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EXECUTI VE SUMVARY

This executive sunmary briefly describes the activities and
results of a renedial investigation (RI) conducted during 1989,
1990, and 1991 at the Maywood Site in Maywood, New Jersey. The R
was performed by the U S. Departnment of Energy (DOE) in cooperation
with the Environnental Protection Agency (EPA) Region Il. The
New Jersey Departnment of Environnmental Protection and Energy was
provi ded an opportunity to participate in devel oping the scoping
and pl anni ng docunents and to provide oversight to sanpling
activities.

The follow ng sections provide basic background about the site
(ES. 1), explain the purpose of the Rl and outline its goals (ES. 2),
and di scuss the environnental requirenents and agency
responsibilities at the site (ES.3). Section ES.4 |lists the
activities perforned at the site, and Section ES.5 summarizes the
Rl results in ternms of the nature and extent of contam nation. The
potential fate and transport of contam nants are discussed in
Section ES. 6, and Section ES.7 presents basic concl usions and
outlines future requirenents for work at the site.

ES.1 BACKGROUND

The Maywood Site is |ocated in Bergen County, New Jersey,
approximately 20 km (12 m) north-northwest of New York City and
21 km (13 m ) northeast of Newark, New Jersey. At Maywood,
operations at the fornmer Maywood Chemi cal Works (MCW resulted in
contam nation of nunerous properties in the boroughs of Maywood and
Lodi and the township of Rochell e Park.

In 1916, MCW began extracting radi oactive thoriumand rare
earths fromnonazite sand for use in manufacturing industri al
products such as mantles for gas lanterns. The slurry that
contai ned waste fromthe thorium processi ng operations was punped
to two earthen di ked areas west of the plant. Sone process wastes,
along with tea and coca | eaves from ot her MCW operations, were
renmoved fromthe MCWproperty and used as mulch and fill on nearby
properties, thereby contam nating those properties. Additional
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waste apparently mgrated off the property through natural drainage
associated wth the forner Lodi Brook. MCW stopped extracting
thoriumin 1956, but thorium processing from stockpiled nateri al
continued until 1959. The property was sold to the Stepan Conpany
in 1959; Stepan Conpany has never processed radi oactive material.

In 1961, Stepan was issued an Atom c¢ Energy Comm ssion (AEC)
radi oactive materials license. On the basis of AEC i nspections and
information related to the property west of New Jersey State
Route 17, Stepan agreed to take certain corrective actions and
began to clean up residual thoriumwastes in 1963, partially
stabilizing residues and tailings. From 1966 through 1968,
contam nated material was renoved fromthe property west of
Route 17 and buried in three burial pits on the Stepan property.

In 1968, AEC surveyed the area west of Route 17 and certified
it for use wthout radiological restrictions. At the tine of the
survey, AEC was apparently not aware of contam nated waste
materials still present in the northeast corner of the property.

In 1968, this portion of the Stepan property was sold to a private
citizen, who sold it in the 1970s to Ball od Associ ates; that area
is now called the Ballod property.

The presence of radioactive materials in the northeast corner
of the Ballod property was discovered in 1980. A survey of the
area (Route 17, Ballod property, and Stepan property) identified
the contam nants as thorium 232 and radi um 226. Additional surveys
confirmed high concentrations of thorium 232 in soil sanples, and
subsequent surveys indicated contam nation not only on the Stepan
and Bal | od properties but also in areas to the north and sout h.

Subsequent investigations by OGak Ri dge National Laboratory
i ndi cated that several residential properties were contam nated and
required renmedi al action. DCE was authorized to undertake a
decont am nati on research and devel opnent project at the Maywood
Site by the Energy and Water Devel opnent Appropriations Act of
1984, and the Maywood Site was assigned to DOE's Fornerly Utilized
Sites Renedial Action Program (FUSRAP). In 1985, to expedite
cl eanup of the contam nated properties, DOE negotiated access to a
4.7-ha (11.7-acre) portion of the Stepan property for use as an
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interimstorage facility for contam nated materials; this area was
designated as the Maywood Interim Storage Site (M SS)
Subsequent |y, DCE began a program of renoval actions (i.e.,
cl eanup) at the vicinity properties and environnental nonitoring at
M SS. In Septenber 1985, ownership of MSS was transferred to DOE
The properties contam nated as a result of the original MW
activities include the property previously owmed by MCW (now owned
by the Stepan Conpany); MSS; and nunerous residential, commercial,
and governnental vicinity properties. These properties conprise
t he Maywood Site.
Many of these properties have been previously investigated, and
sonme have been renediated. At the tinme of this R, 25 of the
55 residential properties designated by DOE for renedi ati on had
been fully decontam nated, and one has since been partially
decontam nated. Thirty have been characterized but remain to be
remedi ated. Eight residential properties were investigated during
the RI. Twenty-three comrerci al /governnmental properties had been
previously characterized, and a partial renoval action had been
conducted on the Ballod property. Five comercial/governnent al
properties were investigated during the R

ES. 2 PURPCSE AND GOALS OF THE REMEDI AL | NVESTI GATI ON

For the purposes of the Maywood Site RI, DOE grouped the
properties into four operable units to obtain the greatest
efficiency and effectiveness in perform ng and nmanagi ng R
activities:

« Stepan Conpany property (also referred to as Stepan

property)
e« MSS

e Residential vicinity properties

e Commercial /governnmental vicinity properties

The properties may be grouped differently for evaluating
remedi al action alternatives or when final renedial actions are
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i npl enent ed.

The purpose of the RI was to define the nature and extent of
contam nation at the Maywood Site, determ ne the fate and transport
of contam nants, and identify renedial action objectives. This
information will then be used in a feasibility study (FS) to
identify potential renedial action alternatives and potenti al
applicable or relevant and appropriate requirenents.

Hi storical data and data collected during the RI have been used
to achieve the goals of this RI. The R gathered data not
col l ected during previous investigations and investi gated
properties that had been designated for inclusion in FUSRAP but had
not been fully characterized.

The Rl objectives for each operable unit were as foll ows:

St epan property

e Determne the extent of surface radioactive contam nation

e Determne horizontal and vertical boundaries of subsurface
radi oacti ve contam nation

e ldentify the chem cal contam nants resulting fromthorium
processi ng operations

« Determ ne whet her hazardous waste [as defined by the
Resource Conservation and Recovery Act (RCRA)] is mxed with
radi oacti ve waste

« Determ ne whether wastes buried at Stepan have mgrated from
t hose burial areas

e« Confirmthe validity of previous surveys' radiol ogical
measurenents of fixed and renovabl e contam nation within
bui | di ngs

e Confirmthe validity of previous surveys' neasurenents of
gamma exposure rates within buildings and over outdoor
surfaces

M SS
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« Determ ne whether waste in the storage pile contains
RCRA- hazar dous waste or pol ychl ori nated bi phenyls (PCBs)

« Determne the average concentrations of radioactive waste in
the pile

e Determ ne whether chem cal contam nants are present in
onsite soil and identify the contam nants

e Determ ne whether chem cal contam nants are migrating from
M SS t hrough surface water, sedinent, or groundwater

e« Quantify the radon and thoron exposure pathways at M SS

e« Quantify residual radioactive contam nation on structural
surfaces in Building 76

e Resolve data gaps to provide further understanding of the
M SS groundwat er system

Residential vicinity properties

e Determne the extent of surface radioactive contam nation on
residential vicinity properties not previously characterized

e Determne the horizontal and vertical boundaries of
subsurface radi oactive contam nati on on these properties

e Investigate the potential presence of chem cal contam nants
associated wth thorium processi ng operations

e Determ ne the nechani sns of contam nant transport

. Measure the gamma exposure rates on each property

Comrerci al / governnmental vicinity properties

« Determne the extent of surface radioactive contam nation on
comerci al / governnental properties investigated as part of
this R

e« Determne horizontal and vertical boundaries of subsurface
radi oactive contam nation on these properties

e Investigate the potential presence of chem cal contam nants
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associated wth thorium processi ng operations
e Determ ne the nechani sns of contam nant transport

e Measure the gamma exposure rates on each property.

ES. 3 CLEANUP RESPONSI BI LI TI ES AND REQUI REMENTS

Responsibility for cleanup of the radioactive and chem cal
contam nation at the Maywood Site is shared by DCE and EPA. DOE s
responsibilities are based on its role as manager of FUSRAP and its
ownership of MSS; EPA Region Il oversees DOE s work because the
Maywood Site is listed on the National Priorities List. The shared
responsibilities of the two agencies have been detailed in a
negoti ated federal facilities agreement (FFA) that becane effective
April 22, 1991.

Under the FFA, DOE is responsible for cleanup of "FUSRAP
waste," which, as defined in the FFA, is specifically limted to

« Al radioactive and chem cal contani nation, whether
comm ngl ed or not, occurring on the DCE-owned M SS

« Al radioactive contam nation exceeding DCE action |evels
and related to thorium processing at MCW occurring on any
vicinity property

Chem cal or nonradi oactive contam nation on vicinity properties
is DOE's responsibility if the contam nation satisfies either of
the foll ow ng conditions:

e« |If the contamnation is m xed or comm ngled with radi oactive
contam nation that exceeds DOE action |evels

e« |If the contam nation originated at DOE-owned MSS or if it
is associated with specific thorium manufacturing or
processing activities at MCWthat resulted in the
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radi oacti ve cont am nati on

Renedi al and renoval actions at the Maywood Site are being
conduct ed under the Conprehensive Environnmental Response,
Conpensation, and Liability Act (CERCLA), as anended by the
Superfund Anendnents and Reaut horization Act. In addition, all DOE
activities nmust be conducted in conpliance with the National
Environnmental Policy Act, which requires that the environnental
consequences of a proposed action be considered as part of the
deci si on- maki ng process for that action.

The FFA requires that EPA review all previous characterization
and renedi ation activities conducted by DOE to determ ne functional
equi val ency with technical and substantive requirenents of CERCLA,
t he National Contingency Plan, and the renedial investigation/
feasibility study (RI/FS) process.

The Maywood Site is al so being addressed through a separate
RI/FS, which is being conducted by Stepan Conpany under EPA
direction and oversight. DOE is addressing radioactive
contam nation as well as the contam nants that neet the definition
of FUSRAP waste set forth by the FFA. Stepan Conpany is primarily
responsi bl e for nonradi oactive or chem cal contam nati on under an
adm ni strative order of consent signed with EPA in 1987 and an
adm ni strative order signed by EPA in 1991. Al though DCE and
Stepan RI/FS activities are being conducted i ndependently, EPA
oversight of both actions will ensure that sufficient coordination
occurs between the parties to fully address the Maywood Site
wi t hout duplication of effort.

ES.4 Rl ACTIVITIES

Activities perforned to neet the goals of the Rl centered on
collecting data and conpiling information regarding surface
features, contam nant sources, surface water and sedi nents,
hydr ogeol ogy, neteorol ogy, denography, and ecol ogy. Surface
feature investigations concentrated on aerial photographs,

t opogr aphi ¢ maps, owner draw ngs (where available), and eyew tness
accounts. Additional investigations perfornmed included a
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ground- penetrating radar survey of burial pits 1 and 2 at Stepan
and portions of two commercial properties.

Cont am nant source investigations were perforned to eval uate
potential waste source(s) and to further characterize radiol ogical,
chem cal, and physical characteristics of materials within various
medi a at the Maywood Site. These included radiol ogical

i nvestigations of the four operable units using near-surface gama
radi ati on surveys, surface and subsurface soil sanpling, downhole
gamma | oggi ng, and gama exposure rate neasurenents.

Chem cal investigations were performed on various properties to
determ ne whet her waste woul d be characterized as RCRA- hazardous
upon renoval and whether chem cal contam nation existed that net
the FFA definition of FUSRAP waste.

Surface water/sedi nent investigations were perforned to
determ ne whet her radi oactive or chem cal contam nants originating
at MSS are mgrating into (and being transported offsite by) the
current surface water flow systemand to determ ne any inpact of
waters fromM SS on the surface waters in the vicinity.

The hydrogeol ogi c investigation was conducted to further define
t he groundwater systemat MSS and to provide additional data to
suppl ement previous investigations. Sanpling and anal ysis of
groundwat er were conducted to investigate the nature, extent, and
concentrations of contam nants present in the groundwater and their
potential for mgration from M SS.

Met eor ol ogi cal , denographi c, and ecol ogi cal data were conpil ed
by review ng previous characterizations and historical information.

ES.5 NATURE AND EXTENT OF CONTAM NATI ON

ES.5.1 Stepan Property

The Rl confirnmed that the primary sources of radioactive
contam nation on the Stepan property are burial pits 1, 2, and 3.
In the burial pits, the maxi num concentration of thorium 232, which
was the primary contam nant at the Maywood Site, was 1,592 pC /g
(burial pit 1). |In addition, surface and subsurface soils
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t hroughout the Stepan property were found to be radioactively
cont am nat ed; the maxi num concentration of thorium232 in surface
soils was 380 pC /g, and the maxi num depth of subsurface

contam nation outside the burial pits was 4.6 m (15 ft).

Radi oactive contam nation on the Stepan property also occurs in
areas where thorium processing operations were conducted and where
process residues were used as fill material in |lowlying areas.
However, the areas of contam nation are covered by grass or
asphalt, so there is little potential for mgration via surface
wat er runoff.

DOE conducted Iimted chem cal assessnment of the Stepan
property because of the separate RI/FS bei ng conducted by the
Stepan Conpany. In this |imted chem cal assessnent, three rare
earth el enments (cerium |anthanum and neodym un) were detected
wi th greater frequency and at hi gher concentrations than others,
primarily in areas of radioactive contamnation. These results are
not unexpected because several rare earth elenents (cerium
| ant hanum and dysprosium are constituents of nonazite sands, the
feed material used in the thorium processi ng operations conducted
by MCW  Sanpling and anal ysis were al so conducted for netals,
vol atil e organi ¢ conpounds (VOCs), and sem volatile or base/neutral
and acid extractabl e (BNAE) conpounds. Several netals known to be
el enental conponents of nonazite sands were detected at the highest
concentrations and with the greatest frequency in areas where
radi oacti ve contam nation also was found. Metals detected in
association with radioactively contam nated soils included |ithium

| ead, arsenic, chromum and selenium |In areas that are not
radi oactively contam nated, these netals were detected infrequently
and at | ow concentrations. |In these areas, any connection between

the nmetal s and thorium processing wastes would be difficult to
establ i sh because these netals occur naturally at trace
concentrations in the earth's crust. The general occurrence of
these nmetals in industrialized areas such as the Stepan Conpany
property is also highly probable.

Most organi ¢ conpounds detected at concentrations above
representative nmean background were pol yaromati c hydrocar bons.
These may be attributed to the natural decay of organic materials
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or coal -derivative products (e.g., asphalt). These conpounds are
al so commonly found in industrialized areas. BNAEs and petrol eum
hydr ocar bons were occasionally found in association with

radi oacti ve waste.

ES.5.2 Maywood Interim Storage Site (M SS)

A conpl ete radi ol ogi cal characterization of MSS onsite soils
was conducted in 1986, and the data have been presented in a
separate report (BN 1987a). Therefore, radioactive contanm nants
in onsite soils at MSS were not addressed as part of this R
other than to determ ne the average concentrations of uranium 238,
radi um 226, and thorium 232 in the interim storage pile.

Results of surface water and sedi nent sanpling conducted at one
upgr adi ent and three downgradi ent | ocations under the routine
environmental nonitoring program (presented in Section 4.0)

i ndi cate no evidence that radioactive contam nants are mgrating
fromMSS via either of these pat hways.

Radi ol ogi cal characterization of the groundwater, based on
DCE' s routine environnmental nonitoring program indicates that
total uranium radium 226, and thorium 232 concentrations are
conpar abl e at upgradient, offsite, and downgradient wells. The
only exception is well B38WL2A, which is |located on an offsite
property downgradi ent of Stepan and another offsite property, both
of which are known to be radioactively contam nated. Though bel ow
guideline levels, consistently elevated concentrations of uranium
have been detected in this well.

The chem cal investigation of the interimstorage pile and
onsite soils at MSS produced no results that would identify the
soil as RCRA-hazardous waste. No PCBs or pesticides were detected
in any sanple anal yzed.

DOE is responsible for all chem cal contamnation on MSS. O
the 22 nmetal s detected above representative nean background in M SS
onsite soils, 8 (arsenic, cobalt, copper, lead, lithium nickel
sel enium and vanadium were identified as constituents of thorium
ores, uranium analyte nmetals, or lithiumwastes processed or
di sposed of onsite. These netals and four others (antinony,
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barium chrom um and cadm un) were detected at above- background
concentrations. The latter four nmetals were also detected with
varying frequency in areas of radioactive contam nation; however,
no definite associations were identified that would tie specific
nmetals to radi oactive contam nation. Lithium |ead, chromum and
arsenic were nost commonly found in association wth radi oactive
contamnation in the area of forner retention ponds that served the
entire chemcal facility. This conmon association therefore does
not necessarily indicate process waste. Chem cal eval uation of
soils at MSS identified three rare earth elenents (cerium

| ant hanum and neodym um) in significant concentrations and
frequency in both fill and native material. As was observed at the
Stepan property, rare earth elements exi st nost frequently in areas
of radioactive contamnation, primarily in or near areas where
historical information indicates that thorium processing took

pl ace.

Chem cal analysis for VOCs and BNAEs indicated the occurrence
of organic conpounds at trace |evels throughout the site. These
conpounds were detected at concentrations above nean representative
baseline in only two areas: the Building 76 area and areas west of
the interimstorage pile near the |ocations of fornmer retention
ponds. There was no concl usive evidence of the coexistence of
t hese conpounds in radioactively contam nated areas. Historica
information indicates that no organic constituents were used in the
t hori um processi ng operations at MCW and the conpounds detected
are characteristic contamnants of industrialized, nultiuse, and
urban areas. However, DCE nust address all chem cal contam nants
on M SS.

I n groundwater, VOCs (predom nantly tetrachl oroethene,
trichl oroet hene, dichloroethene, and vinyl chloride) were detected
in localized areas at concentrations above existing Safe Drinking
Wat er Act (SDWA) Maxi mum Cont am nant Levels (MCLs). Arsenic,
chromum and sulfate were detected at concentrations above
exi sting and/or proposed SDWA MCLs and Maxi num Cont am nant Level
Goals. Boron and lithiumwere al so detected consistently at
concentrations above background. The wells in which these elenents
were detected are located in areas where the sane netals were
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detected in soil sanples. Because of uncertainties related to the
source, nature, and extent of groundwater contam nation at M SS,
groundwater is addressed as a separate operable unit. A further
eval uation of existing data is being conducted. Additional

nmoni tori ng points have been proposed and are included in a

Sept enber 1992 addendumto the Maywood field sanpling plan. An
addendumto the Rl report will be provided after this reeval uation
and future work are conpl et ed.

Anal ysis of surface water sanples for indicator paraneters,
netals, rare earth elenments, nobile ions, and volatile and
sem vol atil e organi ¢ conpounds detected the netal lithiumand three
or gani ¢ conpounds at downstream sanpling |ocations. Lithium
because of its high solubility, is probably mgrating fromM SS and
has been carried by Westerly Brook to the Saddle River. The
vol atiles originate sonewhere within the M SS/ St epan wat er shed or
from groundwat er seepage into the underground cul vert that conveys
Westerly Brook under MSS, but the source cannot be concl usively
defined because of the industrialized history of the area. There
is no evidence that organics were used in the MCWthorium
processi ng operations.

Anal yses of sedi ment sanpl es provided no evidence that netal
contam nants are mgrating offsite.

ES.5.3 Residential Vicinity Properties

Radi oactive contam nation is present in both surface and
subsurface soils on the residential properties investigated during
the RI. Table ES-1 summari zes radionuclide concentrations and
dept hs of contam nation for each residential property. Because
contam nated surface soils are covered by | awns or asphalt
dri veways, the potential for contam nant mgration through air,
surface water runoff, or groundwater infiltration is reduced.

Subsurface contam nati on appears to have resulted from sedi nent
deposition in the fornmer channel of Lodi Brook or its floodplain
except at 90 Avenue C and 79 Avenue B, where contamnation is the
result of contam nated building materials and fill material,
respectively, transported to the properties.
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Limted chem cal sanpling was perfornmed on the residenti al
properties to determ ne the presence of chem cal contam nation tied
to thorium processing. No evidence of RCRA-hazardous waste, PCBs,
or pesticides was found. Metals and rare earth elenments detected
at MSS and the Stepan property were al so detected on these
residential properties, but at |ower concentrations and with |ess
frequency. 1In general, netals and rare earth elenents were found
in areas of radioactive contam nation. Their occurrence can
probably be attributed to the deposition of thorium process wastes
(either by fill material enplacenent or by transport via the forner
channel of Lodi Brook), or, at |ow concentrations, they may
natural ly occur in native soils.

ES.5.4 Comercial/ Governnmental Vicinity Properties

Radi oactive contam nation is present in surface and subsurface
soils on these properties. Table ES-2 summarizes radi onuclide
concentrations and depths of contam nation for each property.
Because the contam nated surface soils (like the residenti al
vicinity properties) are covered by |lawns or asphalt driveways, the
potential for contamnant mgration via air, surface water runoff,
or groundwater infiltration is reduced.

Limted chem cal sanpling was perforned on these properties.
Metals and rare earth el enments detected are probably attri butable
to transport by the former channel of Lodi Brook. Their presence
is primarily confined to areas of radioactive contam nation.
Organic constituents in soils were detected at | ow frequenci es and
at generally |l ow concentrations. Tests for RCRA characteristics
i ndi cated that no hazardous waste is present, and no PCBs or
pestici des were detected.

ES. 6 CONTAM NANT FATE AND TRANSPORT

Contam nants identified as FUSRAP waste at the Maywood Site
i ncl ude radionuclides (primarily thorium 232), netals, and rare
earth elements. The primary sources of contam nation identified
were burial pits at Stepan, fornmer retention ponds on MSS, and the
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interimstorage pile at MSS. The principal mgration pathways are
groundwat er, surface water, and air. Because nost of the

contam nants are confined to the unsaturated zone, their mgration
in groundwater is limted. Magration of netals and radionuclides
may i ncrease in the groundwater if the contam nants in the
unsaturated soil zone reach the water table.

Most of the properties investigated during this RI are covered
by grass, other thick vegetation, or asphalt. Therefore, surface
water transport and air resuspension are relatively insignificant
pat hways for mgration unless activities occur that disturb the
coveri ngs.

ES. 7 CONCLUSI ONS/ FUTURE WORK

Except for groundwater data, this R has successfully provided
the additional data called for in the work plan. No new data gaps
were identified that would require further investigation.
Therefore, the RI phase of the CERCLA process is considered
conpl et e.

Characterization of the nature and extent of groundwater
contam nation is inconplete. The existing analytical data for
groundwat er are being reevaluated and integrated with other
avai l able data (e.g., the analytical data for soils and the
hydr ogeol ogi ¢ conceptual nodel). To aid in the delineation of the
nature and extent of contam nation entering and exiting M SS,
addi tional nonitoring points have been proposed and are included in
a Septenber 1992 addendumto the Maywood field sanpling plan. An
addendumto the Rl report wll be conpleted after this reeval uation
and other future work are conpl et ed.

Addi tional work to conplete the RI/FS-environnmental inpact
study process includes preparation of a baseline risk assessnent
and an FS to provide information necessary for the selection of an
appropriate renedial action alternative. Results of a wetland
del i neation conducted by Stepan as part of their Rl wll be
factored into the baseline risk assessnent and FS for the Maywood
Site. Treatability studies will be conducted to evaluate the
feasibility of certain treatnent technologies; this information
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will aid the evaluation of renedial action alternatives.

Future work will include identification of historic/prehistoric
resources and endangered species. DOCE s routine environnmental
nmoni toring of groundwater, surface water, sedinent, and air wll
continue. During renmedial action, nore detail ed radi ol ogi cal
surveys of the Stepan buildings will be required to better
delineate the extent of contam nation. The nature of contam nation
in burial pit 3 may also require further investigation; access
[imtations prevented sanpling during this RI. For the purposes of
future environnental docunentation and review and anal ysi s,
contam nants found in burial pits 1 and 2 wll be assuned to al so
be present in burial pit 3.
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Table ES-1
summary of Radiological Data for Residential vicinity Properties

Radionuct ide Concentrations in Surface Soil Radionuclide Concentrations in Subsurface Interior Exterior
(pCi/g) Soil (pCi/g) Depth of Gamma Gamma

Subsurface Exposure  Exposure
Property name u-238 Ra-226 Th-232 u-238 Ra-226 Th-232 Contamination Rates Rates®
(ft) (R/h) (R/h)
70 M. Hunter Ave. 3.5 - <7.1 0.4 - 1.2 <0.5 - 3.2 <1.8 - 9.2 0.5 - 1.6 0.7 - 4.4 None N/A 9 - 12
79 Avenue B <4.2 - <9.8 0.4 - 4.6 0.7 - 68 <0.2 - «<7.1 0.3 - 1.6 0.5 - 17.9 0.5 - 1.5 N/A 6-8
90 Averue C <2.5 - <10 <0.5 - 1.9 1.5 - 17 <1.4 - 35.3 0.4 - 4.2 0.4 - 72.5 0.5 - 2.5 36 - 38 9-20
108 Avenue E <t - <27 <0.7 - <9 1.1-19 <1.8 - <7.8 <0.3 - 2.8 <0.3 - 13 0.5-1.0 N/A 6-10
112 Avenue E <«2.6 - <17 0.5 - 3.7 0.6 - 34 <1 -~ <16 <0.2 - 4.4 0.4 - 17 0.5 - 4.0 N/A 9 -21
113 Avenue E <.} - 37 <0.5 - 3.7 <0.8 - 28 <.y - 13 <0.3 - 1.9 <0.4 - 13 0.5 - 1.0 N/A 8 - 14
62 Trudy Dr. < - 9.5 0.6 - 3.7 1.3 - 12.7 <1.4 - 18.2 <0.4 - 10.8 <«0.5 - 24.9 0.5 - 9.5 N/A 11-19
136 W. Central Ave. <3.4 - <22.3 <0.6 - 2.3 <0.9 - 111.6 <2.3 - <25 <0.4 - 3.8 <0.6 - 63.9 0.5 - 8.0 12 - 20 8-15

‘weasurements included background. Background for the Maywood area is 9 uR/h.

N/A = no interior measurenents obtained because near-surface gamma measurements (coneshield) were within background levels, and there was no indication
that contamination extended beneath the residence.



Table ES-2
Summary of Radiological Data for Commercial/Governmental vicinity Properties

Radionuclide Concentrations in Surface Sofil

Redionuclide Concentrations in Subsurface

(pCi/g) Soil (pCi/g) Exterior
Gamma
Depth of Exposur.-e
Property name u-238 Ra-226 Th-232 u-238 Ra-226 Th-232 Contamination  Rates
(ft) (R/h)
200 Route 17, Maywood <1.8 - <1.9 0.3 - 5.6 <0.4 - 18.7 <1.3 - <12 0.3 -4.3 0.3 - 59.4 0.5 - 4.0 6-23
(Sears Repair Center) y
Essex Street and Route 17, <1.6 - 15 0.3 - 4.5 0.4 - 22 <1.2 - <10 0.3-18 <0.6~-6.1 0.5 -1.0 6 -17
Maywood
(Joseph Muscarelle &
Associates)
113 Essex St., Maywood <«2.8 - <5.1 <0.6 - 1.5 <0.8 - 5.6 9.0 - <14 0.3 - 10 0.2 - 18 0.5 - 9.0 5-17
(National Community Bank)
Interstate 80, Lodi .5 - <4.6 <0.6-<0.8 <0.8-3.3 <1.4 - <10.6 <0.3 -7.3 0.4 - 5.2 1.0 - 5.5 6 -12
{Westbound Right-of-Way)
205 Maywood Ave., Maywood <3 - <9.3 <0.6 - 4.1 0.6 - 9.8 <1.4 - <9.7 <0.1-2.5 0.4 - 31 0.5 - 2.0 5 -13

(Myron Manufacturing)

"Measurements include background.

Background for the Maywood area is 9 uR/h.



1.0 | NTRODUCTI ON

This report describes the activities and docunents the results
of a renedial investigation (RI) conducted at the Maywood Site in
Maywood, New Jersey. The R was perforned during 1989, 1990 and
1991 by the U. S. Departnent of Energy (DOE) in cooperation with and
oversight by the Environnmental Protection Agency (EPA) Region I
The New Jersey Departnent of Environmental Protection and Energy
(NJDEPE) was provided an opportunity to participate in the
devel opment of the scoping and pl anni ng docunents and to provide
oversight to sanpling activities.

This introductory section presents background information about
the site, explains the regulatory requirenents that are guiding
work there, and describes why the RI was perfornmed and the
obj ectives that were to be acconplished. Section 1.1 briefly
describes the site and explains the purpose and objectives of
the RI. Section 1.2 reviews the regulatory requirenents and
DOE/ EPA responsibilities for the site. A review of the site
background is presented in Section 1.3. Section 1.4 sunmarizes
previ ous investigations and describes current site conditions.
Section 1.5 is a reader's guide to the organi zati on and content of
subsequent sections of the R report.

1.1 PURPGCSE

In 1974, the U. S. Congress authorized the Atom c Energy
Comm ssion (AEC), a predecessor agency to DOE, to initiate the
Formerly Utilized Sites Renedi al Action Program (FUSRAP), a program
now managed by DOE. FUSRAP's mission is to identify and clean up
or otherw se control sites where residual radioactive contam nation
(exceeding current guidelines) remains fromactivities carried out
under contract to the Manhattan Engi neer District (MED) and AEC
The goals of FUSRAP are to (1) control contam nation at the sites,
(2) keep the sites in conpliance with applicable criteria for the
protection of human health and the environnent, and (3) to the
extent possible, certify the sites for use without restrictions
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foll owi ng decontam nation. 1In addition to the fornmer MED and AEC
sites, Congress has authorized DOE--through FUSRAP--to undert ake
remedi al actions at four other sites, where commercial operations
had resulted in radi oactive contam nation of the environnent. One
of these is the Maywood Site, which is |located in Bergen County,
New Jersey, approximately 20 km (12 m ) north-northwest of New York
Cty and 21 km (13 m ) northeast of Newark, New Jersey
(Figure 1-1).

At Maywood, operations at the fornmer Maywood Chem cal Works
(MCW resulted in contam nation of numerous properties in the
bor oughs of Maywood and Lodi and the township of Rochelle Park.
These contam nated properties include the property previously owned
by MCW (now owned by the Stepan Conpany); the DOE-owned property
referred to as the Maywood Interim Storage Site (MSS); and
numer ous residential, commercial, and governnmental vicinity
properties. Together, all these properties conprise the Maywood
Site (Figure 1-2). Figures 1-3 and 1-4 show the | ocations and
status of the properties.

For the purposes of the Maywood Site R, DOE has grouped the
properties into four operable units:

« Stepan Conpany property (also referred to as Stepan

property)
e« MSS

e Residential vicinity properties

e Commercial /governnmental vicinity properties

The properties were grouped in this way to obtain the greatest
efficiency and effectiveness in perform ng and managi ng R
activities. The properties may be grouped differently for the
pur pose of evaluating renedial action alternatives or when final
remedi al actions are inplenmented. Under current plans, a single
record of decision (ROD) will be prepared for the Maywood Site that
will cover all operable units as they are defined during the
feasibility study (FS) and renedi al action planning process.

The purpose of the Rl is to define the nature and extent of
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contam nation, determne the fate and transport of contam nants,
and identify renmedial action objectives. This information is then
used in the FSto identify potential renmedial action alternatives
and potential applicable or relevant and appropriate requirenments
(ARARs). To achieve the goals of this R, both historical data and
data collected during 1990-1991 field activities have been used.
The Rl activities included gathering data not collected during
previ ous characterization activities and conpleting the
characterization of properties that were designated for inclusion
in FUSRAP after earlier characterizations had been conducted. This
report:

¢« Docunments the 1990-1991 R activities

e Interprets the 1990-1991 data in conbination with historica
data regarding the nature and extent of contam nation
(Section 4.0)

e Assesses the potential for mgration of contam nants from
the properties, i.e., contamnant fate and transport
(Section 5.0)

o Defines potential renedial action objectives (Section 7.0)

1.2 REGULATORY REQUI REMENTS FOR THE MAYWOOD SI TE

Renedi al and renoval actions conducted by DOE at the Maywood
Site are being coordinated with EPA Region Il under the
Conpr ehensi ve Environnental Response, Conpensation, and Liability
Act (CERCLA), as anended by the Superfund Amendnents and
Reaut hori zati on Act (SARA).

It is DCE policy under DOE Order 5400.4 to integrate the
requi renments of CERCLA and the val ues of the National Environnental
Policy Act (NEPA) for renedial actions at sites for which it has
responsibility. A key element of the integrated CERCLA/ NEPA
process is to determne the |level of environmental analysis that

138_0028 (10/19/92) 1-21



woul d be the nost appropriate neans of incorporating NEPA val ues.
This determnation is a function of many factors, including the
conplexity of a proposed action, the |ikelihood of significant
envi ronmental inpacts, and the potential for considerable public
interest. Because sone of the renmedial action alternatives to be
considered for the Maywood Site include activities that may have
potential for significant inpact on the environnent, DOE w ||
prepare an integrated RI/FS-environnmental inpact statenent (EIS)
for the Maywood Site.

Lead agency responsibility for cleanup of FUSRAP waste and
chem cal contamination lies with DOE and EPA, respectively, at MW
which is a National Priorities List (NPL) site. DOE s |ead agency
responsi bility and EPA's oversight role for the cl eanup of FUSRAP
wast e are based upon DCE s assigned responsibility under FUSRAP
EPA' s statutory responsibilities, and a federal facilities
agreenent (FFA) negoti ated between DCE and the EPA Region Il office
t hat becane effective April 22, 1991. Under this FFA, DOE is only
responsi bl e for cleanup of "FUSRAP waste," which, as defined in the
FFA, is specifically limted to:

« Al radioactive and chem cal contani nation, whether
comm ngl ed or not, occurring on the DCE-owned M SS

e« Al radioactive contam nation exceeding DOE action |evels

and related to thorium processing at MCW occurring on a
vicinity property

Nonr adi oacti ve chem cal contam nation that occurs on vicinity
properties is DOE's responsibility if the contam nation neets
either of the follow ng conditions:

e« |If the contamnation is m xed or comm ngled with radi oactive
contam nation that exceeds DOE action |evels

e |If the contam nation originated at the DOE-owned M SS or if
it is associated wth specific thorium manufacturing or

138_0028 (10/19/92) 1-22



processing activities at MCWthat resulted in the
radi oacti ve contam nation

The FFA requires that EPA review all previous characterization
and renedi ation activities conducted by DOE to determ ne functional
equi val ency with technical and substantive requirenents of CERCLA,
the National O and Hazardous Substances Contingency Plan (NCP),
and the RI/FS process. This determnation is expected to be
conpleted prior to the publication of the RI/FS-ElIS.

Chem cal contam nation not on MSS (or not shown to be
mgrating fromMSS) and not m xed with FUSRAP waste is being
i nvestigated by Stepan Conpany through an agreenent signed by EPA
and Stepan Conpany in 1987 and an order signed by EPA in 1991. EPA
is the | ead agency in that investigation.

1.3 SI TE BACKGROUND

The foll owm ng sections describe the operations at MCWt hat
resulted in contam nation at the Maywood Site (Section 1.3.1) and
provi de background i nformati on about MCWand the Maywood Site
properties--leading up to involvenent by DOE (Section 1.3.2).

1.3.1 MWand the Thorium Extraction Process

MCW was constructed in 1895. 1In 1916, the plant began
extracting thoriumand rare earths fromnonazite sand for use in
manuf acturing industrial products such as mantles for gas |anterns.

The manufacturing process involved the production of mantle-grade
thoriumnitrate (Harris 1951). MCWal so produced |ithium conmpounds
such as lithium hydroxide and lithiumchloride (NRC 1981a), rare
earths, detergents, alkaloids, and essential oils in other process
operations. Thoriumextraction ceased in 1956, but thorium
processi ng of stockpiled material continued until 1959. The
property was sold to the Stepan Conpany in 1959; Stepan Conpany has
never processed radi oactive material.

The primary radi oactive contam nant at the Maywood Site is
thorium 232 and its associ ated daughter products, with | esser

138_0028 (10/19/92) 1-23



anmounts of radionuclides in the uranium 238 decay chain
(BNI 1987a). Recoverable wastes fromthorium processing operations
were stored in an unsheltered phosphate pile that was | ocated
between buildings in the main yard. Unrecoverable wastes from
t hori um processing operations (i.e., residues and tailings) were
piped to a large pile on the perinmeter of the MCW property
(Cole et al. 1981). The pile, containing several tons of waste
slurry, was surrounded by earthen di kes but renai ned exposed to
weat her (AEC 1957). Lithiumwastes from ot her MCW process
operations also are believed to have been di sposed of in the diked
areas on the MCWsite. |In addition, other chem cal constituents
such as netals and vol atiles have been identified in soils and
groundwater at M SS (BNl 1986a, 1987b, 1989a; Ebasco 1987, 1988).
Based on correspondence regardi ng plant operations and on a
reconstruction of the chem cal processes involved, the primry
chem cals used in the extraction process are thought to have
i ncluded sulfuric acid, nitric acid, oxalic acid, and a carbonate
solution (Heatherton 1951; AEC 1957; Al bert 1966; Eister and
Kennedy 1974; Stokinger 1981; Jones 1987). Figure 1-5 illustrates
the process as it is understood today.
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Reconstruction of the thoriumextraction process has been used
to help identify the radionuclide constituents of FUSRAP waste at
the Maywood Site. Thorium exists as thorium phosphate (up to
20 percent by weight) in raw nonazite ore (Dana 1955). The feed
material for the thoriumextraction process at MCWwas nonazite
sand. It is not known whether the origin of the nonazite sands
processed at MCWwas Brazilian, |Indian, or donestic (Idaho,

Florida, or Carolina sands); the conposition is simlar, regardl ess
of origin. In addition to thorium nobnazite sands contain urani um
nmet al phosphates, and rare earth elenents. The rare earth elenents
that are constituents of the nonazite sands used in thorium
processi ng operations include those nost frequently anticipated and
detected during this renedial investigation (RI), i.e., cerium

| ant hanum and neodymium Mnazite sands differ chemcally from

ot her uranium and thorium producing ores primarily in that they do
not contain substantial concentrations of cobalt, nolybdenum and
vanadium The potential occurrence of constituents of nonazite
sands as nonradi oactive contam nants at the Maywood Site is

acknowl edged. Uraniumis an el enental conponent of nonazite sands
(substituted for thoriumin trace anmounts), and sone of the

anal ogue el enents associated with uraniumores have been identified
as constituents of FUSRAP waste as defined by the FFA

I n unprocessed, undisturbed ores, thorium 232 coexists wth al
of the decay products in the thoriumdecay series (Figure 1-6) and
is nost often found in secular equilibrium a state in which each
radi onuclide in the decay series has the sanme decay rate (activity)
as the parent (thorium232). Uranium238 is also present in
nmonazite ore (at |ower concentrations), and its decay products
(Figure 1-7) would also be in secular equilibrium Small anmounts
of uranium 235 (fromthe actiniumdecay series) and its associ ated
decay products would al so be present in nonazite ore. However, due
to the | ow natural abundance of these radionuclides and their | ow
concentrations in this waste material, the total activity
contributed by their decay series is only a small fraction of the
total activity of the waste.

Substantial anmounts of thorium 232 and thorium 228 (thorium
decay series) would be renoved in the extraction process, |eaving
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primarily decay products (Figure 1-6). The waste conponent woul d
al so contain unextracted thorium 232 and thorium 228. Due to the
relatively short half-lives of their decay products, these

radi onucl i des woul d reestablish equilibriumin 20 to 30 years. One
of these decay products is radon-220, a gas that woul d be rel eased
by em ssion from exposed surfaces and woul d decay el sewhere.

Most of the thorium 234 and thorium 230 (urani um decay series)
woul d be renoved during the extraction process. This would |eave
residual thorium 234, thorium 230, and decay products fromthe
urani um series (including radium226) in the waste conponent
(Figure 1-7). Follow ng rapid decay through protactini um 234,
decay of thorium 234 would nearly halt due to the quarter-mllion-
year half-life of uranium234. Decay of thorium 230, which has a
half-1ife of 77,000 years, would be further slowed by the
1, 600-year half-life of radium226. Therefore, the waste conponent
woul d contain unextracted fractions of thorium 234 and thorium 230,
unextracted urani um 238, and decay products from both the nonazite
ore and ingrow h conponents (protactinium 234, uranium 234, and
radi um 226). Radon-222, which is a gas, would be partially emtted
fromwaste surfaces and woul d decay el sewhere. Secul ar equilibrium
for this series would not be reestablished.

Based on this understanding of the thoriumextraction process,
risk coefficients for the radi onuclides involved, and the specific
DCE gui delines for residual radioactivity, the radionuclides of
concern for the Maywood Site were identified. Table 1-1 provides
dose conversion factors for the radionuclides residual to the
extraction process and those forned by ingrowth. DCE guidelines
for residual radioactive material address thorium 232, thorium 228,
radi um 228, and radi um 226

1.3.2 Background of MCWand the Maywood Site Properties

As nentioned previously, the slurry that contained waste from
the thorium processi ng operations at MCWwas punped to two earthen
di ked areas west of the plant (Cole et al. 1981). 1In 1932, the
di sposal areas were separated fromthe plant and partially covered
by the construction of New Jersey State Hi ghway 17 (Route 17).
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Sone thorium process wastes, along with tea and coca | eaves from

ot her MCW processing operations, were renoved fromthe MCW property
and used as nulch and fill on nearby properties, thereby

contam nating those properties with radi oactive constituents of the
waste (Mata 1984).

Addi tional waste mgrated off the property via natural drainage
associated wth the fornmer Lodi Brook. Hi storical photographs and
maps i ndicate that the fornmer course of the brook, which originated
on the MCW property, generally coincides with the distribution of
contam nated properties in Lodi. Mst of the open stream channel
in Lodi has been replaced by a subsurface stormdrain system

In 1954, AEC issued License R 103 to MCW allowing it to
continue to possess, process, and distribute radioactive materials
under the authority of the Atom c Energy Act of 1954. Thorium
extraction ended in 1956, and MCW stopped processing thoriumfrom
stockpiled material in 1959; the property was sold to the Stepan
Conpany that sane year.

In 1961, the Stepan Conpany was issued an AEC radi oactive
materials |icense (STC-1333). Based on AEC inspections and
information related to the property west of Route 17, Stepan agreed
to take certain corrective actions, although the conpany never
processed radi oactive materials on that property. Stepan began to
cl ean up residual thoriumwastes in 1963, partially stabilizing
residues and tailings in place by covering themw th clean soil.

In 1966, 6,400 nt (8,400 yd® of contaminated material was renpved
fromthe property west of Route 17, returned to the Stepan
property, and buried at burial pit 1 (Figure 1-8), an area now
covered with grass. In 1967, an additional 1,600 n' (2,100 yd® of
material was renoved fromthe sanme general area and buried on the
St epan property at burial pit 2, which is now a parking | ot
(Figure 1-8).

In 1968, Stepan obtained perm ssion fromAEC to transfer an
additional 6,600 nt (8,600 yd® of waste fromthe area west of
Route 17 and bury it in burial pit 3, where a warehouse was | ater
constructed (Figure 1-8). Stepan's AEC source material |icense
(STC-1333) indicates that the waste relocated to burial pit 3 was
pl aced in five trenches, which are shown in Figure 1-8. The
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i cense docunents indicate that the waste in burial pit 3 contained
approximately 0.25 percent thoriumin the formof thorium hydroxide
or thorium phosphate. Based on that information, burial pit 3 was
estimated to contain 16,300 kg (36,000 Ib) of thorium wth a

cal cul ated corresponding thorium 232 activity concentration of

270 pC /g (Stepan 1981). During the sane year, AEC conducted a
survey of the area west of Route 17 and certified it for use

wi thout radiological restrictions. At the time of the survey, AEC
was apparently not aware of contam nated waste materials stil
present in the northeast corner of the property. 1In 1968, this
portion of the Stepan property was sold to a private citizen, who
later sold it (in the 1970s) to Ball od Associ ates

(Cole et al. 1981). That area is now called the Ballod property.

The presence of radioactive materials in the northeast corner
of the Ballod property was di scovered in 1980, after a private
citizen reported the discovery of radioactive contam nation near
Route 17 to the New Jersey Departnent of Environmental Protection
(NJDEP). A radiol ogical survey of the area (Route 17, Ball od
property, and Stepan property) conducted by NIDEP identified the
contam nants as thorium 232 and radi um 226. The Nucl ear Regul atory
Comm ssion (NRC) was notified of the results and undert ook
addi ti onal surveys from Novenber 1980 to January 1981; these
surveys confirnmed high concentrations of thorium232 in soi
sanpl es collected fromboth the Stepan and Bal | od properties
(NRC 1981a,b). Accordingly, NRC requested a conprehensive
radi ol ogi cal survey of the area.

In January 1981, EGG Energy Measurenents G oup conducted an
aerial radiological survey of the Stepan property and surroundi ng
properties (EGG 1981). The survey, which covered a 10-knf
(3.9-m?) area, indicated contam nation not only on the Stepan and
Bal | od properties, but also in areas north and south of the Ball od
property. During February 1981, Oak Ri dge Associ ated Universities
(ORAU) perforned a separate radiol ogi cal ground survey of the
Bal |l od property (Cole et al. 1981). An additional radiol ogical
survey of the Stepan and Bal | od properties (conm ssioned by the
St epan Conpany) was conducted in June 1981 with simlar findings
(Morton 1982). Limted chem cal sanpling was al so perfornmed by
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Ebasco Services (Ebasco 1987, 1988) for EPA

Fol |l owi ng these investigations, Oak R dge National Laboratory
(ORNL) enbarked on a programto survey properties in the vicinity
of the Stepan Conpany plant. Surveys of properties along Davison
Avenue and Latham Street were perfornmed by ORNL in June 1981, and
seven properties were |ater designated for renedial action
(ORNL 198la-g). [One additional property on Davison Avenue was
designated in 1986 (ORNL 1986a)].

DCE was aut horized to undertake a decontam nation research and
devel opnent project at the Maywood Site by the Energy and Water
Devel opnent Appropriations Act of 1984, and the site was assigned
to FUSRAP. Accordingly, in late 1983, vicinity properties on G ove
Avenue and Park WAy were surveyed by Bechtel National, Inc. (BN),
under contract to DCOE, and nine of these properties were designated
for renedial action (Coffman 1983). A "drive-by" survey of
properties in Lodi (using a nobile van) was conducted by ORNL in
June 1984; the results indicated additional contam nation
(ORNL 1984a). This survey was foll owed by ground surveys that
included imted sanpling to determ ne whether contam nation in
excess of DOE guidelines was present, which would result in
designation of the property for inclusion in FUSRAP (ORNL 1984b-e).

Further characterization of designated properties was conducted by
ORNL and BNl in 1986, 1987, and 1988. Table 1-2 lists the
properties where designation, characterization, and renediation
have been perforned and indicates the current status of each of the
properties that conprise the Maywood Site.

In 1985, to expedite cleanup of the vicinity properties, DCE
negoti ated access to a 4.7-ha (11.7-acre) portion of the Stepan
property for use as an interimstorage facility for contam nated
materials; this area was designated as MSS. Subsequently, DOE
began a program of renoval actions (i.e., cleanup) at the vicinity
properties and environnental nonitoring at MSS. In
Sept enber 1985, ownership of MSS was transferred to DOE

During 1984 and 1985, approximately 27,000 n? (35,000 yd®) of
contam nated materials were renoved fromthe Ball od property and
from17 vicinity properties on Davison Avenue, Latham Street, Gove
Avenue, and Park Way in Maywood and Rochelle Park. These materials
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were stored in a protective enclosure cell at MSS. During 1985,
an additional 380 nm (500 yd®) of contanminated materials was
removed fromeight vicinity properties |ocated on Avenue C,
Avenue F, Hancock Street, and Trudy Drive in Lodi and anot her
portion of the Ballod property in Rochelle Park. These materials
were added to the storage pile on M SS.

Because of |ocal opposition, no further renoval action was
undert aken between 1986 and 1988. However, environnental
monitoring of MSS and surveying of vicinity properties continued.

In July 1991, a tinme-critical renmoval action was conducted at one
residential property on Avenue C in Lodi because of significantly
el evat ed gamma exposure rates neasured inside the residence. The
property was partially renedi ated by renoving the contam nated
portion of the residence.

(AI'l previous characterization and renedial action activities
wll be reviewed by EPA to determ ne conpliance with existing
requi renents; see Section 1.2.)

1.4 DESCRI PTIONS OF CURRENT SI TE CONDI Tl ONS

The follow ng sections briefly describe existing conditions at
each of the operable units. The descriptions are based on the
informati on and data gathered during investigations of radi oactive
and chem cal contam nation conducted prior to this RI. The data
for previous activities at vicinity properties are not summari zed
inthis R report.

1.4.1 Stepan Property

The Stepan property, located at 100 West Hunter Avenue in the
borough of Maywood, covers 7.4 ha (18.2 acres) and consists of a
series of man-nmade terraces on which the operating facility was
constructed. The difference in elevation between the highest
terrace (at the north side of the property) and the | owest terrace
(at the south side) is approximately 7.5 m (25 ft). Buildings
occupy approximately two-thirds of the property; sone are in or
near | ocations where the MCWthorium processing operations
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occurred. The property (excluding the main office and parking
area) is enclosed by a chain-link fence.

Land use in the vicinity of the property is industrial,
commercial, and residential (Figure 1-9). Wst Hunter Avenue is
lined with several small businesses, as is a portion of nearby
Maywood Avenue. The area across Maywood Avenue fromthe Stepan
property is predomnantly residential. To the north and northeast,
the property is bordered by a New York, Susquehanna, and Western
Railroad |ine and nunerous residential properties. Various
comercial properties and MSS adjoin it to the south and
sout hwest .

St epan property radiol ogical conditions

Radi ol ogi cal surveys of the Stepan property were conducted by
EGG (1981), the NRC (1981a,b), and Nucl ear Safety Associ ates
(Morton 1982). Several of these surveys also included the area
currently known as M SS.

An aerial survey by EGG showed the highest radiation levels to
be directly over the Stepan facility, with gamm exposure rates
ranging from40 to 70 y)R'h at 1 m (3 ft) above the ground surface
(EG&G 1981). Ganma exposure rates were al so neasured by the NRC.
Ther nol um nescent dosineters were placed at various |ocations
around the perinmeter of the facility for a 6-week period, and the
measured ganma exposure rates ranged from about 10 to 84 ;R h
(NRC 1981Db).

Wat er sanples were collected by NRC fromtwo private wells in
the immediate vicinity of the Stepan facility, from nunicipal water
at the facility, and from Westerly Brook downstream of the
facility. No radioactivity in excess of background | evel s was
detected (NRC 1981a).

The NRC al so conduct ed radi ol ogi cal surveys inside
14 buil dings, including Building 3 (a warehouse built over buri al
pit 3) and Building 76 (located on the property now known as M SS)
(NRC 1981b). Sanples were anal yzed for renovabl e surface al pha
activity; no contam nation was detected in excess of the m ni num
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detectabl e al pha activity of 1 pCi/100 cnf (NRC 1981a,b). In a
subsequent survey by Nucl ear Safety Associ ates, surface sanples
were collected from 12 buil dings and anal yzed for al pha activity.
Only 3 of 44 sanpl es exhi bited any detectable al pha activity, and
none of these exceeded 1 dpm 100 cnf (Morton 1982). Because the
NRC-recommended limt for equipnment released to the public at that
time was 100 dpmi 100 cnf (BNl 1990a), it was concluded that none of
the surface sanpl es exhibited significant al pha activity
(Morton 1982).

Gamma exposure rates neasured in the buildings surveyed by
Nucl ear Safety Associ ates (excluding Building 76) were within the
expected range for background exposure rates. Measurenents in the

production area averaged 7.8 R 'h (Mdrton 1982); those taken in the
| awn and parking |l ot covering burial pits 1 and 2 (rel ocated

t horium residues) averaged 11 and 18 ;R h, respectively. Review ng
gamma radi ati on neasurenents fromthe buil dings and grounds, Morton
concl uded that enpl oyees at the plant would be unlikely to receive
doses greater than 500 nremyr (the DOE guideline for exposure of
the general public in effect at that tine).

St epan property nonradi ol ogi cal conditions

Nonr adi ol ogi cal conditions at the Stepan Conpany property have
not been previously characterized and interpreted. MW (an NPL
site) is being addressed through two separate RI/FSs. DCE is
responsible primarily for addressing radi oactive contam nation as
wel |l as the contam nants that neet the definition of FUSRAP waste
set forth by an FFA between EPA and DCE (see Section 1.2). Stepan
Conpany is primarily responsible for nonradi oactive chem cal
contam nation under an Admi nistrative Order of Consent signed with
EPA in 1987 and an Adm nistrative Order signed by EPA in 1991.

Al t hough DCE and Stepan RI/FS activities are being conducted
i ndependent |y, EPA oversight of both actions will ensure that
sufficient coordination occurs between the parties to fully address
the Maywood Site. To avoid duplication of effort, DOE, with
concurrence of EPA, conducted only limted chem cal sanpling at the
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Stepan property as part of this R; Stepan's Rl wll fully address
chem cal contami nation on the property. Results from DCE' s
chem cal characterization efforts on the Stepan property are
presented in Section 4.4.2 of this report.

Data collection during this RI focused on DOE s responsibility
for cleanup of contam nation under the terns of the FFA. These
data will be used to conplete DOE' s baseline risk assessnent and

FS-EIS. |If data relevant to DOE's responsibility are collected as
part of the Stepan RI/FS, they may be used in DCOE s deci sion-naking
process. EPA Region Il will have primary responsibility for
integration of the DOE RI/FS-EIS and the RI/FS bei ng conducted by
St epan.

It is DCE' s understanding that EPA will provide chem cal data
collected during the Stepan RI to DOE so that a thorough eval uation
of the nature and extent of contam nation can be conpleted to
address DCE' s responsibility as defined by the FFA. It is
anticipated that the Stepan Rl data will be nmade avail able to DOE
before the DOE RI/FS-EI S docunents are issued for public review

1.4.2 Maywood Interim Storage Site

MSSis a 4.7-ha (11.7-acre) fenced area that was once part of
the original MCWproperty. DOCE obtained the property fromthe
Stepan Conmpany in 1985. MSS contains the interimwaste storage
pile, two buildings (Building 76 and a punphouse), tenporary office
trailers, a reservoir, and two rail spurs. It is bounded on the
west by Route 17; on the north by a New York, Susquehanna, and
Western Railroad line; and on the south and east by commercial and
i ndustrial properties (Figure 1-9). Residential properties are
| ocated north of the railroad line, within 275 m (300 yd) of M SS.

The natural topography is generally flat, ranging from
approximately 15 to 20 m (50 to 65 ft) above nean sea |l evel (MSL).
The hi ghest el evations occur in the northeastern portion of the
property. Small nounds and ditches--the result of process waste

di sposal by MCW-are present across the site. At |least two
partially buried structures remain fromthese operations.

The interimstorage pile at MSS occupi es approximately 0.8 ha
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(2 acres) and contains approxi mately 27,000 nt (35,000 yd®) of
contam nated soils and materials fromrenoval actions conducted on
vicinity properties. An area near the pile was cleared and
prepared for a second interimstorage pile in 1985; however, this
area has never been used for storage.

M SS radi ol ogi cal conditions

Several radiol ogical surveys were conducted at MCW bet ween
1963 and 1968 to support AEC licensing activities (Jones 1987).
These surveys indicated that the plant's tailings pile and slurry
pil e contained radi oactive materials. Soil sanpling and further
surveys were perfornmed by NJDEP in 1980. These activities
identified the presence of thorium 232 and radium 226 in the area
currently identified as MSS (NRC 1981a). Ganma readings at 1 m

(3 ft) above ground | evel ranged from 16 to 420 4 R/ h, generally

increasing in an easterly direction fromRoute 17 toward the
di stribution warehouse. Maxi mum ground-|evel gama readi ngs

approached 1,000 y,R/'h (1,000 yR'h =1 nR'h). Soil sanples
collected in this area contained concentrations of thorium 232
ranging fromO0.29 to 74 pC /g and radium 226 ranging froml ess than
1.0 to 14 pC /g (NRC 1981a).

Addi tional surveys conducted by the NRC in Novenber 1980
(NRC 1981a) confirned the previous reports of contam nation,

i ndi cati ng aboveground gamma radi ation |levels ranging fromO0.02 to
3 nRYh. In soil sanples collected fromareas where radiation

| evel s exceeded 1 nR/ h, thorium concentrations ranged from 700 to
3,000 pC/g. The radioactive material, which was white or yell ow
and clay-1ike, appeared very different fromthe |ocal brown-sandy
soil (NRC 1981a).

An aerial radiological survey to neasure terrestrial gamm
radi ati on was performed in January 1981 over a 10-knf (3.9-nmi?)
area centered on the Stepan property (EGG 1981). Gamma readi ngs
at 1 m(3 ft) above ground |l evel ranged from40 to 70 ;,R'h. In

May 1981, NRC i nspectors surveyed the interior of Building 76,
which is adjacent to the former thorium processing area. |ndoor
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radi ation levels ranged fromO0.06 to 0.2 nR/ h; snmear surveys showed
no detectabl e renovabl e contam nation (NRC 1981b).

Nucl ear Safety Associ ates conducted a conprehensi ve survey of
the Stepan property and MSS in June 1981 (Morton 1982). El evated
gamma | evel s were neasured in the southwestern portion of the field

between Route 17 and the western rail spur (460 4R/ h, maxinmun), in
an area in the northwestern quadrant of MSS (250 R/ h, maxi nmum,

and al ong the northern fenceline (200 ,R h).

From May through August 1986, BN conducted radi ol ogi cal and
[imted chem cal characterization studies of MSS. Results
confirmed that thorium232 is the primary radioactive contam nant
at MSS, although el evated concentrations of radium 226 and
urani um 238 were al so detected (BNl 1987a). These el evated | evels
of radium 226 and uranium 238 are generally less than the
concentration of thorium232. |In sone cases, radium 226
concentrations above DCE cl eanup gui deli nes have been det ect ed.
One neasurenent taken in the center of Building 76 indicated an
anbi ent radon-222 concentration of 0.5 pC /L. This neasurenent did
not confirmthe presence of contam nation under the buil ding;

however, the anbient external exposure rate of 85 yR'h at 1 m
(3 ft) above ground level is believed to result fromthe high
radi onuclide concentrations directly to the east of and beneath the
structure (BN 1987a).

Near - surface ganma neasurenents for M SS ranged from
approxi mately 5,000 to 994,000 cpm (BNl 1987a). A neasurenent of
11,000 cpmis approximately equal to the DOE guideline of 5 pC/g
for acceptable residual thorium232 concentration in surface soil.

Bi ased surface soil sanples collected from 13 |ocations were
anal yzed for uranium 238, thorium 232, and radium 226 (BNl 1987a).

In sone sanples, the concentrations of thorium232 and radi um 226

exceeded current DOE gui delines for acceptable |evels of residual
contamnation in soils (see Appendix A). Radium 226 concentrations
ranged from1.7 to 7.9 pC/g; thorium 232 concentrations ranged
from3.3 to 95.2 pCG/g. The maximum urani um 238 concentrati on was
68.7 pG/g.

Downhol e gamma | oggi ng of borehol es was perfornmed, with
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measur enents rangi ng from about 2,000 to 4,300,000 cpm (BNl 1987a).
It has been denonstrated that under ideal conditions [i.e., at a
facility such as the Techni cal Measurenents Center (TMC) in G and
Junction, Col orado, where detection instrunments are calibrated], a
measurenent of 40,000 cpmis approximately equivalent to 15 pC/g
for subsurface thorium232. However, because field conditions are
far less than ideal (i.e., radioactive contamnation is not usually
uniformy distributed in a borehole), data fromearly
characterization activities were reviewed, and a nore conservative
correlation was established; this is discussed in nore detail in
Section 2.2.1). Based on field conditions, a neasurenment of
30,000 cpm has been determ ned to be approximtely equal to
15 pCG /g for subsurface thorium 232 contam nation (see Appendi x A).
Subsurface soil sanples were also collected and anal yzed for
urani um 238, thorium 232, and radium 226. Urani um 238
concentrations ranged fromless than 7 to 304 pC/g; thorium 232
and radi um 226 concentrations ranged from1 pC /g (background for
t hese radi onuclides in the Maywood area) to 1,699 pG /g and
447 pC /g, respectively (BNl 1987a).
Results of the 1986 radi ol ogical characterization indicate that
virtually all areas of the DOE-owned M SS are radi oactively
contam nated in excess of DCE guidelines. The areas and dept hs of
radi oactive contam nation are shown in Figure 1-10. Because the
entire area of MSS is covered by grass, gravel, or the interim
storage pile, the potential for contam nants mgrating offsite by
surface water runoff is low There is also little potential for
m gration of subsurface contam nants in groundwater because of the
| ow solubility of thorium 232 as thorium phosphate (the primary
formpresent in MCWwaste) in water. 1In addition, surface water,
sedi nents, groundwater, and air at MSS are routinely sanpled as
part of DOE s environnmental nonitoring program and sanples are
anal yzed for chem cal and radiol ogi cal paraneters (as summarized in
the foll owm ng paragraphs). To protect human health and the
envi ronment, DOE al so enpl oys engi neering and institutional
controls such as limted and controll ed access, fencing, the
routine nonitoring program and the engi neered nature of the
interimstorage pile, which is underlain by a geonenbrane |iner,
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contains a |l eachate collection system and is overlain by a
geonenbr ane cover

DCE' s continuing environnental nonitoring program conducted
since 1984, nonitors the site and collects information on
radi ol ogi cal and chemi cal conditions at MSS and vicinity
properties (including the Stepan property). This nonitoring
program has been structured around quarterly sanpling regines. The
program has included quarterly radiol ogi cal sanpling of the surface
wat er drai nage paths, including sedinents, and anal ysis of the
sanples for total uranium radium226, and thorium232. Surface
wat er sanpling |ocations are based on mgration potential and
di scharge routes fromM SS. Because surface water runoff
di scharges underground to a storm sewer via Westerly Brook, sanples
are coll ected both upstream and downstream Annual average
concentrations of total uranium radium 226, and thorium 232 in
surface water at M SS have remai ned at background | evel s since 1984
(BNl 1985e, 1986a, 1987b, 1988j, 1989a, 1990b, 1991a).

G oundwat er sanpl es have been collected quarterly since 1985
fromnmonitoring wells on and in the imediate vicinity of MSS.

The nmonitoring well network included 15 wells from 1985 t hrough
1988, 23 wells during 1989 and 1990, and 33 wells during 1991. As
additional wells were installed, they were added to the nonitoring
network. Periodically, |ow groundwater conditions and | ow recovery
vol unmes precl uded sanple collection fromall of the wells in the
net wor k.

G oundwat er sanples were collected quarterly and anal yzed for
gross indicator paraneters and radi oactive constituents.

Cenerally, the <concentrations of total uranium thorium 232, and
radi um 226 are higher in groundwater fromthe unconsolidated
sedi nments than in groundwater fromthe bedrock.

Thorium 232 and radi um 226 have renained relatively stable at
concentrations equivalent to or near those found in upgradient
wel I s throughout the period. Uranium concentrations, however, have
been quite variable, exhibiting no definite trend. None of these
anal ytes have been detected at concentrations greater than
10 percent of DOE derived concentration guides (DCGs). A DCGis
defined as the concentration of a radionuclide in air or water
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t hat, under continuous exposure for one year by one exposure node
(e.g., ingestion of water or inhalation), would result in an
effective dose equivalent of 100 ntrem It should be noted that the
DCE DCG has been established in units of ntrem and actual
measurenents fromthe nonitoring programare expressed in units of
mlliroentgens (nR); 1 memis approximately equal to 1 nR (See
Appendi x A for a complete |ist of the DCGs.)

M SS has al so been nonitored for radon (radon-222), thoron
(radon-220), and external ganmma radiation in air. From 1986 to
1990, average external gamma radi ation exposure rates ranged from
20 to 331 nR/yr, with the higher values occurring in areas of known
contam nation. Sone individual neasurenents al ong the perineter of
M SS were above DOE's |imt of 100 nremyr. However, the average
exposure rate for the MSS perineter is 60 nR'yr, which is bel ow
the DOE DCG Al so, under conservative but realistic exposure
scenari os, no individual would be expected to receive an actual
exposure above the 100 nremlyr I[imt. Radon and thoron
concentrations for 1985, which were the | owest recorded at M SS,
were significantly |lower than concentrations for other nonitoring
years (BNl 1989a). Differences in concentrations for other
nmonitoring years were not statistically significant.

Concentrations at fenceline |locations 5 (near the northeast corner
of the interimstorage pile) and 10 (al ong the southern boundary of
the property), which are near known areas of contam nation, were
significantly higher than at other |ocations, possibly as a result
of disturbances to soil cover near these areas in 1986. Although
clean fill material was placed near these locations in 1987, the
concentrations of both radon and thoron increased during that year.
The increase is thought to be related to the drought in the
Nor t heast during 1987, which increased soil porosity and all owed
nmore gas to be emtted (BNl 1989a).

M SS nonr adi ol ogi cal conditions

Because M SS was once a part of the original MCWproperty, the
presence of chem cal contam nants has been suspected (Jones 1987).
During BNI's 1986 radi ol ogi cal characterization of MSS, |imted
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chem cal sanpling was perforned. Additional chem cal sanpling to
suppl enment the 1986 findings was perfornmed during this R, and
resulting data are presented in Section 4.0.

In 1986, soil sanples for chem cal analysis were collected from
the sane | ocations as the subsurface soil sanples taken for
radi ol ogi cal analysis. The sanples were analyzed for volatile
organi ¢ conpounds (VQOCs), sem volatile organic conpounds, netals,
pestici des, and pol ychl orinated bi phenyls (PCBs). Maxi num VOC
concentrations detected were 88 ppb for nethylene chloride, 11 ppb
for acetone, less than 5 ppb for benzene, and |less than 13 ppb for
tol uene. No organic conpounds are known to have been used in
t hori um processing. Because of quality control problens, and
because net hyl ene chloride and acetone are common | aboratory
contam nants, the presence of nethylene chloride and acet one may
have resulted from contam nation during subsequent | aboratory
anal ysis (BN 1987a).

Anal ysis for base/neutral and acid extractabl es (BNAES) was
performed to determine the extent of semvolatile organic
contam nation. Although several semvolatiles were identified,
concentrations were |lower than the detection limts specified by
the | aboratory nethod used for the analysis. The maxi num
concentrations approxi mated for sone semvol atiles seened to
cluster in an area east of Building 76 where radioactive
contam nation was al so found. The analysis for PCBs in these soils
yi el ded negative results (BN 1987a).

Results of netals anal yses indicated that the follow ng netals
exceeded the range for background concentrations in soil:
anti nony, arsenic, cadmum chrom um copper, |ead, nercury,
selenium thallium and zinc (Table 1-3). The soil sanples did not
exhi bit hazardous waste characteristics as defined by the Resource
Conservation and Recovery Act (RCRA)--i.e., ignitability,
reactivity, corrosivity, and extraction procedure (EP) toxicity.
EP toxicity is a characteristic formerly assigned to hazardous
wast es when | eachate concentrations of constituents exceeded
designated thresholds in a test specified in 40 CFR 261
Appendix Il1. EP toxicity has been replaced by the toxicity
characteristic | eaching procedure (TCLP) as specified in the NCP
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( EPA 1990) .

G oundwat er sanpl es have been coll ected and anal yzed for
vol atile and sem volatil e organi c conpounds annually since 1985. In
addition, during 1985 and 1990, groundwater sanples were anal yzed
for netals.

Both volatile and sem vol atil e organi ¢ conpounds have been
detected in groundwater sanples fromthe site. Maxi num Contanm nant
Levels (MCLs) specified in the Safe Drinking Water Act (SDWA) for
sone of the VOCs have been exceeded in various wells. VOCs were
not detected in the background wells. MCLs for tetrachl oroethene
and trichl oroethene were exceeded in groundwater sanples from
onsite wells along the western boundary of MSS; the MCL for
benzene was exceeded in a well along the northern site boundary.
MCLs for dichl oroet hene, benzene, and vinyl chloride were exceeded
in awll east of MSS on the Stepan property. In wells on the
Bal | od property, offsite and downgradient of MSS, MILs were
exceeded for tetrachl oroethene, trichloroethene, dichloroethene,
and vinyl chloride. The predom nant organi c conpounds detected are
hal ogenat ed sol vents, dry cleaning agents, or chem cal degradation
product s.

Anal ytical results for nmetals indicated |ocalized areas of
el evated concentrations of total and dissolved arsenic, boron,
chromum and |ithium

1.4.3 Residential Vicinity Properties

Several residential vicinity properties in Maywood, Lodi, and
Rochel | e Park are known to have been radi oactively contam nated,
primarily because contam nated fill fromthe former MCW property
was used on these vicinity properties or because sedinents from MCW
di scharged into the fornmer Lodi Brook and were deposited
downstream These properties were designated by DOE for inclusion
i n FUSRAP t hrough surveys perfornmed by ORNL (ORNL 198la-g, 1986a).

At the tinme of this RI, 25 of the 55 residential properties
desi gnated by DCE for renedi ati on had been fully decontam nated
(Table 1-2). Twenty-three residential properties in Lodi have been
characterized but remain to be renediated (Table 1-2). The
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description of radiological conditions (below is based on these
earlier characterizations.

Ei ght residential properties were investigated during the R
Two are | ocated in Maywood; one has been designated, and the ot her
was i nvestigated because contam nati on appeared to extend onto it
fromthe adjacent Stepan property. The remaining six designated
properties are located in Lodi. Results of the RI activities
performed on these properties are presented in Section 4.0.

Residential vicinity properties radiological conditions

On the 23 properties characterized prior to the RI but not yet
remedi at ed, peak concentrations in surface soils [first 15 cm
(6 in.)] were 58.3 pG /g for thorium232 (BNl 1989r), 11.8 pC /g
for radium 226 (BNl 1989v), and 26.7 pC /g for uranium 238
(BNI 1989i). In subsurface soils on these properties, the peak
concentrations were 59.2 pG /g for thorium 232 (BNl 1989v),
5.6 pC /g for radium 226 (BNl 1989i), and 37.4 pG /g for
urani um 238 (BNl 1989k). Contam nation was detected at depths as
great as 2.9 m (9.5 ft) (BN 1989i).

Maxi mum exposure rates were 49 R/ h outdoors (BN 1989q) and

15 yR/'h indoors (BN 1989d). |Indoor radon |evels nmeasured as high
as 4.0 pG /L (BNl 1989p) and 0.008 W. (BNl 1989j); the highest
i ndoor thoron |level was 0.004 W. (BNl 1989p, ).

Residential vicinity properties nonradi ol ogi cal conditions

Prior to this RI, no sanpling had been perforned to
characterize the extent of nonradi oactive contam nation on the
residential vicinity properties.
1.4.4 Commercial/Governnental Vicinity Properties

Surveys of commercial/governnental vicinity properties
conducted by NJDEP and the NRC in 1980 and 1981 established that

thorium 232 and radi um 226 contam nati on was present in soils on
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the Ball od property. An aerial survey conm ssioned by the NRC
confirmed these findings and identified additional nonresidential
sites of contami nation to the southeast (EGG 1981). O her

wal kover surveys identified additional conmercial/government al
properties as being radi oactively contam nat ed.

At the tinme of this RI, 23 commerci al /governnental properties
had been characterized (Table 1-2). |In addition, a partial renoval
action had been conducted on the Ballod property, the northeast
corner of which remains contam nated. Five comerci al/governnenta
properties were also investigated during the Rl. One commerci al
property was radiologically surveyed because contam nati on appeared
to extend onto it fromthe adjacent Stepan property; the remaining
four properties were designated through ORNL surveys. Results of
the RI activities are discussed in Section 4.0. The discussion of
radi ol ogi cal conditions (below) is based on the earlier
characteri zati ons.

Commerci al / governnmental vicinity properties radiol ogical
condi tions

On the commerci al / governnental properties characterized before
this R, maxi mumthorium 232 concentrations in soil were
3,975 pC /g on the Ball od property (from which contam nated soi
was subsequently renoved) (NRC 1981b) and 180 pC /g on the
remai ni ng properties (BNl 1987c). Radium 226 concentrations in
soil were as high as 37 pC/g on the Sears Distribution Center
property (BNl 1987c). A uranium 238 concentration of 80.2 pC /g
was neasured in the drainage ditch running adjacent to the
DeSaussure property (BNl 1989c). |In addition, soil sanples were
collected fromtwo boreholes in Lodi Minicipal Park during 1987
characterization activities to confirmgamm |og data. Thorium 232
concentrations in these two sanples ranged from<1.0 to 31.4 pC /g
(the highest at a depth of 1.8 to 2 m(6 to 7 ft). These data
confirmed gamma | og results recorded in the 1986 and 1987
characterization activities on this property.

Gamma exposure rates up to 146 R/ h (including background) were
measured outdoors (BN 1989c); the highest indoor neasurenent was
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13 yR'h (BNl 1989c, x). In the 1988 annual environmental report,
t he 4-year average background exposure rate for the area was
reported to be approximately 9 yR'h (BNl 1989a).

| ndoor radon and thoron | evels were neasured in buildings on
t he commerci al / governnental properties. The highest radon
measurenent was 2.2 pC /L (BNl 1987c), the highest radon decay
product |level was 0.005 W. (BNI 1989x), and the highest thoron
radon decay product |evel was 0.003 W. (BNI 1987g, 1989x). EPA has
set an indoor renedial action guideline of 0.02 W. for radon (see
Appendi x A). The correspondi ng thoron renedi al action guideline
woul d be 0.06 W.. Wen a hole was cut through the floor of the
war ehouse on the Sears comrercial property, the subfloor radon-222
| evel 72 hours after drilling was 300 pG /L (BNl 1987c).

Commerci al / governnmental vicinity properties nonradi ol ogi cal
condi tions

Chem cal characterization of the commercial /governnenta
vicinity properties generally has been |[imted to the | arger
properties (Kannard 1986a; Ebasco 1987, 1988; Leichtweis 1987;

BNI 1987c,d,f,g). Studies were undertaken in 1986 at the

Hunt er - Dougl as, Sears, Scanel, and Sunoco Station properties to
det erm ne whet her RCRA- hazardous waste was m xed with radi oactive
waste and to provide information needed to devel op health and
safety plans for future renoval actions.

At the Hunter-Douglas property, soil sanples collected to a
depth of approximately 5 m (16 ft) froma single borehole on the
property were conposited and anal yzed for VOCs, semvolatile
organi ¢ conpounds, netals, pesticides, PCBs, and RCRA-hazardous
waste characteristics (BNl 1987d). No VOCs were present in the
conposite sanple; however, the data are suspect because the hol di ng
time for VOC anal yses was exceeded by the anal ytical |aboratory and
the sanple submtted was a conposite rather than a discrete sanple.

Three sem vol atil e conpounds were identified [naphthal ene,
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2- et hyl napht hal ene, and bi s(2-et hyl hexyl ) pht hal ate]; however,
concentrations were below the anal ytical |aboratory's detection
limts of 880 ppb, 88 ppb, and 30 ppb, respectively. No PCBs or
pesticides were detected. Concentrations of netals in soil were
typi cal of background concentrations. Al EP toxicity
concentrations for both netals and pesticides were | ess than the
criteria specified in 40 CFR 261.24 at the tine of the analysis.
These sanples also did not exhibit the RCRA characteristics of
corrosivity, reactivity, or ignitability as specified in

40 CFR 261.21, 261.22, and 261. 23.

Sanpling activities at the Sears property included the
collection of soil sanples to a depth of approximately 5 m (16 ft)
(BNI 1987c). These sanples were conposited and anal yzed for the
sanme paraneters as those fromthe Hunter-Douglas property. The
eval uation of VOC data fromthe sanpling at Sears is of limted
val ue because sanples were conposited rather than taken at discrete
intervals, and holding tine protocols for all VOC anal yses were
exceeded by the anal ytical |aboratory. Two VOCs, nethyl ene
chl oride and acetone, were detected at concentrations exceeding the
| aboratory's specified detection [imt; however, their detection
may be an artifact of the sanpling and anal ytical procedures. Two
ot her VOCs, nethyl ethyl ketone and ethyl benzene, were identified
at concentrations less than the | aboratory's specified detection
limt. On two occasions, subsurface containers were apparently
penetrated during drilling operations; however, no actual evidence
of buried drunms was recorded. Therefore, a conservative assunption
was made that subsurface containers were indeed | ocated on the
property. Significant concentrations of the follow ng VOCs were
identified in the sludge material taken fromthe borehol es:
benzene, 120 ppm toluene, 240 ppm and xylene, 1,200 ppm These
chem cals are constituents of petrol eum based products (i.e.,
gasoline), and a slight gasoline odor was detected in the 2- to
2.5-m (6- to 8-ft) soil sanpling interval. 1In the fall of 1992,
trenching activities were conducted on the Sears Distribution
Center property to confirmthe presence of these subsurface
containers. During these activities, nore than 50 buried druns
were discovered. Full details and |ocations of the buried druns

138_0028 (10/19/92) 1-44



found during the trenching activities will be included in the
report for the Stepan Rl being conducted under a consent order
bet ween St epan and EPA

Fifteen sem vol atile conpounds were identified in soils on the
Sears property. These were phenol, 190 ppb; 2-chl orophenol,

170 ppb; 1, 4-dichl orobenzene, 74 ppb; N-nitroso-di-n-propyl am ne,
92 ppb; 1,2,4-trichl orobenzene, 80 ppb; 4-chloro-3-nethyl phenol,
210 ppb; acenapht hene, 97 ppb; 4-nitrophenol, 420 ppb;
2,4-dinitrotol uene, 89 ppb; pentachl orophenol, 260 ppb; pyrene,
90 ppb; napht hal ene, 80 ppb; 2-nethyl napht hal ene, 88 ppb; benzoic
acid, 8,000 ppb; and bis(2-ethyl hexyl)phthal ate, 27 ppb. The
majority of these conpounds were found in sanples collected

adj acent to the DeSaussure building. No PCBs were detected. The
pesti ci des hexachl or ocycl ohexane and

di chl or odi phenyl trichl oroet hane (DDT) were neasured in one sanple
at concentrations commonly found in agricultural soils. The netals
antinony, cadm um copper, lead, thallium and zinc exceeded the
range for published nati onwi de background concentrations in soi
(Braunstein 1981). However, sanples did not exhibit RCRA
characteristics specified in 40 CFR 261. 21, 261.22, 261.23, and
261.24 at the tinme of analysis.

Subsurface soil conposites obtained fromthe Scanel and Sunoco
Station properties were analyzed for VOCs and sem vol atile organic
conpounds, PCBs and pesticides, netals, and RCRA characteristics.
None of the sanples fromeither property exhibited characteristics
of RCRA waste. Sone sanples contained slightly el evated
concentrations of lithium titanium and sem volatile conpounds
(Kannard 1986a; BN 1987f). Data fromthe VOC sanpling at both
t hese properties is of limted val ue because the sanples were
conposited rather than taken at discrete intervals, and hol ding
time protocols for the VOC anal yses were exceeded by the anal ytical
| aboratory.

1.5 REPORT ORGANI ZATI ON

This Rl report is organized in a format simlar to the outline
suggested in the Guidance for Conducting Renedi al |nvestigations
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and Feasibility Studies Under CERCLA (EPA 1988a). Section 1.0
states the purpose of the report and includes a brief description
of the site, site history, and previous radiol ogical and chem cal
i nvestigations. Section 2.0 sunmarizes investigations perforned to
assess various physical and chem cal characteristics of the site,
detailing the activities performed and the rationale for doing
them Section 3.0 summarizes findings of the work perfornmed to
characterize physical site features relevant to assessing site
contam nation. Results of the field investigation to determ ne the
nature and extent of contam nation are presented in Section 4.0;
the fate and transport of contam nants in various nedia fromthe
site are described in Section 5.0. Section 6.0 outlines the
baseline risk assessnment process to be inplenented for the Maywood
Site, and Section 7.0 summari zes the results and concl usi ons
derived fromthe 1990-1991 Rl field activities and identifies
future work to be perfornmed at the site. Figures and tables for
each section are presented at the end of the section to mnim ze
interruptions in the flow of the text.

This report is supplenented by several appendi xes:

o« Appendi x A sunmarizes DOE guidelines for residual
radi oactive material .

« Appendi x B sunmari zes technical specifications for the
installation of boreholes and nonitoring wells.

« Appendi x C contains radiol ogi cal data, chem cal data, and
geologic logs for soil at the Stepan property.

« Appendi x D contains chem cal data and geol ogic | ogs for soi
at MSS (storage pile and onsite).

« Appendi x E contains radiol ogi cal data, chem cal data, and
geologic logs for soil at the residential vicinity
properties.

« Appendi x F contains radiol ogi cal data, chem cal data, and
geologic logs for soil at the comrercial /gover nnent al
vicinity properties.

e Appendix Gis a field investigation report on the snoke test
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of sewer lines at M SS.

« Appendi x H contains data pertaining to concentrations of
metals and rare earths in groundwater.

e Appendi x | discusses data quality.

« Appendi x J contains hydrogeol ogi ¢ | ogs.

« Appendi x K contains background data for chem ca
constituents in soil.
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Table 1-1
Dose Conversion Factors for U anium and Thori um Decay
Seri es Radi onuclides of Major Concern

Committed Effective Ef fecti ve
Dose Equi val ent Dose
Conver si on Factor?
Equi val ent
(rem ,G)
Conver si on
Fact or
Radi onucl i de I ngestion®  Inhal ation® Radi onucl i de (rem WM ¢
Actini um 228 0. 002 0.13 Radon- 222 1
Protacti ni um 234m 0. 002 0. 0008 Radon- 220 0. 33
Radi um 228 1.44 4. 77
Radi um 226 1.32 8.58
Radi um 224 0. 37 3.16
Thori um 234 0.014 0. 035
Thori um 232 2.73 1, 151
Thori um 230 0.55 262
Thori um 228 0. 40 342
Ur ani um 238 0.25 118
Ur ani um 234 0. 28 132

®Accumul at ed dose for 50 years follow ng intake.

®When the reference source allowed a choice of fractional uptake, the nost
restrictive fraction was selected. Fractional uptake is the fraction of
i ngested radi onucl i de absorbed by the blood fromthe small intestine.

Sel ections were made for urani um 238 and urani um 234.

Source: Eckerman et al. (1988).

‘When the reference source allowed a choice of lung clearance class, the factor
corresponding to Cass Y was selected. Cass Y corresponds to a cl earance
half-tine fromthe lung to the blood and gastrointestinal tract on the order

of
years, as opposed to days (Class D) or weeks (Class W. Selections were nade
for all but radium for which the only choice was Cass W
Source: Eckerman et al. (1988).

“WLM = working | evel nonth; exposure to 1 working |evel (W) of radon-222 or

radon- 220 decay products for 170 hours produces an exposure dose of 1 WM
Source: International Conm ssion on Radiol ogical Protection (1 CRP 1981).
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Table 1-2
Status of the Maywood Site Properties

Property Type of Status® Reference(s)”
Property
Maywood Interim Storage Site, Storage site C NUS Corp. (1983)
Maywood BNl (1987a)
Sears property, Maywood Conmrer ci al C BNl (1987c)
Bal | od property, Rochelle Park Conmrer ci al C Cole et al.
R (1981)
-¢ Crotwel | (1985)
BNl (1986b)
St epan Conpany property, Conmrer ci al C Morton (1982)
Maywood
Scanel property, Maywood Conmrer ci al C Kannard (1986a)
Hunt er Dougl as property, Conmrer ci al C BNl (1987d)
Maywood
Federal Express property, Conmrer ci al C BNl (1987e)
Maywood
@l f station property, Maywood Conmrer ci al C BNl (1989b)
DeSaussure property, Maywood Conmrer ci al C BNl (1989c)
Sunoco station property, Conmrer ci al C BNl (1987f)
Maywood
New Jersey Vehicle I nspection State C BNl (19879)
Station, Lodi
Bergen Cabl e property, Lodi Conmrer ci al C Kannard (1987)
New Jersey Route 17, Maywood State C Kannard (1986b)
and Rochel |l e Park
New Yor k, Susquehanna, and Conmrer ci al C Kannard (1986c)

Western Railroad property
(western right-of-way), Maywood

454 Davi son Avenue, Maywood Resi denti al ORNL (1986a)
BNI (1986c¢)

ORNL (1986b)

ORNL (1981a)
BNl (1986c¢)
ORNL (1986¢)

ORNL (1981b)
BNl (1986c¢)
ORNL (19864)

ORNL (1981c)
BNl (1986c¢)
ORNL (1986¢)

ORNL (1981d)
BNl (1986c¢)
ORNL (1986f)

ORNL (1981e)
BNl (1986c¢)
ORNL (19860)

ORNL (1981f)

459 Davi son Avenue, Maywood Resi denti al

460 Davi son Avenue, Maywood Resi denti al

464 Davi son Avenue, Maywood Resi denti al

468 Davi son Avenue, Maywood Resi denti al

459 Lat ham Street, Maywood Resi denti al

0O <O <IVO <TVO <TVO <WVO <O

461 Lat ham Street, Maywood Resi denti al
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Table 1-2
(conti nued)

Property

Type of
Property

St at us?®

Ref er ence(s)”

467 Lat ham Street,

10

22

26

30

34

38

42

86

90

59

58

59

60

61

62
64

G ove Avenue,

G ove Avenue,

G ove Avenue,

G ove Avenue,

G ove Avenue,

G ove Avenue,

G ove Avenue,

Par k \ay,

Par k \ay,

Maywood

Rochel | e Par k

Rochel | e

Rochel | e

Rochel | e

Rochel | e

Rochel | e

Rochel | e

Rochel | e Par k

Rochel | e Par k

Avenue C, Lodi

Trudy Drive,

Trudy Drive,

Trudy Drive,

Trudy Drive,

Trudy Drive,
Trudy Drive,

138_0028 (10/ 19/ 92)

Lodi

Lodi

Lodi

Lodi

Lodi
Lodi

Par k

Par k

Par k

Par k

Par k

Par k

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

Resi denti al

1-64
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BNl (1986¢)
ORNL (1986h)

ORNL (1981g)
BNl (1986c)
ORNL (19861 )

BNl (1984a)
BNl (1986d)
ORNL (1986) )

BNl (1984b)
BNl (1986d)
ORNL ( 1986K)

BNl (1984c)
BNl (1986d)
ORNL (19861 )

BNl (1984d)
BNl (1986d)
ORNL (1986

BNl (1984e)
BNl (1986d)
ORNL (1986n)

BN (1984f)
BNl (1986d)
ORNL (19860)

BNl (1984q)
BNl (1986d)
ORNL (1986p)

BNl (1984h)
BNl (1986d)
ORNL (19860)

BNl (1984i)
BNl (1986d)
ORNL (1986r)

ORNL (1984b)
BNl (1986e)
ORNL (19865)

ORNL (1984c)
BNl (1986€)
ORNL (1986t)

ORNL (1984d)
BNl (1986e)
ORNL (1986u)

ORNL (19891)
BNl (1989d)

ORNL (1984e)
BNl (1986€)
ORNL (1986V)

ORNL (1989a)

BNl (1985a)
BNl (1986e)



Table 1-2
(conti nued)

Property Type of Status® Reference(s)”
Property
\Y/ ORNL (1986w)
121 Avenue F, Lodi Resi denti al C BNl (1985b)
R BNl (1986e)
V ORNL (1986x)
123 Avenue F, Lodi Resi denti al C BNl (1985c)
R BNl (1986e)
\Y/ ORNL (1986y)
3 Hancock Street, Lodi Resi denti al C BNl (1985d)
R BNl (1986e)
V ORNL (19862)
4 Hancock Street, Lodi Resi denti al D ORNL (1989m)
C BNl (1989e)
5 Hancock Street, Lodi Resi denti al D ORNL (11989n)
C BNl (1989f)
6 Hancock Street, Lodi Resi denti al D ORNL (19890)
C BNl (1989q)
7 Hancock Street, Lodi Resi denti al D ORNL (11989p)
C BNl (1989h)
8 Hancock Street, Lodi Resi denti al D ORNL (11989q)
C BNl (1989i)
9 Hancock Street, Lodi Resi denti al c BNl (1989j)
10 Hancock Street, Lodi Resi denti al D ORNL (11989r)
C BNl (1989k)
80 Hancock Street, Lodi Commer ci al D ORNL (1989s)
C BNl (19891)
100 Hancock Street, Lodi Commer ci al D ORNL (11989t)
C BNl (1989m
2 Branca Court, Lodi Resi denti al D ORNL (11989u)
C BNl (1989n)
4 Branca Court, Lodi Resi denti al D ORNL (11989v)
C BNl (19890)
6 Branca Court, Lodi Resi denti al D ORNL (11989w)
C BNl (1989p)
7 Branca Court, Lodi Resi denti al D ORNL (1986za)
C BNl (1988a)
11 Branca Court, Lodi Resi denti al D ORNL (1986zhb)
C BNl (1988b)
14 Long Val l ey Road, Lodi Resi denti al D ORNL (1989x)
C BNl (1989q)
16 Long Val |l ey Road, Lodi Resi denti al D ORNL (1986zc)
C BNl (1988c)
18 Long Val |l ey Road, Lodi Resi denti al D ORNL (1986zd)
C BNl (1988d)
20 Long Vall ey Road, Lodi Resi denti al D ORNL (1986ze)
C BNl (1988e)
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Table 1-2
(conti nued)

Property

Type of
Property

St at us?®

Ref er ence(s)”

22 Long Vall ey Road, Lodi
24 Long Vall ey Road, Lodi
26 Long Vall ey Road, Lodi
11 Redstone Lane, Lodi
17 Redstone Lane, Lodi

19 Redstone Lane, Lodi
Lodi Muni ci pal Park, Lodi

80 Industrial Road, Lodi

106 Col unbi a Lane, Lodi

99 Gari bal di Avenue, Lodi
Fire Station No. 2, Lodi
Firemen's Menorial Park, Lodi
72 Sidney Street, Lodi

113 Essex Street, Maywood

(National Community Bank)

160/ 174 Essex Street, Lodi
(National Community Bank)

John F. Kennedy Muinici pal Park,

Lodi

Interstate 80 (right-of-way),
Lodi

90 Avenue C, Lodi
108 Avenue E, Lodi
112 Avenue E, Lodi
113 Avenue E, Lodi
79 Avenue B, Lodi

136 W Central Avenue, Maywood

200 R&. 17, Maywood

(Sears small truck repair)

Rt. 17 and Essex Street,
Maywood (Joseph Muscarelle
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Resi denti al
Resi denti al
Resi denti al
Resi denti al
Resi denti al

Resi denti al

Muni ci pal
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Table 1-2
(conti nued)

Property Type of Status® Reference(s)”
Property
Assocl at es)
%C = Radi ol ogi cal characterization conpleted on property.
R = Renedi al action perforned on property.
V =

Verification performed on property by independent verification
contractor.

D = Desi gnati on survey conpl et ed.
PNUS Corp.” = NUS Corporation; BNl = Bechtel National, Inc.
ORNL = Oak Ridge National Laboratory.
‘Only part of site renediated.
dProperty not yet designated.
®Partial remediation conpleted in 1991 as a tinme-critical renoval
action. Documentation of the cleanup being prepared.
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Table 1-3
Concentrations of Metals in Soils at M SS

Concentration EP Toxicity?® Backgr ound

Range Test Concen- Concentration (ppn)
Met al in Soil tration EPA Limt

(ppm (ppm (ppm Mean Range
Ant i nony <l - 44 NA NA NA 2 - 10
Arsenic 1.9 - 51 0. 07 5 2 1- 50
Bari um 5 - 105 0.0171 100 500 100 -
3, 000
Beryllium <0.06 - 3 NA NA 6 0.1 - 40
Cadmi um <0.4 - 20 <0. 02 1 0.06 0.01 - 0.7
Chr om um 5 - 3,920 <0. 002 5 100 5 -
3, 000
Copper <1l - 167 NA NA 20 2 - 100
Lead <1l - 790 0.112 5 10 2 - 200
Mercury <0.03 - 93 <0. 001 0.2 0.03 0.01 - 3
N ckel 5 - <73 NA NA 40 10 -
1, 000
Sel eni um <0.14 - 3 <0. 003 1 -- 0.01 - 2
Silver <0.2 - <18 <0. 02 5 0.1 0.01 - 5
Thal I'i um <5 - 744 NA NA 0.1 NA
Zi nc 16 - 304 NA NA 50 10 - 300

®The extraction procedure (EP) toxicity test is an EPA-specified procedure
fornmerly used to test the potential for RCRA-designated contam nants to be
| eached fromwaste naterial s.

®NA = no data avail abl e.

Sour ces: Background concentrations, Braunstein (1981); other data, BN
(1987a).
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2.0 STUDY AREA | NVESTI GATI ONS

One objective of the Maywood Site RI is to obtain site-specific
information sufficient to devel op and eval uate renedi al action
alternatives. To obtain this information, specific Rl objectives
for each operable unit were devel oped, and the data gaps existing
after previous characterization activities were identified. The R
obj ectives for each operable unit are |isted bel ow

St epan property

e Determne the extent of surface radioactive contam nation
e Determne horizontal and vertical boundaries of subsurface
radi oacti ve contam nation
e« ldentify the chem cal contam nants that resulted from
t hori um processi ng operations
e Determ ne whet her RCRA-hazardous waste is mxed with
radi oacti ve waste

« Determ ne whether wastes buried at Stepan have mgrated from
t hose burial areas

e« Confirmthe validity of previous surveys' radiological
measurenents of fixed and renovabl e contam nation within
bui I di ngs

e Confirmthe validity of previous surveys' neasurenents of
gamma exposure rates within buildings and over outdoor
surfaces

M SS

e Determ ne whether waste in the storage pile contains
RCRA- hazar dous waste or PCBs

« Determne the average concentrations of radioactive waste in
the pile

e Determ ne whether chem cal contam nants are present in
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onsite soil and identify the contam nants

e Determ ne whether chem cal contam nants are migrating from
M SS via surface water, sedinment, or groundwater

e (Quantify the radon and thoron exposure pathways at M SS

e« Quantify residual radioactive contam nation on structural
surfaces in Building 76

e Resolve data gaps associated with the understandi ng of the
M SS groundwat er system

Residential vicinity properties

e Determne the extent of surface radioactive contam nation on
residential vicinity properties not previously characterized

e Determne the horizontal and vertical boundaries of
subsurface radi oactive contam nation on these properties

e |Investigate the potential presence of chem cal contam nants
associated wth thorium processi ng operations

e Determ ne the nechani sns of contam nant transport

. Measure the gamma exposure rates on each property

Comrerci al / governnmental vicinity properties

« Determne the extent of surface radioactive contam nati on on
comerci al / governnental properties investigated as part of
this R

e Determne horizontal and vertical boundaries of subsurface
radi oactive contam nation on these properties

e |Investigate the potential presence of chem cal contam nants
associated with thorium processi ng operations

« Determ ne the nechani sns of contam nant transport

. Measure the gamma exposure rates on each property

The foll ow ng sections describe the activities perfornmed to
fill the data gaps identified for the Maywood Site. Activities
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centered on collecting data and conpiling information regarding
surface features, contam nant sources, neteorol ogy, surface water
and sedi nents, hydrogeol ogy, groundwater, denography, and ecol ogy.
Tabl e 2-1, adapted from Table 4-1 of the Field Sanpling Plan for
the Renedi al |Investigation/Feasibility Study-Environnmental | npact
Statenent for the Maywood Site (BN 1990c), provides a summary of
the nunbers of boreholes drilled and soil sanples anal yzed for
radi ol ogi cal and chem cal paraneters at each operable unit.

Tabl es 2-2 through 2-6 identify the types of anal yses performnmed for
each sanpling interval in each chem cal borehole. Table 2-7

suppl ements the summary in Table 2-1 by providi ng nunbers of
radi ol ogi cal boreholes drilled at each of the residential and
commerci al /governnmental vicinity properties and the nunbers of
surface and subsurface sanples anal yzed for thorium 232,
radi um 226, and urani um 238.

2.1 SURFACE FEATURES | NVESTI GATI ONS

To identify potential historical waste production and storage
areas and potential waste transport nedia, the initial
investigation of the surface features of Stepan, MSS, and the
vicinity properties concentrated on a chronol ogi cal series of
aeri al phot ographs, topographic maps, owner draw ngs (where
avai l abl e), and eyew tness accounts. Before the RI field
activities began, a civil survey of each property within the four
operable units was prepared show ng | egal boundaries, buildings,
and significant surface features, including major vegetation. The
surveyor established the appropriate grid system tying the
coordinates to New Jersey State Plane coordinates so that the grid
system coul d be reestablished for future activities.

Al t hough the surface features of the properties had not changed
between the tinme of the earlier characterization activities and the
time of the RI, additional investigations were perfornmed. This
i ncluded a ground penetrating radar (GPR) survey of burial pits 1
and 2 at Stepan and portions of two conmercial properties,

113 Essex Street (National Community Bank) and Route 17 and Essex
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Street (Joseph Muscarell e and Associ ates), where the fornmer channel
of Lodi Brook is believed to have been | ocated. Conputer-enhanced
anal ysis of aerial photographs was al so perforned to better define
the original channel of Lodi Brook.

2.2 CONTAM NANT SOURCE | NVESTI GATI ONS

Cont ami nant sources at the Maywood Site have been identified
based on historical records and the results of the previous
radi ological and limted chem cal characterizations of the site.
Section 2.0 of the Work Plan for the Renedial |nvestigation/
Feasi bility Study-Environnmental |npact Statenent for the Maywood
Site provides nore detailed information about these previous
studies (ANL 1990). The follow ng sections sunmari ze the
activities perforned to evaluate potential waste source(s) and to
further characterize radiol ogical, chem cal, and physi cal
characteristics of material within various nedia at the Maywood
Site.

2.2.1 Radiological Investigations

The radi ol ogi cal investigations of the four operable units
enpl oyed task-specific techniques to address the objectives
outlined in the scoping and planni ng docunments (ANL 1990;

BNI 1990c, 1990d). Investigative nethodol ogi es included near-
surface ganma radi ation surveys, surface and subsurface soi
sanpl i ng, downhol e gamma | oggi ng, and ganma exposure rate
measurenents. Sanples were anal yzed for uranium 238, thorium 232,
and radi um 226.

A site-specific cleanup guideline for uraniumw || not be
devel oped for the Maywood Site as stated in the work plan
(ANL 1990). The results of this investigation, as well as previous
site characterization efforts, have shown that uraniumis not a
predom nant radi oactive contam nant at the Maywood Site. Urani um
has typically been detected at concentrations near background and
is present with nuch higher concentrations of thorium Because

138_0028 (10/ 19/ 92) 2-4



there is a cleanup standard for thorium|[which was adopted from
40 CFR 192 (Uranium M Il Tailings Renmedi al Action Program and
which is nore restrictive than potentially derived guidelines for
urani um and since el evated areas of uraniumare conm ngled with

t hori um above cl eanup standards, a site-specific cleanup guideline
is not necessary for uranium Any actions taken to address the
thorium contam nation will also address the |ower |evels of

urani um

Five percent of the total nunber of soil sanples analyzed for
radi ol ogi cal paranmeters were al so subjected to isotopic anal ysis of
uranium radium and thoriumto determ ne whether parent and
daughter isotopes were in equilibrium Results of isotopic
anal yses are presented in Table 4-2. In addition, where specified
in the scoping and planni ng docunents, snear sanples were collected
frombuilding surfaces and anal yzed to detect renovabl e gross al pha
and beta contam nation. Hand-held al pha and bet a-gamma detectors
were used to neasure |levels of fixed radioactive contam nation on
t hese surfaces.

Data froma previously characterized and partially renedi ated
vicinity property (Ballod) were reviewed to establish a nore
realistic correlation between counts per mnute (cpm (as
determ ned i n downhol e ganma | oggi ng) and pi cocuries per gram
(pG/g) than had been used in previous characterizations at the
Maywood Site. Previously, a correlation of 40,000 cpmto 15 pG /g
as an indicator of radioactive contam nation was established
t hrough instrunent calibration at TMC. However, this correlation
is based on "ideal" conditions, including uniformdistribution of
contam nation. Data for the Ballod property indicated that the
average ganma | og count rate was approxi mately 25,000 cpmat the
bottom of the renedi ated | ayer of soil [i.e., thorium 232
concentrations were less than 15 pCi/g (the DOE guideline for
cl eanup)] and at the top of the clean |layer of soil. Based on this
i nformati on, downhol e gamma | ogging results of 30,000 cpm were used
as a conservative indicator of potential radioactive contam nation
and as a basis for selecting depths of contam nation for sanpling
pur poses and subsurface soil sanples to be anal yzed.

138_0028 (10/ 19/ 92) 2-5



The followi ng sections detail the specific radiological studies
performed at each of the four operable units at the Maywood Site.
Sanmpling results, along with figures show ng neasurenent and
sanpling |l ocations, are presented and di scussed in Sections 4.4
t hrough 4.7

St epan radi ol ogi cal investigations

To assess the extent of surface radioactive contam nation, an
initial near-surface wal kover gamma survey was perfornmed on the
Stepan property using a 5- by 5-cm (2- by 2—in.) sodiumi odide,
thalliumactivated [Nal (TlI) probe] unshiel ded gamma scintillation
detector. The surveyor held the gamma detector several inches
above the ground surface, slowy noved it back and forth al ong the
traverse, and nmapped the results.

Areas where neasurenents were found to be greater than tw ce
t he background count rate were resurveyed with a coneshi el ded gamma
scintillation detector held 30.5 cm (12 in.) above the ground
surface. The shielded detectors were calibrated at TMC to provide
a correlation between counts per mnute (cpm and picocuries per
gram (pC/g). This calibration denonstrated that approxi mately
11, 000 cpm on the coneshi el ded detector corresponds to the DOE
guideline [5 pC /g plus |ocal average background (1 pC/g)] for
thorium232 in surface soils (TMAV E 1989).

In addition to systematic soil sanpling, biased soil sanpling
| ocati ons were sel ected based on results of the wal kover and
coneshi el ded surveys and reviews of historical surveys (Mata 1984;
Cole et al. 1981; EG&G 1981; Coffman 1983; Mrton 1981) to confirm
the extent of surface contam nation. Soil sanples were collected
and anal yzed in accordance with the procedures outlined in the
field sanpling plan (BNl 1990c). The sanples were anal yzed for
thorium 232, uranium 238, and radi um 226 by gamma spectroscopy at
Thernmo Anal ytical/Eberline (TMAE) | aboratories in Al buguerque,
New Mexi co, and Oak Ri dge, Tennessee.

To investigate the horizontal and vertical extent of subsurface
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radi oactive contam nation, systematic and bi ased borehol es were
drilled through all layers of previously disturbed soil and into at
least 0.6 m (2 ft) of undisturbed soil. Such boreholes also were
drilled in and adjacent to burial pits 1 and 2 on the Stepan
property to determ ne whether contam nants have mgrated fromthese
burial areas. Boreholes could not be drilled into burial pit 3
because it is |ocated beneath a warehouse supported by nunerous
wooden pilings; however, boreholes were drilled adjacent to it.

I nformati on concerning the existence of the wooden pilings beneath
t he warehouse was rel ated by a Stepan enpl oyee, but no specific
information as to their nunber or exact |ocation was avail abl e when
requested from Stepan Conpany records.

I n each borehole, a shielded, sodiumiodide ganma scintillation
detector was used to perform downhol e ganma | ogging. TMC
calibrated the instrunent and determ ned that a count rate of
approxi mately 30,000 cpm corresponds to the subsurface
contam nation guideline for thorium232 (15 pC /g above
background). Downhol e ganmma radi ati on neasurenents were taken
at 15-cm (6-in.) intervals to approxi mate the depths and
concentrations of radioactive contamnation and to assist in the
sel ection of soil sanmples for |aboratory anal ysis.

Conti nuous soil sanpling was conducted in each borehole froma
depth of 15 cm (6 in.) until undisturbed soil was penetrated at
least 0.6 m(2 ft). A mninmumof three sanples fromdiscrete
intervals in each borehole were anal yzed for thorium 232,
radi um 226, and uranium 238 to suppl enent the gamma | oggi ng
results. Remaining sanples were archived for future anal yses.

To verify the presence of renovabl e radi oactive contam nation
Wi thin buildings, snmear sanples were collected from bi ased
| ocations selected to confirmor negate findings of historical
surveys. Areas of about 100 cnf (15.5 in.? were w ped with snear
paper, and the snears were counted for gross al pha and gross beta
activity. |If significant activity (exceedi ng DOE gui delines--see
Appendi x A) was detected, further analysis was perforned to
identify the isotopes present. Fixed contamnation |levels within
t he buil dings were spot-checked with hand-held al pha and beta
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detectors.

Wher e possi bl e, surveying was conducted beneath painted,
coated, wet, or dirty surfaces to ensure that radi oactive
contam nati on was not bei ng masked by materials introduced to
surfaces after thorium processing operations had ended. Analytical
data for the sanples and survey neasurenents were eval uated and
conpared with historical survey data (Morton 1982) to accurately
define areas of fixed and/or renovabl e contam nati on.

| ndoor and outdoor ganmma radi ati on exposure rates were neasured
to verify measurenents from previ ous surveys and determ ne whet her
| ocations sanpled were representative of the property. |In each
bui | di ng where access was permtted, two to four neasurenents were
taken at | ocations determned by the field sanpling team [|ndoor
measurenents were taken using either a pressurized ionization
chanmber (PIC) or a Nal(Tl) gamma scintillation detector designed to
detect gamma radiation only. The PIC instrunment has a response to
gamma radi ation that is proportional to exposure in roentgens.
Ti me-integrated neasurenents at 1 m (3 ft) above the ground surface
are made using both the PIC and the ganma scintillation detector to
establish a correlation between m croroentgens per hour (yR h) and
counts per mnute (cpnm). A factor for converting gamma
scintillation neasurenents to gamma radi ati on exposure rates was
established through the correlation of these two neasurenents at
four |l ocations during previous characterization activities at
properties in the vicinity of the Stepan property. A total of
82 outdoor gamma radi ati on exposure rate neasurenents were nade
using an Nal (Tl) gamma scintillation detector.

Results of sanpling activities at the Stepan property and
figures show ng sanpling | ocations are presented in Section 4. 4.

M SS radi ol ogi cal investigation

To determ ne the average concentrations of radioactive
materials in the MSS storage pile, a soil sanpling program was
desi gned and agreed upon by DOE and NJDEP (Atkin 1989; Kaup 1989).

The pile was marked with a 15-m (50-ft) grid, and 37 borehol es

1380028 (10/19/92) 2-8



were drilled. To the degree possible, boreholes were drilled at
the grid intersections, with adjustnments nade according to field
conditions. Drilling depth at each |location differed because of
the variable height of the pile and the depth of the underlying
| eachate coll ection system

To the degree possible, each borehol e was sanpl ed conti nuously
fromtop to bottom A randomly selected portion of the materi al
extracted fromeach sanpling interval was conposited into one
sanpl e representative of the entire depth of the borehole. These
sanpl es were anal yzed for thorium 232, uranium 238, and radi um 226
by gamma spectroscopy at the TMA/ E radi ol ogi cal anal ysis
| aboratories. Imediately after each borehole was drilled, the
penetrated area of the pile cover was repaired.

The presence of radon and thoron at MSS at concentrations
exceedi ng background has been docunented by the environnental
nmonitoring program (BNl 1989a). Cean soil has been placed as
shielding at |ocations where nmeasurenents exceeded background, and
this has resulted in annual average concentrations bel ow the DOE
DCG of 3.0 pG /L (BNl 1991a). In addition to environnental
nmoni t ori ng nmeasurenents, rates of radon emanation (flux) fromthe
site surface and storage pile have been determ ned as required for
conpliance with radi onuclide provisions of the Clean Air Act and to
support the renedial investigation. Thoron flux rates for the pile
al so were determned for informational purposes.

Flux rates were neasured by placing charcoal canisters on the
ground for a 24-h period. The canisters were then collected, and
t he anbunts of radon and thoron were determ ned by ganmm
spectroscopy. The emanation rate was cal cul ated based on the
concentrations, surface area of the canisters, and the collecting
tinmes.

Sanpling activities at MSS, along with figures show ng
sanpling locations for the interimstorage pile and for onsite
soils, are discussed in Section 4.5.

Radi ol ogi cal investigations at residential vicinity properties
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Ei ght residential vicinity properties required radiol ogi cal
i nvestigation, including 70 West Hunter Avenue in Maywood, which
was characterized to determ ne whether contam nation extended onto
it fromthe adjacent Stepan property.

The remai ni ng seven properties had been designated for
i nclusion in FUSRAP but required nore conprehensive investigation.
These properties (see Figure 1-4) include:

e 79 Avenue B, Lodi

e 90 Avenue C, Lodi

« 108 Avenue E, Lodi

e 112 Avenue E, Lodi

e 113 Avenue E, Lodi

e 62 Trudy Drive, Lodi

e 136 West Central Avenue, Maywood

On each residential vicinity property, an initial near-surface
wal kover gamma survey was performed to identify areas of el evated
radi onuclide activity. At all |ocations where wal kover survey
measurenents were greater than tw ce the background | evel, near-
surface ganma neasurenents were al so taken using a coneshi el ded
gamma scintillation detector. [The average background | evel for
the Maywood area is 7,500 cpm (Bradshaw 1990). ]

To identify surface areas where concentrati ons exceeded the DCE
guideline of 5 pC/g for thorium 232, areas w th neasurenents of
nmore than 11,000 cpm were mapped. These data were used to
determ ne the |l ocations for biased surface soil sanpling. [Biased
soil samples were collected at | ocations where ganma radi ati on
measurenents were detected at |levels tw ce background or greater
(i.e., 15,000 cpmor higher, using a shielded detector).] These
bi ased sanpl es and sanples collected systematically at 7.5-m
(25-ft) intervals were then used to estimate the areal extent of
surface contam nation. These sanples were anal yzed for
thorium 232, radium 226, and urani um 238 by gamrma spectroscopy.

On each residential vicinity property, a subsurface
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i nvestigation also was conducted to evaluate the horizontal and
vertical extent of subsurface radioactive contamnation and to

i nvesti gate whet her subsurface contam nati on m ght exist even where
there was no surface contam nation. This investigation consisted
of drilling systematic and bi ased boreholes using either a 7.5-cm
or 15-cm (3-in. or 6-in.) auger bit. Biased borehole |ocations
were sel ected based on the wal kover survey and coneshi el ded
measurenents. All boreholes were drilled through disturbed soils
and at least 0.6 m(2 ft) into undisturbed soil. Sanpling
frequency and radi ol ogi cal anal yses for residential vicinity
properties are summarized in Tables 2-1 and 2-7.

Downhol e gamma | oggi ng was perforned in all boreholes at 15-cm
(6-in.) intervals to determ ne the depths and concentrations of
contam nation and to assist in selecting soil sanples to be
anal yzed by the laboratory. 1In addition to downhol e gamma | oggi ng,
conti nuous soil sanpling was conducted begi nning at a depth of
15 cm (6 in.) and continuing at 30.5-cm (1-ft) intervals until the
bott om of the borehole was reached. Based on downhol e gamma | og
data, a mninmumof three sanples fromdiscrete intervals in each
borehol e was anal yzed by gamma spectroscopy for thorium 232,
radi um 226, and uranium 238 to further define contam nation
boundaries. Renmining sanples were archived for future anal ysis.

To identify the mechani sn(s) of contam nant transport to
residential properties, biased boreholes were drilled in areas
where the forner channel of Lodi Brook is believed to have exi st ed.

Soil sanples were collected fromthese borehol es and anal yzed by
gamma spectroscopy for thorium 232, radi um 226, and urani um 238.

To determine interior and exterior ganmma radi ati on exposure
rates for residential occupants, neasurenents were taken at each
property, where determ ned necessary, using the sanme net hodol ogy
and instrunentation as for the Stepan property.

Section 4.6 details the RI activities perfornmed at each
residential vicinity property and includes figures show ng sanpling
| ocati ons.

Radi ol ogi cal investigations at commercial /governnental vicinity
properties
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Fi ve comrercial /governnental vicinity properties required
conpl ete radi ol ogi cal characterization as part of this RI. Four
had been previously designated for inclusion in FUSRAP based on
data from designation surveys perforned by ORNL. These properties
wer e:

e« 200 State Route 17 (Sears Repair Center), Maywood

e Essex Street and Route 17 (Miuscarell e and Associ at es),
Maywood

e 113 Essex Street (National Community Bank), Maywood

e Interstate 80 (westbound right-of-way), Lodi

The property at 205 Maywood Avenue in Maywood (Myron
Manuf acturing) was characterized to determ ne whether contam nation
had extended onto it fromthe adjacent Stepan property.

The techni cal nmethodology for Rl activities at commercial/
governnmental vicinity properties was simlar to that used at the
residential vicinity properties. Mnor nodifications included the
application of a larger survey grid and an increase in the nunber
of boreholes drilled and sanpled (to better define the vertical and
hori zontal boundaries of contam nation). Sanpling frequency and
radi ol ogi cal anal yses for commercial/governnmental vicinity
properties are summarized in Tables 2-1 and 2-7. Investigation
results and figures showi ng sanpling |locations are presented in
Section 4.7.
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2.2.2 Chemcal Investigations

Data from previous investigations were reviewed prior to
chem cal investigation activities. The chief objectives of the
chem cal investigations on the various properties were to determ ne
whet her waste woul d be characterized as RCRA-hazardous upon renpva
and whet her chem cal contam nation existed that nmet the FFA
definition of FUSRAP waste (see Section 1.2). Additional analysis
was performed for VOCs, BNAEs, and pesticides/PCBs if the total
pet r ol eum hydrocarbon (TPH) concentrati on exceeded 1,000 ppm in
accordance wth anal ytical paranmeters specified by NJDEP (Atkin
1989; Kaup 1989). Five percent of the planned nunber of borehol es
on vicinity properties were selected for chem cal sanpling; the
nunbers of sanpl es anal yzed and the correspondi ng anal yti cal
paraneters are shown in Tables 2-1 through 2-6. These sanples were
sel ected based on their |ocations and what they could reveal
regardi ng potential transport pathways through the various nedi a.
Al of the boreholes sanpled on M SS were sanpl ed for anal ysis of
chem cal paraneters.

The chem cal investigation activities for each operable unit
are described in the foll owi ng subsecti ons.

St epan chem cal investigation

Chem cal characterization of the Stepan property was conducted
to (1) determ ne the presence of chem cal contam nants that could
have resulted fromthorium processing, (2) determ ne whether
RCRA- hazar dous waste is mxed wth radi oactive waste, and
(3) determ ne whether contam nants have migrated fromwaste buri al
pits.

To determ ne the presence of potential chem cal contam nants,
sanpl es were collected from 10 borehol es selected by the field
sanpling team after radioactively contam nated areas were
identified. Sanples were taken fromdiscrete intervals above,
wi thin, and bel ow radi oactively contam nated zones. Each sel ected
borehol e was sanpl ed at depth intervals of approximately 0.6 m
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(2 ft). The 10 borehol es sanpled included five that exhibited
subsurface radioactive contam nation, three that exhibited surface
contam nation only, and two that were not radioactively
cont am nat ed.

The sanpl es were anal yzed for constituents that may have been
present in the original ores used at MCWor that are believed to
have been introduced during the manufacturing process. Soi
sanples fromall chem cal borehol es were anal yzed for netals, rare
earth elenents, and nobile ions (i.e., phosphate, chloride,
nitrate, and sulfate). This strategy for chem cal sanpling and
anal ysis was chosen so that DOE coul d determ ne whet her waste that
met the definition of FUSRAP responsibility existed on the Stepan
property. Data collected during the Stepan RI/FS will be used by
DOE to supplenment this RI and better define waste characteristics
and DOE responsibility.

To determ ne the presence of constituents that m ght be
classified as RCRA-hazardous waste (according to 40 CFR 261), 36 to
40 sanples [5 percent of the total nunber of soil sanples (778)
coll ected for radiol ogi cal anal ysis] were anal yzed for TCLP netal s,
corrosivity, and sulfide and cyanide reactivity. Ignitability was
not tested because no solvents or organics were used in the thorium
processing and this characteristic is not suspected in the waste.
Anal ysis al so was perforned for total PCBs (21 sanples) and TPH (31
sanples). Sanples in which TPH exceeded 1,000 ppm were screened
for EPA priority pollutants (VOCs, BNAEs, and pesticides/PCBs) in
accordance with analysis paraneters specified by NJDEP (Atkin 1989;
Kaup 1989).

To determ ne whether contam nants fromwastes in burial pits 1
2, and 3 have migrated, boreholes were drilled around the perineter
of each pit at intervals of 7.5 to 15 m (25 to 50 ft). Locations
of these boreholes were adjusted as needed depending on the
accessibility and size of the burial areas. Boreholes were drilled
W thin accessible burial areas to a mnimumof 0.6 m(2 ft) into
undi sturbed soil. Discrete sanpling was conducted in each
borehol e; soil sanples were collected at 0.3-m (1-ft) increments
and were anal yzed for TCLP netals, corrosivity, reactivity, PCBs,
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and TPH. Sanpling frequency and anal yses for the Stepan property
are summari zed in Tables 2-1 and 2-2.

Results of the chem cal investigation at the Stepan property
and figures show ng sanpling |locations are presented in
Section 4.4. Data quality objectives associated with the
anal ytical results fromthis sanpling are di scussed in Appendi x I.

M SS storage pile chem cal investigation

The chem cal investigation of the MSS storage pile was
undertaken to determ ne whether the pile contai ns RCRA-hazardous
waste or PCBs. Soil sanples fromthe storage pile were collected
and anal yzed according to a specific sanpling and anal ysis program
agreed upon by DOE and NJDEP. The program was designed to ensure
t hat adequate data were collected to enable this classification
(Atkin 1989; Kaup 1989).

A systemati c approach was undertaken to ensure the collection
of representative sanples. The pile was marked with a 15-m (50-ft)
grid, and boreholes were drilled, to the degree possible, near the
intersection of the grid lines. Drilling | ocations were adjusted
when necessary to ensure drill rig stability or to avoid
obstructions in the pile. Considering that the pile occupies
approximately 0.8 ha (2 acres), sanpling on the 15-m (50-ft) grid
required the drilling of 37 borehol es.

Borehol e depths varied with the height of the pile, which
averages 5.5 m (18 ft), and the depth of the underlying | eachate
collection system Caution was exercised to avoid puncturing the
i nperneabl e |liner beneath the pile. Drilling depths were sel ected
to sanple as nmuch material in the pile as possible and yet allow an
adequate safety margin to protect the bottomliner; side slopes
wer e al so consi der ed.

Sanpl es collected fromthe boreholes were conposited into
representative sanples over 0.9-m (3-ft) intervals. Boreholes were
drilled fromthe top of the pile, and up to six sanples per
borehol e were collected. Al sanples were analyzed for TCLP
nmetals, total PCBs, sulfide and cyanide reactivity, and TPH.
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Sanples in which TPH exceeded 1,000 ppm were anal yzed for EPA
priority pollutants (VOCs, BNAEs, and pesticides/PCBs). For VOC
anal ysis, septumsealed vials were filled with material from each
discrete interval before the conposite sanple was obtai ned. Based
on TPH results (when TPH concentrati ons were greater than
1,000 ppm, the VOC vials were submtted to the | aboratory for
analysis. In addition to these anal yses, 10 percent of the sanples
(16 of 167 sanples) were anal yzed for TCLP organics and
corrosivity. Sanples were selected using a random sequence to
sel ect the borehole and the depth. Sanpling frequency and anal yses
for the storage pile at MSS are sunmari zed in Tables 2-1 and 2-4.
Results of the chem cal investigation at the MSS storage pile
and figures show ng sanpling |locations are presented in
Section 4.5. Data quality objectives are discussed in Appendix |I.

M SS onsite chem cal investigation

RI goals for the onsite portion of MSS (i.e., areas other than
the storage pile) included determ ning whet her chem cal
contam nants were present in onsite soil and identifying those
contam nants. A plan to chemcally characterize onsite overburden
materi al was devel oped after existing data (BN 1986a; BN 1987a, b;
BNI 1988j; Ebasco 1987; Ebasco 1988) were reviewed. A limted
chem cal characterization perfornmed by BNl in 1986 reveal ed the
presence of VOCs and semvolatiles in MSS soil. To augnent these
results, 34 boreholes were drilled; each was advanced approxi mately
0.6 m(2 ft) beyond the depth of radioactive contamnation. |If
bedrock was encountered before this depth was reached, drilling
oper ati ons ceased.

Conposite sanples were coll ected over the radioactively
contam nated intervals. To provide detailed information on
chem cals present in the radi oactive waste, sanples were al so
collected at discrete intervals from17 (50 percent) of the
borehol es and were anal yzed for Target Conpound List (TCL) and
Target Analyte List (TAL) constituents (Tables 2-8 and 2-9). This
informati on was obtained primarily for risk assessnment and worker
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health protection. Selection of borehol es and sanpling depths was
determ ned using a random nunber generator. Soil sanples were
collected fromthe center of each discrete interval and placed in
septum seal ed vials for VOC anal ysis (which was perforned if TPH
exceeded 1,000 ppm). After the discrete sanple was coll ected, the
remai ning soil for the entire depth of the borehol e was conposited
and anal yzed for TPH, total PCBs, nobile ions, and RCRA
characteristics (including sulfide and cyanide reactivity and
corrosivity). Ignitability was not tested because no sol vents or
ot her organics are known to have been used in thorium processing
operations, and the waste is not believed to be ignitable. A

di screte sanple collected froma depth bel ow the zone of

radi oactive contam nation in each borehol e was anal yzed for TCL and
TAL constituents to determ ne whether chem cal contamnation is
present outside the known boundaries of radioactive contam nation.
Sanpling frequency and anal yses for MSS onsite | ocations are
summari zed in Tables 2-1 and 2-3.

Results of the MSS onsite chem cal investigation and figures

show ng sanpling |locations are presented in Section 4.5.

Chem cal investigation of residential vicinity properties

The objective of the chem cal characterization of the
residential properties was to determ ne whet her chem cal
contam nants associated wth thorium processing operations were
present on the properties, whether chem cal contam nants have
mgrated fromMSS, and whether chem cal contam nants are m xed
wi th radi oactive constituents. Biased borehol es were sanpl ed at
specified intervals above, within, and bel ow the radi oactive
contam nation, and sanples were submtted for chem cal analysis.
Approxi mately three 0.6-m (2-ft) intervals per borehole were
sanpl ed, and the sanples were analyzed for netals, rare earth
el enents (Il anthanides), TCLP netals, reactivity, corrosivity, TPH,
and total PCBs (Tables 2-1 and 2-5). Results of the chem cal
i nvestigation of the residential vicinity properties are presented
in Section 4.6.
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Chem cal investigation of commercial/governnmental vicinity
properties

The chem cal characterization of the commercial /governnenta
vicinity properties was conducted to investigate the potenti al
presence of chem cal contam nants associated with thorium
processing, to determ ne whether chem cal contam nants are m xed
wi th radioactive constituents, and to determ ne whet her chem ca
contam nants have mgrated fromMSS. Sanpling and anal ysis were
conducted as shown in Tables 2-1 and 2-6. Results are presented in
Section 4.7.

2.3 METEOROLOG CAL | NVESTI GATI ONS

No new net eorol ogi cal investigations were conducted as part of
this R, but neteorological information was gathered during
previ ous characterization and renoval action activities and through
DCE' s routine environnmental nonitoring programat M SS.
Met eor ol ogi cal conditions at the Maywood Site are described in
Section 3.2.

2.4 SURFACE WATER/ SEDI MENT | NVESTI GATI ON

The objectives of the surface water/sedi nent investigation were
to determ ne whet her radi oactive or chem cal contam nants
originating at MSS are mgrating into (and being transported
offsite by) the current surface water flow system and to determ ne
any inpact of waters fromMSS on the surface waters in the
vicinity. The investigation included collection of surface water
and sedi nent sanples fromlocations upstream and downstream of M SS
(Figure 2-1 shows sanpling locations). The sanples were anal yzed
to determ ne the presence or absence of radionuclides and chem cal
constituents, quantify constituent concentrations, and eval uate the
node of constituent transport (i.e., particulate or solution).

Surface water and sedinment are transported fromM SS via
Westerly Brook and a drainage ditch that discharges into Lod
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Brook. As shown in Figure 2-1, Westerly Brook enters MSS fromthe
north and fl ows through an underground cul vert beneath the

nort hwest portion of the site. Surface water fromMSS is
channel ed along the railroad spurs and enters the Wsterly Brook
cul vert through a drop manhole just before it exits the site.

As stated in the field sanpling plan, collection of surface
wat er and sedi nent sanpl es was planned. However, there was
insufficient surface water runoff to obtain these sanples;
therefore, the only data included for the RI report are data that
were collected during the routine environnmental nonitoring of M SS.

Surface water and sedi nent sanples have been collected quarterly
fromlocations 1 through 4 since 1986 as part of the ongoing DOE
environmental nonitoring program Sanpling location 1 is
i mredi ately upstream of the confluence of Westerly Brook and the
Saddle River. Sanpling location 2 is along Westerly Brook where it
flows out of a culvert approximately 190 m (600 ft) upstream from
the Saddle River. Sanpling location 3 is further upstream al ong
Westerly Brook north and upstreamof the site. Sanpling |location 4
is south of 1-80 on Lodi Brook approximtely 460 m (1,500 ft)
downst ream of M SS.

Sanpl es collected as part of the environnmental nonitoring
program were anal yzed for total uranium radium 226, thorium 232,
and indicator paraneters (TOC, TOX, pH, specific conductance).
During the fourth quarter of 1990 and the first, second, and third
guarters of 1991, environnental nonitoring program sanples were
collected as part of the RI. These sanples were anal yzed for
metals, lithium rare earth elenents, and nobile ions, in addition
to the regular suite of anal yses described above. The surface
wat er sanpl es were anal yzed for both total and dissol ved
radi onuclides, netals, and rare earth elenents. In addition, the
surface water sanples collected during the third quarter of 1990
were anal yzed for volatile and sem vol atil e organi c conpounds.

The description of the |ocal surface water systemis presented
in Section 3.3. Results of the surface water/sedi nent
i nvestigation are discussed in Sections 4.4 through 4.7.
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2.5 HYDROGEOLOG C | NVESTI GATI ON

The objective of the hydrogeol ogic investigation conducted
during the Rl was to provide additional hydrogeol ogic data to
suppl enment the subsurface data coll ected during previous
i nvestigations. The investigation focused on the resol ution of
data gaps associated with the understanding of the MSS groundwat er
system Historically, water |evel data fromthe DOE environnmenta
nmoni t ori ng program have shown an anonmal ous groundwater flow pattern
inthe vicinity of MSS wells 5A 6A and 7A (see Section 2.6).
Periodically, the water level in one or nore of the wells is 0.3 to
0.9 m(1to 3 ft) lower than levels in adjacent wells, creating an
apparent groundwater sink. The Rl explored two possible
expl anations: groundwater interaction with (and flow al ong) a
relict buried stream channel and groundwater flow into the
under ground condui t.

To performthe investigation, 12 boreholes were drilled. Field
perneability testing was perforned and two of the boreholes were
conpleted as nonitoring wells. The interior of the Westerly Brook
underground conduit was visually inspected. Borehole and well
| ocations are shown in Figure 2-2.

Ten of the 12 boreholes (GL9 through &8) were drilled to
identify the suspected channel. At each |ocation, unconsolidated
materials were collected continuously using split-spoon sanplers,
and 1.5 to 3 m(5 to 10 ft) of bedrock was cored using an NX-size
(nomnal 2-in. 1.D.) core bit and barrel. Total borehol e depths
ranged from6 to 9.5 m (20 to 30 ft). 1In six of the boreholes,
falling head perneability tests were conducted to provide estimates
of hydraulic conductivities of the unconsolidated sedinents unit.
None of the 10 test boreholes were conpleted as nonitoring wells;
all were backfilled with a bentonite/cenent grout.

Two of the boreholes drilled (B38W9D and B38WL9S) were
conpleted as paired wells to nonitor the unconsolidated sedi nents
unit and the bedrock zone. Overburden material in the boreholes
was col |l ected continuously using split-spoon sanplers through
hol | ow- stem augers. The upper portion of the deep well was seal ed
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of f by steel casing and grouted. The |ower portion of the hole was
cored using an NX core bit and then reaned. Descriptions of core
sanpl es were recorded, and the sanples were stored in core boxes.
Cores and soil sanples were | abel ed and placed in storage
facilities at M SS.

The borehol es were conpleted with 5-cm (2-in.) Type 316
stainless steel flush-threaded casing and 0.025-cm (0.01-in.)
continuous slotted stainless steel wire-wapped screen. The
annul ar space around the casing was filled with graded silica sand
to a height of approximately 0.3 m (1 ft) above the screened
interval. Bentonite seals approximately 0.6 m (2 ft) thick were
pl aced above the silica sand, and the renai ning annul ar space was
grouted to the surface with a cenent and bentonite grout m xture.

The hydrogeol ogic conditions in the Maywood and Lodi areas are
described in Section 3.5. Results of chem cal analysis and a
di scussion of contam nants identified are presented in Sections 4.4
t hrough 4.7

2.6 GROUNDWATER SAMPLI NG AND ANALYSI S

Sanpling and anal ysis of groundwater were conducted to
i nvestigate the nature, extent, and concentrations of contam nants
present in the groundwater and the potential for contam nant
mgration fromMSS. The groundwater sanpling programutilized the
exi sting well network established for the DOE environnent al
nmoni toring programand wells conpleted during the RI to suppl enent
the network. The environnmental nonitoring programincludes
31 wells: 15 installed in 1984 (first phase) and 16 installed
bet ween August 1987 and Novenber 1988 (second phase). In addition,
two wells (B38W9S and B38WL9OD) were installed to neet the
obj ectives of the hydrogeol ogic investigation perfornmed as part of
the MSS RI.

The wells installed in 1984 include shallow wells, conpleted
wi th polyvinyl chloride (PVC) casing and screen, and bedrock wells,
conpl eted open hole in bedrock with the upper portion of the hole
sealed with steel casing. The wells installed in 1987 and 1988 and
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the Rl wells were conpleted with stainless steel casing and screen.

The DCE environnental nonitoring programwells were installed
to monitor the shall ow groundwater systemat M SS and the i nmedi ate
vicinity. Monitoring well construction details are sunmarized in
Tabl e 2-10; well locations are shown in Figure 2-3. The wells
include 10 well pairs, one cluster of 3 wells, and 8 single wells.

Each well pair consists of a shallow well, which is conpleted in
t he unconsolidated materials to nonitor the zone of fluctuation of
the water table, and a deeper well, which is conpleted in conpetent
bedrock within the zone of saturation. Seven of the single wells
are conpleted in bedrock; one is conpleted in a relict channel.
Well site MSS-5 has three wells, including one (MSS-5A-1) that
has been dry since installation. Another well (MSS-1A) is dry
nmost of the tinme; between Decenber 1990 and May 1991, the water
table intersected it only periodically.

G oundwat er sanples from selected wells have been coll ected
quarterly since 1985 as part of the ongoing DOE environmnent al
nmonitoring program These sanples are routinely analyzed for total
urani um radium 226, thorium 232, netals, and indicator paraneters
(TOC, TOX, pH, specific conductance). During the fourth quarter of
1990 and the first, second, and third quarters of 1991,
envi ronmental nonitoring program sanples were collected for use
during the RI. These sanples were analyzed for total and dissol ved
urani um radium 226, and thorium 232, total and dissolved netals,
total and dissolved rare earths, nobile ions, and indicator
paraneters. In addition, selected sanples were anal yzed for
radi um 228, thorium 228, and thorium 230, and sanples coll ected
during the third quarter of 1990 were anal yzed for volatile and
sem vol atil e organi c conpounds.

Results of groundwater sanpling and anal ysis are discussed in
Section 4.8.

2.7 DEMOGRAPHY AND LAND USE | NVESTI GATI ONS

| nformati on on human popul ations is provided in Section 3.6 of
this report. This information is based on data gathered during
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previ ous characterization and renoval action activities at the
Maywood Site.

2.8 ECOLOG CAL | NVESTI GATI ONS

The ecol ogi cal investigations of the Maywood Site consist of
reviews of existing docunents on regional ecology and performance
of an onsite survey in August 1992. The onsite survey focused on
docunentation of both terrestrial and aquatic habitats for wildlife
and water fow. The survey al so showed a nunber of commonly
encountered species that serve as potential receptor popul ations.
I nfformati on gathered fromthese investigations is presented in
Section 3.7. Additional information regardi ng ecol ogi cal
conditions for the Maywood Site is being collected as part of the
Stepan RI/FS being conducted by CH2ZM Hi I|. That information wl|
be avail able for evaluation and inclusion in the baseline risk
assessnent.
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Table 2-1

Sampling Frequency and Analyses for Soil at Each Operable Unit

Page 1 of 3
Number of Locations Number of Samples
Operable Unit RI Objective/Activity Analytical Parameters? Sampled Analyzed Data Quality Levelb
Stepan Property « Determine extent of surface radioactive
contamination
Walkover surveys Gamma count rate Not applicable Not applicable I
Analysis of surface soil samples
Th-232, Ra-226, U-238 238 238 M
* Determine horizontal and vertical
boundaries of subsurface radioactive
contamination
Analysis of subsurface soil samples
Downhole gamma logging Th-232, Ra-226, U-238 237 766 1l
Downhole gamma count rate 237 Not applicable
 Identify chemical contaminants resulting Chemical Parameters (20)° (42)4
from thorium processing operations Metals and Rare Earths 10 39 1l
- Determine whether Th-232 chemical VOCs 5 12 M
process contaminants are present BNAEs 5 11 11}
within areas of radioactive PCBs 5 21 M
contamination Pesticides/PCBs 4 10 M
Determine whether RCRA-hazardous TPH 8 31 M
waste is mixed with radioactive waste TCLP Metals 9 36 M
Determine whether wastes have TCLP VOCs 9 36 M
migrated from burial areas TCLP BNAEs 9 36 1l
TCLP Pesticides 7 27 M
TCLP Herbicides 7 28 M
Corrosivity 10 40 1l
Reactivity 9 36 1l
Mobile lons 10 40 M



MISS
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Storage Pile:

Determine average concentrations of
radioactive waste in storage pile

Determine whether storage pile contains
RCRA-hazardous waste or PCBs

Th-232, Ra-226, U-238

Chemical Parameters

VOCs

BNAEs

PCBs
Pesticides/PCBs
TPH

TCLP Metals
TCLP VOCs
TCLP BNAES
TCLP Pesticides
TCLP Herbicides
Corrosivity
Reactivity

2-31

30

@7y

18
18
37
17
37
37
16
16
16

16
37

30¢

(167)°
28
29

122
28
150
149
19
20
20

20
152



Table 2-1

(continued)
Page 2 of 3
Number of Locations Number of Samples
Operable Unit RI Objective/Activity Analytical Parameters? Sampled Analyzed Data Quality Levelb
MISS (cont'd) Other Onsite Locations:
e Determine whether chemical contaminants Chemical Parameters (34)¢ (148)¢
are present in onsite soil and identify Metals and Rare Earths 34 70 1l
contaminants VOCs 33 73 M
Determine whether Th-232 chemical BNAEs 33 68 M
process contaminants are present in PCBs 31 38 11}
areas of radioactive contamination Pesticides/PCBs 33 68 M
Determine whether RCRA-hazardous TPH 32 45 M
waste is mixed with radioactive waste TCLP Metals 30 76 M
Collect/analyze discrete samples from TCLP VOCs 31 72 1l
beneath areas of known radioactive TCLP BNAEs 30 76 M
contamination TCLP Pesticides 30 76 M
Downhole gamma logging TCLP Herbicides 30 76 1l
Corrosivity 32 71 1l
Reactivity 32 73 1l
Mobile lons 31 37 M
Downhole gamma count rate 46 Not Applicable
Residential » Determine extent of surface radioactive
Vicinity contamination
Properties (8) Walkover surveys Gamma count rate Not Applicable Not Applicable I

Analysis of surface soil samples

Determine horizontal and vertical
boundaries of subsurface radioactive
contamination
Analysis of subsurface soil samples
Downhole gamma logging

Investigate potential presence of chemical

contaminants resulting from thorium

processing operations

- Determine whether Th-232 chemical
process contaminants are present in
areas of radioactive contamination
Determine whether RCRA-hazardous
waste is mixed with radioactive waste

Th-232, Ra-226, U-238

Th-232, Ra-226, U-238
Downhole gamma count rate

Chemical Parameters
Metals and Rare Earths
PCBs

TPH

TCLP Metals
Corrosivity

Reactivity

124

120 120

130 421

—
~

12
12
12
12

7
12

B S e A

Not Applicable

)° (12)¢



Table 2-1

(continued)
Page 3 of 3
Number of Locations Number of Samples
Operable Unit RI Objective/Activity Analytical Parameters? Sampled Analyzed Data Quality Levelb
Commercial/ « Determine extent of surface radioactive
Governmental contamination
Vicinity Walkover surveys Gamma count rate Not Applicable Not Applicable I
Properties (5) Analysis of surface soil samples
Th-232, Ra-226, U-238 88 88 1l
¢ Determine horizontal and vertical
boundaries of subsurface radioactive
contamination
Analysis of subsurface soil samples
Downhole gamma logging Th-232, Ra-226, U-238 167 546 1l
Downhole gamma count rate 169 Not Applicable
« Investigate potential presence of chemical Chemical Parameters (5)¢ (19)¢
contaminants resulting from thorium Metals and Rare Earths 5 19 1l
processing operations VOCs 3 3 1l
- Determine whether Th-232 chemical BNAEs 3 3 1l
process contaminants are present in PCBs 5 16 11}
areas of radioactive contamination Pesticides/PCBs 3 3 1l
Determine whether RCRA-hazardous TPH 5 19 1l
waste is mixed with radioactive waste TCLP Metals 5 19 1l
TCLP VOCs 1 3 1l
TCLP BNAEs 1 3 1l
TCLP Pesticides 1 3 1l
Corrosivity 5 19 1l
Reactivity 5 18 1l
Mobile lons 5 19 1l

3\/OCs - volatile organic compounds; BNAES - base/neutral and acid extractable organic compounds; PCBs - polychlorinated biphenyls; TPH - total petroleum hydrocarbons;

TCLP - toxicity characteristic leaching procedure.

PEPA 1987.

cTotal number of chemical boreholes drilled/sampled.

dTotal number of samples collected from chemical boreholes for analysis of chemical parameters.

eComposite samples.



Table 2-2

Sanpl i ng Frequency and Anal yses for Chemical Paraneters in Soil, Stepan Property
Page 1 of 2
Met al s
Sampl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP TCLP TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metal s VOCs BNAEs Pest . Her b. Corr. React . | ons

138- STC- 008 B3890C207 0-2 . . . . . . . . . . . . .
138- STC- 009 B3890C207 6-8 . . . . . . . . . . .
138- STC- 010 B3890C207 10-11.2 . . . . . . . . . . .
138- STC- 011 B3890C207 11.5-13.5 . . . . . . . . . . .
138- STC- 012 B3890C207 13.5-15.5 . . . . . . . . . . .
138- STC- 013 B3890C207 15.5-16.5 . . . . . . . . . . .
138- STC- 014 B3890C208 0-2 . . . . . . . . . . .
138- STC- 015 B3890C208 2-4 . . . . . . . . . . .
138- STC- 016 B3890C208 4-6 . . . . . . . . . . .
138- STC- 017 B3890C208 6-8 . . . . . . . . . . .
138- STC- 018 B3890C217 0-2 . . . . . . . . . .
138- STC- 019 B3890C217 2-4 . . . . . . . . . .
138- STC- 020 B3890C217 4-6 . . . . . . . . . .
138- STC- 021 B3890C217 6-8 . . . . . . . . . .
138- STC- 022 B3890C218 0-2 . . . . . . . . . .
138- STC- 023 B3890C218 2-4 . . . . . . . . . .
138- STC- 024 B3890C218 4-6 . . . . . . . . . .
138- STC- 025 B3890C218 6-8 . . . . . . . . . .
138- STC- 036 B3890C255 0-2 . . . . .
138- STC- 037 B3890C255 4-6 . . . . .
138- STC- 038 B3890C255 12-14 . . . . .
138- STC- 039 B3890C255 17-20.5 . . . .
138- STC- 045 B3890C296 0-2 . . . . . . . . . . .
138- STC- 046 B3890C296 4-6 . . . . . . . . .
138- STC- 047 B3890C296 8- 10 . . . . . . . . .
138- STC- 048 B3890C297 0-2 . . . . . . . . .
138- STC- 049 B3890C297 2-4 . . . . . . . . .
138- STC- 050 B3890C297 4-6 . . . . . . . . .
138- STC- 051 B3890C298 0-2 . . . . . . . . .
138- STC- 052 B3890C298 2-4 . . . . . . . . .
138- STC- 053 B3890C298 4-6 . . . . . . . . .
138- STC- 054 B3890C298 14-16 . . . . . . . . . . .
138- STC- 060 B3890C299 0-2 . . . . . . . . . . . .
138- STC- 061 B3890C299 2-4 . . . . . . . . . . . .
138- STC- 062 B3890C299 4-6 .

138- STC- 063 B3890C299 6-8 . . . . . . . . . . . .
138- STC- 064 B3890C299 8-10 . . . . . . . . . . . .



Table 2-2
(conti nued)

Page 2 of 2
Met al s
Sampl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP TCLP TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metals VOCs BNAEs Pest . Her b. Corr. React . | ons

138- STC- 065 B3890C701 0
138- STC- 066 B3890C701 2
138- STC- 067 B3890C701 4-
138- STC- 068 B3890C701 6
138- STC- 069 B3890C701 8

Total (42) (10) 39 12 11 21 10 31 36 36 36 27 28 40 36 40




Table 2-3

Sampl i ng Frequency and Anal yses for Chemical Paraneters in Soil, MSS Onsite
Page 1 of 4
Met al s
Sanmpl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP TCLP TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metal s VOCs BNAEs Pest . Her b. Corr. React . I ons
138- MsC- 001 B3890C001 0-2 .
138- MsC- 002 B3890C001 2-4 . . . . .
138- MsC- 003 b3890C001 4-6 . . . .
138- MsC- 004 b3890C001 6-8 .
138- MsC- 005 B3890C001 10-12 . . . . . . . . . . . .
138- MSC- 006 B3890C001 0-10 . . . . . . .
138- MsC- 007 B3890C001- 1 4-6 . . . .
138- MSC- 008 B3890C003 0-2 . . . .
138- MSC- 009 B3890C003 2-4 .
138- MsC- 010 B3890C003 4-6 .
138- MsC- 011 B3890C003- 1 6-8 . . . . .
138- MsC- 012 B3890C003- 1 10-12 . . . . . . . . . . . .
138- MsC- 013 B3890C003- 1 0-10 . . . . . .
138- MsC- 020 B3890C002 2-4 .
138- MsC- 021 B3890C002 4-6 . . . . .
138- MSC- 022 B3890C002 6-8 .
138- MsC- 023 B3890C002 8- 10 . . . . .
138- MSC- 024 B3890C002 10-12 . . . . . . . . . . .
138- MsC- 025 B3890C002 0-8 . . . . .
138- MsC- 028 B3890C022 4-6 . . . . . . . . .
138- MsC- 029 B3890C022 6-8 . . . . .
138- MsC- 031 B3890C022- 1 8-10 . . . . . . . . . . .
138- MsC- 032 B3890C022- 1 10-12 . . . . . . . . . . .
138- MSC- 038 B3890C022- 2 12-12.8 . . . . . . . . . . .
138- MsC- 039 B3890C022- 2 13-13.9 . . . . . . . . . . .
138- MSC- 043 B3890C004 6-8 . . . .
138- MSC- 044 B3890C004 8-10 . . . . .
138- MSC- 046 B3890C004 12-14 . . . . . . . . . . .
138- MSC- 047 B3890C004 0-10 . . . . .
138- MSC- 058 B3890C004 15-16.5 . . . . . . . . . . .
138- MSC- 059 B3890C004 16.5-17.5 . . . . . . . . . . .
138- MSC- 060 B3890C004 17.5-19.5 . . . . . . . . . . .
138- MsC- 061 B3890C004 19.5-21.5 . . . . . . . . . . .
138- MSC- 062 B3890C023 0-2 . . . .
138- MSC- 063 B3890C023 2-4 .
138- MSC- 064 B3890C023 4-6 .
138- MSC- 065 B3890C023 6-8 . . . . .
138- MSC- 066 B3890C023 0-8 . . . . . .
138- MsC- 067 B3890C023 12-14 . . . . . . . . . . .



138- MsC- 073 B3890C007 0-2
138- MsC- 074 B3890C007 14-16



Table 2-3
(conti nued)

Page 2 of 4
Met al s
Sanmpl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP TCLP TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metal s VOCs BNAEs Pest . Her b. Corr. React . I ons
138- MsC- 075 B3890C024 4-6 . . . . .
138- MsC- 076 B3890C024 0-8 . . . .
138- MsC- 077 B3890C024 6-8 . . . .
138- MsC- 078 B3890C024 10-12 . . . . . .
138- MsC- 079 B3890C005 0-2 . . . .
138- MsC- 080 B3890C005 2-4 . . . . .
138- MsC- 081 B3890C005 4-6 . . . .
138- MSC- 082 B3890C005 14-16 . . . . . . . . . . .
138- MsC- 084 B3890C025 2-4 . . . . .
138- MSC- 086 B3890C025 0-8 . . . .
138- MsC- 087 B3890C025 10-12 . . . . . . . . . . .
138- MsC- 092 B3890C031 8- 10 . . . . .
138- MsC- 093 B3890C031 10-12 . . . .
138- MsC- 094 B3890C031 12-14 . . . . . .
138- MSC- 095 B3890C031 0-10 . . . .
138- MSC- 098 B3890C030 4-6 . . . .
138- MSC- 099 B3890C030 6-8 . . . . .
138- MsC- 100 B3890C030 10-12 . . . . . .
138- MsC- 101 B3890C030 0-8 . . . .
138- MSC- 104 B3890C021 4-6 . . . . .
138- MSC- 105 B3890C021 6-8 . . . .
138- MSC- 106 B3890C021 10-12 . . . . . . . . . . .
138- MsC- 107 B3890C021 0-8 . . . .
138- M5C- 113 B3890C021 10-12 . . . .
138- MsC- 114 B3890C021 12-14 . . . . .
138- MsC- 116 B3890C012 0-13. . . . .
138- MsC- 117 B3890C015 12-14 . . . .
138- MsC- 121 B3890C033 3-5 . . . . .
138- M5C- 122 B3890C033 5-7 . . . . . . . . . . .
138- MsC- 124 B3890C027 2-4 . . . . .
138- MsC- 125 B3890C027 4-6 . . . .
138- MsC- 126 B3890C027 0-7 . . .
138- MsC- 127 B3890C027 8-10 . . . . . . . . . . . .
138- MsC- 131 B3890C015 6-8 . . . . .
138- MsC- 133 B3890C015 10-12 . . . .



138- M5C- 134

B3890C033

0-2



Table 2-3
(conti nued)

Page 3 of 4
Met al s
Sanmpl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP TCLP TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metal s VOCs BNAEs Pest . Her b. Corr. React . I ons
138- MSC- 140 B3890C032 0-2 . . . . .
138- MSC- 142 B3890C032 4-6 . . . . . . . . . .
138- MSC- 143 B3890C032 0-3 . . . . .
138- MSC- 144 B3890C010 0-2 . . . . .
138- MSC- 145 B3890C010 6-8 . . . . . . . . . . .
138- MSC- 149 B3890C028 6-8 . . . . .
138- MSC- 150 B3890C028 8-11 . . . . . . . . . . .
138- MsC- 151 B3890C028 0-8 . . . .
138- MSC- 162 B3890C017 0-2 . . . . .
138- MsC- 167 B3890C017 12-14 . . . . . . . . . . .
138- MsC- 168 B3890C017 0-9 . . . .
138- MSC- 169 B3890C018 0-2 . . . . .
138- MsC- 171 B3890C018 4-6 . . . . . . . . .
138- M5C- 172 B3890C018 0-2.5 . . . .
138- MsC- 174 B3890C014 2-4 . . . . .
138- MsC- 178 B3890C014 12-14 . . . . . . . . . . .
138- M5C- 179 B3890C014 0-10 . . . .
138- MSC- 180 B3890C026 0-2 . . . .
138- MsC- 182 B3890C032 0-8 . . . .
138- MSC- 183 B3890C026 12-14 . . . . . . . . . . .
138- MSC- 184 B3890C012 14-16 . . . . . . . . . . .
138- MSC- 195 B3890C016 10-12 . . . . .
138- MSC- 196 B3890C016 14-16 . . . . . . . . . . .
138- MsC- 197 B3890C016 0-12 . . . .
138- MSC- 199 B3890C009 2-4 . . . . .
138- MSC- 202 B3890C009 8-10 . . . . . . . . . . .
138- MSC- 203 B3890C009 0-8 . . . .
138- MSC- 206 B3890C011 4-6 . . . . .
138- MsC- 207 B3890C011 0-6.5 . . . .
138- MsC- 208 B3890C011 12-14 . . . . . . . . . . .
138- M5C- 212 B3890C029 6-8 . . . . .
138- MsC- 215 B3890C029 12-14 . . . . . . . . . . .
138- MSC- 222 B3890C001- 2 2-4 . . . . .
138- MsC- 223 B3890C001- 2 4-6 . . . .
138- MSC- 224 B3890C001- 2 10-12 . . . . . . . . . .



138- MsC- 225 B3890C001- 2 0-8 . . . . «138-



Table 2-3
(conti nued)

Page 4 of 4
Met al s
Sanmpl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP TCLP TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metal s VOCs BNAEs Pest . Her b. Corr. React . I ons
MSC- 231 B3890C003- 2 0-2 . . . .
138- MSC- 234 B3890C003- 2 6-8 . . . . .
138- MSC- 238 B3890C003- 2 0-12 . . . .
138- MSC- 239 B3890C003- 2 15-17.5 . . . . . . . . . .
138- MSC- 241 B3890C034 2-4 . . . . .
138- MSC- 243 B3890C034 6-8 . . . . . . . . . . .
138- MSC- 244 B3890C034 0-4 . . . .
138- MSC- 272 B3890C013 12-14 . . . .
138- MSC- 274 B3890C008- 1 0-2 . . . .
138- MsC- 280 B3890C020 0-2 . . . .
138- MSC- 283 B3890C020 4-6 .
138- MSC- 284 B3890C020 8-10 . . . .
138- MSC- 285 B3890C020 0-4.5 . . . .
138- MsC- 289 B3890C019 6-8 . . . .
138- MSC- 290 B3890C019 0-4.5 . . . .
138- MsC- 291 B3890C008- 1 14-16 . . . .
138- MSC- 292 B3890C008- 1 0-12 . . . .
138- MSC- 305 B3890C006- 2 2-4 . . . . .
138- MSC- 306 B3890C006- 2 2-4 . . . .
138- MsC- 307 B3890C006- 2 4-6 .
138- MsC- 308 B3890C006- 2 6-8 . . . . . . . . . . .
138- MsC- 314 B3890C022- 3 14-16 . . . . . . . . . .
138- MsC- 320 B3890C015-1 12-14 . . . .
138- MSC- 324 B3890C028- 1 6-8 . . . .
138- MSC- 325 B3890C028- 1 0-8 . . . .
138- MSC- 328 B3890C024- 1 4-6 . . . . .
138- MSC- 329 B3890C024- 2 6-9 . . . .
138- MSC- 330 B3890C024- 2 10- 14 . . . . . . . . . . .
138- MsC- 331 B3890C024- 2 0-8 . . . .
138- MSC- 334 B3890C030- 1 4-6 . . . .
138- MSC- 335 B3890C030- 2 6-8 . . . . .
138- MSC- 336 B3890C030- 2 10- 14 . . . . . . . . . . .
138- MsC- 337 B3890C030- 2 0-8 . . . .
138- MSC- 338 B3890C010- 1 0-2 . . . .
138- MSC- 339 B3890C010- 1 4-8 . . . . . . . . . . . .



138- MsC- 340

B3890C010-1

0-2

Total (148)

(34)

70

73

68

38

68

45

76

72

76

76

76

71

73

35



Table 2-4

Sampl i ng Frequency and Anal yses for Chemical Paraneters in Soil, MSS Storage Pile
Page 1 of 5
Met al s
Sanmpl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP TCLP TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metal s VOCs BNAEs Pest . Her b. Corr. React . | ons

138- Pl - 0001 B3890CP018 0-2 . . . .
138- Pl - 0002 B3890CP018 2-6 . . . .
138- Pl - 0003 B3890CP018 6-8 . . . . . . .
138- Pl - 0004 B3890CP018 8-12 . . . .
138- Pl - 0005 B3890CP018 2-14 . . . .
138- Pl - 0006 B3890CP019 0-2 . . . .
138- Pl - 0007 B3890CP019 2-6 . . . .
138- Pl - 0008 B3890CP019 6-8 . . . .
138- Pl - 0009 B3890CP019 8-12 . . . .
138- Pl - 0010 B3890CP019 2-14 . . . .
138- Pl - 0011 B3890CP010 0-2 . . . . . .
138- Pl - 0012 B3890CP010 2-4 . . . . . .
138- Pl - 0014 B3890CP010 6-8 . . . . . .
138- Pl - 0015 B3890CP010 8-10 . . . .
138- Pl - 0016 B3890CP011 0-2 . . . .
138- Pl - 0017 B3890CP0O11 2-6 . . . . . .
138- Pl - 0018 B3890CP0O11 6-8 . . . . . .
138- Pl - 0019 B3890CP031 0-2 . . . .
138- Pl - 0020 B3890CP031 2-6 . . . .
138- Pl - 0021 B3890CP031 6-8 . . . .
138- Pl - 0038 B3890CP032 0-2 . . . . . .
138- Pl - 0039 B3890CP032 2-6 . . . .
138- Pl - 0040 B3890CP032 6-8 . . . .
138- Pl - 0041 B3890CP032 8-10 . . . .
138- Pl - 0042 B3890CP032 2-14 . . . . .
138- Pl - 0043 B3890CP035 0-2 . . . . . .
138- Pl - 0044 B3890CP035 2-7 . . . .
138- Pl - 0045 B3890CP035 7-9 . . . .
138- Pl - 0046 B3890CP035 9-11 . . . .
138- Pl - 0047 B3890CP035 1-13 . . . . . . . . .
138- Pl - 0048 B3890CP037 0-2 . . . .
138- Pl - 0049 B3890CP037 2-6 . . . .
138- Pl - 0050 B3890CP037 6-8 . . . .
138- Pl - 0051 B3890CP037 8-12 . . . . . .
138- Pl - 0058 B3890CP028 0-2 . . . .
138- Pl - 0059 B3890CP028 2-4 . . . . . .
138- Pl - 0060 B3890CP028 4-6 . . . . . .



138-PI - 0061 B3890CP028 6-8
138- PI - 0062 B3890CP028 8-11
138- PI - 0063 B3890CP028 11-13



Table 2-4
(conti nued)

Page 2 of 5
Met al s
Sanmpl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP TCLP TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metal s VOCs BNAEs Pest . Her b. Corr. React . | ons

138- Pl - 0064 B3890CP014 0-2
138- Pl - 0065 B3890CP014 2-6
138- Pl - 0066 B3890CP014 6-8
138- Pl - 0067 B3890CP014 8-12
138- Pl - 0068 B3890CP027 0-2
138- Pl - 0069 B3890CP027 2-4
138- Pl - 0070 B3890CP027 4-8
138- Pl - 0071 B3890CP015 0-2
138- Pl - 0072 B3890CP015 2-4
138- Pl - 0076 B3890CP0O07 0-2
138- Pl - 0077 B3890CP0O07 2-6
138- Pl - 0078 B3890CP0O07 6-8
138- Pl - 0079 B3890CP0O07 8-12
138- Pl - 0080 B3890CP008 0-2
138- Pl - 0081 B3890CP008 2-6
138- Pl - 0082 B3890CP008 6-8
138- Pl - 0083 B3890CP008 8- 10
138- Pl - 0084 B3890CP008 10-12
138- Pl - 0085 B3890CP008 10-12
138- Pl - 0086 B3890CP017 0-2
138- Pl - 0087 B3890CP017 2-4
138- Pl - 0088 B3890CP017 6-9
138- Pl - 0089 B3890CP017 6-8
138- Pl - 0090 B3890CP016 9-11
138- Pl - 0091 B3890CP016 2-4
138- Pl - 0092 B3890CP016 4-6
138- Pl - 0093 B3890CP016 6- 10
138- Pl - 0094 B3890CP016 10-12
138- Pl - 0095 B3890CP016 12-15
138- Pl - 0099 B3890CP017 11-13
138- Pl - 0100 B3890CP009 0-2
138- Pl -0101 B3890CP009 2-6
138- Pl - 0102 B3890CP009 6-8
138- Pl -0103 B3890CP009 8-12
138- Pl -0104 B3890CP009 8-12
138- Pl - 0105 B3890CP009 12-14
138- Pl - 0106 B3890CP009 14.6-19



138- PI - 0107
138-PI-0108
138-PI-0109
138-PI-0110

B3890CP002
B3890CP002
B3890CP002
B3890CP002

oo N O

o oN

[



Table 2-4
(conti nued)

Page 3 of 5
Met al s
Sanmpl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP TCLP TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metal s VOCs BNAEs Pest . Her b. Corr. React . | ons

138- Pl -0111 B3890CP020 0-2
138- Pl -0112 B3890CP020 2-6
138- Pl -0113 B3890CP020 6-8
138- Pl -0114 B3890CP020 2-6
138- Pl -0118 B3890CP012 0-2
138- Pl -0119 B3890CP012 2-4
138- Pl -0120 B3890CP012 4-8
138- Pl -0121 B3890CP012 8-9
138- Pl - 0122 B3890CP004 0-2
138- Pl -0123 B3890CP004 2-4
138- Pl -0124 B3890CP004 2-4
138- Pl -0125 B3890CP004 4-5
138- Pl -0126 B3890CP004 6-8
138- Pl - 0127 B3890CP003 0-2
138- Pl -0128 B3890CP003 2-4
138- Pl -0129 B3890CP003 4-6
138- Pl - 0130 B3890CP003 4-6
138- Pl - 0131 B3890CP003 6-8
138- Pl - 0132 B3890CP003 8- 10
138- Pl -0133 B3890CP003 10-12
138- Pl -0134 B3890CC003 10-12
138- Pl - 0135 B3890CP015 0-2
138- Pl - 0136 B3890CP015 2-6
138- Pl - 0137 B3890CP015 6-8
138- Pl -0138 B3890CP015 8-12
138- Pl -0142 B3890CP006 0-2
138- Pl -0143 B3890CP006 2-6
138- Pl -0144 B3890CP006 6-8
138- Pl - 0145 B3890CP006 8-12
138- Pl -0146 B3890CP030 0-2
138- Pl - 0147 B3890CP030 2-4
138- Pl -0148 B3890CP030 4-8
138- Pl -0149 B3890CP030 4-8
138- Pl - 0150 B3890CP030 8-9
138- Pl - 0151 B3890CP022 0-2
138- Pl - 0152 B3890CP022 2-6
138- Pl - 0156 B3890CP022 6-8
138- Pl - 0157 B3890CP022 8-10



138- PI - 0158 B3890CP022 10-12
138- PI - 0159 B3890CP022 10-12
138- PI - 0160 B3890CP022 12-14.5



Table 2-4
(conti nued)
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Met al s
Sanmpl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP TCLP TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metal s VOCs BNAEs Pest . Her b. Corr. React . | ons
138- Pl -0161 B3890CP024
138- Pl -0162 B3890CP024
138- Pl -0163 B3890CP024
138- Pl -0164 B3890CP024
138- Pl - 0165 B3890CP024
138- Pl - 0166 B3890CP024
138- Pl - 0167 B3890CP030 .
138- Pl -0168 B3890CP030 .7
138- Pl - 0169 B3890CP030
138- Pl -0176 B3890CP033
138- Pl -0177 B3890CP033
138- Pl -0178 B3890CP029 0-2
138- Pl -0179 B3890CP029 0-2
138- Pl - 0180 B3890CP029 2-4
138- Pl -0181 B3890CP036 0-2
138- Pl - 0182 B3890CP036 2-4
138- Pl -0183 B3890CP036 2-4
138- Pl -0184 B3890CP013 0-2
138- Pl -0185 B3890CP013 2-4
138- Pl -0186 B3890CP021 0-2
138- Pl - 0187 B3890CP021 2-4
138- Pl -0188 B3890CP021 2-4
138- Pl - 0192 B3890CP023 0-2
138- Pl -0193 B3890CP023 2-4
138- Pl -0194 B3890CP023 2-4
138- Pl - 0195 B3890CP023 6-8
138- Pl - 0196 B3890CP023 0-0
138- Pl - 0197 B3890CP034 0-2
138- Pl -0198 B3890CP034 2-4
138- Pl - 0199 B3890CP034 2-4
138- Pl - 0200 B3890CP034 4-6
138- Pl - 0201 B3890CP034 6-8
138- Pl - 0202 B3890CP034 6-8
138- Pl - 0206 B3890CP005 0-2
138- Pl - 0207 B3890CP005 2-6
138- Pl - 0208 B3890CP005 6-8.5
138- Pl - 0209 B3890CP005 6-8.5



138-PI-0210
138-PI-0211

B3890CP0O01
B3890CP0O01
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Met al s
Sanmpl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metals VOCs BNAEs Pest . Her b. Corr. React . | ons

138- Pl - 0212 B3890CP026 0-2 . . . .

138- Pl - 0213 B3890CP026 2-4 . . . .

138- Pl - 0214 B3890CP026 2-4 . . . .

138- Pl - 0215 B3789CP026 4-6 . . . .

138- Pl - 0216 B3890CP025 0-2 . . . .

138- Pl - 0217 B3890CP025 2-4 . . . .

Total (167) (37) 28 29 122 28 150 152 19 20 20 5 20 151



Table 2-5

Sampl i ng Frequency and Anal yses for Chemical Paraneters in Soil, Residential Vicinity Properties
Met al s
Sampl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP TCLP TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metal s VOCs BNAEs Pest . Her b. Corr. React . | ons
138- VPC- 001 B3890C352 0-2 . . . . . .
138- VPC- 002 B3890C352 2-4 . . . . . .
138- VPC- 003 B3890C353 0-2 . . . . . .
138- VPC- 004 B3890C353 2-4 . . . . . .
138- VPC- 005 B3890C353 4-6 . . . . . .
138- VPC- 011 B3890C364 0-2 . . . . . . .
138- VPC- 012 B3890C364 2-4 . . . . . . .
138- VPC- 013 B3890C364 4-6 . . . . . . .
138- VPC- 027 B3890C375 0-2 . . . . . . .
138- VPC- 028 B3890C375 2-4 . . . . . . .
138- VPC- 029 B3890C375 4-6 . . . . . . .
138- VPC- 030 B3890C375 6-8 . . . . . . .

Total (12) %) 12 12 7 12 7 12 12




Table 2-6

Sampl i ng Frequency and Anal yses for Chemical Paraneters in Soil, Commercial/ Governnental Vicinity Properties
Met al s
Sampl i ng and
Dept h Rar e Pest ./ TCLP TCLP  TCLP TCLP TCLP Mobi | e
Sample | D Borehole I D (ft) Eart hs VOCs BNAEs PCBs PCBs TPH Metal s VOCs BNAEs Pest . Her b. Corr. React . | ons

138- M\C- 001 B3890C530 0-2 . . . . . . .
138- MAC- 002 B3890C530 2-4 . . . . . . .
138- MAC- 003 B3890C530 4-6 . . . . . . . . .
138- MAC- 004 B3890C530 6-8 . . . . . . .
138- M\C- 015 B3890C570 0-2 . . . . . . . . .
138- M\C- 016 B3890C570 2-4 . . . . . . .
138- M\C- 017 B3890C570 4-6 . . . . . . .
138- MAC- 018 B3890C570 6-7.2 . . . . . . .
138- MAC- 020 B3890C622 0-2 . . . . . . . . . .
138- M\C- 021 B3890C622 2-4 . . . . . . . .

138- MAC- 022 B3890C622 4-6 . . . . . . . . . .
138- MAC- 033 B3890C628 0-2 . . . . . . . . .
138- M\C- 034 B3890C628 2-4 . . . . . . .
138- MAC- 035 B3890C628 6-8 . . . . . . .
138- M\C- 041 B3890C630 0-2 . . . . . . .
138- MAC- 042 B3890C630 2-4 . . . . . . .
138- MAC- 043 B3890C630 4-6 . . . . . . .
138- M\C- 044 B3890C630 6-8 . . . . . . .
138- MAC- 045 B3890C630 8-10 . . . . . . .

Total (19) 19 3 3 16 3 19 19 3 3 3 19 18 18




Table 2-7
Nunbers of Surface and Subsurface Soil Sanples Anal yzed for

Radi ol ogi cal Paraneters, Residential and Comerci al / Gover nnent al

Vicinity Properties

Qper abl e No. Surface No. Borehol es No.
Subsur f ace
Uni t/ Property Sanpl es? Drilled Sanpl es?
Residential Vicinity Properties
70 W Hunter Avenue 3 5 15
79 Avenue B 17 14 39
90 Avenue C 16 18 49
108 Avenue E 8 12 39
112 Avenue E 15 20 63
113 Avenue E 24 20 63
62 Trudy Drive 11 21 85
136 W Central Avenue 26 20 68
Tot al 120 130 421
Conmrer ci al / Governnental Vicinity Properties
200 Rt. 17 (Sears) 36 36 149
Essex Street 27 25 75
Route 17 (Muscarelle)
113 Essex St. (National 9 34 109
Conmuni ty Bank)
Interstate 80 3 32 97
205 Maywood Avenue 13 40 116
(Myron)
Tot al 88 167 546

®Nunmber of sanples anal yzed for radiol ogi cal paraneters
(U238, Ra-226 Th-232).
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Tabl e 2-8
Target Analyte List - Metals

Al um num
Ant i nony
Arsenic
Bari um
Beryl|ium
Cadm um
Cal ci um
Chrom um
Cobal t
Copper

| ron

Lead
Magnesi um
Manganese
Mer cury

N ckel

Pot assi um
Sel eni um
Si |l ver
Sodi um
Thal i um
Vanadi um
Zi nc

Cyani de

Source: EPA 1988b.
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Table 2-9

Tar get Conpound Li st

Page 1 of 4

Anal yt e

Al ternate
Nonencl at ur e

Vol atile O ganics

Chl or orret hane

Br ononet hane

Vi nyl chloride

Chl or oet hane

Met hyl ene chl ori de

Acet one

Carbon di sul fide

1, 1- D chl or oet hene

1, 1- D chl or oet hane

ci s-1, 2- D chl or oet hene
trans-1, 2- D chl or oet hene
Chl or of orm

1, 2- D chl or oet hane

2- But anone

1,1, 1- Tri chl or oet hane
Carbon tetrachl ori de

Vi nyl acetate

Br onodi chl or onet hane
1,1, 2, 2-Tetrachl or oet hane
1, 2- Di chl or opr opane

ci s-1, 3-D chl or opr opene
trans- 1, 3- D chl or opr opene
Tri chl or oet hene

Benzene

Br onof orm

2- Hexanone

4- Met hyl - 2- pent anone

D br omochl or onet hane
1,1, 2-Tri chl or oet hane
Tet r achl or oet hene

Tol uene

Chl or obenzene

Et hyl benzene

Styrene

Xyl enes (o-, m, p-)
2-Chl oroet hyl vinyl ether
Acrol ein

Acrylonitrile

138_0028 (10/ 19/ 92)

Met hyl chl ori de
Met hyl brom de
Chl or oet hyl ene

D chl or onet hane

1, 1- D chl or oet hyl ene
ci s-1, 2- D chl or oet hyl ene
trans-1, 2- D chl or oet hyl ene

Met hyl et hyl ketone

D chl or obr ononet hane

ci s-1, 3-Di chl oropropyl ene
trans-1, 3- D chl or opr opyl ene
Tri chl or oet hyl ene

Tri br onomret hane

Met hyl butyl ketone
Met hyl isobutyl ketone
Chl or odi br onpmret hane

Tet rachl or oet hyl ene
Met hyl benzene

2- Pr openal
Propenenitrile
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Table 2-9
(conti nued)
Page 2 of 4

Anal yt e

Al ternate
Nonencl at ur e

Semvol atile O ganics

Phenol

Bi s(2-chl oroet hyl ) et her
2- Chl or ophenol

1, 3- D chl or obenzene

1, 4- D chl or obenzene
Benzyl al cohol

1, 2- DO chl or obenzene

2- Met hyl phenol

Bi s(2-chl or oi sopropyl ) et her
4- Met hyl phenol

NN troso-di propyl am ne
Hexachl or oet hane

N trobenzene

| sophor one

2- N trophenol

2, 4- D et hyl phenol
Benzoi c acid

Bi s(2- chl or oet hoxy) nmet hane
2, 4- D chl or ophenol

1, 2, 4-Tri chl or obenzene
Napht hal ene

4- Chl or oani |l i ne
Hexachl or obut adi ene

4- Chl or o- 3- et hyl phenol
2- Met hyl napht hal ene
Hexachl or ocycl opent adi ene
2,4, 6-Trichl orophenol
2,4,5-Trichl or ophenol

2- Chl or onapht hal ene
2-Nitroaniline

D et hyl pht hal at e
Acenapht hyl ene

2,6-D nitrotol uene
3-Ntroaniline

Acenapht hene

2,4-D ni tropheno

4- N tr ophenol

D benzof uran
2,4-Dinitrotol uene

D et hyl phthal ate
4- Chl or ophenyl phenyl et her
Fl uor ene

4-Ni troaniline
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Par a- chl or o- net a- cr esol

Napht hyl eneet hyl ene
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Table 2-9
(conti nued)
Page 3 of 4

Alternate
Anal yte Nornencl at ur e

Sem vol atile O ganics (continued)

4, 6- D ni tro-2-net hyl phenol 4,6-Di nitro-o-creso
N-N t r oso- di phenyl am ne

4- Br onophenyl phenyl et her

Hexachl or obenzene

Pent achl or ophenol

Phenant hr ene

Ant hr acene

D - n- but yl pht hal at e

Fl uor ant hene

Pyr ene

Butyl benzyl phthal ate

3, 3-Di chl or obenzi di ne

Benzo(a) ant hr acene 1, 2- Benzant hr acene
Chrysene

Bi s(2- et hyl hexyl ) pht hal ate

D -n-octyl phthal ate

Benzo(b) f| uor ant hene 3, 4- Benzof | uor ant hene
Benzo( k) fl uorant hene 11, 12- Benzof | udor ant hene
Benzo(a) pyrene 3, 4- Benzopyr ene

| ndeno( 1, 2, 3- cd) pyrene 2, 3- 0- Phenyl enepyr ene
D benz(a, h) ant hracene 1, 2, 5, 6- D benzant hr acene
Benzo(g, h, i) peryl ene 1, 12- Benzoperyl ene
Benzi di ne

1, 2- D phenyl hydr azi ne

N ni t r osodi net hyl am ne

Pesti ci des/ PCBs

al pha- BHC
bet a- BHC
del t a- BHC

gama- BHC Li ndane
Hept achl or

Al drin

Hept achl or epoxi de
Endosul fan |

D eldrin

4, 4" - DDE

Endrin

Endosul fan 11
4,4' - DDD
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Page 4 of 4

Table 2-9
(conti nued)

Anal yte

Al ternate
Nonencl at ur e

Pesti ci des/ PCBs (conti nued)

Endosul fan sul fate
4, 4" -DDT

Endrin ket one
Met hoxychl or

al pha- Cnhl or dane
gamma- Chl or dane
Toxaphene

Arocl or-1016
Aroclor-1221
Arocl or-1232
Arocl or-1242
Arocl or-1248
Arocl or-1254
Arocl or-1260
Endri n al dehyde

Source: EPA 1988c.

138_0028 (10/ 19/ 92)

2-39



Monitoring Well Construction Summary

Table 2-10

Page 1 of 4
Casing and Screen Data
Location? Ground Hole/Well Inside Screen
Well Completion Northing Easting Elevation Depth CSG/Screen/ Diam. Depth (ft) Lengthd Casing Drill
Number Date (ft) (ft) (ft AMSL) (f/ft) Slotted CSG? (in.) From¢ To (ft) Material® Method!
MISS-1A 11/06/84 9745.86 9274.65 59.80 12.0/11.4 C 2 +2.1 54 Sch. 40 PVC Auger
SC 2 5.4 114 6 Sch. 40 PVC 0-12.0°
0.02-in. slot
MISS-1B 11/13/84 9747.02 9278.93 60.10 53.5/53.5 C 4 +14 23.0 Steel Auger
OH 3 23.0 53.5 30.5(0H) 0-17.0°
WR/NX
17-53.5°
MISS-2A 10/30/84 9973.36 9875.92 59.70 20.0/18.9 C 2 +2.1 6.9 Sch. 40 PVC Auger
SC 2 6.9 16.9 10 Sch. 40 PVC 0-20.0°
0.02-in. slot
c 2 16.9 18.9 Sch. 40 PVC
MISS-2B 11/12/84 9962.48 9888.21 60.20 58.5/58.5 C 6 +1.2 285 Steel Auger
OH 3 285 58.5 30 (OH) 0-25.8
WR/NX
25.8-58.5
MISS-3A 10/25/84 9423.37 9952.38 56.20 15.0/12.7 C 2 +2.3 6.7 Sch. 40 PVC Auger
SC 2 6.7 12.7 6 Sch. 40 PVC 0-15.0°
0.02-in. slot
MISS-3B 11/08/84 9427.50 9966.48 56.20 50.0/50.0 C 4 +1.5 20.0 Steel Auger
OH 3 20.0 50.0 30 (OH) 0-16.0°
WR/NX
16.0-50.0°
MISS-4A 10/26/84 9216.49 9996.87 55.00 10.0/9.7 C 2 +2.1 4.7 Sch. 40 PVC Auger
SC 2 47 9.7 5 Sch. 40 PVC 0-10.0°
0.02-in. slot
MISS-4B 11/10/84 9208.18 10008.36 55.30 47.0/47.0 C 4 +1.1 17.0 Steel Auger
OH 3 17.0 47.0 30 (OH) 0-11.5
WR/NX
11.5-47.0°
MISS-5A 11/01/84 9234.38 9602.57 57.40 15.0/14.6 C 2 +1.2 10.7 Sch. 40 PVC Auger
SC 2 10.7 14.6 39 Sch. 40 PVC 0-15.0°
0.02-in. slot
MISS-5A-1 11/01/84 9235.52 9604.72 57.40 8.0/8.0 C 2 +2.2 3.0 Sch. 40 PVC Auger
SC 2 3.0 8.0 5 Sch. 40 PVC 0-8.0°
0.02-in. slot
MISS-5B 11/10/84 9243.48 9596.00 57.40 55.0/55.0 C 4 +2.3 25.0 Steel Auger
OH 3 25.0 55.0 30 (OH) 0-15.8’
WR/NX
15.8-55.0°
MISS-6A 10/31/84 9570.62 9576.40 56.60 16.0/15.2 C 2 +1.6 7.2 Sch. 40 PVC Auger



SC 7.2 13.2 6 Sch. 40 PVC
0.02-in. slot
C 13.2 15.2 Sch. 40 PVC
MISS-6B 11/13/84 9578.31 9570.36 56.60 53.0/53.0 C +1.4 23.0 Steel
OH 23.0 53.0 30 (OH)

0-16.0°

Auger
0-16.0°
WRINX
16.0-53.0°




Table 2-10

(continued)
Page 2 of 4
Casing and Screen Data
Location? Ground Hole/Well Inside Screen
Well Completion Northing Easting Elevation Depth CSG/Screen/ Diam. Depth (ft) Lengthd Casing Drill
Number Date (ft) (ft) (ft AMSL) (f/ft) Slotted CSG? (in.) From¢ To (ft) Material® Method!
MISS-7A 11/05/84 9477.62 9431.42 53.10 11.5/9.6 C 2 +2.5 4.6 Sch. 40 PVC Auger
SC 2 4.6 9.6 5 Sch. 40 PVC 0-11.5
0.02-in. slot
MISS-7B 11/09/84 9471.41 9430.72 53.60 49.0/49.0 C 4 +2.0 19.0 Steel Auger
OH 3 19.0 49.0 30 (OH) 0-14.0°
WR/NX
14.0-49.0
B38WO01S 11/21/88 10072.0 9925.8 55.2 23.0/23.0 C 2 +2.0 17.0 316L SS Auger
S 2 17.0 22.0 5 316L SS 0-23.0°
0.01-in. CW WR/NX
c 2 22.0 23.0 316L SS 15.0-19.0°
B38W02D 11/09/88 101111 10443.8 75.1 43.0/43.0 C 10 0 13 Steel Auger
C 2 +2.9 37.0 316L SS 0-13.0°
S 2 37.0 42.0 5 316L SS WR/NX
0.01-in. CW 13.0-43.0°
c 2 42.0 43.0 316L SS
B38WO03B 08/31/87 9428.27 10042.54 56.6 56.3/40.5 C 10 0 105 Steel Auger
C 2 +1.3 29.8 316L SS 0-11.0°
S 2 29.8 395 9.7 316L SS WR/NX
0.01-in. CW 11.0-56.3’
c 2 39.5 40.5 316L SS
B38W04B 9/15/87 9564.00 10488.00 62.8 39.7/36.3 C 10 0 10.9 Steel Auger
C 2 +2.8 227 316L SS 0-8.5
S 2 22.7 21.7 5 316L SS WR/NX
0.01-in. CW 8.5-39.7°
c 2 271.7 36.3 316L SS
B38WO05B 09/21/87 9880.00 10772.00 68.1 49.0/44.5 C 10 0 16 Steel Auger
C 2 +2.9 227 316L SS 0-14.4
S 2 22.7 33.0 10.3 316L SS WR/NX
0.01-in. CW 14.4-49.0°
c 33.0 44.5 316L SS
B38W06B 09/10/87 9335.00 10311.00 55.4 36.4/36.4 C 10 0 10.9 Steel Auger
C 2 +2.6 15.9 316L SS 0-11.0°
S 2 15.9 20.9 5 316L SS WR/NX
0.01-in. CW 11.0-36.4°
c 2 20.9 36.4 316L SS
B38WO07B 09/30/87 8990.00 9933.00 51.4 43.2/39.2 C 10 0 8.7 Steel Auger
C 2 +2.0 18.5 316L SS 0-8/7
S 2 18.5 28.8 10.3 0.01-in. CW WR/NX
c 2 28.8 39.2 316L SS 8.7-43.2




B38W12A 10/14/87 8772.53 11630.74 472 16.2/14.8 C 2 +2.8 74 316L SS Auger
S 2 74 12.4 5 316L SS 0-16.2'
0.01-in. CW

C 2 12.4 14.8 316L SS




Table 2-10

(continued)
Page 3 of 4
Casing and Screen Data
Location? Ground Hole/Well Inside Screen
Well Completion Northing Easting Elevation Depth CSG/Screen/ Diam. Depth (ft) Lengthd Casing Drill
Number Date (ft) (ft) (ft AMSL) (f/ft) Slotted CSG? (in.) From¢ To (ft) Material® Method!
B38W12B 10/21/87 8768.28 11638.37 47.3 55.0/50.3 C 10 0 23.1 Steel Auger
C 2 +2.3 345 316L SS 0-23.1
S 2 345 44.9 104 316L SS WR/NX
0.01-in. CW 23.1-85.0°
c 2 44.9 50.3 316L SS
B38W14S 11/04/88 9030.95 8931.07 45.4 14.0/13.0 C 2 -05 8.0 316 SS Auger
S 2 8.0 13.0 5 316 SS 0-14.0°
B38W14D 11/03/88 9032.05 8938.17 45.3 52.0/51.5 C 10 0 225 Steel Auger
C 2 -05 46.0 316 SS 0-22.5
S 2 46.0 515 55 316 SS WR/NX
0.01-in. CW 22.5-52.0°
B38W15S 10/28/88 8893.2 91425 47.3 16.5/16.5 2 0.3 105 316 SS Auger
2 10.5 15.5 5 316 SS 0-16.5
0.01-in. CW
c 2 15.5 16.5 316 SS
B38W15D 10/30/88 8898.08 9142.87 47.3 47.5/46.0 C 10 -05 20.0 Steel Auger
C 2 -05 40.0 316 SS 0-20.0°
S 2 40.0 45.0 5 316 SS WR/NX
0.01-in. CW 20.0-47.5
c 2 45.0 46.0 316 SS
B38W17A 10/09/87 8888.6 9710.1 50.5 15.0/14.1 C 2 +2.5 7.6 316L SS Auger
S 2 7.6 12.6 5 316L SS 0-15.0°
0.01-in. CW
c 2 12.6 14.1 316L SS
B38W17B 10/09/87 8892.90 9712.4 50.5 45.0/44.4 C 10 0 15 Steel Auger
C 2 +2.7 18.7 316L SS 0-15.0°
S 2 18.7 29.0 10.3 316L SS WR/NX
0.01-in. CW 15.0-45.0°
c 2 29.0 44.4 316L SS
B38W18D 10/21/88 9793.39 10107.73 58.2 41.2/41.0 C NAY NA NA NA Auger
C 2 +2.1 35.0 316L SS 0-12.0°
S 2 35.0 40.0 5 316L SS WR/NX
0.01-in. CW 12.0-41.2°
c 2 40.0 41.0 316L SS
B38W19S 10/12/89 9364.4 9506.3 57.3 16.0/15.8 C 2 +2.3 12.9 316 SS Auger
S 2 12.9 14.9 2 316 SS 0-16.0°
0.01-in. CW
c 2 14.9 15.8 316 SS
B38W19D 10/12/89 9359.9 9515.1 57.4 48.5/47.9 C 2 +2.3 217 316 SS Auger
S 2 217 319 10.2 316 SS 0-17.3



0.01-in. CW WR/NX
C 2 319 479 316 SS 17.3-48.5

Source: BNI 1985f; BNI borehole logs (Draft) and well construction logs (Draft)



Table 2-10

(continued)

Page 4 of 4

3 ocation = coordinates from site-specific MISS grid.

CSG = Casing; C = Blank casing; SC = Slotted casing; S = Screen; OH = Open hole.
°+ symbol = Above ground surface; - symbol = Below ground surface.

40H = Open hole.

ePVC = polyvinyl chloride; SS = Stainless steel; CW = Continuous wrap.

WR = Wet rotary; NX = NX core.

9NA = Information not available.



3.0 PHYSI CAL CHARACTERI STI CS OF THE STUDY AREA

This section describes the physical and environnent al
characteristics of the site that are relevant to identifying and
eval uating potential transport pathways, nechani sns, and receptors.

The information presented here provides a foundation for the
di scussions of the nature and extent of contam nation and
contam nant fate and transport in Sections 4.0 and 5.0,
respectively.

Section 3.0 is organi zed as follows: Surface Features (3.1);
Met eorol ogy (3.2); Surface Water Hydrology (3.3); Site CGeol ogy
(3.4); Hydrogeol ogy (3.5); Denography and Land Use (3.6); and
Ecol ogy (3.7).

3.1 SURFACE FEATURES

The surface features described in this section are primarily
cultural or man-nade features (e.g., buildings, roads, railroads,
and parking lots) found on MSS, the Stepan property, and the
vicinity properties.

3.1.1 MSS

M SS contains a covered interimstorage pile, two buildings,
tenporary office trailers, an effluent reservoir, and two railroad
spurs. Mst of the property is covered with grass. A conduit
under |l ying the northwest corner of the property carries Wsterly
Brook to a discharge point west of M SS.

Before industrial activities began on MSS, a marshy area
existed in the southeastern corner of the property. Another
remmant feature is the former channel of Westerly Brook, which runs
across the sout hwestern corner of the property. The current
surface material is fill mxed with waste material from process
operations at the former MCW
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3.1.2 Stepan Property

The Stepan property contains office buildings, chem cal
production facilities, warehouse storage areas, material |aydown
areas, a railroad spur, liquid storage tanks, and parking |ots.

The property is underlain by a nunber of utilities and storage
tanks. A railroad spur transects an undevel oped open area adj acent
to MSS and continues across MSS. Stormwater runoff is collected
on the property and channeled to an extensive network of storm
sewers.

3.1.3 Vicinity Properties

The vicinity properties discussed in this report are located in
a densely popul ated and highly devel oped conmmercial area. Mst of
the properties are along the fornmer channel of Lodi Brook.
Resi dential properties are predomnantly single-famly dwellings
with lawms and | andscapi ng. Sone residential properties have
unattached garages and outside storage buildings. None of the
resi dences studied in this R have aboveground or inground sw nm ng
pool s.

Commer ci al / governnental properties are primarily smal
busi nesses, with one building surrounded by asphalt parking areas
and grass.

3.2 METEOROLOGY

138 0035 (10/19/92) 3-2



The regional climate is humd, wth a normal annual
precipitation of about 107 cm (42.3 in.) and approxinmately 120 days
of precipitation per year. August, the wettest nonth, averages
11 cm (4.3 in.) of rain. The area receives approxinmately 77 cm
(30 in.) of snow per year. About 25 to 30 thunderstornms and an
average of |ess than one tornado (statew de) occur annually.

Fl oods soneti mes acconpany heavy rains associated with tropical
storns. Prolonged droughts are rare, typically occurring only once
every 15 years. Normal nonthly tenperatures range froma January

| ow of -0.4°C (31.3°F) to a July high of 24.9°C (76.8°F); the

average annual tenperature is 12.3°C (54. 2°F).

Tabl e 3-1 summari zes climtol ogical data for the Newark area

[24 km (15 m ) sout h-sout hwest of MSS] for the period 1951-1980.
Average nonthly w nd speeds range from14 to 19.3 kmh (8.7 to
12 nmph), with the predom nant wind direction fromthe sout hwest.
Data are fromthe National Oceanic and Atnospheric Adm nistration
(Gal e Research Conpany 1985).

Air quality nonitoring stations in Bergen County are |ocated in
Cliffside Park, Fort Lee, and Hackensack. During 1987, these
nmoni toring stations neasured sul fur dioxide, ozone, nitrogen
oxi des, carbon nonoxi de, trace netals, inhalable particulates,
particul ate organic matter, and snoke shade (NJDEP 1988). Overal
air quality was rated "good" for 185 days, "noderate" for 168 days,
"unheal thful" for 9 days, and "very unhealthful" for 1 day (data
were not available for 2 days during the year). |In 1987, for the
first time, all New Jersey stations nonitoring ozone | evels
reported violations of the primary anbient air quality standards.
Ciffside Park reported that ozone | evels exceeded the state and
federal maximumdaily 1-h average of 0.12 ppm (235 ,g/n?) on
9 days. However, other pollutants nonitored in Bergen County
remai ned within state and federal standards.

During the fall and winter of 1986-1987, NJDEP conducted a
statistical sanpling in which New Jersey hones were screened for
radon. The statew de average for the screened hones was 5.2 pG/L;
values ranged fromO0.1 to 246 pG /L. 1In Bergen County, the average
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was 1.81 pG /L, with arange of 0.3 to 19.1 pG /L (Canp Dresser and
McKee 1989).

3.3 SURFACE WATER HYDROLOGY

This section describes the bodies of surface water into which
the Maywood Site drains (the receiving waters), site drainage
characteristics, water bal ance el enents, potential flood-flows, and
site erosion.

3.3.1 Receiving Waters

The Saddle River is the major body of water into which Maywood
Site properties drain (via Westerly Brook and Lodi Brook).
Figure 3-1 shows the site area, the drai nage basins of Wsterly and
Lodi brooks, and the |ocation of the Saddl e River.

Westerly Brook

Westerly Brook drains an area of approximately 1 knf (0.4 m?
in Maywood and Rochelle Park (Figure 3-1). The area contains
mai nly residential properties and sone industrial sites. The brook
begi ns as a natural channel and flows southward for 975 m
(3,200 ft) as an open channel before it enters a culvert through
which it flows for 585 m (1,920 ft) beneath MSS. The brook
resurfaces and flows another 183 m (600 ft) to its confluence with
t he Saddl e River

Downstream from M SS, the natural channel of Westerly Brook is
approximately 4.6 m (15 ft) wde and has a flow depth of 0.3 m
(1 ft) or less. The channel slope is less than 1 percent, so flow
velocities are low. The banks are well defined, with a bank-ful
depth of approximately 3.7 m (12 ft).

Westerly Brook is a continuous streamfed by groundwater. A
stream gaugi ng site has never existed on the stream however, the
base flow was visually estimated to be 0.1 nm/s (4 cfs) (an order-
of -magni tude estimate) in June 1991. Westerly Brook was routed
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t hrough the underground culvert in the early 1970s. Before that
time, it flowed in an open channel through the M SS and Bal |l od
properties along the sane course as the present underground
culvert. Al of the surface water runoff fromMSS and the Ball od
property flowed into Westerly Brook

Lodi Br ook

Lodi Brook drains an area of approximately 1.3 knf (0.5 m?)
(Figure 3-1). The average basin slope is 1.7 percent. The brook
begins on the Sears property in a | ow marshy area that collects
runoff fromthe Sears and Stepan properties; fromthere it flows
sout hward under Route 17 through a box cul vert, remaining
underground for nost of its course except for small sections on
both sides of Interstate 80 and a snmall section along Route 17.
Fromthis area, the brook flows approximately 2.9 km (1.8 m)
before joining the Saddle River 2.9 km (1.8 m ) downstream of the
confluence of Westerly Brook and the Saddle River. Lodi Brook is a
continuous stream The base flow was visually estimated to be
approximately 0.06 ni/s (2 cfs) (an order-of-nmagnitude estimte) in
June 1991

The sout hern reach of Lodi Brook was routed through the
underground culvert in the late 1940s. The headwaters of Lodi
Brook on the Sears property were altered in the |ate 1960s by the
construction of the Sears building. Figure 3-1 shows the
hi stori cal channels of Lodi Brook before the brook was routed
t hrough underground cul verts. The brook had a flat fl oodplain,
which allowed parts of the channel to mgrate laterally. There has
never been a gauging station on Lodi Brook.

Saddl e River
The Saddl e River has a drainage area of approximtely 155 knf
(60 m?). The headwaters are | ocated approximately 2.4 km (1.5 m)

north of the New Jersey state line. The river flows southward into
New Jersey, continuing for approximately 25.7 km (16 m) before it
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joins the Passaic River.

Since 1923, a U S. GCeol ogi cal Survey (USGS) gaugi ng station has
been | ocated on the Saddle River in Lodi, 5.1 km (3.2 m) upstream
fromthe mouth of the Saddle River (USGS 1991). The long-term
average flow of the Saddle River at Lodi is 2.83 m/s (100 cfs).
The peak instantaneous flow of 11.3 n¥/s (400 cfs) occurred in
1977, with a stage of 3.8 m(12.4 ft); the instantaneous |ow fl ow
of 0.03 m/s (1.0 cfs) occurred in 1938. The average annual runoff
in the Saddle River basinis 63.2 cm (24.9 in.).

A water intake is located on the Saddl e R ver at Arcola, New
Jersey, approximately 4 km (2.5 m) north of MSS. Water is punped
fromthe Saddle River into the Oradell Reservoir on the Hackensack
River. No diversions exist on the Saddl e Ri ver bel ow Arcol a.

Aeri al phot ographs show that the Saddl e R ver has naintai ned
the sane course in the reach to the south of Essex Street since
1940. The river channel to the north of Essex Street was
straightened in the early 1960s by the construction of
I nterstate 80.

3.3.2 Drainage Characteristics
M SS

M SS covers 4.7 ha (11.7 acres) and has an average sl ope of
1.2 percent. The topography is therefore generally flat, ranging
fromapproximately 15.2 mto 20.4 m (50 to 67 ft) above MSL in sone
areas (not including the waste pile); the nmean elevation is 17.5 m
(54.7 ft). The highest elevations are in the northeastern portion
of the property. Small nounds and ditches cover MSS as a result
of the process waste stored by MCW

Most of MSS is covered with grass; the exceptions are the
interimwaste storage pile, the unpaved roads, and the railroad
spurs. Because of the |ow surface gradient and grass cover,
erosi on and sedi nent transport fromthe site are m ninmal.

M SS can be divided into three separate drai nage areas
(Figure 3-2). The northwestern drainage area accounts for about
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14 percent of the site. Overland flow fromthis section drains
toward a cl osed depression between the site and the New York,
Susquehanna, and Western Railroad. This depression also receives
runoff fromthe Stepan property. The depression holds a vol une of
nmore than 2.5 cm (1 in.) of surface runoff froma single storm
event; outflow occurs only during periods of heavy rainfall.

The second drai nage area covers approxi mately 59 percent of
M SS and includes the runoff fromnost of the pile. Overland flow
fromthis area is conveyed along the railroad spur to a depression
besi de Route 17. The water in the depression either infiltrates or
flows into the Westerly Brook cul vert.

Runof f fromthe southeastern drai nage area (approximtely
27 percent of MSS) collects in a snmall drai nage channel that
originates in the western part of the Sears property. This channel
joins Lodi Brook south of Route 17.

St epan property

The Stepan property covers 7.4 ha (18.2 acres). Buildings
cover approximately two-thirds of the property; the remaining third
consists of streets, parking lots, and grass-covered areas.

The topography of Stepan has been nodified into a series of
terraces to accommodate construction of the operating facility.
Topographic relief fromthe highest terrace at the north side to
the |l owest terrace at the south side of the property is 7.6 m
(25 ft). The average slope of the property is 1.8 percent.

Stormnat er runoff from Stepan drains into either Westerly Brook
or Lodi Brook. Runoff from approximately one-third of the Stepan
property runs onto M SS and collects in the northernnost railroad
spur. The other two-thirds of the Stepan property drains toward
the southeast into the | ow marshy area that fornms the headwaters of
Lodi Brook.
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Vicinity properties

Most of the vicinity properties lie along the former channel of
Lodi Brook. The properties are currently in heavily urbanized
areas and are classified as residential, comercial, or
governnmental . Before urbanization, the area al ong Lodi Brook
consisted of partially wioded fields at the bottom of a shall ow
valley. The wide, flat valley floor was subject to flooding before
the brook was routed through an underground conduit. The
properties imrediately north of Hi ghway 46 are lowlying with
mar shy areas on both sides of the brook.

The difference in elevation fromthe upper properties to the
| oner properties is approximately 7.6 m (25 ft). The properties
are in aline approximately 1.6 km (1 m ) al ong Lodi Brook.

3.3.3 Water Bal ance

The CREAMS nodel (a field scale nodel for Chem cals, Runoff,
and Erosion from Agricul tural Managenment Systens) was used to
estimate the average annual surface runoff fromMSS into the
receiving waters. CREAMS, devel oped by the U S. Departnent of
Agriculture (Knisel 1980), generates estinmates of surface runoff,
evapot ranspirati on, and deep percol ation using data on daily
precipitation, tenperature, and physical properties of the soil in
the root zone.

The site is conposed mainly of grassy areas with sonme
i npervious features. In the water bal ance calculation, the interim
storage pile, buildings, unpaved roads, and railroad spurs (about
one-fourth of MSS) are all considered inpervious areas directly
connected to the drainage channels, and it is assuned that
precipitation falling on the inpervious areas becones surface
runof f .

The surface soil at MSS is conposed of nore than 50 percent
sand particles; the rest consists of varying anmounts of silt and
clay. It was assuned for nodeling purposes that all of the soil in
the root zone is sandy loam The follow ng average val ues for soi
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properties were used in the nodel:

Soi | Paraneter Val ue
Saturated conductivity, in./h 0. 30
Field capacity, in./in. 0. 22
Soi|l porosity, in./in. 0.40
WIlting point, in./in. 0. 08

The Soil Conservation Service (SCS) curve nunber was estimated
to be 60 for a sandy range condition, and the rooting depth was
estimated to be 91.4 cm (36 in.) because the site is heavily
veget at ed.

Twel ve years (1979-1990) of daily precipitation data recorded
at the Lodi National Wather Service station were input to the
nodel . The Lodi weather station is approximately 1.6 km (1 m)
fromMSS. Annual precipitation for these years averaged 123.2 cm
(48.5 in.). Average nonthly tenperature and sol ar radi ation data
input to the nodel canme fromthe Central Park (New York) station,
which is approximately 16 km (10 m ) southeast of MSS. Central
Park is the cl osest weather station to MSS that has sol ar
radi ati on records. These average annual water bal ance el enents
ar e:

Wat er Bal ance El enents Vol ume

Precipitation 48.5 in.
Sur face runoff 12. 2 in.
Evapotranspiration 22.1 in.
Per col ati on 14.2 in.

Approxi mately 25 percent of the total precipitation onto MSS
beconmes surface runoff and enters either Westerly Brook or Lodi
Brook. The remaining 75 percent infiltrates into the soil, from
whi ch about 45 percent reenters the atnosphere, through either soi
evaporation or transpiration fromplant |eaves; the remaining
30 percent continues percol ating below the root depth and becones
recharge to the groundwater system

3.3.4 Flood Frequency
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Peak flows at MSS for 24-h storns were estimated using the
U S Arny Corps of Engineers HEC-1 conputer nodel (USCOE 1981),
whi ch simulates stormrunoff in a drainage basin that results from
a precipitation event. HEC- 1 was used to estinmate the standard 2-,
5-, 10-, 25-, 50-, and 100-yr frequency peak flows at M SS.

The precipitation amounts for the site for different storm
frequenci es were derived from National Wather Service publications
HYDRO- 35 and Techni cal Paper No. 40 (Frederick 1977;

Hershfield 1961). The precipitation amunts (in inches) are |listed
bel ow.
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5 mn 0.42 0. 50 0. 55 0. 64 0.70 0.77
15 mn 0.79 0. 98 1.11 1.30 1.45 1.60
60 m n 1.3 1.7 2.0 2.4 2.7 3.0

2 h 1.7 2.2 2.7 3.1 3.3 3.7

3 h 2.0 2.6 2.9 3.3 3.7 4.2

6 h 2.3 3.1 3.6 4.2 4.5 5.2
12 h 2.8 3.6 4.4 5.1 5.7 6.2
24 h 3.3 4.3 5.2 5.8 6.5 7.5

HEC- 1 generated hypot hetical 24-h storm hydrographs fromthese
i nput precipitation amunts for the durations shown. The SCS curve
nunber nethod and the di nensionl ess unit hydrograph procedure were
used in generating the storm hydrographs. Stormmater runoff peaks
fromMSS into Westerly Brook for each of the design storns are
shown below. The peak flow return period relationship is shown in
Fi gure 3-3.

Ret urn Peak Fl ows
Peri od (cfs)
2-yr 5.5
5-yr 10. 2
10-yr 14. 6
25-yr 19. 2
50-yr 22.8
100-yr 27.6

The 100-yr floodpl ain delineated by the Federal Energency
Managenment Agency (FEMA 1981, 1984, 1990) for the Maywood area is
shown in Figure 3-4. MSS and nost of the vicinity properties are
not located within this 100-yr floodpl ain; however, portions of a
few vicinity properties at the south end of Lodi Brook are in the
100-yr fl oodpl ai n.

3.3.5 Sedinent Yield
Because sone surface soil at MSS is contam nated, erosion and

sedi nment transport can cause contam nant mgration fromthe site.
The Modified Universal Soil Loss Equation (MJUSLE) was used to
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estimate the average annual sedinent yield fromMSS (EPA 1988f).
The sedinent yield estimates generated with MJSLE are based on the
total runoff, the peak discharge, the ability of the particular
soils to erode, the length and gradi ent of the ground surface, and
t he ground cover.

The daily precipitation (1979-1990) at the Lodi Nati onal
Weat her Service station was used to estimte the average annual
sedinment yield fromMSS, and the total runoff and peak di scharge
were estimated for each stormevent in the 12-year period. The
foll ow ng val ues were used in the MJSLE equati on

Par amet er Val ue
Soil erodibility, K 0. 24
Lengt h-sl ope, LS 0. 16
G ound cover, CP 0. 013

The sedinent yield was estimated for each storm event.

The estimated average annual sedinent yield fromMSS is
0.3 netric ton/yr (0.3 ton/yr). The other properties would have a
| ower rate of erosion than MSS, depending on the anmount of paved
area at each site.

The historical sedinent yield fromthe di sturbed areas on the
MCW Bal |l od, and Sears properties was al so estimated usi ng MJSLE
A series of aerial photographs dating from 1940 to 1983 were
reviewed, and the total area of disturbed soil at each site was
estimated as given bel ow

Di st urbed
Property area (acres)
MCW 8.1
Bal | od 6.7
Sears 13.5

A value of 0.45 was used for the ground cover factor for bare soil
The daily precipitation was recorded at Newark, New Jersey
(1948-1983).

138_0035 (10/19/92) 3-12



The estimated average annual sedinment yield fromeach site is
shown bel ow

Sedi nment
Property Yield (tons)
MCW 13. 4
Bal | od 10.9
Sears 28.8

Both MCWand the Ballod properties drain into Westerly Brook. The
Sears property drains into Lodi Brook.

3.4 SITE CGEOLOGY

3.4.1 Regional Geol ogy

The Maywood Site is |located in northeastern New Jersey within
the gl aci ated section of the Piednont Plateau. The terrain is
generally level, with mnor relief. Elevations range from15 to
25 m (45 to 75 ft) above MSL. Surface topography of the Pi ednont
region slopes gently to the west and is poorly drained
(Cole et al. 1981). Drainage around the Maywood/Lodi area is
primarily toward the south via the Passaic/ Saddl e and Hackensack
rivers, which flowinto the Hudson River and ultinmately into the
Atl antic Ccean.

The site lies within the geologic structure known as the Newark
Basin (Figure 3-5), which extends sout hwestward fromthe Hudson
Ri ver Valley of New York to southeastern Pennsylvania. The
nort heastern and northwestern margins of the basin are bordered by
Precanbri an and early Pal eozoic rocks of the southwestern prongs of
t he New Engl and Upl and. The sout heastern and sout hwestern portions
of the basin overlie and are bordered by Pal eozoi c and Precanbri an
rocks of the Blue Ri dge and Pi ednont Provinces (A sen 1980).
Crystalline rocks of Precanbrian age underlie nost of northern New
Jersey and adj acent portions of New York. These rocks are
primarily gneisses or granite-like rocks of netasedi nentary origin
t hat have been intruded by igneous nmagnas. The various Precanbrian
lithologies within the area have been structurally inprinted by
both the All eghenian and Taconi an orogenies. The Precanbrian rocks
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formpart of a nountainous northeast-trending belt across northern
New Jersey known as the New Jersey Hi ghlands. To the east, these
rocks are deeply buried beneath Triassic/Jurassic rocks of the
Newar k Basi n group.

Sedi mentation within the Newark Basin occurred along the margin
of a plate boundary in a zone of essentially east-to-west
extension. Structurally, the bedrock exhibits a nonoclinal dip and
cont ai ns shal |l ow open folds (Carswell and Rooney 1976).
Stratigraphic data indicate that the basin was strongly asymetri c,
taking on the characteristics of en echelon tilted bl ocks
(Manspei zer 1980). High-angle faults within the Triassic/Jurassic
Newar k Group sedinents step down to the east and are tilted to the
south. The beds of the Newark G oup are characterized by steeply
di ppi ng north-to-northeast striking joints that parallel the strike
of the beds in the Hackensack River basin. A less prom nent set of
nearly vertical joints roughly parallels the direction of the dip
of the beds (Carswell 1976).

North-trending faults in the Triassic/Jurassic formations are
bounded on the northwest by the northeast-trending Ramapo Fault.
The Ramapo Fault fornms the western margin of the Newark Basin and
is at its nearest |ocation approximately 21 km (13 m)
west - nort hwest of the Maywood Site. The fault has had a | ong
tectonic history, and considerable seismc activity has occurred
along its trace in northern New Jersey/eastern New York
(Al germ ssen 1983; USGS undated). This area appears to be part of
a broad, diffuse region of seismc activity that extends north-
nort heastward from New Jersey to New Brunswi ck, Canada. Although
numer ous earthquakes have been recorded locally, they are typically
of | ow magni tude and cause little structural damage.

Sediments within the Newark Basin rest with a profound
unconformty on basenment rocks and dip 5 to 25 degrees to the
nort hwest (O sen 1980). The stratigraphic section is conposed
predom nantly of red clastics with mnor amounts of interstratified
basal tic igneous rocks. The entire stratigraphic colum reaches a
cunul ative trigononetrically cal cul ated thickness of over 10,300 m
(33,800 ft) (O sen 1980).
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The Newar k Basin stratigraphic sequence referred to as the
Newar k Supergroup i s conposed of 10 nappable units. The | owernost
formati ons, Stockton and Lockatong, are Triassic. The remai nder of
the section is referred to by Lyttle and Epstein (1987) as the
Brunswi ck Group. The |owernost unit of the Brunswi ck G oup
underlies the site; referred to as the Passaic Formation, this unit
reaches a thickness in excess of 8,000 ft and is uppernost Triassic
to | ower Jurassic in age. The Passaic Formation consists primarily
of interlayered dark to noderate reddi sh-brown, fine-grained
sandstones and siltstones. These sedinents were probably deposited
in asemarid climte, which favors the stabilization of the red
iron-bearing pignents in the mneral matriXx.

Redbeds of the Passaic Formation are exposed as ridges and
hills in the Maywood vicinity; however, nost areas are mantled by
unconsol i dated Pl ei stocene and recent deposits. The surface
t opogr aphy of the bedrock underwent consi derabl e change during
Pl ei stocene gl acial events. The area was scoured and fill ed,
drai nage patterns were altered, and several norainal |akes were
created. Wsconsin-age norainal and stratified and unstratified
drift deposits are comon in the area. Figure 3-6 shows the
sout her nnost advance of Wsconsin glacial ice, and Figure 3-7 shows
the distribution of glacial till and drift in northern New Jersey.

Ri dges fornmed by these deposits have a nort heast - sout hwest

i neati on, which approximates the direction of ice novenent. Drift
deposits generally conformto the |ithol ogic character of the
under |l ying redbeds in nost localities; however, in sone areas of
nort hwest Bergen County, lithologies of the drift deposits do not
reflect |ocal bedrock conditions (Tedrow 1986). North of Paterson,
t he redbeds are predom nantly covered by drift deposits containing
cl asts of gneissic conposition. Clasts are seen to a | esser degree
indrift in the area around the Maywood Site.

During the | ate Wsconsin, nmuch of the area extending from
sout h of Newark, New Jersey, northward to Tappan, New York, was
covered by the preglacial Lake Hackensack (shown in Figure 3-8).
Lake Hackensack basin sedi nents consist of varved clays and
stratified sands up to 30 m (98 ft) thick (Reeds 1926). During
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glacial retreat, the nelting ice deposited | ayers of sedi nents over
the irregular bottom of Lake Hackensack (Lovegreen 1974). These
deposits included fine- to nmediumgrained sand, silt, and clay that
were locally reworked by fluvial processes and redeposited on
outwash plains. After the norainal dans were breached, the | akebed
sedi nents were exposed to erosion, desiccation, and invasion by
vegetation. Lacustrine deposits were limted to smaller isolated
basins. The | akebed sedi nents were covered by peat and

dark-col ored silty/clayey marsh deposits with a soil horizon,

i ndi cating the presence of an open boreal forest

(Averill et al. 1980). Wth the establishnent of the nodern

sout hwar d-fl owm ng drai nage, the |lacustrine and marsh deposits were
partially eroded, and the Hackensack and Passaic rivers started
their depositional history. These rivers deposited thin |ayers of
sedi ment across nmuch of the floodplain area until human

i ntervention and urban devel opnent diverted the courses and changed
the flow characteristics of the streans.

3.4.2 Site-Specific CGeol ogy

Soil borings for radiol ogical characterization were drilled at
sel ected | ocations across MSS, Stepan, Sears, and the vicinity
properties in Maywood and Lodi. Most of the borings drilled for
radi ol ogi cal sanpling extended to depths of 1.8 to 3.7 m(6 to
12 ft). On the Maywood properties, several deep borings [9 to 18 m
(30 to 60 ft)] were drilled into the underlying bedrock to gather
geol ogic data and install groundwater nonitoring wells. These
borings provide information about the upper portion of the
sandst one bedrock formation to a maximumdrilled depth of
approximately 18 m (60 ft). The sedinents underlying the Maywood
and Lodi properties are divided into two stratigraphic units: a
bedrock unit conposed of interbedded, well-cenented sandstone and
siltstone of Triassic/Jurassic age (Passaic Formation), and an
overlying section of unconsolidated clastic materials of Pliocene-
Pl ei stocene age. These units are separated by an erosional
unconformty. The surface of the bedrock unit was extensively
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eroded by both glacial and fluvial processes, and the
unconsol i dated sedi nents overlying the bedrock surface are conposed
of clastic materials deposited by these processes. The sedi nentary
section was originally capped with a well -devel oped deci duous
forest soil (Merrimac soil) (Tedrow 1986). Extensive agricultural
and | ater urban devel opnent disturbed or destroyed much of the
original soil profile. Most of the soil cover in the local area is
now classified as urban fill.

Bedr ock

Bedrock in the | ocal area consists of alternating beds of dark
reddi sh- brown sandstone and siltstone of the Passaic Formation
(refer to the geologic |log for DeSaussure property boring B38W.2B
in Appendix J). The upper portion of the Passaic Formation, as
described in this log, is representative of the section throughout
t he Maywood and Lodi areas. The Passaic Formation is conposed of
three identifiable units in this boring. The uppernost unit is a
gray to red silica- and calcite-cenented quartz sandstone,
noderately to highly weat hered, having joints and beddi ng pl anes
oriented horizontally with mnor iron and calcite filling. This
sandstone unit is wdely distributed throughout the |ocal area and
is comonly encountered in the bottomof the soil and geol ogic
borings. Underlying this unit is a finer-grained siltstone unit,
al so gray to red in color but exhibiting nore extensive fracturing,
jointing, and weathering. Joints and fractures are generally
horizontal with mnor to conplete filling by secondary calcite
cement. The lowest unit encountered in this boring is conposed of
coarse-grai ned sands with mnor anounts of congloneratic materials.

This lower unit is also described as gray to red calcite- and
silica-cenmented sandstone. Joint and fracture surfaces are
general ly horizontal, noderately weathered, and coated with
crystalline calcite and nud.

The Passaic Formation is exposed as ridges along Interstate 80
and Route 17 in the local area. The surface of the bedrock unit
has been encountered at depths from15 cm (6 in.), on the northern
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portion of the Stepan parking lot in Maywood, to approximately 9 m
(30 ft) on the Kennedy Park property in Lodi. The configuration of
t he bedrock surface devel oped as the result of erosional processes,
whi ch forned el ongated northeast- to southwest-trendi ng narrow
ridges and broad valleys. FErosional valleys were originally forned
as the result of fluvial processes during the |late Mesozoic and
early Tertiary. These valleys probably forned al ong existing zones
of weakness that correspond to the primary fracture trends.

The erosional bedrock surface directly influenced the
di stribution of the overlying unconsolidated sedinents and, to a
| esser degree, is still expressed in the present surface
t opography. This surface controlled the courses of streans
carrying sedinments and thereby affected the distribution of
fine-grained silts and clays (overbank and interfluvial sedinents)
and coarse sands and gravels (stream deposits). Maps show ng the
el evation contours on the top of the bedrock surface in the Lodi
area (south of Essex Street) are presented in Figure 3-9, and in
t he Maywood area in Figure 3-10.

Bedrock surface in the Lodi area

The bedrock surface in Lodi has controlled the distribution of
unconsol i dated sedi nents and continues to influence the |ocation of
surface runoff and groundwater flow. (In the follow ng discussion
of the Lodi area, directional references refer to state plane
coordinates. The site grid is |located 90°+ west, making reference
to this grid system confusing.)

The course of Lodi Brook corresponds to a broad erosional |ow
in the bedrock surface. This elongated |ow area (shown in
Figure 3-9) is bounded to the east and west by well-defined bedrock
hi ghs that underlie the topographic ridges. The crest of the
western ridge is approximately 300 m (1,000 ft) fromthe axis of
the erosional |ow and reaches a maxi num el evation of 24 m (80 ft)
above MSL (shown as "A" in Figure 3-9). Residual high areas to the
east, underlain by Passai c sandstone, form a di scontinuous
northeasterly trending ridge that defines the eastern boundary of
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the Lodi Brook drainage basin. Smaller residual knobs of resistant
sandstone are scattered throughout the bedrock | ow and have a
direct effect on the characteristics of Lodi Brook.

Cl osed | ow areas and isol ated hi gh-standi ng erosi onal remants
have been mapped on the bedrock surface. Differential conpaction
of the unconsolidated sedinments over this bedrock relief results in
broad | ow areas in the present surface topography. Small isolated
| ow areas in the bedrock surface correspond to areas where standing
water frequently occurs on the surface. Bedrock |ow areas underlie
Lodi Municipal Park, the Flint Ink property, and Kennedy Park
(designated as "B," "C/" and "D," respectively, in Figure 3-9).
These areas are frequently wet and marshy during heavy rains. The
course of Lodi Brook is poorly defined and tends to bifurcate into
nmore than one channel in these areas. The significance of these
stream characteristics is that overbank sedi nents becone spread
over an area significantly wider than the stream channel. These
are areas where sedinents contam nated with radi oacti ve waste are
nost |likely to be deposited. The distribution of contam nated
soils in the Lodi area observed in the field corresponds to the
characteristics of streamdeposition. The distribution of
contam nated materials is discussed in detail in Section 4.0.

Bedrock surface in the Maywood area

The general characteristics of the bedrock surface at Maywood
are the sane as in the Lodi area. Erosional processes have
af fected the bedrock surface, creating closed | ow areas, snal
i sol ated knobs, and | arge residual high-standing features.
Directions in the follow ng discussion refer to site grid
north. The site grid is rotated 40°E of state plane north. The
configuration of the bedrock surface in the Maywod area i s shown
on the elevation contour map (Figure 3-10). This map uses data
fromall boreholes, wells, and sanpling locations drilled in the
area during all phases of the investigation. Cross sections for
t he Maywood area are included, show ng stratigraphic relationships.
Cross section locations are shown in Figure 3-11; the cross
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sections are included as Figures 3-12 through 3-16. Borehol e | ogs
are included in the site characterization reports for each
property.

Bedrock is very near the surface along the northern boundary of
t he Maywood study area (shown as "A" in Figure 3-10). 1In the
Stepan parking lot (north-central area along the New York,
Susquehanna, and Western Railroad), bedrock is within 15 cm (6 in.)
of the surface. This bedrock high extends to the east and
sout heast across the Myron property al ong Maywood Avenue (shown as
"B" in Figure 3-10). Two prom nent highs extend south and west -
sout hwest fromthis high point in the Stepan parking |ot (shown as
"C' and "D'" in Figure 3-10). The southwesterly oriented ridge
connects across a saddle to the pronounced topographic ridge west
of Lodi Brook. This saddle in the bedrock relief is expressed in
the present surface topography and corresponds to a surface water
di vi de.

Two | ow areas in the bedrock surface extend across the Sears
property south of the Maywood site (shown as "E" in Figure 3-10).
The eastern bedrock | ow underlies the area where standi ng water and
mar shy conditions exist on the eastern end of the Sears property.
The northern end of Lodi Brook originates in this area as two
separate channels that carry surface runoff south into the main
channel of Lodi Brook at a confluence point on the National
Communi ty Bank (NCB) property south of Route 17. A well-devel oped
bedrock low in the south-central area of the Stepan property
extends south across the Stepan and Sears properties and apparently
influences flowin the western tributary of Lodi Brook.

The bedrock surface slopes toward the west under the far
western and sout hwestern portions of MSS (shown as "F" in
Figure 3-10). This bedrock low originally controlled the forner
channel of Westerly Brook before it was diverted through man-made
conduits. Sharp downcut channels in the bedrock surface are
present in this area.
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The structural lows in the bedrocks surface have preferenti al
nort hwest and northeast alignnments. These trends probably reflect
fracture set orientations in the bedrock. Erosion was apparently
nmore extensive along these trends and resulted in well-defined
I inear relationships; these alignnments are highlighted in
Figure 3-10. These erosional lows directly affected the
distribution of sedinents in the overlying sections by controlling
the locations of streanms in the area, and the resultant
di stribution of porous sedinents in the bedrock lows directly
affects groundwater flow in the |ocal area.

Bedrock in the study area is the primary controlling surface
i nfl uenci ng deposition, drainage, and subsurface flow. The
configuration of this erosional surface has influenced the
di stribution of sedinments in the unconsolidated section overlying
bedrock and continues to control the |ocation, character, and
nmor phol ogy of the present surface drainage.

Unconsol i dat ed sedi nents

The unconsol idated surficial sedinments in the study area were
deposited by fluvial and gl acial processes. As described above,
erosi onal | ows downcut into the bedrock surface controlled the
| ocation of fluvial channels that transported and deposited clastic
sedi nments through the area.

In the |l ower portion of geologic borings drilled in the bedrock
| ows, sands and gravels derived from bedrock were encountered
i mredi ately above the weathered surface. The gravels were comonly
conposed of rounded to subrounded pebbl es of Passaic Formation
sandstone, indicating |local fluvial (stream transport and
reworki ng. G avel-sized fragnents of igneous and net anor phic
mat eri al s and boul der-si zed erratics of sedinmentary materials were
observed in these deposits (borehole B38WB on the Stepan property
and B38Gl9-28 series on MSS), indicating glacial transport into
the local area. As described in Section 3.4.1, materials of direct
glacial origin overlie bedrock in many parts of the region (Cole et
al. 1981). 1In the lower portion of the channels, nmuch of the
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mat eri al deposited on the bedrock surface cannot be easily

di stingui shed fromthe weathered bedrock materials (e.g., borehol es
R389 at 9 Hancock St., R404 at NCB, and R537 at Sears). In such
cases, the deposits are grouped with the weat hered bedrock.

Unconsol i dated materials that overlie the weathered bedrock
consist primarily of sands, silts, and clays. The conposition and
characteristics of these deposits vary widely according to
depositional history. These deposits can be divided into three
units that interfinger with the underlying and overlying unit.
These are identified as a lower unit of nore stratified,
better-sorted, fine-grained sands and silts; a mddle unit of
clayey silts and sands, with varying anounts of organic materials;
and an upper unit of poorly stratified sands, silts, and gravels
that are, in part, disturbed by agricultural and urban devel opnent.

Sonme interfingering occurs between the units and, generally,
contacts are poorly defined.

The lower unit is conposed primarily of light brown to dark
yel | owi sh-orange | ayers of fine-grained sands and silts that are
noderately well sorted to well sorted (e.g., boreholes R374 at
113 Ave E and R540 at Sears). These materials are stratified,

i ndi cating deposition by glacial nmeltwater and/or streanms into a

| acustrine environnent and/or on |owlying plains associated with
Lake Hackensack. Channel deposits with coarse gravels and sands

cut into and through the fine-grained materials.

The mddle unit consists of grayish-olive to greenish-gray/
grayi sh-green |ayers of clayey silt and silty clay with clayey to
cl ean sand. These sedinents are capped in places by a well -
devel oped soil horizon with abundant organic material (e.g.,
borehol e C628 at Sears) or channel deposits conposed of black to
grayi sh-black clays and silts, which in places contain varying
anmounts of sand, gravel, and man-nmade debris (e.g., boreholes R418
at 1-80, R577 at NCB, and R566 at Sears). The soil horizon was
best seen within borings at the northern and western corners of the
Sears property (e.g., borehol es R544 and R552).

The m ddl e unit was probably deposited during the | ater stages
of Lake Hackensack's transition to a subaerial environnent. The
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deposits form nuch of the subsurface profile for the Lodi Brook
channel , which flows through Maywood and Lodi. Sedinments within
the Lodi Brook channel are characterized by gravelly silts and
sands from m xed sour ces.

The upper unit consists of undifferentiated deposits of sand,
silt, and gravel that overlie the mddle unit. These sedinents are
differing shades of browns, grays, and reds (e.g., borehol es R398
at NCB/1-80 and R580 at NCB) with wi dely varying conpositions. The
deposits are poorly to noderately sorted, indicating limted
rewor ki ng. The sedinments are probably associated with the recent
fl ood deposits fromlocal drainage within the Saddl e Ri ver Basin.
The sedinents are disturbed in places, and sonme | ayers contain man-
made debris that has been reworked and deposited in the | ocal
streanbeds (e.g., borehole R535 at NCB). Varying anounts of
nonengi neered fill derived fromlocal sandstone and/or man-nmade and
inported material are mxed with and overlie this unit. Mich of
the material in this unit was placed or reworked during the urban
devel opnment of the area and rechanneling of Lodi Brook.

Distribution of Lodi Brook sedinments

Hi storic aerial photographs and topographic maps were revi ewed
to determne the forner course of Lodi Brook. This surface
drai nage feature carried contam nated sedi nents offsite and
sout hward t hrough the town of Lodi. The identification and
definition of the extent of the brook sedinents were an inportant
part of the RI work.

Bef ore much of the urban devel opnent in the Maywood/ Lodi area,
Lodi Brook flowed froma marshy area south of the present Stepan
property toward the south across relatively flat, open topography.

However, since the area was devel oped, the natural course of the
brook has been strai ghtened, channel ed, covered, and diverted from
much of its original course. |In Lodi, community devel opnents now
cover nost of the former brook channel. This fornmer channel
carried the wastewater discharge from MCW and deposited
contam nated material along its course. These contam nated
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deposits within the channel are often recognized by a dark gray to
bl ack silt/clay |ayer with varying anounts of gravel and man- nmade
debris overlying a greenish-gray to grayish-green clayey sand or
silty clay layer and are generally included in the upper
stratigraphic unit described above. The layer is buried from

0.6 to 3 m(2 to 10 ft) below surface. (For a detailed analysis of
nature and extent of contam nation, refer to Section 4.0.)

During the current investigation, the northernnost Lodi Brook
sedi ments were encountered on the Sears property at 200 Route 17.
North of this property, on the north side of Route 17, the
sedi ments were nore distributed, and a definitive stream channel
characteristic was not evident. Stream channel sedinents occur in
a relatively wde area near the present Lodi Brook channel south of
Route 17 and continue south in a narrow band toward the NCB
property at 113 Essex Street. D agrammatic cross-sections for the
Lodi area (general |ocation shown in Figure 3-17) show the
di stribution of channel and contam nated sedi nent deposits
(Figures 3-18 through 3-20). Channel deposits continue to be
observed southward to the northeastern corner of the present NCB
bui | di ng, where the channel nmerges with another tributary of Lodi
Brook that flows fromthe area imedi ately northeast of the Essex
Street/Route 17 intersection. Mich of the sedinent in the area
where the two channel s neet appears to have been renoved by
excavation in sand borrows and/or disturbed by subsequent
rechanneling of Lodi Brook al ong the current underground drai nage
easenent. These two channels initially may have parallel ed each
other, later conbining into a braided pattern for a short distance.

Two contam nat ed channel deposits (borehol es R624 and R518) are
present under the front [ awn of the bank property.

The former channel below the tributary junction continues
sout hward under Essex Street and the NCB parking area. It is again
encountered north of Interstate 80, near Exit 63, and west of an
open section of the present Lodi Brook. (Refer to Cross Section
No. 1, Figure 3-18.) The main channel is approximately 3 to 6.1 m
(10 to 20 ft) w de; however, sone overfl ow deposits appear to be
present. Mst of the uppernost channel sedinments are m ssing al ong
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the border of Interstate 80 and may have been excavated during
freeway construction.

Wthin Lodi, south of Interstate 80, sedinents in the forner
mai n channel were encountered under 62 Trudy Drive. Thinner |ayers
of sedinent characteristic of the contam nated channel deposits
were al so found at 19 Redstone Lane and 9 Hancock Street. (Refer
to Cross Section No. 2, Figure 3-19.) However, the limted
t hi ckness of these layers indicates that they are probably side
channel and/or overfl ow deposits. From 62 Trudy Drive, the forner
channel appears to flow southward parallel to and slightly east of
Hancock Street. On properties west of Hancock Street and south of
Trudy Drive, main channel sedinents were not encountered. However,
a thin layer simlar to the channel deposits was present on the
corner property at 113 Avenue E, indicating that the main channel
south of Trudy Drive was probably near or directly under Hancock
Street, just north of its present intersection with Avenue E

South of Trudy Drive, the course of Lodi Brook becones poorly
defined. A broad, |low area frequently covered by standing water is
| ocated in the vicinity of the Flint Ink property and extends
sout hward across the Vehicle Inspection Station property. In this
area, the main channel of Lodi Brook splits into two channels, and
over bank stream sedi nents are w dely deposited over the surface.
Cont am nat ed sedi nents associated with these overbank deposits are
al so distributed over an area |larger than the width of the stream
channel. (Refer to Cross Section No. 3, Figure 3-20; see
Section 4.2 for a description of the extent of contam nated soils
inthe Lodi Vicinity Properties.)

Map preparation

El evati on- of - bedrock surface maps were prepared to assist in
interpreting and eval uati ng geol ogi ¢ and hydrogeol ogi c data. The
maps of the Lodi area were prepared using a gridding and contouring
conput er program package called Surfer (© Golden Software, Inc.).
The irregularly spaced borehole data were converted to a regularly
spaced grid of values using "kriging," which is a geostatistical
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techni que that uses the regional variable theory to generate a
regul arly spaced grid. An octant search nmethod was used to force
the gridding programto consider all neighboring data points in the
grid interpolation. After the grid was prepared, it was snoot hed
to reduce the angularity of the contours. Snpothing was
acconplished using a cubic spline algorithm which expands the grid
and i nterpol ates snoot hed data between the existing grid nodes.

To suppl enent the borehol e data, depth-to-bedrock and thickness
estimates were derived fromregional bedrock slope and proximty
borehol e data and topographic maps. These estimtes were used to
provide control in areas of sparse data. In the Maywood area, data
density and spatial distribution were adequate to generate the
bedrock maps, and no additional data points were generat ed.

3.5 HYDROGEOLOGY

3.5.1 Regional Hydrogeol ogy

The primary groundwater aquifer in the MSS area is the
Brunswi ck Formation; groundwater in this formation occurs primrily
in a network of interconnected joints and fractures. The
i ntervening unfractured rock has negligible capacity to store and
transmt groundwater and, as depth increases, the fractures and

joints decrease in size and nunber. 1In sone areas, the top portion
of bedrock is highly weathered and contributes to groundwater flow.
Drilling logs indicate little potential for |locating a water-

produci ng zone bel ow 122 m (400 ft).

The groundwater system consists of a series of alternating
tabul ar aquifers and aquitards several tens of feet thick. The
wat er - bearing fractures of each tabular aquifer are nore or |ess
conti nuous, but hydraulic connection between individual tabular
aquifers is poor (Carswell 1976). These tabular aquifers generally
di p downward for a few hundred feet and are continuous al ong strike
for thousands of feet.

Virtually all groundwater in the Brunswi ck Formation occurs in
i nterconnecting fractures and joints (Vecchioli and MIler 1973).
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Addi ti onal void space occurs in the sandstone and congl oner ate beds
where cenenting material is |lacking, either because it was never
deposited or because it has been dissolved and renoved by
circulating groundwater (Vecchioli and MIler 1973). The nost
inportant fractures with respect to transmtting groundwater are
generally vertical joints. Cbservations made at nunmerous places

t hroughout the outcrop areas of the Brunswi ck Formation in

New Jersey indicate that one set of vertical joints roughly
parallels the strike of the rocks, and a second set is generally
per pendi cul ar to the strike.

Preferential flowin the direction parallel to strike has been
docunented by several investigators. Punping test data reported by
Her pers and Bar ksdal e (1951) showed nonradi al drawdown, wth
drawdown al ong stri ke and no distinct drawdown transverse to
strike. Punping test data reported by Vecchioli (1967) and
Vecchioli et al. (1969) indicate that the direction of highest
perneability and greatest novenent of water in response to punping
characteristically parallels the strike of the beds. |In nost of
t he Hackensack River Basin and Bergen County, the Brunsw ck
Formation yields only small to noderate supplies (less than
500 gpm of groundwater to wells (Carswell 1976).

d aci al deposits are a source of groundwater for public and
i ndustrial use in several areas, including parts of Passaic and
Morris counties and the area along the Ramapo River in western
Bergen County (G Il and Vecchioli 1965). The glacial till has | ow
pernmeability and | ow groundwater yield and is generally devel oped
only for donestic purposes. The stratified glacial deposits in the
area generally have higher perneabilities than the till and
frequently yield usable quantities of water. Due to the
di sconti nuous nature of nost of the aquifers in the area, there
appears to be no well-devel oped, regional groundwater flow system
except for flow through the glacial deposits that underlie many of
the rivers in the area.

3.5.2 Site Hydrogeol ogy
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This section presents an interpretation of the hydrogeol ogy of
MSS and its imedi ate vicinity based on information obtained from
publ i shed reports, DOE s environnmental nonitoring program previous
i nvestigations, and data gathered during the RI. The |ocations of
hydr ogeol ogi ¢ data coll ection points are shown in Figure 3-11
Directional references in this section are site grid north; the

site grid is rotated 40°E of state plane north.

G oundwat er occurrence

The shal | ow groundwater flow systemat MSS is in the
unconsol i dated sedi nents and the shal |l ow Passai ¢ Formati on bedrock
and occurs under unconfined, water table, and partially confined
conditions. No major confining | ayers have been identified, and
saturation is continuous fromthe water table surface to at | east
t he maxi num depth of investigation [18 m (60 ft) bel ow ground
surface (BGS)] in the bedrock. G oundwater in the shall ow bedrock
generally reflects water table conditions toward the northeastern
portions of the site and partially confined conditions toward the
west and southwest. The variability of fracturing and weat hering
of the bedrock results in differences in perneabilities between
different zones in the bedrock. The water-bearing fractures at
di fferent depths bel ow ground surface contain groundwater under
di fferent hydraulic heads; this condition creates potentionetric
head differences between the unconsolidated sedinents unit and the
bedr ock.

Depth-to-water is shallow and ranges from approximately 0.6 to
4.6 m(2 to 15 ft) BGS;, water |level elevations range from1l2 to
16.5 m (39 to 54 ft) above MSL. Saturated thickness in the
unconsol i dated sedi nents ranges from1.5 to 4.6 m(5 to 15 ft),
general ly decreasing to the east, where the sedinents thin onto a
bedrock high on the Stepan property. The saturated thickness is
approximately 15 ft in the vicinity of B38W4S (Bal |l od property).
Saturated thickness is variable across MSS, ranging from
approximately 5 ft at B38WL9S and 6 ft at B38W8D to 15 ft at
M SS- 2A.
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The potentionetric |level in the bedrock ranges from12 to
20 m (40 to 66 ft) above MSL. Results of water |evel neasurenents
over the past several years have shown that seasonal fluctuations
typically range fromO0.46 to 1.8 m(1.5 to 6 ft) during a year.
Sel ect ed hydrographs show ng groundwater |evels neasured in the
unconsol i dat ed sedi nents and bedrock from January 1989 t hrough
August 1992 are presented in Figures 3-21 and 3-22. The
hydr ographs reflect typical seasonal fluctuations.

Water levels fluctuate in response to short- and |ong-term
seasonal changes in precipitation and evapotranspiration. Water
| evel s are generally |lowest from May through Septenber, rise during
| at e Novenber and Decenber, and peak in February and March

Water | evel elevation maps for Septenber 4, 1991, and March 30,
1992, presented in Figures 3-23 through 3-26, reflect seasonal | ow
and high groundwater |evel conditions. Water |levels on these dates
do not reflect historical m ninmmor nmaxi mum water | evel
el evations; rather, these dates were selected to include water
| evel data fromall wells. Wll pair B38W9 was included in the
program during May 1991. Average hydraulic gradients are generally
| ow and indicate groundwater flow to the west and sout hwest toward
the Saddl e River where groundwater is discharged. Overall average
hydraulic gradients are slightly steeper during high groundwater
conditions than during | ow groundwater conditions. The water table
and potentionetric maps also reflect the line of bedrock highs to
the east (crossing Stepan property) that forns a | ocal groundwater
di vi de.

G oundwat er recharge and di scharge

G oundwat er recharge is principally from percol ati on of
precipitation, which is estinmated to be approxi mately 30 percent of
the annual precipitation at MSS. Recharge areas coincide with
t opographi cally high areas, while discharge areas are in | ow areas
and al ong drai nages. Hydraulic head differences observed in well
pairs generally confirmthis. |In recharge areas, the shall ow well
of the pair shows a higher potentionetric head than the deeper
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wel |, indicating downward conponents of flow (e.g., M SS-2A and

M SS-2B). In discharge areas, potentionmetric heads observed in the
deep well of the pair exceed that of the shallow well, indicating
an upward vertical flow conponent (e.g., B38WA4S and B38WL.4D)

Aqui fer hydraulic properties

Field hydraulic conductivity tests were perfornmed in the
overburden materials and the bedrock. Estimates of horizontal
hydraul i ¢ conductivity of the overburden materials were obtained
fromfalling head and recovery tests in conpleted wells. Vertica
hydraulic conductivity values for the overburden naterial were
calculated fromfalling head tests using open-end casing in
borehol es. Hydraulic conductivity tests in the bedrock consisted
of constant head pressure tests (packer), constant head gravity,
falling head, and recovery tests. The packer tests were generally
conducted at 3.5-m (11.5-ft) intervals in the MSS well series and
at intervals ranging from1.5 to 4.6 m(5 to 21.5 ft) in the B38W
well series. In addition to the packer tests, the MSS wells were
tested by constant head gravity and recovery tests (three wells),
falling head and recovery tests (one well), and recovery tests
(one well). These tests were conducted after the wells were
conpl eted and included the entire open or screened interval. The
packer tests were generally perforned to estinmate the hydraulic
conductivity for discrete zones, and the constant head gravity,
falling head, and recovery tests were perfornmed to estimte the
average hydraulic conductivity over the entire screened or open
interval and to evaluate nonitoring well performance. The
conductivity test results are summarized in Table 3-2. A sunmary
of the test interpretation nethods is presented in Table 3-3.

Passai ¢ Formation. Mvenent of groundwater through the Passaic
Formation is through the weat hered section of the formation and
t hrough secondary fractures in the bedrock. Hydraulic conductivity
tests were perforned in the upper 9 m (30 ft) of the bedrock. The

hydraulic conductivity results for the bedrock from ei ght
| ocations ranged from2.2 x 10° to 4.0 x 10® cm's, with an overal
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geometric nmean of 7.4 x 10* cni's

Average test results for the open interval in the shall ow
bedrock on the west/southwest portion of the site (locations
M SS-1B, -7B, -5B, and -4B and B38W9D) ranged from9.9 x 10* to
2.4 x 10°% cm's. Average test results for the open interval at
| ocati ons upgradient (M SS-2B and -3B and B38WL8D) were one-half to
one order of magnitude lower, ranging from9.7 x 10° to
4.7 x 10" cm's.

Test results fromM SS-2B, -3B, -4B, -5B, and -7B and B38W.9D
i ndi cated higher hydraulic conductivities (approximtely
1 x 10°% cmisec) in a bedrock zone generally between 4.6 and 9.1 m
(15 and 30 ft) above MSL. Di screte interval tests from B38WL9D
and M SS-5B showed results of 2.6 x 10°° and 1 x 102 cnis,
respectively. These results are consistent with drilling | ogs,
which indicate loss of fluid circulation in fracture zones between
approximately 8.8 and 9.5 m (29 and 31 ft) BGS or 7.9 and 8.5 m (26
and 28 ft) above IMBL.

Unconsol i dat ed sedi nents. Five hydraulic conductivity tests
were conducted in the saturated unconsolidated sedinments. The
hydraul i ¢ conductivity val ues range over three orders of nmagnitude
from2.6 x 10° to 2.9 x 102 cm's, and the geometric nean is 3.9 x
10* cm's. The wide variation in values is the result of the
het erogeneity of the materials that conpose the overburden at the

site. Descriptions of material fromboreholes drilled in the
unconsol i dated materials indicate textural varieties including
coarse-grained fill material (slag, bricks, rubble), fine-grained
fill material (sludge and ash), gravel, sand, and silt deposits.

These descriptions indicate that the hydrogeol ogi c properties of
t he overburden are both heterogeneous and ani sotropic.

Falling head perneability tests were conducted at 10 | ocations
to estimate the vertical hydraulic conductivity in the
unconsol i dated sedinents. Results ranged from5.3 x 10°° to
2.2 x 10% cm's, with a geonetric nmean of 7.7 x 10°° cm's.

G oundwat er fl ow
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Groundwater flow in the unconsolidated sedi nents occurs
through primary porosity and is |argely gradi ent dom nated.
Conversely, due to lack of significant primary (matrix) porosity,
groundwater in the conpetent bedrock is principally along
fractures.

The generalized conceptual flow schematic (shown in
Figure 3-27) illustrates the recharge/discharge rel ati ons observed
at MSS. The diagramis oriented southwest to northeast across the
site. A local groundwater divide is present to the northeast, and
groundwater flows to the southwest toward the Saddl e Ri ver
Recharge to the overburden occurs throughout the site. Through the
m ddl e section of the site, a dowward vertical flow conponent
exists fromthe overburden to the bedrock. Recharge to the bedrock
occurs at the groundwater divide and fromthe overburden. To the
sout hwest, the vertical conponent reverses, wth an upward
hydraulic gradient fromthe bedrock to the overburden.

The predom nant direction of flow of the groundwater systemin
t he shal | ow unconsol i dat ed sedi nent/bedrock is sout hwest toward the
Saddl e River. The hydraulic gradients in the bedrock and
unconsol i dated sedi nents are generally Iow. The water table and
potentionetric (bedrock) surface, flow directions, and gradients in
various parts of the system are descri bed bel ow.

The shape of the water table surface in the unconsolidated
sediments reflects the configuration of the top of the bedrock. In
the vicinity of well pair B38W9, water |evels show a nmarked
decrease relative to the surrounding area. This depression is
reflected in both the water table and the bedrock potentionetric
surface (where it is nore subdued). Historic data indicate that
hydraulic gradients in this area may have been greater than those
determ ned for Septenber 1991 and March 1992; however, these data
represent typical conditions.

G oundwater flowin the vicinity of B38W9 appears to be
affected by a conbination of [ocal structural and geol ogic
conditions. These include fractured bedrock, the configuration of
the erosional top of bedrock, and the distribution of porous
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sedinents. Ceneralized hydrogeol ogic conditions are shown in Cross
Sections AAA, BB, CGCC, DD, and E-E (Figures 3-12 through
3-16).

As discussed earlier, the structural lows in the bedrock
probably reflect fracture set orientations in the bedrock. As
shown in Figure 3-10, two linear trending bedrock lows intersect in
the vicinity of B38WM9. Drilling records indicate that shall ow
bedrock is highly fractured in this area; reported fracture sets
include a set at or near the top of bedrock 5.2 to 7 m (17 to
23 ft) BGS and another, nore significant set at approximtely
9 m(30 ft) BGS. Drilling records indicate |loss of fluid
circulation in the set of fractures at 9 m (30 ft) at |ocations
B38WLOD and M SS-5B. Hydraulic conductivity test results fromthis
zone range from1.3 x 10 cmsec to 2.6 x 10°° cnl sec.

The erosional lows in the bedrock directly affected the
di stribution of the overlying sedinents by controlling the
| ocations of streans in the area. A domnant |ow, shown in Figure
3.10, trends fromthe northwest (east of MSS-1) to the southeast
(B38WO07B). This feature was the primary factor controlling
sedi nent deposition across MSS. As evidenced by the black silty
organi ¢ sands, silts, and clays overlying the weat hered bedrock
(Figures 3-12 through 3-16), nost of MSS was once a | owlying
swanpy area. Gavelly sand and sandy gravels are present in sharp
downcut scours in the bedrock, as evidenced in boreholes B38W7B
and B38G 21 and 25 through 28. The extent of this unit has not
been conpl etely defined.

The shape of the contours reflects the bedrock | ow and the
changes in hydraulic conductivity of the materials in the bedrock
low. The |lower potentionetric levels in the bedrock in this area
reflect the higher conductivity of the bedrock due to its fracture
density. As a result of this conbination of conditions, the
hydraul i c gradi ent steepens locally, creating preferential flow
paths (Figures 3-23 and 3-25).

West of B38WL9, the erosional top of the bedrock drops from
12.8 m (40 ft) above MSL at B38WOD to 7.7 m (24 ft) above MSL at
B38W14D.
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The hydraulic gradients in the bedrock and unconsol i dated
sedinments are generally low, the average hydraulic gradient in the
unconsol i dated sedinents is 0.01. As shown in Figures 3-23
and 3-25, the gradient steepens in the vicinity of B38W9S and
B38W)7B and flattens to the southwest toward B38WL4S. The
hori zontal gradients do not appear to vary significantly with
seasonal groundwater fluctuations.

As shown in Figure 3-26, the hydraulic gradient in the bedrock
is steepest (approximately 0.02) in the eastern portion of the site
and approximately 0.01 through the mddle section of the site; it
decreases to approximately 0.004 west of Route 17. These gradients
refl ect slope changes of the potentionetric surface resulting from
changes in the physical characteristics of the bedrock. The
gradients are consistent with the descriptions of the physical
characteristics of the bedrock fromcore sanples, the observed
configuration of the top of the bedrock, hydraulic conductivity
test results, and observed potentionetric |evels.

To provide an estimate of groundwater flow rates in the
unconsol i dat ed sedi nents and bedrock at MSS, average |inear
groundwat er velocities (or seepage velocities) were calculated with
the foll om ng equati on:

vel ocity = hydraul i ¢ conductivity x hydraulic gradient
porosity.

An assuned total porosity of 0.20 was used for the
unconsol i dated sedi nents, and an effective porosity range of 0.01
to 0.05 was used for the bedrock. GCeonetric nean hydraulic
conductivities for the unconsolidated sedi ments and bedrock were
used, and average hydraulic gradients were determ ned fromthe
March 1992 water |evel elevation maps (Figures 3-25 and 3-26).

Usi ng an average gradient of 0.011, a geonetric nean hydraulic
conductivity of 7.4 x 10* cm's, and an effective porosity of
0.01 to 0.05, the average linear velocity in the bedrock ranges
from257 to 51 myr (842 to 168 ft/yr).

Flow in the bedrock may actually be faster or slower than the
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cal cul ated vel ocity because of

e fracture systemvarying with fl ow pat h,
e seasonal variations in hydraulic gradient, and

e variable effects of the vertical hydraulic gradient.

Assum ng a total porosity of 0.20, an average gradient of 0.01,
and a hydraulic conductivity of 3.9 x 10* cm's, the average |inear
seepage velocity in the overburden is estimated to be 6.1 nfyr
(20 ft/yr).

3.6 DEMOGRAPHY AND LAND USE
3.6.1 Land Use and Popul ation

As illustrated in Figure 1-9, land use in the vicinity of MSS
is residential, comercial, and industrial. The site is bordered
by a railroad line to the northeast, commercial and industrial
property to the south and east, and Route 17 to the west.

The nearest residential area is approximately 46 m (150 ft)
northeast of MSS; the residences are a m xture of nultiple- and
single-famly dwellings.

According to the 1990 Census, the popul ations of the Maywood
and Lodi boroughs were 9,473 and 22, 355, respectively; the
popul ati on of Rochelle Park Township was 5,587. The 1989
popul ati on of Bergen County was 825, 380, reflecting an average
annual decrease of 0.3 percent between 1980 and 1989 (U. S. Bureau
of the Census 1991). The total population of the area within an
80-km (50-m ) radius of MSSis over 10 mllion. There is no human
access to MSS for recreational, hunting, fishing, or residential
activities.

3.6.2 Drinking Water Sources

Sur f ace wat er
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The quality of surface water in the Saddle R ver Basin is
considered too poor for use as a municipal water supply. In 1990,

t he average hardness in the Saddl e R ver was greater than 160 ,g/L
as CaCO; (USGS 1991), which is considered very hard; the water
woul d require extensive treatnment for use as potable water. The
maj or supply of water in the Maywood area is surface water fromthe
Hackensack Ri ver Basin.

One surface water intake exists in the Saddl e River Basin at
Arcol a, New Jersey, approximately 4 km (2.5 m ) upstreamfrom M SS

No wat er intakes exist downstreamfrom M SS

G oundwat er

G oundwater in the Maywood area occurs in both the Brunsw ck
Formati on and the overlying unconsolidated gl acial deposits. Wells
conpleted in the Brunswick yield from1.3 to 47 L/s (20 to
500 gpm. The water is noderately mneralized and noderately hard
to very hard.

The unconsol i dated gl aci al deposits provide a nore variable
source of groundwater. Small yields [0.13 L/s (2 gpm] are
available fromunstratified till deposits; stratified stream and
| ake deposits yield as much as 57 L/s (900 gpm. Water quality
fromthese deposits is highly variable, depending on |ocation and
sedi nment source; it ranges fromsoft to hard but is generally not
m neral i zed.

A records search was conducted through NJDEP, and 74 water
wells drilled between 1954 and 1982 were identified within a 4. 8-km
(3-m) radius of MSS (Table 3-4). Depths range from 18 to 201 m
(60 to 660 ft) with reported yields of 38 to 1324 L/mn (10 to
350 gpm . The nunber and reported uses of the wells are 35 for
donmestic use, 14 for industrial use, 9 for irrigation, and 1 for
public supply. No information was available for the remaining
15 wells. The public supply well, drilled in 1980 by the Saddl e
Brook Board of Education to supply water for the Smth El enentary
School, reaches a depth of 61 m (200 ft) and reportedly produces
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127 L/mn (33.5 gpm. Smth Elementary School is currently served

by the nmunicipal water system and the well is not in use.
Thirty-two of the wells identified are located within
approximately 1.6 km (1 m) of the site. The well |ocations,

plotted using the state rectangular coordinate grid system are
shown in Figure 3-28. These include 14 wells for donestic use,
13 for industrial use, and 2 for irrigation. No information was
avai lable for the remaining three wells.

G oundwater is generally not used for nunicipal water supply in
the |l ower Saddle River Basin. Sonme water is punped froma well
field south of MSS during periods of drought or high public
demand. The nmain source of water supply in the Maywood area is
surface water in the Hackensack Ri ver Basin.

3.7 ECOLOGY

The Maywood Site is |located within the glaciated portion of the
Appal achi an Gak Forest Section of the Eastern Deci duous Forest
Province (Bailey 1978). However, past agricultural and urban
devel opnent has altered the forest habitat in the area. Prior to
recent renoval actions on the Ballod property and MSS, these areas
supported an early successional community dom nated by grasses and
forbs with scattered shrubs and trees (e.g., aspen and elm. The
residential properties contain plant species common to | andscaped
yards, such as grasses (fescue and bl ue grass), garden vegetabl es,
fl owers, evergreen shrubs, and trees (ANL 1984).

Commonly occurring ani mal species are those adapted to suburban
and urban environnents. Bird species include house sparrow, red-
wi nged bl ackbird, comon crow, common grackle, starling, nourning
dove, robin, and wood thrush. Mammalian species include Norway
rat, house nouse, neadow vol e, raccoon, eastern cottontail rabbit,
opossum and eastern gray squirrel. Wodchuck burrows were
observed at M SS prior to recent renedial action activities. A
smal | nunber of reptile and anphi bi an species (e.g., eastern garter
snake and Anerican toad) probably inhabit the area (ANL 1984).
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Aquatic habitats are limted to drai nageways, snmall tenporary
ponds, Westerly and Lodi brooks, and the Saddle River. Westerly
Brook traverses M SS but does not actually constitute an aquatic
habitat because it is encased in concrete pipe beneath the site.
Simlarly, much of Lodi Brook has been incorporated into a
subsurface stormdrain system However, surface-feeding ducks
(e.g., mallard, black duck) are commonly observed on the
Saddl e Ri ver and accessi ble portions of Westerly Brook. Msquito
| arvae, beetles, bugs, snails, isopods, m dges, aquatic wornms, and
other invertebrates typically occur in these habitats and in stream
and tenporary pond habitats (ANL 1987).

An ecol ogi cal survey conducted in August 1992 focused on
docunentation of terrestrial and aquatic habitats. The survey
confirnms earlier findings that common organisns in the terrestrial
habi tat near the site include groundhogs, raccoons, robins, and
mour ni ng doves, and in aquatic habitats common organi sns are bass,
carp, geese, and ducks. Habitats occurring on MSS and its
vicinity properties represent a mninmal ecol ogical resource due to
their urbani zation. Therefore, organisnms on these properties woul d
not necessarily warrant body-burden anal yses for possible inpacts
on biota fromsite contam nants. The river corridor, however, is a
| argel y undevel oped habitat that supports a nore diverse biotic
environnment, although it is surrounded by urbani zati on and human
popul ati ons. The Maywood area does not appear to support any
uni que, unusual, or critical habitats for continued propagation of
key indicator species in the ecosystem The Maywood Site
properties are not highly valued as an econom c, recreational, or
aesthetic resource on the basis of habitat characteristics.

No t hreatened or endangered species have been identified at the
Maywood Site (Chezik 1989).
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Figure 3-3
MISS Peak Flow/Return Period Relationship
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Contour Map of the Top of Bedrock in the Lodi Area
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Locations of Hydrogeologic Cross Section A-A', B-B', C-C', D-D’,
and E-E' at MISS
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Figure 3-12

Hydrogeologic Cross Section A-A at MISS
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Figure 3-13

Hydrogeologic Cross Section B-B’ at MISS
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Hydrogeologic Cross Section C-C'at MISS
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Hydrogeologic Cross Section D-D' at MISS
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Hydrogeologic Cross Section E-E’at MISS
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Approximate Locations of Diagrammatic Cross Sections of the Lodi Study Area
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Diagrammatic Cross Section F-F' of Lodi Study Area
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Diagrammatic Cross Section G-G' of Lodi Study Area
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Diagrammatic Cross Section H-H’ of Lodi Study Area
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Contour Map Showing Water Level Elevations in Unconsolidated Sediments

at MISS, March 30, 1992
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Table 3-1

Summary of Climatological Data for
the Newark Vicinity, 1951-1980

Normal Normal Wind

Temperatures (°F) Precip Mean Speed Prevailing
Month Min Max Avg (in.) {mph) Direction
January 24.2 38.2 31.3 3.13 11.3 NE
February 25.3 40.3 32.8 3.05 11.6 NW
March 33.3 49.1 41.2 4.15 12.0 NW
April 42.9 61.3 52.1 3.57 11.4 WNW
May 63.0 71.6 62.3 3.59 10.0 sSwW
June 62.4 80.6 71.5 2.94 9.4 swW
July 67.9 85.6 76.8 3.85 8.9 swW
August 67.0 84.0 75.5 4.30 8.7 SW
September 59.4 76.9 68.2 3.66 9.0 SW
October 48.3 66.0 57.2 3.09 9.4 | sW
November 39.0 54.0 46.5 3.59 10.1 SwW
December 28.6 42.3 35.5 3.42 10.8 SW
Annual 45.9 62.5 54.2 42.34 10.2 sw
Source: Gale Research Company 1985,

190 ANAK 79N 740709\



Table 3-2
Field Permeability Test Results

Page 1 of 2
Calculated Average
Hydraulic Hydraulic
Date Interval Tested Type of Conductivity Conductivity
Well ID Tested (ft BGS) Test" (em/s) (en/s)
UNCONSOL IDATED SEDIMENTS
MISS-2A 10/29/84 5.0 - 18.9 Rec 1.7 x 10" 1.7 x 10
MISS-3A 10/25/84 5.0 - 12.7 Fh 5.7 x 10% 2.9 x 1072
5.0 - 12.7 Rec 1.6 x 10°
MISS-4A 10/26/84 0.3 - 9.7 Rec 2.6 x 10° 2.6 x 107
MISS-5A 11/01/84 10.0 - 14.6 Fh 1.5 x 10 1.5 x 107
MISS-7A 11/10/84 2.5 - 9.6 Chg 4.9 x 107 4.9 x 10
BEDROCK
MISS-18 11/13/84 39.0 - 50.5 Chp 6.9 x 107 1.2 x 10°
23.0 - 53.5 Chg 1.3 x 10°3
23.0 - 53.5 Rec 1.5 x 107
MISS-28 11/12/84 33.0 - 44.5 Chp 1.0 x 10° 4.3 x 10°
44.5 - 56.0 Chp 1.8 x 10
28.5 - 58.5 Rec 1.0 x 107
M1SS-3B 11/08/84 24.4 - 35.9 Chp 7.9 x 10°° 4.7 x 10
34.4 - 45.9 Chp 1.1 x 10°
20.0 - 50.0 Fh 3.8 x 107
20.0 - 50.0 Rec 3.1 x 10™
MISS-48 11/10/84 23.2 - 34.7 Chp 1.3 x 107 1.1 x 10°
33.2 - 44.7 Chp 8.2 x 10*
17.0 - 47.0 Chg 1.4 x 107
17.0 - 47.0 Rec 6.6 x 107
MISS-58 11/10/84 28.8 - 40.3 Chp 1.4 x 1073 9.9 x 107
31.8 - 43.3 Chp 1.0 x 1073
41.8 - 53.3 Chp 5.8 x 10
MISS-7B 11710784 24.6 - 36.1 Chp 1.4 x 107 2.4 x 10°
34.6 - 46.1 Chp 7.9 x 107
19.0 - 49.0 Chg 3.5 x 10°
19.0 - 49.0 Rec 4.0 x 10°
B38W18D 10/19/88 14.0 - 21.8 Chp 1.9 x 10': 9.7 x 10°
22.0 - 31.8 Chp 7.9 x 10°
31.0 - 41.2 thp 2.2 x 10°°
B38W15D 10/11/89 25.2 - 30.0 Chp 2.6 x 10'3 1.4 x 107
31.6 - 36.4 Chp 1.5 x 10
39.1 - 43.9 Chp 2.3 x 10°°



Table 3-2

(continued)
Page 2 of 2
Calculated
Hydraulic
Date Interval Tested Type of Conductivity
Well ID Tested (ft BGS) Test® (cm/s)
UNCONSOLIDATED SEDIMENTS
B38619 09/18/89 10 Fhv 1.6 x 107
B38620 09/14/89 12 Fhv 2.2 x 107
B38G24 10/02/89 15 Fhv 2.3 x 107
B38625 09/22/89 14 Fhv 7.3 x 1078
B38626 09/30/89 6 Fhy 2.7 x 107
B38G27 09/27/89 12 Fhv 9.3 x 10°°
B38628 09/25/89 12 Fhv 1.8 x 1of
09/25/89 20 5.5 x 10°
MISS-2A 10/29/84 7.5 - 10 Fhy 5.3 x 10°¢
1.5 - 15 Fhy 3.4 x 10°
17.5 - 20 Fhv 6.6 x 107
B38W14S 11/04/88 14 Fhv 1.1 x 107
B38W15S 11708788 6 Fhv 5.4 x 10°°
1 Fhv 8.8 x 107

‘Chg = Constant head gravity; Chp = Constant head pressure (packer); Fh = Falling head;
Rec = Recovery; Fhv = Falling head vertical.

400 ANDE J4nFen Ions A nvr



Table 3-3

Pernmeability Test Methods

Test ©Met hod

Met hod Appl i cation'

| nterpretation Met hod

Common Sour ces of

low to noderate perneability

Basic Tinme Lag

(Hvorsl ev 1951)

Error?
Fh Vel | : Case G - Basic Tine Lag A B
| ow to noderate perneability (Hvorsl ev 1951)
Rec Vel | : Jacob Recovery Met hod A B
low to high pernmeability (Johnson UCP 1975)
Chg Vel | : Case F - Constant Head A B, C
noderate perneability (Hvorsl ev 1951)
Chp Open hol e, bedrock: PX-D- 4785 Packer Test A B, C
low to noderate perneability (USBR 1974)
Fhv Open end casing, soil: Case C - Variable Head or A

'Permeability ranges are subjective and are controlled by factors such as the rapidity of water

| evel

change during the test and the capacity of the punping equi pment.

?Conmon sour ces of error (EPA 1986):

A Errors in determning water |evels, neasuring pressures,
nmeasur enent s,

B Well construction and devel opnent errors including parti al
t hrough the perneabl e zone and i nconpl ete devel opnent of the screen/filter pack.

i nterval

C Apparatus calibration errors including using flow or
out of calibration or do not accurately account for

measuring flow rates, tine

and uncertainties associated with the test equi pnment configuration.

penetration of the screened

pressure neasurenent devices that are
pressure |l oss at the test zone.



Table 3-4
Public and Private Wells Wthin 3 Mles of MSS
(Excl udes Monitoring Vells)

Page 1 of 8
I D New Jer sey New Jer sey Dat e Depth - Open Yield
No. At | as Coordi nat es Permt No. Owner / Addr ess Use?® Constructed Interval (Ft) (gpm
1 26- 03- 216 26- 2473 Arcola Country O ub OR 1958 60(48- 60) 10

Par amus, NJ
2 26- 03- 216 26- 2403 Barrett

276 Al pine Drive

Par amus, NJ D 1961 85(31- 85) 50
3 26-03- 218 --P Zechnei ster Bros.

Magnol i a Avenue

Maywood, NJ O 1980 155(25- 155) 25
4 26- 03- 229 26- 4803 Coop Corp. Inc.

70 Passaic Street

Bergen County, NJ D 1979 150( 61- 150) 10
5 26-03- 251 26-4491 Schl otterer

7 Lower Cross Rd.

Saddl e River, NJ D 1972 125(59- 125) 20
6 26- 03- 257 26- 2687 Strubl e

32 MacKay Avenue

Par amus, NJ D 1962 120( 38-120) 10
7 26-03-259(1)° 26- 1093 Gscar Lucibello

Rout e #4,

Par amus, NJ D 1955 173(42-173) 35
8 26- 03-259(1) 26- 750 Bi jur Lubricating Corp.

151 W Pasaic Street

Rochel | e Park. NJ N 1953 175(61-175) 200
9 26- 03-285(1) 26- 3998 Ms. Kakosh

54 Thi em Avenue

Rochel | e Park, NJ R 1966 215(5-215) 40
10 26- 03-289(1) 26- 3874 Ms. Mnnie Butler

111 Rochel | e Avenue
Rochel | e Park, NJ D 1966 130(31-130) 30



Page 2 of 8

Table 3-4
(conti nued)

ID

No.

New Jer sey

At | as Coordi nat es

New Jer sey
Perm t

No.

Onner / Addr ess

Use?

Dat e
Constructed

Depth - Open
Interval (Ft)

Yield
(gpm

11

12

13

14

15

16

17

18

19

26- 03- 293( 1)

26- 03- 293( 1)

26- 03- 294( 1)

26- 03- 296( 1)

26- 03- 296( 1)

26- 03- 298( 1)

26- 03- 299( 1)

26-03-311

26-03- 316

26- 3215

26- 4917

26- 2807

26-1209

26- 2241

26- 2776

26- 4892

26- 3497

26-4311

Manero' s
222 Route 17
Rochel l e Park, NJ

Carretta Trucking Inc.

160 S. Route 17
Par amus, NJ

Er nest Dawal
110 Rochel | e Avenue
Rochel l e Park, NJ

N. W St ousl and
(Sandy' s)
Route 17

Par amus, NJ

J & H Label Co.
230 W Pasaic Street
Maywood, NJ

Frank & Joseph Al esso
214 Hem ock Avenue
Poi nt Pl easant, NJ

Janet Wit maker
157 Magnol i a Avenue
Maywood, NJ

Snel |
89 East Henl ock Drive
Par amus, NJ

Mt chel |
189 Fairvi ew Avenue
Par amus, NJ

1965

1980

1963

1956

1960

1963

1980

1965

1969

214(37- 214)

125( 38- 125)

100( 25- 100)

150( 66- 150)

125( 20- 125)

100( 23. 11- 100)

155( 25- 155)

175( 48- 175)

268(41- 268)

72

45

30

50

120

45

35

20

22



Page 3 of 8

Table 3-4
(conti nued)

ID

No.

New Jer sey
At | as Coordi nat es

New Jer sey
Permt No.

Onner / Addr ess

Dat e

Use? Const ruct ed

Depth - Open
Interval (Ft)

Yield
(gpm

20

21

22

23

24

25

26

27

28

26- 03- 347(1)

26-03-354

26- 03- 362

26-03- 381

26-03-517

26-03-518

26- 03- 531( 1)

26- 03- 532( 1)

26- 03- 535( 1)

26- 3834

26- 3671

26- 3659

26- 3832

26- 3855

26- 4905

26- 359

26- 3936

26-1025

M. Carman Costa
Spring Valley Rd &
W Pl easant Avenue
Maywood, NJ

Bl asko
Locust Street
Maywood, NJ

St ewber g
401 El m Avenue
Ri ver Edge, NJ

Kilian
121 Whodl and Avenue
Maywood, NJ

Thonpson
9th Street
Saddl e Brook, NJ

Board of Educati on
Mayhi || Street
Saddl e Brook, NJ

Met al fab
Wodl and Avenue, Rte.
Rochel l e Park, NJ

Snappy Car Wash T/ A
Jax Car Wash

107 Essex Street
Maywood, NJ

M. Joseph Brizek
48 Whodl and Avenue
Rochel l e Park, NJ

D 1966

R 1966

D 1965

R 1966

0] 1966

pP* 1980

0] 1951

N 1966

D 1954

228( 20- 288)

103(47- 103)

90( 43- 90)

70( 55- 70)

93(16- 93)

200( 80- 200)

103( 19. 6- 103)

196( 40- 196)

100( 15- 100)

45

37

10

20

10

33.

40
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I D New Jer sey New Jer sey Dat e Depth - Open Yield
No. At | as Coordi nat es Permt No. Owner / Addr ess Use?® Constructed Interval (Ft) (gpm
29 26- 03-535(1) 26-2771 Aquarium I nc.

87 Route 17

Maywood, NJ N 1963 300( 22- 300) 172
30 26-03-537(1) 26- 4050 Al exander Buday

446 Saddl e River Rd.

Saddl e Brook, NJ R 1967 67(49-67) 30
31 26-03-541 26- 5621 G appi na

283 Qutwat er Lane

Saddl e Brook, NJ D 1982 108(31-108) 40
32 26-03-542 26- 3557 St anl ey Kobai arz

177 Market Street

Garfield, NJ D 1965 --
33 26-03-541 26- 5248 Mur dock

318 Seventh St.

Saddl e Brook, NJ D 1981 79(31-79) 35
34 26- 03-551(1) 26- 3526 Andr ew Zi ent ek

381 Senuel Avenue

Garfield, NJ D 1965 115(36- 115) 20
35 26- 03-556(1) 26- 3527 Janes V. Failla

212 Market Street

Garfield, NJ D 1965 90( 40-90) 25
36 26- 03-556(1) 26- 3529 St eve Kovacs, Sr.

Sanmuel Avenue

Garfield, NJ D 1965 140( 14- 140) 20
37 26- 03- 559 26- 3528 Bi goss

Samuel Avenue

Garfield, NJ o 1965 100( 30- 100) 20
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I D New Jer sey New Jer sey Dat e Depth - Open Yield
No. At | as Coordi nat es Permt No. Owner / Addr ess Use?® Constructed Interval (Ft) (gpm
38 26-03-562(1) 26- 825 Lodi Realty Corp.

165 Main Street

Lodi, NJ N 1953 105( 26- 105) 50
39 26-03-563(1) 26- 787 Rei sch Trucki ng & Trans.

Pal i sades Park, NJ N 1954 86( 34- 86) 50
40 26-03-563(1) 26- 1356 Lodi Shoppi ng Center

26- 1355 Essex St & Rte 17

Lodi, NJ N 1956 301(20. 7-301) 350
41 26-03-563(1) 26-2171 Lodi Shoppi ng Center

Essex St & Rie 17

Lodi, NJ N 1960 300( 22-300) 290
42 26-03-563(1) 26- 3570 Jos L. Muscarelle Inc.

113 Essex Street

Maywood, NJ N 1966 400( 32- 400) 159
43 26- 03-566(1) 26-130 The I nterchem cal Corp.

P. O Box 167

Hawt hor ne, NJ N 1949 435(16. 9- 435) 187
44 26- 03-566(1) 26-213 Frank Dini Co.

Lodi, NJ N 1950 200( 32- 200) 55
45 26-03-577 20- 2067 Yoo- Hoo Beverage Co.

113 Far nham Avenue

Garfield, NJ N 1959 303(22-303) 95
46 26- 03-598 20- 5557 Torre

454 Bl vd.

Hasbrouck Hts., NJ o 1982 230(30- 230) 65
47 26-03-611(1) 26- 3650 Henry Menzer

339 Gol f Avenue

Maywood, NJ D 1966 170(34-170) 29
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Table 3-4
(conti nued)

I D New Jer sey
No. At | as Coordi nat es

New Jer sey
Perm t

No.

Onner / Addr ess

Dat e

Use? Const ruct ed

Depth - Open
Interval (Ft)

Yield
(gpm

48 26- 03- 615( 1)

49 26- 03- 619( 1)

50 26- 03- 621( 1)

51 26- 03- 637

52 26- 03- 639

53 26- 03- 645( 1)

54 26- 03- 665

55 26- 03- 667

56 26-03-673

57 26-03- 816

26- 5847

26-5039

26- 3952

20- 2626

26- 5511

26-4762

26-4199

26-819

26- 4815

26- 3914

Malt Products Corp.
121 Hunter Avenue
Maywood, NJ

Pl ayers C ub
40 Polifly Rd.
Hackensack, NJ

Howar d Mack
435 Summt Avenue
Hackensack, NJ

First Baptist Church Assoc

Conklin Pl ace
Hackensack, NJ

Teaneck Swi m d ub
700 Pomander Wal k
Teaneck, NJ

Ki ngs Custom Mol di ng | nc.

194 Dani el Street
Hackensack, NJ

Peopl es Trust Co.
Sal em & Moore Sts.
Hackensack, NJ

Food Fairstores, Inc.
Morris & River Sts.
Hackensack, NJ

Faust i ni
604 El m Street
Maywood, NJ

Amat o
232 Springfield Avenue
Hasbrouck Hei ghts, NJ

0] 1982

D 1981

D 1966

O 1962

R 1982

N 1979

-- 1968

-- 1954

O 1980

R 1966

315( 53- 315)

303( 85- 305)

150( 20- 150)

189( 179- 189)

218(121- 218)

186( 43- 186)

660( 240- 660)

525( 270- 525)

110( 31- 110)

160( 24- 160)

300+

30

35

200

60

50

20

55

25

10
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58 26- 03- 822 26- 5848 Daub

188 Wodsi de Avenue

Hasbrouck Heights, NJ D 1982 162(31-162) 32
59 26- 03- 822 26- 4953 Van Hook

O tawa Avenue

Hasbrouck Heights, NJ D 1981 98(31-98) 28
60 26- 03- 823 26- 5023 Jani ero

22 O tawa Avenue

Hasbrouck Heights, NJ D 1981 112(21-112) 35
61 26- 03- 823 26-5013 M t chel

117 Patterson Avenue

Hasbrouck Heights, NJ D 1981 118(25-118) 30
62 26- 03- 826 26- 5307 Krisco

165 Bell Avenue

Hasbrouck Heights, NJ D 1981 150( 32- 150) 30
63 26- 03- 827 26- 3525 Konsa

116 Prospect Street

Garfield, NJ D 1965 100( 18- 100) 10
64 26- 03- 829 26- 5727 Post man

Passai c Street

Hasbrouck Heights, NJ D 1982 202(31- 202) 22
65 26- 03- 836 26-5123 I mken

186 Berkshire Rd.

Hasbrouck Heights, NJ D 1981 198(33-198) 25
66 26- 03- 864 26-5412 Cosnos Diner, Inc

211 Route 17
Hasbrouck Heights, NJ 0] 1981 167(121- 167) 40



Table 3-4
(conti nued)

Page 8 of 8
I D New Jer sey New Jer sey Dat e Depth - Open Yield
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NO ATLAS COCORDI NATES AVAI LABLE
67 -- 26- 3655 Abr ans

5 Fai rway

Maywood, NJ D 1965 144(21- 144) 20
68 -- -- Artesian Well & Punp

21 Lexi ngton

Rochel | e Park, NJ R 1965 165(20- 165) 30
69 -- 26- 3558 Azzol i no

59 Union Street

Lodi, NJ o 1965 60( 20- 60) 25
70 -- -- Br yeni ng

222 Stone Street

Maywood, NJ o 1966 100( 20- 100) 20
71 -- 26- 4079 G asso

Westervelt Place

Lodi, NJ D 1967 70(30-70) 10
72 -- 26- 4003 Hr ubec

400 Dewey Avenue

Saddl e Brook, NJ R 1966 100( 26- 100) 35
73 -- 26- 5333 Manci ni

115 Forest Avenue

Rochel | e Park, NJ D 1981 113(46-113) 25
74 -- -- Topi nka

43 Whodl and Avenue -- -- --

Rochel | e Park, NJ o
Source: New Jersey Departnment of Environnental Protection, Division of Water Resources, Bureau of Water Allocation.

ax

D

Wl |l currently not
donestic

in use.
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N = industrial
R =1irrigation
P = public water supply
O = ot her

b . = not available

(1) = Wells located within approximately 1 m of MSS. Locations shown in Figure 3-28.



4.0 NATURE AND EXTENT OF CONTAM NATI ON

Data fromthe R, historical investigations, and DOE s routine
envi ronnmental nonitoring program have been used to devel op an
under standi ng of the nature and extent of the radioactive and
chem cal contami nation at the Maywood Site for which DCE is
responsi bl e under the terns of the FFA. An understanding of the
data will allow infornmed decisions to be nade concerning the |evel
of risk at the site and the appropriate type of renedial action.

4.1 | NTRODUCTI ON

The identification, concentrations, and spatial distributions

of contam nants at the Maywood Site are described in this section.
Soil contam nation is characterized based on R sanpling and

anal ysis data, review of past thorium processi ng and waste di sposal
practices, and review of previous studies and surveys. Data

coll ected during DOE's routine environnental nonitoring program

fromthe fourth quarter of 1990 through the third quarter of 1991

were used to characterize contam nation in surface water

sedi nents, groundwater, and air.

The sections that follow discuss the definition of FUSRAP waste
(Section 4.2), radioactive and chem cal contam nant sources
(Section 4.3), and the results of sanpling and analysis to
determ ne contam nant inpacts on the Stepan property (4.4),

MSS (4.5), residential vicinity properties (4.6), and conmerci al/
governmental vicinity properties (4.7). Data are summarized for
each operable unit, and figures are provided to show sanpling

| ocations for the various nedia. Appendixes C through F contain
conpl ete survey and anal ytical data for soil. Goundwater at MSS
is treated as a separate operable unit (4.8). Environnental
monitoring results for surface water, sedinents, and air are

di scussed in Sections 4.9, 4.10, and 4.11, respectively.

The anal ytical database for the Rl is conprised of radiol ogical
and chem cal categories. The radiological data include analytical
results for thorium 232, radium 226, uranium 238, radon, and
thoron. The chem cal data include results of anal yses for netals,
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rare earth el ements, VOCs, BNAEs, PCBs, TCLP conpounds, nobile
ions, corrosivity, and reactivity. Paraneters for radi ol ogi cal

anal ysis were sel ected based on know edge and reconstruction of the
thorium extraction process, NRC records and other historical data,
and reviews of previous radiological surveys. Chem cal sanpling
paraneters for the interimstorage pile were established by NJDEPE
to enable that agency to adequately classify the waste. Sanpling
paraneters for MSS and vicinity properties were sel ected based on
NJDEPE requi renments established for the interimstorage pile.

4.1.1 Radioactive Contamnm nants

Al soil, water, and sedi nent sanples collected as part of the
RI were anal yzed for uranium 238, radium 226, and thorium 232. To
confirm background concentrations in soil, surface soil sanples

were collected fromthree | ocations in the Maywood area and
anal yzed for the sane radiol ogical paraneters. These |ocations,
Foschi ni Park, Rochelle Park, and Borough Park-Maywood
(Figure 4-1), were selected based on their proximty to MSS and
the belief that they are representative of the Maywood Site.
Anal ytical results for these background sanples are shown in
Table 4-1.

Radi ol ogi cal data for liquid sanples are reported in picocuries
per liter (pG/L). For soil sanples, the radiological units are
pi cocuries per gram (pC/g). These units neasure radioactivity per
unit volume (for liquids) or mass (for solids) of material for a
speci fic radi onuclide or group of radionuclides which emt alpha,
beta, or ganmma radiation. In reporting radiological results, use
of the "less than" (<) notation indicates that the radi onuclide was
not present at concentrations neasurable by the instrunments and
techni ques used. The "less than" value represents the lower limt
of the quantitative capability of the instrunment and technique
utilized and i s based on various factors, including the vol une,
si ze, and wei ght of the sanple; the detector type; the counting
tinme; and the background count rate. The concentrations of the
radi onuclides are actually less than the values indicated. 1In
addi tion, because radi oactive decay is a random process, a
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correlation between the rate of disintegration and a given

radi onucl i de concentration cannot be precisely established. For

t hese reasons, the exact concentrations of the radionuclides cannot
be determ ned. Therefore, each value that can be quantitatively
determ ned has an associ ated uncertainty term(+), which represents
t he amount by which the actual concentration can be expected to
differ fromthe value reported. Radiological data are therefore
reported with an acconpanyi ng uncertainty factor that accounts for
uncertainties in the analytical process. The uncertainty factor
represents a statistical value that is equivalent to two standard
deviations of the sanple's reported activity. By adding the
uncertainty factor to the reported value to determ ne the upper
[imt, and by subtracting the uncertainty factor fromthe reported
value to obtain the lower Iimt, a conputed range of values can be
determ ned that has a 95 percent probability of containing the true

value. If the uncertainty factor is greater than the reported
val ue, the activity is statistically indistinguishable fromzero
and can be considered nondetectable. |If the radiological result is

reported without an uncertainty factor, the result is at the
m ni nrum detectabl e activity (MDA), and the actual activity is sone
val ue | ess than the MDA
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Thorium 232 occurs naturally at high concentrations in nonazite
sands (the raw feed material at Maywood); therefore, it is the
primary contam nant at the site and is the radionuclide nost |ikely
to exceed the DOE guideline for radionuclides in soil. Paraneters
for analysis of soil sanples were selected to ensure that
thorium 232 woul d be detected and nmeasured at concentrations well
bel ow t he | ower guideline value of 5 pC /g above background.
Urani um 238 and radi um 226 al so occur naturally in nonazite sand,
but at | ower concentrations than thorium 232. Therefore, these
radi onucl i des (consi dered secondary contam nants) woul d general ly
not be present at concentrations in excess of guidelines unless
concentrations of thorium 232 exceeded criteria. Because of the
relatively | ow gamma phot on abundance of uranium 238, many of the
urani um 238 concentrations were bel ow the detection sensitivity of
t he anal ytical procedure; these concentrations are reported in the
data tables as "less than" values. To obtain nore accurate results
for uranium 238 with these anal ytical methods, nuch | onger
i nstrunment counting tines would be required than were necessary for
anal ysis of thorium 232.

Five percent of all soil sanples analyzed for urani um 238,
radi um 226, and thorium 232 were al so submtted for isotopic
anal ysis to determ ne whet her secul ar equilibriumexists between
thorium 232 and its daughters in contam nated soils at the Maywood
Site. Sanples were selected at random for isotopic analysis from
each operable unit except MSS. Fifty-four sanples, representative
of the sanpling conducted at the Maywood Site, were sel ected.

Tabl e 4-2 presents the results of isotopic anal yses.

Secular equilibriumis generally not observed in sanples from
burial pit areas and areas that are known to contain process waste
material. This disequilibriumis expected because of the renoval
of thorium232 fromthe original feed material at MCW In areas
where the contam nated waste material is believed to consist of
unprocessed nonazite sand residues (either spilled during transfer
or transported via surface water runoff), isotopic analysis
i ndicates that thorium 232 and its daughters are in secular
equi | i brium

Al though a small nunber of sanples were not in equilibrium al
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cont ai ned progeny of the thorium 232 and urani um 238 decay seri es.
It has therefore been concluded that because all sanples were

anal yzed for uranium 238, radium 226, and thorium 232, al
radi onuclides of interest at the Maywood Site were detected.
Radi ol ogi cal data for soil sanples collected fromthe operable
units are presented in Appendixes C, E, and F

Thr oughout the discussion of each operable unit, figures are
provided to illustrate the |location and extent of surface and
subsurface radioactive contam nation. These areas of contam nation
have been determ ned based on the results of near-surface gamma
wal kover surveys, surface and subsurface sanpling and anal ysis, and
downhol e gamma | oggi ng. The boundari es of contam nation are
conservative (i.e., they were drawn so as not to underestinate the
extent of contam nation). Therefore, areal boundaries of
contam nation shown in the figures extend beyond the | ocation of a
contam nated sanple, half the distance to the |ocation of an
uncontam nated sanple. Data from gama wal kover surveys were al so
used to estimate contam nati on boundaries. Sunmary naps were
constructed based on downhole gamma | ogs fromall investigations;
smal | -scal e versions of these maps are included at the end of the
section (Figures 4-2 through 4-8). The extent of contam nation
shown in these figures is slightly different fromthat shown in the
full-size versions. Boundaries shown in these figures are drawn
close to data points; areas where no data are presented are assuned
not to be contam nated.

4.1.2 Chenical Contam nants

Chem cal anal yses of soil, groundwater, surface water, and
sedi nent sanples were perforned to identify chem cal contam nants
that are associated wth the thorium processing operations at MCW
and to determ ne whether radioactive waste is mxed with
RCRA-char acteristic waste, whether chem cal contam nants are
present at MSS, and whet her chem cal contam nants have m grated
fromMSS. DCE is responsible for cleanup of both radioactive and
chem cal contam nants existing on or mgrating fromM SS,
regardl ess of origin. Under the terns of the FFA, DOE is al so
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responsi bl e for chem cal contam nants that originated fromthe
t hori um processi ng operations and for chem cal contam nants that
are commngled with radioactivity at the other operable units. The
follow ng sections report chem cal analytical results for al
operable units evaluated during the R, regardl ess of DCE
responsibility. Significant findings docunented during the
anal ytical process are sunmari zed for each operable unit. Conplete
chem cal data for soil sanples are presented in Appendi xes C
t hrough F.

Chem cal data for liquid and | eachate sanples are presented in
concentration units of mcrograns of the analyte per liter of

liquid (pg/L). For soil and sedinent sanples, the chem cal data
are presented in mcrograns of analyte per kilogramof solid

(n9/kg) or mlligrans of analyte per kilogramof solid (no/kg).

Both 1 ,9/L and 1 ,g/kg are equivalent to one part per billion
(ppb); 1 ng/kg is equivalent to one part per mllion (ppm.

QC sanpl es were analyzed to evaluate data quality for
conpl eteness, conparability, representativeness, precision, and
accuracy. Trip blanks were prepared at a frequency of one per day
when aqueous VOCs were collected. Field blanks and field
duplicates were collected at a frequency of 5 percent of the field
sanples or a mninmum of one for all matrices. Mthod spikes,
matri x spi kes, standard reference materials, |aboratory duplicates,
replicates, and nethod bl anks were all collected at a frequency
that net Contract Laboratory Program (CLP) requirenents. Sanples
were identified and chai n-of -cust ody protocol was maintained from
collection to analysis and di sposition of sanples to ensure
positive control. Quality control procedures are discussed further
in Appendix I.

An overview of the proposed quality assessnent procedure for
radi ol ogi cal and chem cal data is presented in the quality
assurance project plan for the Maywood Site (BN 1990d). After
radi ol ogi cal sanples were anal yzed, results were reviewed for
preci sion, accuracy, conpleteness, and representativeness. Upon
successful conpletion of the quality assurance/quality control
(QN QC) process, data were included in the overall site database.
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QC sanples were used to assess data quality in terns of precision
and accuracy and to docunent that sanpling and anal ysis procedures
did not introduce variables that could render the data
guestionable. QC sanples were regularly prepared in the field and
the | aboratory and anal yzed to ensure that all phases of sanpling
and anal ysis were controlled. These sanples included field bl anks
and duplicates, nethod bl anks and spi kes, matri x spi kes and
duplicates, |laboratory duplicates, and standard reference
materials. The guidance docunents used in the assessnment and
qgualification of chem cal data are Laboratory Data Vali dati on:
Functi onal Cuidelines For Eval uating Organi c Anal yses (EPA 1988d)
and Laboratory Data Validation: Functional Guidelines For

Eval uating I norgani c Anal yses (EPA 1988e).

Represent ati ve background/ basel i ne concentrati ons

To eval uate the extent of contam nation resulting from
activities associated with the former MCWand its inpact on the
surroundi ng environnent, sanples were taken to represent background
(or uninfluenced, undisturbed conditions) for all potential
m gration pathways that woul d be representative of conditions at
the Maywood Site. Sanples were anal yzed for radioactive and
chem cal contami nants to determ ne the incremental contribution of
each contam nant that was known to exist, or potentially could have
exi sted, at MCW Background ganma exposure rate neasurenents,
background concentrations of radon and thoron in anbient air,
background radi onuclide concentrations in soil, and background
radi onucl i de concentrations in surface water and groundwater were
determ ned from several |ocations. Representative background soi
and water sanples were also anal yzed to determ ne background
concentrations of netals, rare earth el enents, pesticides, and
PCBs. Although no volatile or semvolatile organi c conpounds exi st
in nature, sanples were collected fromthe sane background sanpling
| ocations to provide a baseline for evaluation of MCWs increnental
contribution of these contam nants.

Soil sanples that are representative of background conditions
for the Maywood Site were collected fromfour |ocations at Borough
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Park in Maywood (Figure 4-1). The park is located in a highly
devel oped residential area that is also near industrial areas of

t he borough. Sanpling |ocations were selected on the basis of
proximty to the Maywood Site, relative independence from potenti al
i npact by the site, and representativeness of area | and uses.

Anal ytical results for background sanpling |ocations (presented
in Appendi x K and sunmarized in Tables 4-3 through 4-6) were
conpared with the results of sanmpling and anal ysis for chem ca
constituents in soil at each of the operable units investigated
during this RI. Analytical results for soil at each of the four
operable units are presented in foll ow ng sections; conplete
chem cal anal ytical data are found in Appendi xes C through F

Al t hough several contam nants were not specifically discussed
in this docunent (either because they are bel ow background,
representative, or conparative baseline concentrations; because
they are bel ow detection Iimts; or because they are not included
in the definition of FUSRAP waste), all data are included in the
appendi xes to this report.

Summary tables at the end of this section present concentration
ranges identified during the radi ol ogical and chem cal eval uation
of soil sanples collected during the RI. Tables summari zi ng
chem cal and radiological data fromthe environnental nonitoring
program are al so presented and referenced to the nost recent annual
site environnental report (BNl 1991a). Data are grouped according
to operable unit and contam nant type (i.e., radiological or
chem cal).

4.2 DEFIN TI ON OF FUSRAP WASTE
Under the ternms of the FFA, DCE is responsible for cleanup of

FUSRAP waste, which, as defined in the FFA, is specifically limted
to:

« Al radioactive and chem cal contani nation, whether
comm ngl ed or not, occurring on the DCE-owned M SS

e« Al radioactive contam nation exceeding DOE action |evels
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and related to thorium processing at MCW occurring on a
vicinity property

Nonr adi oactive chem cal contam nation that occurs on vicinity
properties is DOE's responsibility if the contam nation neets
either of the follow ng conditions:

e« The contam nation is m xed or comm ngled with radi oactive
contam nation that exceeds DCE action |evels, or

e The contam nation originated at the DOE-owned M SS or was
associated wth specific thorium manufacturing or processing
activities at MCWthat resulted in the radioactive
contam nati on

Based on the definition in the FFA, the followng criteria were
devel oped during this RI for classification of a detected
constituent as FUSRAP wast e:

e« The contam nant is a known constituent of the thoriumfeed
materi al (nonazite sands) processed at MCW

e« The contam nant is a known constituent of the thorium
extraction process perforned at MCW

e The contam nant is comm ngled wth radi oactive contam nation
t hat exceeds DCE action |evels

e The contam nant is detected on MSS at concentrations
exceedi ng naturally occurring concentrations, or is detected
in surface water, sedinent, or groundwater at concentrations
indicating potential mgration fromM SS

Several netals that were detected (e.g., calcium potassium
and sodium were not classified as FUSRAP waste because of the
variability of their natural occurrence in the earth's crust and
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their relative abundance in undi sturbed soils. The baseline risk
assessnment, which will be published under separate title at a later
date, will evaluate all contam nants found at the site, regardless
of location or inclusion in the definition of FUSRAP waste.

The feed material for the thoriumextraction process at MCW was
nonazite sand. Monazite is fundanmentally a phosphate of cerium
and |l anthanum in which thoriumand the yttriumearths substitute
for cerium and | anthanum The usual accepted chem cal fornula for
monazite is (Ce,La, Y, Th)PQ,. In addition, nost deposits of
nmonazite sand include small to noderate anmounts of ferric iron
al um num cal cium nagnesium silicon, titanium and zirconium
(Cuthbert 1958). The nobst comon rare earth constituents of the
nmonazite sands used in thorium processing operations are cerium
| ant hanum and dysprosium The U. S. CGeol ogi cal Survey has
determ ned that praseodym um neodym um sanmarium and gadol i nium
are al so present in donestic nonazite at 5.1, 19.2, 4.0, and
1.9 percent, respectively (GIllson 1960). The rare earth elenents
nmost frequently detected during this Rl were cerium |anthanum and
neodym um other rare earth elenents were detected with varying
frequency. Cenerally, the rare earths detected during the Rl are
collocated wth radi oactive contam nation

In the early 1940s, after it was recogni zed that thoriumwas a
potential source of fissionable material, reserves and inventories
of thorium and thorium bearing ores (including nonazite sand) were
classified as source material under the Atom c Energy Act of 1946.

Fromthat tinme until July 1, 1955, thorium production was
classified by the AEC, and statistics were not rel eased. Since
1955, the statistical conpilation of records of private sales and
purchases of thoriumbearing ores has been discontinued, although
under agreenents with foreign countries, nost inport data remain
classified. It is not known, therefore, whether the origin of the
nmonazite sands processed at MCWwas Brazilian, Indian, or donestic
(I daho, Florida, or Carolina sands). Al nonazite sands are
simlar in conposition, but regional variations are evident.

Rough nechani cal concentration of the nonazite ore to renove
i ght sands was followed by fine separation by either
gravitational, electromagnetic, or electrostatic separation
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techni ques. Table 4-7 summarizes the conposition of nonazite sands
fromvarious regions after the ores were concentrated. The ranges
of values are sonewhat m sl eading; the extreme val ues prevent
accurate, straightforward conparison of the conposition of nonazite
sands typical of different regions. Although the relative
percent ages for unconcentrated ores would be different, ratios of
t he various constituents would be expected to fall wthin the range
of those observed in the concentrated material. |In addition to
thorium nonazite sands also contain uranium but rarely at
concentrations that are economcally feasible to process for the
urani um content alone. 1In older nethods used to process nobnazite
by digesting with sulfuric acid (simlar to the process used at
MCW, the uraniumis not readily recoverable because it is
di spersed t hroughout the various process effluent fractions.
Certain heavy netals and anal ogue el enents are known to be
associated wth uraniumores (Dreesen et al. 1982). These netals
are listed bel ow

Metals Present in Uranium Tailings

Ur ani um Anal ogue Arseni c, nol ybdenum
El enent s sel eni um vanadi um
Heavy Metal s Cobal t, copper, nickel, |ead

Monazi te sands, considered a secondary uraniumore, differ
chemcally fromother uraniumores primarily in their |ack of
substanti al concentrations of cobalt, nolybdenum and vanadi um
The presence of urani um anal ogue el enents and ot her heavy netal s,
particularly in areas of radioactive contam nation, suggests that
nmonazite sand may not have been the only material processed at MCW

This is a reasonabl e assunption, given the fact that the property
was the site of an active chem cal plant for approximtely
80 years.

Thi s study acknow edges the potential occurrence of
constituents of nobnazite sands and m nor quantities of other feed
mat eri al as nonradi oactive contam nants at the Maywood Site.
Uraniumis an el emental conponent of nonazite sands (substituted
for thoriumin trace anmounts), and sone of the anal ogue el enents
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associated wth uraniumores are therefore identified as
constituents of FUSRAP waste as defined by the FFA. The occurrence
of nonradi oactive (chemcal) constituents actually contributed by
MCW t hori um processi ng woul d be expected to occur offsite only in
areas of radioactive contam nation. This conclusion is based on
the fact that the extraction process believed to have been used at
MCW was i nefficient in renmoving thorium (as well as urani um and
radi un) and woul d have resulted in process tailings (waste) that
still contained substantial quantities of radioactive material.

4.3 CONTAM NANT SOURCES

Hi storical records and data from previ ous radi ol ogi cal and
chem cal characterization activities were reviewed to identify
contam nant sources at the Maywood Site (see Section 1.4). The
primary sources of contam nation identified were (1) burial pits at
Stepan, (2) former retention ponds and nounds of solid material on
the MSS, Sears Distribution Center, and Ball od properties, and
(3) the interimstorage pile at M SS.

The follow ng sections describe primary and secondary
contam nant sources related to the Maywood Site, presenting
information on | ocation, approximte volune, principal
constituents, and potential mgration pathways. D scussion is
l[imted to contam nants and sources for which DOE has
responsi bility under the FFA (see Section 4.2).

4.3.1 Primary Sources

The primary sources of contam nation at the Maywood Site,
identified fromhistorical information, are those areas where
contam nated waste materials are known to have been consoli dat ed.
Radi oactive constituents (e.g., thorium 232, uranium 238, and decay
products) are the primary contam nants that DOE nust address under
its responsibilities as defined by the FFA.

Burial pits
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The three burial pits shown in Figure 4-9 are the primary
sources of contam nation on the Stepan property. The burial pits
were constructed after radiological surveys conducted between 1963
and 1968 indicated that a tailings pile and a slurry pile, |ocated
west of Route 17 on what is now the Ballod property, contained
radi oactive materials (Jones 1987). The materials fromthese piles
wer e subsequently excavated and buried in unlined burial pits 1, 2,
and 3 on the Stepan property. 1In 1966, 6,400 n? (8,400 yd® of
this radioactive waste was placed in burial pit 1; in 1967 and
1968, 1,600 nt (2,100 yd®) was placed in burial pit 2, and 6,600 n?
(8,600 yd®) was placed in burial pit 3. The buried wastes remain
in these |ocations (NRC 1981a).

NRC records indicate that the waste placed in burial pits 1
and 2 contained a total of 980,640 kg (2,160,000 | b) of thorium
waste material that is 1.5 percent thorium phosphate, which
occupi es approximately 1,530 nt (2,000 yd®). The total quantity of
thoriumis therefore approximtely 8,100 kg (17,840 | b) containing
approxi mately 880 nCi of thorium 232. NRC records do not specify
t he amount of waste in burial pits 1 and 2 but provide a conbi ned
total. O the 6,600 nt (8,600 yd®) of waste in burial pit 3,
records indicate that approximtely 2,300 n? (3,000 yd® contains
approximately 0.25 percent thorium which yields approxi mately
3,700 kg (8,150 I b) of thoriumcontaining about 400 nC of
t horium 232 (NRC 1981d).

Specific information concerning the size and depth of burial
pits 1 and 2 is not contained in NRC records, although hand-drawn
sketches are included. However, a detailed description of the
construction of burial pit 3 is contained in an August 1981 NRC
license anmendnent. Burial pit 3 was constructed of five trenches
as descri bed bel ow

Trench Di mensi ons Appr oxi mat e Vol unme
| dentity of Trench (ft) of Buried Waste (yd®)
3-1 90 x 90 x 10 3000
3-2 150 x 25 x 13 2000
3-3 107 x 26 x 15 1520
3-4 96 x 27 x 13 1250
3-5 117 x 24 x 8 830
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These trenches were excavated 2.4 to 4.0 m(8 to 13 ft) deep from
grade to the depth of a shale and rock base. The excavations were
observed to be free of water (Stepan 1981).

The princi pal FUSRAP waste constituents in the burial pits are
radi oactive constituents. Thorium 232 and its decay products, with
| esser anmounts of the uranium 238 decay chain, are the primary
contam nants of interest because natural thoriumwas a direct
product of the thorium processing operations at MCWand was a
conponent of the original nonazite sands used as feed material.

Hi storical information about the thorium processing operations at
MCW i ndi cates that no organic contam nants were introduced during
processing. Purification of thorium by solvent extraction was not
performed at MCW because the technol ogy was not established until
1958 (Teh et al. 1983). Therefore, the primary chem cal

contam nants detected are constituents of nonazite sands, primarily
rare earth elenents and other netals that may have been extracted
along with thorium The chem cal contam nants associated with the
original nonazite sands were identified during this R and are

di scussed in Sections 4.4 through 4.7.

Because the burial pits were not lined wwth a synthetic |iner,
the potential for mgration exists. However, the burial pits lie
beneat h buil di ngs, asphalt, or vegetation, and the waste deposited
in these pits was covered to a depth of 0.9 to 1.2 m(3 to 4 ft)
with clean fill material. Because the burial pits are covered, the
m gration potential via surface water and sedi nent deposition is
low. The nost likely mechanismfor mgration would be through the
groundwat er system Data collected to date fromroutine nonitoring
of surface water, sedinents, and groundwater at the M SS and Stepan
properties are inconclusive as to whether mgration of contam nants
fromthe burial pits is occurring via groundwater. An addendumto
the field sanpling plan has been prepared that includes
installation of additional wells in order to better determ ne the
extent of contam nant mgration via groundwater.

The current environnmental nonitoring program at the Maywood
Site consists of annual groundwater and surface water sanpling for
nonr adi ol ogi cal paraneters (i.e., TOC, TOX, TPH, VOCs, BNAEs, TAL
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nmetals, pH, and specific conductance). Sedinents are also sanpled
annual Iy for nonradiol ogical paraneters (i.e., TPH and TAL netals).

Radi ol ogi cal sanpling of groundwater, surface water, and sedi nents
is performed biannually. Sanples are analyzed for total uranium
thorium 232, radium 226, and radium 228. 1In addition, externa
gamma radi ation | evels and radon/thoron concentrations in air are
nmoni t ored t hroughout the year.

Fornmer retention ponds

The former retention ponds were constructed by MCWas earthen
di kes to hold a process slurry effluent containing thorium
processi ng wastes (Cole et al. 1981). MWalso reportedly placed
waste from other process operations in the retention ponds. A
phot ogr aphi ¢ anal ysis of the former MCW published by EPA in
May 1984 (Mata 1984, TS-PIC-84023) specifically identified areas of
standing liquids, nmounds of material, bare or graded ground, druns,
tanks, and other features that could potentially represent sources
of contam nation. This analysis was referenced during the
preparation of maps that present the thickness of fill nmaterial at
the site (see Section 4.4.2). The photographs were al so used to
del i neat e boundari es of waste hol ding areas, retention ponds, and
fill areas where little or no subsurface data were avail abl e.
Subsurface radiol ogi cal and geol ogi cal data from borings perforned
during the RI (BNl 1987a) indicate that the retention ponds were
| ocated on what is currently the MSS, Sears Distribution Center,
and Bal | od properties (Figure 4-9).

Six retention ponds were constructed between 1940 and 1983
(Figure 4-10). The earliest photograph (1940) shows that two
retention ponds (D and E), |ocated on what is now the Ball od
property, and pond C, |ocated on what is now the DCE-owned M SS
property, were active. Two small |agoons can be seen in the
sout hwestern portion of what is now the Stepan property, and one is
visible on the western portion of what is now the Sears
Distribution Center property. These |agoons are not visible in
| at er phot ographs of the area. By 1951, photographs indicate that
ponds D and E on the Ballod property were not in use. Pond C

138_0039 (10/ 19/ 92) 4-15



(MSS) was still in use and had been slightly enlarged.
Phot ogr aphs show t hat ponds A and B had been constructed and were
in use by 1951.

By 1954, ponds D and E on the Ballod property showed
i ndi cations of revegetation. Ponds A and C (on MSS) were stil
active, and pond B had been enlarged to nearly its maxi num extent.

Pond F on the northern portion of the Sears Distribution Center
property had been constructed and appeared to contain standing
[iquids.

Phot ogr aphs show that ponds A, B and C were still active in
1961; the eastern side of pond A was being filled with solid
materials. Pond F on the Sears Distribution Center property had
been expanded, and two areas of standing |iquids were visible.
Sonme activity at the Ballod property was apparent, but it did not
appear to involve disposal of waste materi al

Di sposal of |iquids had apparently ceased by 1965, and all of
the retention ponds appeared to be in various stages of
revegetation. 1In a 1970 photograph, the outlines of the retention
ponds were barely visible at MSS. Pond D at the Ballod property
had been cl eared and appeared as bare earth. By 1974, all activity
associated with the ponds had ceased, and the outlines of the
retention berns were obscured by vegetation or disposal of solid
mat eri al s.

During a renoval action conducted by DCE in 1984 and 1985, nost
of the radioactive material fromformer retention pond | ocati ons on
the Ball od property was placed in interimstorage on M SS
(BNl 1986b) .

The exact volume of the fornmer retention ponds i s unknown;
however, the volunme of contamnated material at MSS is estimted
to be 105,000 nt (137,000 yd®, including contami nated material in
the interimstorage pile and other contam nated soils on the
property. MSS and the Sears Distribution Center property are the
only properties on which unrenedi ated forner retention pond
| ocations exist; all retention pond areas on the Ballod property
have been renedi ated (BNl 1986b). One of the retention ponds at
M SS reportedly held primarily lithiumwastes; another contained
both thoriumand |ithiumwastes (NRC 1981a).
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The principal contamnants in the fornmer retention ponds are
radi oactive. O her chem cal contam nants may be present, assum ng
that wastes from other MCWoperations were placed in the ponds.

Al though the retention ponds are no |onger active and are now
covered by fill material, vegetation, and artificial surfaces,
potential contam nant mgration pathways exist. These include
surface water runoff, sedinent deposition, and | eaching into the
groundwat er system DCE s routine nonitoring program has
identified the presence of lithiumin surface water. For over

100 years, the Maywood Site has been a highly industrialized area,;
it is difficult to determne the contribution of individual source
areas (such as the fornmer retention ponds) to groundwater

contam nation in the area. Localized chem cal contam nation in
groundwat er has been identified both upgradient fromthe retention
ponds (on Stepan Conpany property) and downgradi ent fromthe forner
retention ponds.

Forner | ocations of nounds of materials

Bet ween 1940 and 1983, materials were deposited in nounds
across the MSS property (Figures 4-11 through 4-14). Photographs
show nounds of material |located primarily in the northwestern
portion of the MSS property, north of the railroad spur. The
mounds general ly occupied a small area [nmaxi mum of 30. 48
by 30.48 m (100 by 100 ft) between retention ponds A and B in the
eastern end of pond A and along the railroad spur, both on MSS and
the western end of the Stepan property. From 1940 t hrough 1961
smal | mounds [15.24 by 15.24 m (50 by 50 ft) or smaller], were also
| ocated in the extrene southwestern corner of the M SS property,
al ong the sout hern boundary of the Stepan property, and in the
western portion of the Sears Distribution Center property. These
di sposal areas are descri bed bel ow.

e Disposal area 1 (Stepan) appeared to have been filled prior

to 1940, and no significant activity was observed in |ater
phot ogr aphs.
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e Disposal area 2 was dug, filled, and cl osed between 1970 and
1974.

e Disposal area 3 (Stepan) received material from 1940 to
1974. By 1983, phot ographs show that a buil ding had been
constructed in this area.

Phot ogr aphs show ot her nounds of solid naterial along the
western portion of the Sears Distribution Center in 1965, on the
Bal | od property in 1974, and south of the railroad on the M SS
property from 1965 to 1970. In 1965, a |arge nound of material was
al so present in the central area of MSS in the vicinity of the
present storage pile. Two large areas of material (possibly
sl udge) along the northern property line of MSS can be seen in a
1974 phot ograph. Two |arge nounds of material that were |ocated in
the central portion of the Stepan property in 1974 were probably
conposed primarily of construction debris fromthe extensive
denolition activities that occurred between 1970 and 1974.

Storage pile at MSS

The interimstorage pile at MSS (Figure 4-9) was constructed
as an interimcontai nnent for wastes renoved during cl eanup of
vicinity properties. After the ground was |eveled and packed, a
15-cm (6-in.) layer of sand was placed on the ground, followed by a

synt heti c geonenbrane (Hypal on® bottom|liner and an additi onal
15-cm (6-in.) layer of sand. Contam nated materials renoved from
vicinity properties were then added and covered w th anot her

Hypal on® | iner. The top and bottom Hypal on® |iners were seal ed
together to prevent contam nated materials fromescaping. A

| eachate collection systemwas also installed; all |eachate from
the pile is collected, sanpled, analyzed, and di sposed of offsite
by a licensed waste hauler. No |eachate has contained radi oactive
contam nati on above DOE guidelines. A bermwas installed around
the entire storage pile to control runoff. The interim storage
pile on MSS currently contains approximtely 27,000 n?
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(35, 000 yd®) of contaminated materials generated fromthe cleanup
of 25 vicinity properties, including waste fromthe forner
retention ponds on the Ball od property.

Al t hough the storage pile was engi neered, designed, and
constructed in a manner to preclude the rel ease of contam nants
into the surroundi ng environnent, a catastrophic failure of its
conponents could cause it to becone a primry source of
contam nation. The principal contamnants in the pile are the sane
radi oactive constituents present in the burial pits and forner
retenti on ponds. The chem cal contam nants are those associ at ed
with the original nonazite sands and those associated with waste
materials placed in interimstorage. These were identified during
this RI and are discussed in Section 4.5.

Potential mgration pathways resulting froma catastrophic
failure of the engineered contai nnment system may include surface
wat er (runoff and waste material deposition) and air [particul ate
di spersion or gaseous em ssions (e.g., radon)]. Failure is highly
unlikely, but the pile is considered a potential prinmary source
because the waste materials have been consol i dated, thereby
increasing the levels of radioactivity. DOE conducts routine
environmental nonitoring of MSS (including all nedia identified as
potential mgration pathways) to ensure that the integrity of the
contai nment systemis maintained. No releases fromthe pile have
been identified.

4.3.2 Secondary Sources

Secondary sources are identified as areas of contam nation that
do not contain consolidated or concentrated waste materials, such
as buildings, areas of the Stepan property where process residues
were placed, and soils on individual properties.

Bui | di ngs were determ ned not to be prinmary sources of
contam nati on because surveys at MSS, the Sears D stribution
Center property, and the New Jersey Vehicle Inspection Station
i ndi cated that contam nati on was underneath rather than inside the
bui | dings (NRC 1981a, b; Morton 1982; BN 1987a,c,g). Although sonme
bui | di ngs at Stepan have residual radioactivity on structural
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surfaces, the contamnation is fixed (i.e., not easily renoved) and
is not considered to be a primary source for mgration of
cont am nant s.

Radi oactive contam nation at relatively | ow concentrations has
been found extensively in soils of the properties that conprise the
Maywood Site. However, such contam nation does not represent a
concentrated primary source of potential contam nant mgration
This conclusion is substanti ated by groundwater, surface water, and
sedi ment nonitoring, which has shown that contam nation is not
mgrating fromsoil into the other nedia (see Sections 4.4
t hrough 4.8).

Contam nation in surface soils mgrated via Lodi Brook (surface
wat er drai nage and sedi nent deposition) onto vicinity properties.
The source of this contam nant mgration is nost likely the forner
retention ponds on the MSS, Sears Distribution Center, and Ball od
properties. Also, the use of thoriumcontaining waste as fill
mat eri al and/or mulch was a nmechani sm for contam nant deposition on
vicinity properties. Properties that conprise the Maywood Site are
hi ghly devel oped, and the vast majority of the surface area is
covered by buil dings, asphalt, concrete, vegetation, or other
materials that greatly limt the potential for additional
contam nant m gration.

4.4 SO L, STEPAN PROPERTY OPERABLE UNI T

Sections 4.4 through 4.7 describe the nature and extent of
radi oacti ve and chem cal contam nation in near-surface and
subsurface soils for each of the operable units. The suspected
sources of contam nants, as outlined in Section 4.3, include burial
areas, forner retention ponds, historical waste managenent areas,
and contam nated soil. The nethodol ogy of the investigation that
led to this determnation is defined in the field sanpling and QA
pl ans (BNl 1990c, 1990d) and is summarized in Section 2.0.

The objectives for the Stepan property operable unit, as
outlined in the field sanpling plan, were:

(bj ective 1: Determ ne extent of surface radioactive
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contam nati on

(bj ective 2: Determne horizontal and vertical boundaries of
subsurface radi oactive contam nation

(bjective 3: ldentify chemcal contam nants resulting from
thorium 232 processi ng operations

(bj ective 4: Determ ne whether hazardous waste is mxed with
radi oacti ve waste

ojective 5: Determ ne whether relocated and reburied process
wast es have migrated from burial areas

hj ective 6: Confirmthat nmeasurenents obtained during
previ ous surveys for fixed and renovabl e
contam nation within buildings are valid

(bj ective 7: Confirmthat gamma exposure rate neasurenents
obt ai ned during previous surveys wthin buildings
and over outdoor surfaces are valid

The follow ng sections describe how the objectives for the Stepan
property operable unit were acconplished during the R effort.
Radi ol ogi cal and chem cal sanpling activities are described. Also
i ncluded are a summary of data collected for the operable unit and
a description of the |locations of radioactive and chem cal

contam nants on the property.

4.4.1 Evaluation of Radi oactive Contam nants

Sur f ace neasurenents

Near - surface ganma radi ati on neasurenents on the Stepan
property ranged from5,000 to 600,000 cpm Measurenents were nade
usi ng an unshi el ded ganmma scintillation detector with a 5- by 5-cm
(2- by 2-in.) Nal(Tl) probe. The average background val ue for the
Maywood area is 7,500 cpm (Bradshaw 1990). A neasurenent of
11, 000 cpm using a coneshi el ded gamma scintillation detector is
approximately equal to the DCE guideline for thorium232 of 5 pG/g
above background (background in soil is 1 pG/g) for surface soi
contam nation. The shielded detector was calibrated at the
Techni cal Measurenents Center (TMC) in G and Junction, Colorado, to
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provide a correlation of counts per mnute to picocuries per gram
Using this correlation, near-surface, coneshiel ded gamma

measurenents were used to determ ne the extent of surface

contam nation and to select soil sanpling |ocations.

Surface soil sanples collected from238 | ocations (shown in
Figure 4-15) were anal yzed for uranium 238, radi um 226, and
thorium 232. Concentrations in these sanples ranged from<1.5 to
<50 pC /g for uranium 238, from<0.4 to 130 pC /g for radi um 226,
and from<0.4 to 380 pC /g for thorium 232. Conplete anal yti cal
results are provided in Table C1 (Appendix C. Figure 4-16 shows
areas of surface contam nation that exceed the DCE gui deline, based
on eval uation of near-surface gamma radi ati on neasurenents (see
Figure 4-16a) and anal ytical results for surface soil sanples.
Because single data points are used to define them the size of the
smal l er areas in Figure 4-16 may be underesti mat ed.

Subsur f ace neasurenents

Gamma | oggi ng was perfornmed and soil sanples were collected
from 237 boreholes drilled on the Stepan property (Figure 4-10).
Anal ytical results for subsurface soil sanples are presented in
Table G 1 (Appendix C). Gamma | ogging data are presented in
Table C-2; the results range from 3,000 to 1,199,000 cpm (A
measurenent of 30,000 cpmis approximately equal to the DOCE
gui deline of 15 pC /g above background for thorium 232 in
subsurface soil.) Analyses of subsurface soil sanples collected at
depths below 15 cm (6 in.) indicated uranium 238 concentrations
ranging from<1.4 to 170 pC /g, radium 226 concentrations rangi ng
from<0.2 to 333 pCG /g, and thorium 232 concentrations ranging from
0.2 to 1,592 pC/g. Areas of subsurface contam nation are shown in
Figure 4-18. The highest concentration of thorium 232
(1,592 pG/g) occurred in borehole R167, located in burial pit 1.
Contam nation in burial pits 1 and 2 was found at depths rangi ng
fromO0.15 to 4.7 m (0.5 to 15.5 ft), which contradicts information
regardi ng the anmount of clean soil covering those pits.
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Soil conposition in areas where thorium 232 concentrations were
hi ghest in subsurface sanples was conpared with records of soi
conposition in radioactively contam nated areas of the M SS and
Sears Distribution Center properties (BNl 1987a, 1987c), where the
hi ghest concentrations of thorium 232 were detected. Soils at M SS
and Sears were primarily conposed of sand with sone silt,
fine-grained, and ranging in color fromdusky or grayish brown to
grayi sh black. At Stepan, the soil was observed to be silty sand
with sonme clay, fine-grained, and ranging in color fromlight gray
to dark grayish black. Soils on all three properties were observed
to be noist, and white material of either stiff or sandy
consi stency was often observed m xed with these soil types. The
white material is believed to be the lithium(stiff) or thorium
(sandy) residues.

Exposure rate neasurenents

Exterior ganma radi ati on exposure rate nmeasurenents were
obtained to give an indication of potential exposure sustained by
wor kers on the property (Figure 4-19). The neasurenents ranged
from5 to 228 4R/ h, including background. Results are presented in
Table C-3 (Appendix C. The average exterior exposure rate of
29 4R/ h exceeds the average background rate of 9 yR'h and is
believed to be due to high exposure rates neasured in isol ated
areas of the property that are known to be radioactively
cont am nat ed.

| ndoor exposure rate neasurenents were taken in Buildings 1, 4,
10, 13, 14, 20, 52, 52A, and 67 to confirm nmeasurenents from a
previous survey (Mrton 1982). Results ranged from5 to 19 R/ h,

i ncl udi ng backgr ound.

Bui | di ng neasurenents
Addi tional building surveys for direct and transferrable

(renovabl e) contam nation were perfornmed to confirmdata coll ected
in a previous survey (Mdrton 1982) and to determ ne whet her
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radi oacti ve contam nati on exceedi ng DOE gui del i nes was present (see
Appendi x A). For al pha and beta-gama surface contam nation, the
limts are those for natural thorium thorium 232, and radi um 226
The linits for direct nmeasurements are 1,000 dpm 100 cnf for
average residual radioactivity over a square neter area and

3,000 dpm 100 cnf for maxi mum contami nation | evels; the guideline
for renovabl e al pha contanination is 200 dpm 100 cnf

[ DCE Order 5400.5 (DCE 1990)]. These guidelines are applied in
areas where residual radioactivity remains fromactivities
involving the handling of materials containing thorium These
areas include Buildings 4, 10, 13, 14, 15 (adm nistration
bui l di ng), 20, 52, 52A, 67, 76, and 78; the punp house; and the
guard shack. (Building 76 and the punp house are |ocated on the
DCE- owned M SS but are reported in this section because they were
originally part of the MCWproperty.) Floors, walls, and beans
were surveyed in nost buildings. These buildings were included in
the field investigation because of their use in or proximty to

t hori um processi ng operations conducted by MCW Because the

obj ective of these surveys was to confirmresults froma previously
conducted survey and not to determ ne absol ute boundaries of
contam nation, only general statenents are provided regarding the
radi ol ogi cal status of the buil dings.

The survey showed that al pha and beta-gama surface

radi oactivity levels in many areas were above DCE gui delines for
surface contam nation on indoor and outdoor structures. All floor
and wal |l measurenents in Building 76 were taken systematically at
0.3-m(1-ft) intervals; neasurenents of the floor of Building 78
were taken at 1.8-m (6-ft) intervals. Measurenents were taken at
ot her | ocations by spot-checking and were reported as net cpm and
dpm 100 cnf. Buildings 4, 15, 20, and 78 contained areas wth
readi ngs in excess of 3,000 dpnf 100 cnf. Buildings 4, 15, 20, 67,
and 78 al so had average beta-gamma readi ngs exceedi ng the DOE

gui deline for average surface contam nation for thorium 232

(1,000 dpnf 100 cnf). Cther buildings exhibiting |ocalized areas of
cont ani nati on exceedi ng 1, 000 dpm 100 cnf i ncl ude Buil di ngs 10

and 13, the punp house, and the guard shack. Imrediately prior to
remedi al action, these neasurenents will be confirnmed, and
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structural surface contamnation wll be better defined. Because
Stepan is an operating facility, conditions of surface
contam nation may change significantly as a result of plant
operations (e.g., general housekeeping). Such changes would
invalidate any data collected too far in advance of renedi al
action.

The contam nation in Building 15 is located primarily on the
basenment floor in the southeastern portion of the buil ding;
contam nation on the basenent walls is random The | argest area of
radi oactivity exceedi ng DOE gui delines was found on the floor in
t he sout heastern portion of Building 78. Most spot-checks on the
wal | s showed el evated | evel s of beta-ganmma contam nation. O her
buil dings with el evated | evels of radioactive contam nati on showed
random areas of contam nation on nost surfaces surveyed. No
transferrabl e (renovabl e) contam nati on above DCE gui del i nes was
found at any sanpling location, indicating that the contam nation
is fixed and will not be easily transferred to other areas or
surfaces.

Tabl e 4-8 presents data collected and includes the type of
em ssion nmeasured, the range of readings within each building or
| ocation, the average of all readings taken in a building or at a
| ocation, and the nunber of readings taken at each | ocati on.
Al t hough i ndividual readings in some buildings were in excess of
gui delines, it cannot be concluded that in such cases entire
bui |l di ngs are contam nated. The information presented in Table 4-8
suggests that nore detail ed surveys should be perforned before the
bui I dings on the Stepan property are cl eaned up.

Based on eval uation of near-surface gamma radiation
measur enents, surface and subsurface soil sanple anal yses, and
downhol e gamma | oggi ng, surface and subsurface radi oactive
contam nation is believed to be present on the Stepan property at
depths ranging from15 cm (6 in.) to 4.7 m(15.5 ft). The areas of
contam nation are shown in Figures 4-16 and 4-18.

Subsurface contam nation is known to extend beneath Building 3
(location of burial pit 3) and appears to extend beneath
Bui | dings 15, 78, 20, and the guard shack. Historical
docunent ation (aerial photographs, interviews wth Stepan
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personnel, and previous radiological surveys) indicates that the
subsurface contam nation exists primarily in areas where thorium
processi ng operations occurred, where process residues were buried,
or near the locations of fornmer retention ponds. These findings
are summari zed in nore detail in Section 4.4.2.

4.4.2 Evaluation of Chem cal Contam nants

Ten borehol es on the Stepan property were al so sanpled for

chem cal analysis. These boreholes, wth a prefix of B3890,
were selected fromfive areas that exhibited subsurface radioactive
contam nation (C207, C218, C255, C297, and C298); three areas with
surface radi oactive contam nation only (C296, C299, and Cr701); and
two areas that were not radioactively contam nated (C208 and C217).

Sanpling locations are shown in Figure 4-20; the correspondi ng
surface and subsurface radi ol ogical data are shown in Figures 4-16
and 4-18.

Met al s

The identification of nmetals in soil at the Stepan property is
based on the analysis of 39 biased soil sanples collected fromthe
10 borehol es at depths ranging fromnear surface [0 to 0.6 m
(0O to 2 ft)] to a mximumof 5 m(16.5 ft). Twenty-three netals
were identified at |evels above representative background
concentrations (Table 4-3); the data are sunmari zed in Table 4-9.
O the netals identified, seven (arsenic, cobalt, |ead, nickel
sel enium and vanadium neet the criteria for classification as
FUSRAP wast e because of their presence in nonazite sands, or
because they are urani um anal ogue netals (see Section 4.2). The
sanpling |l ocations where these netals were detected are shown in
Fi gure 4-20.

A conparison of data for these netal constituents with surface
and subsurface radiological data (Figures 4-16 and 4-18) i ndicates
that they occur nost frequently in radioactively contam nated
areas. The frequency of occurrence is defined as the ratio of the
nunber of above-background occurrences of the constituent within
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areas of radioactive contam nation to the total nunber of

above- background occurrences of the constituent. The frequency of
occurrence of these nmetals at the Stepan property ranges from42 to
74 percent (see Table 4-9).

Li t hium antinony, barium boron, cadm um and thallium (none
of which are constituents of nonazite sands) were al so detected
wi th varying frequency in areas of radioactive contam nation and
woul d, therefore, in these areas, al so be considered constituents
of FUSRAP waste. The frequency of detection of these netals
decreases with increasing sanpling depth.

Al t hough netal contam nants classified as FUSRAP wast e because
of their association with thorium processing activities were
detected nost frequently in areas of radioactive contam nation
they were also found in areas that are not radioactively
contam nated. These netals could be the result of processes other
than thoriumextraction at MCWor ot her chem cal processes
performed at the Stepan Conpany; the metals could al so be the
result of long-termindustrialization or urban fill being placed in
t he area.

Rare earths

Thirty-nine biased soil sanples collected fromthe sane
10 boreholes that were evaluated for nmetals (Figure 4-20) were al so
anal yzed for rare earth elenments. Analytical results are
summari zed in Table 4-10. Seven rare earth el enents were detected
at above- background concentrations; three (cerium | anthanum and
dysprosium net the criteria for classification as FUSRAP wast e
constituents because they are the principal rare earth constituents
of nonazite sands. Maxi mum concentrations of these elenents were
as follows: cerium (6,620 ng/kg); |anthanum (3,770 ng/kg); and
dysprosium (94.5 ng/kg). Gadolinium lutetium neodym um and
samarium al though not principal rare earth constituents of
nonazite sands, would be classified as FUSRAP waste when they
coexi st in areas of radioactive contamnation. The rare earth
el ements nost frequently detected at the Stepan property during the
Rl were cerium |anthanum and neodym um (Tabl e 4-10).
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Greater than 90 percent of the occurrences of cerium
| ant hanum and dysprosi um at concentrati ons above representative
background were in the biased sanples taken primarily from areas of
radi oactive contamnation. In four of the ten boreholes drilled on
the Stepan property, no rare earth elements were found at
concentrations above nethod detection [imts. Two of these
borehol es (C208 and C217) were not in areas of radioactive
contam nation, and three (C296, C299, and C70l1) were in areas where
radi oactive contamnation was limted to the surface. Sanples from
bor ehol es that had subsurface radioactive contam nation (C207
C218, (C255, C297, and C298) contained concentrations of rare earth
el enents that were above representative background. Figures 4-21
through 4-25 illustrate the coexistence of rare earth elenents and
radi oactive contam nation in the three burial pit areas on the
St epan property; the burial pits are described in Section 4. 3.
These figures show the approxi mate hori zontal and vertical extent
of radioactive contamnation and the results of rare earth anal yses
for sanples fromthe associ ated chem cal borehol es.

The results of the investigation at the Stepan property suggest
that areas that are not radioactively contam nated do not contain
detectabl e or significant concentrations of rare earth el enents,
whereas concentrations of rare earths in sanples fromradioactively
cont am nat ed borehol es were above representative neasured
background. This indicates that el evated concentrations of certain
rare earth elenments correspond to areas of radi oactive
contam nation and areas known to contain thorium processing
resi dues.

VQOCs
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Twel ve soil sanples from four borehol es were anal yzed for VOCs.
One sanpl e each was coll ected from borehol es C207 and C296, and

five sanples each were collected from borehol es C299 and C701.
Tabl e 4-11 summari zes data for VOCs detected at the Stepan Conpany
property; conplete results are provided in Appendix C. Ten VQOCs
were detected, seven at |evels above the baseline concentrations
measured in sanples taken fromlocations representative of soils in
the area, yet uninfluenced by activities at MCWor Stepan. Tol uene
was detected above the baseline conparison concentration with the
greatest frequency (33 percent), but all VOC concentrations were in
the |l ow ppb range. 1In general, trace |levels of VOCs detected at
the Stepan property were found in both radi oactively contam nated
and uncontam nated areas. Review of historical data has
establ i shed that organic conpounds were not used in the thorium
processi ng operations; therefore, the VOCs identified on the Stepan
property are not associated with these operations and are not
consi dered constituents of FUSRAP waste unl ess they are conm ngl ed
with radi oactive material. The presence of these conpounds nmay
have resulted fromoperations at the current facility or from
previous site operations not associated with nonazite sands or
t hori um processi ng.

BNAEs

El even soil sanples fromfive boreholes (C207, C296, C298,
C299, and C701; see Figure 4-20) were anal yzed for BNAEs.

Tabl e 4-12 presents a summary of BNAE data; conplete results are
provi ded in Appendi x C.

In general, BNAEs were detected at trace concentrations in both
radi oactively contam nated and uncontam nated areas. Trace |evels
of certain BNAE conpounds are typically found in industrial
settings such as Maywood, especially when these areas contain
asphalt surfaces. Mst of the BNAEs detected are pol yaromatic
hydr ocar bons (PAHs), which are commonly occurring products of
natural organic decay (e.g., of vegetation) or degradation of
coal -derivative products (e.g., asphalt). PAHs are typically not
nmobi | e and woul d not be expected to mgrate fromthe Stepan
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property, given the |ow concentrations and | ow frequency of
det ecti on.

Organics were not used in the thorium processing operations at
MCW therefore, BNAEs do not neet any of the criteria for
classification as FUSRAP waste at the Stepan property except where
comm ngl ed with radi oactive contam nation

TPH

Thirty-one soil sanples collected fromnear surface to a
maxi mum depth of approximately 6 m (20 ft) in eight borehol es on
the Stepan property were analyzed for TPH.  The borehol es sanpl ed
(Figure 4-20), nunber of sanples analyzed, sanpling depths, and
concentration ranges are presented in Table 4-13. The maxi num TPH
concentration (9,800 ng/kg) was found at a depth of 0 to 0.6 m
(O to 2 ft) in borehole C296, which was not radioactively
contam nated. Cenerally, TPH concentrations decreased with depth

The only other sanple in which TPH exceeded the 1, 000- ng/ kg NJDEPE
[imt for priority pollutant analysis was the sanple taken at 0 to
0.6 m(0to 2 ft) fromradi oactively contam nated borehol e C207
(1,600 ngy/kg).

TCLP anal yses

Results of analyses for TCLP netals (36 sanples), VOCs
(36 sanples), pesticides (27 sanples), and herbicides (28 sanpl es)
di d not exceed EPA regul atory |l evels established by the toxicity
characteristic criteria. The regulatory guidelines for TCLP
anal ysis are presented in Table 4-14; the data are presented in
Appendi x C. Tests for corrosivity and reactivity indicated that
soil sanmples collected at the Stepan property were neither
corrosive nor reactive according to 40 CFR 261. PCB anal ysi s
i ndi cated that PCBs were not present at concentrations above nethod
detection limts.

Thirty-six soil sanples fromnine borehol es were anal yzed for

TCLP BNAEs. Hexachl orobenzene was detected at 500 ,g/L in one
sanple froma radi oactively con