and devel opment of cannons, mortars, and
recoillessrifles. From 1950 to 1970, the WV A buiilt anti-aircraft weapons, the 90 mm gun for the
medium tank, the 152 mm gun launcher, the lightweight 60 mm mortar, and a new &inch
gun/howitzer for usein the Korean and Vietnam Wars. Currently, the WV A isresponsiblefor the
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manufacture of camons the research and development at WVA is conducted by Benet

L aboratories, atenant organization located at WVA.

1.2.2 Site Location

# The Main Manufacturing Areaof the WV A encompasses gpproximatdly 125 acresin
the City of Watervliet (Figure 1-3). Totheeast of WV A, Broadway Street (Route 32)
and asx-laneintergate highway (I-787) separate the WV A from the Hudson River.
Resdentia/light commercid propertiesarelocated dong the northern and southern site
boundaries. To the west of the Main Manufacturing Area are resdential properties,
Perfection Plating, which formerly manufactured meta plates for brake pads and is
currently under remediation by the NY SDEC, the Siberia Area of WVA, which
extendsinto the Town of Colonie, Shaker Tire Sdes, and lands owned by the Town of
Colonie, formerly owned by the Delaware and Hudson Railroad.

1.2.3 Summaries of Past Permits

Sx outfdls (Figure 1-4) in the Main Manufacturing Area are regulated pursuant to
NYSDEC State Pollution Discharge Elimination Sysem (SPDES) permits.  In addition to
continuousflow measurements, parameters specific to activities affecting influent a each loca sewer
network are aso measured:

# Effluent fromthewastewater trestment plant flowsthrough Outfall 002. Thiseffluentis
monitored for awide range of metals aswell astota suspended solids, oil and grease,
phosphorous and pH, glycols.

# Inthe vault near the Outfal 003, the effluent from Outfal 002 is mixed with cooling
water and storm water runoff before being discharged to the Hudson River through
Outfal 003. The effluent from Outfadl 003 is monitored for oil and grease, tota
suspended solids, temperature and pH.

# Cooling water and sorm runoff from Building 135 is discharged through Outfall 004.

Thiseffluent ismonitored for iron, total suspended solids, oil and grease, temperature,
and pH.
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# Outfal 005A collects effluent from the groundwater trestment operation at RW-2 and
transportsit viathe storm sewer to Outfal 005 in the Siberia Area. The effluent from
Outfal 005A ismonitored for parametersnormaly associated with petroleum products
(benzene, dichlorobenzene, ethylbenzene, napthaene, toluene, and xylene)., oil and
grease, and pH. At Outfal 005 in the Siberia Area, during dry wesether, the discharge
from the dite is directed to the City of Watervliet combined sewer syssem which
dischargesto the Albany County Treatment Plant. If theflow in the combined system
is in excess of approximately 2.5 times the average dry weather flow, runoff is
discharged to the Hudson River rather than the trestment plant.

# Outfdl 006 conveys storm runoff from the western portion of the Ste which is
transported off-ste and eventudly discharged to the KrommaKill, atributary to the
Hudson River. Effluent from Outfal 006 is monitored for oil and grease and tota
suspended solids.

# Surfacewater inthe parking lot south of the dudge beds near the wastewater trestment
plant is discharged to the Hudson River through Ouitfall 009.

1.2.4 General Summary of Waste Types

Activitiesconducted at the WV A include the manufacture of tubesand tube assembliesfor
cannons, cannon components, mortars, and recoilless rifles. The primary hazardous wastes
generated at the WV A are acid and cyanide wastes from plating operations. Additiona hazardous
wastes generated from site operations include non-hal ogenated spent solvents, asbestos, mercury
containing wastes, smdl quantities of soluble oils, pesticides, cleaning solutions, and laboratory
waste such as sulfuric and phosphoric acid. Petroleum, ail, and lubricants (POLSs) have been and
are currently used in machining operations. There are deven underground storage tanks (USTS)
which store waste oil. Chlorinated solvents were used prior to 1982 in vapor degreasing
operations. WV A generates severd hundred tonsof scrap metals per year, most of whichisin chip
form and contaminated with oil. During the 1950's and 1960'sthe chips were stored on the ground
inthe areasouth of Building 132. Also, it was acommon practicein the past to Spray amixture of
oil and solvents for dust control. This practice may be responsible for some of the petroleum, il
and grease (POL) contamination in the Main Manufacturing Area. Small quantities of slver from
photo-manufacturing operations have been disposed of in the sanitary sewer sysem with the
authorization of the local sewer didtrict.
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1.2.5 Summary of General Main Manufacturing Area I nvestigations

Severd environmenta studies have been conducted in the Main Manufacturing Area of
WVA. Decriptionsof detailed investigations at specific SWMU locations are provided in Section
1.2.6. Descriptionsof generd investigationsare provided below. Detailed information concerning

investigations of contamination at the WV A prior to the 1980 is not readily available.

U.S. Army Toxic and Hazardous Materids Agency - 1980

TheU.S. Army Toxic and Hazardous Materials Agency (USATHAMA) prepared areport
titled Alngalation Assessment of Watervliet Arsend@dated May 1980. Subsequent toinclusion
in the US. Army Inddlation Regtoration Program, USATHAMA initiated an ingalation
asessment of the WVA. The purpose of this assessment was to determine the overdl
environmenta quality of the fadility.

This USATHAMA report lists the operations conducted in each building & WVA.
Operations liged for buildings located in the Main Manufacturing Area include leed plating,
meachining, dkai cdeaning, dress relieving, asbestos gasket manufacturing, and magnaflux testing.

The USATHAMA report states that the pesticides which are known to be used at WVA
include sevin, chlordane, baygon, and mdathion (itisnoted that the useof DD T wasdiscontinued at
WVA in 1977). The report aso notes that WVA was issued a NPDES permit (Permit No.
0023361) in March 1975.

William F. Cosulich Associates, P.C. Report - 1980

William F. Cosulich Associates, P.C. submitted areport to the New Y ork Didtrict of the
ACOE entitled Qil Pollution Source Elimination Study, dated January 1980. The study was
initiated in November 1978 due to the presence of ail in the WV A storm water drainage system.
Thereport identifiesanumber of oil spillsand conditionsat the WV A which have contributed tothe

presence of ail in the storm water discharge.
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Oil contamination observed at the fuel storage area (Building 136) was suspected to have
occurred during filling of the No. 6 fud oil USTs. The investigation indicated that the ol

contamination was limited to the fill area.

Depatment of the Army - 1983

Watervliet Arsend prepared a report entitled Identification and Decontamination of
Hydraulic Systems Containing PCBs a Watervliet Arsend, dated June 1983. Thisreport detailsa
sampling program of dl hydraulic oil- containing machinesand equipment throughout WVA. During
the period of September 1982 and June 1983 over 2,800 sampleswere collected and analyzed for
PCBs. Reaultsindicated that |essthan one percent of the machinestested were contaminated (i.e.,
contained greater than 50 mg/l) with PCBs. This accounted for 27 machines, of which 16 were
active at that time. These machines were drained, filled, cycled, and retested, this process was
continued until the hydraulic oil was below 50 mg/I of PCBs.

Groundwater Technology, Inc Report - 1987

Groundwater Technology, Inc. prepared areport titled AGround Water Monitoring Well
Ingtallation, Building 136, Boiler House Fud Oil Containment Area@dated November 1987. In
this report they describe the ingdlation and sampling of four monitoring wells around the fud ail
containment area near Building 136. The four wels indaled are identified as 87GTI-MW-1BP
through 87GTI-MW-4BP on the potentiometric contour map (Plate 1-1). The drilling logs for
those four wells (Appendix A) indicate that the stratigraphy around the fuel ol containment area
consgts of approximatdy 2 feet of fill, underlain by weathered shde grading into competent shde
bedrock. Intheir report, Groundwater Technology, Inc. concluded that therewas no indication of
a barrier to the verticd movement of groundwater from the fill to the bedrock. Groundwater
samples from these wells were andyzed for petroleum congtituents but al andyzed parameters
were below detection limitsfor the samples collected. These wells continue to be sampled on an

annual basis and the results are reported to the NY SDEC.

Environmentd Science and Enginearing, Inc. - 1987
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Environmenta Science and Engineering, Inc. prepared areport titled AUpdateof thelnitid
Ingtdlation Assessment of Watervliet Arsend@ dated July 1987. This report incorporates the
findingsof thelnitia Ingtallation Assessment (1980) regarding conditionsthroughout WV A and the
Cosulich report (1980) regarding conditions at areasimpacted by activitiesat Building 25 (Figure
1-3).

A portion of thisreport presentsresultsfrom an il pill a Building 147 (Flate 1-2). Anail
release reportedly occurred from underground piping connecting the aboveground fuel oil tank
(Structure 147) to the boiler house (Building 136). The old lineswere replaced with aboveground
lines, contaminated soils were removed and monitoring wells were ingdled adjacent to Build-
ing 136.

Disposd practices for combustible waste oil were investigated. In 1985 the combustible
waste oil was analyzed by WV A and found to contain a chloride content too high for acceptance

by waste oil handlers. Sale to outside contractors was terminated at this time,

1.3 SUMMARY OF SOLID WASTE MANAGEMENT UNITS (SWMUSs)

Twenty-four Solid Waste Management Units (SWMUSs) have been identified in the Main
Manufacturing Area. The gpproximate locations of the SWMUSs are shown on Plate 1-2. The
following isasummary of the SWMUsidentified in the Main Manufacturing Area, with the addition
of SWMU #7, an underground storage tank (UST) which islocated in the Siberia Area and was
included as part of the SWMU 7 through 14 Investigetion.

1.3.1 Surface Impoundment and Sudge Drying Beds (SWMU #1)

1.3.1.1 SiteLocation

Five dudge drying beds (Structure 39) are located in the area of the wastewater trestment
plant (Building 36), whichwasbuilt in 1970 (Pate 1- 2). Thechromium hydroxidedudges, inthese
surface impoundments, have been successfully ddisted to RCRA nonhazardous wastes.

1.3.1.2 Waste Types
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The dudge drying beds are used to dewater dudge containing chromium, lead, cadmium,
and oily materid. After dewatering, thedudgeis shipped off-gtefor digposal (non-hazardous). In
1975, a synthetic liner was indaled in one of the beds and it was converted to an emergency
holding tank for the storage of liquid waste from meta, non-cyanide, plating operations
(predominantly chromium).

1.3.1.3 Summary of Previous Investigations
This bed was determined to be a surface impoundment and was formerly closed in 1987

and accepted as a clean closure by the NY SDEC in 1994.

Watervliet Arsend - 1996

In January 1996, an underground transfer line from the indoor clarifiers to the outsde
dudge drying beds broke. The break occurred during the replacement of the underground waste
solubleail collectiontank. A seep was detected on the eastern wall of the treatment plant and was
sampled by WVA. Theresultsof the analysisindicated the presence of chromium. Subsequently,
WV A collected soil samplestwo feet east of the bresk in the line a gpproximately six inches and
12 inchesbelow grade. The sample collected at six inches depth contained 28 mg/kg of chromium
and the sample callected from 12 inches depth contained 318 mg/kg of chromium.

1.3.2 Demolished Cyanide Treatment Facility (SWMU #4)

1.3.2.1 SiteLocation

The Cyanide Treatment Facility, formerly located in Building 110A, was congtructed in
1969 and put on-linein 1978 (Plate 1-2).

1.3.2.2 Waste Types
All treatment tanks and waste transfer lines were above ground and there are no known

rel eases.

1.3.2.3 Summary of Previous I nvestigations
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In 1982, the cyanide treatment operationswere rel ocated to the wastewater trestment plant
and the cyanide treatment facility was demolished. All of the building materids and cyanide
treatment units were shipped to a hazardous waste disposal facility.

1.3.3 Building 25 (SWMU #5)

1.3.3.1 SiteLocation

Building 25, dso known as the Minor Components Building, is located in the southeast
corner of the Main Manufacturing Area of WVA (Plae 1-2). As shown on Plate 1-2, it is
bordered on the south by residentid properties, on the east by the former Erie Cand and the
wastewater treatment plant, and on the west and north by other WV A buildings. Theareaaround
the building is currently paved, however, the area to the south and east of the building was not
paved until the 19605/1970s. Adjacent to the eestern wall of the buildingisaparking lot. Thereis
asecond, lower parking lot east of thislot, separated by apaved dope. East of thelower parking
lot isaroad which, dong with a portion of the lower parking lot, overlies the former Erie Cand.
Eadt of the former cand isthe wastewater treatment plant.

Building 25 was built in 1918, with additions in 1942. This three-dory building is
approximately 300-feet long and 200-feet wide. Small metal components are manufactured onthe
lower floors of this building. These components are then attached to either gun tubes or barrels.
Manufacturing equipment includes lathes, milling machines, grinders, drills, etc. Adminidrative
offices, connected to the manufacturing operations, occupy thethird floor. Until 1982, the building
housed a sdlf-contained vapor degreaser unit, thought to be located dong the eestern wall in the
southeast quadrant of the building, according to persona communications with WV A personne
(Figure 1-5).

Building 25 is concrete and the manufacturing floor (first floor) is concrete with walkway's
composed of wood inlays. There are no floor drainsin the manufacturing areg; floor drains are,
however, ill operating in the bathrooms. There are shallow, approximately one inch, recessed
areas beneath several machines used to collect tramp il (amixture of machine and cutting oils). A
wadte oil underground storage tank (UST) islocated on the northeast Side of the building.
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Building 25 has an extensive network of underground utilitiesand liquid waste linesaround
and connected to the building. The utilities are concentrated on the south side of the building and
cong gt of sanitary and communication lines, sorm sewer lines, chromic wasteline, solublewasteall
line, cyanidewadte line, and water line. Thewaste linesare connected to theindustria wastewater

trestment plant.

1.3.3.2 Waste Types

Thevapor degreaser unit wasreportedly located along the eastern wall in the southeastern
quadrant of the building (see Figure 1-5). The degreaser was sdlf-contained and measured
approximately 42 inchesin diameter and five feet in haight, with aliquid capacity of gpproximatdy
70 gdlons. Theexact date of ingtalation of the unit isnot known, but isthought to be around 1970.
Thevapor degreaser cleaned small metal componentsthat were placed in ameta basket, and then
immersed in the degreaser.  According to WVA personnd, the degreaser origindly utilized
tetrachloroethene (PCE). This solvent was later replaced with trichloroethene (TCE) and 1,1,1-
trichloroethane. The change in solvents was due to lower boiling points and "safer use'. Fumes
were vented outside of the building through an exhaust system that was located about seven feet
abovetheground. Itisnot known how often solvents were changed out or the final disposition of
the solvents. Potentid rel easesfrom the degreaser may have occurred through ventsin the exhaust
system, spills, or digposal of spent solvents. 1n 1982, the vapor degreaser unit wasreplaced witha
water-soluble (dkaline) parts cleaner. The former vapor degresser unit is considered a potential
source for soil and groundwater contamination.

The manufacturing processes and equipment in Building 25 are bdieved to have changed
very little snce its condruction, except for the remova of the vapor degreaser unit. These
manufacturing processes are machining and Zyglo’ testing of auminum.

Building 25 was origindly "M" shaped. Two courtyards formerly located on the western
sde of the building were used to store drums of raw materids, such asoilsand paints. Five-gdlon
buckets were filled from these drums and used to 'top off' machines as needed. The courtyards
were removed and the building redeveloped in the late 1970's and early 1980's during the
Renovation of Armament Manufacturing (REARM) program.
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Water soluble cutting oil, combustiblewaste oil, and meta chipsfrom themilling operations
are additiona waste types generated at Building 25. Cutting oil used to coal the cutting heads of
the milling machinery iscollected in metd drip panslocated beneath each machineand recircul ated.

Chemicd andyss conducted on the cutting oil by the WVA in 1985 indicated that it was a
chlorinated paraffinic hydrocarbon.

The water soluble cutting oils have been used sncethe early 1970's. Prior to that, itisnot
certain what type of cutting oils were used at WVA. Cutting oils currently and previoudy used a
WV A are sdlected based on performance specificationsrather than on chemica composition. Data
on the chemica makeup of cutting oilsused at WV A inthe past istherefore unavailable. However,
based on a review of available published literature, it has been determined that PCBs have
historicaly been used in cutting oilsand it is probabl e that PCB-containing cutting oilswere used at
WVA a sometimein the past.

Spent cutting ail is collected as waste oil and sent to USTs located at each building and
removed as nonhazardous waste to an approved TSDF.

Combustible waste ail is aso generated at Building 25 from lubricating oils used for the
milling machinery. The combudtible waste oil is stored in a UST (SWMU # 14) located to the
north of the building. Approximately 40,000 to 60,000 gallons of combustible waste oil are
generated annudly a WVA. Information on the amount generated at individua buildings is not
avalable

In addition to the waste generation associated with soluble and combustible waste ails,
potentially contaminated metd cuttings/chips are generated during the milling of the rough cannon
tubes. Metd cuttings are collected beneath each machine on a conveyor belt and dropped into
amdl dumpsters. Theconveyor betsare perforated with smal holesto dlow much of thecutting ail
to drip back into the troughsfor recirculation. However, not dl of the oil can be removed from the
metal chipsinthismanner. Thedumpstersare periodicaly emptied and themetd chipsaretakento
the Siberia Areafor interim storage prior to ultimate disposd. The specific amount of meta chips
which are generated at any time varies greatly depending on production demand. In 1995,
manufacturing activities a WV A generated atotd of 1.5 million pounds of metd chips.
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Zyglo testing is conducted in Building 25. Partsareimmersed in apenetrant liquid which
removes impurities on the surface of the meta undergoing ingpection.  Solvents, oils and other
chemicds are dissolved into the penetrant. Waste from this process is drummed at the point of
generation and later digposed of in the combustible waste oil sump located at the north end of the
building, prior to off-site shipment. The amount of waste oil generated from the Zyglo’ testing
operaionsis approximatdy 55 galons per annum.

1.3.3.3 Summary of Previous I nvestigations

U.S. Army Toxic and Hazardous Materiads Agency (USATHAMA) - 1980

This report sates that operations conducted at Building 25 are largely machining and the
wadtes generated are volatile and water soluble wagte oils, lubricants, and metd cuttings. It dso

notes thet a Zyglo’ testing operation is present in Building 25.

William F. Cosulich Associates, P.C. Report - 1980

The report notes two operations in Building 25, that may have contributed to the presence
of ail inthestormwater discharge. Theseare ahest exchanger and acompressor room reportedly
located on the third floor and a Zyglo” ingpection station.  The Zyglo” inspection operation

reportedly discharged an oil emulson to a sump connected to the sormdrain.

Dames & Moore - 1983 and Empire-Thomsen - 1986

Monitoring wells ingaled in 1983 as part of a study involving the wastewater treatment
plant were sampled on a quarterly bas's during 1983 and semi-annudly for the next severd years.
Concentrations of severa chlorinated organicswere detected in SP-1, including TCE (80 nrg/l) and
1,1,1-trichloroethane (25 ng/l) (ESE, 1987). The source of the chlorinated organicswas assumed
to be the vapor degreaser located in Building 25.
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C.T. Mde Associates (CTM) Report - 1990

CTM was retained to assess the nature and extent of contamination east of Building 25.
This investigation involved the ingalation of nine soil borings, chemicad analyses of sdected soil
samplesfrom these borings, and the collection and analysis of groundwater from wells83DM-SP-
1, 86-EM-SP-1A and 86-EM-SP-1B. From their investigations, CTM prepared areport titled
ASubsurface Investigation Report for Watervliet Arsenal Former Degreaser Unit @dated October
1990 and revised November 1990.

A tota of ninesoil borings, asshown in Figure 1-6, wereingtaled between July 23 and 25,
1990. Six (SB-25-1 through SB-25-6/6A) of the nine borings werelocated in the upper parking
lot, and three (SB-25-7, -8, and -9) were located in the lower parking lot. Soil samples were
generdly collected a two foot depth intervalsfrom al the borings. The soil boringswere advanced
to depths of between 6.3 feet and 12 feet below existing grade. PID readings field screening
observations during soil boring ingtdlation ranged from 3 to 210 ppm in SB-25-3, SB-25-5, SB-
25-7, SB-25-9, indicating the presence of volatile organic contamination. These borings aredl
located east- southeast of the former degreaser location. PID readingsin al other borehole samples
did not exceed the background readings of 1 to 3 ppm.

Threewellswereingtaled, one weathered/competent bedrock well (83DM-SP-1) andtwo
overburden wells (86-EM-SP-1A and 86-EM-SP-1B, Plate 1-1). Thedepthsof thesewdlsare
21 feet, 16.5 feet, and 11.4 feet below ground surface, respectively. Chlorinated organics,
primarily TCE and PCE, were detected in soil samples collected during the ingdlation of these
monitoring wells and soil borings. However, andyzation of samples by EPA Method 1312, the
Synthetic Precipitation Leaching Procedure (SPLP) indicated that only tota xylenes and t
butylbenzene might potentialy exceed the Class GA groundwater Standards at any boring location.

Groundwater Monitoring by Watervliet Arsend

WV A collected and andyzed groundwater samplesfrom severd welslocated inthevicinity
of Building 25 between 1990 to 1993. Samples were andyzed for volatile organic compounds,
metals, tota organic carbon (TOC), and tota organic halogens (TOX) by Huntingdon Andytica
Searvices. Maximum chromium concentrationswere measured in samples collected at 83DM-SP-4

F:\Holding\Watervliet\MMA RFNSEC-1.DOC 1-13



(47 ny/l, dissolved) and 83DM-SP-3 (83 ny/l, totd). Chlorinated solvents (chloroethane at 13.7
ny/l, 1,1-dichloroethane at 1.6 ngy/l, and tetrachloroethene at 0.88 ng/l) and 2- methylngpthdene
(88 ny/l) were dso detected. TOC was detected at concentrations up to 133,000 ny/l (86EM -
SP-5) and TOX at as high as 38,000,000 ny/l (86EM - SP-5), thisresult wasnot confirmed by |ater
sampling a thislocation. Oil and grease datawere detected in wells 93EM - SP-9 through 93EM -
SP-12 at concentrations ranging from 1,500 to 8,900 ny/l.

1.3.4 Wastewater Treatment Plant (SWMU #6)

1.3.4.1 SiteLocation

Theindustrid wastewater treatment plant was constructed in 1969 and put on-linein 1970
(Plate 1-2). In 1992, the plant treated an average of 120,000 gdlons of wastewater per day
(NYSDEC, 1992). A 39,000-gdlon chromic acid waste holding tank, a 75,000 gdlon waste
holding tank, one sodium hydroxide AST (5,000 gdlons), 21,200 galon sulfuric acid tank, and a
12,000 soluble waste oil holding tank are located at or near the wastewater treatment plant.

1.3.4.2 Waste Types

Three types of wastewater are treated a the plant: acidic chromium and metal plating
wastes, metd cyanide wastes, and soluble cil. The acid treatment process congsts of areaction
tank, blending tank, clarifier and afina pH adjustment. Thecyanidetrestment processconsstsof a
receiving sump and a holding/treatment tank to which chlorine is added to treat the cyanide. The
soluble oil trestment congsts of a batch trestment tank, from which skim ail is mixed with
combustible skim oil and sold for commercid use.  Effluents from the cyanide and soluble ail
treatments are blended into the acid treatment process. Sludge generated from these processesis
dewatered in the dudge drying beds and digposed of in anindustrid wastelandfill (non-hazardous).
The treated effluent is discharged to the Hudson River (outfall 002).

In 1983 gpproximately 1,600 gdlons of waste chromic acid solution leaked from the
chromic acid holding tank when a gasket connection falled. Waste solution and contaminated
materia were removed and the gasket was replaced (NY SDEC 1992). The process tanks and

acid receiving wells are cleaned and checked annudly for cracks and deterioration.
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In January 1996, an underground trangfer line from the indoor clarifiers to the outside
dudge drying beds broke during the replacement of the underground waste soluble oil collection
tank.

1.3.4.3 Summary of Previous I nvestigations
Dames & Moore - 1983 and Empire-Thompsen - 1986

Two studieswere conducted in the area of wastewater treatment plant by Dames& Moore
in 1983 and Empire- Thompsenin 1986. Dames& Mooreand Empire- Thompsen ingtalled atotal
of eght monitoring wellsin the period from 1983 through 1986 (83DM - SP- 1 through 83DM-SP-4
by Dames & Moore;, 86-EM-SP-1A, 86-EM-SP-1B, 86EM - SP-5 and 86EM - SP-6 by Empire-
Thomsen) inthevicinity of dudge pondslocated a the wastewater trestment plant. Theboringlogs
indicate that bedrock is overlain by 13.5 to 19 feet of overburden. The overburden is a
combingtion of fill and natural soils (Slty sands and clays). These two reports concluded that the
wells monitor groundwater in an unconfined aquifer that extends from the overburden to an
undetermined depth within the bedrock. 1n addition, both reports note that groundwater flow isto
the east and the southeast.

The monitoring wells ingaled by Empire Soils were sampled on a quarterly basis during
1983 and semi-annudly for the next severd years. Inorganic parameters in the groundwater
samples were determined to be of Ano toxicologica significance@ but concentrations of severa
chlorinated organicswere detected in SP-1, including TCE (80 ngy/l) and 1,1,1-trichloroethane (25
noy/l) (ESE, 1987). The source of the chlorinated organicswas assumed to bethe vapor degreaser
located in Building 25, as SP-1 islocated hydraulically upgradient of the dudge drying beds and
surface impoundment.

An underground storage tank located behind Building 36 and above the bregk in the
underground transfer lineleading to the dudge drying bedswasremoved in late 1995. The broken
transfer line was replaced in 1996 when a 12,000-gdlon waste soluble oil underground storage
tank wasingalled.

1.3.5 Waste Oil USTs (SWMUs# 7 through 14)
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1.3.5.1 SiteLocation

SWMUSs 7 through 14 are located in different areas throughout WVA. The specific
location of each SWMU islisted below, and is shown on Plate 1-2:

SWMU 7 - Building 141 (NW Quadrant of the Siberia Areg)

SWMU 8 - Building 135 (dong north wall)

SWMU 9 - Building 115 (dong south wall)

SWMU 10 - Building 110, South (along west wall)

SWMU 11 - Building 110, North (dlong west wall)

SWMU 12 - Building 44 (dong south wall)

SWMU 13 - Building 35, South (along south wall)

SWMU 14 - Building 25 (dlong northwest wall)

In addition to these SWMUs severd other USTs exits throughout WV A, one of whichis
known as SWMU 7a. ThisSWMU islocated in the Northeast Quadrant of the Siberia Areaand
was not investigated under this RFI since it was scheduled to be removed and replaced with a
double walled tank by WVA. The andytical data and the associated remova action report are
presented in Appendix L. The results of the soil sampling conducted during the removal action
indicate the presence of n- Propylbenzene at aconcentration of 18 ug/kg, all other compoundswere
not detected.

1.35.2 Waste Types

All eight USTs were designated for waste oil storage but were reportedly used to store
hydraulic ail, lubricants, non-chlorinated degreasing solvents, chlorinated solvents, and skim ail.
These waste materids were generated as a result of the various machining, process, testing and
mai ntenance activitieswhich took placea WVA. Two of theeight USTswerefound to belesking
upon removad, but no Sgnificant resdud contamination remained after remova and/or replacement
of the eight USTs which was completed by WVA (with NY SDEC oversight).

Historica waste characterization data for waste oils (September 1993) indicate that the
wade oil was sampled for totd chlorine, flashpoint, heeting vaue, PCBs, and Toxicity
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Characterigtic Leaching Procedure (TCLP) extraction for volatile organic compounds, semi-vdtile
organic compounds, and metals. TCL P detections/exceedances occurred for the metals (barium
and lead) and PCE. TCL P barium wasdetected at Building 35 southa 5 mg/l, Building 115a 7.5
mg/l, Building 15 a 5.5 mg/l, and Building 35 west & 6 mg/l. TCLP lead was detected &t DRMO
at 219 mg/l, Building 20 and 25 at 6 mg/l, and Building 15 at 10 mg/l. TCLP PCE was detected at
19 mg/l a Building 35 south. According to WV A personnd, the waste ails are currently being
shipped off-dte as non-hazardous materid for blending and recycling (i.e, heat recovery,
reditillation).

1.35.3 Summary of Previous | nvestigations

Since September 1987, aght underground storage tanks (USTS) have been removed
and/or replaced at WVA. Two of these tanks (SWMUs 11 and 12) were reported to be leaking
upon removal. Based on afile review and conversations with WV A personnel, no UST closure
reports were prepared for any of these tank removas. The UST removas were overseen by
WVA and NY SDEC personnd, with closure being approved ontsite by NY SDEC personndl.

The saven exigting/replacement waste oil USTswereingdled in 1987 and 1988 and are
constructed of double-walled stedl with cathodic protection and leak detection. Theorigind USTs
which were replaced a these locations had been in servicefor 17 years and were of single-walled
ged condruction. When the waste oil UST located east of Building 44 (SWMU 12) was
removed, it was observed to be lesking. Thewaste oil UST north of Building 110 (SWMU 11)
was a0 observed to be leaking upon remova. No sgnificant resdua contamination remained
after UST removal and replacement operations were completed. No evidence of release was

observed during the UST remova and replacement at the six remaining SWMUS.
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1.3.6 UST 13 (SWMU #15)

1.3.6.1 SiteLocation

SWMU 15 (UST 13) istheformer location of aleaking 1,000-gadlonwagteoil tank east of
Building 15 (Plate 1-2).

1.3.6.2 Waste Types
The potentid for contamination by volatile organic compounds, semi-volatile organic
compounds, inorganic parameters, herbicides, pesticides and PCBs was considered.

1.3.6.3 Summary of Previous | nvestigations
Empire Soils, 1994
SWMU 15 (UST 13) was removed and replaced in 1995. Two soil samples were

collected from the pile of excavated soils and andyzed for TCLP volatiles, semi-volatiles metas,
herbicides, pesticides, and PCBs. The only exceedance of environmental standardswasthe PCB-
1254 concentration of 360 mg/Kg (TAGM standard, 10 mg/K g) noted in one sample. Sediment
and groundwater/accumulated rainwater samples were obtained from the pit and anadyzed for
volatiles and semi-volatiles. No detections of any compound were reported. WV A deemed the
excavated pit at SWMU 15 to be satisfactorily clean and new piping and anew tank wereingdled.
The site was closed clean by the NY SDEC in February 1995.

As part of this study monitoring wells 94EM - SP-19, 94EM -SP- 20, and 94EM-SP-21
wereingaled. Groundwater and soil samples were collected from dl three monitoring wells and
analyzed for volatile organics by method 602. No detection of any compounds were reported for
groundwaeter. Concentrationsof volatile compounds below regulatory standardswere noted in the

s0il samples.

1.3.7 SWMU #16

1.3.7.1 SiteLocation

SWMU 16 (UST 23) isthe former location of a1,000-gallon waste oil oragetank inthe
west centra portion of Building 35 (Plate 1-2).
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1.3.7.2 WasteTypes

The potentid for contamination by volatile and semi-volatile organic compounds was

considered.

1.3.7.3 Summary of Previous | nvestigations

The origind single waled fiberglass tank was removed in 1994. Two composite soil
samples were collected from the excavation area and andyzed for volatile and semi-voldile
compounds. Therewere no reported detections of any compounds. A new tank and piping were
ingtaled and the excavated pit was backfilled with clean sand.

1.3.8 SWMU #17

1.3.8.1 SiteLocation

SWMU 17 (UST 25) isthelocation of a5,000-gallon waste oil storagetank located east
of Building 36 (Plate 1-2).

1.3.8.2 Waste Types
The potentid for waste oil |eaks was assessed.

1.3.8.3 Summary of Previous | nvestigations
UST 25 was tightness tested on January 10, 1995 and again on February 22, 1996. On
both occasions the line and the tank were certified as being free of any lesks.

1.3.9 Outfall to Hudson River (Outfall 003) (SWMU #19)
1.3.9.1 SiteLocation
Outfdl 003 is the main outfdl to the Hudson River. It islocated east of Building 40, as

shown on Figure 1-4.
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1.3.9.2 Waste Types

Prior to the construction of the wastewater treatment plant in 1970, waste was discharged
directly to the Hudson River viathis outfal. The cyanide treatment plant was not put on-lineurtil
1978, and prior to that date all cyanide waste was discharged directly to the Hudson River through
thisoutfall. Accordingto sitepersonne, there have been exceedances of severd of the parameters
monitored aspart of the SPDES program, though the exceedances were consi dered Aminor@and
were never repeated with any frequency. The parameters which were exceeded included
temperature, total suspended solids, and pH.

1.3.9.3 Summary of Previous | nvestigations

No leaks or breaks in the pipe have been documented and it is unknown if any releases
occurred to the groundwater. According to the RFA Report (NY SDEC, 1992), itislikely that all
traces of hazardous material have been diminated from this outfall because the last discharge of
untreated hazardous waste to the Hudson River occurred in 1978 and the outfdl is frequently
subjected to high flow rates associated with storm events.

1.3.10 Industrial Sewers(SWMU #20)

1.3.10.1 SiteLocation

Thethreetypes of waste (soluble oil, chromic, and metal cyanide wastes) are conveyed to
the trestment plant by separate indudirial sewers. The chromic and soluble oil sewersareclay tile
andwereingdledintheearly 1970's. The cyanide sewersare constructed of ductileiron pipeand
wereingaled inthelate 1970's. Plate 1-3 showsthelayout of theindustrid sewers. Asshownon
the plate, Manhole 43 is located adong the waste ail line within the area of the former Erie Cand
between the WVA Museum and wastewater trestment plant. The chromic wadte line is
approximately 4,500 feet in length.

Plate 13 dso shows aress of the industrid sewers which are submerged during the
seasond low groundwater conditions. As shown on the plate, severd areas of both the soluble oil
and chromic wadte lines remain submerged during seasond low groundwater conditions. The

cyanide waste line is not submerged during any season.
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1.3.10.2 Waste Types

Thefollowing table summarizes the waste materid swhich are conveyed to the waste water

trestment plant through the industrial sewer system.

LINETYPE

DESCRIPTION

VOLUME

Waste Soluble Qil
Line

Wadte fluid consss of spent water-based
coolants used in the machining processes. Nine
collector sumpslocated at manufacturing buildings
are connected to theline. There are no hazardous
condtituents in the gpproved machining soluble
oils. No other machining fluids are authorized for
disposd a sumps. There is no sampling of
incoming fluids, only of the trested baich, per
SPDES permit.

1996
6,150,600 gal

1997+
5,011,600 gal

1998
4,958,000 gal

LINETYPE

DESCRIPTION

VOLUME

Wadge Acid Line

Wadte fluids consst of spent chromic acid from
plating operdtions, plaing rinse waters, spent
caudtic cleaners (sodium hydroxide), and other
gpent plating solutions such as phosphoric and
aulfuric acids (electropalish tanks). Thiswasteis
mostly generated at Bldg. 35, 110, 115, and 120.
There is dally sampling of pH and glycol from
incoming wadte fluids.

1996
22,510,396 gal.

1997+
18,613,986 gal

Waste Cyanide Line

Cyanide-based CAD Plating was diminated at
WVA in1995. Theline was kept to treat waste
generated at a Barium Chloride Furnace located
in the Heet Treat Area (Bldg. 35). Although dl
cyanide-containing  chemicds have been
eliminated from use a WVA, attempts to phase-
out the line have been unsuccessful.

1996
25,000 gl

1997
30,000 gl

1998
16,819,486 gal

*Cumulative totals up to November
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1.3.10.3 Summary of Previous I nvestigations
Empire Sails Invedtigations, Inc Report - 1993

Empire SoilsInvestigations, Inc. conducted an investigation of chromic acid wastelinelegks
fromthelinelocated in the main manufacturing areaof WVA. Thefindingsof thisinvestigation are
presented in a report titled AHydrogeological Investigation Area Adjacent to Manhole 34D
Chromic Acid Waste Line@dated August 1993. Empire Soils Investigations, Inc. ingtaled eight
monitoring wells aong various segments of the chromic acid wasteline, identified as 93-EM-SP-9
through 93-EM-SP-16 (Plate 1-1).

At the depths expl ored, the subsurface conditions wererdatively uniform benesth the sudy
areas. Fill materia was encountered beneath the asphalt pavement and consisted of graded sands
and gravels with lesser amounts of dlt, cinders and brick fragments. The fill materid ranged in
depth from 1.5 to 11 feet below ground surface. The fill materid a each location, with the
exception of boring 93-EM-SP-12, wasunderlain by bedrock. The upper portion of the bedrock
encountered at each location conssted of weathered shde. This weathered zone ranged n
thicknessfrom 2to 4 feet. Each of the boringswasterminated within the competent shal e bedrock
underlying the westhered zone, at depths ranging from 13.5 to 22 feet below ground surface.

Empire Soils Investigations, Inc. sampled and andyzed groundwater from wells SP-9
through SP-16 for metds, oil, and grease. The resultsindicated that severd metas were present
above the detection limit in the groundwater of dl the wells. However, only iron and manganese
exceeded the NY SDEC Maximum Concentration Levels(MCLs). Oil and grease were detected
in al eght wells and ranged in concentration from 1.0 to 8.9 mg/l.

Additional Work

A video survey of the acid linewas conducted in 1992. Twenty-three defects were noted
during the survey. The repair of the defects and re-deeving of the line were completed in 1992
(Empire Soils1993). It hasbeen concluded that the work described in the referenced ACleanand
Inspect@report dated 8 January 1993, was actuadly never completed. Furthermore, video
ingpection of the waste soluble oil line could have never been completed as described due to the
fact thewaste solubleail lineislined with black polyethyleneliner. Therefore, the recommendations
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presented is this report and the reported work were never completed, additional methods of
investigation are currently under review.

After oil was observed seeping into an excavation in the area of Manhole 43 by WVA
personndl, approximately 15 to 30 yards of soil were excavated and a soil sample was collected
and andyzed for TCLP voldiles, semi-volatiles, and metds, PCBs, and ignitability. All parameters
were found to be non-detect except for barium (0.42 mg/l).

1.3.11 Incinerator (SWMU #21)

1.3.11.1 SiteLocation

Building 132 was built in 1944 and the incinerator was put on-linein 1945. Itislocated at
the western edge of the main manufacturing areanear the gate leading to the Siberia Area (Plate 1-
2).

1.3.11.2 Waste Types

Theincinerator was used for the digposa of waste paper and officetrash. Theincinerator
was not used for hazardous wastes and has not been active since 1975. Building 132 is presently
used to store insecticides and pesticides.

1.3.11.3 Summary of Previous I nvestigations
There are no known intrusive investigations & this SWMU location.

1.3.12 Erie Canal Site (SWMU #25)

1.3.12.1 SiteLocation

The Erie Cand, formerly located in the eastern portion of the Main Manufacturing Area
(Plate 1-2), was built between 1817 and 1824. The Cand provided the WV A with transportation,
power, and water for fire protection until it was relocated to Waterford in 1922.
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1.3.12.2 Waste Types

The Cand wasfilled in with dirt, brick and other fill materids around 1940 during World
War |1 expansion of the Arsend. Portions of the cana walls were dso pushed into the cana with
thefill material. Remnants of the Erie Cand remain ong Gibson Street and east of Mettler Road
at the former Parade Grounds.

OnMay 7, 1993 machining coolant oil was observed seeping into an excavation inthearea
of thewaste ail lineat Manhole43. Manhole43 islocated within the areaof theformer ErieCand.

1.3.12.3 Summary of Previous I nvestigations

There are no known, previous, intrusve invesigationsin this area.

1.3.13 Building 35 Process Pits (SWMU # 26)

1.3.13.1 SiteLocation

Building 35, dso known asthe Heet Treat and Metal Processing Building, was constructed
in 1918 (WVA, 1984). Building 35 islocated dong the southern property boundary of the Main
Manufacturing Areaat WVA (Plate 1-2). Itisbounded to the east by Buildings 20 and 25, to the
south by residentid property, to thewest by Building 110, and to the north by the WV A fire house
(Buildings 21 and 22).

Building 35 isasingle story structure gpproximately 850 feet long and 600 feet wide at its
widest point. A 1983 floor plan shows the building divided, east to west, into 17 bays, labeled A
through S, excluding | and O. Bays C through J comprise the origina extent of Building 35 and
Bays H and J represent the 1942 extenson. During the mid to late 1970s, Building 35 was
expanded further as part of the REARM program and buildings to the east, north and west were
razed to accommodate thisexpanson. BaysA and B and BaysK through S are extensonsto the
west and eadt, respectively, built during this period. The shop floor leve is & an eevation of
goproximately 55 feet AMSL. The east Sde of the building has a basement levd.

There were two process pits at the south end of the building at the time of congtruction.
Formerly referred to as the West and East Pits, these pits are currently called the 120 mm, the 8-
inch Gun Pit, and NMT pit, respectively. Extensions were added to thewest, east, and north and
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two additional processpitswereingalledin 1978. A number of reconstructions/conversions have
been made to the process pits snce their ingtdlation.

Following is a chronology of events relating to the process pits based onavalable WVA
drawings and information provided by WVA personnd:

# 1918 - Two pitsingtaled during construction of Building 35.

# 1952 - West Ait converted to chrome plating of 155 mm guns.
# 1976 - Eagt Fit converted to chrome plating of 8-inch guns.

# 1978 - New Medium Tube Rt indaled, asan extenson to the 8-inch Gun Ait. Thispit
is used for chrome plating.

# 1979/1980 - 120mm Gun Pit congtructed, but left idle,
# 1986/1987 - Chrome plaing equipment ingdled in 120mm Gun Fit.

# 1990 - West pit converted to afurnace pit.

There are four process pits located at the south end of Building 35. Note that the 8-inch
Gun Pit and the New Medium Tube Fit are contiguous. Three are used for chrome plating and one
isused for heat trestment of the cannon tubes. From west to east these pitsare called the 120-nm
Gun Pit, the Furnace Pit, the 8-inch Gun Pit, and the New Medium Tube Fit. As-built construction
drawings for these pits were not available but it is presumed that the pits were condtructed in a
gmilar manner to the Shrink Fit a Building 135, for which congtruction drawings are available.
Possibly the mgor difference between the Shrink Pit and the chrome plating pits is that a
waterproof membrane was reportedly inddled in the laiter. This information was documented
during construction for the conversion of one pit from achrome plating pit to afurnace pit in 1986.

The Furnace Pit is 45 feet long, 20 feet wide and 30 feet degp with a 3 feet cubed sump
located at the southwest corner. It is a this location that POLs are accumulating. During
converson of this pit from chrome plating to heet treating operations in 1987, the acid resstant
brick, waterproof membrane, and part of the concrete floor dab, were removed. At that time, ol
was observed to be seeping through cracksin the concrete walls. A groundwater/oil collection
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channd islocated around the walls of the pit, approximately 3 feet above the concrete floor dab,
and directs groundwater/oil seepage towards the sump. The New Medium Tube/8-inch Gun Ritis
60 feet long, 60 feet wide and approximately 40 feet deep. A smal sump is located in the
southwest corner which collects condensate blowdown and some groundwater seepage. Unlike
the Shrink At at Building 135, the pits a Building 35 were not constructed entirely in bedrock.

They arecongructed partidly in overburden materid and partidly in bedrock. Thisisconfirmed by
a soil boring ingtaled adjacent to the New Medium Tube Pit (East Pit) in 1978 by the ACOE.

Drilling logsfor thisboring showsthetop of bedrock at 19.5 feet below shop floor level. Drawings

for the 120mm Gun Pit were not available for review.

1.3.13.2 Waste Types

Current manufacturing operations a Building 35 include cannon tube chrome plating and
hesat trestment in thefour process pitslocated at the southern end of the building. Cadmium-cyanioce
plating, previoudy conducted a Building 110, was relocated to Building 35 in 1985 and
discontinued in 1994. In generd, however, the manufacturing processes and equipment in
Building 35 isbelieved to have changed very little Snceits congtruction. The remainder of themain
floor is occupied by machining equipment used for finishing the cannon tubes and for conducting
magnaflux testing operations.

A number of digtinct operations occur within Building 35. Four processpitsare located at
the southern end of the building. Three of these pitsare currently used for chrome plating and one
pit is used for heeat trestment. Cooling towers for the chrome plating process arelocated outside
the southern end of the building. Milling machinery occupies much of the shop floor. A cyanide
treatment plant was congtructed at the on-Ste industrial waste trestment plant to handlethe waste
stream generated from this process. Magnaflux testing operations are dso conducted at Building
35. A stoddard type solvent is used for this process, but the amount of oil used in this processis
smdl compared to that used for milling operations. A spray painting booth, formerly located onthe
west center side of the building prior to REARM expansion, is currently located at the southeast
end of Building 35.
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Water soluble cutting oil, combustible waste ail, meta chips, magnaflux testing ail, and
process water from the chrome plating operations are the main waste types generated at Building
35. Thesewadte streams are Smilar to those generated in Building 25 and are handled inasimilar

manner, as discussed above,

1.3.13.3 Summary of Previous I nvestigations
U.S. Army Toxic and Hazardous Materials Agency - 1980

The USATHAMA Report states that operations conducted at Building 35 are chrome
plating and magnaflux testing operations and the wastes generated from these processes are chrome
solutions, paint, dry lubricants, and water soluble ails.

William F. Cosulich Asociates, P.C. Report - 1980

Thisreport identifiesanumber of oil spillsand conditionsat WV A which have contributed
to the presence of ail in the sorm water discharge. Two locations within Building 35 were
identified as locations potentialy contributing to contamination in the sorm water discharge. The
firs potentia source isafloor drainin the lower leve of the building near a smal compressor. It
was noted that both the upper level compressor and the lower level compressor dischargeto this
floor drain. Theareaaround the drain was saturated with oil. The second potentia sourceistheair
piping condensate traps in Bays 12-E, 21-E, 13-A, 16-A, 21-A, and 11-G. These traps are
connected to the storm drainage system through roof leaders. Smal quantities of oil were observed
to have accumulated in these traps and to have discharged to the storm drain.

Sampling activities conducted a Building 35 included the collection of sorm water samples
from Manhole (MH) 11, located at the southwest corner of the building. Eight (8) sampleswere
collected between August 7 and August 23, 1979 and andyzed for il content. Oil concentrations
in these samplesranged from 2 mg/l to 26 mg/l. A visible sheen wasreported on seven of theeight
samplescollected. It isnoted, however, that thismanholeislocated upgradient of Building 35 and
istherefore more representative of dischargeto storm sewer from Building 110 and 125. Samples
collected from a downgradient manhole (MH-4) did not indicate increased oil concentrations
relaive to MH-11 as oil concentrations detected in storm water samples collected from MH-4
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ranged from 0.8 mg/l to 6.6 mg/l. No mention of free product in the Building 35 process pitswas
made in this report.

Environmenta Science and Enginearing, Inc. - 1987

Additional information presented in this report concerning Building 35 included the
rel ocation of the cadmium-cyanide plating operation from Building 110 to Building 35. Thewastes
generated are piped to anew cyanide trestment system at Building 36. Heat treatment and minor
component plating operations were relocated from Building 110 to anew portion of Building 35.

Clough, Harbour and Associates Report - 1991

Clough, Harbour and Associates prepared a report, titted APhase | Subsurface
Contamination Investigation of the Chrome and Shrink Fit Aress in Building 35 and 135 of the
Watervliet Arsena@dated March 8, 1991. Thisreport outlines sampling of thewater and floating
product from both of the referenced pitswithin Buildings 35 and 135, an eva uation of congtruction
drawings, an assessment of hydrogeol ogic conditions, an examination of potentia sourcesof POLS,
and a description of the past and present operationa history of each building. No borings or
groundwater monitoring wells were indaled during this investigation.

Review of WVA drawings indicated that the Chrome (Furnace) Pit in Building 35 was
designed in 1952 and was congtructed as an extension to what has been referred to as Pit No. 1.
The Chrome (Furnace) Fit is smdler than the origina pit and approximately 18 feet deeper. The
report statesthat the pit was reconstructed in 1987/88, and converted from chrome plating to heat
treating operations.

Clough, Harbour and Associates collected oil and water samplesfrom inside the Chrome
(Furnace) Pit within Building 35 in October 1990. Samples were andyzed for polychlorinated
biphenyls (PCBs) by EPA Method 8080, petroleum identification by NY SDOH Method 310.13,
and infrared scan.  The petroleum identification anadyss results from the samples collected from
Building 35 indicate that the product present in the Furnace Pit a that time contained congtituents
characteristic of kerosene. An infrared scan conducted on the sample further revesled that the
major component of the hydrocarbonsis a synthetic hydrocarbon commonly made in petroleum
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refineries, referred to as a "heavy odorless mineral spirit”.  The results dso indicate that the
presence of PCBs in the Building 35 sample was below the detection limit of 4 mg/l.

Potentia sourceslisted in thisreport arefour 1,000-galon waste oil USTslocated 100 feet
to the south, 500 feet to the northwest, 400 feet to the north, and 600 feet to the northeast. During
replacement in 1981 and 1988 no significant il contamination was noted by WVA personndl.
Clough, Harbour and Associates concluded that POL s leaking from the machinery in Buildings 35
and 110 is probably the source of the oil found in the Chrome (Furnace) Pit.

1.3.14 Building 135 Process Pit (SWM U # 27)

1.3.14.1 SiteLocation

Building 135 was built in 1943 to meet production demand during World War 11 (WVA,
1984) (Plate 1-2). It islocated in the southwest corner of the Main Manufacturing Area é the
highest elevation a WVA (gpproximately 74 feet above mean sealeve [AMSL]). Asshownin
Figure 1-2, it isbound on the east by resdentid properties, on the south by undevel oped land and
the former Delaware & Hudson railroad yard, and on the west and north by other WV A buildings
(Buildings 136, 133 and 125). Building 133 is a drum storage area and is contiguous with the
northwest corner of Building 135.

Building 135 isasingle story structure gpproximately 600 feet long and 300 feet wide. The
main shop floor areaiisdivided into five (5) bays. A High Bay sectionislocated at the south end of
building. This bay is approximately 108-feet high, risng 50 feet above the rest of the building to
facilitate lifting the cannon tubes into and out of the various pits. Three pits are located within the
High Bay area. They are commonly referred to by WV A personnd as the Cold Works PAit, the
Furnace Pit, and the Shrink Pit. The Cold Works Pit is approximately 35 feet deep, the Furnace
Pit is approximately 20 feet deep, and the Shrink Pit is 100 feet deep. Figure 1-7 shows the
generdized floor plan of Building 135 as well as the locations of the three process pits within the
building.

An agrid photograph taken in September 1939 shows the area currently occupied by
Building 135 to be largdy undeveloped. In the aerid photograph there are a number of small
buildingsand four above ground storage tanks (ASTs) located adjacent to what is currently Parker
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Road. The buildings and tanks appear to be associated with a rall system that was possibly
sarvicng the WVA. Figure 1-8isagraphic representation of thisaerid photograph and showsthe
most relevant features with regard to Building 135.

Themainfocusof theBuilding 135 RFA isthe Shrink Fit, located in the southeast corner of
the building. The pit was used to shrink a part of the gun tube, known as the hoop, onto the gun
barrd. No chemicals were reportedly used during this process.

At itsdeepest point, the pit is approximately 100 feet deep. Its shape and dimensionsvary
with depth, but it measures 51.5 feet by 40.5 feet at its widest point (at the shop floor leve). It
houses three furnaces (two are 9 feet in diameter and oneis 10.5 feet in diameter), an eevator, a
metad dar case for access, and awet pit. Its southern wall is verticd while the northern wdl is
stepped, such that the cross sectional areadecreases with depth. A wet pit (commonly referred to
asthe Blue Lagoon) and dry pit are located at the bottom. Figure 1-9isagenerdized north-south
cross-section through the Shrink Fit, showing the main structurd features of the pit as determined
from congtruction drawings. As shown in this cross-section the pit is constructed entirely in shde
bedrock.

The pit wals are congtructed of reinforced concrete, minimum 1 foot thick, which was
apparently poured directly against the shale bedrock. Steel anchors, which were set 4 feet into the
shdearetied to the concretewadll for support. Drainage chaseswereingtdled around the perimeter
wall of the structure to collect groundwater for use in the shrinking process. The chases were
congtructed by chisding 2 feet by 1 foot shaftsinto the bedrock and filling them with coarse gravel.

A network of pipes connect the drainage chases to the wet pit. The discharge from the drainage
chases to the wet pit is & a depth of 96 feet. The chases are connected to the fill materid,
undernegth the concrete floor dab, via4-inch diameter cast iron drainage weepers (pipes). Eleven
drainage chases are located at the surface of the pit, but there are fewer at deeper levels asthe
cross-sectional area of the process pit decreases with depth.

Groundwater used for the Shrink Pit process was circulated from the wet pit via pumps
housed at the 72.5-feet level. A pump located a the 100-feet leve in the dry pit is used to
discharge water to the sorm sewer at the southern side of the building. Thisdischargeisregulated
under a SPDES permit (Permit No. 0023361) issued by the New York State Department of
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Environmental Consarvation (NY SDEC). The discharge from the Shrink At a Building 135islised
asoutfal No. 4 under this SPDES permit. Monthly monitoring for oil and grease, totd suspended
solids, iron and pH is conducted as a condition of this permit. Based on discharge records
provided by WVA, monthly discharge between September 1994 and August 1995 averaged
approximately 30,000 gdlons. Thewater level in the wet pit is reportedly maintained between 90
and 83 feet below the shop floor level. Water levels in the pit which were taken in March 1995
varied between 82 and 84 feet below the shop floor levd.

In 1973, acontract was granted to GFM Company of Steyr, Audtriafor the manufacture of
aRotary Forge machine. Therotary forgewas delivered in January 1975 and ingtalled on Building
135 in June of the same year. It is 195 feet long and weighs gpproximatey 935 tons, it was
consdered the largest rotary forge in the world a the time. The forge itself and the associated
continuous horizontal hest treating system is a 288 feet long cylindrica furnace. The combingtion
furnace-forge is cagpable of forging hollow cylinders (the shape of an atillery gun tube) from 6
inchesto 18 inchesin diameter and up to33 feet in length. The forge, operated beginning with raw
materid in the form of a short sed "preform”, utilizes chuck jaws to grip the preform which is
heated red-hot. Thisis mounted on amoving platform and fed through a central housing where,
while being rotated by the gripping jaws, is struck with rgpid blows (200 blows'minute) by four
opposing hammers with aforce of 1,000 tons each.

Themachining fluids used during thiswhole process are lubricating oilsand hydraulic fluids
(i.e. MobilGear 634 and 636, Citgo Hyd Qil 68). Most of these chemicals are replenished
following aroutine preventive mantenance schedule. The spent fluid isdrummed and disposed of in
the combustible waste oil sump within the building. The combustible oil sump is pumped regularly
by awaste hauler and transported as non-hazardous waste to Connecticut whereit isused for fuel
blending. Becausethe machineislocated in atrench, thereisasmal sump (4 ft wide X 3 ft. deep
X 3 ft. long) used to capture any spillage of these fluids, if they ever occurred. This sump pumps
automaticdly (leve pump) to a reservoir sump in the North end of Bldg. 135. This reservoir is
piped to the Soluble Waste Qil line onto the IWTP where is skimmed off the top of the soluble

waste oil prior to treatment.
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1.3.14.2 Waste Types

Current manufacturing operationsin the building congst of anumber of processesinduding
forging, heet treetment and machining to convert sed hillets into rough cannon tubes. The sted
billets are hollow sted stock used in an intermediate stage of manufacture. The manufacturing
processes and equipment in Building 135 have changed very little Snceitscondruction. Themost
ggnificant change in Building 135 is the ingalation of an eectric arc furnace and the upgrade of
other process machinery inthe mid to late 1970'sas part of the REARM program. The operations
which occur within Building 135 indude: the ddivery of theraw sted billets; theforging of thebillets
into rough cannon tubes; the machining of the outside of the tubes; thelead plating and rifling of the
inner bore; heat trestment; and, various quality control and strength tests on the partially completed
cannon tubes prior to shipment to other buildings a WVA for finishing. Lead plaing of theinner
bore of cannon tubesis conducted at the southern end of Bay C. Alkali cleaning isacomponent of
the lead plating process. The manufacture of asbestos gaskets was formerly conducted at the
northern end of Bay A. This operation ceased in the early 1980s.

Water soluble cutting oil, combustible waste ail, and meta chipsfrom the milling operations
are the main waste types generated at Building 135. These waste streams are similar to those
generated in Building 25 and are handled in asimilar manner, as discussed above.

The capacitorslocated in Building 135 formerly contained PCBs, as did the hydraulic oils
used in the machinery throughout WVA. All PCB-containing capacitors have been removed and
replaced. All machines containing hydraulic oil with PCBswere drained, flushed, and refilled with
hydraulic oil containing lessthan 50 mg/l PCBs. Plate 1-4 showsthe current or former locations of
PCB containing transformers and capacitors at WVA.

1.3.14.3 Summary of Previous I nvestigations
U.S. Army Toxic and Hazardous Materids Agency - 1980

ThisUSATHAMA report statesthat operations conducted at Building 135 arelead plating,
machining, akali deaning, sress rdieving, asbestos gasket manufacturing, and magnaflux testing.
The manufacture of the asbestos gasketsis conducted in acontrolled area. The magnaflux testing
operations use awater soluble ail to detect flawsin metal. According to thisreport the oil used is
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not compatiblewith the lubricating oil and therefore the waste oil generated from this processisnot
mixed with the soluble waste ail. The water soluble waste oil used for magnaflux teding is
reportedly taken off-gite for disposa by an outside contractor.

William F. Cosulich Associates, P.C. Report - 1980
The report identifies a number of oil spills and conditions a the WVA which have

contributed to the presence of oil in thestormwater discharge. Two sumpslocated in Building 135
were identified as potentia sources of oil sheen found in the storm water discharge.

The first sump was located a the Rotary Forge on the western Sde of the building. This
sump, which dischargesto the storm drain, was heavily stained with ail. The sump, at the time of
the Cosulich report, had recently been connected to the waste ail collection system. The second
sump was located in the railroad car service pit in the southwest corner of thebuilding. Thissump
pit had an overflow pipewhich discharged to the scorm drain. No mention of oil staining around the
sump was made.

Sampling activity conducted at Building 135 incuded the collection of sorm water samples
from Manhole 108, |ocated at the northwest corner of thebuilding. Six (6) sampleswere collected
between August 9 and August 24, 1979 and analyzed for oil concentration. Oil concentrations
ranged from 0.5 mg/l to 3 mg/l. No visble sheen was reported on any of the samples. A water
sample taken from the Shrink Pit contained an oil concentration of 2mg/l. No mention of free
product in the Shrink Pit was made in this report.
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Clough, Harbour and Associates Report - 1991

Clough, Harbour and Associates prepared a report, titled APhase | Subsurface
Contamination Investigation of the Chrome and Shrink Pit Areas in Building 35 and 135 of the
Watervliet Arsend@dated March 8, 1991. Thisreport outlinessampling of thewater and floating
product from both of the referenced pitswithin Buildings 35 and 135, an evaluation of construction
drawings, an assessment of hydrogeol ogic conditions, an examination of potentid sourcesof POLS,
and a description of the past and present operationa history of each building. No borings or
groundwater monitoring wells were ingaled during this investigation.

Review of WVA drawings indicated that Building 135, including the Shrink Fit, was
congtructedin 1943. A small furnace pit islocated immediately to thewest of the Shrink Pit and a
Cold Works Pit islocated 90 feet to thewest. A Forge Plunger Pit occupied the current location
of the Rotary Forge, gpproximately 290 feet to the northwest of the Shrink Pit. Operations
conducted at Building 135 aslisted in this report are hesting the billets; forging; reaming and rifling
the cannon's bore, rough machining of the cannon's exterior; and heet treeting. Heet tregting in the
Shrink Pit wasterminated in gpproximately 1978. The furnaces at the Rotary Forge wereinitialy
fueled with No. 2 fud ail, but was switched to natura gasin 1982.

Clough, Harbour and Associ ates collected oil and water samplesfrom insde the Shrink Pit
within Building 135 in October 1990. Sampleswere andyzed for PCBs by EPA Method 8080,
petroleum identification by NY SDOH Method 310.13, and infrared scan.

Resaults of these andyses from the samples collected from the Shrink Fit in Building 135
indicate a PCB (Aroclor-1254) concentration of 22.0 mg/l and the presence of compounds
characteridtic of a refined petroleum lubricating oil. The presence of PCBs in this sample was
confirmed with GC/MS andysis. A second sample collected on the same day from the Shrink Pit
by WVA personnd was andyzed separatdly for PCBs by EPA Method 608 and indicated a
concentration of PCBs below the method detection limit of 0.05 mgl.
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Potential sources listed in this report are the fud oil storage tanks located to the west of
building, the combustible waste ail tank located at the north end of the building, and the lubricating
and hydraulic oils used in the machinery within the building. Leskage from the fud oil tanks was
ruled out based on the results of apetroleum identification analysis conducted on asample of the ol
callected from the Shrink FAit. Thisanayssindicated that the oil found in the Shrink Fit isarefined
lubricated ail, not aheavy fud oil. The combustiblewaste ail tank wasdso diminated asapotentid
source.  During its replacement in 1988 no significant soil contamination was found. Clough,
Harbour and Associates concluded that POLSs lesking from the machinery may collect in a
preexisting bedrock depression and gradualy migratetowards, and eventudly draininto the Shrink
Ait, located at the southern end of the depression.

Watarvliet Arsend Sampling - February 1995

In February 1995 WV A personnd collected samples from four drums of recovered free
phase product from the Shrink Aitin Building 135. All sampleswereandyzed for PCBsusing EPA
Method 8080 by CTM Analytica Laboratories, Ltd. All sampleswere non-detect (<2.5ng/l) for
PCBs.

Watervliet Arsena Sampling - March 1995

In March 1995 WVA personnd collected samples of petroleum from five locations in
Building 135. All samples were andyzed for petroleum identification usng NY SDOH Method
310-14 by CTM Analytical Laboratories, Ltd. Below isasummary of samples collected and type
of petroleum product identified.
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SampleID Sample Location Type of Petroleum Product
Shrink pit Foating product from Lubricating or Motor Oil
Shrink At
3rd FHoor Wall seepage at 3rd floor | Lubricating or Motor Ol
of Shrink At
WV 12175 Qil from machineguided | Lubricating or Motor Qil
bore tool
WV 11640 Oil from machine Fud Oil #4
WV 11190 Qil from mechine Fud Qils#4, 6 and Motor or Lubricating
Qil
Drum Citgo Drum of product Lubricating or Motor Oil
ISOG-68

This report only presented the results of the petroleum identification andysis. No conclusions or

recommendations drawn from these results were presented in this report.

Watervliet Arsena Sanpling - February 1996

In February 1996 WV A personnd collected samples of petroleum and seep water from
fourteen locationsin Building 135. All samples were analyzed for petroleum identification - cross

match. Below isasummary of samples collected and type of petroleum product identified.
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SampleID

Sample Location

Type of Petroleum Product

leve

ORD#1 Trampoil - Shrink At Mix of ORD #8 and ORD#10
ORD#2 Water/oil mix - southwall | Lubricating ail, like ORD#3
seep leve 6
ORD#3 Drain water sample - No petroleum detected
west wdl level 6
ORD#4 Citgo AW hydraulic fluid | Lubricating ail (mix of 2)
#32
ORD#5 Citgo AW hydraulic fluid | Lubricating all
#46
ORD#6 Citgo AW hydraulic fluid | Lubricating ail (mix of 2)
#68
ORD#7 Citgo Side Rite 638 Lubricating oil
ORD#8 Shel Omdaoil 150 Lubricating ol
ORD#9 Shdl Omdaoil 680 Did not chromatograph
ORD#10 Hone cutting oil Fud ail No. 6
ORD#11 Century Detroit guideail | Fud oil No. 2 or 4, plus lubricating ol
ORD#12 Show bore cutting il Fud ail No. 2 or 4, plusIubricating oil
ORD#13 Oil seep - northeast Mix of DR #8 and DR#10
corner level 4
001 Qil - Shrink At lower Mix of DR #8 and DR#10

This report only presented the results of the petroleum identification andyss. No conclusions or

recommendations drawn from these results were presented in this report.
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1.3.15 Additional Vapor Degreaser Units
1.3.15.1 SiteLocations

The locations of each of the additional vapor degreaser units designated as SWMUs are

presented on Plate 1-2.

#

Building 123 Vapor Degreaser - Thisvapor degreaser wasin operation from 1959to
1972. It was gpproximately 5x8x7 feet deep. The unit may have been periodicaly
drained to an outdoor drum.

Building 20 Vapor Degreaser - The ingdlation date of this degreaser is unknown.
The unit was idle from 1976 until its remova circa 1978. The dimensons of the
degreaser were gpproximately 3 feet by 4 feet by 5 feet deep.

Building 110 Vapor Degreasers - The inddlation dates of these degreasersis
unknown. Both units were removed around 1976. The dimensions of the units were
approximately 4 feet by 6 feet by 6 feet deep. According to WV A personnd, one of
the units had been located in a section of the building caled 110A which was
demolished severd years ago.

Building 120 Vapor Degreaser - Theingdlation date of this degreaser is unknown.
Theunit wasremoved around 1981. Thedimensonsof thisunit wereapproximately 3
feet by 6 feet by 5 feet deep.

Building 130 Vapor Degreaser - Theingalation date of this degreaser is unknown.
The date that this unit is presumed to have been removed in 1981. The dimensions of
this unit were gpproximately 4 feet by 6 feet by 5 feet deep.

1.3.15.2 Waste Types

V apor degreasers wereused for removing protectiveoil coatingsfrom the surfacesof meta

parts. The partswere placed in abasket, or lowered directly into the degreaser with an overhead

hoist. When the degreasing was complete, the basket or part was raised out of the unit, whereit

was removed and worked on. The units were exhausted to the outdoors. According to WVA,

wagtes were never placed into these units. However, the units were shut down periodicdly to

remove accumulated dudges and oil. The units used a hal ogenated solvent suspected to be either

tetrachl oroethene, trichloroethene, or 1,1,1-trichloroethane.

F:\Holding\Watervliet\MMA RFNSEC-1.DOC 1-38



1.3.15.3 Summary of Previous I nvestigations

# Building 123 Vapor Degreaser - Approximatdy 200 feet north of the unit=sformer
location, arecovery well (RW-2) wasingaled asthe result of an underground diesdl
fud ail lineleak. According to WVA, various monthly and quarterly sampling of this
well since June 1993 for EPA 503.1 parameters have shown the presence of
chlorinated solvents. The recovery operation has been terminated, no additiond is
conducted at this location as authorized by the NY SDEC.

# Building 20 Vapor Degreaser - There have been no previousintrusveinvestigations
completed for this SWMU.

# Building 110 Vapor Degreasers - There have been no previous intrusve
investigations completed for this SWMU.

# Building 120 Vapor Degreaser - Approximately 250 feet south of theformer location
of this unit is RW-2, indaled in 1993. As discussed for Building 123, halogenated
organics and other aromatics have been detected, including trichloroethylene and
tetrachloroethylene at levels of 32 ppb and 31 ppb, respectively.

# Building 130 Vapor Degreaser - There havebeen no previousintrusveinvestigaions
completed for this SWMU.

1.3.16 Chip Handling Facility Areas

1.3.16.1 SiteLocation

The locations of each of the chip handling facility areas designated as SWMUs are
presented on Plate 1-2.

# Building 132 South Chip Handling Area - This areawas roughly 50 x 100 feet in
gze. It has been estimated that up to 80 tons of waste metal chips, or gpproximately
40 cubicyards, was stored inthisarea. The exact dates of operation are unknown, but
it is believed to have been operationd in the mid to late 1950's.

# Building 123 Chip Handling Area - According to WV A, the area surrounded by
Buildings 121, 122 and 123 wasreferenced on an old drawing asachip handling area.
A concrete pad exists where the chips were thought to have been stored, and an
adjacent rall lineimpliestrangportation by that route. The storage capacity of thisarea
is estimated to have been up to 80 tons, or approximately 40 cubic yards.

1.3.16.2 Waste Types
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These two locations have been identified on the manufacturing section of WVA asbeing
Aoutdoor waste metd chip storage pile@areas. Waste metal gun sted chips were generated and
placed in these areas, directly on the ground. Various cutting oils coated the chips, which,
according to WV A, Adripped off or washed off during storm events.@

According to the AQIl Pollution Source Elimination Study@by Cosulich (January 1980),
between the late 1950's and 1960's Agrounds at thewest end of Building 121 wereused asachip
storage area@and then up until approximately 1976 Aas awash rack areafor deaning oil from
metal@ According to the report, the oil was alowed to run into the ground.

In addition, approximately 8,000 gallons of Number 2 fue oil were spilled from apipeine
leading to afud ail orage tank in the vicinity of Building 121. Although an attempt was madeto
contain the fue oil spill, oil did seep into the ground.

1.3.16.3 Summary of Previous I nvestigations

# Building 132 South Chip Handling Area - Two engineering studies have been
completed for this SWMU. In November 1992, L ockwood Greene Engineers, Inc.
completed aAPrdiminary Assessment Screening Report. 1n June 1993, Huntingdon-
Empire Soils completed a soil characterization report. Both reports were completed
for theingdlation of anaturd gaslineto the arsend=sbailer plant. Soilscontamination
for tota petroleum hydrocarbons was confirmed at thislocation. Contaminated soils
were excavated as part of the natura gas line ingdlation that was completed from
January through March 1994. The soilswereremoved and disposed of at the Colonie
Landfill, Colonie, New Y ork.

# Building 123 Chip Handling Area - There have been no intrusve previous
investigations completed specificaly for thisSWMU. However, piezometersand test
holeswere completed as part of the Cosulich study which indicated the presence of ail
inthisarea. The Aail impregnating process@in Building 121, the diesd ail Foill at
Building 116, and the chip storage areawere dl listed as sources of groundwater and
s0il contamination in this area.

William F. Cosulich Associates, P.C. Report - 1980

William F. Cosulich Associates, P.C. submitted areport to the ACOE entitled Oil Pollution
Source Elimination Study, dated January 1980. The study wasinitiated in November 1978 dueto
the presence of ol inthe WV A sorm water drainage system. Thereport identifiesanumber of ail
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spills and conditions at the WV A which have contributed to the presence of oil in the slorm water
discharge.

Inaddition to ingpection of the manufacturing buildingsand collection and andyssof sorm
sewer samples, subsurface investigationswere conducted &t three aress; the areaaround Building
121 where an 8,000-gdlonfud oil release occurred, thefud oil sorage areanear Building 136, and
the Sheria Area. Building 121 and the fud oil storage area near Building 136 are located in the
main manufacturing area of WVA.

Theinvedigation in theareaof Building 121 indicated the presence of oil contaminationin
the soil and groundwater. Up to four inches of free phase product was observed in the wells,
piezometers, and test pitsingdled inthisarea. The source of thisoil contamination was reportedly
due primarily to oil spillage and past operations. A interceptor trench was ingtaled on the north
sde of Building 121 in 1975 to limit the migration of ail from the source area.

In 1976 an interceptor trench wasingtalled dongsidethe railroad track that runs northwest
of Bldg. 121. This measure was undertaken when an accumulation of water and oil was noted
seeping from theground. The congtruction of thetrenchissmilar to afrench drain, perforated clay
pipein crushed stone. The trench conveysthe collected materias and transfers them to the waste
soluble ail line. The approximate location of this trench is shown on Plate 1-2.

Environmentd Science and Enginesring, Inc. - 1987

Environmenta Science and Engineering, Inc. prepared areport titled AUpdateof thelnitid
Ingtdlation Assessment of Watervliet Arsend@ dated July 1987. A portion of this report
concerned remedia measurestaken at Building 121. In addition to theingtdlation of an interceptor
trench, oil impacted soil was reported removed for hauled off-ste for disposal.
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1.3.17 Chrome Plating Pit Areas
1.3.17.1 SiteLocations
The locations of the Chrome Plating Pits are marked on Plate 1-2.

# Building 35 Minor Plating Area - Four adjacent plating/coating lines occur in a
135x56 foot areain the east-centrd Sde of Building 35. The processing tanksin this
arearangein sizefrom 700 to 2,200 galons, with most being about 700 gallons. The
sumpsin the chrome lines are 4 feet by 4 feet by 5.5 feet deep. Other sumpsare 1.5
feet by 1.5feet by 2 feet deep. Theplating areaoperationsbeganin 1983 and areon-
gang.

# Building 35 Major Plating Areas - Four adjacent pits in the southwest corner of
Building 35 are identified from west to east asthe 120 mm pit (50x60x40 feet deep),
the 155 mm furnace pit (40x60x30 feet deep), the 8-inch pit (40x60x30 feet degp) and
the new medium tube (NMT) pit (40x60x30 feet degp). Each pit isapproximately 25
feet from the next. Thefour pits are consdered to be one SWMU. The 155 mm pit
operated from 1952 to 1987 when the pit was converted to an electric oven heat
treatment facility. The 8-inch cannon pit began operationin 1976 andisin limited use
today. The NMT pit began operation in 1980. The 120 mm cannon pit began
operationin 1987. Eachpit hasasump which collectsspillage, drainage and infiltrating
groundwater. The sumps aretypicaly 4 feet by 4 feet by 5 feet degp and hold up to
670 gdlons, each of these sumpswerelead lined in 1995. Two chrome plating tanks
and their sxteen associated tanks which are used for rinse, eectropolishing and
cleaning, are located in the 120 mm pit. The plating tanks have a capacity of 12,760
gdlons. Therinse and cleaning tanks hold 2,800 gdlons of fluid. The 8-inch tube pit
contains one plaing tank and five associated processing tanks. The NMT pit has 2
plating tanks and associated processing tanks. Some groundwater infiltrates through
the wdlls of the pitsand is collected at the sumps.

# Building 110 LC Plating Area - The LC (liquid chrome) plating areais a deep pit
with smal individud holding tanks, and is located in the center of Building 110. The
shdlow haf of the pit, 40 feet deep, has been in operation since the 1940's and was
renovated from 1982 to 1984. The deeper pit area, 70 feet deep, has been inactive
ance 1991 becauseit requires upgrading and equipment repair. Theshalow hadf drains
into the deeper haf which is then pumped from the sump into the acid waste line for
dischargeinto theindustrid wastewater treatment facility. Groundwater seepsinto the
pit from the walls.
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1.3.17.2 Waste Types

The basic function of the units are to collect spillage and drainage from the chromium
plating, anodizing, cadmium cyanide (use of this compound was discontinued in 1994), and
manganese phosphate lines which contain caudtic cleaners, dectro-polishing, rinse water, and
plating/coating solutions. The sump liquid is pumped to the acid waste line then flows by gravity to
the WVA industrid waste treatment plant. Cyanide spillage and drainage is collected separately
and delivered to the waste trestment plant by a cyanide waste line. Waste placed into the units
include chromic acid and other plating fluids such as caudtic cleaners, sulfuric and phosphoric acids;
cadmium, nickel, copper, manganese phosphate plating/coating solutions and rinse waters.

1.3.17.3 Summary of Previous I nvestigations

# Building 35 Minor Plating Area - Monitoring wells associated with the chromic acid
line repair project by Empire Soils, were sampled in July 1993. These wells are
located 100 to 200 feet downgradient from the sump area. Groundwater analyses
from these wdls (93EM - SP-9, 10, 11 and 12) indicated that no RCRA metals other
than lead exceeded the NYS MCL=s. Oil and grease totaled 1.5 ppm.

# Building 35 Major Plating Areas - There have been no previous intrusve
investigations for this SWMU.

# Building 110 LC Plating Area- There havebeen no previousintrusveinvestigations
for this SWMU.

1.3.18 Chrome Plating Scrubbers
1.3.18.1 SiteL ocation

# Building 114 Chrome Plating Scrubber - Thisscrubber wasingdledin 1978 and is
dill in operaion on an intermittent bass. The scrubber is approximately 3.5 feet in
diameter and 6 feet high, and islocated insde of Building 114. Theworking capacity
of the scrubber is approximately 75 gdlons.

# Building 110 Chrome Plating Scrubber - This scrubber was inddled in
approximately 1975 and is il in operation. The scrubber is gpproximately 6 feet in
diameter and 9 feet high, and islocated insde of Building 110. Theworking capacity
of the scrubber is approximately 400 galons.
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# Building 35Minor Plating Scrubber - Thescrubber isapproximately 10to 12 feetin
diameter and 8 to 10 feet high, and is located ingde of Building 35. The working
capacity of the scrubber isapproximately 1,200to 1,700 galons. Thisscrubber istill
in operation.

# Building 35 South Chrome Plating Scrubbers- Three scrubbersarelocated outside
of Building 35 and are gpproximately 10 to 12 feet in diameter and 8 to 10 feet high.
Their working capacities are about 1,200 to 1,700 gallons. These scrubbers include
the eight inch facility scrubber which has been operating since 1976, a medium tube
facility which has been operating since 1985, and a 120 mm facility which has been
operating since 1992.

1.3.18.2 Waste Types

The scrubbers are used to remove contaminants entrained in the exhaust ar from chrome
plating operations, prior to discharge to the atmosphere. The units are equipped with filter media
and water wash curtains. Water is continuoudy recycled in the unit until conductivity probes
indicate that fresh water is required. At that point, water and contaminants are automatically
discharged to the wastewater trestment plant via the waste acid line. The main contaminant is
chromic acid. The scrubbers are variable in sze and cylindricd in shape. The scrubbers are
located insdeloutside of the following buildings

1.3.18.3 Summary of Previous I nvestigations
There have been no previousintrusive investigations performed soedificaly for this SVMU.

14  CONCEPTUAL SITE MODEL

1.4.1 General Overview

Based on the higtoricd information and previoussiteinvestigations discussed in Section 1.3,
there are severd areas where wastes have leaked or spilled, have been stored, collected, or
removed, or have migrated through timewhich could act as sources of contamination. Theseareas
include locations that presently or formerly were associated with vapor degreasers, chip handling
aress, plating scrubbers and plating sump areas, process pits, machining operations, waste oil
USTs, indudtria sawersiwagtelines, and thefill associated with theformer Erie Cand. Conceptud

F:\Holding\Watervliet\MMA RFNSEC-1.DOC 1-44



dte modes are provided as a visud representation of potential sources of contamination and
migration pathwaysat Buildings 25, 35, and 135 and acrossthe Main Manufacturing Area (Figures
1-10, 1-11, 1-12, and 1-13).

Oil spills have been identified which have contributed to the presence of ail in the soil,
groundwater, and storm water discharge. Spillage and past chip storage operationsin the Building
121 areaarelikely to contribute to petroleum contamination. Petroleum spillage was dso noted to
have occurred in the fuel storage area (Building 136). Numerous underground storage tanks,
designated as SWMU locations due to potentid lesks, are also possble sources of POL
contamingtion.

The source of volatile organic contamination in soil and groundwater is suspected to bethe
former vapor degreaser units. The Building 25 degreaser isbelieved to bethe primary source. The
Building 20 vapor degreaser isa so expected to have contributed to volatile organic contamination,
aswell asaZyglo’ ingpection station in Building 25 and individua USTsor drumsinwhich volaile
organic compounds were stored. Vapor degreasers that were previoudy operated upgradient of
Building 25, such as the one in Building 110, may aso have contributed sgnificantly to voletile
organic contamination.

1.4.2 Source Characterization

1.4.2.1 Building 25

Figure 1-10 shows the Conceptud Site Modd developed for Building 25 prior to
implementation of the RF. Previous investigations have indicated a presence of chlorinated
solvents to the east- southeast of Building 25.

The vepor degreaser unit, assumed to be the primary source of volatile organic
contamination, was reportedly located adong the eastern wall in the southeastern quadrant of the
building. Exhaugt was vented outsde of the building through an exhaust system that was located
about seven feet aove the ground. The amount of contaminants infiltrating the ground at the
exhaust discharge point is estimated to have been small, and was probably insufficient to causethe
observed levelsof contamination inthe soil and groundwater. Itispossblethat waste solventsfrom
the degreaser were disposed of or spilled directly on the ground outside Building 25, near the
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degreaser unit location. The area east of he building was reportedly unpaved until the
1960's/1970's and thus would have been unpaved a some time while the vapor degreaser wasin
operation.

A 2,000-galon underground storage tank (UST) (SWMU #14), this SWMU was
previoudy a1,000 gdlon waste ail tank, waslocated on the northeast sde of Building 25 (Plate 1-
2). Itwasreplaced in 1980 and is currently shared with Building 20. A Zyglo’ inspection process
was conducted in Building 25. In past practices, emulsion from this processwas reportedly rinsed
off and washed down the previoudy exigting floor drains which lead to the sorm drain system.
According to WVA personnd, Zyglo” inspectionistill conducted in Bay O-4, located at the south
end of the building in the middle, adjacent to the location of an overhead door. Wastes from this
operation are discharged to asump whereit is piped overhead to the IWTP soluble ail collection

system, and not to the slorm sewer. Approximately one drum of waste is generated per year.

1.4.2.2 Building 35

Manufacturing activities conducted at Building 35 include chrome plating, cadmium-cyanide
plating (closed 1994-1995), magnaflux testing, heat trestment, and cannon tube machining. Four
process pitsfor plating and hest trestment are located at the southern end of the building. Much of
the remainder of the main floor is used for machining operations. POL contamination was
discovered entering thepit, with the groundwater, during the conversion of the chrome plating pit to
the Furnace Pit in 1987. After the upper concrete layer of the floor dab and underlying water-
proof membrane were removed, POL swere observed seeping into the pit, thusidentifying Bulding
35 as an environmental area of concern at the WVA.

A conceptua ste model has been developed for Building 35 and isincluded as Figure 1-
11.

1.4.2.3 Building 135

L eskage from the secondary collection system (machine foundations) in and beneath the
floor of Building 135 is suspected to be the primary release mechanism for the cutting oils. The
released oil is believed to be present benesth the floor in the subbase, and possibly in the material
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filling the naturd bedrock swale and pipe trenches. Some of the ail is sugpected to have migrated
to thedrainage chases of the Shrink Pit, and subsequently seeped into the pit. The PCBsidentified
are believed to be condtituents of acutting oil that may have been used in the past a Building 135.

Ancther potentia release mechanismis believed to beleskage from the underground waste
pipdineimmediately north of Building 135. Thispotentia would be higher prior to thelining of the
clay-tilepipesinthemid 1970's. Thefree product observed in monitoring well 93-EM - SP-13may
be the result of a reease and migration from the pipeine in that area, or the migration of POLs
benesth the building floor.

It has aso been past practice a Building 135 to use the sumps, located beneath some of
the machinery, asdisposa areasfor waste oils. This practice was observed by WV A personnel at
the Rotary Forge. A collection system was ingtalled at the forge to collect groundwater seepage
and oil, and was therefore designed to be periodically pumped out. However, it was erroneoudy
thought to be a drainage/disposal system ("soak away™) by some WV A workers. As aresult,
WVA personnd disposed of waste oil and glycol there. However, this practice has been
discontinued. The rotary forge has since been identified as a separate SWMU.

The capacitors formerly located in Building 135 contained PCBs, as did the hydraulic oils
used in the machinery throughout WVA. According to WVA personnd, PCB-containing
capacitorswerelocated within the Shrink Pit and many morewerelocated throughout the building.

Some of these had reportedly failed and leaked PCB- containing oils onto the floors and equipment
inthe building. The PCB-containing oilsmay potentially have seeped directly through cracksin the
concrete floor dab or have mixed with the cutting and lubricating oils prior to lesking through the
floor dab and migrated towards the Shrink Fit. There are no continuing PCB releases because all

PCB-containing capacitors have been removed and replaced with their non-PCB-containing
equivaents.

The fracture pattern developed from blasting activities during the excavation of the Shrink
Pit would be expected to extend radidly outward from the center of explosion, creating apreferred
pathway for groundwater and POL movement towardsthe pit. Indeed, thiseffect may have been
intended since groundwater seepage into the pit is used as the source of cooling water for the
shrinkage operation (i.e., blasting served the dua purpose of removing rock for the pit construction
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and increasing groundwater yield in the bedrock). It is therefore feasible that some POLs have
migrated downward, through fracturesin the bedrock to the groundwater table, and are migrating
towards the pit along the depressed groundwater table caused by pumping at the pit.

In the absence of fractures, contaminant migration within the bedrock would be very
limited, confined amost exclusively to the weathered bedrock zone.

A dgte conceptud modd exhibiting the primary potentid contamination pathways for
Building 135 has been included as Figure 1-12.

1.4.2.4 Main Manufacturing Area

A number of SWMUs have been identified which are not directly connected to ectivitiesat
Buildings 25, 35 and 135. These SWMUs were deemed as a potentia source of contamination
during Site conceptudization and are included in Figure 1-13.

Building 110, located immediately west and upgradient of Building 35, isapotentid source
of POL contamination. Numerous areas in and around Building 110 have been associated with
evidence of POL spills WVA utility drawings show underground utilities running from Building 110
toward Building 35. These may provide a preferred migration pathway for POL movement
between the two buildings.

Wadte ail, chromic acid, and cyanide flow through the industriad sewersto the treatment
facility at Building 36. Leaks have been previoudy detected in portions of this sewer system and
were promptly repaired following a oppage in manufacturing to stop further releases.

A sgnificant potentia source of POL contamination isisolated spillsupgradient of Building
35. One documented spill is an approximate 8,000-gdlon No. 2 fud oil spill that reportedly
occurred between Buildings 110 and 116 in March 1975. POL contaminants associated with that
soill may have migrated downgradient toward Building 35.

Four 50,000 gallon underground storage tanks were removed approximately 550 feet
northwest of Building 135in August 1990. They contained No. 6 fud ail. Investigations conducted
in 1979 by W. F. Cosulich Associates, P.C. found that the soil surrounding the four 50,000-gdlon
underground storage tankswas saturated with oil. These leaks have been associated with fill ports
and transfer pipes. During the closure investigation, a hand- held photoionization meter, dong with
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visud evidence of contamination, was used to pin-point the locations for soil removas. Visudly
contaminated soils removed from around the fill ports and transfer piping areas were taken to a
locd landfill. Sampling activities consst of monthly visud sampling of monitoring wells 1 through 4
located southwest of Bldg. 136- Boiler House. A log of thisingpection activity ismaintained andis
available a the ISH office.

Smilar manufacturing activitiesto those & Building 35 were conducted a Building 110. As
Building 110 islocated upgradient of Building 35, it is consdered as an important potential source
of the POL contamination observed infiltrating the Furnace Pit & Building 35.

TheMain Manufacturing Arealocationswhere historic obsarvationsof POL contamination
have been made are listed below:

L ocation Date Description

Discharge of 8,000 gallons of No.2 fuel oil. Interceptor
Building 116 March 14, 1975 trench installed/contaminated soils removed.

Discharge of 266 gallons of No. 2 fuel oil during filling
Building 116 March 10, 1976 operation.

400 - 500 gallons of diesel fuel discharged from
Building 116/RW-2 May 13, 1993 underground distribution line. Recovery system installed.

Underground distribution line leak. Soilswere
Buildings 136/147 Early -mid 1980s removed/piping was replaced.

L eakage from the soluble waste oil line near Building 20.
Manhole 43D 1995 Seepage of oil into nearby excavation. Manhole resolved
93-EM-SP-13 - Oil observed during September 1995 sampling.
95MPI-B35-MW-8 - Oil observed during well installation in June 1995.
MW-B121S - Installed in 1978 following oil spill.
MW-B121IN -- Installed in 1978 following ail spill.

Oil observed in well during Arsenal-wide investigation in
MW-B110 - 1995.
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1.4.3 Contamination Characterization
In previousinvestigations at WV A, ha ogenated hydrocarbons (primarily PCE, TCE, and
1,1,1-TCA), petroleum products, and chromium were found in the groundwater and soil.

1.4.3.1 Chlorinated Organic Compounds

1.4.3.1.1 Building 25

During the CTM invegtigation (1990), PID field screening (headspace method)
observations during soil boring ingtallations at locations downgradient of Building 25 indicated the
presence of volatile organic contaminationinthearea. These boringswerelocated east- southeast
of the former vapor degreaser. Elevated concentrations of halogenated hydrocarbons, primarily
TCE and PCE, and tota xyleneswere detected in collected soil samples, al below the soil cleanup
guidance TAGM. Details of the investigation are discussed in Section 1.3.3,

Concentrations of halogenated hydrocarbons (TCE and TCA) exceeding their NY SDEC
Class GA groundwater standard of 5 ngy/l were detected in monitoring wells downgradient of
Building 25.

1.4.3.1.2 Building 35
During previoussiteinvestigations, TCL P exceedancesfor PCE were detected at SWMU
13, adjacent to the southern wall of Building 35 (Section 1.3.6).

1.4.3.1.3 Main Manufacturing Area

Vapor degreasers, the presumed source of the mgority of chlorinated organic
contamination in the Main Manufacturing Area, were formerly located at six different locations
discussed in Sections 1.3.3 and 1.3.15. The existence of chlorinated organic contamination in the
groundwater near the degreasers at Buildings 120 and 123 has been confirmed by previous
sampling and anadyss. (Section 1.3.15).

F:\Holding\Watervliet\MMA RFNSEC-1.DOC 1-50



1.4.3.2 Petroleum, Oil and Lubricants

1.4.3.2.1 Building 35

POLs have been observed in the Furnace Pit water a Building 35 and in storm water
samples collected from Manhole (MH) 11. Itisnoted, however, that MH 11 islocated upgradient
of Building 35 and istherefore more representative of dischargeto siorm sewer from Building 110.

Soil contamination has not been noted in any previous intrusve sudies a Building 35.

1.4.3.2.2 Building 135

POLsare currently present in the groundwater recharging the Shrink Pit. The presence of
PCBs in these POLs has been identified through sampling and andysis (Section 1.3.14). POLs
have aso been identified in machinery sumpswithin the building, most notable beneath the Rotary
Forge and arailroad car service pit.

Storm water samples collected from MH 108, at the northwest corner of Building 135,
contained low level concentrations (<3 mg/l) of ail.

A review of rdaed investigation reports did not indicate the presence of vishle

contamination in the subsurface soils.

1.4.3.2.3 Main Manufacturing Area

POL contamination in the soil hasbeen observed at Building 136 and 147 (Section 1.2.5),
Buildings44 and 110 (Section 1.3.5), the Erie Cand near Manhole 43 (Section 1.3.12), Buildings
121 and 132 (Section 1.3.16),

Oil and grease were detected in groundwater samples collected at monitoring wellsinddled
aong the soluble waste ail line southwest of Building 25 between 1990 and 1993, a monitoring
wellsingaled aong the solublewaste ail line surrounding Building 135, and inthe Motor Pool Yard
(Section 1.3.10).
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1.4.3.3 Inorganics

1.4.3.3.1 Main Manufacturing Area

Chromium concentrati ons exceeding background concentrations have beenfound in soilsat
Building 136.

Groundwater samples collected at monitoring wells near Buildings 35, 121 and 135 have
exhibited iron and manganese concentrations above the NY SDOH Maximum ConcentraionLeves
(NYSDOH MCLs), Clough, Harbour and Associates, 1991. However, these concentrations are
likely to be due to dlevated site background concentrations for these metals.
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2.0 PHYSICAL CHARACTERISTICS
OF THE STUDY AREA

21  GENERALIZED TOPOGRAPHY AND GEOLOGY

The Main Manufacturing Arearangesin eevation from gpproximeately 18 feet above mean
sealeve (AMSL) at the eastern site boundary, aong the Hudson River, to pproximately 75 feet
AMSL in the area of Buildings 135 and 125, dong the western boundary of the Man
Manufacturing Area. Topography at the Site generdly dopes gently to the east and west from the
topographic high, previoudy discussed, with exceptions to this noted to the west of Building 135
where the topography decreases sharply form ahigh of approximately 74 feest AMSL to 50 feet
AMSL dong the ralroad bed leading to the Siberia Area of WVA. Other locations within the
Main Manufacturing Areawhich show marked e evation change arethe areasdirectly to thewest of
Building 110, which has a 10 foot eevation change in approximately 20 feet, and the areadong
Westervliet Avenue, directly north of Building 20, where the e evation changesgpproximately eight
feet over gpproximately 50 feet. The topography of these areas is believed to have sgnificantly
dtered through thefilling and congtruction activities e the site (i.e.,, road congtruction and building
foundation congtruction).

Accordingtothe"Surficia Geologic Map of New Y ork - Hudson-Mohawk Shest, 1987,
amgority of WV A isunderlain by recent dluvid deposts. The Nationa Cooperative Soil Survey
(NCSS) has mapped the native soils on Ste asa it [oam.

The"Geologic Map of New Y ork - Hudson-Mohawk Shest, 1970", showsthat thesiteis
underlain by the Normanskill Shde of the Lorraine, Trenton, and Black River Groups. This
formation is comprised of minor mudstone and sandstone and is dark gray to black in color.
However, based on recent field observations, and the absence of sandstone, it is likely that the
bedrock benesth the ste is the Snake Hill Formation mapped by LaFHeur (New York State
Geological Association Guidebook, 1961), which iscomprised mainly of dark gray shde. Thisunit
liesgratigraphicaly above the Normanskill Shde. During the Steinvestigations, highly weethered
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shale was encountered from gpproximately oneto 18 feet below ground surface (bgs). Ingenerd,
competent bedrock was encountered from approximately 12 to 18 feet bgs. The upper portion of
the competent bedrock was found to be fissile and highly fractured with 45 to 60 degree bedding
planes. The depth to competent bedrock was based on auger refusad during drilling activities.

2.2 GENERALIZED HYDROLOGY AND METEOROLOGY

Groundweter flow a the Main Manufacturing Areaiis primarily controlled by topography
which is coincident with the bedrock surface. The most prominent feature on the potentiometric
surface is a hydraulic divide running roughly north to south through buildings 135 and 130. The
position of this divide follows the bedrock ridge which has been identified in the area of these
buildings, and the sSite topographic high. Groundwater to the east of this divide flows eastward
towards the Hudson River. Groundwater to the west of this divide flows westward towards the
SheriaArea

The depth to the water table is generdly greatest in the shalow groundwater monitoring
wells a the top of the topographic divide which is coincident with the bedrock ridge. The depthto
weethered bedrock is fairly shdlow at the divide. Groundwater is typicaly not found in the
overburden near the divide during any portion of the year. However, approaching the eastern
boundary of WVA, towards the Hudson River, the depth to bedrock generdly increases and
groundwater is frequently encountered in the overburden. The generd location a which the water
table is encountered in the overburden is a north-south trending lineinthe vicinity of Farley Drive.
The mgority of the overburden depositswest of Farley Drive are not saturated while those east of
Farley Drive are saturated. The GTI wells (87GTI-MW-1BPthrough-4BP), B135-MW-5 and
B135-MW:-6 are wells where the overburden is saturated only during portions of the year.

Precipitation which collects on impermesable surfaces in the Main Manufacturing Area of
WVA typicdly is trangported down paved streets and into the WVA storm sewer system. The
majority of surface water runoff collected in the Main Manufacturing Areaiis discharged through
outfall 003 into the Hudson River. In other areas of the Main Manufacturing Area, sorm water is
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discharged through other outfdls into the Hudson River, onto the Delaware & Hudson (D& H)
property, and into the Siberia Area storm sewer system.

Based on datacompiled by the National Climatic Data Center (NCDC) between 1965 and
1998, the average annud precipitation for the Albany, New Y ork areais gpproximately 36 inches
per year. The precipitation isevenly distributed throughout the year, with an gpproximate monthly
average of 3.05inches. The highest average amount of precipitation, 3.69 inches, typically occurs
inJuly. February hastheleast average amount of precipitation, with approximately 2.35inches. In
the nine months preceding thefirst round groundwater sampling effort, the average precipitation per
month was 2.20 inches, dmost an inch less than normal. The impact of the reduced rainfal was
agpparent in alower groundwater table eevation as measured during field activities.

During the months after the first round of groundwater sampling but preceding the second
round of groundwater sampling (October 1995 through May 1996), the monthly precipitation
values were 1.23 inches per month grester than the average monthly precipitation values. During
April and May 1996, immediately before sampling, a total of 10.00 inches of precipitation was
measured, compared to the average amount of 6.40 inches. This resulted in an even higher than
normal water table present during this high water season. During thefive months preceding
the February 11, 1999 water level measurements, the total precipitation was 2.26 inches above
norma. In January 1999, 7.75 inches of precipitation fdl, which was 5.39 inches above normd.
Groundwater elevationsin February 1999 were generdly the same asin May 1996.

According tothe NCDC, theclimateinthe Albany areais primarily continenta in character,
but is subject to some modification by the Atlantic Ocean. In the warmer seasons, temperatures
rise rapidly during the day, and fal rgpidly after sunset. Winters are usudly cold and sometimes
fairly severe with maximum temperatures generdly below freezing and nighttime lows below 10
degrees Fahrenheit. Sub-zero temperatures occur about twelvetimesayear. Snowfdl isvariable.
Wind velocities are moderate (mean speed of 8.9 mph) and are usually southerly.
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23 LANDUSE

The Main Manufacturing Areaiis located within alight industrid areaand is bounded by
resdentid to the north, resdentia/light commercid to the south, light industrial/ commercid to the
west (Perfection Plating, Shaker Tire Company, former Delaware & Hudson railroad yard, the
SiheriaArea), and heavier industria activity located further to the west (former Adirondack Sted!).
The Main Manufacturing Area is bound on the east by Broadway (Route 32) and interstate
highway |-787.
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3.0 METHODS OF INVESTIGATION

31 SOIL SAMPLING

3.1.1 Background Surface Soil Sampling

Dueto the lack of established background concentrations for inorganic parameters, four
surface soil samples were collected and andyzed for RCRA Metds. The sampleswere collected
from the golf course areabecauseit isardaivey Aclean@erea of the WV A where no previous
manufacturing has occurred. Sample locations are shown on Figure 3-1.

The four surface soil samples (SS-51 through SS-54) were collected in July 1995. The
samples were collected from between 0 and 0.5 feet below ground surface with astainless sted!
trowd and bowl. The sampleswere homogenized prior to being placed in the sample containers.
Background sampleswere analyzed for RCRA Metdsonly. Theresultsof the background surface
s0il sampling are discussed in Section 5.4.

3.1.2 Subsurface Soil Sampling

A tota of 47 soil borings, including 23 Geoprobe soil borings, and 64 groundwater
monitoring well borings have been drilled as part of the RFI. To date, atota of 91 groundwater
monitoring and recovery wellshave beeningdled in the MMA aspart of thevariousinvestigations.
Thelocations of the soil borings, monitoring wells, and piezometers are shown on Plate 3-1. For
discussion purposes, the year (A95", @96, A97", or A98") and AMPI @prefix on the boring and
monitoring well locations has been omitted inthetext. In generd, the subsurface soil sampling was
conducted in accordance with the gpproved Building 25 RFI, Building 35 RFA and Building 135
RFA, and Hydrogeologic Investigation Find Work Plans (February, May, and June of 1995,
respectively) and the associated Addendas. However, the depth to weathered bedrock/bedrock
was much shalower than expected in somelocations, requiring severd of the proposed overburden
borings to be drilled into the weathered bedrock or bedrock. A discussion on the specific
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monitoring well/piezometer boringsthat were effected by the shallow depth to bedrock isincluded
in Section 3.2.

Soil samples were collected from above the water table, except in ingtances where the
water table was less than two feet bgs. No soil sample was collected from AW-MW-25 due to
the albsence of unconsolidated deposits at thislocation. Selection of the soil sampleswas based on
visud, olfactory, and field screening photoionization detector (HNu headspace readings). The
sampleswere containerized and analyzed as described in the gpproved Work Plans. Rocks, twigs,
and debriswere removed from soil samplesbeing analyzed for volatile organic compounds (VOCs)
prior to being placed in the gpropriate containers. The remaining portion of the sample was
homogenized in a sainless sted bowl and placed into sample containers. Soil boring logs are
provided in Appendix B.

3.1.2.1 SWMUsNo. 7 through 14

Sixteen soil borings were drilled and sampled to investigate severd of thewaste oil USTs
(SWMUs7 through 14). Subsurface soil sampleswere collected at each of the borings except as
noted. Soil samples could not be collected from SWMUs 8 and 11 because of the shallow depth
to bedrock. According to WV A personnel, the tank pits at these SWMUSs were excavated into
bedrock. Four samples, two each from SWMUs 9 and 13, had to be re-collected due to
exceedance of |aboratory holding time for extraction on dl but one of the samples. The fourth
sample, SWMU-9- 2 was broken by the laboratory.

3.1.2.2 Geotechnical Sampling - Building 25

The geotechnica sampling at Building 25 was conducted in accordance with the gpproved
Work Plan with the following exceptions. Only one sample was collected from B25-MW-1 for
geotechnicd andys's, however, due to the homogenous nature of the soils encountered in this
boring, the sample collected is consdered representative. At location B25-MW-3, there was
insufficient sample recovered by the split-spoon to provide both environmenta and geotechnica
samples, therefore, the environmenta samples were taken from the split- spoon, and the
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geotechnica sampleswere collected from thedrill cuttings. Cohesive soils, evauated by Atterberg
Limits, wereencountered only in B25-MW-2, B25-MW-3, B25-MW-4, and B25-MW-6. Asa
result, the number of samples analyzed for Atterberg Limits was reduced.

3.1.2.3 Geoprobe Soil Sampling - Building 135 and Erie Canal

Nine Geoprobe soil boringswere completed through the floor at Building 135 to assessthe
depth to bedrock and determine the presence or absence of POLs beneath the dab. Two-inch
Macrocore soil coreswere collected continuously from the ground surface to the bottom depth of
each boring. Each corewasexamined for visual evidence of POL contamination and field screened
with a PID. Soil samples were not collected from these borings. Any visud and/or olfactory
evidence of contamination wasnoted. The gpproximate locations of the boringsare shown on Plate
3-1

Twelve Geoprobe soil boringswere completed in the backfilled Erie Cand near wells 25-
MW-5, 25-MW-35, and 25-MW-36 for the purpose of collecting soil samples for chemicd
andysis to assess any soil contamination associated with the backfill placed in the Cand during
decommissioning. Two of the soil borings, WVA-GP-13 and WV A-GP-14, were completed to
the water table downgradient of well 86EM - SP-1B, on the site property line, to assessthe extent
of contamination, if any, inthisarea. Two-inch Macrocore soil coreswere collected continuoudy
from the ground surface to the bottom depth of each boring. Each soil corewas visualy examined
and field screened with a PID.  Soil samples were collected from each of the borings, with the
exception of boring WVA-GP-14, a which no evidence of potentid soil contamination was
encountered. Soil samples were andyzed for volatile organic compounds (VOCs), semi-voldile

organic compounds (SVOCs), and RCRA metals.

32 SOIL GASSURVEY

A s0il gas survey was conducted in the areaeast of Building 25. The soil gas survey was
conducted at 42 locations as shown on Figure 3-2. Soil gas sampleswere collected from adepth
of three to four feet below ground surface on a 50-foot grid spacing. The soil gas locations
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radiated southeast, east and northeast from the location of the former vapor degreaser unit in order
to assessthe laterd extent of volatile organic contamination. A copy of the Target Environmenta
Services report is provided as Appendix C.

Severd sample locations identified in the Work Plan could not be sampled due to
interference with underground utilities. Theselocationswere: B25-SG-1, B25-SG-2, B25-SG-3,
B25-SG-4, B25-SG-5, B25-SG-7, B25-SG-9, B25-SG-18, B25-SG-28, and B25-SG-38. The
s0il gas grid was expanded to the southeast of Building 25 to include locations B25- SG-51 and
B25- SG-52 based on the detection of volatile organicsat location B25-SG-41. Additiond soil gas
points were attempted east and northeast of B25-SG-41, but could not be sampled due to
interference with underground utilities.

In addition to the soil gas pointsin the vicinity of Building 25, four soil gas samples were
collected northeast of Building 25 to investigate the laterd extent of volatile organic contamination
dueto aleak in asegment of the soluble ail linein May 1993. Thisareaiseast and southeast of the
location of theformer vapor degreaser in Building 25. These sampleswere desgnated WOL-SG-
1 through WOL-SG-4.

3.3 MONITORING WELL INSTALLATION

A totd of 64 monitoring wells were ingaled in the Main Manufacturing Area during the
RFI. With the exception of the five wells ingdled as part of the ICMS study performed in the
vicinity of Building 35, groundwater monitoring well ingalation was conducted in three phases.
Phase | monitoring wells targeted known or suspected areas of contamination and areas of the
MMA which were previoudy uncharacterized. A total of 39 monitoring wellswereingaled during
Phase | a the following locations.

#  Sxwelsa Building 25 (25-MW- 1 through 6);

#  Four wdlsat Building 35 (35-MW-5 through 8);

#  Four wdlsat Building 135 (135-MW-1 through 4); and

# 25 wdlsinthe remaining portions of the MMA (AW-MW-20 through 44).
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Phase I monitoring well ingtalation was conducted in 1997. The objective of Phase Il wes
to characterize groundwater conditionsin theintermediate or deep bedrock flow zonesat locations
where contamination was identified in the shalow flow zone during ingdlation and sampling of the
Phase | wells. A tota of 11 groundwater monitoring wells (AW-MW-45 through 55) were
ingaled in the MMA during Phase II. Well AW-MW-55 wasingdlled aong the property linein
the vicinity of Building 135 to monitor shalow groundwater conditionsin the area.

Phase 1l monitoring well ingtalation was conducted in 1998. A tota of nine groundweter
monitoring wells (AW-MW-56 through 64) wereingaled inthe MMA during Phaselll. Withthe
exception of wells AW-MW-56, AW-MW-57, and AW-MW-63, the objective of the Phase 111
monitoring well inga lation wasto further characterize zones of devated V OC concentrationsinthe
intermediate and deep bedrock flow zoneswhich were discovered during ingalation and sampling
of the Phase Il wdls. Wel AW-MW-63 was ingdled to monitoring shalow groundwater
conditions along the northwester property line. Overburden wellsAW-MW-56 and AW-MW-57
wereingdaled to further characterize shadlow groundwater conditions downgradient of Manhole43.

As mentioned above, atota of five wells, four bedrock piezometers (P-1 through 4) and
onerecovery well (PW-1), wereingdledin thevicinity of Building 35 as part of theongoing ICMS
study.

Monitoring well locations are shown on Plate 3-1. Monitoring well descriptionsincluding
total depths, screened intervals, and screened lengths are provided in Table 3-1.

3.3.1Ingtallation Methods

In generd, well ingtdlations were conducted in accordance with the gpproved Building 25
RFI, Building 35 and Building 135 RFA, and Hydrogeologic Invegtigation Fina Work Plans and
associated Addenda. However, dueto the shallow depth of westhered bedrock/bedrock, many of
the proposed overburden wells were installed as weathered bedrock wells or bedrock wells.
Proposed overburden monitoring wells which were installed as weathered bedrock wells were
AW-MW-23, AW-MW-25, AW-MW-27, AW-MW-30, and AW-MW-32. Proposed
overburden monitoring wellswhich wereingtaled asbedrock wellswere AW-MW-22, AW-MW-
26, AW-MW-28, AW-MW-29, AW-MW-38, AW-MW40, B135-MW-2, B135-MW-3,
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B135-MW-4, B35-MW-5, B35-MW-7, and B35-MW-8. Monitoringwel AW-MW-41wasa
proposed weathered bedrock well. However, groundwater was not encountered at the proposed
depth and was converted to a bedrock well.

In order to further characterize specific zones of known or suspected VVOC contamination,
bedrock monitoring wellsAW-MW-48, AW-MW-51, AW-MW-52, AW-MW-53, AW-MW-
54, AW-MW-58, AW-MW-59, AW-MW-60, AW-MW-61, and AW-MW-62, wereingdled
during Phases |1 and 111 using a discrete zone groundwater characterization method, asoutlinedin
the Work Plan Addendum. Thisingtdlation method involved thefollowing procedures. Boreholes
were advanced to adepth equivaent to the total depth of the existing bedrock well inthe cluster by
augering through te overburden and wesathered bedrock and drilling through the competent
bedrock. Upon reaching the target depth, the borehole was advanced with HQ coring. The wdll
was then sampled after each 20 foot corehole advance to assess the groundwater quality using an
inflatable packer system with an attached bladder pump. Sampleswere collected from the packer
asambly and andyzed for volatile organics. The casing for each well was ingdled when a
decrease in the concentration of volatile organicswas detected. A 10to 15foot open rock section
was then drilled below the cased interva. Monitoring well AW-MW-61 was inddled utilizing a
triple-casing congiruction to prevent groundwater from the overburden, shallow, and intermediate
bedrock from entering the open interva of this deep bedrock well.

In addition to the monitoring wells, two piezometerswereto beindaled: oneinsdeand one
outsde of Building 135. The piezometer insde the building (PZ- 1) was converted to amonitoring
well (B135-MW-1) and installed to adepth of 120 feet bgsdueto thelack of shalow groundwater
encountered during ingtdlation. The piezometer scheduled to beingtdled outsdethe building (PZ-
2) was advanced to a depth of 20 feet bgs and was grouted due to the lack of groundwater at this
depth.

During the course of the investigations, bedrock cores were obtained from severd of the
monitoring well borings. Information obtained from the bedrock core included percent recovery,
RQD, bedrock classfication, and soundness (i.e. competency) of the bedrock. Boring logs are
included in Appendix B. Monitoring well congruction diagrams are included in Appendix D.
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3.3.2Well Development

Development activitiesat the newly installed monitoring wellswere conducted according to
procedures outlined in the approved Work Plans. However, due to the dow recharge rates at
severd of the wels, the criteria for well development was adjusted by Macolm Firnie and the
USACE. Therevised criteriaincluded, a) to remove as much st as possible from thewell, b) to
obtain aturbidity level lessthan 50 NTU=s, and c) to purge five well volumes. Every reasonable
effort to obtain these god's was made during fied activities. However, in severa ingtances the
criteria were not met, development was considered complete when a totd of five hours of
development had been completed. These deviationsfrom the Work Plan were discussed with the
USACE, USEPA and the NY SDEC and approved prior to implementation. Well development
logs are presented in Appendix E.

34 GROUNDWATER SAMPLING

3.4.1 Sampling L ocations and Analyses

Four rounds of groundwater samples were collected from the newly ingtalled and existing
monitoringwells (Plate 3-1). Round 1 of sampling was completed in September 1995 and included
dl wdlsingdled a the MMA as of that date. Round 2 was completed in May and June 1996.
Round 2 included the samewells sampled during Round 1. Round 3 of groundwater sampling was
completed in October 1997. Round 3 included al wellsingtaled during Phase 11 monitoring well
ingalation and the associated monitoring wells in each well cdluster. Round 4 was completed in
1998 and included dl wellsingtdled during Phase 111 monitoring well ingtalation and the associated
wells in each well cluster. Grab groundwater samples were adso obtained from the Geoprobe
boreholes drilled in the Erie Cand area in February 1998. All groundwater sampling was
conducted in accordance with the approved Work Plans, with the exception of the procedures
outlined below. Eachwel was purged with either adedicated Teflon bailer, acheck valve attached
to polyethylene tubing, or a centrifuga pump with polyethylene tubing.

Groundwater samples collected during Round 1 were andyzed for VOCs, SVOCs,
pesticidesand PCBs, total and dissolved RCRA Metals, tota and dissolved hexavadent chromium,
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and cyanide. In addition, a sample of the LNAPL discovered in well B35-MW-8 was collected
for petroleum identification anayss.

Groundwater samples collected during Round 2 were andlyzed for VOCs, SVOCs,
pesticides and PCBs, and total inorganics. In addition, groundwater was collected for dissolved
inorganic analysis at locations listed in the Second Round of Groundwater Sampling Addendum
(May 1996). Thefollowing samplesweredso andyzed for diesd range organics (DRO) andyss
AW-MW-24, AW-MW-27, AW-MW-30, MW-B121S, and RW-2.

Round 3 groundwater samples were collected from 40 monitoring wels, including dl
monitoring wells ingtalled during Phase [I monitoring well indalation, with the exception of AW-
MW-52, which was purged to dryness and did yield water for over one month following purging.

All groundwater samples collected during Round 3 were andyzed for VOCs. In addition,
groundwater samples collected from salected wellswere andlyzed for SV OCs, total and dissolved
RCRA metds, and DRO asfollows:

# Groundwater from wells 93EM -SP-13, 93EM -SP-14, 93EM -RW-2, 35-MW-8,
AW-MW-41, AW-MW-45, AW-MW-48, and AW-MW-55 were analyzed for
SVOCs;

#  Groundwater fromwellsAW-MW-45 through 55 (with the exception of AW-MW-
52) were analyzed for tota and dissolved RCRA metds, and

#  Groundweter from wels 93EM -SP-13, 93EM - SP-14, 93EM -RW-2, 35-MW-8,
AW-MW-24, AW-MW-41, AW-MW-45, AW-MW-48, and AW-MW-55were
andyzed for DRO.

Round 4 groundwater samples were collected from 11 monitoring wells, induding dl
monitoring wells ingaled during Phase 111 monitoring well ingdlation. All groundwater samples
collected during Round 4 were andyzed for VOCs. Sedlected groundwater samples were dso
analyzed SV OCs, Pesticides and PCBs, total and dissolved RCRA metd's, and natura attenuation
parameters as follows:

#  Groundwater samples from wels AW-MW-56, 57, and 63 were anadyzed for

SVOCsaswdl astotal and dissolved RCRA metdls;

#  Thegroundwater samples from well AW-MW-63 wasanayzed for Pesticides and
PCBs, and
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#  Thegroundwater samples from wels AW-MW-33, 34, 51, 58, 59, 60, 61, and 62
were analyzed for various natural attenuation parameters.
Groundwater samples were collected from al Geoprobe borings ingaled in the Erie

Cand/Building 25 area with the exception of borings WVA-GP-4 and WV A-GP-5, where
groundwater was not encountered. All Geoprobe groundwater sampleswere anayzed for VOCs,
SVOCs, and total RCRA metals.

The locations of the groundwater sampling points are shown on Plate 3-1. A copy of the
purgelogsfor Rounds 1, 2, 3, and 4 of groundwater sampling are presented in Appendix F. Purge
logs were not generated for Geoprobe groundwater samples since these were grab samples

collected directly from the borehole.

3.4.2Inadequate Recharge

Due to inadequate groundwater recharge rates, a sample volume sufficient to dlow for dl
intended andyses was not available for collection a some sampling locations. If sufficient volume
could not be obtained, groundwater samples were collected for andysis in the following order:
VOCs, SVOCs, pedticides and PCBs analysis, and then inorganics andysis (including hexava ent
chromium during round one). Groundwater samplesfor VOC andysis were collected as soon as
enough groundwater entered the wdl after purging was completed. Samples for the remaining
analyses were subsequently collected over a period which did not exceed two days.

During thefirst round of groundwater sampling, there were severd samplesthat were not
collected due to inadequate recharge. At AW-MW-20, groundwater could not be collected for
SVOC, pedticide and PCB, and inorganic analyses. At AW-MW-32, groundwater could not be
collected for pesticideand PCB anayss. At AW-MW- 36, groundwater could not be collected for
SVOC, pedticide and PCB, and inorganic andyses. Also, there was only sufficient volume of
LNAPL in B35-MW:-8 to collect a sample for volatile organics.

During the second round of groundwater sampling, therewere dso severd locationswhere
the intended groundwater samples could not be collected dueto inadequate recharge. Groundwater
samples could not be collected for pesticide and PCB andysisat AW-MW-29, AW-MW-33and
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AW-MW-36. In addition, & AW-MW-36, a groundwater sample could not be collected for
inorganic anayss.

During Round 3, a groundwater sample could not be collected from AW-MW-52 since
thiswell took over one month to yield water after being purged to dryness.

35 PROCESSPIT SAMPLING

Two rounds of process pit water/floating product sampleswere collected from the Shrink
Pit at Building 135, and the Furnace, New Medium Tube, and 8-inch Gun Pitsat Building 35 (Plate
3-1). These sampling events coincided with groundwater sampling. The work was conducted in
accordance with the gpproved Work Plans, with the exception of the procedures outlined below.

During the firg round of sampling, samples were collected from the water and floating
product present in the Shrink Pit a Building 135. Coallection of the floating contamination layer
samples was modified from the procedures outlined in the Work Plan because the product
thicknesswastoo smdl to collect sampleswith apump. Attemptsto collect samplesusing abailer
falled and therefore, the existing dedicated product recovery system was used to obtain samples
instead of the proposed perigtatic pump. Therewas no floating product present during the second
round sampling event.

Samples were collected from the water and floating product layer from the Furnace Pit
sump in Building 35. In addition, water samples were collected from two of the process pits at
Building 35. Sample collection followed the procedures outlined in the Work Plan, except where
field conditions required that modifications be made. Samples were collected with a dedicated
Teflon bailer and a dedicated pond sampler from the New Medium Tube and 8-inch Gun Rits,
respectively. The use of the pond sampler at the 8-inch Gun it was necessary to collect asample
from the shdlow waste stream which was entering the sump because sampling from the pit sump
itself was impossible due to access condraints.

Samples of pit water collected during both sampling events were analyzed for the same
parameters asthe groundwater samples collected from thewe Isat that time. During thefirst round
sampling, the floating product was andyzed for voldile organics, semi-volatile organics, PCBs,
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hexavdent chromium, cyanide, and RCRA metds (unfiltered). Andyss for the second round
sampling incdluded volatile organics, semi-valatile organics, PCBs, glycol, and RCRA metds
(unfiltered).

3.6 HYDRAULIC CONDUCTIVITY TESTING

After thewdlshad fully recovered from thefirst round of groundwater sampling, hydraulic
conductivity testswere performed at amgority of the newly inddled wdls. Twotypesof hydraulic
conductivity testswere performed: rising head tests at the overburden wells and packer tests at the
bedrock wells.

Risng head tests were performed by introducing a Adug@of known volume into the
wells, dlowing thewater leve to equilibrate, then removing the Adug@and measuring therise of the
water level. The change in water level with time was monitored and recorded by a pressure
transducer linked to a data logger.

Packer testswere conducted using the constant-pressure-injection test. Faling-head tests
were not used because the zones to be tested were not completely saturated. The zone to be
tested wasisolated with inflatable packers and potable water was pumped into theisolated section
under afixed pressure. The quantity of water which entered the formation with time was measured.

The test was run until stabilization occurred; that is, three or more readings of water intake and
pressure taken at five-minute intervas are essentidly equa. Packer tests were dso performed in
severd of the bedrock welsingdled during Phases |1 and 111 of monitoring well ingtalation.

3.7 INVESTIGATION DERIVED WASTES (IDW)

All drill cuttings and spoils were contained in U.S. Department of Transportation (DOT)-
approved 55-galon drums. Based upon the anaytica results obtained from soil samples collected
during the investigations, nine drums were potentidly hazardous for lead, two for arsenic, and ten

drums contained soil which had an odor. From these drums, three composite samples were
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collected and analyzed for TCLP and PCBs. Samples collected for VOC andysis were not
composited/homogenized. The soil sampleswere determined to be non-hazardousand IDW was
disposed of at the Town of Colonie Landfill.

Drilling water and groundwater were placed on the ground or in drums at the direction of
the NYSDEC. The water contained in the drums was discharged to the ground surface in the
Siberia Area after evauating the andyticd results. Digposd of the IDW was gpproved by the
NY SDEC and the USEPA. A summary of the drums of investigation derived wastes generated
during the fidld investigations is presented in Appendix G.

3.8 BOREHOLE GEOPHYSICAL SURVEY

A borehole geophysical survey was conducted by Colog, Inc., under subcontract to
Macolm Pirnie, in 17 bedrock groundwater monitoring wels across the MMA in late
October/early November 1997. The objective of the borehole geophysica survey wasthreefold:
1) to determine the presence or absence of any water bearing linear features (i.e., fractures or
bedding planes) in the wdlls, 2) to evauate the magnitude and orientation of these features, if
encountered; and 3) to aid in locating the additiona bedrock monitoring wellsingaled during Phase
I of monitoring well ingallation.

The investigative techniques used during the borehole geophysica survey were standard
video logging, temperature and fluid restivity logging, and enhanced video logging using the
Borehole Image Processing System (BIPS). BIPS utilizes panoramic high resolution video toimage
the entire circumference smultaneoudy, thus making it possble to determine the orientation,
magnitude, and distribution of fractures, bedding planes, and other linear featureswhich intersect the
borehole. The results of these investigations are presented in Section 4.0, of this document.
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4.0 GEOLOGY AND HYDROGEOLOGY

41 GEOLOGY

4.1.1 Surface Soils

Surface soilsin the manufacturing areahave been mapped by the Nationa Cooperetive Soil
Survey (NCSS) asone of three distinct units. Surface soilsin the southern and western portion of
the gte, the area where the mgority of manufacturing is done, has been classified as Ur. The
northeastern portion of the area, containing the mgjority of residences, the golf course, the
swimming pool area, and a softball field is classfied as NaB. A smdl naturd area in the block
between AW-MW-22 and AW-MW-25 has been classfied as NaC.

Ur is classfied as Aurban land@and described as typicdly being at least 85 percent
impervious to infiltration and having a dope of 0 to 15 degrees. Aress of miscdlaneousfill are
included within this unit by definition. The NCSS notes that these areas are often the result of
severd feet of fill being placed in awetland, stream or flood plain.

NaB is classfied as ANassau channery st loam, undulaing.@The NCSS has described
this soil asadark grayish brown channery loam about eight inches thick underlain by ayelowish
brown very channery st loam of amilar thickness. This soil is typicdly found on bedrock
controlled ridges and plains, 5 somewhat excessively drained and ranges in dope from 3to 8
percent. The bedrock beneath these soilsis very shdlow, typicaly at a depth of sixteen inches.

NaC is classfied as ANassau channery st loam, rolling. @ Thissoil isvery Smilar to NaB
and the only obvious difference is that it is typicaly found on dopes of up to 15 percent. The
location of each surface soil type & Watervliet Arsend is marked on Figure 4-1 (Sheet 14, Soil
Survey of Albany County, New York, USDA, 1992).
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4.1.2 Overburden

The mgor overburden unit identified in the Main Manufacturing Areahas been described as
fill, conssting of brown or dark gray sty sand with angular gravel. Fill was primarily used dong the
eadern edge of the Main Manufacturing Area near Route 32, dong Ddlisa and Westervelt
Avenues, each of which where built up in order to have a gentle dope towards the front of WVA,
and toleve out the ground surface around and beneeth thelarge buildings. Resultsof thegrainsize
andyses, from samples callected in the area of Building 25 (B25-MW-4 and B25-MW-6)
indicated that sand was the primary condtituent of the fill a both locations, ranging from 49.6
percent at B25-MW-6 to 66.1 percent at B25-MW-4. Gravel averaged 24 percent, silt 11
percent and clay 10 percent. Thefill in the former Erie cand is composed of very dark grayish
brown sand and gravel and includes wire conduit, gravel, charcoa, glass, and wood. The
generdized geologic data shown on the hydrogeologic cross-sections presented on Hates 4-2
through 4-7 show thét fill materias are present throughout the Main Manufacturing Areawith the
thickest amount of fill being in the eastern portion of the Main Manufacturing Area as previoudy
discussed.

Thefill materid isthe only unit consistently found throughout the site. Underlying thefill are
thefollowing netive overburden units afinegrained dluvium, acoarser dluvium, and glacid till. As
can be seen in the generdized cross-sections, located in plan view on Plate4- 1, and presented on
Plates4-2 through 4- 7, and the buil ding specific geologic cross- sections, Figures4-2 through 4- 7,
these unitsarenot present in al areas of thesite. Thefollowing isadiscussion of the composition of
each overburden geologic unit encountered below the fill materid, the unit discussons have not
been presented in stratigraphic order due to the reason previoudy stated.

The fine grained dluvium is characterized as being an olive-tinged dark brown or gray
clayey st with traces of fine sand and fine gravel reaching amaximum thickness of gpproximeately
threefeet at AW-MW-35. Thisunitissmilar in gopearance and composition asthe clayey st unit
encountered during the investigations in the Siberia Area of WVA. As shown on Fates 4-2
through 47, the mgority of the clayey sit unit encountered is in the eastern portion of WVA,
towards the Hudson River, below an eevation of approximately 40 feet AMSL.
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The coarse grained dluvium deposit a the Ste conssts primarily of brown or reddish
brown sand with fine gravel and occasond traces of Slt. Thisunit isprimarily found in the area of
Buildings 25 and 35 on the eastern portion of WVA. The maximum thickness, of 7 feet, was
encountered at B35-MW-5, asshown on Figure4-2. Thisunit, other than thefill materid, wasthe
most cons stently encountered unit at the Ste, and the only native geol ogic unit to be encountered at
the ground surface, in the area of the wastewater treatment plant, at wells SP-7 and SP-3, as
shown on Figure 4-4. Theaverage compaosition of thisunit, asindicated by samples collected and
andyzed from B25-MW-1 and B25-MW-4, is40 percent sand, 26 percent gravel, 16 percent silt,
and 18 percent clay.

The third overburden unit encountered a the Steis glacid till, described asmottled olive-
gray slity sand and subangular to subrounded gravel. The maximum thickness of the till is
approximately 8 feet and was encountered in the area of monitoring well B25-MW-6, Figure4-5.
Thetill encountered &t WV A istypicaly separated from the underlying bedrock by athin layer of
what isdescribed asdluvium, as shown on Figures4-3 and Plates 4-2 through 4- 7. The presence
of dluvium directly below the till may be attributable to partid eroson of the dluvid layer during
depostion of till or eroson of glacid till in an upstream area and deposition of blocks of till in the
form of Arafts@in the areaof WVA. These phenomenon would explain the presence of thetill
above dluvid unitsin certain aress of the Site.

West of the bedrock ridge, overburden thickness is minima (Plates 4-2 through 4-7).
Native overburden was not encountered in any of the borings drilled a Building 135, the 87GT]
wells, or Macolm Pirniewd|sin the central portion of the manufacturing area (AW-MW-39/AW-
MW-40) or dong the northern edge of the ate (AW-MW-25 or AW-MW-26). Thefill materids
in these locations are typicdly less than five feet thick. Only in the area around Building 135 are
overburden (fill) thicknesses of greater than fivefeet encountered. At SP-14 the overburdenis11
feet thick, at B135-MW-4 (Figure 4-6) the overburden wasfivefeet thick in theinitial boring, and
at B135-PZ-2 the overburden was seven feet thick. The thicker occurrence of overburden at
B135-PZ-2 is thought to be related to a subdab swde filled with well-sorted sand to provide a
base for the concrete dab at Building 135. The location of this swale has been identified in aerid
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photographs taken in 1939 (Figure 1-5) and acontour map from June 1942. Dueto the observed
overburden thickness and the location of B135-PZ-2, it is sugpected that this boring is located
aong the southeast edge of this swae. It should be noted that to the west and within 20 feet of
B135-MW-2 there are outcrops of wegathered shale bedrock.

The thickness of the overburden at a particular location is directly related to the distance
between that | ocation and the bedrock ridge. Asshown on Plates4-2 through 4-7, thethicknessof
the overburden deposits increases from west to east with the thickest amount of overburden being
encountered at AW-MW-21. Conversdly the thinnest amount of overburden was encountered at
the top of the bedrock ridge in the area of AW-MW-39.

Complete boring logs are included in Appendices A and B of this report.

4.1.3 Bedrock

The bedrock underlying the Steis a black, medium-hard, laminated shae, showing some
characterigics of minor metamorphism. This shde has been identified as part of the Snake Hill
Formation. The Snake Hill Formation has been described as heavily folded, and the effects of this
were noted during split-spooning as the shde displayed bedding planes a angles as high as 70
degrees. During coring, nearly vertica fractures were often encountered. The lack of
minerdizaion, asde from occasiond cacite and pyrite deposited secondarily by groundwaeter,
tends to support the observation that little metamorphism has taken place, athough outcrops near
AW-MW-29 show some quartzites and daty cleavage.

The bedrock beneath WV A has previousy been reported as Normanskill Shalein some
prior investigations. Thisdesignation isconsstent with the Bedrock Geologica Map of New Y ork
State, Hudson-Mohawk Shest, published by theNew Y ork State Museum and Science Servicein
1970, as shown a Figure 48. However, the Normanskill Shale is described as a shde
interbedded with thick sandstones, which does not match the observations made during bedrock
coring during thisinvestigation. The bedrock cores more closely resemblethe Snake Hill Formeion
mapped by LaFeur and published in the New Y ork State Geological Association Guidebook in
1961. This classfication is supported by the Generalized Bedrock Geology of Albany County
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map, New Y ork State Museum. (Fickles, R.H., 1982, Generalized Bedrock Geology of Albany
County, New York. N.Y. State Mus. Lft. 25.) Itisbdieved that the classfication of the bedrock
immediately benegth the Main Manufacturing Arealis to the Snake Hill Formation.

The bedrock can be described in three ways, based on the degree of weathering observed.

Thefirg is an extremdy westhered zone gpproximately four feet thick. Split-spoons collected
from thiszonewerefilled with gravel 9zed shdefragments. Thesefragmentswere often oriented at
near verticd angles. This extremely weathered bedrock unit was encountered a depths ranging
from near ground surfaceat AW-MW-27 to approximately 20 feet bgsat AW-MW-31, asshown
on Plate 4-3, 4-5, and 4-7. Typicdly itisdescribed asether shaefragments containing interdtitial
clay and silt, or as clay or st containing shde fragments. Complete boring logs are provided as
Appendices A and B.

Benesth this extremdy wesathered bedrock is a zone of less westhered shale showing
minimal competency. Augers could drill five to ten feet into this weathered zone before
encountering competent bedrock. Bedrock cores collected from this zone generaly had RQD=s
below 20 percent. Coring in this zone was often interrupted by core blockages.

Competent bedrock was generally encountered at depths ranging from approximately 1.5
feet bgsat SP-13 on the bedrock divideto 18 feet bgsat SP-1 (Plates4-2 through 4-7). Typicaly,
competent bedrock was encountered at shallower depths and at higher elevations, asthe bedrock
ridgeisapproached. Competent bedrock had reported RQD=sfrequently inthe 80 to 90 percent
range. Thetop of the competent bedrock surface is presented on Plate 4-8, whichiilludratesthe
bedrock ridge which trends approximately north to south in the western portion of WVA.

Within the MMA, two monitoring wells encountered what appearsto be elther adifferent
geologic unit or amore massve sectionof the Normanskill Shde. Thisvariation within the bedrock
at the ste was noted during the third phase of the Site investigation. Bedrock cores collected from
MW-61 indicated asignificant increasein the RQD va uesreported for the bedrock cores collected
from 120 to 140 feet bgs and the cores collected from 140 to 160 feet bgs. Thisvariation in the
bedrock was aso noted during the collection of groundwater packer samples during the well
indalation. Theupper sampleinterva during collection (120 to 140 feet bgs) yielded groundwater
during purging, and the depth to water did not change sgnificantly during the purging activities.
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However, during the purging of thelower sampleinterval (140 to 160 feet bgs) no sgnificant yield
of groundwater was noted, and during purging, the sample zone purged to dryness. Andyticd data
for the packer sampleintervas, noted above, were dso sgnificantly different indicating thet thereis
limited hydraulic connection between the two zones.

This“boundary” is also evident, to alesser extent, inthe MW-52 area. Atthislocation, the
main lines of evidence are the groundwater devation data and dow rate of recharge to the well.
The RQD data collected from thislocation did not show as significant achange between the cased
section of the monitoring well and the open, completed section, of the monitoring well.

A third monitoring well, DEC-3, located in the Siberia Area of Watervliet Arsend, dso
shows evidence of the “boundary”. This well exhibits water levels below sea levedl and has
exhibited dow recharge, sgnificantly dower than other bedrock wells a the Siberia Area.

4.1.3.1 Linear Features

As discussed in Section 3.8, a borehole geophysical survey was conducted in 17
monitoring wells located acrossthe MMA. The objective of the survey was to characterize the
extent, orientation, and magnitude of linear features (i.e., bedding and fractures) which intersect
each of thewell boreholesinvestigated. Aspart of the survey, Borehole lmage Processing System
(BIPS) high resolution panoramic video logging and standard video logging were used to identify
fracture and or bedding plane magnitude and orientation. In addition, standard temperature and
fluid resdtivity logging were used to identify aress where groundwater recharge was occurring into
the borehole. The results of the geophysica survey are presented in Appendix M.

Linear feature orientations derived from the BIPS survey and video logs are presented on
Plate 4-9. Plate 4-9 shows linear features in both polar stereographic projections of each linear
feature in each borehole aswdll asrose diagrams. As shown in Plate 4-9, and thewith exception
of wel AW-MW-45, the primary direction of al linear featuresencountered in thewel| boreholesis
to the east a an average dip direction of 100 to 110 degrees. Monitoring well AW-MW-45,
whichislocated west of the topographic high and the groundwater divide, showsadip directionto
the west a an angle of approximately 125 degrees. This data corresponds to the direction of
groundwaeter flow as delinested from water level measurements and discussed further in Section
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4.2.2, and the groundwater flow does not exhibit flow control in asecondary direction from fracture
orientation. Figure M-1 (Appendix M) shows a rose diagram which was produced for dl linear
features measured in the well boreholes. Based on thisfigure, the average angle of dip acrossthe
gteis approximately 60 degrees. It should be noted that, in generd, the dip angle of the linear
features encountered in the shallow bedrock zone were steeper than those of the deeper bedrock
zone, which may be potentidly related to the weathering of the upper bedrock.

In addition to the collection of linear feature orientation and direction, the BIPS survey aso
assesad the magnitude of each feature as it relates to potential water bearing capacity. Each
feature was assgned a rank based on the potential for groundwater flow through or from the
feature. For example, a bedding feature with no visible openings was assigned arank of “0” (the
lowest rank), signifying that no flow waspossibleat that depth location. Likewise, amgor fracture
zonewith largevisble openings, if encountered, would be assigned arank of “5” (the highest rank),
indicating that this festure was capable of conducting large quantities of groundwater. The highest
rank assgned to any fracturein the MMA survey was*“3’, which indicates an open fegture. The
BIPS ranking system is presented graphicaly in Appendix M.

Pate 4- 10 shows the depth and orientation of potential water-bearing fractures (ranks 1
through 3) in cross-section view at each survey location. Asshown on Plate4- 10, potential water-
bearing fractures occur at depths no greater than approximately 86 feet bgs, with the mgority
occurring between approximately 15 to 40 feet bgs.

Table M-1 (Appendix M) presentsasummary of depth, dip direction, and dip angle of all
linear features|ogged during the BIPS survey. Asshownin TableM -1, 87.6% of the 427 festures
logged by the BIPS survey were assgned arank of “0". The remaining 12.4% were assgned
ranksof “1” through“ 3", with 9.4% assigned arank of “1”, 1.6% assigned arank of “2”, and 1.4%
assgnedarank of “3”. Rank 1 featureswerefound at depthsranging from gpproximately 13to 86
feet bgs. Rank 2 features were found at depths ranging from gpproximately 17 to 67 feet bgs.
Rank 3 features were found at depths ranging from approximately 14 to 24 feet bgs.

Plate 4-10 and Table M-1 show that, as expected, both the number and magnitude of
potentia water-bearing fractures (Ranks 1 through 3) decrease with depth. Thisindicatesthat the
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preponderance of groundwater flow in the bedrock is occurring in the shallow and intermediate
flow zones.

Table M-1 aso presents the average dip directions and dip angles for each feature Rank.
As shown in the table, bedding features (Rank 0) have an average dip direction of approximately
113 degrees (i.e., generdly east), with an average dip angle of 47.4 degrees (where O degreesis
horizontal and 90 degrees is vertical). The potentid water-bearing fractures, however, have an
averagedip direction of approximately 174 degrees(i.e., south), with an average dip angle of 38.1
degrees, which is shallower than that of the bedding festures. The southerly fracturedip direction
does not appear to affect locad groundwater flow directions since, as shown in the shallow and
intermedi ate potentiometric contour maps (Plates4- 11 though 4- 14), and the hydrogeol ogic cross-
sections (Plates 4-2 through 4-7), the documented direction of groundwater flow is to the eadt,
towards the Hudson River. 1t should aso be noted that, as shown on Plate 4-10, severd of the
fractures cross-cut each other (i.e., two or more fractureswith nearly opposite dip directionsexist
in the same section of the borehole). For example, in well AW-MW-35, two fractures with dip
directions of 107 degrees and 296 degrees, respectively, were found at nearly the same elevation
(10.16 ft amd). Thiscross cutting of thefracturesindicatesthat groundwater traveling through the
fractures will travel a tortuous flow peth, both in a vertical and horizonta direction, making
interpretation of the hydrogeologic and chemica data difficult.

Temperature and fluid resistivity logs collected during the geophysica survey are dso
contained in Appendix M. As shown in the logs, definite zones of groundwater recharge into the
well boreholes, which would be indicated by sgnificant temperature or conductivity anomalies,
were not evident. This showsthat recharge of groundwater into the boreholesis either occurring
dowly (i.e, therechargeisdow enough to dlow the recharging weter to equilibrate with the water
in the borehole without creating atemperature or conductivity anomaly) or that there are no distinct
zones of groundweter recharge (i.e., Sgnificant flow through fractures). This concurs with fied
observations of borehole recharge rates which were noted during well development and purging.

42 HYDROGEOLOGY
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4.2.1 Surface Hydrology

Themgority of theMan Manufacturing Areaiisrdatively impervioustorainfdl. Only inthe
resdentiad and recreetiond areas of the northeastern portion of WV A isinfiltration of surffacewaters
expected dueto the presence of grasscover inthese aress. Infiltration of surface water also occurs
in the recharge area where asphalt is absent and bedrock is exposed at the ground surface.

The precipitation which collects on rdatively impermesble surfaces in the manufactuing
areaof WVA istypically transported down paved streetstoward storm sewer grates. The surface
topography a WV A exhibitsadivide which trends approximately north- south through themiddle of
Buildings 135 and 130 and is coincident with the bedrock ridge present in this area.

Precipitation or runoff north of Building 40 or northeast of Building 1 isdischarged into the
Hudson River through small, locd outfals (007). Intheregion near the main gate, near AW-MW-
20, surface water discharges through outfal 008. The mgjority of surface waters in the southern
portion of WV A and east of the topographic divideisdischarged through outfal 003 near the AW-
MW-33/AW-MW-34 clugter. Surface water in the parking lot south of the dudge beds near the
wastewater trestment plant is discharged to the Hudson River through outfall 009. West of the
topographic divide, near Buildings 135, 125 and 136, surface water discharges to the D&H
raillroad yard through outfal 006 and eventudly reachesthe KrommaKill, aClass D surface water
body, as overland runoff. Surface water west of topographic divide, but north of Building 125 is
discharged into the Siberia Area sewer system.
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4.2.2 Groundwater Hydrology

Dueto the shallow depth to bedrock and the limited amount of overburden in severa areas
of WVA, as shown on Plates 4-2 through 4-7, groundwater was encountered within different
geologic units (overburden, weathered bedrock, or bedrock) depending on the drilling location.
Because of this, Plates4-11, 4-12, and 4- 13 represent the potentiometric surface of thefirst water
bearing unit encountered during drilling of the monitoring wells. As an example, groundwater is
encountered in the bedrock at the western end of WV A, however, as you progress eastward,
groundwater was encountered in the westhered bedrock and then in the overburden deposits. The
only area & WVA which has sufficient saturated thicknesses of individua geologic units and
hydraulic datato construct individua potentiometric mapsfor overburden, weathered bedrock, and
bedrock, isin the vicinity of Building 25.

Groundweter flow in the Main Manufacturing Area is primarily controlled by both the
bedrock topography and the degree of fracturing within the bedrock itself. The maost prominent
feature on the potentiometric surfaceisagroundwater divide trending gpproximately north to south
through Buildings 135 and 130. Thisfeature gppearsto mirror the bedrock ridge which is shown
on Plate 4-8, top of bedrock contour map. As shown on Plates 4-2 through 4-7, the primary
discharge for groundwater from the Main Manufacturing Area is to the Hudson River which is
located to the east of WVA. As shown on Figures 4-9 through 4-17, for the area surrounding
Building 25, each of the potentiometric maps shows that groundwater in each of the
hydrogtratigraphic units, flows from west to east towards the Hudson River, with acomponent of
flow to the northeast. Plates 4-2 through 4-7 show that west of the groundwater divide shallow
groundwater flow dischargestowardsthe KrommaKill. These platesaso showsthat groundwater
recharge occursin the areaof the bedrock ridge. The effects of recharge are dso shown on Plates
4-2 through 4-7, which show congtant downward vertical gradientsin this area

Water level and precipitation data collected as part of background monitoring during a
pump test conducted during the ICM S study confirmsthat groundwater rechargeisoccurringinthe
area of the bedrock ridge. Figure 4-18 presents the both the water level in well AW-MW-40,
located on the bedrock ridge, and the precipitation amount recorded at the Albany International
Airport from December 22, 1998 through January 18, 1999. Asshowninthefigure, groundwater
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levds in wdl AW-MW:-40 correspond directly with precipitation events during this time period,
indicating that precipitation is recharging the groundwater a thislocation with minima time lag.

As can be seen from Plates 4-2, 4-4, 4-6, and Plates 4- 11 through 4- 13, the horizonta
gradient islesssteep or flattensin the areaof Building 35, east of the 35 foot equipotentia contour.

This change in the horizonta gradient, represented by the increased spacing of the equipotentia
contour lines, may be related to ether the increasing overburden thickness in this area or the
increasein hydraulic conductivity between the weethered bedrock and the overburden at the point
where the water table enters the overburden

A total of nine complete rounds of water level measurements were collected from the o+
gte monitoring wells by Macolm Pirnie between July 1995 and February 1999 (Table 4-1). The
largest fluctuations in measured weter levels occurred in the monitoring wells condtructed in the
overburden. The potentiometric surface and generd flow directions at the Site do not sgnificantly
vary from season to season, as shown on Plates4- 11 through 4- 13 and Figures 4-9 through 4- 17,
which represent flow conditions on September 11, 1995, May 20, 1996, and February 11, 1999,
respectively. Seasond variationsin groundwater € evationsmeasured inindividua monitoringwells
are presented in Table 4-1.

Prominent deflectionsin the potentiometric contour lines presented on Plates 4- 11 through
4-13, most noticeably near AW-MW-30 and RW-2 and in the region southeast of Building 25
(Figures4-9though 4-11), can be attributed to bedrock surfacefeatures. Asshown on Plates4-8,
and 411 through 413, the 55 foot and 60 foot AMSL bedrock surface contours mirror the
deflection seen on the 60 foot and 55 foot AMSL potentiometric contour linesonthe Plates. The
protruding bedrock knob which is apparent by deflections in the 15 foot and 20 foot AMSL
bedrock surface contour lines, is reflected by deflections in the 20 foot and 25 foot AMSL
potentiometric contour lines on Plates 4-11 through 4-13.

Plate 414 presents the potentiometric surface map for the intermediate flow zone on
February 11, 1999. Intermediate flow zone potentiometric maps were not constructed for the
September 11, 1995 and May 20, 1996 water level measurement events since severd of the
intermedi ate zone monitoring wellswere not ingtaled at thosetimes. Asshown on Plate 4-14, bath
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the location of the groundwater divide and the genera direction of groundwater flow in the
intermediate flow zone mirror thet of the shalow flow zone.

In addition to the geologic and topographic effects on the water table, severa man made
features d 0 effect the potentiometric surfacein severd areas of thesite. A discusson of theman+

made effects on the potentiometric surface is presented in Section 4.2.2.5.

4.2.2.1 Vertical Hydraulic Gradients

Cdculated vertical hydraulic gradients in the manufacturing area vary based on date and
location. Vertical hydraulic gradients were caculated by dividing the difference in messured
hydraulic head at two clustered wells by the distance between the midpoint of the saturated screen
or open holeinterval in each of thewells. The caculated vertica gradients are presented in Table
4-2.

The AW-MW-39/AW-MW-40 cluster islocated close to the groundweter divide. Dueto
thelocation of thiscluster near thetopographic divide, thevertica gradient at thislocation isaways
downward and isindicative of groundwater rechargeinthisarea. Paved areas surround thiscluster
and thus the downward verticd gradient varieslittle throughout the year, fluctuating between 0.03
and 0.04. The hydrogeologic conditions at this cluster closely represent the conditionsin the area
of Building 135. Therefore, based on the observed vertica gradients at the AW-MW-39/AW-
MW-40 clugter, and the genera conditions expected a thetopographic divide, itismost likely that
adownward verticd gradient exigs in the vicinity of Building 135.

At the cluster east of Building 40, the calculated vertica gradient between AW-MW-
33/AW-MW-34 gppears to be upward during the mgority of the monitoring period, varying
between 0.02 and 0.03. However, during times of infiltration, such as after the large runoff event
before measurements on January 22, 1996 and February 11, 1999, adownward gradient of 0.07
and 0.08, respectively was caculated. However, the static water levelsin these wells generaly
indicate an upward vertical gradient associated with discharge to the Hudson River. Thecdculated
vertical gradient between the intermediate bedrock (AW-MW-51) and the deep bedrock (AW-
MW-61) at this cluster was strongly downward, with a gradient of 1.48. However, it should be

noted that the water level data collected from AW-MW-61 are suspect dueto the extremely low
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recharge rate that has been observed at this well location, and the reported water levels are not
consdered to beat Satic equilibrium at thistime. Thisindicatesthat groundwater in theintermediate
bedrock at this location may not discharge to the Hudson River. However, as shown on

hydrogeologic cross-section EE’ (Plate 4-7), and discussed in Section 4.1.3, an apparent low
permesbility unit, or “boundary”, appearsto exist inthe bedrock approximately 120 to 140 feet bgs
a this location. Evidence for the “boundary” is based on packer testing results, bedrock core
samples, well recharge rates, and the low eevation of the water levels AW-MW-61 and AW-

MW-52 (seebelow), aswell asthat of DEC-3, whichislocated inthe SberiaArea. Based onthe
potentiometric fow lines shown on Plate 47, groundwater above the “boundary” will likely

discharge to the Hudson River.

The AW-MW-35/AW-MW-36 clugter, adso located in the eastern portion of the Main
Manufacturing Area, exhibits smilar hydraulic characterisics to those seen between
AW-MW-33/AW-MW-34. However, since it is located in a parking lot, and the areas
immediately upgradient are a so paved, runoff events gppear to havelittle effect on verticd gradients
a thislocation. A smdl downward hydraulic gradient of 0.01 was observed between thesewellsin
February 1999. The ca culated vertica gradient between intermediate bedrock well AW-MW-48,
ingalled in 1997, and shalow bedrock well AW-MW-35, was dightly upward at agradient 0.01.
Thisindicates that contamination in the shallow bedrock will likely not reach the deep bedrock at
thislocation. Thisfits the groundwater sampling datato date which is discussed in Section 5.

The AW-MW-37/AW-MW-38 cludter islocated in aportion of the Main Manufacturing
Area where vertical gradients vary throughout the year. To the west of this location, vertical
gradientsaretypicaly downward. East of thislocation vertica gradientsaretypicadly upward. The
location where this trangition occurs appears to vary depending on water levels and infiltration
conditions, because no gpparent pattern in the direction of vertical gradients is observed at the
AW-MW-37/AW-MW-38 clugter (i.e. atrangtion zone).

The AW-MW-52/AW-MW-64 cluster is located in the central-eastern section of the
MMA, at the western end of the topographic high. Thiswell cluster exhibits a strong downward
gradient of 0.83, as is expected in this recharge area.  As noted above, the low water level
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devation in AW-MW-52 may be due to the presence of alow permegbility “boundary” in the
bedrock.

The wdl cluster located southeast of Building 25 is comprised of an overburden, hybrid,
and bedrock well (B25-MW-3, SP-1, and B25-MW-2, respectively). Although thesewellsare
located no more than 15 feet apart, the vertical hydraulic gradients are not cons stent between the
threewdls. Thereisan upward gradient between the weathered bedrock and overburden, but a
cons stent downward gradient between the weathered bedrock and shallow bedrock (SP-1/B25-
MW-3) monitoring wells at thislocation. However, as expected, thereisadownward gradient of
0.05 between the overburden and the intermediate bedrock (AW-MW-53/B25-MW-3). The
reason for the anomaly between the overburden, weathered bedrock, and shallow bedrock is not
fully understood, however, the following are severd potentia explanations.

# Waedl SP-1isahybrid well and the head measured may not accurately reflect the head
inthe overburden. The higher hydraulic head measured in hybrid well SP-1 may bethe
result of increased hydraulic heads present in the weethered bedrock and/or utility line
bedding further upgradient. These upgradient areas with higher hydraulic head are
assumed to be in hydraulic communication with the weathered bedrock screened at
hybrid monitoring well SP-1.

# Locdized pumping of groundwater (i.e. sumps) from the bedrock in the vicinity of this
triplet may have resulted in alower hydraulic head inthe bedrock. Thereis, however,
no known pumping in this area.

# Poor hydraulic communication between the formation and ether monitoring well
95MPI-B25-MW-2 or 83DM-SP-1 may result in ameasured hydraulic heed that is
lower than anticipated. Both monitoring wells, however, gppear to recharge a their
expected rates.

# The posshility aso existsthat thereisalesking waterlineinthe areaof thetriplet. This
theory is supported by the presence of low concentrations of chloroform in the
groundwater sampled from the overburden and hybrid wells during the first round of
groundwater sampling.

Plates 411 through 413 show a bulge in the potentiometric contour lines on the three
potentiometric maps provided (Plates4- 11 through 4- 13), sgnifying devated groundweter levelsin
the overburden. Thisbulge may merdly be the potentiometric surface mirroring the bedrock at that

location. The eevated hydraulic head in the westhered bedrock is apparent on flow section B-B’
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for September 11, 1995 (Plate 4-2) and May 20, 1996 (Plate 4-4), and in flow section E-E’ for
February 11, 1999 (Plate 46). Note that the flow section depicts groundwater flowing both
upward and downward from the weathered bedrock at this location.

The direction and magnitude of vertical gradients is shown on the flow sections provided
(Plates 4-2 through 4-7). Theseflow sectionsareintended to be representative of gradientsin the
vicinity of How Paths 2 and 4 shown on the potentiometric contour maps (Plates 4- 11 through 4-
13). Notethat Plate 4-6 and 4-7 are modified dightly to include wells which were not present at
the time Plates 4-2 through 4-5 were congtructed.

4.2.2.2 Horizontal Hydraulic Gradients

Caculated horizontd gradientsfor flow paths, shown on Plate 4- 11 through 4- 13, running
eastward across WVA towards the Hudson River typicaly have gradients between 0.024 and
0.031. Inthe upgradient portion of the Site, approximately between Building 110 and the eastern
edge of Building 35, horizonta gradients are steeper, gpproximately 0.035, as compared to
downgradient of Building 35, where horizonta gradientsare approximately 0.020. Therearesmall,
seasond variationsin horizontal gradient, typicaly on the order of afew thousandths. Horizontal
gradientsaredightly steeper during periods of seasond low groundwater elevations. Thedirection
and location of the flow paths, however, are not dtered Sgnificantly dueto seasond fluctuationsin
groundwater elevations. Groundwater flow continuesto beto the east, towardsthe Hudson River.

On May 20, 1996, during aperiod of seasond high water levels, horizontd gradientsfor all
four calculated flow pathswere between 0.024 and 0.028. On September 11, 1995, with seasond
low groundwater conditions, caculated horizontal gradients ranged from 0.027 to 0.031. On
February 11, 1999, following amonth of high precipitation, horizonta gradientsranged from 0.024
t00.027. For potentiometric maps drawn during timeswhere thereislittle recharge occurring (i.e.
not during runoff events), Flow Path 1, the most northern flow path, typically had the shallowest
gradient on each date, and each flow path drawn successively southward had a steeper gradient.

Flow sections, constructed using groundwater € evetion datafor September 11, 1995, May
20, 1996, and February 11, 1999, are shown on Plates 4-2 through 4-7 and represent
groundwater flow conditionsaong Flow Peths 2 and 4 on Plates 4- 11 through 4- 13, respectively.
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4.2.2.3 Overburden and Weathered Bedrock Hydraulic Conductivities

As discussed in Section 3, hydraulic conductivity testing (dug testing) was conducted on
severd of the overburden/wegthered bedrock monitoringwells. Rising heaed testswere performed
at each of themonitoring well locations and the datawere eva uated by means of the Bouwer-Rice
method.

The geometric mean of hydraulic conductivities calculated for overburden wellsis4.78 x
10" cmv/sec. The geometric mean of hydraulic conductivitiesin weethered bedrock wellswas 2.25
x 10°. Cdculated hydraulic conductivitiesin overburden wells screened in thefill had ageometric
mean of 3.37 x 10° cnmysec. The geometric mean of the calculated hydraulic conductivitiesin the
overburden wells screened in the dense clayey silt or till was 4.34 x 10° cm/sec. The geometric
mean of hydraulic condudtivities in the aluvium in the area of Building 25was5.76 x 10™ crm/sec.
The results a individud wdls are summarized on Table 43 and the plots and associated

caculations are provided as part of Appendix H.

4.2.2.4 Bedrock Hydraulic Conductivities

Asdiscussed in Section 3, data collected from congtant pressure injection testing was used
to cdculate hydraulic conductivities of monitoring wells congructed in the bedrock, using the
method outlined in the United States Department of the Interior Ground Water Manud. The data
collected during these tests is included in Appendix |. Table 43 summarizes the results of the
hydraulic conductivity testing. Dueto access congtraints packer testing could not be conducted at
monitoring wellsAW-MW-51, AW-MW-52, AW-MW-59, and AW-MW-61.

Hydraulic conductivity testing (packer testing) results at bedrock monitoring wells in the
manufacturing areatypicaly in the range of 10° cm/sec to 10° amvsec. Thisiswithintherange of
hydraulic conductivities, 10" cm/sec to 10° cnv/sec, normally attributed to fractured metamorphic
rock (Domenico/Schwartz, p.65). At monitoring wells AW-MW-35, AW-MW-38, AW-MW-
58, and AW-MW-60, where packer testing was conducted at different depth intervals dong the
open bedrock hole, hydraulic conductivities decreased with increasing depths. Thisisbelievedto

be due to the increasing competency, and decreasing fracture dendty, of the bedrock with
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incressing depth. Hydraulic conductivities ranging from 1.23 x 10° cm/sec t0 5.99 x 107 c/sec
were measured for monitoring welsAW-MW-34, AW-MW-35, AW-MW-40, and AW-MW-
63, which are constructed in the upper portion of competent bedrock. However, at AW-MW-38,
the hydraulic conductivity differs sgnificantly from results at the other bedrock monitoring wells.
The caculated hydraulic conductivity was 7.39 x 10° cnv/sec.  There have been no reasons
identified as possible causes for thisincongastency.

A step-rate aguifer test was conducted at well PW-1 as part of theICM S activitiesat the
MMA. Thetime-drawdown graph generated for the test isincluded in Appendix N. Asshownin
the time-drawdown graph, the conductivity of the bedrock at this location is extremely low.

4.2.2.5 Effects of Manmade Features

Although the geology beneath the Main Manufacturing Area has a mgor effect on the
migration of contaminants, the most important conduit for groundwater flow in the Man
Manufacturing Arealis believed to be the disturbed area around the utilities or the utility bedding
materiasthemsdves. Anexamination of the potentiometric maps provided for (Plate 4- 11 through
4-13), dong with thelocations of storm and sanitary sawers shown on Plate 4- 15, revedlsthat the
direction of groundwater flow closdly gpproximatesthelocation of utility linesand isheavily affected
by pumping of groundweter at various locations across WVA.

As shown on Plates 4-11 through 4-13, pumping indgde of Building 121 has affected the
potentiometric surface locdly, creating alocal deflection inthe 55 ft. AMSL equipotentia lineand
creating a local depresson n the groundwater table of gpproximatdy five feet. The exact
magnitude of the effects of this pumping are difficult to determine dueto the presence of atroughin
the bedrock surface, as shown on Plate 4-8, which may produce similar effects.

Pumping of groundwater from the Shrink pit (the shrink pit in Building 135) occurson an
irregular schedule, but isbelieved to occur at least onceaweek. Thewater level inthepitisheld at
goproximately 80 feet bgs, gpproximately 70 feet below what is believed to be the static water
table conditions in this area. Pumping within the pit is responsible for depressing the water table
localy under Building 135 by more than 60 feet. The effects of pumping in the shrink pit has a

limited ared extent as shown on Pates 4-11 through 413. However, based on the field
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observations during drilling and limited weter level data for B135-MW-1, it gppearsasif thiswell
was affected by pumping in the processpit. During drilling, groundwater was not encountered until
a depth of gpproximately 90 feet bgs, following a short period of time the water leve in B135
MW-1 recovered to approximately 45 to 50 feet bgs. Discussons with ste personnel later
revedled that during the time of ingtalation the process pit was being pumped down, whichin-turn
affected the groundwater levels in the immediate area around the pit.

Contour lines presented on Plates 4- 11 through 4- 13 show deflections westward asthey
cross Westervelt Avenue.  This deflection in the contours lines is believed to be related to the
groundwater draining into the bedding of utility lines running down this road, as shown in Plate 4-
15. A smilar deflection isalso visblein the area of Parker Road.

As shown on the three potentiometric maps (Plates 4- 11 through 4- 13), the effects of the
sawer linesrunning beneath Westervelt Avenue are evident in the deflection of Flow Paths3and 4.

Both flow paths are diverted upon reaching Westervelt Avenue, presumably dueto the presence of
high permesatiility fill materids around the water and sewer lines. These lines could presumably be
the migration pathway for contaminants.

The effectsof sewer linesbeneath Parker Road aredso visiblein deflections of Flow Paths
1 and 2. Onadl three potentiometric maps these flow paths appear to movetowards or along the
path of Parker Road. On the May 20, 1996 potentiometric map (Plate 4-12) the deflection of
Flow Path 2 dong the sewer lines running from the area of the water treatment plant to outfall 003
is readily apparent. However, it isaso possble that the deflection of the flow pathsin thisareaiis
due to the localized bedrock high, which is shown in Plate 4-8.

An effect of aman-made conduit may explainthevertica hydraulic head incongruitiesinthe
B25-MW-2/B25-MW-3/SP-1 clugter. The hydraulic head in the weethered bedrock well at this
location, SP-1, istypicdly afoot higher than in the overburden well, B25-MW-3, and three feet
higher than in the bedrock well, B25-MW-2. This may be atributable to groundwater flowing
through the utility bedding materids, which have been excavated into the weathered bedrock inthis
areq, and therefore artificialy supporting water levelsin the overburden and weathered bedrock in
thisarea. It may aso bedttributableto aleaking water linebenesth Parker Road thet isdischarging

to the weathered bedrock. Either of these scenarios will explain why there continues to be a
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downward gradient downgradient of Building 25 along sectionlinesB-B’ and D-D’ (Plates 4-2,4-
4, and 4-6) even though a asmilar surface devation dong flow sectionlinesC-C’ and E-E (AW-
MW-33/ AW-MW:-34) the hydraulic gradients are upward, as would be expected for discharge
into theHudson River. It may aso explain why the hydraulic head in the weathered bedrock at this
location (B25-MW-2/B25-MW-3/SP-1) ishigher than that in the overburden or thebedrock. An
examination of the potentiometric maps (Plates 4- 11 through 4- 13) shows a bulge in the 20 foot
AMSL contour in the area south of Building 25 which is presumed to be an effect of this same
scenario.

Table 44 presents the range of approximate horizonta travel times for groundwater
originating a the center of the MMA (RW-2 Area) to reach the eastern property boundary inthe
vicinity of Building 40, based onthe potentiometric flow contours shown on Plate 4- 7. Travel times
for this path were calculated based on the high, low and average bedrock hydraulic conductivities
derived from the packer hydraulic conductivity testswhich were gpplied over arange of porosties

Asshownin Table4-3, thetimerequired for groundwater originating at the center of the MMA to
reach the eastern property boundary rangesfrom approximately one month to 73 years, depending
on the hydraulic conductivity and the effective porosity. It should be noted that these calculations
are only gpproximations and thet the actud trave times are likdly to be influenced by the amount,
magnitude, and interconnectedness of the bedrock fracture network beneath the MMA.
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4.2.2.6 Travel Times

Travel timesacrossthe dtevary seasondly. A range of seepage velocitiesis provided for
each flow path delineated on Plates 4-11 through 4-13. For each flow path, seepage velocities
were used to estimate minimum (flow inthe dayey slt or till), maximum (flow in thefill) and average
travel times for groundwater flowing across the sSte. Porosty and hydraulic gradients were
determined for each flow path in order to caculate the travel time.

A porosty of 0.45 was assumed for the clayey st and 0.30 was gpplied to thefill (mixed
sand and gravel). A porosity of 0.4 was applied to the weathered bedrock unit, and a porosity of
0.35 was gpplied to the dluvid sediments. (Domenico/Schwartz, p.26)

An average gradient dong each flow path was used in the calculations, 0.0284 for Flow
Path 1, 0.0265 for Flow Path 2, 0.0269 for Flow Path 3, and 0.0276 for Flow Path 4. Flow along
these four flow pathsis assumed to be exclusvely in the on site sediments, whether they are native
or fill soil, and not through man-made conduits such as sewer bedding materials.

A maximum seepage vel ocity for groundwater was cd culated using the geometric mean fill
hydraulic conductivity value of 3.37 x 10° crm/sec (9.56 ft/day). Thelength of each flow path used
for this cacudion is the average of the length of the individud flow peths in the wet and dry
periods. Flow Paths 1, 2, 3, and 4 have cal cul ated seepage vel ocities of 3.19 x 10 cm/sec (0.90
ft/day), 2.98 x 10 crm/sec (0.84 ft/day), 3.02 x 10 crm/sec (0.85 ft/day), and 3.10 x 10™ crm/sec
(0.88 ft/day), respectively. At these seepage velocities, the time necessary for groundwater to
travel 1,268 feet across the site dong Flow Path 1 would be approximately 3.83 years.
Groundwater traveling 1,545 feet dong Fow Path 2 would require approximately 5.01 yearsto
crossthe ste. In order for groundwater to travel 1,673 feet dong Flow Path 3, it would require
gpproximately 5.34 years. Groundwater traveling the 1,703 feet along Flow Path 4 would require
5.31 yearsto crossthe site.

A minimum seepage velocity for groundwater flow in the Main Manufacturing Areawas
determined based on groundwater flowing through the clayey gt or till. A geometric mean
hydraulic conductivity of 4.78 x 10° crm/sec (1.35 x 107 ft/day) was previoudy calculated for the
dayey st or till. This would result in seepage velodities of 2.74x 107 cm/sec (7.80 x 10™
ft/day), 2.56 x 107 cm/sec (7.28 x 10 ft/day), 2.59 x 107 cmy/sec (7.39 x 10 ft/day), and 2.66
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107 cr/sec (7.57 x 10™ ft/day) dong Flow Paths 1, 2, 3, and 4, respectively. These seepage
vdocitiesand theflow pathslengths described in the previous paragraph would result in trave times
of 4,466 years, 5,831 years, 6,224 years, and 6,178 years dong each flow path, respectively.
These scenariosare only meant to serve asexiremecases. Groundwater flowing acrossthe
gte travels through severd different hydrogratigraphic units. During dl seasons of the year, the
water table near the groundwater divide is within the bedrock. At the eastern edge of the site
groundwaeter is present in the overburden. To take into consideration the variety of units that
groundwater flows through during its migration across the Main Manufacturing Area, the seepage
veodities for flow aong the four flow paths were estimated using the geometric mean of dl the
reported hydraulic conductivities, 5.03 x 10™ m/sec (1.42 ft/day). For Flow Path 1, the calculated
seepage velocity of 3.86 x 10° crm/sec (0.11 ft/day) would result in atravel time of 31.7 years.
Along Flow Path 2, the seepage velocity was calculated to be 3.60 x 10 crmv/sec (0.10 ft/day),
which results in a travel time of 41.4 years. The seepage velocity calculated for FHow Path 3,
3.66 x 10° cm/sec (0.10 ft/day), resultsinatrave timeof 44.2 years. Groundwater traveling aong
Flow Path 4 at a seepage velocity of 3.75 x 10° crm/sec (0.11 ft/day) would require 43.8 yearsto
crossthe ste. Asprevioudy dated, thetime of travel caculationsfor each flow path do not take
into account flow in utility bedding materials. Based on the characteristics of the bedding materias
expected to be presant, it is expected that time of travel would be sgnificantly faster within the
bedding materidsthan the surrounding native materias. Information asto the congtruction and type

of sawer bedding materiasis not currently available.
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5.0 NATURE AND EXTENT OF CONTAMINATION

51 INTRODUCTION

Thefollowing discussion on the nature and extent of contamination at the Watervliet Arsend
is based on the data obtained from the sampling events conducted by Macolm Firnie and Louis
Berger and Associates as described in Section 3, and historical data obtained during previous
investigations (USATHAMA 1980; Coudlich 1980; Dames and Moore 1983; Environmental
Science and Engineering 1987; Groundwater Technology, Inc. 1987; C.T. Mae 1990; Clough,
Harbour and Associates 1991; Empire Soils Investigations 1993; and Watervliet Arsena 1995,
1996). Asdiscussed in Section 3, samples collected by Macolm Pirnieand LBA include soil gas,
surface soil, subsurface soil, groundwater, and pit water and product samples. The complete
andyticd results obtained from thisinvestigation are summarized in tables provided in Appendix J.
Data qudifiersidentified by the laboratory are defined in Appendix J.

52 DATAUSABILITY - ARSENAL-WIDE

5.2.1 Introduction

Approximately 20 percent of the anaytica datafrom the subsurface soil sampling and the
firgt round of groundwater sampling has been vaidated by a third party data vaidator (EA
Engineering, Science, and Technology). Fivepercent of theandytica datafrom the second round
of groundwater sampling has been vaidated by the USACE. Datafrom the third and fourth round
of groundwater sampling, as well as from the Geoprobe sampling, was not vdidated. Data
vaidation reports are included as Appendix K and the andytica data provided by IEA
Laboratories, Inc. and E3I Environmenta Laboratory isincluded as Appendix J. A summary of the
data validation results and data usability is provided below. The data usability for any subsurface
soil dataor first round of groundwater sampling data associated with the Building 25, 35, and 135
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and SWMUSs 7 through 14 investigations are discussed separately from the rest of the Main
Manufacturing Area data usability snce a different laboratory (E3I) wasused to andyzethe data.

5.2.2 Soil
5.2.2.1 Organic Compounds
|EA Laboratory Data

All VOC dataare usable with the exception of the 2-chloroethylvinylether concentrationsin
samples AW-MW-21 (8-10 feet) and AW-MW-36 (10-12 feet). The 2-chloroethylvinylether
concentrations were rejected due to laboratory non-compliances during the cdibrations. Many
compounds in the vaidated samples were qudified as estimated non-detect (“UJ’) due to the
percent differences of the continuing calibrations being greater than 25 percent. Severd samples
were reanayzed due to surrogate recoveries out of criteria.

All SVOC datais usable with the exception of benzidine in samplesAW-MW-6 (10-12
feet) and AW-MW-34 (0- 2 feet) and the dichlorobenzidine concentration in FB-2. The benzidine
concentrationswere rejected due to the rd ative response factor (RRF) being below the control limit
inthe continuing cdibration and the dichlorobenzidine concentration was rej ected dueto the percent
difference being grester than 90 percent and the compound concentration being non-detect in the
continuing cdibration. Many of the SYOC concentrations were qudified as estimated (“J’)
estimated non-detect (“UJ’), or as non-detect (“U”) by the data vaidator due to non-compliant
continuing cdibrations or extraction blank contamination.

The4,4-DDT concentrationswereregjected in samplesAW-MW-21 (8-10fest) and AW-
MW-34 (0-2 feet) dueto the column confirmation percent difference exceeding 100 percent. All
other pesticides’PCBsdataisusable. Many other pesticide compoundswere quaified asestimated
(*J) or estimated non-detect (“UJ’) due to non-compliant initia and continuing cdibrations and

column confirmation percent differences exceedences.
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E3l Laboratory Data
All VOC data for soils collected as part of the Building 25 will be consdered usable,

except for non-detects of dichlorofluoromethanein B25-MW-5 (5-7 feet). Other VOC datawere
qudified asestimated ("J"), estimated non+detect ("UJ"), or ("D") diluted. Thesequdifiersweredue
to non-conformancein theinitid and continuing cdibrations of the instruments, internd standards,
method blank contamination, and dilutions. Most qudifiers resulting from continuing calibration
norconformances were from rel ative response factors (RRFs) having a percent difference which
was grester than 25 percent. There were also matrix interferences in the spiking of samples with
|aboratory standards.

Similarly, VOC datafor soils collected at SWMUs 7 through 14 will be considered usable.

Severa VOCswere qudified asestimated ("J") or estimated not detected ("UJ"). These qudifiers
weredueto the percent rel ative standard deviation exceeding 30 percent intheinitia caibration (2-
butanone qudified with a "J") ad 25 percent in the continuing cdibrations (Chloromethane,
2-butanone, 1,2-dichloroethane, and 4-methyl- 2- pentanone qudified as "UJ").

All Building 25 SVOC data for soils are usable, except for non-detects of benzidine in
samplesB25-MW-6 (6.5-8.5 feet), B25-MW-2 (8.5-10.5 feet) and B25-MW-5 (5- 7 feet); and
n-nitrosodimethylamine in samples B25-MW-2 (8.5-10.5 feet) and B25-MW-5 (5-7 fest).
Benzidine and nnitrosodimethylamine were regjected in these samples due to non-conformances
during theinitid cdibrations. Inaddition, certain anayteswere qudified asestimated ("J' or "JN"),
due to non-conformances in continuing cdibrations and co-elution of two benzofluoranthenes.
Findly, sample B25-MW-6 (6.5-8.5 feet) had numerous |ow surrogate recoveriesintheassodated
extraction blank. Thissamplewasre-extracted and reanayzed and the re-extraction and reendys's
met the required quality control guidelines, the resulting datais considered usable.

For SWMUSs 7 through 14, dl semi-volatile data for soilsis usable, except for the non-
detect of benzidine in sample SWMU-10-2 (1-3feet). Benzidinewasreected inthissample due
to anoncompliant RRF in the continuing cdibration. In addition, certain andyteswere qudified as
"U" (egtimated), "UJ', ar "N" (presumptive evidence of the presence of the compound), due to
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extraction blank contamination, noncompliant percent differencesin the continuing caibration and
co-dution with internal standards.

Most Building 25 pesticide and PCB datafor soilsare usable. The datavalidator rejected
data due to discrepancies between the primary and secondary columns, data with lesser
discrepancies between the two columns was qudified as estimated ("J' or "JN"). Other datawas
qudified as estimated due to low surrogate recoveries and non-compliant results of performance
evaduation mixtures and continuing cdibrations. For sample B25-MW-5 (5-7 feet), the data
vaidator indicated that the results of the acid cleaned andysis should be used for the PCB andyses.

Most pesticide and PCB data for soils a& SWMUS 7 through 14 are also consdered
usable. Thedatavaidator rgected datafor endrin ketone in sample SWMU-10-2 (1-3 feet) and
SWMU-12-2 (4-6 feet) due to non-compliant percent difference (greater than 90 percent) in one
of the bracketing continuing cdibrations. Other data was quaified as"UJ" due to non-compliant
percent difference (greater than 25 percent) in one of the bracketing continuing calibrations.

5.2.2.2 Inorganics
|EA Laboratory Data

All inorganic datafor soilsisusable. There were no identified problems with the arsenic,
cadmium, chromium, selenium, and Slver data. The pikerecovery for barium wasbe ow thelower
contral limit for sample AW-MW-36 (0-2 feet), suggesting that the barium concentrationsin
samplesincluded in this SDG may be biased low. The mercury concentration in sample AW-MW-
21 (8-10feet) wasqualified asestimated (“J') dueto alow correlation coefficient during instrument
cdibration. The laboratory reported that mercury failed the controls for two spike recovery
andyses and the affected samples have been qudified with an“N”. Lead concentrations may be
biased high in the samples analyzed in the same SDG as sample AW-MW-41 (0-2 feet) dueto a
high accuracy (>120 percent) for the detection limit sandards. The lead concentration in sample
AW-MW-21 (8-10 feet) was qudified asestimated (*J') dueto ahigh relative percent difference
of precison. Theduplicate anadyss of sample AW-MW-36 (0- 2 feet) for lead was not within the
control limit, and the affected samples have been qudified by the laboratory with an “*”.
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E3I Laboratory Data

All inorganic datafor soilsat Building 25 are usable, except for chromium and seleniumin
samples B25-MW-2 (8.5 to 10.5 feet), B25-MW-5 (5 to 7 feet), and B25-MW-6 (6.5 to 8.5
feet). Non-conformance of the CRDL standard requirement occurred for selenium.

All inorganic datafor soilsat SWMUs 7 through 14 are usable. Some datawas qudified
as "UJ' or "J' due to matrix spikes below the lower control limits and failure of the percent

difference recovery to agree within 10 percent of the origina sample results.

5.2.3 Groundwater
5.2.3.1 Organic Compounds
|EA Laboratory Data- Rounds 1 and 2

Thevolatile organic datafor both first and second rounds of groundwater samplesisusable
with the exception of vinyl acetate in first round samples EM-SP-7, EM-SP-8, AW-MW-34,
AW-MW-22, and GTI-BP-1. Vinyl acetate was regjected in these samples due to the percent
difference (percent D) exceeding 90 percent in the continuing cdibrations and the compound
concentrations being non-detect. In addition, chloromethane was qualified as estimated non-oetect
(“UJ’) in firg round samples AW-MW-22 and AW-MW-24 due to the continuing cdibration
percent difference being greater than 25 percent, but less than 90 percent, and the compound
concentrations being non-detect. The vinyl chloride concentration in the second round sample
AW-B121IN was qudlified as estimated (“J’) due to the low recovery of vinyl chloridein a
laboratory qudity control sample andyzed in conjunction with the MSMSD, and the variationin
vinyl chloride concentrations detected in the MS (110 ng/l) and MSD (150 ng/l). Samples
associated with this SDG may be based low.

Dueto low surrogate recoveries (less than 10 percent), adl acid compoundsin first round
samples AW-MW-24 and GTI-BP-1 were rgected, and acid compounds in the samples
associated with these SDGs may be biased low. Benzidinewasrgected in al first round samples
which were vadidated due to a low relative response factor (RRF) in the continuing cdibration.
Severd phtha ate compoundswere detected in the extraction blanks associated with thefirst round
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samples and have been qudified witha*“J’ or “UJ’. Benzidine and phthal ates are not consdered
Site contaminants of concern. In the second round samples, severd SV OCs werergected dueto
internal standard area counts being lessthan 25 percent and being nortdetect. 1n sample process
pit sample PW-2F, compounds were rejected for this reason. Also, fluorene was qualified as
esimated (“J’) in this sample due to area counts being below the lower limit with positive results.

Inthefirst round samples, heptachlor, 4,4'-DDD, Diddrin, and 4,4-DDT werergectedin
some samples due to the column confirmation percent difference being greater than 100 percent.
All pedticides datafor the second round isusable. Many other pesticide compoundsin thefirg and
second round samples, including deta- BHC, endosulfan sulfate, endosulfan 11, aldrin, 4,4-DDD,
dpha-BHC, heptachlor, methoxychlor, endrin ddehyde and endrin ketone were qudified as
edimated (“J’) or edtimated non-detect (“UJ’) due to non-compliant initid and continuing
calibrationsand column confirmation exceedances. All PCB datafrom thefirst and second rounds
isusable.

E3l Laboratory Data- Round 1
With the exception of B25-MW-3 dl volatile organic data for water will be considered

usable. Thefollowing discussion detallsthe inclusion of volatile organic dataqudified as estimated
("J"), estimated non-detect ("U J'), or ("D") diluted. These qudifierswere dueto non-conformance
in the initid and continuing cdibrations of the ingruments, internal standards, method blank
contamination, and dilutions. Mot qudifiersresulting from continuing calibration non- confamences
werefrom relative response factors (RRFs) having a percent difference which was grester than 25
percent. Therewere dso matrix interferencesin the spiking of sampleswith laboratory sandards.
Voldile organic andyses for B25-MW-3 were considered unusable, except TCE, dueto method
blank contamination. This result was transferred to B25-MW-3 and the result is indicated as a
diluted sample. Thevolatileorganic datafor water samplesassociated with Buildings35and 135is
usable. Dichlorodifluoromethane and 2- chloroethylvinyl ether, and chloroethane were quaified as
estimated not detects"UJ" dueto their respective percent differences exceeding 25 percent inthe
continuing cdibration.
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All SYOC data associated with Building 25 is considered usable, except for benzidinein
samples B25-MW-3, B25-MW-4 and EM-SP-5. Blank contamination led to instances of fase
positives for di-n-butyl phthaate. All SVOC dataassociated with Buildings 35 and 135 isusable
with the exception of the benzidine concentration in the water sample collected from the Shrink Pit
(PW-1). Benzidine was rejected in this sample due to the average RRFs less than 0.05 in the
continuing cdibration and non-detected sample result. However, benzidine is not among the
contaminants of concern at the site and rejection of the results for this andyte in samples PW-1,
B135-MW-3, B135-MW-4, and EM - SP-9 does not affect data usability. Although we can not
say whether benzidineis present in the af orementioned samples based upon thelaboratory QC, the
fact that it was not detected in any of the samples at the Siteisin agreement with our assessment of
gte contamination. Di-n-butyl phthal ate concentrationsin severa sampleswere qudified asfase
positive"U" dueto the presence of this compound in the extraction blank. Severa other SVOCs
were qualified as estimated nondetects due mainly to initid cdibration factors out of range and
partidly due to continuing calibration exceedances and therefore will be considered as non-detect
values.

All pedticide and PCB data for water samples collected as part of the Building 25
investigation are usable except beta-BHC, endrin and endosulfan |1 in EM - SPS5; and endosulfan
alfate in B25-MW-4. Other validated pesticide data was qualified as estimated ("J') due to
discrepancies between the primary and secondary column, and continuing calibration nor:
compliances. Blank contamination from 4,4-DDT and endrin resulted in false pogtives. For
pesticides/PCB analysis, the secondary column was used ingtead of the primary columns for the
compounds diedrin and 4,4-DDE in sample B25-MW-3; 4,4'-DDT in sample B25-MW-4; and
heptachlor epoxide, dieldrin, 4,4-DDT and endosulfan sulfatein sample EM - SP5. In addition, dl
non-detects in samples B25-MW-3 and B25-MW-4 were qudified asestimated ("UJ") dueto dl
surrogate recoveries between 10 percent and 60 percent. As part of the Building 35 and 135
investigations, severd pesticide compounds (4,4-DDT inB135-MW-2, ddrin, diddrin, 4,4-DDD,
4,4'-DDT, endrin ketone, and endrin adehydein B35-MW-8, and heptachlor and endosulfan 11 in
PW-1) were rejected by the validator due to the percent difference for the 2-column compound
identification exceeding 100 percent. Delta- BHC wasqudified asnon-detect "U" in B135-MW-2
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due to the reported pesticide concentration being less than the CRQL and the percent difference
exceeding 50 percent. Alpha-BHC wasqudified asan estimated non-detect "UJ' in B135-MW-2,
B35-MW-8, EM-SP-9, and PW-1 due to non-compliant florisil check recovery. Endrin was
quaified as presumptively present a an estimated quantity "NJ' in B35-MW-8 dueto the column
confirmation percent difference between 70 percent and 100 percent. Alpha-chlordane and
gammea-chlordanein B35-MW-8 and ddrin and aroclor- 1254 in PW-1 werequdified asestimated
"J" dueto the column confirmation percent difference between 25 percent and 70 percent. In PW-
1 4,4'-DDT and methoxychlor were qudified as estimated nondetects"UJ" dueto non-compliant
performance eva uation mixture and Beta- BHC was qudified as an estimated non-detect "UJ' due
to a non-compliant percent difference in the bracketing continuing cdibration.

5.2.3.2 Inorganics
|EA Laboratory - Rounds 1 and 2

All inorganic datafor thefirst and second rounds of groundwater sampling was considered
usable. Lead (total and dissolved) was qudified asestimated (* J') or estimated non+detect (“UJ’)
indl of thevalidated samplesfor thefirst round except for one dueto the spike and/or the contract
required detection limit (CRDL) recoveries. Lead concentrationsin the samplesassociated with the
SDG containing samplesEM -SP-8, EM -SP-7, AW-MW-34, and GTI-BP-1 arebiased low due
toalow CRDL recovery. Lead concentrationsmay aso be biased low inthe Manhole 43 samples
due to alow spike recovery. Lead concentrations in the samples associated with sample AW-
MW-24 may bebiased high dueto ahigh CRDL recovery. Alsointhefirst round samples, barium
(totd) in AW-MW-24 was qudified dueto anon-compliant | CP interference check, mercury and
dlver in the Manhole 43 samples may be biased low due to low spike recovery, selenium may be
biased low in AW-MW-22 due to a low laboratory control sample recovery, and hexavaent
chromium in EM - SP-8 was quaified due to matrix interference.

For the second round samples, in sample PW-2, cadmium and slver were qudified as
estimated 'J due to the percent difference being greater than or equd to 100 percent. In sample
PW-2F, cadmium and silver were qudified as estimated non-detect dueto the percent difference
being greater than or equal to 100 percent and is reported at the instrument detection limit.
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E3l Laboratory Data- Round 1
All inorganic datafor groundwater samplescollected as part of the Building 25 investigation
is consdered usable except for unfiltered lead in samples B25SMW-3 and B25-MW-4.

Nonconformance of the CRDL standard requirement occurred for seleniumin both sampleddivery
groups. Identified problems with individua inorganic parameters are discussed below. Other
metalsdatawere qudified asestimated (" J") or estimated non+detect ("UJ"). Thesequdifierswere
due to physicd, chemica or matrix interferences, and non-conformance of the contract required
detection limit standard requirements.  There were aso matrix interferences in the spiking of
samples with laboratory standards.

For the Building 35 and 135 investigations, theinorganic datafor the groundwater samples
isusable, with the exception of lead, selenium, and hexavaent chromium. Lead wasreected by the
validator in samples PW-1 filtered and unfiltered due to non-conformance of CRQL standard
requirement. For the same reason, selenium was reected in samples B35-MW-8 filtered and
unfiltered, and EM - SP-9filtered and unfiltered. Hexavaent chromium wasregected in sample PW-
1F (floating product sample) dueto an exceedance of the holding time criteria. In addition selenium
in PW-1 and B35-MW-8 (filtered and unfiltered) and arsenicin EM - SP-9 (filtered) was qualified
estimated non-detect due to non-conformance of CRQL standard requirement, indicating adight
low bias. Hexavadent chromium was qualified as estimated in PW-1 and B35-MW-8 (unfiltered)
due to mairix interference and because amatrix spike was not performed for the unfiltered matrix
type. Barium was qudified as estimated in PW- 1 (filtered) due to possible chemica and physica
interferences. Arsenic was qudified as estimated in B35-MW-8 (filtered and unfiltered) and EM -
SP-9 (unfiltered) due to non-conformance of CRQL standard requirement, indicating adight low
bias. No other inorganic compoundsin thewater samples sdlected for validation were quaified by
the data validator.

53 SOIL GAS
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Prior to the ingdlation of the new monitoring wells a Building 25, a soil gas survey was
conducted in December of 1994. All samples were analyzed on-site for VOCs using a gas
chromatograph. Total FID (Flame lonization Detector) VOC concentrations and petroleum
hydrocarbon concentrations were calcuated usng the sum of the aress of dl chromaogram
(GCIFID) pegks. Chlorinated organics were detected using an electron capture detector
(GC/ECD). The results are presented in the report prepared by Target Environmental Services
(Appendix C).

From the survey, therewere positive andyte detections at five samplelocations (Figure 3-2
s0il gasloceations). Total VOCswere observed at aconcentration of 39.5 ng/l insampleB25-SG-
41. Ethylbenzene, meta- and/or para- xylenesand ortho-xylenewereadso present inthissample at
4.9 ny/l, 27.5 ny/l and 5.9 ny/l, respectively. No haogenated compounds were detected in this
sample. The chromatogram signature of this samplewastoo week for either afud identification or
petroleum fingerprint. No other samples reveded any petroleum hydrocarbons.

Trichloroethene (TCE) wasthe only chlorinated compound observed above the reporting
limit. It occurred in samples B25-SG-12, B25-SG-15, B25-SG-16 and B25-SG-24 at
concentrationsranging from 1.4ng/l to 7.0 ng/l. Halogenated compoundswerenot detected inany

other samples.

54  SOIL
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Surface and subsurface soil samples were collected as part of the various investigations.
For comparison purposes, vaues published in the NY SDEC Technicd Adminigrative Guidance
Memorandum (TAGM) HWR-94-4046 Determination of Soil Cleanup Levels, revised January 24,
1994, are presented on the tables of analytical results for the soil samplesin Appendix J. The
TAGM vaues are consarvative guidance vaues, meant to be protective of human hedth and the
environment. It isnecessary to adjust TAGM vaues for many of the organic compounds at each
Ste based on the site- specific carbon content of the soils. The exceptionsarethe TAGM vauesfor
SV OCswhich are based on the USEPA Hedlth-Based Criteriaor the generic criteriafor individud
SVOCs (50 mg/kg). These TAGM vauesare not adjusted for carbon content. The TAGM values
are not cleanup action levels and will be used for comparison of data only. Published TAGM
guidance vaues for organic compounds other than PCBs are based on a soil total organic carbon
(TOC) content of one percent. PCB guidance values are based on a TOC of five percent.

Three s0il samples were collected and analyzed for TOC as part of the Building 25
investigation. Oneof the samples conssted of fill soilsfrom theformer Erie Cand, and two samples
were collected from native soils. Two fill samples from the Manhole 43 investigation were also
analyzed for TOC.

The TOC vadue o the fill sample from the Erie Cand, approximately four percent, the
average TOC for the Manhole 43 fill soils, approximately two percent, and the average TOC for
the native soils, gpproximately one percent, were used as correction factorsto establish site-goadfic
TAGM vaues for soil samplesin each srata. A correction factor of four for the fill samples
collected in the Erie Cand, and two for dl other fill samples, was applied to the TAGM vduesfor
organic compounds (with the exception of PCBSs). Sincethe uncorrected TAGM vauefor PCBsis
based on a TOC of five percent, the TAGM vaues for PCBs in fill soils were multiplied by a
correction factor of 0.8 (four percent divided by five percent) for the Erie Cand samplesand 0.4
(two percent divided by five percent) for the remainder of the fill samples. For native soils, no
correction factor was necessary for organic compounds except PCBs due to the TOC of one
percent, but acorrection factor of 0.2 was applied to PCB TAGM vaues (one percent divided by
five percent). Ontheandyticd summary tablesin Appendix Jand inthefollowing discussion, each
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s0il sampleiscompared to these adjusted TAGM va ues based onitsdesignation aseither afill soil
sample or anative soil sample.

TAGM vaues for inorganic soils are not based on TOC vaues. The TAGM vaues for
most of the inorganic andytes are based on ste background concentrations. The average
concentrations of inorganic compoundsin four surface soil samples obtained from aAclean@area
of the Arsena where no previous manufacturing has occurred, were designated as Site background
samples. The background sample concentrations and their averages are included in Table 5-1.
These TAGM vaues will be used for comparison of data only, they are rot proposed cleanup
objectives/action levels.

5.4.1 Surface Soils

Macolm Pirnie collected four surface soil samplesfromthe golf course areaiin July, 1995.
The samples were andlyzed for RCRA Metds, and the results of these analyses are included on
Table 5-1. The average concentrations of each metd was cdculated (Table 5-1) and will beused
for comparative purposesin the discussion of the nature and extent of inorganicsin the sub-surface
soil. Incaseswherethe TAGM vaueisbased on site background, the average concentration from

these samples will be considered site background.

5.4.2 Sub-Surface Soils

The concentrations of individua organic and inorganic parameters detected in the sub-
surface soil samples are shown on Plate 5-1 (2 sheets). The concentrations of tota volatile, total
chlorinated volatile, and total SV OCsare provided on Plate 5-2. The sub-surface soil resultswith
comparisons to TAGM vaues are summarized in Appendix J, and Table 52 is a datiticd

summary of these results.

5.4.2.1 Organics

Thenature of the sub- surface soil organic contamination isprimarily limited to the presence
of SVOCs, more specificaly, polycyclic aromatic hydrocarbons (PAHs). ThePAHsareaclassof
non-chlorinated hydrocarbons of petroleum origin. Severa of the PAHs areregarded as potentidly
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cacnogenic, incduding:  benzo-(a)anthracene, benzo(ad)pyrene,  benzo(b)fluoranthene,
benzo(k)fluorothene, chrysene, dibenzo(ah)anthracene, and ideno(1,2,3-cd)pyrene.

Twenty-one of the 66 sub-surface soil samples (gpproximately 32 percent) contained
concentrations of SVOCs above TAGM vaues. All of the compound concentrations which
exceeded the TAGM values were potentidly carcinogenic PAHs. Nineteen of the 21 samples
which exceeded the TAGM values were collected from the fill and two were collected from the
native soils.

The samplewith the highest concentration of total SV OCswas Geoprobe sample WV A-
GP-1 (2- 3 feet), which contained 477,420 ng/kg of SV OCs. The next highest sample, B25-MW-
5 (9-11 feet), and its duplicate, contained 82,380 ng/kg and 42,440 ny/kg of total SVOCs,
repectively. Both of these samples were collected from the Erie Cand in the vicinity of Building
25. No samples exceeded the TAGM va ue of 500,000 ng/kg for tota semi-volatiles.

Sample WVA-GP-1 (2-3 feet) contained exceedences of nine PAHS. phenanthrene
(140,000 ng/kg), fluoranthene (58,000 ny/kg), pyrene (58,000 no/kg), benzo(a)anthracene
(20,000 nygkg), chrysene (27,000 ngkg), benzo(b)fluoranthene (11,000 no/kg),
benzo(k)fluoranthene (12,000J ng/kg), benzo(a)pyrene (14,000 ny/kg), and ideno(1,2,3-
cd)perylene (7,900 ng/kg). Sample B25-MW-5(9- 11 feet) contained exceedances of six of the
seven potentidly carcinogenic PAHs: benzo(a) anthracene (5,000 ng/kg), chrysene (4,700 ngkg),
benzo(b)fluoranthene (3,500 ng/kg), benzo(k)fluoranthene (2,400 my/kg), benzo(a)pyrene (3,200
ng/kg), and dibenzo(ah)anthracene (950J ny/kg). Nineother soil samplescollected inthevicinity
of Building 25, including six additiona Geoprobe samples, had SV OCs (PAHS) concentrationsthat
exceeded TAGM vaues. Oneof these sampleswas aso collected from the B25-MW-5boring, a
the 5 to 7 feet interval (2,800 nykg benzo(a)anthracene, 2,400 ng/kg chrysene, 2,000 nmykg
benzo(a)pyrene, and 690J ngy/kg dibenzo(a h)anthracene). The other sampleswere collected from
B25-MW-1(5-7 feet) (110 nmy/kg benzo(a)pyrene, 30Jny/kg dibenzo(ah)anthracene); B25-MW-
2(8.5-105 feet) (73 ngkg benzo(@pyrene); B25-MW-6(6.5-85 feet) (82 nukg
benzo(a)pyrene); WVA-GP-2 (12 feet) (92 ng/kg benzo(a)pyrene); WV A-GP-6 (3.0-3.5 feet
and 13- 14 feet, respectively) (480 ng/kg and 390 ny/kg benzo(a)anthracene, 550 ny/kg and 380J
no/kg benzo(a)pyrene, 180J ng/kg and 89J ng/kg dibenz(ah)anthracene); WVA-GP-7 (11-12
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feet) (1,800 ng/kg benzo(a)anthracene, 2,000 ng/kg chrysene, 1,600 ng/kg benzo(a)pyrene, 470J
dibenz(ah)anthracene); WVA-GP-8 (13-14 feet) (460 ng/kg benzo(a)anthracene, 130J
dibenz(ah)anthracene); WV A-GP-11 (2.5-3.0 feet) (290 my/kg benzo(a)anthracene, 230J ngkg
benzo(a)pyrene, 66J ny/kg dibenz(ah)anthracene); and WVA-GP-13 (9-10 feet) (420 no/kg
benzo(a)anthracene, 410J ny/kg benzo(a)pyrene, 94J ny/kg dibenz(ah)anthracene. Visud
observationsof petroleum contamination and dight to strong petroleum odorswerenoted during the
inddlation of B25-MW-2, B25-MW-3, B25-MW-5, WVA-GP-1, and WVA-GP-6. InB25-
MW-2, asolvent odor was noted in the 8.5 to 10.5 foot soil interva and afuel odor was noted in
the 10.5to 12.5foot soil interval. 1n B25-MW-3, afud odor wasnoted inthe 11 to 11.3 foot soil
intervd. In B25-MW:-5, a creosote type odor was noted a the 5 to 7 foot interva. A solvent
odor was aso observed in boring WVA-GP-6. No petroleum-saturated soils were observed.

Sample AW-MW-24(2-4 feet) anditsduplicate AW-MW-60(2-4 fest), collected near the
demolished cyanide trestment facility on the east Sde of Building 110, contained concentrations of
five potentidly carcinogenic PAHswhich exceeded the TAGM vaues. benzo(a)anthracene (2,600
ny/kg), chrysene (2,700 ng/kg), benzo(b)fluorothene (2,400 nmy/kg), benzo(a)pyrene (2,400
ng/kg), and dibenzo(ah)anthracene (470J ng/kg). Concentrations of PAHS in exceedance of the
TAGM vaueswere a so detected in samples AW-MW-35(0-2 feet) and AW-MW- 36 (0- 2fest),
near the former vapor degreaser in Building 20. Sample AW-MW-35 (0-2 feet) contained 750
ny/kg benzo(a)anthracene, 860 ny/kg chrysene, and 1,300 ng/kg benzo(a)pyrene, and sample
AW-MW-36 (0-2 feet) contained 1,200 ny/kg benzo(a)anthracene, 1,200 ng/kg chrysene, 1,200
ng/kg benzo(a)pyrene, and 100Jng/kg dibenzo(ah)anthracene. Strong solvent odorswere noted
during the drilling of both of these borings.

Lower concentrations of PAHS, though Htill exceeding TAGM vaues, weread so detected in
samplesAW-MW-21 (8-10 feet) (85Jng/kg benzo(a)pyrene) near the golf course; AW-MW-23
(2-4 feet) (17J nmy/kg dibenzo(ah)anthracene) north of the demolished cyanide trestment plant;
AW-MW-26 (0-2 feet) (180Jnmg/kg benzo(a) pyrene and 49Jny/kg dibenzo(a h)anthracene) dong
the northwestern site boundary; AW-MW-29 (0.5-2 feet) (220J ng/kg benzo(a)pyrene), AW-
MW-34 (0- 2 feet) (95Jn/kg benzo(a)pyrene) aong the eastern site boundary; AW-MW-38(0-2
feet) (360J my/kg benzo(a)pyrene and 76J ny/kg dibenzo(a h)anthracene) dong the southern Site

F:\Holding\Watervliet\MMA RFNSEC-5.D0C 5-14



boundary; AW-B4 (0-2 feet) (200 ng/kg benzo(a)pyrene) near the former chip handling ares;
SWMU-9-2 (2-4 feet) (84J ny/kg benzo(a)pyrene); and SWMU-13-1 (12-14 feet) (76Jny/kg
benzo(a)pyrene). Though the samplesdid not contain compound concentrationsin exceedance of
the TAGM vaues, visud and olfactory petroleum contamination was observed in the borings near
severd of the waste oil UST's (specifically SWMU Nos. 7, 10, 12 and 13) and in the area of
Manhole 43 (AW-MW-43 and AW-MW-44).

TPH wasandyzed in three of the Building 25 samples. The maximum concentration of 620
mg/kg wasfoundin B25-MW-5 (9-11 feet) (duplicate). TPH wasalso detected in B25-MW-2a
340 mg/kg. No previous investigations included analyses for TPH.

During the ingdlation of a mgority of the borings, only one soil sample per boring was
submitted for chemica andyss S0 it is difficult to define the vertical extent of soil contamination.
Seven of the 21 samples which contained SV OCs above the TAGM valueswere collected from
the 0 -2 feet bgsinterval, suggesting that soil contamination may decrease with depth. Severd of
these samples were collected below asphdt, which may act as a source of PAHs. However,
asphdt isnot alikely a source of PAHs in the soil sincefield observations noted strong odorsin a
few of these samples, which would not be related to asphat. Thetotal concentrations of SVOCs
increased with depth in the boring B25-MW-5, ingdled in the Erie Cand, where the 5 to 7 foot
sample had atota semi-volatile concentration of 36,820 ng/kg, and the sample collected from9to
11 feet below grade had atotal semi-volatile concentration of 82,380 ny/kg. However, thistrend
was not observed in the Geoprobe samples drilled in this area.

There was only one sub-surface soil sample which contained VVOC concentrationswhich
exceeded TAGM vaues. The only exceedance of TAGMs occurred in SWMU-12-2 (4-6 feet)
where chloroform was detected at a concentration of 1,800nmg/kg. The TAGM vaueis 300 ngkg
for chloroform. Though below TAGM vaues, samples AW-MW-35 (0-2 feet) and AW-MW-
36(10-12 feet) contained 101 ng/kg and 115 ng/kg of 1,2-DCE, respectively. These samples
were collected near the former vapor degreaser in Building 20, had strong solvent odors, and
contained exceedances of PAHSs. In addition, Geoprobe samples WV A-GP-3 (12-13 feet) (15
nuy/kg PCE, 3J ng/kg TCE) and WVA-GP-6 (13-14) (120 ng/kg 2-butanone) aso contained
concentrationsof VOCs. Previousinvestigations detected TCE and PCE in the subsurface soils(to
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a depth of 8 feet bgs) in borings east and southeast of the Building 25, at concentrations below
TAGM vaues. No samples exceeded the TAGM vaue for total volatiles of 10,000 ng/kg. The
previous investigation by Empire Soils (1994) in the motor pool area detected only very low
concentrations (less than 10 ng/kg) of volatile organics.

None of the sub-surface soil samples exceeded the TAGM values for pesticides. The
highest concentration of a pesticide compound was detected in AW-MW-21 (8-10 feet) (1,700
nykg DDE). Thissamplewas collected near the golf coursein theformer Erie Canal. Noneof the

samples contained concentrations of PCBs above the detection limit.

5.4.2.2 Inorganics

The subsurface soil samples contained concentrations of dl of the inorganic parameters
above the TAGM values.

Twenty-9x of the 69 sub-surface soil samples (approximately 38 percent) contained
chromium concentrations in exceedance of the TAGM vaue (20.7 mg/kg). These samples were
digtributed throughout the site, though the highest concentrations were detected in two of the
Building 36 (wastewater trestment plant) borings and the borings in the former Erie Cand (B25-
MW-5, WVA-GP-8, WVA-GP-13). The maximum chromium concentration of 237 mg/kg was
detected in sample B36-B1 (3-6 feet), in theareawhere aspill of trested chromium clarifier dudge
occurred in January 1996. SamplesB25-MW-5 (9-11 feet) intheformer Erie Cand, and B36-B3
(3-6 feet), in the area of the chromium darifier dudge saill, contained chromium concentrations,
with 57.1 EN mg/kg and 51.5 mg/kg of chromium, respectively. Geoprobe samplesWVA-GP-8
(13-14 feet) and WV A-GP-13 (9-10 feet) contained 42.9 mg/kg and 92.7 mg/kg of chromium,
repectively. Other samples which exceeded the chromium TAGM were collected from thefill in
the vicinity of Building 20, from native soils in the northwest portion of the Ste near the railroad
tracksor former chip handling facility, near the demolished cyanidetrestment facility, and dong the
southern Ste boundary. The previous investigation by Empire Soils (1994) detected chromium at
22.5 mglkginthe EM-SP-21 boring. None of the samplesexceeded the recommended NY SDEC
Stecleanup objectivefor Perfection Plating (390 mg/kg) (E& E, 1995) or the EPA Region |1 Risk-
Based Criteriafor chromium (78,000 mg/kg).
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Lead exceeded the TAGM vaue of 185.5 mg/kg (average Site background) in 11 of the
sub-surface soil samples. All of the samples which contained lead exceedances were collected
from thefill. An extremely high lead concentration rlative to the other samples was detected in
sample B25-MW-5 (5-7 fest). This sample was collected from the former Erie Cand and
contained 17,800J mg/kg of lead. Sample B25-MW-5 (9-11), collected from the same boring,
contained 507E mg/kg of lead. Other sampleswhich exceeded thelead TAGM were AW-MW-
34 (0-2) (2,020 mg/kg), near Outfal 003 aong the eastern site boundary; AW-MW-36 (0- 2 fedt)
(613* mg/kg), on the east Sde of Building 20; AW-MW-24 (2-4 feet) (280 mg/kg), inthe area of
the demolished cyanidetreatment facility. Four of the Geoprobe samplescollected in the Erie Candl
area: WVA-GP-6 (13- 14 feet) (237 mg/kg); WVA-GP-7 (11- 12 fest) (1,480 mg/kg); WVA-GP-
11 (2.5-3.0 feet) (502 mg/kg); and WVA-GP-13 (9-10 feet) (1,560 mg/kg), also had
concentrations of lead which exceeded the TAGM. Soil from the EM - SP-19 boring drilled by
Empire Soils (1994) contained 982 mg/kg of lead. The EPA Revised Interim Soil Lead Guidance
and proposed NY SDEC soil cleanup objective for lead is 400 mg/kg, which was exceeded by dl
of these samples except for AW-MW-24 (2-4 feet) and WVA-GP-6 (13-14 fedt).

Twenty-eight of the 66 (approximately 42 percent) sub-surface soil samples contained
arsenic concentrations above the TAGM vaue (average site background) of 10.5 mg/kg. The
maximum arsenic concentration of 111 mg/kg was detected in AW-MW-30 (2.5-4.5 fedt) near the
former vapor degreaser in Building 123. This sample and samples AW-MW-28 (0- 2 feet), from
the generd drum storage area, B25-MW-5 (5-7 feet), and WV A-GP-13 (9-10 feet), exceeded
the EPA Region l11 Risk-Based Criteriafor arsenic of 23 mg/kg, with 23.5 mg/kg, 23.1 mg/kg, and
51.3 mg/kg of arsenic, respectively. The samples which contained arsenic exceedances were
digtributed primarily throughout the western portion of the site, exceptions being samples AW-
MW-34 (0-2 feet) on the eastern site boundary, AW-MW-44 (3-5 feet) near Manhole 43 and
severa samplesfromtheesstern sdeof Building 25. Seven of the 14 Geoprobe samples collected
in the Erie Cand areq, including WVA-GP-13, had TAGM exceedences for arsenic. A
concentration of 12.2 mg/kg arsenic was detected in EM-SP-21 during the Empire Soils
Investigation (1994). Arsenic exceedances were detected in both the fill and the native soils.
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Nine samples exceeded the TAGM vdue of 300 mgkg for barium. All sx of these
samples were collected from the fill at locations throughout the Ste. The maximum barium
concentrationswere detected in B25-MW-5 (5- 7 feet) (2,910 mg/kg) and B25-MW-2 (8.5-105
feet) (442) mg/kg), east of Building 25. None of the subsurface soil samples exceeded 5,500
mg/kg for barium, the EPA Region |1l Risk-Based Criteria

Mercury concentrations exceeded the TAGM vaue (0.1 mg/kg) in 25 of the 46 samples
(approximately 38 percent). Three of these samples, dl of which were collected inthe Erie Cand
area, exceaded the maximum Site background mercury concentration of 0.56 mg/kg. Themaximum
mercury concentration detected in the soil sampleswas 0.84 mg/kg in Geoprobeboring WVA-GP-
7 (11-12 feet). None of the subsurface soil samples exceeded the EPA Region 111 Risk-Based
Criteriafor mercury of 23 mg/kg.

Cadmium concentrations exceeded the TAGM vaue (1 mg/kg) in seven samples, dl of
which were collected from the fill. None of these samples exceeded the EPA Region |11 Risk-
Basad Criteriafor cadmium of 39 mg/kg. The maximum cadmium concentration of 5 mg/kg was
detected in B25-MW-5 (5 - 7 fest).

Silver was detected at concentrations above the TAGM value of non-detect in three
samples. B25-MW-5 (5-7 feet) at a concentration of 2B mg/kg, SWMU-14-1 (12-14feet) at a
concentration of 0.21 mg/kg, and WVA-GP-7 (11-12 feet), at a concentration of 1.7B mg/kg.
The Empire SoilsInvestigation (1994) samples contained 3.85 mg/kg, 4.36 mg/kg, and 4.81mgkg
of Slver in samples EM-SP-19, 20, and 21, respectively.

Selenium exceeded the TAGM vaue (3.075 mg/kg) in éght samples, with the maximum
concentration of 10.5 mg/kg detected in WVA-GP-7 (11-12). The samples were digtributed
throughout the Site, and none of the samples exceeded the EPA Region 111 Risk-Based Criteriaof
390 mg/kg.

55 GROUNDWATER

Following the ingtdlation of the monitoring wells, two complete rounds (Rounds 1 and 2),
and three partia rounds (Rounds 3, 4, and Geoprobe) of groundwater samples were collected.
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During thefirgt round, sampleswere obtained from al existing and newly ingaled wells. Duringthe
second round, samples were obtained from dl the newly installed wells and dl except eight of the
exigingwells. Inaddition, unfiltered metals sampleswere not collected from dl of thewellsduring
the second sampling round. Round 3 included dl wells ingaled during Phase [I monitoring well

ingalation and the associated monitoring wells in each well cluster. Round 4 was completed in
1998 and included dl wellsingdled during Phase 111 monitoring well ingalation and the associated
wells in each well cluster. Grab groundwater samples were aso obtained from the Geoprobe
boreholes drilled in the Erie Cand area in February 1998. The groundwater purge logs are
providedin Appendix F, thelaboratory packagesareincluded in Appendix L, and theresultsof the
chemica andyses are summarized on tables in Appendix J. For comparison, Appendix J aso
contains the appropriate Federa and New York State standards, where applicable. These
gandardsincludethe USEPA Maximum Contaminant Levels(MCLSs), theNY SDOH MCLs, and
theNY SDEC Class GA Drinking Water Standards. Tables5-3 (Round 1), 5-4 (Round 2), and 5
5 (Rounds 3, 4, and Geoprobe) provide a statistical summary of the results. Rounds 3, 4, and
Geoprobe sampling are grouped together in the satistical summary due to the limited number and
types of samples collected, aswell asthefact that dl three rounds were conducted within one year
(October 1997 to through June 1998). The andytical results of the samples collected from the
process pitsin Buildings 35 and 135 are discussed in Section 5.6.

55.1 Groundwater - Round 1- Organic Compounds

Unlikethe nature of the sub-surface soil organic compound contamingtion whichisprimarily
limited to PAHS, the nature of the groundwater contamination appearsto be primarily related tothe
presence of volatileorganics. Theindividua and total organic compound concentrationsdetectedin
the groundwater samples are shown on Plates 5-3 and 5-4.

Fifteen groundwater samples (approximately 23 percent) contained concentrations of
VOCs above the applicable standards. Eleven of the 15 samples were collected from the wells
downgradient of Building 25. The nature of the volatile organic contamination in the Building 25
areaisprimarily chlorinated organic compounds, such aschloroform, 1,1,1- Trichloroethane(1,1,1-
TCA) and TCE, solventsformerly used a Building 25 and other locations around the WV A (Plate
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5-3, Sheet 3). The maximum chloroform, 1,1,1-TCA, and TCE concentrations were 630 ny/
(EM-SP-7), 100 ny/l (B25-MW-3), and 410 ng/l (B25-MW-3), respectively. Groundwater
resultsobtained by CTM indicated chlorinated organic compound contamination, particularly TCE,
east and southeast of Building 25, downgradient of the former vapor degreaser. Historical TCE
concentrations ranged from 6 ng/l to 183 ny/l, between 1985 and 1990. The higher detections
were predominantly found in the hybrid well DM-SP-1 (screened in both weathered bedrock and
bedrock).

Ten of the 15 sampleswhich exceeded the standardsfor VOCswere collected from wells
ingaled in the overburden. The verticd ditribution of TCE in the groundwater can be assessed
using the samplesfrom thewd | cluster located southeast of Building 25, where TCE concentrations
of 410D ny/l in the overburden (B25-MW-3), 120 ny/l in the weathered bedrock/bedrock
(hybrid) (DM-SP1), and 37 ng/l in the bedrock (B25-MW-2) were detected. This decreasein
concentration with depth also occurs for 1,1,1-TCA, with concentrations of 100 ng/l in the
overburden well, 33 ng/l in the hybrid wdl, and 21 ng/l in the bedrock well. Chloroform was
detected in one overburden well at 300 ny/l (86-EM-SP-1A) and in the hybrid wel a a
concentration of 7 ng/l.

Though the mgority of the wells which exceeded the \olatile organic standards were
collected from wells downgradient of Building 25, the samples with the highest concentrations of
volatile organics were not located in this area. The highest concentrations of total VOCs were
detected in samplesAW-MW-34 (2,689 ngy/l) near Outfal 003 and AW-MW-36 (801 nyl) neer
the former vapor degreaser on the east Sde of Building 20. The compound with the highest
concentration in both of thesewellswas cis- 1,2-dichloroethene, with concentrations of 2,000 g/l
in AW-MW-34 and 460 ng/l in AW-MW-36. Also, thewellslocated in the vicinity of Manhole
43, AW-MW-43 and AW-MW-44, contained exceedances of 1,1-dichloroethane (22 ng/ll and 7
no/l, respectively). Thevinyl chloride standard (2 ngy/l) was exceeded in four of the samples, with
the maximum concentration detected in AW-MW-34 (89J no/l).

Voldile organics and petroleum identification analysis was aso conducted on the floating
product sample collected from B35-MW-8 during the round one groundwater sampling event.
Andysis could not be matched with any of the laboratory's petroleum standards. The petroleum
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pattern is described as having two components; the first uting in the diesdl range and the second
eluting as 20W motor oil. The gppearance of the product in B35-MW-8 differed from that in the
Furnace Pit, asit appeared darker and moreweathered with amore pungent odor. Concentrations
of voldtile organics were non-detect.

Eleven groundwater samples exceeded the State and/or Federd standardsfor at least one
of the SYOCs. However, the semi-volatile compound which exceeded the standards in five of
these samples (AW-MW-29, AW-MW-38RE, DM-SP-2, EM-SP-12, and MW-SP-19) was
ether diethylphaate, di-n-butylphthaate, or big(2- Ethylhexyl)phaate. These compounds are not
conddered to be site contaminants and are common sampling and/or laboratory contaminants.

The maximum concentration of tota SV OCs was detected in EM-SP-5 (890 ng/l). The
groundwater samplescollected from EM - SP-5, EM - SP-8, and AW-MW-43 contained 4-Chloro-
3-methylphenol at concentrations of 890 ngy/l, 110 ngy/l and 240 ny/l, respectively. The compound
4-Chloro-3-methylphenal isindicative of solublewaste ail, and dl of thesewellsarelocated dong
the solublewaste ail line. The NY SDOH MCL for 4-Chloro-3-methylphenol is50ng/l. A sheen
was noted during the development and sampling of MW-43.

Only three samples, EM-SP-13, B35-MW-8, and RW-2, contained concentrations of
potentialy carcinogenic PAHs abovethe standards. All three of these sampleswere collected from
wellsingdledin bedrock. Sample EM - SP-13 contained low concentrations (3ng/l or less) of five
of the potentidly carcinogenic PAHS, the Class GA standard for each of whichis0.002ng/l. The
sample collected from B135-MW-8 contained 10J ng/l of benzo(a)anthracene and 14J ny/l of
chrysene.  As discussed above, product was observed and sampled in this well during field
activities. Sample RW-2 contained 1Jng/l of chrysene, though it=sduplicate sample, AW-MW-
300, was nontdetect for chrysene. The Class GA standard for chrysene is 0.002 ng/l. The
duplicate sample (AW-MW-300) contained 2J ng/l of benzo(a)anthracene, above the Class GA
standard of 0.002 ng/l, though sample RW-2 was non-detect for benzo(a)anthracene.

Pesticides were detected a concentrations exceeding the standards in 27 of the 63
(approximately 43 percent) round one groundwater samples that were collected. The samples
were collected throughout thesite. Thirteen samples exceeded the Class GA standard for Didldrin,
which is non-detect. The maximum Dieldrin concentration was detected in the sample from the
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bedrock well EM-SP-21 (0.02Jng/l). Twelve samplesexceeded the GA standard for DDE (nort
detect), seven exceeded for Endrin (non-detect), Sx exceeded for Aldrin (non-detect), and 12
exceeded for DDT (non-detect). The maximum concentration of anindividua pesticide compound
was 0.069P ny/l of Heptachlor detected in EM - SP-13. PCBswere detected above the standards
in only one sample. The sample collected from B135-MW-4, abedrock well on the east sde of
Building 135, contained 0.15P ng/l of Aroclor-1260.

55.2 Groundwater - Round 1- Inorganics

For the first round of sampling, anaytical results for the unfiltered samples indicate the
presence of dl inorganic parameter at concentrations above the standards with the exception of
cyanide, mercury, and selenium. However, exceedances in the filtered samples occurred for only
barium and lead, suggesting that the inorganics are primarily associated with the particulate matter.

The chromium standards (50 ng/l for the Class GA and NYSDOH standards) were
exceeded in 15 of the 63 unfiltered groundwater samples (approximately 23 percent), but none of
thefiltered samples exceeded thisstandard. The highest chromium concentration (17,600 ngl) wes
detected in the unfiltered samplefrom EM - SP-9, south of Building 35. Thethree unfiltered samples
collected from wells in the motor pool area (EM-SP-19, EM-SP-20, and EM-SP-21) aso
contained high concentrations of chromium (3,250 ng/l, 1,170 ng/l, and 2,250 ng/l, respectively).
Many of the other unfiltered sampleswhich exceeded the chromium standards were collected dong
the southern site boundary near the chromic acid waste line (Plate 5-3, sheets 2 and 3). Eight of
the 15 groundwater samples which exceeded the chromium standards were collected from wells
ingtalled in the bedrock.

Twelveof the 61 unfiltered groundwater samples (approximately 20 percent) exceeded the
Class GA standard for lead (25 ng/l), but only one of the 63 filtered samples exceeded this
dandard. Theonly filtered sampleto exceed this standard was collected from the hybrid well AW-
RW-1 (32.3 ny/l filtered), though the corresponding unfiltered sample from AW-RW- 1 contained
only 6.6 ny/l of lead. The maximum lead concentrations were detected in B35-MW-5 (161 ngy/l)
south of Building 35 and EM - SP-1B (149 ngy/l) southeest of Building 25. Lead exceedanceswere
detected in five of the bedrock wells, four of the overburden wells, and three of the hybrid wells,
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The barium standard (1,000 ng/l for the Class GA and NYSDOH standards) was
exceeded in 10 of the 63 unfiltered groundwater samples (approximately 16 percent) and four of
the filtered groundwater samples (gpproximately six percent). All of the sampleswhich exceeded
the barium standard were collected from bedrock wells, suggesting that the barium isindigenousin
the bedrock. The median concentration of barium detected in bedrock wellsis 2,265 ng/l. Itis
noted that barium compounds are often used as additivesin lubricating oils and greases, however,
bariumisfound a low concentrationsin the product samples collected from the process pit at both
Buildings 35 and 135. The highest barium concentration was detected in theunfiltered ssmplefrom
B35-MW-5 (31,400 ng/l), south of Building 35, though thefiltered ssmplefrom thiswell was nor
detect for barium. Thefour samples which contained barium exceedancesin both the filtered and
unfiltered samples were AW-MW-22 (3,320 ngy/l unfiltered, 2,700 ny/ filtered), AW-MW-34
(1,100 ny/l unfiltered, 1,200 ng/l filtered), B135-MW-1 (2,640 ny/l unfiltered, 1,240E ng/l
filtered), and B35-MW-8 (1,890 ngy/l unfiltered, 1,680 ny/! filtered).

Arsenic was detected above the Class GA standard (25 ng/l) in four of the 63 unfiltered
samples (approximately six percent), though none of the filtered samples contained arsenic
exceedances. Of thefour exceedances, two were detected in samplesfrom bedrock wellsand two
werefrom overburdenwells. The maximum arsenic concentrationswere contained in B35-MW-5
(97.5 ny/l) south of Building 35 and AW-RW-2 (62 ng/l). The other two sampleswhich contained
arsenic exceedanceswere EM - SP-1B (26.0 ng/l), and B35- SP-9 (37.6Jngy/l) dong the southern
ste boundary near the chromic acid and waste ail lines.

The standards for silver (50 ng/l) were exceeded in only one sample, B135-MW-2
unfiltered (104 ny/l), dong the western sde of Building 135. Cadmium was detected in four
unfiltered samples above the USEPA standard of 5 ng/l. However, only one of these samples
exceeded the Class GA and NYSDOH standard of 10 ng/l. This sample was B25-MW-6
unfiltered (427 ny/l), located aong the northeast sde of Building 25. None of thefiltered samples
exceeded the cadmium standards.

Totd iron was andyzed for in samples collected from three of the wellsin the Building 25
area. B25-MW-2, a bedrock well, B25-MW-3, and overburden well, and B25-MW-4, a
weathered bedrock well. The standards for iron (300 ny/l) were exceeded by dl three samples.
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B25-MW-4 contained the highest iron concentration (67,100 ng/l), followed by B25-MW-3
(17,900 ny/l) and B25-MW-2 (880 ng/l).

Three unfiltered and one filtered groundwater sample exceeded the standards for
hexavdent chromium (50 ng/l). The maximum concentration was detected in B35-MW-8, with
18J ng/l in the unfiltered sample and 13 ng/l in thefiltered sample. Thiswell wasnoted to contain
product during fidd activities. The other two samples which contained hexavaent chromium
exceedances were B135-MW-1 (5 ny/l unfiltered) near the process pits and AW-MW-35 (0.1
no/l) near the former vapor degreaser near Building 20.

5.5.3 Groundwater - Round 2 - Organic Compounds

The concentration of organic compounds were generally lower in the samples collected in
the second sampling round than the concentrations detected in the samples collected in the first
sampling round. Fifteen groundwater samples (approximately 25 percent) contained concentrations
of VOCs above the applicable sandards, which isthe same number of samplesasin thefirst round.

However, the maximum concentrations which were detected in these second round sampleswere
generdly lower than those detected in the samples from the first round. The maximum
concentration of total volatile organicswas 1,400 ngy/l (AW-MW-34), as compared to 2,689 ny/l
(AW-MW-34) in the firgt round.

Eight of the 15 second round samples which exceeded the stlandards were collected from
wells downgradient of Building 25, as compared to 11 of the 15 samples collected during the first
round of sampling. Chlorinated organics were detected in dl eght wdls, with the primary
contaminants of concern again being 1,1,1-TCA and TCE. The maximum TCE concentrations
were 310 ny/l (B25-MW-3) and 280 ny/l (B25-MW-6), as compared to amaximum of 410 ny/l
(B25-MW-3) obtained during the first sampling round. Also downgradient of Building 25, there
were four samples (EM-SP-1B, EM-SP-7, EM-SP-8, and B25-MW-5) which exceeded the
gandards during the first round of sampling but did not exceed any standards during the second
round of sampling. The maximum chloroform concentration was 28 nyl (EM - SP-9) whichismuch
lower than the maximum chloroform concentration detected in the first sampling round (630 Nyl
EM-SP-7 firg round; non-detect second round). Cis-1,2-Dichloroethene was detected at a
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concentration of 2,000 ng/l (AW MW-34) in the first round but at a maximum concentration of
1,100 ng/l (AW-MW-34) in the second round samples. The sample from AW-MW-34, which
contained 89J ny/ of vinyl chloride in the first round, only contained 22J ng/l vinyl chloridein the
second round. The maximum vinyl chloride concentration detected during the second round were
from samples collected from two wellswhich were not sampled during thefirst round: AW-B121IN
(160J mg/l) and AW-B121S (48 ng/l). Asdescribed in the Cosulich Report (1980), Building 121
was used for an oil impregnating process and these wells had severa inches of ail in them.

Theverticd digribution of TCE isagain represented in thewd| cluster located southeast of
Building 25 with TCE concentrations of 310 ngy/l in the overburden (B25-MW-3), 42 ng/l inthe
weathered bedrock/bedrock (hybrid) (DM-SP-1), and 51 ng/l in the bedrock (B25-MW-2).
1,1,1- TCA was dso detected in this cluster a aconcentration of 82 ngyl in the overburden well, 9
ng/l in the hybrid wdl, and 20 ng/l in the bedrock well. 1,1-dichloroethane (1,1,1-DCA) was
detected in one overburden well at 11 ng/l (86-EM-SP-5).

The NY SDOH a0 collected water samples from severd locationsat WV A on May 30,
1996. Thesesampleswere collected from the Furnace Pit at Building 35, the Shrink Pit at Building
135, EM-SP-13, MW-BLDG110, B35-MW-8, and AW-MW-27. Sampleswere andyzed for
ketone and petroleum products, hydrocarbon scan, and VOCs using Method 502.2. Gas
chromatographs generated from the petroleum products andysis were compared against gas
chromatographic standards generated from known petroleum products provided by WVA. The
samples from EM-SP-13 and MW-BLDG110 were described assmilar to A3in 1 Gil@ The
sample from AW-MW-27 was smilar to amaterid supplied by WV A and the sample from B35
MW-8 was smilar to Steco Corporation cutting fluid. All four samples were non-detect or
contained low concentrations of volatiles: EM - SP-13 was non-detect, MW-BL DG110 was non-
detect, AW-MW-27 contained chloroform (1.6 ng/l), and B35-MW-8 contained benzene (0.5
no/l), nbutylbenzene (1.2 ny/l), and 4-isopropyltoluene (0.8 ny/l). The anaytica results of the
Furnace Pit and Shrink Pit samples are discussed in Section 5.6.

Only four samples collected during the second sampling round exceeded the gpplicable
standardsfor semi-volatile organics, ascompared to 11 samples collected during thefirst sampling

round. The four samples include three downgradient of Building 25, EM-SP-5, EM-SP-7, and
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AW-MW-43, and one in the Building 35 well which contained product, B35-MW-8. The
maximum concentration of total semi-volatileswas 310 g/l (EM - SP-5), as compared to 890 ny/l
(EM-SP-5) in the firgt round.

Two of the four samples which exceeded the standards contained concentrations of
potentidly carcinogenic PAHs abovethe available sandards. Sample EM - SP-7, which was nor+
detect for PAHsin thefirg sampling round, contained concentrations of five potentidly carcinogenic
PAHs above the standardsin the second round: 0.8Jny/l benzo(a)anthracene, 0.9Jny/l chrysene,
0.9J ngy/l benzo(b)fluoranthene, 1J ng/ll benzo(k)fluoranthene, and 07J ny/l benzo(a)pyrene.
Sample B35-MW-8 contained 18] ng/l of benzo(a)anthracene and 40 ny/l of chrysenein the
second round, dightly higher than the concentrations detected in the first round (10J ng/l
benzo(a)anthracene and 14J nyl chrysene). The maximum concentration of 4-chloro-3-
methylphenol, detected in EM-SP-5 a a concentration of 310 ng/l, was much less than the
maximum concentration detected in EM-SP-5 during the first sampling round (890 ng/l). The
NY SDOH standard for 4-chloro-3-methylphenol is 50 ng/l.

Pesticideswere detected at concentrations exceeding the standardsin 10 of the 58 second
round samples (gpproximately 17 percent), as compared to 43 percent of the first round samples.
Only three samples exceeded the Class GA standard for Dieldrin (non-detect), with the maximum
concentration being 0.019 ny/l (B135-MW-2). Thissample, collected from bedrock well B135-
MW:-2, contained exceedances of three other pesticides (al so heptachlor 0.049ny/l, ddrin 0.0078
ny/l, and 4,4-DDE 0.016 ng/l). The maximum concentration of a pesticide compound was 0.22
ny/l of endrin ddehydein B35-MW-8.

5.5.4 Groundwater - Round 2 - Inorganics

Only 11 of the RCRA Meta's samples collected during the second round of groundwater
sampling were submitted for both filtered and unfiltered metals. The remainder were submitted for
unfiltered metads only. The unfiltered samples contained at least one exceedance of every metd
except for mercury and silver. However, for the filtered samples only lead and barium standards

were exceeded.
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The chromium standard was exceeded in 14 of the 60 unfiltered samples (23 percent), the
same percentage asin thefirg round. Also the same asthefirgt round, none of thefiltered samples
exceeded the chromium standards. However, the maximum chromium concentration detected in
the second round, 2,570 ngyl (EM-SP-21), was much lower than the maximum concentration
detected in the first round samples (17,600 ngl in EM-SP-9). The location of the chromium
contamination gppears to be the same as seenin thefirst sampling round results, dong the southern
Ste boundary and in the motor pool area.

Fourteen of the 60 unfiltered samples (approximately 23 percent) and one of the 11 filtered
samples exceeded the Class GA standard for lead (25 ng/l). The only filtered sample to exceed
was collected from B35-MW-5 (64.4 E ng/l), which hed the highest unfiltered leed concentrationin
it=s corresponding unfiltered sample (810E ny/l). Unlikethefirgt round, four of the sampleswhich
exceed are located near the western site boundary (AW-MW-26, 27, 28, and 41). A magjority of
the other samples were collected near Buildings 25 and 35.

Barium was detected above the stlandardsin 20 percent (12 out of 60) of the second round
unfiltered groundwater samples, compared to 16 percent in round one. Eight of the 12 samples
which exceeded were collected from bedrock wells. The maximum barium concentration was
much lower in the second round (8,220 ng/l in B35-MW-8) compared to thefirst round (31,400
ny/l in B35-MW-5). Also, one filtered sample exceeded the barium standard. Sample B135-
MW-1 contained 1,520 ng/l of barium.

The maximum concentration of arsenic was much higher in the second round of sampling.
The sample collected from B35-MW-5 contained 744 ng/l arsenic, compared to 97.5ng/l inthe
firgt round (this was the firgt round maximum aso). A totd of seven samples contained arsenic
exceedances in the second round. The samples were collected from wells near Building 25,
Building 35, and along the railroad tracks near the western site boundary.

Two samples exceeded the standard (10 ng/l) for selenium: unfiltered EM - SP-21 contained
14 ny/l and unfiltered B35-MW-5 contained 23B ngy/l. Bothof these sampleswere collected from
bedrock wells. There were no samplesin thefirst round which exceeded the selenium standards.

Eleven of the 60 unfiltered groundwater samples (approximately 18 percent) exceeded the
USEPA cadmium standard of 5 ng/l. Seven samples exceeded the NY SDOH and Class GA
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standards of 10 ng/l. The maximum concentration of 127 ng/l (B35-MW-5) waswel | below the
maximum concentration obtained during the first round of sampling (427 ng/l in B25-MW-4).

55.5 Groundwater - Rounds 3, 4, and Geopr obe - Organic Compounds

A total of 66 groundwater samples were collected for VOC andysis during Rounds 3, 4,
and Geoprobe sampling. Thirteen groundwater samplesfrom 12 monitoring wells (gpproximately
20 percent) collected during Rounds 3, 4, and Geoprobe sampling, contained concentrations of
VOCs above the gpplicable standards. The maximum concentration of total VOCs detected in
these rounds was 121,860 ng/l, a well AW-MW-51. TheVOCsin thiswell were composed of
110,000 nyg/l of tetrachloroethene (PCE), 10,000 ng/l of TCE, 1,200] ngl of ds-1,2-
dichloroethene(cis-1,2-DCE), and 660JB nyy/l of chlorobenze. Dense Non-AqueousPhaseLiquid
(DNAPL) wasencountered inthiswd| during ingalation/packer sampling activities. Theresultsof
the packer sampling activities are discussed further in Section 5.5.7.

The remaining wells at which VOCswere detected above the gpplicable standards during
Rounds 3, 4, and Geoprobe sampling were: AW-MW-27, AW-MW-34, AW-MW-35, AW-
MW-36, AW-MW-47, AW-MW-59, AW-MW-61, AW-MW-64, 25-MW-6, and 86EM -S~-
5. VOCswere not detected in groundwater above standardsin any of the samples collected from
the Geoprobe boringsin the Erie Canal area.

Wells AW-MW-33 (15 ny! total VOCs), AW-MW-34 (2,233 ng/l total VOCs (Round
4)), AW-MW-61 (211.9 ny/ total VOCs (Round 4)), and AW-MW-59 (151 ng/l total VOCs
(Round 4)), are located downgradient of Building 40, adjacent to the ste boundary. VOCs
detected in these wells are composed predominantly of PCE and cis-1,2-DCE, with a lesser
percentage of TCE.

WellsAW-MW-36 (414 ny/l total VOCs (Round 3)), AW-MW-47 (46 nyl tota \VOCs
(Round 3)), AW-MW-35 (121 ng/l total VOCs (Round 3)), 25MW-6 (249 ng/l tota VOCs
(Round 3)), and 86EM-SP-5 (8.7 ny/l totd VOCs (Round 3) are located downgradient of
Buildings 20 and 25. VOCs detected in these wdls are composed primarily of TCE, with the
exception of AW-MW-36, which has a high percentage of cis-1,2-DCE.
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Wedl AW-MW:-64 is located in the centra portion of the MMA, east of the hazardous
materids storage area and adjacent to RW-2. The total VOC concentration in this well was
14,400 ny/l, composed of 7,200/l of PCE, 5,500 /I of TCE, and 1,700 g/l of vinyl chloride.

Thevertica digribution of volatile organicsin Rounds 3 and 4 is represented in three well
clusers AW-MW-53/83DM-SP-1/25-MW-2, located southeest of Building 25; AW-MW-
35/AW-MW-36/AW-MW-48, located adjacent to the northeast corner of Building 20; and AW-
MW-33/AW-MW-34/AW-MW-51/AW-MW-61, located east of Building 40.

The AW-MW-53/83DM-SP-1/25-MW-2 cluster was sampled during Round 3. Tota
VOCs detected in these wells were highest in the shallow bedrock, with 64 ngl a in the
overburden and weathered zone (83DM-SP-1), 100 ng/l in the shallow bedrock (25-MW-2),ad
not-detected in the intermediate bedrock (AW-MW-53).

The AW-MW-35/AW-MW-36/AW-MW-48 cluster was al so sampled during Round 3.
Tota VOCs detected in thesewellswere highest in the overburden with 414 g/l (AW-MW-36),
121 ng/l in the shdlow bedrock (AW-MW-35), and not-detected in the intermediate bedrock
(AW-MW-48).

The AW-MW-33/AW-MW-34/AW-MW-51/AW-MW:-61 duster was sampled during
Round 4. Total VOCs detected in these wells were highest in the intermediate bedrock, with 15
ny/l inthe overburden (AW-MW-33), 2,233 ngy/l inthe shdlow bedrock (AW-MW-34), 51,900
ny/l in the intermediate bedrock (AW-MW-51), and 212.9 g/l in the deep bedrock (AW-MW-
61).

A totd of 28 groundwater sampleswere collected for SV OC analysisduring Rounds 3, 4,
and Geoprobe. Of these, atotal of 10 samplesfrom eight wellsexceeded the gpplicable standards
for SYOCs during Rounds 3, 4, and Geoprobe sampling. Seven (six samples and one duplicate
sample) of the sampleswere collected from Geoprobe borings (WVA-GP-2, WV A-GP-6, WVA-
GP-7, WVA-GP-8, WVA-GP-13, and WV A-GP-14) which weredrilled in the Erie Cand area.
The remaining samples were collected from wells 35-MW-8 and 93EM -SP-13. The maximum
concentration of total semi-volatiles in these rounds was 318 ny/l, which was detected in well
93EM-SP-13. Samplesfrom al eight wells exceeded the sandardsfor the potentialy carcinogenic
PAHSs above the available standards.

F:\Holding\Watervliet\MMA RFNSEC-5.D0C 5-29



Groundwater sampleswere not andyzed for Pesticidesand PCBsduring Rounds 3, 4, and
Geoprobe sampling.

55.6 Groundwater - Rounds 3, 4, and Geopr obe - Inorganics

A totd of 27 unfiltered samples and 14 filtered samples were collected for inorganics
analysis during Rounds 3, 4, and Geoprobe sampling. The 27 samples andyzed for unfiltered
metals had least one exceedance of the gpplicable standards, with the exception of slver. Only
barium standards were exceeded in the 14 filtered samples.

The chromium standard was exceeded in nine of the 27 unfiltered samples (approximately
33 percent). The maximum chromium concentration in the unfiltered samples was 1,690 ny/l a
Geoprobe location WV A-GP-8, located in the former Erie Cand area.

Fifteen of the 27 unfiltered samples (approximately 56 percent) exceeded the Class GA
standard for lead (25 ng/l). None of the 14 filtered samples exceeded the lead standard. The
maximum concentration of lead in the unfiltered sampleswas detected a Geoprobelocation WVA-
GP-8 (1,690 ny/l), which islocated in the Erie Cana area.

Barium was detected above the standards in 44 percent (12 out of 27) of the unfiltered
groundwater samples and in 7 percent (1 out of 14) of the filtered groundwater samples from
Rounds 3, 4, and Geoprobe sampling. Seven of the 12 unfiltered samples which exceeded the
gandard were collected from overburden wells. The maximum barium concentretion in the
unfiltered samples collected during Rounds 3, 4, and Geoprobe sampling, was 7,460 ny/l, a
Geoprobe location WVA-GP-8, located in the Erie Cand aea The maximum barium
concentration in filtered samples collected during these rounds was 3,450 ny/l, a AW-MW-45,
located in the northwestern portion of the MMA, near the Site boundary.

Arsenic was detected above the applicable standardsin seven of the 27 unfiltered samples
and in none of the filtered samples collected during Rounds 3, 4, and Geoprobe sampling. The
maximum concentration of arsenic was detected in the unfiltered sample from Geoprobe location
WVA-GP-8, located inthe Erie Canal area. Six of the seven standard exceedences were detected

in the Geoprobe samples from this area
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Five of the 27 filtered samples exceeded the standard for slenium. None of the filtered
samples exceeded the selenium standards. The maximum sdenium concentration was detected at
Geoprobe location WV A-GP-8. All of the salenium exceedences were from the Erie Canal area.

One of the 27 unfiltered groundwater samples, collected from Geoprobe located WV A-
GP-8, exceeded the USEPA cadmium standard of 5 ng/l and the NYSDOH and Class GA
standards of 10 ng/l in Rounds 3, 4, and Geoprobe sampling. The unfiltered cadmium
concentration at this location was 99.4 ny/l. A totd of five unfiltered groundwater samples had
cadmium detections. Four of these samples were collected from the Erie Cand area. Cadmium
was not detected in any of the filtered samples collected during Rounds 3, 4, and Geoprobe
sampling.

Mercury exceeded the applicable standards in one of the 27 filtered samples collected
during these rounds. Thissample, collected from Geoprobe location WV A-GP-8, had amercury
concentration of 2.10ng/l. S of the seven unfiltered sampleswhich had mercury detectionswere
collected from the Geoprobe locations in the Erie Canal area. Mercury was not detected in the
filtered groundwater samples collected during these rounds.

Siver was detected in saven of the 27 unfiltered groundwater samples collected during
Rounds 3, 4, and Geoprobe sampling. None of these detections exceeded the Class GA standard.

Five of the seven samples were collected from the Geoprobe locationsin the Erie Cand area.

5.5.7 Packer Samples

As discussed in Section 3.3.1, bedrock monitoring wells AW-MW-48, AW-MW-51,
AW-MW-52, AW-MW-53, AW-MW-54, AW-MW-58, AW-MW-59, AW-MW-60, AW-
MW:-61, and AW-MW-62, were indaled during Phases Il and 111 of well ingalation usng a
discrete zone groundwater characterization method to further characterize specific zones of known
or suspected VOC contamination. Aspart of thismethod, samplesof groundwater were collected
from discrete zones and andyzed for VOCs. Andyticd results for these  packer samples’ were
used to determinethe vertica extent of contamination in the borehole and to aid in the placement of
the open borehole section of the well.
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Theresultsof the packer sampling are presented on Table O- 1, contained in Appendix O.
Appendix O dso contains the laboratory reporting forms for al packer samples. As shown in
TableO-1, threewdls, AW-MW-51, AW-MW-52, and AW-MW-61, contained discrete zones
of elevated VOC concentrations.

wdl AW-MW-51, located adjacent to Building 40, contained elevated VOC
concentrations from 32 to 52 feet bgs (2,408 ny/l totd VOCs), and extremey high VOC
concentrations from 51 to 72 feet bgs (66,220 ny/l tota VOCs). Upon retrieva of the sampling
gpparatus from the 51 to 72 feet bgsinterva, a smal amount (less than 20 milliliters) of DNAPL
was discovered in the bottom of the sampling pump. The fact that no dgnificant shalow
groundwater contamination was discovered at overburden well AW-MW-33, adjacent to this
location, indicates that the source of the DNAPL is upgradient of thiswell. All packer samples
fromwdl AW-MW-51 contained at least one VOC which exceeded groundwater standards.

Wel AW-MW-61, located adjacent to AW-MW-51, was inddled to determine the
vertica extent of the elevated VOCYDNAPL contamination discovered in well AW-MW-51.
Elevated VOC concentrations (11,820 ny/l totad VOCs) were observed in thiswedl inthe 100 to
120 foot bgsinterva. However, only 62.2 ng/l total VOCswere detected in the 120 to 140 foot
bgs interva, indicating that, inclusve of the results from AW-MW-51, the vertical extent of the
VOC contamination in this areais limited to the range from 51 to 120 feet bgs. DNAPL was not
encountered in well AW-MW-61, however both packer samples from this well contained
concentrations of at least one VOC which exceeded groundwater standards.

At wdl AW-MW-52, located in the central portion of the MMA, adjacent to the
Hazardous Materids Storage Area, a zone of elevated VOC concentrations (6,910 ny/l totd
VOCs) was encountered from 47 to 67 feet bgs. Abovethiszone (27-47 feet bgs), only 217 ny/l
of total VOCs was detected. Below the zone (67-87 feet bgs), only 475 ng/l totd VOCs was
detected. Thisdataindicatesthat \VOC contamination inthisareaislimited to adiscrete zonein the
bedrock. All packer samples from well AW-MW-52 contained concentrations of at least one
VOC which exceeded groundwater standards.

As shown in Table O-1, the remaining wells a which packer sampling was performed

contained zones of minor VOC contamination, some of which exceeded groundwater standards.
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However, concentrations of VOCs in these wells were orders of magnitude less than those

detected in AW-MW-51, AW-MW-61, and AW-MW-52.

55.8 Water Quality Parameters

Additiond water qudity parameters were collected during Round 4 of groundwater
sampling to evduate the potentid for the naturd attenuation of the VOCs detected in the
groundwater at various locations. These parameters included: dissolved oxygen, reductiorn+
oxidation (REDOX) potentid, pH, dkdinity, ammonia, chloride, fluoride, hardness, nitrate/nitrite
nitrogen, total phosphorous, sulfate, total dissolved solids(TDS), and total suspended solids (TSS).
Results for these parameters are presented in the summary tables contained in Appendix J.

56 PROCESSPIT SAMPLING

Thefloating product and water in the process and shrink pitsin Buildings 35 and 135 were
sampled as part of thisinvestigation. The anaytica results are provided in Appendix L and are
included in the groundwater sampling summary tables (Appendix J). The andyticd results are
compared to the groundwater standards in Appendix J, though it should be noted that thewater in
the processpitsis processwater and not groundwater. Thus, the groundwater standards provided

for the floating product and process pit water samples are for comparison only.

5.6.1 Building 35

Water samples were collected from the three process pit located at the southern end of
Building 35 during both thefirst and second round sampling events. Sampleswereandyzed for the
same parameters asthat for the groundwater samples. Samples of the floating product were dso
collected from the Furnace Pit a Building 35. In addition to the organic and inorganic analyses,
petroleum identification analysswas d so conducted on the floating product sample collected from
the Furnace Pit during the September 1995 sampling event.

5.6.1.1 Building 35 Process Pit Sampling - Organics Compounds
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Analyses of the pit water samples, collected during the first sampling event, indicated the
presence of VOCs, SV OCs, and pesticidesin the agueous samples collected from the process pits.
Chloroform, 2- butanone, and bromodichloromethane are the V OCsfound in the aqueous samples
collected from New Medium Tube Fit (PW-3) and the 8-inch Gun Tube Fit (PW-4). The latter
two were a concentrations below Class GA groundwater standards, while the chloroform
concentrations (8 ny/l in PW-3 and 15 ng/l in PW-4) were dightly in exceedance of Class GA
groundwater standards. VOCs were not detected in the aqueous or product samples collected
from the Furnace Pit (PW-2). It should be noted again that the samples collected from PW-3 and
PW-4 are believed to be primarily representative of the process water in these pits, and not
groundwater seepage.

Fewer VOCswere detected in the pit water samples collected during the second sampling
event. Infact, only chloroform was detected in PW-3 at aconcentration of 10ng/l, dightly higher
than its concentration detected in the first sampling round. PW-2 and PW-4 were non-detect for
VOCs. Theselower leves arelikely aresult of changesin the process activity or due to sample
callection during different stages of the process. Asin thefirst round, the floating product sample
was non-detect for VOCs.

SV OCswere detected in agueous samples collected from all three process pits; however,
samples PW-3 and PW-4 only had detections of phthaates. The concentration of total SV OCsin
the agueous sample from the Furnace Pit was 20,600 n/l. Compounds detected were fluorene
(1,600J ng/l), phenanthrene (2,600J ng/l), fluoranthene (6,900 ny/l), pyrene (5,300 ny/l), and
bis(2- ethylhexyl)phthalate (4,200J ng/l). Other compounds were likely masked due to the high
detection limitinthissample. Thesefive compounds are cons stent with the floating product present
at thislocation, which had agolden brown color and the consstency of alow viscosity cutting oil.
SVOC andyss on the floaing product identified the presence of fluorene (130,000 no/),
phenanthrene (190,000J ng/l), anthracene (99,000J ng/l), fluoranthene (530,000J ng/l), pyrene
(370,000 nyg/l), benzo(a)anthracene (85,000 ny/l), chrysene (87,000 ny/l), and big(2-
ethylhexyl)phthalate (100,000J ngy/l). The concentrations of these compounds are more than two
orders of magnitude higher than that in the agqueous sample, thusindicating ardatively low solubility.
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Smilar sami-volatile organic results were obtained during the second round sampling event.
PW-4 only had phthalate detections. At PW-3, the detections were mainly phthdates, but low
concentrations of POL congtituents were also detected. The concentration of total SVOCsin the
aqueous sample from the Furnace Pit was 4,821 ng/l. Thisislower than that detected during the
first round; however, the suite of SV OCsdetected was greater (16 versusfive SVOCsdetected in
thefirgt round sample). Concentrationswere generdly inthe 200 ngy/l to 400 g/l range. A amilar
pattern to that of the Furnace Pit agueous sample was observed in the SVYOC andysis for the
floating product sample. Concentrations were dightly lower (typicaly 25 percent lower) than
detected in the first round sample, but the suite of SV OCs detected was greater (15 versus eight
SV OCs detected in the first round sample).

Pesticide compoundswere detected in al three aqueous pit samples. Concentrationswere
low in PW-3 and PW-4; however, the Class GA groundwater standard of 'non-detect’ for delta-
BHC, dildrin, heptachlor, and heptachlor epoxide resulted in exceedances for these compounds.
Pesticide concentrations in PW-2 were higher by four orders of magnitude. In fact, pesticide
concentrations in PW-2 were the highest at Building 35. Thisincreaseisnot likely to beindicative
of leves in the groundwater seepage, however, since the Furnace Pit dso receives water (and
potentialy contaminants) from other direct sources, including ahand-wash basin on the shop floor.
Exceedances occurred in heptachlor (6.6P ng/l), dpha-chlordane (3P ny/l), and gamma- cilordane
(2P ny/l). Pesticides were not detected in the agueous pit samples during the second round of
sampling. Pesticide analysiswas not conducted on the floating product samples during the second
sampling round. PCBs were not detected in any of the aqueous or floating product samples
collected from the process pits collected during both sampling rounds.

5.6.1.2 Building 35 Process Pit Sampling - Inorganics

Arsenic, chromium, and lead were detected in exceedance of the Class GA groundwater
gandardsin the unfiltered agqueous sample collected from the Furnace FAit, which had concentrations
of 55.9 ny/l, 1,220 ny/l, and 130 ny/l, repectively. Only chromium exceeded Class GA
groundwater standards in the filtered sample (B35-PW-2) at a concentration of 62.4 ng/l.
Chromium (64 ngy/l) and lead (57.1 ng/l) were detected at concentrationsin exceedance of Class
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GA groundwater stlandards in the filtered agueous sample from PW-3. A hexavaent chromium
concentration of 85 ng/l was detected for the total (unfiltered) PW-3 agueous sample and a
concentration of 54 ny/l was detected in the dissolved (filtered) sample, both above the GA
standard of 0.05ng/l. Lead, chromium, and hexavaent chromiumin both thefiltered and unfiltered
samplesfrom PW-4 aso exceeded Class GA groundwater sandards. Chromium concentrationsin
the filtered and unfiltered samples were 14,700 ng/l and 19,600 ny/l respectively, lead
concentrationsin thefiltered and unfiltered sampleswere 191 ny/l and 5,570 ny/l, respectively, and
hexavaent chromium concentrations were 10,5000 ng/l and 17,410 ngl in the filtered and
unfiltered samples, respectively. These samples do not represent groundwater conditions at the
gte, asdl three pits collect water from the e ectroplating processes conducted in the respective pits.

Barium and chromium were detected in the floating product sample collected from the
Furnace Pit during the first sampling round, but & very low concentrations. Barium isanaturaly
occurring minera at the Ste as well as a congtituent of some lubricating oils and greases used a
WVA. Anayticd resultsfrom the aqueous and product samples collected from the Furnace Pit do
not indicate that the free phase product isthe source of barium inthe groundwater. Concentrations
in the pit water sample were greater than that in the product sample by two orders of magnitude
and afactor of twenty in the filtered and unfiltered agueous samples, respectively.

The second round of sampling indicated that chromium and lead concentrations were in
exceedance in dl three pits. PW-3 showed a marked increase in the concentration of chromium
(24,500 ng/l) and lead (463E ng/l). PW-2 had smilar concentrations of these compounds, while
PW-4 showed a sgnificant decrease in chromium and lead concentrations. These fluctuationsin
concentrations are believed to be related directly to the manufacturing processongoing a thetime
of sampling and not seasond changesin Ste conditions. Barium, chromium, and lead were detected
in the floating product sample collected from the Furnace Fit during the second round sampling.;
again, a very low concentrations which were below Class GA standards.

5.6.1.3 Building 35 Process Pit Sampling - Petroleum | dentification
Petroleumidentification analysiswas conducted on the product samplefrom the Furnace At
in an atempt to identify its origins but could not be matched with any of thelaboratory's petroleum
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standards, so no conclusiveidentifications could be made. The Furnace Pit sampleisdescribed as
exhibiting asingle petroleum pattern, duting inthe diesd range. The petroleum identification doneis
inconclusive as the diesd range referred to encompasses a broad range of petroleum ditillates.
However, in combination with the other analyses conducted (specificdly, the semi-volatile andyss
and visual observations), the type of product present in the Furnace Pit can betentatively identified
asamiddledidtillate such asdiesd fuds, kerasene, and lubricating/cutting oil. Previous petroleum
identification analysis conducted for Clough, Harbour and Associates in 1990 indicated that the
product present in the Furnace Pit at that time contained congtituents characteristic of kerosene. An
infrared scan conducted on the sample further reveded that the mgor component of the
hydrocarbons is a synthetic hydrocarbon commonly made in petroleum refineries, referred to asa

"heavy odorless minerd spirit”.

5.6.2 Building 135

Samples of the water and floating product were dso collected from the Shrink Pit at
Building 135 during the September 1995 sampling event. In addition to the organic and inorganic
andlyses, petroleum identification andyss was aso conducted on the floating product sample
collected from the Shrink Pit. In February 1996 the Shrink Pit was drained and cleaned. As a
result, asample of the floating product layer was not collected during the second sampling event.
Samples of the water from the Shrink Pit were however, collected and anadyzed for the same
parameters listed for the groundwater samples.

5.6.2.1 Shrink Pit Water and Free Product Sampling - Organic Compounds

Andyses indicated the presence of VOCs, SVOCs, pesticides, and PCBsin the samples
callected from the Shrink Fit during the first sampling round. Chloroform (9 ng/l) wasthe only
VOC detected above the standardsin the agueous sample. However, chloroform (79Jng/l), tota
xylenes (260 ny/l), and toluene (98J ny/l) were detected above Class GA standard in thefloating
product sample. During the second round of sampling, concentrationsof al thevolatile compounds

in the agueous sample were nordetect.
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Theonly SVYOCsdetected in the agueous sample collected during the first sampling round
above Class GA standards were big(2- ethylhexyl)phthd ate and di- n- butylphthal ate (63B ngl). No
SV OCs were detected above the standards in the aqueous sample collected during the second
sampling round. SVOC analyses identified the presence of fluoranthene (64,000J ng/l), pyrene
(100,000J ny/l), and bi(2-ethylhexyl)phthal ate (200,000 ngl) in thefloating product sample, al
exceeding the gpplicable standards.

Three pesticide compounds were detected, adrin (0.0057Jny/l), 4,4-DDD (0.026 ny),
and endrin ketone (0.009J ngy/l) in the aqueous sample collected during thefirst round. Aldrinwas
in exceedance of the Class GA groundwater standard of "nondetect”. 4,4'-DDE was the only
pesti cide compound detected in the agueous sampl e during the second round, at aconcentration of
0.032 ng/l. Thisisin exceedance of the Class GA groundwater standard of "non-detect” for this
compound.

A PCB (Aroclor-1254) concentration of 0.31P ng/l was detected in the first round
agueous sample, above the Class GA groundwater standard of 0.1 ngy/l. In the floating product
sample PCBs (Aroclor-1254) were detected at aconcentration of 4,800Pny/l. Clough, Harbour
and Associates and WV A personnd a so anayzed samples of floating product from the Shrink Pit
for PCBsin 1990. These samples had PCB (Aroclor-1254) concentrations of 22,000 ng/l and
non-detect, respectively. The PCBsareinterpreted to have been a congtituent of cutting oils used
inthe past. Other potential sources are the PCB-containing transformers and capacitorsformerly
located in and adjacent to the Shrink Fit and throughout the building, some of which had reportedly
failed, and PCB-containing lubricating oil formerly used in the machinesa WVA.

Anayses during the second round of sampling indicated the absence of VOCsand PCBs,
and low concentrations of SVOCs and pedticides. The reduction of organic compound
concentrationsin the Shrink Pit water is believed to be attributable to the recent cleaning of the pit.

5.6.2.2 Shrink Pit Water and Free Product Sampling - Inorganics

Barium, chromium, and lead were detected in the aqueous sample, while arsenic, barium,
cadmium, chromium, and lead were detected in the floating product sample collected from the
Shrink Pit. No exceedences of gpplicable Class GA groundwater standards for these inorganic
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condtituentswas present. Barium wasthe only inorganic compound detected (unfiltered sample), at
aconcentration of 64.6 NE ng/l, during the second round sampling event. Thisiswell below the
Class GA groundwater standard of 1,000 ngyl for barium.

5.6.2.3 Shrink Pit Water and Free Product Sampling - Petroleum I dentification

Petroleum identification andysis conducted on the product sample from the Shrink Fit could
not be matched with any of the laboratory's petroleum standards, so no conclusive identifications
could be made. The Shrink Pit sample is described as consgting of two condtituents; the first
euting in the diesd range and the later duting condtituent identified as 20W motor oil. Previous
petroleum identification analyss conducted for Clough, Harbour and Associatesin 1990 indicated
the presence of compounds characterigtic of arefined petroleum lubricating oil. Further sampling
was conducted by Arsena personnd in March, 1995 of POLs within Building 135. Sampling
locationsincluded three milling machines, fresh ail from drums, POL seepage onto thethird floor of
the Shrink Fit, and thefloating product in the Shrink Pit (Blue Lagoon). The two samplesfrom the
Shrink Pit were both identified as lubricating or motor ail. 1t should be noted, however, that the
cutting oils used by WV A are performance based. Therefore, the cutting oils must meet certain
performance specifications while the composition is not a concern (provided they are PCB freg).
The compadtion of the cutting oils used a WVA has changed as performance specifications
changed and improvementsin cutting oil performance were made. So, petroleum identification of
POL s collected from the Shrink Pit may show characteristics of motor oil or lubricating oil, but are
believed to be cutting oils which are currently in wse or were formerly used at WVA. The tota
petroleum hydrocarbon chromatograph for the NY SDOH sampl e showed patterns comparableto
Steco Corp. cutting oil and some similarity to the sample collected from B35-MW-8.

57 SUMMARY

5.7.1 Soils
The nature of the organic sub-surface soil contamination isprimarily related to the presence

of potentialy carcinogenic PAHsthroughout the Site, especialy to the east of Buildings 20 and 25,
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aong the Erie Cand, and in the vicinity of Building 110. Four of the samples which exceeded
TAGMs were collected near ste boundaries - AW-MW-34 dong the eastern boundary, AW-
MW-38 aong the southern boundary, and AW-B4 and AW-MW-25 aong the western site
boundary. A mgority of the sampleswhich exceeded the TAGM vaueswerefill, rether than native
s0ils. Thesoil samples collected from the former Erie Cand (B25-MW-5 and Geoprobe samples
WV A-GP-1 through WV A-GP- 13) contained the highest concentrations of PAHS.

Chromium, arsenic, and mercury appear to be the primary inorganic anaytes of concernin
the sub-surface soil samples. Approximately 38 percent of the soil samples exceeded the sandard
for chromium. Approximately 42 percent of the soil samples exceeded the standard for arsenic.
Almost 38 percent of the soil samples exceeded the standard for mercury. As with the organic
compounds, amgjority of the exceedances were detected in samples collected from thefill, rather
than the native, soils. The samples which contained chromium exceedances were distributed
throughout the Site, with the maximum concentration (237 mg/kg) detected in the area.of Building
36, where there was a Fuill of treated chromium darifier dudge in January 1996. Arsenic
exceedances were digtributed primarily throughout the western portion of the Ste, with the
maximum concentration (111 mg/kg) detected in AW-MW- 30, near theformer vapor degreaser in
Building 123. The maximum concentration of mercury in soil (0.84 mg/kg) was detected in
Geoprobelocation WV A-GP-8, located inthe Erie Cana. Severd other samplesfrom theformer
Erie Cand (B25-MW-5 and the other Geoprobe samples) adso contained elevated arsenic,
chromium, and mercury concentrations.

While chromium and arsenic were the inorganic andytes which most frequently exceeded
the TAGM vaues, each of theinorganic andyteswere detected abovethe TAGM vauein at least
one sample. Three of the samples from the former Erie Cand (B25-MW-5, WV A-GP-7, and
WV A-GP-13) contained the highest concentrations of amgority the inorganic anaytes. Thelead
concentration in B25-MW-5 (5-7 feet) was 17,800 mg/kg, dmost 100 timesthe TAGM value of
1855 mg/kg. Likewise the lead concentrations in WV A-GP-7 and WVA-GP-13 were 1,480
mg/kg and 1,560 mg/kg, respectively, dmost 10 times the standard.

5.7.2 Groundwater
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5.7.2.1 Main Manufacturing Area

Unlike the nature of the soil contamination in the Main Manufacturing Area which is
primarily PAHS, the nature of the organic groundwater contamination is primarily related to the
presence of VOCs. Themgority of sampleswhich contained VVOC exceedanceswere collected to
the east of Building 40, east and southeast of Building 25, and in the vicinity of the Hazardous
Materids Storage Arealocated in the centra section of theMMA. VOCsdetected in these areas
were chlorinated organic compounds, composed primarily of PCE, TCE, cis-1,2-DCE, and vinyl
chloride. Themaximum V OC concentrationswere detected east of Building 40 inwell AW-MW-
51, where over 120,000 ng/l of total VOCs were detected and where DNAPL was observed
during wdll ingdlation. In addition, more than 14,000 ny/l of tota VOCs were detected in well
AW-MW-64. Elevated VOC concentrationswere al so detected near the former vapor degreaser
in Building 20 (AW-MW-35 and AW-MW-36).

SVOC exceedances were occurred in three samples during the first sampling round and
two samples during the second sampling round, and in ten samples from Rounds 3, 4, and
Geoprobe sampling. SVOC exceedencesin groundwater occurred primarily inthe Erie Cand area
(Geoprobe samples) and in the vicinity of Building 35 (35-MW-8).

Pesticides were detected above the standards (non-detect for most pesticide compounds)
in gpproximately 43 percent of the first round samples but only 17 percent of the second round
samples. PCBs were detected above the standardsin only one sample, B135-MW-4.

Andytica results for both filtered and unfiltered metds suggest that a mgority of the
inorganic anaytes detected in the groundwater areassociated with particulate matter. Only barium
(6 out of 88 samples) and lead (2 out of 88 samples) were detected above the standards in the
filtered samples collected during al sampling rounds, as compared to the unfiltered sampleswhere
al metds were detected above the sandardsin at least one sample. The chromium concentration
exceeded the standard in over 24 percent of the unfiltered samples collected during al sampling
rounds. The maximum chromium concentration in groundwater was 17,600 ng/l in EM-SP-9,
located south of Building 35. Likewise, 28 percent of the unfiltered groundwater samples collected
during al sampling rounds exceeded the sandardsfor lead. The maximum concentration of leedin
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the unfiltered groundwater was 10,600 ng/l a Geoprobe location WV A-GP-8, located in the Erie
Cand.
Further information concerning the nature and extent of groundwater contamination in the

vicinity of Buildings 35, 25, and 135 is provided below.

5.7.2.2 Building 35

Review of the available andyticd dataindicatesthat the groundwater contamination inthe
vicinity of Building 35 is likely attributable to the more widespread groundwater contamination
asociated with the Main Manufacturing Area of WVA. VOCs detected in these wells were
toluene or chloroform at concentrations below Class GA groundwater standards.

The POL contamination at Building 35 has been found to extend into the bedrock. During
renovations at the Furnace Pit, POL swere observed seeping through the concrete walls at adepth
of approximately 25 feet below grade. The Furnace Pitis approximately 30 feet deep, at least 20
feet of which is beneath the top of competent bedrock. Additionaly, POLswere not encountered
until 23 feet below grade during the ingdlation of B35-MW-8, PW-1, and P-3 (inddled during
ICMS activities), gpproximately 15 feet into competent bedrock.

Contamination potentialy associated with the e ectroplating operationsand acid waste lines
isindicated by the exceedances of arsenic, chromium, cadmium, and/or lead inwellsB35-MW-5,
EM-SP-9 and EM - SP-12 on the south side of the building, B35-MW-6 at the northeast corner,
and B35-MW-8 on the west side of Building 35. It should be noted that these metas were
detected mainly in the unfiltered samples, indicating contamination from suspended particulates
rather than dissolved metas in groundwater.

5.7.2.3 Building 25

Groundwater contamination inthevicinity of Building 25islocated to the east and southeast
of thebuilding itsdf. Thecontamination congstsof chlorinated V OCs, compaosed primarily of TCE.
These chlorinated organicswere detected in the bedrock near Building 20 and in the overburden at
the site boundary east of Building 25. Based on the results of the RF, the horizontal extent of
contamination associated with solvent usea Building 25 islimited to thevicinity of well duster EM-
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SP-1B/AW-MW-47 to the south, and by the eastern edge of the Erie Cand to the east. The
vertica extent of the contamination gppears to be limited to the overburden, weathered bedrock,
and shallow bedrock. Based on the data collected to date, it appears that Building 25 isthe sole

source of the contamination in this area.
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5.7.2.4 Building 135

Based on the history and operations a Building 135, POLs are the primary concern and
have been identified previoudy asfloating free phase product at the Shrink Pit. Overburden soilsin
thisareaof WV A arevery thin and the soils encountered during monitoring well ingtdlation did not
show any sgns of POL contamination (and were therefore not submitted for andysis).

Review of the avalable andyticd daa indicates that the horizonta distribution of
groundwater contamination originating from within Building 135 does not extend beyond its
perimeter of the building. With the exception of EM - SP-13, the monitoring wells located within
and aong the perimeter of Building 135 show very low concentrations of semi-volatile organic
condituents.  Inorganic concentrations in the groundwater a Building 135 are generdly low.
Barium and iron werethe only inorganic compounds (currently and historically) detected above GA
gandardsin thefiltered samples. Chromium, lead, silver, cadmium, manganese, iron, and zinc were
also detected above Class GA standards in several samples, but only in the unfiltered samples
whichislikdy attributable to the high turbidity of the samples. Although bariumisoften usedinails
and greases, it gppears to be indigenous in the local groundwater and should not be considered a

Ste contaminant.

5.7.3 Petroleum, Oil and L ubricants

5.7.3.1 Potential POL Sources

A discussion of the potential POL sourcesis provided to aid in the eva uation of the nature
and extent of POLs. Petroleum, oils and lubricants (POL s) have been used for different purposes
throughout the main manufacturing area.of WV A sncethe early 1900s. Asaresult, contamination
associated with these materidsisaso well distributed. Numerous types of POL s have been used
including: fud ails(Numbers 2, 4, and 6), cutting ails, ubricating ails, hydraulic fluid, kerosene-like
oil used for magnaflux testing, and dust-control oils. Since World War | thetype, use, and storage
of POLshaschanged consderably. Currently, thefud oilsarestored in ASTsadjacent to Building
136; fuel ail, cutting ail, kerosene and diesd fud are stored a Building 116; various cutting and
lubricating oils are stored in drums a Building 133; and wadte ails are stored in multiple USTs
throughout WV A prior to off-ste shipment or transfer to the IWTP through an underground
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network of pipes. However, the oils are used, and their associated wastes are generated,
throughout the main manufacturing area of WVA.

Concern that POL contamination might be adversdly affecting the environment at WVA
was firgt documented in the William F. Cosulich report titled "Oil Pollution Source Elimination
Study," dated January 1980. Since that time anumber of reports have been written which further
document the occurrence of POLsin the soil and groundwater in the main manufacturing area of
WVA. Of particular noteisthe occurrence of POLsin the soil and groundwater at thefuel storage
area adjacent to Building 136 and soils impacted by an 8,000-galon No. 2 fue oil spill between
Buildings 116 and 121. Section 1.4.2.4 ligts the most significant, documented spills and known
occurrences of POLsin the main manufacturing areaof WVA.

Cutting oils are another significant sourcefor POL contamination at WVA. Two potentia
sources for cutting oil releases are the manufacturing buildings and the associated soluble waste ol
collection sysems. Cutting oilsare used at each of the manufacturing buildingswherelarge amounts
of cutting oils are used during machining operations. It is believed tha the recirculation troughs
located beneath the milling machines and the subfloor oil collection systemshavelesked cutting oils
to the soils, bedrock, and groundwater benesth the footprint of each building.

Solublewaste oil generated from spent cutting oil is conveyed from each of these buildings
to the IWTP through a network of underground gravity feed pipes for trestment. The IWTP is
located in Building 36, at the southeast corner of WVA. The firgt 8-inch line runs dong Parker
Road, fromwhich anumber of branches extend. One branch extendsgpproximately hafway dong
the dley between Buildings 35 and 110 and services Building 35; a second branch extends along
Whittemore Road to Building 120 and services Buildings 114 and 115, and Buildings 120 through
126; and athird branch extends dong Gillespie Road and services Building 135.

Building 110 hastwo open trenches, into which the waste oil collects, nolonger inuse. A
2'/,-inch diameter overhead line conveys this waste oil to the main line on Parker Road. The
second line extends from the IWTP to the dley between Buildings 20 and 25. Leskage from this
system has been documented a a number of locations, including manhole MH-43D and most
recently.
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Thepreiminary phasesof theIndustrial Sewer Assessment were conducted asreguiredby
the consent order. Asoutlined in Appendix D of the consent order, the depths of theinverts of the
soluble waste ail line were compared to groundwater eevations during the low water season to
determine which sections of the line are submerged throughout the year (Plate 5-5).

Other documented and/or potentia sources of POL and PCB contamination also exist.
Theseinclude lubricating ails (POL and PCBs), leekage from oil storage and distribution centers,
poor housekeeping practices, and leakage from transformers and capacitors (POL and PCBS).

Combugtiblewaste ail isgenerated from lubricating oilsused in milling machinery. Andlyss
of lubriceting oils by WVA in 1982 indicated the presence of PCBs in a number of machines.
Spent lubricating oil iscollected inanumber of USTS, typicaly 1,000-gallon capacity, prior to off-
gte shipment. The potentid exigts for these collection lines and USTs to lesk contributing to the
POL contamination in the main manufacturing area of WVA. Severd of the USTs used to store
combustible waste oils have been investigated as separate SWMU's.

Leakage, ills and poor housekeeping practices in and around the buildingsin the main
manufacturing areaof WV A has dso contributed to POL contamination. In addition to numerous
minor spills, three maor spills have been documented since 1974. It should be noted that spills
occurring prior to 1974 were not documented. The first of the documented spills happened on
March 14, 1975. On this occasion a 2-inch diameter ditribution line ruptured releasing 8,000
gdlons of No. 2 fud ail into the ground around Building 116. An estimated 400 gdlons was
reportedly recovered. A second spill occurred on March 10, 1976. Inthisinstance, 266 gallons of
No. 2 fud oil was rdeased whilefilling astoragetank. Thethird documented spill was discovered
on May 13, 1993 to the east of Building 116. An underground diesd fud digtribution line was
found to have discharged gpproximately 400 gdlonsof diesd fud. A recovery wel (RW-2) was
subsequently installed and gpproximately 30 galons of product was recovered.

The Cosulich report documents many poor housekeeping practices in the past at WVA,
each of which potentialy contributed to the POL contamination. Cited in the report areinstancesof
ol spillage and staining in many of the manufacturing buildings, but especidly in Building 110.
Dumping of waste ail into machine sumps has been documented at Building 135. Thispracticemay
have also been common in the other, older manufacturing buildings

F:\Holding\Watervliet\MMA RFNSEC-5.D0C 5-46



Plate 1-4 shows the locations of current and former PCB and non-PCB capacitors and
trandformers a the WVA. According to WVA personnd, a number of capacitors have failed,
releasing PCB ails. The number of equipment failures and amount of oil released is not known.
Capacitors and transformers remain a potential source for the PCBs (and POLs) found at WVA.
The WVA is currently in the process of removing al PCB-containing (greater then 50 ppm)
capacitors and transformers.

Assummarized above, the sources of the POL contamination are numerous and the type of
POL released to the environment arevaried. Oncerdeased, mixing of different petroleum products
and degradation would occur making source determination of specific occurrences of POLsinthe
s0il and groundwater difficult. Also, the petroleum identification analys's conducted on the product
sample from B35-MW-8isnon-specific and doesnot indicate aparticular POL product or origin.

5.7.3.2 Natureof POLs

Without an identified Sngular source or product origin, sampling and anadyss of observed
POL contamination was the only way to further evauate the nature of the POL contamination at
WVA. Samplesof thefree phase product were therefore collected from the Shrink Pitin Building
135, monitoring well B35-MW-8, and the Furnace Pit a Building 35 in September 1995.
Additional samples were collected during the second round of sampling in May 1996 from the
Furnace Pitin Building 35. Inaddition, WV A personnd collected and analyzed samples of product
fromvariouslocationswithin Building 135 for petroleum identification. Theresultsof theseandyses
arediscussed in Section 5.6.

SVOCs were the main congdtituents of the free phase product identified. Fluoranthene,
pyrene, and big(2- ethylhexyl)phthaae were identified in the sample collected from the Shrink Pit.
A gregter range of SV OCswereidentified in the samples collected from the Furnace Pit at Building
35. They included those compounds detected in Shrink Pit sample and other PAHs. Of interestis
the occurrence of big(2-ethylhexyl)phthaate. Thiscompound isgeneraly associated with plastics,
however, it is aso used as a subgtitute for PCBs. Its occurrence in free phase product samples,
believed to be of acutting oil source, supportsthe theory that the source of the PCB contamination
isthe cutting ails.
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VOCswere only detected in the product sample collected from the Shrink Fit at Building
135. Concentrations were much lower than for SVOCs, typicdly three orders of magnitude.
Chloroform, toluene, and xylenewere detected in thissample. Toluene and xylenearenot typicaly
associated with cutting or lubricating ails, but rather with lighter petroleum didtillates such as
gasoline. They may be associated with the kerosene-like oil used for the magnaflux testing
operations, which occur to the west of the Shrink Pit.

PCBs (Aroclor-1254) were detected at a concentration of 4,800Pny/l. Clough, Harbour
and Associates and WV A personnel dso andyzed samples of floating product from the Shrink Pit
for PCBsin 1990. These samples had PCB (Aroclor-1254) concentrations of 22,000 ng/l and
non-detect, respectively. The PCBsareinterpreted to have been acongtituent of cutting oils used
inthepadt. Itisbdieved that bis(2-ethylhexyl)phthdateis currently used asasubditutefor PCBsin
the cutting ails

Other potentid but lesslikely sources are the PCB-containing transformers and capacitors
formerly located in and adjacent to the Shrink Pit and throughout the building, some of which had
reportedly failed and discharged fluids, and PCB-containing Iubricating oil formerly used in the
mechines a WVA.

Petroleum identification analysis was dso conducted on the product samples collected at
Building 35 from the Shrink Pit, the Furnace Pit, and 95MPI-B35-MW-8. No sample could be
matched with any of thelaboratory's petroleum standards, so no conclusiveidentifications could be
made. Previous petroleum identification analysis conducted for Clough, Harbour and Assodatesin
1990 on the Shrink Pit sample indicated the presence of compounds characteristic of a refined
petroleum lubricating oil. Two samples collected from the Shrink Pit by WVA personnd were
identified as Iubricating or motor oil. Clough, Harbour and Associates also ran petroleum
identification analysis on the Furnace Pit samplein 1990. Thisandyssindicated that the product
present in the Furnace Pit & that time contained congtituents characteristic of kerosene. Aninfrared
scan conducted on the sample further reveded that the mgor component of the hydrocarbonsisa
synthetic hydrocarbon commonly made in petroleum refineries, referred to as a "heavy odorless
minerd spirit". Petroleum identification andysis conducted by WV A on samplesof floating product
collected from the Shrink Fit indicated amix of lubricating, motor, and/or fuel cil. Smilar andyss
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conducted on different varieties of fresh cutting oil indicted smilar results, but they are believed to
cutting oils being used or formerly used a WVA.

Petroleum identification was not performed on the product contained in MPI-P-3, located
in Building 35. The product hasaclear appearance with avery light odor. Based on observations
of the oils used in the machinery located adjacent to this well, it is possible that the product is
Norpar 13, alubricating oil used a the WV A to ad in the andyss of the structura integrity of gun
barrels.

5.7.3.3 Extent of POLs

The occurrence of POLswas documented during RFA/RFI fidd investigations conducted
between January 1995 and February 1999, dthough not dl areasof WV A wereinvestigated. Free
phase product was observed at Building 135 in the Shrink Pit, monitoring well EM -SP-13, and at
the Rotary Forge. At Building 35, free phase product was observed in the Furnace Pit and in
monitoring wells B35-MW-8, PW-1, and MPI-P-3. In addition, severd other wells showed
evidence of POL contamination. Product was aso observed in the Auto Frettage Pit in Building
110. Table 4-1 summarizes the product thickness measurement recorded in the monitoring wells
and process pits. As shown in Table 4-1, with the exception of MPI-P-3, product thickness
generdly ranged from only afew hundredsto afew tenthsof afoot. Morethan onefoot of product
was observed at MPI-P-3. Significant product thicknesses were aso recorded in the Furnace Pit
in Building 35; however, thisis believed to be the result of product accumulation in the sump pit,
and not necessary representative of the true product thickness outside the pit.

In someingtances, the POL contamination can be directly attributed to activities conducted
at specific areas of WVA. For example, at the fuel storage area (Structure 147) the source of the
POL contamination iswell defined and the extent is localized (GTI, 1987). The monitoring wells
GTI-MW-1BP through GTI-MW-4BP, ingtalled at the fuel storage area, were non-detect for al
POL associated VOCs and SV OC congtituents during the September 1995 sampling event.

In addition to Building 135 the other locations within the Main Manufacturing Area of
WV A with POL concerns extends from Building 25, west to Building 125, north to Building 120,
and east to Building 20. Many of the buildings in this area either store, distribute, or use ail
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products. Milling activitieswhich utilize cutting oils are conducted at Buildings 20, 25, 35, 110, and
125. Magnaflux testing operations are or were previoudy conducted at Buildings 20, 25, 35, 110,
125, 115, and 120. Fue oil was aso stored in a 19,020-gdlon vaulted UST (Building 101)
formerly located at the southwest corner of Building 35. Numerous storage vessels are located at
Building 116, including a 20,000-gdlon fud oil AST, a 4,000-gdlon diesd fud UST, and a
kerosene UST (capacity not specified). Inaddition, four USTs, with capacitiesranging from 6,000
to 17,000 gdlons, were formerly located at Building 116. Oil impregnating processes were
conducted at Building 121. During the 1950s and 1960s the areawest of Building 121 was used
asachip storagearea. Typicdly these metal chips are ssturated with cutting oils. Until approxi-
matdly 1976 this location was the wash rack area, used to clean oil from the metd parts.

POL contamination, as evidenced by odors and/or staining, in the overburden soils was
observed during theingtalation of several monitoring wells. Odorswere observed in AW-MW-27
and AW-MW-28 on the western side of WVA. This area of WVA was formerly used for the
interim storage of oil-soaked metal chips, thus the POL soil contamination evidenced in this area
may bethe result of metd chip storage. Wl boring AW-MW-24 had petroleum sheen and odor
inthe soils. Thiswell is located downgradient of the northern section of Building 110. Thusthe
POL contamination observed may be the result of operations conducted in Building 110. POL
gtaining and odor was observed in the two wellsingtdled adjacent to the IWTP, identified as AW-
MW-43 and AW-MW-44. A soluble wagte ail line runs adjacent to these wells. Thislineis
known to have been lesking at Manhole-43, resulting in the POL contamination observed. Tothe
north of this location, & AW-MW-35 and AW-MW-36 odor was observed in the overburden
soils. However, chlorinated solvents are believed to be the main contaminants of concemn in this
areaof theWVA. Thefour soil boring locations showing the greatest evidence of POL contamin-
ation ae AW-MW-25, AW-MW-28, AW-MW-29, and AW-MW-36. SVOCs including
benzo(a) anthracene, chrysene, and benzo(a) pyrene, indicating the presence of potential POL
contamination, were detected in exceedance of theNY SDEC TAGMsin soil samplescollected at
these locations.

POL contamination extends into the bedrock to an unknown extent. Free phase product

has been observed in bedrock monitoring wellsB35-MW-8, PW-1, MPI-P-3, EM - SP-13, MW-
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121-S, MW-121-N, MW-BLDG110, 35-MW-5, AW-MW-43, the Srink it and Rotary Forge
a Building 135, the Auto Frettage Fit in Building 110, and dso in the Furnace Pit a Building 35,
thelower haf of whichiscongructed in bedrock. Product sheen has been observed in AW-MW-
24, AW-MW-27, AW-MW-44, EM-SP-5, DM-SP-3, and EM-RW-2. In addition, following
the POL spillsnear Building 116, product was observed seeping from bedrock roadcutsinthisarea
during rain events. It isuncertain westher this seepage was caused by rising water table elevation
or flushing of bedrock fractures/jointsby percolating rainwater. Evidence of dissolved phase POL
congtituents in groundwater in exceedance of regulatory standards was observed in bedrock
monitoring wells EM - SP-13, B35-MW-8, and AW-MW-38 and in overburden monitoring well
AW-MW-43. It should be noted however that low concentrations of dissolved organic
compounds typically associated with POL contamination have been detected in walls with free
phase product. This indicates that the congtituents comprising the POLs have low solubilities.
Therefore, their absence in the aqueous phase does not preclude the presence of free phase POL

product.
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6.0 FATE AND TRANSPORT

Fate and trangport has been organized into severd sections. The firgt section provides a
generd description of the fate and trangport mechanisms at the MMA. Following this, fate and
transport descriptions are provided for groups of chemicd, including organics (chlorinated
solvents), inorganics, and POLs. Within each section agenerd description of thefate and transport
process is given, followed by a Ste-specific data to show what fate and transport process are

occurring a the MMA.

6.1 FATE AND TRANSPORT PROCESS DESCRIPTION

6.1.1 Advection and Diffusion

Advection and dipers on arethe two mechanisms by which acontaminant istrangported in
afluid medium such asair or water. Advection istrangport of solute by the bulk movement of the
media Typicaly, advection isthe most important process driving contaminant migration. However,
if advection aone was the only trangport mechanism, contaminants would be moved through the
media as a dug of mass, with a sharp concentration front. In redity, the dissolved plumes are
spread out B the result of hydrodynamic dispersion. Hydrodynamic disperson is the sum of
mechanica disperson and molecular diffusion. Mechanicd dispersonisthemixing that occursasa
result of the local variation of velocity around the mean velocity of flow. Molecular diffuson is
independent of velocity and is due solely to concentration gradients, where solutes will flow from
aress of higher concentration to areas of lower concertration. In most groundwater settings,

mechanica digoerson hasamuch greeter effect than molecular diffusion on contaminant migration.

6.1.2 Biodegradation
Once released into the environment, many contaminants are subject to breakdown or
transformation by naturally occurring microorganismsin the environment. Thisiscommonly referred

to as biodegradation or biotransformation. The degree to which a chemica is broken down
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depends on saverd factors, including thetype of chemica, the number and typesof microorganisms
present, the availability of nutrients and electron acceptors, and the ambient conditions at the Site.
Biodegradation tendsto decrease with both increasing molecular size of acompound and increasing
degree of halogenation. Large, chlorinated compounds (e.g., PCBs) are the least susceptible to
biodegradation while low molecular weight non-haogenated compounds (e.g., Xylene) are essily
broken down. Chlorinated solvents are susceptible to biodegradation asaprimary substrate, asan
€electron acceptor, or under cometabolism (Wiedemeier et al., 1996).
Inorganic compounds can be converted to different oxidation states by biologic activity.

6.1.3 Volatilization

Voldilization of a compound can ether occur from the pure liquid phase or from the
dissolved phase. For the pure phase, voldtilization isrelated to the vapor pressure. Vapor pressure
isameasure of thetendency of asubstance to evaporate and can be considered the solubility of the
materid in ar & agiven temperature. The higher the vapor pressure, the greater the tendency for
the substance to volatilize. For the dissolved phase, volatilization is governed by Henry’s Law,
which gtatesthat the concentration of acontaminant in the gaseous phaseisdirectly proportiona to
the concentration of the compound in the agueous phase, with Henry’s Law constant being the
proportiondity constant. Thus, Henry’s Law constant of a chemica determinesthe tendency of a
contaminant to volatilize from groundwater into soil gas. The higher Henry’s Law congtant, the
gregter the tendency for the chemicd to voldtilize from the agueous phase to the vapor phase.

Contaminants which volatilize a or near the ground surface will be dispersed into the
amosphere.  Contaminants adsorbed to soil particles and dissolved contaminants in the
groundwater will volatilize into the soil pore spaces above the water table (vadose zone).
Contaminantswhich voléilizeinto the pore space will diffuse over timeinto pore spacewhichisless

contaminated.

6.1.4 Adsorption

F:\Holding\Watervliet\MMA RFNSEC-6.DOC 6-2



Adsorption isthe processwhereby dissolved contaminants partition from the groundwater
to the particles comprising the aquifer matrix. Sorption of dissolved contamination onto the aquifer
matrix results in the dowing (retarding) of the contaminant relative to the advective groundwater
flow velocity. Sorption of dissolved contaminants is a complex phenomenon caused by severd
mechanisms, including London-van der Wad s forces, Coulomb forces, hydrogen bonding, ligand
exchange, covaent bonding between chemicds and aquifer matrix, dipole-dipole forces, and
hydrophobic forces. Adsorption isareversble mechanisms, therefore, the aguifer matrix may act
as a secondary source of groundwater contamination.

Thetwo most important factors of the aquifer matrix affecting sorption arethe quantities of
organic matter and clay minerdspresent in the aquifer matrix. Inmost aquifers, the organic content
tendsto govern the sorption of organic chemicas. Thetwo most important factors of the chemica
affecting sorption are the molecular weight and hydrophobicity; increasing vaues of ether tend to
increase the relative sorption of the compound.

Mathematically, the partitioning of chemicas between the agueous phase and the aguifer
matrix is expressed as.

G=Ki G
where: C; = sorbed concentration (mg/kg)

C = dissolved concentration (mg/l)

Ky = distribution coefficient (L/kg)

The didribution coefficient can be determined experimentdly, but may dso be edtimated
mathematically using the following:

Kg=Tfoc Koe
where: fo. = fraction of organic content (mg organic carbon/mg soil, assumed to be 0.001) K
= s0il sorption coefficient normaized for tota organic carbon content

As mentioned previoudy, sorption dows, or retards, the transport velocity of the
contaminant dissolved inthe groundwater. The coefficient of retardation, R, isused to estimate the
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retarded contaminant velocity. The coefficient of retardation, assuming linear partitioning as
described above, may be cadculated using the rdationship:

r
R:1+b_Kd

where R = coefficient of retardation (dimensonless)
', = bulk density of the aquifer (assumed to be 1.7 g/cnt)
n = porosity (assumed to be 0.25)

6.1.5 Sediment Trangport

Contaminants present in surface soil can be transported by erosion due to storm events.
Transport pathways are determined by site topography and drainage patterns. The amount of
contaminantstransported are determined by storm frequency and intensity, and the erosion potentid
of the Site.

6.2 FATE AND TRANSPORT OF ORGANIC COMPOUNDS

Thefocusof thissectionison the fate and trangport of the primary organic compounds(i.e,
chlorinated solvents) detected at WV A: tetrachloroethene (PCE), trichloroethene (TCE), 1,1,1-
Trichloroethane (1,1,1-TCA), dichloroethene (DCE), and vinyl chloride (VC).

6.2.1 Fateand Transport Processes
The primary mechanisms affecting the fate and trangport of chlorinated solvents & the
MMA are advection of the dissolved phase congtituents, degradation, and DNAPL migration.

Advection

The trangport of the chlorinated solvents through the aquifer matrix is governed by the
effects of sorption, or retardation. Retardation coefficients are calculated, using the equations
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presented in Section 6.1, to demonstrate how much dower the dissolved congtituents will travel
than groundwater seepage velocity. Table 6-1 liststhe soil sorption coefficient congtant (K ) for
the primary contaminantsfound a thesite. Assuming afraction organic content of 0.001, partition
coefficients are caculated. Using the partition coefficient and a bulk dengty value of 1.7 and a
porosty of 0.25, retardation coefficient were also cdculated and shown in Table 5-1. The
retardation factors range from 1.39 (vinyl chloride) to 3.48 (PCE), with the retardation increasing
with the degree of halogenation. Therefore, PCE will be transported at 0.29 times the rate of the
groundwater seepage velocity, whilevinyl chloride will be trangported at 0.72 timesthe rate of the
groundwater seepage velocity.

Degradation

Once released into the environment, many contaminants are subject to breakdown
by naturdly occurring micro-organisms (biotic) and by chemica (abiotic) processes in the
environment. Fgure 6-1 showsthe biotic and abiotic transformations and degradation mechanisms
of the contaminants of concern, each are discussed below (Wiedemeier et d., 1996).

The biodegradation of organic compounds occurs by three mechanisms:

# Use of the organic compound as the primary growth subsirate.

# Useof the organic compound as an el ectron acceptor (reductive dechlorination).

# Cometaboliam.

Chemotrophic organisms obtain energy for growth and activity from oxidation and
reduction reactions. Under aerobic conditions, micro-organisms couple the oxidation of organic
compounds with the reduction of oxygen. In the absence of oxygen (anaerobic), micro-organisms
use other compounds (e.g., nitrate, ferric iron, carbon dioxide) as eectron acceptors. PCE and
TCE are biologicaly recdcitrant under aerobic conditions, however, DCE and VVC can be utilized

as primary substrate and oxidized under aerobic conditions. Under anaerobic conditions, PCE,
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TCE, and DCE are unlikely to undergo oxidation in the groundwater environment. On the other
hand, VC can be directly oxidized to water and carbon dioxide viairon (111) reduction.

Chlorinated solvents have been shown to undergo reductive dechl orination under anaerobic
conditions. During thisprocess, the chlorinated hydrocarbonisnot used asacarbon source, but as
an eectron acceptor (rather than oxygen, nitrate, etc.), and a chlorine atom is cleaved from the
hydrocarbon and replaced with ahydrogen atom. Becausethe chlorinated hydrocarbonisused as
an eectron acceptor during reductive dechlorination, there must be an appropriate carbon source
for microbia growth to occur. Potentia carbon sourcesinclude naturaly-occurring organic meatter,
organic compounds such aslactate, acetate, methanol, and other organic contaminants, such asfue
hydrocarbons.

Cometabolism is a biologicaly mediated redox reaction in which a fortuitous enzyme is
produced by amicroorganism during metabolism of separate organic matter. Thefortuitousenzyme
is then used as a catalys to partially degrade the chlorinated hydrocarbon. Additiona biotic or
abiotic degradation is then required to complete the minerdization process. During the
cometabolism process, the microorganism receives no known benefit; in some cases the
cometabolism process may be harmful to the organism. Cometabolismisnot nearly asimportant a
degradation pathway in a groundwater environment as reductive dechlorination.

Chlorinated solvents dissolved in groundwater may aso be degraded by abiotic
mechanisms, dthough the reactionsare typicaly not complete. The most common reection afecting
chlorinated compounds are hydrolysis and deha ogenation. Hydrolysisisasubgtitution reactionin
which an organic molecule reacts with water or a component ion of water, and achlorine atom is
subgtituted with a hydroxyl (OH-) group. Ingenerd, ratesof reactionsare often quite dow within
the rate of normal groundwater temperatures, with half-liveson the order of centuries. Hydrolysis
rates are generaly dower as the number of chlorine atoms on the hydrocarbon increase.

Dehd ogenation isan reaction involving chlorinated hydrocarbonsin which achlorineatom
isremoved from one carbon atom, followed by the subsequent remova of ahydrogen atom from
an adjacent carbon atom. Contrary to hydrolyss, the likelihood of deha ogenation increaseswith
the number of chlorine subgtitutions.
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DNAPL Migration

The retention capacity of DNAPLs in the vadose zone is typicaly small, therefore, even
amadl releases of DNAPL commonly result in movement of DNAPL through the vadose zone and
into the saturated zone. Consderable lateral movement of the DNAPL may aso be possible.
Movement of DNAPL, however, typicaly ceases shortly after the spill, perhaps within weeks or
months of the spill, with the resulting immobile DNAPL exigting asAres dua@nonagueous liquid
on lower permesbility layerswithin aquifersor ontop of confining layers. TheAresidua @DNAPL
will not become mobile again unless an additiona release of DNAPL occursor hydraulic Sressare
forced upon the aquifer (Panikow and Cherry, 1996).

Studies of DNAPL plumes have shown that the movement of chlorinated solventsin the
subsurface is very complex. Subtle changes in permegbility can greetly affect the distribution of
chlorinated solvents, with differences of permesbility of a factor of two or less cagpable of
completely redirecting solvent movement. Due to this phenomena, historicd movement of
chlorinated solvents can not be calculated in a smple, deterministic manner.

Infractured media, DNAPL will preferentidly migrate through the larger gperture pathways
of afracture plane since these offer the least capillary resstance to movement. DNAPL will enter
intersecting fractures only if the loca capillary pressure exceeds the entry pressure of the newly
encountered fractures. Theoveral pattern of DNAPL migration will be governed by both fluid and
mediaproperties. Once entering the fracture network, much or dl of the DNAPL can dissolve and
diffuse into the low-permeability materia surrounding the fractures.  For typica facturesin
unlithified day-rich depodits or for smal to medium sze fractures in sedimentary rocks, matrix
diffusion can cause DNAPL solvents such as PCE and TCE to completely dissolve and disappear
in time periods ranging from afew monthsto years (Panikow and Cherry, 1996).

The disgppearance timeisdirectly proportiond to porosity. Fractured mediawith higher
porogities dlow for quicker disgppearance times of DNAPL. For example clay (n=0.40) and
limestone (n=30) will dlow for quicker disappearance than will shde (n=0.10) and quartz (n=0.05).

For example, given the samefracture aperture size, aclay with aporosty of 0.35 percent will have
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aTCE disgppearancetime of 10 dayswhileashdewith aporosty of 0.10 percent will haveaTCE
disappearance time of 1,000 days.

In addition, disgppearance timeisinversay proportiond to fracture aperture size. Larger
fracture gpertures dlow for quicker migration through the media, but shorter residence times,
resultingin lessmatrix diffuson. For example, for ashalewith aporosity of 10 percent, an aperture
of 100 nmwill have a TCE disgppearance time on the order of 10,000 days, while an gperture of
10 mm will have a TCE disgppearance time on the order of 100 days.

In mediawhere matrix diffusonisnot asimportant, DNAPL zones often persist becausea
mgority of the contaminant massremainsin the source areg, and the release of the DNAPL isdow,
oftendiffusonlimited. Inthese cases, source depletion mechaniamsinclude volatilization losstothe
vadose zone and diffusve loss to flowing groundwater.

Therateof dissolution of DNAPL to the groundweter iscommonly expressed asafunction
of a mass transfer between the contact area of the groundwater and DNAPL B to date, no
universa approach has been developed for the calculation of mass transfer between the contact
surface of the DNAPL and the groundwater. Research suggests that the effective solubility of a
given congtituent compound can be estimated as theproduct of the mole fraction of that compound
inthe DNAPL withits pure-phase solubility (Panikow and Cherry, 1996). Effective solubilitiesfor
the chlorinated hydrocarbons at the WVA are shown in Table 6-1. The chemicds having the
highest effective solubility will then be dissolved preferentialy from the DNAPL. In many ingances,
while groundwater concentrations of solventsare below ther effective solubility, DNAPL may exi<.
Thefinding of dissolved concentrations exceeding 1 percent of the effective solubility may be used
as an indication that DNAPL exists (Panikow and Cherry, 1996). In the MMA, the highest
concentration of total chlorinated solvents, where DNAPL was not identified inthefield, was 14.4
mg/l & AW-MW-64, whichis 7.2 percent of the effective solubility of PCE, indicating the potentid
presence of DNAPL at thislocation.

6.2.2 Site-Specific Fateand Transport
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The fate and trangport of chlorinated solvents at WVA is very complex due to the
heterogeneity of the subsurface (e.g., fractured bedrock), fragmented historica use of solvents, and
complex chemica and geochemica reactionsoccurring. Thisisevident inthe characterigtics of the
different dissolved-phase chlorinated groundwater plumesthat have been identified with theMMA:

1) RW-2 Area

2) Building-121 Area

3) Building 25 Area

4) Building 20 Area

5) Building 40 Area

The characteridics vary widdy from plumeto plume, within individud plumesat any given
time, and withinany well over time. Two identifiabletrendsthat are cons stent within these plumes,
are described below:

1) the chlorinated solvent contamination has migrated verticaly

2) the chlorinated solvents have degraded

The horizontal and vertica distribution of chlorinated compounds (PCE, TCE, DCE, ad
VC) in groundwater a the MMA is shown on Plates 6-1 and 6-2. In each plate, the relative
concentration of chlorinated compoundsin groundwater isrepresented by the diameter of the pie-
chart, or “bubble plot”. The relative percentage of each compound is shown in each chart.

Theverticad migration of the chlorinated compoundsisexemplified by thevertica profilesof
chlorinated compound concentrationsin groundwater at the Building 40 Areaand theRW-2 Area
(Plate 6-2). In both profiles, tota chlorinated concentrations increase with depth, reach a peak
concentration, and then decrease with continued increase in depth. In both cases, the maximum
detected concentration was measured a gpproximately 60 feet below ground surface. At the
Building 40 area, however, high concentrations (> 10,000 ng/l) continue downwardsto depths of
100 feet bgs, while a the RW-2 area, the concentrations drop off significantly below depths of 60
feet bgs.

In AW-MW-52, located in the RW-2 area, not only did the tota chlorinated
concentrations change with depth, but so did the compaosition. Inthe shallower depth (27-47 fet),
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PCE and TCE totaled 8 ng/l, while DCE and VC totaled 209 ng/l. Inthe47-67 fest intervd, the
PCE and TCE totaled 5,600 ng/l, while the DCE and VC totaled 1,300 ng/l. In the 67-87 feet
interva, the PCE and TCE totaled 435 ny/l, whilethe DCE and VV C were not detected at 10 ng/l.
Thisindicatesthat breakdown of the chlorinated compounds are occurring at shallower depths, as
shown by theratio of PCE and TCE to DCE and VVC, while at degper depths, only minor amounts
of degratation is occurring. The cause of this breakdown may be due to cometabolism of the
chlorinated solvents with another subdtrate, such as naturdly-occurring organics or POL
contamination. Another possible hypothesis would be that the right geochemica or biological

conditions exist for reductive dechlorination to occur.

Similar trends are observed in the Building 40 areafor both chlorinated concentrations and
compositions. From the June 1997 packer sampling event, the highest concentrationswere found
a AW-MW-51 in the 52-72 feet interval - 66,000 ng/l of PCE only, no other chlorinated
compounds were detected above 50 ngy/l. Theinterval immediately above this (32-52 feet), the
PCE and TCE concentrationswere 1,340 ng/l, whilethe DCE and V C concentrationswere 1,060
ny/l. However, thistrend does not appear to continue over time. From samples collected in 1998,
the PCE and TCE concentrations from the 52- 72 feet interva were at 29,000 ng/l, whilethe DCE
and VC concentrations were at 22,000 ng/l. In addition, in AW-MW-61 at the 100-120 feet
interval, the PCE and TCE concentrationswere 6,000 ngy/l, whilethe DCE and V C concentrations
were aso 6,000 ny/l. Thisindicates that degradation isoccurring a depth in the Building 40 area.

In the Building 20 area, three wells- AW-MW-36 (overburden), AW-MW-35 (shdlow
bedrock) and AW-MW:-48 (deep bedrock) - had total chlorinated organic concentrations of 120
ny/l, 410 ng/l, and non detect a 1 ny/l, respectively. AW-MW-36 had TCE leves of 12 ny/l,
while DCE and VC levelswere 390 ngy/l. AW-MW-35 had TCE levels of 98 ny/l, whilethe DCE
and VC levels were 22 ng/l. This shows a smilar trend to that in the RW-2 area, where
degradation is occurring in the shallower zone, but not the degper zone.

To summarize, the transport of chlorinated solvents has occurred verticdly, both by
density-driven migration of DNAPL and from dissolved- phase congtituents being transported by
vertical groundwater flow. Inaddition, most DNAPL likely has been diffused into the rock matrix,
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meaking the detection of DNAPL difficult. Further movement of the dissolved phase contamination
will be dictated by the fracture network and hydraulic gradients. Fracture patternsin the deformed
shdea WVA arevery complex, therefore, themigration of chlorinated solventswithin the bedrock
sysem will aso be equaly complex.

The breskdown of chlorinated solvents has been shown to occur more readily in the
overburden and shallow bedrock than in the deeper bedrock. The breakdown may be dueto the
cometabolism with another substrate, such as naturaly-occurring organics or POL contamination,
or may be due to reductive dechlorination with the chlorinated compound acting as an eectron

acceptor.

6.3 INORGANICS

6.3.1 Fateand Transport
Unlike most organic compounds, metasdo not degrade, but may changein oxidetion Sate.
The mohility of metals in the environment is primarily dependent upon pH, oxidation dete,
solubility, and sorption capacity. Metalsmay adsorb to clays, hydrousiron and manganese oxides,
and organic compounds, and be rendered virtually immobile. The adsorption and desorption of
metals at the soil/water interface greetly affects the mobility and transport of metds. Biologica
transformationswhich change the oxidation state of metals are common, and metalsmay adsorb to
both living and nonliving biological maiter. Metals may be dispersed in the air by wind, insofar as
the metals are part of lightweight particles.

6.3.2 Site-Specific Fate and Transport

Inorganics exist in the sub-surface as solid species and ions in solution. All eight metds
(arsenic, barium, cadmium, chromium, lead, mercury, selenium and silver) were detected above
TAGM vduesin the sub-surface soils. Of these, only barium and lead were detected above Class
GA dandards in any of the filtered groundwater samples. Therefore, the remaining metals are
consdered present in the solid form since they are associated with the particulate matter. These
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metals areimmobilized under the conditions of the sSite and thereforewill not be considered further.
Barium will remaininionic form at dl pHs and redox states which explanswhy it was detected in
the filtered groundwater samples. Lead, in the presence of CO,, will be present as an insoluble
carbonate or carbonate-hydroxide speciesat pHsover 6.5. Lead oxidesare not likely to form at
the low concentrations of lead detected in the groundwater samples.

6.4 PETROLEUM, OILS, AND LUBRICANTS

Manufacturing activities conducted within the main manufacturing area.of WVA incorporae
the usage of various types of petroleum products, including fud ails, cutting ails, lubricating ails,
hydraulic ails, transformer/capacitor cooling oils, and varioustypes of specidity oilsand greases. A
review of theavailable materid safety datasheets (M SDSs) provided by WV A indicated thet there
are currently over 100 types of petroleum products being used at WVA. The storage and use of
these materials and the handling of the associated wastes has resulted in releases to the overburden
soils, bedrock, and groundwater at the site.  Occurrences of free phase product have been
documented a numerous locations throughout the main manufacturing areaof WVA, induding the
Shrink Fit in Building 135, the fuel storage aress at Buildings 147 and 116, the Furnace Pit at
Building 35, numerous locations within Building 110, and in groundweater monitoring wells MW-
121S, MW-121N, B35-MW-8, SP-13 P-3 and PW-1.

6.4.1 Fateand Transport Processesfor POLSs
The POLs released into the environment as bulk phase liquid may exist in a number of
physica formsor phases, including vapor phase, adsorbed phase, and aqueous or dissolved phase.
When released into the subsurface soils, a bulk liquid phase POL will partition into the different
phasesuntil equilibriumisreached. The partitioning processeswill generadly be dependent uponthe
type of petroleum hydrocarbon released and the physica environment into which it is released.
Thephysca propertiesof the various oilswhich areimportant in termsof fate and transport
aredmilar. The most important of these characteristics are specific gravity, solubility, kinematic
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viscogity, organic partitioning, and vapor pressure. Based on the information provided in the
MSDSs, dl of the petroleum products used, except for some heavy greases and solvents, have
specific gravitieslessthan water (i.e., lessthan 1) and aretherefore LNAPLS. Most areinsoluble
or have negligible solubility in water and the concentrations of the various condtituents comprising
the POL in the agueous phase are very low. For example, dthough free phase product was
observed in monitoring well 93-EM-SP-13, the low concentration of volatile and semi-voldile
organic compoundsin the agueous phase would not haveindicated its presence. Becausethey are
LNAPLswhich move under the influence of gravity in bulk phase, the viscosity of the POLs will
determinetherate of migration. Lower viscosity hydrocarbons, such asgasoline, will migrate much
more rgpidly than heavier hydrocarbons, such asfud oilsand diesdl. Lower viscosity POLswill
aso tend to be more volatile and more soluble, resulting in ahigher portion partitioning to the vapor
and agueous phases. The vapor pressure of any congtituent of a POL will dictate how easily that
congtituent will form avapor phase. In generd, the lower the vapor pressure of a compound, the
greater its readiness to partition to the vapor phase.

Other factors affecting the fate and transport of POL sin the environment arethe volume of
POLs released and the loca hydrogeologic conditions. Petroleum products released to the
subsurface by lesks or spills will tend to follow the most permegble zones, such as atificid fills
utility trenches, and building foundations. These backfilled excavations are commonly filled with a
more permegble materid than the native soils and thus offer a preferentia pathway for migration.
Smilarly, abedrock fracture sysemwould offer preferentid pathwaysfor POL migration. Inboth
gtuations, a release which might otherwise have had limited extent, can relatively quickly migrate
through artificidly high permeable zones and bedrock fractures thus making identification of the
source and extent of a POL release difficult.

The migration of POLswould vary depending on the combination of the aforementioned
variables exigting at the time and location of therelease. In generd, POLswill migrate downward
through the vadose zone towards the capillary fringe under the force of gravity with some laterd
spreading. Therate of migration will depend on the size of the rel ease, the viscosity of the product
released, and the nature of the soil. For example, a smdl volume of POL released to the
subsurface soilswill migrate downward but may not reach thewater table becauseitsentire volume
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will be trgpped in the pores and fractures in the unsaturated zone. In generd, the greater the
permeshility and volume of ardease and thelower itsviscosity, the morergpid the migration of the
POLs. For those ingtances where the entire volume of the spill is held in the soil, dissolved phase
organic condtituentsfrom thisresidua saturation of POLsmay betrangported to the water table by
infiltration. In caseswhere spillsoccurred at paved interior locations, trangport of dissolved phase
or foundation-cover condituents to the groundwater by infiltration is of lesser influence.

In cases where the POL sreach and accumul ate at the water table, theweight of the POLs
will to some extent depressthewater table. At thispoint it isbelieved that the POLswill behavein
one of two ways. Under the first scenario, with the addition of no new product over time, the
POLswill spread to acriticd thicknessand stop moving; thusforming apancake-shaped layer over
the water table. The second potential scenario occurs when alarge volume of POLs s released,
moves rapidly to the water table, and depresses the water table to form alens shaped plume. The
lenswill migrate downgradient with the water asaunit and may be savera feet thick with alimited
dispersonfront. Inether case, upon reaching the water table, dissolved phase hydrocarbons are
transferred to the groundwater until chemica equilibriumisachieved. Theequilibrium concentration
is dependent on the effective solubility of the congtituents comprising the hydrocarbon.

Those POL s Stuated in the water table fluctuation zone may becometrapped by therising
groundwater during wet seasons. These hydrocarbonswill tend to break up into globules, termed
ganglia, which are persagtent, long term sources of hydrocarbon contamination both in soil and
groundwater. The formation of ganglia and the fluctuation of the groundwater level will tend to
increase the movement of dissolved phase hydrocarbon congtituents relative to static groundwater
levels

Whether in the bulk liquid phase or the aqueous phase, POLs may valatilize, forming a
vapor phase in the pore spaces of the vadose zone. The type of petroleum hydrocarbons of
concern & WVA arediesd fudsand other middle didtillates. Only avery smal percentage of the
compounds which comprise these hydrocarbons tend to form avapor phase. Rather, they tend to
adsorb preferentidly to the soil particles. It is aso believed that these compounds are not very
susceptible to biodegradation. In addition, any biodegradation of the POL s which might occur in
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the overburden soils, would be diminished in the shae bedrock due to lack of availddle nutrients
and replenishment of oxygen.

6.4.2 Site-Specific Fateand Transport

At WVA, POL rdleases are believed to primarily occur from milling machinery located in
the manufacturing buildings and the associated waste ail lines. Released POL s migrate through the
relatively thin overburden soils under the influence of gravity down to the bedrock. Overburden
soilsat WV A consg of fill, glacid till, and dluvid deposits. Totd organic carbon (TOC) andysis
conducted on soil samples collected at Building 25 indicate ranges from 2,500 mg/kg to 39,000
mg/kg. Organic partitioning of POL congtituentsto the soil particlesistherefore excepted to occur
at the high end of thisrange, but not at the low end. At WV A, fractured shale bedrock occursat a
shallow depth, typically 5 to 6 feet below ground surface. TOC analys's from bedrock core
samples collected from 95MPI-135-MW-1 indicate ranges from 6,240 mg/kg to 6,760 mg/kg.
Organic partitioning of POL congtituents to the bedrock will not occur. The relatively low TOC
content (0.6%) in the shale does not therefore account for the absence of dissolved phase
congtituentsin groundwater monitoring wellsin the presence of free phase product. Adsorption of
organic congtituents to the shae is not considered a sgnificant factor at the Ste based on these
results.

Upon reaching the groundwater table at WV A, POLswill tend to follow the direction of
groundwater flow to the east towards the Hudson River. Isolated exceptionsto thisare localized
artificia groundwater depressions that occur at locations such as the Shrink Fit in Building 135.
Induced POL migration towards the pit in this areais therefore believed to occur.

Movement of POL sto and through the bedrock is controlled by the groundwater elevation
at WV A which occursin the overburden or shallow bedrock throughout the Site. Where the water
tableisin the overburden, the migration of POL sto the fractured bedrock will beinhibited. Where
groundwater is in the shalow bedrock, especidly in the areas of higher devation a WVA, the
POLs will enter the fractures of the shallow wesathered bedrock and further movement will be
dictated by the fracture network. Fracture patternsin the deformed shaeat WV A arelikely to be
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very complex. Themigration of POLswithin the bedrock system may aso, therefore, be equaly
complex.

Asnoted in Section 5, POLs do occur in the bedrock at WVA. At monitoring well B35-
MW-8 for example, POLs were encountered in a bedrock fracture a a depth of 23 feet below
ground surface, gpproximately 15 feet bel ow the top of competent bedrock and approximately 17
feet below the current tatic water level in that well. This occurrence indicates that POLS have
entered the bedrock fracture system at upgradient locations and areforced downwards, possibly as
aresult of downward migration and trapping during subsequent recharge in downgradient arees.

Itistherefore expected that the bulk of the POL sreleased into the subsurface at WV A do
not form a smple lens shaped pume stting on the water table, but rather from a very complex
network of interconnected or discontinuous plumes of product following the bedrock fracture
system.
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7.0 CONCLUSIONSRECOMMENDATIONS

7.1  CONCLUSIONS

The physicd and chemicd anaytical data generated during these investigations, are of
acceptable quality to assess the nature and extent of contamination detected in the Main
Manufacturing Area and meke recommendations for future Corrective Measure Studies.

Leakage from machinery, storage areas, and sewer lines, aswell asdischargesrelativeto
historical practices at the Site have contributed to Site contamination. The primary contaminants of
concern are;

# Chlorinated organic compounds. Activities at former vapor degreaser locations and
potentid spillshaveresulted in e evated concentrations of ha ogenated hydrocarbonsin
the groundwater.

# Petroleum, ail, and lubricants (POLS) in soils and as free phase, and to alesser extent
inthe agueous phase. Multiple sources have been identified for POLs, including spills
in the Building 121 area, machinery and sumps at Buildings 35 and 135, lesking
underground storage tanks (USTs), and ruptured waste all lines.

Groundwater samples obtained in severd aress of the Main Manufacturing Area have
detected contamination of inorganics above gpplicable guidance vadues. However, these are not
believed to be contaminants of concern because they were detected in unfiltered samples (totd
metals) rather than filtered (dissolved metds). Based on the results of the Ste investigations the
conceptual moddls presented in Section 1.0 were revised, the revised site conceptual models are
presented in Figures 7-2 through 7-5.

7.1.1 Chlorinated Organic Compounds
7.1.1.1 Building 25
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Chlorinated organic compound groundwater contamination is primarily located east and
southeast of Building 25. The contamination condsts of volatile organic compounds, particularly
TCE and 1,1,1-TCA, in the overburden, westhered bedrock, and bedrock. These contaminants
were detected at levels exceeding NY SDEC Class GA groundwater standards.

Groundwater contamination in thisareafollowsthe groundwater flow path east- southesst of
Building 25. Chlorinated organics were aso detected in the bedrock near Building 20 and Ouitfal
003. Theverticd extent of contamination in both of these areas were defined during the 1997 and
1998 drilling activities. The source of the contamination in the areaof Outfall 003 has not been
confirmed. It does appear, however, that multiple sources contribute to the volétile organic
contamination in these aress.

Theextent and magnitude of contaminationin theareasurrounding Building 25ismost likely
aresult of numerous conditions:

# Theremay be severd sourcesin the area, most likely the vapor degreasers previoudy
located at Buildings 25 and 20. Sources of chlorinated organic contamination
immediately upgradient of these buildings (Buildings 20 and 25) are unlikely dueto the
absence of TCE and its degradation products in groundwater samples collected in
monitoring wellslocated immediatdy upgradient (RW-2, SP-10, SP-11, SP-12,B25-
MW:-1 and B35-MW-6), and the deep groundwater monitoring well (AW-MW-54)
which intercepts deeper flow paths also does not indicate the presence of
contamination from an upgradient source.

# Thesawer linesand the sewer bedding materidsin thisarea, particularly the sewer lines
located beneath Westervelt Avenue are expected to beapreferentia groundwater flow
path in the area, as discussed in Section 4.2.

# Theplume appearsto be degrading as evidenced by the variationsin the concentrations
of TCE and its degradation products, DCE, and vinyl chloride. Groundwater samples
collected in the monitoring wells dong the eastern edge of Buildings 25 and 20 (AW-
MW-35, B25-MW6, SP-1A, SP-1, B25-MW-2, B25-MW-3) exhibit higher ratios
of TCE and TCA while groundwater samples collected downgradient (AW-MW-33,
AW-MW-43, SP-5) exhibit higher ratios of DCE and DCA.

TCE isthe primary volatile organic detected in the soilsin thearea surrounding Building 25.
Of the 12 soil samples callected, TCE and its degradation productsin the Building 25 area, were
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greater than the tota concentration of degradation compounds detected in these samples.

However, thelow levelsof volatile organics detected in the soil samplescollected inthisarea(none
of which exceeded TAGM vaues), when compared to the concentration detected in the
groundwater do not indicate asource of contamination withinthe soils. Thiswasdso evidentinthe
results of the soil gas survey which did not detect elevated concentrations of chlorinated organics
immediately downgradient of Building 25, therefore soil contaminationinthisareaisnot consdered

to be of concern.

7.1.1.2 Main Manufacturing Area

In addition to vapor degreaserslocated at Buildings 20 and 25, vapor degreasersweredso
in use a Buildings 110 and 123, adong with other potentia sources of chlorinated organics
upgradient of Buildings 20 and 25. The potentid for upgradient sourcesfrom Buildings 20 and 25
isevident in theresults of groundwater contamination at B35-MW-5, B35-MW-7, MW-B121N,
MW-B121S, RW-2, SP-21, and other deep bedrock wellsin therecharge areaof thesite (AW-
MW:-64). Theresultsof TCL P andysesfrom asample obtained from the collection trench located
within Building 110, indicated the presence of vinyl chlorideinthedudges. Asaresult of thesedata
the collection trench within Building 110 may aso be a potentid source of contamination. As
indicated by the andytical data, severd areas of groundwater contamination exist throughout the
MMA which appear to related to individua source aress, or locally co-mingled plumes. However,
the data indicates that the potentia for one continuous plume emanating from the recharge area

does not exist.

7.1.2 Petroleum, Qil, and Lubricants

7.1.2.1 Building 25

Soil contaminetionin the Building 25 Areaisprimarily located inthearea of the former Erie
Cand. Organic compound contamination in the soils is primarily limited to semi-volatile organic
compounds (volatile organic compounds, pesticides, and PCBswerebelow TAGM val ues). Semi-
volatile organic compounds, specificaly PAHS, were detected above TAGMSsin soilsat B25-MW-
5 and B25-MW-6 and severd of the geoprobe borings, within or near the former Erie Cand, and
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were not present at concentrations exceeding TAGMsin groundweter at theselocations. Thefate
and transgport anayssindicatesthat the semi-volatile organic compoundswill remainimmobileinthe
s0il because of their low solubilitiesand high partition coefficients. The concentrationsof severd of
the potentidly carcinogenic PAHs (including benzo(g)pyrene, benzo(a)anthracene, and
dibenzo(ah)anthracene) were detected above TAGM vauesin the subsurface soilsin the area of
theformer cana. The extent of the PAH soil contamination however, gppearsto belocdized, and
within theformer Erie Cand, based on theresults of the soil samples collected further north of B25-
MW-5 a AW-MW-21 and the wdl cluster a¢ AW-MW-36, which exhibit sgnificantly lower
levels of PAHs.

Field observations noted the presence of petroleum odorsin the subsurface soils southeast
of Building 25, however, volatile organic compounds and potentialy carcinogenic PAHswere not
detected above TAGM vauesin thislocation.

7.1.2.2 Building 35

The Furnace Pit and other process pits at the southern end of Building 35 are the focus of
this invedigation with particular emphasis on POL contamination which has historicaly been
observed. The Furnace Pit is gpproximately 35 feet deep and was excavated into bedrock. It
containsasump into which groundwater and free phase product collects. Leskage of groundwater
and POL sinto the pit sumpis gpparently through adrainage system ingtaled around the base of the
pit. POLshave not been discoveredin any of the other process pits. POLswere aso discovered
in the bedrock at a depth of 23 feet bgsin B35-MW-8, and PW- 1, upgradient of Building 35 and
P-3located indde Building 35. Measurementstaken at B35-MW-8indicateaproduct thickness of
approximately 0.03 feet, while product thicknessin the Furnace Pit sump is gpproximeately 0.2 fedt.
The maximum product thickness detected was at P- 3, where gpproximately 1.4 feet was detected
duringtheICM S pumping test. Although petroleumidentification andyssdid not confirmanorigin
for thisproduct, results of other analyses and visud observationsindicated potentid originsfromthe
middle didtillate range, including cutting/lubricating oils, diesd fud, and kerosene. It isalso believed
that the product present at these locations are likely from different sources. A number of potential
sourcesdo exig intheimmediate vicinity of B35-MW-8, PW-1, and P-3, induding lubricatingand
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cutting oils used upgradient & Building 110 and/or upgradient POL spillsand machinery located in
Building 35. The source for the product in the Furnace Fit is believed to be largely from cutting,
lubricating and/or kerosene type oils used within that building and upgradient in Building 110.

Despite the presence of free phase product, concentrations of organic compoundsin the
groundwater are low, generdly below Class GA groundwater standards.

The relatively low concentrations of POL-related congtituents in the aqueous/ dissolved
phaseisbeieved to betheresult of thelow solubilities of the compounds. TOC analysisof theshde
bedrock collected from monitoring well B135-MW-1 did not indicate that adsorption of POL
congtituents to the shale bedrock would be a significant factor in reducing POL concentrationsin
the groundwater. However, diffuson of the POL contaminants into the matrix of the bedrock

maybe a mgjor consideration in the distribution of the contaminantsin the groundweter a the Ste.

7.1.2.3 Building 135
The Shrink Pit, located at the southeast corner of Building 135, is the focus of this
investigation. Itisagpproximately 100 feet deep and was excavated amost entirely into bedrock. It
containsasump in which groundwater collectsfor usein shrinking operation for the gun barrd rings
POL s and PCBs have been discovered to be leaking into the Shrink Pit since 1985. A product
recovery system is currently in place skimming floating product from the surface of water in the pit
sump. Identified leskage of POLs into the pit is through cracks in the concrete walls at various
levelsthroughout the pit and through the drainage chase system which dischargesinto the pit sump.
POLs have aso been discovered in the groundwater beneath Parker Road at the north end of
Building 135 and the Rotary Forge. Despite the presence of free phase product, concentrations of
organic compoundsin the groundwater arelow, generaly below ClassGA groundwater Sandards.
Some exceedances of semi-volatile organics dightly above Class GA groundwater sandards do
occur at EM - SP-13, the monitoring well inwhich the presence of free product has been identified.
The primary source of both occurrences of POL sisbdlieved to be attributable to the use of
cutting oilswithin the building and the handling (both inside and outside of the building) of thewaste
oil generated a Building 135. Other potentid but lesslikely contributing sourcesinclude leskage
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from PCB-containing oils formerly used in transformers and capacitors, lubricating oil used in the
milling machines, and UST's located in the vicinity of Building 135.

Andyssof groundwater samples collected from monitoring wellslocated within and around
Building 135 indicates |ow concentrations of POL related condituents. Thisis believed to bethe
result of the low solubilities of the POL compounds. TOC anadysis of the shae bedrock collected
from monitoringwel| B135-MW- 1 did not indicate that adsorption of POL congtituentsto theshde
bedrock would be a sgnificant factor in reducing POL concentretions in the groundwater.
However, diffuson of the POL contaminants into the matrix of the bedrock maybe a mgor
consderation in the distribution of the contaminants in the groundwater &t the Ste.

The occurrence of free phase product at SP-13 isbdieved to betheresult of leakagefrom
thewagte ail tank inthe area of the monitoring well. POL s originating from within the building have
not been discovered in the surrounding monitoring wells. A number of circumstances may explain
the confinement of POLs within the perimeter of the building:

# The existence of a subdab bedrock swae would at least partidly restrict horizonta
POL migration. Thisswaeisinterpreted to act asapreferentia pathway, causing flow
of contaminants toward and into the Shrink Fit, possibly through drainage weepers
ingaled during congruction of the pit.

# Theareais paved and/or covered, rain water can not infiltrate and displace the POLs
from the subdab swde, nor can it wash it through the unsaturated zone. Vertica POL
migration downward to the groundwater table (at gpproximately 12 feet below grade)
can only occur under the influence of gravity via bedrock fractures and joints.

# Groundwater has repeatedly been pumped from the bottom of the Shrink Rit, which
has created a depression in the groundwater table around the pit. Due to the sparse
digribution of wdlsin this areg, the exact zone of influence of this pumping can not be
determined with any grest degree of accuracy. However, it isthought that groundwater
beneath the southern half of the building islikely to be affected. To an unknown extent,
this pumping has inadvertently acted as aninterim remedia measure, pulling floating
product and groundwater potentially contaminated with POL and PCB congtituents
towardsthe pit. Thefloating product inthe pit is subsequently collected and drummed
and the pumped groundwater isthen conveyed to the ssorm water syslemin controlled
quantities.
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A review of drawingsat WV A and past reports indicate that the most likely sourcefor the
POLs seeping through the walls of the Shrink At are the cutting oils used for machining. A
topographic map, dated 1942 showsabedrock swale running north-south, transecting the current
location of the pit. An aeriad photograph, dated September 1939, indicates ponding water in the
areaof thepit. During congtruction of the building foundation thislow lying areawasfilled and it is
likey that thisfestureis acting as a preferentid pathway for POL s that have leaked from the floor
trough and piping beneeth thefloor. POL s observed seeping through the north wall of the pit seem
to confirm thishypothesis. Itisaso believed that these POL s accumulating in the subdab bedrock
depression have the potentid of migrating into the bedrock fracture system and eventudly off-Site,
depending on deep bedrock flow patterns and the extent of influence that the Shrink Fit pumping

exetson groundwater movement.

7.1.2.4 Main Manufacturing Area

Soil samples collected from the SWMU 7-14 borings showed little or no subsurface POL
contamination. These areas should not be considered as areas of significant POL contamination.

The presence of free product was noted in monitoring wellsMW-B110, B35-MW-8, PW-
1, and P-3. Thesewdlsare upgradient of Building 35 or within Building 35 and indicate that while
Building 35 is mogt likely the source of some contamination in that areg, there are contributing
upgradient sources. These sources include:

# Hidoricindugrid activitiesat Building 110 weresmilar to those conducted at Building

35, and thus similar waste products are expected to be found.

# A number of petroleum spills have been noted at locations of upgradient of Building 35,
most notably 25,000 litersof Number 2 fud oil that were spilled from apipelineleading
to afud ail gorage tank in the vicinity of Building 121.

Semi-volatile organic contamination of the soils within the Main Manufacturing Area
appears to be ubiquitous and have no discernable pattern. However, severd of the samples,
including those from the area of AW-MW-27 were collected from areas of former chip handling
operations. Severd samples were aso collected from the former Erie Cand, east of Building 25,
which exhibited elevated levels of semi-volatile organics.
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7.1.3 Inorganics

7.1.3.1 Main Manufacturing Area

Chromium and arsenic gppear to be the primary inorganic analytes of concern in the sub-
surface soil samples. Asisthe case for organic compounds, the mgority of the exceedanceswere
detected in samples collected from thefill, rather than the native, soils. The sampleswhich contained
chromium exceedances were di stributed throughout the site, with the maximum concentrationin the
area of Building 36, where aspill of trested chromium clarifier dudge occurred in January 1996.
Arsenic exceedances were distributed primarily throughout the western portion of the Site, with the
maximum concentration detected in the soils collected from AW-MW-30. The samplesfromthe
former Erie Cand (B25-MW-5 and geoprobe borings) contained elevated levelsof chromium and
arsenic.

Soil samples collected from the former Erie Cand at B25-MW-5 and geoprobe borings
aso contained the highest concentrations of a mgority the inorganic andytes (barium, cadmium,
lead, mercury, and silver), with lead being detected at dmost 100 timesthe TAGM vaue of 185.5
mg/kg a B25-MW-5.

7.2 RECOMMENDATIONS

Thefollowing recommendations are made based upon the andytical resultsobtained during
this and previous investigations and are presented graphicaly on Figure 7-1.

Based on the results of this investigation as presented previoudy in the text the following
SWMUs have been identified as not being sources of contamination, therefore no further individua
actions will be conducted, a summary isaso provided in Table 7-1:

# SWMU #4: The results of the soil and groundwater andyses from AW-MW-24 do

not exhibit elevated concentrations of cyanide in the environment in this area.

# SWMUs #7-14: The results of the soil sampling, from the SWMUs where the soil
samples were able to be collected, indicate the presence of low levels of POL
contamination, below action levels. However, a severd of the SWMUS, soil samples
were unable to be collected due to the shallow depth to bedrock, soil samples were
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aso unable to be collected from the bottom of the tanks. Due to the location of the
SWMUs within the Main Manufacturing Area and the types of contaminants present,
these SWMUs will be addressed as part of the POL corrective measures for WVA.

# SWMUs#15 - #17: Based on the andytical results and the fact that these SWMUs
have been removed or are scheduled to be removed, and any encountered soil
contamination was excavated and digposed of off-site. No further action isproposed.

# SWMU #21: Theresults of the soil and groundwater andysesfrom AW-MW-27 do
not indicate the presence of any contaminants believed to be related to the former
operation of theincinerator. Soilsin this areado exhibit POL contamination whichis
believed to be related to aformer chip handling areain this vicinity.

# SWMUs #26 and #27: Neither of these SWMUSs, based on the exiging sSte
hydrogeologic conditions are believed to be sources of contamination. The POLs
present at both locationswill be addressed as part of the corrective measureswithin the
Main Manufacturing Area, and will continue to be used as collection points for the
remova of POLs from the groundwater.

7.2.1 Chlorinated Organic Contamination

# Corrective measures studies should be conducted to address the chlorinated organic
and POL contamination detected in the overburden, weathered bedrock, and bedrock.
These studies will dentify potentid remedia dternatives and the associated risk
associated with the contamination levels detected at the Site.
7.2.2 Petroleum, Oil and Lubricants Contamination

# Additiond investigationswill be undertaken aong the portions of the soluble waste ol
line which are not submerged, as discussed previoudy in the report. The methods of
investigation are currently under review by the USEPA and NY SDEC.

Aspart of the on-going ICM S a the Main Manufacturing Area, apassve skimming planis

under review. Theexigting plan will include an eva uation asto the quantity of POLswhich maybe
recoverable in the area of B35-MW-8 and P-3, and the need to change the system to an active

Kkimming sysem.
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T:
Monitoring ¥ .escriptions
Main Manufacturing Area
Watervliet Areenal

Well Measuring Pt Ground Stickup Well Casing | Screened or| Top of Open or Bottom of Open or Total Depth Screen Sand Depth to
Elevation Elevation . (ft.) Designation Diameter| Open Length! Screened Interval | Screened interval of Welf Slot Size and| Size | Competant Bedrock
(ft AMSL) (ft AMSL) {in.) (ft) (tBG) (fRAMSL) (tB.G) (ftAMSL)| (it B.G.) (ft AMSL) Construction (1 B.G.) (ft AMSL)

93-EM-SP-9 44.29 4462 -0.33 Overburden 4" 10.00 6.80 37.82 16.80 27.82 17.00 2762 10-slot S8 #0 17.00 2762

93-EM-SP-10 35.40 36.03 -0.63 Hybrid 4" 32.09“ . 14.0 00 22%3% O-slot SS #0 11.00 25.03

93-EM-SP-12 Overburden -slot SS | #0

93-EM-SP-13 Bedrock 61.04 10-siot SS #0

g 110 55

93-EM-SP-15 . X X 10-slot S8 #0

93-EM-RW-2 59.83 2700 4383 10-slot PVC | #0

B7GTI-MW-28P
B7GTI-MW-38P
B7GTEMNABE
830M-SP-1

86-EM-SP-1A

95MPI-25-MW-6
95MPI-135.MW-2
95MP1-135-MW-3

95MPI-35-MW-5
S5MPI-35-MW-6

95MPI-35-MW-8
RW-1

K

IEMPI-AW-MW-21
I5MPI-AW-MW-22

9EMPI-AW-MW-24
S5MPI-AW-MW-25

RIS
95MPI-AW-MW-27
95MPI-AW-MW-28
53

95MPI-AW-MW-33
95MPI-AW-MW-34

57.60

£

29.30

“Overburde 20.00
20.80

Overburden
Bedrock 52.61
Bedrock
Bedrock
s

-0.65
-0.51

T

Bedrock
Overburden

2936
35.06

Bedrock

Overburden
Bedrock

£
245 | Weathered Bedrock

Overburden
Bedrock

00

K 12.29
16.50

208

a0

12.
10.00

70
56.10
e
16.60
19.30

18.10
16.50

11.40
16.80

14.00
10.80

15.70

7.29
-12.94

20-slot PVC
20-slot PVC

2 %
10-slot PVC
10-slot PVC

{

A4
10-slot PVC
10-slot PVC

sS
10-slot SS

PVC Riser
10-slot PVC

10-slot PVC

PVC Riser
PVC Ri

-slo
10-slot PVC

"10-slot PVC
PVC Riser

o
10-stot PVC
10-slot PVC

7.29
-12.94

10-slot PVC
PVC Riser
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T: J
Monitoring V. . Jescriptions
Main Manufacturing Area
Watervliet Arsenal

Well Measuring Pt Ground Stickup T Well Screened or| Top of Open or Bottom of Open or Screen
Elevation Elevation (ft.) Designation Open Length| Screened Interval Slot Size and Competant Bedrock
(ft AMSL) (ft AMSL) ft) Construction (tB.G.) (ftAMSL)

95MPI-AW.MW-42
9I5MPI-AW-MW-43

97MPI-AW-MW-50
97MPI-AW-MW-51

STMPI-AW-MW-53

97MPL-AW-MW. )

98MP 6

98MPI-AW-MW-57

SRR AR R A 1
9BMPI-AW-MW-59

98MPL-AW-MW-60

9BMPI-AW-MW-62
98MPI-AW-MW-63
s

Bedrock
Bedrock

Weathered Bedrock

Overburden
AP

Bedrock

Overburden
Bedrock
A o

Bedrock

Bedrock
Overburden
Overburden

Bedrock
Bedrock

Bedrock
Bedrock
o

Bedrock

10.70

(tB.G) (fLAMSL) (f1B.G.) (ftAMSL) "t B.G.) (ft AMSL)
13380 ‘ 29

2.00

35.50

10-slot PVC
PVC Riser

10-slot PVC

“PVC Riser

PVC Riser

PVC Riser
PVC Riser

10-slot PVC

. “‘ [ Iser

PVC Riser

B aRa
PVC Riser

-PVC Riser

10-slot PVC
10-slot PVC

FIP\028558NFARFRDFTFINAL\TABLE S\Wva_msr2.xis

Type of Sand used is Not Available
Type and/or presence of sand pack unknown.
information not available. .
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Table 4-1
Groundwz? ievations
Main Manu.  _ring Area
Watervliet Arsenal
Watervliet, New York
Elevation of Groundwater from MSL (feet) Maximum

Well 9/25/79 | 10/27/87 | 8/4/93 | 7/20/95 | 9/6/95 | 9/11/95 | 10/30/95 | 1/22/96 | 5/20/96 | 2/9/97 | 8/14/97 | 10/20/97 | 6/24/98 | 2711785 4/1/99 Fluctuations {ft)
93-EM-SP-9 , B 35.34 3330 | 3326 3345 34.09 34.38 39.02 36.08 Dry . 576
93-EM-SP-10 , e 28.37 27.75 2769 | 27.75 28.51 34.37 28.08 27.85 6.68
93-EM-SP-11 2592 | 2570 | 2567 | 2574 | 2629 | 2663 26.06 | 26.00 0.96
93-EM-SP-12 ‘ 2941 | 2887 | 2880 | 2885 | 2932 | 2945 | 2935 2916 | 29.08 | 29.43 065
93-EM-SP-13 ) 62.19 62.19 62.19 61.56 62.33 | 6245 62.66 62.22 61.68 110
LNAPL thickness, SP-13 4 0.05 0.12 no LNAPL : 0.07
93-EM-SP-14 ' - 62.95 62.84 62.93 | 63.05 63.10 62.99 62.77 63.23 62.94 62.88 0.46
93-EM-SP-15 , 59.80 58.95 59.01 | 59.24 59.90 60.06 59.59 5967 59.68 59.59 111
93-EM-RW-2 57.06 57.00 58.42 58.16 58.17 58.50 58.81 58.70 1.81
87GTI-MW-1BP ‘ 61.68 63.06 | 6048 60.47 60.49 63.56 63.83 | 6342 - | 6394 62.19 63.43 347
87GTI-MW-2BP 61.95 62.79 60.88 61.29 61.45 63.40 63.24 63.07 64.04 62.02 63.36 3.16 )
87GTI-MW-3BP ) | 6258 62.52 60.69 61.14 | 61.28 62.91 63.16 6273 62.35 61.84 62.93 2.47
87GTI-MW-4BP B 60.52 61.79 58.97 59.75 59.48 63.09 62.79 62.43 63.25 60.66 : 63.06 428
83DM-SP-1 23.99 2361 2416 | 2413 | 24.41 | 2592 24.41 23.87 2413 2.31
86-EM-SP-1A 2569 | 25.30 25.45 25.46 25.49 2552 2552 25.57 25.39 25.34 0.39
86-EM-SP-1B 21.68 21.56 2155 2154 22.40 2248 | 2230 22.47 21.78 22.01 0.94
83DM-SP-2 1 16.02 15.83 15.80 16.92 17.43 17.01 16.39 16.29 16.28 1.63
83DM-SP-3 17.56 17.61 17.60 1827 | 18.26 18.13 17.96 17.70 | 18.09 0.71
83DM-SP-4 17.87 17.87 17.94 18.62 1862 | 1845 18.44 17.99 18.34 - 0.75
86EM-SP-5 ‘ 20.29 20.23 20.21 21.04 2147 2119 20.67 19.82 21.01 1.65
86EM-SP-6 20.24 20.07 20.12 20.45 20.52 19.66 20.53 20.04 | 20.44 0.87
92EM-SP-7 1932 | 19.03 19.40 20.11 20.43 20.26 20.34 18.57 19.96 1.86
92EM-SP-8 20.17 2000 | 20.05 20.57 20.94 20.75 2117 19.03 20.53 214
93EM-SP-16 53.40 53.75 53.91 53.95 53.82 54.02 53.80 53.97 53.65 53.60 0.62
94EM-MW-19 46.87 46.85 46.92 4812 48.28 47.84 47.85 47.15 47.90 1.43
94EM-MW-20 43.47 43.44 44.44 44.20 4469 44.90 4343 43.94 147
94EM-MW-21 46.15 46.50 4663 | 46.63 46.83 46.50 46.88 46.55 46.41 073
95MPI-25-MW-1 29.81 |- 2959 | 2068 30.01 30.23 30.19 29.79 29.67 30.13 0.64
95MPI-25-MW-2 4 21.74 22.21 2229 22.74 23.00 21.41 22.48 22.21 ' 22.59 1.59
95MPI-25-MW-3 | 2246 2263 23.46 23.54 24.24 23.60 23.39 23.57 178
95MPI-25-MW-4 20.20 20.25 20.45 20.22 20.50 19.44 20.29 20.88 144
95MPI-25-MW-5 o 18.00 18.43 18.65 18.65 19.54 19.28 14.83 19.33 19.47 4.71
95MPI-25-MW-6 2351 24.12 24.86 25.21 28.82 25.41 24.98 24.85 25.08 5.31
95MPI-135-MW-1 17.54 17.39 16.86 18.19 19.59 19.48 17.07 1765 17.66 273
95MPI-135-MW-2 65.22 65.40 64.96 64.86 65.39 66.57 65.67 66.19 1.71
95MPI-135-MW-3 61.56 61.51 64.71 62.51 63.33 62.50 62.45 3.20
95MPI-135-MW-4 56.59 57.34 57.33 55.83 57.81 58.21 57.69 57.51 58.19 2.38
95MPI-35-MW-5 38.70 39.15 38.99 4013 40.45 40.19 39.31 39.12 40.48 1.78
95MPI-35-MW-6 30.26 29.86 29.95 30.73 30.66 30.61 30.15 30.65 0.87
95MP1-35-MW-7 43.20 43.25 4323 4382 4370 43.05 44.20 4379 43.86 1.15
95MPI-35-MW-8 49.11 49.52 49.60 49.65 50.41 49.87 49.78 49.85 50.50 1.39
LNAPL thickness, 35-MW-8 0.13 ~1.5 0.03 0.02 sheen 0.11
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Table 4-1
Groundws levations
Main Manu. __uring Area
Watervliet Arsenal
Watervliet, New York
Elevation of Groundwater from MSL (feet) Maximum

‘Well 9/25/79 | 10/27/87 | 8/4/93 7/20/95 9/6/95 9/11/95 | 10/30/95 | 1/22/96 | 5/20/96 2/9/97 8/14/97 | 10/20/97 | 6/24/98 | 2/11/99 4/1/99 Fluctuations (ft)
RW-1 28.89
95MPI-AW-MW-20 , ) B 1040 | 10.04 ) 12.16 15.00 12.13 10.17 10.90 Dry 4.96
95MPI-AW-MW-21 7 B 20.48 20.44 21.18 22.04 21.13 20.63 20.48 20.99 1.60
95MPI-AW-MW-22 B 4055 | 4078 | 4110 | 4091 | 40.99 4092 | 4100 | 41.08 0.55
95MPI-AW-MW-23 48.25 | 49.19 49.20 4918 | 48.96 49.52 48.82 1.27
95MPI-AW-MW-24 - ; . 51.97 | 51.91 5197 | 51.91 52.06 51.89 52.13 0.24
95MPI-AW-MW-25 ; .55.23 55.62 56.11 56.63 56.00 56.68 55.89 55.92 1.45
95MPI-AW-MW-26 59.26 | 59.19 | 5931 | 50.04 | 58.85 59.34 | 5884 59.20 0.50
95MPI-AW-MW-27 5143 | 5167 | 5260 | 5311 | 52.80 53.14 | 52.29 53.08 171
95MPI-AW-MW-28 , 6046 | 6048 | 60.58 61.15 60.80 60.83 60.50 60.41 0.74 N
95MPL-AW-MW-29 59.96 59.98 59.91 60.13 60.02 60.38 60.31 60.10 0.47
95MPI-AW-MW-30 62.21 62.16 62.91 63.02 62.94 62.80 62.95 62.90 0.86
95MPI-AW-MW-31 2236 22.34 23.33 22.78 22.22 22.28 22.70 22.71 1.11
95MPI-AW-MW-32 14.72 14.70 15.69 16.38 16.20 14.77 15.14 16.37 1.68
95MPI-AW-MW-33 7.98 8.08 9.03 11.38 8.48 8.37 8.05 8.97 8.25 8.46 3.40
95MPI-AW-MW-34 8.23 8.28 8.97 10.49 8.92 8.65 8.31 8.81 8.62 8.50 2.26
95MPI-AW-MW-35 2071 | 2067 20.87 21.40 22.41 20.91 20.93 21.07 21.10 1.74
95MPI-AW-MW-36 20.20 20.80 20.94 21.71 | 20.79 2090 21.23 21.32 1.51
95MPI-AW-MW-37 46.64 47.81 47.80 49.15 48.37 50.02 47.27 48.13 , 3.38
95MPI-AW-MW-38 . 47.05 46.86 48.49 48.68 47.17 48.63 45,58 46.99 3.10
95MPI-AW-MW-39 63.59 63.79 64.38 64.50 64.15. 64.96 63.79 64.20 63.99 1.37
95MPI-AW-MW-40 64.39 64.51 65.29 65.44 65.08 66.15 64.96 65.32 64.90 1.76
95MPI-AW-MW-41 57.68 58.09 58.15 58.66 58.42 ' 59.17 58.55 58.69 58.82 1.49
95MPI-AW-MW-42 ' 59.68 59.73 59.72 59.97 59.63 59.93 59.73 59.66 0.34
95MPI-AW-MW-43 21.56 21.10 2064 |. 20.11 20.78 1.45
LNAPL thickness, AW-MW-43 0.01
95MPI-AW-MW-44 21.38 20.98 20.55 19.94 20.65 : 1.44
P-121
P-122
Bldg 35-8" Pit
Bidg 35-Floor 120 Pit
Bldg 35-Furnace Pit
Bldg 110-Auto Frotage . 25.69
Bidg 110-North Well i 51.53 - 50.89 064
LNAPL thickness, B110N 0.01 -] 001 no LNAPL
Bldg 121-North Well 54.60 51.91 55.09 56.47 56.49 52.21 ’ 4.58
Bldg 121-South Well 55.30 51.67 55.01 56.43 56.45 52.04 4.78
Bldg 135-Pit -9.61 -15.63 -17.00 -13.81 -15.88 7.38
97MPI-AW-MW-45 ' 32.84 53.81 53.92 53.30 21.08
97 MPI-AW-MW-46 ‘ 20.69 19.50 '20.53 1.19
97MPI-AW-MW-47 21.92 21.34 21.46 0.58
97 MPI-AW-MW-48 20.87 20.88 21.41 21.51 0.64
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Table 4-1
Groundwz ‘levations
Main Manu. __ .ring Area

Watervliet Arsenal
Watervliet, New York

Elevation of Groundwater from MSL (feet) Maximum

~ Well 9/25/79 | 10/27/87 | 8/4/93 7/20/95 9/6/95 9/11/95 | 10/30/95 | 1/22/96 | 5/20/96 219197 8/14/97 | 10/20/97 | 6/24/98 | 2/11/99 4/1/99 Fluctuations (ft)
9TMPI-AW-MW-49 - . , : 2318 | 22.86 22.94 0.32
97MPI-AW-MW-50 e , 1 ; ; 3464 | 50.98 5526 | 53.32 20.62
97TMPI-AW-MW-51 ) ’ } 8.31 839 | 6.3 7.71 8.40 2.27
97MPI-AW-MW-52 ; ’ ' -17.12 22.30 10.63 67.81 84.93
97MPI-AW-MW-53 . ) 20.44 20.07 20.30 0.37
97MPI-AW-MW-54 ) ) 43.53 43.68 43.83 43.85 0.32
97MPI-AW-MW-55 ) 66.53 66.59 66.77 0.24
98MPI-AW-MW-56 ] 20.36 20.11 0.25
98MPI-AW-MW-57 19.99 20.13 0.14
98MPI-AW-MW-58 983
98MPI-AW-MW-59 ’ 9.00 8.73 0.27
98MPI-AW-MW-60 ) o 18.00 17.69 0.31
98MPI-AW-MW-61 -116.43 | -127.01 | -124.96 10.58
98MPI-AW-MW-62 ) 14.73 14.55 0.18
98MPI-AW-MW-63 62.86 62.86
98MPI-AW-MW-64 . 59.38 59.18 0.20
PW-1 . . : © 48.98
MP-P-1 35.41 54.80 56.19 20.78
MPI-P-2 47.33 46.29 46.92 46.69 1.04
MPI-P-3 29.76 44,72 45.25 15.49
LNAPL thickness, P-3 : 1.78
MPI-P-4 4483 4453 46.15 1.62

NOTES:

Water level adjusted for LNAPL thickness, where present.
Blank Space - Water level not measured.

MSL - Mean Sea Level

LNAPL - Light Non-Aqueous Phase Liquids
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Tal. -2
Vertical Gradients.in Clustered Wells
Main Manufacturing Area
Watervliet Arsenal
Watervliet, New York

Well Pair 9/6/95 _ 9/11/95 10/30/95 172296
Interval Hydraulic Interval Hydraulic Interval Hydraulic Interval Hydraulic
Difference (feet)" Gradient’ Difference (feet)’ Gradient® Difference (feet)' Gradient? Difference (feet)' Gradient?
mxzzl 13.08 -0.02 13.13 -0.02 13.60 0.0 14.78 0.06
mazgg/ 14.13 -0.04 4.03 NM 14.43 0.00 14.50 -0.03
mx;gl NI NI NI . NI -
mm;’ 19.63 0.02 19.63 -0.05 19.63 0.04 19.63 -0.02
mng’ 22.89 0.03 22.89 0.03 22.89 0.04 22.89 0.04
S 12.69 0.03 12.86 0.09 12.86 0.06 - 1.38 NM

' the interval distance is the distance between the midpoints of the saturated screen intervals of both wells in the cluster
2a negativé gradient is an upward gradient

NM - A measurement was not taken at one of the wells in the cluster at this time.

NI - At least one well in cluster not installed at time of measurement. -
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Tal -2
Vertical Gradients in Clustered Wells
Main Manufacturing Area
Waterviiet Arsenal
Watervliet, New York

Well Pair 5/20/96 2/11/99

Interval Hydraulic Interval Hydraulic

Difference (feet)’ Gradient® Difference (feet)" Gradient®
:m:gi’ 13.33 -0.03 1321 0.03
mmgg’ 14.89 -0.05 14.65 0.01
mazgg’ NI 45.40 -0.01
mazggl 19.63 -0.06 19.63 -0.06
mng/ 22.89 0.04 22.89 0.05
mmgl’ NI 91.15 1.48
mmgil NI 58.15 0.83
"B";’;:;%_S NI N 59.73 0.05
ggg:mmg’ 12.86 0.22 . 12.86 0.08

! the interval distance is the distance between the midpoints of the saturated screen intervals of both wells in the cluster

23 negative gradient is an upward gradient
NM - A measurement was not taken at one of the wells in the cluster at this time.
Ni - At least one well in cluster not installed at time of measurement.
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Table 4-3
Hydraulic Conductivity Values

Main Manufacturing Area, Watervliet Arsenal

Monitoring Hydraulic Hydraulic

Conductivity | Conductivity Well Type
Well .

(ft/min) (cm/sec)

MW-20 1.95x 10-5 140 x 10-5 Overburden
MW-21 6.20 x 10-3 3.30 x 10-3 Overburden
MW-23 6.33 x 10-4 3.36 x 10-4 Weathered Bedrock
MW-24 5.23 x 10-3 2.78 x 10-3 Overburden
MW-25 1.71 x 10-2 9.10x 10-3 Weathered Bedrock
MW-27 8.54 x 10-3 4.54 x 10-3 Weathered Bedrock
MW-30 1.35x 10-3 717 x 10-4 Weathered Bedrock
MW.-31 7.85x 10-3 417 x 10-3 Overburden
MW-32 3.85 x 10-3 2.04 x 10-3 Weathered Bedrock
MW-33 1.92x10-6 1.02x10-6 Overburden
MW-34 . 2.32x10-3 1.23x10-3 Bedrock
MW-35 1.20 x 10-3 6.39 x 10-4 Bedrock
MW-36 2.95x 10-7 1.56 x 10-7 Overburden
MW-38 1.04 x 10-4 5.51 x10-5 Bedrock
MW-40 4.30x10-3 2.29 x 10-3 Bedrock
MW-42 8.44 x 10-3 449 x 10-3 Weathered Bedrock
MW-45 1.08 x 10-3 549 x 10-4 Bedrock
MW-50 9.70 x 10-4 493 x10-4 Bedrock
MW-54 1.16 x 10-2 5.88 x 10-3 Bedrock
MW-58 2.70x10-3 1.37x10-3 Bedrock
MW-60 497 x 10-3 2.53x10-3 Bedrock
MWwW-62 7.71x10-4 3.92x 104 Bedrock
MW-63 1.86 x 10-2 9.43 x 10-3 Bedrock
MW-64 2.60x 10-4 1.32 x10-4 Bedrock
B25-MW-1 1.60 x 10-2 8.48 x 10-3 Weathered Bedrock
B25-MW-3 1.13 x 10-3 6.01 x 10-4 Overburden
B25-MW-4 1.59 x 10-3 8.43 x 10-4 Weathered Bedrock
B25-MW-5 574 x 10-5 3.05x10-5 Hybrid
B25-MW-6 4.03x 10-4 2.14 x 10-4 Overburden
B35-MW-6 1.96 x 10-2 1.04 x 10-2 Overburden
Note: Hydraulic conductivities of bedrock wells are the geometric means

calculated at each interval. If multiple tests were conducted at an
interval, the geometric mean of representative tests was used.
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Main Manufacturing Area, Watervliet Arsenal

Table 4-4
| Horizontal Groundwater Travel Time
Recharge Area (Groundwater Divide) to Property Boundary

V=K/n({dh/dl) (Assumes Darcy Flow)
K*:  1.96E-03 ft/min *Average of MW-34, MW-40, MW-50, MW-64
K (Site Bedrock High): 1.86E-02 ft/min
K (Site Bedrock Low); 9.70E-04 ft/min
Effective Porosity [ oot | 005 | o010 | 015 [ 020 [ 025 | 030
Travel Times
Average K :
Travel Time (days) 439 2,197 4,395 6,592 8,789 10,987 13,184
"~ [Travel Time (years) 1.2 6.0 12.0 18.0 241 30.1 36.1
High K
Travel Time (days) 46 232 463 695 926 1,158 1,389
Travel Time (years) 0.1 0.6 1.3 1.9 25 3.2 3.8
Low K .
Travel Time (days) 888 4,440 8,880 13,320 17,760 22,200 26,640
Travel Time (years) 24 12.2 24.3 36.5 48.6 60.8 72.9




Table 5-2
Statistical Summary of Soil Analytical Results
Main Manufacturing Area, Watervliet Arsenal

[ New York State New York State NATIVE SOILS
TAGM TAGM
Native Soils Fill Soils #of TAGM % of TAGM Frequency Detection Minimum Maximum Median
ug/Kg ug/Kg Exceedances  Exceedances of Detection Percentage  Detected Value Detected Value Detected Value
Semi-Volatile Compounds
2-Methyinaphthalene 36,400 72,800 0/19 0.00% 4/18 21.05% 23 1200 225
4-Chloro-3-methylphenot 240 480 0/18 0.00% 0/18 0.00% 0 0 0
Acenaphthene 50,000 50,000 0/19 0.00% 2/19 10.53% 34 38 36
\Acenaphthylene 41,000 82,000 0/19 0.00% 1719 5.26% 15 15 15
Anthracene 50,000 50,000 0/18 0.00% 5718 26.32% S 36 23
Benzo(a)anthracene 224 224 0/18 0.00% 8/19 42.11% 11 160 37.5
Benzo(a)pyrene 61 61 2/19 10.53% 8/18 42.11% 9 180 425
Benzo(b)fivoranthene 1,100 2,200 0/19 0.00% 8/19 42.11% 9 240 515
Benzo(g, h,hperylene 50,000 50,000 0719 0.00% 5718 26.32% 8 80 26
Benzo(k)fluoranthene 1,100 2,200 0/18 0.00% 8/18 42.11% 8 140 445
bis(2-Ethylhexyl)phthalate 50,000 50,000 0718 0.00% 15718 78.95% 24 6800 100
Butylbenzylphthalate 50,000 50,000 0/19 0.00% 3/18 15.79% 13 750 27
Chrysene 400 800 0/19 0.00% 11/19 57.89% 5 220 58
Din-butylphthalate 8,100 16,200 0/19 0.00% 12719 63.16% 7 2500 16.5
Di-n-octyl phthalate 50.000 50,000 0/18 0.00% 2/19 10.53% 8 41 245
Dibenzo(a,h)anthracene 14 14 2/18 10.53% 2719 10.53% 17 49 33
Diethyiphthalate 7,100 14,200 0/19 0.00% 41719 21.05% 8 530 12
Fiuoranthene 50,000 50,000 0/18 0.00% 13718 68.42% 4 260 85
Fluorene 50,000 50,000 0719 0.00% 2/18 10.53% 33 43 38
indeno(1,2,3-cd)pyrene 3,200 6,400 0/19 0.00% 5718 . 26.32% 12 130 26
Naphthalene 13,000 26,000 0/19 0.00% 3/18 15.79% 18 24 23
Phenanthrene 50,000 50,000 0/19 0.00% 13/19 68.42% 6 270 39
Pyrene 50,000 50,000 0/18 0.00% 15719 78.95% 7 270 72
Total benzofluoranthene N/A N/A o NIA 6/0 NIA 0 0 0
Volatile Compounds
1,1, 1-Trichloroethane 800 1,600 0/19 0.00% 2/19 10.53% 2 .4 3
1,1-Dichloroethane 200 . 400 0/19 0.00% 1718 5.26% 1 1 1
1,2-Dichloroethene (total) o] o] — N/A 1711 9.09% 1156 115 116
2-Butanone 300 600 0/19 0.00% 3/19 15.78% 5 10 9
Benzene 60 120 0/19 0.00% 1/19 5.26% 0.6 06 0.6
Bromodichloromethane 0 0 — N/A 1/198 5.26% 240 240 240
Carbon Disuifide 2,700 5,400 0719 0.00% 2/18 10.53% 0.6 7 3.8
Chioroform 300 600 1718 5.26% 5718 26.32% 2 1800 4
cis-1,2-Dichloroethene o] 0 — N/A 4/8 50.00% 78 78 78
Ethylbenzene 5600 11,000 0/19 0.00% 1719 5.26% 3 3 3
Methylene Chloride 100 200 0/19 0.00% 8719 42.11% 2 18 4.5
Tetrachioroethene 1,400 2,800 0/19 0.00% 0/19 0.00% 0 Q o
IToluene 1,600 3,000 0/19 0.00% 7719 36.84% 1 10 4
Trichloroethene 700 1,400 0/19 0.00% 4/19 21.05% 3 250 315
Vinyl Acetate 0 o] — N/A 1/19 5.26% 2 2 . 2
{lVinyl Chioride 200 400 0/19 0.00% 0/19 0.00% 0 0 0
Xylene (total) 1,200 2,400 0/19 0.00% 1/19 5.26% 15 15 15
[Pesticides and PCBs :
alpha-BHC 300 600 0/18 0.00% 0/18 0.00% o] 0 0
beta-BHC 600 1,200 0/18 0.00% 0/18 0.00% [ 0 0
defta-BHC 100 200 0/18 0.00% 0/18 0.00% 0 0 0
Heptachlor 41 82 0/18 0.00% 1/18 5.56% 2.1 2.1 2.1
Heptachlor Epoxide 44 88 0/18 0.00% 0/18 0.00% 0 0 0
Aldrin 100 200 0/18 0.00% 1/18 5.56% 1.8 1.8 18
Dieldrin N/A N/A — N/A 2/18 11.11% 0.36 0.64 0.5
Endrin N/A N/A — N/A 6718 0.00% [¢] 0 0
Endrin Ketone 1,000 2,000 0/18 0.00% 0/18 0.00% [¢] 0 0
Endosulfan it 2,100 4,200 c/18 0.00% 0718 0.00% [¢] 0 -0
Endosuifan Suifate 2,800 . 5,800 c/18 0.00% 0718 0.00% 0 0 0
4,4-DDE 2,100 4,200 0/18 0.00% 2118 11.11% 16 6.5 4
4,4-DDD 10,000 A 20,000 0718 0.00% 0/18 0.00% 0 0 0
4,4-0DT 10,000 40,000 0/18 0.00% - 4718 22.22% 1.4 43 22
Methoxychtor 2,000 4,000 0/17 0.00% R VAT 5.88% 6.6 6.6 6.6
Aroclor-1254 N/A N/A — N/A 1718 5.56% 23 23 23
Arocior-1260 N/A N/A — N/A 1718 5.56% 24 24 24
Inorganic Compounds
Arsenic 10.5 10.5 6/18 33.33% 181718 100.00% 1.8 18.5 8.85
Barium 300 300 0/18 0.00% 18718 100.00% 44.7 274 127
Cadmium 1 1 c/18 0.00% 3/18 16.67% 0.64 0.79 0.79
Chromium 20.725 20.725 9718 50.00% 18718 100.00% 13.4 42.8 20.45
Lead 1855 185.5 c/18 0.00% 181718 100.00% 12 177 23.4
Mercury 01 0.1 4/18 22.22% 4/18 22.22% 0.1 0.22 0.165
Selenium 3.075 3.075 1718 5.56% 15718 83.33% 1.4 4 2
Silver ND ND 1/18 5.56% 1718 5.56% 0.21 0.21 0.21

All units in ug/Kg, except inorganics in mg/Kg
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Table 5-2
Statistical Summary of Soil Analytical Results
Main Manufacturing Area, Watervliet Arsenal

“ New York State New York State FILL SOILS
TAGM TAGM
Native Soils Fiil Soils # of TAGM % of TAGM Frequency Detection Minimum Maximum Median
. ug/Kg ug/Kg Exceedances __Exceedances of Detection Percentage _ Detected Value Detected Value Detected Value
Semi-Volatile Compounds
2-Methylnaphthalene 36,400 72,800 0/47 0.00% 19/47 40.43% 10 8,600 110
4-Chioro-3-methylphenoi 240 480 0/47 0.00% 3147 6.38% 160 260 210
Acenaphthene 50,000 50,000 0/47 0.00% 217147 44.68% 4 30,000 63
Acenaphthylene 41,000 82,000 0/47 0.00% 16/ 47 34.04% 10 1,800 130
Anthracene 50,000 50,000 0747 0.00% 29747 61.70% 5 30,000 515
Benzo(a)anthracene 224 224 11/47 23.40% 31747 65.96% 2 20,000 . 210
Benzo(a)pyrene €61 61 19747 40.43% 31747 65.96% 2 14,000 1585
Benzo(b)fiuoranthene 1,100 . 2,200 37147 6.38% 28747 59.57% 2 11,000 220
Benzo{g,h,i)peryiene 50,000 50,000 0747 0.00% 24 /47 51.06% 7 9,900 + 140
Benzo(k)fluoranthene 1,100 2,200 2147 4.26% 261747 55.32% 2 12,000 210
bis(2-Ethythexyl)phthalate 50,000 50,000 0747 0.00% 32747 68.09% 30 930 165
Butylbenzylphthalate 50,000 50,000 0/47 . 0.00% 1147 2.13% 65 65 65
Chrysene 400 800 8/47 17.02% 32/ 47 68.09% 2 27,000 165
Di-n-butylphthalate 8,100 16,200 0/47 0.00% 20747 42.55% 6 2,500 28
Di-n-octyl phthalate 50,000 50,000 01/47 0.00% 4747 8.51% 6 97 25
Dibenzo(a,h)anthracene 14 14 10/47 21.28% 15747 31.91% 10 950 100
Diethylphthalate 7,100 14,200 0747 0.00% 10/ 47 21.28% 8 110 16
Fluoranthene 50.000 50,000 1147 2.13% 371747 78.72% 2 58,000 310
Fluorene 50,000 50,000 0747 0.00% 20747 . 42.55% 11 47,000 140
indeno(1,2,3-cd)pyrene 3,200 6,400 1147 2.13% 25747 53.19% 11 7.900 210
Naphthalene 13,000 26,000 0747 0.00% 18747 38.30% 5 1,600 120
Phenanthrene 50.000 50,000 1747 : 2.13% 34/47 72.34% 10 140,000 235
Pyrene 50.000 50,000 11747 2.13% 37147 78.72% 4 58,000 260
Total benzofiuoranthene N/A N/A — N/A 2/2 4.26% 175 3,600 1,888
Volatile Compounds
1,1,1-Trichioroethane 800 1,600 0/42 0.00% 1/42 2.38% 18 18 18
1,1-Dichioroethane 200 400 0/42 " 0.00%- 0/42 0.00% 0 0 0
1,2-Dichloroethene (total) 0 0 —_ N/A 2734 4.76% 4 101 525
2-Butanone 300 €00 0/42 0.00% 7742 16.67% 6 24 i1
Benzene 60 120 0/42 0.00% 0742 0.00% o] 0 0
Bromodichloromethane 0 0 0/42 0.00% 0/42 0.00% 0 0 0
Carbon Disuifide 2,700 5,400 0/42 0.00% 4/42 9.52% 1 [ 5
Chioroform ) 300 800 0742 0.00% 3742 7.14% 2 3 3
cis-1,2-Dichloroethene G 0 — N/A 2/8 0.00% o} [} 0
Ethylbenzene 5,500 11,000 0742 0.00% 0/42 0.00% 0 0 0
Methylene Chloride 100 200 0742 0.00% 27142 64.29% 1 17 25
Tetrachloroethene 1,400 2,800 0/42 0.00% 9/42 21.43% 3 12 5
Toluene 1500 3,000 0/42 0.00% 12742 28.57% 1 40 45
Trichioroethene 700 . 1,400 0/42 0.00% 4742 9.52% 2 430 13
finyl Acetate o] — N/A 0/42 0.00% o] 0 0
Vinyl Chloride 400 . 0/42 0.00% 1/42 2.38% 0 ¢] 0
Iletene (total) 2,400 0/42 __0.00% 1/42 2.38% 5 5 5
Pesticides and PCBs
alpha-BHC 308 600 0/22 0.00% 1/22 4.55% 0.54 0.54 0.54
beta-BHC €00 1,200 0/22 0.00% 1122 4.55% 4.4 44 44
delta-BHC . 100 200 0/22 0.00% 2122 9.09% 4.4 12 82
Heptachlor 41 &2 . 0721 0.00% 1721 4.76% 0.83 0.83 083
Heptachlor Epoxide 44 88 0/22 0.00% 1722 4.55% 1.3 1.3 1.3
Aldrin 100 200 0/22 0.00% 2122 9.09% 2 16 9
Dieldrin N/A N/A R N/A 2122 9.09% 0.83 12 6.415
Endrin NiA N/A e N/A 3/22 13.64% 24 21 9.9
Endrin Ketone 1.020 2,000 /21 0.00% 1721 4.76% 3.3 33 33
Endosuifan it 2.100 4,200 0721 0.00% 1721 4.76% 3.9 39 39
Endosulfan Sulfate 2500 5,800 0/22 0.00% 2/22 9.09% 0.42 2.4 1.41
4,4-DDE 2,100 4,200 0/22 0.00% 7722 31.82% 0.2 1,700 20
4,4-DDD ' 10.000 20,000 o/21 0.00% 5/21 23.81% 1.4 27 27
4,4-DDT 10,000 40,000 0/20 0.00% 7120 35.00% 0.59 13 11
Methoxychlor 2.000 4,000 0/20 0.00% 2120 10.00% Akl 11 1"
Arocior-1254 N/A N/A — NIA 1/22 4.55% 270 270 270
Aroclor-1260 N/A N/A e N/A 1/22 4.55% 3.5 3.5 35
{norganic Compounds
Arsenic 108 10.5 221748 45.83% 48/ 48 100.00% 1.30 1M 10.2
Barium a0 300 9/48 18.75% 48148 100.00% 44.90 2,810 150.5
Cadmium i 1 71748 14.58% 17148 35.42% 0.38 5 0.98
Chromium - 20775 20.725 187151 35.29% 49 /51 96.08% 8.40 237 18.8
Lead 1855 185.5 11748 22.92% . 48/ 48 100.00% 7.20 17,800 69.6
Mercury 0.1 0.1 21/48 43.75% 22748 45.83% 0.09 0.84 0.22
Selenium 3.075 3.075 71748 14.58% 38/48 79.17% 0.32 105 1.9
Silver ND ND 2/48 4.17% 2/48 4.17% 1.70 2 1.85

Ali units in ug/Kg, except inorganics in mg/Kg
frproj )285581 q i sdstSoll y Stat Table




Table 5-2
Statistical Summary of Soil Analytical Results
Main Manufacturing Area, Watervliet Arsenal

New York State New York State TOTAL SOILS
TAGM TAGM
Native Soils Fill Soils # of TAGM % of TAGM Frequency Detection Minimum Maximum Median
ua/Kg ug/Kg Exceedances _ Exceedances of Detection Percentage  Detected Value Detected Value Detected Value

Semi-Volatile Compounds
2-Methylnaphthalene 36.400 72,800 0/66 0.00% 23/66 34.85% 10 8,600 166
4-Chioro-3-methylphenol 240 480 0/66 0.00% 3/66 4.55% 160 260 210
iAcenaphthene 50,000 50,000 0/66 0.00% 23/66 34.85% 4 30,000 60
Acenaphthylene 41.000 82,000 0/66 0.00% 177686 25.76% 10 1,800 130
Anthracene 50.000 50,000 0/66 0.00% 34766 51.52% 5 30,000 39
Benzo(a)anthracene 224 224 11/66 16.67% 38/66 58.09% 2 20,000 100
Benzo{a)pyrene 61 61 21/66 31.82% 38/866 59.08% 2 14,000 84.5
Benzo(b)fluoranthene 1,100 2,200 3/66 4.55% 36766 54.556% 2 11,000 99.5
Benzo(g,h,i)perylene 50.000 50,000 0166 0.00% 291866 43.94% 7 9,900 78
Benzo(k)fiucranthene 1,100 2,200 2/66 3.03% 32/66 48.48% 2 12,000 84
bis(2-Ethyihexyl)phthalate 50,000 50,000 0/66 0.00% 47766 71.21% 24 6,800 160
Butylbenzylphthalate 50,000 50,000 0/66 C.00% 4/66 6.06% 13 750 46
Chrysene 400 800 8/66 12.12% . 43766 65,16% 2 27,000 , 110
Di-n-butylphthalate £.100 16,200 01766 0.00% 32/66 48.48% 6 2,500 18.5
Di-n-octyl phthalate 50 000 50,000 01766 0.00% 6/66 9.09% 6 87 9
Dibenzo(a,h)anthracene 14 14 12/66 18.18% 17166 25.76% 10 8950 94
Diethylphthalate 7.100 14,200 0/866 0.00% 14/66 21.21% 8 530 14
Fluoranthene 50.000 50,000 1/66 1.52% 50/66 75.76% 2 58,000 160
Fluorene 50.000 50,000 0/66 0.00% 22166 33.33% 11 47,000 105
indeno(1,2,3-cd)pyrene 3.200 6,400 1/66 1.52% 30/66 45.45% 11 7,900 85
Naphthalene 13.000 26,000 0/66 0.00% 21/66 31.82% 5 1,600 100
Phenanthrene &0 000 50,000 1766 1.62% 47166 71.21% 6 140,000 110
Pyrene 50 080 50,000 1/66 1.62% 52166 78.79% 4 58,000 . 135
Total benzofluoranthene N/A N/A — N/A 2/2 100.00% 175 3,600 1,888
Volatile Compounds : ) '
1,1,1-Trichloroethane 8C0 1,600 /61 0.00% . 3/61 4.92% 2 18 4
1,1-Dichloroethane 200 400 0/61 0.00% 1/61 1.64% 1 1 1
1,2-Dichloroethene (total) G 0 e N/A 31753 5.66% 4 115 101
2-Butanone 300 600 01761 0.00% 10 /%61 16.39% 5 338 10.5
Benzene €0 120 0/61 0.00% 1761 1.64% 0.6 3 1.8
Bromodichloromethane . ¢} 0 0/61 0.00% 1/861 1.64% 240 240 240
Carbon Disulfide 2.700 5,400 0/61 0.00% 6/861 9.84% 0.6 30 5
Chloroform 200 600 1761 1.64% 8/61 . 1811% 2 1,800 3
cis-1,2-Dichloroethene G 0 — N/A 6/8 75.00% 2 78 8
Ethylbenzene " 11,000 0/61 0.00% 17 6t 1.64% 2 3 2
Methyiene Chloride 200 0/61 0.00% 35/861 57.38% 1 18 3
Tetrachioroethene 2,800 0/61 0.00% 9/61 14.75% 2 25 5
Toluene 3,000 0/61 0.00% 21/861 34.43% 1 40 4
Trichloroethene 1,400 /61 0.00% 8/61 13.11% 2 430 17
Vinyl Acetate o] — N/A 17861 *1.64% 2 2 2
Vinyl Chloride 400 0/61 0.00% 17861 1.64% 15 16 15
Xylene (total) 2,400 /61 000% - 2161 3.28% 3 26 5
Pesticides and PCBs
alpha-BHC 600 /40 0.00% 1140 2.50% 0.54 0.54 0.54
beta-BHC 1,200 0/40 0.00% 1/40 2.50% 4.4 4.4 4.4
delta-BHC 200 0740 0.00% 2140 5.00% 22 12 4.4
Heptachior 82 0/39 0.00% 2139 5.13% 0.83 21 1.47
Heptachlor Epoxide 88 0/40 0.00% 1740 2.50% .13 13 1.3
Aldrin . 200 0/40 0.00% 3/40 7.50% 1.8 16 2.26
Dieldrin N/A —_ N/A ’ 4/40 10.00% 0.36 12 0.74
Endrin N/A — N/A 3740 7.50% 2.4 21 9.6
Endrin Ketone 2,000 0/39 0.00% 1/38 2.56% 33 33 33
Endosulfan it 210 4,200 0738 0.00% 1739 2.56% 1.3 39 26
Endosulfan Sulfate 250 5,800 . 0/40 0.00% 2/40 5.00% 0.42 24 1.41
4,4'-DDE 2,100 4,200 0740 0.00% 9/40 't 22.50% 0.2 1,700 19
4,4'-DDD ’ 10.300 20,000 0/39 0.00% 57139 12.82% 1.1 27 2.55
4,4-DDT 10.£00 40,000 0/38 0.00% 11/38 28.95% 0.59 13 1.85
Methoxychlor 2.000 4,000 0/37 0.00% : 3/37 8.11% 55 11 8.8
Aroctor-1254 NiA N/A — N/A 2/40 5.00% 23 270 92
Aroclor-1260 NiA N/A - N/A 21740 5.00% 35 24 6.7
Inorganic Compounds
Arsenic 10.5 28/66 42.42% 66/66 100.00% 13 111 10
Barium 300 9/68 13.64% 66 /66 100.00% 447 2,910 137.5
Cadmium 1 7766 10.61% 201766 30.30% 0.38 5 0.92
Chromium 20.725 261769 37.68% 671769 97.10% 89 237 1838
Lead 185.5 11766 16.67% 66 /66 100.00% 7.2 17,800 473
Mercury 0.1 25166 37.88% 26/66 39.39% 0.09 0.84 0.200
Selenium 3.075 8766 12.12% 54/66 81.82% 0.32 10.5 20
Silver ND 3/66 4.55% 3/66 4.55% 0.21 2 17

Al units in ug/Kg, except inorganics in mg/Kg
fproj 1\AloN xs1Soll Summary Stat Table




Table 5-3
Statistical Summary of Round One Groundwater Resuits
Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA OVERBURDEN WELLS
Groundwater
Standards #0f GA % of GA Frequency Detection Minimum Maximum Median
ug/L Exceadances Exceedances  of Defection Percentage  Deltected Value Detected Value Detected Value
Semi-Volatile Compounds
4-Chiloro-3-methyiphenol N/A - . N/A 4/16 25.00% 4 880 175
Diethyiphthalate 50 0/17 0.00% 2117 11.76% 2 4 3
Dimethyl phthalate 50 0/17 0.00% 1117 5.88% 2 2 2
Acenaphthene 20 0/17 0.00% 0/17 0.00% 0 0 0
Fluorene 50 0/17 0.00% 0/17 0.00% [¢] 0 0
Phenanthrene 50 0/17 0.00% 0/17 0.00% 0 0 0
Anthracene 50 0/17 0.00% 0/17 0.00% 0 0 0
Napthalene 10 0/17 0.00% 1717 5.88% 2 2 2
Di-n-butylphthalate N/A - N/A 10717 58.82% 0.3 11 2
Fluoranthene 50 o/ 0.00% 617 0.00% 0 0 1]
Pyrene 50 0/17 0.00% 0/17 0.00% 0 0 [
Butylbenzyiphthalate 50 0/17 0.00% 0/17 0.00% 1] 4] 1]
Benzo(a)anthracene 0.002 0/17 0.00% 0/17 0.00% 0 0 o
Chrysene 0.002 0717 0.00% 0/17 0.00% 0 0 0
bis(2-Ethylhexyt)phthalate 50 0/17 0.00% 5/17 2041% 03 4 2
Di-n-octylphthalate N/A - N/A 0/17 0.00% 0 0 0
Benzo(b)fiuoranthene 0.002 0/17 0.00% 0/17 0.00% 0 0 0
Benzo(k)Fiuoranthene 0.002 0717 0.00% 0/17 0.00% 0 0 0
Benzo(a)Pyrene 0.002 0/17 0.00% 0/17 0.00% 0 0 0
Volatile Compounds
Vinyl Chioride 2 1719 © 5.26% 1/19 5.26% 32 32 32
Chioroethane 5 2718 10.53% 2/19 10.53% 7 7 7
Methylene Chloride 5 0/18 0.00% 0/18 0.00% 0 0 0
Carbon Disulfide N/A — N/A 0/18 0.00% V] 0 [
1.1-Dichloroethane 5 4/19 21.05% 6/19 31.58% 2 26 6.5
cis-1,2-Dichloroethene 5 1/11 8.09% 2/ 18.18% 3 460 2315
trans-1,2-Dichloroethene 5 1711 8.09% 111 9.08% 10 10 10
1,2-Dichloroethene (total} N/A — N/A 110 10.00% 2 2 2
Chloroform 7 2/19 10.63% 4/19 21.05% 3 630 151.5
2-Butanone 5 0/18 0.00% 0/18 . 0.00% 0 0 0
Trichloroethene 5 5/189 26.32% . 5/189 26.32% 16 410 200
Benzene 07 1719 5.26% 1718 5.26% 2 2 2
Tetrachloroethene 5 0/19 0.00% 1/19 5.26% 4 4 4
Toluene 5 0/19 0.00% 1/19 5.26% 1 1 1
1,1-Dichioroethene 5 0/19 0.00% 1719 5.26% 3 3 3
1.1,1-Trichloroethane 5 1718 526% 2718 10.53% 3 100 51.5
Acetone 50 0/19 0.00% 1719 5.26% 30 30 30
Bromodichloromethane 5 0719 0.00% 0/18 0.00% 0 0 (]
Chiorobenzene 5 0/18 0.00% 0719 0.00% o] 0 (]
Ethylbenzene 5 0/18 0.00% 0719 0.00% V] 0 0
Xylene (total) 5 0/18 0.00% 1/19 5.26% 2 2 2
Pesticides and PCBs
alpha-BHC N/A - N/A 1/15 6.67% 0.005 0.005 0.005
beta-BHC N/A — N/A 0/14 0.00% 0 0 0
delta-BHC N/A — N/A 2115 13.33% 0.0012 0.0018 0.0015
gamma-BHC (Lindane) : N/A —— N/A 0/14 0.00% 0 0 0
Heptachior ND 0/15 0.00% 0/15 0.00% 4] 0 0
Aldrin ND 2/15 13.33% 2/15 13.33% 0.015 0.047 0.031
Heptachior Epoxide ND 1/15 6.67% 1715 6.67% 0.022 0.022 0.022
Endosuifan | 0.1 0/18 0.00% 0/15 0.00% 0 0 0
Dieldrin ND 4/13 30.77% 4713 30.77% 0.0014 0.016 0.0027
4,4-DDE ND 4715 26.67% 4/15 26.67% 0.0017 0.045 0.0052
Endrin ND 3/14 21.43% 3/14 21.43% 0.00061 0.0035 0.0021
Endosulfan il -~ N/A -— “N/A 1114 7.14% 0.0034 0.0034 0.0034
4,4'-DDD ND 3714 21.43% 3/14 21.43% 0.0013 0.038 ' 0.0021
Endosulfan Sulfate N/A - N/A 1716 6.67% 0.018 0.018 0.018
4,4-DDT - ND 3/15 20.00% 3/15 20.00% 0.002 0.0035 0.0025
Methoxychior 35 0/18 0.00% 0/186 0.00% 0 0 0
Endrin Ketone N/A - N/A 1/15 6.67% 0.0011 0.0011 0.0011
Endrin Aldehyde N/A — N/A 2/15 13.33% 0.0024 0.003 0.0027
alpha-Chlordane 0.1 0/15 0.00% 0/15 0.00% 0 0 0
Gamma-Chlordane N/A — N/A 3/15 20.00% 0.00071 0.0013 0.0012
Aroclor-1254 0.1 0/15 0.00% 0/15 0.00% 1] 0 4]
Aroclor-1260 0.1 0/18 0.00% 1/15 6.67% 0.058 0.059 0.05¢
Inorganic Compounds
Arsenic (unfiltered) 25 2716 12.50% 11/16 68.75% 42 376 10.8
Barium (unfiltered) 1000 0/16 0.00% 16716 100.00% 63.7 874 248
Cadmium (unfiltered) 10 1/16 6.25% 6/16 37.50% 0.92 427 225
Chromium (unfiltered) 50 3/16 18.75% 16/16 93.75% 25 17600 163
Cyanide (unfiltered) 100 0/10 0.00% 0/10 0.00% 0 0 0
Iron (unfiltered) 300 1/1 100.00% 111 100.00% 17900 17900 17800
Lead (unfiltered) 25 4/15 26.67% 13715 86.67% 2.8 149 16.2
Mercury (unfiltered) 2 0/16 0.00% 5/16 31.25% 0.04 0.41 0.31
Sefenium (unfiltered) 10 0/14 0.00% 2/14 14.20% 2.1 32 265
Silver (unfiltered) 50 0/16 0.00% 5/18 31.26% . 2 42 2.5
Arsenic (filtered) 25 0/16 0.00% 8/16 50.00% 4.9 11.8 6.8
Barium (filtered) 1000 0/16 0.00% 16/ 16 100.00% 403 308 95.65
Cadmium (filtered) 10 0/16 0.00% 2/18 12.50% 15 2 175
Chromium (filtered) 50 0/16 0.00% 10/16 62.50% 12 14 24
Lead (filtered) 25 0/16 0.00% 5/16 31.25% 24 6.9 47
Mercury (filtered) 2 0/16 0.00% 1/16 6.25% 0.23 0.23 0.23
iSelenium (filtered) 10 0/15 0.00% 2715 13.33% 24 52 -38
[Silver (filtered) 50 0/16 0.00% 4./16 25.00% 1.8 3.4 1.8

Alt units in ug/L
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Table 5-3
Statistical Summary of Round One Groundwater Results
Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA . BEDROCK WELLS
Groundwater
Standards #of GA % of GA Fraquency Detection Minimum Maximum Median
ugiL Exceedances  Exceedances  of Detection Percentage Detected Value Detactad Value Detected Value
Semi-Volatile Compounds )
4-Chloro-3-methyiphenol N/A — " N/A 0/29 0.00% 0 0 0
Diethyiphthalate 50 0/30 0.00% 6/30 20.00% 0.6 7 4
Dimethyl phthalate 50 0730 0.00% 0/30 0.00% 0 0 0
Acenaphthene 20 0/30 0.00% 1/30 3.33% 1 1 1
Fluorene 50 0/30 0.00% 2/30 6.67% 2 10 6
Phenanthrene 50 0/30 0.00% 2/30 6.67% 1 10 65
Anthracene 50 0/30 0.00% 1/30 3.33% 1 1 1
Napthalene : 10 0/30 0.00% 0/30 0.00% 0 0 0
Di-n-butyiphthalate N/A - N/A 18730 60.00% 03 34 0.7
Fluoranthene 50 0/30 0.00% 1/30 3.33% 13 13 13
Pyrene 50 0/30 0.00% 3/30 10.00% 5 13 12
Butylbenzylphthatate 50 0/30 0.00% 1130 3.33% 2 2 2
Benzo(a)anthracene 0.002 2130 6.67% - 21730 6.67% 3 10 6.5
Chrysene 0.002 3/30 10.00% 3/30 10.00% 1 14 3
bis(2-Ethylhexyl)phthalate 50 2130 6.67% 12/30 40.00% 05 300 4
Di-n-octyiphthalate N/A - N/A 1/30 3.33% 0.6 06 0.6
Benzo(b)luoranthene 0.002 1/30 3.33% 1730 3.33% 1 1 1
Benzo(k)Fiuoranthene 0.002 1/30 3.33% 1/30 3.33% 2 2 2
Benzo(a)Pyrene 0.002 1/30 3.33% 1/30 3.33% 1 1 1
Volatile Compounds
Vinyl Chioride 2 2/30 6.67% 2/30 6.67% 42 89 655
Chioroethane 5 0/30 0.00% 0/30 0.00% 0 0 0
Methylene Chioride 5 0/30 0.00% 0/30 0.00% 0 0 0
Carbon Disulfide N/A — N/A 1/30 3.33% 2 2 2
1.1-Dichioroethane 5 0/30 0.00% 0/30 0.00% 0 o 0
cis-1,2-Dichloroethene .5 2/20 10.00% 3/20 15.00% 2 2000 38
trans-1,2-Dichioroethene . 5 0/20 0.00% 0/20 0.00% 0 0 0
1,2-Dichloroethene (total) N/A — N/A 1710 10.00% 2 2 2
Chloroform 7 0/30 0.00% 0/30 0.00% 0 0 0
2-Butanone 5 0/30 0.00% 0/30 0.00% 0 ] 0
Trichioroethene 5 2730 6.67% 3/30 10.00% 4 250 37
Benzene 0.7 1730 3.33% 1/30 3.33% 2 2 2
Tetrachloroethene 5 1/30 3.33% 1/30 333% 350 350 350
Toluene 5 0/30 0.00% 3/30 10.00% 1 2 1
1,1-Dichioroethene 5 0/30 0.00% 0/30 0.00% 0 0 0
1,1.1-Trichloroethane 5 1/30 3.33% 1/30 3.33% 21 21 21
Acetone 50 0/30 0.00% 0/30 0.00% 0 0 [
Bromodichioromethane 5 0/30 0.00% 0/30 0.00% o] 0 0
Chlorobenzene 5 0/30 0.00% 1/30 3.33% 4 4 4
Ethylbenzene 5 0/30 0.00% 0/30 0.00% 0 [ 4]
Xylene (total) 5 0/30 0.00% 1/30 3.33% 1 1 1
Pesticides and PCBs
alpha-BHC N/A — N/A 2130 6.67% 0.01 0.02 0.015
beta-BHC N/A — N/A 0/30 . 0.00% 0 0 0
delta-BHC N/A — N/A 2730 6.67% 0.0024 0.039 0.0207
gamma-BHC (Lindane) N/A - N/A 2/30 6.67% 0.013 0.024 0.0185
Heptachior ND 3/30 10.00% 3/30 10.00% 0.0091 0.069 0.012
Aldrin ND 3/28 10.34% 3/29 10.34% 0.0014 0.0052 0.0025
Heptachlor Epoxide ND 3730 10.00% 3/30 10.00% 0.00072 0.048 0.001
Endosulfan | 0.1 0/30 0.00% 2/30 6.67% 0.0017 00022 . 0.00195
Dieldrin ND 6/29 20.69% 6729 20.69% 0.00082 0.02 0.003
4,4-DDE ND 3/30 10.00% 3/30 10.00% 0.0011 ' 0.036 0.0028
Endrin ND 2/30 6.67% 2/30 6.67% 0.0065 0.15 0.07825
Endosulfan N/A - N/A 2/30 6.67% 0.0041 - 0.016 0.01005
4,4'-DDD ND 2/28 7.14% 2/28 7.14% 0.0018 0.0022 0.00205
Endosulfan Sulfate N/A - N/A 1/30 3.33% 0.0037 0.0037 0.0037
4,4-DDT ND 5/27 18.562% /21 18.52% 0.0011 0.0047 0.0028
Methoxychior 35 0/30 0.00% 2/30 6.67% 0.017 02 0.1085
Endrin Ketone N/A — N/A 2728 6.80% 0.001 0.0015 0.00125
Endrin Aldehyde N/A — N/A 2/29 6.90% 0.0058 0.024 0.0149
alpha-Chlordane 0.1 0/30 0.00% 5/30 16.67% 0.00072 0.036 0.0024
Garmma-Chlordane N/A — - . NA 6/30 20.00% 0.00053 0.022 0.00185
Aroclor-1254 0.1 0/30 0.00% 1/30 3.33% 0.022 0.022 0.022
Aroclor-1260 0.1 1/30 3.33% 1/30 3.33% 0.15 0.15 0.15
{norganic Compounds )
Arsenic (unfiltered) 25 2/30 6.67% 13/30 43.33% 32 97.5 7.8
Barium (unfiltered) 1000 10/30 33.33% 30/30 100.00% 60.5 31400 260
Cadmium (unfiltered) 10 0/30 0.00% 10/30 33.33% 1.1 72 1.85
Chromium (unfiltered) 50 8/30 28.67% 26/30 86.67% 13 3250 113
Cyanide (unfiltered) 100 0/29 0.00% 0/28 0.00% 0 0 0
iron (unfiltered) 300 171 100.00% 171 100.00% 880 880 880
Lead (unfiltered) 25 5/30 16.67% 24730 80.00% 28 161 11.26
Mercury (unfiltered) 2 0/30 0.00% 0/30 0.00% 0 0 0
Selenium (unfiltered) 10 0/29 0.00% 4/29 13.79% 4 57 5.15
Sitver (unfiltered) 50 1/30 3.33% 5/30 16.67% 1.6 104 27
Arsenic (filtered) 25 0/30 0.00% 7/30 23.33% 5.8 10.1 6.9
Barium (filtered) 1000 4/30 13.33% 30/30 - 100.00% 36.6 2700 121
Cadmium (filtered) A 10 0/30 0.00% 4/30 13.33% 1 16 1.35
Chromium (filtered) 50 0/30 0.00% 13/30 43.33% 1 6 2.2
Lead (fitered) 25 0/30 0.00% 19/30 63.33% 28 25 6.4
Mercury (filtered) 2 0/30 0.00% 2/30 6.67% 0.05 02 0.125
Selenium (filtered) 10 0/29 0.00% 3/29 10.34% 5 83 6.3
Silver (filtered) 50 0/30 0.00% 2/30 6.67% 17 26 2.15

All units in ug/L
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Table 5-3
Statistical Summary of Round One Groundwater Results
Manufacturing Area, Watervliet Arsenal

NYSDEC Ciass GA WEATHERED BEDROCK WELLS
Groundwater .
‘Standards #0f GA % of GA Frequency Detaction Minimum Maximum Median
ug/l Exceedances _Excesdances  of Detection Percentage _ Detocted Value Detected Valug Detected Value
Semi-Volatile Compounds
4-Chloro-3-methyiphenol N/A — N/A 0/8 0.00% ] 0 0
Diethyiphthalate 50 0/8 0.00% 2/8 25.00% 0.5 05 05
Dimethyi phthalate 50 0/8 0.00% 0/8 0.00% [ 0 0
Acenaphthene 20 0/8 0.00% 0/8 0.00% 0 (] 0
Fluorene 50 0/8 0.00% 0/8 0.00% 0 o] 0
Phenanthrene 50 o/8 0.00% 0/8 0.00% 0 4] 0
Anthracene 50 0/8 0.00% 0/8 0.00% [ 0 0
Napthaiene 10 0/8 0.00% . o/8 0.00% 0 0 0
Di-n-butyiphthalate N/A — N/A 4/8 50.00% 0.3 3 08
Fluoranthene 50 0/8 0.00% 0/8 0.00% 0 3} [
Pyrene 50 0/8 0.00% 0/8 0.00% "o 0 0
Butylbenzylphthalate 50 0/8 0.00% o/8 0.00% 0 0 0
Benzo(ajanthracene 0.002 0/8 0.00% 0/8 0.00% 0 0 0
Chrysene 0.002 0/8 0.00% 0/8 0.00% 0 0 1]
bis(2-Ethythexyl )phthalate 50 0/8 0.00% 2/8 25.00% 0.6 18 93
Di-n-octylphthalate N/A — N/A 0/8 0.00% 0 0 0
Benzo(b)ftuoranthene 0.002 0/8 0.00% 0/8 0.00% 0 0 0
Benzo(k)Fluoranthene 0.002 o/8 0.00% 0/8 0.00% Y] 0 V]
Benzo(a)Pyrene 0.002 0/8 0.00% 0/8 0.00% 0 0 0
Volatile Compounds
Vinyl Chionide 2 1/8 12.50% 1/8 12.50% 3 3 3
Chioroethane 5 0/8 0.00% 0/8 0.00% 0 0 0
Methylene Chioride 5 0/8 0.00% 0/8 0.00% 0 0 0
Carbon Disulfide N/A —_— NA 1/8 12.50% 4 4 4
_{[1,1-Dichioroethane 5 0/8 0.00% 0/8 0.00% 0 0 [
cis-1,2-Dichioroethene 5 0/6 0.00% 1/6 16.67% 1 1 1
trans-1,2-Dichloroethene 5 0/6 0.00% 0/86 0.00% 0 0 0
1,2-Dichioroethene (total) N/A — N/A 0/2 0.00% 0 4] 0
Chloroform 7 0/8 0.00% 0/8 0.00% 0 0 0
2-Butanone 5 0/8 0.00% 0/8 0.00% 4] 0 Y
Trichloroethene 5 0/8 0.00% 1/8 12.50% 0.7 0.7 0.7
Benzene 0.7 0/8 0.00% 0/8 0.00% 0 0 0
Tetrachioroethene 5 0/8 0.00% 0/8 0.00% 0 0 o]
Toluene 5 0/8 0.00% 0/8 0.00% 0 9] 0
1,1-Dichioroethene 5 0/8 0.00% 0/8 0.00% 0 0 0]
1.1,1-Trichloroethane 5 o/8 0.00% 0/8 0.00% 0 0 0
Acetone 50 0/8 0.00% 0/8 0.00% 0 0 o]
Bromodichioromethane 5 0/8 0.00% . 0/8: 0.00% 0 0 0
Chiorobenzene 5 0/8 0.00% 0/8 0.00% 0 0 0
Ethylbenzene 5 0/8 0.00% 0/8 0.00% 0 0 0
Xylene (total) 5 0/8 0.00% 0/8 0.00% 0 0 0
Pesticides and PCBs
alpha-BHC N/A - N/A 1/8 12.50% 0.0025 0.0025 0.0025
beta-BHC N/A — N/A o/8 0.00% 0 0 0
delta-BHC N/A - N/A 0/8 0.00% 0 0 4]
gamma-BHC (Lindane) N/A — N/A 0/8 0.00% 0 0 0
Heptachlor ND 0/8 0.00% 0/8 0.00% 0 0 0
Aldrin ND 1/8 12.50% 1/8 12.50% 0.00095 0.00095 0.00095
Heptachior Epoxide ND 0/8 0.00% 0/8 0.00% 0 0 0
Endosuifan | 0.1 0/8 0.00% 0/8 0.00% 0 0 0
Dieldrin ND 1/8 12.50% 1/8 12.50% 0.0017 0.0017 0.0017
4,4'-DDE ND 0/8 0.00% 0/8 0.00% 0 "0 0
Endrin ND o/8 0.00% 0/8 0.00% 4] 0 [
Endosulfan | . N/A - N/A 0/8 0.00% 0 4] 0
4,4-DDD ND 0/8 0.00% 0/8 . 0.00% 0 0 0
Endosulfan Sulfate N/A — N/A 0/7 0.00% 0 0 0
4,4'-DDT ND 1/8 12.50% 1/8 12.50% 0.0026 0.0026 0.0026
Methoxychlor 35 0/8 0.00% 0/8 0.00% 0 0 0
Endrin Ketone N/A — N/A 0/8 0.00% 0 0 0
Endrin Aldehyde N/A — N/A 0/8 0.00% 0 0 o]
alpha-Chiordane 0.1 0/8 0.00% 0/8 0.00% 4] 0 0
Gamma-Chlordane . N/A . — N/A 1/8 12.50% 0.0013 0.0013 0.0013
Aroclor-1254 0.1 0/8 0.00% 0/8 0.00% 1] 0 0
Aroclor-1260 0.1 0/8 0.00% 0/8 0.00% 0 0 [
Inorganic Compounds
Arsenic (unfiltered) 25 g/8 0.00% 4/8 50.00% 31 6.4 425
Barium (unfittered) 1000 0/8 0.00% 8/8 100.00% 69.6 683 2795
Cadmium (unfiltered) 10 0/8 0.00% 3/8 37.50% 1.1 85 25
Chromium (unfiltered) 50 1/8 12.50% 8/8 100.00% 2.1 57.1 10.95
Cyanide (unfiltered) 100 0/6 0.00% . 0/6 0.00% [¢] 0 4]
Iron (unfiltered) 300 171 100.00% 171 100.00% 57100 57100 57100
Lead (unfiltered) 25 0/7 0.00% Ti7 100.00% 7.2 20.8 133
Mercury (unfiltered) 2 0’8 0.00% 2/8 25.00% 0.41 0.42 0.415
Selenium (unfiitered) 10 0r7 0.00% 117 14.20% 32 32 32
Silver (unfitered) 50 0/8 0.00% 0/8 0.00% 0 0 0
Arsenic (filtered) 25 0/8 0.00% 0/8 0.00% 0 0 [
Barium (filtered) 1000 0/8 0.00% 8/8 100.00% 205 368 87.15
Cadmium {filtered) 10 0/8 0.00% 1/8 12.50% 1.1 11 1.1
Chromium {filtered) 50 0/8 0.00% 3/8 37.50% 1.2 23 1.4
Lead (filtered) 25 0/8 0.00% 718 87.50% 34 8.1 53
Mercury (filtered) 2 0/8 0.00% 0/8 0.00% 0 0 0
Setenium (filtered) 10 0/8 0.00% 218 25.00% 23 25 24
Silver (filtered) 50 0/8 0.00% 0/8 0.00% 0 0 0

Alf units in ug/L.
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Table 5-3
Statistical Summary of Round One Groundwater Results
Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA| HYBRID WELLS
Groundwater
Standards #of GA % of GA Frequency Detection Minimum Maximum Madian
ug/L Excesdances  Exceedances  of Detaction Pareen;q__qe Detoctod Value Detected Value Detected Value
Semi-Voliatile Compounds
4-Chioro-3-methylphencl N/A - N/A o/9 0.00% 4] 0 0
Diethylphthalate 50 0/8 0.00% 1/9 11.11% 3 3 3
Dimethyl phthaiate 50 0/9 0.00% o/8 0.00% 0 o] 0
Acenaphthene 20 0/9 0.00% 0/9 0.00% 0 0 0
Fluorene 50 0/9 0.00% 0/9 0.00% 0 0 0
Phenanthrene 50 0/9 0.00% (3] 0.00% 0 4] o
Anthracene 50 0/9 0.00% 0/9 0.00% 0 o} 0
Napthalene 10 0/8 0.00% 0/9 0.00% 0 [¢] 0
Di-n-butyiphthalate N/A — N/A 6/8 66.67% 05 6 1.85
Fluoranthene 50 0/9 0.00% 0/8 0.00% 0 0 ]
Pyrene 50 0/8 0.00% 0/9 0.00% 0 ] 0
Butytbenzylphthatate 50 0/8 0.00% 0/9 0.00% 0 0 ]
Benzo{a)anthracene 0.002 0/9 0.00% 0/8 0.00% 0 0 o]
Chrysene 0.002 0/9 0.00% 0/9 0.00% 0 0 0
bis(2-Ethythexyl)phthalate 50 0/9 0.00% 5/0 65.56% 05 2 1
Di-n-octyiphthalate N/A — N/A 0/9 0.00% ] 0 0
Benzo(b)fluoranthene 0.002 0/8 0.00% 0/9 0.00% 0 0 0
Benzo(k)Fiuoranthene 0.002 0/9 0.00% 0/9 0.00% 0 0 0
Benzo(a)Pyrene 0.002 0/8 0.00% 0/9 0.00% 0 0 0
Volatile Compounds
Vinyl Chioride 2 o0/8 0.00% 0/9 0.00% 0 0 0
Chloroethane 5 0/9 0.00% 0/9 0.00% 0 0 ¢
Methylene Chioride 5 0/9 0.00% o/9 0.00% 0 0 0
Carbon Disulfide N/A —— N/A 1/9 . 11.11% 03 03 03
1,1-Dichioroethane 5 0/8 0.00% 0/9 0.00% 0 0 0
cis-1,2-Dichloroethene 5 0/5 0.00% 0/5 0.00% 0 0 0
trans-1,2-Dichloroethene 5 0/5 0.00% 0/5 0.00% 0 0 0
1,2-Dichioroethene (total) N/A — N/A . 1/4 25.00% 5 5 5
Chioroform 7 0/9 0.00% 1/9 11.11% 7 7 7
2-Butanone 5 0/9 0.00% 0/9 0.00% 0 0 ]
Trichloroethene 5 1/9 11.11% 1/9 11.11% 120 120 120
Benzene 0.7 0/9 0.00% o0/9 0.00% o] 0 0
Tetrachloroethene 5 a/9 0.00% 0/8 0.00% 0 0 0
Toluene 5 0/9 0.00% 0/9 0.00% 0 0 0
1,1-Dichloroethene 5 0/9 0.00% o/e 0.00% 0 0 0
1,1,1-Trichloroethane 5 1/9 11.11% 179 11.11% 33 33 33
Acetone 50 0/9 0.00% 0/9 0.00% 0 0 0
Bromadichloromethane 5 0/9 0.00% 0/9 0.00% 0 0 0
Chlorobenzene 5 0/9 0.00% 0/9 0.00% o] 0 0
Ethylbenzene 5 0/¢ . 0.00% 0/9 0.00% ] 0 0
Xylene {total) 5 0/9 0.00% 0/9 0.00% 0 0 0
Pesticides and PCBs
aipha-BHC N/A — N/A o0/9 0.00% 4] 0 0
beta-BHC N/A — N/A 0/9 0.00% 0 [ 0
delta-BHC N/A — N/A 0/9 0.00% 0 0 0
gamma-BHC (Lindane) N/A — N/A 0/9 0.00% o] 0 0
Heptachlor ND 0/9 0.00% 0/9 0.00% 0 0 0
Aldrin ND 0/9 0.00% 0/e 0.00% 0 0 0
Heptachior Epoxide ND 0/8 0.00% 0/9 0.00% 0 0 0
Endosulfan | 0.1 0/9 0.00% 0/9 0.00% 0 0 0
Dieldrin - ND 2/9 22.22% 279 22.22% 0.0011 0.0011 0.0011
4,4-DDE ND . 519 55.56% 5/9 55.56% 0.0021 0.012 0.003
Endrin ND 279 22.22% 2/9 2222% 0.0018 0.0034 0.0026
Endosuifan il N/A — N/A 178, 11.11% 0.0028 0.0029 0.0029
4,4'-DDD ND 1/9 11.11% 119 11.11% 0.0022 0.0022 0.0022
Endosulfan Sulfate N/A — N/A 1/ 11.11% 0.0038 0.0039 0.0039
4,4-DDT ND 3/9 33.33% 3/8 33.33% 0.0043 0.014 0.011
Methoxychior 35 0/9 0.00% 0/9 0.00% 0 0 Y]
Endrin Ketone N/A — N/A 1/9 11.11% 0.001 0.001 0.001
Endrin Aldehyde N/A — N/A 1/9 11.11% 0.0053 0.0053 0.0053
alpha-Chlordane 0.1 0/9 0.00% 1/9 1.11% 0.0017 0.0017 0.0017
Gamma-Chlordane N/A - N/A 2/9 22.22% 0.00059 0.001 0.0007985
Aroclor-1254 0.1 0/9 0.00% 0/9 0.00% 0 0 0
Arocior-1260 0.1 0/¢ 0.00% 1/9 11.11% 0.065 0.065 0.065
Inorganic Compounds
Arsenic (unfiltered) 25 0/9 0.00% 3/9 33.33% 5.7 216 19
Barium (unfiltered) 1000 0/9 0.00% 8/9 100.00% 83.1 694 178
Cadmium (unfiltered} 10 0/9 0.00% 1/¢ 11.11% 13 1.3 1.3
Chromium (unfiltered) 50 3/9 33.33% 8/9 88.89% 16 545 19.76
Cyanide (unfiltered) 100 0r7 0.00% 0/7 0.00% 0 0 0
Iron {unfiltered) 300 0/0 N/A 0/0 N/A 0 0 0
L.ead (unfiltered) 25 3/9 33.33% g/¢ 100.00% 3 39.9 66
Mercury (unfiltered) 2 0/9 0.00% 1/8 11.11% 0.21 0.21 0.21
Selenium (unfiltered) 10 0/9 0.00% 3/9 33.33% 27 6 34
Silver (unfiltered) 50 079 0.00% 1/9 11.11% 23 23 23
Arsenic (filtered) 25 0/9 0.00% 1719 11.11% 38 3.8 38
Barium (filtered) 1000 0/9 0.00% 9/9 100.00% 56.1 664 75.9
Cadmium (filtered) 10 0/¢ 0.00% 2/9 22.22% 1 14 12
Chromium (filtered) 50 0/9 0.00% 6/9 66.67% 1.1 38.4 215
Lead (filtered) 25 1/9 1.11% 6/9 66.67% 24 323 3.08
Mercury (filtered) 2 0/9 0.00% 0/9 0.00% 0 0 0
Selenium (filtered) 10 0/9 0.00% 0/8 0.00% 0 ¢ 0
Silver {filtered) 50 0/9 0.00% 2/9 22.22% 25 3 275

All units in ug/L
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Table 5-3
Statistical Summary of Round One Groundwater Results
Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA ALL WELLS
Groundwater
Standards #of GA % of GA Frequency Detaction Minimum Maximum Median
ug/L Exdkedandks _ Exdkedandks _ of Detection Perdkntage  Detected Value Detacted Value Detected Value
Semi-Volatile Compounds
4-Chloro-3-methyiphenol N/A - 0.00% 4/62 6.45% 4 890 178
Diethylphthalate 50 0/64 0.00% 11/64 17.18% 0.5 o7 3
Dimethyl phthalate 50 0/64 0.00% 1/64 1.56% 2 2 2
Acenaphthene 20 0/64 0.00% 1/64 1.56% 1 1 1
Fluorene 50 0/64 0.00% 2/64 3.13% 2 10 6
Phenanthrene 50 - 0/64 0.00% 2/64 3.13% 1 10 55
Anthracene 50 0/64 0.00% 1/64 1.56% 1 1 1
Napthatene 10 0/64 0.00% 1/64 1.56% 2 2 2
Di-n-butylphthalate N/A — 0.00% 38/64 68.38% 03 34 1.45
Fluoranthene 50 0/64 0.00% 1/64 1.56% 13 13 13
Pyrene 50 0/64 0.00% 3/64 4.68% 5 13 12
Butylbenzyiphthalate 50 0/64 0.00% 1/64 1.56% 2 2 2
Benzo(a)anthracene 0.002 2164 3.13% 2/64 3.13% 3 10 6.5
Chrysene 0.002 3/64 4.69% 3/64 4.69% 1 14 3
bis(2-Ethylhexyl)phthalate 50 2/64 3.13% 24/64 37.50% 0.3 300 2
Di-n-octylphthalate N/A - 0.00% 1/64 1.56% 0.6 0.6 08
Benzo(b)fluoranthene 0.002 1/64 1.56% 1/64 1.56% 1 1 1
Benzo(k)Fiuoranthene 0.002 1/64 1.56% 1/64 1.56% 2 2 2
Benzo(a)Pyrene 0.002 1/64 1.56% 1/64 1.56% 1 1 1
Volatile Compounds
Vinyt Chloride 2 4/66 6.06% 4/66 6.06% 3 89 37
Chioroethane 5 2/66 3.03% 2/66 3.03% 7 7 7
Methylene Chioride 5 0/66 0.00% 0/66 0.00% 1] 0 0
Carbon Disulfide N/A - 0.00% . 3/66 4.55% 03 4 2
1,1-Dichtoroethane 5 4166 6.06% 6/66 9.09% 2 26 6.5
cis-1,2-Dichloroethene 5 3/42 . 7.14% 6/42 14.20% 1 2000 205
trans-1,2-Dichloroethene 5 1742 2.38% 1/42 2.38% 10 10 10
1,2-Dichloroethene (total) N/A — 0.00% 3/26 11.54% 2 5 2
Chloroform 7 2/66 3.03% 5/66 7.58% 3 630 7
2-Butanone 5 0/66 0.00% 0/66 0.00% 0 0 0
Trichloroethene 5 8/66 12.12% 10766 15.16% 0.7 410 785
Benzene 07 2/68 3.03% 2/66 3.03% 2 2 2
Tetrachloroethene 5 1/66 1.52% 2166 3.03% 4 350 177
Toluene 5 0/66 0.00% 4766 6.06% 1 2 1
1,1-Dichloroethene 5 0/66 0.00% 1/66 1.52% 3 3 3
1,1.1-Trichioroethane 5 3/66 4.55% 4/66 6.06% 3 100 27
Acetone 50 0/66 0.00% 1166 1.52% 30 30 30
Bromodichioromethane 5 0/66 0.00% 0/66 0.00% 0 0 0
Chiorobenzene 5 0/66 0.00% 1/66 1.52% 4 4 4
Ethylbenzene 5 0/66 0.00% 0/66 0.00% 0 0 0
Xylene (total) 5 0/66 0.00% 2/66 3.03% 1 2 1.5
Pesticides and PCBs
aipha-BHC N/A - 0.00% 41862 6.45% 0.0025 0.02 0.0075
beta-BHC N/A — 0.00% 0/61 0.00% 0 4] 0
detta-BHC N/A - 0.00% 47862 6.45% 0.0012 0.039 0.0021
gamma-BHC (Lindane) N/A — 0.00% 21761 3.28% 0.013 0.024 0.0185
Heptachior ND 3/62 4.84% 3/62 4.84% 0.0081 0.069 0.012
Aldrin ND 6/61 9.84% 6/61 9.84% 0.00095 0.047 0.00385
Heptachior Epoxide ND 4/62 6.45% 4/62 6.45% 0.00072 0.048 0.0115
Endosuifan 1 0.1 0/62 0.00% 2162 3.23% 0.0017 0.0022 0.00185
Dieldrin ND 13/59 22.03% 13/59 22.03% 0.00082 0.02 0.0021
4,4'-DDE ND 12762 18.35% 121762 18.35% 0.0011 0.045 0.0029
Endrin ND 7161 11.48% 7161 11.48% 0.00061 0.15 0.0034
Endosulfan i : N/A — 0.00% 4/61 6.56% 0.0028 0.016 0.00375
) 4,4'-DDD ND 6/59 10.17% 6/59 10.17% 0.0013 0.038 0.00215
Endosulfan Sulfate N/A e 0.00% 3/61 4.92% 0.0037 0.018 0.0039
4,4-DDT ND 121759 20.34% 12/59 20.34% 0.0011 0.014 0.00315
Methoxychior 35 0/62 0.00% 2162 3.23% 0.017 02 0.1085
Endrin Ketone : N/A — 0.00% 4/61 6.56% 0.001 0.0015 0.00105
Endrin Aldehyde N/A - 0.00% 5/61 8.20% 0.0024 0.024 0.0053
aipha-Chlordane 0.1 0/62 0.00% 61762 9.68% 0.00072 0.036 0.00205
Gamma-Chlordane : N/A - 0.00% 12762 16.35% 0.00053 0.022 0.00125
Aracior-1254 0.1 0/62 0.00% 1/62 1.61% 0.022 0.022 0.022
Aroclor-1260 0.1 1/62 1.61% 3/62 4.84% 0.059 0.15 0.065
Inorganic Compounds
Arsenic (unfiltered) 25 4/63 6.35% 31/63 49.21% 3.1 97.5 78
Barium (unfiltered) 1000 10763 15.87% 63/63 100.00% 60.5 31400 251
Cadmium (unfiltered) 10 1/63 1.59% 20/63 31.75% 0.82 427 1.95
Chromium (unfiltered) 50 15/63 23.81% 57763 980.48% 1.3 17600 14.5
Cyanide (unfiitered} 100 0752 0.00% 0/52 0.00% 0 0 0
tron (unfitered) 300 3/3 100.00% 3/3 100.00% 880 57100 17800
Lead (unfiltered) 25 12761 19.67% 53/61 86.89% 2.8 161 117
Mercury (unfiltered) 2 0/63 0.00% 8/63 12.70% 0.04 0.42 0.32
Selenium (unfiltered) 10 0/59 0.00% 10/59 16.95% 2.1 6 37
Sitver (unfiltered) 50 1/83 1.58% 11/63 17.46% 16 104 25
Arsenic (filtered) 25 0/63 0.00% 16763 25.40% 38 11.8 6.7
Barium (filtered) 1000 4/63 6.35% 63/63 100.00% 20.5 2700 115
Cadmium (filtered) 10 0/63 0.00% 9/63 14.28% 1 2 14
Chromium (filtered) 50 0/63 0.00% 32/63 50.79% 1 384 2.15
Lead (filtered) 25 1/63 1.59% 37/63 58.73% 24 323 52
Mercury (filtered) 2 0/63 0.00% 3/863 4.76% 0.05 0.23 02
Selenium (filtered) 10 0/61 0.00% 7161 11.48% 23 83 5
Silver (filtered) . 50 0/863 0.00% 8/63 12.70% 1.7 34 215
All units in ug/L
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Table 5-4
Statistical Summary of Round Two Groundwater Results
Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA OVERBURDEN WELLS
Groundwater
Standards #0f GA % of GA Frequency Detection Minimum Maximum Median
ugh. Exceedances  Exceedances of Detection Percentage  Detecled Value Delected Value Detected Value

Semi-Volatile Compounds

Naphthalene 10 0/20 0.00% 0/20 0.00% 0 0 0
4-Chioro-3-methyiphenol N/A —_ N/A 5/20 25.00% 1 310 18
Dimethyiphthalate 50 0/20 0.00% 0/20 0.00% 0 0 0
Acenaphthylene 20 0/20 0.00% 0/20 0.00% 0 0 0
Acenaphthene 20 0/20 0.00% 0/20 0.00% 0 0 0
Diethylphthalate 50 0/20 0.00% 4720 20.00% 03 0.6 0.5
Fluorene 50 0/20 0.00% 0/20 0.00% [ 0 0
N-Nitrosodiphenylamine (1) 50 0/20 0.00% 1720 5.00% 0.5 05 0.5
Phenanthrene 50 . 0/20 0.00% . 1/20 5.00% 04 04 04
Anthracene . 50 0/20 0.00% 1/20 5.00% 0.2 02 0.2
Di-n-butylphthalate NA — NA 15720 75.00% 0.2 ’ 1 0.5
Fluoranthene 50 0/20 0.00% 1/20 5.00% 0.6 06 06
Pyrene 50 0/20 0.00% 1720 5.00% 1 1 1
Butylbenzyiphthalate 50 0720 0.00% 2120 10.00% 0.3 08 0.55
Benzo(a)anthracene 0.002 1120 5.00% 1720 5.00% 08 08 0.8
Chrysene 0.002 1/20 5.00% 1720 5.00% 0.9 09 0.9
bis(2-Ethythexyl)phthalate 50 1/20 5.00% 6/20 30.00% 04 65 0.95
Di-n-octylphthalate N/A —_— N/A 1720 5.00% 09 09 0.8
Benzo(b)fluoranthene 0.002 1/20 5.00% 1720 5.00% 0.9 09 09
Benzo(k)fiuoranthene 0.002 1/20 5.00% 1/20 5.00% 1 1 1
Benzo(a)pyrene 1 ND 1/20 5.00% 1/20 5.00% 0.7 0.7 0.7
Indeno(1,2,3-cd)pyrene 0.002 0/20 0.00% 0/20 0.00% 0 0 0
Dibenzo(a.h)anthracene . 50 0/20 0.00% ' 0/20 0.00% 0 0 0
Benzo(g,h,ijperylene 50 ) 0/20 0.00% 0/20 0.00% 0 0 0
Volatile Compounds

Vinyt Chioride 2 1720 5.00% 1720 . 5.00% 9 9 9
Methylene Chioride 5 0/20 0.00% 9/20 45.00% 0.4 2 0.7
Carbon Disulfide N/A —_ N/A 0/20 0.00% 0 0 0
1,1-Dichioroethene 5 0/20 0.00% 1/20 5.00% 2 2 2
1,1-Dichioroethane 5 3/20 15.00% 7/20 35.00% 0.7 .12 4
cis-1,2-Dichioroethene 5 2/20 10.00% 7120 35.00% . 0.3 230 3
Chloroform 7 1/20 5.00% 1720 5.00% 28 28 28
2-Butanone N/A — N/A 1/20 5.00% 2 2 2
1,1,1-Trichloroethane 5 3/20 15.00% 3/20 15.00% [ 82 9
Trichloroethene 5 5/20 25.00% 6/20 30.00% 2 310 47
Benzene 07 06/20 0.00% 0/20 0.00% [¢] 0 0
Tetrachioroethene 5 0/20 0.00% 3/20 15.00% 0.6 2 0.7
trans-1,2-Dichloroethene - 5 0/20 0.00% 1720 5.00% : 3 3 3
Trichlorofluoromethane 5 0/20 0.00% 1/20 5.00% 2 2 2
Pesticides and PCBs

beta-BHC N/A — N/A 1/18 556% 0.007 0.007 0.007
delta-BHC N/A — N/A 0/18 0.00% 0 [¢] 0
gamma-BHC (Lindane) N/A — N/A 0/18 0.00% 0 [¢] 0
Heptachlor ND 0/18 0.00% 0/18 0.00% 0 0 0
Aldrin ND 0/18 0.00% 0718 0.00% 0 [ 0
Dieldrin ND 0/18 0.00% 0/18 0.00% 0 . 0 0
4,4"-DDE ND 2/18 11.11% 2718 11.11% 0.00089 0.0034 0.002145
4,4'-DDD ND 1718 5.56% 1718 556% 0.017 0.017 0.017
4,4-DDT ND 2/18 11.11% 2/18 11.11% 0.0029 0.013 0.00795
Endrin Ketone N/A a— N/A 0/18 0.00% 0 0 0
Endrin Aldehyde N/A - N/A 0/18 0.00% 0 0 0
inorganic Compounds .

Arsenic (filtered) . 25 0/3 0.00% 0/3 0.00% 0 0 0
Barium (filtered) 1000 0/3 0.00% 3/3 100.00% 985 219 131
Cadmium (filtered) 10 0/3 0.00% 173 33.33% 3.1 3.1 3.1
Chromium (filtered) 50 0/3 0.00% .13 33.33% 8.7 8.7 8.7
Lead (filtered) 25 0/3 0.00% 173 33.33% 22 22 22
Mercury (filtered) 2 0/3 0.00% 0/3 0.00% 0 0 0
Selenium (filtered) 10 0/3 0.00% 173 33.33% 42 4.2 42
Silver (filtered) 50 0/3 0.00% 0/3 0.00% 4] 0 0
Arsenic (unfiltered) 25 2/19 10.53% 15719 78.95% 1.7 53.6 55
Barium (unfiltered) 1000 1/19 5.26% 19719 100.00% 417 1400 136
Cadmium (unfiltered) 10 0/19 0.00% 7719 36.84% 1.1 8.2 32
Chromium (unfiltered) 50 4/19 21.05% 16719 100.00% 1.1 1440 9.3
Lead (unfiltered) 25 4/19 21.05% 15718 78.95% 24 133 9
Mercury (unfiltered) 2 0/19 0.00% 1719 5.26% 0.45 0.45 0.45
Selenium (unfiltered) 10 0/19 0.00% 5719 26.32% 1.8 49 27
Silver {unfiltered) 50 0/18 0.00% 0/19 0.00% 0 0 - 4

All units in ug/L
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Table 5-4
Statistical Summary of Round Two Groundwater Results
Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA BEDROCK WELLS
Groundwater
Standards #of GA % of GA Frequency Detection Minimum Maximum Median
ug/l Exceedances  Exceedances of Detection Percentage  Detected Valus Detected Value Detected Value
Semi-Volatile Compounds
Naphthalene 10 0/30 0.00% 1/30 3.33% 0.8 08 0.8
4-Chloro-3-methyiphenol N/A — ’ N/A 0/30 0.00% 0 0 0
Dimethylphthalate 50 0/30 0.00% 0/30 0.00% 0 0 0
Acenaphthylene 20 0/30 0.00% 0/30 0.00% 0 0 0
Acenaphthene 20 0/30 0.00% 1/30 3.33% 1 1 1
Diethyiphthalate 50 0/30 0.00% 6/30 20.00% 02 0.9 03
Fluorene 50 0/30 0.00% 1/30 3.33% 0.7 0.7 0.7
N-Nitrosodiphenylamine (1) 50 0/30 0.00% 0/30 0.00% 0 [¢] 0
Phenanthrene 50 0/30 0.00% 2/30 6.67% 2 10 6
Anthracene 50 0/30 - 0.00% 0/30 0.00% ] 0 0
Di-n-butylphthalate N/A — N/A 20/30 66.67% 0.2 08 04
Fluoranthene 50 0/30 0.00% 2/30 6.67% 2 24 13
Pyrene 50 0/30 0.00% 3/30 10.00% 1 24 1
Butylbenzylphthalate 50 0/30 0.00% 1/30 3.33% 0.3 0.3 03
Benzo(a)anthracene 0.002 1/30 3.33% 1/30 3.33% 17 17 17
Chrysene 0.002 1/30 3.33% 1/30 3.33% 40 40 40
bis(2-Ethylhexyl)phthalate 50 0/30 0.00% 11/30 36.67% 02 8 2
Di-n-octylphthalate N/A - N/A 0/30 0.00% 0 0 0
Benzo(b)fluoranthene 0.002 0/30 0.00% 0730 0.00% 0 0 0
Benzo(k)fiuoranthene 0.002 0/30 0.00% 0/30 0.00% 0 0 0
Benzo(a)pyrene ND 0/30 0.00% 0730 0.00% 0 0 0
Indeno(1,2,3-cd)pyrene 0.002 0/30 0.00% 0/30 0.00% 0 0 )]
liDibenzo(a,h)anthracene 50 0730 0.00% 0/30 0.00% o 0 0
Benzo(g h i)perylene 50 0/30 0.00% 0/30 0.00% 0 0 ]
Volatile Compounds
Vinyl Chloride . 2 4/30 13.33% 4/30 13.33% 22 160 44
Methylene Chioride 5 1730 3.33% 11/30 36.67% 0.4 48 08
Carbon Disulfide N/A — N/A 1/30 3.33% 1 1 1
1,1-Dichioroethene 5 0/30 0.00% 1/30 3.33% 08 08 08
1,1-Dichloroethane 5 0/30 0.00% 2/30 6.67% 05 1 075
cis-1,2-Dichioroethene 5 5730 16.67% 6/30 - 20.00% 4 1100 60
Chioroform 7 0/30 0.00% 0/30 0.00% 0 0 0
2-Butanone N/A -— N/A 0/30 0.00% 0 0 0
1,1,1-Trichloroethane 5 1/30 3.33% 1730 3.33% 20 20 20
Trichloroethene 5 3/30 10.00% 7130 23.33% 05 120 2
Benzene 07 1/30 3.33% 1/30 3.33% 08 08 08
Tetrachloroethene 5 1/30 3.33% 2/30 6.67% 07 120 60.35
trans-1,2-Dichloroethene 5 1730 3.33% 5/30 16.67% 07 10 2
Trichlorofluoromethane 5 0/30 0.00% 0/30 0.00% 0 0 0
Pesticides and PCBs ’
beta-BHC N/A - N/A 0/29 0.00% 0 0 0
delta-BHC N/A — N/A 1/29 3.45% 0.016 0.016 0.016
lgamma-BHC (Lindane) N/A —— N/A 1/29 3.45% 0.15 0.15 0.15
Heptachlor ND 1/29 3.45% 1/28 3.45% 0.049 0.049 0.049
Aldrin ND 3729 10.34% 3/29 10.34% 0.0078 0.061 0.0083
Dieidrin ND 3/29 10.34% 3/29 10.34% 0.0017 0.019 0.0094
4,4'-DDE ND 3/29 10.34% 3/29 10.34% 0.0022 0.1 0.016
4,4-DDD ND 1/29 3.45% 1/29 3.45% 0.01 0.01 0.01
4.4-DDT ND 1/29 3.45% 1729 3.45% 0.0021 0.0021 0.0021
Endrin Ketone N/A — N/A 1/29 3.45% 0.0045 0.0045 0.0045
Endrin Aldehyde N/A e N/A 1729 3.45% 0.22 0.22 0.22
Inorganic Compounds
Arsenic (filtered) ' 25 0/7 0.00% 247 28.57% 54 13.7 955
Barium (fitered) 1000 1/7 14.29% 717 100.00% 945 1520 400
Cadmium (fitered) 10 0/7 0.00% 1/7 14.29% 1.3 13 1.3
Chromium {filtered) 50 0/7 0.00% 117 14.29% 26.2 26.2 26.2
Lead (filtered) 25 177 14.29% 417 57.14% 2 64.4 7.15
Mercury (fittered) 2 0/7 0.00% 177 14.29% 0.2 02 02
Selenium (filtered) 10 0/7 0.00% 117 14.29% 2 2 2
Silver {filtered) 50 0/7 0.00% 1/7 14.29% 2 2 2
Arsenic (unfiltered) 25 3/30 10.00% 16 /30 53.33% 1.6 744 56
Barium (unfittered) 1000 8/30 26.67% 30730 100.00% 26.2 8220 461.5
Cadmium (unfiltered) 10 4/30 13.33% 11730 36.67% 1 127 2.9
Chromium (unfiltered) 50 5/30 16.67% 23/30 76.67% 1 2570 8.9
Lead (unfiltered) 25 7/30 23.33% 20/30 66.67% 2 810 10.05
Mercury (unfiltered) 2 0/30 0.00% 2/30 6.67% 0.32 0.78 0.55
Selenium (unfiltered) 10 21730 6.67% 6/30 20.00% 1 23 4.05
Silver (unfiltered) 50 0/30 0.00% 0/30 0.00% 0 4] 0
All units in ug/L
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Table 54
Statistical Summary of Round Two Groundwater Results
Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA WEATHERED BEDROCK WELLS
Groundwater
Standards #of GA % of GA Frequency Detection Minimum Maximum Median
ug/L Exceedances _Exceedances of Detection Percentage _ Detected Value Detected Value Detected Value
Semi-Volatile Compounds .
Naphthatene 10 0/8 0.00% 0/8 0.00% 0 0 0
4-Chioro-3-methyiphenol N/A — N/A 0/8 0.00% [} 0 0
Dimethylphthalate 50 0/8 0.00% 0/8 0.00% 0 [} 0
Acenaphthylene 20 0/8 0.00% 0/8 0.00% 0 0 0
Acenaphthene 20 0/8 0.00% 0/8 0.00% 0 [¢] 0
Diethyiphthalate 50 0/8 0.00% 1/8 12.50% 06 06 06
Fluorene 50 . 0/8 0.00% 0/8 0.00% 0 0 0
N-Nitrosodiphenylamine (1) 50 0/8 0.00% 0/8 0.00% [} 0 0
Phenanthrene 50 0/8 0.00% 0/8 0.00% 4 [ Q
Anthracene 50 0/8 0.00% o/8 0.00% 0 0 Q
Di-n-butyiphthalate N/A —— N/A 5/8 62.50% 0.2 0.4 03
Fluoranthene 50 0/8 0.00% 0/8 0.00% 0 0 0
Pyrene 50 0/8 0.00% . 0/8 0.00% 0 0 0
Butylbenzylphthalate 50 0/8 0.00% 0/8 0.00% o 0 [}
Benzo(aj)anthracene 0.002 0/8 0.00% 0/8 0.00% [} 0 0
Chrysene 0.002 0/8 0.00% o/8 0.00% 0 [ 4]
bis(2-Ethylhexyl)phthalate 50 0/8 0.00% 1/8 12.50% 0.8 0.8 08
Di-n-octylphthalate N/A —_— N/A 0/8 0.00% 0 0 0
Benzo(b)fiuoranthene 0.002 0/8 0.00% 0/8 0.00% 0 0 0
Benzo(k)fluoranthene 0.002 0/8 0.00% 0/8 0.00% 0 0 [¢]
Benzo(a)pyrene ND 0/8 0.00% 0/8 0.00% [} 0 0
Indeno(1,2,3-cd)pyrene 0.002 0/8 0.00% o/8 0.00% [ 0 0
"Dibenzo(a,h)amhmcene 50 6/8 0.00% 0/8 0.00% 0 [ 0
Benzo(g,h,lperylene 50 0/8 0.00% 0/8 0.00% 0 [ 0
Volatile Compounds
Viny! Chioride . 2 1/8 12.50% 1/8 12.50% 4 4 4
Methylene Chloride 5 0/8 0.00% 4/8 50.00% 04 2 15
Carbon Disulfide ’ N/A - N/A 0/8 0.00% 0 [¢] .0
1,1-Dichloroethene 5 0/8 0.00% 0/8 0.00% 0 0 0
1,1-Dichloroethane 5 o/8 0.00% o/8 0.00% [+ 0 0
cis-1,2-Dichloroethene 5 o/8 0.00% 1/8 12.50% 1 1 1
Chioroform 7 0/8 0.00% 0/8 0.00% 0 0 0
2-Butanone N/A - N/A 0/8 0.00% 0 0 0
1,1.1-Trichloroethane 5 o/8 0.00% 0/8 0.00% 0 0 0
Trichloroethene 5 0/8 0.00% 1/8 12.50% 0.7 07 07
Benzene 0.7 0/8 0.00% 0/8 0.00% 0 0 0
Tetrachloroethene 5 0/8 0.00% 2/8 25.00% 04 06 05
trans-1,2-Dichloroethene 5 0/8 0.00% 0/8 0.00% o 0 o
Trichlorofiuoromethane 5 0/8 0.00% 0/8 0.00% 0 0 0
Pesticides and PCBs
beta-BHC N/A — N/A 0/8 0.00% 0 0 0
deita-BHC NA — N/A 0/8 0.00% [+] 0 [¢]
gamma-B8HC (Lindane) N/A — N/A 0/8 0.00% 0 0 0
Heptachlor ND 0/8 0.00% 0/8 0.00% 0 0 0
Aldrin ND 0/8 0.00% 0/8 - 0.00% 0 0 0
Dieldrin ND 0/8 0.00% o/8 0.00% 0 0 0
4.4-DDE ND o/8 0.00% o/8 0.00% 0 0 0
4,4'-DDD ND 0/8 0.00% 0/8 0.00% 0 0 0
4,4-DDT ND o/8 0.00% 0/8 0.00% 0 0 0
Endrin Ketone N/A — N/A 0/8 0.00% 0 0 0
Endrin Aldehyde N/A — N/A 0/8 0.00% 0 0 0
tnorganic Compounds .
Arsenic (filtered) 25 0/1 0.00% . 1171 100.00% 2.5 2.5 25
Barium (filtered) 1000 0/1 0.00% 171 100.00% 812 81 812
Cadmium (filtered) 10 0/1 0.00% 0/1 0.00% 0 ’ 4] 0
Chromium (filtered) 50 0/1 0.00% 171 100.00% 23 23 2.3
Lead (filtered) 25 0/1 0.00% 071 0.00% 0 0 0
Mercury (filtered) 2 0/1 0.00% 071 0.00% 0 0 0
Selenium (fillered) 10 0/1 0.00% o/1 0.00% 0 0 0
Silver (filtered) 50 0/1 0.00% 0/1 0.00% 0 [ 0
Arsenic (unfiltered) 25 2/8 25.00% 4/8 50.00% 3.7 183 90.8
Barium (unfiltered) 1000 2/8 25.00% 8/8 100.00% 86.4 3920 259.5
Cadmium (unfiltered) 10 2/8 . 25.00% 4/8 50.00% 1.9 282 16.55
Chromium (unfiltered} 50 2/8 25.00% 8/8 100.00% 1.1 357 31
Lead (unfiltered) 25 2/8 25.00% 6/8 75.00% 22 336 11.9
Mercury (unfiltered) 2 0/8 0.00% 1/8 12.50% 0.49 0.49 0.49
Selenium (unfiltered) 10 0/8 0.00% 4/8 50.00% 1.8 6.6 2.65
Silver (unfiltered) 50 0/8 0.00% 0/8 0.00% 0 0 0
All units in ug/it.
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Table 5-4
Statistical Summary of Round Two Groundwater Results
Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA HYBRID WELLS
Groundwater -
" Standards #0of GA % of GA Frequency Detection Minir Maxii Madian
ug/. Exceedances  Exceedances  of Detection Percentage  Detected Value Detected Value Detected Value

Semi-Volatile Compounds

Naphthalene 10 0/3 0.00% 0/3 0.00% 0 0 o
4-Chioro-3-methyiphenol N/A — N/A 0/3 0.00% 0 0 0
Dimethylphthalate 50 0/3 0.00% 0/3 0.00% 0 0 0
Acenaphthylene 20 0/3 0.00% 0/3 0.00% 0 [ 0
Acenaphthene 20 0/3 0.00% 0/3 0.00% 0 0 0
Diethylphthalate - 50 0/3 0.00% 0/3 0.00% 0 0 0
Fluorene 50 0/3 0.00% 0/3 0.00% 0 0 0
N-Nitrosodiphenylamine (1) 50 0/3 0.00% . 0/3 0.00% 0 0 0
Phenanthrene 50 0/3 0.00% 0/3 0.00% 0 [ 0
Anthracene 50 0/3 0.00% 0/3 0.00% 0 0 0
Di-n-butyiphthalate N/A — N/A 1/3 33.33% ‘06 06 086
Fluoranthene 50 0/3 0.00% 0/3 0.00% 0 0 0
Pyrene 50 0/3 0.00% 0/3 0.00% 0 0 0
Butylbenzyiphthalate 50 0/3 0.00% 0/3 0.00% 0 0 0
Benzo(a)anthracene 0.002 0/3 0.00% 0/3 0.00% 0 0 o
Chrysene 0.002 0/3 0.00% 0/3 0.00% 0 0 0
bis(2-Ethylhexyt)phthalate 50 0/3 0.00% 1/3 33.33% 1 1 1
Di-n-octyiphthalate N/A — N/A 0/3 0.00% 0 0 0
Benzo(b)luoranthene 0.002 a/3 0.00% 0/3 0.00% V) h) 0
Benzo(k)fluoranthene 0.002 - 0/3 0.00% 0/3 0.00% [¢] 0 [4]
Benzo(a)pyrene ND 0/3 0.00% 0/3 0.00% 0 0 0
indeno(1,2,3-cd)pyrene 0.002 0/3 0.00% 0/3 0.00% 4] 0 0
Dibenzo(a h)anthracene 50 ) 0/3 0.00% 0/3 0.00% 0 0 0
Benzo(g,h,)perylene 50 0/3 0.00%_ 0/3 0.00% 0 Q 0
Volatile Compounds .

Vinyl Chioride 2 0/3 0.00% 0/3 0.00% ] 0 [¢]
Methylene Chioride 5 0/3 0.00% 2/3 66.67% 0.8 2 1.4
Carbon Disulfide . N/A — N/A 0/3 0.00% 0 0 0
1,1-Dichloroethene 5 0/3 0.00% 0/3 0.00% 0 o 0
1,1-Dichioroethane 5 0/3 0.00% 1/3 33.33% 06 0.6 0.6
cis-1,2-Dichloroethene 5 0/3 0.00% 1/3 33.33% 05 0.5 05
Chioroform 7 0/3 0.00% 0/3 0.00% 0 0 0
2-Butanone N/A - N/A 0/3 0.00% 0 0 0
1,1,1-Trichloroethane 5 0/3 0.00% 0/3 0.00% 0 0 0
Trichloroethene 5 0/3 0.00% 0/3 0.00% 0 0 0
Benzene 0.7 0/3 0.00% 0/3 0.00% 0 0 0
Tetrachloroethene 5 0/3 0.00% 0/3 0.00% 0 0 0
trans-1,2-Dichloroethene 5 0/3 0.00% 0/3 0.00% 0 [+] 0
Trichlorofluoromethane 5 0/3 0.00% - 1/3 33.33% 4 4 4
Pesticides and PCBs

beta-BHC N/A - NA 0/3 0.00% 0 0 0
delta-BHC N/A - N/A 0/3 0.00% 0 0 0
gamma-BHC (Lindane) N/A - N/A 0/3 0.00% 1] 0 0
Heptachlor ND 0/3 0.00% 0/3 0.00% 0 0 0
Aldrin ND 0/3 0.00% 0/3 0.00% 0 0 0
Dieldrin ND 0/3 0.00% 0/3 0.00% 0 0 0
4,4'-DDE ND 1/3 33.33% 173 33.33% 0.0018 0.0018 0.0018
4.4-DDD ND 1/3 33.33% 1/3 33.33% 0.0015 0.0015 0.0015
4.4-DDT ND 0/3 0.00% 0/3 0.00% 0 ] 0
Endrin Ketone N/A — N/A 0/3 0.00% 0 0 0
Endrin Aldehyde N/A — N/A 0/3 0.00% 0 0 0
Inorganic Compounds
Arsenic (filtered) 25 0/0 N/A 0/0 N/A 0 0 0
Barium (filtered) 1000 6/0 N/A 0/0 N/A 0 0 0
Cadmium (filtered) . 10 0/0 N/A 0/0 N/A 0 0 4]
Chromium (filtered) 50 0/0 N/A 0/0° N/A 0 0 0
Lead (filtered) 25 0/0 N/A 6/0 N/A 0 0 0
Mercury (filtered) 2 0/0 N/A 0/0 N/A 0 0 0
Selenium (filtered) 10 0/0 N/A 0/0 N/A 0 [¢] 0
Silver (filtered) 50 0/0 N/A 0/0 N/A 0 0 0
Arsenic (unfiltered) 25 6/3 0.00% 3/3 100.00% 1.5 15.4 58
Barium (unfiltered) 1000 1/3 33.33% 3/3 100.00% 17 1400 149
Cadmium (unfiltered) 10 173 33.33% 1/3 33.33% 117 17 117
Chromium (unfittered) 50 3/3 100.00% 3/3 100.00% 53.2 1520 738
Lead (unfiltered) 25 173 33.33% 3/3 100.00% 96 114 133
Mercury (unfiltered) 2 0/3 0.00% 0/3 0.00% 0 0 0
Sefenium (unfiltered) 10 0/3 0.00% 1/3 33.33% 1.4 11 1.1
Silver (unfiltered) 50 0/3 0.00% 0/3 0.00% 0 0 0

Al units in ug/L
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Table 5-4
Statistical Summary of Round Two Groundwater Results
Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA ALL WELLS
Groundwater
Standards #0f GA % of GA Frequency Detection Minimum Maximum Median
ug/l. Exceedances gxoeedanoes -of Detection Perdkngge Detected Value Detected Value Detected Value
Semi-Volatile Compounds
Naphthalene 10 0/61 0.00% 1/61 1.64% 08 08 08
4-Chioro-3-methyiphenol N/A - 0.00% 5/61 8.20% 1 310 18
Dimethyiphthalate 50 0/61 0.00% 0/6t 0.00% 0 0 0
Acenaphthyiene 20 0/61 0.00% 0/61 0.00% 0 0 0
Acenaphthene 20 0/61 0.00% 1/861 1.64% 1 1 1
Diethylphthalate 50 0/61 0.00% 11/61 18.03% 0.2 08 0.4
Fluorene 50 0/61 0.00% 1/61 1.64% 0.7 07 0.7
N-Nitrosodiphenytamine (1) 50 0/61 0.00% 1/61 1.64% 05 05 0.5
Phenanthrene 50 0/61 0.00% 3/61 4.92% 04 10 2
Anthracene 50 0/61 0.00% 1/61 1.64% 02 0.2 0.2
Di-n-butyiphthalate N/A —_— 0.00% 41/61 87.21% 0.2 1 04
Fluoranthene 50 0/61 0.00% 3/61 4.92% 0.6 24 2
Pyrene 50 0/61 0.00% 4/61 6.56% 1 24 1
Butylbenzylphthalate 50 0/61 0.00% 3/61 4.92% 0.3 08 0.3
Benzo(a)anthracene 0.002 2/61 3.28% 2/61 3.28% 0.8 17 8.9
Chrysene 0.002 2/61 3.28% 2161 3.28% 0.9 40 2045
bis(2-Ethylhexyl)phthalate 50 1761 1.84% 19/61 31.15% 02 65 1
Di-n-octyiphthalate N/A — 0.00% 1/61 1.64% 0.9 0.9 0.9
Benzo(b)fluoranthene 0.002 1/61 1.64% 1761 1.64% 0.9 0.8 0.9
liBenzo(k)fiuoranthene 0.002 1761 1.64% 1761 1.64% 1 1 1
Benzo(a)pyrene ND 1761 1.64% 1/61 1.64% 0.7 0.7 07
indeno(1,2,3-cd)pyrene 0.002 0/61 0.00% 0/61 0.00% 4] 0 0
Dibenzo(a,h)anthracene 50 0/61 0.00% 0/61 0.00% 0 0 0
Benzo(g,h,h)perytene 50 0/61 0.00% 0/61 0.00% 0 0 Q
Volatile Compounds . :
Viny! Chioride 2 6761 9.84% 6/61 9.84% 4 160 31
Methylene Chioride 5 1/61 1.64% 26761 42.62% 0.4 48 0.8
Carbon Disulfide N/A —_ 0.00% 1/61 1.64% 1 1. 1
1,1-Dichloroethene 5 0/61 0.00% ' 2/61 3.28% 0.8 2 1.4
1,1-Dichloroethane 5 3/61 4.92% 10/61 16.39% 0.5 12 1.5
cis-1,2-Dichloroethene 5 7/861 11.48% 15/61 24.59% 0.3 1100 4
Chloroform 7 1/61 1.64% 1/61 1.64% 28 28 28
2-Butanone N/A - 0.00% 1761 1.64% 2 2 2
1.1, 1-Trichloroethane 5 4/61 6.56% 4761 6.56% 6 82 14.5
 Trichloroethene 5 8/61 13.11% 147161 22 .95% 0.5 310 28
Benzene 0.7 1/61 1.64% 1/61 1.64% 08 0.8 0.8
Tetrachloroethene 5 1/61 1.64% 7161 11.48% 0.4 120 07
trans-1,2-Dichioroethene 5 1/61 1.64% 6761 9.84% 0.7 10 2
Trichlorofluoromethane 5 0/61 0.00% 2/61 3.28% 2 4 3
Pesticides and PCBs
beta-BHC N/A - ' 0.00% 1/58 1.72% 0.007 0.007 0.007
delta-BHC N/A — 0.00% 1/58 1.72% . 0.016 0.0186 0.018
gamma-BHC (Lindane) N/A — 0.00% 1/58 1.72% 0.16 0.15 0.15
Heptachior ND 1/58 1.72% 1/58 1.72% 0.049 0.049 0.049
Aldrin ND 3/58 517% 3/58 517% 0.0078 0.061 0.0083
Dieldrin ND 3/58 517% 3/58 517% 0.0017 0.019 0.0094
4,4-DDE ND 6/58 10.34% 6/58 10.34% 0.00089 0.1 0.0028
4,4-DDD ND 3/58 5.17% 3/58 5.17% 0.0015 0.017 0.01
4,4-DDT ND 3/58 5.17% 3/58 517% 0.0021 0.013 0.0029
Endrin Ketone N/A - 0.00% 1/58 1.72% 0.0045 0.0045 0.0045
Endrin Aldehyde N/A — 0.00% 1/58 1.72% 0.22 0.22 0.22
Inorganic Compounds
Arsenic (filtered) 25 0/11 0.00% 3/11 27.27% 25 13.7 54
Barium (filtered) 1000 1/11 9.09% M/ 100.00% 845 1620 280
Cadmium (filtered) 10 0/11 0.00% 2/ 11 18.18% 13 3.1 22
Chromium (filtered) 50 0/11 0.00% 3/11 27.27% 2.3 26.2 8.7
Lead (filtered) 25 1711 9.09% 5/11 45.45% 2 64.4 5.6
Mercury (filtered) 2 0/11 0.00% 1/ 9.09% 0.2 0.2 0.2
Selenium (filtered) 10 0/11 0.00% 2/11 18.18% 2 4.2 3.1
Silver (fitered) 50 0/ 11 0.00% 1/11 9.09% 2 2 2
Arsenic (unfiltered) 25 7/860 11.67% 38/60 63.33% 1.5 744 57
Barium (unfiltered) 1000 12/60 20.00% 60/60 100.00% 26.2 8220 233
Cadmium (unfiltered) 10 7760 11.67% 23/60 38.33% 1 127 43
Chromium (unfitered) 50 14/60 23.33% 53/60 88.33% 1 2570 93
Lead (unfiltered) 25 14/60 23.33% 44 /60 73.33% 2 810 10.05
Mercury (unfiltered) 2 0/60 0.00% 4/60 6.67% 0.32 0.78 0.47
Selenium (unfiltered) 10 2/860 3.33% 16/60 26.67% 1 23 27
Silver (unfiltered) 50 0/60 0.00% 0/860 0.00% 0 0 Y
Alt units in ug/t
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Table 5-5
Statistical Summary of Groundwater Results
Rounds Three, Four, and Geoprobe Samples
Main Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA OVERBURDEN WELLS
Groundwater
Standards #of GA % of GA Frequency Detection Minimum Maximum Median
ug/L Exceedances  Exceedances of Detection Percentage _ Detected Value Detected Value Detected Value
Semi-Volatile Compounds
1,2,4-Trichlorobenzene 5 . 6/15 0.00% 1/15 6.67% 0.2 02 0.2
2-Methylnaphthalene 50 0/15 0.00% 1/15 6.67% 2 2 2
4-Chloro-3-methyiphenol — — 3715 20.00% 0.6 30 4
Acenaphthene 20 c/15 0.00% 4715 26.67% 0.2 09 0.55
Acenaphthylene 20 0/15 0.00% 3/15 20.00% 0.2 0.5 03
Anthracene 50 0/15 0.00% 6/15 40.00% 0.1 2 0.4
Benzo(a)anthracene 0.002 6/15 40.00% 6/15 40.00% 0.2 [ 1.35
Benzo(a)Pyrene 0.002 5715 33.33% 57115 33.33% 0.3 5 2
Benzo(b)liuoranthene 0.002 4115 26.67% 5715 33.33% 03 4 12
Benzo(g,h,i)perylene 50 0/15 0.00% 0715 0.00% 0 ] —
Benzo(k)Fiuoranthene 0.002 5715 33.33% 5715 33.33% 03 4 2
bis(2-Ethythexyl)phthalate 50 1715 6.67% 12715 80.00% 0.2 57 1
Butytbenzyiphthalate 50 0715 0.00% 4/15 26.67% 0.09 3 03
Chrysene 0.002 6/15 40.00% 6715 40.00% 0.2 6 1.35
Di-n-butyiphthalate 50 0715 0.00% 12/ 15 80.00% 0.2 0.7 0.25
Dibenzo(a,h)anthracene 50 c/15 0.00% 0/15 0.00% 0 0 —
Diethylphthatate 50 0/15 0.00% 12715 80.00% 02 1 03
Fluoranthene 50 0/15 0.00% 7115 46.67% 03 12 2
Fluorene 50 0/15 0.00% 0715 0.00% ] 0 —
Isophorone 50 c/15 0.00% . 2/15 13.33% 1 2 15
indeno(1,2,3-cd)pyrene 0.002 0/15 0.00% 0/15 0.00% 0 0 —
Napthalene 10 0/15 : 0.00% 3/15 20.00% 06 2 0.8
Phenanthrene 50 0/15 0.00% 7115 46.67% 0.5 7 1
Pyrene 50 0/15 0.00% 7/15 46.67% 0.2 10 2
Volatile Compounds
1,1,1-Trichloroethane 5 0/28 0.00% 1728 3.67% 3 3 3
1,1-Dichioroethane 5 3/28 10.71% 5728 17.86% 3 14 6
1,2-Dichioroethene (total) N/A - — 0/28 0.00% o] 0 —
2-Butanone 50 0/28 0.00% 0/28 0.00% 0 0 —_
Benzene 0.7 1/28 3.57% 1/28 3.57% 4 4 4
Bromodichloromethane . 50 0/28 0.00% 0/28 0.00% 0 0 —
Carbon Disulfide NA —— — 0/28 0.00% o 0 —
Chlorobenzene 5 /28 0.00% 0/28 0.00% 0 o] —
Chioroform 7 0/28 0.00% 0/28 0.00% o} 0 —
cis-1,2-Dichloroethene 5 2/28 7.14% 7128 25.00% 2 360 3
Dibromochloromethane 50 0/28 0.00% 6/28 0.00% 0 0 —
Methylene Chloride 5 1/28 3.57% 5128 17.86% 1 10 2
Tetrachloroethene 5 1/28 3.57% 2128 7.14% 1 10 5
trans-1,2-Dichloroethene 5 0/28 0.00% 1/28 3.57% 4 4 4
Trichioroethene 5 4128 14.29% 10728 35.71% 1 240 4
Vinyl Chioride 2 1728 3.57% 3/28 10.71% 2 28 2
Xylene (total) 5 0/28 0.00% 1/28 357% 2 2 2
Pesticides and PCBs
Not Analyzed
Inorganic Compounds
Arsenic (unfiltered) 25 6/16 37.50% 147186 87.50% 2 636 18
Barium (unfittered) 1000 7118 43.75% 15/16 93.75% 151 7,460 976
Cadmium (unfiltered) 10 17186 6.25% 5716 31.25% 1 99 2
. ffChromium (unfiltered) 50 7116 43.76% 14/ 16 87.50% 4 1,690 55
. Lead (unfiltered) . 25 12716 75.00% 14/16 87.50% 3 10,600 727
Mercury (unfiltered) 2 1716 6.25% 7118 43.75% 0.28 2 0.41
Selenium (unfiltered) 10 5/16 31.25% 117186 68.75% 3 366 10
Siiver 50 0/16 0.00% 6/16 37.50% 1 23 2
Arsenic (filtered) 25 0/3 0.00% 1/3 33.33% 3 3 3
Barium (fiitered) ! 1000 073 0.00% 3/3 100.00% 186 817 265
Chromium (fittered) 50 0/3 0.00% 173 33.33% 2 2 2
Lead (filtered) 25 0/3 0.00% 2/3 66.67% 2 24 13
All units in ug/l.
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Table 5-5
Statistical Summary of Groundwater Results
Rounds Three, Four, and Geoprobe Samples
Main Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA BEDROCK WELL.S
Groundwater
Standards #0of GA % of GA Frequency Detection Minimum Maximum Median
ug/L Exceedances Exceedances of Detection Percentage Detected Value Detected Value Detected Value
Semi-Volatile Compounds
1,2,4-Trichlorobenzene 5 0/13 0.00% 0/13 0.00% 0 0 —
2-Methylnaphthalene 50 0/13 0.00% 0/13 0.00% o] 0 —
4-Chioro-3-methylphenot e o 0/13 0.00% 0 0 —
Acenaphthene 20 . 0/13 0.00% . 0/13 0.00% 0 o —
Acenaphthylene 20 0/13 0.00% 6/13 0.00% 0 0 —
Anthracene 50 0/13 0.00% 2/13 15.38% 12 25 185
Benzo(a)anthracene 0.002 4/13 30.77% 4713 30.77% 6 26 14
Benzo(a)Pyrene 0.002 4713 30.77% 4/13 30.77% 4 13 75
Benzo(b)fluoranthene 0.002 4713 30.77% 4/13 30.77% 4 14 9
Benzo(g,h,i)perylene 50 0/13 0.00% 1/13 7.69% 11 1 1
Benzo(k)Fluoranthene 0.002 6/13 0.00% 0713 0.00% 0 0 —_
bis(2-Ethylhexyl)phthalate 50 0/13 0.00% 6/13 46.15% 0.5 48 0.6
Butylbenzylphthalate 50 0/13 0.00% 0/13 0.00% 0 0 —
Chrysene 0.002 4/13 30.77% 4/13 30.77% 5 23 10
Di-n-butylphthalate 50 0/13 0.00% 6/13 46.15% 03 0.4 03
Dibenzo(a,h)anthracene . 50 0/13 0.00% 1/13 7.69% 4 4 4 .
Diethylphthalate 50 0/13 0.00% 9/13 69.23% 0.4 1 0.5
Fluoranthene .50 2/13 15.38% - 27113 15.38% 63 65 64
Fluorene 50 c/13 0.00% 1713 7.69% 5 5 5
Isophorone 50 0/13 0.00% 6/13 0.00% o] 0 —
Indeno(1,2,3-cd)pyrene 0.002 1/13 7.69% 1/13 7.69% 9 9 9
Napthalene 10 0/13 0.00% 0/13 - 0.00% 0 0 —
Phenanthrene 50 06/13 0.00% 3/13 23.08% 0.8 26 3
Pyrene 50 0/13 0.00% 4/13 30.77% § 49 26
Voliatile Compounds .
1,1, 1-Trichloroethane 5 1731 3.23% 1731 3.23% | 19 19 19
1,1-Dichloroethane 5 0731 0.00% 1731 3.23% 1 1 1
1,2-Dichloroethene (total) N/A 5/31 16.13% 5731 16.13% 120 22,000 1,700
2-Butanone 50 1731 3.23% 1731 3.23% 11 11 11
Benzene 0.7 0/31 0.00% 0731 0.00% o Q -—
Bromodichloromethane 50 /31 0.00% 2/3 6.45% 2 4 3
Carbon Disulfide N/A 0/31 0.00% 1731 3.23% 5 5 5
Chlorobenzene 5 1/31 3.23% 11731 3.23% - 600 600 600
Chloroform 7 3/31 9.68% 3731 9.68% kel 24 198
cis-1,2-Dichloroethene 5 4/31 12.90% 5/31 16.13% 4 1,200 18
Dibromochioromethane 50 0/31 0.00% 1/31 3.23% 1 1 1
Methylene Chloride 5 5/31 16.13% 10/31 32.26% 1 440 5
Tetrachloroethene 5 5731 16.13% g/31 29.03% 1 110,000 120
trans-1,2-Dichloroethene 5 0/31 0.00% 1731 3.23% 2 2 2
Trichloroethene 5 8/31 25.81% 11731 35.48% 1 10,000 98
Viny! Chioride 2 4/31 12.90% 8/31 25.81% 2 160 14
Xylene (total) 5 0/31 0.00% 0/31 0.00% 0 0 —
Pesticides and PCBs '
Not Analyzed
Inorganic Compounds
Arsenic (unfiltered) 25 1711 9.09% 7711 63.64% 3 3 6.2
Barium (unfiltered) 1000 5711 45.45% 11/ 11 100.00%, 334 334 607
Cadmium (unfiltered) 10 0/ 11 0.00% 0/ 11 0.00% 0 0 -
Chromium (unfiltered) 50 2/ 11 18.18% 11/ 11 100.00% 2 2 246
Lead (unfiltered) 25 3711 21.27% 11/ 11 100.00% 5 5 93
Mercury (unfiltered) 2 0/ 11 0.00% oo/ 11 0.00% 0 0 —
Selenium (unfiltered) 10 o/ 11 0.00% o/ 11 0.00% 4 0 —
Silver 50 0/11 0.00% 1711 9.09% 1 1 1
Arsenic (filtered) 25 0/ 11 0.00% 2/ 11 18.18% 3 3 31
Barium (filtered) 1000 1711 9.09% 11/ 11 100.00% 106 106 254
Chromium (filtered) < 0/1 0.00% 5711 45.45% 1 1 12
Lead (filtered) 25 0/11 0.00% S/11 81.82% 2 2 2
Al units in ug/L

NS - Not Sampled . FP\D2B5587TVILERFIDRAFT FINAL\TABLESvd384gwstat dsIGW Table




Table 5-5
Statistical Summary of Groundwater Results
Rounds Three, Four, and Geoprobe Samples
Main Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA WEATHERED BEDROCK WELLS
Groundwater :
Standards #of GA % of GA Frequency Detection Minimum Maximum Median
ug/l Exceedances __Exceedances of Defection Percentage _Detected Value Detected Value Detected Value

Semi-Volatile Compounds

1,2,4-Trichlorobenzene 5 NS NS NS NS NS NS NS
2-Methyinaphthalene 50 NS NS NS NS NS NS NS
4-Chioro-3-methylphenol NS NS NS NS NS NS NS
Acenaphthene 20 NS NS NS NS NS NS NS
Acenaphthylene 20 NS : NS NS NS NS NS NS
Anthracene 50 NS NS NS NS NS NS NS
Benzo(a)anthracene 0.002 NS NS NS NS NS NS NS
Benzofa)Pyrene 0.002 NS NS NS NS NS NS NS
Benzo(b)fluoranthene 0.002 NS NS NS NS NS NS NS
Benzo(g,h,i)perylene 50 NS NS NS NS NS NS NS
Benzo(k)Fluoranthene 0.002 NS NS NS NS NS NS NS
bis(2-Ethylhexyl)phthalate 50 NS NS NS NS NS NS NS
Butylbenzylphthalate 50 NS NS NS NS NS NS NS
Chrysene 0.002 NS NS NS NS NS NS NS
Di-n-butylphthalate 50 NS NS NS NS NS NS NS
Dibenzo(a, h)anthracene 50 NS NS NS NS NS NS NS
Diethyiphthalate 50 NS NS NS NS NS NS NS
Fluoranthene 50 NS NS NS NS NS NS NS
Fluorene 50 NS NS NS NS NS NS NS
Isophorone 50 NS NS NS NS NS NS NS
indeno(1,2,3-cd)pyrene . 0.002 NS NS NS NS NS NS NS
Napthalene 10 NS NS NS NS NS NS NS
Phenanthrene 50 NS NS NS NS NS NS NS
Pyrene 50 NS NS NS NS NS NS NS
Volatile Compounds

1,1,1-Trichloroethane 5 0/5 0.00% 0/5 : 0.00% 0 0 -
1,1-Dichloroethane & 0/5 0.00% : 0/5 0.00% 0 ] —
1,2-Dichloroethene (total) NIA 075 0.00% 0/5 0.00% 0 0 —
2-Butanone 50 0/5 0.00% 0/5 0.00% 0 0 —
Benzene 0.7 0/5 0.00% 0/5 0.00% 0 0 —
Bromodichioromethane 50 0/5 0.00% 0/6 0.00% 0 0 —
Carbon Disulfide N/A 0/5 0.00% 0/5 0.00% 0 0 —
Chiorobenzene 5 0/5 0.00% 0/5 0.00% 0 0 —_
Chioroform 7 0/5 0.00% 175 20.00% 1 1 1
cis-1,2-Dichloroethene 5 0/5 0.00% 115 20.00% 2 2 2
Dibromochicromethane &0 0/5 0.00% 0/5 0.00% 0 0 —
Methylene Chloride 5 0/5 0.00% 0/5 0.00% 0 0 —
Tetrachloroethene 5 0/5 0.00% 0/5 0.00% 0 0 -
trans-1,2-Dichioroethene 5 0/5 0.00% 0/5 0.00% 0 0 ——
Trichloroethene 5 0/5 0.00% 3/5 60.00% 1 2 1
Viny! Chloride 2 0/5 0.00% 1/5 20,00% 3 3 3
Xylene (total) 5 0/5 0.00% 0/5 0.00% 0 0 —
Pesticides and PCBs

Not Analyzed

Inorganic Compounds
Arsenic (unfiltered) 2 NS NS NS NS NS NS NS
Barium (unfiltered) 1000 NS NS NS NS NS NS NS
Cadmium (unfiltered) 10 NS NS NS NS NS NS NS
Chromium (unfiltered) 50 NS NS NS NS NS NS NS
Lead (unfiltered)’ 25 NS NS NS NS NS NS NS
Mercury (unfiltered) 2 NS NS NS NS NS NS " NS
Selenium (unfiltered) 10 NS NS NS NS NS NS NS
Siiver : 50 NS NS NS NS NS NS NS
Arsenic (filtered) 25 NS NS NS NS NS NS NS
Barium (filtered) 1000 NS NS NS NS NS NS NS
Chromium (filtered) 50 NS NS NS NS NS NS NS
Lead (filtered) 25 NS NS NS NS NS NS NS

Ali units in ug/l
NS - Not Sampied F\P\3285587FILERFIDRAFT FINAL\TABLE SWd384gwstat dsiGW Table




Table 5-5
Statistical Summary of Groundwater Results
Rounds Three, Four, and Geoprobe Samples
Main Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA . HYBRID WELLS
Groundwater
Standards #of GA % of GA Frequency Detection Minimum Maximum Median
ug/L Exceedances Exceedances of Detection Percentage _ Detected Value Detected Value Detected Value
Semi-Volatile Compounds
1,2,4-Trichlorobenzene 5 NS NS NS NS NS NS NS
2-Methylnaphthalene 50 NS NS NS NS NS NS NS
4-Chloro-3-methylphenot NS NS NS NS NS NS NS
Acenaphthene 20 NS NS NS NS NS NS NS
Acenaphthylene 20 NS NS NS NS NS NS NS
Anthracene 50 NS NS NS NS NS NS NS
Benzo(a)anthracene 0.002 NS NS NS NS NS . NS NS
Benzo(a)Pyrene 0.002 NS NS NS NS NS NS NS
Benzo(b)fluoranthene 0.002 NS NS NS NS NS NS NS
Benzo(g, h.i)perylene 50 NS NS NS NS NS NS NS
Benzo(k)Fluoranthene 0.002 NS NS NS NS NS NS NS
bis(2-Ethylhexyl)phthalate 50 NS NS NS NS NS NS NS
Butyibenzylphthalate 50 NS NS NS NS NS NS NS
Chrysene 0.002 NS NS NS NS NS NS NS
Di-n-butylphthaiate 50 NS NS NS NS NS NS NS
Dibenzo(a,h)anthracene 50 NS NS NS NS NS NS NS
Diethylphthalate 50 NS NS NS NS NS NS NS
Fluoranthene 50 NS NS NS NS NS NS NS
Fluorene 50 NS NS NS NS NS NS NS
isophorone 50 NS NS NS NS - NS NS NS
indeno(1,2,3-cd)pyrene 0.002 NS NS NS NS NS NS NS
Napthalene .10 NS NS . NS NS NS NS NS
Phenanthrene 50 NS NS NS NS NS NS NS
Pyrene 50 NS NS NS NS NS NS NS
Volatile Compounds :
1,1,1-Trichloroethane 5 172 50.00% 1/2 50.00% 10 10 10
1,1-Dichioroethane 5 0/2 0.00% 112 50.00% 1 1 1
1,2-Dichloroethene {total) N/A 0/2 0.00% 0/2 0.00% 0 o -
2-Butanone 50 0/2 0.00% 0/2 0.00% 0 0 —
Benzene 0.7 0/2 0.00% 0/2 0.00% [¢] 0 —
Bromodichloromethane 50 0/2 0.00% 0/2 0.00% 0 0 —
Carbon Disulfide N/A 0/2 0.00% 0/2 0.00% 0 0 -—
Chlorobenzene 5 0/2 0.00% 0/2 0.00% 0 0 —
Chloroform 7 0/2 0.00% 172 50.00% 1 1 1
cis-1,2-Dichloroethene 5 072 0.00% 212 100.00% 1 3 2
Dibromochloromethane 50 0/2 0.00% 0/2 0.00% [¢] ] —
Methylene Chloride 5 0/2 0.00% 072 0.00% 0 0 —
Tetrachioroethene 5 0/2 0.00% 0/2 0.00% 0 o] —
trans-1,2-Dichloroethene 5 0/2 0.00% 0/2 0.00% 0 0 —
Trichloroethene 5 1/2 50.00% 212 100.00% 1 50 25
Vinyl Chioride 2 0/2 0.00% 0/2 ' 0.00% o 0 —
Xylene (total) 5 0/2 0.00% 0/2 0.00% 0 0 —
Pesticides and PCBs
Not Analyzed
Inorganic Compounds
Arsenic (unfiltered) 25 NS NS NS NS NS NS NS
Barium (unfiltered) 1000 NS NS NS NS NS NS NS
Cadmium (unfiltered) 10 NS NS NS NS NS ' NS NS
Chromium (unfiltered) 50 NS NS ‘NS NS NS NS NS
Lead (unfiltered) 25 NS NS NS NS NS - NS NS
Mercury (unfiltered) 2 NS NS NS NS NS NS NS
Selenium (unfiltered) 10 NS NS NS NS NS’ NS NS
Sitver 50 NS NS NS NS NS NS NS
Arsenic (filtered) 25 NS NS NS NS NS NS NS
Barium (filtered) 1000 NS NS NS NS NS NS NS
Chromium (filtered) 50 NS NS NS NS NS NS NS
Lead (filtered) 25 NS NS NS NS NS NS NS

All units in ug/L
NS - Not Sampled FAP\D285587FILERFNDRAFT FINAL\TABLESd384gwstat:dsIGW Yable




Table 5-5
Statistical Summary of Groundwater Results
Rounds Three, Four, and Geoprobe Samples
Main Manufacturing Area, Watervliet Arsenal

NYSDEC Class GA ALL WELLS
Groundwater
Standards #o0f GA % of GA Frequency Detection Minimum Maximum Median
ug/L Exceedances __ Exceedances of Detection Perdkntage _ Delected Value Detected Value Detected Value
Semi-Volatile Compounds
1,2,4-Trichlorobenzene 5 0728 0.00% 1728 3.57% 0.2 0.2 0.2
2-Methylnaphthaiene 50 0/28 0.00% 1/28 3.57% 2 2 2
4-Chioro-3-methyiphenol — — . 3/28 10.71% 06 30 4
iAcenaphthene 20 0728 0.00% 4/28 14.29% 02 0.8 0.55
Acenaphthylene 20 0/28 0.00% 3/28 10.71% 02 0.5 03
Anthracene 50 0/28 0.00% 8/28 28.57% A 25 075
Benzo(a)anthracene 0.002 10/28 35.71% 10/28 35.71% 0.2 26 5.5
Benzo(a)Pyrene 0.002 9/28 32.14% 9/28 32.14% 0.3 13 4
Benzo(b)fiuoranthene 0.002 8/28 28.57% 9/28 32.14% 03 14 4
Benzo(g,h,iperylene &0 0/28 0.00% 1/28 3.57% 1 11 11
Benzo(k)Fluoranthene 0.002 5728 17.86% 5728 17.86% 03 4 2
bis(2-Ethylhexyl)phthalate 50 1/28 3.57% 18/28 64.29% 0.2 57 0.85
Butylbenzylphthalate 50 0/28 0.00% 4728 14.28% 0.09 3 0.3
Chrysene 0.002 10/28 35.71% 10/28 35.71% 0.2 23 5
Di-n-butylphthalate 50 - 0/28 0.00% 181728 64.29% 02 0.7 03
Dibenzo(a, h)anthracene 50 c/28 0.00% 1/28 3.57% 4 4 4
Diethylphthalate 50 c/28 0.00% 21728 75.00% 02 1 . 04
Fluoranthene 50 21728 7.14% 9/28 32.14% 03 65 4
Fiuorene 50 0/28 0.00% 1728 3.57% 5 5 5
"Isophorone 50 . 0/28 0.00% 2128 7.14% 1 2 1.5
Indeno(1,2,3-cd)pyrene 0.002 1/28 357% 1728 3.57% ] 9 9
Napthalene 10 0/28 0.00% 3/28 10.71% 0.6 2 08
Phenanthrene . 50 0/28 0.00% 10/28 35.71% 05 26 1.5
Pyrene 50 0/28 0.00% 11/28 39.29% 0.2 43 5
Volatile Compounds
1,1,1-Trichioroethane 5 2/66 3.03% 3/66 4.55% 3 19 10
1,1-Dichloroethane 5 3/66 4.55% 7166 16.67% 1 14 4
1,2-Dichioroethene (total) N/A -— — 5166 1.52% 120 22,000 1,700
2-Butanone 50 1766 1.82% 17866 0.00% 11 11 11
Benzene 0.7 1/66 1.52% 17686 4.55% 4 4 4
Bromodichloromethane 50 /66 0.00% 2/66 1.52% 2 4 3
Carbon Disulfide N/A — — 1/66 1.62% 5 5 5
Chlorobenzene 5 1766 1.62% 1/66 4.55% 600 600 600
Chloroform 7 3/66 4.55% . 5/166° 10.61% 1 24 9
cis-1,2-Dichioroethene I} 6/66 9.09% 15766 16.67% 1 1,200 4
Dibromochloromethane 50 0/866 0.00% 1/68 15.15% 1 1 1
Methylene Chloride 5 6/66 9.08% 15766 21.21% 1 440 2
Tetrachloroethene 5 6/66 9.09% 11/66 4.55% 1 110,000 10
trans-1,2-Dichicroethene 5 C/66 0.00% 2/66 18.18% 2 4 3
Trichloroethene 5 13/66 18.70% 261766 34.85% 1 10,000 6
Vinyi Chioride 2 5/66 7.58% 12766 6.06% 2 160 4
Xylene (total) 5 0/66 0.00% 1/68 1.52% 2 2 2
Pesticides and PCBs
Not Analyzed
inorganic Compounds
Arsenic (unfiltered) 25 7127 25.93% 21127 77.78% 22 636 14
Barium (unfiltered) 1000 12727 44.44% 26127 96,30% 151 7460 886.5
Cadmium (unfiltered) 10 1127 3.70% 5127 18.52% 1.4 99 .4 1.9
Chromium (unfiltered) &0 9/27 33.32% 25127 92.59% 23 1680 279
Lead (unfiltered) . 25 15727 55.56% 2517127 82.59% " 29 10600 56.8
Mercury (unfiitered) 2 1727 3.70% 7127 - 25.93% 0.28 21 0.41
Selenium (unfittered) 5127 18.52% 11727 40.74% 2.5 366 10
Sitver 0/27 0.00% 7127 25.93% 1 2.7 1.9
Arsenic (fittered) 0/ 14 0.00% 3714 21.43% 28 3.1 3.10
Barium (filtered) 1714 7.14% 14714 100.00% 106 3450 254.5
Chromium (filtered) 50 0/14 0.00% 6114 42.86% 11 1.7 11
L‘gead (fiitered) 28 0/14 0.00% 11714 78.57% 2 244 2

All units in ug/L
NS - Not Sampled FP\028558T\FILEWRFNDRAFT FINALITABLESWd384gwstat isiGW Tebie




Table 6-1
Summary of Physical and Chemical Properties of Chlorinated Solvents
Main Manufacturing Area, Watervliet Arsenal

Compound MwW Vapor Pressure Solubility | Henry's Constant Boiling Point Density Koc Kd Retardation
(torr) (mg/L) (atm-m3/mol) (oC) (g/cm3) (mL/g) (g/mL) Coefficient
Tetrachloroethene (PCE) 165.8 18.9 200 0.0174 1214 1.63 364 0.364 3.48
Trichloroethene (TCE) 1315 75 1,100 0.00937 86.7 1.46 126 0.126 1.86
cis-1,2-Dichlororethene 97 205 3,500 0.00374 60 1.28 86 0.086 1.58
trans-1,2-Dichlororethene 97 315 6,300 0.00916 48 - 1.26 59 0.059 1.40
1,1-Dichloroethene 97 603 3,350 0.0255 31.9 1.22 65 0.065 1.44
Vinyl Chioride (VC) 62.5 2660 1,100 0.7 -13.9 0.91 57 0.057 1.39

F\P\028558 \FILE\RFIDRAFT FINAL\TABLES\table61.xis!CS
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