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EXECUTIVE SUMMARY

The enactment of the Resource Conservation and Recovery Act (RCRA) in 1976 and
the Hazardous and Solid Waste Amendments (HSWA) to RCRA in 1984 created
management requirements for hazardous waste facilities. The facilities within the Oak Ridge
Reservation (ORR) were in the process of meeting the RCRA requirements when ORR was
placed on _he Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) National Priorities List (NPL) on November 21, 1989. Under RCRA, the actions
typicafiy follow the RCRA Facility Assessment (RFA)/RCRA Facility Investigation
(RFI)/Corrective Measures Study (CMS)/Corrective Measures Implementation process.
Under CER_ the actions follow the PA/SI/Remedial Investigation (RI)/Feasibility Study
(FS)/Remedial Design/Remedial Action process. The development of this document will
incorporate requirements under 'both RCRA and CERCLA into an RI work plan for the
characterization of Bear Creek Valley (BCV) Operable Uni: (OU) 2.

OU 2 is located within the U.S. Department of Energy (DOE) ORR in Anderson
County, Tennessee. The unit is located in BCV, near the headwaters of Bear Creek just
west of the Oak Ridge Y-12 Plant main facilities. OU 2 comprises two construction spoil
areas, Rust Spoil Area (RSA) and Spoil Area 1 (SA-1), and an equipment storage yard,
SY-200 Yard.

The RSA was used as a disposal area for solid waste (spoil material) generated from
various renovation, maintenance, and construction operations _t the Y-12 Plant. Although
no detailed records are available, the bulk of spoil material disposed at RSA consisted of soil,
masonry materials, and metal. Discussions with Y-12 Plant personnel indicated the possibility
that small quantities of solvent-contaminated material, and material containing asbestos,
mercury, and uranium, may have been disposed in the RSA. However, existing administrative
and other established in-plant controls prevented the disposal of significant amounts of
chemicals, wastes, or contaminated material a*_the RSA. Previous investigations at the site
indicate that contaminants of concern at RSA include arsenic, beryllium, lead, mercury,
selenium, thorium, uranium, and tetrachloroethene.

SA-1 was used for the disposal of what was considered to be nonhazardous,
nonradioactively contaminated construction debris from various renovation, maintenance, and
construction operations at the Y-12 Plant. The bulk.of the solid waste known to have been
disposed of included asphalt, brick, concrete, roofing materials, brush, metal, rock, and tile.
However, the results of soil and groundwater studies in the area confirmed the presence of
heavy metals and radiological contamination. Contaminants of concern include arsenic,
beryllium, barium, chromium, lead, mercury, fluoranthene, phenanthrene, pyrene, radium, and
uranium.

The SY-200 Yard was operated as a "holdfor future use" storage area. The yard was an
outside graveled area used to store nonradioactively contaminated equipment, electrical
transformers, piping, tanks, mercury flasks, and _llaneous items. Ali items stored at the
site were removed by Sep:.ember 1986. Based on data obtained through soil sampling,
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concern include barium, chromium, lead, mercury, polychlorinated biphenyls 0contaminants OI

(PCBs), and uranium.

This RI ._.orkplan contains summaries of geographical, historical, operational, geological,
and hydrological information specific to the unit. The potential for release of contamination
to receptors through the various media is addressed, and a sampling and analysis plan is
presented to determine the extent of release of contamination to the surrounding
environment. Proposed activities include walkover radiation surveys at ali sites, soil borings
at SY-200, piezometer installation and water table sampling at SA-1 and SY-200, and surface
water and sediment runoff sampling at ali three sites. Data from the site characterization
activities will be combined with data from ongoing site-wide monitoring programs (i.e.,
groundwater, surface water, and biologic_ monitoring) to provide input for a screening-level
risk assessment _mdevaluation of alternative remedial actions.
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1. INTRODUCIlON

1.1 REGUI_TORY INrHATIVE

The Oak Ridge Reservation (,ORR) is composed of three major installatiom: the Oak
Ridge National Laboratory (ORNL), the Oak Ridge Y-12 Plant, and the Oak Ridge K-25
Site (formerly referred to as the Oak Ridge Gaseous Diffusion Plant). These installations
were constructed in the early to mid-1940s by the U.S. Department of Energy (DOE) as
research, development, and process facilities in support of the Manhattan Project. These
installations, along with the Paducah Gaseous Diffusion Plant (PGDP) in Paducah, Kentucky,
and the Portsmouth Gaseous Diffusion Plant in Piketon, Ohio, are currently administered by
the DOE Oak Ridge Field Office (DOE-OR) in Oak Ridge, Tennessee.

During the construction and operation of these research, development, and process
facilities, the associated decontamination, maintenance, and fabrication processes resulted in
the generation of various hazardous and radioactive waste by-products. Hazardous waste
treatment, storage, and disposal (TSD) facilities were crested at each of the DOE-OR
facilities to handle such by-products. Some of these facilities continue to receive hazardous

wastes while others have been decommissioned. Ali DOE-OR TSD facilities are currently
subject to the requirements of several laws:

* Remurce Comervation and Recovery Act (RCRA)-created in 1976 as a
management system for hazardous wastes that mandates permitting currently
operating TSD facilities. Under RCRA, these TSD facilities are referred to as solid
waste management units (SWMUs). RCRA defines a SWMU as any "discernible
waste management unit at a RCRA facility from which hazardous waste or
hazardous constituents might migrate, irrespective of whether the unit was intended
for the management of solid or hazardous waste. Such units include any area at a
facility at which hazardous waste or hazardous constituents have been routinely and
systematically released.

. Hazardotm and Solid Waste Amendmenls (HSWA)-amendments to RCRA (1984)
which provide the U.S. Environmental Protection Agency (EPA) with the authority
to enforce corrective actions by broadening the scope of the RCRA Corrective
Action Program. In addition to evaluating and correcting releases to the uppermost
aquifier from regulated RCRA units, HSWA promotes the cleanup of continuing
releases to any media resulting from waste management units and practices at RCRA
facilities. Among the most significant provisions of the HSWA are the following.

- Section 3004(u): Corrective Action for Continaing Rekatu:s. Section 3004(u)
states that for permits issued after November 8, 1984, corrective action is
required for releases of hazardous waste or constituents from any SWMU at any
TSD facility seeking permit for permanent operation, regardless of when waste
was placed in the unit. Thus, corrective actions apply to releases presently
occurring as well as past releases.
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- Section 3004(v): Corrective ._wtion Beyond the Facility Boundary. '3ection
3004(v) authorized EPA to require that corrective action be taken by the facility
owner or operator for releases that have migrated beyond the facility boundary
(off site). Such action should be taken where necessary in order to protect
human health and the envirc_nmentunless the owner/operator demonstrates to
the satisfaction of the administrator that permission to undertake such action
was denied.

• Comprehensive Environmental Response, Compensation, and Liability Azt
(CERCI_ also referred to as Superfund)-created in 1980 to establish a program
to identify sites [operable units (OUs)] from which environmental releases of
hazardous substances might occur or have occurred. At such sites, Superfund
promotes the evaluation of damage to natural resources, ensures cleanup by the
responsible party or the government, and creates a claims procedure for parties
involved in site cleanup and natural resource reclamation. Sites identified by
CERCLA are evaluated and then placed on the National Priorities List (NPL), if
appropriate. The ORR was listed on the N'PL in the December 1989 Federal
Register (54 FR 48184 ).

• Superfund Amendments and Reauthorization A_t (SARA)-created in 1986 as a
5-year extension rf the Superfund/CERCIA program to clean up hazardous releases
at uncontrolled or abandoned hazardous waste sites.

• National Environmental Policy Act (NEPA)-created in 1968, directed federal
agencies to consider the impacts of their actions (e.g., construction, remediation) on
the human environment as a part of ali decision-making processes.

In anticipation of the ORR being listed on the NPL, DOE, the Tennessee Department
of Environment and Conservation (TDEC), and EPA formulated a Federal Facility
Agreement (FFA) for ORR. The FFA was designed to ensure that ali necessary steps were
undertaken to protect the public health and the env_onment during the investigation,
evaluation, and remediation of ali OUs (OUs contain one or more contaminated sites or areas
formerly identified at Y-12 as SWMUs). The FFA also outlines ali deliverables, review times,
and schedules to ensure that activities are undertaken in a timely manner.

DOE and TDEC have formulated an oversight agreement/agreement-in-principle. As
stated in this agreement, TDEC is the lead agency for the state of Tennessee. The purposes
of this agreement are to (1) ensure compliance with applicable federal, state, and local
environmental laws and (2) assure the citizens of Tennessee that their health, safety, and
environment are being protected through a program of independent monitoring and oversight
by the state.

Each of these agreements provides a measure of oversight for ali environmental
restoration at the ORR installations. The PGDP and the Portsmouth facility are not listed
on the N-PLand as such have no FFA. (They do however have agreements-in-principle with
'heir respective states.)

92-O43/72392
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1.2 DOE-OR ENVIRONMENTAL RESTORATION (ER) PROGRAM

The mission of the DOE-OR ER Program is "to eliminate or reduce to prescribed safe
levels the risks to the environment or to human health and safety posed by inactive and
surplus OR-managed sites and facilities that have been contaminated by radioactive,
haZardous,or mixed wastes" (Energy Systems 1991c). As a result of ORR's placement on the
NPL in December 1989, ali remedial activities including characterization, alternative selection,
and implementation must meet the requirements of RCRA, CERCLA, and NEPA.
Therefore, the DOE ER Program decided to address the requirements of ali applicable lav_
Jn a series of "integrated" documentation for each OU.

To facilitate consistency in the preparation of these integrated documents at ali DOE-OR
facilities, the managing and operating contractor for DOE-OR facilities established an ER
Division. Along with central staff which serve to oversee the main program areas, ER site
program managers were appointed at each of the DOE-OR facilities. These site program
managers oversee the day-to-day operations of the facility-specific programs and interface with
the central ER Division staff.

1.3 "1"-12SHE CORRBCHVE AC'HON PROGRAM

To meet the requirements of RCRA and the additional requirements of CERCLA, two
types of RCRA Facility Investigation/Remedial Investigation (RVI/RI) plans were prepared
for the Y-12 site. The RCRA Facility Investigation Plan, General Document, Vols. I, II, and
HI, (Welch 1989a, Wiggins 1988, and Wiggins et al. 1988) (herein referred to as the General
Document'), contains information applicable to ali Y-12 Plant SWMUs (now areas within
OUs). The General Document, begun under RCRA, serves as a reference document for the
second type of RFI/RI plan, the site-specific RI plan for each OU. RI plans for many of the
Y-12 Plant SWMUs/OUs are now under review by EPA Region IV and TDEC.

The Y-12 Plant OUs have been groupednot only by their proximity but also by common
physical and hydrogeological parameters. Extensive study of groundwater movement and its
relation to contaminant transport at the Y-12 Plant indicates that groundwater can be
subdivided into three distinct hydrogeological regimes: Upper East Fork Poplar Creek
(UEFPC), Bear Creek, and Chestnut Ridge. This subdivision is based on topography, surface
water drainage, and groundwater flow patterns. It offers the advantages of providing a basis
for unifying monitoring efforts at the Y-12 Plant and for tailoring monitoring efforts to the
hydrogeologic characterization of each regime. The strategy used to delineate boundaries of
each regime is included in Comprehensive Groundwater Monitoring Plan for the DOE Y-12
Plant, Oak Ridge, Tennessee (Geraghty and Miller 1990a). The Bear Creek Hydrogeologic
regime, in general, and specifically the Bear Creek Valley (BC_ OU 2, is the focus of this
RI plan.

"TheGeneral Document is currentlyunder revision.
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1.4 SITE ER PROGRAM O

A major objective of CERCLA investigations is to characterize the nature and extent of
contamination at uncontrolled hazardous waste sites. HSWA requires assessments to be
conducted at ali former and current SWMUs at RCRA-permitted facilities. Descriptions of
many of the individual SWMUs at the Y-12 Plant are provided in a report titled Solid Waste
Management Unit Information for the Y-12 Plant RCRA 3004(u) Facility Assessment and its
supplements (Welch et al. 1987, Welch 1987a, Welch and Poore 1987, Wiggins and Welch
1988, Murphy 1989). For SWMUs that are suspected to be the source of contaminant release
to the environment, an RH is required to define the nature and extent of the release.

Under RCRA, actions typically follow the RCRA Facility Assessment (RFA)/
RFFCorrective Measures Study (CMS) implementation process. The RFA that was
conducted for _ae Y-12 Plant (Welch et al. 1987) resulted in the decision to perform RF'Is
for the Rust Spoil Area (RSA) (SWMU D-106) and the Spoil Area 1 (SA-1) (SWMU
D-107). The decision was based on the likelihood that these units received solid waste
containing hazardous or potentially hazardous constituents. The SY-200 Yard was scheduled
for further investigation after traces of mercury were observed in f_'.llmaterial excavated
during 1988 construction activities (P-_rkins1989). Under CERCLA, actions typically follow
the Preliminary Assessment (PA)/Site Investigation (SI)/Remedial Investigation (RI)/
Feasibility Study (FS)/remedial design/remedial action process. The development of this
document incorporates the requirements under both RCRA and CERCLA into an RI work
plan.

1.5 SPECIAL PROBLEMS

No special problems have been identified at the site.

1.6 OBJECTIVES

The results of previous investigations within OU 2, sL:mmarizedin this plan, have helped
to define the nature and extent of contamination. The general objectives of the OU 2 RI
include (1) defining further the nature and extent of contamination in media of concern (i.e.,
soil), especially at the SY-200 Yard, and (2) gathering information for the specific needs of
the risk assessment and FS. Specific objectives are to

• define the nature of soil contamination at SY-200;

• define the extent (vertical and horizontal) of soil contamination at SY-200;

• fill any identified data gaps in the extent of soil contamination at RSA and SA-1;

• define the interaction (transfer mechanism), if any, between soil contaminants and
shallow groundwater; and

.02-O43/72392



1-5

O * define the relative contribution of OU 2 contaminants BCV andto groundwater
surface water/sediment contamination.

1.7 _ULE

The schedule of the BCV OU 2 RI sampling and analysis activities is provided in Fig. 1.1.

92-043/72392 °
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2. CHARA RIZATION OF THE ENVIRONMENTAl,
SETFING

2.1 GEOGRAPHY

The DOE ORR is located within the corporate limits of the city of Oak Ridge in eastern
Tennessee, -16 km (10 mi) southeast of the Cumberland Mountains and 113 km (70 mi)
northwest of the Great Smoky Mountains. Figure 2.1 shows the city's location approximately
midway between Nashville, Tennessee, and Asheville, North Carolina, on an east-west line
and between Lexington, Kentucky, and Atlanta, Georgia, on a north-south line. The area is
serviced by Interstates 40 and 75, which intersect in nearby Knoxville, Tennessee, east of Oak
Ridge. The reservation, 14,300 ha (35,300 acres) of federally owned land, houses three
facilities (the K-25 Site, ORNL, and the Y-12 Plant) (Fig. 2.2) which are managed by Martin
Marietta Energy Systems, Inc. (Energy Systems).

The Y-_2 Plant contains -800 acres and is located adjacent to the corporate center of
the city of Oak Ridge between Chestnut Ridge, located to the south, and Pine Ridge_ located
north of the plant (Fig. 2.2). The plant complex, built predominately in the mid-1940s, is
roughly divided into two portions; the western portion is devoted to DOE ongoing weapons-
manufacturing activities, and the eastern portion is devoted to ORNL research programs.

The Y-12 Plant is located in the Valley and Ridge Physiographic Province, which lies
between the Cumberland Mountains to the northwest and the Great Smoky Mountains to the
southeast. This province is characterized by roughly parallel, alternating ridges and valleys.
The main facilities of the Y-12 Plant lie on the BCV floor, with auxiliary facilities along Pine
Ridge and Chestnut Ridge. OU 2 is located on the BCV floor immedia*.ely west of the Y-12
main plant facilities.

2.2 TOPOGRAPHY, GEOI£X3Y, AND SOILS

2.2.1 Topography and General Geology

OU 2 is located in the Valley and Ridge Physiographic Province, part of the Appalachian
fold and thrust belt. The area is characterized by a succession of northeast-trending ridges
and valleys, which formed as a result of differential erosion of the clastic and carbonate
lithologies that make up the individual thrust sheets.

OU 2 is located in BCV, which is bounded to the north and south by Pine Ridge and
Chestnut Ridge, respectively. Maximum relief of the ridges is -200 ft. The elevation of
BCV is 975 + 50 ft above mean sea level (MSL), and Pine Ridge and Chestnut Ridges have
an approximate elevation of 1200 4- 50 ft above MSL. These ridges and valley are part of
the White Oak Mountain (WOM) thrust sheet, which exposes Lower Cambrian to Ordovician
rock units in the immediate area (Fig. 2.3). The stratigraphy of the area, from oldest to
youngest (and exposed from grid-north to grid-south), includes the Lower Cambrian Rome
Formation (exposed on Pine Ridge), the Cambrian Conasauga Group (exposed in BCV), and
the Knox Group (exposed on Chestnut Ridge).

4
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The Conasauga Group, which underlies OU 2, is further divided into six formations of
alternating shale and carbonate-rich lithologies. From oldest to youngest these are the
Pumpkin Valley Shale, the Rutledge Limestone, the Rogcrsvillc Shale, the Maryville
Limestone, the Nolichucky Shale, and the Maynardville Limestone (Table 2.1).

Table 2.1. S.t_at/gra,phy of the Y-12 area

Thickness °

Age Group or formation (ft) General comments

Upper Cambrian- Knox Group Only the lowermost fo_an_tion,
Lower Cambrian the Copper Ridge Dolomite,

occurs in the Y-12 area on
Chestnut Ridge. This formation
consists mainly of siliceous
dolomites.

Cambrian Conasauga Group This group underlies BCV.
Maynardville Limestone 410-440 UEFPC flows along strike with
Nolichucky Shale 490-540 the Maynardville Limestone.
Maryville Limestone 380-400
Rogersville Shale 100--120
Rutledge Limestone 100-120
Pumpkin Valley Shale 320

Lower Cambrian Rome Formation This formation is exposed on
Pine Ridge and consists
pred0minately of sandstones
and sandy shales.

i iii

"Onlythicimessesof the formationsof the ConasaugaGroupat the Y-12 Plantare given.
Source:Energy Systems(1989).

22.1.1 Stratigraphy

The strata of greatest interest, with respect to contaminant migration in BCV, include
the Maynardville and Nolichucky Formations of the Conasauga Group. For general
descriptions of the stratigraphy of other units in the ORR, the reader is referred to Haase
ct al. (1985) (Conasauga Group and Rome Formation), Lee and KeteUe (1987) (Knox
Group), and Lee and Ketelle (1988) (Chickamauga Group).

Maynardviile Limestone (King and Haase 1987; Rothschild et al. 1984; Geraghty & Miller
1987). In BCV, the Maynardville Formation varies from 418 to 450 ft in thickness and shows
a gradational lower contact with the Nolichucky Shale (King and Haase 1987). The
Maynardville Limestone comprises light-gray to tan, massive to thinly bedded limestone with
subordinate amounts of dolostone. This formation can be divided into two members on the

ORR (Haase ct al. 1985). The uppermost Chances Branch member consists of medium to
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thinly bedded buff and light-gray dolostones, ribbon-bedded dolostones/limestones, and thinly
bedded medium-gray limestones. The lower Low Hollow Member is principally wavy to even
thinly bedded (oo)microsparite, with alternating horizons of dolomite bearing, ribbon-bedded
microsparite and calcarenite. The Low Hollow Member and the lover portion of the
Chances Branch Member are oolitic, and soft sediment deformation fabrics have been
observed (Geraghty & Miller 1987). Both members are locally stylolitic.

Drilling in the Y-12 Plant area (Rothschild et al. 1984; Army Corps of Engineers
1954a,b) and further west in the Y-12 Plant burial grounds (Bechtel 1984) shows that, in the
near subsurface, the MaynardviUe Limestone is characterized by numerous solution cavities,
which generally range in thickness from less than 1 to 3 ft, although cavities from 8 to 11 ft
thick have been noted (Rothschild et al. 1984). The cavities commonly parallel bedding
planes. Where Bear Creek lies in the Maynardville Limestone, the position of the channel
is controlled by preferential solution along joints and fractures (Geraghty & Miller 1987).

Nolichucky Shale (King and Haase 1987; Rothschild et al. 1984). In BCV, the
Nolichucky Shale ranges in thickness from 422 to 550 ft (King and Haase 1987). In eastern
Tennessee, the Nolichucky Shale can be divided into three members: the Upper Shale, the
Bradley Creek, and the Lower Shale Members (Hasson and Haase 1_g_), although
identification of these members in BCV is not straightforward. The formation consists of
maroon-brown to rare green-gray, massive to very thinly bedded, locally calcareous mud.stones
and shales interstratified with thinly bedded, medium gray limestones andcalcareous siltstones.
The maroon-brown color of the shales is characteristic of the Nolichucky Shale. The
interbedded limestones typically contain limestone-pebble conglomerates and oolite-rich beds
similar to those occurring in the underlying Maryville Limestone. Throughout much of the
Nolichucky Shale, mudstone/shale and limestone lithologies alternate on a scale of 1 to 3 ft,
giving the formation a thicHy bedded appearance.

During drilling at the Y-12 Plant, solution cavities, opened fractures, and iron precipitate
were commonly observed up to downhole depths of 50 ft (Rothschild et al. 1984).
Comparison of Maynardville Limestone and Nolichucky Shale descriptions suggests the
solution cavity development is not as extensive in the Nolichucky Shale as it is in the
Maynardville Limestone.

2.2.1.2 Suuctural geology

Faults. Pine Ridge, BCV, and Chestnut Ridge ali are part of the WOM thrust sheet,
which is floored by the WOM thrust fault. The WOM fault is a regional thrust fault of the
Valley and Ridge, which shows at least several kilometers of displacement. The fault formed
during the Permian-Pennsylvanian Alleghanian Orogeny and has not been historically active.
At the ORR, the fault trends parallel to regional strike (N55E) and dips steeply (45 °) to the
southeast (King and Haase 1987). Bedding plane dip values measured in outcrops cluster
around 45° but may steepen to vertical as a result of localized small-scale folding or faulting.

The WOM thrust fault north of Pine Ridge is very complex and is characterized by a
sequence of cross-cutting imbricate splay faults that repeatedly stack the Rome Formation.
In the vicinity of Bear Creek, this fault superposes the Cambrian Rome Formation over the

92-0431'/050493
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younger Cambrian Copper Ridge Dolomite member of the Knox Group. In addition, north
of the WOM thrust fault, in the underlying Kingston Thrust Sheet, Bear Creek flows over

.. slices of the Knox Group and Chickamauga Group that have been complexly stacked and
rotated as a result of footwall deformation associated with displacement along the WOM
fault. Because of the complex deformation associated with the WCM thrust fault and the
immediately underlying Kingston Sheet, it is anticipated that this region contains numerous
fault-related fracture zones of enhanced permeability.

BCV is characterized by numerous cross-strike streams with a consistent northwestern
trend. Such a consistent orientation suggests that the location of these creek beds is
controlled by a geological structural feature, either a minor tear fault or a prominent fracture
trend. Both features are possible, and in Melton Valley the White Oak Creek Tear Fault
shows a similar north trend. If these structures are faults, they show minor displacement but
should have an associated fracture zone.

Fractures. Because of the large-scale faulting, ali geologic units in the ORR are highly
fractureA. Recent detailed investig_.tions of Conasauga Group core by Lutz and Dreier
(1988) show that five fracture sets occur cons_.,mtly throughout the core. One set is parallel
to bedding, but the other four are generally perpendicular to bedding. The parallel bedding
fractures are mainly release joints. Recent studies elsewhere in the Appalachians suggest that
release joints can form at depths up to a kilometer (Engelder 1985_ Assuming a regional
strike of N55E, the strikes of the high angle sets are approximately NS5E, N75W, N15E, and
N20W.

O Fracture density varies throughout the cores. The two variables that have the greatest
effect on density are lithology and bedding thickness. Density is inversely proportional to
bedding thickness. High fracture densities are found in shales and interbedded limestone and
shale, whereas limestones exh_it lower densities. Mineralization is almost entirely confined
to limestone beds. Ali fracture sets exhibit vein development; however, the N55E direction
is most commonly mineralized.

22.2 General Soil _tic_

Be.lrock units in BCV are overlain by unconsolidated deposits of varying thicknesses
consisting of residuum, which comp_es the majority of the unconsolidated materials, man-
made fill, alluvium, and colluvium (Petrich et al. 1984). Soils of particular importance to
OU 2 are those characteristic of the Conasauga Group. These soils include, but are not
limited to, the Armuchee, Fullerton, Greendale, Hamblen, Jefferson, Leadvale, Newark, and
Sequoia. Depth to bedrock varies from less than 10 ft to 30 ft, with the Montevalio series
being the most shallo_v (Lietzke et al. 1986). In general, these soils are classed as poor for
crop growth or pasture. With the exception of a few areas that are suitable for pasture, the
general classification of Y-12 Plant soils is for forestry. In BCV the Armuchee and Sequoia
soil series are most prevalent. The Armuchee is a shaley, silty clay loam becoming more
shaley with depth, and the Sequoia, is a yellowish-brown silt loam overlying a residuum of acid
shale. Chemical and physical properties of these soils are given in Tables 4.2 and 4.3 in Vol. I
of the General Document.

92,0431'/050493
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The presence and extent of virgin soils below the OU 2 sites are not well known due to
the extensive filling that took place during its operational lifetime. Lithologic logs from soil
borings at SA-1 (Appendix C) provide much of the existing soils information for the site.
Based on a comparison of the description of soil types as provided in the Soil Survey of
Anderson County, Tennessee (USDA 1981) and these lithologic logs, Fullerton is the most
important soil series for area.

The Fullerton series is made up of the Fullerton cherty silt loam which consists of 5 to
45% slopes. This deep, well drained, sloping soil is on rolling ridgetops and the sides of
ridges and hills. The soils formed in a residuum of dolomite.

Typically, the surface layer is brown cherty silt loam 7 in. thick. It overlies a 5-in. layer
of strong brown cherty loam. The subsoil extends to a depth of more than 64 in. It is strong
brown cherty silt loam in the upper part and yellowish red cherty silty clay and cherty clay in
the lower part.

This soil is low in natural fertility and has a medium available water capacity. It is
strongly acid or very strongly acid throughout except where the surface layer is limed.
Permeability is moderate. Runoff is medium. On the average the soil contains more chert
than other phases of the Fullerton soils.

The physical and chemical properties of this soil follow (USDA 1981):

Permeability 0.6-2.0 in./h

Available water capacity 0.1-0.16 in.fm.

Soft reaction (pH) 4.5-5.5

,' A soil leaching and contamina at transport model will be developed to help determine the
I risk for contaminants to move off _ite. The model can also be used to evaluate the potential
I for contaminant migration daring screening of alternative technologies in the FS. The Multi-
i Media model (Salhotra et al. 1990) will be used to develop the site-specific model. Data
,I requirements for the model will be satisfied as follows:
I
I

I • Site physical characteristics. Data already available and summarized in this Work Plan.
I
II • Site hydrologic characteristics. Hydrologic properties of the Conasauga Group and its
_ residuum on the ORR are detailed in Rothschild et al. 1984. Average infiltration and
[ recharge rates for the Bear Creek Valley are given in Solomon et al. 1992.
[ Determination of site-specific physical parameters required by Multimed, such as depth
[ to groundwater, aquifer thickness, and soil layering, is outlined in the Work Plan.
I
[ • Soil geochemical properties. The normalized distribution coefficient (Koc) values for
aJ volatile and semivolatile contaminants will be taken from standard references (e.g.,
[ EPA/540/2-89/057). Hydroi_is rate constants for a wide variety of VOCs are available
[ iv the literature as outlined in Salhotra et al. 1990.
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Distribution coefficients (Kd's) and retardation factors (R's) of common radionuclides
are available for the Conasauga Group and its residuum on the ORR in Rothschild et al.
1984, Meyer et al. 1987, and Davis et al. 1984. Average Kd's of metals in soils and sand are
available in Gilbert and Yu 1989 and Baes and Sharpe 1983. No Kd values for metals are
available for the ORR at this time; however, most metals of interest have high average Kd
values for soils (> 100 cm3/g) and moderate to high Kd values for sand (> 10 cm3/g). A worst-
case scenario for these metals can be modeled using Kd values for sand. For metals with low
average Kd values [As, Cd, Cr(VI), Cu, and Zn], a worst-case scenario can be modeled using
Kd's in sand; if this scenario shows high potential leachability, site-specific Kd values can be
determined for these metals which are present in soils above target cleanup levels.

2.3 CLIMATE

Detailed discussions of climate can be found in Sect. 4.4 of Vol. I of the General
Document (Welch 1989a) and in Sect. 3.1 of the Clinch River RCRA Fac'dity Investigation
Plan (Energy Systems 1990). The Oak Ridge area has a temperate climate that is moderated
by the Blue Ridge Mountains to the east and the Cumberland Plateau to the west.

Weather patterns in Oak Ridge are generally temperate, with warm, humid summers and
cool winters. The annual mean temperature is about 15°C (58°F), with a January mean of
about 3.5°C (38oF) and a July mean of about 25°C (77°1_. Relative humidity in mid-
afternoon averages about 55%. At night humidity is higher, averaging 85% at dawn.

The mean annual rainfall is about 136 cm (Fig. 2.4), but during the drought of 1981-88
yearly precipitation was about 30-35 cm less than average. Winter months usually have the
most rain, with another peak in July, when thunderstorms are common. Autumn is usually
the season of lowest rainfall.

Prevailing winds in the area follow the general topography of the surrounding ridges
(Fig. 2.5). The down-valley draft, coming from the northeast and identified with gravitational
flow down local slopes and the Tennessee Valley, pre,vails during inversion conditions of late
evening through mid-morning. Daytime up-valley flow is from the southwest when regional
or synoptic flows aloft become strong enough to dominate the opposing local gravitational
winds.

Oak Ridge is one of the country's calmest wind areas. Average wind speed for the Oak
Ridge area is 4.4 mph. The Cumberland Plateau and the Smoky Mountains divert severe
storms; local irregular ridges further minimize the air movement and wind impact.

2.4 ECO_:)GY

OU 2 lies outside the main Y-12 complex and as such is in close proximity to areas of
potential ecological sensitivity. Bear Creek runs along the northwest edge of the unit, and
one spring exists along the northern edge of the RSA. OU 2 is not fikely to have a
significant detrimental impact on the ecology of Bear Creek in relation to the other
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Fig. 2.4. Annual precipitation in the Oak Ridge area.
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upgradient sources of contamination. Ecological monitoring is ongoing at the Y-12 Plant
under separate programs that are beyond the scope of this RI plan.

The environs surrounding OU 2 are typical of the ecological systems of the Appalachian
region. The dominant plant community is the old hickory forest, which has extensive stands
of mixed yellow pine and hardwoods. Nonforest areas include grasslands, devegetated areas,
and developed locations.

The forests of ORR serve as hosts for many forest wildlife species. Recorded wildlife
species include -60 species of reptiles and amphibians; more than 120 species of terrestrial
birds; 32 species of waterfowl, wading birds, and shore birds; and about 40 species of
mammals (Nix et al. 1986).

I The ecology of OU 2 is discussed in detail in Sect. 4.2.2 of this document. The potential
I ecological impacts of OU 2 on surrounding environs will be addressed as part of the phased
I Bear Creek Valley ecological studies proposed in the Remedial Investigation Work Plan for
I Bear Creek Valley Operable Unit 4 (Shallow Groundwater in Bear Creek Valley) at the Oak
I Ridge Y-12 Plant, Oak Ridge, Tennessee (DOE 1992).

2.5 DEMOGRAPHY

2.5.1 Population Information

The Y-12 Plant is located at the northeast boundary of ORR adjacent to the commercial
center of Oak Ridge, which has a population of 27,310 (U.S. Department of Commerce
1991). The employment at the Y-12 Plant, as of January 1992, consisted of 6934 full-time
Energy Systems employees and -1000 on-site employees of M-K Ferguson, DOE, and
ORNL. No drinking water supplies are located within the ORR boundary: a pumping
station located on the north bank of Melton Hill Lake at Clinch River supplies water to the
Y-12 Plant and the Oak Ridge water plant.

2.5.2 Land Use

The East Tennessee Development District, which includes Oak Ridge, is rural in
character. Knoxville is the district's regional center and the only city with a population in
excess of 50,000. Oak Ridge and other cities in the district are within the 7500 to 50,000
population range, are incorporated, and have a definite central core that provides major
employment and trade opportunities. Of the district's 1,700,010 ha (4,200,800 acres), --80%
is in agricultural and forest land use (Table 2.2).

In contrast to the dis:fict's general land use patterns, the city of Oak Ridge is an urban
center with minimal agricultural activities. Land not owned by the federal government
consists of 5510 ha (13,615 acres) and is divided into more than 9500 parcels. Table 2.3
categorizes urban land use data for the city of Oak Ridge. Most of this land is either
residential or vacant, with over 1903 ha (4700 acres) of the vacant land suitable for housing

(DOE 1982). 0
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Table 2.2. I.and use data for the Eastern Tennessee Development District

Land use category Hectares Acres Percent

Residential 35,074 86,670 2.1

Commercial 1,950 4,820 0.1

Industrial 20,700 51,150 1.2

Recreational 269,129 665,030 15.8

Agricultural 685,904 1,694,900 40.3

Public and quasi-public 28,430 70,250 1.7

Forest 658,823 !,627,980 38..._.88

1,700,010 4,200,800 100.0

Source: DOE 1982.

Table 2.3. Urban land use data for the city of Oak Ridge, Tennessee"

Land use category Hectares Acres Percent

Residential 1,640 4,050 28.9

Vacant 2,247 5,550 39.6

Recreational 749 1,850 13.2

Commercial 104 256 1.8

Industrial 47 115 0.8

Public transportation, Parking 480 1,185 8.5

Private transportation 33 82 0.6

Utilities and communications 52 129 0.9

Services 31___4 77..._55 5._.55

5,666 13,992 99.9

"Excludesfederallyowned landswithinthe corporatecity limits.
Source: DOE 1982.
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Several categories of land use are in close proximity to the ORR. The nearest privately
owned residential properties are in the Poplar Springs, Sugar Grove Valley, and Oak Ridge
communities. Relative to ORR boundaries, Poplar Springs is located 2 miles west across the
Clinch River, and Sugar Grove Valley is located 1.5 miles north. Other residential areas
include Bradbury, Edgewood, and Lawnville. Bradbury is located across the Clinch River
- 5 miles to the south. Edgewood and Lawnville are located immediately west-northwest of
the Poplar Springs community (see Fig. 2.2). Agricultural use includes limited-scale private
gardening; raising of tobacco, corn, wheat, and soybeans as cash crops; raising of beef cattle;
and dairy farming. Some areas are also used for commercial logging.

Industrial land use includes Phyton Technologies, Inc.; Scientific Ecology Group (SEG);
and lT Corporation's Bear Creek Radiological Laboratory. SEG, Phyton, and the IT
Corporation laboratory are within 2 miles of the Y-12 Plant. Tennessee Valley Authority
(TVA) facilities, including the Melton Hill Dam, the Bull Run Steam Plant, and the Kingston
Steam Plant, are ali greater than 6 miles from the Y-12 Plant.

Recreational areas in close proximity to ORR include the Watts Bar Lake
Embayment/Clinch River waterway, which is used as a recreational area by both pleasure
boaters and fishermen; a number of small camping areas and boat launching ramps, one of
which is located only slightly more than a mile upstream of the K-25 Site; a small dirt-surface
racetrack located --4 miles south which attracts several thousand spectators during the racing
season; and a public swimming area 7 miles southeast at Melton Hill Dam. There are no
public recreational facilities, except the previously mentioned boat launching ramp, within
2 miles of ORR. Sport hunting of gamebirds and game animals occurs seasonally in the i_
region, and deer hunting is authorized on some parts of the ORR as a conservation measure.

The ORR lies within the corporate limits of the city of Oak Ridge. A buffer zone
surrounds each of these facilities to provide security, space for expansion, and isolation from
the general public. Tracts totalling about 5666 ha (14,000 acres) are allocated around
operating reactors, waste disposal areas, and streams that receive routine waste releases and
burial ground seepages. Acreage used for high-voltage transmission lines, pipelines,
transportation corridors, and security fences amounts to about 2023 ha (5000 acres) (DOE
1982).

About 80% of the ORR is part of a comprehensive forest management program that
divides the ORR into 27 compartments. These compartments range in size from 148 to
486 ha (365 to 1200 acres). Vegetational features unique to the area are excluded from
timber harvest operations, and 40 individual sites are designated for environmental research.

The Y-12 Plant is situated at the eastern end of the ORR, adjacent to the commercial
center of Oak Ridge and contains -800 acres. Land uses associated with the Y-12 Plant
facility include several waste storage or disposal areas, of which (1) a parcel of --61 ha
(150 acres) serves as a sanitary waste landfill for solid wastes; (2) ---26 ha (65 acres) located
west of the main plant is used as a :! _rial ground for low-level radioactively contaminated
solid wastes generated by the Y-12 Plant; and (3) - 1.6 ha (4 acres) is an abandoned quarry
formerly used as a disposal and dilution basin for selected nonradioactive chemical wastes,
primarily sodium, lithium, and potassium from Y-12 Plant operations.
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O 2.6 SURFACE WATER AND SEDIMENTS

2.6.1 Surface Water Network

Bear Creek flows southwestward from its headwaters at the S-3 Ponds for -4.5 miles,
where it then turns northward to flow into EFPC (Fig. 2.6). EFPC ultimately enters Poplar
Creek, which discharges to the Clinch River. The drainage area of Bear Creek at its
confluence with EFPC is 7.4 miles2. Altitudes of the land surface in the entire watershed of

Bear Creek range from 755 ft MSL to about 1200 ft MSL on Pine Ridge and Chestnut Ridge.

Bear Creek is fed by small tributaries originating on the slopes of Pine and Chestnut
Ridges, which border the valley, and by springs emanating mainly from the base of Chestnut
Ridge. The trellis type drainage pattern is strongly influenced by the underlying geologic
structure.

The headwaters of Bear Creek are characterized by a relatively steep-banked channel Cut

to a depth of about 5 ft or more into the silts and clays of the fill and unconsolidated
material. Bear Creek tributaries have been numbered, beginning with North Tributary 1
(NT-1) near the 5-3 Ponds. The total area of the Bear Creek Watershed above the point
where it crosses the Anderson/Roane County line slightly downstream of NT-8 is 1.57 miles2.
The area of the watershed at the National Pollutant Discharge Elimination System (NPDES)
station at Bear Creek Kilometer (BCK) 4.55 is about 4.2 miles2. The area of the flood-of-
record floodplain is 164 acres, with an average width of 169 ft.

2.6.2 Surface Water Hydrology

The hydrology of Bear Creek and its tributaries reflects the underlying geology of the
watershed. Mainstem Bear Creek above the U.S. Geological Survey (USGS) gauging station
at BCK-4.55 is characterized by reaches of stream where flow is lost to the solution-cavity
system (McCauley 1985a). A major losing reach is located between the Burial Grounds and
oil landfarm near BCK-10.41, and another is located just above BCK-4.70. Periods of zero
flow are common in Bear Creek near BCK-10.41 but occur less frequently at BCK-4.70
(Table 2.4). The north tributaries of Bear Creek above the SS-5 spring, especially NT-3,
NT-4, NT-5, and NT-6 (Fig. 2.7), drain portions of Pine Ridge; these streams are intermittent
and are usually dry during summer and early fall. The south tributaries, on the other hand,
originate as springs in the Knox Dolomite of Chestnut Ridge and are perennial streams.
There is evidence that springs receive at least some flow from the solution-cavity system,
although the precise outlets of the system are unknown (McCauley 1985a).

The characterization of surface water hydrology in Bear Creek Watershed is based on
weekly or continuous flow measurements at 10 main-stem stations and 15 tributaries.
Continuous USGS records of stream flow are available at BCK-4.55 (the NPDES site on
lower Bear Creek) since March 1985 and at BCK-6.24 and BCK-3.88 since September and
October 1986, respectively. The USGS has also monitored flows on two north tributaries
(NT-14 and NT-15) and an east tributary (ET-1) from October 1986 to December 1989
(Fig. 2.6 with flow monitoring on NT-14 only continuing. Stream flow measurements were
conducted weekly between March 19, 1984, and October 16, 1987, by staff in the ORNL
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Table 2.4. Mean, standard deviation (SD), and range of stream flows
in Bear Creek and selected m'bumrics, 1985-87"

Drain- 1985 ills) 1986 (L/s) 1987 (L/s)
age area ....

Site (km2) X. SD Range X SD Range X SD Range

BCK-12.46 0.43 0.76 0.54 0.08-2.6 0.71 0.85 0.06-5.1 1.53 3.82 0.06-20.7

BCK-11.64 1.57 7.4 6.8 1.13-26.3 7.9 12.7 0.28-67.7 10.2 19.5 0.0-118.4

BCK-11.17 1.91 9.1 9.1 0.3-34.0 11.9 22.1 0.0-124.0 18.4 59.8 0.0-388.0

BCK-10.41 2.81 9.6 12.7 0.0-51.5 13.3 28.3 0.0-160.3 20.4 70.5 0.0-456.0

BCK-9.53 3.92 13.6 16.4 1.1-63.4 16.4 36.2 0.0-217.5 23.2 68.5 0.0-436.7

BCK-9.41 b 4.07" 28.3 24.6 5.4-95.7 29.2 51.8 0.8-302.4 37.4 88.6 0.8-557.3

BCK-7.87 5.96 32.3 31.7 2.8-138.8 385 71.9 1.4-431.9 47.6 123.2 1.4-791.0

BCK-6.24d 8.29 NA" f 63.8 191.4 0.3.-2974

BCK-4.70 NA 46.2s 45.3 3.7-199.4 74.2 160.6 0.0-965.4 83.3 192.6 0.0-1186

BCK-4.55 d 11.03 103.9' 159.8 12.2-2237 106.0 227.6 6.5-2_36 110.9 232.9 5.4-2974

BCK-3.88_ 12.95 NA i 119.9 351.4 6.8-5579

Tributarie_

SS1 0.10 0.45 0.31 0.03-1.42 0.34 0.31 0.0-1.70 0.42 0.57 0.0-3.40

(BCK-1Z38y

SS2 NA NA 1 1.6 1.8 0.23-6.8

(BCK-11.68)

SS3 0.23 0.76 0.68 0.17-2.55 0.68 0.88 0.08-3.40 1.02 1.19 0.06-5.10

(BCK-11.67)

SS4 0.22 4.0 1.7 1.7-9.3 3.7 2.8 0.6-11.9 3.7 2.8 0.4-11.0

(BCK-10.14)
SS5 0.12 11.9 6.8 4.0-27.5 9.9 12.2 0.8.-63.2 10.2 10.8 0.8-45.0

(BCK-9.41)

NT14 '_ 0.78 4.0 4.2 0.6-18.1 5.1 11.6 0.03-74.2 7.6 19.8 0.31-124.6

(BCK-6.24) (5.3) i'm (19.5)°" (0.0-311.5) i'm

NT15 't 0.36 NA i 2.7 9.2 0.0-141.6

(BCK-5.32)

ETl d 0.36 NA i 2.2 6.9 0.0-102.0

(BCK-4.07)

"Flowswere measuredweeklyexceptat these USGS sites on lowerBear Creekwherestreamflow iamonitoredcontinuouslyand average
dailyvaluesare computed. Numberof samples (N') - 45 in 1985,47 in 1986,and 42 in 1987, =u:eptthe USGS sites and unlessnoted
otherwise.

'Tabularvaluesbaaedonsummation of flowsat BCK-9.53,NT8, and SS5(see Fig. 2.7).
"BCK-9.42(McMuter 1967).
*'USGSstation;tabulardata are basedon averagedailyvalues.
'NA - no data available.
IN - 98 in 1986andN - 365 in 1987.
*N - 40 in 1985 becausemonitoringwas initiatedon February21, 1985.
'N - 306 in 1985 becausemonitoringwas initiatedon March1, 1985. N =_365 in 1986 and N - 360 in 1987.
'N - 92 in 1986and N -_ 360 in 1987.
.'rributariesare namedsequentiallyfromthe headwatersof Bear Creek;NT andET denote rain-fedstreamsandSS denotesspring-fed

streSlnS.

tConfluence withBear Creekis given in parenthcsea.
aN- 6 in 1986.
"USGSdata in parentheses.
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Environmental Sciences Division (ESD) at 19 sites, ali but 3 of which were located in Bear
Creek Watershed at or above the SS-5 spring. Since November 1987, monitoring has been
conducted monthly. The flow measuring techniques utilized in the ESD program are
described in McCauley (1985a, Sect. 6.2.1).

Flow data collected on Bear Creek and selected tributaries from 1985 through 1987 by
both USGS and ESD personnel are summarized in Table 2.4. Because the ESD program was
primarily a hydrologic characterization of Bear Creek during low-flow periods, the increase
in the mean annual discharge observed from 1985 to 1987 at ali main-stem sites except
BCK-12.46 is probably spurious. High flows could not be accurately measured, and peak
flows could have been missed by the weekly sampling frequency. Moreover, the maximum
flow measured at ESD site BCK-4.70 was only 40% of that observed at USGS site BCK-4.55
in 1986 and 1987 and <10% in 1985. Although two large springs (SS-7 and SS-8) enter Bear
Creek between these two sites, their contribution to the flow at BCK-4.55 would not
significantly increase the annual maximum flow. The decrease in the annual minimum flow
observed between 1985 and 1987 was most likely real, reflecting the effects of an extended
drought.

2.6.3 Bear Creek Hydrograph

The 3-year hydrograph for lower Bear Creek at the NI'DES monitoring station
(BCK-4.55) was dominated by extensive periods of low flow in both 1986 and 1987 (Fig. 2.8).
In both years, the mean annual flow at BCK-4.55 (Table 2.4) was --50% of that estimated

O by McMaster (1967) for the period 1936-1960. From late July through October of 1986 and1987, mean daily flow was consistently below 10 L/s and contrasted sharply with 1985 when
stream flow never fell below 10 L/s. Minimum flows were always more than double the 7Q10
(i.e., the lowest mean discharge for 7 consecutive days with a recurrence interval of 10 years)
of 2.8 L/s, but in 1986 and 1987 flows were less than the estimated 702 of 8.5 L/s for this site
(McMaster 1967).

The occurrence of minimum flows at BCK-4.55 in excess of the 7Q 10 during a period of
severe drought can probably be attributed to the location of the site just below two large
springs (SS-7 and SS-8). Upstream at BCK-9.53, which is located just above the SS-5 spring,
the minimum flow was zero in both 1986 and 1987 compared with the estimated 7(}10 and
7Q2 for that site of 0.85 and 0.57 L/s, respectively (McMaster 1967). Because the flow rates
of springs are less variable than those of other tributaries, reaches of Bear Creek immediately
below these springs are less affected by extended periods of drought than other reaches not
in proximity to upstream springs.

Because of below normal precipitation during the study period, especially during the
period from November to April, the Bear Creek hydrograph exhibited infrequent periods of
high flow. There were eight major storms (i.e., greater than 5 cm of precipitation in a 24-h
period) during 1985-87, but only one had a recurrence interval greater than 1.5 years. The
maximum 24-h rainfall during this period occurred on August 16-17, 1985, when 10.9 cm of
rain was recorded at the Atmospheric Turbulence and Diffusion Laboratory (ATDL) station
in Oak Ridge (NOAA 1985, 1986, 1987). A storm of this magnitude has a recurrence interval

92-0431'/050493
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of 3 years (Sheppard 1974). Runoff from the August 1985 storm resulted in a peak flow
(2240 L/s) in Bear Creek that was similar to those observed in the winter and early spring,
when runoff is usually high because of minimal evapotranspiration. This peak in flow was
more than an order of magnitude greater than the peak flows that occurred during the
summer and fall of 1986 and 1987.

2.6.4 Impor_ of Spr,up

The numerous springs that originate on the north slope of Chestnut :"B.age are a
dominant feature of the hydrograph of upper Bear Creek, especially during drought periods.
At such times, most of the flow in the main-stem Bear Creek is contributed by springs. The
best example of the importance of these springs occurred in the fall of 1987, a time of low
precipitation (e.g., rainfall was 24% and 47% of normal in October and November,
respectively) that followed a period of extended drought. Four of the five flow-monitoring
stations on the main-stem Bear Creek above the SS-5 spring were dry (Fig. 2.7). The only
flow in th_ reach of stream was immediately below the SS-2, SS-3, and SS-4 springs and in
the headwa,.ers (BCK-12.46) below the S-3 Ponm.

The springs in v.pperBear Creek differ greatly in flow rate. Flow rates are highest in the
SS-5 spring at BCK-9.41 and iow_t in the SS-1 spring at BCK-12.38, where flow was
intermittent between late August and mid-October 1987. Several springs also occur
downstream of the SS-5 spring, and two of the largest (SS-7 and SS.8) are located less than
100 m above the USG$/NPDES monitoring r.tationat BCK-4.55. Although flow at this site

O was never zero, a section of stream at BCK-4.7Oimmediately above the SS-7 and SS-8 springswas periodically dry in both 1986 and 1987. Thus, springs in this limited section of Bear
Creck, like those in the 3-km reach above the SS-5 spring, provide a significant portion of the
flow in Bear Creek during periods of low rainfall.

Tnerm_ Charactemtics

Continuot,_ monitoring of water temperatures began in September 1985 at the SS-5
spring and three sites in Bear Creek located just above, immediately below, and 1.5 km below
the spring. In April 1987, two additional sites, BCK-11.98 and Grassy Creek, a reference
stream, were added to the monitoring program.

Springs are important in stabilizing flows, but they also influence the thermal res:me of
Bear Creek, especially the upper reaches where springs are numerous and flows are
intermittent in summer and early fall. The thermal chat-acteristics at a given site depend, in
part, on the proximity of springs. Mean temperatures at BCK-9.40 just below the SS-5 spring
were - 2-3 °C warmer in the winter and 4-8°C cooler in the summer than BCK-9.91 above
the spring (Fig. 2.7). The temperature differential between the two sites was greater in
summer than in winter because of the seasonal difference in flow and smaller effect of the

spring on main-stem flows in winter. Although BCK-9.91 is 250 m below the SS-4 spring, the
flow rate of this spring is only one-third that of the SS-5 spring. The thermal regime at
BCK-9.91 i5 nearly identical to that at BCK-7.87, --1.5 km below the SS-5 spring. These
comparisons indicate that the moderating effect of springs on mean temperatures in Bear
Creek is highly localized.
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The effect of springs on temperatureextremes, however, was more pronounced and
extendedover greaterdistances. The maximumtemperatureatBCK-9.91was 24.9°C, which
was similar to that at BCK-9.40 (23.4°C) but 6.7°C below the maximum observed at
BCK-7.87. Temperatures as highas 38°C were recordedat BCK-11.98duringa period of
near-zeroflow in Julyand August 1987. This site is not significantlyinfluenced by springs;
the nearest upstreamspringis SS-1, whichwas dry in late August 1987. Minimumwinter
temperatureswere higher at BCK-9.91than at BCK-7.87and, like the trend in maximum
temperatures, indicate a greater moderatingeffect on temperatureat BCK-9.91, the site
nearest a spring.

Springs have their greatest influence on stream temperaturesduring periods of low
rainfall in summer and fall Both the mean and maximumtemperatures in August 1987
exceeded those in JuneandJulyat BCK-9.91and BCK-7.87. At BCK-9.40,however,August
temperatureswere actuallylowerthan those observed in the two previousmonths. Rainfall
for August 1987 totaled only 3.2 cm in the Bear Creek Burial Grounds (51% of normalat
the Oak Ridge site), and no precipitationoccurredon 22 consecutivedays before August2.
Thus, the importanceof springsin moderatingthe effects of elevated stream temperatures
caused by decreased stream flow during a drough: is directlyrelated to the severity of the
drought.

2.6.6 General Sediment Description

The substratematerials of Bear Creek vary considerablyamongseveral general types,
includingrock ledges, sand/gravelbars,induratedcohesiveclay, flocculent precipitates/clays,
and mixturesof these types. In most areas the creek is stable to degradationaiwith respect
to net sediment accumulation.The supplyof sediment fromuplandareasand the floodplain
is smallwith respect to the abilityof streamflow to exportsediment from the watershed. A
highpercentage of forest cover andstabilizationof bankdepositsby riparianvegetationlimit
significant soil erosion during peak stream flows. Thus the most voluminous sediment
deposits tend to be fairly coarse-grained, the finer material having been winnowed and
exportedout of the watershed. Between high flow events, fine-grainedsedimentdepositsdo
accumulatein low-energyenvironments(pools, leewardof obstacles, insideof bends) in the
creel These deposits are typicallysiltysands or sandysilts, withsmalland variableamounts
of graveland clay. Figure2.9 exhibit_sedimentsize distributionsfor severallocationson Bear
Creek. These distributionsweremeasuredon sampi,_ collectedfor chemicalanalysisan,_may
be biased in favorof fine particles.

Although no mineralogicalinvestigationshave been conductedon BearCreek sediment,
such investigationscarriedout on streamsflowing overrocksand soilsderived fromthe Knox,
Conasauga, and Rome Groups have reported illite, quartz, and feldspar,with minoramounts
of hematite and hydrousmanganese oxides. Common clay minerals include kaolinite, mica,
vermiculite,hydroxy-interlayeredvermiculite, and gibbsite. White to yellowish-whiteprecipi-
tates occur in the upper reaches (above BCK-11.83)and are presumed to be amorphous
aluminum hydroxideresulting from the neutralization of acidic groundwater that originates
from the plume of the formerS-3 Ponds (Turner and Kamp 1984).
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2.7GROUNDWATER

The hydrologic regime underlying BCV has two major components, regional flow
component andlocal flowcomponent.In general,a groundwaterflowcomponentof regional
scale is defined by relativelydeep circulationthat is independent of local topographyand
small-scale surface water systems. The regional flow system underlyingBCV is virtually
undefined because of the limited numberof deep wells that are available and have been
included in past characterizationstudies. Currently,the only hint to the depth at which
regionallycontrolled groundwaterflow may predominatecomes from examinationof a few
scattered chemicalanalysesthat have been obtainedin the deep wells. Forexample, see the
partialanalysespresented in Oeraghty& Miller(1988a and b) for wells GW-117, -118,-119,
-123, and -125. These and moreextensive, but as yet unpublished,analysesshow thatbelow
depthsof - 500 ft the groundwaterappears to becomemorehighlymineralizedwithsodium,
chloride, and sulfate than the relativelydilute, shallowgroundwaterstypicalof this region.
The nature of anyinteractionbetween the compositionailydistinguishableshallowand deep
groundwatersbeneath BCV is unknown at this timebut probablyis limited.

The local flow component includes groundwatercontained within the unconsolidated
weathered residuumand the upper partof the underlyingbedrock.Groundwaterflowwithin
thishydrologiccomponent is stronglyinfluencedbytopographyandsurfacedrainagepatterns.
Hydrologic investigationsreported by Geraghty & Miller (1988a) show that the surface-
drainage divide that separates EFPC from Bear Creek near the S-3 Ponds also is a
groundwaterdividethat definesthe easternboundaryof the shallowBCV hydrologicsystem
(Fig. 2.10).

Results of numerousstudies(e.g., Oeraghty& Miller1988b;BaileyandLee 1991)within
BCV and along its bounding ridges demonstrate that rechargeof this flow component occurs
along the ridges through infiltration of precipitation. Groundwater flow paths typicallyare
directed away from the bounding ridges and generally follow the topography, converging
within the valley in the vicinityof Bear Creek. Figure 2.11presents a generalizedcross-section
of BCV that illustratesthe idealized subsurface flow of groundwater described above. Inthe
zone underlying Bear Creek, the direction of groundwater flowis southwest along the valley
axis. These results are consistent with those obtained in other regions of BCV.

Flow withinthe shallowgroundwatercomponent,while dominatedbythe topographyof
the drainage system, is stronglyinfluenced by structuralproperties of the bedrock. For
example, several recent studieshave investigatedthe fracturesin bedrockmhterialobtained
from coreholes along a transectacrossBCC near the head of Bear Creek (Lutz and Dreier
1988).These studiesdemonstratethatseveralmajorfracturesets exist,dominatedbya strike-
parallel set. The results of these studies provide reasonableconfu'mationfor observations
from a pumping test performed in this area which showed that hydraulic properties of
bedrockare not isotropic(Geraghty& Miller 1987).Rather,hydraulicconductivityvaluesin
the strike-paralleldirection are at least several times larger than in any other direction.
Anisotropy in hydraulicproperties means that the directionof groundwater flow deviates
somewhat from that predicted by the potentiometriccontours such as those presented in
Fig. 2.10.
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In addition to small-scale deformation features such as the fracture sets discussed above,
it is probable that large-scale features, including fracture zones and faults, exist in BCV and
influence groundwater flow. The nearly parallel southerly flow of most tributaries draining the
southern slope of Pine Ridge is one example of the type of surface expression anticipated
from parallel fracture zones. At present, the identity of these structural features and their
potential for affecting groundwater flow paths, contaminant migration, and the interaction
between shallow and deep hydrologic components are unknown.

In the vicinity of Bear Creek the interaction between the creek and the shallow
groundwater component has not been systematically investigated. It is believed that an
extensive network of solution channels within the MaynardviUeLimestone that underlies Bear
Creek makes it an efficient drain for the local groundwater component and is the principal
cause for the existence of losing reaches along the length of the stream. The results of a
recent tracer study (Geraghty & Miller 1989a) clearly demonstrate that some spring discharge
is composed of water that enters the groundwater in an upstream losing reach.

2.8 UNIT DESCRIFIION

2.8.1 Geographic Information

OU 2 is located in BCC in Anderson County -0.4 miles west of the Y-12 Plant on Old
Bear Creek Road (Fig. 2.12).

Z&2 _und Information

The Oak Ridge Y-12 Plant was built by the U.S. Army Corps of Engineers in 1943 as
part of the Manhattan Project. The original mission of the Plant was to separate the
fissionable isotope of uranium (235U) using an electromagnetic separation process. After
World War II, this process was discontinued in favor of a more economical gv_e_,,_ ._ffusion
process conducted at the nearby Oak Ridge K-25 Site (Welch 1989a).

Since the early years, the Y-12 Plant has developed into a highly sophisticated manu-
facturing anddevelopmental engineering facility. Current manufacturing activities at the Y-12
Plant include chemical processing of lithium and uranium compounds, and precision fabrica-
tion of components from lithium compounds, uranium, and many other materials. In support
of these activities, areas were needed for disposal of uncontaminated fill and construction
debris (RSA and SA-1) and for the temporary storage of equipment (SY-200 Yard).

OU 2 is composed of the RSA, the SA-1, and the SY-200 Yard.

2.&3 Operational Information

The following subsections contain descriptions of the wastes managed in each OU as well
as information about their generation, disposal methods, and any subsequent treatment or
cleanup activities at the OU. Where monitoring data have been obtained which are site-
specific to an OU, those results are also included.
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2.8.3.1 Rust Spoil Area

Rust Engineering, formerly a DOE prime contractor, conducted various renovation,
maintenance, and construction operations at the Y-12 Plant. Solid waste (spoil material)
generated during these operations was disposed of in an area on ORR known as the RSA.
The RSA was operated from 1975 to 1983. The 5.4-acre site measures - 300 by 900 ft in area
(Welch 1989c). A walkdown by Energy Systems/SAIC staff showed the RSA to be either
vegetated or graveled. Equipment at the site was segregated into lots for storage.

The RSA was operated as a dump with periodic grading (typically once a month) to
promote positive drainage. Dumping progressed northward from Old Bear Creek Road. As
dumping occurred, the natural topography was elevated and a portion of the Bear Creek
Channel was filled. Eventually, the stream channel course was relocated to the north to
compensate for the outslope progression. Based on a review of maps depicting the topography
before and after the disposal operations, it is estimated that less than 100,000 yds of
construction debris and spoil were disposed of at the site. The spoil material apparently was
not covered with soil. Because routine compaction of the soil was not intended but occurred
only as grading took place, it is likely that the compaction operations at the site were
somewhat deficient.

The RH plan for this SWMU (Welch 1987b) indicates that no formal design plans were
developed for the disposal area and that no detailed disposal records are available for the
wastes disposed of there. The bulk of the waste is reported to consist of demolition debris,
including soil, masonry materials, and metal (steel rebar in concrete). The RFI plan also
indicated the possibility that minor amounts of solvent-contaminated material, and material
containing asbestos, mercury, and uranium, may have been disposed of in this area.

Site closure activities began in the fall of 1983 with the preparation of the site's closure
plan. The plan called for grading and shaping the existing flU,capping the entire fill areawith
a minimum of 2 ft of soil, and establishing vegetative growth over ali the disturbed areas. The
specifications of the capping plan called for a minimum of 1.5 ft of compacted clay and 0.5 ft
of topsoil to be placed over the site. The clay layer would be compacted in maximum 8-in.
lifts. Closure began in late 1983 and was completed in mid-1984 (Welch 1987b).

2.832 Spoil Area 1

SA-1 is located west of the Y-12 Plant on Old Bear Creek Road near the junction with
West Patrol Road (Fig. 2.12). Various renovation, maintenance, and construction operations
at the Y-12 Plant produced construction debris that included concrete, asphalt, brick, brush,
rock, and tile. Solid waste (spoil material) generated during these operations has been
dislX_:ed of in SA-1 since about 1980, but the RFI plan for this SWMU (Welch 1989b)
indicates that no detailed disposal records are available. The site is -- 5 acres. Since 1985, SA-
1 has had a permit from TDEC as a landfill for rubble and noncombustible, nonputrescible
solid waste. It is estimated that roughly 100,000 yds of nonuranium-contaminated construction
debris had been disposed of at the site (Welch 1989b). The waste was determined to be
nonradioactively contaminated according to health physics requirements established for the
Y-12 Plant, although construction material disposed of in this area may have contained minor
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amounts of asbestos, mercury, beryllium, uranium, thorium, and other contaminants, according
to the RFI plan.

' Soil borings were completed in September 1990 at various locations within SA-1.
Subsurface soil samples were collected and analyzed for metals, organics, and selected
radiologicals (see Appendix C).

2.83.3 SY-200 Yard

From the 1950s to 1986, the SY-200 Yard was operated as an aboveground "hold for
future use" storage area. The site was surrounded by a 6-ft fence with gate access. During
operation there were no underground utilities or piping at the site. The Y-12 Plant operations
divisions that used the yard included the Assembly Division, Engineering Technology Division,
Metal Preparation Division, and ORNL Fusion Energy Division. Items stored at the site were
segregated with respect to ownership by the various operating divisions using the yard.

Fill soil was placed in the SY-200 area in the 1950s, and there are no records of the
sources of this soil fill. Similarly, there are no detailed records available on the items that
were stored and removed during the early operational period of the SY-200 Yard. Ali items
stored at the site were removed by September 1986 to prepare the area as the future site for
an Environmental Support Facility (ESF) to include a maintenance shop, office complex,
tanker terminal, and security portal. Before removal, ali items stored at the site were surveyed
by the Y-12 Plant Health Physics Department (HPD) and flagged for proper disposal and
handling. Construction of the ESF was temporarily postponed due to the presence of mercury
and asbestos in some of the excavated soils. Table 2.5 summarizes an inventory of items
removed from the site before closure in 1986. This inventory is based on available records and
discussions with Y-12 Plant personnel.

The SY-200 Yard area remained unused until ESF construction activities were initiated
in December 1988. At that time, the fence surrounding the SY-200 Yard was removed and
a larger one encompassing ali proposed F.SF operations was erected. The planned
construction of the F.SF building and support facilities is shown on Fig. 2.13.

During construction of the ESF building foundation, the top 6 in. of gravel and soil were
removed and stored in the southwest corner of the site. Excavation for the building
foundation progressed until -8 ft of fill material was removed and bermed along the north
and east corners of the excavation. Because no natural soils were encountered during the
excavation, construction activities ceased for evaluation of engineering designs. Construction
activities resumed in September 1989, when the top 6 in. of soil that had been removed in
December 1988 was spread and graded over the bottom of the excavation. A silt fence was
placed along Bear Creek to intercept runoff and eroded soils. In light of the RFI process,
construction of the ESF on the SY-200 Yard site has ceased. In early 1990, the material
bermed along the north and east comers of the F.SF excavation was placed back in the
excavated area and covered with about 5 ft of clean borrow material. The ESF is currently
under construction immediately south of Old Bear Creek Road. Old Bear Creek Road is
being moved north -75 ft to make room for the ESF parking area. This will place the new
location of the road across the southern part of the SY-200 Yard.

Q
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Table2.5.Summavj of 1986inventoryattheSY-200Yard O
illl

Rubber-Lined Steel Tank Pit Furnace Hearth

Nickel Plating Tank Work Roll Bearings

Caustic Exhaust Fan Plate Lifting Arms

Plating Tank Liner Shaft Heat Treat Fixture

Head Tank F5000-7 Drive and Sleeve Set

Plating Tanks Vacuum Tank for DCX2

Waste Storage Tank Transformers (five)

Ni Strip Fix K25 Gas DF Radiators for Power Supply

Handling FXT for Bells Lead Shielding Plates

Tank BRK LND 12 x 15 x 8 Deep Aluminum Plate and Buss

Tank 13 Rg: BOTM Cooling Fins (12 crates)

Fiberglass Tank Liner CRBRP Demineralizer

31D1A × 30 length Exhaust Fan CRBRP Chemical Feed Equipment

Support Tanks Lube Oil Cooler

Duct F..xt48-diam Fiberglass Bullard Hood

El0 Pipe 4 for Lindberg Converxor Roller

Flange Lindberg Furnace High Rise Rack with Shelving

Retort Hold Furnace Cover Hardware for Shelving

E-K Evaporator Parts Well Cabinets

TurbaFilm Evaporator Parts Well Positioner

100-gal. Tank Table Statedwith Racks

6.in. Stainless Steel Piping Braces for Racks

B-1 col. Dissolver Parts (13) Bed Plate

DPU Retort Loading Frames

Steam Coil for F6005 48 x 48 x 60 Steel Tank

Nitric Acid Still Railroad Ties

Table Roll Parts Blocks

Used Table Roll Bricks

Backup Roll Lift Fixture Fencing Material

Strip Pallets

Source: Perkins 1989.

92-043P/072392



2-33

2.8.4 Releases

The RSA and SA-1 were used as disposal areas for solid waste (spoil material) generated
from various renovations, maintenance, and construction operations at the Y-12 Plant.
Although no detailed records are available, the bulk of disposed spoil material consisted of
(1) soil, (2) masonry materials (i.e., brick and concrete), and (3) metal (i.e., steel and rebar).
A portion of the demolition debris was packaged and disposed of at RSA in open-top metal
containers. These containers were determined to be nonradioactively contaminated, according
to health physics requirements established for the Y-12 Plant. Discussions with Y-12 Plant
personnel indicated the possibility that small quantities of solvent-contaminated material and
material containing asbestos, mercury,and uranium may have been disposed of in these areas.
However, existing administrative andother established in-plant controls prevented the disposal
of significant amounts of chemicals, wastes, or contaminated material at the sites. Storage of
materials at SY-200 may have resulted in minor releases of mercury, lead, and PCBs to thesurface soils.

2,9 EXISTING DATA

Existing characterization and monitoring data relevant to OU 2 have been collected in
conjunction with sitewide studies of the Bear Creek Hydrogeological Regime (surface water,
groundwater, biomonitoring) as well as site-specific sampling programs (groundwater, soil
chemistry). In the following discussions, site data are often compared to reference values.
Reference values are used in the absence of site-specific background values. Reference
values often represent concentrations observed in the media from areas of east Tennessee
beyond the influence of the Oak Ridge facilities; however, differences in similar geologic
formations and the soils developed on them have not been examined in detail.

2,9.1 Surface Water Data

In April 1984, a program of weekly streamflow measurements was initiated by Energy
Systems at 14 sites along Bear Creek and its tributaries. The streamflow network currently
consists of 8 stations (Fig. 2.14), with the farthest downstream site located at an NPDES weir
(BCK-4.55). The highest flows in Bear Creek generally occur in the spring, the period of
greatest precipitation. Low flows occur in the late summer and early fall, when several
tributaries go dry and ali or part of the main channel is dry as far downstream as station
BCK-9.53. After periods of rainfall, the first several hundred feet of the channel may contain
water from surface runoff, but at other times the channel remains dry upstream of the SY-200
Yard.

Energy Systems and USGS are operating recording gauges at the NPDES weir
(BCK-4.55). The estimated flow at this point on Bear Creek is -7.3 ft3/s (McMaster 1967).
This value may be taken as an estimate of the total outflow from the Bear Creek Watershed
at its exit point through Pine Ridge.

In addition to streamflow measurements, monitoring of water chemistry was initiated in
1983 and has continued as part of the Y-12 Plant environmental surveillance efforts. The

analyses performed have included both inorganic and organic contaminants and have typically
been fairly comprehensive, including one sampling and analysis event for hazardous
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O constituents listed Appendix of Federal Regulations, Title 40, Part 264.in IX of Code Results

of these analyses suggest that total dissolved solids, nitrate, uranium, aluminum, and cadmium
have been the chief contaminants warranting health and ecological concern. The concentra-
tions of ali these contaminants decrease downstream from the headwaters near the S-3 Ponds,
suggesting that the primary release to surface water is related to this site. The occurrence
of these contaminants in several springs, which seem to sustain flow in parts of Bear Creek
during dry periods, appears to result from recharge of shallow groundwater by Bear Creek
upstream of these springs and the s_:bsequent discharge of this shallow groundwater back into
Bear Creek. If this interpretation is correct, corrective measures applied at the S-3 Ponds
should continue to reduce both surface water and shallow groundwater contamination in
upper Bear Creek.

Stream water quality data have been collected at BCK-12.4 and BCK-11.97 (Fig. 2.14)
where, due to decreau_ flow from the S-3 Ponds, BCK-11.97 has been proposed as the
permanent monitoring station to replace BCK-12.4. The 1990 monitoring results for some
metals and nitrate that are characteristic of groundwater contamination in OU 2 for the two
,.urface water sites are summarized in Table 2.6.

Table 2.6. 1993 semmmyof surfacewsur mnoentmtiom from
rumplingstatiom BCX-IZ4 and 11.97"

0,VL)

Maximum
contaminant

Analyte BCK-12.4 BCK-11.97 level

Barium 76.4 481 1000

Boron 63 50

Cadmium b 10

Chromium 50

Copper 1300_

Lead 50

Mercury 2

Nickel 44 100_

Strontium 422 714

Uranium 512 211

Zinc 5000d

Nitrate 31,400 150,100 10,000

Source: Energy Systems 1991.
•Average values for ana',ytes found in OU 2 grou_ter samples.
bAverage coacentration was be! x the detection limit.
q'ropmed.
'Seco_t_ revel

@
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Elevated concentrations of nitrate are characteristic of the S-3 Pond source area and
exceed the Safe Drinking Water Act (SDWA) maximum contaminant level (MCL) at both
surface water sampling locations. None of the metals exceeds its MCL Surface water
quality, as measured by nitrate and uranium concentrations, has improved over time
(Fig. 2.15) as the S-3 source has diminished.

2.9.2 Groundwater Data

Groundwater monitoring is conducted in the Bear Creek Hydrogeological Regime as part
of a Y-12 program of groundwater assessment monitoring. The regional groundwater flow
system has been described in SecL 2.7. Site-specific data on both the groundwater flow
system and the groundwater quality are discussed in the following paragraphs.

2.9.2.1 Rust Spo_ Area

Groundwater monitoring wells at RSA are illustrated in Fig. 2.16. Water-level fluctua-
tions in the wells completed in the unconsolidated zone (GW-307, GW-308, GW-310,
GW-311, and GW-312) parallel those changes seen in the wells that were completed in the
MaynardviUeLimestone (GW-306 and GW-309). This is consistent with observations made
in other monitoring well networks in the valley and supports the concept that the
unconsolidated zone and the upper sections of the bedrock can be considered as one
interconnected aquifer (Welch 1989c).

The lowest water levels seem to occur in the summer months and possibly continue
dropping into the fall, with the highest levels occurring in late winter and spring. These
fluctuations are due to the seasonal variations in precipitation and evapotranspiration.

The groundwater flow patterns in BCV have been studied over the past 10 to 15 years
(Welch 1989c). The general pattern is one in which water infiltrating into the ground from
precipitation ultimately moves toward the lowest elevation, Bear Creek, andis discharged into
the creek as springs and seeps or may be discharged to a series of solution cavities in the
MaynardviUeLimestone (Welch 1989c). In the low-lying areas of the valley, heads in deeper
wells (50 to 150 ft) are higher than heads in shallower wells. This supports the concept of
an upward flow component in the valley bottom. The resulting discharge of groundwater
sustains the flow in lower reaches of Bear Creek and, at times of low or no surface water flow
in the upper reaches of Bear Creek, the groundwater moves through the solution cavities
under the creek. Some water from the solution cavity system is discharged farther
downstream in Bear Creek (Welch 1989c).

A map of the general groundwater flow paths at the RSA (based on 1989 data) is shown
in Fig. 2.17. Groundwater elevations from monitoring wells indicate that the direction of flow
in the shallow aquifer system parallels the creek and pr_ down the valley to the west.
However, these elevations may only indicate the general direction of groundwater flow. The
aquifer underlying the RSA is anisotropic, and localized flow paths may occur because of
joints, fractures, and solution cavities in the Maynardville Limestone.
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The groundwater flow pattern at the RSA is further complicated by the fact that the area
is bordered by Bear Creek and the SS-1 spring. Because of operations at RSA, the original
creek channel was filled, and Bear Creek was rerouted to the north. The old channel may
still act to influence drainage in the area. Data from stream gauging stations located along
Bear Creek indicate that, during times of high surface water discharge, Bear Creek is a
gaining (effluent) stream. However, during periods of low water discharge, at least some
reaches of Bear Creek act as a losing (influent) stream (Welch 1989c). Analysis of water
levels in shallow monitoring wells along Bear Creek indicates that the portion of Bear Creek
located adjacent to the RSA is a gaining (effluent) stream (Turner et al. 1988).

The monitoring well network at the RSA has been sampled quarterly since February
1988, and the groundwater quality results for 1990 are summarized in Table 2.7.

The results of the analyses indicated elevated concentrations of radioactivity, nitrate,
chloride, sulfate, and volatile organic compounds (VOCs). Heavy metals, polychlorinated
biphenyls (PCBs), pesticides, and herbicides did not appear to show elevated concentrations
or were below detection limits.

Individual quarterly analyses for alpha activity indicated that wells GW-309 and GW-312
exceeded 15 pCi/L but that the semiannual average of the analysis was well below the
15 pCi/L drinking water standard (Welch 1989c).

The results for individual quarters show that the beta activity standard of 50 pCi/L
(Welch 1989c) was exceeded in ali wells except GW-308 and that wells GW-309 and GW-312

O had high values of 2102 and 403 pCi/L, respectively. The semiannual average indicated thatmonitoring wells GW-306, GW-309, GW-310, and GW-312 exceeded 50 pCi/L. These results
suggest that some contamination from radionuclides has occurred.

Average uranium levels in the wells at the RSA were below 2 ttg/L The elevated levels
of alpha and beta activity and uranium may be caused by the RSA but may be due to the
influence of other sources such as the upgradient S-3 Ponds.

The average concentrations of chloride, nitrate, and sulfate are above reference levels
of less than 5 mg/L, 0.1 mg/L, and 5 mg/L, respectively, in ali the RSA wells except GW-311
and GW-312, which were only above background for nitrate. Ali chloride concentrations
were below the applicable standard of 250 mg/L (Rogers et al. 1989). Sulfate concentrations
are elevated but still below the applicable standard of 250 mg/L (Welch 1989c).

Elevated concentrations of nitrate are characteristic of the BCV headwaters. The nitrate
applicable standard of 10 mg/L (Welch 1989c) was exceeded in ali wells except GW-311 and
GW-312. The history of the RSA does not suggest that nitrates in any form were disposed
of here. The source of the nitrates is most likely the S-3 Ponds. The findings confirm the
presence of a plume emanating from the S-3 Ponds and migrating down the valley which
extends at least 2000 ft from the ponds. The nitrates found in the groundwater may be the
direct result of groundwater flow or influent surface water/groundwater interaction of
contaminated water from Bear Creek. It is probable that both transport mechanisms have
contributed to the elevated nitrate concentrations in the wells completed in the
unconsolidated and the bedrock zones.
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Table 2.7. RSA--1990 average groundwater conceatratioa_
inept when:noted)

_ Analyte GW-306 b GW-307 GW-308 GW-309 GW-310 GW-311 GW-312

Barium 46 87 95 46 96 18 41

Boron 300 260 38 370 160 260 250

Cadmium c 2

Chromium 62 34 34

Copper 11 30 38 3.6 8.6 7.8 9.3

Lead 30 50 22 50

Mercury 0.2 0.2

Nickel 13 19 16 15

Strontium 180 270 320 420 330 70 580

Uranium 1 1 2 2 0.9 0.8

Zinc 18 40 44 9 12 15 34

Chloride 17,800 35,500 31,200 34,000 32,500 3,750 1,000

Nitrate 11,000 17,800 15,000 17,800 23,000 750 280

Sulfate 36,000 91,500 13,100 64,700 68,000 4,250 2,750

1,2-DCE 12.6 20.2 16.8 16.8 19.2

PCE 1.75 1.5 1.8 2.4

TCA 2.4 2.5 2.2

TCE 75 55.5 37 19.7 27.2 33.5 57.5

Gross alpha, 2.64 5.33 5.57 2.38 3.50 1.25 1.36
pCt/L

Gross beta, 26.7 49.0 40.5 49.9 61.9 2.36 21.4
pCt/L

aAveragevalues forquarterlysampleswitha minimumof two analysesabovedetection limit. Values below
detectionlimitwere treatedas one-halfthe detection limit.

bGroundwaterwell designation.
CAnalytenot detected abovereference more thanonce duringthe year.
Source: HSW (1991).

O
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The results of VOC analyses, summarized in Table 2.7, indicate that the RSA may be a
source area for trichloroethene (TCE), trans-l,2-dichloroethene (1,2-DCE), and to a lesser
extent trichloroethane (TCA) and tetrachloroethene (perchloroethene or PCE). TCE
concentration ex_ed the applicable standard of 5 ;tg/L in ali wells. The downgradient
monitoring wells GW-306, GW-307, and GW-312 at the RSA show the highest average
concentrations of TCE.

2.9.2.2 SY-200 Yard

There are no groundwater monitor wells at the SY-200 Yard. Groundwater east and
west of the site has been monitored since 1986 in accordance with RCRA assessment
monitoring at 2"SDunits.

The SY-200 Yard is located --700 ft southwest of the S-3 Site. The RSA and the Oil
Landfarm are located about 600 and 2000 ft, respectively, west of the SY-200 Yard. Based
upon data presented in the 1988 Groundwater Quality Assessment Reports for the S-3 Site
and the Oil Landfarm (Geraghty & Miller, Inc. 1989b and 1989(:),groundwater contamination
is present in the vicinity of the SY-200 Yard, the RSA, and the Oil Landfarm. Data suggest
that a VOC plume beneath the RSA has intermingled with the VOC plume from the Oil
Landfarm. In addition, groundwater monitoring data for BCV indicate that a nitrate plume
originating at the S-3 Site has migrated into the Maynardville Limestone underlying the
SY-200 Yard and extends as far west as the Oil Landfarm. Details on the groundwater
quality east and west of the SY-200 Yard are presented in the above-referenced reports.

2.9.7.3 Spoil Area 1

The monitoring well network at SA-1, which includes wells GW-313 through GW-317 and
GW-323 (see Fig. 2.18), has been sampled quarterly since February 1988.

The 1988 groundwater results for SA-1 wells were summarized in the RFI plan for SA-1
(Welch 1989b). Results indicated elevated concentrations of radioactivity, total coliform
bacteria, total organic carbon, total organic halides, iron, and nitrate. PCBs, pesticides, and
herbicides were below detection limits.

The 1989 results for SA-1 wells were reported in a summary document (Geraghty &
Miller 1990b) that assesses the groundwater quality for the Bear Creek Hydrogeologic
Regime. However, this document has limited information on SA-1 wells because only
GW-317 was sampled in the 1989 sampling campaign and only for the first two quarters of
1989.

The 1990 groundwater results are summarized in the latest valleywide groundwater
quality assessment report (HSW 1991). The discussion in this section is based on those
results, which are summarized in Table 2.8.
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Table 2.8. SA-1 1990 average groundwater mncentrations"
O,g/L, wheremtea)

Analyte GW-313 b GW-314 GW-315 GW-316 GW-317 GW-323

Barium 23 39 47 37 16 34

Boron 10 30 22 13 23 16

Cadmium c 3

Copper 9 6 5 7 8

Lead 28 3 6

Strontium 78 93 141 39 45 21

Uranium 1 0.7

Zinc 8 9 10 32 12 13

Chloride 2,000 4,600 6,800 2,000 880 1,000

Nitrate 900 10,800 16,000 400 180

Sulfate 2,600 6,200 11,200 2,600 7,000 2,000

I'2-DCE 7.5 11.7 26.6

PCE 8.6 13.3 33.3

O TCE 4.7 5.7 13.5
Gross alpha, 0.30 1.00 1.30 1.01 0.38 1.14
pCi/L

Gross beta, 3.12 32.3 54.9 2.54 3.01 1.80
pCi/L

aAveragevalues forquarterlysampleswitha minimumof two analysesabove detectionlimit. Values
belowdetectionlimitwere treatedas one.half the detectionlimit.
bOroundwaterwell designation.
CAnalytenot detected abovereference more than once duringthe year.
Source: HSW 1991.

Organic compounds in the SA-1 groundwater. Table 2.8 summarizes the detections of
VOCs from the 1990 sampling events from the monitoring wells at SA-1. No semivolatile
organic compounds, pesticides, PCBs, or herbicides were detected. Phthalate detections were

not considered further because detection of these compounds were determined to be false
positives through the use of a screening procedure developed by EPA (EPA 1988b), and
these chemicals have not been used at the Y-12 Plant. In addition, concentrations of
methylene chloride, acetone, and toluene were not considered further because of similar
screening criteria (EPA 1988b).

The upgradient wells for SA-1 are GW-316, GW-317, and GW-323. The other wells,
GW-313, GW-314, and GW-315, are positioned down slope near the center of the site. In
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comparing these two groups of upgradient and on-site wells, the on-site wells have ali of the
detections of organic constituents. This observation suggests a slight degradation of water

: quality in a direction downgradient across the site.

Of the compounds listed in Table 2.8, promulgated MCI.s are available for TCE (5/zg/L);
PCE (5/_g/L); and the degradation product 1,2-DCE (0.07 mg/L for cis-l,2,dichloroethene
and 0.I mg/L for trans-l,2,dichloroethene). TCE and PCE exceeded their respective MCLs
in the on-site wells 0W-314 and GW-315. The PCE concentration in well GW-313 exceeded
the MCL. The dichloroethenes did not exceed their MCL in any weil.

No available data directly tie the soil to the groundwater as a source for the VOC
contaminants found in the groundwater. For example, TCE was found in groundwater
samples collected from SA-I wells, but TCE was not found in any of the soil samples
collected from the site and was not _nown to be disposed of at SA-I. However, TCE is a
component of the VOC groundwater plumes documented in upper BCV (HSW 1991). The
primary VOCs found in plumes emanating throughout the Bear Creek Hydrogcologic Regime
include TCE, PC'E, 1,2-DCE, l,l,l-trichloroethane (I,I,I-TCA), and l,l-dichloroethane
(1,I-DCA). The extended plumes may be the reason for the slight degradation across the site
if these contaminants have reached the on-site wells but not the upgradient wells.

Two potential sources of the VOC groundwater contamination at SA-I are the former
Fire Training Area (FTA) and the S-3 Ponds (see Fig. 2.12). The FTA, located about 450 ft
east of SA-I in the UEFPC Hydrogeologic Regime, has significant (>I rag/L) VOC
contamination detected in samples from on-site wells. The S-3 site, located --500 fi north
of SA-I, is considered to be the primary source of nitrates, metals, and radionuclides in the
Bear Creek Hydrogeologic Regime and may also be one of the contributors of VOC
contamination found in SA-I groundwater.

Contaminant plume maps (HSW 1991) indicate that contamination from the S-3 Ponds
and other nearby sites within the Y-12 Plant intersect the northern half of the SA-I. The
existence of these plumes at SA-I is supported by valleywide piezometric surface maps, which
indicate that groundwater at the S-3 Ponds flows toward the northern edge of SA-I and then
turns westward down BCV (HSW 1991). Site-specific groundwater elevation data collected
as part of a recent investigation indicate that flow at SA-I is generally down Chestnut Ridge
toward the center of BCV (see Fig. 2.18). Under these conditions, contamination from the
S-3 Ponds and other nearby Y-12 Plant sites is not likely to be migrating onto SA-I.
However, the Karstic nature of the Maynardville Limestone, the likely conduit for S-3 Pond
contaminants, makes predictions based on potentiometric surfaces tenuous.

This anamoly in flow direction is perhaps the result of short-term fluctuations in
groundwater elevations. An additional consideration is that until 1984, the S-3 Ponds served
as a local groundwater recharge basin and affected local groundwater gradients (Geraghty &
Miller 1989b). Thus, groundwater flow directions during operation of the S-3 Ponds may
have been different from today's directions. Based on this observation and the existence of
the documented contaminant plumes, groundwater flow (and associated contamination) from
the S-3 Ponds and other nearby Y-12 Plant sites may have reached SA-I at some time in the
past.

@
92-043P/072392



2-45

Accordingto HSW(1991), the followingsupportingevidence linksthe FTA, ratherthan
the S-3 Ponds, to SA-1 as the principalsource of VOC groundwatercontamination:

• The typesand relativepercentagesof the VOCs detected in groundwatersamples
from the VIA are similarto those reported for SA-1 groundwatersamples.

',

• 1,2-DCE was found in both SA-1 and FTA samples but not in samples fromwells
located in the immediatevicinityof the S-3 Ponds.

• Both SA-1 and the FTA sites overliethe MaynardvilleLimestone in the watertable
"saddle" between the Bear Creek and UEFPC Hydrogeologic Regimes. Past
variationsin the water table may have enabledflow from the FTA to SA-1.

Inorganias in SA-1 groundsmte_. Principal metal contaminants in the Bear Creek
Hydrogeologic Regime are barium, cadmium,chromium,lead, and mercury. The metals
contaminationis mostwidespreadatthe S-3 WasteManagementArea (WMA), locatednorth
of SA-1.

As notedpreviously,theupgradientwellsforSA-IareOW-316,GW-317,andGW-323.
Thesewellsareusedasindicatorsofthequalityofwaterenteringthesiteandasabasisfor
comparisonwiththewellsnearthecenterofthesite(GW-313,GW-314,andOW-315).
Table2.8comparesaveragevaluesforthemetalsdetectedintheon-sitewellswithaverage
concentrationsofmetalsfoundintheupgradientwells.

O The highest averageon-site concentrationof barium(47 _g/L) was found in the on-sitewell GW-315. Average concentrations in the upgradient wells ranged from 16-37 _g/L.
However, the bariumresultswere well below the MCL of 2 mg/L.

The maximumaveragecopper concentrationfound in the upgradientwells was 8 pg/L.
Thisconcentrationwas exceeded bythe averageconcentrationof 9 _g/L fromthe on-sitewell
GW-313. However, ali these concentrationsarewell below the 1.3 mg/LMCL for copper.

The highestaveragelead concentrationwas 28 _g/L in on-site well 0W-313. Lead was
below detectionlimitsin mostupgradientwells,withthe exceptionof well GW-316where the
averageconcentrationwas 6 _,g/L Ali averagevalues are below the 50 #g/L MCL for lead.

The maximum average zinc concentration (32 _g/L) was found in upgradient well
0W-316. Ali concentrationsare well below the zinc secondarystandardof 5 mg/L.

The highest average strontium concentrationwas 141 _g/L in on-site well 0W-315.
Backgroundwell averageconcentrationsranged from 21 to 45 _g/L and were consistently
lower than values in on-site wells.

The data suggest that the on-site wells have slightlyhigher metals concentrationsthan
the upgradientwells for most of the metals discussed. Thus, there appears to be a slight
degradation of water quality across the site. However, metals concentrations in the
upgradient and on-site wells were less than reference levels for BCV (HSW 1991).
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Total uranium in SA-1 groundwater. Total uranium(via fluoromctric analyses) was found
at maximum concentrations of 1 _tg/Lin the upgradient wells and 2/zg/L in the on-site wells.
These values are less than or equal to the maximum reference concentration of 2 #g/L
specified for BCV (HSW 1991).

In comparison with these data, the 1988 groundwater results for SA-1 wells (Welch
1989b) listed both an on-site well (GW-313) and an upgradient well (GW-317) as having
concentrations above background (12 and 14/rg/L, respectively).

Radioactivity in SA-1 groundwater. Table 2.8 summarizes the results for the gross alpha
and gross beta analyses performed on the 1990 samples. "lhc mean gross alpha activity
ranged from 0.3 to 1.30 pCi/L. However, the statistical errors of each datum overlapped the
others, indicating that the results for each well are similar. The mean gross alpha activity of
the wells located at SA-1 did not ex_ the Primary Drinking Water Standard of 15 pCi/L
during 1990.

The average gross beta results ranged from 2.54 to 54.89 pCi/L. Individual quarterly
samples from two wells exceeded the gross beta reporting level of 50 pCi/L: GW-314 with
51.59 and 57.33 pCi/L, and GW-315 with 54.32, 90.2, and 77.60 pCi/L. Both of these wells
are downgradient and are the wells closest to the S-3 WMA. Although the S-3 site is the
primary source of radionuclide contamination in the Bear Creek Hydrogeologic Regime, it
is not possible to determine with available data whether the source of the radiological
contamination is from SA-1 or an extended plume from off site.

Groundwater indicator parametem The principal indicator parameters for which water
quality standards exist are chloride, nitrate (as nitrogen), and sulfate. Table 2.8 presents the
average results from the 1990 groundwater monitoring program.

Using wells GW-316, GW-317, and GW-323 as background (upgradient) wells for the
site, we found that the chloride, nitrate, and sulfate concentrations in the on-site wells
GW-314 and GW-315 exceed background concentrations. However, the chloride and sulfate
concentrations are still well below the federal standards of 250 mg/L for these indicators. The
nitrate nitrogen concentrations are < 2 times their MCL of I0 mg/L. As previously suggested
(HSW 1991), the nitrate plume from the S-3 site has extended southward to the Maynardville
Limestone, near its contact with strata of the Knox Group. However, it does not appear from
these data that the plume has reached far enough to affect GW-313, GW-316, GW-317, or
GW-323.

2.9.3 Soil Chemist1TData

Site-specific data on soil chemistry, collected as part of recent characte_z_tion
investigations at SA-1 and RSA are presented in Appendix C and summarized in the
following sections.

2.9.3.1 Rust Spoil Area soft _ data

In order to characterize the nature and extent of soil contamination at RSA, subsurface
soil samples were taken from soil borings drilled at seven sampling points around the

0
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pedtaeter of the site (Fig. 2.19). Soil samples were collected at each sampling point at 5-ft
intervals until refusal was reached. The depth to refusal at the sampling points ranged from
a minimum of 5 ft in RSA-6 and RSA-7 up to a maximum of 25 ft in RSA-3 and RSA-4. It

' is anticipated that the shallow and variable depth to refusal across the site is due to the
variable depths to bedrock. Without exception, boring logs indicate that the entire thickness
of fill was encountered.

A total of 24 subsurface soil samples were collected at the RSA and analyzed for metals,
VOCs, asbestos, cyanide, and radiologicals. Table 2.9 presents a statistical summary of the
analytes detected, their frequency of occurrence, the range of detected concentrations, and
the BCV background concentration for each analyte. Table 2.10 presents a summary of the
nature and extent of the detected contaminants at the RSA.

The results of the current soil characterization at RSA indicate that no significant
concentrations of VOCs exist at RSA. PCE was detected in one sample, but at only slightly
elevated levels. The majority of the contaminants of concern detected at RSA were metals.
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_2_. _ o__ mcmk_d_,_]tLSAd bodoS,

Number of Detected Detected BCV soil

detections/ minimum" maximum" backgroundlevels
Chemical/clement analyses (rag/ks) (mg/kg) (ppmy'

Vota_ieOrganicCompoum_

Acetone 9/24 0.16 0.49

Tetrachioroethene 1/24 0.072
(PCE)

Metals

Arsenic 24/24 2.8 26 6.758

Barium 24/24 24 820 149.5

Beryllium 23/24 0.67 2.1 1.34c

Cadmium 23/24 7.4 7.3 0.2453

Chromium 23RA 17 41 14.70

Cobalt 23/24 9.4 66 34.81

Copper 24/74 14 740 21.22

Lead 24/24 13 150 42.28

Mercury 5/24 1.1 7.5 0.1639

Nickel 23/24 15 55 54.86¢

Uranium 24/24 2 14.5 2.30

Vanadium 23/24 20 70 49.18

Zinc 24/24 44 230 46.35

_ogica/

Grossalpha,pCl/g 24/24 1.45 4.37

Gross beta, pCi/g 24/24 1.87 5.07

Uranium-235, wt % 3/3 0.04 1.18

"Concentration units are mg/kg unless otherwise indicated.
bFrom Turner ct al. 1988.

¢Represents mean background for East Tennessee based on data in Maker (1973), Bowen (1966),
Davis (1990), and Bechtel (1991).
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Table 2.10. Summmy of detected soil mntaminants, RSA

| iin iii i i i i i ii

Contaminant Summary
i i i ii

Volatile Organic Compounds

ACetone Detected in several samples; however, it was similarly detected in the
correlative laboratory blanks. Consequently, it is believed to be
associated with laboratory processes and is eliminated from concern.

Tetrachloroethene Detected in only one sample from RSA-2 (5 to 10 ft) at slightly elevated
(PCE) levels.

Mem/s

A.'senic Detected concentrations are slightly above background 4evels. Highest
concentrations are isolated in RSA-6 (5 to 10 ft and 10 to 15 ft).

Barium Detected concentrations are at background levels in all samples except
RSA-4 (20 to 25 ft) where levels are moderately elevated.

Beryllium Detected concentrations ar_ at background levels.

Cadmium Ali samples indicated concentrations significantly above BCV
background levels. Detected concentrations are relatively consistent in
distribution throughout sampled area. Detected concentrations are only
slightly m moderately above the mean background concentrations for
the east Tennessee region.

Chromium Detected concentrations are very slightly elevated in comparison to the
BCV background values and are within the mean background levels for
the east Tennessee region. Consequently, detected concentrations are
possibly background levels.

Cobalt Detected concentrations are likely background levels.

Copper Ali detected concentrations represent background levels except RSA-3
(20 to 25 ft) and RSA-,_ (10 to _5 ft). RSA-3 (20 to 25 ft) levels are
high, while RSA-6 (10 to 15 ft) concentrations are only slightly elevated.

Lead Ali detected concentrations represent background levels except RSA-3
(20 to 25 ft) and RSA-6 (10 to 15 ft). RSA-3 (20 to 25 ft) levels are
high, while RSA-6 (10 to 15 ft) concentrations are only slightly elevated.

Mercury Ali detected concentrations are < 1 mg/kg except RSA-4 (0 to 5 ft and
15 to 20 ft) and RSA-3 (0 to 5 ft, 5 to 10 ft, and 20 to 25 ft). Ali
concentrations detected in RSA-3 and RSA-4 are significantly above
BCV _ackground levels. The highest concentrations were detected in
RSA-3 (0 to 5 ft and 20 to 25 ft).

Nickel Ali detected concentrations represent b_:ckgroundlevels.

Uranium Slightly to moderately elevated concentrations above background were
detected in RSA-2 (5 to 10 ft), RSA-3 (5 to 10 ft), RSA-4 (0 to 5 ft),
and RSA-7 (0 to 5 ft). RSA-3 (5 to 10 ft) and RSA-7 (0 to 5 ft)
exhibited the highest levels.

Vanadium Ali detected concentrations likely represent background levels.
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Table 2.10 (continued)
i ii ii,, , ,. ,, ....

Contaminant Summary
ill i Illl I II Ill I

Zinc Aii detected concentrationsappearto be backgroundor very low levels
exceptRSA-3 (20 to 25 ft) andRSA-6 (5 to 10 ft and 10 to 15 ft).
Concentrations in RSA-3 and RSA-6 are slightlyto moderately elevated.

Gross alpha Ali detected concentrations represent very low levels in terms of DOE-
establishedaction limit.

Gross beta Ali detected concentrations representvery low levels in terms of DOE-
established action limiL

_SU Very low levelswere detected in RSA-2 (5 to 10 ft), RSA-3 (10 to
15 ft), and RSA-7 (0 to 5 ft).

i i i i Mill , i

The results of current soil sampling indicate that there is no widespread occurrence of metals
at significantly elevated concentrations at RSA. The occurrence of most metals identified at
RSA is sporadic, and the concentrations are slightly to moderately elevated above background
levels. The most commonly detected metal contaminants were uranium, cadmium, mercury,
arsenic, copper, lead, and zinc. Radiological analyses of the soil samples collected at RSA
indicate that very low levels of gross alpha and gross L_ta radiation exist at the RSA with
regard to the DOE established action limits. Three soil samples analyzed for _SU similarly
indicated that very low levels exist at the RSA.

2.9.3.2 SY-200 Yard

Previous soil sampling at the SY-200 Yard has consisted of three sampling events: July
1986, January 1988, and January 1989. The first sampling event was initiated to investigate
possible surface contamination from the storage of lead shielding plates and transformers at
the SY-200 Yard. The subsequent sampling events were conducted to identify possible
contaminants of the soils in the area proposed for construction of the ESF building.

Sampling was first conducted on July 3, 1986, during which three surface soil samples
(EP-l, EP-2, and EP-3) were collected from the lead shielding storage areas and one
composite surface sample and two soil samples from depths of 2 to 4 in. was collected from
an oil-stained area where the transformers were stored. A total of six samples was collected
in 1986 at locations shown on Fig. 2.20. Samples from the lead shielding storage areas were
analyzed for mercury and extraction procedure toxicity (EP tox) metals. Ali three samples
passed the EP tox test. Samples from the transformer storage area were analyzed for mercury
and PCBs. PCB concentrations detected in these samples ranged from 2.8 to 32 _g/g. Ali
six samples were analyzed fo_ mercury. Mercury concentrations in these samples ranged from
3.8 _tg/g in the composite surface sample to 17,000 _tg/gin EP-3. Results of these analyses
are presented in Table 2.11.
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Table 2.11. SY-200 Yard soil sample analytical results, July 1986
u,,,

Mercury PCB EP
Sample name Interval (#g/g) (#g/g) tox

EP-1 Surface 20 Pass

EP-2 Surface 42 Pass

EP-3 Surface 17,000 Pass

Surface composite Surface 3.80 32
transformer area

Deep sample 1 2-4 in. 29 2.8

Deep sample 2 2-4 in. 19 7.7
II ii i

The next sampling event took piace in January 1988 in an effort to identify any
contaminated soils on the site where the ESF building was to be located. Fifteen samples
were collected from boreholes B-l, B-3, B-4, and B-5 (Fig. 2.20). The samples collected were
analyzed for the following parameters: alpha activity, beta activity, gamma activity, PCBs, EPA
Primary Drinking-Water metals, and the EP tox metals. The results are summarized in
Table 2.12.

Table 2.12. Summmy of SY-200 Yard ma sample analytical results, January 1988 O
i i iii

Range

Parameter Units Upper Lower Average Comments
ii

iii

Alpha activity pCi/g 170 8.6 38

Beta activity pCi/g 250 15 71

Gamma activity pCi/g 420 <300 Detected in 1 of 15 samples

Arsenic mg/kg <40 Not detected in any sample

Barium mg/kg 340 182 239

Cadmium mg/kg Not detected in any sample

Chromium mg/kg 80 29 51

Lead mg/kg 370 <20 93 Detected in 11 of 15 samples

Mercury _g/kg 200 0.18 28 Detected in 14 of 15 samples

Selenium mg/kg <0.1 Not detected in any samples

Silver mg/kg <4 Not detected in any samples

PCB #g/kg 0.3 <0.1 Detected in 3 of 15 samples

EP-tox leach test Ali samples passed
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The analytical results indicate that samples collected in boring B-5 had the highest
radiological readings in addition to the highest concentrations of mercury. It should be noted,
however, that sample location B-5 is about 60 ft east of the SY-200 Yard boundary. Trace
levels of PCBs were detected in the top 4 ft of B-4 and in the top 2 ft of B-3. PCB
concentrations were less than or equal to 0.3 _tglg. The highest concentrations of lead,
barium, and chromium were detected in samples from B-l, B-4, and B-3, respectively. Ali
samples passed the EP tox test. In addition, no measurable amounts of arsenic, cadmium, or
silver were detected in any of the samples analyzed.

As discussed in Sect. 2.8.3.3, about 8 ft of {iii material in the SY-200 Yard was excavated
as part of ESF construction and bermed along the north and east corners of the excavation.
The excavated material was -20 ft high, 20 ft wide, and 180 ft long. In January 1989,
22 composite samples from I to 2 ft and 3 to 5 ft in depth were collected from the excavated
material. The bermed area was divided into 11 sections, and four hand auger holes were
drilled into each section to obtain the samples (Fig. 2.20). Each sample was analyzed for
thorium, uranium, percent 2SSU,and mercury. The results for thorium, uranium, and mercury
concentrations are summarized in Table 2.13.

Table 2.13. Summaryof mn sample mmlyticalresel_
Janumy1989

O,g/g)
l l=lll l 1 l

Range
II •

• parameter upper =,, Lower ,, Average
Thorium 15.3 3.71 7.34

Uranium 8.06 0.52 2.56

Mercury 2100 3.4 244

Results of the three soil sampling events at the SY-200 Yard indicate that the {iii
materials are contaminated with mercury. It is believed that the presence of mercury in these
fill materials is not the result of operations at the SY-200 Yard but that mercury was present
in the fill materials placed at the site. Lead contamination is indicated in the northwest
comer of the site (B-l) where lead shielding plates were stored. PCB contamination of the
surface soils was indicated in the north central portion of the site where transformers were
stored. In addition, contamination with radiological constituents is also indicated, although
the highest levels of radioactivity were detected east of the SY-200 Yard.

2.9.3.3 Spoil Area 1

The results of soil (fill and residuum) contamination conducted as part of the SA-1
characterization are summarized in the following sections. Samples were collected from six
soil borings (Fig. 2.21) and analyzed for VOCs, inorganics (metals and cyanide), radiological
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parameters, and semivolatilc organics. Three of the borings were placed along the southern
edge of SA-1, where the fill and debris were < 15 ft deep. Two of the borings were placed
along a diagonal traversing the c,cnter of the site. In these locations, the fill material and
debris were 35 to 40 ft deep. The sixth boring was in the northeastern corner of the site,
where the fill depth had again decreased to <15 ft.

Volatile organic compounds. Disregarding the common laboratory artifacts, the detected
VOCs can be grouped as follows:

• . gasoline constituents [benzene and xylene (total)];

• chlorinated solvents/potential degradation products [1,1-dichloroethane, 1,2-
dichloroethene (total), and tetrachloroethene (PCE)]; and

• other solvents and applicants [4-methyl-2-pentanone (also used in extraction
processes, including extraction of uranium from fission products), carbon disulfide
(also generated in anaerobic biodegradation of organics), and chloroform.].

The detection frequency for the VOCs was generally _;5%. Chloroform was the
exception, with a detection frequency of 10%. The detected maximum concentrations were
at 0.012 mg/kg (12 ppb) or less.

The infrequent detection and low concentrations of VOCs suggest that no widespread
contamination of these constituents exists at SA-1. Indeed, this finding was expected given
the disposal restrictions outlined in the site's operating permit.

Semivolati_ organic compounds. Table 2.14 presents a summary of the semivolatile
organic compounds discovered in the SA-1 soil samples. The semivolatiles most often found
were primarily polycyclic aromatic hydrocarbons (PAKs), other polycyclic hydrocarbons, and
benzene derivatives. The primary industrial sources of these types of compounds are the
high-temperature distillate fractions from coal tar and petroleum Examples include heavy
lubricating oils, asphalt or petroleum coke, and wood preservatives. A debris landfill such as
SA-I would be CXlm_tcdto contain some road-building and roofing materials (asphalt), aswell
as treated lumber, tics, or poles (creosote) from Y-12 Plant demolition activities. Field
personnel observed pieces of asphalt at the site.

The detection frequency for the scmivolatiles ranged from I to 25%. The maximum
detected concentrations ranged from 0.055 to 4.1 mg/kg (ppm), with the highest levels
associated with fluoranthene, phenanthrene, and pyrene. As expected, the scmivolatile
contamination is greater than the volatile contamination primarily due to the types of
materials disposed of at the landfill, but also partially due to the tendency for volatiles to
escape during debris transport, dumping, and grading. However, the detection frequency and
maximum detected concentrations suggest that the semivolatile contamination in the soil is
not widespread.

All of the semivolatile contaminants detected were located in the fill/debris material or

along the interface between the fill and residuum. Detection of the compounds at or above
the fill/residuum interface suggests that downward leaching of these compounds is minimal
and that the semivolatiles have been retained in the fill or debris material.
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Table 2.14. Chemical summmy, SA-I soil borinp Q

Detected Detected
Number of minimum° maximum°

Chemical/element detects/analyses (mg/kg) (mg/kg)
..

Semivolatileorganiccompounds

Acenaphthene 4/53 0.079 0.41

Acenaphthylene 1153 0.11 0.11

Anthracene 7153 0.14 0.85

Benzo(a)anthracene 12/53 0.14 1.7

Benzo(a)pyrene 11/53 0.12 1.3

Benzo(a)fluoranthene 10/53 0.11 1.4

Benzo(ghi)perylene 9/53 0.085 0.8

Benzo(k)fluoranthene 11/53 0.15 1.4

Chrysene 12/53 0.16 1.7

Dibenzofuran 3/53 0.17 0.25

Fluoranthene 13/53 0.07 4.1

Fluorene 6/53 0.18 0.45

Indeno(1,2,3.cd)pyrene 8/53 0.099 0.77

Naphthalene 3/53 0.12 0.21

Phenanthrene 13/53 0.059 3.6

Pyrene 13/53 0.055 3.1

Metals 0

Arsenic 44/51 1.9 45.7

Barium 51/51 15.3 385

Beryllium 50/51 0.27 11

Cadmium 50/51 1.1 10.9

Chromium 50/51 6.4 54.2

Cobalt 50/51 1.7 110

Copper 50/51 13.3 109

Lead 51/51 6.5 670

Mercury 38/51 0.05 31.5

Nickel 51/51 4.7 173

Uranium 51/51 2 80

Vanadium 50/51 6.8 128

Zinc 51/51 26.4 591

Rad/oto_at
Gross alpha, pCl/g 50/51 0.03 12

Gross beta, pCi/g 48/51 1.56 37.4

Total radium, pCi/g 51/51 0.973 7.568

Uranium-235, wt% 21/57 0.29 1

aConcentration units are mg/kg unless otherwise noted.
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Most of the concentration maxima were located in boring SAI-5. Boring SAI-5 is located
near the center of the landfill and penetrated the greatest depth (39.5 ft) of fill/debris of the
six borings. Within boring SAI-5, the highest concentrations were located in the fill
approximately midway between the surface and fill/residuum interface.

Samples collected from boring SAI-4 contained the second greatest amount of
semivolatile compounds, some of which were detected at their maximum concentrations.

Boring SAI-2 had no semivolatile detections. Borings SAI-1 and SAI-6 contained only
a few semivolatile compounds, and these were found in the uppermost samples within the fill
material. Thus, most of the semivolatile contamination is found near the center of the landfill
where the debris/fill has the greatest depth.

Me4al contaminants. Background soil samples for metals were not collected as part of
the investigation of SA-1. Therefore, background data from a published literature source
were used. The published values are for two sampling locations near Blountville and Bristol
in northeastern Tennessee (Maher 1973). The samples were taken from residuum overlying
Knox Dolomite. These published concentrations are generally lower than concentrations
found in soil samples collected at SA-1. They were used as a screening tool to indicate which
analytes found at SA-1 may require further evaluation.

Bedrock underneath SA-1 is Maynardville Limestone of the Conasauga Group. The
Vedrock upslope of SA-1 (e.g., the location of GW-323) is the Copper Ridge Dolomite
formation of the Knox Group. In addition, the lithologic log for monitoring well GW-317,
located at the southern (upgradient) edge of the site, shows a gradational contact between
the Knox Group and the Maynardville Limestone at a depth of 60 to 70 ft (Welch 1989b).
The soils present at SA-1 and on the adjacent, upslope part of Chestnut Ridge are classified
as belonging to the Fullerton cherty silt loam (USDA 1981), and the soil classification does
not change with a change in underlying bedrock. Because the soils developed over both the
Maynardville and Knox bedrock units exhibit similar physical characteristics and are classified
alike, there is enough similarity in the residual soils to justify using the published chemical
data from the Knox Group soils as indicative of backgr.ound concentrations of metals at SA-1
even though the soils are underlain by the Maynardville Limestone.

One on-site boring, SAI-2 (Fig. 2.21), may be representative of background conditions
for the following reasons:

• The boring did not penetrate any debris material; it penetrated only residuum.

• The boring is located on the edge of SA-1 in an upslope direction from the known
debris area.

• No organic constituents were identified in soil samples collected from the borehole.

• Concentrations of some metals, such as mercury, barium, and lead, are consistently
lower in samples from SAI-2 than in samples from other borings.

Note, however, that the concentrations of inorganics (and radiation parameters) are
highly variable in the SAI-2 samples and in some cases exceed concentrations in other
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borings. The use of SAI-2 as a background reference is questionable because of its relatively
high concentrations and variability of some inorganics.

Metals data comparison. Table 2.14 presents a summary of the metals detected in the
SA-1 samples. The detection frequency for the metals was usually •75%. The exceptions
were phosphorus at 51% and niobium at 8%. Table 2.15 shows, for comparison purposes,
the maximum and minimum inorganic concentrations for ali soil sampled in SA-1 and relevant
soil samples from borings in Tennessee (published values).

In comparing the published maximum concentrations with those from the borings, the
Sh,-1 concentrations were higher for almost every element. The only two exceptions were
niobium and potassium. Chromium maxima were about the same--the SA-1 maximum is only
10% higher than the published maximum.

In summary, ali of the detected metals concentrations appear to be higher than
background, except for niobium, potassium, and possibly chromium. The high detection
frequencies suggest that the contamination is widespread throughout the site.

To facilitate discussion of the extent of metals contamination detected in soil samples at
SA-1, this section focuses on only 11 of the 19 metals: arsenic, cadmium, lead, vanadium,
barium, chromium, mercury, zinc, beryllium, copper, and nickel.

These metals were selected as indicators for, or representative of, the group of 19 metals.
The physical and chemical properties of these 11 metals are believed to be representative of
the range of properties for the 19 metals identified as contaminants. Additionally, the list of
indicator metals includes those believed to be most potentially dangerous to human health.
In contrast with the semivolatiles, which were located almost entirely in the debris, many of
the metal maxima appear to be concentrated in the residuum.

Of the metals listed, only barium and mercury have their three uppermost concentrations
limited to the fill or debris region. Chromium has relatively high concentrations in both the
fill and the residuum. However, soils such as those found at SA-1 may be characterized by
high levels of native chromium.

Except for nickel, ali of the metal maxima for the fill and debris layer are from borings
SAI-4 and SAI-5. These are the same borings that contained the semivolatile maxima. For
the residuum layer, the maxima are primarilyfrom borings SAI-1 and SAI-4. The only metals
with maximum concentrations in samples from boring SAI-2 were chromium and vanadium.
Boring SAI-2 did not penetrate any fill material or debris.

It is useful to compare the fill/debris and residuum maximum concentrations with the
literature background concentrations. Most of the fill/debris and residuum maximum
concentrations are elevated above background. The exceptions are the barium concentrations
in the residuum and chromium concentrations in the fill. The chromium concentration in the
residuum is only - 10% above background.
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Table 2.15. Comparison of field and background inorganics data for SA-1 mils

i | n i.i ii ii i

Background concentrations from
Concentrations from soil borings literature_

" (mg/kg) (mg/kg)
i l -- iii i i ii llll i l i,

Element Minimum Maximum Minimum Maximum
i iiii i iii i

Aluminum 3,370 61,800 13,000 19,500

Arsenic 1.9 45.7 10 10

Barium 15.3 385 150 150

Beryllium 0.27 11 0.10 b

Cadmium 1.1 10.9 <0.2 <0.2

Calcium 42.9 I02,000 300 2,000

Chromium 6.4 54.2 30 50

Cobalt 1.7 110 8 30

Copper 13.3 109 10 20

Iron 6,360 88,700 15,000 42,000

Lead 6.5 670 10 30

Magnesium 532 25,200 1,500 5,000

Manganese 88.6 6,930 2 2

Mercury 0.05 31.5 No detect 0.015

Nickel 4.7 173 20 50

Niobium 1.8 3.3 0.5 5

Phosphorus 48.8 720 80 100

Potassium 411 5,430 3,500 10,000

Sodium 61.8 458 9 20

Vanadium 6.8 128 20 20

Zinc 26.4 591 30 70
,HI . i, ' i ,.i,

*This informationcorrespondsto analysesof residualclayoverlyinga Knox Dolomiteat two
locationsnear BlountvilleandBristol in northeasternTennessee; reference is Table 3 of Mahler

(1973) for maplocations10 and 12.
"Maher(1973) reported that the concentrationwas anomalous;the averageconcentrationof Be is

<2 ppm.

Note: Data summarizedfrom CH.zMHILLinvestigationdata,AppendixC.
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Statistically significant differences in the fill vs residuum were observed for arsenic, @
barium, cadmium, copper, lead, vanadium, and zinc. Barium is characterized by higher
concentrations in the flU than the residuum; the others have higher concentrations in the
residuum. Chromium appears to have roughly equal distributions in the fill and residuum.
Beryllium and nickel show a tendency toward higher concentrations in the residuum, but the
difference between the fill and residuum profiles is not statisticallysignificant. Mercury shows
a tendency toward higher concentrations in the fill than in the residuum, but this difference
also is not statistically significant.

Total uranium. Uranium has an average concentration in the crust of the earth of
--4 mg/kg (3.0 pCi/g). Literature values for uranium in Knox residuum range from 0.2 to
I mg/kg (Maher 1973). These relatively low concentrations suggest that naturally occurring
uranium is probably not very prevalent in the soils at SA-I.

In contrast to the literature values, a review of Table 2.14 shows that uranium was
detected in every boring and in every sample (detection frequency of 100%). For most of the
borings, the detected concentrations ranged from 2 to I0 mg/kg and thus exceeded published
values for Knox residuum (Maher 1973). This upper limit of 10 mg/kg is low, but it typically
corresponds more to a mineral-rich soil than to Knox residuum. Samples from two of the
borings produced uranium concentrations > I0 mg/kg: boring SAI-5 had a maximum of
42 mg/kg, and SAI-6 had a maximum of 80 mg/kg.

The Y-12 Plant is a probable source of the uranium. The Y-12 Plant now has -85
exhaust stacks serving operations that have the potential for generating airborne radioactive
uranium. Stacks exist for both depleted and enriched uranium operations. Those stacks that
did not meet National Emission Standards for Hazardous Air Pollutants (NESHAP) standards
were equipped with emission-control systems. In addition, wind rose patterns for the Y-12
Plant/ndicate that predominant wind directions are to the southwest and the northeast
(Energy Systems 1991). Because SA-1 is located in the southwest corner of the Y-12 Plant,
some deposition of uranium particles could occur at the site. Assuming deposition occurred
before, during, and after operation or buildup of SA-I, the uranium would be distributed at
all depths throughout the landfill.

Three of the four highest concentrations of uranium (80, 68.9, and 18 mg/kg) were found
in boring SAI-6. One sample in boring SAI-5 residuum had a uranium concentration of
42 mg/kg. All of the other concentrations are _ I0 mg/kg. The distribution of uranium
concentrations in residuum does appear to be displaced toward higher concentrations than
the fill/debris distribution.

Radiological contaminants, Table 2.14 summarizes the radiological constituents detected
in soil samples. The analyses performed were for gross alpha, gross beta, total radium, and
SU. The first three analyses were reported in units of picocuries per gram, whereas the _SU
analysis was in weight percent of total uranium.

On_ alpha. C_n'ossalpha was detected on all the samples except one. This finding
corresponds to a detection frequency of 98%. The maximum specific activity detected was
12 pCi/g. Background levels of gross alpha for SA-I are unknown. More importantly, the
SA-I results are less than the adopted reporting level of 15 pCi/g. Although gross alpha was
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detected in almost ali the SA-1 samples and appears to be widespread, the gross alpha results
are not high enough to warrant a significant concern for alpha-emitting contamination.

Gmu beta. The detection frequency for gross beta was 94%. The maximum specific
activity detected was 37.4 pCi/g. Background levels of gross beta for SA-1 are unknown.
However, the maximum concentration is below the adopted reporting level of 50 pCi/g. Thus,
although beta-emitting contamination appears to be widespread, the gross beta results do not
appear to be high enough to warrant significant concern.

Total radium. The detection frequency for radium was 100%. The maximum
concentration detected was 7.6 pCi/g. Background concentrations of radium at the site are
unknown. It has been estimated that radium concentrations in soils located in the United
States have a general range of 0.8 to 2.81 pCi/g (IAEA 1990). Some of the concentrations
detected at SA-1 are higher than the upper bound of this estimated range.

In summary, radium appears to be prevalent over the site and exists at slightly elevated
levels, but it is still below the adopted reporting level of 15 pCi/g. Thus, total radium does
not appear to warrant significant concern.

Uranium-235. One of the isotopes of uranium is 23SU. Ali soil samples collected were
to have been analyzed for total uranium using fluorometric uranium analysis. When a result
from the total uranium analysis was >5 mg/kg, that sample was analyzed for 23SUusing
Thermal Ionization Mass Spectrometry (TIMS). TIMS provided a value for the 23SU/2_U
ratio in units of weight percent of total uranium. If the total uranium result was <5 mg/kg,
the value obtained was reported, and no 23SUanalysis was performed. Weight percent results
were reported for 21 samples.

The detected minimum, average, and maximum values for 23SUin soil were 0.29, 0.627,
and 1.0 wt %, respectively. The natural abundance of _SU is 0.72 wt %. This value can vary
by as much as 0.1 wt %, depending on the source. However, the detected range at SA-1
(0.29 to 1.0%) is wider than the expected range (0.62 to 0.82%) for naturally occurring
uranium. This finding suggests that the elevated levels of uranium at the site contain
enriched and depleted fractions of uranium. This finding was not unexpected given that stack
emissions occur at the Y-12 Plant from both enriched and depleted uranium operations.

2.9.4 Biomonitoring Data

Ecological studies of the Bear Creek Watershed were initiated by staff in the ORNL
ESD in May 1984 and are continuing at present. The study plan consisted of an initial,
detailed characterization of the benthic invertebrate and fish communities in Bear Creek in
the first year followed by a subsequent reduction in sampling intensity during the monitoring
phase of the study.

The objectives of the ecological studies on Bear Creek have initially been to characterize
the ecological condition of Bear Creek and then to monitor anyecological recovery associated
with various remedial actions to be taken in the watershed. To accomplish the first objective
the existing environment in Bear Creek was characterized using two approaches: (1) instream
sampling of the benthic invertebrate and fish communities to identify spatial and temporal
patterns in distn%ution and abundance and (2) laboratory bioassays on water samples from
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Bear Creek and selected tributaries to identify potential sources of toxicity to biota. Periodic
monitoring has continued following completion of the initial characterization studies in July
1985.

Because of the existence of an established biological monitoring program that is highly
directed toward monitoring recovery of Bear Creek and the location of a biological
monitoring Site adjacent to OU 2 (Fig. 2.22), biological monitoring is not addressed in this RI
Plan.

2.9.5 Radiation Sut_'y

There are no indications that radiation surveys have been conducted at any of the sites
in OU 2.
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3. DATA QUALITY OBJECTIVES (DQOs)

3.1 ]X_ STAGE 1: IDEN'IIFICATION OF DECISION TYPES
".

3.1.1 Identification and Involvement of Data Users

In addition to characterization of the nature and extent of contamination, data collected
as part of the RI will be used in risk assessment and alternative evaluation for the OU. The
immediate decisions resulting from analysis of the OU 2 RI results will be based on the level
of risk associated with the site and the need to conduct an immediate corrective action,
further investigations, or no further investigation. At the same time, decisions about the types
of remedial actions, whether to reduce imminent dangers or to address long-term solutions,
will be considered. A primary objective of the RI is to provide the data necessary for
evaluation of risk and remedial alternative evaluations. To ensure adequate quality and
quantity of data, experts in risk assessment and remedial alternative development have been
involved in development of the work plan.

3.1.2 Evaluation of Available Information

Available information for the site (e.g., operational information, historic.al monitoring
data) have been summarized Sect. 2. Evaluation of the available data pr_ from a
determination of the data quality (based on protocols and procedures used in sampling and
analysis) to an analysis of the data, in conjunction with the site conceptual model, to
identifying any site-characterization data gaps.

Characterization data collected as part of previous RI investigations at the RSA and SA-1
were subject to strict quality measures (EPA Leve! UI, see Appendix C) as are all
groundwater quality data collected as part of th_ sitewide uoundwater quality assessment
program. As a result, these data are acceptable in terms of data quality.Characterization data
from the S¥-200 site appear to be of acceptable quality, but incomplete with the extent of
the contaminants unknown because of site activities (i.e., filling and subsequent disturbances).

3.1.3 Conceptual Site Model

A conceptual site model has been developed for the site and is discussed in detail in
Sect. 4. In summary, the conceptual site model focuses on the soil medium, the transforma-
tions within that medium, and the pathways to receptors. The groundwater and surface
water/sediment media are being characterized as parts of the sitewide assessment monitoring
programs.

3.1.4 Remedial Investigation Objectives

The results of previous investigations within OU 2 have helped to define the nature and
extent of contamination. The general objectives of the OU 2 RI include (1) further definition
of the nature and extent of contamination in media of concern (i.e., soil), especially at the
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SY-200 Yard, and (2) gathering information for the specific needs of the risk assessment and
FS. Specific objectives include:

• defining the nature of soil contamination at SY-200;

• defining the extent (vertical and horizontal) of soil contamination at SY-200;

• filling any identified data gaps in the extent of soil contamination at RSA and SA-1;

• defining the interaction (transfer mechanism) between soil contaminants and shallow
,_oundwater; and

• d:fining the relative contribution of OU 2 contaminants to BCV groundwater and
surface water contamination.

3.2 DQO STAGE 2: IDEN'IIFY DATA USES/NEEDS

3.2.1 Identification of Da_ Uses

Data collected during the OU 2 RI (described in Sect. 7) will be used for site
characterization (e.g., nature and extent of contamination, transfer paths), an evaluation of
risks to receptors from contaminants at the site, and the evaluation of possible site remedial
actions.

3.2.2 Identification of Data Types

Table 3.1 summarizes the DQOs of the OU 2 RI by listing sampling plan objectives,
required sample media and analytical parameters, and the ultimate use of the data.

3.23 Identification of Data Chumfity Needs

Based on the results of previous investigations at the RSA and SA-1, data quantity needs
are limited. The history of SY-200 suggests that characterization of distributed contamination
will require more data from an extensive, systematic sampling program (see Sect. 7).

3.2.4 Identification of Data Quality Needs

With the exception of health and safety monitoring data and physical measurements
collected during site operations (EPA Level I), ali data collected as part of the OU 2 RI will
be accompanied by an EPA Data Quality Level IV deliverable (see Sects. 6 and 7). Ali data
will be validated at Level IV.
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3.2.5 Evaluation of Sampling and Analysis Optio_

Ali sampling activities at the sites will be preceded by walkover radiation surveys. The
results of those surveys will be evaluated to verify that the proposed level of field health and
safety is adequate and to identify any previously unidentified areas warranting investigation.

After incorporating the walkover results into the sampling plan, the field team will
implement the field sampling plan (FSP). Implementation of the FSP entails collecting
samples from targeted locations and depths. Th_'oughout the sampling events, the field team
will use direct reading instruments (e.g., ra_i_tion meters, mercury vapor analyzers,
photoionization detectors) and visual examination to identify additional or preferable sample
intervals.

3.2.6 Reviewing and Utilizing Precision, Accuracy, Representativeness,
Completeness, and Comparability (PARCC) Information

The PARCC parameters have been reviewed and incorporated in the planning for the
field sampling and analyses. Incorporation of field duplicates into the sampling plan (Sect. 7)
will provide some measure of precision (a combination of sampling and analytical factors).
Requirements for a minimum of Level HI analytical data with accompanying analyses of QC
samples will provide an adequate measure of accuracy.

Representativeness and comparability are addressed by tk_eof standard sampling and

analysis procedures (Kimbrough et al. 1990). Completeness is a goal (e.g., 85-90%) for the Q
amount of acceptable data sufficient to support the decisions at a site. Critical samples (e.g.,
shallow groundwater samples at SA-1 and SY-200) have been identified and plans made to
achieve valid data from them (e.g., duplicates or resampling).

3.3 _ STAGE 3: DESIGN DATA COIA,F..CHON PROGRAM

3.3.1 Amembk_ Data Collection Components

A detailed summary of ali proposed samples and corresponding quality assurance/quality
control (QA/QC) samples is presented in the FSP (Sect. 7).

3.3.2 Develop Data Collection Dconnentafion

The data collection documentation (e.g., specific sampling and analysis procedures, forms,
data tracking procedures) are discussed in the FSP (Sect. 7) and in the field and laboratory
QA plans (Sects. 8 and 9).

O
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4. CONCEPTUAL SITE MODEL

A conceptual site model has been developed (Fig. 4.1) to guide RI sampling design. The
components of that model are discussed in the following sections.

4.1 POTENTIAL PATHWAYS OF MIGRATION

4.1.1 Soil

Leachate produced by water moving through the soil may provide aqueous transport for
dissolved chemicals within the unsaturated soil sequence. In a porous, homogeneous soil,
contaminants tend to move primarily downwardwithin the unsaturated zone through diffusion
and mass flow mechanisms until they reach the water table or an impermeable horizon.
However, contaminants also move laterally through dispersion and diffusion caused by
changes in the soil structure or composition, or fractures, of seasonally water-saturated soil.
In addition, debris buried in spoil areas can affect contaminant migration. Buried debris can
create impermeable layers that laterally divert leachate or that enhance vertical movemer_
of leachate because of density or compaction differences. Therefore, contaminant migration
in the soil media within spoil areas may be enhanced both vertically and horizontally. Soil or
clay caps have been placed over both spoil areas (RSA and SA-1) to reduce water infiltration
into the soil matrix and, consequently, to reduce contaminant migration resulting from

O leachate movement.

Existing evidence indicates that the majority of the metal contaminants of concern at
SA-1 are migrating from the fill material present at the sites and are being absorbed in the
underlying native soil residuum. This process of absorption of contaminants into the soil
matrix is believed to inhibit the transport of certain contaminants of concern into the
groundwater media especially if the soil matrix possesses a neutral or elevated pH. A few of
the metals, in particular mercury, barium, and chromium, appear to be relatively immobile in
the soil and are expected to be retained in the fill and debris of the landfill. In addition, the
semivolatile organic compounds detected at RSA are characterized by relatively low volatility
and low solubility in water. The semivolatiles are expected to be relatively immobile in the
soil and to remain partitioned in the fill and debris of the landfill.

4.1.2 Smface Water

Surface water transport of contaminants from sites within OU 2 is possible. The flow of
surface water over and through areas of contaminated soil provides a potential for
transportation and redeposition of contamination. The potential for surface water transport
of contaminants at the spoil areas has been greatly reduced by capping these sites with
compacted clay and top soil followed by the establishment of a vegetative cover. However,
no such activity has taken place at the SY-200 site, leaving it more susceptible to the potential
effects of surface water on contaminant migration. In addition, surface water will eventually
erode and penetrate the clay/top soil cap at SA-1, thereby increasing the ,potential for surface

O water transport of contaminants at this site.
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4.13 Groundwater

The most likely mechanism for contaminant transport is precipitation infiltration resulting
in contaminant leaching into the groundwater system. As previously mentioned in the
discussion of SA-1, the potential for contaminant movement into the groundwater system is
reduced because the sorptive properties of the soils and contaminants restrict the mobility of
the contaminants. These conditions are also expected to occur in the SY-200 area. In
addition, clay/top soil caps installed at the spoil areas reduce the leaching potential by
reducing surface water infiltration. Nevertheless, groundwater is believed to present the
greatest potential for contaminant migration at each site, particularly at SY-200, which does
not currently have a surface cap tn reduce surface water infiltration.

The potential for groundwater transport of contaminants from OU 2 will be appraised
by evaluating existing groundwater analytical data from monitoring wells located hydraulically
downgradient of the sites. In general, contaminant transport parallels the direction of
groundwater movement. The large number of potential contaminant sources located
hydraulically upgradient and cross-gradient of OU 2 makes it necessary to evaluate existing
groundwater analytical data in the area to accurately determine the groundwater migration
of contaminants from OU 2.

4.1.4 Air

Airborne contamination from OU 2 is believed to be minimal. The greatest potential for
airborne transport of contaminants would be resuspension of contaminated particles into the
atmosphere caused by excavation of soils at the sites. The potential for airborne transport
of contamination has been reduced at the spoil areas by installing the compacted clay/top soil
caps and the vegetative covers.

4.1.5 Biological

The possibility of uptake of contaminants by biota is expected to be minimal. No surface
vegetation is present at the SY-200 site, and the compacted clay cap overlying the spoil areas
is believed to reduce the potential for biota uptake at these sites.

4.2 POTENTIAL RECEPTORS

4.2.1 Human Populations

The Y-12 Plant is a part of the DOE ORR, which covers -35,000 acres. The Y-12
Plant is located along the northeastern boundary of the ORR adjacent to the city of Oak
Ridge. Although adjacent to Oak Ridge, the Y-12 Plant is situated in a rural area, and no
residences or drinking water sources are located on the plant site. In addition, because of
security precautions, the presence of persons at the facility is controlled. Consequently, the
potential for human exposure to contamination is minimized. The operational period of the
plant is projected to be 30 years.
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4.2.1.1 On-site potential human receptors

Employment at the Y-12 Plant, as of January 1992, consisted of 7934 full-time on-site
personnel, the majority of which work in the main Y-12 Plant complex in the northeast part
of the ORR. OU 2 is situated to the southwest of the main Y-12 Plant complex in an area
that the majority of employees do not frequent. Therefore, the exposure potential for the
majority of facility employees is minimal.

On-site workers have the greatest risk of exposure to contaminants from OU 2. Because
the spoil areas have been closed and no activitynow takes place at the SY-200 site, exposure
to on-site personnel is limited to a small group of maintenance-type workers. The exposure
to on-site workers will increase slightly with implementation of this work plan and possible
future remedial actions at each site. However, occupational exposure will be negligible
became of health and safety measures that will be employed.

A hypothetical future use scenario, involving a resident on the site, will be included to
address the potential for land-use change.

."

4.2.1.20ff_te potential human receptors

It is anticipated that no off-site human receptors will be exposed to contamination
resulting from OU 2 because of the rural and unpopulated nature of the Y-12 Plant. The
off-site exposure potential is further minimized by access to the facility being restricted to
authorized personnel and the remote nature of OU 2. In addition, there are no drinking
water sources on the ORR. The greatest potential for off-site human exposure is believed
to be from surface water runoff into the adjacent Bear Creel The potential for exposure
to off-site populations is again considered to be minimal.

Regional demography. The regional demography is discussed in detail in Sect. 2.5 of this
document.

Sensitive subpopulations. Because of the remote location of OU 2, no sensitive
subpopulations are believed to be potentially at risk.

4.2.2 Ecological Populations

4.2.2.1 Flora

Vegetation in the Bear Creek Watershe_l is predominantly oak, oak-hickory associations
on the upper slopes and ridgetops, and planted pine along the creek and floodplain area.
Pine Ridge is generally an oak, oak-hickory _sociation with chestnut oak, red oak, tulip
poplar, white oak, and hickory as the dominant species. "I_e lower areas along Bear Creek
and Bear Creek Road are r_ainly planted lobloUy pine with some scattered areas of planted
shortleaf, natural pine, and oak-hickory communities. ALsoof interest is a large area of big
bluestem grass that grows along Bear Creek Road. Large stands of this species are
uncommon in east Tennessee. This site is being considered as a _Tational Environmental

Research Park (NERP) Reference Area. More detailed information is available for portions O
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O of the Bear Creek Watershed area in forest compartment maps and various documents
(Bradburn and Rosenbalm 1984; Parr and Pounds 1987). Table 4.1 contains a listing of flora
and fauna found within the ORR.

4.22.2 Terrestrial fauna

OU 2 contains elements of the majority of wildlife habitat types found on the ORR
(Table 4.1), and, therefore, the expected terrestrial fauna is that described for the entire
reservation (Welch 1989a).

Hardwood and mixed hardwood/conifer habitats compose the most abundant habitat type
in Bear Creek Watershed, followed by pine plantation and grassland habitats, with
considerable riparian habitat along the length of Bear Creek. Species commonly found in
these habitats are listed below.

Old-field and grassland habitat. In the grassland/forb stage of vegetation, the principal
species of small mammals are the southeastern shrew, least shrew, short-tailed shrew, eastern
harvest mouse, hlspid cotton rat, pine mouse, and the eastern cottontail rabbit. The eastern
mole occurs in areas of loose soil. Closely mowed or grazed areas and dense kudzu growth
is good habitat for the groundhog. Also found there are the striped skunk, coyote, red fox,
and white-tailed deer. In more brushyvegetation, the white-footed mouse, golden mouse, and
opossum may be found. Bird species found in this habitat include bobwhite, red-tailed hawk,
field sparrow, towhee, blue grosbeak, meadowlark, and red-winged blackbird. The eastern
bluebird population has increased with the establishment of bluebird nesting boxes. The
yellow-breasted chat is found in old fields. Numerous frog, toad, lizard, andsnake species are
found in the old-field areas.

Haldwood and mixed hardwood/conifer habitats. In wooded areas the eastern gray and
southern flying squirrels, southeastern shrew, eastern mole, short-tailed shrew, white-footed
mouse, white-tailed deer, and eastern chipmunk may be found. Predators such as the bobcat
and weasel ocxur here. Birds conunonly found in forest areas (Kroodsma 1991) include the
yellow-shafted flicker, red-bellied woodpecker, hairy woodpecker, downy woodpecker, blue
jay, Kentucky warbler, pine warbler, ovenbird, Carolina chickadee, tufted titmouse, andscarlet
tanager. Hawks (red-shouldered, red-tailed, and broad-winged) are commonly found on the
ORR, as are wild turkeys, which have been reintroduced to the area in recent years.
Amphibians and reptiles found in the forest habitat include the dusky salamander, American
toad, eastern box turtle, ground skunk, worm snake, black racer, rat snake, black king snake,
milk snake, and copperhead.

Pine plantation habitat. Very early stages of planted pine areas contain species similar
to those in old-field habitats, and the small mammals present are much the same as in the late
stages of old fields. The populations tend to be smaller, though, because of less trce diversity.
Pine plantations with a dense canopy and no understory are essentially barren of both small
and large mammals except around the edges. As plantations are thinned and canopies
opened, undergrowth develops and provides habitat for species similar to those found in early-
to mid-stage hardwood-mixed hardwood/conifer forests. Avian species have a low preference
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Table 4.1. _[ora and fauna fouad within the Oak Ridge Reservation

Common name Scientific name

F/ore

American chestnut Castanea dentata

Northern red oak Quercus borealis

Chestnut oak Q. pr/nus

Yellow poplar Liriodendron tulipifera

Shonleaf pine Pinus echinata

Virginia pine P. v/rg/n/ana

Beech Fagus grandifolia

Sugar maple Acer saccharum

Magnolia Magnolia acuminata and M. tn'petala

Buckeye Aesculus glabra

Willow Salix sp.

Sycamore Plmwms occidentalis

Boxelder Acer negundo

Loblolly pine Pinus taeda

Hickory Carya sp.

Hemlock Tsuga canadensis

White pine Pinus strobus

Easternredcedar Jun_Tusv_'ginumus

Redbud Cercis canadensis

Sassafras Sassafras albidum

Cottonwood Populus deltoides

Elm U/rous sp.

Ash Fraxinus sp.

Silver maple Acer saccharinum

River birch Betula nigra

White oak Quercus alba

Bla,._koak Q. velutina

Scarlet oak Q. coccinea
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Table 4.1 (conl/nued)

Common name Scientific name

.. Post oak Q. stellata

Black gum Nyssa sylvatica

Dogwood Comus florida

Basswood Tilia americana

Bluestem Andropogon sp.

Bluegrass Poa sp.

Orchard grass Dactylis glomerata

Ragweed Ambrosia artemisifolia

Crabgrass Digitaria sp.

Horse week Conyza canadensis

Primrose Oenothera sp.

Honeysuckle Lonicera japonica

Broomsedge Andropogon virginicus

Trumpet creeper Campsis radicans

Sumac Rhus typh/na and R. copallina

Persimmon D/ospyms v/rg/niana

White poplar Populus alba

Watercress Nasturtium sp.

Cattail 1)pha sp.

Mamma_

Little brown bat Myotis lucifugus

Ke_n's bat Myotis keenii

Silver-haired bat Lasionycteris noctivagans

Eastern pipistrelle Pipistrellus subflavus

Big brown bat F.ptesicus fuscus

Red bat Lasiurus borealis

Hoary bat Las/urus c/nereus

Virginia oppossum Didelphis virginiana

Least shrew Cryptotis parva
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Table 4.1 (continued)

Common name Scientific name

Southeastern shrew Sorer iongirostis

Short-tailed shrew Blarina breyicauda

Southern short-tailed shrew B. carolinensis

Gray myotis Myotis gnsescens

Indiana myotis M. sodalis

Eastern cottontain Sylvilagus floridanus

Eastern chipmunk Tamias striatus

Gray squirrel Sciurus carolinensis

Fox squirrel S. niger

Southern flying squirrel Glaucomys Volans

Marsh rice rat Oryzomys palustris

Cotton rat Sigmodon hispidus

Norway rat Rattus norvegicos

White-footed mouse Peromyscus ieucopus

House mouse Mus muscolus

Cotton mouse P. gossypinus

Golden mouse Ochrotomys nuttali

Eastern harvest mouse Rdthrodontomy shurnulis

Woodland (Pine) vole Microfus pinetorum

Eastern mole Scalopos aquaticos

Muskrat Ondatra zibethica

Red fox Vulpes vulpes

Gray fox Urocyon dnereoargenteus

Coyote Can/s/atrans

Black bear Ursus americanus

Ground hog Marmota monax

Racoon Procyon Iotor

Striped skunk Mephitis mephitis

Eastern spotted skunk Spilogale putor_us

Long-tailed weasel Mustela frenata
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Table4.1 (continued)
iii

Common name Scientific name

Mink Mustelavison

Beaver Castor canadensis

Mountain lion (eastern cougar) Felis concolor

Bobcat Lynx rufus

White-tailed deer Odocoileus virginianus

Sharp-shinned hawk Acc!prier striams

Coopers hawk A. cooper//

Red-shouldered hawk Buteo lineatus

Broad-winged hawk B. playtpterus

Southern bald eagle Haliaeetus L leucocephalus

Marsh hawk C/rcus cyaneus

Osprey Pandion haliaetus

Peregrine falcon Falco peregrinus

Ruffed grouse Bonasa umbellus

Bobwhite Colintts v'_

Turkey Meleagris gallopavo

Mourning dove Ze_ macroura

Common (yellow-shafted) flicker Colaptes aurams

Red-bellied woodpecker Melanerpes carolinus

Hairy woodpecker Picoides vUlosus

Downy woodpecker P. pubescens

Red.cockaded woodpecker P. borealis

Blue jay C_anocitta cristata

Common crow Corvus brachyrhynchos

Carolina chickadee Paros carolinensis

Tufted titmouse P. bicolor

Bewick's wren TtuTomanes bewickii

Wood thrush Hyiocichla mustelota
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Table 4.1 (continued)

Common name Scientific name

Red,eyed vireo V_o olivaceus

Pine warbler Dendroc/a p/nus

Ovenbird Seiurus aurocapUlus

Kentucky warbler Oporornis forrnosus

Yellow-breasted chat lcteria virens

Scarlet tanager Piranga olivacea

Summer tanager 1'. rubra

Cardinal Cardinalis cardinalis

Rufous-sided towhee Pipilo erythrophthalmus

Grasshopper sparrow Ammodramus savannarum

Bachman's sparrow Aimophila aestivalis

White-throated sparrow Zonotrichia albicoUis

Eastern narrowmouth toad Gastrop_ carolinensis

Northern cricket frog Acr/s crept/arts

Spring peeper Hy/a crucifer

Gray treefrog Hyla versicolor

Upland chorus frog Pseudacris triseriata

Bullfrog Rana catesbeiana

Green frog Rana c/am/tans

Pickerel frog Rana palustris

Southern leopard frog Rana sphenocephala

American toad Bufo americanus

Fowler's toad B. woodhousei

Hellbender Cryptobranchus alleganiesis

Northern dusky salamander De_mognathus fuscus

Red-spotted newt Notophthalmus viridescens

Tennessee cave salamander Gyrinophilus palleucus

Mudpuppy Necturus malulosus
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Table 4.1 (continued)

Common name Scientific name

Red-backed salamander Piethodon cinereus

Slimy salamander 1'. glutinosus

Northern red salamander Pseudotriton r. Tuber

Spotted salamander Ambystoma maculatum

Marbled salamander Ambystoma opacum

Two-lined salamander Eurycea bislineata

Spring salamander Oyrinophilus porphyrin'cus

Mud salamander Pseudotriton montanus

Snapping turtle Chely_a serpentia

Map turtle Graptemys geographica

Eastern must turtle Sternotherus odoratus

Stripe-necked musk turtle Sternotherus minor

Spiny softshell turtle Apalone spinifera

Yellow-bellied turtle Chrysemys scripta

Eastern box turtle Terrapene carolina

Northern copperhe0,J Agkistrodon contortrix mokasen

Six-lined racerunner Cnemidophorus sexlineatus

Northern black racer Coluber constrictor

Timber rattlesnake Crothalus K horridus

Black rat snake Elaphe obsoleta

Ground skink Scincella lateralis

Five-lined skink Eumeces fasciatus

Broodhead skink Eumeces laticeps

Eastern hognose snake Heterodon platyrhinos

, Northern water snake Natrix s. sipedon

Fence lizard Sceloporus undulatus

Northern brown snake Storeria d dekayi

Eastern garter snake Thamnophis s. sirtalis

Worm snake Carphophis amoenus

Scarlet snake Cemophera coccinea
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Table 4.1 (continued)

Common name Scientific name

Ringneck snake Diadophis punctatus

Corn snake Elaphe guttata

Mole snake Lampropeltis calligaster

Milk snake Lampropeltis tringulum

Common king snake Lampropeltis getula

Pine snake Pituophis melanoleucus

Common water snake Nerodia sipedon

Rough green snake Ophedodrys aestivus

Queen snake Reginaseptemvittata

Brown snake Storeria dekayi

Redbelly snake Storeria occipitomaculata

Smooth earth snake Wuginia valeriae

F/sh

Rock bass Ambloplites rupestris

Common shiner Notropis cornutus

White sucker Catostomus commersoni

Blacknose dace Rhinichthysctratolos

Mountain red belly dace Phoxinos oreas

Stoneroller Campostoma anomalum

Creek chob Semotilus atromaculatus

Northern hogsucker Hypentelium nigricans

0
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for the pure pine areas bordering the transmission line corridors. Pine warblers and white-
throated sparrows are common, but few other species are evident. These habitats are little
used by reptiles or amphibians (Johnson 1964).

Aquatic and riparianhabitats. Many reptiles and amphibians occur in the various aquatic
and wetland areas, including tunics, queen snake, water snake, salamanders, and frogs. The
muskrat and beavez are bound closely to aquatic habitats. Rice rats, mink, and raccoons are
also found in these areas. Many large mammals come frequently to this habitat to drink, and
various small species are present at the water's edge. The American bald eagle occurs
occasionally as a transient. The Canada goose, great blue herons, and green..backed herons
nest on the ORR.

Rare and endangered species. Three mammal species on the federal list as endangered
may occur on the ORR but have not been verified. These are the gray bat (Myot/s
grisescens), Indiana bat (Myotis sodalis) and eastern cougar (Felis concolor). Only one
mammal species listed by the Tennessee Wildlife Resources Agency (TWRA) as in need of
management, the southeastern shrew (Sorex longirostris), is known to occur on the reservation
(Kroodsma 1987). The pine snake, Pimophis mdanoleucas, is listed as t:_reatened by the
TWRA, and its presence in the Bear Creek Watershed has been verified. The Cooper's hawk
(Accipiter striatus) occurs in forests throughout the ORR and is listed by the state as
threatened (Kroodsma 1987).

4.2.2.3 .,eu:juatic_uem

Nineteen species of fish have been found in Bear Creek in recent quantitative monitoring
efforts conducted at seven sites along virtually the entire length of Bear Creek. Minnows
(blacknose dace, Ri_'chthys atratulus; mountain redbel_y dace, Phoxinus oreas; stoneroller,
Campostoma anomalum; and creek chub, Semotilus atromaculatus) were the predominant
constituents of the fish fauna upstream from the weir at BCK-4.55. Below the weir, larger
species (northern hogsucker, Hypentelium nigricans; white sucker, Catastomus commersoni;
and rockbass, Ambloplites rupestris) were more commoa, the diversity of minnow species
increased, and darters were found. Conclusions of the re_.ent fish-monitoring studies were
that much of Bear Creek had a limited fish fauna (low species richness) characterized by
robust population parameters (high densities and biomass). The uppermost site (BCK-12.36)
did not have a stable, resident fish population. Water from this site was commonly toxic to
fathead minnow larvae in toxicity testing and contained high levels of dissolved salts as a
result of input of contaminated groundwater from the S-3 Pond site. The next two
monitoring sites downstream, BCK-11.83 and BCK-11.09, had low fish density and biomass
in 1984-85 but showed recovery in later sampling. No impacts on the fish fauna of Bear
Creek were evident in the vicinity of inputs from the burial grounds (BCK-9.91 and BCK-
9.40) despite the fact that qualitative surveys of tributaries (NT.6-8) draining that site found
no fish to be present.

No endangered or threatened fish species have been found in Bear Creek. However, the
mountain redbeUy dace, a major constituent of the fish population above the weir at
BCK-4.55, is listed as a species in need of management. Its habitat is protected by the state
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of Tennessee (Statues and Etnier 1980). In Bear Creek, it occurs at every site above the weir
and in at least four tributaries (NT-13, NT-14, NT-18, and ST-7).

Quantitative sampling of benthic invertebrates was conducted monthly at nine sites from
BCK-12.36 to BCK-3.25 from June 1984 through May 1985 as part of Phase I of the
ecological monitoring program for Bear Creek and at quarterly intervals thereafter. A total
of 126 distinguishable taxa was collected in Bear Creek, including crustaceans (Isopoda,
Amphipoda, and Decapoda), aquatic worms (Oligochaeta), snails (Gastropoda), mussels
(Pelecypoda) and insects (Imecta). Eleven orders of insects were collected in Bear Creek,
including springtails (Collembola), mayflies (Ephemeroptera), dragonflies and damselflies
(Odonata), crickets and grasshoppers (Orthoptera), stoneflies (Plecoptera), true bugs
(Hemiptera), alderflies and fishflies (Megaloptera), eaddisflies (Tricoptera), butterflies and
moths (Lepidoptera), beetles (Coleoptera), and true flies (Diptera).

The invertebrate fauna of Bear Creek showed a pattern of increasing density, biomass,
and taxonomic diversity and richness with increasing distance downstream from the uppermost
sampling site (BCK-12.36). The paucity of benthic invertebrates found in the upper reaches
of Bear Creek contrasted sharply with reference sites (unimpacted streams of similar size),
which had relatively diverse and abundant assemblages of macroinvertebrates. Water from
BCK-12.36 and BCK-11.83 was toxic to Ceriodaphnia, an invertebrate test species, but not
to fathead minnow larvae, in toxicity tests run in March 1988. At the time of these tests,
streamflow in Bear Creek was higher than normal, and contaminants from the S-3 Pond
groundwater plume were diluted more than would be the case under baseflow conditions.
Under low-flow conditions, it is likely that Bear Creek water would be toxic to Ceriodaphnia
as far downstream as BCK-9.4. While evidence of adverse effects on the fish communities
of Bear Creek was not noted at sites downstream from BCK-11.83, the benthic fauna
appeared to be more sensitive, with clear differences in faunal composition from unimpacted
reference sites at ali sites except BCK-3.25, where complete recovery appears to have
occurred. Species intolerant of pollution (mayflies, stoneflies, and caddisflies) were absent
in the upper reaches and became more common downstream. Mayflies, which are particularly
sensitive to toxic metals, were virtually absent at ali sites except BCK-3.25. Unlike the fish
data, which provide evidence of ecological recovery in Bear Creek since 1984, the benthic
macroinvertebrate fauna do not appear to have changed in a manner indicative of either
improving or degrading water quality since 1984.

No threatened or endangered species of aquatic macroinvertebrates have been collected
in Bear Creek.

A limited amount of data have been collected on the bioaccumulation of contaminants

by aquatic biota in Bear Creek. Fish collected from lower Bear Creek contained elevated
levels of mercury (0.2-0.5 pg/g, wet weight) in 1982 (Van Winkle et al. 1984), and 1984 (TVA
1985). While well below the U.S. Food and Drug Administration action level, these data do
indicate the presence of biologically available mercury in the Bear Creek system. Fish from
lower Bear Creek were also analyzed for cadmium, chromium, silver, arsenic, and nickel in
1984 (TVA 1985), and levels were found to be typical of fish from uncontaminated
environments.

0
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PCB contamination in fish from Bear Creek was evident in 1982, when rockbass collected
from the lower reaches of the creek were found to contain 0.65 4- 0.29 ppm (wet wt) PCBs.
TVA analyzed fish from lower Bear Creek for organic priority pollutants, including PCBs in
1984; levels of ali substances were below detection limits. Fish were collected from lower
Bear Creek in 1987 as part of an effort to evaluate the importance (relative to other sources)
of the EFPC discharge at New Hope Pond as a source of PCB contamination to lower Poplar
Creek and the Clinch River. In this collection, PCBs in rockbass averaged 0.28 + 0.12 ppm
(n=8), a value comparable to the level of contamination found in sunfish in the lower third
of EFPC and well above the level typical of fish from uncontaminated sites (0.02 4.
0.01 ppm). Clams held in Bear Creek (BCK-4.55) for 1 month as part of the same study
accumulated 1.01 ppm PCBs (vs 0.05 ppm in controls), indicating that Bear Creek now
contains a source of biologically available PCBs.

PCB contamination has been observed in fish in EFPC, Poplar Creek, and the Clinch
River/Watts Bar Reservoir downstream from Bear Creek (TVA 1985). It is unlikely that a
substantial fraction of this contamination is attributable to Bear Creek became sources of
PCBs and similar levels of contamination are found in fish from these systems far upstream
from the mouth of Bear Creek (TVA 1985). A similar situation exists for mercury (TVA
1985).

4.3 POTEN'I'IAL EXPOSURE PA'IHWAYS

A potential exposure pathway is the means by which a contaminant moves from a source
to a receptor. Generally, a complete exposure pathway has five elements:

• a contaminant source,

, a mechanism for contaminant release,

. an environmental transport medium,

• a point of potential human contact with the contaminated medium referred
to as the exposure point, and

• a feasible route of exposure.

Exposure could occur if soil contaminants migrate from the site to an exposure point or
when a receptor comes into direct contact with waste or contaminated media at the site. An
exposure pathway is complete if there is a way for the receptor to take in contaminants
through ingestion, inhalation, or dermal absorption of contaminated media or waste. The
following subsections discuss the potential exposure pathways in terms of OU 2.

43.1 Ingestion

The potential exists for ingestion of contaminants released as a result of activities at
OU 2. Ingestion of contaminants could occur from exposure to groundwater, soil, and surface
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water that may function as transport mediums for contaminants released at OU 2. The soil
medium is believed to pose the greatest risk of contaminant exposure through ingestion and
inhalation.

The soil medium presents the potential risk for ingestion of contaminants through
incidental contact with on-site workers Outing site _haractedzation and potential remedial
actions. The rmtential for ingestion is greatly lessened during these activities because workers
are safety-trained and a site-specific health and safety plan is implemented. Became of the
limited population potentially exposed to the soil medium and the health and safety planning,
the potential for exposure to contaminants through soil ingestion is very limited.

Exposure to contaminants through ingestion of groundwater could occur if the
groundwater has become contaminated by soil leachate and if the groundwater is used as a
drinking water source. The potential exists for contaminants leaching into the groundwater
at OU 2; however, the groundwater on the ORR is not used as a drinking water source.
Furthermore, many of the contaminants of concern are suspected to be immobilized in the
soil and thus are not likely to leach into the groundwater in high concentrations. Became of
the documented groundwater contamination at the Y-12 Plant, which is being addressed
under a separate RI, it is believed that OU 2 will likely have an insignificant impact on
groundwater. Consequently, the potential for exposure to populations by ingestion of
contaminants that may result from OU 2 is considered minimal or nonexistent.

Exposure to contaminants through the ingestion of surface water could occur if the
surface water is used as a drinking water source and it has been contaminated by groundwater
recharge or surface water erosion and transport of contaminated soil. Surface water is not
used as a drinking water source, and there are no downgradient residential uses on the ORR.
The potential for surface water contamination due to soil erosion and transport is lessened
by the compacted-clay and top-soil caps installed at OU 2 spoil areas. The potential exposure
of populations to contaminants through surface water ingestion is considered minimal or
nonexistent.

43.2 Inhalation

The potential exists for inhalation of contaminants at OU 2. Inhalation of potentially
contaminated particulates will likely only occur in situations where the subsurface soil is
disturbed. The presence of compacted clay and top soil caps and vegetative covers at the
spoil areas significantly reduces the potential for inhalation exposure at undisturbed sites.
The potential for inhalation exposure is likely to be greatest for on-site workers participating
in site characterization and remedial actions in which subsurface soils are disturbed. Because

of the limited population potentially exposed in this scenario and the implementation of
site-specific health and safety plans during these activities, the potential for inhalation of
contaminants is very low.

433 Dermal Contact

Dermal contact is a potential exposure pathway at OU 2. Potential exposure through
dermal contact will be limited to on-site workers participating in site characterization and
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remedial actions. The potential for exposure through dermal contact is very low due to the
implementation of site-specific health and safety plans during these activities and the limited
population potentially exposed.

4.3.4 External _ure ta Rad/onuclides

The potential for external exposure to radionuclides exists at OU 2. Potential
radiological exposure could occur from being directly exposed to external gamma from
contaminated soil. Under current conditions, exposure is limited to on-site patrol guards and
maintenance workers. Future exposure could occur to on-site workers participating in site
characterization or remedial activities. The exposure potential for on-site workers is lessened
by the implementation of on-site health and safety plans. The risk of external radiological
exposure is considered to be low because of the limited population potentially affected.

4.4 RISK ASSESSMENT MEthODOLOGY

A screening risk assessment will be prepared for OU 2 from existing data and data
collected during the RI. The methodology employed to conduct the risk assessment will
follow the guidelines established in the risk a_essmcnt guidance document for Superfund
(EPA 1989). In addition, recommendations from the ER Central Risk Assessment Comcil
and other supporting documentation will bc followed. Data collected as part of this RI will
support development of an ecological risk assc_ment as part of an integrated Bear Cre,ck
Valley RI.



5. SCOPING

5.1 APPLICABLEORRELEVANTANDAPPROPRIATE
REO (ARARs)

CERCLA was passed by Congress and signed into law on December 11, 1980 (Public
Law 96-510). This act was intended to provide for "liability,compensation, cleanup, and
emergency response for hazardous substances released into the environment and the cleanup
of inactive waste disposal sit_." SARA, adopted on October 17, 1986 (Public Law 99-499),
did not substantially slier the original structure of CERCLA but provided extensive
amendments to it.

In particular, Sect. 121 of CERCLA specifies that remedial actions for cleanup of
hazardous substances must comply with requirements or standards under federal or more
stringent state environmental laws that are applicable or relevant and appropriate to the
hazardous substances or particular circumstances at a site. Inherent in the interpretation of
ARARs is the assumption that protection of human health and the environment is ensured.

The purpose of this section is to supply a preliminary list of available federal and state
chemical- and location-specific ARARs that might be considered for OU 2. This list of
ARARs represents a compilation of potential ARARs of which subsets will be used or
additional ARARs added as site-specific contamination at OU 2 is characterized. No action-
specific ARARs are presented here; they will be developed as remedial alternatives are
identified during the RI/FS.

RSA is located 0.4 miles west of the Y-12 Plant on Old Bear Creek Road. It served as

a solid waste disposal area for nonuranium contaminated construction debris generated by
Rust Engineering, a DOE prime contractor, during various renovation, maintenance, and
construction operations from 1975 to 1983. The site was closed in 1984 under the TDEC
Division of Solid Waste Management regulations by capping the fill area with 2 ft of clean
soil and planting vegetation. Although Bear Creek borders the northern edge of the area and
the eastern edge is bordered by a spring-fed tributary of Bear Creek which discharges into
Bear Creek, there are no surface waters directly on the Spoil Area. Storm runoff flows
directly into Bear Creek or indirectly via the tributary on the eastern border. Direct soil
exposure and surface runoff of contaminants is unlikely because the site was closed and
capped with the 2-ft layer of clean soil (Welch 1989c). Contaminants identified in the soil
at the RSA include heavy metals, VOC.s, and radionuclides. The identified contaminants are
arsenic, beryllium, lead, mercury, tetrachloroethene, uranium, vanadium, selenium, and
thorium (see Record of Conversation, Appendix A, page A-3).

SA-1 is a 5-acre site located west of the Y-12 Plant on Old Bear Creek Road. It began
operation in 1980, and TDEC permitted it in 1985 as a landf'dl for solid waste (Registration
Number DML-10-103-0012). In addition, it is listed in the RCRA Facility Investigation Plan
General Document for the Y-12 Plant (Welch 1989a) as a RCRA Sect. 3004(u) SWMU under
the HSWA general permit for the ORR. Wastes deposited at the site include asphalt,
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masonry and roofing materials, brush, metal, rock, and tile from renovation, maintenance, and
construction activities (Welch 1989b). Preliminary assessment has revealed the pyresence of
the following contaminants at the s_te: aluminum, arsenic, barium, beryllium, chromium,
cobalt, copper, iron, lead, mercury, nickel, vanadium, zinc, total uranium, total radium,
benzo(a)anthracene, benzo(a)pyrene, benzo(a,k)fluoranthene, chrysene, dibenzofuran,
fluoranthene, phenanthrene, pyre.he, and bis(2-ethylhexl)phthalate (see Record of
Conversation, Appendix A, page A-3).

The SY-200 Yard lies in BCV between the RSA and SA-1. The site lies just south of
the headwaters of Bear Creek near the base of the northern slope of Chestnut Ridge.
Surface runoff from the area drains to the northwest into Bear Creek, which flows along the
northern perimeter of the area. No detailed records are available that list ali items that have
been stored at the SY-200 Yard. Known or suspected contaminants are uranium, thorium,
PCBs, lead, mercury, asbestos, and alpha activity (see Record of Conversation, Appendix A,
page A-3).

Some site-specific characterization of the nature and extent of groundwater
contamination will be conducted at the individual sites. Groundwater for the RSA and SA-1
will be characterized as part of the Y-12 Comprehensive Groundwater Monitoring Program.
ARARs for groundwater remediation for ali three sites in OU 2 will be addressed under that
program. Any contamination of Bear Creek will be addressed and remediated under the
program for Bear Creek, and ARARs for surface water remediation for Bear Creek will be
discussed in that report. This document will address ARARs for the remaining media of
concern, soil.

5.1.1 Definitiom

Applicable requirements are "those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated under
Federal or state law that specifically address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstance at a CERCLA site"(52 FR 32496, August 27,
1987).

Relevant and appropriate requirements are "those cleanup standards, standards of control,
and other substantive environmental protection requirements, criteria, or limitations
promulgated under Federal or state law that, while not applicable to a hazardous substance,
pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA site,
address problems or situations sufficiently similar to those encountered at the CERCLA site
that their use is well-suited to the particular site" (52 FR 32496).

CERCLA on-site remedial response actions must only comply with the substantive
requirements of a regulation and not the administrative requirements to obtain federal, state,
or local permits [CERCLA §121(e) and FFA §XXII]. To ensure that CERCLA response
actions proceed as rapidly as possible, EPA has reaffirmed this position in the final National
Contingency Plan (NCP) (55 FR 8756, March 8, 1990). Substantive requirements pertain
directly to the actions or conditions at a site, while administrative requirements facilitate their

implementation. EPA recognizes that certain of the administrative requirements such as Q
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consultation with state agencies, reporting, etc., are accomplished through the state
involvement and public participation requirements of the NCP. These administrative
requirements should be observed if they are useful in determining cleanup standards at the
site (55 FR 8757).

' .

In the absence of federal- or state-promulgated regulations, there are many criteria,
advisories, guidance values, and proposed standards that are not legally binding but may serve
as useful guidance for setting protective cleanup levels. These are not potential ARARs but
are "to-be-considered" (TBC) guidance.

5.1.2 ClaemicaI-Specific ARARs

"Chemical-specific requirements set health or risk-based concentration limits or discharge
limitations in various environmental media for specific hazardous substances, pollutants, or
contaminants" (52 FR 32496). These requirements generally set protective cleanup levels for
the chemicals of concern in the designated media or else indicate a safe level of discharge
that may be incorporated when considering a specific remedial activity.

5.1.2.1 Soil

Very little legislation or guidance is available governing cleanup criteria for contaminated
soils at CERCLA sites. Because SA-1, RSA, and SY-200 Yard are listed as RCRA
Sect. 3004(u) SWMUs, any remedial actions at OU 2 are subject to RCRA corrective action

O regulations if toxicity testing of soils reveals the presence of RCRA characteristic hazardouswaste as defined in 40 CFR 261. Requirements for corrective action for $WMUs have been
proposed (55 FR 30798, July 27, 1990). A final rule is expected to appear in January 1993.
EPA proposes a risk-based approach to establish media cleanup standards for surface water,
groundwater, soil, and air. These standards are to be established at concentrations that
ensure protection of human health and the environment and are to be set for each media of
concern during the remedy selection process. Target cleanup levels may initially be set at the
proposed RCRA action levels and modified as appropriate to reflect site-specific exposure
assumptions (55 FR 30826).

SA-1 is registered with "I'DEC as a solid waste landfill, making it subject to Tennessee
state regulations [Tennessee Code Annotated (TCA) 68-31-101-107] governing solid waste
disposal facilities. One of the conditions listed in the registered permit for SA-1 states that
a final cover of at least 2 ft of compacted soil shall be applied within 1 week following
completion of the demolition site. In addition, Rules of the TDEC, Chapter 1200-1-7-.03,
require the submittal of a closure/postclosure plan for solid waste disposal facilities. TDEC
has already contacted the Y-12 Plant Manager requesting submittal of a closure/postclosure
plan for SA-I by November 1992 (see TDEC correspondence, Appendix A, pages A-4 and
A-5). Negotiation with state officials may be necessary to coordinate closure under the state
solid waste disposal regulations with closure under CERCLA.

EPA has promulgated a f'mal rule establishing a new 40 CFR Part 258, which sets forth
revised minimum federal criteria for municipal solid waste landfills (56 FR 50978, October 9,
1991). These include closure and postclosure care requirements (40 CFR 258.60 and 258.61),
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including a final cover consisting of a 6-in. erosion laye;_underlain by an 18-in. infiltration
layer and 30-year postdosure maintenance andgroundwater monitoring. Although not legally
applicable to remedial action sites found at OU 2, they may prove relevant and appropriate
for closure of landfills. These regulations will be analyzed further as action-specific ARARs
are addressed.

RCRA has add_ land disposal of treated hazardous wastes in its land disposal
restrictions (LDRs) (40 CFR Part 268). The LDRs are triggered by movement of RCRA
hazardous waste from one unit (SWMU) and placement into another unit. However, EPA
has determined that current best demonstrated achievable technologies listed in the LDR
regulations are generally inappropriate or unachievable for soil and debris from CERCLA
response actions (55 FR 8760). Therefore, EPA is proposing separate rulemakin_ to
establish treatment standards for disposal of such contaminated soil and debris. The Advance
Notice of Proposed Rulemaking (ANPRM) for debris appeared in 56 FR 24444, May 30,
1991; the Notice of Proposed Rulemaking (N'PRM) January 9, 1992 (57 FR 958); and the
final ruie, June 1992. The pro_ rule requires contaminated debris to be treated prior to
land disposal using extraction, destruction, or immobilization technologies. Six different
categories of debris and ten different categories of contaminants are specified in the rule.
As with mixed waste, debris contaminated with both hazardous and radioactive waste must
comply with the treatability standards for contaminated debris as well as those under the
Atomic Energy Act. Disposal of treated debris and resultant wastes are discussed in the
proIx3sed rule.

The ANPRM for soil appeared October ?A, 199i (56 FR 55160), the NPRM is scheduled
for May ',992, and the final rulemaking for May 1993. These will be analyzed as ARARs or
TBC when available. EPA has developed guidance for obtaining and complying with a
treatability variance for 3oil and debris that are contaminated with RCRA hazardous wastes
for which treatment standards have already been set (Office of Solid Waste and Emergency
Response Directive 9347.3-06FS, July 1989). Alternate treatment levels are presented for
structural functional groups of organics and for ten inorganics based on actual treatment of
soil and best management practices for debris. These will _.e considered as TBC guidance
when remedial alternatives are selected and more information becomes available on waste

types.

Several sections of RCRA require promulgation of corrective action regulations; when
finalized, these requirements will most likely be ARARs for CERCLA remedial actions.
Currently, only the 40 CFR 264 Subpart F regulations on groundwater protection at units
regulated by RCRA are potential ARARs to CERCLA corrective actions within facility
boundaries, and these include groundwater protection standards (40 CFR 264.92 and 264.94)
and groundwater monitoring requirements (40 CFR 264.97). The corrective action standards
developed under RCRA Sect. 3004(u) will be applicable to any CERCTA cleanup site that
is also an active or a formerly active RCRA facility with an active SWMU; thus, the standards
will also be applicable to a CERCLA site where disposal is currently occurring. In addition,
RCRA Sect. 3004(v) authorizes cleanup beyond facility boundaries.

The regulations found in the Toxic Substances Control Act (TSCA) contain storage,

disposal, and cleanup requirements for material contaminated with PCBs. These regulations
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limit concentrations of PCBs disposed of in soil to 50 ppm and require that any soils
containing concentrations of PCBs greater than 50 mg/kg (ppm) (40 CFR 761.60) be
incinerated (40 CFR 761.70) or stored in a chemical waste landfill (40 CF,_ 761.75). TSCA
also specifies requirements that must .be achieved for PCBs disposed of by incineration (40
CFR 761.70), in a chemical waste landfill (40 CFR "/61.75),or by other disposal methods [40
CFR 761.60(a)(5)(iii)].

5..z20Cer TSCguidm=

EPA has suggested cleanup values for lead in soils based on studies of blood lead levels
in exposed children. The EPA OSWER Directive 9355.4-02 (dated September 7, 1989)
recommends a cleanup level for soils of 500 to 1000 ppm lead.

In the absence of federal- or state.promulgated ARARs, or in the case where ARARs
are vot adequately protective, EPA states a preference for reference doses (RfDs) and
refen:ncc concentrations (RfCs) for systemic toxicants and slope factors or carcinogen
potency factors (CPFs) for carcinogens (EPA 1989). RfDs, RfCs, and CPFs are available
through the EPA Integrated Risk Information System (IRIS) (EPA 1990b) and EPA Health
Effects Assessment Sununary Tables (EPA 1992). The information found in IRIS is frequently
in flux, as it is constantly undergoing EPA review and verification. Therefore, chemical-
specific values are not included here.

Although not an ARAR, EPA has published a TSCA PCB spill cleanup policy (52 FR
10688) which recommends cleanup standards for PCBs of 25-50 ppm for sites with restricted
access; a 10-ppm cleanup level is recommended for residential and unrestricted access rural
areas. In this latter case, a 10-in. cap of clean soil must cover the site. In the EPA guidance
report for remedial actions at Superfund sites containing PCBs, preliminaryremediation goals
are set at 1 ppm for residential land use (a risk of 10"5)and between 10 and 25 ppm for
industrial and/or remote areas (a risk of 10"4)(EPA 1990a). Alternatives should reduce
concentrations to these levels or fimit exposures. EPA also presents an approach to deriving
cleanup levels of PCBs in sediments (EPA 1990c). This approach results in "sediment quality
criteria" as a function of organic carbon concentrations and is meant to protect wildlife
consumers of freshwater benthic species. These values are considered TBC guidance, not
ARARs.

5.1.3 Radiation PrOtection Standards

There are presently no EPA regulations appropriate for consideration of cleanup of
radioactively contaminated soils. DOE is authorized to control ali types of nuclear materials
at sites under its jurisdiction and is exempt from the U.S. Nuclear Regulatory Commission
(NRC) licensing and regulatory requirements. Therefore, NRC regulations are not consi-
dered to be ARARs for CERCLA cleanup at DOE facilities. However, all or parts of
individual NRC regulations may be considered relevant and appropriate, depending on the
particular conditions at each OU. DOE regulations for handling and cleanup of radioactive
materials are outlined in a series of DOE orders that are legally binding to DOE contractors
but are not considered by EPA to be ARARs. Therefore, for the purposes of development
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of ARARs, DOE orders will be treated, along with the NRC regulations, as TBC guidance.
Table 5.1 summarizes dose limits that appear in the various regulations and DOE orders.

Table 5.1. Radiation protectio_ standanls that may be AV.ARs"for OU 2

Regulation Applicability Exposure conditions Standard
i ii i

10 CFR 20 Radiation from facilities Worker exposure 5 rem/yearb
licensed by NRC limits in unrestricted

areas

Public exposure, 100 mrem_ear b
unrestricted areas

10 CFR 61 Licensing requirements Public exposure, ali 25 torero/year
for land disposal of radio- sources (total body)
active waste 75 torero/year

(thyroid)

DOE Order 5400.5 Radiation Protection of Public exposure, ali 100 mrem/year
the Public and the Envi- sources
ronment

Temporary exemption 500 torero/year
maximum limit

Aquatic organism 1 rad/d
exposure, absorbed
dose

DOE Order 5820.2A Radioactive Waste Public exposure, ali 25 mrem/year
Management sources, excluding air

Public exposure, 10 mrem/year
atmospheric releases

DOE Order 5480.11 Radiation Protection for Worker exposure 5 torero/year,
Occupational Workers limits, continuous cancer effects_

exposure
50 mrem/year,
noncancer
effects c

Public exposures, 100 mrem/year_
controlled areas

"ARARs :applicabic or relevant and appropriate rcquirements.
_Final rule of May 22, 1991 (56 FR 23360), effective June 21, 1991. Implementation of this regulation

NRC licensees may be deferred until January 1, 1993. This rule deleted the quarterly fimits for occupational

exposuresand loweredthe limitfor publicexposurefrom 500 mrem/yearto 100mremb'ear.
q)m_ as 10 CFR 835 (56 FR 64334, December 9, 1991).
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In addition to hazardous waste, OU 2 shows evidence of possible radiological
contamination of soils with uranium, radium, and thorium. The proper definition of "mixed
low-level radioactive and hazardous waste" has caused considerable debate with regard to dual
jurisdiction by EPA and NRC. However, EPA has published a clarification of the problem
(53 FR 37045, September 23, 1988), as did DOE previously [52 FR 15937, May 1, 1987, and
DOE Order 5400.3 ('Hazardous and Radioactive Mixed Waste Program," dated February 22,
1989)]. In effect, mixed wastes are those containing a RCRA hazardous waste as defined in
40 CFR 261 as well as radioactive waste subject to the AEA. RCRA regulations apply to the
hazardous component of the waste, and AEA regulations apply to the radioactive component.

When the application of both standards is conflicting or inconsistent, RCRA yields to the
Atomic Energy Agency. Tennessee received final authorization to regulate radioactive mixed
waste on July 3, 1986 (53 FR 37045, September 23, 1988); however, the state has not imple-
mented any regulations or guidance related to the handling of mLxedwaste (see Memorandum
of Conversation, Appendix A, page A-6). On October 24, 1991, the U.S. Senate approved
legislation granting DOE an extension through 1993 for storage of mixed waste without
penalty (DPW 1991). After that date, DOE would have to seek EPA capacity variances
yearly through June 30, 1997, accompanied with annual reports on the availability of
technology to meet the RCRA storage requirements. Final passage of the bill is
undetermined at this time.

5.123.1. EPA regulations

Subpart H of 40 CFR 61 addresse_ atmospheric radionuclide emissions from DOE
facilities and may be applicable to airborne emissions during cleanup of OU 2. EPA has
issued a final NESHAP rule (54 FR 51654, December 15, 1989) that limits emissions of
radionuclides to the ambient air from DOE facilities to amounts that would not cause any
member of the public to receive an effective dose equivalent of 10 mrem/year (40 CFR
61.92).

EPA intends to develop environmental radiation protection standards for the disposal
of low-level waste (LLW) under 40 CFR 193 and 764. The intent of these standards will be
to protect the public health and general environment from potential adverse effects from
LLW disposal. These proposed regulations may provide TBC guidance for cleanup of OU 2
and, when promulgated, will be considered as ARARs. This proposed rule, however, is
currently on hold pending resolution of the issue with the NRC (Houlberg et al. 1992).

In addition, EPA is developing public health and environmental radiation protection
criteria for cleanup of residual radioactive materials at decommissioned DOE, Department
of Defense, and NRC-licensed sites, as well as others. These criteria may provide useful TBC
guidance for remedial response at OU 2. This rulemaking initiative is presently on hold;
however, EPA plans to reactivate it in May 1992 (Houlberg et al. 1992).

5.123.2 NRC regulations

As mentioned previously, DOE is not regulated by NRC; however, NRC regulations may
be relevant and appropriate and may provide some TBC guidance for cleanup of radioactive
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waste at OU 2. Thus the regulations are summarized here. The standards for protection
against radiation (10 CFR 20) were revised recently (56 FR 23360, May 21, 1991). They are
designed to limit radiation exposures from NRC-licensed activities. They provide permissible
worker"exposure limits for restricted areas of 5 rem/year (10 CFR 20.1201) and lowered
radiation exposure limits to the general public in unrestricted areas from 500 mrem/year to
100mrem/year(10 CFR 20.1301) (Table 5.1).

Appendix B of 10 CFR 20.1001-20.2401 sets annual average concentration limits for
radionuclides in airborne and liquid effluents. These represent the radionuclide concentra-
tions which, if inhaled or ingested, would produce a total annual effective dose equivalent of
50 mrem.

NRC has promulgated licensing requirements for land disposal of radioactive waste (10
CFR 61). Part 61 contains procedural requirements and performance standards applicable
to any method of land disposal, with specific technical requirements for near-surface disposal
of radioactive waste. Although not legally applicable, the substantive requirements found in
this regulation may be relevant and appropriate or provide TBC guidance for remedial
options selected at Bear Creek OU 2 and will be addressed when remedial alternatives are
selected. 10 CFR 61.41 states that concentratiorLsof radioactive materials released to the
environment in ali media must not result in an annual dose to an individual that exceeds

75 mrem to the thyroid and 25 mrem to the total body or ali other organs (Table 5.1). In
addition, reasonable effort must be made to maintain releases of radioactive materials to

levels that are "as low as reasonably achievable" (ALARA).

5.1.3.3 DOE orders

As mentioned previously, DOE orders are not promulgated regulations and thus are not
considered to be ARARs by EPA. They are, however, legally binding between DOE and
Energy Systems because of contractual agreements. The radiation exposure limits defined in
DOE Order 5400.5 ('Radiation Protection of the Public and the Environment," February 8,
1990) are an effective dose equivalent of 100 mrem/year from ali exposure pathways and ali
DOE sources of radiation and a dose of less than 500 torero/year for a single acute exposure.
In addition, effluent releases to surface water must not result in exposures to aquatic
organisms which exc.e.exian absorbed dose of 1 rad/d. The overriding principle of the DOE
order is that ali releases of radioactive material shall be ALARA.

DOE Order 5820.2A ('Radioactive Waste Management," September 9, 1988) states that
the management of LLW must ensure that external exposure to the waste and concentrations
of radioactive material that may be released into surface water and soil does not exceed
25 mrem/year to any member of the public. Releases to the atmosphere shall not exceed
10 mrem/year. Reasonable effort should be made to maintain releases to the environment
to ALARA levels. The order pertains to the management of radioactive waste that is not
mixed with RCRA hazardous waste.

DOE Order 5480.11 contains guidelines for worker protection which are similar to those
of 10 CFR 20 [i.e., 5 rem/year and 50 remjyear annual effective dose equivalent for stochastic
(cancer) and nonstochastic (systemic) effects, respectively, from both internal and external
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O sources for continuous exposures]. Also included in the order are standards for the general
public when entering a controlled area. Exposures to the public are limited to an effective
dose equivalent of 100 mr_n_ear. As with the other DOE orders, the ALARA principle
prevails. Remediation of radionuclide-contaminated soils must be handled so that exposures
to on-site workers or public intruders do not exceed these standards. DOE ha_ proposed for
codification in 10 CFR 835 the primary standards for radiation protection of occupational
workers from normal operation of DOE facilities (56 FR 64334, December 9, 1991). No date
for a final rule has been established; however, when promulgated, these standards will then
be legally applicable for CERCLA cleanup at DOE sites.

5.1.3.4 TBC guidance for radiological risk assessment

The EPA O_ce of Radiation Programs has derived slope and unit risk factors for
radionuclides of concern at remedial sites for each of three major exposure pathways
(inhalation, ingestion, and external exposure to contaminated soil). These are available in the
EPA Health Effects Assessment Summary Tables (EPA 1992).

5.lA Location-Spocific ARARs

Location-specific requirements "set restrictions upon the concentration of hazardous
substances or the conduct of activities solely because they are in special locations" (53 FR
51394).

O 5.1.4.1 Caves, salt-dome formations, salt-bed formations, and underground mines

There are no indications of salt-dome formations, salt-bed formations, or underground
mines on or near any of the three sites (Lee 1991). However, there apparently are limestone
structures under OU 2 which may be subject to cave formation, sinkhole development, and
trends of groundwater movement that could cause problems for site modifications (Welch
1989b; Murphy 1988). If any caves are located in areas where remedial activities may occur,
the regulations found in RCRA [40 CFR 264.18(c)] which prohibit the placement of
noncontainerized or bulk liquid hazardous waste in caves might be ARARs.

5.1.4.2 Faults

Two regionally extensive thrust faults transect ORR, the WOM and Copper Creek thrust
faults (Ketelle 1991). Although no faults occur directly in the BCV near the Y-12 Plant, the
WOM fault has induced some minor folding and majorjointing and fracturing of the bedrock
near the site (Ketelle 1991). The faults on the ORR are ancient (pre-Holocene) and are
stable (Ketelle 1991). The possibility of fault movement is considered extremely unlikely
(Chance 1986).

5.1.4.3 W'dderness areas, wildlife refuges, wildlife resources, and scenicrivers

There are no known designated wilderness areas, wildlife refuges, or scenic riven at
OU 2 or within range of the area such that remedial action would likely impact these
resources. However, if any remedial action is taken that will impact Bear Creek,which

0
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borders OU2 on the north, the Fish and Wildlife Coordination Act and the Tennessee Water
Quality Control Act of 1977 [TCA Sect. 69-3-101 et seq. (1987)] may be ARARs.

5.1.4.4 Wetlands and fltxxlplains

The northern portions of the RSA and the SY-200 Yard are within the 100-year flood
plain of Bear Creek (Welch 1989c). There is no evidence of wetlands located at, or in the
immediate vicinity of OU 2 (Cunningham and Pounds 1991). The Cunningham and Pounds
1991 survey does not purport to be complete however. Therefore the presence or absence
of wetlands at the area should be confirmed by on-site inspection. If any remedial actions are
chosen that would impact floodplains or wetlands, consideration should be given to Executive
Order 11990, 40 CFR 6.302(a), 40 CFR Appendix A, 10 CFR 1022, the Clean Water Act
Sect. 404, 40 CFR 230, and 33 CFR 320-330 for applicable requirements.

5.1.4.5 Historic sites and archaeolol_ical findinp

A number of studies have indicated the presence of abundant archaeological and historic
resources on the reservation (Sanders 1984). These surveys are summarized in Volume 3 of
the Resource Management Plan for the U.S. Department of Energy Oak Ridge Reservation
(Sanders 1984). Although the surveys are not exhaustive of the entire reservation, there
appears to be no known archaeological or historic resources at OU 2 (Sanders 1984).

5.1.4.6 Rare_ threatened, or e,odangered species

Many of the animal or p_antspecies known to occur on ORR are listed in the Resource
Management Plan for the Oak Ridge Reservation, Vols. 4 and 24 (Parr 1984, Kroodsma 1987).
In addition, more recent information on rare plants at the ORR is being compiled (Parr
1992). Although there are a number of state- and federal-listed species on ORR, there are
at present no known rare, tl_-eatened, or endangered species at OU 2 (Parr 1984, Kroodsma
1987).

5.1.5 A_on-Spedfic ARARs

Performance, design, or other action-specific requirements set controls or restrictions on
particular kinds of activities related to the management of hazardous waste (52 FR 32496).
Selection of a particular remedial action at a site will invoke the appropriate action-specific
ARARs that may specify particular performance standards or technologies, as well as specific
environmental levels for discharged or residual chemicals. Action-specific ARARs are derived
primarily from RCRA, the Clear Air Act, and the Clean Water Act; the action-specific
ARARs for OU 2 will be developed during selection of remedial action alternatives.

5.2 IDENTIFICATION OF POTENTIAL TECtlNOI£)GIES

"1ac purpose of this section is to identify potential treatment technologies that may apply
to OU 2. Based on existing data, each potentially contaminated medium identified is
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evaluated so that additional data may be collected as a part of the RI to identify and develop
the most effective remedial action plan.

The media that are potentially contaminated from OU 2 are soil and debris, groundwater,
and surface water. Because the potential remediations of groundwater and surface water are
being addressed as part of separate assessment programs covering Bear Creek Valley, they
are not considered in this RI. Consequently, the treatment alternatives for the soil media are
solely addressed in the RI.

Based on the information gathered during previous studies, objectives for the remediation
of the site will be formulated and an assessment of the alternatives will be completed. The
goal of the alternatives assessment will be to develop cost-effective alternatives that can meet
the remediation objectives. To accomplish this goal, remediation technologies and process
options will be identified, evaluated for technical feasibolity,and screened to eliminate those
that are obviously unsuited to site conditions or contaminants. The retained technology
process options will then be assembled into alternatives. These alternatives will be evaluated
based on implementability, effectiveness, and cost to reduce the number of alternatives and
yet retain a reasonable range of alternatives. The process will be completed in the FS report,
in which the alternatives will be defined in detail and evaluated relative to each other.

The remedial action alternatives considered for OU 2 are listed in Table 5.2. The

remedial technologies are presented in association with the applicable general response
action. General response actions have been developed for contaminated soil and debris

suspected at OU 2. The response action categories are designed to address the environ-mental and public health effects of the contaminants, possible migration pathways, and
exposure routes of the contaminated media.

The remedial technologies have undergone preliminary screening to identify those that
potentially apply to OU 2. Table 5.3 presents the results of the screening process along with
the options available for each technology and comments on the potential effectiveness,
implementability, and cost of each technology.
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6. SUMMARY OF DATA NEEDS

Based on the presentation and discussion of the existing monitorirg and characterization
data available for OU 2, several data needs Lave be.cn identified. Specifically, data are
needed to fully characterize several possible contaminant migration pathways and to evaluate
the relative contn"oution of the OU 2 sites to contaminants in BCV groundwater, surface
water, and sediments.

6.1 ENVIRONMENTAL CHARACI1gRIZATION

6.1.1 Spoil Area 1

6.1.1.1 Soik

Subsurface soils (fill and residuum) have. be.cn adequately characterized by previous
investigations.

6.1.1.2 C_mmndwatcr

Cn'oundwatcr contamination at SA-1 is characterized by elevated concentrations of nitrate
and uranium, characteristic of the S-3 plume, and VOCs which may originate at another
source (e.g., FTA). However, the available groundwater characterization data may not bc
indicative of contam;_aants from SA-1. Groundwater wells at the site are screened in the
bedrock, whereas most of the identified soil contamination is located either in the fill material
or concentrated at the fill/residuum contact. At several locations within SA-1 the water table
intersects the zone of concentrated soil contamination. Groundwater samples from the water
table in contact with SA-1 soil contaminants are needed to evaluate the contribution of SA-1

to BCV groundwater contaminaE,t plumes.

Anecdotal accounts of seepage outbreaks on the downslopc face of SA-1 shot:ld bc
investigated, and samples of affected soil and liquid should b¢ collected and analyzed. The
locatio_ of the seeps relative to the water table may indicate the presence of perched water
within SA-1.

6.1.1.3 Surface watcr/mglinumt

"lhc incomplete soil cap and evidence for erosion of the cap in places suggest that surface
wagr runoff maybc transporting contaminants to the headwaters of Bear Creek. Stormwater
and sediment runoff are channelled around the periphery of SA-1 and should bc sampled to
assess this transport pathway.
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6.1.2 SY-200 Yard

6.1.2.1 Soils

Site history suggests that contaminants in the subsurface were the result of disposal of
contaminated soils from several sources. With the exception of near-surface contamination
associated with known storage of lead shielding and transformers, the vertical and horizontal
distribution of contaminants may be nearly random. The nature and extent of soil
contamination at SY-200 are essentially unknown.

t

6.1.2.2 Groundwater

No groundwater assessment program monitoring wells exist in the immediate vicinity of
SY-200. Given the preceding discussion on the distribution of subsurface contamination and
the likelihood that contaminated soils are in direct contact with the water table, shallow
groundwater samples are required to assess the relative contribution of SY-200 to BCV
groundwater plumes.

6.1.2.3 Surface wat_r/sedim_t

Observations at the site suggest that surface water runoff (and entrained sediments) may
be discharging directly into Bear Creek. Runoff from an adjacent waste oil/PCB facility
merges with that runoff from the west end of SY-200 before entering Bear Creek.
Stormwater runoff samples, with separate analyses for water andsediment, should be collected
to assess the relative contribution of SY-200 to Bear Creek contamination.

6.1.3 Rust Spoil Area

6.1.3.1 Soils

The nature and extent of nii contamination at RSA will be verified with additional
sampling.

6.1.3.2 Groundwater

The groundwater monitoring wells at RSA include a mix of unconsolidated and bedrock-
zone screen intervals. As a result, data from these wells should be adequate to characterize
the nature and extent of any groundwater contamination at the site.

6.133 Surface water/sediment

Observations at the site suggest that surface water runoff (and entrained sediments) may
be discharging directly into Bear Creek, especially along the east side of the site where an
intermittent spring (SS-1) discharges into a steep tributary channel. Runoff from an adjacent
waste oil/PCB facility enters the same channel (through a discharge pipe) near its headwaters
and before entering Bear Creek. Stormwater runoff samples, with separate analyses for water

0
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and sediment, should be collected to assess the relative contribution of RSA to Bear Creek
contamination.

6.2 HNGIN'HHRING _OLOGY SCKe.F_.IqlNG

Data needs for continued screening of engineering technologies should be satisfied by
the data collected for site characterization with the addition of geotechnical data (e.g.,
permeability, grain size) on subsurface soils at SY-200.

92.043/o72892



7. FIFJ.13 SAMPIANG PLAN

7.1 SAMPLING PLAN SCOPE

The scope of sampling activities at OU 2 includes soil borings and soil sampling (at
SY-200), groundwater piezometer installation for water table sampling at SA-1 and SY-200,
seep sampling (soil and/or water) at SA-1, and storm event surface water and sediment
sampling at ali sites. Proposed sampling rationales and locations are discussed in the
following sections and illustrated in Figs. 7.1 through 7.3. Prior to any invasive sampling, a
walkover radiation survey will be conducted by Energy Systems personnel. The result of the
surveys may indicate affitional locations for soil sampling.

7.1.1 Soils

Based on the results of previous soil sampling, contaminants of concern in soil at O12 2
include metals and PCBs at SY-200, metals and radiological contaminants at RSA, and metals
and VOCs at SA-1.

Soil characterization at SA-1 has covered the readily available portions of the site.
Because of relatively steep slopes near the western end of the site (Fig. 7.1), no soil borings
are proposed.

The history of the SY-200 site suggests that contaminated soils were brought to the site
and used as fill. Subsequent construction activities have redistributed those soils such that
the horizontal andvertical distribution of contamination is unpredictable. Observations at the
site during earlier construction activities suggest there are areas of particularconcern which
warrant focused sampling. The proIa3sed sampling plan for SY-200 was generated by
overlaying a 100-ft triangular grid over the site and systematically selecting grid nodes as
locations for soil borings (Fig. 7.2). Within historical areas of concern, the sampling grid has
been reduced to a 25-ft triangular grid.

Fifty-six soil borings will be installed within and outside the SY-200 Yard boundary. Each
boring will be drilled to the water table, and continuous samples will be collected with a split

[ barrel device. Where possible, the final soil sample in each boring will be collected from just
[ beneath the water table surface. Twenty-two of the borings will be submitted for a complete

suite of analyses. A random selection of 34 borings from the 25-ft grid will be analyzed for
a more limited suite of analytes.

Extensive cutting and filling in the area during plant construction has resulted in a
mixture of soils making up the fill materials; thus it is unlikely that background soil
characteristics can be identified. However, upgradient soil conditions will be determined from
borings located east of the site and downgradient conditions from borings located west of the
site.

[ Soil characterization at RSA will be completed by locating five borings along two
transects through the center of the site (Fig. 7.3).
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Ali soil boringz will be advanced using an auger drill rig. Split-spoon soil samples will be
collected every 5 ft following the procedures outlined in Method 303-4 (Kimbrough et al.
1990). The standard split-spoon sample length is 2 ft. Soil samples will be screened for the
presence of contarainants to determine selection of samples for laboratory analysis. Screening
procedures will include field observations for oil staining and mercury and instrumental
measurements for VOC content and radionuclides. Once the dimensions of the fill material
are more fully defined, three subsequent sampling intervals will be selected for collection of
geotechnical samples with a Shelby tube (ESP-303-5).

Three to five feet of clean borrow material caps the SY-200 area; continuous samples will
be collected in this area beginning at a depth of 3 ft. Based upon water table elevations, the
average boring depth is expected to be about 18 ft. It is estimated that four samples will be
collected from each boring totaling 224 samples. The average boring depth at RSA is
expected to be about 20 ft. It is estimated that a maximum of five samples will be collected
from each boring for a total of 25 samples. Composite samples will include, at most, two
contiguous 2-ft split spoon samples. The required excavation permits will be obtained,
ensuring clearance from underground utilities, and ali soil boring locations will be surveyed
using the National Geodetic Vertical Datum for Vertical Control.

7.1.2 Groundwater

Several well and piezometer installations are proposed for the OU 2 RI, specifically for
the SA-1 and SY-200 sites.

The results of previous investigations at SA-1 demonstrate that contaminants of concern
within the fill at SA-1 have migrated to the fill/residuum boundary. Furthermore, this
boundary is often intersected by the water table in the center of the site. A piezometer
installation is proposed at location P1 (Fig. 7.1) for the collection of a water table sample
from an area with associated contaminant concentration in the fill/residuum.

Another piezometer installation proposed for SA-1 (P2, Fig. 7.1) is located upgradient
of the site but downgradient of the FTA; this location is a possible source for VOC
contamination at the site. Data from this sampling point will be used to resolve the shallow
groundwater flow directions in this area (on or near the groundwater divide) and help to
identify the source of VOC contamination observed in SA-1 groundwater. Both piezometers
will be sampled once, however, multiple groundwater level measurement events will occur.

Three soil borings at SY-200 will be converted to stainless steel monitoring well
installations (Fig. 7.2). The proposed locations will provide local groundwater quality samples
both upgradient and downgradient of the site.

Data from the new wells and piezometers will be evaluated with the data from existing
groundwater assessment monitoring wells to determine which, if any, of the piezometer
locations should be retained as potential future locations for permanent groundwater
monitoring wells.
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A field reconnaisance survey will be conducted to identify areas of visible seepage on the
downslope face of SA-1. If seeps are located (Fig. 7.1 and Tables 7.2 and 7.3 assume
identification of three seeps), they will be sampled (soil and water) once during a period of
wet weather flow.

7.L3 Smfzce Water/Sediment

Surface water and sediment samples will be collected from several locations throughout
OU 2 during or immediately after major runoff events. The rationale for this effort is to
determine, especially in the cases of SA-1 and SY-200, whether the lack of sufficient capping
of the site leads to significant contaminant transport. A secondary objective of the sampling
will be, if possible, to isolate the contribution to runoff from the study sites from that of other
facilities in the area (e.g., the waste oil and PCB facility between RSA and SY-200).

Surface water and sediment sampling locations SS1 through SS4 (Fig. 7.1) are located in
drainage channels surrounding SA-1. Drainage on the east side of SA-1 is complicated, and
several sampling points (SS-1, SS-2, SS-3) have been proposed to separate the component of
runoff associated with SA-1 from that associated with facilities farther up the ridge.

Surface water and sediment samples will be collected at two locations in Bear Creek
adjacent to SY-200 (Fig. 7.2). Sampling location SS5 is proposed to sample runoff from the
east end of SY-200. Sampling location SS6 is proposed for comparison with data from SS5
and to evaluate the runoff from the west end of the site.

Proposed surface water and sediment sampling locations at RSA are concentrated on the
upstream (east) side of the site (Fig. 7.3). Sampling location SS7 is proposed to collect
surface water and sediment from a point upstream of runoff input from the adjacent waste
oil and PCB facility and as close as feasible to the discharge point of the SS-1 spring.
Sampling location SS8 is located immediately downstream of the surface water runoff input
from that facility. Sampling location SS-9 is upstream of ali influences of the RSA. Data
from the sitewide Bear Creek monitoring station at BCK-11.97 will be used to assess the
downstream effects of runoff from RSA.

7.2 FIELD SAMPLING AND SAMPI_ ANALYSIS

The following sections discuss the technical procedures that will be used as guidelines to
implement the sampling activities at OU 2. Ali sampling activities, where applicable, will
follow the technical procedures established in the Environmental Surveillance Procedures,
Quality Control Program (Kimbrough et al. 1990). Ali technical methods referenced in the
subsequent sections, except where otherwise noted, are contained within the above-referenced
document. Sample apportionments by medium are summarized in Table 7.1. Detailed sum-
maries of maximum numbers of samples, quality assurance samples, and analytical methods
are presented in Tables 7.2 through 7.4.

O
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Table 7.4. Ptoptm_ analytical parameters for surface water and groundwater
and for soil and sediment samples during RI at Bear Creek OU 2

Parameter Method_b

Surface water and groundwater

CLP metals SOW 3/90
Total
Dissolved

Atomic absorption spectroscopy (AAS) metals SOW 3/90
Chromium
Cadmium
Lead
Mercury

CLP volatile organics SOW 3/90

CLP semivolatile organics SOW 3/90

CLP polychlorinate:i biphenyls (PCBs)/pesticides SOW 3/90

Anions
Chloride 300.ff

Cyanide SOW 3/90
Nitrate 300.0_
Sulfate 300.0c
Fluoride 340.2_

Radiologicals
Gross alpha 9310
Gross beta 9310

Isotopic uranium TP183708 d

Miscellaneous
pH 9040
Specifi_ conductance 9050
Total suspended solids (I'SS) 160.2_
Total dissolved solids ('FSD) 160.1c
Alkalinity 310.1c
Turbidity 180.V
Total petroleum hydrocarbons (TPH) 418.V

Soil and sediment

CLP metals SOW 3/90

AAS metals SOW 3/90
Chromium
Cadmium
Lead
Mercury

CLP volatile organics SOW 3/90
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Table 7.4 (continued)

Parameter Method,, b
[ i i

CLP semtvolatlle organics SOW 3/90
,.

CLP PCBs/pesticides SOW 3/90

CLP cyanide SOW 3/90

Radiologicals
Gross alpha 9310
Gross beta 9310
Isotopic uranium TP183708 _

Asbestos Y/P65-8540'

"The methods cited, unless otherwise indicated,are from Statement of Work for
Orgun_/l_ Analysis,Multi.Med_ Multi.Concentration(SOW 3/90) (EPA 1990d),
and Test Methods for EvaluatingSolid Waste,Physical/ChemiculMethods (EPA 1986).

b'l'hedetection limitspresentedfor CLP methods represent those established by the
laboratoryfor the analyticalmethodindicated. See,AppendigB forCLP detectionlimits.

"EPA 197Wo.
"Total uranium analyseswill be comparedwith gross alpha analyses to determine

whetheradditionalisotopicanalysesshould be performed.
"Asbestosin Bulk MaterialSamplesby PolarizedLight Microscopy,based on NIOSH

MethodNo. 9002 (NIOSH 1989).

7.2.1 Soils

The soil-sampling activities include the installation of soil borings and the collection of
composite soil samples from discrete intervals using split-spoon samplers. The composite soil
samples will be collected in accordance with the guidelines specified in methods ESP-303-4,
ESP-303-5, and ESP-308-1. Soil samples will be put in containers, preserved, and handled

in accordance with methods ESP-400, ESP-701, and ESP-800. During the sampling event ali
soils will be screened for potential organic and radiological contamination following the
guidelines established in methods ESP-307-6 and ESP-307-7. After each sample_llecting
device is used during the sampling event, it will be decontaminated in accordance with method
ESP-900 prior to its next use to prevent the potential for cross-contamination of samples.

Ali sampling and drilling equipment will be decontaminated according to the procedures
detailed in method ESP-901.

7.2.2 Groundwater

The field sampling plan includes the installation of wells and piezometers to further
evaluate the water table level at OU 2, and the collection of water table samples for
characterization purposes. The piezometers will be installed and modified for groundwater
sampling in accordance with method ESP-600. Prior to the installation of each piezometer
and the initiation of each groundwater sampling event, ali equipment, piezomet_r materials,
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and sampling devices will be decontaminated in compliance with ESP-900 and ESP-901. The
piezometers will be developed, purged, and sampled in compliance with the guidelines
specified in ESP-302-2 and ESP-302-3. Ali groundwater samples collected will be put into
containers, preserved, and handled in accordance with ESP-400, ESP-701, and ESP-800.
Water level measurements recorded from the piezometers will follow the guidance specified
in ESP-302-1.

7.2.3 Surface Watcrf_edimeats

Surface water and sediment samples will be collected at several locations at OU 2. It is
anticipated that several surface water samples will have to be collected in association with a
storm event because of the intermittent flow nature at some sampling locations. Surface
water samples taken during storm events will be collected, as applicable, in accordance with
ESP-301-1.

Surface sediment samples will be collected, as applicable, using the guidelines detailed
in methods ESP-303-2 and ESP-304-1. These methods provide guidance for surface sediment/
soil samples collected at dry locations and sediment samples collected from stream beds
respectively. It is anticipated that the sediment samples collected will be composited in
accordance with method ESP-308-1.

Prior to each surface water and sampling event, ali sampling equipment will be
decontaminated following the guidelines established in methods ESP-900 and ESP-901. Ali
samples collected will be put into containers, preserved, and handled in accordance with
methods ESP-400, ESP-701, and ESP-800.

7.3 SAMPLE TRAC'KING AND RECORDS MANAGEMENT

The proper sample tracking and record_ management of technical data are critical to the
overall success of this RI because (1) the data are important in determining potential
environmental and human health effects, (2) the data must be legally defensible, and (3) the
data collection and analysis costs are high. The key to ensuring that these activities are
properly carded out is to use proper records and data management procedures that will allow
complete auditability and traceability of the data.

7.3.1 Objectives

The objective of an effective sample tracking and records management program is to
ensure auditable and accurate transmission of information from the RI field sampling activities
through the analytical laboratory analyses to its end use in the analysis, risk assessment, and
production of the RI reports. This objective will be met by using existing records manage-
ment plans, information management procedures, and data base management systems.
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7.3.2 Roles and Respom_ilitim

A Data Management Coordinator (DMC) will be designated by the RI project manager.
The DMC responsibilities will be to acquire, store, validate, analyze, and report ali field and
analytical data collected in the performance of the RI. In addition, the DMC will acquire,
store, analyze and report validated data from the appropriate Y-12 environmental data bases
(e.g., groundwater, surface water, sediment). DMC will be supported by a computer
programmer, records manager, and data entry clerk.

The RI Field Team Leader (FTL) will be responsible for the delivery to DMC of paper
copies of ali field information (e.g., field results, copies of field logbooks, and field notes).
The RI project manager will be responsible for laboratory information (e.g., analytical results,
blanks, surrogates, and detection limits) required for inclusion in the RI report or as
supporting documentation. If electronic versions of this information are also available, FTL
will work with DMC to facilitate the electronic transfer of the data.

7.3.3 Data Tracking

Before mobilizing the field sample collection personnel, all technical information
contained in this RI plan (i.e., sample location, sample identification codes, chemical
parameters to be collected, field measurements to be taken, and chain-of-custody details) will
be entered by a data entry clerk into a presampling data base. DMC will then use this data
base to preprint sample labels, sample tags, and field sampling logbook pages. The data base
will also be used to track the sample and sample results as they are returned by the field
teams and analytical laboratories.

The field data collected by the field team will include field sample information, details
on field conditions, field instrument measurements, and any deviations from prescribed plans
or procedures. FTL will send to DMC ali required data packages (consisting of copies of
field results, field logbooks, and field notes) on the schedule specified in the RI plan.

The data received from the analytical laboratory will include the results from routine field
samples, field OA/OC samples, laboratory OA/QC samples, and any data flags placed on the
results by the laboratory analysts to explain any deviations from prescribed procedures or
methods. FTL will send to DMC ali required data packages (consisting of copies of analytical
data results, QC documentation, and lab notes) on the schedule specified in the plan.

DMC will track and reconcile both the field data packages and analytical data packages
received from FTL against the presampling data base to ensure that ali planned sample
collection activities were performed and documented. At the beginning of each week, DMC
will review for content and completeness ali data packages received from FTL the previous
sampling period. If the individual data packages are complete and arrive on schedule, DMC
will enter the final receipt date into the presampling data base and enter a "C" into the
acceptance field for "complete." If, on review, DMC determines that the data package was
incomplete, DMC will enter the initial receipt date into the presampling data base and enter
an "I" into the acceptance field for "incomplete." If the expected data package was not
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delivered on schedule (as detailed in the RFI plan), DMC will leave the initial receipt date,
final receipt date, and acceptance field blank.

For both incomplete data packages and missing data packages, DMC will contact the
FTL verbally (with a backup written record of communication) to determine the status of the
missing information. After the missing data have been located and tramferred to DMC, or
the issue has been resolved to the satisfaction of FTL and DMC, a Memorandum to File will
be filed explaining the problem, the process taken to resolve the problem, and the final
resolution by DMC. After the entire data package has been received, reviewed, and
approved, DMC will enter the final receipt date into the presampling data base and enter a
"C" into the acceptance field for "complete."

7.3.4 Sample _ _ures

A common sample coding and data structure format (Figure 7.4) has been developed for
the storage and retrieval of the field sampling and laboratory analysis data. The sample
coding format used will be compatible with Energy Systems' Consolidated Data Base (CDB)
for environmental compliance and restoration data.

7.3.5 Completion of lrteld and Laboratory Records

The field sampling data to be included in CDB will consist of (1) details on field
conditions; (2) field instrument measurements; and (3) task team activity logs, including chain-
of-custody information, deviations from plan, QA concerns, and any noteworthy observations.
The data collected by the field sampling team will be entered into a personal computer (PC)
by a data entry operator using the verified field forms following Energy Systems procedures
for data entry. Ali chain-of-custody documentation will be filled out in accordance with
Energy Systems Chain-of-Custody Procedure ESP-500 (January 31, 1990, Rev. 1) (Kimbrough
et al. 1990). Ali data will be entered twice, and the resulting flies will be compared. Changes
will be iterated until the final correct file is produced. The actual field measurements, field
observations, deviations from the sampling plan, and task team activity logs will be included
in the data bases. Ali field information will then be transferred from the PC to a Statistical

Analysis System (SAS) data base for the ER Division, which resides on a VAX computer.
Paper copies of ali field data will be indexed, cataloged, and placed in the project file
following appropriate Energy Systems Records Management Procedures.

The analytical laboratory data collected for this study will include (1) sample management
and tracking data; (2) sample custody documentation; (3) analytical results from the field
samples; (4) analytical results from the field QA/QC samples (duplicates, trip, equipment, and
field blanks); (5) analytical results from the laboratory QA/QC samples (e.g., spikes,
duplicates, surrogates, and calibrations). Data from the analytical laboratories will be
transferred electronically from a PC floppy disk prepared by the analytical laboratory to an
SAS ER Division data base on the VAX computer. The analytical laboratory will have the
respons_ility for verifying the electronic data before release. Paper copies of ali analytical
data including QA forms will be indexed, cataloged, and placed in the project file.
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Sample No.: ProjectNo:

Location:

Station: ..............

SampleMedia: ...........

SampleType:...............

Analysis: ....

Preservative: Volume:

RadScreen: Units:............

SampleDate/Time 1 L ............

Comments: ........

.............. Collector'sInitials:
i all al lm lH li = i I =1= i

Position 1: Site Location Position3 to 4: Sample Location
A-SA-1 Numbers01-99
B-SY-200
C-RSA Position5 to 6: Sample Interval

00-Groundwater
Position2: Sample Type 01-Surface water

1-Soil 02-Sediment
2-Sediment 05 to 20-Soil (depth in ft)
3-Groundwater
4-Surface water

EXAMPLE: B30500

Agroundwater sample wouldbe taken from location5 in the SY-200 area.

Fig. 7.4. Sample label and identification structure.
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7.3.6 Data Management

Data backup activities are the responsibility of DMC. Ali data files that have been
updated during the day will be copied to backup files on floppy disk or tape the same evening
following Energy Systems proc_ures for data backup. On a weekly basis, all data files will
be copied to backup files on floppy disk or tape and stored on site in a fireproof safe. Each
month, all data files will be copied to backup files on floppy disks or tape and will be stored
in a secure, off-site location. All data bases will be archived yearly in tape format.

The data received from the field activities and the analytical laboratory will initially be
stored in an unvalidated data base. After the data have passed through validation procedures,
they will be updated and stored in the validated data base. All subsequent summaries,
statistical analyses, andreports will be generated from the data contained in the validated data
base. All validation activities will follow Energy Systems procedures for data validation and
correction.

After the data have been stored in the appropriate consolidated data base files, DMC
will perform an internal data consistency check. This check will involve the use of data
validation programs designed for sorting the data and comparing the data identifiers with one
another to determine whether data are missing, mislabeled, or duplicated because of data
transcription or data transmittal errors.

Manual data checks will then be performed to verify data entry accuracy, compare data
values with field notes, and compare questionable data values with data previously collected
at or near the same sampling or measurement location. Data flags that qualify data values
will be set as required. The accuracy and precision of the data will be determined by
evaluating the trip blanks, field blanks, equipment blanks, and replicate field and laboratory
samples.

Ali data determined to be incorrect using the previously described procedures will be
reconciled. DMC will perform all data reconciliation activities with accompanying error
correction logs, document control, and data base update methods following Energy Systems
data validation and correction procedures. Any changes to the data base from its receipt from
the analytical laboratory or the field to its final form will be documented. Ali verified data
inconsistencies will be corrected by recording information into an error correction log and
updating the data base with the correct value. A log of program changes will be kept in an
SAS program audit fde. All changes will be annotated in the program audit file with reasons
stating why changes were made. This log will specify the sample identification number, the
field to be corrected, the incorrect value, the correct value, the reason for the change, and
the last name of the responsible person.

After the data have passed through the verification and validation procedures, they will
be updated and stored in a "validated" data base. Ali subsequent summaries, analyses, and
reports will be generated from the data contained in the validated data base.
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7.4 PRO_r_.cr DESCRIFFION

BCV OU 2 comprises two construction spoil areas (RSA and SA-1) and an equipment
storage yard (SY-200) located just beyond the west end of the Y-12 Plant facilities. Previous
investigations at the individual sites have identified contaminants (e.g., metals, VOC.s,
semivolatile organics, radionuclides) in the soils and groundwater. This project is designed
to more fully characterize the nature and extent of contaminants associated with the OU and,
in doing so, provide data for the subsequent risk assessment and remedial alternatives
evaluation.

7.5 PROJ-F.L_ ORGANIZATION

The BCV OU 2 RI project organization is illustrated in Fig. 7.5.
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Fig. 7.5. BCV OU 2 RI functional organization chart.
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8. FIEI.13 QUAL1TY ASSURANCE PROJECT PLAN

This Quality Assurance Project Plan (QAPP) has been developed for use in the site
preparation and sample collection activities during the RI for OU 2 to ensure that
appropriate levels of QA and QC are achieved. This QAPP defines procedures that will be
followed in the collection, custody, and handling of data used in the RI for OU 2. These
procedures are intended to define the methods applied to achieve the DQOs established for
the OU 2 project.

This QAPP establishes QA requirements and responsibilities applicable to project
participants and establishes methods through which project participants implement the
requirements of the project. Where no appropriate procedure exists, this QAPP requires that
one be developed by one or more cognizant individuals or organizations. At this time, the
details of roles and responsibilities have not been assigned to specific individuals or
organizations. When assignments are made, the QAPP will be revised.

This QAPP is designed to comply with both the EPA Quality Assurance Management
Staff (QAMS) Interim Guidelines and Specifications for Preparing Quality Assurance Project
Plans (EPA 1980) and the American National Standards Institute/American Society of
Mechanical Engineers (ANSI/ASME) NQA-1 guidelines and the Environmental Restoration
Division Quality Assurance Program Plan (Energy Systems 1991).

Table 8.1 provides a guide to the location of ali relevant QA elements in this work plan.

8.1 QUALrI'Y ASSURANCE OBJECI'IV_ FOR DATA MEASUREMENT

8.1.1 Project Objectives and Intended Data Usages

The objectives for OU 2 are detailed in Sect. 1.6 of this work plan.

Soil and water samples will be collected and analyzed for the constituents shown in
Tables 7.4 and 7.5 in Sect. 7.2. Data collected from the OU 2 stations will be evaluated to

determine the need for additional long-term monitoring and will be reviewed for
concentrations of contaminants greater than health and environmental criteria given by
regulatory agencies. Specific sampling locations, including maps, and sample collection
methodology are discussed in more detail in the FSP.

The purpose of this section is to implement applicable regulatory requirements and to
provide internal control and review so the data are scientifically sound and legally defensible.

QA objectives for data are as follows:

s scientific data generated will withstand scientific scrutiny;
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Table &l. Cross re_rence of EPA QAMS 00S/g0 and ES/ER/TM-4/RI

elements with OU 2 RI work plan sections

ES/ER/TM-4/R1 Location in RI

EPA QAMS 005/80 element work plan

1. Title Page 6. Document Control Title Page, Sects. 8, 9

2. Table of Contents 6. Document Control Table of Contents

3. Project Description 2. QA Program Executive Summary
6. Document Control

4. Project Organization and 1. Organization Sect. 7.5
Responsibility

5. QA Objectives 3. Design Control Sects. 8.1, 9.1

6. Sampling Procedures 3. Design Control Sects. 8.2, 9.2, 8.6
6. Document Control
9. Control of Processes

7. Sample Custody 6. Document Control Sects. 8.3, 9.4
13. Handling, Storage, and

Shipping

8. Calibration Procedures and 8. Identification and Control Sects. 8.4, 9.5
Frequency of Items

12. Control of Measuring and
Test Equipment

9. Anayltical Procedures 9. Control of Processes Sect. 9.3

10. Data Reduction, Validation, and 9. Control of Processes Sects. 8.7, 9.7
Reporting

11. Internal QC Checks 3. Design Control Sects. 8.8, 9.8

12. Performance and System Audits 18. Audits and Surveillance Sects. 8.9, 9.9

13. Preventive Maintenance 12. Control of Measuring and Sects. 8.5, 9.6
Test Equipment

14. Specific Routine Procedures Used 3. Design Control Sects. 8.10, 9.10
to Assess Data Precision,
Accuracy, Representativeness,
Completeness, and Comparability

15. Corrective Actions 15. Control of Nonconforming Sects. 8.11, 9.11
Items

16. QA Reports to Management 2. QA Program Sects. 8.12, 9.12
16. Corrective Action

@
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• data will be gathered using appropriate procedures for field sampling, ch a in o f
custody, laboratory analyses, and data reporting; and

• data will be of known precision and accuracy.

The procedures to be used for assessing the quality of field data are described in
Sect. 8.8.

8.1.2 I._vel of Analysis

The specific QA objectives for ali data are to obtain reproducible, precise, and accurate
measurements consistent with the intended use of the data and the limitations of the sampling
procedures used. These objectives are accomplished through the assignment of measurement
tasks to the appropriate analytical level (I through IV) as defined in Data Quality Obje_Ves
for Remedial Response Activities (EPA 1987). Field data, such as those collected during
organic vapor and radiation monitoring, will meet the requirements for Level I data quality.
Laboratory data will meet the requirements for Level HI data quality.

8.1.3 Data Quality Parameters

Typical quantitative limits applicable to this project are presented in the EPA Contract
Laboratory Program (CLP) statements of work (SOW) (EPA 1990d) as applicable, as are
sample precision, accuracy, and completeness objectives. The QA objectives for QC data are
designed to (1) screen out data of unacceptable precision or accuracy and (2) provide data
that will meet the data quality goals for this project.

This project will follow the definitions for precision, accuracy, completeness,
comparabifity, and sensitivity given in the Handbook for Analytical Quality Control in Water
and Wastewater Laboratories (EPA 1979a).

8.lA Field Aztivities

Precision between monitoring instruments is determined by comparison of readings during
calibration to a standard. Precision in sampling is measured through the use of field
duplicates.

Accuracy is addressed by the use of standard criteria for container and equipment
cleaning, sample collection, personnel training and performance criteria, uniform sample
handling techniques, and blanks to detect contamination.

Representativeness of samples collected is controlled through adherence to the sampling
plan and to detailed descriptions of sampling procedures, which will be included in the final
OU 2 Field Sampling and Analysis (S&A) Plan.

The QA completeness objective for this project is to obtain valid analytical results for at
least 85% of the samples collected during the project. This means that completeness of
sample collection (number planned vs number collected for which valid data can be obtained)
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must be essentially 100% to allow for some laboratory wastage. Accountability of samples
collected, from field to final disposal, must be 100% complete.

Objectives for comparability between samples collected for this and other RIs are met
bythe following: (1) narrowly defined sampling methodologies; (2) site surveillance, use of
standard Sampling devices, and monitoring devices; (3) training of personnel; (4) documen-
tation of sampling point; (5) stringent control limits for the daily QC checks; (6) reporting
results in appropriate, comparable units; and (7) standard analytical methods.

Staff responsible for particular instruments must maintain a log of calibration procedures
and results to remain with the instrument as a means of establishing a record of calibration.
The Sampling Team Leaders will inspect such logs, which will become part of the project
records. Each operator must be trained in the proper use of the instrument, be familiar with
the instrument's use, and be able to interpret data from the instrument properly.

8.1.5 Readinem Review

Before mobilizing for the field effort, a readiness review is led by the OA Officer and is
attended, at a minimum, by the Project Manager, key field team members, Contracts
Manager, and Health and Safety Officer. The readiness review follows a checklist (Fig. 8.1)
that ensures that ali proper work plans and standard operating procedures are approved and
controlled; ali assigned personnel are trained; the drilling subcontractor is available to begin
with qualified personnel, materials, and equipment; the site logistics have been handled; the
laboratory is ready to accept samples; and the QA system is implemented on the field activity.

8.2 SAMPLE CO_ON PROCEDURES
o

8.2.1 Field Procedures

Field procedures for the collection of samples are discussed in the S&A Plan. The
equipment and the techniques that will be employed to obtain representative samples will be
in accordance with approved Environmental Surveillance Procedures ESP-300 series,
(Kimbrough et al. 1990).

8.2.2 Sampling Program

Soil and water samples will be collected at OU 2 for the RI investigation. Table 7.1
summarizes the sampling/monitoring locations and media. Tables 7.2 and 7.3 show the
numbers of samples to be collected, the number of analyses estimated to be conducted, and
the field quality control samples to be collected and sent to the analytical laboratory.
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Project:

Site:

1. DO_NTATION

A. Are ali the appropriatedocuments for the Project in their final, approved form7
[(Work Plan, Field Sampling and Analysis Plan, QA Project Plan, Health and Safety Plan,
Others(specify)]:
Yes__.._ No._.__ N/A Comments:

B. Are copies of the approved documents (above) In the hands of the Subcontractors Project
Management, assigned field personnel, and Analytical Laboratory personnel7
Yes No_...=_NIA Comments:.

C. Are appll-_mbleforms available and cunrentwith centract specifications? (Well ConstructionLog,
Groundwater/SurfaceWa w/Sediment Sampling Form, Field Change Request Forn_ etc.)
Yes No__ N/A Comments:

H. STANDARD OPERATING PP.OCEDURES

A. Have Standard Operating Procedures (SOPs) been 10_-paredand approved for ali field activities
identified In the Field Sampling and Analysis plan, QA Project Plan, and the Health and Safety
Plan?
Yes.___ No..___ N/k_..__ Comments:

B. Do the Subcontractor's assigned field personnel and the selected analytical laboratory personnel
have copies of, and have they been trained on, the SOPs that govern their work assignments?
(Attach Oocumeutationof dines and subjects of training and names of personnel attending.)
Yes...___ No__ N/A Comments:

C. Are the aPl_Opriateck cuments (See I.A) on-site and available to the field personnel?
Yes__ No___._ NIA Comutent$: ............

D. Are required site and field logbooks and field personnel inZornuttionavailable?
Yes____ No__ N/A Comments:j

E. Are logbooksof .pprop typemmcomm on
Yes__ No.__ N/A Commeats: ..

F. Are chaln-of-custody forms required and have the field personnel been fully trained in the
r_perdocument_onfor _ andcompactingtheseforms?

____. No____ N/A Comments:.
ii iu li i i i, ii

Fig. 8.1. Readiness review checklist.
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IlL PERSONNEL AND TRAINING

A. Have an appropriate number of personnel with the appropriatespeciality training been assigned
to this woject to ensure appropriateand consistent results? (Attach roster of personnel and brief
description of qualifications.)
Yes._.._ No_ N/A____ Comments:

B. Is there documented evidence that the assigned field personnel have been adequately trained in
the specifics of this project, such as field sampling methods,_to accomplish their tasks?
Yes_..__ No.__._ N/A_..._ Comments:

C. Is there documented evidence and or training certificates that the field personnel have been
adequate}y trained in the Health and Safety requirements7 (OSHA 40-hour training, medical
records, s/te-SlZ_fic H&S training, CPR, gad first aid)
Yes_...__ No.____ N/A____ Comments: ........

D. Has chain of command from field operations to management been defined and communicated
to ali personnel?
Yes_.__. No_..__. N/A Comments:,

E. Is the_ backup personnel properly trained and available?
Yes......._ No__..._ N/A____ Comments:

F. Have personnel been trained in DOE Order5000.3A?
Yes_....._ No N/A Connnents:,

IV. MATERIALS AND EQUIPMENT

A. Is the drilling company ready to begin work with the approwiate equipment and personnel for
tids project? Are there backup pieces of key equipment available? (Attach list of equipment
and personnel assigned to this project.)
Yes__..__ No N/A__..__ Comments:

B. Have the qualifications of the drilling company personnel been verified? (Attach verification
documentation.)
Yes____. No._...__ N/A Comments: .........

C. Have the materials for well construction been verified to meet the specifications of the Statement
of Work (SOW) and the Field Sampling and Analysis Plan?
Yes No__.__ N/A uomments:,

D. Have well materials (such as bentonite, gel and sand packs) been analyzed and certified anaiyte
free? If not anaiyte free, has material background been analyzed and documented? (Attach
certification or analysis documentation.)
Yes_._._ No ____ N/A_.__ Comments:

E. Have the necessary instruments/_nt equipment and associated calibration devices been
assembled on-site to conduct the specified tests and analyses for this job? Is ali the equipment
currently in calibration? Please attach list of aii equipment used on the project with
measurement and calibration documentation for each piece. Ensure initial calibration logs for
each piece of equipment are in the appropriate log books.
Yes.___. No .... N/A.___ Comments:

i

Fig. 8.1 (continued)
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F. Have ali necessary materials and equipment been assembled to correctly collect, identify,
preserve, and transport the types and number of samples to be taken for this job? (Attach a list
of the type and quantity of materials/equipment available for this project.)
Yes_____ No_...__ N/A__._ Comments:

G. Have ali the necessary types of personnel protection and decontamination equipment (clothing,
breatldng apparatus, respirators, face masks, gloves, plastic sheeting, plastic baggies, spare
compressed air hot'des, boots, decontamination gear, etc.) been assembled and made ready for
this job? (Attach a list of the types and quantities of equipment available for this project.)
Yes...._._ No__..._. N/A___._ Comments:

H. Has the Health and Safety Officer been identified? Have ali site personnel received H&S
training? Hu H&S Officer verified that ali health and safety precautions can be implemented?
(Attach documentation of dates and subjects of training and names of personnel attending.)
Yes...___ No N/A___._ Comments:

I. Have ali materials and pieces of equipment (communication devices, drinking water, first aid
kits, etc.) been assembled to meet the requh_ementsof the Health and Safety Plan?
Yes__.__ No..._.__ N/A Comments:

J. Have ali required interfacing arrangements (telephone numbers, site contacts, eme:gency
signals, medical reSlmnSeteam, etc.) been made and tested satisfactorily?
Yes__.._. No....___ N/A Comments:

V. SITE LOGISTICS

A. Have clearances been obtained for ali job-alte personnel? Is the site security organization
aware of the project, the scope of activities to be accomplished, and the estimated duration of
the Woject?
Yes.___ No N/A_ Comments:

B. Have ali drilling permits/clearances been granted or a schedule established for obtaining them?
Have permits/clearances been obtained for any radioactive materials to be taken on-site7 (Attach
permits or schedules as apwopflate.)
Yes___._ No.__.__ N/A__.__ Comments:

C. Have the appropriate site commandgfacilltles/functiom been informed of the activities and
potent/al interfaces in their work areas?
Yes No..___ N/A_____ Comments:

D. Have arrangements been made for the disposal of drill cuttings, refuse, contaminated materials,
rlnsa_ etc.?
Yes_.___ No__.__ N/A Comments:

E. Have arrangements been made for the location of field laboratories (phone, eleculclty, etc.) and
storage facilities for bottles, samples, solvents, and sampling equipment?
Yes___._ No_._.__ N/A..___ Comments:

I_g. 8.I (continued)
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VI. LABORATORY LOGISTICS

A. Has a contract-approved laboratory been selected and been made aware of the data quality
objectives and the anticipated schedule of project activities? Have laboratory personnel been
advised of any unusual requirements or circumstances? (Indicate name and address of primary
laboratory.)
Yes___._. No__.._. N/A_._._ Comments:.

B. Has the selected laboratory been notified when sampling will begin, the projected volume of
samples, the types of samples, and when samples should start arrivingfor analysis?
Yes..__.._ No___. N/A__..__ Comments:.

C. Has a secondary, backup laboratory been selected and approved in case of emergency
situations? (Indicate name and address of backup laboratory.)
Yes__ No._...._ N/A Coaunenm:

D. Has notification been made to the selected sample transportationcompany? Have m'rangements
been made to ensure that appropriatechain-of-custody and quality control requirements can be
achieved? (Indicate name and address of tramponation company.)
Yes No._.___ NIA Comments:..

E. Are au appropriate number of the correct type(s) of sample containers available for the
anticipated work? (Attach a list of the types and numbers of containers available for this
project.)
Yes___.__ No........_ N/A Comments:

VII. QUALITY ASSURANCE

A. Is a Quality Asmuaw,e Program being implenumted?
Y_..__.._ No..__. NIA Comments:

B. Have arrangementsbeenmadeto haveQA aud/tsandsurveillances?
Yes._....._ No...._.. NIA...._ Comments:....

C. Do the various plans and manuals require a document control program? If yes, is this betn_
implemented? (Supply the Document Control Coordinatorname and address.)
Yes _ No____ N/A_____ Comments:,,,

D. h there a system in place to identify.gei.otL andevaluate any conditions adverse to quality?
Yes..___. No__ NIA Comments:

ATTESTATION

By my signm_re, I do hereby attest, to the best of my knowledge and professional ability, that this
Readiness Review Checklist accurately reflects the status o! our Company to complete the
authorized task(s) at (Base name or site)
per Task Order (Contract Task Order Number)
scheduledto beginon (Dme).

Fig. 8.1 (continued)
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8.23 Sample Containers, Preservation, Transport, and Storage

Sample preservation, holding times, storage conditions, and container materials shall be
in accordance with ESP-701 (Kimbrough et al. 1990). The procedures required to properly
package containers of environmental samples for transportation are described in ESP-800
(Kimbrough et al. 1990).

8.2.4 Prevention of Crees Contamination

Sampling equipment will be decontaminated before use and between collection of each
sample per ESP-900 (Kimbrough et al. 1990). Each decontamination activitywill be recorded
in the field logbook.

&Z5 Decontamination of Equipment and Supplies

Decontamination of sample containers and sampling devices given in ESP-900
(Kimbrough et al. 1990) will be followed. Equipment used in field investigations--including
well drilling equipment, soil sampling equipment, and field test equipment--will be
decontaminated as described in ESP-901 (Kimbrough et al. 1990).

8.2.6 Field Documentation

An integral part of the QA/QC Plan for the field activities will be to maintain accurate
and complete field records, including logbooks and appropriate field data forms. Field
logbooks shall be hardcover with stitched bindings and water-resistant pages. Information
identified in these records will be obtained from the site exploration and sampling activities
and will be reviewed by the Sampling Team Leader. Ali information pertinent to field
activities will be recorded. Entries in the logbooks or on the data forms will be made in
water-resistant ink and will include the information given in ESP-500 Sect. VII, Part D
(Kimbrough ct ai. 1990).

Appropriate field-generated data forms will be prepared based on the requirements in
the QC Manual (Kimbrough et al. 1990).

8.2.7 Vaaan System

Procedures that properly anticipate ali conditions encountered during a field sampling
program cannot be prepared. Variances from approved operating procedures in the OU 2
RI Plan, S&A Plan, the OAPP, or the Health and Safety Plan will be documented in a field
change request form (Fig. 8.2) and in the logbooks.

The Sampling Team Leader will initiate and chronologically maintain a variance or field
change request log. A variance requires the approval of the OU 2 Project Manager and the
OA specialist (OAS) before work pr_. As appropriate, regulatory agencies will be
notified of any variances that significantly affect project scope or objectives and approval will
be obtained if needed. Any variances from the Health and Safety Plan must be approved by
the Health and Safety Coordinator. Approval by the OU 2 Project Manager and OAS can

92-o4sP/073092
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Revision Date: January 1989

FIELD CHA_.\'GE REQUEST FORM

Field Change No.
Page .... of

Project

Project No ......

Applicable Document: .,

Description:

Reason for change:

i

Recommended disposition: @

Impact on pre_ent and completed work:

ii

-- ii

ii
ii i ii

Final Disposition:
i i

Requested by:
Field/Project Manager:.

Approvals:
Project Manager:. , ,,

Fig. 8.2. Field chanle request form.
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be initiated verbally via the telephone or radio with follow-up sign-off. In no case will
non-OU 2 project personnel initiate a variance. Copies of the field change request form will
be maintained by sampling teams until the field work is complete and will then be forwarded
to the OU 2 Project Manager and sent to the Document Management Center.

Sample Identification

The identification of samples will be established and maintained as specified by the
chain-of-custody procedures described in ESP-500 (Kimbrough et al. 1990) and will be
specifically described in the final S&A Plan (Sect. 7).

8.2.9 Shipping and Handling

Handling, shipping, and storage of samples and data resulting from field activities will
adhere to custody (Sect. 8.3) and will ensure that sample integrity for analytical purpose is
maintained. Specific shipping and handling procedures are described in ESP-800 (Kimbrough
et al. 1990).

8.2.10 Sample Turnaround Tune

Sample analyses will be scheduled according to site investigation needs and consistent
with the sample holding times. The S&A Plan will specify the turnaround times that will
meet the project schedule and objectives. These requirements shall be included in any
contractual agreement between the OU 2 project and contract laboratories.

8.2.11 Fmld Data Management

Field records will be recorded legibly in permanent ink and will be sufficiently complete
to permit reconstruction of data-gathering activities by a qualified individual (other than the
originator) when data are reduced. Field notebook entries should be factual, detailed, and
objective. The field records will be the basis for later written reports and all entries must be
free of inappropriate terminology. The Sampling Team Leaders will collect and review field-
generated data sheets daily for accuracy and completeness before being transferred to the
Analytical Services Coordinator (ASC). Manual entry of field data will be coordinated by the
ASC. Data entry clerks will enter field data into specified computer systems to facilitate
retrieval by OU 2 personnel. Quality will be checked by double entry and verification of
entered data. The OU 2 Project Manager will forward field notebooks to the Document
Management Center at the conclusion of field activities.

8.3 SAMPLE AND DOCUMENT CUSTODY PROCEDURES

Chain-of-custody procedures require documented sample possession from the time of
collection to disposal. Chain of custody shall be maintained in accordance with ESP-500
(K/mbrough et al. 1990). Additional details of document control are included in the RCIM
Facility Investigation Plan, General Document, Volume III: Data Management Plan (Wiggins
et al. 1988).

92-043P/073092
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Sample custody will be initiated at the time of sample collection. Sample tags or other
appropriate labels will be used to identify field samples with the following information: unique
sample identification code, date and time of sampling, sampling location or station,

• preservation, analysis, and any additional comments that are applicable. Descriptions of
sampling activities and sample identification data will also be recorded in a field notebook.
Field chain-of-custody forms containing the same information will be completed for each set
of samples. A line item on the sample chain-of-custody form will be completed for each
sample, and the sampling technician will confirm (by signature) the completeness of the
information on the form. Each individual who assumes responsibility for the samples will sign
the chain-of-custody form.

Sample custody will be maintained by OU 2 staff until custody is transferred to an
overnight express company. The overnight express company delivers samples and transfers
custody to particular analytical laboratories, where their intralaboratory chain-of-custody
procedures will be in effect. On completion of analyses, sample custody will be returned to
OU 2 staff. Remaining samples may be archived for 1 year and disposed of as prescribed in
ESP-1000 (Kimbrough et al. 1990). The chain-of-custody form terminates upon final disposal
of the sample. The OU 2 Project Manager will be responsible for ensuring that the original
chain-of-custody form is submitted to the Document Management Center.

8.3.1 Field Custody Procedures

Field custody procedures include the following steps:

• Before sampling begins, the OAS will instruct sampling personnel on the
chain-of-custody and sample-labeling procedures, as necessary.

• A chain-of-custody record will be initiated in the field for each sample and will
correspond to the sample identification label.

• Each time sample custody is transferred, the person relinquishing the sample and the
new custodian will sign the record and note the date and time.

• The analyses to be performed for each sample will be recorded on a
request-for-analysis form or on the chain.of-custody record.

• The Sampling Team Leader will confirm that proper custody procedures were used
during the field work and that results were documented in the field logbook.

• Samples transferred to analytical laboratories are recorded in the field logbook at
the end of the collection period.

g3.2 SampleLabeling

Sample labels or tags will contain sufficient information to identify the sample in the
absence of other documentation. The label or tag will be directly affixed to the sample

92-043P/073092
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container, will be completed with black indelible ink, and will include the following as a
minimum:

• project name,

• unique sample number,

• sample location,

• sampling date and time,

• signature of individual collecting the sample, and

• preservation method employed.

In the event that samples arrive damaged or with custody seals broken, a
Nonconformance Report (NCR) (Sect. 8.11) will be initiated. The Project Manager will be
advised and will make a decision as to the fate of the nonconforming sample. The OU 2
Project Manager and the QAS will sign the NCR, noting the reason for sample disposition-
and will initiate corrective actions if necessary.

Once samples are in the possession of the laboratory, their internal chain-of-custody and
sample-handling procedures will be in effect (Sect. 9.4).

8.4 CALIBRATION PROCEDURF.,S AND FRF__UENCY

8.4.1 Imtrumcnt Cah_orationPmcedur_ and Frequency

A list of ali measuring and test equipment to be used, along with a schedule for
calibration, will be prepared prior to initiating field work. In general, field calibration
methods will be those recommended by the manufacturer. Instrument logbooks will be
established.

Calibrated equipment will be uniquely identified by using either the manufacturer's serial
number or other means. Ali equipment shall be categorized as one of the following:

• Category A--Casual devices and systems (rulers, tape measures, graduated cylinders,
pipettes, etc.) that are not to be calibrated in service (i.e., not calibrated other than
by the manufacturer).

• Category B--Routine devices and systems (balances, spectrophotometers, etc.) that
are to be included in a calibration recall program on a regular cycle.

• Category C,--Experimental devices and systems (pH meters, turbidimeters, etc.) that
are to be calibrated by, or at the direction of, the user as deemed necessary. Ali pH
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meters are calibrated in the field, at a minimum each morning and whenever the
instrument is turned off. Calibration is also checked at the end of each day.

The appropriate category decal with the identification number and the due date of the
next calibration will be attached to the equipment. If this identification is not possible,
records traceable to the equipment will be readily available for reference.

8.4.2 Cah'bration Failut_

Scheduled periodic calibration of equipment will not relieve field personnel of the
respons_ility to employ properly functioning equipment. If an individual suspects an
equipment malfunction, he/she should remove the device from service, tag it so it is not
inadvertently used, and notify project management. If equipment is found to be out of
cal_ration, the Sampling Team Leader will evaluate and document (in the instrument
logbook) the validity of previous inspection or test results and the acceptability of similar
equipment previously inspected or tested. The responsible supervisor will ensure that the
devices that are out of calibration are (1) tagged or segregated from other equipment and
(2) disposed of or not used until they are calibrated. Any equipment that is consistently
found to be out of calibration will be repaired or replaced. Any repair or replacement should
be recorded in the instrument logbook.

Ali standards used for equipment cal_ration will be traceable to the EPA, the National
Institute of Standards and Technology, or a commercially available certified standard. The

source of the standard used must be documented in a calibration logbook. O

&4.3 Cah'brationRecords

Calibration data will be recorded in the instrument logbook. Records will be prepared
and maintained for each piece of calibrated equipment to indicate that established calibration
procedures have been followed. The Sampling Team Leader will ensure that records of
calibration data are kept current. Records for field equipment used will be maintained by the
Sampling Team Leader and kept in the project files.

8.5 PREVENTIVE MAINTENANCE

Periodic preventive maintenance is required for all measuring and test equipment.
Instrument manuals will be kept on file for reference purposes if equipment needs repair.
Maintenance frequency will be based on manufacturer's recommendations, intended use, and
experience. The troubleshooting section of factory manuals may be used to assist personnel
in performing maintenance tasks. Routine maintenance will be performed on instruments to
reduce the incidence of extensive repairs immediately prior to sampling and analysis.

8.5.1 Fw,ld Instruments

The frequency of preventive maintenance for field equipment is usually indicated in each
operating instruction manual. Maintenance will be documented and maintained in permanent
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records by the individual responsible for each instrument. Critical spare parts will be
identified and stocked to minimize equipment downtime and lost field sampling effort.

8.6 _.r} ANALYSES

Ali field measurements will follow the ESP-307 Series (Kimbrough et al. 1990) and will
be recorded in the field logbooks or on specially designated data forms. Ali data will be
directly entered in the field, signed, and dated. If entry changes are made, one line will be
drawn through the error, and the change and explanation will be signed and dated in the
notebook or on the data form. Changes made to original notes should not obliterate the
original information. Ali field data records will be organized into standard format when
possible. Team leaden are responsible for review of daily entries in the field logbooks.

8.7 DATA REDUCTION, VALIDATION, AND REPORTING

Data validation is a systematic process for reviewing a body of data against a set of
criteria to provide assurance that the data are adequate for their intended use. Data
validation consists of data editing, screening, checking, auditing, verifying, certifying, and
reviewing.

Ali data for this project will be evaluated by QA/QC methods and internal peer review.

O Data reduction, verification, and reporting will be in accordance with the Data ManagementPlan (Wiggins et ai. 1988). Data will be entered into common standardized formats. In
addition to following field sampling documentation and QA/QC procedures, data are verified
using a variety of computerized checks. These procedures will ensure that data are entered,
encoded, and manipulated in a consistent way and are available to OU 2 investigators in a
usal_le format.

8.7.1 Fw.ld Data Redan and Evaluation

Data collected during field activities will be evaluated by checking the procedures used
and comparing the data with previous measurements. The QA/QC Coordinator and Sampling
Team Leaden will be responsible for checking field QC sample results to ensure that field
measurement and sampling protocols have been observed. These reviews will check the
following:

• date and time sampled,

• preservation,

• standard operating procedures,

• calibration method and frequency, and

• chain-of-custody documentation.
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Reviewers are responsible for ensuring that data reduction calculations are documented
and checked by qualified personnel.

Written reports that include reduced and summarized data will include the raw data in
appendixes. Specific calculations used for data reduction will also be included.

8.8 FIELD QUALITY CONTROL SAMPI.,I_

Held QC samples will be established to check sampling. Held QC samples will include
blanks and replicates as follows:

Trip Blank--A trip blank, consisting of a sealed container of organic-free water, will
travel from the field to the laboratory with the samples to be analyzed for the contaminant
of concern. The trip blank identifies contamination that may have been contributed to the
field samples during the transport (receives same treatment as sample containers). As a
minimum, one trip blank will be prepared and transported with every packed cooler
containing VOC samples.

Equipment Rinsate Blanks--An equipment rinsate blank consists of final rinse water from
the decontamination of field sampling equipment. Analysis of the field rinsate determines if
the decontamination proc_ure is adequate to avoid carryover of contamination from one
sampling location to another and to ensure that samples are not being biased in any way by

the equipment used to collect the sample. One equipment rinsate blank will be taken from O
each type of equipment used per sampling event or one blank for every 20 field samples
collected.

Fm.ldBlank--Held blanks are samples of the source water, ASTM Type II, used in the
decontamination and cleaning of equipment used in smaple collection. A field blank is a
sample container filled with distilled, deionized water that is exposed during sampling and
then analyzed to detect accidental or incidental contamination.

Duplicate Samples--Duplicate samples, which consist of a duplicate sample from one
sampling location, indicate whether the field sampling technique is reproducible. A minimum
of 10% of the samples taken per sampling event and per sample matrix (soil, surface water,
etc.) will be duplicates. Duplicate samples will have discrete sample numbers and will be
submitted as "blind" to the laboratories.

The quantities and collection procedures for each field QC sample type are specified in
the Held Sampling Plan. Results of these samples will be included in t.hc analytical data
report. Results for QC samples will not be used to adjust the results obtained for original
samples. If contaminants are found in blanks, attempts will be made to identify the source
of contamination, and corrective action will be initiated in accordance with Sect. 8.11.
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O 8.9 FIELD AUDFrS AND SURVEILLANCF__

Audits are performed to review and evaluate the adequacy of field performance and to
ascertain whether the QA/OC Plan is being completely and uniformly implemented. The
following requirements are adapted from basic requirement 18, "Audits," of ANSI/ASME
NQA-1 (ANSI/ASME 1986), and Environmental Restoration Division Quality Assurance
Program Plan (Energy Systems 1991b). Planned and scheduled audits will be performed to
verify compliance with ali aspects of the QA program and to determine the program's
effectiveness. These audits will be conducted in accordance with written procedures and
checklists and will be performed by personnel who do not have direct responsibility for
performing the activities being audited. Audit results will be documented andwill be reported
to and reviewed by responsible management. Follow-up action will be taken by the
responsible line organization when necessary.

The objectives of performance and systems audits are to (1) ensure that the QA program
developed for this project is being implemented according to the specified requirements,
(2) assess the effectiveness of the OA program, (3) identify nonconformances, and (4) verify
that identified deficiencies are corrected. Upon discovery of any significant deviation from
the QA program, the Project Manager will be informed of the nature, extent, and corrective
action taken to remedy the deviation.

An individual audit plan will be developed to provide a basis for each audit. This plan
will identify the audit scope, the activities to be audited, the audit personnel, any applicable
documents, and the schedule. Records of audits will be maintained in the project files. Audit
files will include--as a minimum--the Surveillance Report, the reply to audit, and any
supporting documents. The OU 2 Project Manager is responsible for conforming to audit
procedures, particularly as to timely replies to audit reports and implementation of such
corrective action indicated.

8.9.1 Frequency of Audits

The OAS is responsible for internal audits and will perform them according to a schedule
that coincides with appropriate activities on the project schedule and sampling plans. Such
scheduled audits may be supplemented by additional audits for one or more of the following
reasons:

• when significant changes are made in the QAJQC Plan,

• when it is necessary to verify that corrective action has been taken on a
nonconformance reported in a previous audit, or

• when requested by the Project Manager.

In addition to these internal audits, surveillance of selected activities may be performed
on a periodic basis.
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8.9.2 Performance Audits

A performanceaudit can be defined as a review of the existing project and QC data to
determine the accuracy of a total measurement system(s) or a component part of the system.
The QAS or his designee will check the logging of samples, proper chain of custody, and
related documentation. Any irregularities in QA procedures that are not immediately
corrected will be brought to the attention of the OU 2 Project Manager.

8.9.3 Systems Audits

A systems audit consists of an evaluation to determine if the components of a
measurement system were properly selected and are being used correctly. A systems audit
includes a careful evaluation of field QC procedures to ensure that the QA/OC procedures
are being adhered to. Systems audits are conducted as deemed necessary by the QAS,
normally either before or shortly after systems are operational. The systems audit is reported
in formal audit reports.

t

8.9.4 Field Surveillance

An individual surveillance plan will be developed to provide a basis for each field
surveillance. This plan will identify the scope, activities, and personnel to be involved, any
applicable documents, and the schedule for each field surveillance. Checklists may be
prepared and used to conduct all surveillances. These checklists will be developed to
accomplish the review of necessary items and to document the results of the surveillance.

Field surveillance will involve an on-site visit by the QAS or appropriate surveillance
personnel. Items to be examined may include, but are not limited to, the availability and
implementation of approved work procedures; calibration and operation of equipment;
packaging, storage, and shipping of samples; documentation procedures and instructions; and
documentation of nonconformances.

The records of field operations will be reviewed to verify that field-related activities were
performed in accordance with standard procedures. Items reviewed may include, but are not
limited to, calibration records of field equipment, daily field activity logbooks, chain-of-custody
records, and data resulting from field operations.

During a surveillance and upon its completion, the surveillance personnel and the
individuals surveyed will discuss the observations of deviations and will agree on corrective
actions to be initiated. A surveillance report will be completed for each surveillance activity.

Minor administrative f'mdingsthat can be resolved to the satisfaction of the surveillance
personnel during a surveillance are not required to be cited as items requiring corrective
action. Findings that are not resolved during the course of the surveillance and findings
affecting the overall quality of the project will be noted on the checklists and included in the
surveillance report.

O
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8.10 DATA MEASUREMENT ASSESSMENT PROCEDURF_,S

A statistical evaluation of !_boratory analytical results will be performed to apply
precision and accuracy crite_a for each parameter analyzed. When the analysis of a sample
set is completed, the QC data generated will be reviewed and evaluated by an organization
other than the analytical laboratory to validate the data set. Ali QC data will be reported to
the OU 2 Project Manager, along with the sample analysis results. The OC data will be
reviewed for precision and accuracy.

8.10.1 Precision

Precis.on will be _ by conducting separate analyses of duplicate samples. The level
of precision is determined by calculating the relative percent difference (RPD) between the
two measurements; thus,

(D1- D2) x 100
RPD --

(DI + D2)/2

where D1 - value of first measurement,
D 2 - value of second measurement.

s.10.2

Accuracy is achieved by the use of standard criteria for container and equipment
cleaning, sample collection, personnel training and performance criteria, uniform sample
handling techniques, and blanks to detect contamination.

&ll CORREC'IIVE ACTIONS

This section identifies mothods and policies for the documentation, evaluation, corrective
action, and verification activities necessary when a deviation from established procedure
occurs. Requirements for the documentation and implementation of corrective actions are
also included.

Any deviation or nonconformance will be evaluated with respect to its possible impact
on reportable data. Ali deviations from standard operating procedures, equipment
calibrations, or any aspect ol the QA plan will be evaluated and documented. Significant
deviations identified using the statistical assessment of quality data will also be used in
Nonconformance and Corrective Action Procedures.

8.11.1 Responu'bilities of Project PL1.icipants

OU 2 personnel will ensure the prompt identification, control, and disposition of
nonconforming items. Each laboratory participant is responsible for submitting records of ali
nonconformance events to the appropriate Sampling Team Leader and/or the QAS _thin a

0
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reasonable period of time following the initial identification and documentation of the
nonconformance. The nonconformance will then be evaluated by Team Leaders, QAS,
Project Manager, and others as is deemed relevant. This evaluation will determine the
disposition of the nonconformance.

8.il.2 Nonconformances and Corrective Action Procedures

Nonconforming equipment, items, activities, conditions, and unusual incidents that could
affect compliance with project requirements will be identified, controlled, and reported in a
timely manner. A nonconformance is defined as a malfunction, failure, deficiency, or
deviation from specified requirements. The originator of an NCR will describe the finding
on the form provided for this purpose and will notify the OU 2 project management and the
QAS. Each nonconformance will be reviewed and a disposition given for the item, activity,
or condition. Evaluations also will determine if the event justifies the issuance of a Corrective
Action Report (CAR). The CAR will document the event, the findings of the evaluation,
and the required corrective actions. The disposition of a nonconformance will be documented
and approved by the OU 2 Project Manager. The QAS will concur with the disposition of
the nonconformance.

The QA/QC Coordinator for a particular laboratory is responsible for the assessment of
laboratory quality control sample information. If data fall outside accepted limits, established
laboratory procedures for identifying the problem and taking appropriate corrective actions
will be employed. Completion of corrective action should be evident when deviations return
to prescribed acceptable limits.

The modification, repair, rework, or replacement of nonconforming equipment, items, or
activities will require the reverification of acceptability. In certain instances, as determined
by project management, these activities may require that corrective action be completed and
verified before site work continues.

If, in the opinion of project management and the QAS, the nonconformance does not
significantly affect the technical quality or use of the work, then the work may continue,
pending resolution of the nonconformance. The basis for such a decision will be documented
on the NCR and submitted to the OAS for review and approval. The documentation will
include the statement that the decision was made before continuing with the work. The
records of nonconformance and their dispositions will be maintained by the OU 2 Project
Manager and forwarded to the Document Management Center.

&12 QUALrrN ASSURANCE REPORTS TO MANAGEMENT

The active participation of management in the OU 2 Project is fundamental to the
success of this QA/QC Plan. Management will be aware of project activities and will
participate in development, review, and operation of the project. Management will be
informed of QA status and activities through the receipt, review, and/or approval of the
following:
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• regularqualitystatus reports,

• laboratoryand project-specificQNQC plans and procedures,

• postauditreports and auditclosures,

• surveillancereports,

• corrective action overdue notices, and

• NCRs.

Copies of these reports will be distributedto appropriatemanagementand regulatory
agencies. In addition,periodic assessmentof QA/QC activitiesand dataprecision,accuracy,
representativeness,completeness, and comparabilitywill be conductedand reported by the
analyticallaboratories.

As appropriate,project management will inform the QAS of the QA status of the
project,especially anysignificantquality accomplishments. OU 2 personnel are requiredto
inform the Project Manager or project support staff of ali nonconformancesor quality
failures. The ProjectManagerwilldocument and immediatelyreport any nonconformance
or qualityfailureto the QAS.

Q
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9. LABORATORY QUALITY ASSURANCE PROJECT PLAN

This QAPP has been developed for use in the sample analysis activities during the RI for
OU 2 to ensure that appropriate levels of QA and QC are achieved. This QAPP defines
procedures that will be followed in the custody, analysis, and handling of data used in the RI
for OU 2. These procedures are intended to define the methods applied to achieve the
DQOs established for the OU 2 project.

This QAPP establishes QA requirements and responsibilities applicable to laboratory
project participants and establishes methods through which project participants implement the
requirements of the project. Where no appropriate procedure exists, this QAPP requires that
one be developed by one or more cognizant individuals or organizations. At this time, the
details of roles and responsibilities have not been assigned to specific individuals or
organizations. When assignments are made, the QAPP will be revised.

This QAPP is designed to comply with both the EPA QAMS Interim Guidelines and
Specifications for Preparing Quality Assurance Project Plans (QAMS-005/80) and the
ANSI/ASME NQA-1 guidelines.

9.1 QU_ ASSURANCE ORIF_.,c'rlvI_ FOR DATA MEASUREMENT

The purpose of this section is to implement applicable regulatory requirements and to
provide internal control and review so that the data are scientifically sound and legally
defensible. OA objeaives for data are as follows:

• scientific data generated will withstand scientific scrutiny;

• data will be gathered using appropriate chain-of-custody procedures, laboratory
analyses, and data reporting; and

• data will be of known precision and accuracy.

The QA requirements for the OU 2 RI are defined previously in this report. The procedures
to be used for assessing the quality of analytical laboratory data are described in Sect. 9.8.
Analytical laboratories selected for this project must meet criteria for laboratory certification
and adherence to regulatory QA requirements.

9.1.1 Level of Analym

The specific QA objectives for all data are to obtain reproducible, precise, and accurate
measurements consistent with the intended use of the data and the limitations of the sampling
and analytical procedures used. This is accomplished through the assignment of measurement
tasks to the appropriate analytical level (I through IV) as defined in Data Quality Objectives
for Remedial Response Activities (EPA 1987). Analytical laboratory data generated from the
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analysis of surface water, groundwater, sediment, and soil samples will meet the requirements
for Level HI data quality.

9.1.2 Data Quality Parameters

Typical quantitation limits applicable to this project are presented in the EPA CLP SOW
(EPA 1990d) as applicable, as are sample precision, accuracy, and completeness objectives.
The QA objectives for QC data are designed to (1) screen out data of unacceptable precision
or accuracy and (2) provide data that will meet the data quality goals for this project.

This project will follow the definitions for precision, accuracy, completeness,
comparability, and sensitivity given in the Handbook for Analytical Quality Control in Water
and Wastewater Laboratories (EPA 1979a).

9.1.3 I.almratory Aztivities

The QA objectives for precision and accuracy in the laboratory are defined by con:rol
limits established by the EPA CLP (EPA 1990d). The laboratory will be required to submit
the results of ali control sample analyses to ensure conformance with established control limits

• and other QA requirements.

The QA completeness objective for this project is to obtain valid analytical results for at
least 85% of the samples collected. Laboratory completeness will be determined by the
extent to which data are substantiated by hard-copy documentation, which includes chain-of-
custody request for services and instrument calibration forms. Comparability and sensitivity
criteria are established by either CLP (EPA 1990d) or standard operating procedures for
particular analytical laboratories.

9.2 SAMPLE PREPARATION PROCI_URES

The sampling program and sample preparation procedures are discussed in Sect. 8.2.
Tables 7.2 and 7.3 show the numbers of samples to be collected, the number of analyses
estimated to be conducted, and the field quality control samples to be collected and sent to
the analytical laboratory.

Sample analyses will be scheduled according to site investigation needs and consistent
with the sample holding times. The S&A Plan will specify the turnaround times that will
meet the project schedule and objectives. These requirements will be included in any
contractual agreement between the OU 2 project and contract laboratories.

O
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9.3 ANALYTICAL PROCEDURES

9.3.1 I.ad_ratory Analyses

OU 2 samples will be analyzed for potential contaminants of concern using methods in
EPA CLP SOW 3/90 (EPA 1990d) for parameters specified by EPA CLP. Non-CLP param-
eters may be analyzed by using Test Methods for Evaluating Solid Waste (EPA 1986), Methods
for Chemical Analysis of Waters and Wastes (EPA 1979b), Guidelines Establishing Test
Procedures for the Analysis of Pollutants under the Clean Water Act (EPA 40 CFR Part 136),
and Martin Marietta Energy Systems Environmental and Effluent Analysis Manual (Energy
Systems 1986). A listing of the recommended methods and detection limits to be used for
samples collected at OU 2 is provided in Table 7.4 of this plan.

9.3.2 Analytical I.admratories

Contracts will be established with analytical laboratories to analyze samples collected
during the sampling phase of the OU 2 project.

Each contractor laboratory that analyzes samples will provide quantification limits for
each constituent analyzed. The method detection limit (MDL) is defined as the minimum
concentration of a substance that can be measured and reported with 99% confidence that
the value is >0. The MDL actually achieved in a given analysis will vary depending on
instrument sensitivity and interferences. The objectives for precision and accuracy for each
chemical are based mainly on the capabilities of the approved EPA analytical method with
respect to laboratory QC.

In addition to evaluating each set of data for accuracy and precision, an assessment will
also be made of the completeness of the data. This assessment will involve computing the
fraction of the reported values that remain valid after the sampling procedures have been
reviewed and the results have been assessed for precision and a_uracy.

9.4 SAMPLE AND DOCUMENT CUSI_DY PROC'I_URES

Chain-of-custody procedures require documented sample possession from the time of
collection to disposal. Sample custody will be maintained by OU 2 project staff until custody
is transferred to an overnight express company. The overnight express company delivers
samples and transfers custody to particular analytical laboratories, where their intralaboratory
chain.of-custody procedures will be in effect. On completion of analyses, sample custody will
be returned to OU 2 project staff. The chain-of-custody form terminates on final disposal of
the sample. The OU 2 Project Manager will be responsible for ensuring that the original
chain-of-custody form is submitted to the Document Management Center.

9.4.1 I.admratory Receipt and Handling of Samples

When each sample identification is received at the laboratory, it is compared to the

Q information contained on the included chain-of-custody documents. If discrepancies exist,
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appropriate note (signed and dated) will be made on the chain-of-custody document, and the
Project Manager or designated person will be notified.

After receipt and initial inspection of samples and accompanying forms, the following
items are checked and recorded:

• seals and tapes on the transportation container are unbroken and uncut,

• sample containers in the transportation container are intact and at correct
temperature,

• check is made with survey instruments to determine external activity and smear
surfaces for removal of contamination,

• pH of preserved samples (except VOCs) is checked and documented, pH of
preserved VOCs is checked upon analysis and documented,

• identification on the sample bottles corresponds to the entire description on
accompanying forms, and

• number of sample containers received is equal to the number of samples listed on
the chain-of-custody forms.

In the event that samples arrive damaged or with custody seals broken, an NCR O
(Sect. 9.11) will be initiated. The Project Manager will be advised and will make a decision
as to the fate of the nonconforming sample. The OU 2 Project Manager and the OAS will
sign the NCR--noting the reason for sample disposition--and will initiate corrective actions
if necessary.

Once samples are in the possession of the laboratory, their internal chain-of-custody and
sample-handling procedures will be in effect. If samples are to be shipped from one
laboratory to another, proper chain-of-custody and packaging procedures will be maintained,
as specified in ESP-800 (Kimbrough et al. 1990). Preanalysissample storage procedures used
are described in the CI_ SOW (EPA 1990d). Anticipation of reanalysis requires proper
environmental control of samples following analysis. Samples requiring refrigeration will
remain refrigerated for 3 months unless prior arrangements have been made by the OU 2
Project Manager. Unused sample portions will be archived. If re-analysis is not anticipated,
then environmental conditions will be observed, and the samples will be stored at room

temperature. Sample residues will be disposed of by contractor laboratories in accordance
with ESP-1000 (Kimbrough ct al. 1990), or other EPA-approved procedures.

O
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9__5CALIBRATION PROCEDURF__ AND FREQUENCY

9.5.1 Insmnnent C_'bration Procedures and Frequency

A list of ali measuring and test equipment to be used, along with a schedule for
calibration, will be prepared prior to initiating field work. In general, calibration methods will
be those recommended by the manufacturer. Instrument logbooks will be established and
maintained.

Laboratory equipment will be calibrated in accordance with the CLP (EPA 1990d) or
other contractor laboratory QA manual when CLP protocol is not established. Calibration
frequency will be based on the analytical methods employed, type of equipment, inherent
stability, manufacturer's recommendations, values given in national standards, intended use,
and experience.

Calibrated equipment will be uniquely identified by using either the manufacturer's serial
number or other means. Ali equipment shall be categorized as one of the following:

• Category A--Casual devices and systems (rulers, tape measures, graduated cylinders,
pipettes, etc.) that are not to be calibrated in service (i.e., not calibrated other than
by the manufacturer).

. Category B--Routine devices and systems (balances, spectrophotometers, etc.) that
are to be included in a calibration recall program on a regular cycle.

* Category C--Experimental devices and systems (pH meters, turbidimeters, etc.) that
are to be calibrated by--or at the direction of--the user, as deemed necessary.

The appropriate category decal with the identification number and the due date of the
next calibration will be attached to the equipment. If this identification is not possible,
records traceable to the equipment will be readily available for reference.

Volumetric glassware will be used to prepare calibration standards, bench standards,
samples for analysis, etc.; thus the glassware used for these preparations must be of known
accuracy. Glassware may be purchased with known accuracy per federal and American
Society for Testing and Materials specifications.

9.5.2 Calibration Failures

Scheduled periodic calibration of equipment will not relieve laboratory personnel of the
responsibility to employ properly functioning equipment. If an individual suspects an
equipment malfunction, he/she should remove the device from service, tag it so it is not
inadvertently used, and notify project management. If equipment is found to be out of
calibration, the laboratory supervisor will evaluate and document (in the instrument logbook)
the validity of previous inspection or test results and the acceptability of similar equipment
previously inspected or tested. The responsible supervisor will ensure that the devices that
are out of calibration are (1) tagged or segregated from other equipment and (2) disposed
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of or not used until they are re,calibrated. Any equipment that is consistently found to be out
of calibration will be repaired or replaced. Any repair or replacement should be reworded in
the instrument logbook.

Ali standards used for equipment calibration will be traceable to the EPA, the National
Institute of Standards and Technology, or a commercially available certified standard. The
source of the standard used must be documented in a calibration logbook.

9.5.3 Cah'bralionRecords

Calibration data will be recorded in the instrument logbook. Records will be prepared
and maintained for each piece of calibrated equipment to indicate that established calibration
procedures have been followed. The laboratory supervisor will ensure that records of
calibration data are kept current. Records for laboratory equipment used will be maintained
by the laboratory supervisor and kept in the project flies.

9.6 PREVENTIVE MA1NTENANC_

Periodic preventive maintenance is required for ali measuring and test equipment.
Instrument manuals will be kept on file for reference purposes if equipment needs repair.
Maintenance frequency will be based on manufacturer'srecommendations, intended use, and
experience. The troubleshooting section of factory manuals may be used to assist personnel
in performing maintenance tasks. Routine maintenance will be performed on instruments to
reduce the incidence of extensive repairs immediately prior to analysis.

9.6.1 l.almratory Imtrtancnts

Laboratory equipment requiring routine maintenance will have a control system indicating
the date of required maintenance, person maintaining the equipment, and the next
maintenance date. Information pertaining to life histories of equipment maintenance will
be kept in an individual log for each instrument. Preventive maintenance for laboratory
equipment will follow established procedures and will be documented.

9.7 DATA REDUCtiON, VALIDATION, AND REPORTING

Data validation is a systematic process for reviewing a body of data against a set of
criteria to provide assurance that the data are adequate for their intended use. Data
validation consists of data editing, screening, checking, auditing, verifying, certifying, and
reviewing.

Ali data for this project will be evaluated by QA/QC methods and internal peer review.
Data reduction, verification, and reporting will be in accordance with the Data Management
Plan (Wiggins et al. 1988). Data will be entered into common standardized formats. In
addition to following field sampling documentation and QA/QC procedures, data are verified
using a variety of computerized checks. These procedures will ensure that data are entered,
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encoded, and manipulatedin a consistentway and are available to OU 2 investigatorsin a
usable format.

9.7.1 AnalyticalLaboratoryData Reduction and Evaluation
.,

Analyticaldata generated during the OU 2 projectwill be evaluated for completeness.
This will include--but will not be limited to--review of completed custody logs, photocopied
pages of laboratorynotebooks, and data formscompleted by the technical staff, including
sample weights, dilutions, concentrations, data reduction, instrument logs, and ali raw data.
In the data review process, the data are compared with information such as the sample
history,sample preparation, and QC sample data to evaluate the validityof the results. Data
validation includes--but is not limited to--the following:

• dated and signed entries by technical staff and supervisorson the work sheets and
logbooks used for samples;

• use of sample tracking and numberingsystems to track the progress of samples
through the laboratory;

• use of QC criteria to reject or accept specific data in accordancewith EPA CLP
laboratorydata validation functional guidelines for evaluating organicand inorganic
data (EPA 1988b,EPA 1988a);

• examinationof alidatafor a sampleandsite byevaluatingion balance, checkingfor
consistency amongreplicatesamples,sendingsplitsamples to other laboratoriesfor
analysis,andusing frequencydistributionandrangechecks to evaluateoutliers;and

• determinationof compliancewithholdingtime requirements.

9.7.2 Data Reportingof AnalyticalResults

The formatand content of hardcopyand electronic data reportswill adhere to project
needs. These needs include contract requirements of DOE and reporting formats of
regulatory agencies. The laboratorysupervisorsare responsible for the preparationof each
technical report includingthe process of data validation. The preferredhardcopyreport
format is the complete CLP data package,includingcase narrative. Final data presentation
will be checked in accordance with data validation requirements and approved by the
appropriatelaboratorymanager. Eachpageof datawillbe identifiedwith theprojectn,Jmber
or projectname, sample deliverygroup number,and date of issue. Electroniccopies of the
datamust matchthe hardcopyreports. Electronicdatacontents in the report will include the
following:

• sample identificationnumber used by the laboratoryand/or sample identification
providedto the laboratory, if differentfrom that used in the laboratory;

• sampledelivery group number;

@
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• chemical parameters analyzed, reported values, laboratory data qualifiers, and units
of measure;

• quantification limit of the analytical procedure;

• results of quality control sample analysis;

• achieved accuracy, precision, and completeness of data;

• references to specific data, if required, to explain reported values, and

• analytical methods used.

These methods will be specifically referenced on ali laboratory reports. Any method
modification will be included in the case narrative. Data for field and laboratory QC samples
will be reported in the same format as actual samples.

9.8 INTERNAL QU_ CONTROL

The basic elements of QC are listed below, proceeding from general to specific:

• technical competence of staff,

• appropriate equipment and instruments,

• good sampling practices,

• good measurement practices,

• project procedures,

• field implementation procedures,

• inspection,

• documentation, and

• training.

The staff must have the necessary competence (defined as education, skill, technical
judgment, experience, and professional attitude) to reduce variability in executing procedures,
taking measurements, and obtaining data in the field.
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The QC procedures presented in this section are designed to accomplish the following:

• achieve the QA objectives for precision, accuracy,completeness, representativeness,
comparability, and sensitivity;

* document data quality and provide accountability information about data received
from each laboratory;

• provide criteria to ensure that analytical results are statistically valid; and

• provide sufficient documentation of analytical procedures to establish that the
resulting parameter estimates are defensible and the comparability of estimates from
each laboratory is quantifiable.

Internal OC procedures involve reviewing the documentation of maintenance and
operational procedures and inspecting the instruments and equipment by personnel other
than instrument users. Inspection entails the spot inspections conducted by the QAS in
combination with the continuous process of inspection conducted by the laboratory
supervisors as part of normal procedures.

Achieving the highest level of documentation quality is imperative to QC. Bound
notebooks with numbered pages will be used to record ali events and activities. Data forms
will be used to record selected laboratory measurements. Ali notebooks and data forms will
be subject to custody requirements, including limited distribution, secure storage, and
long-term retention.

9.8.1 Lal_ratory Quality Control Procedures

A number of laboratory C}C samples will be used to check sample preparation and
analysis and to monitor laboratory performance. The control samples listed in this section are
defined in general terms. Analysis-specific control samples may be required as indicated by
EPA CLP procedures. QC samples will consist of blanks, duplicates, and spikes. Laboratory
standards will also function as OC components. QA procedures for laboratory processing
include laboratory duplicates of ali field samples to determine the precision of laboratory
results. Laboratory QC samples will include the following:

Method Blank--A method blank is a blank sample made up of a pure, noncontaminated
substance of the matrix of interest (usually distilled/deionized water or silica sand) that is
subjected to ali of the sample preparation (e.g., digestion, distillation, extraction) and
analytical methodology applied to the samples. The purpose of the method bl:_nkis to check
for contamination from within the laboratory that might be introduced duringsample analysis.

Cah'bra"tson/ContinuingCah'bration Blank--A calibration blank is the substance that is
used to "zero"the instrument. Rc calibration blank is composed of the solvent used for the
preparation of the calibration standards and samples. The calibration blank accounts for any
interference from the solvent matrix.
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Sample Container Cleaning Blanks--If sample containers are cleaned in the laboratory,
"sample container cleaning blanks"are taken for each batch of containers that goes through
the cleaning process. If contamination is detected, the containers associated with the
contaminated blank will be cleaned again and another blank taken and analyzed.

ladmratory Duplicatea--Laboratory duplicates are prepared by the laboratory analyst for
each sample and are obtained by homogenizing a sample as thoroughly as possible and taking
two sepal ate aliquots of that sample for analysis. The duplicate sample, however, should
never be a method blank, trip blank, or field blank. The purpose of laboratory duplicates is
to check the precision of the analyst, the sample preparation methodology, and the analytical
methodology.

Matrix Spikea--A matrix spike is a sample to which a known concentration of the
compounds of interest has been added. The matrix spike is subjected to the same sample
preparation and analytical methodology applied to the samples. The sample to be spiked is
selected prior to sample submittal; however, the spiked sample cannot be a method blank, trip
blank, or field blank. The purpose of the matrix spike is to check for interferences or false
readings caused by the sample matrix. The sample matrix effect is measured by calculating
the percent recovery (%R, Sect. 9.10.2) of the compounds added to the sample.

Blank SpikeJLaboratol3, Control Sample (IX:S)--The blank spike, or L_, is a blank
sample (usually distilled/deionized water or silica sand) to which a known concentratior_of the
compounds of interest has been added. The blank spike is subjected to the same sample
preparation and analytical method applied to the samples. The purpose of the blank spike
is to check the accuracy of the analyst, the sample preparation methodology, and the
analytical methodology. The level of accuracy is measured by calculating the %R.

The Laboratory QA/QC Coordinator is responsible for having QC standards prepared
and for sending QC samples to the laboratory for analysis. Statistical analyses will then be
performed utilizing the results of QC sample analyses. Each laboratory will apply precision
and accuracy criteria to each parameter that is analyzed. When analysis of a sample set is
completed, the QC data are reviewed and evaluated using control charts to validate the data
set. Laboratory QC standards will include the following:

Cah'bration Standards--Calibration standards are standards made up of the compounds
of interest at known concentrations. Calibration standards are prepared from EPA reference
material or from commercially available, certified reference materials traceable to the National
Institute of Standards and Technology. Calibration standards for each analyte are prepared
for at least three concentration levels throughout the calibration range required for the
analysis. Calibration standards are not subjected to ali of the preparation (e.g., extraction,
distillation, digestion) that is applied to the sample. Calibration standards are used initially
to calibrate the instrument by providing reference points throughout the calibration range and
to establish linearity throughout the calibration range and working range of the instrument.
The instrument is then checked throughout the analysis with the calibration standards to
check for any instrument drift.
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Perfonnam_ Evaluation Sampkw-Performance evaluation samples consist of known
concentrations of the analytes submitted to the laboratory being audited. These samples are
obtained through various EPA-sponsored programs and private vendors to provide an
objective evaluation of laboratory performance and comparison with other participating
laboratories.

Control charts are statistical representations of the laboratory's performance and are used
to monitor laboratory performance and to establish control limits or the acceptance criteria
for ali compounds of interest. For each analyte, a separate control chart is required for each
type of control sample that measures precision or accuracy and for each matrix type and
concentration level. A minimum of ten measurements of precision and accuracy is required
before control limits can be established. Control limits of three standard deviations shall be

utilized for ali samples. Each control chart must consist of a centerline, two warning limits,
and two control limits. Control charts must be updated daily.

Once established, control limits are updated as additional precision and accuracy data
become available. Any control sample data point tha: falls beyond the control limits or any
data trend will require an investigation and corrective action. For ali identified contaminants
of concern, control limits and corrective actions will be in accordance with EPA protocol.
Additional statistics for organics work will be done in accordance with SW-846 (EPA 1986)
or the CLP SOW (EPA 1990d), as applicable.

O 9._ P_RMANCE AND SYSTEMS AuDrI_

Audits are perform.edtoreview and evaluate the adequacy of laboratory performance and
to ascertain whether the (}A/(X_ Plan is being completely and uniformly implemented. The
following requirements are adapted from basic requirement 18, "Audits," of ANSI/ASME
NQA-1 (ANSI/ASME 1986), and Environmental Restoration DIVision Quality Assurance
_m Plan (Energy Systems 1991b). Planned and scheduled audits will be performed to
verify compliance with ali aspects of the QA program and to determine the program's
effectiveness. These audits will be conducted in accordance with written procedure_ _nd
ch_ldists and will be performed by personnel who do not have direct respons_ility for
performing the activities being audited. Audit results will be documented, reported to, and
reviewed by respons_le management. When necessary, follow-up action will be taken by the
responsible line organization.

The objectives of performance and systems audits are to (1) ensure that the QA program
developed for this project is being implemented according to the specified requirements,
(2) assess the effectiveness of the QA ?rogram, (3) identify nonconformances, and (4) verify
that identified deficiencies are corrected. Upon discovery of any significant deviation from
the OA program, the Project Manager wil: be informed of the nature and extent of any
deviation and corrective action taken to rez,:_y the deviation.

An individual audit plan will be developed to provide a basis for each ; _dit. This plan
will identify the audit scope, _he activities to be audited, the audit personnel, any applicable
documents, and the schedule. Records of audits will be maintained in the project flies. Audit
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files will include, as a minimum, the audit report, the reply to audit, and any supporting
documents. The OU 2 Project Manager is responsible for conforming to audit procedures,
particularly as to timely replies to audit reports and implementation of such corrective action
indicated.

9.9.1 Frequei_ of Audiet

The OAS is responsible for internal audits and will perform them according to a schedule
that coincides with appropriate activities on the project schedule and sampling plans. Such
scheduled audits may be supplemented by additional audits for one or more of the following
reasons:

• when significant changes are made in the OA/QC Plan,

• when it is necessary to verify that corrective action has been taken on a noncon-
formance reported in a previous audit, or

• when requested by the Project Manager.

In addition to these internal audits, surveillance of selected activities may be preformed
on a periodicbasis.

9.9.2 Performance Audits

A performance audit can be defined as a review of the existing project and OC data to
determine the accuracyof a total measurement system(s) or a component part of the system.
The analysis of laboratory performance evaluation samples and the participation in scheduled
interlaboratory studies _'_¥ be included as part of the performance audit. Laboratory audits
are further described in (_A/OC procedures for particular analytical laboratories.

A surveillance of the laboratory activities will also be made during the first sampling
phase. The OAS or his designee will check on the logging of the samples, proper chain of
custody, and relat d documentation. Any irregularities in OA procedures that are not
immediately corrected will be brought to the attention of the OU 2 Project Manager.

9.9.3 Systems At_ts

A systems audit consists of an evaluation to determine if the components of a
measurement system were properly selected and are being used correc:ly. A systems audit
includes a careful evaluation of laboratory OC procedures to cns'are that the OA/OC
procedures are being adhered to. Systems audits are conducted as de_emednecessary by the
OAS, normally either before or shortly after systems are operational. The systems audit is
reported in formal audit reports.
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O 9.10 DATA MEASUREMENT ASSKSSMENT PROCEDURES

A statistical evaluation of laboratory analytical results will be performed to apply
precision and accuracy,cvAteriafor each parameter analyzed. When the analysis of a sample
set is completed, the ¢_C data generated will be reviewed and evaluated to validate the data
set: Ali QC data will be reported to the OU 2 Project Manager, along with the sample
analysis results. The QC data will be reviewed for precision and accuracy.

The evaluation criteria of the OC sample data for the target compound list have been
established for the EPA CLP (EPA 1990d). The control limits for other compounds are
derived from laboratory control charts. These criteria provide a means of categorizing a data
set as being quantitative, semiquantitative, or qualitative. Where applicable, contract
laboratories will use data qualifiers to clearly identify results as qualitative and
semiquantitative. Otherwise, reported data are to be considered quantitative. These results
provide information on the relative quality of sampling and analytical procedures. Deviations
suggested by these assessments will be utilized in nonconformance and corrective action
procedures (Sect. 9.11).

9.10.1 ]Plo_ion

Precision will be assessed by conducting separate analyses of duplicate samples. The level
of precision is determined by calculating the RPD between the two measurements, using the
following formula:

@
Da) x 11111

RPD = ,
+ Da)/ 2

where

Dt = value of first measurement,
D 2 - value of second measurement.

9.10.2

Accuracy will be assessed by splitting a sample into two portions, spiking (i.e., adding
known quantity of the constituents of interest to one of the portions), and then analyzing
both portions for these parameters. The difference in the concentration levels of the
constituents of interest should be equal to the quantity of the spike added to one of the two
portions. The %R is calculatedasfollows:

Oi- O,
%R = x 100,

Ti
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where O

O i --- observed spiked sample concentration,
O, = observed sample concentration,
Ti - true or actual concentration of the spike.

Recovery of 100% is equivalent to 100% accuracy. Values < 100% mayindicate a sample
matrix effect and a false reading. A periodic program of sample spiking is required, for
example, one matrix spike and one matrix spike duplicate per 20 samples.

Blank spikes or laboratory control samples check the accuracy of the analyst, the sample
preparatio _, and the analytical methodology free of sample matrixeffects. Blank samples are
spiked with known concentrations of the compounds of interest and then prepared and
analyzed as samples. The level of accuracy is measured by calculating the %R as follows:

%R = (O/T) x 100 ,

where

%R = percent recovery,
O - observed or measured concentration,
T = true or known concentration.

The coefficient of variation (C_) of the percent recovery values is calculated as follows:

C_ = (SD/APS) x 100 ,

where SD is the standard devl.ation of the percent recoveries for the various spiked
constituents and APR is the average or mean percent recx_ery.

9.11CORRECIIVE ACTIONS

Thissectionidentifiesmethodsandpoliciesforthedocumentation,evaluation,corrective
action,and verificationactivitiesnecessarywhen a deviationfrom establishedprocedure
occurs.Requirementsforthedocumentationandimplementationofcorrectiveactionsare
alsoincluded.

Any deviationornonconformancewillbe evaluatedwithrespecttoitspossibleimpact
on reportabledata. All deviationsfrom standardoperatingprocedures,equipment
calibrations,or anyaspectoftheQA planwillbe evaluatedand documented.Significant
deviationsidentifiedusingthe statisticalassessmentof qualitydatawillalsobe usedin
NonconformanceandCorrectiveActionProcedures.
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9.11.1 Respons_ilities of Project Participants

OU 2 personnel will ensure the prompt identification, control, and disposition of
nonconforming items. Each laboratory participant is responsible for submitting records of ali
nonconformance events to the QAS within a reasonable period of time following the initial
identification and documentation of the nonconformance. The nonconformance will then be

evaluated by Team Leaders, OAS, Project Manager, and others as is deemed relevant. This
evaluation will determine the disposition of the nonconformance.

9.11.2 Nonmnf_ and Corrective Action Procedures

Nonconforming equipment, items, activities, conditions, and unusual incidents that could
affect compliance with project requirements will be identified, controlled, and reported on an
NCR in a timely manner. A nonconformance is defined as a malfunction, failure, deficiency,
or deviation from specified requirements. The originator of an NCR will describe the finding
on the form provided for this purpose and will notify the OU 2 project management and the
OAS. Each nonconformance will be reviewed and a disposition given for the item, activity,
or condition. Evaluations also will determine if the event justifies the issuance of a CAR.
The CAR will document the event, the findings of the evaluation, and the required corrective
actions. The disposition of a nonconformance will be documented and approved by the OU 2
Project Manager. The OAS will concur with the disposition of the nonconformance.

The QA/QC Coordinator for a particular laboratory is responsible for the assessment of
laboratory quality control sample information. If data fall outside accepted limits, established
laboratory procedures for identifying the problem and taking appropriate corrective actions
will be employed. Completion of corrective action should be evident when deviations return
to prescribed acceptable limits.

The modification, repair, rework or replacement of nonconforming equipment, items, or
activities will require the reverification of acceptability. In certain instances, as determined
by project management, these activities may require that corrective action be completed and
verified before site work continues.

If, in the opinion of project management and the OAS, the nonconformance does not
significantly affect the technical quality or use of the work, then the work may continue,
pending resolution of the nonconformance. The basis for such a decision will be documented
on the NCR and submitted to the OAS for review and approval. The documentation will
include the statement that the decision was made before continuing with the work. The
records of nonconformance and their dispositions will be maintained by the OU 2 Project
Manager and forwarded to the Document Management Center.

9.12 OUALrI'Y ASSURANCE REPORT3' TO MANAGEMENT

The active participation of management in the OU 2 Project is fundamental to the
success of this QA/OC Plan. Management will be aware of project activities and will
participate in development, review, and operation of the project. Management will be
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informed of QA status and activities through the receipt, review, and/or approval of the
following:

• regular quality status reports,

• laboratory and project-specific QAJQC plans and procedures,

• postaudit reports and audit closures,

• surveillance reports,

• corrective action overdue notices, and

• NCRs.

Copies of these reports will be distributed to appropriate management and regulatory
agencies. In addition, periodic assessment of QAJQC activities and data precision, accuracy,
representativeness, completeness, and comparability will be conducted and reported by the
analytical laboratories.

As appropriate, project management will inform the QAS of the QA status of the
project, especially any significant quality accomplishments. OU 2 personnel are required to
inform the Project Manager or project support staff of ali nonconformances or quality

failures. The Project Manager will document and immediately report any nonconformance O
or quality failure to the QAS.

O
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10. HEALTH AND SAFETY PLAN

10.1 SITE ItEALTH AND SAFETY PERSONNEL

A site health and _afety officer (SHSO) will be designated by the subcontractor to ensure
that the site-specific health and safety plan (Appendix D) remains in compliance with 29 CFR
1910 as amended by 29 CFR 1910.120. The SHSO will be designated no less than 2-,reeks
before starting field work and will be identified in the site Health and Safety Plan. The
SHSO or an alternate will implement, monitor, and assist the site manager in enforcing the
site Health and Safety Plan. The subcontractor SHSO may coordinate between the Y-12
Plant Industrial Hygiene and Health Physics Departments on matters of employee health and
safety, such as personal monitoring, on-site monitoring, and incident reporting.

10.2 SAFETY RISK ANALYSIS

10.2.1 Rust Spoil Area

The RSA was used as a disposal area for solid waste (spoil material) generated from
various renovation, maintenance, and construction operations at the Y-12 Plant. Although
no detailed records are available, the bulk of spoil material disposed at RSA consisted of
(1) soil, (2) masonry materials (i.e., brick and concrete), and (3) metal (i.e., steel and rebar).
A portion of the demolition debris was packaged and disposed of in open-top metal
containers. These containers were determined to be nonradioactively contaminated, according
to health physics requirements established for the Y-12 Plant. Discussions with Y-12 Plant
personnel indicated the possibility that small quantities of solvent-contaminated material and
material containing asbestos, mercury, and uranium may have been disposed in this area.
However, existing administrative and other established iwplant controls prevented the disposal
of significant amounts of chemicals, wastes, or contaminated material at RSA. Contaminants
of concern in RSA include arsenic, beryllium, lead, mercury, selenium, thorium, uranium, and
tetrachloroethane.

10.2.2 SY-200 Yard

The SY-200 Yard was operated from the 1950s to 1986 as a "hold-for-future-use"storage
area. The SY-200 Yard, an outside graveled area about 200 ft by 300 ft, was used to store
nonradioactively contaminated equipment, electrical transformers, piping, tanks, mercury
flasks, and miscellaneous items. Ali items stored at the site were removed by September
1986. Based on data obtained through soil sampling, potential hazards associated with SY-200
include barium, chromium, lead, mercury, PCBs, and 23sU.

10.2.3 Spoil Area 1

SA-1 was used for the disposal of what was considered to be nonhazardous,
nonradioactively contaminated constructioli debri_ fromvarious renovation, maintenance, and

0
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construction operations at the Y-12 Plant. However, re.e.ordkeeping regarding waste disposal
was inadequate. In addition, the results of soil and groundwater studies of the area confirmed
the presence of heavy metals and radiological contamination (see Appendix C). The bulk of
the solid waste known to have been disposed of included asphalt, brick, concrete, roofing
materials, brush, metal, rock, and tile. Contaminants of concern include arsenic, beryllium,
barium, chromium, lead, mercury, fluoranthene, phenanthrene, pyrene, total radium, total
uranium, and 2_U.

10.2.4 On-Site Safety Hazards

The primary hazards associated with the sampling activities at this site are the mechanical
risks posed by the use of a hollow-stem auger and the health hazards associated with drilling
activities. The SHSO will implement and enforce ali safety procedures associated with the
use of a hollow-stem auger. These procedures will be followed strictly to avoid accidents.
Split spoon sampling will be performed under the close supervision of the project
hydrogeologist, with ali members of the drilling crew observing ali safety precautions specified
in the plan while operating the auger. The electrical hazards from overhead power lines will
be minimized by following Y-12 procedures for locating the auger. The location of
underground utilities will be determined during the Y-12 Plant Excavation and Penetration
Permit procedure. This procedure will be followed during ali augering operations. Personnel
working with or in the immediate vicinity of moving equipment will be prohibited from
wearing loose clothing, jewelry, or long hair. Only authorized personnel will be allowed in
the immediate vicinity of the auger while it is operating.

10.3 TRAINING REQUIREMEN'_

Occupational Safety and Health Administration 40-hour health and safety training, as
specified in 29 CFR 1910.120, will be required for ali employees engaged in hazardous waste
operations. Personnel will be required to have annual 8-hour refresher training courses.
Managers and supervisors will receive an additional 8 hours of instruction. Ali classroom
training will be supplemented with 24-hour on-site orientation and instruction under an
experienced and qualified individual.

10.4 PERSONAL PROTEC'ITVE EQUIPMENT

The level of personal protection required for RI sampling activities at OU 2 will be
dictated by the location and type of sampling to be conducted. The planned activities consist
of split spoon sampling, surface soil, groundwater, arid surface water/sediment sampling.
Sampling activities will penetrate some of the source areas. Became contaminants such as
beryllium, mercury, PCBs, and radionuclides could potentially be encountered at
concentrations that constitute a health hazard, the initial personal protection level
recommended during intrusive sampling at SY-200 is Level C (see Table 10.1), which is
defined in 29 CFR 1910.120 Appendix B. Ali other sampling activities will be conducted at
Level D.

0
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Duringsamplingactivities,mercuryvapor,organicvapors,and radioactivitywillbe
monitoredcontinuously.Basedonsitemonitoring,andifdeemedappropriatebytheSHSO,
thepersonalprotectionlevelatSY-200may be downgradedtoLevelD. Ifincreased
protectionisneeded,theprotectionlevelcanbe upgradedatthediscretionofeitherthe
SHSO, thesubcontractingprojectmanager,ortheEnergySystemsprojectmanager.

The SHSO (orthehealthand safetyofficerprovidedbythesubcontractoror project
manager)willselectthetypeofequipmentnee.dedanddeterminewhetheradditionalPersonal
ProtectiveEquipment(PPE)isneeded.Alisamplingactivitieswillbeperformedunderthe
closesupervisionoftheprojecthydrogeologist,withallmembersofthedrillingcrewobserving
thePPE requirementsspecifiedintheplanwhileneartheoperatingauger. Workerswill
be requiredtowearappropriatePPE,includingste_l-toedbootsforfootprotection,hearing
protection,andapprovedsafetyglassesforeyeprotection.Hardhatswillberequiredwhen
workersare inthevicinityofthedrillingrig.Only authorizedand properlyprotected
personnelwillbe allowedintheimmediatevicinityoftheaugerwhileitisinoperation.

'I'abk 10.1.Level of protection

Level Monitoringparameters
designation

A .___ Airborne pollutants" X

B .._-- Explosion potential X

C's X Radiation X

D .____ Total particulates X
|ml i .i ill |l

"Organicvapors andmercuryvapors.
SForintrusivesamplingactivitiesat SY-200.Ali other

activities,Level D.

10.5 MEDICAL SURVEILLANCE

As required by 29 CFR 1910.120, medical surveillance of ali personnel involved in
hazardous waste site operations shall be conducted. Baseline and annual physical
examinations will be performed by the V-12 Plant Medical Center or a qualified occupational
physician. Subcontractors will be responsible for ensuring that their employees receive the
required examinations. Persons who ha ce not received the necessary physical examinations
or who are not medically approved to perform their duties at a hazardous waste site will be
excluded from ali aree.s of the site.

In the unlikely event of radioactive contamination, whole body counts of workers from
the affected site will be performed by the Y-12 Plant medical :taft. Work at OU 2 will be

@
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suspended until the conditions abate or PPE is upgraded. When operations are continued,
a personal dosimetry program will be instituted by the Y-12 Plant HPD.

10.6 MONITORING AND SAMPLING

During sampling activities, the work areas will be monitored for airborne pollutants
(organics, mercury), radiation, and total particulates. All monitoring will be conducted in
accordance with procedures described in the Environmental Surveillance Procedures, Quality
Control Program (Kimbrough et al. 1990).

If any of the following conditions occur, the SHSO may either remove ali personnel from
the affected area until the conditions abate or upgrade the protection level as described in
the Y-12 RCRA Facility Investigation Plan as developed by Welch (1989a):

• organic vapor levels in the breathing zone ex_ background conditions for > 1 rain
as determined by a photoionization detector (PLT))or flame ionization detector
(Fn3);

• mercury vapor levels in the breathing zone ex_ 0.01 mg/m s as measured by a
Jerome Mercury Analyzer;

• significant dusting (> 10 mg/m s, which is the threshold limit value for total nuisance

dust) occurs anywhere in the immediate sampling area; O

• the release of airborne particulates of asbestos- or beryllium-containing wastes
exceeds the American Conference of Governmental Industrial Hygienists Threshold
Limit Values, or the permissible exposure levels as described by 29 CFR 1910,
Subpart Z upgraded, whichever is more protective (as determined by personal air
monitoring).

The SHSO is responsible for ensuring that vapor and particulate monitoring are
performed at the site. These parameters should be monitored continuously while drilling
activities are in progress.

Unusual conditions at the site, such as the detection of peculiar odors, will be
investigated by the SHSO. In cases of extremely high organic vapor readings (> 50 ppm), the
SHSO will stop work activities and determine whether any other immediate actions may be
needed to mitigate health and Safety concerns.

Radiation monitoring will be performed for the OU 2. The SHSO will be responsible
for ensuring that this monitoring is scheduled through HPD and completed. HPD will
perform all radiation surveys at the site and will recommend actions to the contractor to be
taken to protect personnel working in the area based on the interpretation of these surveys.
The frequency of monitoring will be detenr_ined by the potential for exposure to radiation
at the site and for all samples collected. Exposure will be maintained at a level that is

0
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10.7 SITE CONTROL MEASURES

Access to the site will be controlled to reduce the potential exposure of personnel to any
contaminants that may be present and to prevent the dispersal of contaminants by personnel
or equipment leaving the site. Site control efforts will be the responsibility of the SHSO in
coordination with the Y-12 Plant Industrial Safety and Security departments. Measures such
as signs, fencing, and ropes will be used as controls.

10.8 DEAX)NTAMINATION PROCHDURF.S

Specific decontamination procedures are required for Level C protection.
Decontamination procedures are thoroughly discussed in the Environmental Sun, e_nce
Procedures, Quality Control Program (Kimbrough et al. 1990). Workers will be required to
follow the standard safety practice of washing hands and faces on leaving the work area and
before eating, drinking, smoking, or engaging in any other activity that could cause the
ingestion of unwanted materials.

10.9 SITE OPERATING PROC'EDURES

A work area zone will be established around the drilling rig to keep out unauthorized
personnel.

Because contamination may be encountered, Level C pro_ection has been established.
Three work area zones will be established (exclusion, contamination reduction, and support)
in accordance with the methodology described in Welch (1989a). Based on site monitoring,
and if deemed appropriate by the SHSO, site operating procedures may be upgraded or
downgraded as necessary.

10.10 CONTINGENCY PLAN

A written contingency plan is required by 29 CFR 1910. Before operations begin on the
site, requirements 120(e)(1) and (2) must be completed. In the event of an emergency at
OU 2, the SHSO or the site manager must immediately contact the Plant Shift Superinten-
dent (PSS) and ensure that the plan is followed exactly. The PSS on duty is responsible for
initiating and coordinating ali emergency response operations at the Y-12 Plant. This plan
will include a form providing ali essential emergency information and contacts and will be
made available to the field team. The SHSO will be responsible for maintaining current
information on the form and for informing the field team of the form location and the means
of contacting emergency aid. A map highlighting the most direct route to the nearest hospital
must be included in the contingency and health and safety plans. Figure 10.1 is the
emergency reference form.
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SITE: PROJECT NO.

Rrn_cN information:

Local resources:

Ambulance (name):

Hospital (name):

Police (local or state):

Fire department (name):

Radio channel:

Nearest telephone:

Project manager:

SHSO:

l_merl_cv contact (medical and health): O

O

• Poison Information Center:

• National Response Center
(FOR ENVIRONMENTAL EMERGENCY ONLY): 1-800-424-8802

• Office:

Directions to hospital:

Fi_ I0.I.F._s_cy __ce form.
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10.11 SPECIAL HAZARD PROCEDURES

No requirements exist to enter a confined space while conducting field activities at OU 2.
If confined work spaces are encountered and must be entered, an Occupational Safety Work
Permit for confined space entry as required by Y-12 Plant procedure 70-750 will be issued
and followed exactly.

O
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Record of Conservation

Th_ is to document the telephone conversation between Steve Walker, Environmental Restoration
Program, _ and Linda Houlberg, BEIA, ORNL, April 1, 1992.

Houlberg: Can you give me a list of contaminants of concern for Rust Spoil Area, Spoil Area I, and
SY-200 Yard at Y-12 which I can use to develop ARARs for Bear Creek Operable Unit 2?

Walker:. Yes. Characterization work done up to this point has so far identified the following
contaminants at the Bear Creek Operable Unit 2 sites:

Rust Spoil Area - soil and _roundwater
arsenic beryllium
lead mercury "
uranium tetrachloroethene
vanadium selenium
thorium

$1_.ii Area I - soil and _undwater
aluminum arsenic
barium beryllium
chromium cobalt
copper iron
lead mercury
nickel vanadium
zinc total uranium
total radium benzo(a)anthracene
benzo(a)pyrene benzo (a,k)fluoranthene
chrysene dibenzofuran
fluoranthene phenanthrene
pyrene bis(2-ethylhexl)phthalate

Sy-200 Yard - soil, possibly _roundwater and surface water
uranium thorium

alpha activity PCBs
lead asbestos
mercury

Linda Houl___-_ "-

Steve Walker
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TENNESSEE DEPARTMENT OF CONSERVATION
Customs House

"/01 B=oadway
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St-.t,-_o._ Tennessee Solid Waste Management Program
_epartment of Health and Environment _th Floor, 70 ! 15road_vay
Division of Solid _/aste Management Nashville, Tennessee _72i_-_03

(615) 781-3t,24

v_u_ v_REGISTRATION AU, ,._.R,.ING SOL!D WASTE
DISPOSAL ACTIVITIES IN

TENNESSEE

RegLstrat,on Number, 0 M L t:0300.@
Date Issu._d: JAN151986

Issued to The United States Department of Energy for a facility located adja¢_.nt
to the Y-12 Plant on the U.S.D.O.E. Reservationt near Oak Ridge, Tenn,. ":_-, in
Anderson County.

Activities Authorized= Landfill disposal of demolition wastes generated iromvarious construction activities at the Y-12 PLant.

_,v my signature, this registration is issued in compliance with the provisions of the
Tennessee Solid Waste Disposal Act (Tennessee Code Annotated, Section 6g-31-
10t, et seq.), and applicable regulations de-/e'oped -"-"'--"p.,....,,, to this law and in
eLiect; and in accordance with the conditions and other terms set forth in this
registration document and the at_ched Registration Conditions.

To_ Tiesler, Director " -
Division of Solid Waste Management

EC/bec 5W/tg

,-.,,_ n I I,lrJi,J-.l "._ : ' T PIPIK];--PI-I'PIf,.e't • .j __ __.t- .:." _.a .....
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Table B.I. Contract required detection limits - inorganics

Element Water _g/L) Soil/Sediment (mg/kg)

Aluminum (Al) 80 20
Antimony (Sb) 2 6
Arsenic (As) 2 1
Barium (Ba) 5 20
Beryllium (Be) 1 0.5
Cadmium (Cd) 2 0.5
Calcium (Ca) 500 500
Chromium (Cr) 8 1
Cobalt (Co) 6 5
Copper (Cu) 6 2.5
Iron (le) 80 10
Lead (Pb) 2 0.5
Magnesium (Mg) 100 500
Manganese (Mn) 5 1.5
Mercury (Hg) 0.1 0.1
Nickel (Ni) 15 4
Potassium (K) 2,000 500
Selenium (Se) 2 0.5
Silver (Ag) 3 1
Sodium (N) 1,000 500
Thallium (TI) 2 1
Vanadium (V) 5 5
Zinc (Zn) 20 2
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Table B.2. Practical quantitation limits - volatile organics

Compound Groundwater Low soil/sediment
g/L) O g g)

Chloromethane 5 5
Bromomethane 5 5

Vinyl chloride 5 5
Chloroethane 5 5

Methylene chloride 5 5

Acetone 5 5 b_
Carbon disulfide 5 5
1,1-Dichloroethene 5 5
1,1-Dichloroethane 5 5
1,2-Dichioroethene (total) 5 5
Chloroform 5 5
1,2-Dichloroethane 5 5

2-Butanone (MEK) 5 5
1,1,1-Trichloroethane 5 5 "
Carbon tetrachloride 5 5
Bromodichloromethane 5 5
1,1,2,2-Tetrachloroethane 5 5
1,2-Dichloropropane 5 5
cis- 1,3-Dichloropropene 5 5
Trichloroethene 5 5
1,1,2-Trichloroethane 5 5
Dibromochloromethane 5 5
Benzene 5 5

trans-l,3-Dichloropropene 5 5
Bromoform 5 5
2-Hexanone 5 5

4-Methyl-2-pentanone (MIBK) 5 5
Tetrachioroethene 5 5
Toluene 5 5
Chiorobenzene 5 5

Ethylbenzene 5 5
Styrene 5 5
Xylenes, total 5 5

k I n m I n nnln ii
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Table B.3. Practical quantitation limits - semivolatile organics

Compound Groundwater 0_g/L) Low soil/sediment _g/kg)

Phenol 2.0 330
bis(2-Chloroethyl)ether 1.5 330
2-Chlorophenol 2.0 330
1,3-Dichlorobenzene 2.0 330
1,4-Dichlorobenzene 2.0 330
1,2-Diehlorobenzene 2.5 330
2-Methylphenol 1.0 330
bis(2-Chloroisopropyl)ether 2.5 330
4-Methyiphenol 1.0 330
N-nitroso-di-n-propylamine 1.5 330
Hexachloroethane 2.0 330
Nitrobenzene 2.5 330
Isophorone 2.5 330
2-Nitrophenol 2.0 330
2,4-Dimethylphenol 2.0 330
bis(2-Chloroethoxy) methane 2.0 330
2,4-Dichlorophenol 2.0 330
1,2,4-Trichlorobenzene 2.0 330
Naphthalene 2.0 330
2-Chloroaniline 2.0 330
Hexachlorobutadiene 2.0 330
4-Chloro-3-methylphenoi 1.5 330
2-Methylnaphthalene 1.5 330
Hexachlorocyclopentadiene 1.5 330
2,4,6-Trichlorophenol 2.5 330
2,4,5-Trichlorophenoi 1.5 1600
2-Chloronaphthalene 1.5 330
2-Nitroaniline 2.5 1600
Dimethyl phthalate 1.5 330
Acenaphthylene 1.5 330
2,6-Dinitrotoluene 1.5 330
3-Nitroaniline 2.5 1600
Acenaphthene 1.5 330
2,4-Dinitrophenol 1.5 1600
4-Nitrophenol 1.5 1600
Dibenzofuran 1.0 330
2,4-Dinitrotoluene 1.0 330
Diethyl phthalate 1.0 330
4-Chlorophenyl phenyl ether 1.0 330
Fluorene 1.0 330
4-Nitroaniline 3.0 1600
4,6-Dinitro-2-methylphenol 15. 1600
N-Nitrosodiphenylamine 3.0 330
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Table B.3 (continued)

Compound Groundwater 0zg/l.,) Low soil/sediment (p,g/kg)

Phenol 2.0 330

4-Bromophenyl phenyl ether 1.5 330
Hexachlorobenzene 1.5 330
Pentachlorophenol 2.0 1600
Phenanthrene 1.0 330
Anthracene 2.5 330
Carbazole 10 10
Fluoranthene 1.5 330
Pyrene 1.5 330
Butyl benzyl phthalate 3.5 330
3,3'-Dichlorobenzidine 7.0 660
Benz(a)anthracene 1.5 330
bis(2-Ethylhexyl)phthalate 1.0 330
Chrysene 1.5 330
Di-n-octyl phthalate 1.5 330
Benzo(b)fluoranthene 1.5 330
Benzo(k)fluoranthene 1.5 330
Benzo(a)pyrene 2.0 330

Indeno(l,2,3.cd)pyrcne 2.5 330
Dibenzo(a,h)anthracene 2.5 330
Benzo(g,h,i)perylene 4.0 330
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Table B.4. Practical quantitation limits - pesticides and PCBs

Compound Groundwater 0_g_) Low soil/sediment 0zg/kg)

Aldrin 0.04 2.68
et-BHC 0.03 2.01

[_-BHC 0.06 4.02
6-BHC 0.09 6.03
¥-BHC (Lindane) 0.04 2.68
Chlordane (technical) 0.14 9.38
4,4'-DDD 0.11 7.37
4,4'-DDE 0.04 2.68
4,4'-DDT 0.12 8.04
Dieldrin 0.02 1.34
Endosulfan I 0.14 9.38
Endosulfan II 0.04 2.68
Endosulfan sulfate 0.66 44.2
Endrin 0.06 4.02
Endrin aldehyde 0.23 15.4
Heptachior 0.03 2.01
Heptachlor epoxide 0.83 55.6
Methoxychlor 1.76 117
Toxaphene 2.4 161
PCB-1016 nd° nd
PCB-1221 nd nd
PCB-1232 nd nd
PCB-1242 0.65 43.5
PCB-1248 nd nd
PCB-1254 nd nd
PCB-1260 nd nd

*Not determined.
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--. mottled

:LO

FATCLAYWITHGRAVEL:
-- (c_..x,oa'm .,o(,_ trim

(S) mature,<Sq_l=4_u:k(m) nuueri_,

4,.5
............ _ ............................

FATCLAYWITHGRAVEL. SampleSAS1030,I VOAand
6 -.. (CH),moderalere0dlshI:rown 1 mu_le suite,lit09:.12

4-8 1.5 2-6-4 (10R 4/6) moist,medium.I_iff.
(14) tamm 8rocheweatheredrock

--. fr8omimt8ttlt uo white (N9)to
(N1). Sora, t)tack8UUnJno

(LO

-- FATct._ywn'Ha_V_'L.
6.8 1.4 1-6.4 (CII), moc_rme reddishIm)wn

(11) (10R 4/8) mo_ll,m4dlum,IUff,
7--

7.5
mid ==========================--_ : : __:----:---- ----: _ _ : : : ..... :-;___--:-:_:_--:ii

I=_,TC:LAYwin4a_xvB_
8 -- (CH),mmermem0c,_

6.s _.5 :_.s (_on,us)nm_,tom,,am,
(lo) mmumm__ gruy

-- (6YR,In) lm- con, mm
mmmmJen8

9.0
ii1_1111 [ ii i i ii



C-II

PROJECT NUMBER " I BORING NUMBER ' I
O S__._ SAI-2 Sheet 2 of 3

SOIL BORING LOG
li i i i

PROJECT _1 _ 1,Y-12 Group$ _ - LOCATION _-_ _1 Area1

ELEVATION DRIIJ.J_CONTRACTOR Bmtcke
i i

DF.,,,NGM_rHO0ANDEOU_Bm" _-1_0"LD.HSX.CMEUcx__ .nay _Imm:ue
WaT_ _ sram a-lHO mnm e-17-1o n.oc_s_ p.v_,ooni i

•*:::_,::!_9:_! :_::',::::::,_,:,::,_::_:,,_,:::_:_;_,;_i_::,!_i_!i_:_i_ii_!ii!_:!___.._ _:_:_!i_:ti_i_!:!:!_::,,:_,,_,_,_::_:!:_I=,,..-,-:•..,..,.....:i

FATCLAY_ (_RAVEL. _ _ 1_I.IVOAand
--. _ _ate _ brown 2m am,es,amt_._

7-S 12 :I.-S-.7 (10R4/6)moist.__. mifi.
(1;0 w.lto(Ng)to_ (N1)

10-- _hwed zonesaroundchert
_gmnls

10.S

-- FATCLAY.OH),m_W_e

13-- _amnd

13.5

14..- _ (OH).moOenue Sanm_SAS_032._VOA.
10-S 1.1 6-4r,-_ red4__ow,00 Ra/as),molar, at 11:0_

(131) mere,m,mifi.O-lOq_gravel/
-- _mnu

15.0

-- _ (CH)._e Sar.pie_ _, _m
11-8 1.4 4-4-0 reOd_mbrow.(10R,us),moist. Wtes.at11

(14) ffMIdium,mifi
18,-.

18.S

17-- FATCLAY. (CH),_O
12-s 1.o s,,s,-? .x:_,mtxmm(lOn_o tumor

(I;_ _ Urow,(5WtSm).mo,_:_.
_ mim.med_,n.,al,.2-Sa_,_rave_

10.0 ........i



C-12

SEID3_90.SC SAI-2 Sheet 3 of 3

SOIL BORING LOG Ov
ii i i

PROJECT Spoil Area 1. Y-12 Group $ RFi LOCATION _U-2.. Spoil Area 1

ELEVATION DRILLING CONllRACTOR
ii i

DRILLING METHOD AND EQUIPMENT &-1/4" LD. HSA, ¢:ME _ 75 _ _ RIll

WATi_ I.EVELS START 8-16-90 FINISH 0-17-90 LOGGER P. Van Noort
ii

:.............:._'<_ _::.e:i_:'_<";;';;':;.... '.'.:• ',<..."........................... _U_ PLE ................................. . ...... :y_TJ_]_ID :::1 .................... '_O_L _SCR_r_N • : ................ .................. :...... COM ENT_ ...............i::_:_!._._._i:::!:_i:_::_'.:_:i_i_i:_::!i:_:_:.-:-::i:.!._:_:_::i_i;.:_::_i:_.:!::_::.._:_iii_!_.._PENETR_'rK_ -i.i._i:v-_i!:_::;e_.::..i.._.:!:::_:_i...::._..<._,:_._-:i..:_::i._,_i.:i_._.:.::_::.:.i:_:.!._:.._.:_::_:_....i::!:i_:_i!.:-:.:.;:_i._::i:i.i_i_..i_:i:..:.::_i_::..;_:..__......•

'";_i:i:_:_i:i_i_:::::::::::::::::::::::::_!_ _ ii_ ! i_:_'_:_::%_;:_i:":" ;'::::'"_:_;!:_ :!...._:..._> :_'::';::'":'":;:':'?':_."".-::._ _ _ :i::::_':.:: "'_ :::':_:'_:":...."": ' "'"":':• :":""::*':_: "::" :" ' " " *" : "_' :;'"':'" ¢::: "_;:'_":'" ................... "'"':;':":_::" '_ ": :;: " .....:'::ii:_:ii:!_'!ii'_:ii!:'_:!_!!i .................... ..........: ..............._ ...................8t_. MineraloW :_;:_:::.:_:::_-.::_:::_i:!;:_:::':_:_:_:__...........:::::ii_:;_':_:_':_......

-- (cH).mwm
_-S _._ 8-6-7 m_m town OoR_gS).,_nor

(_=) U_ _ (S_n_S/S).m_d.
lg -- m(_t, medium, mifi

FAT CLAY. (CH), paleyellowish 8ample 8AS 1034,1 VOA end
_o-- _n_e 0 oYRWS).m_d w,_ __ _,,,.._ __7

(10) 0 oR_ morn,noooo,mitt,

21.0

FAT CLAY. (CH), ¢Iuk yllk_11h
orange0 0 YR8,'g),ImrUne

-- IracmrmIn-I_edwithm_Wme
15-8 lA 8-4-2 reddishbrown(10R_ at

(6) ran_m__ m_ kxm.
22 --. finn, contorted laminations,

ol_dous_c_, aminoUg_I)lul_
gr_y_ ln_ moe._a

23-- FAT CLAY_ (C_, dlrk _
_S _ 2-7-S _mge O0'WReS), m_.

-- Ikm_(me

24.0

_. _lmge (10 YR E/g), moilll, 1 Ir,am_.o suite. I_ 13:47
174 1.15 :1-.I;-.6 n_diwn,mifi,n_t_l.

01) ¢_1_1_d, ,,,15114Ik_mone rock
25-- Iragnw_ _ amun(Im

_mem
2S_

En__ _ng 2S_
25-.-

- •
iii ii



C-13

PROJEC'T NUMBER _ BORING NUMBER
1;ED30490.SC _ 1;AI-3 Bheet 1 of 4

" SOIL BORING LOG
i ,i

PROJECT SOo;IArea 1,Y-12 GrouD3 RFI LOCATION SAI-3. SooilArea1

ELEVATION _LU_ OON'__ _o_

DR]LUNGME'n.IODANDEQUIPMENT 6-1/4" LD. HSA,CMEModel75 _ _ Pig

WATERLEVELS IrrART 8-29-.90 _ 1.60-g0 LOGGI_ R. Ck_kml
i i

SUI=-=ACE:'__i :i;.ii_i!::_NO"...........................................................:!ii!_!ii_ !i!iiii!_ili_;i:;!_::__t_iTl__:__::!___.IW_ :i:i!!:::10rmlngl_IdI.o__,m'_n_;':_:::":;:
i ii

... _ (ML). Somen, n_ertal, twtgs,cement,
1-8 1.0 9-11-11 moderltemodishIxown using4" I_lit IpoonwithItalnleu

(22) (10R 4/6),dry,medium,very 11NI liners
1 -- stm,retailed

1.5
• lo.m,m_l,_Nil_, ,.DmmlHl., ,_1 I_ ' _gl_IImlO•NM QDDma,•IOmm,I.II,,I._.O_..IQW, a,_I, D41'm

2 -- _ (ML),_ut y_towum Abunmu_r,dosandroo_
2-$ 1.1 9-7-6 orange(10YR 6/6),Or),,medium,

_0

.- mange(10YR _ to :1'-8",
s-S 1.5 s-9-_4 changeto aRAVELwrr_ StLT

(23) mp-_n. {_y. m_lum, wry
4 -- 111fl,Um,monegrmml

4.5

I_1 .............. _:::_ ::_ - _ - _ : : - __-_ _-::__- ...............

li -- _ (Ml.), clarkymlm_m Sancta _S _208, _VOA_om
4-t; 1.2 3-6-7 orange(10YR _/6),dry,medium. S.5'-(L0', and1 samplesuite#ore

(12) 111fl,tracegravel,II_ndant Iwtge 6.0'-U', II 13:30
._ lhd motl

(LO

.. SILTWITHGRAVEL. (ML).dau_ ._phalt plugal T-?.5"
6-8 1.5 ?-7-4 y_llowishbrown(10YR iS/6),

(11) m0_, medium.111fl.(L6'-?'

7.5 .... _:__

8 -,- EncounterIDllt IpoonretulaJ,
6-.5 0 T_/_" luger tO10',difficultdrillingto 9'

. Ipoondrtv_ Irom10'-11.S'

9.0



C-14

PROJE_-i-NUMBER I BORIhIGNUMBER

SED30490.SC t SAI-3 Sheet 2 of 4

SOIL BORING LOG
i

PROJECT Si)oil Area 1, Y-12 Grouo 3 RFI LOCJ_TION SN-3. _ Area 1

ELEVATION DRILLING CONTRACTOR _Br_-*e

DRILLING METHOO AND EQUIPMEWr 6...I/4" LD. _ __SA.EM__,__75 _P___-_,Ddll Rill

,WATER LEVELS 8TART 8-29-00 FIl___m4_ _L30..90 l__Pq R. __-_-.".:":'_J

_:.i:i:!.::'_'_:'::i:_iii_ii!';:,;::..:......:::.::!!"ii:,:;..i.:SAMPLE,.::_._i.'_:!_!_!_._:;.i_i_:::_!i_:_:i_!_i!!i_:b'iiANDAF_ :i':!:I'_:!i!:.':'::!_;!_:_.SOIL_i,- i _,_N..:I::.:".':.:_..........,_::_:!!:_;i.:,,::':%:::':,:..:: ' __COM.....U.ENTS: •

:sumAcs__ :!iiii!i_i:ixh'o:!_!_!ii!i__ !i_i!_i..ssu__i:i!ii!i:_:¢4_,.._ c,_,_:_!:i!_:!: ::D,',,n0_q.k_t.m.,.'t...,,,_ ::..:_;:::::

-- SeT. (ML),darky_nowilh San_oleSAS_=,09,IVOA from
7-S 1.5 8-10000 broum (10YR 6/6'),moist, medium, 11.0'-11.5' and I sample suite

(19) v_/l_, grlu:_mto I FAT CLAY #ore 10.5'-11.0', al 14:00
11-- (eH)

11.5
....... _,._

12 -- FAT clay. (OH).mocWale
0-S 1.5 6-7-1) reckonorange(10Rli/b),m(_t.

(10 medium,verymm.some0ravel.

13.0
13-- - -: - -- ........................ __ .... : ....

-- _ (c_.m4_nn
9-5 1.5 6-10-13 reddish oranoe(10 R 6/6"),mo_.

(23) _. v,ry,uf_.m,e gravel.
14-.- =hW#eminlng

14.5

15 -- FAT CLAY. (CH). mo¢_wlle Sample SAS 1210, I VOA from
10008 1.0 3-167 re(Xlish orlnge (10 R _ m_l_. lS.S'-I¢0' ind 1 laml_ suile

(1_) medlunm,IIIItl, _ nodulel -, 1/2" Item 1S.{)'-IS.S', lt 15:36

16.0
16"" : :: ...................... - .....

(eH).mocWme S.m_ _ 1211.1VOAItem
-.. rlddtsrt _oum (10 R 4/6), mo_, 16.5'-17.0' lhd 1 sample suite

11-S 1_ S-_-_1 mc,urn,wrymm,mou_u_an_ _om17.0'-17.5',_ lS:4S
CO) _eru_vu_ g_eanUmy_w

17-,- (10 Y 8_ _ ¢lev_opmen_

17.5



C-15

PROJECt-NUMBER [ BORING NUMBER

SED3C)490.SC ! SAI-3 Sheet 3 of 4

SOIL BORING LOG

PROJECT S_)il Area1. Y-12 Group3 RF1 LOCATION SAI-3, _v__.lArea1

ELEVATION DRILLINGCONTRACTOR B__eke

DRILLINGMETHODAND EQUIPMENT 6-1/4" LD. lISA.CMEModel75_ DdllRig

WATERLEVELS LOC_-__.L-_I:_• &'TART 8-29-90 FINISH 8-:10-90 FL_isttl

::._.,ii:_:....::.:;..!:i_::_:._i:"-:i_!i_::_'_::i:_i:::::::.:::_:::_..........:SAMPLE.::::::_;_...:_::::!i:':;,::::_:.::.::::_ IANDAHb.,::_i:.::_:z_:i::_ili_i:::iSOIL_PlrlON ___.:.:i::..::_::.::.:.i:!_::!.::_i.:i:;:::::.::::::.:_:::..:.C_,OMMENTS....

12-$ 1.S 4-S6 modishbrovm(10R 4/6),moist,
(11) mediumstiff,verymottled,rare

•"- chertclasts

19.0
lg N IlII4DIN_4 _ll411_li, Hill II l:::::_-;i IllHIq_im.ill_lm41m_llli/NNig _Nll_ill41mll_ll_.lllll_gl_limq_ql, lilm, im

•-- FATCLAY, (CH)moderato Dfllllrl nd&aliners--like next
13-S 1.5 _ rm_lln Drown(10R 4/6),m_, m withthem

(10) Iome,stiff, n_-,_d, extensive
20-- clvlorite

20.S

21 -- _ (CII),medeme Sam_ SAS12_2,1VO_ #ore
14-$ 1.0 8...10..10 reddishbrown(10 R4/6),moist, 21.5'-22.0'and1&amplesuite

(20) medium,vixystiff,moltled, Irom21.0"-21.5',at16:07
--- exlens_vechlo_e

22.0

_4 .-- FATCLAY,(CH),mlxllrate BIIck stainingcommon
16-S 1.5 :1-4-10 reOc_i_brown(10 R 4/6),mo_

(14) medium,stiff,traceooUUc
-- limllone

2S.0
5 .......... - ..................................... -_--_-

-- FATCLAY.(CH),m(xlm111e SimpleSAS1213.I VOAfrom

e 17-S 1.5 3-5-11 re0dLII1Drown(10R 4/6).mo_, 26.0%26.5, and2&amplesuites(16) m4dium,verymifi,chloro from25.0'-26.0', at08:10
26-- moiling

26.5



C'IO

PROJECT NUMBER { BORING NUMBER ' {

SED30490.SC SAI-3 Sheet 4 of 4

SOIL BORING LOG

PROJECT l_oil Aru 1, Y-12 GrouD3RFI LOCATION SAI-3. Si:<dlArea1

ELEVATION I_WNG _I:IACTOR _c_m

DRILLINGMETHODAND EQUIPMENT 6-1/4" LD. HSA.CMEModel73 RoU_ DIIIi RiO

WATERt.EVEL8 START 8.29--90 FINISH 8-.80-90 LOGGER R..Ctpolllml
i. i i

..: ....:......<w.::._.:_..._...::_.i:i::!i::_:i"':::"_::!:_:"!m::"_:::i:SAMPLE_.::.!i!:_-_:'_.:._:,i:,i=:....!!_i.::;:_x"::-Y.STANDN:IO_...S':_!!_!_k.i:SOILDE_CRIpTION.- .........' .._...... .......x.. COMMENTS

:-IIB-OWI:J_Jii!_:Y:!_:.::t!!ii_!_i::!ii:i!!i_J_:J_J!i_:.ii.k_Bl_ _:i:_:i:£!ii:/:i_.i:ii!!i!!ii:_i!i_ii_!i_!I_ii:_i:i_iiiii:._ii;i!i!ii:!!i:ii!_:!_i_'_:Gr__;(:i;i :[_mmo_C_n0.Dm,n0Pat,,.

18-$ 1.8 6.7-9 mck:lMraDrown(10R 4/6),moist,
(16) medium,verymifi,trace¢hert

-- " lindooliticIln_moem

28.O
_iiio Ii, ii.o ii.ii, ii

-- _ eH).mo0_muo
19-S 0.5 3-4-6 reddishDrown(10 R4/6), morn,

cn0) k_om,mitt
29--

29.5
m

3o -- FATCLAY.(CH). mo_oraUo Sarv_o S._ 1214,1VOA
20-S 1.0 4..9-18 rod¢liamDrown(10R 4/6),morn, 30.0'-30.S'-,nOmumplo suito

(24) medium,vorymifi Irom30.5'-31.0', at 08:46

31.0
l ............. ± _ :7-- _--_--_-_=--------=_.="

Endo4boring11.0'

,mm

m

O



$ -- FATCLAY_ QRAVEL. 84nn_:le_ 1101,VOA mn¢l
4-8 1.2 6-6-$ (CII). moclenuoreddishbrown mume sulto,at08:4S

(_1) (lon4as'),Na. mo_um,Mill.
" ttaCOroml_

6.O

FArCLAYwr_ ?R_VEL.
-- (c_r).=.x _ onm_

6-8 1.o a-6-a Oonwb),nm_,Iocm,_m,
7 (8) atoneu_ Im.m(Syn S_

7.5

FATCt_Ywr_ ?R_v__ Sam_ SAS1_02,VOAar_
0-- (OH).oan(_ oranoe nmplemuu,,auOe_9

6-8 -1.4 3-3-4 (10R W_. moil, Ioo_, tim1.
(7) oomono__ (_'_ s0o)

-- moalt

9.0,,,



C-18

i PROJECT NUMBER I BORING NUMBER

SED30490.SC SAI..4 Sheet 2 of 7

SOIL BORING LOG
ii i ii i

ROJECT SDotlArea1, Y-12 Group3 I_q LOCATION SJU-4,SOoHArea 1

ELEVATION DRIIJ.I_CONllqlACTOR Bml_o

DRILLINGM_rl-lOOANDEQUIPMENT 1_-1/4"LD. HSA,CIAEModJ 75 Ro_ DrmRIll

WATERLEVELS 8'TART 8-18-00 FINISH 8-,20-00 LOGGER P. Van Noort. ii i i ii i

iii

.:_:.".:'::!:"!;.:::_!:i:.:-:........ _:iSTANI:)AJ:IO::_i;::i:<i_}.::!!.':8OiLDESCRIPTION..;!:,:._,:iii:!::_.::'..::i_;'::::._::-.i:i;:i:i:::i.':;:!!'COMMENTS": .:..: . "

•: i_,':._. •;,.',:::

.. 4.

o. FATCLAYWITH_tRAVEIL..
7-S 0,0 9-4-4 (OH),nmrkyoa_owtshorange

(e) (_oYn 6/6),morn,kx_,, arm
10-.

10.6
,II.,II,W,OOHHII_IHIH _ll-el,mH,il_l_ 'II'INIW,II,,II._HmDg_I I)_HI_I_I,IImO.e_alO_HI __qmi.,i_loe_m, mmHm41Oml.ll, a_l, i._ll__,oo_l_lllm_lgl

GRAI/L=LWrrHSILTANDCLAYn
11-.- (GM),orNnlshgray(_ OY6/1),

8-8 1.5 3-6.-9 motlt,m4KIium,altiff,nmttled,
(15") imundantroots,wood,mome

-- road0ravel

12.0
12 ....................................

-- CLAYWITHGRAVEL. (CH-CL),
9-S 1,5 3-44 _ ye_lowis_orange

(10) (10YR &/5"),moist,lOON,mifi
13--

13.S

CLAY windGRAVEL. (C_I._L), _ant_o_ 1103,VOA an_
14-- darkyoilOWildlbrown llmplo lulte, at 10:.10

10-S 1.0 3.,6-3 (10YR4/I), moist,_om, nrm,
(11) mlnorwetzonos,_o

-.- fra0monts

lS.0
1_ _ ......... ± ...... _==_ _ ==----==_--=--_[=========:::: - ==._===-====-

FATCLAYWTTHGRAVELAND

11-s 1.s Q-_-a oran_(10YR_/_ mo_,mo_,
(5") mm.vmrypU._:,_.ay_mmd

16-- pum_(spp4r_)_, _an_
_san_

16,5
:::::::::::::::::::::: : :-:_:= "_:_ .===--====_-:: __: ::======:==== ..... == ==_= _ _ == ............

17--- _AT CLAYWiTHGRAVELAND Ob_ltructlonlt 17.5';sample
12-S 1.0 3-2-60/0 _ (Ca'0,darkyel_nsh SAS1104,VOAandsamplesu_e,

6_ o_lnge(10YR 615").morn,loOM, at 10:30

18.0
i!



C-19

i o,1
PROJECT NUMBER BORING NUMBER

e SED30490.SC SAI--4 Sheet 3

SOIL BORING LOG
i|1, i

PROJECT Spoil Area 1, Y-12 Group 3 RFI LOCATION SAI..4. Sixdl Area 1

ELEVATION DRJLLJNG CONTP.ACTOR BrOoke

DRILUNG METHOD AND EQUIPMENT 6.-1/4" LD. HSA, (:ME Model75 RotmyDdllRill

WATER LEVELS 8TART 8...18-110 FINISH 8.-20-90 LOGGER P. Van Noort
m

!":::":':::_:S::-::_.:_,:_.SAMPLE.:i_::::_:.!I:::.::.::_.._.:'::_.::61'AN_:.i :.'::!.!..::".:SO_,DESCRIPTION '._':::...".:......:.:._-::.:.:"__r_'_IMENTS.'':
_::!DEPTH:il " .:..............................

!:ii!iif!_i!iN_Di:!i;iiii...... !

GRAVEL w_m C_Y. (_C')
--" moOeratereddishtwoum

13-$ 1.3 7-10.-10 (10 YR 4/2), mo_, medium,
(2O) vow_fi, woodundbrCk

19 --- IraOments

19.5
D_ e,m4_n_u_

20 -- FAT CLAY wl"rH (_RAVEL. Sample SAS 1105, VOA lhd
14-8 1.0 3-3-4 (OH), Clarkyellow_mofan0e eample suite, at 11:08

(7) (10 YR 6/6), _ to wet,loose,
-- Ilml, mottled

21.0

CLAYAN0SiLTwrm q;RAVL=L
"-- AND SAND. (CL-ML), mo0erate

15-$ 1.4 3-4-5 yellowishbrown(10 YR 5/4),
Oi) mo_. ioow, mifi, brick, rubble,

22 -- 40..._,lk gravel In areas

22.5

CLAY AND SILT_ GRAVEL

-- AND SAND. (CL-IdL),mocl_ato
16'.$ 1.5 _k.11-12 y_lowiltt brown (10 YR 5/4),

(23) motlt, medium, verymifi, IntervaJ
--. oi SM-SC 23.3°-23.T

24.0

-- GRAVELLY FAT CLAY. (CH), Sample SA$1106, VOA ar_l
17-8 1.0 :1-.12-12 light_ive Drown(5 Y 5/6) to light sample suite, at 12;58

(24) _ gray(5Ysra),mo_, n_lum,
2S .-- mmlfi

28 -.- _RAVELLY FAT CLAY. (Ct'l), Dusk Drownorganiczones
10-8 1.5 6-a-'t _ olivegray(5YSQ),molto,

(I I) medium,mifi,mumoamrootleu;,

27.0



C-20

PROJECT NUMBER I' BORING NUMBER '] O

SED30490.SC SAI--4 Sheet 4 of 7

SOIL BORING LOG
| i i i i i illl

t:LOJECT SpoilArea1. Y-12 Group3 RFI LOCATION SAJ-4.SooilArea1

B.EVATION DFUl.U_ _ Brotcko

DRILLINGMETHOOAND EQUIPMENT 6-1/4" LD. HSA.OMEModel76RoU_ DdllPJ_I

WATERLEVELS 8'li'ART 8.10-90 FINISH 11-20-90 LOGGER P. Van No(xr
.

".%".;'::i:1:!_:i'iiii!i_;.._:t_'''./.i<i:,:!.......:I'_::._i:i'SAMPLE:................":'":_'::_::_<"'!":_!:::.i':i.1'......STANDAFIOi:....:..... SOILI_':::':,_i:"h:.._!-.. :!'..::_.!i:i..,'.i, COMME]_rs i .
i .DEPTH<!_! ....'.......................................................I........ EmATION: .................:::"":...........................'.....:............_:"::'......" ...........................:...................."

:I'S0"_:USCS (;r0upSym_.:':i_i:i::Z)_mZh_CauUno_Orm_n0Rra.::.: UMBER .:.::_::_.................................
• ]_Cok_ MobdureContent,._ :]_].?:!]':"DdlllngFluidLoese:TestsmndT. ]"_

Omltncuo_at28.0'
-- (ML-Ct.), lightolivogray

1O-.S 1.0 :I,.3..S000 (6 Y S02),mo_t, loose,lyre,
(53) goingelectricalwire, IOmewall

28-.- xones

28.5
_imam eelleleoe, leqmaem_i OleelelaIm+e _ummleelmuDa_m_-- *lmalm_l_aaelln_i_ m --am.glmIHn_eme_l--gm, ae_

|;J_ 1107.VOAand
39 --- (Ct.),U0htoavogray(5Y Sr_, ammplor,ulte,at o_:se

20-5 1.2 6-3.-6 mo_. loom. firm.somouphalt
(8) Ifa0monts.plastic.Oraclesto Fat

.- C_y(car)

30.0

_ _ _, (u.t_
31-S 1.1 |-3-.12 orllrt_ (10YR WS),moLIt,modium,

('iS) stM, liohtoUve0nnymou_es,
31-- aUeska

31.6

; :12-- FATCLAY. ((:lH)._ pllowiIh
224 `iA `i-3.-_0 oramgeO0 YR Ir_, mc_t towet.

(23) me4tum,verymifi,rock#aoments.
_ maoOrav_,l_m

33.0

_ FATcraY. (C_ O._y atom
_3-,$ 1.5 i_-9--? (5 YR 2/3)to Oraytshorange

(16) (10YR 7_I1),moist,medium,vee/
S4-.. amlt.tracewood.oam_am

34.S

•24-S 0.4 7-9-8 FILL woodwithduskybrown,
(17) (5YR2/2) caw

I "- 36.0
i
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O SED30490.SC SAI..4 Sheet 5 of 7

I • SOIL BORING LOG i

PROJECT SI)oilArea1, Y-12 Grou93 RFI LOCATION SAI..4,SpoilArea1H.,ll i

ELEVATION. DRIllING CONTRACTOR Bmtcko
ii

DRILLINGMETHODANDEQUIPMENT 6-114"LD. HSA.CMEModel75 I:llollll_DrillRig

WATERLEVELS 8'lrART 8-18-90 FINISH 8-20-90 LOGGER P. VanNoort
ii iii i

-- ; _ (C_I),Ilnodlrlle 8ample_ 1108,VOAlind
25-_ 1.4 5-4-1' rldClllil_brown(10R 4/6),motll, IIII1_1l lullo, lt 10:.47

(11) median,mifi, _ MnO_lnlno
37--

37.5
........... wo _ _ ID,_NDIHI'Q,,i, m,,_ W,a',DOON

38-- reddishDrown(10R 4/6),m_Ist,
26-S 1.5 2-6-6 medium,mifi,H0htbrown

(11) (SWiS/S)mc_l_,_ MnO
-- lillning

39.0
9 _,lHim me, ooe mm iraqi,Ii OQ_H_ II, e_l, elll, lNn _l, II, IHI, IHII,_I

-- _ (cir).m_ler_o Sa_e SAS111_,vO__._
27-S 1.4 3-.S-6 mcidilhbrown(10R 4/b")._ lampleluite, lt 11:30

(11) medium,mifi, someMnOmaining
40--

4O.5
,el,lNI. OIHlOql m,lml

FATCL_V.(CH),.x_.e
41 --" rlddtlh _rllnge(10 R _ tOpBle

28-S 1.5 2-6-5 red(6R 6/*4,m_il, kxim, mifi,
(10) imm moUling,MnOcoalld

._ iilickenlldm

42.0

_ FAT6"L.AYJ(CII), modenne
29-S 1.5 4-6-6 re{Idishbrown(10R 4_, mot_,

(11) m_um, _tfi, m_ed

44 -- . _ (CII), moderate SimpleSAS1110.VOAand

30.-S 1.2 S..S-S red_Jishbrown 110R 4/6"),moist, samp4esuite, at 1_:28110) loom,mifi,mottled,_4nOmaJning

45.0 .....m i
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8EDS0490.SC I SA_4 Sheet6 of 7

0SOIL BORING LOG
i

ROJI_CT 81'_gAral 1,Y-12 Grq_p$ RFI .. LOCATION I_U..4,1_¢_1Ar_ 1 .......

B.EVAolON _ CONlnRA_'Im
ii ii

n_.u_ u_o__ eoc._ o._,-u)..s,._ -o_ _ _,_ o,m,_
wArm_ :t_,rr o..m._o mu. o-_4o LOQ_m P.V.,,_,,_

i iim i: _ illl ii n:l

I I I II I IIII I

r _ • '" . __ .............. "," L!. "' ..... ..-"1
:::::::::_,._!_': _ ._. :::.:.,'- ..'.."::_...::;: .: ..._, . .:':_...." .-._... ..!._:':.:..-.::..:_.._:._:.:::?../::,..'.':.'::..:,:.:::!':.":_..:.-'::._ _ .._'.:....i::::.:..:.::!:::((.._::..x.':_:.,..": ::: :._:':'m'..', ":':'::..<.:'.::...:.-.'..',.:.'..::.:.::: : ':..:':/..: ..... _.

_, _;_.'._:::_-m, um_ _i:_:. _¢:.... -.__:,._!;!lml.Ow"_i'__'_':'_:__t' ........ :.... _.-.:,._'._........._....... ._..-_,.:_ . .... .......... •....... .......... .....
•.... - - .......: i _._.... : .. ... . . .....;. . ........ :.._".....: • .. .... ...... ;..._..... •.............................: •: ...._.

_-_1::ii:':_:i:_:_'_" v • ra=_:'.._;:i_r.u._l._.':.':._
•".,:.;x.x_..":::_.,..'._._,_:..... ....._:....._.. :_ .. " " ." :._._ _,.,._.

!.':..:-':_'._':_(:-i_!'::':'_":::_.........' :'":_:_"" :............:"_...... ......

81-8 a.S 1t-8-6 nl_lis_ I=_vmCIOR_/S).mo_
GS) Iom,,kat.10__ ro_

411-- nOmm

46.6
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i

PROJECT NUMBER I BORING NUMBER

O SED30490.SC SAI--4 Sheet 7 of 7
!

SOIL BORING LOG
i i i

PROJECT 8poll Aru 1,Y-12 Group8 RFI LOCA'nON 8A1--4.81)ol1Arel1

ELEVATION ' DRILLINGCONTRACTOR Bmtcko
i i

DRILLINGMETHODANDC-'OUII:_IENT _.1/4- LD. HSA,(:MEMm:la/S P_au7 OdUlug ,,,

WAl_g:lLEVELS WT'ART 8-18.90 FINISH 1-20-90 LOGGER P. VanNoorti i i

:_._._,o=:r)_::;_:_!.,_::,,....._::_ iii_i_i_i_i_iiii!_.i:i!i!_ii;iii_i:_:i_!i_i:i:_:._i-_:_='u')::_::i_ii;:.:::._,i_i_s,.,._'4_;_i_.: .......... " :_;:".'_::._:"_=_".

-- _ (CH),mod_iebrow.San_S_ _2. VC_ar_
:lT-S 1.1 1-1-1 (5 YR4/4),Wilt,veryloom,very _ lulle, lt 18:00

(I) fOR,In'l_erockllrl_nontl

_.S
,,,m_w,m_ qu.mHa,,mv,nm,,u _.io el_lqn,_l_._lo m aII_I_ROOI_I, IHIIOa,_III,I 0a__-oa,lm,_o_ Rm _ alHlleO,

-- _ (cir), uombrown 8q=(x_Isdrlvonto 62.0',water
:18-8 1.0 N0A (_YR 6/6).wet._ 10044,_ table,,,88.0',¢lpllloryfrinl_l

un, tra=erockIrapaonm lo ,,,62.0'

ST.0
_17 --( ............ _ ............ --m-- mo illlm_l, la,

N

N

n III Ulii i i IN



C-24

i PROJECTNUMBER I BORING NUMBERS_30490.SC SAI-S Sheet 1 of 7

I SOIL BORING
LOG

i

PROJECT SDoil Area 1, Y-12 Group $ RR LOCATION S/U-S, _'_..! Area 1
ii

rLEVA'rlON _ CONTRACTOg_ lh',_I__L'_C..O

DRnJJNGMETHOOANDEOUmMEm" e.-U4"LO.HSA,CMEMod__ ;___tory_ FU0

.WA'nm_ mART S.._-I0 _ m-m-_ m_r___ Ft.r'-__L__n

,....::_:_,._::_i::ii;!:i_:.'.'_ii:_;_;i__.!::::...: .._._i_:!i_._":._UdPILE:.":!_!!i_:_:.._.,.........-:_,._:,:: .i:iti ANDARD ....._::;_!:_i_:i;_;,:iSOILDESC_PT1ON..:.....-.._._..: ii: •:;'".._'_:;i.::.:._._:..:___.-OMMBN'rS.......... .
• •::,., ''.'.':':.:::;..,..:, ,., .....:.....:..... ,,.:.;.. : :.:.i , , ,

• _..:;::: :,.!._:::_::i'i:::''::__:,!_';?;: l'.n..vww. B_'I. .:!_¢!,'.'_:_;-:':;_:i:_:_._:.',-.'.'.:_._:i:.

:!/,ii"FIESUI.I_V;(;__._. MciumOonuml.p.amaUh_e;i:ii!!i_:ovmlnO-Flu__,l"eaa;mr_:l'_:_i:!!i"
!i!i ii!!ii   ii ,: ........................._..................................:.....................................,.........................._11_i_ _a_--y,is_ni.i;i_;_i!:_._!;!!!:!_:__'_: !i_!:,_":.:_._:......_._.": _

BILl"WITH GRAVEL. (ML), E0M Using 4" Ix)litspoon with malnINs
-" tomoc_mobrown(SYRS/6- =toes,nor=.

1-8 1.6 8-8.4 6 YR 4/4), dry, medium, Mitt, pale _ 8A1-5 begun on
(14) y_llOWbrown(10 YR 6/2) mctUsa, 8-20-90; location moved clueto

1 --- somofill mlmrial refusal lt ,,15.0'

1.5
-- emmm_ ,tllllCmHm ...... _ mcm_m,m oi--- ........

2-- SILTWITHGRAVEL. (ML_pa_
2-S 0.8 9.4-6 _ brown(10 YR 6/2), dry,

(10) Iosa¢xnf,mm moules,somo
-- clay

=0 OS m,_Nm41,_ _,ee,m,o ro,m, _

-- LEANCLAYWVTHGRAVEL.
8-S _ 6-4-8 _ OUIWyelloworlon

(7) ISOYS/_ mo_. _ON. nnn,
4-- t_Iklz, tracewood

4.5

i,_N CLAYwrrHGRAVEL. 8ampleSAS1120,VOAam_
5 -- (CL),clusxyy_llowgreen samplesuite,an17:29

4-S 1.2 :1-:_-4 (sGYIu"4,tool, m_,_,_M,
tammo_gr_w_ grean(Sa sr_

-'- mmeJl tntanmJsand H

6.O

--- FAT CLAY WrrH QRAVEL.
I;-8 1.5 10..8-.4 (CH),aar_yel_ orange

(_oYReoe),mo_. 0ocm,nrm
7-,-

7.5

li -- FAT ClAY WITH GRAVEL
6-S 1.,' 2-8.-5 (CH), llgN mm_m (S YR S/b) to

(8) mo_m, mm (SyR,u4),m_,
.- Imm,ltrm

9.0
I I
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PROJE_NUMBER I BORING NUMBER

SED30490.SC ! SAI-S , Sheet 2 of 7

SOIL BORING LOG
iii ii I III ii

PROJECT _4:)oilArea1, Y-12 Group$ Fill LOCATION SAJ-5,SpoilArea1li | ii

ELEVATION DI:ULUI4N300I_CI'OR Orotcke
mm. i

.U:_UUJNSMEn.0ooANDEOU_mEm 6-1M"LO._ (:MEUo_,a?S_ D,m_0
wA-nmLeVeLS ro'Am e-w-so m.s. s-m-so COGeimP..c_,,_i i i i ii i.

.=e-n_;i_:__:.:::.i:;.;;;_,:_,_._,,:_,..::L_,:,...::.:,,,;_.;_:::._._:,";:,:,.::.._.:,:,_:_:_::..:i._:_.:_l!_mT_l_' ............._ _".............._._'"...............'......................
::i,:-;___i:._!_!i: DdmnOmumLm._...r,msand..:

:;!!;_.ii_.'_::'::!!::_i::i?:::%_":;::_:":::.;:::";';::,:,;':_;:,::;:i:.._'_::.'.:;:.".';:_'.'::!:::::_;:::;_":'?'::":!:!:_::::;_'.:.i:;:i_!:..:_::',_:.:;:i:i_:.'.....:_i_..'._:_i_._;:_i_•:':_::'::',,::::"iN) ..::.'.:.:_'_':._.:31ruclm_;Minlrllow:._!fl;_::)_;;:#i:_i_;!:!i):)ii_!_i::i?.'.'.i!

I

1-S 1.0 8-5-6 (CII), moderalebrown(5 YR4/4).
(11) moist,medium,mifi

10--

10.5
N elOOllOml Ileel • mqDe,me oq_.m,`m`m`m`m.,eem,u m`m`m,m,m_.eNwawm_ mm`mo`m`m_m_ o`m`m,me,_`me_e,`mm`m_`m`m`meHH.,mm _`m

11-- t_TCLAYwrmQ_AVLm... Sanmi,SAS'1_2_.VOAand
8..S 1.0 :1-3.2 (CH)o moderate browtl (5 YI:I iV4). $Mflplo suite, II 08:21; dupllclto

(5) motto,mooN,emm,._ mm_m_ #mmp_SAS'ml_

`m`m_l,ll, l.`m`m`m,`m_ m_i,`m,`m.le_ll._N_`m,i `m,lmqmm_Nl.ll`m,`m,INN iil_m__, `ro.Hl. `m`m`m_l`m`m`m`mlHl, llgg...ll, l_llOIIOIl_m_MDl_lilll,_m_

GRAVELLYFATCLAY.(CH),
-. mod_llObroom(5YR414),moist,

9-s l_S 3.3.s kxm,nn.,tracecr._

la.- my

13.5
m.m ,mmm_,n_--.____ _ __________ .L___ _____.,_.. _ -- --

14---
10-8 1.1 _.41-? FILL, wlthFMClayu _ _Oo_' refusalboringIocltion

(15) iii Ionlotll,IIpNIJI W b_k mov_l ..$.0'; MmpleSAS1123

1S.0
1_., _ .................. _ ......... _ _-__--_=- __=_:,-_: ............ .,.m

t

_ _ (ML),mod,rUo
11-8 1.4 6--3--4 brOWn(5YR4/4), moist,loose.

(1) Imm.homegravel
16-.-

16.5
_- _-_ _-_:__-____ : m_-- ..........

SAS1200.VOAand, • _. c- a-_
17-- (CH),li0htbrown(5 YRS/6),molsi, Mmplesuito, II 14:00

12-S 1.S 10-4-6 loom.Itlff,moUi,dopieceso_
' (lO) _ _ w.

- 1lO.O



C-26

.PROJECT _ k_ 1,Y-12Gru 3RFI LOr--_-110_. --_J-S.__! _u 1
H

ELEVATION DRILUNGCONTRACTOR _.

.DRILUNQMETHOOANDEQUIPMENT 6-1/4" LD.HSA._¢_4Eu___l ?5 F___,,,yDdllRIO

WA__:M_ 8'rART 6-27-00 _ 8-28-20 LOGGER I:LCk_ietll

:::i/.:i_!:_!(i!._:!i:ii_i_..:.:_:,:::'......_.i"_...:.SAMPLE.q:.:.::i_!i!_:.:.:..,:_i.:::_.::'_..?'i.:.:.:i.;__,8T_ .i ._i_::;_.i_i:.':i:_iSOILDESCRIPTION..:_:_:::_:_:_:_:i..:;_:::_::...i::..._:_'...:":.:.:.:.:_..'_..:_.iCOMMENTS ..::.' ..... [

..:..::(N).............tn,,____,.Minemow:ii:...:i._:..,:i_!:_!!:.F::_i_!!.!!i!ii_::.

"" BANDYFATt_,AY_ GRAV_-__-
13-$ 1.5 8-_-5 (Ct/). li0N Drown(5 YR li/b),mo_.

(8) loaM. fian.mottled,blackIRainino,
10 .- p4oceeofasphaJt

19.5

BANDYFATCLAYwrTH GRAVEL. 8ample8AS 1201,1 VOA#ore
20" (CH),lightbrown(5 YRr_b).moist. 20_-21.0' and1samplesuite

14-8 1.5 4-_6-_1 dClnOe,h41rd,IM00pie¢_ 04 bom_0'-20.5', at 14:30
(47) concreteandIxtck. col)hiM,Imme

w ComJ

21.0

" GRAVELLYFATCLAY. (CHI),
lS-S 1.5 16-16-1o m_wm _ _

23-- _04_._._m_

OnA_LV _A:_Y. (eH).
23-- moder_eyeaowi_mI_rown

16-S 1.5 _ (10YR 5/4),n1_, medium,mifi,
(12) mms. m_ _. _w, m_m

;_4.0
24--

-- GP,AVEU.YFATCLAY. (C:H_ _lunple$AS1202,1 VOAfr_rl
17-8 1.0 4-6-11 moderlweI_rown(5 YR 3/4).mo_. 25._-2S_ lind184rnplesuite

(17) madium,verylUff. Im1_one from24.5'-2S.0'.at 16:65
2S-- grav_

2S.5

_6 ..- GRAVELLYFAT_,,Ay, (CH), _k
18-S 1.5 8-8-10 mode_e I_own(3YR 3/4),moilR, qF

(18) m_m. m m_._1. _nm

27.0
| tit i



:12-- SILT. (ML).darkyellowish Mayhavedrivenspoonthrouoh
22-S 1.4 21-_9-10 I_'own(10YR 2/_. motll,define. I

('30) hard,aomefinesand,_
,,,-, wood,I'OOtl

33,0
_l_el, eln •_ __:_-- i,IIiiieIIiIe -_:___-- _-_ _ + - .................

_3-8 0.4 _ _ lllphIlt. _ Aul_r rohar,81lt ,.33.5'. au0er
to 38,O'

S4.--

84.5
emil, inel ---- ------ _ ....... -- ................ m
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SED30490.SC SA!-5 Sheet 5 of 7

I BORING LOG
NI i --

PROJECT , SI)oil Area,,1, Y-12 Grou9 3 RFI LOCATION SAI-5, _'__.1Area 1 .

ELEVATION DRILLING coflrrl:IA_ b___..o

_DRILLING METHOD AND EQUIPMENT 6-.1/4" LD. HSA. (:ME Mod_ ?5 _1____Dd, RiO
i

WATER LEVELS START 8.27-80 FINISH 8-28-90 LOGGER R. Clpoiloffi

•i.._::i::_iiiii.li ,i_!i.,:::.......... .,,,.i!_::il_ _ _- -

.NUMBER_i.i:.i:,i:_iii:i_i:i_::::i:!:i!_ii_i:i_;iii!ii.liiii_ui_--,_lr.m.ATkT,_i.......:...........•............................................................. .._,.,.:....................•"i' _ _W'!_i:. i.' ' ,::: _iiiiii[i!iii!!i,.i_ii::!ii:.!:.i_iii_i!_!::;' :::::::::::::::::::::":::;:::.';" " :":" "" "' " "'""' "'.i ':: ::' ,:,:.;:i:'::;:;:;;..'_:,:.'::::::::': -

i_:i!!(!_:Ji!i_ii!i!ii!_!!i!i!:!:!i::!_i_ii_i:_i!ii.-weei_i].:_!i!_:::_:(Fr):i::!i!:!.... e.,.,_.,,._.
l ::i[!:i!::_i;[:i:ii(N) iiii_'.:.!i_::;::i:!.:.:.Stp_, Minotalo_.,:_._;:i!:_i::::!i_i:ii_!ii_]]]:]'i::'_::iY:::;i:_::

_nmm_

87 -- ,_ Rltum from euotrs of block.
Or_lnic Ii, ii with finesand

tt_ _no
-" reddishbrown(10 R 4/6), enmlst,

2,k-S 1.5 0-1)-22 donlo, bird, wood (hll_,

(31) qugutzile,cold. Hmutone _l

:19.5

40 -- FAT CLAY. (CII). modea'ale Sample 8AS 1204, 1 VOA trim
25-$ 1.15 4-T-10 I_lllh IDtOWn(10 R 4/6), milli, 40.S'41.0' W 2 eample lulIN

(17) maedkJUm,_ 8tru from _',,,40_', at 10:31

41.0
41-,- --

-- _ (CII), _oreto Samp|o _ 1205, 1 VOA fr0m
2S-$ 1.4 E.,.7-9 g'o0dlMIbrown (10 R 4_6'),moilt. 41.0'-41.S' end I eample Iuite

42 --- ('16) fnldiUlXt,very Itiff. pile greenish from 41.5'..42.0'. iii 10:.55yWk)w(10YIVZ)aden0;xxtm_

42.5

4,1 -- _.A?CLAY wm.I ORAVEL.
ZT-S 1.5 :k,,S,,..7 (OH). moOu'_e J'eck:llsa_ow.

(1.1) ('tOR ,US).mo4m.medium, mifi.
-- s_no chl_le IWnlno

,M.0

o



-- FATCL_, (C_.mob,rite
3O-8 1_ :1-8-5 reCdW__own (10 R 4/6), morn.

48 -- (8) Ioue, firm, black ltruklk Chlorite
lUdnlng

4a.S

w_--::::::.:::: :::_ :::: : "--: ====================== :----::__m.,IH ---_::_---o_l_l_N,l_Nl.*m_loel_l.l, olllr_---------:._;;

"- _ (_, _e Sample _ 1207, I VOA from
31-S 1.5 :I.,6-I m:Idish brown (10 R 4/6), moist, 48.5'-49,0' and I sample suite

(13) medium, ltlff, black streaks, #ore 49.0'-S0.0', lt 14:00

60.0

-- _ _. ,_x_n,,
:!2-8 1.6 6-S..i) naX,_brown(10R,US).m4_.

(14) medium, ltlff, minor grav_. 8"
61 --- Ilym' 0_(:Nmtte lU]nin0 lt ,,61.0'

51.5
iii---_::::::::: :::::-: -- _.,., _:::_-:: ======================= ilglmml__141,ll_lr : :_ ; ;,11_

-- _ (CH),_da'lt,
• I-S 1,5 1-1-7 rKldilll Drown(10 R 4/b). mldium.

(1=0 _. m_mrs_,_ _mdcna,to

- " IS3.0
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I PROJECT NUMBER BORING NUMBER O

SED30490.SC SAI--5 Sheet7 of 7
i i i

SOIL BORINGLOG
i

PROJECT 8DollAJrel1, Y-12 Grou9$ RFI LOCATION SAI-5. Spoil_ 1i iii i li

ELEVATION I:IFU_ COlqr1'lqW_C1_OFl
iii li I

DRILUNGMETHODAND EOUIPMEICr , 6-.1/4"LD. HSA,CMEMado175_ DdllRiO

WATER_ IrrAJ_ B-W-II0 _ 8-28-90 LOGGER R.
i ull i

........_:._:_..,._<.,::_::-:._:i._:_:i_!_.::i_..:_;:_._.!::_:?;i_.SAMPLE._.._:!.':'::_L.>.:...!-_:-"......./._._:_STANDNFID..I._;:_:i..'.!!:!_8OILDF-SCI:IJtI_ON.:_'..._!_._!_i_.;.'i_::_::_:_.,.'_!._._:_:!'._.::::::_COMMENTIS.._.__.• .. .!

_,,

(¢:H),moderato _ wa_ Ud_
-- roclcll_mbrown(10 R4tl9, wiN.

_i-S 1.5 8-.7-9 medium,vim/lull, gravelinend

64.5

i
m

- •
u
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PRoJEGT NUMBER t BORING NUMBER -I

SEO30490.SC, SAI-6 Sheet 1 of 4
SOIL BORING LOG

PROJECT 81:)oilAJ'ea1, Y-12 Group8 RFI .. LOCATION 8A1.-6,9e__lArm 1

ELEVATION DRILLING(_CTOR BrotcD
i i

IDI:UlJ.INGMETHODANDC-QUII:MMBqT 6-.1/4"LD.HSA,CMEModel75 _ DrillRI9

WATI_IILEVELS ST'ART 8..,,_0-W FINISH 8.-31-90 __LOr__3__1:1R._t__.#___.li

:'.':::'_'!:i.:::!'::'.":':.i'.::i!'j!::_(.':i::'!:::::':'_;_:i!:::ii!i!::":'_:i!!:_::i!:%,.:::::::?.;..,.:_ _ :!:!':@!.i'::::"
' " i! ..........

-- FILL. grlvel withMit, Using4* Iplit_ with
1-S 1.5 21-42-46 moderltoyellowllhbrown lt,sinlessIloel linens

Ota) ¢1oYRs/4),dry,v,ryder.m,
I .- Iwd-iimemonegravel

'1.5
,lm,

FILL.WELL GRADEDQI:IAV_q_ Augercl1,11ttm'to &0'
-- _ SILT,0)W-GM),mme_o

2-s I.o Is-14.11 y_aowumbrown(lOYRrw_).Or,/,
(2S) modtum,verymifi, lim4mon41,

-- Che_ CoaJ.piec_ of md clay

3.O

-- _RAVELLYSILT. (ML),IN]Ill'Iii k,ppll_ns|oMI olderroad
• -S 1.0 5--I 1-1| _lllowilhbrown(I0 YR5/4).dry. mllerlll

(27) modium,vorymm,Ikmmom
4 --- _ to 8"

4.5
============================== ================================= _: _:_-:: ::_:::: :: ...............

S -- GRAVELLYSILT. (ML).modeflite Sample$AS1215.1 VOAfrom
4.8 1.0 9-12-_4 yoUow_ brown(10YRS/4), ILS'..6.0'and1samplesuitefrom

(26) moil, medium,verymifi.coal, &0'-S.5'. m _4:06
-- , inmmon, andwoodfraom,m

_0

GRAVELLYSILT. (ML),moderate
-- rax_ brovm(_oR4aS),mo_.

s-s _.5 s._3-_s mms, v_y mifi.mea_. uace
(28) 81ptUl_9rld_ to GRAVELLYFAT

7.5
........ __---__--::: : :_:_ : :_ _::_:: ----- ...................................

8 -- GRAVELLYSILT. (ML),mo4erate
. _S 1.0 0..?4 rm4J_mbrown(_0 I:t4/6), mo_,

('iS) medttm_,mm.meu_, _ of
-- mm_t

9.0 i



_4.- FA_Ct.AY.(CH).mommUe, sam_ S_S1217.1VOAfrom
10-8 1.4 4-7-12 reddishI_own(10R 4/6),mo_. 14.5'-15.0' and1samplesuite

('ISr) InedIuflt,V_lfy_ from14.0'-14.5',lit 15:35
,mm,

1S.0

--- FATCLAY. (CH), moderMe,
X1-8 _.0 _0-?-Xl re¢i4i__own (10R 4/6).mU,

(18) medium,very=in, v_y monied
16--

17--- FATCLAY.(CH).mode_e,
12-S _.5 S-S-_:S W Ixown(10R 4/6),moW#.

(22) m4dium,verylllff, aU0htlymottled.
--- MnOI=rNk=

18.0
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/ PROJEG'_ NUMBER I ' BORING NUMBERSED30490.SC SAI,.-.6 Sheet 3 of 4

I SOIL BORING LoG|1 II I I i

PROJECT 8¢x_1Area1,Y-12 Group3 RFI LOCATION SAJ..6,SOollAnkl1

,ELEI/A_ DFU_ COIqI11=lACTOR IDnXcko

DRlUJNGMETHODAND EQUIPMENT " 0...1/4"LD.liSA, (:MEMod_ 7SRotarjfDdllNO
i i

WATERLEVELS START 8-:10-10 IqNISH 8-31-g0 LOGGER FL__ClCx)ll_tlii ii

:i.i:! ::_!i_;:._i_i_i,_._:_i._i_i_i_ii:,_.:_i_i:_i_:_:.._::_,_,,_,_:,_;:_:_:;_:::_:_::_,,_T,ON ...................................
.... •.:"..':""......... .:" .!:_::_:!:!:;..._,'T_'r.:,i:::i_::._...

• .......... si,,":,;:':"::.'rSUI A I__

-'- FATCLAY.(cir), mmlerlto,
l_-S 1.5 :F.,_.7 rectum_rmm(loR4/_,morn.

(10) ioou.sulf
19---

19.5

20.- _ (CN),mocJ_mo, SarapeS_S12_11.1VOAgrom
14-$ 1.5 :1-4.4 nKIdi_lbrown(10R 4/6),moist, ;_0.S'-21.0'andI munplosuite

(12) medium,Illff. _t_ _, (hrmn20.0'-20_, Ill 16:30
--- MnOIlruks

31.0
1 _ ::_; ; _ :_---=_-:_::::::::: " -:----: =========================== --._-' --- ::--::: ::::_-::::::_-_::: _-:

-- _ (c_a),momm,
1S-S 1.5 :l.-S.-S mcldlshro'mm(10R 4/6),moist,

(10) Iome,mifi,_fy mottled,MnO
22-- mmakLrice Un_mm_e

22.5
a, me_llaHi, el_ m ql,_l._ ___ :_: :--._:

_,.) m .............

:_-- _ATCt.AY.(c,r),,_wm,
16-8 1.5 2-2-.4 nlClCliSh_mm (10R 4/6),molst,

lira, nrm,amln_Wtl_nO

24.0

-- FATCLAY.(CH),moderato, 8ampkJ_ 1219,I VOAgrom
17-S 1.0 I-4-I reddllm_ (I 0 R4/6),molll, _S.0'-2S.6'andI llmolo suite

(10) loom,Illff, _ MnO _ 24.6'-2S.0', lt 16_6
_S-- hnmJnatlone

-- _ (CH),moc_aue, Samp0o1220,I VOAfrom
18-S 1.5 _-1;..7 _ddllh I_'own(10R 4/6),nrm_, 25.S'-25.0'mhd1samplesuite

(Ig) medium,Itlff, abundantMnO from25.0'-2_S', _t17:0_
-. llmlnatlorul

27.0

• .
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PROJECT NUMBER BORING NUMBER
8ED30490.SC SAI-6 Sheet 4 of 4

SOIL BORINGLOG

PRO_'T 8p_l Area1, Y-12 Gro_ 3 Rn LOCATION _M4, _1Aru 1

ELEVAlrlON 113RII,JI.JNGCONTRACTOR BnL-ko
ii i iii lm

DRILLJNGMETHODAND EQUIPMENT lP.1/4"LD.HSA.CME_ 75RolIry DdgRi0 .._i | i

WATER LEVELS Slr'ART _W _ 8,._1-90 LOGGER R, Clpollottliii i i i

i:..............................-.....::';.:-;',_:-:.::::i:::.:._.:;':.._.-':.::.:.!_:;!:!:::::.i:i_8AMPLE.:..!::"_.:_.:::_.......:._.:4.!.!,::::._:!::':'81"ANOA_.."::I "::':i'i_:".,:'SOLDE$CFWq'ION................:'.::'::.:':::'.I :.:::z..;:.' : ".......,,,,,COMMENTS ..

•_:_;:..: .:_._:_:::r.::_ ' "'" " ..... " "::_:::::::':" " ....... ;_ In :::::" :"I-!;:s_oW:_:!_I:;_.::::<_-_".:::::::*:::::*_'-'::._mJM_ ;_._,_::.:_:............::'_:::.;.i::_!:_i.i_,_:_:;_i!.:.;_i_i::.....__ _ _,::;_:. :__ of_.O_ g_,.. :::_::::i

-- _ __e.
1_S 1,S _,,i,,,,S m00Ur__o,w_ (10R 4/6),wlt,

(9) Ioooo.stiff,mottled.MnOstairs
28--

28.S
.,II,II,IHII,II_INI,a_I_ ======================================== ::::::_::::_--:__:__--_-=,:llm---::_____:---- :_ ....

_m

III,

(CH),mo4wazo, Watortal_oat -,29.0': spoon
,n_lUm_own (10 R 4/6).wit. 4rivonto rock-,31.5', no

30 ..- 20-S 1.5 2-3-2 _ litre,mottled,MnOIudns analyticalsamplotal(on

:11--

31.5
III_I_llmlI I1_11_ ============================ : :::.-:: : :: :: :::: :::: : ::: :.__ " ======================

Endoi l_'kl'_ 31,,5'

:12--

_m
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Key to Analysis Qualifier Fields

Analyte Concentration units Concentration A B C

Acetone mg/kg 0.014 U Y UJ

Qualifier fields are fields A, B, and C following the numeric concentration value. Values that can
appear in each field include:

• A = Detection Field
U = less than detection limit
D ffi detected

R - rejected

• B ffi Validation Field
Y ffiyes, validated
N = No, not validated

• C = Flag Field
UJ = not detected and detection limit is estimated
J'N ffi tentatively identific.d and estimated
J -- estimated
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C-131
Location:106-001

00-05 05.10 B_ank l_-I l_n-2
1,L 1-Tricblot-oethane (MG/KG) 03/26/90 ND ND

LL1-Tr'ichloroetha.ne (MG/L). OC 03/26/90 0.005U 0.005U 0.005U
L1,2,2-Tetrschloroeth_e(MG/KG) 03_ ND ND

LL2,2-Tetrachiofoema_ (MG/L) - OC 03/26/90 0.003U 0.005U 0.005U
L L2-Tdd_kx'oethane (MG/KG) 03_ ND ND

LL2,.TrI__ (MO/L). OC 03/?.6/90 0.005U 0.005U 0.005U
L l-Diddorotqha_ (MG/KG) 0,3/26/90 ND ND

LI-Dichloroetha_ (MG/L) - OC 03/26¢90 0.00SU 0.005U 0.005U
Ll-Dichioroethane (MG/KG) 03/7,6/90 ND ND

LI-Dkbloroethac_ (MG/L). 0(2 03/26/90 0.005U 0.005U 0.005U
L2-Dichloroetha_ (MG/KG) 03/26/90 ND ND

• L2-Dk:b_ (MO/L). OC 03/26/90 0.005U 0.005U 0.005U
k2,._ (to;al)(MG/KG) 03/26/90 ND ND :"

X,7.-Dk_xoahe,_(total)(MO/L). OC _ O.eOSU 0.O(_U 0.eesu
L2-D_'_Pcct_e_ (MG/KG) _ ND ND

X.2,.DI,_ (MO/t,)-OC _ 0.eesu 0.eesu 0.oosu
2-Bmano_ (MG/KG) 03/26/90 ND ND

2-ButM_¢_ (MG/L). OC 0,3/2,6/90 ND 0.065 0.031
2-Hamo_ (MG/KG) 03_ ND ND

2-Hemnone (MO/L) - OC 03/?A_ ND 0.017 0.01
4-M_2-p_umo_ (MG/KG) 03/26/90 ND ND

4-Metbyl.2-pemano_ (MG/L) - OC 03/26/90 ND ND ND
Aaetone (MG/KG) 03,"26/90 0.16 0._L3

Aeetone (MG/L). OC 03/26/90 0.009 0.058 0.043
Alpha AeUvlty (PCI/G) 03_ 2.25 4.35

Alpha/U:tivity (PCI/L). OC 03/26t90 -36.04 -82.68
Aluminum (MG/KG) _ 22000 19000

Aluminum (MG/L.). OC 03/3A/_ <0.02 0.044
Arsenic (MG/KG) 03/26/_) 5.1 6.5

Arm_ (MG/L) - OC ¢V?,6/90 <0.005 <0.005
AC_nm (_) _ <0 <0

(%) - OC 03/7A_ <0 <0
Barium (MG/KG) 03/26/90 94 140

Barium (MG/L) - OC 03/26/90 0.0012 <0.001
Benzene (MG/KG) 03/2M_ ND ND

(MO/L) - OC _ 0.005U 0.0¢5U 0.005U
Be_j41ium(MG/KG) 03/26/90 0.93 1.6

Bet3_um (MG/L,). QC 03/26_ <0.0003 <0.0_13
Beta Activity 0PCI/G) 03/7A/90 3.33 4.03

Beta Activity (PCFL) - OC 03/2_90 -34_19 -234.73
(MG/KG) 03/26/90 ND ND

(MO/L). OC 03/2MJ0 0.0006 0.eO_;U 0.eesu
Bcomo(orm(MG/KG) 03/26/_ ND ND

Bmmo(orm (MO/L). OC O3/26/90 0.e0$U 0.005U 0.e05U
Bromomeeume (MG/KG) 03,'26/90 ND ND

lkomomettume (MG/L) - OC 03/2M90 ND ND ND
Cadmium (MG/KG) 0.3/26/90 $.7 $.6

Cadmium (MO/L) - OC 03/26/90 <0.003 <0.003
Cakium (MG/KG) 03/2M_ 14000 22000

Calcium (MG/L) - OC 03/26/90 <0.004 0.14
Cadm_ DiIM_'Kle(MG/KG) 03/26/90 ND ND

Carbon Di_tlfKle (MO/L) -OC 03/7M90 0.005U O.005U 0.0_U
C,,arb_ Tetraddodde(MG/KG) 03t2Mg0 ND ND

Carbo_ Tetraddor/de (MG/L) - OC 03/7,6/90 0.005U 0.005U 0.0eSU
Chlombem,e_ (MG/KG) 03/'26/90 ND ND

Cldot'o6em,e_ (MO/L) - OC 03/2M_ 0.005U 0.005U 0.005U
(MG/KG) 03_ ND NI)

(MG/L) - OC 03/26/90 ND ND ND
Chiot,_orm (MG/KG) 03/2M_ ND ND

Chloroform (MG/L) - OC O_.X_/_ 0.0006 0.005U 0.005U
Cl_xometha_e (MG/KG) 03/26/90 ND ND

Chtorometlume (MG/L) - OC 03/7,6/90 ND ND ND
Chromium (MG/KG) _ 27 28

Chromium (MO/L) - OC 03_ <0.01 <0.01
Co_t (MG/KG) 03726/90 18 20

Cobalt (MG/L) - OC 03/26/90 <0.005 <0.005
Copper (MG/KG) 03/2M90 24 24

(MO/L) - OC 03/2A/90 <0.004 0.0045
Cyanide (MG/KG) _ < I < 1

Cyanide (MO/L) - OC 03/26#70 <0.1 <0.1
(MG/KG) _ ND ND

Di_ (MO/L). QC 03/26/_ 0.005U 0.005U 0.00_U
benzene (MG/KG) 0,3/26190 ND ND

Ett_ bern,erie (MO/L) -OC 03/26/90 0.005U 0.00SU 0.0_U
(MG/KG) 03/26/_ 33000 31000



C-132

Iron (MG/L). 0(2 03/26/90 <0,004 <0,004
L_d (MG/KG) 03/2b/90 38 21
l.cad (MG/KG) 03_ 15 24

Lctd (MO/L) - OC 03_ <0.05 <0`05
Lead (MG/L) - OC 03/26/90 <0,004 <0,004
Malgne_um(MG/KG) 03/26/90 2800

Malgnaium (MG/L) - OC 03/26/90 0.000'72 0,0093
M_sam_ (MG/KG) 03/26/9O 10G0 1200

Manf_m_ (MO/L) -OC _ 0.001 0.0017
Mercury (MG/KG) _ < 1 < 1

Mera,_._ (MO/L). QC 03/26/90 <0.0002 <0,0002
Methylene Chiodd¢ (MG/KG) 03/26/90 ND ND

Mett_k¢_ ChJodd, (MO/L) - (X: 03/2M_ 0.005U 0.0006 0.O05U
Moi_ure Content (%) 03/7.M90 2L9 13.4
Nickel (MG/KG) 03/26/90 23 31

Nickel (MG/L). 0(2 03/26/90 <0.01 <0.01
Niobium (MG/KG) 03/7W90 <0,85 <0.86

Niobium (MG/L) - OC 03/26/90 <0.007 <0,007
(MG/KG) 03/26/90 290 410

Pomptuxom (MG/L). OC _ <0.2 <0.2
Poumdum(MG/KG) 03/2M_ 2700 34_

Poumium (MO/L). OC 03/2M_ <0.6 <0.6
Selenium (MG/KG) 03/26/90 <0.5 <0.5

Selenium (MG/L) - QC 03/7W_ <0.005 <0.005
Silver (MG/KG) 03_ <0.73 <0.74

Silver (MO/L). OC _ <0.006 <0.006
Sodium (MG/KG) 03/7,M_ $1

Sodium (MO/L). QC (13/7W90 630 MO
Stycene(MG/KG) 03/26/90 ND ND

Stym_ (MO/L). _ 03/7W90 0,005U 0.005U 0.0eSU
T_ (MG/KG) 01/26/90 0.037U 0.0DU

T_ (MO/L) • OC 0.1/26/90 0.005U 0.0(BU 0.005U
Tlu)rkan (MG/KG) 03/7W_ <24 <25

'l'norium (MG/L) - OC 03/26/90 <0.2 <(12
Toluene (MG/KG) 03/7J,/90 ND ND

Toluene (MG/L) - OC 03/.26/90 0.0006 0.0008 0.0eSU
Triddococqhe_(MG/KG) 03/26/90 ND ND

Triddocoetbene (MO/L). OC 0:b'Z(_)0 0`005U 0.00SU 0.005U
Uranium Fitmcemetr_ (MG/KG) 03/26/90 4.3 3.9

Uranium Fluommeu_ (MG/L) - OC 03/26/90 <0.001 <0._)1
Vantditm_ (MG/KG) 0,3/26/90 3"/ 23

Vanadium (MG/L) - (X: 03/26/90 <0.005 <0.005
V'mylAcetate (MG/KG) _ ND ND

Acetate (MG/L) - (X: 03/2k_ NI) ND ND
V'mylChiodde (MG/KG) _ HD ND

V'mylCldoride (MG/L) - (X: 03/7W90 ND ND ND
Xyk_e (to¢¢) (MG/KG) 03/26/90 ND ND

X.Vte_ (total) (MG/L) - (3C 03/?W90 0.00SU 0.005U 0.00SU
Zinc (MG/KG) 03/26/90 80 46

Zinc (MO/L) - OC 03/26/90 <0.001 <0._1
¢i,-L3.D_e¢opmpe_ (MG/KG) 03/26/90 ND ND

cu-k_-D_c_loropmg,_ (MG/L) - OC 03/2M_ 0.005U 0.O05U 0.005U
mm_ L3-Dicbtocopropene(MG/KG) 03/26/90 ND ND

u'an_L3-D_ (MG/L). QC 03/2M_ 0.00SU 0.OOSU 0.005U
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Locatk_: 106-002

00-05 05- 10 10-15 Blank RJn-1
1,l, l-Tricbloroetha_ (MG/KG) 03/27/90 ND ND ND

l,l,l.Trichioroethane (MO/L) - OC 03/27/90 0.00SU 0.00SU
L L2,2-Tetrachioroetban¢ (MG/KG) 03/27/_) ND ND ND
l, L2,2-Tetnchlmoethane (MG/L,) - OC 03/27/90 O.O05U _O05U
L L2-Tricbiocotqbane (MG/KG) 03/27/90 ND ND ND

LI,2-TrichJomethane(MG/L). QC 03/27/90 0.00SU 0.00SU
l,l._)e (MG/KG) 03/27/90 ND ND ND

1,l-Dichlometbane (MO/I.) - QC 03/27/90 0.00SU 0.0_U
L l-Diddm'oetbe_ (MG/KG) 03/27/_ ND ND ND

LI-Dichloroetbe_ (MG/L,) - QC 03/27/_) 0.00SU 0.00SU
LT,.Di_locoetha_ (MG/KG) 03/27/90 ND ND ND

L2-Dichioroetha_ (MU/L) - OC 03_/90 0.00SU 0.00SU
L2-Dk:hioroetbe_ (total) (MG/KG) 03/Z7/_ ND ND ND

L?,-_ (total) (MG/L,). OC 03/27/90 G005U (k005U
L2-DI_ (MO/KG) _/27/90 ND ND ND
L2.13k_teaJ_e_ (MG_). OC 03/Z7/90 e_eesu _msu
2-Buumo_ (MG/KG) 03r27/90 ND ND ND

2,Buttnoae (MG/L). QC 03/27/_) ND ND
2-Hmwno_ (MG/KG) 03/27/90 ND ND ND

2-Hemno_ (MO/L). OC 03/27/90 ND ND
4-Methyl-2.1x:mano_ (MG/KG) 03/27/90 ND ND ND

4.M_2,.pemanone (MO/L) - QC 03/27/90 ND NI)
Aceto_ (MG/KG) 03/27/90 0.032U 0.0271.1 l.gE
A_to_ (MO/L) - OC 03/27/90 ND NI)

_ (PcuG) m/_/_ _1 zss LS3

AJphaAc_vity (ICI/L). OC 03_/90 -2e._
Aluminum (MG/KG) 03/27/90 22900 21000 22000

Aluminum (MG/L,). (X_ 03/27/90 <0,02
(MG/KG) 0_Z7/90 13 Z8 4.2

Anteni¢ (MG/L) - OC 03/27/90 <0.005
(%) 03/2?/*0 <0 <0 <0

Barium (MG/KG) 03/Z7/_) 61 88 140

Barium (MG/L) - QC 03/27/90 <0._)1
Benzene(MG/KG) 03/27/90 ND ND ND
Ben,u_ (MG/L). QC 03/27/90 0.0eSU GO0SU
Beryllium (MG/KG) 03/27/_ 0JB 0.67 0.7
l]ayllium (MO/L) - OC 03/27/90 <0.WQ3
sm ,,u_ty (PCUG) e3m/,0 3.¢e X_S XSS

AaMty (PCi/L). OC o3_/ge .3m
(MG/KG) 03/27_0 ND ND ND

(MG/I.,) - OC 03/27/90 O.O05U O,005U
Bromo(orm (MG/KG) 03/27/90 ND ND ND

Bromo(orm (MG/L) - OC 03_/90 0.00SU 0.e_U
ikomometbme (MG/KG) 03/'Z'/RO ND ND ND

lkomomettu_ (MG/L) - Q(3 03/27?90 ND ND
Cadmium(MG/KG) 03/2?/90 4.9 $ 3.9

Cadmium(MG/L) - QC 03/27/g0 <0.elD
Ct_um (MG/KG) 03/27R0 10001) 34000 3_00
Calcium (MG/L) - OC 03/27/90 0.1
Carbon Disulfide (MG/KG) 03/27/90 ND ND ND

Carbon Disulfide (MG/L) - 0(3 03/27fl10 G00SU O.005U
Tetnd_tide (MG/KG) 0_r'//g0 ND ND ND

Carb_ T_ (MO/L) • QC 03/27/g0 0.01_U 0.e0_U

(MG/KG) 03/27/g0 ND ND ND
(bIG/L). Oc 03/2'7/9o e.ee_u e,ee_u

Chtm'oeOume(MG/KG) 03/27/90 ND ND ND
(MG/L) - OC 03/27/90 ND NI)

Chloro(otto (MG/KG) e_27/90 ND ND ND
Cldom_orm(MG/L). OC 03/2"//90 0.00_U G01_U

(MG/KG) 03/27_0 HD ND ND
(MG/L) - QC 03/zT/g0 _ ND

Chromima (MG/KG) 03/2?/90 27 41 23

Chromium (MO/L) - 0(3 e3/27/90 <G01
Cobalt (MG/KG) 03/27/90 12 12 11
Cobalt (MG/L). OC 03/27Re <0.005

(MG/KG) 03/27/90 29 18 14
(MG/L). QC 03/2"//90 0._3

C'_mide (MG/KG) 03r27/90 < 1 < 1 < 1
(MO/L) - 0(3 03/27/90 <0.1

Di_ (MG/KG) (13/27/90 ND ND ND
(MG/L) - QC 03/27/90 0.00SU O.005U

FJbylbenzene(MG/KG) 03/2?/90 ND ND NI)
Ethyl benzene(MG/L) - QC 03/Z7/90 0.00SU O.O0_U

ir_ (MG/KG) 03/27/90 34000 31000 24000
into (MO/L) - 0(3 03/27/90 0.02
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Lead (MG/KG) 03/27/90 35 22 16
Lead (MG/KG) 03/27/90 47 13 38

Lead (MG/L) - OC 03/27/90 <0.05
(MG/L). QC 03/2?/90 <0.004

Mal_u_um (MG/KG) 03/27/90 3000 6000

Magnesium (MG/L) - OC 03/27/90 0.024
M_mL'_,_ (MG/KG) 03/27/90 $40 690 600

Man_ (MG/L). OC 03/2?/90 <0.(X)l
Meccury (MG/KG) 03/27/90 < 1 < 1 < 1

Mercury (MG/L) _OC 03/27/90 <0.0002
Metbyk_ Chloride (MG/KG) 03/2W90 ND ND ND

Metbyk_ _ (MO/L) • OC 03/2"//90 0.005U 0.005U
Moi_ua-eComem (%) 03/27/90 21.6 16.9 15.2
Nk:kel (MG/KG) 03/27/90 24 17 17

Nidcel (MO/L) - QC 03/27/90 0.01
Niobium (MG/KG) 03/27/90 <0.81 <0.8 <0.81

Nio_,m (MO/L) - OC 0_27P)0 <0.007
(MO/KO) 03/27me 24o 2a) _0

(MO/L). OC 03_,_0 <0.2
Poum_um (MG/KG) 03/2"/P)0 1_0 2100 2200

Poumium (MO/L). OC 03_PJ0 <0.6
Sek_um (MO/KG) 03/27/g0 <0.4 <0.$8 <0.$7

Sek_um (MO/L). OC 03/27,50 <0.005
(MO/KG) 03/27/90 <0.69 <(169 <0.69

Silver (MO/L). (X: 03/27_0 <O.OO6
Sodium (MG/KG) 03/27_0 "/4 61 M

Sodium (MG/L). OC 03/_//g0 0.09?
Styr_e (MG/KG) 03/27/90 ND ND ND

Styrene (MO/L) - CX_ 03t27/_0 0.0_;U 0.O_U
'rem_ome_heue (MG/KG) 03/2?/90 O,OI6U 0.072 0.013U

T_z_blec_e_ale (MG/L) - QC 03t27/90 0.1_U 0.OWU
"raocium(MG/KG) 03/27/90 <23 <23 <23 ,

Tbm'ium (MO/L) - OC 03/2"/PgO <0.2
Tomene (MG/KG) 03/2?/90 ND ND ND

Toluene (MO/L) - OC 03/27_0 0.0_U 0.00_U
T_ (MG/KG) 03/27/g0 ND ND ND

Trk:i_metl_ (MO/L). OC 03/2"/_0 0.005U 0.0_U
Un._.n 23_ (_'P_) 01r_/_0 0.$
Unmium 238 CWT_) 03/2"//90 _.5
Uranium Ruommeu_ (MO/KO) U3tZ'/_0 4.'/ "/.9 S

Unmiue, iq_ (MO/L). OC 03/Z?_50 <0.001
Vum_b_ (MG/KG) 03/2?/90 48 31 29

Vanadium (MO/L). QC 03tZ?_0 <0._
V'_jI Aoeu_ 0MO/KG) 03/2?/90 ND ND ND

V'myt_ (MG/L). O(: 03/2_P_0 HD ND
V'my_Ci_¢ide (MG/KG) 03tZ7/90 ND ND ND

V'myl Clbkx_k (MG/L). OC 03/27/90 ND NO
Xyle_ (final) (MG/KG) _0 ND ND ND

x_.,_ (t,x_) (MO/L).C_ o._u_o 0.oosu 0.oosu
7.,lm:(MG/KG) 03/2"//90 86 SO 44

z_ (MO/L).oc 0_7_0 0.0076
cre._1-Di_ (MG/KG) 03,_?N0 ND ND ND

cw.l.3-Dich_x_xoge_ (MO/L) • QC _2"/_90 0.0_U 0._U
u-sn_L3-I_ (MG/KG) 03/27/g0 ND ND ND

mm_L3-D_ (MG/L). OC 03/'Z'//g0 0.00SU 0.(X)_U

Rin.2
LL1-T_ (MO/L) - OC 03/_/_0 0.(X]_U
LL2.Z-T,,nm_om_u_(MO/L)- OC olru_o 0.o05u
LL2-T_ (MO/L). QC 03/2?/90 0.005U
LI-_ (MO/L).oc o.v_o 0._u
LI-_ (MG/L) - 0(2 03_/_0 0.0_U
LZ-D_h_roem_(MO/L)- OC (a_U/_0 0.O0SU
LZ-_ (total) (MG/L) - OC 03/27/_0 0.005U
L_-_ (MO/L).OC _rZT_0 0.00SU
2,.Bmano_ (MG/L). OC 03/2"//90 ND
2-H_mno_ (MG/L) - OC 03/27/90 ND
4.Metbyl-2,pent_n_me(MO/L). OC 03/2?/90 ND
Amtone (MO/L) - OC _Z?N0 ND

A_plmActivity(PCI/L)- QC 03/27/_0 -67.13

A_um_num(MO/L). OC _27_J0 <0.02
(MO/L) - 0(2 03/2?/90 <0.005

Barium (MG/L) - OC 03/2?/90 <0.001
Benzene (MG/L) - OC 03/2?/90 0.00SU
B_um (MO/L) • OC 03/'Z7/_0 <0.o003

Beu, ^c_ (PCI/L). OC 03t_ .Z_
(MO/L) - OC (_'ZT/_0 0.005U

Bromoi'orm (MO/L) - OC 03_Z7/90 0.0_U
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004]5 05.10 10-15 15.29 20-25
L L1.Trichlocoetha_ (MG/KG) 03/27/90 ND ND ND ND ND
LLl.Trichkxoetha_ (MG/KG) • Dup 03,'2"//_ ND

L L2,2-T_ (MG/KG) 03/27/90 ND ND ND ND ND
LL2,2-T_ (MG/KG) - Dup 03/21/90 ND
LLZ-T_ (MG/KG) 03/2?/90 NL_ ND ND ND ND
kLZ-Tl_oroeU]a_ (MG/KG) • Dup 03/2?/90 ND
Ll.D_domcqbaM (MGAKG) 03/2"//_0 ND ND ND ND ND
LI._ (MO/KG) • Dup 03/2"t_0 ND
kl-_ (MG/KG) 03/27/90 ND ND ND ND ND
LI-_ (MG/KG). D_ 0,1,_0 ND

IJ,-_ 0MG/KG) 03/2"//_ HD ND HD ND ND
L_,_ (MG/KO). Dup 03/27/90 ND

LZ-_ (mud) (MO/KO) 03t2"t/_0 ND ND ND ND ND
1__ (final) (MO/KG) - Dup (0/'///90 ND
1.¢._ (Ma/K(]) 0.1/2"//_) ND ND ND ND ND
L__ (MG/RG). Duqp Ol/_/g0 ND
Z-Btameee (MG/KO) 03/'Z'//_) ND ND ND NI) ND
7,.Butme_ (MG/KO) - _ 03/2"//0e ND
2-Haano_ (MO/KO) 03/Z//90 ND ND ND ND ND
2,-i.lamo_ (MG/KO). Dup 03/'Z7/_0 ND
4-Meel_jl-7,.pemmm_ (MG/KG) 01F///_0 ND ND ND ND ND
4.MeUsy4-_ (MG/KO). D_ 01t2'/tg0 ND
Aema, (MO/gO) mms0 e_ 0.3 t.3E e._ O.Z

(MO/IKO). D_ 03/2"//90 O.?lE
_ (PP.I/G) 03/2"/R0 L6"/ 2.19 Z05 LIB L6"/
_ Rcuo). Pw o_u_0 2.zs

(MO/CO) mms0 l_e0 _mee 23e0o teee0 ume
(MO/KG). _ 03/2?/90 1";_0

(MO/CO) mm_e _,7 4.8 ,,.4 3.1 o
Arrack: (MO/C.G). I)_ 0_'?/_) S.I
ACmmm (_) O.1/Z//_0 <0 <0 <0 <0 <0

(_)- DW o1¢t/¢0 <0
Beduin (MG/KO) 03/2"t/_0 09 !00 100 150 130
Bari_ (MO/KO). D_ e3/z_e 13e
Beaz_me(MG/KG) 03/2?/90 ND ND ND ND ND
Bemume(MG/KO). Dup 03/Z'/R0 ND
Berytlit_ (MG/KO) 03/27/_0 0.92 0.71 0.83 0.8 <3.4

(MG/KG) - Dup 03/2"1N0 G?I

B_ _ (PCIK;).[Xe 0YZ?_0 3,13
Bmm_bddot_t_ (MG/KG) _,50 ND ND ND ND NI)

(MO/KO) - D_ 03/Z//_0 ND
Bam_rorm (MO/KO) 03/2?/90 ND ND ND ND ND
IBaxm(o_ (MO/IKO). D_ 03/27,'_0 ND
Ikememetl_m (MO/KG) 03/2"t/_le ND ND ND ND ND

BammmeOume(MO/KO) - D_e _0t2'//90 ND
C..,Mmit_ {MO/KG) e3[Z//_0 3..5 &9 4.2 3.6 <34

(MO/IKO). D_ _3/27Rle 3.?
(MO/KO) mm_e 1"/o0o 68000 41000 4¢000 tteeee

Cadme Disulfide(MO/KG) e3/27/90 ND ND NI) ND ND
Carbon Di_lf_ (MO/KG) - Dup _O/2'/,_le ND
Cadme T_ (MO/KO) 03/2"//_0 ND ND ND ND ND

Tm:addod_ (MO/KO). Dup e3/2"//_0 ND
Q_xetma_ (MG/KG) _3/2'//_0 ND ND ND ND ND

(MG/KG). D_ 03/2"/RI0 ND
(MO/IKO) e3/2"//_0 ND ND ND ND ND

Cldometlume (MO/KG) • Dup 0.tt'_0 ND
Chtoad'm'm(MG/KO) _3/2"1RI0 ND ND ND ND ND

CIl_mdocm (MO/KO). D_ 0_/27/_10 ND
(MG/KO) 03/2"//_Ie ND ND ND ND ND

Cblommmla_ (MO/KO) - D_ IXl/27Rle ND
(MO/KG) 03/27/_ 17 21 31 20 < 110

Chromium (MG/KG) - D_ 03t2"//_0 18

Cobalt (MG/KO) e3/Z'/_0 14 11 9.5 10 <.f_

CorOt (MG/KG) - Dul> 03/2?/90 9.4
Copper (MG/KO) e_ZT/_0 20 19 20 18 740
Copper (MG/KO). _ _lt'Z?,_0 18
Cymide (MG/KG) e0t/Z'/,_0 < 1 < _ < 1 <0.1 <0.1

Cym_ (MO/KO) - D_ 03/'_/_0 < 1
Dibromadd, erem_bm¢ (MG/KG) 03/'Z'//_0 HD ND ND ND ND

(MG/KG) - Dup 0.V'Z?/_ ND
_ (MG/KO) o3rz?_o ND ND ND ND ND

Ett_ lmmume(MG/KO) - Dup 03/Z7/% ND
line (MO/KO) 03/2"//90 24000 2:Z0e0 7.5e_ 221100 16000
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(Ma/KG) • D.p 03/'Z_m0 Z0000

(MG/KG) 03/2?/90 22 28 84 30 <.r_O
(MG/KG) 03/27/90 26 M 37 31 103
(MG/KG). Dup 03/27#)0 29
(MG/KG). Dup _/27/90 32

Mq;n_um (MG/KO) 03/27/90 Y_O 6000 7200 ?600 21000
MalnWum (MG/KO) • Dup 03/2?/90 9000

Manfiam_ (MG/KG) 03/27/90 740 690 4.50 MO 440
M_B,_e (MG/KG) - Dup 03/Z7,50 570

M_rj (MG/KG) 03/_/90 "/.5 L3 < 1 < 1 6.2
Mercu_ (MG/KG) - Dup 0:_27/90 < 1

M_ _ (MO/IKO) 03/27/90 ND ND ND ND ND
Metb_ene _ (MG/KG) - Dup 03/27/g0 ND

M_n Coc_t (_) 0_ZT,_0 13.6 13.9 13.2 6.$ l&6
Moi_ure Contmt (%). Dup 03/Z?/90 &6

Nic_ (MO/KG) G1/27/90 21 16 19 16 < !10
Nidr_l (MG/KO). Dup 03/27,50 U

Niobium (MO/IKO) 03/2"//90 <0.78 <0.?8 <0.73 <0.78 <'/9
N_m (MO/K(;). D_ 0_Z't_0 <¢L77

(MG/KG) 01/27/_ 3"/0 310 320 320 <2300
(MO/CO).D.p 0_m_0 3S0

(MO/RG) 01_/90 1700 2300 2200 2800 <6a00
IP_-,,, (lvlO/KO). I).p o_zT_o Z300

S_mkan (MG/KG) 0.1/Z//90 <0.52 <0.42 <0.45 <0.4.1 <0.53
S_mham (MG/KG) - Dup 03/27/90 <0.42

(MG/KG) 0.1/2"//90 <0.67 <0,67 <0.62 <0.67 <(di
Sam. (MG/KG). Dup (WZTR0 <_(,6

Sodi_ (MG/KG) 03/27/_0 39 84 79 97 !100
Sodium (MG/KG). Dup 03t2"/,50 76

Sty_me (MG/KG) 03/2"//g0 ND ND ND ND hid
Stym_ (MG/KG). Dup 03,'27/90 ND

Temmblc,m_me (MG/KG) 03/27R0 0.014U O.014U 0.0L1U O.O12U O.Ol¢,J
T_rld_om_tbe_ (MG/KG) * D_p 03/Z7/_) 0.01IU

'Ztxmum (MG/KG) _0_Z't/g0 <22 <22 <21 <22 <23_0
"RKxtm (MG/KG). Dup 0_V27/_0 <22

To_ (MG/KG) _0/2"//_0 ND ND ND ND ND
Tolue_ (MO/IKO) - Dup I_I,,'ZT/_JO HD

Tdcblm.oe_um_ (MG/KG) 03tZ_//90 ND ND ND ND NI:)
T_ (MG/KG). Duo (D/27/90 ND
Uranium 235 (_). Dup 0:_r//_) LI8
Urmu_ Z_ (w1_ ) . I_ W_/9o _ Ts
Ura_um Piuoromeu_ (MG/KG) 03/2//90 4 12 5.6 4.9 3.6
UMum Pluorumeu_ (MG/KG). Dup 0:ltZ//_0 14.5
Um._Z)4 (V_m'X,).D_ WZ't_0 ¢_01
Urm_.Z_ (wlv,). _ m_z'h_o o.o_
Vanadium (MG/KG) 0._2"/,'90 2"/ 23 32 20 <M
Vsnad_m (MG/KG) - D_ 03/27RI0 23

V'myl Acetate (MG/KG) 03/Z'//¢0 ND ND ND ND biD
V_ A¢_a_ (MG/KG) - Dup 01t27B0 ND

V'mylCidoride (MG/KG) 03rZ//'90 ND ND ND ND ND
V'my_Cldoride (MG/KG) - D_ 03/Z/R0 ND

Xy_me (mud) (MG/KG) 03/7"/RI0 ND ND ND ND ND
Xyk_ (meal) (MO/KG) - D_p _3t'ZT/90 ND

Zinc (MG/KG) 03/27Rie "19 57 79 47 190
Z/no (MG/KG) - Dulp (13/2"//90 S?

m-L3-_ (MO/K(:;) WZT,'_0 ND ND NO ND NI)
¢i_-L3-D_ (MG/KG) - Dup 03/'Z7/90 ND
mm_-L3.Di_ (MG/KG) 0_Z7/90 ND ND ND ND ND
u'am-L.1-Did_ (MG/KG) - Dup _01/27/90 ND

R.m-I R_2
LLI-T_ (MG/L) - OC 03/'Z7,_)0 0.00SU 0.00SU
LL2.Z,Tetrad__ (MG/L,) - QC 03t27_0 O.00SU O.O0SU
LL2-T_ (MG/L). QC 03[Z//_0 O._U O.O0SU
L 1-_ (MG/L). OC 03/Z'/t'_0 0.O05U O.005U
LI-Dk_kxoeme_ (MG/L) - OC 03/Z7/90 0,00SU O.00SU
L2-_ (MG/I.,) - (X:: 03t27RI0 O.O0SU O.O0SU
L2-_ (mud) (MG/L) • OC 03/27R_0 O.O0SU O.(_;U

L2-D_<t_mptoFe_ (MG/L) - OC 03/27/90 0.00SU O._U
2-1kmmo_ (MG/L). QC 0.1_//_0 ND ND
Z-He_rmne (MG/L.) - QC tB_'7/_ ND ND
4-Memy_-Z.pemano_ (MG/L) - OC 0:b27,50 ND ND
Acetone (MG/L) - OC 03tZ'//90 0.055 0.084
AIp_ Activity (PCUL) - OC 03/Z//_0 412.'/2 .$.0S
Alum_um (MO/L) - OC 03/'Z'//_O <0.02 0.2
/u'm,,¢ (MO/L) - OC 01/2"//90 <0.005 <G00_

IBanum(MO/L) - OC 01/'L'7/90 <(1001 <0.001
(MO/L). QC 03/2"//90 0._U O.005U
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_: 106-004

00-05 05-10 10-15 15-20 20-25
L1,l-Trichkgoetha_ (MG/KG) 03/2&'g0 ND ND ND ND NDLLl-TrichloroeU_ (MG/KG) - Dup 03/28/90

ND

LLZZ-T_ (MG/KG) 03/28/90 ND ND ND ND ND
LL2,2-T_ (MG/KG). Dup 03/7.8/90 ND

L LZ-Tricbloroetha_ (MG/KG) 03/2&_ ND ND ND ND ND
LL2-Trkblocoethane (MG/KG) - Dup 03/28/90 ND

L 1-Diddometha_ (MG/KG) 03/2,8/90 ND ND ND ND ND
Ll.Diddometha_ (MG/KO). Dup 03/28/90 ND

LI-_ (MG/KO) 03/28/90 ND ND ND ND ND
kl-Diddometbe_ (MG/KG) - Dup 03/28/90 ND

k2-_ (MO/if.G) 03/2&'90 ND ND ND ND ND
lJ,._ (MG/KG) - Dup 03/28/90 ND

k2-_ (total) (MG/KG) 03/2&50 ND ND ND ND ND
LZ-_ (total) (MG/KG). Dup 03/'¢8R0 ND

1,2-_ (MG/KG) 03/2£50 ND SD ND ND ND
1,2,Did_ (MG/KG). Dup 03t28RO ND

2,.lktu_ ('MG/KG) 03/28R0 ND ND ND ND ND
2-Bm,mo_ (MO/gO). Dup 03/'28/90 ND

2,.Hcmnone (MG/KG) 03/2850 ND ND ND ND ND
2-HexmoQe (MO/IKO). _ 03/28/90 ND

4-Metb_Z-pemano_ (MG/KG) 03/2&50 ND ND ND ND ND
4-Mctb__ (MG/KG). Dup 03/28/90 ND

Aeetn_ (MG/KG) 03/28/90 0.025U 0._E LIE Z6F, 0.3
Aceto_ (MG/KG). Dup 03/2&R0 L3E

,Midut _ (1)CI/G) _ 2.7"/ &8| 2.43 L45 1.81
_ (pc:J/G).Dup e3ra_ zg_

Aluminum (MG/KG) 03t28R0 26e_ 21000 21000 22000 21000
Aluminum (MG/If.G). D_ 03/28_ 18000

_mJeet:(MO/¢O) e3/a_ 1,, _1 7 _7 1o
An,_ (MO/CO).Dup e3/Z8_ 11
Atbmtm (_) 01/'ZSR0 <0 <0 <0 <O <0

('X,). D.p _VZS'90 <0

Barium(MG/KG) 03/28/90 .52 140 120 130 8ZO
Barium(MO/K(}).Dup e3/28_ _0
Bem,e_ (MG/KG) 03/28/90 ND ND ND ND NI)
Beme_ (MG/KG). Dup 03/28,50 ND

IBeo_mn (MG/KG) _ 0.96 0.97 0.79 L2 L6
Bet_j_mj (MG/KG) • Dup 03/'28/90 0.85

Beta AcU_ (PCI/G) _ 3.32 $.0"/ $.0"/ 4.4'7 3.32
_ (PCUG).D_ 0.VZa_ tol

(MG/KG) 03/28/90 ND ND ND ND NI)
BreemdktaJecome_ (MG/KG). Dup 03/28/90 ND

Bmamd'orm(MO/IKO) 03/'28/90 ND ND ND ND ND
Bmmo(ocm (MG/KG). Dup G_2&50 biD

Bromometba_ (MG/KG) 03/28R0 ND ND ND ND ND
ik'omemet_me (MG/KG). _ _ ND

C,dmw (MG/KO) 03m_ s.4 ,t9 3.8 s_ 7.3
CMmk_ (MG/KG). Dup _ 3.2

(MO/gO) mtzs_ ,mo z4000 z_oeo 48oo _0
C..alcimn(MG/KG). Dup 03[Z8/90 280O

Cadmn Di_dl'Klle(MG/KG) _ ND ND ND ND ND
Cat,t_ Dieulfi_ (MG/KG). Dup 03,'28,50 NI)

Cadmn Teuaddorkk (MG/KG) _ ND ND ND ND ND
CKbon T_ (MG/KG). _ 03/'28/90 ND

(MG/KG) 03r28/90 ND ND ND ND ND
Cblombenze_ (MG/KG) - Dup _ ND

(MO/KG)" 03/211/_ ND ND ND ND ND
Chlometha_ (MG/KG) - Dup G0/28/90 ND

Chloro(otto (MG/KG) 03/2&50 ND ND ND ND ND
_onn (MG/KG). D_ 03/28/90 ND

(MG/KG) _3/2a/90 ND ND ND ND ND
(MG/KG). Dup 03/Z8/_ ND

Chromium (MG/KG) 03/28/90 26 28 ?..5 40 36
Chromium (MG/KG). _ 03t'J_ 26

Ceb_ (MG/KG) 03/28/90 11 D I1 23 35
Colmk (MG/KG) - Dup 03/2_ 13

(MG/KG) 03t28RO 33 27 20 26 22
Cofsper (MG/KG). D_ e_V'ZS_0 18

(MO/KO) e_/'ZS_ < 1 < I < I < I < I
O/mide (MG/KG). Dup 03/ZSR0 < 1

D_mmod_omme_ (MG/KG) 03[28/90 ND ND ND ND ND
(MG/KG). Dup 03/28/_0 ND

benze_ (MG/KG) 03/28/90 ND ND ND ND ND
F.Jbytbenzene(MG/KG). D_ 03/2&50 ND

Iron (MG/KO) 03t2&R0 35_0 31000 26000 ,t_O0 6"/000
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iron (MG/KG). I_p 03/Z8/90 25000
(MG/KG) 03/2&'90 39 36 20 100 33

Le_ (MG/KG) 03/28/90 26 32 36 97 21
Lead (MG/KG). Dup 03/28/90 170
Lesd (MG/KG) • Dup 03/7.&_ 107

Mallnmum (MG/KG) 03/2&R0 1500 $400 5000 2000 1700
Magnmum (MG/KG) - Dup 03/28/90 1400

Manpnme (MG/KG) 03/2&_ 480 740 5_) 1300 5300
ManlaneJz (MG/KG) - Dup 03/28/90 1100
Mercury (MG/KG) 03/?&_ LI < 1 < 1 L5 < 1
Mermry (MG/KG). Dup (]_t&R0 < 1

Metbytem O)koci_ (MG/KO) 03/28/90 ND ND ND ND ND
M_jtme _ (MG/KG). Dup 0,1/'ZKR0 ND

Moiwua,e C4mm_ ('w,) o3/28_ 18 13.2 12.s z9.8 zs
Moistun Content(%). Dup 0_a_o 2.5.2
Nt,:_(MO/KO) 03/'Za_ 22 24 20 2"7 39

Nid_ (MO/KO). I:_ 03rm_ 17

Niobium (MG/KG) 03/2&'g0 <0.85 <0.85 <0.82 <0,91 <0.9
N_ (MO/KO). D_ O3/28/9O <o,89

Pbmldmmm (MO/KG) 03/2&'90 ?.50 380 300 154}0 1800
(MU/CO)._ e3nz_ _o

Potmslum (MG/KG) 03/28/90 1300 2600 2200 2000 2300
Potmekam (MG/KG) - Dup 03/2B/_0 2200
Seiadum (MO/KG) 03/2&_ <0.53 <0.$9 <0.57 <0.44 <0.43
S,kmtum(MO/KO).Dup 03/U_ <0_47

(MG/KG) 03/28_ <0.73 <0.73 <0.7 <0.78 <0.7"/
(MO/IKO). Dup 03/28/90 <0.'/6

Sodium (MG/KO) 0.1/2,8/90 49 $1 $9 60 32
Sodi_ (MO/KG). Dup ¢0t2/!/90 Ii0

Styrene (MG/KG) 03/28/90 ND ND ND ND ND
(MO/IKO). Dup 03/Z8/_ ND

Tmram_mee_em(MO/KO) o3rm_ _o_3u e_ot3u o.o_4u e_ouu e.otsu
Tte,_tablm-o_Nt_ (MG/KG). Dup 03It,&90 G014U

(MG/KG) 03/'28/90 <24 <24 <23 <26 <26
(MO/KO). Dup 03/28/90 <25

Toluene (MG/KO) _ ND ND ND ND ND
Toktme (MG/KG) - Dup 03/'28/90 ND
T_ (MG/KG) 03/28/90 ND ND ND ND NI)
Tt_metbene (MO/KG). Del) O3/28/9O ND
Umnk_ I_Kxrometrfi: (MO/gO) 03/'28/90 7.1 $ 6.6 $3 2
un,an _ (MO/VG).DW o3ra_ 4.8
Vmadit_ (MG/KG) 03/28/90 54 31 30 49 36
V_ 0MO/KO) - Dup 03/28/90 31
V'm_ Aeetme (MG/KG) 03/28/90 ND ND NI) ND NI)
V'myl_ (MG/KG). Dup _0t/2_90 ND
V'myl Ododde (MO/KO) 03/28/90 ND ND ND ND NI)
V'my_Cldodde (MG/KG) - D_ 03/2a/_ ND
Xytme (mud) (MG/KO) _01tT,J_0 ND ND ND ND ND
Xyk_ (mud) (MO/IKO) - Dup 03121V90 ND
Zinc (MO/KG) 03/28/90 I!0 "/3 61 lO0 55
Zinc (MG/KG). Dup 03/'Za_ 91

¢is-L3-D_ (MG/KG) ID/2fJ_ ND ND ND ND ND
¢it-L3._-,_-,_._-,_(MG/KG) - _ _ ND
u-mt-l.3-I_ (MG/KO) 03/2&_ NI) ND ND ND ND
tram-l,3-D_ (MG/KG) - Dup _ ND

Btmk Rin-I Rin-2
LLI-_ (MG/L) - OC _ O.00SU 0.00SU 0.e0SU
LI.Z2,T_ (MO/L) • (:X:: _ 0,00SU 0.00_U 0.0eSU
kiJ,-Triddomctha_ (MG/L) - OC 03/28/g0 0.0aSU 0.00SU 0,00SU
LI-Diddm'oedume (MG/L) - OC e3,'2&_ 0.00SU 0.00SU 0,e0SU
LI-Diddoroetbe_ (MG/L) - OC 03/28,'90 0.00SU 0.00SU 0.00SU
I.Z-_ (MG/L,) - OC 0X,"Z&_0 0.00SU 0.00SU 0,00SU
LZ-_ (total) (MG/L) - OC 03/'Z8_ 0.00_U 0,00SU 0,00SU

L:7,.Did_oro_m_ (MO/L) • OC e3/2a_ o.oosu a,oosu o.o0su
2,Buumone (MG/L) - OC _ ND ND ND
Z.Hcmnone (MO/L) - QC 03/28/90 ND ND ND
4-Mabyt-_ (MO/L) - OC _ ND ND ND

Aceto_ (MG/L) - OC _ ND 0.037 0.034
_ (Pc_). oc wzu_o 47.68 -_-n

Atmuiamu (MG/L) - OC 03/'28/90 0.071 <0.02
Arm_ (MO/L) - OC 031"28/90 <0.005 <0,005
Bark_ (MO/L) - OC 03/28/90 <0.001 0.0011
lknm_ (MO/L) - OC 03/'Za_ 0.e0SU 0.00SU 0.00SU

Ba341ima(MO/L) - OC _ <0.0003 <0.0003
Beta _ (PCI/L.) - OC (D/28/90 -212.37 -122.95
B<_omedid_oeemmha_(MO/L) - OC 03/ZSR0 0.00_ 0.00SU _00SU
Bromot'orm (MG/L) - OC 03/28R0 O.0eSU 0.00SU 0.00SU
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_ (MO/]..) - OC 03/28/90 ND ND NDCadmium (MG/L) - OC 03/28/90 <0.003 <0,003
Ca_um (MO/L). OC 03/2&R0 0.015 0.037
Carb¢_ Di_uiL'_le(MO/L). OC 03/28/90 0.00SU 0.00SU 0.00SU
Csrb(_ Tctrachloddc (MO/L) - OC 03/28/90 0,00SU 0,00SU 0,00SU
_.e (MO/L) -CW_ O3/28/9O 0.00SU 0.0OSU 0.00.SU
Cldocoefl_ (MG/L) • OC 03,'2,8/90 ND ND ND
Chlocol'ccm(MG/L) - OC 03/28/90 0.0008 0.00SU 0.00SU
Chkx'ome0um¢ (MO/L) - OC 03/7,8/90 ND ND ND

Chromium (MG/L). OC 03/28/90 <(101 <0.0!
Cob_t (MO/L) - OC 03/28/90 <0.005 <0,005

(MO/L) • OC 03/2.8/90 0.00S6 0.0066

Cyani_ (MO/L). OC (11/2&_ <0.I <0.1
Ditmm_cblccommha_ (MO/L). OC 03/28_ 0.00SU 0.00SU 0.00SU

_ (MO/L). QC 03/2M_ 0.00SU 0.00SU 0.00SU
(MG/L) - OC 03_ 0.0044 0.044

L_d (MG/L) - QC 03/2&_ <0.05 <0.05
L,md(MG/I.,). QC 0NZS/90 <0.004 <0.004

(MO/L). OC 03/2&_ 0.0068 (101

(MO/L). OC O.'VZS_ 0_00L3 0,0026
Mccury (bIG/L). OC 03/Z8_ <O.OOO2 <0.(_0Z
M_ Chloride (MG/L). QC 03/'Z8/_ 0.00SU 0.00SU 0._U
Nickel (MO/L) -OC 03/28/90 <0.01 <0.01
Niobium (MO/L) - OC 03/?,&50 <0.007 0.00"/6
PboqduKm_ (MG/L) - OC 03/2B/_ <0.2 <0.2
PouiMk_ (MG/L). OC 03/?.&R0 <0.6 <0.6
S_k_um (MO/L). OC 03/Z8/90 <0.00S <0.005
Siber (MO/L) - OC 03/28/90 <0.006 <0.006
Sodium (MO/L) • OC 03/28/90 0.045 0.04
S_nme (MG/L). QC 03/'ZR/g0 0.00SU 0.00SU 0.00SU
T_ (MO/L). OC 0,I/?,3/_ 0.00SU 0.00SU 0.00SU

'T'uccium(MG/i..) - OC 03/28/90 <0.2 <0.2
Toluene(MO/L). OC 03/2B/90 0.00SU 0.00_ 0.0006
Triddocoetbe_(MO/L) - OC _ 0.00SU 0.00SU 0.00SU
Ummum _ (MO/L). OC 03/78/90 <0.001 <0,001
Vanadium (MG/L) - OC _ <0.005 <0.005
V'my/Acetate (MG/L) - OC 03t28_0 ND ND ND
Vinyl _ (MG/L,). OC 01/28R0 ND ND ND
Xylme (final) (MG/L). OC 03/28/90 0.00SU 0.00SU 0.00SU
Ziac (MO/L). QC 0.1rz8/90 0.0o35 0.0o52
¢is-L3-Did_ocol_gme (MG/L) - OC 03/28R0 0.OOSU 0.00SU 0.00SU
u'am-L3-_ (MG/L) - OC _ 0.00SU 0,00SU 0.00SU
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Lacltioa: ]06-005

00-05 Ria. 1 Rra-2
LI. l-Trk_kxoethane (MG/KG) 03/28/90 ND

LLl-TridaJoroethane (MG/L). OC 03/28/90 0.00SU O.005U
LL2.Z-Tetracbloroetbane (MG/KG) 03/28/90 ND

LL2,2-T_ (MG/L) - OC 03/2&_ 0.00SU 0.005U
LL:Z-Trich_oroelhan¢(MG/KG) 03/?.8/90 ND

LL2-T_ (MO/L) - QC 03/28/90 0,00SU O.00SU
1.l-DichJoroeda_m (MG/KG) ¢O/2&_ ND

LI-Diddocoetba_ (MO/L) - OC 01/28/90 0.00SU 0.00SU
I,I-DkhJoroefl_ae (MG/KO) 03/28/90 ND

_.t-_ (MO/L). OC O_'ZS_0 _00SU ¢_00SU
1.2-Dichiometha_ (MG/KG) 03/28/90 ND

LZ._ (MO/L). OC _ _00SU (_00SU
L2-DkhloroeU)ene (loud) (MG/KG) 03/28/90 ND

L_DkhimoeU)eoe (toud) (MO/L) - OC 03/2&_ 0.00SU 0,00SU
I.Z-EK_ (MG/KG) 03/28/90 ND

LZ-Dk/domiwops_ (MO/L) - OC 0.I/28_ 0,00SU 0.o05u
2-1Butaoo_ (MG/KG) 03R,8_ ND

2-[kmmcme (MO/L). OC 03/28/90 ND ND
2-Hamnone (MO/KG) 03/28/90 biD

2-Hcmrm¢_ (MO/L). OC 03/28/90 ND ND
4-Methyl-Z.peoUmone(MG/KO) _ ND

4.MeU_d-2-penumo_ (MO/L) - QC 03/28/90 ND ND
Aceu_e (MG/KG) 03/2&R0 _E

Amino= (MO/L). QC 03/28/90 0.026 0.01
Ac_v_ O'c_) o3r_so L_

AlphaAc_ky (PC[/L).OC o3rz8/9o .s.os -$L?I
/Uuminum(MG/KO) 03/2Mm Z3000

Alumim_ (MO/L). OC 03/28/90 <0,02 <0.02
(MG/KG) (W2&'90 6

(MO/L). iX: 03/28/90 <0.005 <0.005
(_) 03/Z_0 <0

Bark_ (MG/KG) 03/28/9O 25

Barium (MO/L) - OC 03/ZS_ <0.001 <_001
lkmzene (MG/KG) 03/28/90 ND

Benzene(MO/L) - QC 03/28/90 O.OOSU 0.00SU
Beryllium (MG/KG) 03/28/90 L I

BayUium (MO/L) - QC 03/28/90 <0.0003 <0.0003
Be,, Ac_ky (PCI/G) 03/2.8/90 4.S

Aablty (PCI/L). OC _ .234._ -2.4S.9
Bc_mcdktdocomema_ (MG/KG) 03/ZS/g0 ND

(MG/L) - OC O3/2&RO 0.00SU O.005U
Bromoform (MG/KG) 03/28/_ ND

Bromoform (MG/L) - OC 03/28/90 O._)SU O.00SU
(MG/KG) 03/2_R0 ND

B/_momelha_ (MG/L) - QC 03/28/90 ND ND
Cadmium (MG/KG) _ $.3

Csdmium (MO/L). OC 03/28/90 <0.003 <0.003
(MG/KG) G0/28/90 1900

(MG/L) - QC O_2aRO 0.0"/$ 0.006?
Carbo¢,Dim_'lde (MG/KG) 03rZSN0 ND

Clrboo Dilul/'Kle (MO/L) - OC 03/28/90 0.00_U O.00SU
Carbon Tetrudlkl/_le (MG/KG) 0:_8/90 ND

Teu'iddod_ (MG/L) . OC 03/28/90 O.005U O._U
(MG/KG) _ ND

(MG/L) . QC 03/28/90 O.O05U O,005U
(MG/KG) O3/28/9O ND

(MO/L) - OC 03/2B/90 ND ND
Clgoroform (MG/KG) 03/28/90 ND

_ono (MG/L). OC 03/28/90 _00SU O,005U
(MG/KG) 03/28/90 ND

(MG/L) . QC 03/2a/90 ND ND
(MG/KO) _

Q_romum (MO/L). OC 0_V'ZSR0 <(101 <0.01
(MG/KO) O3/28/9O _._

(MG/L) - OC 00V2S/90 <0.005 <0.0_
(MG/KG) 03/ZI_0 43

(MO/L). OC 03/2a_ <0.004 <0,004
Cyao/de(MG/KG) 03/28/90 < I

Cymide (MG/L) - OC 01t2S_ <0.1 <0.I
Di_ (MG/Y_G) 03/28/_ ND
l)_-x_x_'om_ba_ (MO/L) -'OC 0._V2a_ (L00_U _00_U
Emyi benzene (MG/KG) 03/28/90 ND

Emyt benzene(MO/L) - OC 0.I_ O.005U O.00_U
iron (MG/KG) 03/2/I/90 45000
Iron (MG/L). OC 03/Z&_ 0,00"71 <0.004
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Lad (MG/KG) O3/28/9O 3O(MG/KG) 03/28/90 19

(MG/L). QC 03/28/90 <0.0S <0.05
Lead (MG/L) - QC 03/28/90 <0,004 <0.004
Ms.urn (MG/KG) 03/28/90 870

MaBr_eaium(MG/L) • OC 03/28/90 0.02 <0.0005
Man_ (MG/KG) 03/2&R0 500

Manpna¢ (MO/L) - QC 03/_/90 <0.001 <0.001
Mercury (MG/KG) 03/28/90 ¢ 1

Meccury (MO/L) - OC 03/28/90 <0.0002 <0.0002
Metbyk,ne Chloride (MG/KG) 03/28/90 ND

Me0_J_me Chloride (MG/L) - OC 03/28/90 0.00SU 0.00SU
Mo_ute Co, tmt (%) 03/28_ 23.6
Nidr_ (MG/KG) 03/28/90 29

Nicket (MG/L) - OC 03/28/90 <0.01 <G01
Niobium (MG/KG) 03/28/90 <0.92

NJobWm (MO/L). OC 03/28/90 <0.0O7 <0.007
(MO/KO) _ ,sm

Pbmpbomm (MO/L). OC 03/28/90 <0.2 <0.2
Potmsium (MO/gO) 03/28/90 1000

Potmmium(MG/L) - OC 03/2&R0 <0.6 <G6
Se;enium (MG/KG) 03/28/90 <G61

Selenium(MO/L) - QC 03/2&_ <0.005 <0.005
Silver(MG/KG) 03/28/90 <0.79

Si_ (MG/L) - OC 03/2B_ <O.OO6 <0.O06
Sodium (MG/KG) 0.3/28/90 27

Sodium (MG/L) -OC 0.1728/90 0.055 0.027
(MG/KG) 03/28/90 ND

Styrene (MO/L) -OC 03/28/90 0.00SU 0.005U
T, tr._ometa,_ (MO/KO) 03rza_ cxo]4u

Tett'ach_t.th_me (MO/L). OC 03/28/90 0.00SU 0.00SU
Tbocium (MO/gO) 03/28/90 29

Thorium (MO/L) - C)C _ <0.2 <0.2
Toluene (MG/KG) 03/28/90 ND

Tolaene (MO/L) - OC 03/2&_ 0.0008 0.0008
Tricbloroetbe_ (MG/KG) 03/28190 ND

Tfk_xeethe_ (MG/L) - OC 03/28/90 0.00_U 0.00SU
Uranium Fhmmmeui¢ (MO/KG) 03/7.8/90 .%8

Uranium Fi_ (MO/L) - OC 03/2&_ <0.001 0.001
Vtaadium (MG/KG) 03/28/9O 6O

Vanadium (MO/L) - OC 03/28/90 <0.005 <0.005
V'mylAceutte (MG/KG) 03/28/90 ND

V'my_Aceume (MG/L). OC _ ND ND
V'myl Cldoride(MG/KG) 03/28/90 ND

V'mylCldoride (MG/L) - OC 03/28/90 ND ND
Xylene (mud) (MG/KG) 03/28/90 ND

Xytene (tmaJ) (MGf,..). QC 03/28/90 0.00SU 0.00SU
Z_¢ (MG/KG) 00V2MT0 DO

Zi¢¢ (MO/L) - OC 03/28/90 0.0049 0.0035
m.L3-Di_ (MG/KG) _ ND

cit.L3-D4_ (MO/L) - (3C 03/?.8/90 O.005U 0.00SU
mms-1.3-DicbJm.OlXOpa_(MG/KG) 03/2&'90 ND

tntm-L3-Du:bloropnxpme (MO/L). IX: 03/28/_ &0OSU 0.00SU
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O Carbon Disull'Ki¢(MO/KG) - Dup 03/29/90 NDCarbon D_ulfKle (MO/L) - QC 03/29/90 0_0GSU (_0OSU
Carbon Teu'acbioridc(MG/KG) 0_29/90 ND ND ND
CarbonTeu'acbloridc (MG/KG) - Dup 03/'29/90 ND

Cax_n Teulcbkxi_ (MG/L). QC 03/29/_) 0.00SU (1005U
C2dorobet_ (MG/KO) 03/29/90 ND ND ND
Cb_ (MG/KG) - Dup 03/29/90 ND

Cb_ (MG/L) - OC 03/'29/90 0.00SU 0.00SU
Cbiocoetbane (MG/KG) 03/29/90 ND ND ND
Cbkxoelba_ (MG/KG) - Dup 03/29/90 ND

ClbioroetbaJ_(MG/L) - OC 03/29/90 ND ND
Cldot_orm (MG/KG) 03/29/90 ND ND ND
Ctdoro_ocm(MG/KG). Dup 03/29/90 ND

Cbior_orm (MO/L). OC 03/Z9_0 0.0006 0_005U
Cbkx'omed:_ (MG/KO) 03/29/90 ND ND ND
Cblorometba_ (MG/KG). Dup 03/29/90 ND

Cl_xometba_ (MG/L,) - QC 03/Z9/90 ND ND
Cbroedum (MG/KG) 03/29/90 31 27 2'7
C:bromi-m (MG/KG) - Dup 03/29/90 26

C_ro_um (MO/L). OC 03/29/90 <0.01
Col_t (MG/KG) 03/29/90 40 14 66
Cobalt (MG/KG). Dup 03/29/g0 13

Cob_t (MO/L) - OC 03/29/90 <0.005
Copper (MG/KG) 03/29/90 15 43 74

(MG/KG). Dup 03/29/90 51

Copi_ (MG/L,). CX_ CO/ZgS0 <0.004
Cyankle (MG/KO) 03/29/_ < 1 < 1 < !
Cya_de (MG/KG). Dup 03/29/90 < 1

C'_jan_ (MG/L). QC 03/29_ <0.1
i__ (MG/KG) 03/Z9/_ ND ND ND
Di_ (MO/KG). Dup 03t29/90 ND

(MG/L). OC 03/Z9/90 0.00SU 0,_U
F,JJ_ bcaze_ (MG/KO) 03/29/g0 ND ND ND
Bzbytbenzene (MG/KG) - Dup 03/29/90 ND

Ezbytbenzene (MG/L). OC 03/29/90 0_00SU 0.00SU
(MO/KG) 03/29/90 19000 42000 4gO00

Iron (MO/KG) - Dup 03t29/90 46000

Iron(MO/L) - C)C 0,1/29/90 0.018

O Lad (MO/g,G) 03/Z9/90 53 47 150
Lead (MG/KG) 03/29/_ 58 150 136

(MO/KG) - Dup 03/Z9/90 M
(MO/KG) - Dup 03/29/90 86

Lad (MO/L). OC 0._Z9/90 <0.0_
Lead (MG/L) - QC 03/29/g0 <0.004
_um (MO/KO) 03/29/_0 900 970 930
Magnesium (MG/KG) - Dup 03/29t90 840

Ma_um (MOA,). OC 03/Z9/90 o.0035
Manl_ (MO/IKO) 03/'Z9_0 ZS00 620 1100
M_,x=_ (MG/KG). Dup 03/29t90 350

Mangane_ (MG/L). OC 03/29/90 <(1001
Mercury (MO/KG) 03/'29/90 < 1 < 1 < 1
Mem_ (MG/KG). Dup 0.3/29/90 < 1

Memny (MG/L) - OC 03/29/90 <0.0002
MeUunjkme_ (MG/KG) 03/29/90 ND ND ND
MeU_-_ _ (MG/KG). Dup 03/29_0 ND

Me_J_jkmeCtdot-i_ (MO/L). OC 03/29/90 0,0OSU 0._SU
Moi_ure Coateat (%) 03/29/_ 12.8 16.6 24.2
Moature Content (%). i_lp 0,1/'29/90 15.8
Nid_el (MG/KG) 03/29/90 Z7 25 52
Nk_ (MG/KG) - Dup 03/29_ 30

Nid_el (MO/L) • OC 0,3/29/90 <0.01
Nio_um (MG/KG) 03/29/90 <0.83 <0.91 <0.94

N_uua (MG/KG). Dup 03/Z9/90 <0.93
Niotdum (MG/L) - OC 03/29/90 <0.007

(MG/KO) 03/29/90 780 1300 1600
(MG/KG) - _ 03_ 1500

(MG/L). OC 03/29,50 <0.2
Pou,mum (MG/KG) 0.1/29/q0 680 1300 1300
Pou_um (MG/KG) - Dup 0.3/29/90 13)0

Pou_um (MO/L) • OC 03/29/90 <0.6
SeJemum(MO/KG) 03/29/90 <0.56 <0.49 <0.55
Sete_um (MG/KG). Dup 03rzoj_ <o.58

Sek_um (MG/L) - OC 03/29/90 <0.005
Saver(MO/KO) 03/'Z9/90 < 0.'/1 <0.78 <0.81
Silver (MG/KG) - Dup 03/29/90 <0,'/9

(MG/L,) - QC 03/Z9/90 <0,006
Sodium(MG/KG) 03/29/90 47 47 41
Sodium (MG/KG), Dup 03/29/90 26
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e iron (MO/L)- 0(2 o3/29/9o o.o14l_d (MO/L). OC _ <0.05
" Lad (MG/L) - OC 03/29/90 <0.00,t

Ma_Jum (MG/L). (:be 03129/_) 0.001
Mansm_ (MG/L,). OC 03/29/90 0.0013
Mercu_(MO/L). QC 03/29/90 <0.0002
Methyk_ (_loride(MO/L) - QC 03/29#)0 0.005U
NiSei (MG/L)-,QC 03/1_)/90 <0.01
Niobium(MO/L).. 0(2 03/29/90 <0..007
Pho6pborom(MO/L). QC 03/29/90 <0.2
Po_um (MO/L). QC 03.,29/90 <0.6
Selenium(MG/L). QC 03/29/90 <(100,$

(MO/L) - QC 03/29/90 <0.006
Sodium(MO/L). OC 03/29/90 0.02"7
St_me (MG/L)- QC 03/29/90 0.0(_;U
Tetr_:_oroetb_ (MO/L) - OC 03/29/_ 0.00SU
Tbarium(MO/L). QC 03/29_ <0.2
Toluene (MO/L). O(2 GOr_0 0.o02
T_ (Mo/L). OC _ 0.oosu
Urmum _ (MO/L). OC O3/29/9O <0.001
V_adium(MO/L). OC 03r_o <o.0o5
v'mylAceu_ (MO/L). 0(2 03/29/90 ND
V'mylChloride(MO/L) - QC 03/29/90 ND
X_me (toud)(MO/L). OC O3/29/9O 0.00SU
Z,_ (MO/L) - 0(2 0YZg_0 0.o_'t
m-L3-_ (MO/L). OC 03/29/90 0.005U
tn,_-t.._.Di_,ompro_ (MO/L) - OC _ 0.oo5u
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l.,o_tion: 106.4X17

00.05 Blank _n- 1 RJn.2

LL 1.Trk:bloroet_ne (MG/KG) 04/0!/90 ND

1.L l.TricbioroeU;ane (MG/KG) • Dup 04/02/90 ND
LLI.TrP, b_e (MG/L,) - OC 04/07J_ 0.00SU 0.00SU 0.00SU
LLZ 2-Tecracbloroctbane(MG/KG) 04/02/90 ND
LL2.2-T_ (MG/KO) - Dup 04/02/90 ND

LL:Z,Z-TetrachlomeU_m_(MO/L) - OC 04/02/90 0.00SU 0.00SU 0.00SU
LL:Z.TricbloroeUl_ (MO/IKO) 04/02/90 ND
LI,2.TricblocoetMne (MO/gO) - Dup 04/02/90 ND
LL2-T_ (MO/L) - QC 04/02.190 O.OOSU 0.OOSU 0.00SU
LI-_ (MG/KG) 04/02/90 ND

I,l-Dicbtmoetbane (MO/KO) - Dup 04/01/90 ND
kl-DkbioroetJ_ (MG,I.,) - 0(2 04/02/90 0.00SU 0.00SU 0.00SU
L l-Dk:blometbene (MO/KG) 04/02/90 ND
L1-Dk:bkxoetb4me(MG/KG). Dup 04/0Z/90 ND
Ll-[Xdbioroetbe_ (MG/L). QC 04/02/90 0.O05U 0.00SU 0.00SU

LZ-_ (MO/gO) 04/02/90 ND
L2-DiddmoetJ_ (MG/KG) - Dup 04/02_ ND
L2,-DidCocoeOmw (MO/L) - QC 04/02/90 0.00SU 0.00SU 0.00SU
L2-_ (toud) (MG/KG) 04/02/90 ND
LZ-_ (total) (MO/KG) • Dup 04/02/90 ND
L2-Diddoroetbme (total) (MO/L) - OC 04/0Z_ O.005U 0.(X_U 0.00_U
L?.-D_xopcol_ne (MO/gO) 04/02/90 ND
L2.D_c_xo_o_ (MG/KG) - Dup 04/02/90 ND
LZ-[_ (MG/L) - (X: 04/02/90 O.005U 0.O05U O.00SU
2-Buumone (MG/KG) 04/02/90 ND

2-Buumone (MG/KG) - Dup 04/02_ ND
2,.Buumoce(MO/L) - QC 04/02/90 ND 0.02 0.02
2.Hexane (MG/KG) 04/02,/90 ND

Z.H=mnone (MO/KG) - Dup 04/02/90 ND
2-Hezuno_ (MG4..) - (X: 04/02N0 ND 0.005 0.006

4-Memyl.2-penumone (MG/KG) 04/02/90 ND
4-MetJ_-2-pentanm_ (MG/KG). Dup 04/0ZR0 ND
4-MctJ_jt-2-Fenumo¢_(MG/L) - QC 04/02/90 ND ND ND
Aoeux_ (MO/IKO) 04/02/90 LIE
A_u_ne (MO/KG) - Dup 04/07,_0 0.24
Amto_ (MG/L) - OC 04/07J_ ND 0.03 0.057

AlldmActi_ty(PCIJG) 04/02/90 2.14

Aoa_ty (PCI/G). Dup 04/02_ Z_
AJpta Activity(Pi:I/L). OC 04/0Z_ -S_4"t L_
Aluminum (MO/gO) _ 21000

Aluminum (MG/KG) - Dup 04/0Z_ 29000
Aluminum (MO/L) - QC 04/02/90 <0.02 <0.0Z

(MG/KO) 04/02/¢0 &5
Arm'_ (MG/KG) - Dup 04/OZ_ 13
Ancr_ (MO/L). QC 04/02/90 <0.005 <0.005
Amm:_ (%) _ '<o

(_). Dup o4m,,¢0 <0
Bark,m (MO/KO) 0VOZ_ 1.10
Barimu (MG/KG) - Du_ 04/0ZR0 110
Barium (MO/L) - OC 04/02/90 <O.00l 0.002
Benzene (MO/KO) 04/112/90 ND

Beme_ (MG/KG) - DUl) 04/02/90 ND
Bem.e_ (MG/L) - OC 04/02/90 0.00_U 0,00SU 0,O05U
Bety_um (MO/gO) _ L9
Beryllium(MG/KG) - Dup 04/02/90 2.1
Ben_um (MG/L) - OC 04/02/90 <0.00_ <0._03
B_ Ac_ty (PCUG) o4/oz_ Z_

Beta AaMly (PCI/G) - Dup 04/02,/90 3._
Beta A_ty (PCI/L) - 0(2 04/02/90 -24_.9 ILl8

(MG/KO) 04/02/9O ND

Bramodcbkxometbane (MG/KG) - Dup 04RZ/90 ND
(MO/L) - QC 04R'Z_ 0.00_U O.O0_U O.00_U

Bromolorm (MG/KO) 04/02/90 ND
Bromolrorm(MO/KG) - Dup 04/02/90 ND
Bromo/orm (MO/L) - OC 04/02/90 O.O0_U 0.00_U O.O0_U

Bromometbar,e (MG/KG) 04/02/90 ND
B¢omometba_ (MG/KG) - [:)up 04/0ZR0 ND
Bmmometb_ (MG/L) - OC _ ND ND ND
Cadmium(MG/KG) 04/0'/,/90 3.9

C_lmiu_ (MG/KG) - DuI) 04/02/90 4.9
Cadmium (MO/L) - QC 04/02/90 <0.00] <0.0113

C..ak:ium(MG/KG) 04/02,R0 7000
Calcium (MG/KG) - Dup 04/02/90 3"/00
C.a_um (MO/L). QC 04/02,'90 0,023 0.O?A
Carbon _ (MG/KO) 04/02/90 ND
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Sodium(MO/L) - OC 04/0Z/_ <0.02 <0.02
(MG/KG) 04/02/90 ND

.S_/rt_ (MG/KG)• Dup 04/02/90 ND
(MG/L) - (X: 04/02/90 0.00SU 0.00SU 0.00SU

Tzu'acbloroccb¢_(MG/KG) 04/02/90 0.0I'/U
Tccn_ddorc._b¢._(MO_G) - Dup 04/02/90 0.016U
Tmn<tolon:.elbe_(MO/L) - QC 04/02/_ 0.00SU 0.00SU 0.00SU

(MG/KO) 04/02/_ <24
"llxmum(MG/KO)- LN_p 04/02/90 <24

(MG/L) - OC 04R2/_ <(12 <0.2
Tolume(MG/1KG) O4/O2/9O ND
Tdume (MG/KG)- _ 04/02/90 ND
TokJme(MG/L) - IX: O4/02/9O 0.00SU 0.01_ O.0007

(MG/KG) 04/O2/9O ND
T_ (MG/KG)- Dup o4/02/90 HD
T_ (MG/L)- OC 04/02/90 0.00SU 0.00SU O.005U
Urm_ z)s (w_). D_ _ _o4
umium z)s (w_). DW o_ _s
UrlsmmI_,:¢ameu_ (MG/KG) O4/O2/9O 10
Urmi_m_ (MG/KG)• i_p 04/0Z/90 7
UnmiumFluommeu_(MG/L). QC 04/02/90 <0.001 <0.001
Urmum-Z)4(_rl_). D.p 04RZ_ <O_Ol
Unmium.Z_,('wl_). DW o,voZ_ <O.Ol
Vlmad/ma(MG/KG) _ 32
v_ (MO/CO). D_ O_Z_o sz
Vamdium(MO/L) - OC 04/02/90 <0.0M <&_
";_ _ (MO/KG) 04/0Z/_ ND
V'm__ (MO/K(})- Dup _ ND
V'myl_ (MO/i.). IX: _ ND ND ND
V'mylC:blod_(MG/Kt3) 04/02/_ ND
V'mylCblodsl_(MG/KG). Due _ ND
V'myl_ (MG/L) - IX: 04/0Z/_ ND ND ND
Xylme(mu¢)(MG/KG) _/02/g0 ND
Xyllm_(mud)(MG/KG) • _ 04/02/90 ND
Xytme(m¢¢)(MG/L) - QC _ 0.00SU 0.0MU Q.USU
Zinc(MG/KG) 04/02/9O
Z.i¢¢(MG/KG)- Dup 04/02/9o 160
ZJc¢(MG/L) - QC 04/02/90 0._9 O.O041
m-L_Di_ (MG/KG) _ ND
¢b-L.1-D_ (MG/KG). Dup 04/02/90 ND
m-L3-_Ollm_lm_ (MO/L) - QC O4/OZ/_ UMU 0.0MU O.g_U
ulm_L3-D_bkxoTm_l_ (MG/KG) 04/02/90 ND
wam-L3-Did_mpm_n((MG/KG) - D_ 04/02/90 ND
wam-L3-[_iWompr_lNm(MG/L.)- QC 04/OZR0 0.0_U _.01_U Q.g_U



Appendix D

ENVIRONMENTAL RESTORATION PROGRAM
SITE-SPECIFIC HEALTH AND SAFETY PLAN

The following checklist should be used in its entirety for
hazardous waste operations and emergency response activities
temporarily (i.e., until checklists that specifically address the

unique features of those two functions are completed).
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SITE-SPECIFIC HEALTH AND SAFETY PLAN

FOR

Site Name: Bear Creek Valley Operable Unit 2

Prepared by:

(Signature) (Date)

Reviewed by:

Environmental Restoration (Signature) (Date)

Reviewed by:

Health Physics (Signature) (Date)

Reviewed by:

Industrial Hygiene (Signature) (Date)

Reviewed by:

Industrial Safety (Signature) (Date)

Approved by:

HAZWOPER Coordinator (Signature) (Date)
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1. SITE DESCRIPTION

The Bear Creek Valley (BCV) Operable Unit 2 (OU 2) Site is located within the U. S. Department of
Energy Oak Ridge Reservation in Anderson County, Tennessee. (See Site Map).

The BCV OU 2 Site is near the headwaters of Bear Creek, just west of the Y-12 Plant main facilities.

The BCV OU 2 Site is comprised of two construction spoil areas, Rust Spoil Area and Spoil Area 1, and
an equipment storage yard, SY-200 Yard. The area is bounded to the north and south by Pine Ridge and
Chestnut Ridge, respectively, and has an elevation of 975 _ 50 ft above MSL. lt is underlain by the
Maynardville Limestone and Nolichucky Shale formations. Environs surrounding the BCV OU 2 include
hickory forest, grasslands, devegetated areas, and developed locations, with the forests serving as habitat
for many species. Weather patterns in the area are temperate, with warm, humid summers and cool
winters. Average annual temperature is approximately 58°.

2. SITE HISTORY

The Rust Spoil Area operated as a dump and received spoil materials from the Y-12 Plant. The bulk of
the waste deposited consisted of demolition debris, with miaor amounts of solvent contaminated material,
and materials containing asbestos, mercury, and uranium.

The Spoil Area 1 Site operated as a landfill for rubble and noncombustible, nonputrescible solid waste.
Estimates indicate that approximately 100,000 yd3of nonuranium contaminated construction debris have lP'

been disposed of at the site. According to the RFq Plan, construction materials disposed here may have
contained minor amounts of asbestos, mercury, beryllium, uranium, thorium, and other contaminants.

The SY-200 Yard was used as a "holding yard"for materials stored by various operations divisions at Y-12.
By September 1986, ali items were removed and the site excavated in preparation for construction of the
Y-12 Environmental Support Facility. Storage of materials at the site may have resulted in minor releases
of mercury, lead, and PCBs to surface soils.

92.043P/072992
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4. HEALTH AND SAFETY tIAZARD EVALUATION

[Piace an X in each ( ) to indicate presence of hazard]

4.1 Physical hazards

( X ) Heat stress ( X ) Cold stress ( X ) Noise
( ) Confined space ( ) Enclosed space ( ) Heavy lifting
( X ) Tripping/Falling ( X ) High voltage ( ) High pressure water
( ) Oxygen deficient ( ) Explosive/flammable ( ) Vibration

4.2 Construction hazards

( ) Trenching ( ) Excavating ( X ) Heavy equipment op.
( ) Demolition ( ) High Work ( ) Welding/Cutting
( ) Ladders ( ) ( )

4.3 Chemical hazards

( X ) Organic chemical ( X ) Inorganic chemical ( X ) Carcinogen
( ) corrosive ( ) Reactive ( X ) OSHA specific
( ) Mutagen ( ) Teratogen substances

4.4 Ionizing radiological hazards

( ) Internal exposure ( X ) External exposure

4.5 Nonionizing radiological hazards

( ) UV ( ) RF ( ) Microwave
( ) Laser

4.6 BiologicalNector hazards

( ) Wildlife ( ) Plants ( ) Medical waste
( ) Bacterial ( ) Parasites

92-043P/072992
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$. PREVIOUS SAMPLING RESULTS

Source (Water, Sediment_
Contaminant Sludge, Soil1 Air, etc.) Quantity or Concentration

See Attached Tables D.1 through D.8
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Table D.I. 1990 summary of surface water concentrations from
sampling stations BCK-12.4 and 11.97"

_g/L)

Maximum Contaminant

Analyte BCK- 12.4 BCK - 11.97 Level

Barium 76.4 481 1,000

Boron 63 50

Cadmium b 10

Chromium 50

Copper 1,301Y

Lead 50

Mercury 2

Nickel 44 10ft

_trontium 422 714

Uranium 512 211

Zinc 5,000a

Nitrate 31,400 150,100 10,000

Source: Energy Systems 1991.
° Average values for analytes found in OU 2 groundwater samples.
b Average concentration was below the detection limit.
c Proposed.
a Secondary level.

92-043P/072992 0
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Table D.2. RSA - 1990 average groundwater concentrations"

(Total analyses./.rg/L, except where noted)

Analyte GW-306b GW-307 GW-308 GW-309 GW-310 GW-311 GW-312

Barium 46 87 95 46 96 18 41

Boron 300 260 38 370 160 260 250

Cadmium c 2

Chromium 62 34 34

Copper 11 30 38 3.6 8.6 7.8 9.3

Lead 30 50 22 50

Mercury 0.2 0.2

Nickel 13 19 16 15

Strontium 180 270 320 420 330 70 580

Uranium 1 1 2 2 0.9 0.8

Zinc 18 40 44 9 12 15 34

Chloride 17,800 35,500 31,200 34,000 32,500 3,750 1,000

Nitrate 11,000 17,800 15,000 17,800 23,000 750 280

Sulfate 36,000 91,500 13,100 64,700 68,000 4,250 2,750

1,2.DCE 12.6 20.2 16.8 16.8 19.2

PCE 1.75 1.5 1.8 2.4

TCA 2.4 2.5 2.2

TCE 75 55.5 37 19.7 27.2 33.5 57.5

Grogs alpha, 2.64 5.33 5.57 2.38 3.50 1.25 1.36
pCi/L

Gross beta, 26.7 49.0 40.5 49.9 61.9 2.36 21.4
pCt/L

" Average values for quarterly samples with a minimum of two analyses above detection limit. Values below
detection limit were treated as one-half the detection limit.

b Groundwater well designation.

c Analytenot detectedabovebackgroundmore thanonce duringtheyear.
Source:HSW 1991.

92-043P/072992
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Table D.3. 1990 average groundwater concentrations"
(Total Analyses. btg/L, except where noted)

Analyte GW.313 b GW-314 GW-315 GW.316 GW-317 GW-323

Barium 23 39 47 37 16 34

Boron 10 30 22 13 23 16

Cadmium _ 3

Copper 9 6 5 7 8

Lead 28 3 6

Strontium 78 93 141 39 45 21

Uranium 1 0.7

Zinc 8 9 I0 32 12 13

Chloride 2,000 4,600 6,800 2,000 880 1,000

Nitrate 900 10,800 16,000 400 180

Sulfate 2,600 6,200 11,200 2,600 7,000 2,000

1,2-DCE 7.5 11.7 26.6

PCE 8.6 13.3 33.3

"ICE 4.7 5.'7 13.5

Grossalpha,pCi/L 0.30 1.00 1.30 1.01 0.38 I.14

Grossbeta,pCi/L . 3.12 32.3 54.9 2.54 3.01 1.80

" Averagevaluesforquarterlysampleswitha minimum oftwoanalysesabovedetectionlimit.Valuesbelow
detection limit were treated as one-half the detection limit.

b Groundwater well designation.

c Analytc not detected above background more than once during the year.
Source: HSW 1991.

92.043P/072992
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Table D.4. Summary of soil chemical data, RSA soil borings

Detected Detected BCV soil

Number of minimum° maximum° backgroundlevels

.... Chemical/e!ement detects/anal_es (mg/kg) ...... (mg/kg) , (ppm)_

Volatile Organic Compounds

Acetone 9/24 0.16 0.49

Tetrachloroethene (PCE) 1/24 0.072

Metals

Arsenic 24/24 2.8 26 6.758

Barium 24/24 24 820 149.5

Beryllium 23/24 0.67 2.1 1.3#

Cadmium 23/24 2.4 7.3 0.2453

Chromium 23/24 17 41 14.70

Cobalt 23/24 9.4 66 34.81

O Copper 24/24 14 740 21.22

Lead 24/24 13 150 42.28

Mercury 5/7.4 I.1 7.5 0.1639

Nickel 2.3/24 15 55 54.86c

Uranium 24/24 2 14.5 2..30

Vanadium 23/'24 20 70 49.18

Zinc 24/24 44 230 46.35

Radiological

Gross alpha, pCi/g 24/24 1.45 4.37 15 pCi/ga

Gross beta, pCi/g 24/24 1.87 5.07 50 pCi/ga

Uranium-235, wt % 3/3 0.04 1.18 H',l

"Concentration uni_ are mg/kg unless otherwise indicated.
bFrom Turner et al. 1988.

"Represents mean background for East Tennessee.
'_Represents DOE-established action limits.

t

92-043P/072992
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Table D.$. SY-200 Yard soil sample analytical results, July 1986

Mercury PCB
Sample name Interval (pg/g) (,ag/g) EP fox

.11 i

P-1 Surface 20 Pass

EP-2 Surface 42 Pass

EP-3 Surface 17,000 Pass

Surface composite Surface 3.80 32
transformer area

Deep sample 1 2-4 in. 29 2.8

Deep sample 2 2-4 in. 19 7.7

92.043P/072992
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Table D.6. Summary of SY-200 Yard soil sample analytical results, January 1988

...

Range

Parameter Units Upper Lower Average Comments

Alpha activity pCi/g 170 8.6 38

Beta activity pCi/g 250 15 71

Gamma activity pCi/g 420 <300 Detected in 1 of 15 samples.

Arsenic mg/kg <40 Not detected in any sample.

Barium mg/kg 340 182 239

Cadmium mg/kg Not detected in any sample.

Chromium mg/kg 80 29 51

Lead mglkg 370 <20 93 Detected in 11 of 15 samples.

Mercury _g/g 200 0.18 28 Detected in 14 of 15 samples.

Selenium mg/kg <0.1 Not detected in any sample.

Silver mg/kg <4 Not detected in any sample.

PCB _g/g 0.3 <0.1 Detected in 3 of 15 samples.

EP tox Leach Test Ali samples passed.

O 92-043P/072992
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Table D.7. Summaryor soil sample analytical results,
January 1989

Vg/g)

Ran_e

Parameter Upper Lower Average

Thorium 153 3.71 7.34

_. Uranium 8.06 0.52 2.56

Mercury 2100 3.4 244

_. 92-043P/072992 0
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Table D.8. Chet_cal summary, SA-1 soil borings

Number of Detected minimum" Detected maximum"

Chemical/element detects/analyses (mg/kg) (mg/kg)

Semivolatile Organic Compounds

Acenaphthene 4/53 0.079 0.41

Acenaphthylene 1/53 0.11 0.11

Anthracene 7/53 0.14 0.85

Benzo(a)anthracene 12/53 O.14 1.7

Benzo(a)pyrene 11/53 0.12 1.3

Benzo(a)fluoranthene 10/53 0.11 1.4

Bertzxa(ghi)perylene 9/53 0.085 0.8

Benzo(k)fluoranthene 11/53 0.15 1.4

Chrysene 12/53 0.16 1.7

Dibenzofuran 3/53 0.17 0.25

Fluoranthene 13/53 0.07 4.1

Fluorene 6/53 0.18 0.45

Indeno(1,2,3-cd)pyrene 8/53 0.099 0.77

Naphthalene 3/53 0.12 0.21

Phenanthrene 13/.53 0.059 3.6

Pyrene 13/53 0.055 3.1

Metals

Arsenic 44/51 1.9 45.7

Barium 51/51 15.3 385

Beryllium 50/51 0.27 11

Cadmium 50/51 1.1 10.9

Chromium 50/51 6.4 54.2

Cobalt 50/51 1.7 110

Copper 50/51 13.3 109

Lead 51/51 6.5 670

Mercury 38/51 0.G5 31.5

Nickel 5I/51 4.7 173

Uranium 51/51 2 80

Vanadium 50/51 6.8 128

Zinc 51/51 26.4 591

92.043P/U72992
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Table D.8 continued

Number of Detected minimum" Detected maximum"

Chemical/element detects/analyses (mg/kg) (mo_kg)

Radiological

Grossalpha,pCi/g 50/51 0.03 12

Grossbeta, pCi/g 48/51 1.56 37.4

Total radium, pCi/g 51/51 0.973 7.568

Uranium-235, wt% 21/57 0.29 1

a Concentration unitsare mg/kg unlessotherwisenoted.

92-043P/072992
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6. CONTAMINANTS

6.1 Chemical: ARSENIC

PEL/TLV" : .002 mg/m3 IDLH: 100 mg/m3
STEL: NG LEL: Not Applicable (NA)
Action level: .002 mg/m3

Route of exposure: Inhalation, absorption, contact, ingestion
Monitoring equipment: Sampling pump and filter
Symptoms/effects of exposure: Respiratory irritation
Spe.ial medical monitoring: Bioassay

6.2 Chemical: BERYLLIUM

PEt./TLV" :.0005 mg/m3 IDLH: 10 mg/m3
STEL: 0.025 mg/m3 LEL: NA
Action level: .005 mg/m3
Route of exposure: Inhalation
Monitoring equipment: Sampling pump and filter
Symptoms/effects of exposure: Fatigue, respiratory symptoms, weak
Special medical monitoring: Bioassay

6.3 _cal: LEAD

PEL/TLV" : 0.05 mg/m 3 IDLH: 700 mg/m 3
STEL: Not Given in research literature (NO) LEL: NA
Action level: NG

Route of exposure: Inhalation, ingestion, skin or eye contact
Monitoring equipment: Sampling pump and filter
Symptoms/effects of exposure: Weakness, insomnia, low weight
Special medical monitoring: Bioassay

6.4 Chemical: MERCURY

PEL/ILV" : .01 mg/m 3 IDLH: 10 mg/m 3
STEL: .03 mg/m3 (skin) LEL: NA
Action level: NG

Route of exposure: Inhalation, absorption, skin or eye contact
Monitoring equipment: Jerome Mercury Analyzer
Symptoms/Effects of exposure: Cough, chest pain, indecision, irritability, weak, headache
Special medical monitoring: Urinalysis

65 Chmakml: TETRACHLOROETHENE

PEI.2TLV' : 25 ppm (170 mg/m3) IDLH: 500 ppm
STEL: 200 ppm LEL: NA
Action level: NG

Route of exposure: Inhalation, ingestion, skin or eye contact
Monitoring equipment: PID/OVM
Symptoms/Effects of exposure: Irritated eyes, nose or throat; nausea, flushed, dizzy, headache
Special Medical monitoring: Bioassay

O * OSHA, NIOSH, or ACGIH Standard, whichever is most restrictive
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6.6 Chemical: URANIUM

PEL/TLV" : 0.05 mg/m_ IDLH: 20 mg/m3
STEL: NG LEL: Unknown
Action level: NG

Route of exposure: Inhalation, absorption, contact, ingestion
Monitoring equipment: Alpha panicle detection meter
Symptoms/Effects of exposure: Irritation of skin, eyes, nose, and throat; headache, irritability,

sensitization

Special medical monitoring: Whole-body dosimetry

6.7 Chemical: VANADIUM
PEL/TLV" : .05 mg/m3 IDLH: 70 mg/m3
STEL: 0.5 mg/m3 LEL: NA
Action level: .05 mg/m3
Route of exposure: Inhalation, ingestion, contact
Monitoring Equipment: Sampling pump and filter
Symptoms/Effects of exposure: Irritated eyes and throat; green tongue, metallic taste, cough
Special medical monitoring: Bioassay

6.8 Chemical: SELENIUM

PEL/TLV" :.2 mg/m3 IDLH: Unknown
STEL: NA LEL: Unknown

Action level: NG
Route of exposure: Inhalation, absorption, ingestion, contact
Monitoring equipment: Sampling pump and filter
Symptoms/Effects of exposure: Irritated eyes, nose, throat; visual disturbance, headache, chills,

metallic taste

Special medical monitoring: Bioassay

6.9 Chemical: THORIUM
PEL/TLV" : NA IDLH: NA
STEL: NA LEL: NA
Action level: NA
Route of exposure: GI tract, skin
Monitoring equipment: Alpha panicle detection meter
Symptoms/Effects of exposure: Radioactivity, dermatitis
Special medical monitoring: Whole body dosimetry

* OSHA, NIOSH, or ACGIH Standard, whichever is most restrictive O
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6.10 Chemical: ASBESTOS
PEL/TLV' : 0.2 fibers/cc IDLH:
STEL: Excursion limit: 1 fiber/cc (30 rain) LEL: NA
Action level: 0.1 fiber/cc

Route of exposure: Inhalation, ingestion
Monitoring equipment: Sampling pump and filter
Symptoms/Effects of exposure: Irritation of eyes and nose
Special medical monitoring: Chest x-ray

6.11 Cl_mical: BARIUM

PEI./I'LV" :.5 mg/m3 IDLH: 1100 mg/m_
STEL: NG LEL: Unknown
Action level: NG

Route of exposure: Inhalation, ingestion, contact
Monitoring equipment: Sampling pump and filter
Symptoms/Effects of exposure: Irritated eyes, skin, throat; skin burns
Special medical monitoring: Bioassay

6.12 Cl_mical: CHROMIUM

PEIdTLV" :.5 mg/m 3 IDLH: NG
STEL: NG LEL: NA
Action level: NG

Route of exposure: Ingestion

Monitoring equipment: Sampling pump and filter
Symptoms/Effects of exposure: Sensitization, dermatitis
Special medical monitoring: Bioassay

6.13 Oaemical: PCBs

PEt./IT,V" :.001 mg/m 3 IDLH: 5 mg/m3
STEL: NG LEL: Unknown
Action level: NG

Route of exposure: Inhalation, absorption
Monitoring equipment: Sampling pump and filter
Symptoms/Effects of exposure: Eye irritation, chloraene
Special medical monitoring: Bioassay

* OSHA, NIOSH, or ACGIH Standard, whichever is most restrictive
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6.14 Chemical: FLUORANTHENE
PEL/TLV" :NA IDLH: NA
STEL: NA LEL: NA
Action level: NA

Route of exposure: GI tract, skin
Monitoring equipment: Sampling pump and filter
Symptoms/Effects of exposure: Toxic by ingestion
Special mexlical monitoring: Bioassay

6.15 Chemical: PHENANTHRENE
PELfIZ,V" : NA IDLH: NA
STEL: NA LEL: NA
Action level: NA

Route of exposure: Respiratory tract, intravenous (iv)
Monitoring equipment: Sampling pump and filter
Symptoms/Effects of exposure: Toxic by ingestion, iv poison
Special medical monitoring: Bioassay

6.16 Chemical: PYRENE (as coal tar pitch volatiles)
PEI.,fl_V" :0.1 mg/m3 IDLH: 700 mg/m3
STEL: NA LEL: NA
Action level: NA

Route of exposure: Respiratory tract, GI tract, skin
Monitoring Equipment: Sampling pump and filter
Symptoms/Effects of exposure: Inhalation: poison; ingestion, intraperitoneal: moderate toxicity;

skin: irritant

Special medical monitoring: Bioassay

6.17 Chemical: RADIUM
PELfILV" : NA IDLH: NA
STEL: NA LEL: NA

- Action level: NA

Route of exposure: Respiratory tract, OI tract, skin
Monitoring equipment: Alpha panicle detection meter
Symptoms/Effects of exposure: Possible lung cancer, bone cancer, osteitis, skin damage, blood

dyscrasias
Special medical monitoring: Whole-body dosimetry

* OSHA, NIOSH, or ACGIH Standard, whichever is most restrictive O
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7. TASK BREAKDOWN

7.1 Description: drilling

Level of Personal

Protective Equipment: Primary C Contingency Upgrade or downgrade
as needed

Type of work: Intrusive ( X ) Nonintrusive ( )

Engineering controls: None required

Administrative controls: Occupational Safety and Health Administration 40-hr health and
safety training, as specified in 29 CFR 1910.120, shall be required
for ali employees engaged in hazardous waste operations.
Personnel will be required to have annual 8-hr refresher training
courses. Managers and supervisors shall receive an additional 8
hours of instruction. Ali classroom training shall be
supplemented with 24-ht on-site orientation and instruction
under an experienced and qualified individual.

Personal Protective Equipment:
Primary Contingency

1. Respiratory protection: fullface, organic, & HEPA filter Y(x ) N( ) Y( ) N( )
2. Protective clothing: plain tyvek Y(X )N( ) Y( ) N( )
3. Head protection: hardhat Y(X )N( ) Y( )N( )
4. Eye protection: safety glasses with side shields Y(X ) N( ) Y( ) N( )
5. Foot protection: steel-toed butyl rubber boots Y(X ) N( ) Y( ) N( )
6. Hand Protection: gloves - rubber outer, latex inner Y(X ) N( ) Y( ) N( )
7. Hearing protection: earplugs Y(X )N( ) Y( ) N( )
8. Tape-up required: Y( ) N(X) Y( ) N( )

7.2 Description: soil sampling

Level of Personal

Protective Equipment: Primary C Contingency

Type of work: Intrusive ( X ) Nonintrusive ( )

Engineering controls: None required

92-043P/072992
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Administrative controls: Occupational Safety and Health Administration 40-hr health and
safety training, as specified in 29 CFR 1910.120, shall be required
for ali employees engaged in hazardous waste operations.
Personnel will be required to have annual 8.hr refresher training
courses. Managers and supervisors shall receive an additional 8
hours of instruction. Ali classroom training shall be
supplemented with 24-hr on-site orientation and instruction
under an experienced and qualified individual.

Personal Protective Equipment:
Primary Contingency

1. Respiratory protection:fullface, organic, & HEPA filter ¥(x ) N( ) Y( ) N( )
2. Protective clothing: plain tyvek Y(x ) N( ) Y( ) N( )
3. Head protection: hardhat Y(x) N( ) Y( ) N( )
4. Eye protection: safety glasses with side shields Y(x ) N( ) Y( ) N( )
5. Foot protection: steel-toed rubber boots Y(x ) N( ) Y( ) N( )
6. Hand protection: gloves-butyl rubber outer, latex inner Y(x ) N( ) Y( ) N( )
7. Hearing protection: earplugs Y(x ) N( ) Y( ) N( )
8. Tape-up required: Y( ) N(x) Y( ) N( )

7.3 Description: surface water/sediment sampling

Level of Personal

Protective Equipment: Primary C Contingency Upgrade or downgrade
as necessary

Type of work: Intrusive ( x ) Nonintrusive ( )

Engineering controls: None required

Administrative controls: Occupational Safety and Health Administration 40-hr health and
safety training, as specified in 29 CFR 1910.120, shall be required
for ali employees engaged in hazardous waste operations.
Personnel will be required to have annual 8-hr refresher training
courses. Managers and supervisors shall receive an additional 8
hours of instruction. Ali classroom training shall be
supplemented with 24-ht on-site orientation and instruction
under an experienced and qualified individual.

92-043P/072992
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Personal Protective Equipment:
Primary Contingency

1. Respiratory protection: fullface, organic, & HEPA filter Y(x ) N( ) Y( ) N( )
2. Protective clothing: plain tyvek Y(x ) N( ) Y( ) N( )
3. Head protection: hardhat Y(x ) N( ) Y( ) N( )
4. Eye protection: safety glasses with side shields Y(x ) N( ) Y( ) N( )
5. Foot protection: steel-toed rubber boots Y(x ) N( ) Y( ) N( )
6. Hand protection: gloves-butyl rubber outer, latex inner Y(x ) N( ) Y( ) N( )
7. Hearing protection: earplugs Y(x ) N( ) Y( ) N( )
8. Tape-up required: Y( ) N(x) Y( ) N( )

7.4 Description: monitoring well installation

Level of Personal

Protective Equipment: Primary C Contingency Upgrade or downgrade
as needed

Type of work: Intrusive ( x ) Nonintrusive ( )

0
Engineering controls: None required

Administrative controls: Occupational Safety and Health Administration 40-hr health and
safety training, as specified in 29 CFR 1910.120, shall be required
for ali employees engaged in hazardous waste operations.
Personnel will be required to have annual 8-hr refresher training
courses. Managers and supervisors shall receive an additional 8
hours of instruction. Ali classroom training shall be
supplemented with 24-hr on-site orientation and instruction
under an experienced and qualified individual.

Personal Protective Equipment:
Primary Contingency

1. Respiratory protection: fullface, organic, & HEPA filter Y(x ) N( ) Y( ) N( )
2. Protective clothing: plain tyvek Y(x ) N( ) Y( ) N( )
3. Head protection: hardhat Y(x) N( ) Y( ) N( )
4. Eye protection: safety glasses with side shields Y(x ) N( ) Y( ) N( )
5. Foot protection: steel-toed rubber boozs Y(x ) N( ) Y( ) N( )
6. Hand protection: gloves-butyl rubber outer, latex inner Y(x ) N( ) Y( ) N( )
7. Hearing protection: earplugs Y(x ) b!( ) Y( ) N( )
8. Tape-up required: Y( ) N(x) Y( ) N( )

92-043P/072992



D-24 Page 22

Revision No.: ORevision Date:

7.5 Description: monitoring well sampling

Level of Personal

Protective Equipment: Primary C Contingent T Upgrade or downgrade
as necessary

Type of work: Intrusive ( x ) Nonintrusive ( )

Engineering controls: None required

Administrative controls: Occupational Safety and Health Administration 40-br health and
safety training, as specified in 29 CFR 1910.120, shall be required
for ali employees engaged in hazardous waste operations.
Personnel will be required to have annual 8-hr refresher training
courses. Managers and supervisors shall receive an additional 8
hours of instruction. Ali classroom training shall be
supplemented with 24-hr on-site orientation and instruction
under an experienced and qualified individual.

Personal Protective Equipment:
Primary Contingency

1. Respiratory protection: fullface, organic, & HEPA filter Y( ) N(x ) Y( ) N( )
2. Protective clothing: plain tyvek Y(x ) N( ) Y( ) N( )
3. Head protection: hardhat Y(x) N( ) Y( ) N( )
4. Eye protection: safety glasses Y(x ) N( ) Y( ) N( )

. 5. Foot protection: steel-toed rubber boots Y(x ) N( ) Y( ) N( )
6. Hand protection: gloves-butyl rubber outer, latex inner Y(x ) N( ) Y( ) N( )
7. Hearing protection: earplugs Y(x ) N( ) Y( ) N( )
8. Tape-up required: Y( ) N(x) Y( ) N( )

7.6 Description: site survey

Level of Personal

Protective Equipment: Primary D Contingency

Type of work: Intrusive ( ) Nonintrusive ( x )
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Engineering controls: None required

Administrative controls: Occupational Safety and Health Administration 40-ht health and
safety training, as specified in 29 CFR 1910.120, shall be required
for ali employees engaged in hazardous waste operations.
Personnel will be required to have annual 8-ht refresher training
courses. Managers and supervisors shall receive an additional 8
hours of instruction. Ali classroom training shall be
supplemented with 24-br on-site orientation and instruction
under an experienced and qualified individual.

Personal Protective Equipment:
Primar3, Contingency

1. Respiratory protection: Y( ) N(x ) Y( ) N( )
2. Protective clothing: Y( ) N(x ) Y( ) N( )
3. Head protection: hardhat Y(x ) N( ) Y( ) N( )
4. Eye protection: safety glasses Y(x ) N( ) Y( ) N( )
5. Foot protection: steel-toed boots Y(x ) N( ) Y( ) N( )
6. Hand protection: Y( ) N(x ) Y( ) N( )
7. Hearing protection: Y( ) N(x ) Y( ) N( )
8. Tape-up required: Y( ) N(x ) Y( ) N( )
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& MONITORING REQUIREMENTS

Monitoring Action
Instrument _ frequency guidelines

&l DirectReadingInstruments

LEL meter
02 meter
Colorimetric indicator tubes

Photoionization Detector (PID) 7.1-7.5 Continuously Backi_round +
for >1 rain.

Flame Ionization Detector (FID) 7.1-7.5 Continuously . Baekeround +
for >1 rain.

Alpha meter 7.1-7.5 As deemed ALARA
Beta/Gamma meter 7.1-7.5 As deemed ALARA
Area radiation monitors
Perimeter radiation monitors

Noise meter 7.1-7.5 Start/as needed
Jerome mercury analyzer 7.1-7.5 continuously 0.01 m_/ma

8.2 Pegsonnel Monitoring

Whole-body dosimetry 7.1-7.5 On job site 2 mR/la
Extremity dosimetry
Whole-body count

Urinalysis/Bioassay 7.1-7.5 Start/Stop of job
Baseline/Annual

Chemical air sampling

Asbestos 7.1-7.5 Continuously 0.2 fiber/cc
' Beryllium 7.1-7.5 Continuously 0.002 ma/m3.

Dust (total) 7.1-7.5 Continuously >10 ma/m3

Radiation air sampling
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9. HAZARD ANALYSIS

9.1 Chemicals

Tasks 7.1-7.5

Specific labeling requirements of site-generated waste: Soil boring cuttings, investigation-derived wastes,
and dec.on water will be generated, labeled, handled, and temporarily stored according to Y-12
requirements.

Chemical-specific disposal requirements: Soil cuttings will either remain at the site or be put in drums for
appropriate disposal; personnel and equipment decontamination water and investigation-derived
groundwater shall be drummed and sent to the Y-12 West End Treatment Plant for treatment and
disposal; protective clothing shall be drummed for disposal by the Y-12 waste management personnel.
Final disposition of the wastes will be based on analytical results.

9.2 Fire/Explosion

Tasks: N/A

Are flammable liquids present? No

O Description
Location

Quantity

Containment/Storage method

For welding, cutting, or brazing is a welding permit required? N/A

9.3 Confined/Enclosed Spaces

Tasks: N/A

Confined/enclosed space entry required (low/high risk)? No

Operations safety work permit required? No

Standard operating procedure required? No

9.4 Ionizing Radiation

Tasks: 7.1-7.5

Applicable detailed checklist? NA

O 92-043P/072992
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Primary contaminating isotope(s) Uranium z35U Th_.._oriumRadium

(Isotopes may be present but expected only at low
levels)

Location on site Rust Spoil Area, SY-200 Yard, Spoil Area 1

Containment/storage method decon water and investigation-derived wastes

Radiation type Alpha/Beta/Gamma (may be present but expected only
at low levels)

Dose rate (maximum) '_ mR/la @ _ meter(s)
(average) '_ mR/h

Worker dose limit 2 mR/h (SAIC employees limited to 500 mR/yr)

Contamination level (fixed) 5000 dpm/100 emz
(removable) 1000 dpm/100 cmz

Airborne contamination concentration mCi/ml (Airborne concentrations exceeding
limits in Table 1, Attach. 1 of DOE
Order 5480.11 will require the use
of appropriate PPE.)

Water contamination potential? Yes
Unrestricted airborne contamination

release potential? Yes

Radiation work permit required? No

Health Physics coverage Intermittent

Special task operation requirements Welding/cutting/brazing
Grinding/chipping
Hydraulic/air hammer operation

. Dusty conditions (sweeping, vacuuming,
etc.)

Equipment decontamination/freerelease

9.5 Nonionizing Radiation

Tasks: 7.1

High-Voltage (>100 Kv) electrical transmission lines nearby? Yes
Location, distance, and voltage: The electrical hazards will be minimized by locating the auger so

that no power lines are within a radius of a distance equal to the height of the auger mast.

92..043P/072992
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Radiofrequency radiation sources (AM and/or FM broadcast
towers, r-f sealers) nearby? No

Location and distance:

Microwave sources in use on site? No

Location and description:

Lasers in use nearby? No
Location and laser class:

Are workers potentially exposed to sunlight (ultraviolet radiation)? Yes

Are ultrasound sources in use on site? No
Location:

9.6 Electrical Hazards

Tasks: 7.1

Electrical shock hazard? Yes/No

Voltage
Current

Location of hazard: None yet identified; however, the location of above ground and underground utilities
will be determined during the Y-12 Excavation and Penetration Permit procedure, Y-12 Plant Procedure
EP-D-06. This procedure will be followed during ali augering operations.

9.7 Temperature Extremes

Tasks: 7.1-7.6

Temperature extremes (hot/cold)? Yes/No
Average daily high temperalure (during work shift) *F/*C
Average daily low temperature (during work shift) *FPC
Average wind speed MPH cloudy/sunny
Temperature WBGT *C
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Work load: Work/Rest regimen:
Light _ % work
Moderate % rest

Heavy

Thre:ihold Limit Value

Precautions (specify): The work schedule has not been determined; therefore, the potential for temperature
extremes cannot be evaluated. However, excessive temperature extremes are not anticipated.

Cooling/heating equipment needed: None.

9.8 Noise

Tasks: 7.1

Noise extremes? Yes/No

Sound level -___ dB(A)
Noise source(s): Hollow stem auger drill utilized to collect split spoon samples. A concrete cutter

may be used to remove asphalt or concrete plug before sampling activities if necessary.

Noise above 85 dB(A) (hearing protection required) Yes/No

Precautions(specify): lt is recommended that hearing protection be worn while the hollow stem
auger and the concrete cutter are in operation. Occupational noise exposure should be monitored initially.

9.9 Vibration
4

Tasks: None

Vibration extremes? Yes/No

Vibration frequency I

Precautions (specify):

9.10 Sanitation

Tasks: 7.1-7.6

Potable water required? No

Nonpotable water used? No

Eating, drinking, and smoking permitted? Yes
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Where? Only in an area located outside the exclusion zone as designated by the Site Health and
Safety Officer.

Toilet facilities required? Yes
Location and number: Specified by plant personnel at time of check-in.

Washing facilities required? Yes
Location: Specified by plant personnel at time of check-in.

Change rooms required?
Specify: No

9.11 Illumination

Tasks: None

Additional illumination needed? NA

9.12 Safety Hazards

Site posted information/notification required? No

Site posting required? Yes

Site guard required? No

Access control required? Yes

Entry/exit logs required? No

Escape routing/posting required (include site map)? Yes

Compressed gas cylinders? No
Location:

Storage:

10. EMERGENCY PREPAREDNESS

Evacuation route (map attached):

EMERGENCY CONTACTS: Ali emergency services at the Bear Creek Valley OU 2 Site are to be contacted
by first calling the Plant Shift Superintendent (PSS) at Commercial extension, 574-7172; from Y-12, extension

92-043P/072992
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4-7172. In the event that the PSS is not available, emergency services may be reached at the telephone
numbers shown below.

Facility Personnel Phone
PSS 574-7172

Project Engineer Steve Walker (615) 576-5.364
Contract Engineer
Program Health & Safety Coordinator Larry May (615) 576-4018

. Industrial Hygiene Rudy Weigel (615) 241-2487
Industrial Safety Wes James (615) 574-3897
Health Physics Dave Gauss (615) 576-7877
Plant Disposal Wayne Rideout (615) 576-5794
Quality Assurance Hugh Newsom (615) 576-5810

Emergency Assistance Service Phone
Police Y-12 extension, 911; commercial extension 574-7272
Ambulance Y-12 extension, 911; commercial extension 576-1890
Fire Y-12 extension, 911; commercial extension 576-1890
Hospital Methodist Medical Center of Oak Ridge, 481-1190 or 911
Doctor Methodist Medical Center of Oak Ridge, 481-1190 or 911
Health Information Services Methodist Medical Center of Oak Ridge, 481-1190 or 911

Directions to Oak Ridge Methodist Medical Hospital: from
Y-12 Plant, turn left onto Scarboro Road, travel
approximately 0.25 mile _nd turn right onto Lafayette Road.
Travel approximately 1.75 miles to the Oak Ridge Turnpike.
Turn right. The Methodist Hospital is immediately to the left.
See attached hospital location map.
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11. RECORD KEEPING REQUIREMENTS

(Mark with an X as appropriate)

Required
Hazardous Chemicals

Area monitoring x
Personnel monitoring

Oxygen Level Me,_surements
Flammability Measurements
Ionizing Radiation

Worker dose ×
Contamination levels
Airborne contamination level

Radiation work permit
Nonionizing Radiation

UV level measurements
Microwave level measurements

Laser power level measurements
Biological

Personnel exposure monitoring x
Electrical

Tag-out records
Tzmperature extremes

WBGT measurements

Daily temperature/wind speed
Noise

Area monitoring
Personnel monitoring

Vibration
Source measurements

' Illumination

Area foot-candle measurements x
Personnel Medical Monitoring
Safety/Emergency Response

OSHA accident records x

Accident/incident reports x
Personal Protective Equipment

Inspection of: Clothing x
Respirators x
Gloves x
Boots x

Waste Disposal Manifests
Spill Incident Reports
Training ef Employees x
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