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EXECUTIVE SUMMARY

This field sampling and analysis (S&A) plan has been developed as part of the
Department of Energy's (DOE's) remedial investigation (RI) of Waste Area Grouping

" (WAG) 2 at Oak Ridge National Laboratory (ORNL) located in Oak Ridge, Tennessee. The
S&A plan has been written in support of the remedial investigation (RI) plan for WAG 2
(ORNL 1990).

WAG 2 consists of White Oak Creek (WOC) and its tributaries downstream of the
ORNL main plant area, White Oak Lake (WOL), White Oak Creek embayment (WOCE)
on the Clinch River, and the associated floodplain and subsurface environment° The WOC
system is the surface drainage for the major ORNL WAGs and has been exposed to a
diversity of contaminants from operations and waste disposal activities in the WOC watershed.
WAG 2 acts as a conduit through which hydrologic fluxes carry contaminants from upgradient
areas to the Clinch River. Water, sediment, soil, and biota in WAG 2 are contaminated and
continue to receive contaminants from upgradient WAGs.

The remediation of WAG 2 logically follows the cessation of contaminant input from
hydrologically upgradient WAGs. Remedial Investigations and remediations are underway
or planned for contaminated areas upgradient of WAG 2. In the interim, the long term S&A
strategy takes full advantage of WAG 2's role as an integrator of contaminant fluxes from
other ORNL WAGs and focuses on four key goals:

" 1. Implement, in concert with other programs, long-term monitoring and tracking of
contaminants leaving other WAGs, entering WAG 2, and being transported off-site.

2. Provide a conceptual framework to integrate and develop information at the watershed-
level for pathways and processes that are key to contaminant movement, and so support
remedial efforts at ORNL

3. Provide periodic updates of estimates of potential risk (both human health and ecological)
associated with contaminants aceumulating in and moving through WAG 2 to off.site
areas.

4. Through long-term monitoring nnd continually updated _5skassessments, support the ER
prioritization and evaluation of remedial actions.

The general objectives of the S&A plan are to support a multimedia environmental
raonitoring and characterization program to (1) define and monitor the inpat of contaminants
t_romadjacent WAGs; (2) support a mass-balance approach to determining sources, sinks, and
t,'ansport of contaminants in WAG 2 based on hydrologic fluxes; (3) document long-term
trends in contaminant pools and fluxes; and (4) develop models that predict potential
contaminant releases under future conditions.

The goals of the preliminary stages of the $&A Plan (i.e., the first 2 years of efforts
described herein) are: (1) scoping and screening studies to form a basis for statistical design
of longer-term sampling and monitoring programs; (2) development of procedures, selection
of sites, and initial implementation of the monitoring and tracking efforts; and (3) collecting

• information for components and contaminants for which few data exist _.oupdate the
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preliminary evaluations of human health and ecological risk. Data from surveys and initial
sampling efforts will be used to stratify the system for later sampling effort.,;,to estimate the
initial level of variance for parameters of interest, and to determine the cost required to
reduce the uncertainty in the estimates of risk. These aetMties support the four key goats
listed above as well as supporting the preliminarycomponents of the RI/FS for WAG 2 (i.e,,
preliminary site characterization_updated estimates of health and ecological risk, developing
a site conceptual model, and identifying operable units).

A risk-bas_ contaminant screening for WAG 2 and information for adjacent areas
indicate that a number of contaminants pose significant concern for risk to human health and
the environment. WAG 2 is currently under institutional control, and a_ is restricted.
However, contaminants are currentlybeing released from WAG 2 to off-site areas, and in the
event that institutional control would be lost, contaminants in WAG 2 would constitute a
highly significant risk to future occupants. The S&A plan will focus initially on key
radionuclides (z37Cs, 6°Co, 3H, and _Sr). These radionuclides are among the major
contributors to human health risk, some can easily be surveyed in the field (e.g., 137Csand
6°Co), and all four can easily be measured in the laboratory. Fewer samples will be analyzed
for metals, organics, and other radiological contaminants (e.g., transuranics, _Tc, _sZl_Eu).
We will determine ff data for selected radionuclides can be used to guide future sampling for
other contaminants of concern.

Contaminants of Concern. Floodplain soils and aquaticsediments c_ntain large quantities
of contaminants. Most of the major contaminants in WAG 2 are particle reactive and are
found associated with softs and sediments. Data for .soilsand sediments are available for few
areas in WAG 2 and are more exterLsivefor gamma emitting radionuclides than for metals,
organic contaminants, or other radiological contaminants. External exposure from
radionuclides (137C_sand _Co) in sediments is a high priority for further evaluation (i.e., .
potential excess lifetime cancer risk > 104). The primary riskto off-site areas results from the
transport of 137Csin sediments.

Surface water in WAG 2 meets ORNL's National Pollutant Discharge Elimination System

(NPDES) permit requirements; however, a risk-based contaminant screening indicated that
_r, 3H, and poylchlonnated bip,henyls7(PCBs) are concerns for human health. Additionaldata are also needed for t52Eu,l_'Eu, 13Cs, _SU, arsenic, and thallium. Because groundwater
discharges to surface water prior to leaving the WOC watershed, surface water is an
hnportant point of exposure to groundwater contaminants.

Groundwater in WAG 2 has localized contamination by radionuclides, organics, and
metals. Tritium,_r, andlead in groundwaterare of concern for human health. Additionally,
data are required for ali classes of contaminants in groundwater, as well as data for
groundwater pathways and fluxes.

Biota in WAG 2 have accumulated organic, inorganic, and radiological contaminants.
_me chemicals in surface water andsediments occun'ed at concentrations that are potentially
toxic to sensitive species. Other chemicals that were not detected had detection limits that
were higher than toxic tlu'esholds. However, data from species surveys, bioaccumulation
monitoring, and ambient toxicity testing suggest that severe effects are not occurring in the
aquatic habitats of WAG 2. Additional data for nonradiological contaminants for aquatic
biota and data for ali classes of contaminants in terrestrial biota are needed.
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PCBs in fish were high priority for human health risk. Additional information is also
' required for 137Cs and mercury in fish.

In analyses for organic (semivolatile and nonvolatile) compounds, many compounds were
' not detected (i.e., they were not present or were present at a concentration below the

analytical limit of detection). A screening was conducted for those compounds by assuming
that they were present at a concentration equal to the analytical detection limit. For some
compounds, the screening exercise found that the compound would have be classed as high
priority for additional investigation had it been pre.sent at the lower limit of detection
(Blaylock ct ai. 1991b). At this time we have no evidence that any of those compounds was
present; therefore, either analytical methods with lower limits of detection will be used, or
individual compounds will be eliminated from further consideration based on evidence such
as no reported detection in any media and no known sources in the watershed.

Approach WAG 2 kscomplex and dynamic with diverse sources of contaminants and
fluxes driven by changing environmental conditions. Rather than an exhaustive site
characterization for ali contaminants, media, and flow pathways, we will (1) focus on
contaminants and pathways of greatest concern and (2) monitor and gather sufficient
information for processes controlling or driving contaminant fluxes to construct an
appropriate conceptual model for contaminant pools and fluxes in WAG 2 (see Chapter 2).
This approach is analogous to the Observational Approach and allows the early identification
of remedial alternatives and focuses efforts on the gathering of data useful for evaluating
alternatives to reduce risk.

The general objectives and goals of the preliminary stages of the S&A plan have been
listed previously. As noted, the initial efforts will focus on selected radionuclides that are
major contributors to human health r!sks, and fewer samples will be analyzed for metals,
organics and other radionuclides. This approach allowsus to focus onprimary sources of risk,
and will allow us to determine if data for selected radionuclides can be used to guide future
sampling for other contaminants of concern.

Much of the effort during the first 2 years will focus on sediments, seeps, and tributaries.
Sediments are the primary pool for ali contaminants of concern, except 3H, in WAG 2, and
contaminants are transported off-site with sediments duringhigh discharge events. Sediment
and contaminant transport during storms will be quantified, and preliminary inventories of
major contaminants in sediments will be developed. Models will be developed in
collaboration with other projects to predict contaminant input into WAG 2, movement within
WAG 2, and transport to _the Clinch River. Hydrologically driven contaminant transport
models are needed because contaminant transport will vary dt_e to natural environmental

factors (e.g., precipitation), changing land use in the watershed (e.g., increased paving), and
remedial activities (e.g., capping) in upgradient WAGs.

Seeps and tributaries provide useful points at which to detect, quantify, and monitor
contaminant input from adjacent WAGs to WAG 2. Seeps are especially important as
connectiona between contaminated groundwater and surface water in WAG 2. Seeps and

. tributaries contributing to contaminant fluxes will be identified and monitored.

Data now becoming available from environmental monitoring efforts at ORNL will be
• used to evaluate the nature and extent of groundwater contamination and to determine the
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pathways of groundwater transport. Hydrogeologic investigations willevaluate the importance
of groundwater flow from adjacent WAGs through WAG 2 to discharge in local streams.
Data provided by the seep sampling program will aL_osupport the groundwater efforts.

We will gather preliminary data for contaminants in biota (e.g., PCBs) that (1) are
important for potential human health risk, (2) are needed to update estimates of ecological
risk, and (3) can be useful as indicators of contaminant availability in the system. WAG 2
efforts will serve as a focal point for ecological assessment in the White Oak Cre_:k
watershed.

Monitoring activities at ORNL [e.g., Biological Monitoring and Abatement Program,
NPDES, andenvironmental surveillance surface water and groundwater monitoring] provide
an important source of information as well as opportunities for collaboration on data
collection. Activities related to environmental resto_ation [e.g., RIs and Resource
Coaservation and Recovery Act (RCRA) facilityinv_tigations (RFIs)] underwayin the WOC
watershed and the Clinch River (Off-Site ER Program) by neze.ssity are linked to the WAG 2
project. Data from ali activities are being evaluated ibr utility and acceptabiliq, under
WAG 2 RI data quality objectives. These projects and monitoring programs are being
integrated with the WAG 2 RI S&A efforts.

The monitoring program will support a mass-balance (i.e., input, storage, and release)
approach for discrete reaches of WAG 2. Re.aches w_llbe subdiviaed as rcquiIe.d based on
contaminant input, inventory, and potential remedial action. This approach translates to the
identification of operable units to be considered for corrective measures or eliminated from
further efforts. Data from these efforts will be usexi to update the risk assessment and refine
the remedial planning approach. The multimedia e_nvironme_,ltalmonitoring effort will evolve
as new information becomes available and as needs and conditions change.
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1. INTRODUCTION

H. L. Boston and Z L. Ashwcxrl

" 1.1 I/¢IRODUCTION

This field sampling and analysis (S&A) plan has been developed as part of the
Department of Energy's (DOE's) remedial investigation (RI) of Waste Area Grouping
(WAG) 2 at Oak Ridge National Laboratory (ORNL) located in Oak Ridge, Tennessee. The
S&A plan has been written in support of the remedial investigation (PI.) plan for WAG 2
(ORNL 1990).

WAG 2 consists of White Oak Creek (WOC) and its tributaries downstream of the
ORNt. main plant area, White Oak Lake (WOL), White Oak Creek embayment (WOCE)
on the Clinch River, and the associated floodplain and subsurface environment (Fig. 1.1).
The WOC system is the surface drainage for the major ORNL WAGs and has been exposed
to a diversity of contaminants from operations and waste disposal aeti,_qtiesin the WOC
watershed. WAG 2 acts as a conduit through which hydrologic fluxes carry contaminants
from upgradient areas to the Clinch River. Water, sediment, soil, and biota in WAG 2 are
contaminated and continue to receive contaminants from upgradient WAGs.

Remedial investigations and remediations are under way or planned for contaminated
areas hydrologically upgradient of WAG 2; therefore, contaminant inputs will change ar
individual upgradient areas are remediated. Because remediations undertaken in WAG 2 in
the short term could be negated by future contaminant input, implementation of corrective
measures in WAG 2 should follow the completion of remediation of upgradient WAGs.
However, because the WOC system acts as a conduit for contaminants from upgradient areas
and because WAG 2 has accumulated contaminants that may represent near-term hazards,
a phased remedial investigation in WAG 2 is beginning immediately.

The RI plan for WAG 2 (ORNL 1990), submitted in December 1990, presents a strategy
that takes advantage of the location of WAG 2 as a conduit and integrator of contaminant
ft,axes from the other ORNL WAGs. To take full advantage of WAG 2's role as an
integrator of contaminants from other ORNL WAGS, we have developed a long-term S&A
strategy aimed at four key goals.

1. Implement, in concert with c._herprograms, long-term monitoring of contaminants leaving
other WAGs, entering WAG 2, and being transported off-site.

2. Provide a conceptual framework for addressing watershed-level processes and effects.

3. Provide periodic updates of the potential risk (both ecological and human health)
associated with contaminants flowing through WAG 2 to off-site areas.

4. Through long-term monito_l/and continually updated risk assessments, support the ER
, prioritization of remedial actions.
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This document is organized in the following manner:

• Chapter 1presents an overview of the RI plan, background information for the WAG 2
system, and objectives of the S&A plan.

• Chapter 2 presents the scope and implementation of the fi_rst2 years of effort of the S&A
plan and includes recent information about contaminants of concern, organization of S&A
activities, interactions with other programs, and quality assurance specific to the S&A
activities.

• Chapters 3-6 provide details of _e field sampling plans for seAiment, surface water,
groundwater, and biota, respectively.

• Chapter 7 describes the sample tracking and records management plan,

The proposed schedule for the WAG 2 RI (Fig. 1.2) has been divided into three phases:
Phase 1 o3nsistS of submission of the RI plan and a scoping survey of the site to determine
the need for interim corrective measures, Phase II includes the multimedia environmental
monitoring program and preliminary stages of site characterization to be conducted during
the period in which remedial efforts we_'e underway in upgradient WAGs (the interim 10 to
15 year period), and Phase III consists of the formal components of a typical RI consistent
with CERCLA. Phase I has been partially completed with submission of the RI plan. As
noted in the plan, the complexity of the WAG 2 system did not allow completion of the
preliminary contaminant screening analysis or formulation of a detailed S&A plan at the time
the document was submitted. The WAG 2 RI work plan will not be a prototypic work plan
but will be developed and submitted in stages during the period that upgradient WAGs are
being remediated as new information becomes available and as nee_ and conditions change.

" The RI plan contained an outline of the initial c_omponen¢ of the S&A plan with the
acknowledgement that updated versions of the S&A plan for the multimedia environmental
monitoring program and preliminary st, ges of site characterization would be provided as
addenda to the initial plan. This report provides the second iteration of the S&A plan for
the WAG 2 RI project and updates material in the RI plan (ORNL 1990).

This iteration of the S&A plan provides details of activities to be conducted during FY
1992 and 1993. During this period we will develop the foundation of the multi=edia
environmental monitoring program and begin to gather information to support eventual site
characterization. This plan will be updated every 12 to 24 months as new information is
gathered and the contaminant screening is updated. We recognize that the U.S.
Environmental Protection Agency (EPA) andthe Tennessee Department of Environment and
Conservation (TDEC) have reserved the fight to require modifications at any stage of these
efforts. Furthermore, we recognize that availabilityof funding due to changes in prioritization
under the Federal Facility Agreement (FFA) may affect the schedule of activities.

1.2 BACKGROUND

• The WAG 2 RI Plan (ORNL 1990) reviewed data for contaminants in WAG 2. This
section summarizes the salient findings of that review and notes preliminary data needs. Past

o practices have resulted in the widespread contamination of WAG 2. Discharges and releases
from existing operations and contaminated areas are a continuing source of contaminants to
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WAG 2 (see ORNL [1990] Sects. 5 and6). Although substantial information exists for some
. radiological contaminants in some areas and.medh for other areas, and media data are

frequently not available or insufficient. Data for nonradiologieal contaminants are generally
sparse. Because WAG 2 is actively receivingcontaminants and releasing contaminants to the
Clinch River (off-site), we need information on contaminant pathways and fluxes. We need
to develop the means to monitor those fluxes important for human health and environmental
risk consideratiom. In addition, we need models to link contaminant transport through the
watershed and to predict contaminant releases under future conditions and to evaluate risks
to off-site areas.

Surface water quality. Surface water quality is monitored at several locations in the WOC
watershed (see Fig. 2.1, Table 2.1, and ORNL [1990], see Sect. 4). Although surface water
quality in WAG 2 generally meets the National Pollutant Discharge Elimination System
(NPDES) permit requirements, the concentration of some metals are elevated above
background, and high coneentratiom of SH and 9°Sr in streams in the Melton Branch arm of
the drainage system would comtitute a human health risk if consumed (Sect. 2.1). Thus,
contaminant inputs need to be quantified (e.g., monitoring of seeps and tributaries), and the
fate of key contaminants need to be determined. Additional data are needed for metals and
organic contaminants from ali reaches.

Soils, sediments, and m_liment transport Although contaminants primarilyenter WAG 2
in soluble form, most of the contaminants of concern in WAG 2 are particle reactive (e.g.,
137Cs,eCo, polychlorinated byl_henyls[PCBs], lead, mercury) and so are found associated with
aquatic and floodplain sediments. Contaminated sediments can be mobilized during high
discharge events and by human activities. 'Ilaus, sediments are an important pathway for
transport and exposure for these contaminants. Data for the WOCE and WOL indicate that
large inventories of contaminants reside in the sediments. These inventories reflect the
contributions of upgradient contaminant source areas. The primary risk to off-site areas
results from the transport of 137Csin sediments (Blaylock et al. 1991a). Because sediments
are mobilized and transported during storms,we need information for contaminant transport
during high flow conditions to track contaminant releases. Further, there is a need to be able
to predict contaminant releases during extreme hydrological events (e.g., a storm with a
100-year return frequency) and to incorporate the influences of watershed modification as a
result of remedial actions (e.g., capping) and other development on the contaminant releases.
Thus, we need to develop andvalidate models capable of predicting sediment transport at the
watershed level that link WAG and non-WAG areas with the Clinch River.

There are large areas of the WAG 2 floodplain for which no data exist. For most other
areas of the floodplain, few data for nonradiologieal contaminants exist. Sediment analyses
may be useful for identifying contaminant sources. Data for sediments are also needed to
determine the inventories of contaminants in the system as these relate to the potential for
contaminant transport off-site and the evaluation of corrective measures.

S_ water hydrology. Hydrologic fluxes drive contaminant fluxes; hence, data for
watershed hydrologyare needed. Ac,curate information for surface water discharge is needed
to construct reach-by-reach massbalances of contaminant _,.ian,sport needed to quantify fluxes

' and to identify source areas. Basic information for hydrology (precipitation,
evapotranspiration, surface water flow) are needed tc, drive models of contaminant transport
and to provide a basis for evaluating changes in _ontaminant movement. An extensive
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watershed hydrology program is managed by the Environmental Restoration Monitoring and
Assessment Program (ERMA) and will support WAG 2 activities (Clapp ct al. 1991).

Groundwater (subsurface environment). The hydrogeology of the WOC watershed was
discussed in Sect. 3.3.3 of ORNL (1990), Existing information suggests that groundwater
contamination can be important in localized areas but is not widespread (see ORNL [1990],
Sect. 6.3). In the WOC watershed, groundwater elevations (water table) tend to follow
surface topography, greater than 95% of groundwater discharges into surface water prior to
leaving the watershed, and no substantial flow leaves the basin as groundwater (Solomon ct
al. 1991). Additional information for fluxes and flow pathways of deep groundwater are
needed to evaluate contaminant fate, transport, and exposure for individual WAGs and for
the entire watershed. Because groundwater phenomena occur on a large scale (i,e,, greater
than a single WAG), aspects of subsurface transport of contaminants benefit from watershed-
level information.

i

Because virtuallyali of the groundwater flux in the WOC watershed discharges to surface
water prior to leaving the watershed, the identification and monitoring of springs and seeps
(groundwater discharge areas) can help to identify, quantify, and track contaminant fluxes.
This information is important for evaluating contaminant transport and potential exposure
routes for risk assessment, determining the nature andextent of contamination, and designing
remedial actions.

The stormflow zone is a shallow zone approximatelycorresponding to the root zone of
the vegetation that is much more permeable than the unsaturated zone (Moore 1988).
Stormflow is transient but may be an important pathway for water following precipitation
events (Moore 1988; Solomon et al. 1991). The role of the stormflow zone for contaminant
transport into WAG 2 needs to be evaluated. An understanding of hydrologic and
contaminant fluxes in the stormflow zone and techniques to monitor stormflow zone are
needed to ensure that the remexlial alternatives selected arc appropriate for mitigating
contaminant fluxes. Monitoring in WAG 2 can provide information on contaminant fluxes
via the stormflow zone and, so, mcct the needs of WAG 2 and source WAGs in evaluating
contaminant fluxes.

Contaminants moving through lth¢ subsurface can diffuse into soil and rock matrices.
These contaminated fractures and pore spaces can act as secondary source areas that release
large pools of contaminants after the upgradient primarysources (buried wastes) have been
remediated. Information on this process is needed to evaluate corrective measures for the
ORNL WAGS.

Biota. The Biological Monitoring and Abatement Program (BMAP) provides extensive
information for contaminants in aquatic andsome terrestrialbiota (see ORNL [1990], Sects. 5
and 6). Aquatic biota accumulate 137Cs,6°Co, 9°Sr,mercury, PCBs, and chlordane. "lhc
influence of sediment contaminants on the aquatic biota needs to be evaluated. Floodplain
vegetation is contaminated with radionuclides (primarilySH,9°Sr,and 99Tc);however, few data
are available for other contaminants. Resident and migratory waterfowl accumulate
contaminants and are a direct pathway of exposure for the public to contaminants from
WAG 2.



7

Terrestrial biota are important for the movement of contaminants and the potential
transfer to humans. Terrestrial biota may also be at direct risk from exposure to
contaminants. Data for terrestrialbiota are generally needed.

Other soun:es of information. A number of monitoring programs, assessment programs,
as well as RIs are under way in the WOC watershed or directly downgradient (i.e., the Clinch
River RI [CRRI]). These programs constitute an important source of information and
provide opportunities for collaboration. Interactions with these projects and programs are
discussed in Sect. 2.3.1.

1.3 PURPOSE AND APPROACH

The purpose of the S&A Plan is to collect physical data and to collect and analyze
environmental samples for physical,chemical, and biological paramtersto support the WAG 2
environmental monitoring program and to form a basis for the preliminary components of the
formal remedial investigation/feasibility study (RI/FS) for WAG 2. The S&A plan for the
WAG 2 RI project will also make important contributions to the management of remedial
activities in the WOC watershed.

The WOC system is important as an integrator of contaminant releases from ORNL,
fac_:":es and as a conduit for the transport of contaminants off-site. The S&A activities
support a multimedia environmental monitoring program that will define and track
contaminant inputs into WAG 2 from adjacent WAGs, information for contaminant releases
from ORNL WAGs is needed to grade remedial efforts. Because the R_'_ process for the
individual ORNL WAGs will not be conducted concurrently, data to rank contaminant
sources and to track contaminant releases will not be available to the ORNL ER program.
Because WAG 2 encompasses the lower drainage system, contaminants found in WAG 2 and
the pro&_.ssesand pathways of contaminant transport in WAG 2 should be important
throughout the watershed. Further, because some processes are best addressed at the
watershed level (e.g., sediment/contaminant transport, groundwater/groundwater transport)
the WAG 2 RI project takes a watershed-level approach where appropriate. Thus,
information generated by the WAG 2 multimedia environmental monitoring efforts will
transfer to other WAGs in the watershed and facilitate restoration of those areas.

These S&A activities will address the short-term needs to protect the public and the
environment, support other remedial efforts at ORNL, and form a basis for the eventual
remediation of WAG 2. Specifically, the S&A Plan supports the preliminary components of
the RI/FS for WAG 2 by (1) providinga preliminary characterization of the nature and extent
of contamination in WAG 2, (2) quantifying the risk to human health and the environment
resulting from the contamination, (3) identifying operable units, and (4)developing a
conceptual model to allow preliminary evaluations of potential corrective measures for the
operable lmits in WAG 2.

A,s noted, the WOC system is complex, with many facilities and diverse pathways of
: . contaminant transport, and is dynamic, where conditions related to contaminant fluxes are

changing. Under these conditions, a complete and exhaustive site characterization and/or
efforts to quanti[_ali fluxes via ali flow pathwaysare unreasonable. Instead, we have adopted
an approach analogous to the Observational Approach in which we (1) foctLson contaminants
andpathways of primaryconcern based on a risk-basedpreliminary contaminant screening and
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(2) molfitorand gather sufficient information for processes controlling or drivingcontaminant
fluxes _oconstruct an appropriate conceptual model for WAG 2. This approach allows the
earlyidentification of remedial alternatives and focuses efforts on the gathering of data useful
and sufficient for _aluating alternatives to reduce risk to the public and the environment.

Because little information is availablefor _me areasof WAG 2, preliminaryscoping-level
characterization of these areas is needed. Data from these efforts _llbeusedto update the
risk assessment. The multimedia environmental monitoring effort will evolve as new
informationbecomes available and as needs and conditions change, Therefore, the approach
will be one that (1) focuses on contaminants and pathways of primaryconcern for human
health and environmental risk, (2) provides scoping and screening-level information needed
to update the risk assessment, and (3)evolves to meet changing needs of the ORNL ER
Program.

The WOC system has been divided into four reaches for the preliminary risk analysis.
The monitoring program will deal with the WOC system on a reach-by-reach basis and will
support a mass-balance approach for determining contaminant dynamics ibr each reach (i.e.,
input, storage, and release). These reaches will be subdivided as required based on
contaminant input and inventory. This approach translates to the identification of operable
units to be considered for corrective measures or eliminated from further efforts.

'Hae plan includes a hydrologic empirical modeling program to predict the movement of
contaminants into WAG 2 from adjacent areas, the fate and transport of contaminants within
WAG 2, and the transI_ort of materials out of WAG 2 to the Clinch River.
Hydrologically-driven contaminant transport models are needed to predict changes in
contaminant transport due to natural environmental factors (e.g., precipitation), changing land
use in the watershed (e.g., increased paving), and remedial activities (e.g., capping) in
upgradiertt WAGs.

The strategy for the S&A plan (discussed in Sect. 2.2) focuses initially on radionuclides
in aquatic sediments, floodplain soils, and entering the main channels via seeps and tributaries.
We focus on radionuclides (specifically ls7Cs, _Co, SH, and 9°Sr) because radionuclides are
major contributors to human health risk and because gamma emitting radionuclides (ls7Csand
6°Co) can be rapidly surveyed in the field and then measured in the laboratory. Fewer
samples will be analyzed for metals, organics, and other radiological contaminants (e.g.,
transuranics, 99Tc, lsz154Eu). The goal of the initial stages of the S&A plan is to scope or
screen for contaminants in areas where few data exist, to begin to develop contaminant
inventories, and to determine if data for radionuclides can be used to guide future sampling
for other contaminants of concern. The ability to use radionuclide data to guide future
sampling efforts will greatly facilitate the S&A activities.

Data from surveys and initial sampling efforts will be used to stratify the system for later
sampling efforts, to estimate the initial level of variance for parameters of interest, and to
determine the cost required to reduce the uncertainty in the estimates of risk and to
determine that risk threshold levels are not exceeded.

The initial focus is on sediments, seeps and tributaries. Sediments are the primary pool
for ali contaminants, except SH, in WAG 2. Exposure to radionuclides in sediments is the
primary contributor to potential human health risk, and key contaminants are transported
off-site with sediments during high discharge events. Seeps and tributaries are important as
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pathways for contaminant input from adjacent WAGs into WAG 2and as connections
between contaminated groundwater and surface water in WAG 2.

Biota can be useful indicators of contaminant availabilityin the system. We will gather _
preliminarydata for contaminants in biota since biota accumulate contaminants (e.g., PCI_Q
that are important for human health risk, and data are needed to update estimates of
ecological risk.

Groundwater is not believed to be a major contributor to risk; thus, initial efforts on
groundwater focus on (1) _he evaluation of incoming data from wells located on the
perimeters of the ORNL WACrs to identify contaminant sources and pathways and (2) the
development of a conceptual model for groundwater in the WOC watershed, Data provided
by the seep sampling program will support the groundwater efforts.

A diverse arrayof monitoring activities mandated by ORNL's I_PDES permit and DOE
orders provides an important source of information for the WAG 2 investigation and offers
opportunities for collaboration on data collection. Activities related to environmental
restoration [RB, Resource Recovery and Conservation Act (RCRA) facility investigations
(RFIs), and special studies] under way in the WOC watershed and the Clinch River
(administered by the Off-Site ER Program) by necessity are linked to the WAG 2
investigations. These projects and programs provide important support for the S&A efforts
at WAG 2. We have taken steps to develop operational links with these programs, just as
the ER Programs of DOE and Martin Marietta Energy Systems, Inc. (Energy Systems)
provide administrativelinkages. The formalized links with these other programs that support
the S&A plan are discussed in Sect. 2.3.2 and are noted appropriately elsewhere.

1.4

The general objectives of the S&A plan are to provide a multimedia environmental
monitoring andcharacterization programto (I) define and monitor the input of contaminants
to WAG 2 from other WAGs; (2) support a mass balance approach to determining sources,
sinks, and transport of contaminants in WAG 2 based on hydrologic fluxes; (3) establish the
basis for documenting long-term trends in contaminant pools and fluxes; and (4)develop
models that predict potential contaminant releases under future conditions.

Specific objectives identified for the first 2 years of effort are outlined here.

A. SEDIMENT SAMPLJNG PLAN

1. Conduct floodplain radiological walkover and stream sediment surveys.
a. Radiological walkover.
b. Floodplain soil sampling.
c. Preliminary stream sediment sampling.

, 2. Sample contaminant transport during storms.

3. Quantify and track contaminant inventories in stream sediments and identify
, contaminant sources.

a. Distribution and inventor)' of radiological contaminants in stream sediments_
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b. stream gravel survey program. i

4. Develop models to predict sediment transport for the WOC watershed.
a. Develop a quantitative data base for evaluating phenomena observed (stage-

discharge.sediment flux) during hlgh-dlscharge events. _ ,,
b. Predict contaminant transport under future conditions.
c. Provide estimates of uncertainty in model results.
d. Link models ibr sediment transportin the WOC watershed with similarefforts

for the Clinch River ILl.

B. SURFACE WATER SAMPLING PLAN

1. Determine contaminant fluxes in surface water.

2. Identify tributaries that contribute significantly to contaminant flux within WAG 2.

3, Monitor tributaries to quantify contaminant fluxes.

4. Identify areas (discrete or diffuse) of groundwater discharge that contribute
significantly to contaminant flux in the strean_s.

5. Monitor seeps to quantify contaminant fluxes.

C. GROUNDWATER SAMPLING PLAN

1. Incorporate existing and incoming data into a dataset to serve as a reference for
testing hypothese,s and interpreting groundwater flow and geochemical data.

2. Conduct statistical pattern recognition anal_ts of groundwater data.

3. Evaluate the importance of groundwater flow in migration of contaminants from
adjacent WAGs.

4. Cooperate with ongoing investigations to evaluate the role of the stormflow zone in
contaminant transport in WAG 5 and to evaluate the importance of matrixdiffusion
and the creation of secondary source areas for contaminant release from WAG 5 to
WAG 2.

D. ECOLOGICAL ASSESSMENT SAMPLING PLAN

1. Expand an existing model of the WAG 2 ecosystem to incorporate organisms at risk
and important pathways to humans.

2o Integrate BMAP data and data from other WAGs to quantify contaminant movement
through the food chaim.

3. _,Obtain data on contaminant levels in organisms identified as important but not
_ ' covered by BMAP or other WAGs programs.

• 4. Periodcially update ecological assessment.
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2. SCOPE AND IMP ATION

J.A. Watts, H, L. Boston, D. J. Downing, G. IV..Suter, D. E. Miller, and V. Chktambariah

2.1 CONTAMINANTS AND PATItViAYS OF CONCERN

2.1.1 tImnan Health Risk

information for contaminants of concern and pathways of transport and exposure for
human health risk derive from the preliminarycontaminant screening for WAG 2 (Blaylock
et al. 1991b) and from the interim site characterization and contaminant screening for the
WOCE (Blaylock et al. 1991a) that was conducted earlier as part of a time-critical removal
action required by the Comprehemive Environmental Response, Compemation, andLiability

Act (CERCLA). We also employ data for applicable or relevant and appropriate
reqtdrements (ARARs), contaminant screening for adjacent WAGs, and other studies and
monitoring efforts that provide information for contaminants and transport for the WOC
watershed (see Clappet al. 1.991)to develop a list of contaminants of concern for WAG 2.
The screening analyses for WAG 2 and the WOCE component of WAG 2 considered
carcinogem and noncarcinogem in water, soil and sediment, and biota for an occupant of
WAG 2 under current conditions and for a hypothetical hunter/fisherman intruder sc, nario.
For the WAG 2 screening, the area upgradient of the embayment was divided into three
reaches: Reach 1, the WOC arm (above the confluence with Melton Branch); Reach 2, the
Melton Branch arm (above the confluence with WOC); and Reach 3, the WOL reach which

' included the lake and its floodplain (Fig. 2.1), Screening analyses were conducted for the
data base of detected contaminants and the _aondetectabledata base (i.e., contaminants which
were not present at concentrations above the detection limit of the analyticalmethod used

" and so were reported as "less than"values).

The approach taken in the screening exercises was similar to Hoffman ct al, (1990),
employing both corL_ervativeand nonconservative procedures. The conservative procedure
uses higher than expected (i.e., EPA standard) exposure rates and so is not likely to
underestimate maximum exposure. The conservative screening provides an upper bound of
potential exposure. Alternatively, a nonconservative procedure uses more realistic estimates
of exposure (i.e., lower than standard EPA exposure rates) and thus should not substantially
overestimate the maximumexposure to an individualin the area. The risk is then calculated
based on the exposure scenario, the estimate of concentration in the media (median or upper
95% estimate for the nonconservative or conservative procedure, respectively, and the EPA
approved or suggested slope factor for carcinogens or reference dose factor (RfD) for
noncarcinogem. For the nonconservative screening procedure, contaminants with an excess
lifetime cancer mk of > 10.4 are "definitely high priority" and warrant immediate
consideration. A noncarcinogenic hazard index (estimate of daily ingestion or inhalation,
divided by the RfD) that is > 1 is considered to be. Nhighpriority" and warrants immediate
consideration.

At this stage, we will focus on results of the nonconservative screening. Details of the
results for WAG 2 are presented in Blaylock ct al. (1991b). Ali three reaches had screening
indices > 10.4 for carcinogens and > 1.0 for noncarcinogem. Thus, ali three reaches are
identified as requiring immediate consideration. Similarfindings for the WOCE (Blaylock et

. al. 1991a) have resulted in a CERCLA time-critical removal action to control the
resuspension and downstream transport of sedimems._
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Data for sediment contaminants were limited to selected areas of WAG 2 and were much
more extensive for radionuclides than for metal or organic contaminants. External exposure
radionuclides in sediments were definitely high priority (i.e., excess cancer risk > 104) for all
reaches. In general, t37Cscontributed greatest to risk, except in the Melton Branch arm of
the system (Reach 2), where the facilities acting as the major6°Cosources and less important
tsTCssources occur. Overall, for the external exposure pathway, tsTC..sand 6°Co were "high
priority,"while tSZEu,t_Cs, and tS4Euwill require additionalconsideration' Limited datawere
available for _tAm, _uCm, z_'Z3_pu;thus, these contaminants should be considered for further
sampling and analysis.

The sediment-ingestion pathway had no contaminants of high priori_; however, arsenic
in Reach ! and tsTCsfor the total pathwayrequired additional information.

PCBs in fish were "highpriority' in Reaches 1 and 3 andwarrantedadditional information
in Reach 2. Additional information is requiredfor tsTCsin ali reaches andmercury in Reach
I (i.e., hazard index > 0.1).

Although surface water in WAG 2 generally meets ORNL's NPDES permitrequirements,
the screening indicated that additional data are needed for 9°Sr,SH, and PCBs in ali reaches.
Additional data are also needed for mEu and tS4Eu(Reach 2 only), t37Cs(Reaches 1 and 3
only), Z3SU(Reach 3 only), and for dichl0robromomethane (Reach 1 only). Arsenic and
thallium were "highpriority" in ali reaches; however,this result was based on few analyses for

. thallium and a low proportion of samples in which arsenic was detected.

No contaminants in WAG 2 groundwater screened as "high priority," with the possible
. exception of lead. For a number of contaminants (beryllium, arsenic, antimony, SH, _Ra,

_4Ra, _°Th, z_'h, 24tAm,Z_U, and Z_U), the screening indicated that additional data were
required. For several of these contaminants, the screening was based on few analytical
reports (e.g., one report from a total of four analyses). Although these data indicate that the
contaminant is present they do not provide reliable estimates of concentrations for screening.
Data for organic contaminants in WAG 2 groundwater were generally not reliable for
screening; thus, additional data are needed.

Most of the reports for organic compounds in the data base were below the analytical
detection limit. A screening of the nondetect database identified several organic compounds
as "high priority" (i.e., excess cancer risk > 10"4)for sediment ingestion (e.g., benzidine, N-
Nitrosodimethylamine). A larger group of organics from the nondetect data base were
identified as 'high priority,"based on conservative screening.

A realistic intruder scenario considered a hunter/fisherman illegally entering WAG 2 for

fishing ten times per year, 4 h per trip, for 10 years, and for hunting 10 d per year for 6 h
each trip, for 10 years. The pathways considered were consumption of fLsh,waterfowl, and
deer, and the external exposure from radionuclides in _il andshoreline sediments (Blaylock
et ai. 1991b). Based only on the contaminantsdetected (i.e., not including the nondetect data
base), the total screening indices for ali reaches were >10 "_.Reach 1 had a higher screening
index than Reach 2 (1 x 10"sand 6 x 10"4,respectively), and 13_Csin fish was the primary.
contributor to the total index. PCBs in fish were also high priority in ali reaches. For Reach

, 3, PCBs in fish were the contaminant of greatest concern, followed by 137Csin fish, for a total
0 screening index of 8 x 10"3.
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The screening for the WOCE (Blaylock et al., 1991a) was based on a much_more
extensive,data base coUectexi during 1990. That screening found that exposure to ISTCsin

sediments and ingestion of PCBs in fish constituted the majorityof the risk to a l_stential
occupant or an illegal intruder. Other radiological contaminantsof concern included H, _r,
mC.o,and possiblyZS2Eu,tS4Eu,Z_u, 2UCm,and 99Tc. For nonradiological contaminants
in sediment, fish, and water, PC_ and arsenic probably were important, whereas further
information on chlordane, Be, Cr, Ag, Se, and Pb is required. Screening for using detection
limits for nondetects identified 16 organic carcinogens as being definitely high priority.

These findings are being given further consideration to determine which are probably
artifacts and which are reliable. In general, additional data are required for metals,
radionuclides, and organics in ali media. The effort expended on obtaining these data,
however, should be guided by the results and interpretation of the contaminant screening and
other available information (e.g., data from other WAGs and historical use of compounds of
interest).

2.1.2F2:ologicalrisk

A screening as,c,essment of ecological effects in WAG 2,has been conducted concurrently
w_ththisreport(Blaylock et al. 1991b). This a._e_mentc.om_dere.dthreeUne_ofevidence
conce_ngther_ tononhumanorganisms_ bycontaminantsinWAd2:biological
surveys,tox2citytestsof ambientmedia,andexposure/resporcc,e analysisfor measured
contaminant concentrations. The biological survey data indicate that aquatic effects are not
severe in that a diverse and productive aquatic community is found in WAG 2. However,
comparison of the aquatic biota to those of reference streams indicates thai the composition
of the benthic invertebrate community may be modified and fish reproduction may be
disrupted. Biological survey data are not available for terrestrial biota.

Recent toxicity tests of wate_ from WAG 2 do not indicate toxicity to Ceriodaphnia dubia
or to larval fatttead minnows in 7 day bioassays. No toxicity tests have been performed on
sediments or soils.

Comparison of mediaconcentrations with toxicological benchmarks produced ambiguous
results because of the large number of chemicals that were not detected but had limits of
detection higher than potentially toxic concentrations. Mercury and PCBs were found at
potentially toxic concentrations in both water and sediments in ali reaches. Aluminum,
cadmium, chromium, copper, and lead exceeded national ambient water quality criteria and
state standards, and twelve other metals exceeded potentially toxic concentrations. Of the
chemicals that had been detected in sediments and for which available concentrations could
be estimated, barium, cobalt, mercury, silver, zinc, benzene, di-n-butyl phthalate, methylene
chloride, and PCBs are potentially toxic to benthic organisms. SelevJum and possibly
cadmium were found in fish flesh at concentrations indicative of toxic effects. Mercuryand
PCBs occurred in fish flesh at concentrations that are potentially toxic to piscivorous wildlife
based on dietary toxicity data, and many others occurred at concentrations that would exceed
the reference dose for human health effects when wildlitb consumption rates were used. No
analyses could be performed for toxic effects on terrestrial organisms other than piscivorous
wildlife.

iii ,,_,' li,_p ii 'lqlle' ,f ,llqHleIii,, ' i_lll '_ ' _!111_' ' ' , III 'iin'i;' liei_llI _i '1
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One can conclude from this evidence that ecotoxicological effects may be occurring in
• W._,G 2, but they are not as severe as would be suggested by the exposure/response analysis

using the reported chemical conce,ntrafions. This discrepancy is due in part to the
conservatism of the screening r.riteria, but the authors believe that the principal factor is the
inappropriateness of many of the analyses as estimators of bi0available concentrations.
Therefore. future activities should focus on estimation of actual exposure levels. In addition,
chemical and biological data are needed from terrestrial portions of WAG 2. Future
assessments will focus on improving the relevance of eaposure-response estimates to
conditions in WAG 2 and will continue to attempt to reconcile the three lines of evidence
for estimating ecological effects (i.e., biological surveys, toxicity tests, and contaminant
concentrations),

2.1..3 Summary of data needs

For human health risk, external exposure to radionuclides (tSTCsand 6°Co) in sediments,
PCBs in fish, and arsenic and thallium in water were screened as high priority requiring
immediate consideration for remedial action. Lead in groundwater is a possible addition to

the list of high priority contaminants. Contaminants that screened at slightly lower risk, for
which additional data are re._uired are: organic compounds, mercury, and ts7Csm fish; lsTCs,
9°Sr, SH, lS2Eu,tS4Eu,and "-"U in water; and tS2Euand tS4Euin sediments.

A lack of sufficient data made the evaluation of organic contaminants in ali media and
• transuranics in several media suspect.

Because institutional controls are in place, these risks are potential risks because the
public is not now exposed on a routine basis. There are two exceptions, however, (1) the
off-site transport of contaminated sediments and (2) resident and migratory waterfowl.

: Waterfowl accumulate radionuclides,organic compounds, and metals while feeding on White
Oak Lake (I.oar 1991). These waterfowl represent a active pathway for potential public
exposure to on-site contaminants. Waterfowl in WAG 2 are being investigated by the BMAP,
and the data collected will be used to evaluate potential risk to the public.

Data available for the ecological risk screening suggested that severe effects on aquatic
biota are not occurring; however, a number of compounds (notably mercury and PCBs) were
present in sediments and water at concentrations that are potentially toxic to biota.
Additional analyses with lower detection limits will be required to evaluate the potential for
toxic effects on aquatic organisms. A general need exists for survey data for terrestrial biota.
Among terrestrial biota, piscivorous (fish eating) wildlife may be at risk.

Potentially significant risks were found for organic contaminants that were not detected
but were sc:eened at a concentration equal to the detection limit for both the human health
and ecological risk screenings (see Blaylock ct al. 1991b). This is problematic because in
many cases there is no reason to suspect that a given compound is present. A rationale for
dealing with nondetects is provided in Sect. 2.5.4.

2.2 STRATEGY AND SCOPE

, A coi..:eptual model of WAG 2 (Fig. 2.2) has been developed based on existing
information and results of the contaminant screening. The S&A efforts during the early
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stages of the WAG 2 1LIwill focus on implementation of a multimedia monitoring program
to be conducted for the next 10 years or more while upgrad/ent WAGs are remcdiatcd.
During this period, in addition to identifying contaminant sources, quantifying contaminant
releases, and evaluating pathways of contaminant movement, we will continue to update the
risk assessment by screening for additional contaminants of concern and incorporating new
information for parameters, areas, andcomponents where few or no data currentlyexist. The
preliminary activities or scope of the WAG 2 RI S&A plan are summarized below and
presented in detail in Chapters 3-6.

Sedime.ntsamplingplan. Aquatic sediments and floodplain soils are the primarypools for
contaminants in WAG 2. Exposure to radionuclides in sediment represent the greatest
potential risk for future occupants of WAG 2, and the transport of contaminated sediments
out of the WOC system is the primary concern for risk to off-site areas. The sediment
sampling plan will be the primaryfocus of activities during the first 2 years.

Data for the distribution and concentration of key contaminants are lacking for many
areas of the aquaticsystems and floodplain in WAG 2. The sediments and floodplain of the
WOCE have recently been well characterized (Blaylock 1991a), and there is good preliminary
information for contaminants in WOL sediments. Thus, initial efforts will address the
remaining 80 to 100 acres of WAG 2 for which few data are available. The first objective of
the sediment sampling plan is to conduct a radiological walkover of the WAG 2 floodplain.
This will provide initial information for the presence of areas in need of interim corrective
measures and will form a basis for the stratificationof the floodplain for later more intensive

• sampling. A preliminarysampling of floodplain soils and stream sediments is included in this
objective. The data provided will be used to update information for contaminants present in
various reaches and will provide an initial estimate of variance to determine additional

- sampling needed to improve estimates of risk.

The second objective is to sample contaminant transport during storms at key locations
in the watershed. These data will be used to (1) quantify sediment associated contaminants
moving through specific reaches of WAG 2 to aid in the identifiCation and quantification of
contaminants sources, (2) quantify contaminants released from the watershed during high-flow
events, and (3) support the development of a model to predict the transport of contaminated
sediments out of WAG 2. This activity is support by the ERMA watershed hydrology
program (Clappet al. 1991).

The third objective is to provide an initial quantification of the inventory of major
contaminants in the stream sediments of WAG 2. As noted, good preliminary data exist for
sediments in WOL and the WOCE. An inventory of contaminants in stream sediments is
important for tracking contaminant inputs, predicting contaminant releases (i.e., data needed
for modeling), and identifying remedial alternatives. A stream gravel survey program will be
initiated as part of tl_ effort that will help to identify and track sources of contaminant
releases to surface water.

The fourth objective is the development of a model capable of predicting sediment
transport (and contaminant transport) out of the WOC watershed during extreme hydrologic
events and following changes in the watershed as a result of remedial actions or other
development. This component builds on the data collected by the other components of the

. sediment sampling plan and is linked with modeling efforts in upgradient WAGs with active
RI/FSs andwith the CRRI to provide a nested approach for predicting contaminant transport
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from ORNL WAGs to off-site areas. This information is needed to evaluate potential risks
to off-site areas and so to guide remedialactions.

Suffave water. Surface water is the primarytransport pathwayfor particle associated and
dissolved contaminants out of the WOC watershed. The transport of sediment-associated
contaminants is addr_ in the sediment sampling plans, and thus these components are
being closely coordinated. There are a number of dissolved contaminants of concern in
surface water (notably SH, 9°Sr,PCBs, and possibly arsenic and thallium). Under baseflow
conditions the transport of dissolved contaminants can ber quantified for the major reaches
of WAG 2 by data provided by two existing monitoring programs at ORNL that collect data
for compliance with state and federal regulations or for compliance with DOE orders. The
first objective of the surface water samplingplan is to use data generated by the compliance-
drivenmonitoring programs to quantifycontaminant fluxes (under non-storm conditions) from
the majorreaches of WAG 2. These efforts will be augmented in year 2 to include organic
contaminants. This component supports efforts to identify sources andfluxes of contaminants
into WAG 2 via seeps and tributaries.

The second objective of the surface water sampling program is to identify seeps and
tributaries that are responsible for contaminant fluxes to the main channels of WAG 2.
Because greater than 95% of groundwaterdischarges into surface water prior to leaving the
WOC watershed, seeps (connections between groundwater and surface water) are useful for
evaluating fluxes of contaminated groundwater. This component will coordinate with the
groundwater efforts, and the compliance monitoring at the majorweirs to (1) identify seeps
and tributaries responsible for cgntaminant fluxes to WAG 2, (2) determine sources of those
contaminants, (3) develop a program to trackcontaminant inputs, and(4) provide information
to determine if interim corrective measures are appropriate. The tributary component will
be supported by ERMA and will be linked to the WAG 2 sediment sampling efforts to
evaluate contaminant transport during high-flow events.

Groundwater. Although there is significant contamination of groundwater in some areas
of WAG 2, the contamination is apparently not widespread. Additional information is needed
for ali classes of contaminants in groundwater. The key questions for the groundwater
component of the S&A plan are to determine (1) the distribution of contaminants in
groundwater (which contaminants, which groundwater masses), (2) the sources of those
contaminants, (3) the transport of contaminated groundwater, and (4) to provide data and
parameter estimates for the assessment of remedial alternatives. Water quality wells (173
total) have been installed on the perimeters of eleven ORNL WAGs. Beginning in 1991,
these wells are being sampled quarterly for an extensive suite of parameters. Those data
along with data available from the hundreds of wells located within the WOC watershed will
be used to address a series of preliminary objectives. The groundwater component, therefore,
initially will focus on the review and analysi.sof existing and newly acquired data.

The first objective is to construct a data set that will include information about geologic
formation, monitored zone, hydraulic conductivity, water level, and other parameters to serve
as a reference for hypothesis testing and groundwater flow and geochemical data
interpretation.

The second objective is to evaluate data for groundwater geochemistry to develop a
picture of the nature and extent of contaminant transport in groundwater. Statistical pattern
recognition analysis will be used to evaluate the data.
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The third objective is to conduct a series of hydrogeologic investigations in conjunction
with and supported by the ERMA program (Clapp et al. 1991) to evaluate the role of
groundwater flow in the migration of contaminants fromadjacent WAGs through WAG 2 to
streams. These efforts focus on measurement of water levels and physicochemical data for
selected wells, identification of discrete flow zones, evaluation of contaminant distributions
relative to hydraulic gradients, and coordination with seep sampling efforts to evaluate
groundwater flow paths.

Biota. The fish ingestion pathway is second to sediments in potential risk to human
health, as a result of PCBs, radionuclides, and metals in fish. Other biota (e.g., deer, wild
turkeys) are also potential pathways of contaminant transfer to humans. As noted in Sect.
2.1.2, although severe ecological effects are not apparent in WAG 2, additional data are
needed for contaminants and biota because (1) several contaminants are Pre.sent at
concentrations potentially toxic to biota or chemicals that were not detected had detection
limits that were higher than levels at which toxic effects can occur, (2) there are few data for
terrestrial organisms, and (3) some organisms maybe useful indicators of contaminant levels
or availability in WAG 2. An ecological assessment plan is presented that is based on
(1) collection of data by the BMAP (Loaf 1991),(2) biological sampling to support remedial
investigations in other WAGs, and (3) biological monitoring in WAG 2. The role of WAG 2
as an integrator of contaminants and a focal point for coordination and identification of data
needs is emphasized for this component.

The f'_t objective is to develop a model of contaminant flow to identify organisms at risk
, and important pathways to humans. This model will be useful for predicting effects of

changes in contaminant input or availability in the system.

The .second objective is to coordinate efforts of the BMAP and biological sampling
programs in specific WAGS to provide an integrated long-term monitoring program to
measure impacts of changes in contaminant inputs to the system. This objective includes a
survey of threatened and endangered species in WAG 2.

The third objective is to obtain data for organisms at risk (e.g., mink) that are not being
obtained by other programs.

The fourth objective is to evaluate information collected by all biological sampling efforts
to update the screening'level ecological assessment and to identi_ the need for additional
data. This activity will require ckxsecoordination with BMAP.

Specific objectives of this plan. The specific objectives of the preliminary stages of the
S&A plan are presented in Sect. 1.4. These objectives reflect an initial emphasis on three
components.

1. Scoping and screening stmii_ to form a basis for statistical design of uanpling and
monitoring proDmns. Basic information is needed for the distribution of contaminants
(e.g., occurrence of radionuclides with other contaminants).

2. Implementation of the monitoring and trackingefforts. We need to locate seeps carrying
significant contaminants and determine how best to monitor these. We need to
determine the distribution of sediment contaminants and develop/evaluate our methods

" for sampling suspended sediments during storms. We need to evaluate data for
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groundwater to identify pathways of groundwater fluxes and identify sources of
contaminants. Data for biota will largely derive from other projects (e.g., BMAP and
WAG 5 RI).

3. Collecting information for compommts and contaminants for which few data ea_ to
update the preliminaff evaluatiom of human iwalth and envimmnental risk.

As noted in Sect. 1.3, our approach will focus on those contaminants and pathways that
are most significant for human health and environmental risk (on-site and off.site) and on
developing a conceptual model for contaminant fate and transport of contaminants for
WAG 2.

The S&A plan, therefore, initially emphasizes radionuclides because (I) they are major
contributors to human health risk, (2) gamma-emittingradionuclides can be rapidly surveyed
in the field and measured in the laboratory, and (3) information on radionuclides should
provide insight into the behavior of other contaminants. Data on the fate and transport of
water-soluble radionuclides (e.g., SH and 9°Sr)should be generally applicable to other water-
soluble contaminants (e.g., volatile organics);similarly,datafor particle-reactive radionuclides
(e.g., x37Csand eeCo)should be generally applicable to particle-reactive contaminants (e.g.,
most metals and semivolatile organics). Thus, the great majorityof samples will be analyzed
only for key radionuclides (SH, eSr, and gammaemitters), while a fewer nunlber of samples,
selected on the basis of location or information on radionuclides, will also be analyzed for
metals, organics, and other radionuclides (e.g., transuranics). The samples analyzed for
metals, organic contaminants,andother radionuclideswill provide preliminaryinformation for
the concentrations and variance in the distributiom of those contaminants and will allow us
to determine if their distributionsare well correlated withthose for radionuclides. These data
will be use,d to develop the next and more intensive round of sampling and analyses.

At this preliminarystage, our efforts on nonradiological contaminants largely focus on
identifying those pathwaysand areas where contaminants are most likely to be found, rather
than conducting an exhaustive characterization and inventory of ali contaminants in WAG 2.
However, because PCBs and chlordane are known to accumulate in the aquatic biota in
WAG 2 andbecause PCBs in fish are important contributors to potential human health risk,
we will emphasize these organics above other organic compounds during the earlystages of
the RI. Focusing primarilyon these two organicswill allow us to better evaluate the potential
risk associated with these compounds and will provide information useful for guiding sampling
for other organic compounds in the future.

This approach has been adopted because it is most likely to provide the greatest return
for the initial efforts invested. This approach meets the n_Ms of the WAG 2 monitoring
efforts, supports other ER activities in the WOC watershed, and positiom us for the eventual
remediation of WAG 2.

2.3 S&A ORGANIZATION AND IMPLEMENTATION

2.3.1 External Data Sourcm

" As a result of DOE orders, EPA and TDEC regulations, and basic research needs, a
number of monitoring and assessment programs are underway in WOC watershed, including
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active RI/RFIs on WAGs 1, 5, and 6' The Clinch River is the primary receptor of
contaminants leaving the WOC watershed via WAG 2, and the Clinch River (off-site) RI is
collecting data in areas downgradient of WAG 2. [At this time the Clinch River RI is
responsible for monitoring during the construction of a coffer-cell dam at the mouth of the
embayment to control the release of contaminated sediments (Blaylock et al. 1991a)]. These
activities provide potentially important sources of information to the WAG 2 monitoring
program, as well as oppo_unities for collaboration.

The primary monitoring and evaluation efforts underway in and downgradient of the
WOC watershed are shown in Fig. 2.3 and briefly described in Table 2.1. The WAG 2 RI
project has assigned an extra-project coordinator who has responsibility for seeking and
facilitating interactions and collaboration between the WAG 2 project and other activities in
the watershed. We have relied largely on information collected by other efforts in the
preliminary contaminant screening for WAG2 (Blayiock et al. 1991b). Collaboration is
possible whenever the activities of others meet the data collection QA criteriaof the WAG 2
R] project. Documenting these interactions and obtaining QA records is discussed in the OA
,_ection (Sect. 2.5) of this document.

A watershed hydrology,program (Clapp et al. 1991) provides data for precipitation,
evapotranspiration, and streamflow at numerous locations in the watershed. Those data are
critical to the WAG 2 project in order to determine mass balances for contaminant fluxes and
to drive models. Members of the watershed hydrologygroup have been incorporated into the
WAG 2 RI project (surface water hydrology group) to provide expertise and to facilitate

• WAG 2 efforts. The ORNL Environmental Surveillance Program(ESP) conducts DOE- and
NPDES-mandated surface water monitoring at several key locations in the watershed. The
ESP will provide much of the baseflow s,,_rfacewater quality information. Again, personnel
from ESP have been incorporated into the WAG 2 project. We are collaborating with other
projects in several other key areas; instances of interaction with other projects and programs
are noted in the following chapters as appropriate.

We are also actively collaborating with the active RI or RFI projects (WAGs 1, 5, and
6) and with the CRRI on data collection, models of contaminant transport, and other areas.
Interaction and collaboration with other RI/RF!/feasibility studies (FSa) are especially
important to ensure a consistency of approach and mutual data useability across the
watershed.

The ORNL ER Program has recently implemented the ERMA Program, whose mission
is to facilitate ORNL ER activities by providing coordination among ER activities and
coordinating ER activities with activities of other projects in the WOC watershed, assessing
trends in data related to contaminant behavior and identification of additional data needs,
monitoring watershed hydrology, and conducting directed studies to support ER activities.
The WAG 2 efforts contribute to ERMA, and in turn, ERMA is an important source of
information for the WAG 2 project.

The BMAP has been monitoring radionuclide and some nonradiosctive contaminants in
aquatic biota from ali reaches of WOC and WOL since 1986 (Loar 1987) in support of
NPDES permit requirements. Extensive data are available on contaminants that
bioaccumulatc in fish and clams and on the results of ambient toxicity testing at several

, locations (Loar 1987, 1988, 1989, 1990, 1991). In addition, the BMAP has collected data on
contaminant levels in waterfowl and selected terre._trialspecies. An important component of
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Table2.1.Monitoringandinv_tigationsthatsupport
. theWAG 2RIoject

Suffa_ Water:,
, i

1, The USGS operates nine surface water discharge monitoring stations in the White
Oak Creek Watershed (see Table 3,8 in WAG 2 RI).

2. The ORNL ESP operates seven surface water discharge monitoring stations on main
branches of the WOC drainage system. Weekly to monthly measurements of metals,
radionuclides, some organics, and other water qualityparameters are collected at nine
stations as part of ORNL's NPDF._ permit and as mandated by DOE orders. On

, occ_ion other parameters (e.g,, PCBs in sediments are measured), See Sect. 4 of the
WAG 2 RI Plan.

3_ ESD Watershed Hydrology group also measures surface water discharge at ten
stations (several of the stations coincide with and support the ESP efforts). The ESD
group is currently reinstrumenting four additional stations, and plans to reactivate
several other stations for sampling of tributaries as part of the ERMA (Clapp et al.
1991). This group also collects data for precipitation and evapotranspiration at five
location in the WOC (Borders et al,, 1991).

• 4. ,ESD conducts the Acth,c Sites Environmental Monitoring Program (ASEMP) which
monitors surface water to ensure that radionuclides are not escaping from low level
waste disposal site,_as mandated by DOE Order 5820.2A (Ashwood et al. 1990 a,b).
ASEMP generates water quality and radionuclide data for several sites in WAGs 5
and 6 that drain into WAG 2.

Cnvundwate_

1. The ESP section monitors groundwater quality as part of several programs
coordinated by the ORNL g_'oundwatercoordinator. A DOE Environmental
Surveillance Monitoring Program provides an integrating function for RCRA and
Remedial Action associated monitoring. RCRA Monitoring is conducted for
semiannually for 22 wells in and around WAG 6. 173 RCRA-quality groundwater
wells have been installed on the perimeters of the ORNL WAGs. Beginning in 1991
they are being sampled semiannually for metals, radionuclides, organics, and other
parameters as part of a Remedial Action Monitoring Program.



2. The ORNL ER program supports several investigations of groundwater quafity and
movement as part of the ERMA (Clapp et al. 1991), The Source Term Definition
project is investigating the diffusion of contaminants into soil and rock matrices and
the creation of secondary source areas for contaminants. The stormflow zone project
is investigating the role of hydrologic transport in shallow soil zones as a pathway of
contaminant transport. The I-Iydraulit:Head Measuring Stations (HHMS) are series
of well clusters and single weil that provide a means for defining the bounds of the
uppermost aquifer andidentifying pathwaysand capacities for contaminant transport.

3. DOE OHER supports studies of subsurface transport in a subsurface weir facility in
the Me!ten Valley (Jardineet al. 1990) and studies of transport of contaminants from
shallow soil zones (stormflow zone) and groundwater to small streams in the WOC
watershed (Solomon ct al. 1991).

Biota:

In support of NPDES permits and ER, the ORNL Biological Monitoring and Abatement
Program (BMAP) monitors ambient instream toxicity at 15 sites in five streams near ORNL
studies bioaccumulation of contaminants in aquatic organisms, develops biological indicators
for &_._sing exposure and _'w_ologtcaldamage, conducts assessments of contaminants in
terrestrial organisms, and is studying the radioecology of WOC and White Oak Lake. (See
Lear et al., 1991)

Other data:

1. RI/FS for the ORNL WAGs provide groundwater data for WAGs undergoing
remedial efforts. RIs and RFIs collect short-term information for surface water

discharge,sand contaminant fluxes. These projects provide data for contaminants in
soils and biota, they identify contaminants of concern via risk analysis, and estimate
contaminant fluxes out of the WAG (i.e,, into WAG 2).

2. The Clinch River RI (CRRI) provides data for contaminants released from the WOC
watershed based on concentrations in water and accumulation in sediments and biota
in downgradient areas.
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the BMAP is the long.term monitoring of contaminant levels in aquatic and terrestrialspecies
• and the identification of ecological indicator species that will u_rve to identify changes in

biologically availablecontaminant levels over time as the ER programsprogress. Key BMAP
personnel have been incorporated into the WAG S&A program.

' Incorporating personnel from other activities into the WAG 2 RI provides needed
expertise and helps to facilitate cooperation among these activities. Cooperating and
collaborating on data acquisition and asse_ment benefit ali activities and allow more efficient
use of the available resources.

z32 organizationof the theSS.Aties

'Theorganizational structure of the WAG 2 RI project staff has been modified from that
presented in RI _Work Plan to better serve the nee_ of the project (]Fig. 2.4). As our
mlderstanding of the system has developed and as our data needs have become clearer, staff
have been added to provide support in critical areas. A listing of the current staff is
presented in Appendix A. The WAG2 R! S&A organizativna_chart (Fig. 2.5) depicts the
functional relationships among the components of the WAG 2 RI project and other projects
at ORNL.

Site characterizationand monitoring groups. The surface water hydrologygroup provides
support for the measurements of surfacewater discharge needed by other components of the
WAG 2 project to develop mass balances and contaminant flux estimates, and to mod_l
contaminant transport. The surface water hydrologygroup is linked to the ERMA program
(see Sect. 2.3.1), which provides summaries of hydrologic data collected in the WOC
watershed.

A surface water chemistrygroup has been developed to evaluate data generated by other
projects conducting surface water monitoring programsin compliance with ORNL's NPDES
permit and DOE orders, Those data have generally been useful for identifying contaminants
of concern and contaminant sources. As additional information is gathered on groundwater
chemistry and chemical signatures of seeps and stormflow zone discharges, surface water
monitoring data may become especially useful for identifying and quantifying hydrologic and
contaminant inputs.

A seep and stormflow group has been developed. Seeps are groundwater discharges that
are important links between groundwater and surface water. Seeps will be important
locations for quantifying contaminant inputs into surface water and can provide information
useful for evaluating sources and fluxes of contaminants via subsurface flows. Stormflow is
a pathway for hydrologic and contaminant transport that links subsurface and surface water.
'Thesecomponents have been linked because of similaritiesin their approaches to monitoring.
This group will develop techniques to locate, characterize.,and monitor contaminant fluxes
entering surface water via seeps and contaminants moving via stormflow. This group will
coordinate with investigations of stormflow andsecondary source areas supported by ERMA
and DOE Office of Health and Environmental Research. This group is n_arily linked to
the groundwater and surface water groups.

The groundwater group rept'esents the diversity of geological, hydrogcological, and
. geochemical expertise needed to address groundwater _ues and is drawn from several

programs at ORNL as well as external sources. This group will primarilyfunction to collect
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data and information generated by other efforts (e.g., ERMA and environmental surveillance
groundwater data) for the hundreds of groundwater wells in WAG 2. This group will develop
a data base for evaluating groundwater questions such as the distribution and sources of
contaminants to the groundwater, processes determining the transport of contaminated
groundwater from source WAGs into WAG 2 surface waters, and related issues.

The floodplain soil and sediment group focuses on the inventories and distributions of
contaminants in soils and sediments in the WAG 2 system. This group takes a watershed-
level perspective to address questions such as the effects of the input of uncontaminated
sediments from upgradient areas on contaminant fluxes in WAG 2.

The biota group rWilllargely serve as an interface with the BMAP and ecological
assessments for Rf/FS projects for the ORNL WAGs. The activities of this group will
emphasize the role of W_ _ 2 as an integrator of contaminants and a focal point for
coordination and identification of data needs for the watershed.

Statistical support team. A statistical support team will provid e support for sampling
design, estimates of uncertainty, data evaluation, modeling, and related efforts (see
Sect. 2.3.3). The group plays a critical role as the interface between the site characterization
and monitoring teams, the risk asse._ment team, and the field sampling coordinator to ensure
that sampling design and data collection allow accurate and unbiased estimates of risk with
accurate estimates of uncertainty.

Sediment transport modeling team. As noted, sediments arc the major pool for
contaminants in WAG 2, and the transport of contaminated sediments during high-flow events

is the primary pathway for contaminant movement off-site. The sediment transport modeling
team will interface with modeling efforts for the ORNL WAGs with active Rf/FS projects and

with the Clinch River RI to provide nested models to predict contaminant transport out of
the WOC watershed under future conditions (e.g., extreme flow following watershed

modifications). These data will allow the estimation of risk to off-site areas from individual
ORNL WAGs and so provide information to help guide remedial actions for the ORNL
WAGs.

Extra-project coordinator. As WAG 2 integrates contaminant releases from the
watershed, the WAG 2 RI S&A plan can serve as a focal point to integrate a diverse array
of sampling and monitoring efforts underway in the watershed. A listing of external data
sources for the WAG 2 RI has been presented in Sect. 2.3.1. The WAG 2 RI project takes

advantage of these sources of information to provide a foundation for addressing issues

important for environmental restoration of the ORNL WAGs and for addressing
environmental issues related to contaminants in the WOC watershed. This integrating and

assessment role beyond the boundaries of WAGs has been integrated into the activities of
the ERMA project. The extra-project coordination role has evolved into a group effort to
establish linkages, exchange information, and generally cooperate with other activities in and
adjacent to the WOC watershed.

alternatives aaeffimnent team. A team representing engineering disciplines will

: evaluate potential remedial alternatives and help guide sampling and analysis. This team will
ensure that the data gathered will be useful for evaluating potential remedial alternatives and
identifying additional alternatives as new information becomes available. The team will
include the site characterization coordinator.



I"'

29

Other components andrespons_ilities remain unchanged from those presented in the RI
. plan (ORNL 1990).

• 2.4 STAIIffHCAL SUPPORT

As mentioned previously herein, the f'wst2 years of effort are primarily a scoping study.
These data obtained from these investigations will be used to determine issues relating to
sampling. For example, these data will be used to determine the sample size necessary to
estimate a given contaminant to within some marginof error with a given probability. The
data will help shed light on the variability of contaminants in the field. It will also help to
determine possible sampling strategies. For example, the WAG 2 area may be broken down
into strata on the basis of the scoping studyand a stratified sampling plan could then be used
in future work.

Scopingstudies are themselves initial investigations, and statistica_ i_U_r'SUch as

uncertainties, power of statistical tests, and sample size determinations are generally not a
pa_ of the scoping study because the information to calculate these are unavailable. In fact,
the scoping studies are intended to provide the information that is needed to estimate these
parameters. The statistical support during this phase of the study will be in the form of
collecting and analyzingthe datacollected during the scoping study to answer these questions
needed to design a more formal and thorough investigation.

. The statistical needs of the study are varied and cover a much broader spectrum of
statistical techniques than the area of sampling alone. The areas of statistics that will be
involved in the scoping study include:

1. Estimate parameters and confidence intervals.
2. Develop empirical models relating contaminant flow to other variables.
3. Perform sensitivity/uncertainty analysis of computer models, which can be used to

determine where sampling efforts should be made.
4. Develop techniques to handle nondetects observed in the analysis of samples.
5. Design sampling plans based on prior information and data from previous studies.
6. Identify trends in the data.
7. Predict extreme events, for example, 100-year rainfalls.
8. Develop sampling schemes to identify "hot spots."• ...

9. Use data collected in the gamma scan walkover to determine relationships with
contaminant deposition and develop sampling plans.

I0. Use time series techniques to develop predictive models.
1I. Help to develop a viable number for background levels of contaminants.
12. Apply the appropriate statistical tests for testing hypothesis and determining the power

of such tests.
13. Modeling the contaminant mass flux into, through, and out of WAG 2.
14. Calibrating automatic samplers.
15° Determine when compositing is a more effective method of sampling than simple

subsample analysis.
= 16. Develop methods to interpolate/extrapolate sampled data to develop contour plots.

17. Develop cost/_nefit analysis to accompany sampling plans.
18. Develop techniques to help visualize the data obtained and explore its multivariate

structure.
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19. E_ploy techniques, such as cluSter analysis to determine areas that are similar in their
measured response. .

20. Help in the quality control efforts of the study.

The above is a partial list of the areas of statistics that are involved in the scoping study.
It is obvious that the needs are qgite varied and the relative effort for these tasks will be also.

2.5 QA PROJECT PLAN FOR SAMPLING AND ANALYSIS

The WAG 2 QuailW Assurance Plan (in rev/cw) contains the full QA/QC Program Plan,
which addresses aU the elements of the complete QA package. _ Identification of WAG 2
personnel roles and responsibilities are found in the WAG 2 IU Plan (ORNL 1990). This
section will address those special quality issues that are specific to the sampling and analysis
processes discussed in Sects. 3 through 6 of this document. WAG 2 is unique in purpose and
plan; however, the project will provide data of acceptable quality. ERD requirements for
quality control of analytical data (Energy Systems 1990) serve as a basis for development of
this plan.

The objective of the QA/QC Plan is to develop andensure implementation of procedures
for field sampling, laboratory analyses, chain-of-custody, data reporting, and information _
handling that will provide data of known quality that is legally defensible. This plan uses
existing data, data still to be collected by other programs, and data to be obtained by this
S&A plan. Data that do not originate or arc not collected under this plan are subject to the
quality assurance requirements of the program under which the data were collected. Data , .
from measuring and monitoring activities collected by WAG 2 staff under this S&A plan are
subject to the quality assurance requirements defined in Sect. 12 of the WAG 2 IU Plan
(ORNL 1990). Procedures described in this S&A plan are intended to ensure that the
QA/QC goals established for the WAG 2 RI Plan are achieved. They are also intended to
nfinimize field measurement errors, analytical en'ors, and errors occurring in data transfer and,
management. Project-specific procedures are located in the WAG 2 IU Standard Operating
Procedure Manual and are controlled by the WAG 2 Quality Assurance Coordinator. The
mechanisms employed to ensure quality are

• prevention of defects in quality through planning and design, documented instructions
and procedures, and careful selection of personnel;

• assessment through regular audits and surveillances to supplement continual informal
reviews; and

• permanentcorrectionofconditionsadversetoquality.

ThisQA/QC planisdesignedtocomplywithQAMS-005/80andANSI,/ASME NQA-I
guidelines. EPA QAMS-005/80 (EPA 1980a) contains EPA's gu/dance for project QA/QC
plans. ANSI/ASME NQA-1 (ANSI/ASME 1986) has been adopted as the main QA/QC
standard. This project falls under both RCRA and CERCLA regulation; therefore, this
project QA plan is subject to OSWER Directive 9502.0_ 6C (EPA 1987a), OSWER directive
9355.0-76 (EPA 1987b), and OSWER Directive 935:.3-01 (EPA 1988b). This plan is
structured around the QAMS-005/80 guidelines (EPA 1980a) but is cross-referenced in the
NQA-1 requirements of the WAG 2 plan. Because of the QA programs imposed by
regulatory agencies, this project has a category I QA rating (Robcrson and Logsdon !989).
The NQA-1 Modular Profile shows the relationship between the elements of this plan, those
of the ORNL QA Program, and NQA-1 (Table 2.2).

_
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2.5.1 Project Req__ for OA A_ and Training

Ali organizations performing t_ks for the WAG 2 RI must have a QA plan that meets
WAG 2 data quality objectives (Sect. 2.5.4), Review of the OA plans of other organizations
is the responsibility of the cxlxa-project coordinator, the WAG 2 Quality Assurance
Coordinator, and the project manager. If there is no approved QA plan for the task, then
the organization will be required to develop an acceptable plan. It may be n_ary to add
project-specific attachments such as organization charts,functional responsibility matrixes, and
sm'veillance plans to otherwise adequate plans. Interface agreements will be developed with
ali organizations performing tasks for WAG 2. These interface agreements will provide
configuration and change control statements between organizations.

Ali ORNL and subcontractor personnel working on the WAG 2 RI will be properly
trained, qualified individuals. QA awareness will be addressed by information sessions and
distribution of the project QA plan. The QA coordinator w]l be responsible for conducting
the sessions and distributing the plans. Receipt of information shall be documented by
attendance and document sign-out sheets. Priorto commencement of work, ali samplingteam
personnel will be given instructions specific to the remedial investigation coveting the
following areas:

* training nee_ assessment
, organization and lines of communication and authority
• descrilption ot the WAG 2 system
, overview of the S&A, QA/QC, H&S, and Data Management Plans
• documentation requirements
• personnel protection proc_ures
o waste management procedures
• decontamination l_rocedures
s emergency proceaures

2.5.2 QA for Data from Other lh_jecta

Data from several other projects will be utiliz_ in the WAG 2 RI (Fig. 2.2). The Extra-
Project Coordinatorwill be the point of contact for interactions with these various groups (i.e.
CRRI, ORNL WAGs RI/FS, ERMA, BMAP, NPDES, ASEMP, and ESP). Data from these
groups will be transferred to the Data Management and Integration Group. The QA plans
developed for these groups will be reviewed to ensure the data meet WAG 2 data quality
objectives. WAG 2 QA staff will review the data and data quality objectives to ensure that
the data are appropriate for the proposed application in WAG 2. WAG 2 staff will also
review or participate in audits and surveillances to ensure that the data are being collected
and handled in the manner prescribed in the QA plan of the group providing the data.

2.5.3 QA Objectives for Measurement of Data

This section implements applicable regulatory requirements and provides internal control
and review so that the data are scientifically sound and legally defensible.
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QA objective_ for data are that

• scientific data generated will withstand scientific scrutiny;
• data wdl be gathered using appropriate procedures for field sampling,

, chain-of-custody, laboratory analyses, and data reporting; and
• data w_llbe of known precision and accuracy.

The QA requirements for the WAG 2 RIaxe defined in Sect. 12of the WAG 2 RI Plan
(ORNL 1990). The pr_e.dures to be used for assessing the quality of field and analytical
laboratory data are described in Sect. 2.5.6. Analytical laboratofles selected for this project
must meet cflteria for laboratorycertification and adherence to regulator QA requirements.'

2.5.4 Data Qmdity Obj_

Data quality objectives (DQOs) are derived from the intended uses of the data. To
develop DQOs, environmental variabiUtyand analytical quantitation requirements must be
considered along with measures to waluat e the precision, accuracy.,representativeness,
comparability, and completeness of both sample collection and analysis, and the level of
documentation required to support the intended use of the data. Because this S&A Plan
emphasizes scoping and screening activities, the sampling locations, number of samples, and
methods of data collection are intended to provide information for locations, media, and/or
analytes for which few data exist and to estimate environmental variability (Sect. 2.2 of this
document). Therefore, consideration of environmental variability has not been included in
the development of DQOs for this stage of the S&A activities. The analytical methods
selected are based on quantitation limits (levels of concern) required to identify contaminants
of potential concern (e.g., evaluate ARARs, conduct risk-based contaminant screening,
establish backgroundconditions, etc.). Data meeting historic method quality control criteria
therefore meet the analytical requirement of the DQO for this project.

To meet project data use requirements, measurement tasks will be assigned the
appropflate DQO (QC documentation) level (I-V) as defined in Data Quality Objectives for
Remedial Response Activities (EPA 1987¢). Data of two different quality levels will be
generated during field investigations. Field data such as radiation monitoring will meet the
requirements of Levels I or II data quality. Analytical laboratory data collected for surface
water, groundwater, sediment, and biota samplingwill meet the requirements of Level III or
Level IV data quality. For example, Level I/II dataquality arc obtained from field screening
exercises using portable instruments. Results may not be quantitative or compound specific
but are inexpensive and can be made available quickly. Level I and II data can be used for
scoping and screening such as (1) initial delineation of contaminated zones, (2) crude
presence or absence of contaminantion, and (3) gross determination of analytes in samples.
Level III and Level IV data quality requirements provide laboratory analyses using standard
EPA methods such as those in SW-846, EPA 600, and the Contract Laboratory Program
(CLP). Level III provides information for a wide arrayof analytes with known accuracy and
precision. Level IV data in addition provides rigorous QA/QC protocols and documentation
and provides qualitative and quantitative,analytical data which is legally defent ible. Level IH
and IV data are suitable for site characterizations and risk assessments. The data quality
criteria for Level III and IV are (1) de`tectionlimits for each procedure will be consistent with
EPA-approved methods; (2)laboratory QA/QC procedures will follow method specific
requirements; and (3) field QA/QC procedures will be assc._ed by reviewing data generated
from the analysis of trip blanks, equipment rinsates, field blanks, and duplicate samples.
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The determination of the appropriate QA level for data coUe_tion (field measurements
or analyticalmethods) will depend on the intended use of the data. If the data are to be used
exclusively for screening (i.e., to determine the relative concentration of a contaminant, its
concentration, or evaluate its presence or absence), Level I or H QA will apply. This includes

data used to extrapolate to average concentrations or fluxes of contaminant_. For example,
the gamma activitywalkover of the floodplain will generate thousands of data points. Based
on the data from the walkover, soil sampleswill be collected andanalyzed for gamma-emitting
radionuclides, and these data will be compared with the data resulting from the walkover to
establish a relationship between the field measurements and laboratoryanalyses. Data from
the walkover can then be used as a bastsfor extrapolation to average levels of gamma activity
in the floodplain for prctiminaryrisk analysis. In this example, the field screening would be
QA Level II and the laboratory analysiswould require QA Level III.

Because contaminant inputs into WAG 2 are changing (as upgradient WAGs are
remcdiatext),the nature and extent of contamination is also changing. Therefore, a baseline
risk assessment will follow the remediation of upgradient WAGs in 10 to 20 years. Data
collected in the _terim period by the multimedia environmental monitoring programwill be
used to trackcontaminant inputs, releases, and inventories. Data collected duringthe interim
period will form the basis for an abbreviatedand very specific sampling and analysis program
for the baseline risk _mcnt. Thus, the majority of data c_ollectedby the multimedia
environmental monitoring program will require no more than Level III QA. However,
because the WAG 2 RI Project involves a long-term monitoring effort and analyticalmethods
that will likely change over the duration of the monitoring effort, approximately 10-25% of
the data collected will meet the requirements of Level IV QA. The Level IV full CLP-Iikc
data packages will provide comparison of current and future analytical methods and will
ensure the ongoing usability of data for the duration of the WAG 2 RI Project.

DQOs may include analytical Level V (special methods) for some contaminants. For
example, the risk-base_ contaminant screening found potentially significant risks associated
with certain organic contaminants that were not detected but which were screened at a
concentration equal to the detection limits (Blaylock ct al. 1991b). For these organic
compounds, either analytical methods with lower limits of detection will be used, or
compounds will be eliminated from further consideration based on evidence such as no
reported detection in any media and no known sources in the watershed. A rationale for
dealing with contaminants for which Level III or IV analytical methods may not provide
acceptable detection limits is being dcvclopc_ in conjunction with Energy Systems' Central
Risk Assessment Committee andwill be presented in the next iteration of the S&A Plan prior
to the next and more intensive round of field sampling.

The WAG 2 RI risk assessment team, in consultation with the project manager, the site
characterization coordinator, and the ER-APO, will determine the QA level required for ali
measurements and activities. In general, if data are to be used directly for risk assessment,
feasibility studies, or remedial design, QA Level III or higher will be required.

2.5.5 Quality Control Data

Quality control samples will be used to screen out data of unacceptable precision or
accuracyand thus provide data defensibility. Depending on the time frame in which the data
are requested, a variable in the data set would indicate the current level of data quality and
the target level. _ction 2.5.14 discusses data reduction QA procedures in more detail. This
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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).

• 2.5.6 Field Activities

The multimedia environmental monitoring plan emphasizes the dynamic aspects
(movement into and out of) the system. 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, Klmbrough et al. 1990). However,
established methods are not available for certain procedures (e.g., locating groundwater
discharge areas, or calibrating point withdrawals by automatic samplers with actual whole
channel fiux_). Therefore, we will be developing and evaluating several project-specific
procedures. Where possible, existing procedures will be modified for these purposes. Where
no similar procedure exists, a draft or guiding procedure will be developed, approved, and
used to facilitate the documentation process. Ali project.specific procedures developed will
be reviewed by the ER-APO. Ali modifications in methods will be documented and made
part of the ERD DMC.

Records documenting the modifications evaluation, verification, and other aspects of
procedure development will follow documentation procedures described in the WAG 2 RI
QA plan. A copy of ali WAG 2 field and laboratory procedures will be maintained in a
controlled Standard Operating Procedure (SOP) Manual according to guidelines described

• in the WAG 2 RI plan. The SOP Manual will be readily available to WAG 2 personnel
conducting laboratory or field activities. Draft copies of procedures under development and
references for procedures to be developed are located in Appendix C.

The QA completeness objective for this project is to obtain valid, analytical results for
at leasf 95% of the samples collected during the project. Accountability of samples collected,
from field to final disposal, must be 100%.

Objectives for comparability between samples are met by the following: (1) narrowly
defined sampling methodologies; (2) site surveillance and use of standard sampling devices
and monitoring devices; (3)training of personnel; (4)documentation of sampling point;
(5) stringent control limits for the QC checks; and (6)reporting results in appropriate,
comparable units.

Accuracy among 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 standardcriteria for container and equipment
cleaning, standard sample collection protocol to obtain a representative sample, personnel
trainingand performance cflteria, 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 described in Sects. 2
through 6 and corresponding standardoperating procedures.

Measures to attain sensitivity objectives include (1) uniform trainingand certification for
staff; (2) standard provisions forinspection, maintenance, and repair; (3) provision of standard

. operating procedures (SOPs) to technical staff; (4) reference of SOPs in the S&A Plan; and
(5) field inspections by the QA/QC coordinator to determine compliance with the items
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specified in the support plans. All aforementioned measures to attain sensitivity objective,tr
are described in the WAG 2 QA Plan (in review).

Staff responsible for particulartnstrmnentsmust maintain a log of calibration pr_urm
and results that will remain with the instrument as a means of establishing a record of
calibration. 'lhc sampling team leaders will inspect and initial such logs, which will _come
pat_ of the project records. Each operator must be trained in the proper use of the
instrument, be familiarwith the instrument'suse, andbe able to properly interpret data from
the instrument.

2.5.6.1 FieJd _ta_n
f

An integral part Ofthe OA/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 of hardcover construction with stitched binding and water,resistant pages.
Information identified in these recordswill be obtained from the site exploration andsampling
activities and will be reviewed by the samplingteam 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 at a minimum:

• date and time on.site;
• the names and affiliations of field personnel;
• a general de,script|on of the day's field activities;
• documentation of current weather conditions as well as weather conditions during

the previous 48 hfs when appropriate; •
• field equipment and instrument number;
• field equipment calibration data, when required;
• field rcad|ngs from personnel safety instruments; and
• field data measurements such as temperature, conductivity and pH.

Appropriate forms for field-generated data will be prepared based on the requirements
in the WAG 2 RI Plan (Sect. 12, ORNt, 1990).

2.5.6.2 Fmkl data management

Field records will be recorded in permanent ink, legible, and 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 consistent, factual,
detailed, and objective. The field records will be the basis for later written reports, and ali
entries must be free of terminology that might prove inappropriate. The method of data
reduction will be identified and recorded. Field-generated data sheets will be collected and
reviewed daily for accuracyand completeness by the field sampling coordinator before being
transferred to the Records Control Manager. StandardOperating Procedures (SOPs), Use
of the Document Management Center, Forms Development and Control, and Forms
Acquisition andPost-SamplingProcess furtherdescribe project-specific field datamanagement
procedures. Ali SOPs are located in the controlled WAG 2 SOP Manual distributed by the
Quality Assurance Coordinator. Manual entry of field data will be coordinated by the Data
Base Management Group. Data entry will enter field data into specified computer systems
to facilitate retrieval by WAG 2 RI personnel. Quality will be checked by double entry and
verification of entered data. The WAG 2 RI project manager will tbrward field notebooks
to the DMC at the conclusion of field activities.
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The Sample Information Management System (SIMS) protocols (BNI 1989) for sample
. identification and trac'ldngusing*barcoding technology will be used in the field samplingand

analysis. The procedures defined in this document appUcsto ali ORNL RI/I_ project field
sampling projects. Sample labels or tags will _mtain sul_cient information to identify the

, sample in the absence of other documentation. The label or tag will be directlyaffixed tothe
sample container and any handwritten information will be completed using indelible ink.
Labels will include at a minimum:

s project name,
e_ imtque sample number, ..

. • sample locaUon,_. .
• sampiing date and time, .

signature of ind/vidual collecting the sample,
• preservation method employed, and
,, comments regarding sample characteristics.

See the WAG 2 R! SOP Manual for the procedure on sample identification (in preparation),

2.5.6.3 F'mldcustody,provedures

Field custody procedural activities include the following steps,

s Before sampling begins, the WA0 2 RI QA/QC coordinator will instruct sampling
personnel vn the chain.of-custody and sample labeling procedures, as necessary.

. s A chatn_of-custody re.cord will be initiated in the field for each sample,
cerro.spending to the sample identification label.

• Sample preservation steps will b¢ re.cordedon the field chain-of-custody record.
s Eacti time sample custody is transferred, the _rson relinquishing the sample and the

new custodmn will sign the re.cord,note the date, and indicate the reason for
transfer of custody.

• The analyses to be performed for each sample will be, recorde,d on a reque_,_t-for-
analysis form.

• The sampling team leader and field services coordinator will confirm that proper
ct_tody pr_urcs and report forms were used during the flcldwork and that results
were documented in the field logbook.

• Samples transferred to analytical laboratories will be recorded in the field logbook
by the ASC at the end of the collection period.

See the WAG 2 KI SOP Manual for the procedure on chain-of-custody (in preparation).

2.5.6.4 Fiekl QC Sampling

Field QC sampling will be established to check sampling and will constitute 5.10% of the
total number of samples. Ali QC samples will be shipped ac,cording to the chain-of-custody
procedures specified in Sc.ct. 7 of this report. Field QC samples will include blanks and
replicates as follows:

Fsc.ldRinsatc. A field rinsate cons/sting of final rinse water from the decontamination
of field sampling equipment. Analysis of the field tin.sate cletcrmtne_ if the decontamination
procedure is adequate to avoid carryover of contamination from one sampling location to
another. A field rtnsate will be collected at a minimum of 1 in 20 clcanings of any given
pie.ce of equipment.
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_toey rlnsate. A laboratory rinsate consists of final rinse, water from the
decontan_nation of field sampling equipment. Analysis of the laboratory rinsate determines
if decontamination pr"oceAuresare adequate. Laboratory rin_atcs will be collected prior to
each day of field activities or at a minimum of 1 in 20 cleanings of any given ple4m of
equipment,1

Field blank One field blank consisting of source water (distilled/delonized water) used
for dez:ontamlnatlon'will be collected for every ,20 samples or once per sampling event,

whichever is greater. Field blanks will also be used to detect airborne metal or organic
contaminants present at the time of sample collection. One field blank container consisting
of distilled/deionizexl water will be opened during the collection of one in twenty metal or
organic samples.

duplicate. Field duplicates, which consist of a duplicate sample from one sampling
location, indicate whether the field sampling technique is reproducible. Duplicate samples
will be obtained at a collection frequency of 5 to 10% for ali sample matrice_.

Field QC samples will have discrete sample numbers and be submitted as "blind"to the
laboratories. The quantities and collection proce.dures for each field QC sample type are
specified in Sects. 3 through 6 for each environmental media and in SOPs, as appropriate.
Results of these samples will be included in the analytical data report. Results for QC
samples will not be used to adjust the results obtained for original samples. If contaminants
are found in the blanks, attempts will be made to identify the source of contamination, and
corrective action will be initiated according to Sect. 12.13 of he WAG 2 RI Plan (ORNL

2.5.63 F_ analyses

Ali field measurements will be recorded in the field notebooks or on specially designed
data tbrms. 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
signe,d 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
a standard format, when possible. The field sampling coordinator is responsible for periodic
re,dew of daily entries in the field logbooks.

2.5.7 Laboratory A_t/vitlcs

• Laboratory statements of work will be developed in conjunction with the ER-APO, will
specify QC re_uire.ments and QC sample dclivcrables, and will be submitted to the laboratory
for approval prior to sample shipment. The laboratory will be required to submit the results
of requested control sample analyses and other QA/QC documentation (Sect. 2.5.13) to the
WAG2 RI ASC to ensure conformance with e_tabli._hedcontrol limits and other QA
rexluiremcnts.

The QA complctcne_ objective for this project is to obtain valid analytical results for
at least 95% of the sample.scollected. Laboratory completeness will be determined by the
extent to which data are substantiated by hard-copydocumentation, which includ_ chain-ob
custody, requests for services, and instrumentcalibration forms. Comparabilityand sensitivity
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criteria are mtablished by either the most re.c.entstat©ment of work or SOPs for pagicuiar
• analytical laboratoflcs.

2.5.8 _tioa of Cam, Con_tloa
w

Sampling equipment will be decontaminated before use and between each sample per
Esp-900 (Kimbrough ct al. 1990). Each decontamination activity will bc re.cordedin the field
logbook or a decontamination notebooL Specific procedures for equipment decontamination
arc included in the SOP Manual for the sampling proc.exlurein which the equipment is used.

z.s.9samp Tim

Sample analyses will be scheduled ac,cording to site investigation needs consistent With
the sample holding times as defined in Requirements for Quality Control of Analytical Data
(Oak:Ridge K.2.5 Site, 1991), iThe S&A Plan is organized to provide a turnaround time that
will meet the project schedule and objectives. Specific sample holding times are found in
Table 7,1 of Requirement for Quality Controlof Analytical Data (Oak Ridge K-25 Site,
1991). The.sv requirements shall be included in any contractual agreement between the
WAG 2 RI Project and contract laboratories,

2.5.10 Shipping and Handling

Handling, shipping, and storage of samples and data resulting from field activities will
adhere to custody and safety procedures described in the WAG 2 RI Plan (ORNL 1990,
Sects. 12.3 and 14). Specific shipping and handling procedures for each sample medium are
be,ing developed in_the QA Plan ['oreach media being collected.

2.5.11 Varianc_ System

Procedures that properly anticipate all conditions encountered during a field sampling
program cannot be prepared. Variances from approved operating procedures in the WAG 2
RI Plan, the S&A Plan, the QA/QC Plan, or the H&S Plan will be documented in a deviation
request form, described in Sect. 12 of the WAG 2 RI Plan (ORNL 1990).

The field sampling c_mrdinatorwill initiate and chronologically maintain a variance log.
A variance requires the approval of the WAG 2 RI project manager and the Quality
Assurance Specialist (QAS) before work proceeds. As appropriate, regulatory agencies will
be notified of anyvariances that significantlyaffect project scope or objectives. Any variances
from the H&S Plan must be approved by the H&S Coordinator. Approval by the WAG 2
RI project manager and QAS can be initiated on a verbal basis via the telephone or radio
with follow-up sign-off. In no case will non-WAG 2 RI project personnel initiate a var/ance.
Copies of the deviation request forms will be maintained by sampling teams until the
fieldwork is complete andwill then be forwarded to the WAG 2 RI project manager and sent
to the ERD/DMC in a proc.edural change notice according to ER/C-PII00, "Initiation,
Review, Revision, Approval, and Issuance of Environmental Restoration Procedures and
Instructions."
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2.5.12Sample rmuures

Chain-of-custo_ proceatures require documented sample possession from the time of
collection to disposal, in accordance with Energy Systems procedure ESP,500 (Kimbroughet
aL 1990). TheSe procedures are d_cussed in Sect. 7 of this report. Additional details of
document control are included in Sect. 13 of the WAG 2 IRIPlan (ORNL 1990).

2.5.13Analytic=]Pmcodumt

The procedures to be used in sample analysis are listed in Tables 3.3, 4.3, 4.4, 5.2, and
described in text in Sect. 6 of this document. The samples will be analyzed for potential
contaminants of concern using SW-846 procedures or other accepted or documented methods
(e.g., EPA 1979b; 1980c; 1983;1984b; 1986a,d; 1987d;Kimbroughct al. 1990,Appendices A.2
and A.4).

Laboratory QC samples will be used to check sample preparation and analysis and to
monitor laboratory performance' ERD guidelines for laboratory QC samples and
documentation have been established in Energy Systems (1990). Specific data deliverables
_ll be approved by the ERD-APO. Specific requirements for groups of samples will be
specified in SOWs tor those,samples. Analysis-specific control samples may be required as
indicated by EPA accepted procedures. QC samples wig 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:

Metlmd blank. A method blank is a blank sample made up of a pure, noncontaminated
substance of the matrix of interest (usually di,_tilled/deionizedwater or silica sand) that is
subjected to ali of the sample preparation (e.g., digestion, distillation, and extraction) and
analyticalmethodologyappliedtothesamples.The purposeofthemethodblankistocheck
forcontaminationfromwithinthelaboratorythatmightbeintroducedd_xingsampleanalysis.

Cah'bration/confinuingcafibrationbladk. A calibration blank is the substance that is used
to zero the instrument. The calibration blank comprises the solvent used for the preparation
of the calibration standardsand samples. The calibrationblank accounts for anyinterferences
from the solvent matrix.

Sample container deaming blan_ If sample containers arc 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 recleaned and another blank taken and analyzed.

= Laboratory duplicates. 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 separate 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 preparationmethodology, and the analytical
methodology.

MatrixspikeL A matrixspike is an al!quot of a sample to which a known concentrationJ

of the compoun_ of interest has been _dded. t"ne matrix "' is -'-' .... " "- "_"5pIKu _uvjr._tr..,u tu tu_ eaJt=_,
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sample preparation and analytical methodology applied to the samples. The sample to be
• spiked is selected prior to sample submittal by the ASC; however, the spiked sample cannot

be a method blank, trip blank, or field blank. The purpose of the matrixspike is to check for
interferences or false readings caused by the sample matrix.

Blank spike3hborato_y control ample (L£S_ The blank spike, or LCS, is a blanksample
(usually distiUed/deioniz_ water or silica sand) to which a known concentration of the
compounds of interest has been added. The blank spike is subjected to the same sample
preparation and analytical methodology applied to the samples. The purpose of the blank
spike is to check the accuracyof the analyst, the sample preparation methodology, and the
analytical methodology. The level of accuracyis measured by calculating the percent recovery
(%Z).

The laboratory QA/QC Coordinator is responsible for preparing QC standards and
sending QC samples into 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 through the use of control charts to
validate the data set. Laboratory QC standardswill include the following:

Cah'brationstandards. Calibration standardsare standardscomprising the compounds of
interest at known concentrations. Calibration standards are prepared from EPA reference
material or commercially available, certified reference materials traceable to the National

. Institute of StandardsandTesting (NIST). Calibrationstandardsare prepared using the same
solvent used for sample preparation at the same concentration. Semivolatile and volatile
organic analyses by GC/MS require one point calibrationby current CLP criteria. Calibration
standards for other methods require at least three concentration levels plus a blank standard
throughout the calibration range required for the analysis. Calibration standards are not
subjected to ali of the preparation (e.g., extraction, distillation, and digestion) that is applied
to the sample. Calibrationstandards are used to initiallycalibrate the instrumentby 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
continually throughout the analysiswith the calibration standards to check for any instrument
drift that may have occurred.

Pexformamm evaluation (PE) Lample_ 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 (blank spike, matrix spike, and
duplicate) and for each matrix type and concentration level (high, medium, and low). A
minimum of ten measurements of precision and accuracy are required before control limits
can be established. Control limits of three standard deviations shall be utilized for ali

. samples,,
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Once establishe/d,control limits are updated as additional precision and accuracy data
become available to the laboratory QC coordinator. Any control sample data point that falls
beyond the control,limits or any data trend (indicated by seven or more consecutive points
on either side of _e mean) will require an investigation and corrective action. For all
identified contamirants of concern, control limits and corrective actions will be in accordance
with EPA protoco Additional statistics for organics work will be done hl accordance with

SW'846 (EPA 1916c) °r the CLP statement of work.(EPA 1986d), as applicable. ,
, 2.5.14 Data SmmmtfiTattion,Validation, and Reporting '

The data or/validation process compares the objective versus the actual through the
evaluation of th_ PARCC parameters. The laboratory will not perform data validation;
laboratory QA/QC data will be validated, independent of the laboratory by a contract
organization. A statement of work descn'bingdata editing, screening, checking, auditing,
verification, c/-rtification, and review (EPA 1988b)will be implemented priorto the initiation

: of data validation. Ali data for this project will be evaluated by QA/QC methods and internal
l_e_r revi_. Data reduction, verification, and reporting will be in accordance with the
ongoing ORNL ER Program Data Base Management activities (Voorhe_s et al. 1988, 1989;
Hook ct al. 1990). Data will be entered into common, standardi_ed formats. In addition to
following field sampling documentation and QA/QC procedures, data are verified using a
variety of computerized che_ks for reasonableness. These procedures will ensure that data
are entered, encoded, and manipulated in a consistent way and available to WAG 2 RI
investigators in a usable format.

Data validation for DQO Levels I and H will follow ERD's requirements for quality
control of analyticaldata. Data validation for Levels III and IV will be performed according
to EPA's functional guidelines. Because no raw data is provided with Level III QC
documentation, the functional guidelines which require the review of rawdata will be omitted
for ali Level III analys_.

2.5.1.4.1 Irmlddata reduction and evaluation

Data collected during field activities will be evaluated by checking the procr_ures used
and comparing the data to previous measurements. The QA/QC coordinator and sampling_

team leaders will be responsible for checking field QC sample results to ensure that field
measurement and sampling protocols have been observed. These reviews will check:

• date and time sampled,
• preservation,
® standard operating procedures utilized,
• calibration method and frequency, and
s chain-of-custody documentation.

° Reviewers are responsible for ensuringthat data reduction calculations are documented
andchecked by qualified personnel. Written reports, including reduced and summarized data,
will include the raw data in appendices. Specific calculations used for data reduction will also
be included.

=_=__
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2.5.14.2 Aaalyti_ laborato[y data nxl_ and cv_duation

Analytical data generated during the sampling and analysis phase will be evaluated for
completeness as an ongoing and concurrent process. This will include, but is not limited to,

. review of completed custody logs, photocopied pages of laboratory notebooks and data forms
completed by the technical staff, including sample weights, dilutions, concentrations, data
reduction, instrument logs, and all raw data. Reviewers of materials will include the S&A
Team Leader, WAG 2 RI QA/QC coordinator and the assigned contract laboratory program
manager. In the data review process, the data arc compared to information such as the
sample history, sample preparation, and QC sample data to evaluate the validityof the results.
Data validation includes

• dated and signed entries by technical staff and supervisors on the worksheets and
logbooks us_ for samples;

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

• use of quality control criteria to reject or accept specific data in accordance with
EPA CLP protocols and laboratory data validation functional guidelines for
evaluating organic and inorganic data (EPA 1988b, EPA 1984a); and

• examination of all data for a sample andsite by evaluating ion balance, checking for
consistency among replicate samples, sending split samples to other laboratories for

• analysis, and using frequency distributions and range checks to evaluate outliers.

2.5.143 Data reporting of analy/ka] results

The format and content of hard copy and clectron/c data reports will adhere to project
needs and will be specified in SOWs. These include contract requirements of DOE and
regulatory agency reporting formats. The laboratory supervisors are responsible for the
preparation of each technical report, including the process of data validation. The required

: hardcopy report format will be specified in the laboratory statement of work.

® Final data prescn_tion shall be checked, according to data validation requirements
and approved by the appropriate sampling team leader and laboratory manager.

• Each page of data will be identified with the project number or project name,
sample d-eliverygroup number, batch number, and date of issue.

• Electronic copies of the data must match the hard copy reports.

Electronic data contents in the report will include:

• sample identification number used by the laboratory and/or the sample identification
pro_,idedto the laboratory, if different than that used in the laboratory;

• sample delivery group number and batch number;
• chemical parameters analyzed, reported values, laboratory data qualifers,and units

of measurement;
• quantification limit of the analyticalproc.edure;
• results of QC sample analysis;

. • achieved accuracy, precision, and .completeness of data;
• references to specific data if reqmred to explain reported values; and
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These methods will be specificallyreferencedon all laboratoryreports. Any method
modificationwillbe includedin the case narrative,providedbythe contractlaboratory.Data
/br field QC sampleswillbe reportedin the same formatas actualsamples.

A statisticalevaluationof laboratoryanalyticalresultswillbe performedthat willapply
precisionand accuracycriteriafor each parameterthat is analyzed. When the analysisof a
sampleset is completed, the QC datageneratedwillbe reviewedand evaluatedas a partof
validationprocedures. All QC datawillbe reportedto the WAG2 RI projectmanageralong
with the sampleanalysisresults. The QC datawillbe reviewedfor precisionand accuracy.

2.5.1.5 InW.malQC ChecksandFrcquen_

Internal QC procedures involve review of the documentationof maintenance and
operationalproceduresandinspectionof the instrumentsandequipmentby personnelother
than instrumentusers. Inspectionentailsthe spot inspectionsconductedbythe OA specialist
in combinationwith the continuousprocessof inspectionconductedby the samplingteam
leadersand laboratorysupervisorsaspartof normalprocedures.

Achieving the highest level of documentation qualityis imperative to OC. Bound
notebookswith numberedpageswillbe used to recordali eventsand activities. Data forms
will be used to recordselected field and laboratorymeasurements.Ali notebooks and data
formswillbe subject to custodyrequirementsincludinglimited distribution,secure storage,
and long-termretention (30 years aftercompletionof samplecollectionand analysis).

2.5.16 QA Reports to Management

The activeparticipationof managementin WAG 2 RXis fundamentalto the successof
this QAJQCPlan. Managementwill be awareof projectactivitiesand will participatein
development, review, and operationof the project. Managementwillbe informed of OA
statusand activities throughthe receipt,review,and/orapprovalof

• regularEnvironmentalSciencesDivisionqualitystatusreports,
• laboratoryand project-sPexifi.cQA/QC plansand procedures,
• postauditreportsand auditcJc_ures,
• surveillance. reports,
• correct|ve-actionoverduenotices, and
• nonconformancereports.

Copiesof these reportswillbe distributed to appropriateEnergySystemsandOakRidge
Field Office management and regulatoryagencieso In addition, periodic assessment of

: QA/QC activities and data precision, accuracy, representativeness,completeness, and
comparabilitywillbe conductedandreported bythe QA/QCcoordinator.



47

. Projectmanagementwill informtheOA specialist,asappropriate,of the QA statusof the
project,especiallyanysignificantqualityaccomplishments.WAG2 RI personnelarerequired
to inform the project manageror projectsupport staff of ali nonconformancesor quality
failures(RobersonandLogsdon1989). The projectmanagerwilldocumentandimmediately
report anynonconformanceor qualityfailureto the QA specialist. It is the responsibilityof
the ER QA specialistto reportaliquality-associatedactivitiesto the ORNLqualityassurance
manager.
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3.SEDIMENT SAMPLING PLAN

II.L.Boston,3".A.Fontaine,7'.L.Ashwood,andS.Y.Lee

3.1INTRODUCTION

Contaminatedscdirncntswillbca mainfocusoftheWAO 2 projectduringthefirst
2 ycazsbecauseaquaticand floodplainsedimentsarcthelargestpoolofcontaminantsin
WAO 2,externalexposuretoradionuclidesinsedimentsistheprimaryhuman hca|thrisk,
andtransportofscdlmcntsisthemostslgn_cantpathwayforcontaminanttransportoff-sRc.
Currently,wc do not havesufficientinformationto(I)dctcrn_ncifinterimcorrective
measuresarcneededtoprotectthepublicandenvironmentfromexposuretocontaminated
sedimentsinWAG 2,(2)quantifysourcesofcontinuedcontaminantinputtoWAO 2,
(3)quantifytheinventoryof key contaminantsin thesoilsand scdimcntsof WAG 2,
(4)documentcontaminanttransportwithinandoutofWAG 2,and(5)predictcontaminant
releasesand determineerrorboundsunderfuturelanduseand/orextremehydrologic
conditions.Thisinformationisrequiredtoeffectivelymanagecontaminatedsediments,to
accuratelyassesscurrentandpotentialrisks,andtohelpguideremedialeffortsintheWOC
watershed.Thiscomponentrelieson hydrologicaldataprovidedbytheERMA program
(Clappctal.1991)andwillinteractwithRI/FSsinotherWAGs toevaluatethetransportof
contaminatcdsedimentsfromspecificsourceareastotheClinchRiver.

As notedpreviously,thecontaminantsofgreatestconcerninWAG 2 arcparticlereactive
and accumulateinfloodplainsoilsandaquaticsediments.Table3.1showsa radionuclide
budgetforWOL Inthisbudget,thesedimentaccountsforalmosttheentireinventoryof

" 13VCsandeCo. Even theinventoryfor9°Sr,whichisnotespeciallyparticlereactive,is
dominatedbythesediment;however,9°Srfluxesarcdominatedbythedissolvedphase.WOL
andWOCE sedimentshavebccnaddressedina numberofinvestigations.The resultsoE
some ofthemore recent(after1979)samplingcampaignsarcpresentedinORNL 1990,

" Sect. 6.5. Few data arc available for nonradiological contaminants in WOL Recently,
sediments in WOCE wcrc intensively sampled by the CRRI Program as part of a CERCLA
removal action to control contaminated sediments (Blaylock ct al., 1991a).

Upgradicnt of WOL, Ccrling and Spalding (1981)surveyed strcambcd gravels at 412 sites
for 137Cs,eCo, and 9°Sr. These data Eorgravels provide good historical information for the
distribution of contaminants. Later, Ccrling (1986) placed uncontaminated gravels (2- to
3.35-mm size) at selected locations in the WOC drainage and then rctdcvcd and analyzed
these gravels to identify active vs residual sources of radionuclides and metals. With the
exception of recent data for the majorwcirs in WAG 2 (soc Blaylock ct al. 1991b), wc have
little information on nonradiological contaminants or radiologicalcontaminants in all sediment
sLzcfractions or whole samples. Thcrcforc, wc do not have inventories of contaminants in
the stream sediments. Although sediment contaminant inventories arc sure to bc spatially and
temporally var/able, they arc useful because they represent potential sources of exposure or
release to offsitc areas.

Few data arc available for floodplain soils [scc ORNL 1990, Scct. 6.1 and Blaylock ct al.
(1991b)]. Recent data (J. Ghiron, ORNL, personal communication to H. L. Boston, ORNL,
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Table 3.1. Estimated inventories of _Cs, 'eCo, and _r in the
abiotic and biotic compartutents of White Oak

[ I I I[ IIII I I I I III I

uTCs 'eCo _r
Compartment (Bq) (Bcl) (Bq)

Fish 1.1 x 104 9.6 x 104 1.1 x 106

Benthic Invertebrates 4.2 x 10s 9.7 x 104 NA'

EmergentMacrophytes 8.4 x 10' 1.1 x 10_ 2.3 X 107

Sediment 1.5 × 10t3 4.2 x 10i_ 6.6 × 101_

Water 1.7 x 10e 1.3 x l0 T 2.2 x 108

Total 1.5 x 10_3 4.2 x 1011 6.6 x 1011

(405Ct) (11,5Ct) 07.8 Ci)

'NA ffinot available.

Source: Loar 1989.
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August 1991) for the WOL floodplain below the confluence of WOC and Melton Branch
. foundactivitiesofISTCsand6°Coon theorderofI0sand10_pCi/gdrysoil,respectively,in

theupper5 to10in.SimilarlevelsofISTCshavebeenfoundintheoldintermediatepond
area(ORNL 1990,Sect6.1.2).Few dataareavailableforsoftcontaminantsinotherareas

. ofWAG 2.

Contaminantsassociatedwithsedimentsaremobilizedand transportedwithsediments
duringhlgh-d/schargeevents,Data fromOakesetal.(1.982)(Fig.3.1)show discharge,
sedimenttransport,and137CsfluxoverWOL dam duringasmallflood(recurrenceintercal
ofabout1,5year)in1979.DatainSolomonetal.(1991)showthatcontaminantfluxes
throughWAG 2 increasegreatlyduringstorms(seealsoSect.4 ofthisreport).The current
dischargemonitoringsystemwas notdesignedtoquantifycontaminantfluxduringfloods,
althoughstorm transportaccountsformost of the sedimentand sedlment.associated
contaminanttransport.Currently,datalimitationsforwatershed-levelprocessesdonotallow

: us to predict contaminant transport during moderate to extreme floods and/or under future
land use conditions. Thus, sampling for contaminant transport during high flow events and
developing models _to predict the transport of contaminants associated with sediments are
important components of the WAG 2 RI project.

3.20_ AND APPROACH

We need to determine if hot spots (discrete areas of high contamination) exit that
require interim corrective measures. We also need information on contaminant inputs to
WAG 2, contaminant inventories in WAG 2 sediments, and contaminant releases from
WAG 2 to off-site areas. These data will allow u_ to (1) help direct remedial efforts,
(2) document releases of contaminated sediment from WAG 2 to demonstrate that remedial
efforts have been successful, and (3) develop models that can predict the release of
contaminated sediments from WAG 2 under future land use and extreme hydrologic
conditions (i.e., extreme floods). Note that the WAG 2 efforts to quantify, monitor, and
model contaminant fluxes will include several sites outside WAG 2 to provide information for
the entire WOC drainage system. A watershed-level perspective is n_ary to evaluate and
predict sediment transport.

Efforts during the first 2 years of environmental monitoring will emphasize the collection
of screening-level information for contaminants in floodplain soils and stream sediments, as
well as initially quantifying contaminant fluxes for individual reaches in the WOC drainage
system. Data for sediment-associated contaminants collected during the first 2 years of this
effort will emphasize radionuclides (13_Cs,6°Co, and 9°Sr). Radionuclides are emphasized
becat_ they are important contaminants and are easy to measure. Fewer samples will be
collected for metals and organic contaminants. These efforts will serve as a basis for future,
merc intensive efforts. We will not address WOL or WOCE at this time be.cause they have
been fairlywell characterized compared with other areas of the drainage system. However,
we recognize that the large radiological inventolT in WOL and the lack of data appropriate
for baseline risk asse_ment will n_itatc investigations in the future. In general, the
objectives of these earlyefforts arc to screen for contaminants in areas where few data exist,

. provide data to develop more intensive sampling, develop sampling techniques, and implement
the multimedia environmental monitoring efforts. ,This sampling also supports the
development of models to predict the transport of contaminants associated with sediments

. that are released to off-site areas during high-discharge events.
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• The following s_tions will describe four objectives (with subcomponcnts) and the
sampling and analyses to support these objectives. These objectives are

, (1) conducting floodplain radiological walkover and stream scdlmcnt surveys,
(2) sampling contaminant transport duringstorms,
(3) quantifying contaminant inventories in stream sediments and identifying contaminant

sources, and
(4) developing models to predict sediment transport for the WOC watershed.

3.2.1Objective1--  JodpL Linaadiolo and Sediment

Note: This activitywill be carded out prior to formal r_,iew of this document.

Details of this activityhave been dc_ribed in communications with EPA and TDEC and
will be conducted only with their full concurrence. This preliminary activity is warranted by
the need to conduct the walkover during the winter when the vegetation is low and will not
interfere with the survey.

I. Radiologicadwalkover. The risk-based contaminant scrccnlng for the WOCE and results
of the preliminary contaminant screening for the remainder of WAG 2 found I'_7Csin
aquatic and floodplain sediments to be the primary contributor to human health risk.
Chemrad, Inc. will conduct a scoping walkover of the White Oak Creek floodplain will
be conducted using USRADS (Ultrasonic Ranging and Data System). USKADS will
provide real-tlme data for gamma radiation to initially estlmate the extent of soil and
sediment contaminatlon, to locate and define hot spot._(discrete areas of high activity),
and to provide preliminary information for gamma contamination for major areas of the
WAG 2 floodplain for which no information currently exists. These data will form the
basis of the preliminary soil sampling_efforts, stratification of the system for future
efforts, as well as locating areas that.may require interim corrective measures.

2. Floodplain soil sampling. In addition to providing information for the surface gamma
• activity,the USRADS datawill be used to allocate a limited number of sediment samples

amoriglocatiom in the floodplain. The information generated by this effort will be used
to (I) provide some preliminary information on metals and organics, (2) determine if the
distributionof radionuclides has a strong positive correlation with those for metals and
organics (i.e., if co-contamination is common), and (3) detcrmlne the vertical distribution
of contaminants in the upper 0.5 m of sediment. If, as expected, metal and organic
contaminants accumulate in the same areas as gamma-emitting radionuclides, then the
radiological surveys can bc used to apportion later sampling efforts for site
characterization. Furthermore, this survey,_411provide dataneeded to determine if there
is a need for interim corrective measures.

3. Preliminary stream luxliment sampling. Although there are significant sources of
gamma-emitting radionuclides in the Melton Branch section of WAG 2, we do not
expect to find widespread gammacontamination in the floodplain of the Melton Branch
tributary of the WOC watershed. Tritium is an important beta contaminant in Melton
Branch but is water soluble and will be accounted tbr in other components of this S&A
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plan. Strontium.90 is another important be,ta-emitting contaminant in the Melton
Branch section of WAG 2. However, 9°Sris fairlysoluble, and where it does accumulate
in soils and sediments, it is not easily detectable by field instruments. In large areas
without galama contamination, random or blanket sampling for contaminants without
probable cause is not likely to have a high return for effort invested at this preliminary
stage of the WAG 2 investigation. To determine if there is probable cause to sample
+inrareas with little gamma contamination, we will continue to review new and existing
information for facilities in the Melton Branch tributary (e.g., data generated by the
WAG 5 RI) and will collect stream sediment samples at the major weirs in the WOC
watershed. The aquatic sediments act as an integrator of contaminants in upgradient
areas. The analysis of samples collected from the majorweirs will provide information
for contaminants in areas of the watershed upgradientof those weirs. This information
will be used to screen for additional contandnants of concern in areas for which no data
are available and in which significant surface ganuna activity cannot be used as an
indication of contaminant accumulationareas. If nonradioiogicalcontaminants are found
at the weirs, those constituents will be evaluated for inclusion in the list of contaminants
of concern and we will evaluate the need for modifications in the S&A plan.

Data from stream +sedimentsampling in WAGs 1, 5, and 6 will be used to augment these
efforts. The._ data will be provided by the WAGs 1, 5, and 6 RY projects and further
augmented by WAG 2 efforts where needed.

3.2.2 Sampling and Analysis for Objective 1

1. Radiological walkover. The walkover will be conducted using a gamma _intillation
counter coupled to the USR.ADS. This system permits essentially 100% coverage of
the area in a real.time mode. The USRADS provides hot_ontal positioning control +
from known benchmarks and records data from the scintillometer at 1-s intervals.

Scin_illomcter data is reported in counts pcr minute (cpm). Anomalies (readings
substantially above background for the immediate area being surveyed) will be
reevaluated on the spot to minimize the chance of obta+Iningerroneous data. Also,
anomalous areas above a specified level will be flaggedimmediately for latersampling.

The walkover will be conducted duringthe winter months to avoid de_e understory
that interferes with both the movement of the surveyor and the ultrasonic signal. We
will survey the entire WAG 2 area, including some overlap with the boundary areas
of source WAGs. We will merge our informationwith similar information generated
by walkovers of the source WAGs to form a radiological survey map of the entire
watershed. Data are currently available from WAGs i and 6 and will soon be
available from WAG 5.

+ 2. Fkxxlpiain rail sampling. The walkover surveywill provide a gamma radiation survey
ntap of the WOC floodplain in units of cpm. To provide more useful data (i.e.,

+ activities of specific isotopes and exposure levels) for anomalously high areas, it is
necc_ary to collect and analyze samples of the soil. Methods for tbe collection and
analysis of soil samples are presented in Sect. 3,3. Any areas where the USRADS
measurements exceed the dose rate or cpms in the immediate vicinity by > 300% will
be flagged in the field by the USRADS surveyor and sampled. In areas where the
anomaly covers a large area, one sample will be collected for every 2500 m2 (i.e., 50 m
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by 50 m). A sampling intensity of one sample per 2500 m2 for contaminated areas
. with no distinct "hot spots" was selected to provide a cost.effective, initial estimate of

variability. Ali samples will be collected by shallow hand.augering to a depth of 30 ,
to 50 cm, depending on the nature of the soil. One half of the samples will be

, composlted over the entire depth. The other half (chosen randomly) of the samples
will be sectioned into the top S-cre and t0-cm intervals thereafter. All samples will
be gamma counted for I00 rain and up to 100 samples (including 10%duplicates) will
be analyzed for _r. Twenty samples (including 10% duplicates) chosen randomly in
the vicinity of SWSA 5 and the intermediate pond will be analyzed for transuranics
(i.e.,UIAm,2_Cm,and2aXPu).The areaimmediatelydowngradientOfSWSA 5 will
bestratifiedinto20equalareaunit_,andasamplewillbecollectedfroma randomly
chosenpointwithineach unit. Samplesfor9°Srwillbe selectedbasedon
bremsstrahlungradiationobserveddmlngthegamma counting.Thirtyofthesamples
willbeselectedatrandomandanalyzedforparticle-slzedistributionbysievingand
settlingtotheslzaclaas,Allsizefractionswillbe analyzedforgamma-emitting
radionuclides.

From the samples(includingbothcompositesand sectionedsamples),we will
randomlychoose40 samples(including10% duplicates)to analyzeforPCBs,
chlordane,andmetals(ICPandmercury).PCBs arethegreatestcontributoramong
organiccompoundstohuman-healthriskandecologicalrisk.Chlordanefromanarea
above WAG 1 is known to accumulate in biota in WAG 2 (ORNL 1990). We will

" also randomly choose ten sites where the USRADS data indicate no anomalous
radioactivity (by stratifyingthe area into 10 equal ar©aunits and randomlyselecting
a point within each unit) and collect 30-cre-deep composite samples. These data will
be used to teat the hypothesis that organics and mctaL_,when present at all, are
co-contaminants with radioisotopes. In other words, the same processes that cause
deposition of the particle reactive radionuclides also cause dc,position of particle Iii

reactive nonradiological contaminants. The total number of samples (50) was limited
by costs. However, these data will provide information for variability in the
distributionof metals and organic contaminants needed to design sampling efforts to
_cduce uncertainty for risk estimates.

3. Preliminarystream sediment sampling. Sediment at the two lower weirs on WOC, the
two lower weirs on Melton Branch, and WOC just upstream of WOL (Fig. 3.2) will

. bc sampled for contaminants. Methods for the collection and analysis of sediment
samples arc pre._nted in Sect. 3.3. We will collect two cores (up to 100-cm depth)
with a hand held corer from pools at each site and section each core into the upper
10 cm and the remaining depth. Ali samples will be homogeniz_ and analyza.dfor
gamma emitting radionuclides, _r, ICP metals, Hg, semivolatile organics, PCBs, and
pesticides. In addition, the upper 10 cm of each core will be analyzed for _lAm,
244Cm,and Z_XPu.A total of 20 samples will be analyacd.

3.7.3 Objective 2--SampUng of Contaminant Transport During Storms

,The existing surface water monitoring programs are inadequate for determining
contaminant mass flux into, through, and out of WAG 2 during high flow events. The

• inability to obtain accurate estimates of contaminant flux results from the inadequate
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estimation of discharge duringlarge events and inadequate sampling of suspended sediment
. transport (see Borders ct al. 1991).

We willcharacterize (particle-size distributionanddischarge-sedimentload) andquantify
. sediment and contaminant transport at key points (Fig. 3.2) in the WOC system to allow a

mass balance for contaminants for majorreaches of the WOC watershed. These sampling,
characterization, and quantification activities will allow us to determine inputs (i.e., sources),
accumulation (relating to future risk), and transport for specific reaches, as well as providing
a record of contaminant release from WAG 2, These data will also provide information to
be used in the sediment transport modeling effort (Objective 4).

Data provided by this effort will also be used by the ERMA watershed hydrology
program (Clapp et al. 1991) to evaluate the data being collected by the existing compliance
monitoring efforts, and if necessary, calibration and/or modifications of existing sampling
efforts will be discussed with the programsresponsible. Throughout this process we will be
cooperating with the Lnvironmental Restoration Hydrologic Monitoring Program and the
ORNL Environmental Monitoring and Surveillance Division to calibrate or modify the
existing systems to better characterize contaminant transport during high-dischargeevents.

3.2.4 Sampling and Analysis for Object_ 2

1. Sampling of _diment transport during storms. The concentrations of suspended
sediment andbedload will be measured duringevents representing a range of discharges

• at each of seven sites in WOC° Methods for the collection and analysis of sediment

samples are presented in Sect. 3.3. Four of these sites will be primary monitoring
stations while the remaining three sites will be secondary monitoring stations. The
primarystations will be located near the major upstream anddownstream boundaries of

' WAG 2 [the 7500 Bridge [near USGS No. 03536550 (GS3)] and WOO (near MSS),
respectively], and just upstream of the confluence of the WOC and Melton Branch
tributaries(near MS3 and MS4) (Fig. 3.2) the secondary stations willbe used to monitor
inputs to WAG 2 on a short-term basis. Each secondary station will be maintained at
a site just long enough to sample the flux of contaminants and sediment during a small
flood (e.g., a 1- or 2-year event). After such a flood has been sampled, the secondary
stations will be relocated to other sites. The initial sites to be sampled with secondary
monitoring stations are near the West Seep, the Northwest Tributary,WAG 17 [USGS
No. 03536320 (GS(/)], and near MB2 and HRT in the Melton Branch Tributary (see
Fig. 4.1). We will coordinate with the Clinch River RI program andmay add a sampling
station at the mouth of WOCE following the completion of the sediment-retention
structure planned for that site.

Storm hydrographs rise and fall quickly in WOC because, the watershed is small, and
runoff is flashy. Therefore, suspended sediment samples will be collected with
programmable automatic sampling equipment. When stream stage ex_ a
predetermined elevation, periodic samples of stream water andsuspended sediment are
pumped from a fixezi point in the stream channel into 1-L bottles. The sampling
frequency is determined by the time to peak and the rate of recession of discharge. For

" example, intense summer thunderstorms may require samples collected every 5 min to
: accurately measure changing sediment concentrations during the rise of the hydrograph,

_
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while 20-rain intervalsmaybe sufficient during less intense winter storms. Less frequent
sampling is required during the recession of streamflow.

Samples of bedload will be collected during storms using bedload samplers (e.g., the
Helley-Smith bedload sampler; Emmett 1981) and bedload traps. Bodload (coarser
sediment moving with periodic contact with the streambed) will also be calculated using
one or more bedload formulas (ASCE 1975) and samples of bed material (stationary
material of the streambed).

The modeling efforts (Objective 4) will require samples from about three large winter
storms and two large summer storms. Since sampling devices automatically activate at
predetermined stages, samples will often be collected during floods that turn out to be
smaller than the five largest events selected for the extensive laboratory analysis work
for data required for the modeling. Thus, we will be collecting many more samples than
are needed for the modeling effort. Some samples from these smaller storms will be
analyzed for total suspended load. These data will be used in conjunction with the stage
discharge relationships to estimate contaminant fluxes.

Only a fraction of the total number of samples collected will be analyzed for physical
parameters (e.g., grain size distribution and sediment concentration). Of these, more
samples will be used from the rising limb of the hydrographthan the falling limb because
sediment and contaminantconcentrations are usuallymore variable duringperiods when
stream discharge increases rapidly(Fig. 3.3). Approximately ten sediment samples per
storm will be selected for physicalanalysis. One replicate sample per storm will be used
to check the consistency of field sampling.

A subset of the samples used for physical analysis will be selected for contaminant
analysis. Initially, ali 10 samples pcr storm collected and used f0r_physical analysiswill
be analyzed for gamma-emittingradionuclides using ESD standardOperatingprocedures.
During the gamma counting, samples will be screened for energc);icbeta emitters (e.g.,
9°Sr)by monitoring for bremsstrahlung radiation. Selected sampi!_ _indicatinghigh and

low beta activities will be analyzed for 9°Sr using the standard laboratory method to
provide an estimate of the range of 9°Srconcentrations and s0 _timate 9°Srflux.

After samples from several stormshave been analyzed for gamma and beta radionuclides
and the variability of radionuclide activity associated with sedii_aenttransport during a
flood is deternfined, the numberof samples analyzed for radioactivitywill be reduced to
the minimumnumber of measurements required to estimate the transport of radioactive
contamination on sediments during floods (e.g., samples during the beginning, middle,
and end of a flood). A small number of samples will be selected for analyses of metallic

: and organic contaminants. Samples taken near the peak discharge of several floods
having high gamma and beta activities will be screened for metallic contaminants. A
suspended sediment sample will be taken at each monitoring station during the peak
discharge of one of the largest floods in the first year of sediment monitoring and
analyzed for organic contaminants. This approach will provide a sufficient number of
samples to provide a first estimate of the amount and variability of radioactive, metallic
and organic contamination transported with sediment duringfloods during the first year
of the S&A plan. Approximately 250 gamma, 100 9°Sr,80 metal, and 7 organic analyses
•>Ali_ ,_nndl,_t_xlin the fi_t year using this plan.
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The S&A for these types of contaminants in following years may re.quireadjustments in
the number of events sampled and frequency of sampling during events to improve the
reliabilityof the estimates based on the analyses done during the first year. One in every
20 samples analyzed for gamma, 9°Sr, and metals will be replicated, and 1 of the 7
organic samples will be replicated.

Particle-size distributions of suspended sediment, bed material, and bedloa d samples will
be developed by sieve and settling analyses (Guy 1969, ASCE 1975). Total sediment
concentrations are used along with discharge measurements to develop

, sediment-discharge rating curves tbr each monitoring station. These data will allow an
estimate of sediment and radionuclide transport at key points in the watershed to
(1) identify,contaminant sources, (2) quantify contaminant fluxes into and out of WAG 2
(i.e., to the Clinch River), and (3) provide data needed in the sediment transport
modeling effort. In addition, these data will be useful for evaluating the existing NPDES
monitoring data.

2. Cah'brating automatic samplers. The automatic samplers required for sampling
suspended sediments in a small watershed withdraw the samples at a fLxedpoint in the
stream (e.g., 1 ft above the streambed at the ccnterline of the channel). Because the
concentration of suspended sediment will vary significantly both horizontally and
vertically across the stream channel, it is ncc.essary to calibrate the data collected by
point withdrawals so that sediment flux can be estimated. Results from automatic
samplers can either overestimate or underestimate the average concentration of
sediment. To calibrate automatic samples and estimate variability under these
circumstances, manual sampling is used to measure the average suspended sediment
concentration at the same time an automatic sample is taken. Established sampling
techniques described by Guy and Norman (1982), ASTM (1990) and by the American
Society of Civil Engineers (ASCE 1975) will be adapted for the conditions in WOC.
After concurrent automatic and manual samples have _cn collected for a range of
discharges, a relationship is developed to transform automatic samples taken at a single
point in the channel into an average value of sediment concentration using a calibration

: curve.

1- 3.2.5 Objective 3--.Quantifying and Tracking Contaminant Inventories in Stream
Sediments and Identifying Contaminant Som,u_

Evaluating contaminant inputs to and releases from WAG 2 will be complicated by the
dynamics of contaminants currently in WAG 2. Are.as of the drainage system behave
differently with regard to contaminant dynamics. Some areas will act primarily as long-term
sinks for contaminants that are being transported in WAG 2 (e.g., depositional areas in the
floodplain and pools upstream of the weirs). These areas have the potential to act as
contaminant source areas during extreme hydrologic events or following alterations in the

: watershed. Other areas will primarily act as conduits and will simply transport contaminants
with little contaminant accumulation or contribution to contaminant mass flux. The following
components of Objective 3 address the need to quantify and track contaminant inventories
in stream sediments and to identify contaminant source areas.
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1. Di_tn'butionand inventory of radiological contaminants in stream sedimcn_ A scoping.
- level sampling of aquatic and floodplain sediments in WAG 2 was described under

Objective 1 of this task. Based partly on the results or the scoping survey, additional
efforts will be launched to (1)provide an initial quantification of radiological

. contaminants in stream sediments and (2) map the creek sediments and determine the
distribution of radionuclides among sediment size classes.

The information provided will allow a preliminary quantification of contaminant
inventories and provide information helpful for the design of a sampling program to
evaluate nonradiological contaminants. The data collected as part of this objective will
also be used to parametcrize the sediment transport model (Objective 4).

2. Stream gravel surv_ p_gram. Cerling and Spalding (1982), Ceding and Turner (1982),
and Ceding et al. (1990) showed that the distribution Of radionuclides and metals on
sediments was particle-size dependent. Further, they found that 137Cswas irreversibly
bound to illite clays in these fractions; _°C._was associated with manganese oxid_ and so
subject to removal by changes in redox potential, abrasion, and exchange; and _Sr w_
associated with cation exchange sites. Gravel-sized stream sediments derived from
Conasauga shale have a high illite content andwere found to be useful for investigating
contaminant inputs and distribution. Further, the gravel fraction accounted for a sizable
portion of the stream sediment contaminant inventories in the upstream areas of the
WOC system (Ceding and Spalding 1982).

• Ceding (1986) proposed a monitoring programusing stream gravels (2.0- to 3.3-mm size)
to identify source areas for active vs residual contamination. The gravel size fraction is
rich in illite clay and strongly sorbs 137Cs,6°Co, and 9°Sr. In 1985, clean gravel-sized

, sediment was collected (wet seived) from an uncontaminated upstream location on
Melton Branch was placed in slotted (1-mm slots) well casings, capped, and tethered to
the streambank at 17 sites associated with key branch points in the drainage system for
4 weeks. These data were useful for identifying active sources of contamination as well
as estimating contaminant fluxes. An example of data from Ceding (1986) on 9°Sr and
137Csactivities in gravels at key locations in the WOC drainage shows the differences in
source areas for these contaminants (Fig. 3.4). This technique provides information for
contaminants that are not easily measured in the water column and is not confounded by
high discharge events that move and mix stream sediments. We propose to use this
technique during 1992 and again about every 3 years as a simple and inexpensive means
to monitor and track contaminant source areas during and following the remediation of
the ORNL WAGs.

Although the stream gravel survey program will identify contaminant sources to surface
water, because these contaminants accumulate in sediments and because the collection
and analytical methods are more closely related to the sediment sampling than to the
surface water sampling, the stream gravel surveyis discussed under the sediment sampling
plan.

3. Additional objectives for year 2. During the second or third year, we will initiate studies
to determine the behavior of contaminated sediments in selected pools, riffles, andstream
bank soils to aid in the development of the sediment transport model. This activity will

. be described in future communications.
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• 3.2.6 Sampling,and Analysis for Objc_Jve 3

1. Distr_ution and inventory of radiolo_ contaminants in atw,am sediments. Before
. stream sediments are surveyed, we need information on the distribution of radiological

contaminants horizontally andvertically in fifties and pools. To gather this information,
we will intensively survey a riffle and a pool area in the upstream area of WAG 2 and in
the area just above WOL. In each area, 12 sexiiment samples will be collected
representing different water depths and locations within the pool or riffle. Methods for
the collection and analysis of 'sedimentsamples are presented in Sect. 3.3. Sediment cores
will be collected in 25-mm-diam by i-m stainless steel tubes by means of a hand-held
corer. Sediment cores will be taken to the laboratory and sectioned into the upper 5 cm,
next 10 cm, and then by 20-cm intervals. Samples will be analyzed for gamma-emitting
radionuclides with a germanium (IG) detector. Subsamples of each section will be
analyzed for _°Sr. Following gamma analysis, the samples will be analyzed for particle size
distribution by sieving and by settling. This sampling will focus on radionuclides. Samples
tote analyzed for other contaminants will be collected in the future based on the results
of this effort and data provided by Objectives 1 and 2 in this section.

This survey will provide information to determine the need to randomly or authoritatively
(at predetermined locations) sample the sediments in the remainder of the WOC system
downstream of contaminant inputs and the utili_ of analyzing discrete depth intervals as
opposed to entire cores. Approximately 50 core,s will be collected from riffle and pool
areas during year 2. The sampling locations will be apportioned to estimate inventories
for key reaches and to extrapolate to the remainder of the system. Samples will also be
collected from tributaries near the confluence with WOC or Melton Branch to evaluate

. potential contaminant inputs from those areas. This process will be repeated every 2 to
4 years to update the contaminant inventories as upgradient WAGs are remediated.

To extrapolate from the sediment sampling data to the entire stream area downstream
of contaminant inputs, the streams will be mapped by using tapes and depth-measuring
sticks. Each pool and riffle area will be numbered and its location establi,_hed relative to

permanent markers on the stream bank and entered into our Geographical Information
System data base. Data for the stream width, water depth, bank height, and composition
will be reworded. These data will also be needed in the sediment transport modeling
efforts.

2. S_ gravel survey progrem. FoUowing the methods of Cerling (1986), clean gravel-
sized (2- to 3.3-mm) sediments will be collected by wet seiving and placed in slotted
25-mm-diam well casings, capped, and tethered to the stream bank for 4 weeks at
approximately 20 key locations (Fig. 3.2). Replicate casings with clean gravels will be
placed at at least five of these sites to provide an estimate of the var/ability of the
method. After 4 weeks in the field, the gravels will be analyz_..dfor gamma-emitting
radionuclides and 9°Sras described for other stream sediment samples.
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3.2.70b_ 4--Deve_p Modeb to_ _t Trm_port for tl_
WOC Wa_

We will develop a model capable of simulating contaminant distribution and transport
with sediments to (1) predict contaminant transport during extreme events and (2) predict
contaminant transport dtaSng and following corrective measures in upgradient WAGs (e.g.,
increased surface runoff following capping of large portions of WAG 6).

This component is intended to meet the following objectives.

1. Identify and evaluate processes controlling sediment and contaminant transport (stage-
disc,harg_nt flux) during moderate- to high-discharge events (Objective 2).

2. Predict contaminant transport under future conditions. We will provide a means to
predict future sediment-associated contaminant transport and release for WAG 2 (i.e.,
how remedial actions and other modifications of the watershed will influence contaminant
input and transport for WAG 2; how contaminant input, transport, and release for
WAG 2 are likely to vary with natural factors such as wet years vs dry years; how to
evaluate year-to-year variability in contaminant releases; how to predict transport of
contaminants off, site during floods; and how to evaluate the need for interim corrective
measures).

' 3. Prm6de estimates of uncertainty in model results.

4. Link models for sediment transport in the WOC watershedwithsimilar efforts for the
Clinch River RI (CRRI). The Rls for WAGs 1, 5, and 6 have developed or are
developing models of contaminant transport. "[laese models include sediment transport.
These areas are upgradient of WAG 2; thus, it is important to be able to link information
generated as part of those efforts with the WAO 2 efforts to develop a watershed-level
perspective. To develop these linkages, we have met with the RFI teams for WAGs 1,
5, and 6. Ali three of these groups will be using the computer model that we have
selected, the Hy&ologic Simulation Program'Fortran (HSPF) (EPA 1984e). The WAG
1 team has collected sediment transport data, and they will share results and information
with us. The WAG 5 RI team has not yet begun; however, we have agreed to coordinate
data collection and analysis, Similarly, efforts to sample and model sediment transport
for WAG 6 are continuing, and we are making arrangements to cooperate with that
group. The Watershed Hydrology Group is providing hydrological support for all of these
programs and so strengthens the linkage among these efforts (Clapp et al. 1991).

The WAG 2 project is also linking sediment transport efforts with the CRRI. That
project is working in cooperation with the Tennessee Valley Authority (TVA) and an
international model validation effort to evaluate sediment transport downstream from the
Oak Ridge Reservation. The WAG 2 RI and CRRI modeling teams share two key staff
members to facilitate this coordination. Information and modeling from the WOC
watershed will help the CRRI to evaluate the discharge of contaminants and sediment
into the Clinch River from several catchments in the Oak Ridge Reservation (e.go, East
Fork Poplar Creek, Bear Creek, and other contaminated watersheds).
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To achieve these objectives we need to select one or more computer models and collect
data. The model must be complex enough to simulate ali of the important physical and
chemical processes involved in contaminated sediment transport during floods ranging from
a 1-year to a lO0.year event. In addition, it will be necemary to simulate these processes
under a variety of conditions (e,g., variom land uses and various sources of contaminants and
sediment). The data available to calibrate the model are generally limite_tto small floods and
the existing land use conditions and distribution of contaminant sources. Therefore, a
process-oriented model withparameters that can be adjustedto match hypothetical conditions
is preferred over a model that simulates transport during extreme floods based on simple
extrapolation from observed conditions. A process-oriented transport model will also be
useful to increase our understanding of the critical physical and chemical processes involved
in this application. However, became the complexity of the model will be limited by the
amount and quality of data that can be collected to construct and apply the model, a balance
is required between a simple empirical model and a complex, physically based, spatially
distributed model.

Model components are required for streamflow generation (rainfall-runoff processes),
channel hydraulics and flood routing, sediment transport, and contaminant transport
(dissolved and particle reactive, including sediment-contaminant interaction in some cases).
These procex,ses must be accuratelysimulated at the catchment scale for floods between the
1-year and 100-year evel_s. The HSPF model is appropriate for this application. HSPF is
capable of simulating the major physical and chemical processes involved with the transport
of contaminated sediment in WOC. HSPF has sufficient complexity to simulate the response

. of WOC under existing conditions as well as under hypothetical conditions that could exist
during and after corrective measures. At the same time, the model is Simple enough that
preliminaryresults could be obtained within several years by using a simplified approach and

, an intensive S&A program (the preliminary results could be generated in a year if sufficient
data were already available). The model is well-documented, and several of the staff at
ORNL have used or are currentlyusing HSPF.

The majorfactor in the accuracy of model results with the application of HSPF to WOC
will be the amount and quality of data available for calibration (calibration is used here to
mean both calibration and verification of model parameters). It is anticipated that several
years of S&A will be required to conduct the full calibration and application of HSPF for the
modeling objectives listed above. HowEver, the first 1 to 2 years of S&A should produce
enough data to begin the initial calibration, simulation, and uncertainty analysis. Initial
simulation runs based on parameters estimated from literature values and expert opinion,
using uncertainty analysis,will determine the subset of parameters that need to be precisely
estimated to yield satisfactoryconfidence levels. Data collection duringsubsequent years will
focus on larger, less frequent floods (e.g., 5- to 10-year events). The length of time between
the occurrence of larger floods is difficult to predict; 10 years or more of low-level
surveillance may be required before several floods in the 5- to 10-year range are monitored.
As the magnitudes of observed floods increase, the uncertainty of the calibration and
application results should decrease. Therefore, monitoring for largerfloods may continue for
the 10 years or more to reduce the uncertainty of model results at large discharges.

In the following section we describe the S&A plan required assuming that HSPF will be
used. The S&A plan may be modified as the initial data are collected; the important
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hydrologic and transport processes are defined in more detail; and the initial calibration,
uncertainty analysis, and application of the model are completed.

3.2.8 Sampling and Analysis for Objective 4
4

During the first 3 ycar_ of this effort, we will focus on identifying and evaluating
important pr_ that determine sediment transport in the WOC watershed, improving
sampling techniques, and collecting data for the preliminarycalibration, uncertainty analysis,
and application of the model. After the initial phase, the program will be modifiedto focus
On the data required to reduce uncertainty in the model results, especially data collected
during large floods.

Types of data to be collected include information on rainfall-runoff processes, sediment
supply (e.g., erosion, scour, and deposition), sediment transport during storms,
sediment-contaminant relationships, and sampling to reduce uncertainty. Specific types of
data required for HSPF are listed in Appendix B. The S&A programplanned to collect these
data is described in the remainder of this section.

1. Sampling of rainfall-runoff p_ Data required to model streamflow generation
include precipitation, discharge hydrographs, potential evapotranspiratlon, soil
characteristics, vegetation, topography, land use, and channel geometry. Much of this
information already exists or is collected on a routine basis (Clapp ct al. 1991). The
ERMA Program and the Environmental Monitoring and Surveillance Division are
currently collecting much of the hydrologic data (discharge, precipitation, and pan
evaporation) that will be needed for the WAG 2 transport modeling. The only
anticipated problem with the hydrologicdata is accurate discharge measurements during
large floods. The locations of existing streamflow measurement stations that are
important to the WAG 2 modeling analysisinclude WOD, the East and West Seeps, the
WOC and Melton Branchweirs, several stations upstream of the Melton Branchweir, the
7500 Bridge, and several stations upstream of the 7500 Bridge. Some of these stations
need to be modified to provide accurate measurements at higher discharges. This is a
current activity in the ERMA Program (Clapp et al. 1991) and is discussed in detail in
Borders et al. (1991). These activities are critical to WAG 2 efforts to quantify
contaminant fluxes and identify contaminant sources. In the meantime, discharge
measurements will be adjusted to obtain the best possible estimate of streamflow during
floods.

2. Sampling of sediment supply (ero_km, _ur, and deposition). Erosion of hilislopes,
floodplain sediments, and stream banks and scour of streambeds are the major pr_
controlling sediment supply. Eroded and scoured sediment can be contaminated, adding
new sources of contamination as water levels increase during larger floods. Deposition
of sediments during small floods creates new areas of contamination that are potential
sources of off-site contamination during larger floods in the future. The amount of
gravel, sand, silt, and clay currently stored in the channel system will be measured (see
Objective 3). Erosion, scour, and deposition rates of cohesive and noncohesive sediment
will be correlated with intensity of rainfall, stage, and discharge by using periodic surveys
at selected locations on hilislopes, floodplains, stream banks, and streambeds. Methods
similar to those described in Lal (1.988) and ASCE (1975) will be adapted for conditions
in WOC. Also see Future Efforts (Sect. 3.4).
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3. Sampling of sediment transportduringstormL De.wriptions of the samplingof suspended
. sedimentandbedloadduringstorn_havebeengiveninSect.3.2.4,Suspended_ent

andbedloadsamplescollectedduring5 ofthelargeststormsintheinitialS&A program
willbe analyzedforparticle.sizedistribution,sedimentconcentration,and.associated

. contamination using methods identified in Objective 2. Bed material samples will be used
when necessary to provide data to calculate behead using formulas from ASCE (1975),
In addition, samples of bed material from each sediment monitoring station (Objective
2) will be analyzed for grain size distribution, mass transport during floods, mineralogy,
and critical values of shear stress for the deposition and scour of silt and clay.

4. Sampfing to define sediment-oontandnantvelaflonahips. Sampling for this _mponent will
be conducted_during year 2 and beyond, Chemical analyses include measurements of
contaminant concentrations (correlated with particle size, mineralogy, andlocation of the
sediment source in WOC), organic content, and measurement of particle-surface and
water chemistry variables that influence sediment-contaminant interaction (e.g.,
manganese or iron oxide coatings, pH, and temperature). Contaminant loadings to
surface water (dissolved and adsorbed on sediment) and to subsurface flow (dissolved and
adsorbed to colloids) will be measured. Additional details of the sampling to define
sediment.contaminant relationships will be developed as more information bew_mes
available on the sources and transport mechanisms of the critical contaminants.

5. Sampling to reduce uncertainty. High uncertainty can exist in the simulation of
contaminant transport for moderate to extreme floods if the model has only been

- calibratedtbr smallfloods. Uncertainty can be caused by incorrectmodel structure, errors
in calibration data, and natural variability in the proc_aes involved with floods and
contaminant transport. The uncertaintyanalysiswill estimate the uncertainty in the initial

. model results, identify the major sources of the uncertainty, and point to ways to reduce
the uncertainty, if possible, Sensitivity analysis of the model structure and reduction of
the errors in the calibration data will be an ongoing process throughout the modeling
application.

3.2.9 Support from the ERMA Program

As part of the site investigation component of the ERMA Program, stage.discharge
relationships will be developed [br high flows at the NPDES monitoring stations on WOC and
Melton Branch. The relationships previously used at these stations were established by using
scale physical models and have never bea,n verified from field measurements. In addition,
submergence of the broad-crested weir at the Melton Branch station at high flows, due to
downstream channel capacity, renders the theoretical relationship invalid. The stage-discharge
relationship here will be applied for verification of a theoretical extended rating at the low.
flow control. Improved high-flow measurements at these primarysurface water monitoring
stations will aid in the development of a water budget and in the quantification of mass flux
of contaminants from the two major subbasins contributing to WAG 2. Though interim
corrective measures have not been determined at this time, the upgrade of these surface
water monitoring weirs is essential for evaluation of the effectiveness of any measures

• implemented (see Borden et al. 1991).

Another task implemented underthe site investigation component of the ERMA Program
. involves collection of continuous precipitation data (5 sites) and surface-water discharge data
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for statlolts (14 sites) in the WOC watershed,, "lhc datawill be reported for the surface water
hydrologic data base. An annual hydrologic data summaryreport for the WOC watershed for
water year 1990 has been published (Borders et al, 1991)_ The nee.d_of data users within the
ER Program wlll be identified and met. Ali data will be processed and made available, as
appropriate, for the WAG 2 characte'rization.

3.3 SAblPLING AND ANALYTICAL METHODS

Methods for sample collection analysis are presented in Tables 3.2 and 3.3. These tables
emphasize acttvitiesto be conducted during year 1. Ali sampling and analysis procedures will
be reviewed by the ERD.Analytieal Program Office (APO), The ERD-APO wiUcoordinate

, external (non-Energy Systems) analyticalservices.

3.4FUTURE EFFORTS

This determination of sediment input rate to White Oak Lake by _il erosion modeL_and
fallout cesium measurement has been identified as an activity for future inclusion in the
WAG 2 effort.

TheWOL has been used as a sediment settling basin for contaminated sediment from the
surrounding floodplain as well as from uncontaminated soil eroded from upland of the
watershed. The eroded soil particles mix with contaminated sediment in the stream water
duringsediment transport. The eroded soil has been andwill be a majorsource of sediments
for the lake. Therefore, the functional life of the WOL as a sediment accumulation basin will
largely depend on the soil erosion rate in the watershed. The erosion rate will depend on soil
properties, landscape, precipitation, and land use practices. We need to be able to predict
how long the WOL can _rve as a sedimcnt-(and contaminant attached with the ,sediment)
accumulation basin given the present erosion rate. A sensitivity analysis needs to be
performed relating to how possible changes of land use practice within the watershed could
shorten the functional life of WOL.

The soil erosion rate can be determined by two L".aependent approaches; (1) water
erosion prediction models and (2) fallout 137Csloss measurement. Conceptual models for the
water erosion prediction approach have been developed by several different groups, ali having
similar input parameters. Most of the input parameters for the watershed soils will be
available when a soil survey and characterization of the watershed area are completed under
the ORRHAGS program. Using the fallout-cesium-loss approach, cesium redistribution at
sites representing ridgetop, side-slope, foot-slope, and depo,sitional landscape positions will

-. be quantified throughout the watershed, Integrated 137Cslos_ will be converted to total soil
losses or total sediment input to WOL during the next 20 years of the watershed. The results
of both approaches will be compared and used for prediction of sediment accumulation rate
in WOL.
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4. SURFACE WATER SAMPIJNG PROGRAM
i,

D. S. I;qckliff, D. M. Borders, and M. S. Tardiff

" 4.1 INTRODUC'HON

Surface water is the primary transport pathway for contaminants out of the WOC
watershed. There are a number of contaminants of concern in surface water (notably 3H,
_r, PCBs, and possibly arsenic and thallimn). The transport of sediment-associated
contaminants is addressed in the sediment sampling plans, and thus these components are
being closely coordinated. Under baseflow conditions the transport of soluble contaminants
can be quantified for the major reaches of WAG 2 by data provided by two existing
monitoring programs at ORNL that collect data for compliance with state and federal
regulations or for compliance with DOE Orders. The first objective of the surface water
sampling plan is to use data generated by the compliance-driven monitoring programs to
quantifycontaminant fluxes (under non-storm conditions) from the majorreaches of WAG 2.
These efforts will be augmented in year 2 to include organic contaminants. This component
supports efforts to identify sources and fluxes of contaminants into WAG 2 via seeps and
tributaries.

The second objective of the surface-water sampling program is to identify seeps and
tributaries that are responsible for contaminant fluxes to the main channels of WAG 2.
Because greater than 95% of groundwater discharges into surface water prior to leaving the

" WOC watershed (D. K. Solomon, ORNL, personal communication to H. L Boston, ORNL,
August 1991), seeps (connections between groundwater and surface water) are useful for
evaluating fluxes of contaminated groundwater. This component will coordinate with the

" groundwater efforts, and the compliance monitoring at the major weirs to identify seeps and
tributaries responsible for contaminant fluxes to WAG 2, determine sources of those
contaminants, develop a program to track contaminant inputs, and provide inLbrmationto
determine if interim corrective measures are appropriate. The tributary component will be
supported by ERMA and will be linked to the WAG 2 sediment sampling efforts to evaluate
contaminant transport during high-flow events.

4.1.1 Main Channels

. The hydrologic cycle provides the main mechanisms for contaminant mobilization and
transport. In WAG 2, contaminants are primarily transported by sediments suspended in
surface water. However, surface water in WAG 2 would pose a significant risk to a future
full-time occupant of the site as a result primarily of SH and 9°Sr ingestion.

Because..surface water is a major transport pathway for contaminants through and out of
WAG 2 to the Clinch River, understanding the surface-water hydrology and determining a
water budget for WAG 2 are important for quantifying contaminant fate and transport.
Contaminants carried into WAG 2 in the main branches of WOC and Melton Branch will be
quantified at key control points in WAG 2 by the surface-water monitoring component.
Better information for water budgets and improved sampling at existing USGS stations and
NPDES monitoring points can begin to identify areas of contaminant input based on
A;l_lr,=,.=,'_r,_ ;n m_ee f'h,vt-_ ']"hP. cfrP.am ._arnnlln¢ nrc_rram (ORNL 1990, Sect. 9.4.1) addresses• dgglk,lk_.C,lt'l_lhm_r_=¢'l_ =.aa, aaaa.,_a_, a,.a.,_,,*ww.b,.. _ .............. K" .... _ It-- (_, - .
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contaminant input from adjacent WAGs andwill be developed during FY 1992 in cooperation
with RFIs on other WAGs and other stream sampling programs. Many upgradient WAGs
(e.g., 4, 7, 8, and 9) will not have sampling programsdeveloped by this time. Therefore, much
of the stream sampling will be initiated by this task in cooperation with the ERMA program
(Clapp ct al. 1991).

Contaminants associated with suspended sediment particl_ moving into and through
WAG 2 will be quantified by the sediment transport compenent (Sect. 3 of this plan).

4.1.2 Tn'butarica and Seelm

Tributaries and seeps are significant pathways of contaminant input into WAG 2.
Altho,_gh these inputs have not been considered explicitly in the preliminary contaminant
screening, investigation of tributaries and groundwater discharge areas is important for
(1) identifying and quantifying sources of contaminant input into WAG 2 and (2) assessing
remedial alternatives, Tributaries can Serve as spatial integrators of contaminant releases
from areas adjacent to WAG 2. Seeps represent connections between subsurface and surface
flow regimes; therefore, they can provide insight into contaminant pathways to WAG 2
(groundwater or shallow subsurface flows)and so help to select and evaluate remedial
alternatives.

4.1.3 Review of Existing Data

4.1.3.1 Main dlanncls r

A review of contaminant data for WOC is provided in Sect. 6 of the WAG 2 RI plan
(ORNL 1990) and in each of the annual environmental reports produced by the ORNL
Environmental Surveillance and Protection Section. Contaminant data are routinely
generated by S&A programs that support the objectives of compliance with the NPDES
perm/t for the facility and complian_ with the 5400 series DOE orders. An overview of
these programs is provided in Se.cL,_af the WAG 2 RI (ORNL 1990). The water sampling
locations included in these programs that are relevant to the objectives of the WAG 2 RI are
WOD (MSS), WOC (MS3), 7500 Bridge (GS3), WOC Headwaters (WOCHW), Melton
Branch 1 (MS4), and Melton Branch 2 (MB2). These six locations are identified in Fig. 4.1.

The water quality of WOC is consistent with its use as the receiving waters of the
effluents from ORNL. The major radionuclides in the stream are 3H and 9°Sr. Cesium-137
is present in the sediments and in suspension on colloids. Organics are present but typically
are only evident through the analysisof sediments and fish tissue.



"/5



76

4.1.3.2 Tn'butark:s

Tributaries to Melton Branch, WOC, and WOL are known to transport contaminants
to WAG 2. A study in 1988 foun:l that during baseflow conditions, approximately50% of the
3H and at least 10% of the 9°Sr mass flows (fluxes) in Melton Branch entered from the
Melton Branch tributary adjacent to the eastern edges of WAGs 5 and 9 (D. S. Widdiff,
ORNL, personal observation, 1988). The tributary draining WAG 4 contributes significant
amounts of _r to WOC (Melroy and Huff 1985, Huff et al. 1982, Stueber ct al. 1981). rThe
WAG 4 tributt_ryis also a significant,sourceof sH to WOC. Information for ungaged streams
(discharge and contaminant fluxes) is needed, along with a general improvement in existing
gaging and monitoring facilities.

Contaminant fluxes in the Melton Branch tributary, Melton Branch, WOC, the WAG 4
tributary,and the WAG 6 tributaries have been found to increase as a result of rain events
(Solomon ct al. 1991; Huff et al. 1982). The increase of dissolved contaminant flux during
storms indicates that an increase in subsurface contaminant discharge to the streams is
occurring. Work by Moore (1.989) and Solomon ct al. (1991) suggests that the increase in
groundwater discharge maybe caused by shallow subsurfacestormflow moving laterallyabove
the water table. Therefore, ephemeral (mostly storm-driven) tributaries and seeps may be
important pathways of contaminant transport to streams.

4.1.3.3 Seel_

Numerous seeps have been identified in WAG 2 or on tributaries draining into WAG 2
[see ORNL (1990), Sect. 3.3.4.1]. Duguid (1975) reported 8 seeps in the pits and trenches
area, 16 seeps in and adjacent to WAG 5, and 3 seeps in WAG 4. Radionuclide
concentratiom (e.g., 9°Sr,3H, 137Cs,and 6°Cx_)were elevated in many of these seeps. Spalding
and Munro (1983) found similar 9°Srconcentrations in some of the same seeps or seep areas
in WAG 5. They also estimated that one seep on the southern perimeter of WAG 5 with
an average 9°Srconcentration of 7.7 kBq/L made a significant contribution to the 1980 9°Sr
discharge of Melton Branch. These seeps have been identified through investigations of
selected areas or by individual discovery, and there has been no recent comprehensive effort
to locate seeps or to monitor contaminant flux from seeps at the watershed level.

Seeps identified in previous studies probably represent fairly discrete areas of groundwater
discharge and have been located primarily by visual inspection, with some identified following
stream gravel surveys (see Sect. 3.2.5 of this report). Areas of shallow groundwater with
elevated 9°Sr and 3H concentrations have been located near Melton Branch and the WAG

4 tributary (Spalding and Munro 1983, Amano et al. 1987). However, additional
investigations are needed to define areas (discrete or diffuse) where contaminated
groundwater is discharging directly to streams. The spatial distribution of 9°Sr inputs to the
Northwest tributary and the WAG 4 tributary were examined by Stueber et al. (1981) and
Huff et al. (1982), respectively. Stueber et al. (1981) suggested that contaminated
groundwater from WAG 3 may be moving along geological strike and discharging to the
Northwest tributary. A dye study showed that there was direct movement from a well in
WAG 3 (42) to the Northwest tributary seep area (J. Switek, ORNL, personal communication
1991). The most prominent 9°Sr increase in the WAG 4 tributary occurred where a
contaminated seep discharged into the channel. In 1988 sampling adjacent to WAG 5 along
a stream transect indicated that approximately 44% and 30% of the tritium mass flow (flux)
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in Melton Branch was entering in two short reaches of 200 and 100 ft, respectively. At low
• flow, small seeps were visible in the stream channel along these reaches (D. S. Wickliff,

ORNL personal observation, 1988). Little information exists for groundwater discharge from
WAG 7 and its potential for contributing to contaminant fluxes in WOC.

Recent data from .... / • ' 'the Active Sites Envir_,!i,g:c.zl_talMomtoring Program indicate that two
small bank seeps near SWSA 5 North are dk_i:[i_[!nge!_Amand 2UCminto WOC (Ashwood
et al. 1991). ',,_"._/,_,I ,'

4.20_ AND APPROACH

4.2.1 Surface Water Sampling (Main Channel_)

Objcctiw SW-I--Determining contaminant fluxca in suffao_ water. The determination
of contaminant flux off-site under baseflow conditions can be supported with data generated
from sampling water at White Oak Dam. Components of contaminant discharge in WAG 2
can be quantified by analyzing contaminant fluxes at Melton Branch, WOC, and the 7500
Bridge. These locations correspond to the following reaches that have been identified for the
risk assessment (sec Preliminary Contaminant Screening for WAG 2):

• 7500 Bridge--facility input to WAG 2;
• WOC--Reach 1, upper WOC;

• * Melton Branch--Reach 2, Melton Branch; and
• White Oak Dam--Reach 3.

- The current surface-water monitoring programemphasizes samples collected at baseflow.
Because several important contaminants move during high-flow events, sampling will be
coordinated with the group measuring sediment transportduring storms (Sect. 3.2.4 of this
report).

Three stream segments that arc not discretely represented by the current monitoring
programs are (1) WOC below the confluence with Melton Branch but above WOL (i.e.,
Reach 3, the area directly downgradient of WAG 7), (2) WOL distinct from the lower reach
of WOC described above (i.e., the area directly downgradicnt of WAG 6), and (3) WOCE
on the Clinch River (i.e., downstream of WOL). The CRRI project is initiating a smrface-
water sampling program at the mouth of WOCE. These efforts will be most useful for

' characterizing conditions duringstorm discharge. We amworking with the CRRI proj_t to ,
coordinate sampling efforts to provide data for both high-discharge and bascflow conditions.

During FY 1992, data available through the compliance programs will bc u__ to asse_
the discharges and make preliminary estimates of risks associated with the majorreaches that
are currently sampled. These data will also bc evaluated relative to the seep and tributary
sampling program to determine if these sources impact the water quality of the reach
sufficiently to warrant source control and to determine whether sampling of smaller reaches
should be considered in future years.



78

4.2.2 Samplingand _ for SurfaceWater
b

Q

The sampling and field measurements of surface water at the majordischarge monitoring
stations in the FY 1992 WAG 2 sampling plan will primarilybe conducted as parts of the
ORNL compliance monitoring programs [see Sect. 4.1, ORNL (1990)]. The NPDES program
and the Environmental Surveillance and Protection Section of the Office of Environmental

and Health Protection provide an inventory Ofdischarges into and in WAG 2 for surface-
water monitoring stations in the WOC watershezLFor example, Table 4.1 de_cribe_the S&A
program at White Oak Dam.

These programs provide a comprehensive evaluation of surface water quality at baseflow
conditions_ except for semivolatile organic contan_ants, PCBs, and p_ticides. Samples for
semivolatil¢ organic contaminants PCBs, and pesticides will be collected at least two times
from each of the 6 majorsampling stations duringthe second year of these efforts, Data for
contaminant concentrations will b_ coupled with discharge data tOconstruct mass balances
for each major reach and identify source areas. Data from the compliance programwill be
coupled with data from the seep and tributarysampling efforts (described below) and the
sediment sampling to identify spe(:ificcontaminant inputs.

Because the compliance moniloring efforts collect samples on a set schedule, they do not

systematically provide data for high flow events when sediment ag_ociatedcontaminant_are
transported. Thus, efforts to ide_!_ifycontaminant sources will also rely on samples collected
as part of the efforts to sampl_ contaminant fluxes during storat,_ (Sect. 3.2.4 of this
document). I

I

The ERMA Program provid,_;basic information on water flow at key monitoring points

within the WOC watershed to support a mags-balance approach to determining sources and
sinks of contaminants and to dc!t_neand monitor fluxes of contaminants at the boundaries
between WAGs and at surface-i_ratcrmonitoring stations. Ac!ivities relevant to this task
include upgradesin the surface-W_terdischarge monitoring facdiues to improve the hydrologic
budget for the system and to identify contaminant input points.

4.2.3 Tn'buta_ "SamplingPmgn,n

Efforts on tributarieswill be, carried out with the cooperation of the ERMA hydrologic
monitoring group. The key objectives of the efforts follow.

Objec_,e T-l--Identify tributariesthat conm'bute fignificantly to contaminant flux within
WAG 2, Thu abilityto quantify contaminant input from tributaries hinges on reliable stream
discharge measurements. Weirs, flum_, and sampling stations existing on some of the
tributaries need to be upgraded [see ORNL (1990), Sect. 10.4.3]. Efforts will also focus on
pHoritizing the need for upgrading or initiating gaging on tributaries. Ephemeral (mostly
storm-chiven) tributaries are not equipped for discharge measurements; however, they may
be important pathways of contaminant transport to streams.

Previous studies have found that discharge-concentration relationships exist in some
streams in the watershed (Solomon ct al. 1991; Huff ct al. 1982). These relationships, "
determined by sampling the streams during a few storn_, can be used to estimate yearly
contaminant flux through use of the streams' discharge measurements for the year.

_7.
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Ob_ T-2.-_p a tributary_pUng program. The initial survey and sampling
efforts (conducted dut_g FY 1992) will be used to develop a tributary monitoring program
so that key tributaries can be incorporated into a multimedia environmental monitoring of
contaminant fluxes in the watershed.

The WAG 2 multimedia environmental monitoring program will address contaminant
fluxes in tributaries as part of the ERMA Program (Clapp ct al. 1991)with the support of
the Watershed Hydrology Group (see Table 2ol). As such, this plan will include tributaries
to the main branches of the WOC drainage throughout the watershed. Because most of the
contaminant source areas in the watershed are adjacent to WAG 2, including areas for the
upstream reaches of WAG 2 [i.e., WAG 1 and so forth (see Fig. 1.1)], supporting the ERMA
Programadds relatively little work and will allow us to relate contaminant fluxes to watershed
hydrology. This broader context will provide better predictive capability for temporal
variation in contaminant input as well as changes in response to altered hydrologic regimes
resulting from watet,_hed modifications.

4.2.4 Sampling and Analysis for Tn'butarics

Tributaries will be used as spatial integrators of contaminant releases (primarilySH and
9°Sr) to estimate fluxes into WAG 2 from adjacent areas. Because contaminant transport
pathways and source areas may vary depending on different hydrologic conditions that exist
during a year, the initial surveys will be conducted duringthree different conditions. Grab
samples will be collected from essentially ali (approximately 20) tributaries discharging into
Melton Branch, WOC, and WOL (Table 4.2 and Fig. 4.1) during two baseflow
conditions--one in the wet season and one in the dry season. The third sampling will be
conducted just following a rainstorm. Because many small tributaries are storm driven, the
thirdsampling mayrequire additionalsample collection. Sampleswill be analyze.dfor 3H,9°Sr,
and gamma-emitting radionuclides in the dissolved load (i.e., in samples filtered through
0.45-_m pore size filters) and for gamma-emitting radionuclides in the suspended load (i.e.,
sediment remaining on the filters). Filtered samples from tributaries with known,
undetermined, or suspected alpha contamination will be analyzed for gross alpha and gross
beta activity. Note that the sampling of contaminants associated with particulates will be
addressed by the sediment sampling group (Sect. 3.2.4 in this plan). These efforts will be

closely coordinated to identify contaminant source areas and quantify fluxes.

Contribution to contaminant flux within WAG 2 at the time of sampling can be
determined from those tributaries with existing gaging stations. Flumes on the WAG 6
tributaries are being reinstrumented and upgraded to collect continuous d!_charge
measurements [described in Clapp ct al. (1991)]. Data from these tributaries will be used to
identify the input from WAG 6, which drainsdirectlyinto WOL. Contaminant concentrations
from other WAG 2 tributaries without discharge measurement capabilities will be used to
help priodtizc the need for initiating gaging on tributarie._,

The performances of weirs and sampling stations in WAG 2 are being evaluated by an
Ad Hoe Committee on Weir Upgrades composed of personnel from F_.SD,the Environmental
Surveillance and Protection Section of the Office of Environmental and Health Protection,
ORNL Engineering, Project Engineering, and the ER Program. Three surface water
monitoring stations in the WOC watershed are currently being reviewed for upgrade. Ali
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Tabl¢ 4.2. Initial Scoping Sampling to Determine Contaminant Flux
. into an_ through WAG 2

........ ,,, ,,, . - . • ..... -

" Numbar of Samples
Location per Campaign Analyses

WAG 6 tributaries 4 3H, 9°Sr,and gamma scan

West Lp (tributary) 1 3H, _dr, and gamma scan

East Se,cp (tributary) 1 3H, 9°Sr, and gamma scan

WAG 4 tributary 2 3H, 9°Sr,and gamma scan
(MS1 and T2A sites)

Northwest Tributary 1 3H, 9°Sr,and gamma scan

Additional unnamed ~ 10 3H, 9°Sr,and gamma scan
tributaries

WOD 1 3H, _3r, and gamma scan

. WOC transect "25 3H, 9°Sr,and field
parameters

MB transect including ~20 SH, 9°Sr, and field
MB Tributary parameters

Visually located seeps ~20 3H, 9°Sr, and gamma scan
l

,, _ _
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three will directly impact WAG 2 characterization. These stations are the East and West
Seep drainages that are tributarte_to WOC below tile confluence with Melton Branch that
drain WAG 7 (pits and trenches area) and the surface water monitoring station on the
unnamed tributaryto Melton Branch that lies in WAG 2, near the old Homogeneous Reactor
Experiment (HRE) site. Discharge and water quality data from the East and West Seep
drainages are important for water budget determinations and for quantifying contaminant
contributions from WAG 7. The HRE station may serve as a background water quality
station to WAG 5 effluents and separate the contaminant contributions from WAG 9 asweil.

The Environmental Compliance Section of the Office of Environmental and Health
Protection is preparinga storm water sampling program in which, in a group of 20 to 30 key
locations, mainly on tributaries and creeks in the WOC watershed, stormflow would be
monitored to give a representation of the nature of ORNL non-point source storm water
runoff. This strategystresses drainage area monitoring of ER areas slated for remedial action.
This effort is being coordinated with the ER Program and WAG 2 RI staff to avoid
duplication of effort and to best serve the interests of both groups.

After the firstyear, contaminant concentration-dischargerelationships willbe determined
for selected tributaries that are found to contribute significantly to the contaminant flux in
WAG 2. A time.series of stream samples will be collected during two to three rain.gtorms.
Rating curves that relate the instantaneous contaminant concentration to the instantaneous
stream discharge will be developed. The rating curve can then be used in conjunction with
continuous discharge measurements to determine contaminant flux for a period of time.
Changes in these relationships may indicate changes in the source term or may help evaluate
effectiveness of remedial actiom. Therefore, relationships should be evaluated every few
years. Data from storm sampling can also be used in model programsthat separate base,flow
from stormflow and their associated contaminant loads.

J

4.2.5 Seep SamplingProgram

Objective S-l--Identify areas (discrete or diffuse) of groundwater discharge that
contn'bute significantly to contaminant flux in the atxe.amL The first stage of the S&A plan

will be to locate areas of groundwater discharge that bring contaminants into WAG 2.
Previous studies have found that the majorityof sH and 9°Srenters stream reaches indtscrete
areas at high concentrations, causing a concentration increase in the stream. Little
information is available for metals or organic contaminants. This component will focus
initially on 3H and 9°Srand will use these data as a basis for expanded efforts to include other
contaminants.

Stream discharge changes little over some stream reaches (e.g., between the majorgaging
stations) on WOC and Melton Branch. In addition, increases in stream discharge resulting
from discrete groundwater discharges are not expected to be greater than the standard errors
associated with streamflow measurements at points upstream anddownstream of groundwater
inputs. Consequently, significant areas of contaminated groundwater discharge to Melton
Branch and WOC will be determined by measuring concentration differences in the stream
transects. 4

When a seep is located that contributes measurably to contaminant (primarily 3H and
9°Sr) flux in a reach, we will attempt to determine the source of the seep based on the

i



83

chemical signature (ionic composition) compared with known subsurface water sources (see
Sec_. 5 of this report). For seeps that are found to be significant contributors to contaminant
fluxes, we will

, 1. identify the sources of these inputs (contaminant source area and subsurface pathway),
2. investigate the relationship between watershed hydrology and contaminant input,
3. incorporate selected seeps or areas of groundwater discharge into a multimedia

environmental monitoring of contaminant fluxes in the watershed,
4, evaluate the contribution of individual inputs to human health and environmental risk,
_. conduct prelimina_ evaluation of the need for interim corrective measures for individual

seeps or areas of o_ntaminated groundwater discharge, and
6. inform those respoi._siblefor characterizationof the WAG to ensure that the information

becomes part of the record for that area for folloW-upwork.

The initial survey and sampling efforts (conducted during FY 1992) will be used to
develop a seep monitoring program. Key seeps and discl_argeareas will be monitored to
provide information useful for extrapolating to the other seeps of interest in the watershed,

The WAG 5 RI project is also interested in seeps that carry contaminants from WAG 5
into Melton Branch and WOC in WAG 2. Similarly,the WAG 1 RFI project is interested
in seeps in WAG 1 that discharge into WOC above WAG 2. We are coordinatingwith those
projects to share the sampling efforts and data. Most important, however, we need to be sure
that we employ comparable approaches so that data gathered by a project can be used

• eiscwhere in the watershed. We have met with representatives of the WAG 5 RI and
WAG 1 RFI and will be cooperating on these efforts by developing standardprocedures and
sharing data collection responsibilities. Our goal is to cooperate with these programs to
provide better information and to develop a better understanding of contaminant pathways
and fluxes for the ORNL WAGs.

4.2.6 Sampling and Analysis for Seeps

The initial survey for groundwater discharge areas in WAG 2 will be conducted in
conjunction with the tributary sampling during the three different hydrologic conditions.
Samples will be collected from WOC and Melton Branch approximately every 100 m and
analyzed for SHand dissolved 9°Sractivity. Incremental increases in concentrations between
sampling locations on the stream reaches will identify areas of contaminated groundwater
discharge. Specific conductance and temperature of the stream water will also be measured
during the first sampling to see if changes or anomalies occur and correlate with changes in
radionuclide concentrations (areas of contaminated groundwater discharge). Merc intensive
sampling will be done within 100-m intervals where substantial contaminant inputs are
identified.

Areas of groundwater discharge will also be located by visual inspection during the initial

surve.y. Grab sample.swill be coll_t .ed from seeps (approximately 20) in WAG 2 located by
previous investigations and by the mnial walkover. In addition to SHand _r, samples will
be anal_l for gamma.emitting radionuclides, Because many seeps are storm-driven, the
third sampling will be conducted following a major rainstorm that is observed to activate
ephemeral groundwater discharge areas. As noted previously, wc will _itially emphasize
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radiological contaminants to identify input areas and to provide a basis for the design of later,
merc comprehensive efforts.

IdcaUy,we could 0alculate, the contaminant mass flux via individual seeps by comparing
the stream discharge (Q) and contaminant concentration (C) upstream and downstream of
discrete inputs (i.e., Q x C dowI_tream ffiQ x C upstream + Q x C seep; and Q x C seep
= contaminant mass flux). Existing evidence suggests that the individual seeps contribute
measurably to contaminant concentration in the stream water but do not incre_ flow by
quantities measurable by field equipment. Thus, it will seldom be possible to measure
changes in Q upstream and downstream of ti seep input, Discharge can conservatively be
estimated to change very little, and mass input can be estimated by the change in
concentration of the contaminant in stream water upstream and downstream of discrete
inputs.

Unless we are able to identify unique constituents of a seep (e.g., high concentration of
an ion--see Sect. 5.2.3 of this plan), we will use change_ in contaminant concentrations to
identify inputs and base mass fiuxes on changes in concentrations in the stream water,
assuming changes in discharge arc minor, We recognize that this limits our ability to identify
inputs that do not contribute at least 10% to the SH or 9°Srmass tiwi. (The 10% figure
reflects the precision of analyses and samplingvariability,) However, this approach will allow
us to identify the majorcontributors to contaminant flux.

Following the preliminarysurveys to locate groundwater discharge areas, the approach
will be to monitor 8 to 12 stream transects, seeps, or storm-driven tributari_ that are
suspected to be majorperennial contributors to contaminant flux, Of these, four to six will
be chosen for intensive monitoring, specifically addressing contaminant input related to
hydrologic conditions. For groundwaterdischargingdirectly into the stream channel, wc will
install small piezomoter wclis near the stream bank to collect groundwater and sample the
stream transect for changes in contaminant concentrations. Samples collected from these
seeps will be analyzed for mctais and major ions to determine the ionic composition of the
water, which will aid in identifying its source. Metals and major ions will be determined
several times annually. During the first 2 years of this program, we will not analyze seep
samples for organic contaminants unless stream sediment sampling suggests a majorsource
of organic contamination within a reach. Samples from selected seeps may be analyzed for
transuranicsif data from sediment sampling or data from other programssuggests a specific
seep may be a pathway for transuranics.

Flow rates from some seeps and small tributaries may be determined volumetrically at
discrete points in time. Methods for measuring continuous discharge will be investigated.
Data from intensively monitored seeps may be used to estimate annual flux from other seeps
in the watcrshe_l.

m

43 _IODS

4.3.1 Surface Water
i

Methods for surface water analyses for data generated by the compliance monitoring
programsare presented in Table 4.3.
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Tablo 4,3. Methods for mafac¢ water analysh

#
,..,,.._I*,. .,,,, . ,,, .,.. , - -. - .__ • ......... i _,,

Analysis Method s Conditionb

. . ,..,, ...... ,,,,, ..... __ , _ .. j- ..... ....,_ , , , . _ - ,, , ......... .b'_,,olm.H'.

Gamma scan. 901.1 U, A

Gross alpha and beta 900.0 U, A

Tritium 906.0 U

Total strontium-90 905.0 U, A

Isotopic alpha AC-MM.2-0972 ° U, A

ICP metals 200.7 U, A

AA metals
As 206.2 U, A
Cd 213.2 U, A

• Pb 239.2 U, A
Hg 245.1 U, A

" Ag 242.1 U, A

Anions 429.0 U

. Volatile organics 624.0 U

Total PCBs 608.0 U

Totalorganiccarbon 415.1 U

Ammonia 350.3 U

TSS 160.2 U

BOD , 507,0 U

TDS 160.1 U

Oil and grease 503A U

Total phenos 420.1 U

SEPA Clean Water Act.

_U = unfiltered, A = acidified.

_ORNL Analytical Chemistry Division procedure.
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4_3.2 Tn'butari_ and Scc_

Samples from the FY 1992 samplingof tributaries,WOC andMelton Branchre,aches, and

seeps will be sampled, following procedures by Kimbrough ct al. (1990) for grab sample
collection. Samples will be analyzed for 3H,_dr, gamma,emitting radionuclides by the ESD
(Table 4.4). A procedure adapted from EPA Method 906.0 for °H analyses in drinkingwater
(EPA 1980c) will be used. Samples for 9°Sr,gross alpha, gross beta, and gamma scans will
be filtered and acidified (pH <2). Cerenkov radiation counting (Ross 1969) will be used to
determine _Sr activity. At least one in 20 samples for 9°Sr will be analyzed by EPA
Method 905.0 as a quality check. Ali methods will be reviewed by the ERD-APO. Gross
alpha and beta analyses will be completed by the ORNL Analytical Chemistry Division (EPA
Method 900.0). Results from the initial seeping study will be used to develop tributaryand
seep monitoring programs and merc complete S&A procedures. Samples for metal analysis
and ionic composition will be analyzed by the ORNL Analytical Chemistry Division.

4.4 QU_ ASSURANCE

Data for monitoring stations on the main channels are provided by the NI)DES and the
Environmental Surveillance monitoring programs. These programs, described below, meet
data quality objectives (DOC)s) for the WAG 2 S&A Plan.

Main ChanmdL The QA programsfor compliance with the NPDES permit and the DOE
Environmental Orders will ensure the quality of the surface water data collected and used in
the first year of the WAG 2 RI. Compliance samplingand field measurements are controlled
by the SOP of the Environmental Surveillance and Protection Section of the Office of
Environmental and Health Protection. These procedures include requirements for sampling
methods, chain of custody, and documentation. They are based on guidance from EPA and
meet or exceed EPA protocol requirements.

Discharge Measurement. The USGS maintains eight of the surface-water discharge
monitoring stations. The USGS Water Resources Division is a national program recognized
for its expertise and experience in collecting discharge data of the highest quality and
accuracy. Ali additional sites (discharge and precipitation) are included under a program that
is conducted in accordance with the QA program of the ESD (Roberson and Logsdon 1989),
which is consistent with ANSI/NQA-1. A separate quality assurance plan has been prepared
and is update_ as n_ary. Ali monitoring sites will bc maintained, and instrumentation will
be serviced routinely.

Seeps and Tn'butafics. Procedures for sampling methods of the scoping study of
tributaries, WOC and Melton Branch reaches, and seeps will be developed and document_
and reviewed by the ERD-APO. Duplicate samples for QC purposes will be collected at a
rate of about one pcr ten samples. Laboratory-prel_aredstandardsandblanks will be.counted
with each group of samples being analyzed for SH and 9°Sr° In addition, EPA QA/QC
samples will be analyzed by the propose.A methods.
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Table 4.4. _ _ init_l _¢opi_ m_ of

Tritium EPA- 906.0 ESD U _

Strontium-90 Cerenkov radiation FSD F, A
counting _

Gamma scans Development of ESD F, A
procedures is in
progressc

Gross alpha EPA- 900.0 ACI_ F, A

Gross beta EPA- 900.0 ACD F, A
_s

Metals ICP ACD F, A
AA for potassium ACD

" EPA ,. 258.1

" Analytical services will be coordinated through the ERD-APO.

b U = unfiltered, F = filtered, A = acidified.

Analytical proced,_e presented in Appendix C.
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5. GROUNDWATER SAMPIJNG PLAN

R. H. KeteUe, G. K. Moore, and M. $. Tardiff

° 5.1 INTRODUCTION

WAG 2 includes primarilythe WOC and Melton Branch floodplains and toe slopes from
adjacent upland areas. Because of the relativelylow topographic setting of WAG 2, the area
is a receptor and conduit for overland flow, stormflow, and groundwater inflows from
adjoining areas. Overland flows and stormflows are perceived to move relatively quickly
through WAG 2, with the potential for contaminants in these flows to adsorb to soils or
sediment within WAG 2 or to enter the groundwater reservoir. The groundwater reservoir
in WAG 2 includes saturated alluvium beneath and adjacent to WOC and Melton Branch,
as well as a thin water table aquifer in saprolite connected to water-filled fractures in the
underlying bedrock. Rates of groundwater flow and contaminant movement through the
groundwater reservoir are slower than those obsel_,ed in either surface flows or stormflows.
The groundwater reservoir provides the continuous source of water that sustains baseflows
in local streams. No solid waste disposal activities are known to have occurred within
WAG 2;however, contamination of soils,sediments, andgroundwater hasoccurred as a result
of past discharges of contaminated liquid effluent from ORNL, from leaks of liquid waste
transfer lines, and from inflow of groundwater from adjacent WAGs. Because groundwater
discharges to surface water prior to leaving the watershed, the linking of groundwater and
surface water activities is essential The groundwater component will focus on the evaluation
of existing information and data now becoming available from ORNL monitoling programs.
This component will be linked with ERMA groundwater efforts andother activities under way
in the WOC watershed.

5.1.1 Review of Existing Da(_

Several hundred wells in (:heWOC watershed arc potential sources of information for the
WAG 2 effort. Data available from S&A of well waters within WAG 2 and from wells
constructed in adjacent WAGs on the boundary of WAG 2 indicate that radionuclide
contamination of groundwater is serious but not widespread. Less evidence exists regarding
groundwater contamination with organic compounds and metals; however, the available data
do not provide sufficient re_c)lutionof water qualitypatterns to accuratelydefine contaminant
distributions within WAG 2.. A summary review of contaminant detection in existing wells
in WAG 2 is presented in Sect. 6.3 of the WAG 2 RI plan (ORNL 1990).

Objectives

Long-range objectives of the WAG 2 groundwater sampling plan are to document the
distribution of groundwater contaminants within the WAG, understand mechanisms that
control contaminant movement through the groundwater pathwayin WAG 2, and to provide
data and parameter estimates for use in remedial alternative design and evaluation. Because
WAG 2 is a receptor and pathway for contaminant fluxes from adjacent WAGs, it is
imperative that remedial investigations and remedial actions here draw on information from
the adjacent areas and that the WAG 2 evaluation be sensitive to effects of as yet unseen
contaminants migrating from adjacent WAGs. For these reasons the WAG 2 investigation
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will progress for the duration of remedial investigations at the neighboring WAGs and will
provide a synthesis of information on contaminant fluxes leaving the watershed via WOC.

The first objective is to construct a data set that will include information for geologic
formation, monitored zone, hydraulic conductivity, water level, and other parameters to serve
as a reference for hypothesis testing and groundwater flow and geochemical data
interpretation.

The second objective is to evaluate data for groundwater geochemistry to develop a
picture of the nature and extent of contaminant transport in groundwater. Statistical pattern
recognition analysis will be used to evaluate the data.

The third objective is to conduct a series of hydrogeologic investigations conducted in
conjunction with and supported by the ERMA program (Clapp ct al. 1991) to evaluate the
role of groundwater flow in the migration of contaminants from adjacent WAGs through
WAG 2 to streams. These efforts focus on measurements of water levels and physicochemical
data for selected wells, the identification of di_.rete flow zones, evaluation of contaminant
distributions relative to hydraulic gradients, and coordination with the seep sampling efforts
to evaluate groundwater flow paths.

s.1_Approach

Achievemem ofthostatedobjectivesc,ftheWAG 2 RI requiresthoroughreviewand
interpretationofexistingdata,furtherinvestigationofareasshowinganomalouswaterquality
orhydrogeologiccharacter,andlong-termmonitoringofthehydrologicsystemwithinand
aroundWAG 2. DuringFY'1992,plannedWAG 2 RI activitiesincludereviewand
interpretation of existing water quality and hydrogeologic data, deployment of field
instrumentation to record variationof hydrologic and physicochemical parameters at selected
wells, continuation of S&A of groundwater at WAG 2 perimeter monitoring wells, and
geophysical investigation in the vicinity of the groundwater chloride anomaly on the WOC
floodplain.

5.2WATI,_RCO_ON, FIELD _UREMEN'I_ AND
SOURCE IDENTIFICATION

5.2.1WellSamplingandWaterQualityAnalysm

DuringFY 1992,ORNL WAG perimeterwaterqualitymonitoringwellswillbesampled
semiannuallybytheORNL EnvironmentalSurveillanceprogram(Greene1991).Analyses
thatwillbel_rformcdonsamplesfromWAG 2 perimeterwellsarclistedinTable5.1.The
locationsofWAG 2 perimetermonitoringwellsarcshownon Fig.5.1.

Pendingresultsofthereviewofexistingdatafrommonitoringwellsand piezometers,
additionalconfirmatorysamplingofselectedpiczometerswithinoradjacenttoWAG 2 may
bcperformed.Analytcstobcmeasuredonsuchsampleswillbcdeterminedonacasebycase
basis.AnalyticalproceduresandQA measuresforthesesampleswillbeconsistentwiththose
usedfortheWAG 2 perimeterwellmonitoringprogram.
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, Table 5.1 ORNL WAG Perimeter Well Analyses

............. ,,, ,=, ,, .-'- '.... - "_ "I,' '

Order of Analym Method Lab, rat, D, O=Unfiltered RDL Reporting
• Collection F=F'fltered ttg/L Units

• .... , , ........ , j , , .......... ,, ....

1, 2 Volatlles x 2" RCRA-8240 QAL U /_g/L

3 Seml-volatiles RCRA-8270 QAL U /ag0.
.......... , , , , ,., ., .,.. ,,. ......

4, 5, 6, 7 TOX x 4 RCRA.9020 CPA U 5 _g/L
......... , , _ .,. _ , ,| ,.. ,, ...... ,, , ,

8, 9, 10, 11 TOX × 4 RCRA-9060 CPA U 1000 mg/L
- , , ....... , ,,, _ - ., . , ....

12, 13 Metals, ICPb RCRA-6010 CPA U, F mgo_
(AA) Potassium RCRA-7610 mg/L
. , , _ ,,.,, ......

14, 15 Metals, ICP/MS' RCRA-6020 CPA U, F 0,2 _ mg/L-

(CVAA) Mercury RCRA,7470 mg/L
, , . ......

24, 25 Rad LLL U, F 0.12 Bq/L
Total Strontium CAWW-905.1

Gamma Spec CAWW-901.1
_CO, I_C.s) 0.30
Gross Alpha CAWW-900.0 0.62
Gross Beta CAWW-900.0

22, 23 Tritium CAWW-906.0 LLL U, F 200 Bq/L

16 An ions CAWW-300.0 CPA tj mg/L
d. ,-- ,, , .,,,- ,,,,,,

17 Total phenolics RCRA-9065 CPA U mg/L
. ., f

18 'PSS CAWW-160.2 CPA U mg/L
, , , , , ,,, ,. _. . ,,

19 TDS CAWW-160.1 CPA F - mg/L

20, 21 Alkalinity CAWW-310.1 CPA U, F - mg/L
.., ...........

7, 12, 18, 25 Temperature x 4 170.1 Field U °C

7, 12, 18, 25 pH x 4 150.1 Field U pl-I units

7, 12. 18, 25 Conductivity × 4 120.1 Field U mS/cre

25 Redox ESP-SOP- Field U mV
003.023

_ . . _ ..............

25 DO 360.1 Field U ppm
,,.,,. , ,. .,, ,,

•Volatile, uAnalyze one sample only (Analyze a second sample if limits are exceeded on first sample).
bAl,Sb, As, Ba, Be, B, Cd, Ca, Ct', Co, Cu, Fe, Pb, Mg, Mn, Mo, Ni, Se, Si, Ag, Na, V, Zn
•Ag, As, Pb, Sb, Se, Ti
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5.2.2 WAG 2 Geology, Well Comam:tmn, and Water Level Data Interpretation

To create a coherent reference frame for hypothesis testing and groundwater flow and
geochemical data interpretation, a data set for WAG 2 and adjacent areas will be created

. includingdefinition of geologic formation,monitored zone, hydraulicconductivity,water level,
and other parameters. The data set will include ali wells from which geochemical data are
obtained and other wells and borings that help define physical system boundarie,_ and
conditions. A query of the ORNL consolidated data base for wells indicates that in the area
including WAG 2 and a 300 ft wide buffer strip surrounding the WAG there are 534 existing
wells (251 pre-RAP piezometers, 82 water quality monitoring wells, 111 RAP piezometers,
15 HHMS wells, 57 hydrofracture-related wells, 8 impoundment wells, 4 TARA wells, and 6
USGS wells). Data from these wells will be used to construct diagrams showing the
relationships of physical boundaries (e.g., soil/bodrock interface, water table, andstratigraphic
boundaries), which is useful for display and interpretation of groundwater flow systems and
geochemical zonation. This task is interactive with the evaluation of groundwater
geochemistry and will be performed in conjunction with the ERMA groundwater program
(Clapp et al. 1991).

5.2.3 Evaluation of Data fol Groundwater Geochemistry

To evaluate groundwater quality and develop a picture of the nature and extent of
contaminant transport in the groundwater, it is necessary to have data for backgroundwater
quality and to be able to determine the contributionof water from different areas to a sample
collected from a weil. If the chemical "_mpositionof contaminated water and background
uncontaminated water can be determir_ d, then the relative contribution of each water type
to the composition of a water sample from a specific well can be determined and used to
follow the course of contaminant flow. Given the heterogeneous nature of geologic
formations in Melton Valley, there maybe several distinct types of backgroundwater quality,
each one highly dependent on the geology immediately surroundingthe screened interval in
a particular weil. Thus, recognition of background water quality will entail an analysis of a
broad range of geochemical parameters (see Table 5.1) conducted in the context of detailed
descriptions of the screened interval geology. Further fine tuning of the geochemical
interpretations may require incorporation of other hydrogeological data to characterize the
flow path/production zone (e.g., transmissivity and hydraulic conductivity).

The ORNL ESP section monitors groundwater quality as part of several programs
coordinated by the ORNL groundwater coordinator. A network of 178 RCRA-quality
groundwater wells has been installed on the perimeters of the ORNL WAGs (Fig 5.1).
Beginning in 1991, they are being sampled semiannually for metals, radionuclides, organics,
and other parameters as part of a Remedial Action Monitoring Program (Greene 1991).
These data, combined with data sets of comparable quality from older wells in the vicinity,
provide a data base amenable to several forms of factor analysisthat serve to identify patterns
in large data sets. Once factors have been identified, interpretation of the factors begins an
iterative process of refining and incorporating knowledge about the formation geology and
hydrogeology. Through the process of performing the review and interpreting existing data,

. iterative hypothesis testing of hydrogeologic concepts and geochemical concepts that
contribute to the overall conceptual model of groundwater movement will be used to
strengthen and quantify the understanding of WAG 2 hydrology,
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The objectives of this activity are

Objective 1: Review the exiting and incoming data for groundwater quality for the WOC
watershed with emphasis on WAG 2. The focus of the review will be on
interpretations of groundwater quality as it relates to identification of
contaminant sources and contaminant tram?orr proce_es.

Objective 2: Conduct statisticalpattern recognition analysisof WOC watershed groundwater
quality data to (1) identify background wells, (2) identify background or
baseline groundwater quality as a function of the screened interval (i.e.,
geologic formation, regolith vs bedrock), (3) identify contaminant
concentrations above background, and (4) identify groundwater contaminant
sources.

The results of the initial evaluation will be used to develop questions concerning
contaminant sources, identify data needed to address those questions, and design a
groundwater sampling plan to obtain the data required.

5.2.4 H_geologic Investigations

Hydrogoologic investigations for WAG 2 will focus on developing an understanding of
the importance of groundwater flow in migration of contaminants from adjacent WAGs
through WAG 2 to discharge at the local streams. Tasks identified include

• instrumentation of selected wells to document water level and physicochemicai
changes that may occur in response to seasonality and major precipitation events,

• interpretation of WAG 2 borehole flowmett_rdata to identify discreet flow zones in
wells for the purpose of determining thickness and transmissivityvariability areally
and vertically,

• interpretation of contaminantdistributionfrom existingdata in consideration of area
hydraulic gradients,

• interaction with the seep studyteam to cooperatively analyze the groundwater flow
paths leading to seeps (see Sect. 4.2.6 of this plan).

These investigations rely partlyon efforts supported by the ERMA program.

5.2.5 Stormflow Zone and Matrix _ion

The stormflow zone is a shallow zone, corresponding to the root zone of the vegetation,
that is much more permeable that the unsaturated zone. Stormflow is transient but may be
an important pathway for water after precipitation events. The role of the stormilow zone
for contaminant transport into WAG 2 nee_ to be evaluated. An understanding of
hydrologic and contaminant fluxes in the stormflowzone and techniques to monitor stormflow
zone are needed to ensure that the remedial alternatives selected are appropriate for
mitigating contaminant fluxes.
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The efforts are directed at determining (1) the importance of the stormflow zone as a
pathway of contaminant transport and (2) whether the diffusion of contaminants into the soil
and ro_k matrices results in the creation of secondary source areas that can continue to
release, contaminants after contaminant releases for primarysources (waste trenches) have

. been eliminated, These efforts are being conducted primarily as part of the special
investigations component of ERMA and are being partly supported by the WAG 2 RI
project. Efforts for ERMA include defining the tritium plume downgradient of trenches in
WAG 5, conducting the stormflow zone monitoring described below, and intensively
monito,ringthe streams duringstorms. The DOE OHER is supporting studies of subsurface
transix}rt and matrixdiffusion in a subsurface weir facility in Melton Valley several hundred
meters upgradient of the borders of WAG 2. The subsurface facility is located at the bottom
of a hillslope equipped with an elaborate arrayof tensionmeters, multipore region soil water
samplers, and subsurface weirs automated to quantify three-dimensional hydrologic and
chemical fluxes (Jardine et al. 1990). This group is also using undisturbed soil columns to
study the transport of solutes (including strontium and cobalt) to provide information for
modeling in situ subsurface contaminant transport (Jardin¢ and Jacobs 1991). The
information on water and solute movement through soils, and on the processes that influence
it, will provide important basic information for constructing a conceptual model of
contaminant movement in WAG 2.

FY 1992 studies of stonnflow zone transport will be conducted near the boundary of
WAG 5 and WAG 2_ Water levels will be continuously monitored in wells and in stormflow
tubes at depths of 20, 50, and 80 cre. Groundwater samples will be analyz_ to determine

- the lateral and vertical extent of tritium contamination. Tritiumwas chosen because available
information suggests that tritium is the primarycontaminant being released from WAG 5.

Monthly samples for the analysis of tritium will also bc collected from two drive-point
wells _tndfrom a seep in a the Melton Branch tributaryto the east of WAG 5. These data
will bc used to determine the importance of the stormflow zone for contaminant transport,
whether contaminant concentrations are increasingor decreasing in discharges from the waste
trenches, and whether primarysources (waste trench,) or secondary sources (soil and rock
matrk_s) are more important for future releases of tritium. These data will have implications
for th,e sources of other contaminants as weil.

"I_¢ need for additional samplingof water and contaminant fluxes in the stormfiow zone
. near 'NAG 2 will be determined by an evaluation of the 1t" 1992 data. Such efforts may

include continuous water-level monitoring and analysesof water samples from the _,tormflow
zones below WAGs 4 through 8. However, the stormflow zone may prove not _._be an
important pathway for contaminant transport, and the existing network of water quality
monitoring wells may prove adequate for an estimation of the contaminant flux at the WAG 2
boundary.
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6. ECOLOGICAL ASSESSMENT

T. L. Ashwood and G. FV..Suter

" 6.1 INTRODUCTION

&lA Overview

Understanding the movement of contaminants through the ecosystem is important for
three reasons. First, the biota may be at risk if contaminant levels are high enough to affect
population parameters such as fecundity. Second, some species (e.g., deer, waterfowl, wild
turkeys, many fish) are food sources for humans and may provide a pathwaythat is important
in a human health risk assessment. Finally, some species that feed at the top of the food
chain may serve as ecological indicators of contaminatkm within the WAG 2 ecosystem.
Ecological indicator species may be useful as long-term monitors of changes in contaminant
levels or contaminant availabilityin the system. That is, some species can provide information
on the ecologically relevant levels of contamination within a system that is not availablefrom
othermeasurements.

BecauseWAG 2 servesasan integratorofcontaminationfromsourceWAGs, itis
essentialthatsamplingandanalysisofallcompartmentsinWAG 2 beconductedtoidentify
changesincontaminantinputsovertime.Sections3 through5 ofthisplanaddressthe
conceptualmodelsandlong-termmonitoringofsoils,sediments,groundwater,andsurface

" water.Thissectionpresentstheconceptualframeworkandspecificactivitiesassociatedwith
long-termmonitoringofthebiotainWAG 2.

The ecologicalassessmentplanisbasedon closecoordinationofthreesourcesof
biologicaldataatORNL: (I)theORNL BMAP, (2)biologicalsamplingconductedto
supportremedialinvestigationsinspecificsourceWAGS (e.g.,WAG 5),and (3)biological
monitoringwithinWAG 2 (Fig.6.1).Suchcoordinationisenhancedbyinvolvementofthe
samekeyindividualsintheplanningandimplementationofallthreeprograms.

ltisneithercosteffectivenoressentialtodevelopan extensivemonitoringprogram
coveringthewidearrayofspecieswithinWAG 2. Extensivedataon theradiologicaland
nonradiologicalcontaminantsinaquaticbiotaalreadyexitforWAG 2 (seeORNL 1991and

. Blaylockctal.1991b).As alreadymentioned,closeco_,rdinationwiththeBMAP andother
WAG RIs willprovidea means to augmentexistingdataand developthe long-term
monitoring program needed for WAG 2. Finally, we already understand the fundamental
ecological processes that control transport of contaminants through the WAG 2 ecosystem;
we are thus able to focus our investigations on those few critical areas (primarilyassociated
with nonradiological contaminants in the terrestrial system) where filling data gaps will enable
us to predict and monitor the effects of changes in contaminant inputs.

6.12 Amessment Endpoin_

" The first step in conducting an ecological assessment is to identify assessment and
measurement endpoints (Warren-Hicks et al. 1989). Assessment endpoints should be socially
and biologically relevant, be operationally definable and measurable, be susceptible to the
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hazards at the site, and logically related to the remedial investigation (Surer 1989).
- Measurement endpoints must correspond to or predict an assessment endpoint and must ,q

obviously be readily measurable. They should also be appropriate to the scale of the site and
the exposure pathway (Suter 1989).

.a

Assessment endpoints typically relate to populations or higher levels of biological
organization. The exception to this occurs with rare or endangered species, where each
individual is assumed to be important to the survivalof the species. An assessment endpoint
may also be related to human health effects.

The RI plan for WAG 2 (ORNL 1990) identifies five assessment endpoints: (1) >10%
reduction I in the abundance or production of the local populations of any fish species, (2)
> 10% reduction _in the abundance or production of the local populations of any birdspecies,
(3) ;e 10% reduction1 in the abundance or production of the local populations of any wild
mammal species other than small rodents, (4) > 10% reduction _in the production of any local
plant population, and (5) any toxic effect on individualsz of an endangered species sufficient
to impair survival or reproduction. An additional endpoint for this assessment is any
biological pathway resulting human consumption of contamination that presents a human
health risk > 104.

6.2 REVIEW OF EXISTING DATA

The remedial investigation plan for WAG 2 (ORNL 1.990)contains an excellent rr.,_vw
. of the existing literature on contaminants within the biota. A summary of this information

as it applies to ecological risk assessment is also included in the screening-level risk
assessment for WAG 2 (Blaylock et al. 1991b). Only the conclusions of these studies are
presented in this section.

The screening-level ecological risk assessment for WAG 2 (Blaylock et al. 199ib)
identifies PCBs and mercury as the principal contaminants of concern. Piscivorou_ predators
are the major biological group at risk. However, there are a number of gaps in the data on

6.2.1 Conceptual Model

Water is the primary vector of contamination in the WOC watershed. Thus, aquatic
biota and those organisms that feed on aquatic organisms are the principal receptors. It is

1The 10% level of population effects was chosen as approximately the detection limit of field
measurement techniques and is probably below the detection limits of the public (i.e., fishermen
would probably not notice a 10% reduction in tl_e abundance of fish).

2 The endpoint is defined at the individual level for endangered species because of the greater
legal and societal concern for these species, nonradiological contaminants that could alter these
results. Ecological risksfrom radioactive contaminants have not been address_ in the screening-level

• ecological risk assessment for two reasons: (1) available data from other studies suggest that
ecological risks from radiological contaminants are unlikely to be significant unless levels are such as
to pose a significant risk to humans and (2) radioactive contaminants have been extensively addressed

• in the screening level human health risk assessment.
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also poss_le for organisms burrowing and feeAing in contaminated soi_ to accumulate
contaminants and for these contaminants to be concentrated through the food chain. The
potential for uptake and accumulation varies considerably among contaminants.

Macintosh et al. (1991) have developed a model of PCBs and mercury movement
through the biological system to two key predators (mink and great blue herons). This model
incorporates current ecological information on transfer of these two contaminants through
a complex food web that is typical of WAG 2 (Fig. 6.2). Both terrestrial and aquatic
pathways are included in the model

Such a model, when expanded to include other contaminants and target species, provides
the framework for evaluating data nee_ in support of risk assessments. The model can also
be used to focus characterization efforts on those few areas where data are lacking. The
model can be cxpavded to evaluate the potential risk to a wider arrayof organisms, leading
to identification vf those organisms most useful for long-term biological monitoring.

62.2 R__ad_logicalContaminants

F_31ogical risks from radioactive contaminants have not been addressed in the
screening-level ecological risk assessment for two reasons: (1) available data from other
studies suggest that ecological risks from radiological cont_minants are unlikely to be
significant unless levels are such that they pose a signifi_nt risk to humans and
(2) radioactive contaminants have been extensively addressed in ,the screening-level human
health risk assessment. Nevertheless, radioactive contaminants in b_ota are an important
component of the ecological assessment because they represent a potential pathway for
human health risks.

The WAG 2 RI Plan (ORNL 1990) contains a review of existing information on
radiological contamination within the WOC watershed. Three radionuclides (e°Co, 9°Sr,and
_37Cs)have been measured at above background levels in aquatic biota (ORNL 1990;
Sect. 6.6). Plutonium-239 has been measured burrowingcrayfish in the area (Delaney et aL
1979).

Terrestrial vegetation contains 3H,S_Sr,and '_Tc at levels above background. Cobalt-60
and _3_Csare also taken up by terrestrial Vegetation, but not at levels greater than soil
concentrations. A few deer taken in managed hunts on the Oak '.RidgeReservation have
contained measurable concentrations of S°Sr,and 9°Srhas been measured in small rodents in
WAG 4 adjacent to WAG 2. Small rodents and larger animals in the floodplzin also
contained elevated concentrations of _37Cs.Unpublished datasuggest that _29Imay be present
in thyroid glands of deer on the Oak Ridge Reservation, but it is unclear whether these
one-time measurements reflected a single-release episode or a continuing source (J. W.
Evans, Tennessee Wildlife Resources Agency, personal communication, to T. L Ashwood,
ORNL 1991; C. T. Garten, ORNL personal communication, to T. L Ashwood, ORNL 1991).
Analytical difficulties have precluded extensive measurement of 9_I'c in biota, and other
radionuclides may be present at trace levels.



101

r-J_-_I
'!i_i--/ _ _ F_ i I _l_!_

I

! £ I I I-- ..... !

_! i



102

62=3 NonrKl_k_gic_Contaminants

BMAP data suggest that mercury, PCBs, and chlordane are the primary contaminants
accumulating to above background levels in aquatic biota (ORNL 1990, Sect. 6.6). Recent
studies of mallard ducks have shown that these migratorywaterfowl accumulate mercury and
other trace metals during their brief stopovers onWOL (Lear 1991).

Little information is available on nonradioactive contaminants in the terrestrialbiota of
WAG 2. Meyers-Schone (in Lear 1991) found concentrations of PCBs in two species of
turtles in WOL Indications of PCBs and mercuryhave been found in eggs of a great blue
heron rookery near the K-25 site (R. S. Halbrook, ORNL personal communication to
T. L Ashwood, ORNL, 1991). Herons from that rookery feed in WAG 2, but there are also
other possible sources of the PCBs and mercury.

6.2.4 Data Needs

For the model developed by Macintosh ct al. (1991) to serve as a conceptual framework
for the ecosystem in WAG 2, it must be expanded to include ali contaminants of concern and
ali species potentially at risk. The only nonradiological contaminant of concern not already
included is chlordane. Our current best knowledge suggests that radiological contaminants
are not of concern from an ecological risk perspective; however, our model must provide
insight into the biological transfer of radioisotopes that may be of concern from a human
health perspective. Thus, the model must be expanded to include chlordane, gOSr,and 137Cs ,
and perhaps additional food-web pathways.

The BMAP is evaluating raccoons and screech owls as possible biological monitoring
species. If these two species show elevated levels of the contami!aantsof concern, they will
be added to the model. Similarly,the WAG 5 biota sampling plan includes evaluation of
contaminant levels in wild turkeys. If turkeys from WAG 5 contain elevated levels of the
contaminants of concern, it is likely that turkeysin WAG 2 would also contain contamination
above background levels and the model would be expanded to include turkeys. Although
these two studies are aimed at specific animals and have differing goals, a more systematic
method of identifying potentially contaminated wildlife is needed to ensure that at risk
organisms and potential pathways to humans are not overlooked.

The screening level ecological risk assessment suggests that mink and kingfishers could
be at risk from contaminant levels known to be present in aquatic biota in WAG 2 (Blaylock
et aL 1991b). Data are needed, therefore, to determine whether these animals are in fact
f,ffcctcd,

Although some sediment contamination data exist and more are being collected, the
ecological risk assessment identifies a need for measuring contaminant levels in the interstitial
waters of fine sediments within WOC and WOL. Such levels are more directly related to
biological exposure than are contaminant levels adsorbed to sediment particles (Blaylock et

: aL 1991b). Until more data are available on sediment contamination (see Sect. 3 of this
report), we believe that fish and clam bioaccumulation data being collected by BMAP
adequately address the question of which contaminants are available for uptake by biota and
the degree, to which these contaminants are being incorporated into the food-web.
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The screening level risk assessment also identifies the need for surveys of WAG 2 to
- identify threatened or endangered species (Blaylock ct al. 1991b).

As data from soil/sediment, groundwater, andsurfacewater sampling are obtained, it may
• bcc_me n_ary to add to the list of contaminants of concern. To determine the need for

additional biological sampling, two screening steps will be taken. First, we will conduct
toxicity tests to determine whether soil or water samples from contaminated areas are toxic
to standard test organisms. Second, and based in part on the toxicity tests, we will update the
screening level risk assessment to determine whether the identified contaminants pose a
threat to biota or human health,

6.30_

Based on the data nee_ identified in Sect. 6.2.4 and the overall aims identified in
Sect. 6.1, the following specific objectives have been identified.

1. Develop and maintain a computerized model of contaminant flow through the WAG 2
ecosystem that identifies organisms at risk andimportant pathwaysto humans andwhich
can be used tc predict effects of changes in contaminant inputs to the system.

2. Coordinate efforts of the ORNL BMAP and biological sampling programs in source
WAGs to provide an integrated long-term monitoring program to measure the impacts
of changes in contaminant inputs to the system.

3. Obtain data on contaminant levels in organisms that are identified as being at risk and
that are not already sampled in other programs.

4. As information is obtained from other sampling taskswithin the WAG 2 RI and within
the BMAP, determine the impact on biota and the need for additional sampling.

6.4 BIOLOGICAL SAMPLING

Most of the biological samplingfor ORNL is expected to occur through the BMAP and
RIs/RFIs for the source WAGs. BMAP bioaccumulation studies include sampling of clams
and fish in ali reaches of WOC and Melton Branch. These samples are analyzed for
radionuclides, metals, andimportantorganic compounds. In addition,ambient toxicity testing
is conducted approximately bimonthly at locations throughout the WOC/Melton Branch
system. Source WAGs will include samplingof biota that are relevant measurement endpoint
for the WAG [e.g., wild turkeys in WAG 5 (Ashwcxxl 1991)], and the ecological assessments
for these source WAGs will include ambient toxicity testing of highly contaminated seeps,
stream reaches, and soils.

The primaryrole of the ecological asse_ment of WAG 2 is to provide a framework
within which to integrate these data. However, some datathat are needed will not fall within
the purview of other programs; therefore, some biological sampling within the WAG 2 RI
needed°

f,

In the short-term, data are needed to determine whether the conceptual model should
be expanded to include additional pathways. Also, short-term data are needed to detemine

D
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the status of species already identified as potentially at risk and to determine whether there
are state-listed threatened or endangered species in WAG 2 (ORNL 1990, Sect. 8.1.3.6).

Over the longer term, it will be necessary to integrate data from the BMAP and to
provide guidance to the BMAP and source WAG Rls on additional data needs. As data are
obtained that suggest additional contaminants of concern, toxicity tests and risk evaluations
will be required to determine what changes, if any, are required in the model. Finally, the
model will be used to predict the ecological impacts associated with remedial actions both
within WAG 2 and within source WAGs, where those remedial actions are expected to
change contaminant inputs to WAG 2.

These short- and long-term activities are described in the following tasks.

6.4.1 Task 1: Seeping S_ of Contaminant Levels in Selected W'ddlife

This task involves collecting fecal material (scats) from various wildlife species within
WAG 2 and analyzing the material for contaminants of concern. Some fraction of the
contaminants that pass through the gut of an animal is absorbed by the animal, and the
re.mainderis excreted. The fraction absorbed varies with the type of animal and the chemical
form of the contaminant. Nevertheless, some fraction of the contaminant will be excreted.
Comparison of contaminant levels between scats in WAG 2 and those from pristine areas can
be used to evaluate whether a specific contaminant is present at elevated levels in animals in
WAG 2. •

This is a task that will begin in FT 1992 and will continue for 2 years. It is anticipated
that this period of time will be required to collect sufficient samples from WAG 2 and pristine
areas to provide statistically significant results. At this time it is not possible to determine the
exact number of scats that may be available, but we anticipate that at least 25 samples of each
species from WAG 2 and 25 samples of each species from a pristine area will be required to
provide a low enough standard error to evaluate differences in contaminant levels. If
variability is higher than anticipated, more samples may be required. Scats will be gamma
counted for 137Csand analyzed for PCBs and metals (including mercury).

At this time, only three species are being included in this study: striped skunks and
opossums feed on terrestrial invertebrates that may be contaminated through ingestion of
contaminated soil, and muskrats consume plant and detrital material from the aquatic system.
As noted earlier, raccoons, turkeys, and screech owls are already being evaluated. MinL great
blue herons, and kingfishers are already incorporated in the model. Other predators in the
area (coyotes, grey and red foxes, and bobcats) feed primarilyon small herbivorous mammals
and are unlikely to accumulate significant levels of the contaminants of concern.

This task supports Objectives 1 and 3 in Sect. 6.3.



I

105

' 6.4.2 Trek2: Threatene_andEadangeredSpeci_ Surveys

Although several federally listed threatened or endangered species occur in the region
(Kroodsma1987),noneareknown tooccurinWAG 2.Severalstate-listedspeciesoccuron
the ORR and may occurinWAG 2. WAG 2 willbe surveyedtodeterminewhether
state-listedsw.cimarepresentorarelikelytobepresentThe surveyswillbeconductedby
biologistsfamiliarwiththespeciesthatmay potentiallybeexpectedtoliveinhabitatssimilar
toWAG 2,andthey_dllbe conductedduringtimesoftheyearwhen thespeciesaremost
likelytobeidentifiable.The surveyswillonlyprovideevidenceofpresenceorabsence,no
quantitativeinformationonpopulationstatuswillbeobtained.Thissurveywillbecompleted
inFY 1992,andanyspeciesidentifiedwillbeevaluatedforinclusioninthemodel.

Thistasksuppor1_ObjectiveIinSect.6.3.

6.4.3 Task 3: Mink and Kingfisher Sampling

WAG 2 containshabitatsuitableforminkandkingfishers.The screening-levelrisk
assessment(Blaylockctal.1991b)identifiesthesepiscivorouspredatorsasbeingatriskfrom
PCB andmercuryleversintheirprey.Thereiscvcnevidence(Macintoshctal.1991)that
minkmay bcconsumingpreywithPCB andmercurylevelssufficienttoimpairreproduction.

, The objectiveofthistaskistocollectdataon PCB andmercurylevelsinminkand
kingfishersinWAG 2.However,itispossiblethatno viablepopulationsoftheseanimals
existinWAG 2.

45

Inconjunctionwiththeavianportionofthethreatenedandendangeredspeciessurvey,
asurveywillbemadetodeterminewhetherkingfishersarepresentintheWAG. Similarly,
theraccoonstudybeingconductedaspartoftheBMAP involveslivetrappingofzacc(xms
andscentstationsurveystodeterminetherelativeabundanceofraccoons.Boththelive
trappingand scentstationsurveyswillalsoprovideevidenceoftheexistenceofmink in
WAG 2.

Ifmink and kingfishersarefoundinWAG 2 insufficientquantitiesto provide
. statisticallymeaningfulresults,sampleswillbecollectedofminkfurandkingfmherfeathers

formercuryandtracemetalanalysis.MinkscatandkingRshcrdroppingswillbeanalyz_for
PCBs,andeachtrappedminkwillbebiopsiedtoprovidesufficienttissueforPCB analysis.
Capturedminkswillbc car-taggedsothatsubsequenttrappingcanbe usedtodetermine
whethermink intheareaareresidentsormerelytransients.We anticipatecollectinga
minimumof3 anda maximumof10samplesforeachspeciesandcontaminantovera period
of2 to3 years.

Once scentstationtransectshaveestablishedintheWAG 2 area,theywillbc runat

leasttwicea yearforthedurationoft_eWAG 2 RI todeterminechangesinrelative
,. abundance of wildlife in the area. It is anticipated that effective remedial action in source

WAGs and in WAG 2 should result in an increase in the abundance of sensitive species such
as the mink.
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This task addresses Objective 3 in Sect. 6,3.
t,

6.4.4 Task 4: Contaminant Fate Model
i

The model developed by Macintosh et al. (1991) uses the concentrations of specific
contaminants in soil, water, and sediment as input parameters. Thus, the biological effects
of contaminant levels in specific WAGs or the impact of changes in contaminant levels due
to remedial actions or storms can be evaluated.

The model will be expanded as already discussed based on input from Tasks 1 through 3
and from the BMAP and source WAG investigations. In addition, sensitivity studies on key
model parameters may indicate the need for additional information on the transfer of
contaminants at selected points within the modeled food web. Most of the data required to
expand and improve the model is expected to be available through the literature. However,
it may be necessary to conduct specific small-scale investigations to augment the literature.
As these needs are identified, they will be submitted for approval as extensions of this plan.

The primary objective of this task is to expand the model as needed and to use the
model to suggest changes in the BMAP, determine the need for specific investigations in
source WAGs, support ecological risk assessments, and evaluate proposed remedial actions.

This task supports Objectives 1, 2, and 4 in Sect. 6.3.

6.4.5 Task 5: Toxicity Testing and Risk Review

The purpose of this task Lsto evaluate the biological impact of new datagenerated from
soil, sediment, and water sampling in the RIs for source WAGs and from other portions of ,
the WAG 2 RI. As these new data suggest that additionalcontaminants should be addressed
or that levels of contaminants are much different than previously measured, we will perform
toxicitytests and risk assessments to determine whether the contaminants pose a risk to biota
or human health.

This task addresses Objective 4 in Sect. 6.3.

6.5 QUALITY ASSURANCE

Table 6.1 presents by task the samples that will be taken and the analyses to be
performed. Sampling procedures will be based on proven wildlife sampling methods andwill
be documented separately. No EPA-approved methods exist for the the analyses required.
However, we will use existing procedures developed in support of the BMAP and the Clinch
River RI, and we will document these procedures separately. Procedures for sample
collection are presented hl Appendix C. Ali procedures forsample collection and analysiswill
be reviewed by the ERD-APO.
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Table 6.1. Samples suadanalyses to support biological sampling in WAG 2

• Task Sample matrix No. of samples Analyte(s)

1. Scoping survey Fecal material > 150 137Cs,PCBs,
Metals, Hg

2. Threatened & endangered
species survey None

3. Mink & kingfisher Mink hair _ 10 metals, Hg
survey Mink tissue _ 10 PCBs

Mink scat _ 10 PCBs
Kingfisher feathers < 10 metals, Hg
Kingfisher droppings < 10 PCBs

4. Model None

5. Toxicity tests Water, soil, sediment unknown toxicity°

° Toxicity tests will be conducted using EPA-approved methods for water (Ceriodaphnia
dubia) and soil (seedlings and earthworms).

,i
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7. SAMPLE TRACKING AND RECORDS MANAGEMENT

J. A. Watts

• 7.1 INTRODUCTION

The WAG 2 PA will generate data from many sources, including field measurements,
laboratoryanalyses of environmental samples, andoutput from simulation models. The field
and simulation modeling studies proposed in this S&A plan have been designed to fill data
gaps, quantify the complex interactions between contaminants and the environs in and
surrounding WAG 2, and provide information for risk assessment activities. Specific data
needs are discussed in Sects. 2 through 6 of this report. Important records regarding the
collection, analysis, and disposition of the samples and data will also be generated. The
sample trackingand records management procedures for WAG 2 datacollection aredescribed
in this section.

7.2 OBJECTIVES

The objectives of the sample traceability and records management plan are to provide
organization, protection, retrievability, and accountability of the data and documents
generated during the S&A phases of the WAG 2 RI. Ali documents required to provide a
complete and accurate history of data collection and analyses will be included in the records

' management system (EPA 1988a). The procedures in this plan are necessary to ensure that
such data and records are documented to the extent necessary to support any future legal or
administrative actions. The data management procedures will ensure that data are made

' available for uses such as statistical analysis andmodeling without the introduction of
additional uncertainty frc_ data entry and management activities.

This plan identifies the documents, records, and data to be retained and describes the
management structure and organization necessary to ensure their integrity and retrievability.
Three general types of information and documents will constitute the nece_ary WAG 2 PA
record.

1. Records-any documentation (printed material) that must be maintained permanently
. unless directed otherwise by project management.

2. Nonrecord nmterial--documentary materials that have little or no value from an overall
operational standpoint and 'are used for short-term reference purposes.

3. Data--primarily numerical results obtained from environmental monitoring and sampling
activities.

Record materials will be maintained in the ERD/DMC, as described in the WAG 2 PA
plan (ORNL 1990). Numeric data are maintained in the numeric data base (NI)B)
(Sect_ 7.6).
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7.3 _ DATA MEASLW,.EM]3_/_ AND OBSERVATIONS

Field notes are the primaryrecordthat will provide sufficient data and observationsto
enable reconstruction of events that occurred. Field notebook entries should be factual,
detailed, and objective. Ali field measurements, such aspH, temperature, conductivity,water
flow, sediment characteristics, and instrument calibration data, will be recorded in the field
notebooks or on specially designed data forms, Ali data will be directly entered in the field,
signed, and dated. Changes made to original notes should not obliterate the original
information. _Ali field data records will be organized into standard format when possible.

7.3.1 Logbooks

Bolmd, registered logbooks with numbered pages will be used to record ali information
related to the collection, handling, and sequentially numbered current location of samples.
Data will be recorded directly in an official logbook, onto a sequentially numbered data form,
or electronically using data logger equipment. Charts and other printed material that will fit
into the logbook will be glued or otherwise permanently fastened in the logbook. Oversize
pages will be kept in a designated place, which will be referenced in the logbook. Ali logbook
entries will be made in_indelibleink; a Single line will be drawn through errors, and the date
and initiaL_of the individual making the correction will appear alongside the drawn |ine
(ESP-500, Rev. 1, Kimbrough ct al. 1990). The field sampling coordinator will be the
custodian of the logbook and will review entries daily. Each page will be signed by the
recorder on completion of that page of entries.

7.2 Samplecustody
t

Sample custody will be documented from the time the sample is collected in the field
until final disposition. Documentation will trace sample possession through ali transfers of
custody. A sample will be considered to be under a person's custody if

1. the sample is in the person's physical possession,
2. the sample is in the line of sight of the person after taking possession,
3. the sample is secured by that person so that any tampering can be detected, or
4. a sample is secured by the person in possession in an area which only authorized

personnel can enter.

Ali sample custody procedures will be in accordance with ESP-500 (Rev. 1), Manual
Chain of Custody Procedures (Kimbrough ct al. 1990). A chain-of-custody form will
accompany ali samples as transfers from one custodian to another occurs. The chain-of-
custody form will be signed and dated by both the individual transferring custody and the
individual accepting custody. It is the responsibility of the individual investigators and the
WAG 2 RI project manager to safeguard these records. The WAG 2 RI project managerwill
forward field notebooks to the DMC at the conclusion of field activities.
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7.4 ANALYTICAL LABORATORY DATA
_t

The Data Management Team Leader will establish and maintain a forms control system
for chain of custody and requests for analytical services. These forms will be completed by

. the sample custodian and transferred to the ASC along with the samples for delivery to the
appropriate analytical laboratory. Custody will be transferred to the analytical laboratory
supervisor or his/her appointed designee. Upon final analyses of the samples, a copy of the
completed chain-of-custody form will be returned to the WAG 2 RI proj_t manager for
submittal to the DMC.

The contract analytical laboratories will be requested to use a computerized laboratory
management system to track samples and report analytical results. Completed and approved
data flies Willbe electronically copied to ORNL computers. Transfers will be accomplished
with software that incorporates accepted error-checking pro_:ocois as descflbed in Sect.
2.5.14.3. Data will be included in the ORNL ER NDB only after the hard copy of such data
has been submitted by the WAG 2 RI project manager to the DMC.

Res alts of anywater qualityanalyses performed at the Aquatic Ecology and Radiological
Laboratories of ESD will be recorded directly on sequentially numbered data sheets, reviewed
by the analysts and signed, and copies will be sent to data entry, where data will be double
entered and verified to ensure accurate entry.

" 7.5 SIMUI_A,TIONAND RISK ASSESSMENT MODELS AND DATA

Documentation of contaminant fate and transport models will be retained.
. Documentation includes descriptions of the model equations, assumptions, solution methods,

and initial and boundary conditions used. The input data, output, and program files for
calibration and for analyses used as bases for important programmatic decisions will be
available to outside reviewers. Ali data input, output, program flies, equations, factors, and
assumptions employed in the screening-level risk analyses and in subsequent risk analyses
conducted for the WAG 2 RI project will also be retained and available to outside reviewers.
Custody of ali data, computer programs, and results from simulation models will be
maintained by the task leader or appointed designee. This information will be transferred to
the WAG 2 RI project manager for transmittal to the DMC at the completion of the task.

7.6 DATA MANAGEMENT

Data management for this project will utilize the NDB of the ORNL F_R Program
(Voorhees et al. 1988, 1989; Hook et al. 1990) for manage_aent and storage of field,
analytical, and simulation model data. The principal steps for processing data to be included
in the NDB are identified in Fig. 7.1. These procedures will be followed for entry and
verification of ali numeric data generated during the S&A phases of the WAG 2 RI. Data
management activities, reference to programs used to manipulate the data, and documentation

. to the data base are recorded in technical notebooks (QA-ES-6-100, Roberson and I.ogdson
1989). Changes to the data base, initiated by the analytical laboratory, will be provided in
writing. Correction to the data base initiated by the WAG 2 RI staff will be submitted in

. writing to the appropriate analytical laboratory. They shall be re.slXmsiblefor subsequent

i
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verification, correction, and relssuance of the data in question. RequeSts for d/re,ct "read
onlyqaccess to WAG 2 Rfdata or hard copy and graphical output will requ/re the approval
of the WAG 2 RI project manager.

Table 7.1 summarizes the WAG 2S&A data to be includedinthe NDB. Numeric data
• are manipulated primarilywith SAS software and stored as SAS data sets. SAS and other

compatible products (e.g., EXCEL, Lotus 1-2-3, and dBase IV) are utilized with individual
personal computers. Data collected in this project will be submitted to the Oak Ridge
Environmental Information System (OREIS) when validation procedures are completed.

The ERE} DMC will be Used for management of record material. The DMC has a
computexlzed index for retrieval of information generated by the program (e.g.,
correSpondence, project plans, field notebooks, cha/n-of-custody records, and hard-copydata
reports) from serially numbered archlved files. Ali recordswill be permanently retained.
Data management activities will support the preparation of ali documents required for the
administrative record.

Field data will be reviewed by the field sampling, coordinator and the QA/QC
coordinator, who will be responsible for resolving any questions regarding the data.

Laboratory data will be checked for both internal consistencyand transmittalerrors by
the laboratory supervisor. ErrOrs will be corrected and documented. The analytical data
reports will be reviewed by using the quality assurance/quality control procedures outlined
Sect. 2.5.
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Table7.1.DatatobeincludedIntheWAG 2 samplingandanalysisnumericdatabase
andtheorlglna_ ol_ke'

(Ali data are to be transmitted to the WAG 2 RI project manager for inclusion
in the Numeric Data Base.)

_ i , i. lm |,=,l -..,, ml. ,,, i i

Record origination Category of data record Comment
ii L ' I ...... , I, I . I Jl I I I ,,

Biota Sampling Team Organism vital statistics Recorded in field
ESD laboratory data notebooks, duplicates

transferred to Project
Manager

,Sediment Sampling Team Sediment characteristics Recorded in field
Water quality data notebooks, data forms
Water flow rate data duplicates to Proje_
Sediment core length Manager
ESD laboratory data

Surface Water Sampling Water quality data Recorded on standard
Team Field turbidity data field data sheets,

Water flow rate data duplicates to Project
ESD laboratory data Manager

Groundwater Sampling Water level data Recorded on standard
Team Water quality data field data sheets,

Hydraulic conductivity data duplicates to Project
Groundwater geochemistry data Manager
Physicochemical data
Contaminant diffusion data

Data Management, Contaminant fate and transport Retention of model
Integration, and Remedial model data input, output, and
Action Evaluation Task calibration data

Contract Analytical Analytical and QA data Electronic transfer to
Laboratory NDB, originals to

Project Manager

'Subject to final approval.
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Appendix B

TYPE OF DATA REQUIRED FOR HSPF MODEL
OF SEDIMENT TRANSPORT

Note.' No _ k nu_ baween data _ to _ pammam or m _
pantnsa_vt

1. RAINFAL_RUNOFF PRIES (_W O_RATION)

precipitation(10.sin intervalsif possible)

potentialevapotran_piration

streamdischargehydrographs

initialconditionsformoisturestoragein upperandlowersoftzonesand in interflowand
activegroundwater

densityand typeof vegetativecover (hillslopeandriparian)

root rene depth

landuse (includingretentionand detentionstoragein imperviousm'eas)

' soft type or permeability,soil temperature

catchmentarea,lengthsandslopesofchannelsandhilhlopes

roughnesscoemcients for hllhlopesandchannels(Manning'sn)

groundwaterlevels,hydraulicconductivityof deep groundwt_tcrsystems

depth-volume-surfacearea relationsfor channelsandlakes

backwaterprofilesfor specificdischarges(e.g., HEC-2output)

specificweightof streamwater

ratioofmaximumstream vekx:ityto averagestreamvelocity

2. SEDIMENTSUPPLY(EROSION, SCOUR,AND DEPOSITION)

rainfallintensity,overland flmv and initial conditions for surface flow storage (this
informationis providedfromthe hydrologiccomponentsfn HSPF)

areaswitherosionresistantcover (e.g.,vegetation,mulch,anderosion protection)

supportingsoil managementpractice(the equivalentof agriculturalsoil management
practicesthat applyto unprotectedsoil in WOC)

" factorsforthe susceptibilityfor soil detachmentandsoft matrixscour

solidstransportcapacityof flowover impervioussurfaces
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3. SEDLV_NT TRANSPORT DURING STORMS

scdiment-discharge rating curves developed from measurements of suspended and
bedlond duringstormflow

percentage byweight of gravel sand, silt, and clay fractions

settling velocities of each size fraction

pmicledensity
critical shear streu for deposition and scour of silt and clay

erodability coefficient of silt and clay

medianand graindiameter
initial storage of grvel, sand, silt, and clay in streambed

water temperature

hydraulicradius of each channel segment

4o SEDIMENT_CONTAMINANT RELATIONSHIPS

potency factors: monthly values of the conr,entratton of a contaminant attached to
sediment that has been eroded fxom a pervious or impervious surface (generally a
function of the distribution coefl]cient (Kt for the contaminant and the grain size and
mineralogy of the _tent particle)

supply of each contaminant to the system (time series of flux entering WOC either
adsorbed to sediment or in dissolved phase)

susceptibility of a co,_taminantto wash-off by overland flow

concentration of contaminants in subsurface flow (interflow and groundwater flow)

transfer rates for adsorption/desorption of contaminants on sediment

data for heat exchange and water temperature (solar radiation, cloud cover, air
temperature, dew_int temperature, and wind speed)

decay rate (and temperature correctioncoefficient) fordecayof an adsorbed contaminant
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SECTION 1

. INTRODUCTION

The Environmental Survey and Site Assessment Program of Oak Ridge Associated
Universities conducts environmental survey activities for the Department of Energy under
contract DE-AC05-76OR00033 and for the Nuclear Regulatory Commission under several
interagency agreements.

Sites surveyed under this program are primarily those where residual contamination from
previous operations may pose a potential risk to the environment of the site or the health
and safety of those presently occupying the site. Other activities include monitoring of
radioactive effluents from currently operating facilities and miscellaneous technical assistance
to the funding agencies.

The purpose of this Procedures Manual is to provide a standardized set of procedures that
document the analytical activities of the program in an auditable manner. These procedures
are applicable to both the DOE and NRC operations. Procedures presented here are limited
to those associated with laboratory and analytical operations; procedures related to field
survey activities are presented in a separate document.

This m_nual was prepared by C.F. Weaver, Laboratory Manager for the Program, with the
assistance of laboratory supervisors M. J. Laudeman and S. Shanmugan. Other staff
members (previous and present) contributed to this manual, with assistance, advice, and
support.

Laboratory Procedures Manual Rews=on No. 6
ORAU/ESSAP Date' April 2, 1991
Approved: Page 1. of Section 1_
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SECTION 13 (2)

DETERMINATION OF STRONTIUM-90 AND -89 IN SOIL AND SEDIMENT

PART A

Principle

The soil is dissolved using a pyrosulfate fusion which removes silicates and converts the
remaining material to a water soluble form. Strontium is carried on strontium and lead
sulfate to minimize the amount of strontium carrier. The strontium sulfate is dissolved _n
additional EDTA, and ferric and other insoluble hydroxides are precipitated at a pH of 12 to
14. The strontium is separated from residual calcium by reprecipitating strontium sulfate
from EDTA at a pH of 4.0. DTPA is used to effect separation of barium as the chromate
from strontium. Strontium sulfate is metathesized to the carbonate prior to the chromate
step to rid the system of interfering sulfate ion. The final precipitate is strontium carbonate
which is counted on a low-background beta counter.

ii

_REFERENCES

1. C.W. Sill, K.W. Puphol and F.D. Hindman, Anal. Chem__=,46, 1725 (1974)
2. Don B. Martin, Anal. Chem., 51, 1968 (1979)
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SECTION 13 (21

STRONTIUM-90 AND -89 IN SOIL AND SEDIMENT

Part B

1,0 This is a radiochemical procedure for *.he determination of strontium-90 in soil at
environmental levels,

2.o

2,1 Acetic Acid (HC2H30_): Glacial, 17,4_N.

2.2 Acetic Acid, 6M: To 500 ml reagent water, add 342 ml Glacial Acetic Acid.
Dilute to 1 liter.

2.3 Barium Chloride Solution, 0.9%: Dissolve 9 g BaCI=2H=O in 900 ml reagent
water, Dilute to 1 liter,

2.4 DTPA, 0.2_M: Dissolve 39 g DTPA and 25 g NaOH in 400 ml reagent water,
Vacuum filter through an HA 0,45 micron filter. Dilute to 500 ml,

2.5 EDTA, 0.6M, To 800 mi reagent water, slowly add 223 g Disodium Ethylene
diamine tetraacetate while stirring. Heat gently and slowly add NaOH until the
EDTA dissolves. Vacuum filter through a 0.45 micron HA.filter. Dilute to 1 liter
with reagent water. Alternate: Replace 223 g Na=EDTA with 194 g H,EDTA
and 48 g NaOH.

2.6 Ethanol 95%: May be available as such or dilute 475 ml Ethanol to
500 ml and place in a squirt bottle.

2.7 Sodium hydroxide, IOM

2.7a Hydrochloric Acid, 12J_, concentrated

2.8 Hydrochloric Acid, 6M: Measure 500 ml reagent water in a 1 liter graduated
cylinder. Add 12M HCI to 1 liter.

2.9 Hydrogen Peroxide, 30% lH=OI)

2.10 Lead Nitrate Solution, 1.6%: Dissolve 16 g Pb(NO=)= in 800 ml reagent water.
Dilute to 1 liter.

Laboratory Procedures Manual Revision No. 6
ORAU/ESSAP Date: April 2, 1991 ..
Approved' Page 2 of Section
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2,11 Metacresol Purple, indicator: Dissolve 0,1 g MCP in 26,2 ml 0,01N__NaOH,
Dilute to 250 ml.

2.12 Phenolphthalein, indicator: Dissolve 0,05 g phenolphthalein in 50 ml ethanol.
DilUte to 100 ml with water,

2.13 Sodium Acetate/Acetlc Acid Solution: Dissolve 50 g Na C_H30= in
800 ml reagent water, Add 100 mi glacial acetic acid, Dilute to 1 liter,

2.14 Sodium Carbonate, 10%' Dissolve 100g Na=CO= in 800 ml reagent water.
Dilute to 1 liter,

2,15 Sodium Chromate, 1.0M: Dissolve 162 g Na=CrO, in 800 ml reagent water,
Dilute to 1 liter,

2.16 Sodium Hydroxide, IOM: Dissolve 200 g NaOH in 200 mi reagent water, Add
the NaOH slowly; cool in an ice bath as needed, Dil!jte to 500 mi,

2.17 Sodium Sulfate, 1.4M: Dissolve 199 g Na=SO, in reagent water, Dilute to 1,a

liter.

2,18Strontium Carrier, 40 rag/ml: Refer to stel_ 2,32 of section 13(1) for
" preparation, Refer to step 4.5 of section 13(1) for standardization.

3.0 _RATU$

3.1 Platinum dish

3.2 Watch glass

3.3 Hot plate

3.4 Beaker

3.5 Centrifuge tube, 40 ml

3,6 Vortex mixer

3.7 Centrifuge

3.8 pH meter

3.9 Low.background beta counter

Laboratory Procedures Manual Revision No, 6
ORAU/ESSAP Date: April 2, 1991
Approved: Page _ of Section _1_
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¢,o pROCEDUF_E

4.1 Weigh 5.0'g of the -35 mesh soil into a dry semifiat bottomed platinum dish,

4,2 Add 3,0 ml of concentrated HNO= a few drops at a time as fast as the reaction
will permit,

4,3 Heat gently until the reaction has subsided and the soil remains just moist,

4,4 Add an appropriate amount of the tracers (usually 1,0 ml), Record the theoretical
yield on the data sheet,

4.5 Add 15 g of anhydros KF to the dish, Slowly add 15-20 rnl 48% HF to the soil
and KF in the platinum dish,

4,6 Hold the dish over a blast burner, Heat gently and agitate to mix into a
thickening slurry, Heat as quickly as possible to dryness,

4,7 Place the platinum dish on a ring stand using a nichrome triangle,

4.8 Use a high temperature blast burner and apply as much heat as possible, tO
bring the temperature to about 900°C, This should take about'4 minutes. The
total dissolution process will take another 2 minutes, Swirl the:hot melt to
ensure removal of sample clinging to the sides of the dish,

4,9 Remove the melt from the burner and swirl gently around the dish to form a thin
layer upon cooling, (Never sit hot platinum on iron).

4,10 After the cake has cooled to room temperature, add a 15-20 ml of concentrated
H=SO. to the fluoride cake, The acid should be added to the edge of the cake
and allowed to run to the bottom of the dish, Because of the evolution of S=F,,
this step E_ be done in a hood.

4.11 After the addition of the H=SO., heat as fast as frothing wilt allow until the
fluoride cake is totally dissolved and a thick slurry forms,

'For environmental samples, a 5 or 10 g aliquot may be used. The quantity of reagents used
must be increased proportionally, except for HNO=, This comment applies only through the
pyrosulfate fusion.

Laboratory Procedures Manual Revision No, 6
ORAU/ESSAP Date: April 2, 1991 .
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4.12 Remove from the heat and add 7,0 g of anhydrous Na:SO_ to the slurry. Using
a hot plate, gently heat the sample until the Na=SO, dissolves. Piace the sample
over the blast burner ,with small flame and heat until the slurry begins to turn
a golden brown, Slowly increase the temperature until the slurry =scompletely
melted, then maintain this temperature for approximately 1 minute,

4,13 To a 1 liter or 800 mt beaker, add 350 ml of water and a teflon stir bar. Cover
and heat to boiling. Add 7 ml 12M HCI and the pyrosulfate cake. Boil for 10
minutes.

4, 14 While stirring add 1 ml of 30% H=Oz followed immediately by slowly adding 10
mt of 1,6% Pb(NO=)= and boil for one m0nute, Repeat the lead addition two
more times,

4,15 Cool beaker in a cold water bath for 15 minutes. After which, add another 10
ml portion of Pb(NO=)_ slowly while stirring, If possible, allow tile preclpttate
to stand overnight,

4,16 Decant or siphon as much liquid as possible without disturbing the prec_p=tate.
Then transfer the precipitate to a centrifuge tube, Centrlfuge,and discard the
supernate,

4,17 Wash the precipitate with 25 ml of 5% K=SO, containing 4 ml' sulfuric acid per
liter of wash. Centrifuge and discard the supernate,

4,18 Loosen the precipitate on a vortex mixer. Add 5 ml reagent water, a drop of
. metacresol purple, and mix. Add 10M NaOH dropwise, while st=rrlng, to the

purple endpolnt. Add 10 ml of 0.6M EDTA, mix, and heat in a water bath until
the precipitate dissolves, Do not discard any undissolved white precipitate.

4.19 Add 5 mi of 1.4M Na=SO,, glacial acetic dropwise to the yellow end point of
the MCP indicator, and then 5 mi of 6M acetic acid to precipitate strontium
sulfate. The pH of the solution should be 4.0. Heat untd the precipitate settles.
Centrifuge and discard the supernate.

4.20 At this point, continue the procedure with one sample at a time.
Throughly loosen the precipitate on a vortex mixer. Metathesize the strontium
carbonate by stirring and heating the precipitate in 20 ml of 10% sodium
carbonate for 10 minutes centrifuge and discard the supernate.

i i, H =li,,,.

• Laboratory Procedures Menial Hevlsion No. 6
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4,21 Add 2 ml of 6M HCI to the strontium carbonate precipitate, and after the
effervescence stops acid 5 ml of 0,2M DTPA. Add 1 drop of phenolphthalein
indtaator and 10M NaOH dropwise to the red endpolnt,

4,22 Add 1 ml ,of 0,9% barium chloride dehydrate solution and 5 ml of 1.0._Msodium
chromate and heat the solution for 2 minutes, Add 1 drop of phenoohthale=n,
glacial acetic acid dropwise wfth stirring to the yellow of the chromate _on, and
then add 1 ml of 6M acetic acid, Heat and cool the sotut_on for 2 minutes each
Centrifuge 5 minutes and discard the yellow chromate precipitate,

4.23 Do not proceed beyond this point unless the procedure can be completed,

4,24 Add 10 ml of 1,4M Na=SO, and 2 ml of glacial acetic acid to the supernate to
precipitate strontium sulfate, The ph should be 4,5 RECORD THE TIME AS
THE START OF INGROWTH OF Y90 (elution time), Heat the solution for 5
minutes and cool for 10 minutes, Centrifuge and discard the supernate.

4,25 Throughly loosen the precipitate on a vortex mixer, Metatheslze the strontium
sulfate precipitate to stront=um carbonate by adding 20 ml of 10% sodium
carbonate while heating and stirring for 10 minutes Cool fo_: 2 minutes,

4,26 Filter the carbonate precipitate on a tared DM-450 filter paper, Wash with
reagent water and 95% ethanol, Record filter time, Airdry, Wait 6 hours, and
count,

4,27 Refer to Soction 13 (1) page 12, 5,0,

4,28 Refer tO Section 13(1) page 10 for instrument calibration instructions,

L-a-b0r-atoryProce¢lures Manual RevisionNo. 6
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SECTION i4

DETERMINATION OF TECHNETIUM-99 IN SOIL AND WATER

Part A

Prlnciple

The soil samples are leached with sodium hypochlorite and hydrogen I_erox_ae, The
leachates are extracted with methyl ethyl ketone, dissolved in water, scavenged by
hydroxide precipitation, and recycled through the methyl etllyl ketone extract=on, The final
water strip is dried on stainless steel plenchets and counted on a low-background beta
counter, Water samples are treated as leachates and carried through the same procedure.

_..=F.ERENCE

1, F,O. Hoffman et al, _amolino of technetlum-99 in ve_etatlon and soils in the wcsnJtl
of ooerattno Qas_iLous_dlffusionolants, ORNL/TM-7386,
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Part B

1,0 PURPOSEAND SCOPE

This is a radt0chomlcalprocedurefor the deteimination of technetlum.99 ih sediment
and soil at environmental levels,

2,1 Sodium hypochlorite, 6% NaOC1,

2,2 Hydrogen peroxide, 30% Ha0=,

2.3 Ammonium hydroxide, Conc, NH,OH,

2,4 Sodium hydroxide, 50% w/w NaOH,

2..5 Methyl ethyl ketone (MEK),

2,6 Technetium-99, standardized solution,

3,0

3,1 Balance

3,2 Centrifuge

3,3 Labware

3,3,1 Beakers, 600-ml tall-form, 250-ml, and 100-mt,

3.3,2 Centrifuge tubes and bottles, 50-ml and 250-ml glass,

3.3,3 Separatory funnels, 600, and 125-m1,

3,4 Pasteur pipets

3,5 Hot plate

3,6 L0w-background beta counter,

3.7 Stainless steel planchets, two inch diameter,

Laboratory Proce-cJu-"_"sManual ............ RevisionNo,
ORAU/ESSAP Date: April 2, 1991
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4,0 PROCEDURE FOR SAMPLE, PREPARATION FOR DETERM!N_TIC)N....
TECHNETIUM-9_. -

4,1 If the sample is water, take a 300 ml aliquot in a 600 ml beaker and add 15 g
of NaOH, Go to 4,7 and co_ttnue, If the sample is soil transfer 10 g of the
test soil that has been dried, milled, and sieved to a 250 ml-tall beaker and
slowly add 150 mi of 6% NaOCl (Clorox),

4,2 Digest at 80'C to 90'C for 1 hour while stirring by magnetic stirring bar,

4,3 Transfer Chesample ¢oa 250 mi centrifuge bottle and centrifuge at 3300 RPM
for 10 minutes,

4,4 Decant the supernate into a 600 ml beaker,

4,5 Add 150 mi of NaOCI to the 250 ml centrifuge bottle and stir with a teflon rod
to resuapendthe soil,

4,6 Centrifuge at 3300 RPM for 10 minutes and add the supernatant to the first
leached solution In the 600 ml beaker,_then discard the rem(l_n_ngso_linto a
radioactive waste container,

4,7 Add 30% H20= to the solutionIn 1 ml incrementsand heat to I_oiling(care must
be taken at this point becausethere is an increased tendency to boil over) until
the solution clears, and the volume is reducedto approx=mately75 ml, At this
point there will be considerablecrystallization.

• 4,8 Cool and transfer by filtering through Gelman filter paper (0,45 micron) _ntoa
250 ml graduated cylinder then dilute to the 200 mt mark with reagent water,

4,9 Transfer to a 600 mt beaker and adjust the pH to 14.0 with 50% sodium
hydroxide(NeOH) usingpH paper, lt will take approximately30 ml of the 50%
NeOH for a total of 230 ml,

4,10 Add an equal volume of methyl ethyl ketone (MEK), Transfer the solution to a
600 ml separatory funnel.

4,11 Extract, using a mechanical shaker for 10 minutes, Drain the aqueous phase
into another separatory funnel and save the MEK,

La_retoW-Pro(:edure's Manual RevisionNo, 6
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4,12 Add an equal volume of MEK to the aqueous phase and extract for 10 manures
on the shaker,,

4,13 Discard the aqueous phase into radioactive waste container,

4,14 Combine the two MEK phases into a 600 ml beaker, add 5 mi reagent water and
let the MEK evaporate over night _n a fume hood,

4,15 Transfer the 5 ml that remains in the beaker to a 50 ml centrifuge tube,

4,16 Add 4 drops of oonc, hydrochloric acid (HC1) and 10 drops of 30% hydrogen
peroxide (H=Oz). Rinse the beaker with § ml reagent water and add to the
centrifuge tube then add 15 drops of O, lM Fe(NO=)= ferric n0trate sotutzon, mtx
weil then add 3 mi of 50% NaOH and stir weil, let stand 30 minutes,

4.17 Centrifuge at 3300 RPM for 10 minutes and transfer the supernatant to a 125
ml separatory funnel,

4, 18 Wash the precipitate with 5 ml of reagent water, Centrifuge at 3300 RPM for
10 minutes and add the supernat Jnt to the separatory funnel.

4,19 Add an equal volume of MEK and extract on mechanical shaker for 10 m_nutes,

4,20 Drain the aqueous phase into a clean 125 mi separatory fufv_ andextract wtth
an equal volume of MEK for 10 minutes,

4,2'1 Combine the MEK solutions into a 100 ml beaker, Add 1 ml reagent water and
allow the MEK to evaporate in a fume hood, lt will take at least 1-2 hours,

4.22 Transfer the approximately 1,0 ml of water to a tared I_lanchet, rinse the beaker
tWO times with 1,0 ml portions of reagent water and add to the planchet, let
dry under irlfrared lamp.

4,23 Count in a low-background beta counter for at least 30 minutes to determine
the technetium-99 activity,

5,0 CALCULATIONS

5,1 The data from this procedure are calculated ms gross beta except that tt_e
system is calibrated using an NIST traceable Standard Tc-99, A BASIC program
TC99 is used.

Labor-at0ry Procedures Mnnuat Revision No, 6 ,
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GROSS ALPHA AND BETA CALCULATION SHEET
.... -,, , , ', , -' ' - ............ .......... ,,, ,_ ,_.

CARRIER NO. ,'
.... i iii , " ...... |i I L i ii ..... li i_ ' J L" ._t_13_I . Jllll ' llj

LAB NO,• . I L II ...... I I II III ......... _ ....... ' _ . '--

DATE OF
d

ANALYSIS

WT OF SAMPLE
AND P_ANCHET (m_)

..... i__._ t _ ,,, ,, ,. l,J, : - . _ ,, , J t , , , . , .. ,,,l , JJ_.. J

PLANCME'r WT. (rag) .........'....,..JL, . ' , " ...... , ,,, ,, , . L

_MF'LEwr (m_) 1 '• • _. ,. L ,, -,. , • '"

• vocu_E0)

COUNT TIME (rain)
l- , ,,,, J , L,,, .r ' , , i, JJ, JL ' . ,

ALPHA (Cpm)

-- l _ ' _ l l l l * , ' [ L I " 1 : ' l " ' _ ..... . . .' J [ l l l :

EFF
i,iii IR II I llr I I I L I I I [ J l L II ......
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SECTION 15

ISOTOPIC DETERMINATION OF AMERICIUM, PLUTONIUM, URANIUM, AND THORIUM IN
SOIL, WATER, AIR FILTERS, AND BIOTIC MATERIAL

Part A

Principle

Samples of soil are dissolved by a combination of potassium fluoride and pyrosulfate fusions.
The cake is dissolved and ali alpha emitters are precipitated by carrying with barium sulfate.
The barium sulfatQ is dissolved and the uranium, thorium, and plutonium are separated by
liquid-liquid extraction. They are then precipitated by carrying with cerium fluoride and
counted with an alpha spectrometer system.

Samples of water are acidified and evaporated to dryness. The residue is then treated as
soil.

Samples of air filters and biotic material are ashed. The residue is then treated as soil.

o
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235! (1980).
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Part B

1.0 This is a radiochemical procedure for the determination of Americium, Plutonium,
Uranium, and Thorium isotopes in environmental samples,

2.0 PROCEDURE

2.1 Obtain copies of references 1 through 5 from the laboratory supervisor.
Equipment lists cre found in these documents. Ali procedures require gloves,
lab coats and eye protection at ali times.

2.2 Reagents

2.2.1 Aliquot-336 (NO=), 30%

Dissolve 900 mi of aliquot-336 (CI) in 2100 ml of xylene in a 5 liter
separatory funnel. Shake vigorously for 4 minutes with each of two
successive 500 ml portions of 4_ nitric acid (HNO=) to convert the
amine to the nitrate form. Wash the orgamc solution three successive
times with 1 liter of reagent water, agata shaking for 4 minutes each
time. Draw the orgamc phase into a suitable storage bottle.

2,2.2 Aluminum Nitrate, 2.21V_I:

Weigh 841 g of dry AI(NO=)=9H20 into a 2 liter beaker. Add 300 ml
of reagent water and warm until the salt dissolves. Add 85 ml of conc.
HNO=. Vacuum filter through a Dm-450 membrane filter mounted in
a glass chimney, Dilute and cool the solution to give a final volume of
1 liter, the density should be 1.370 g/ml at 250C0 If the density is low,
multiply the difference between the measured density and 1,370 by
4400 and add this amount of solid. If the density is high, add a small
amount of water, stir and recheck.

2.2.3 Barium Chloride, 0,45%:

Dissolve 9.0 g BaCI=2N20 in 1900 ml of reagent water. Dilute to 2
liters.
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2.2.4 Carbon Suspension

Fume one 47 mm GA-6 or GA-4 metricel filter in 5 ml of conc. H2SO,.
Cool and dilute to 50 mi with water.

2.2.5 Chromous Chloride, 3M_.:

See lab supervisor for procedure and instruction.

2.2.6 DBHQ, purification:

See lab supervisor for procedure and instruction.

2.2.7 DBHQ, 0.2M:

Dis:_olve 11.1 g purified DBHQ in 250 ml of 2-ethyl.l-hexanol.

2.2.8 Ethanol, 95%:

May be avai_r_ble as such, or dilute 475 ml of ethyl alcohol to 500 mi
and piace in a squirt bottle.

2.2.9 Fusion Solution, 200 mg NaHSO, and 0.5 ml H=SO, per 2 ml:

Dissolve 50 g of sodium acid sulfate (NaHSO,) in about 300 ml of
reagent water. Slowly add 125 ml H2SO,, coot in a water bath if
necessary. Dilute to 500 ml. Typically 2 ml of sohJtion supplies the
required reagents.

2.2.10 HDEHP, 15%:

Measure 75 ml of Bis(2-ethylhexyl) hydrogen phosphate (HDEHP) into
a 500 ml graduated cylinder. Dilute to 500 ml with n-heptane, Stir to
mix.

2.2.11 Hydrazine-Sulfamic Acid Solution:

Caution: Handle hydrazine with extreme care.

Dissolve 97.1 g Sulfamic acid (N=NSO_H) in about 400 ml of reagent
water. Dilute to 500 ml, Add 100 ml 95% hydrazine, Wear gloves
and work only in a hood when handling hydrazine,
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2.2.1 2 Hydrochloric acid, concentrated, IOM

2.2.13 Hydrochloric acid. 10_:

To 167 ml reagent water, add 833 ml cone. HCI.

2.2.14 Hydrochloric acid, 3M:

To 750 ml reagent water, add 250 ml conc. HCI,

2.2.15 Hydrofluoric acid, concentrated, 48%:

CAUTION: rSkln contact with HF causes very severe burns.

2,2.16 Nitric Acid, concentrated, 16_.

2.2.17 Nitrlc Acid, 8M:

To 500 ml reagent water, add 500 ml conc. HNO=.

2.2.18 Nitric Acid, 4..M..M:

• "ro 750 ml reagent water, add 250 ml conc. HNO3.
41_"

2.2.19 Perchloric Acid, concentrated, 72%.

CAUTION: Conc. HC104 reacts violently with an organic material (i.e.
paper, skin, alcohol). Hot HCl0, should be used only in rated hoods
with washdown after use,

2.2.20 Reprecipitating Solution

Dissolve 135 g of anhydrous potassium sulfate (KzSO,) in 91 5 ml of
reagent water and 50 ml of concentrated hydrochloric acid (HCI) when
cool add reagent water to give a total volume of 1000 ml.
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2.2.21 Substrate Suspension

Dilute 10 mg of Ce (purified if necessary) and 20 ml of 12M HCI to
250 ml with reagent water, Dilute 8 ml of 48% HF to 250 ml of
reagent water. Combine the solutions and add 2 - 3 ml of carbon
suspension, Vigorously shake the substrate solution prior to use, The
carbon in the substrate i_ermits visual observation of the area of the
otherwise white CeF= on the white background of the filter,

2,2,22 Uranium Stripping Solution: Perchloric-Oxallc Solution

Dissolve 20 g oxalic acid in 300 ml of reagent water, add 50 ml of
concentrated perchloric acid, stir weil, and dilute to 500 ml with reagent
water.

2.3 If the analysis is for uranium and/or thorium go to references 3 and 4 and
prepare the tracers,

Thorium-234 Tracer

2,3.1 Dissolve one pound of reagent-grade uranyl nitrate hexahydrate in 100
ml of concentrated hydrochloric acid and evaporate to dryness.

2.3.2 Dissolve the uranyl chloride in 500 ml of 9.6M hydrochloric acid and
add the solution to the column containing four pounds of Dowex 1-X4.

2.3.3 Elute with 9.6..M_hydrochloric acid at a flow rate of 10-15 ml per minute
until a total of 2400 ml is collected, Discard. Wait aDproximately 30
days,

2.3.4 Elute with 2 liters of 9,6M hydrochloric acid. Evaporate the eluate to
2-3 ml transferring to a 250 ml beaker during the process.

2.3,5 Rinse the original beaker with 25 ml of concentrated nitric acid and add
the rinse to the 250 ml beaker,

2,3.6 Evaporste to about 5 ml,

2,3.7 Add 25 ml of 8M nitric acid and heat to boiling, Coo4.
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2,3.8 Transfer to a 250 ml separatory funnel, Rinse beaker with
15 ml of 8J_ nitric acid and add to separatory funnel,

2,3,9 Extract the thorium with 50 ml of 30% AllclUOt-336 (NO3)in xylene and
discard the aqueous 1:hase, Shake 5 minutes ali or approximately 5
minutes for separation,

2,3.10 Wash the organic phase with 25 ml of 8M nitric acid and discard the
aqueous phase. Shake 3 minutes and allow 3 minutes for seperation,

2.3,11 Strip the thorium with 50 ml of 10M HCI, Repeat for a total of 3
strips. [Shake 5 minutes and allow 3 minutes for seperation each time]
Discard the organic phase,

2.3.12 Combine the three strips wash with 25 ml of 30% Aliquot-336 solution,
Discard the organic phase. Wash 2 minutes and let stand 2 minutes,

2,3,13 Place the aqueous phase in a 250 ml Vycor flask, add 5 ml of 72%
perchloric acid, and two SiC boiling chips,

2,3,14 Evaporate the solution to fumes, Add concentrated nitric acid dropwise
during the fuming stage,

" 2,3,15 Add 5 ml each of concentrated hydrochloric and nitric acid to the flask
and re-evaporate to abou_ 2 ml,

2.3,16 Add 15 ml concentrated nitric acid and boll down to about 5 ml, Cool,
tl

2,3,17 Add 25 ml of water. Filter with a DM 450 membrane filter Wash
flask with 25 mt of water and filter, This provides about 50 ml of, , ii

Th-234 tracer containing approximately 10 pCi/ml,

U-232 Tracer

2,3,18 Add lO ml of concentrated sulfuric acid to5 x 10 =dpm of U-232ina
250 ml flask and evaporate to fumes.

2,3,19 Add 25 g of anhydrous potassium sulfate and 2 drops of 72%
perchloric acid,

2,3.20 Heat gently over a blast lamp while swirling until perchloric acid has
been decomposed. Cool melt,

2.3,21 Add 150 ml of water and heat to boiling, Cool.

2.3.22 Add 1 ml of 30% hydrogen peroxide and transfer to a 250 ml
volumetric flask.
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2,3,23 Add 20 ml of ,45% barium chloride dehydrate while swirling and dilute
to 250 ml,

2,4 Sample Decomposition

2.4.1 Weigh 1.0 _g of the-35 mesh soil into a dry semiflat bottomed platinum
dish.

2,4.2 Add 0.5 ml of concentrated HNO= a few drops at a time as fast as the
reaction will permit,

2.4.3 Heat gently until the reaction has subsided and the soll remains just
moist,

2,4.4 Add an appropriate amount of the tracers. Dry completely between
additions of different tracers, Enter theoretical yield(s) on data sheet(s).

2,4.5 Add 5,0 g anhydrous KF to the soil. Slowly add 4,0 ml 48% HF to the
soil and KF.

2.4.6 Hold the dish over a low temperature blast burner Heat gently and
agitate to mix into a thickening slurry, heat as ClU=Cklyas possible to
dryness,

2.4.7 Place the platinum dish on a r,ng stand using a nichrome triangle.

2.4,8 Use a high temperature blast burner in order to apply as much heat as
possible, with limited splattering, to bring the temperature to about
900'C, This should take about 4 minutes. The total dissolution process
will take another 2 minutes, Swirl the hot melt to ensure removal of
sample clinging to the sides of the dish.

2,4,9 Remove the melt from the burner and swirl gently around the dish to
form a thin layer upon cooling, (Never sit hot platinum on iron).

2.4,10 After the cake has cooled to room temperature, add a total of 7,0 ml
of concentrated H=S0, to the fluoride cake. The acid should be added
to the edge of the cake and allowed to run to the bottom of the dish,
Because of the evolution of SiF,, this step _ be done in a hood,

2.4,11 After the addition of the H=SO,, heat as fast as frothing will allow until
the fluoride cake is totally dissolved and a thick slurry forms.

tFor environmental samples, a 10 g aliquot may be used. The quantity of reagents used must
be increased proportionally. This comment applies only through the pyrosulfate fusion.
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2,4.12 Remove from the heat and add 3,0 g of anhydrousNa=SO, to the
slurry. Using a hot plate gently, heat the sample until the Na=SO,
dissolves, Placethe sampleover the blast burnerwith small flame and
heat until the slurrybeginsto turn a goldenbrown, SloWlyincrease the
temperature until the slurry is completely melted, then maintain this
temperature for approximately 1 minute.

2,4,13 To a 1 liter beaker, add 500 ml of reagent water, 150 ml of 12M HC1,
and a teflon stirringbar, Cover with a watch glasS,piace on a hot plate,
and bring the solutionto a boil,

2,4,14 Carefully add the pieces of pyrosulfate cake to the boiling solution,
Allow cake todtssolve then proceed.

2,4,15 With rapid stirring, slowly add 3,0 g of K=S=O=and boll the solution to
550 ml,

2.4.16 Add 20,0 g of anhydrousNa_SO, and wait until the Na_SO=dissolves,

2.4.17 Add 50 ml of 0,45% BaCI=2H_O in five 10 ml portions, Boil for
approximately 5 minutes after each addition.

' 2.4,18 Using a teflon filteringchimney, filter the hot solutionthrougha sup or
450 47 mm metnbrane filter of 0.45 micron porosity.

,,

2.4,19 Wash the precipitateleft in the beaker onto the Supor450 filter using
" 0.5% H=SO=,

2.4,20 For thorium analysis go to BaSO=repreclpltatlon section, Step 2,5.1,

2.4.22 For Pu go to Step 2.7,1, Am go to Step 2.8,1,

2.4,23 For uranium proceed lmmediately to Step 2.6,1,

2.5 Barium Sulfate Reprectpltattonfor Thorium

2.5.1 Place the filter paper with the BaSO=in a 250 ml Erlenmeyer flask,

2.5.2 Add 4.0 ml of 18M H=SO, and 2.0 ml of 16M HNO_, Using a hot
plate, heat to the fumes of H=SO,. At this point, most of the BaSO,
should be in solution. If there is any sign of organics, add HNO=
dropwise until the organics are oxidized.

2.5,3 Add 3.0 ml of 1:1 HNO=-HCIsolutionto dissolveany elementalplatinum
that may have been filtered with the BaSO=,
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2.5,4 After the platinum dissolves, use a small blast burner flame to dissolve
any remaining BaSO,,

2.5,5 Cool to room temperature.

2,5,6 Add 60 ml of the repreclpltatlng solution and 1,0 ml of 25% K2S20_
solution = bringing the solution to a boil for 2 minutes.

2,5.7 Filter the hot solution through a Sur)or 450 filter in a teflon filtering
chimney, Wash the precipitate from the flask onto the filter using 0,5%
H=SO,,

2.5.8 Place the filter with the BaSO, precipitate into a 250 ml Erlenmeyer
flask.

LIQUID - LIQUID EXTRACTION OF THORIUM

2.5.9 To the flask containing the BaSO, r)recipitate, add 2.0 ml of 16M HNO_,
4,0 ml of 12M HCI0, and heat gently on a hot plate to destroy the
filter paper and dissolve the BaSe;, Sometimes the precipitate does not
dissolve easily, lt then becomes necessary to replace the HCt0, lost
in heating, The final volume of HCIO, should be about 4,0 ml. lt has
been observed, however, that the procedure can work with close to 8.0
ml of HCIO,, Some silicas may not dissolve even in the excess HCI0,,
but will dissolve when added to AI(NO=)=,

2,5.10 Mix 6.0 ml of 16M HNO= with 50 ml of 2,2M AI(NO,J= and warm to
_ 50 ° to 60"C. Remove the sample flask from the heat and carefully add

the AI(NO_)_ solution, If a precipitate does not form, cool the sample
to room temperature then proceed, If a precipitate does form, heat the
solution to near boiling until the precipitate dissolves, Replace the
volume loss with reagent water. Too much lost volume will cause the
AI(NO=)t to crystallize, Cool the solution to room temperature then
proceeo.

2.5.11 Put 25 ml of 2.2M AI(NO_)= in a 250 ml separatory funnel.

2.5,1 2 Add 6,0 ml of 25% NAN02 (prepared fresh daily) to the AI(NO=)=in the
funnel followed as quickly as possible by the cooled sample. This is
necessary to prevent the excess loss of HN0= which can affect the
thorium recovery.

2.5.13 Add 50 ml of 30% (v/v) Allquot-336 in xylene, mix gently, and let
stand for 10 minutes.

2.5.14 Using a mechanical shaker, extract the thorium from the aqueous phase
by shaking for 3 minutes. AllOw the phases to separate for 3 minutes,
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Drain and discard the aqueous phase (bottom layer),

2.5,15 Wash the organic phase with three 10,0 ml portions of 8_N0_
washings (bottom layer). Do not allow the organic phase to enter'the"
stopcock,

2,5,16 Extract the thorium from the organic layer with three 50 mi washings
of 10J_ HCI. Collect the 10._ HCI in a 250 ml Erlenmeyer flask, Leave
about 0,5 mi of the HCI in the separatory funnel,

2.5,17 Piace the flask containing the HCI washing on a hot plate, Add 2 ml
of fusion solution and a stir rod,

2,5,18 Heat the sample until Na_S=O_crystals form and only a few drops of
H2SO4 are on the rim of the flask, Cool to room temperature and
deposit using an approved method, Cerium fluoride or neodymium
fluoride can be used for deposition,

CERIUM FLUORIDE DEPOSITION FOR TH, PU, AM, AND NP

2.5,19 Dissolve the pyrosulfate crystals in 10 ml of 3M HCI using 50 ° to 60°C
heat for 3 _o 5 minutes. Do not allow the volume to drop be_ow 8 or,.

• 9 ml.

2.5,20 Transfer the solution to a round-bottom polycarbonate centrifuge tube
with reagent water. Total volume should be about 12 mi.

b

2.5,21 Add Ce carrier. (This should be equivalent to 50/Jg of Ce),

2.5,22 Add 5 ml of 48% HF, mix weil, and let stand for a minimum of 10
minutes. Do not wait over 30 minutes, Before proceeding, check the
color to be sure red or pink is not present,

2,5.23 Mount the CeF= precipitate on a HT-200 filter in the following manner'

1) Insert the HT-200 filter bottom side up into a twist lock funnel,
The most porous side of the filter is faceup in the filter box,
Simply turn the filter over before placing in the filtering funnel,

" 2) Add 2 to 4 ml of 95% ethanol to the filter and apply suction,

2The K=S=O=solution must be prepared fresh for each batch analysis.
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3) To rho center of the filter, add a total of 10 ml of substrata J
suspension under reduced suction, This should be done 3,3 ml
at a time. Apply hard suction' at the beginning of the next two

. additions, Then reduce suction as soon as the substrata has
been dispensed, After the substrata has filtered, apply hard
suction for about 30 seconds an order to firmly seat the substrata
on the filter,

4) Apply hard suction, then add a well-shaken sample to the filter,
After the sample has been added, reduce the suction to allow
the s6mple to filter slowly, While the sample is filtering, wash
the centrlfuge tube with 2 to 4 ml of reagent water and add to
the filtering sample,

5) After the sample has filtered, add 5 ml of reagent water, under
hard suction, indirectly to the filter, The water helps remove
residual HF from the filter,

6) After the water has passed, add 2 to 4 ml 95% ethanol under
hard suction,

7) Remove the filter and piace on a stainless steel disc using double stick
tape, If tape is not used, the HT-200 filter w_ll curl affecting the
resolution and counting efficiency for a given sample,

2,6 Uranium

2,6,1 If the filtrate tt_at has been sittin_l overnight filter through a Supor 450membrane filter in a teflon filtering chimney, Discard precipttate,

2,6,2 Add 5.0 g of K=S2Oa,

2,6,3 Cover the beaker with a watch glass and boll for 20 minutes to
volatilize the SO=,

2,6,4 When the odor Of SO= has largely disappeared (20 rain,), add 4 drops
of 1% aqueous safranin-0, This shoutd produce a reddish color,

h'he substrata should be hand shaken for about 2 minutes before =being used with
the sample.

_Hard suction is necessary to keep the substrata in piace, If the substrata is
displaced, the resolution for a sample can be reduced, ,A degraded spectrum
reduces the reliability of the analytical data,
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2,6.5 Add 20% TICl=dropwise until the reddishcolor changes to the colorless
leucoform. The uranium is reduced from the + 6 state to the .4state
for later coprecipitation with BaSO_.

2.6.6 Add 15dropsof 3MCrCI =from a p!patteunder the watch glass, This
reduces titanium which acts as a t_oldingreductant for +4 uranium
during the BaSO, precipitation.

2,6,7 Add 2 drops of 1% aqueoussafrantn.0, The solutionshouldhave the
definite greenof + 3 chromium. If the solutionis red or pink, add 20%
TICI=dropwise until the solution turns green.

2,6,8 Cover with a watch glass and heat the solution to boiling,

2,6.9 Add 20 g of anhydrousNa=SO,ar.d wait for the Na=SO,to dissolve.

2,6.10 While stirring, add 50mlofbartumasO.45%BaCl=2H=Olnftve 10 ml
portions, Boll the solution for approximately 5 ro=naresafter each
addition,

2,6.11 Using a teflon filteringchimney, filter the hot solutionthrough47 mm
Supor 450 membrane filter and rinse with 0,5% H=SO=,

' 2.6.12 Piace the BaSO, precipitate in a 250 ml flask and discardthe filtrate.

LIQUID - LIQUID EXTRACTION OF URANIUM

' 2,6,13 To the flask containingthe BaSO, precipitate, add 2,0 ml of 16M HNO_,
4,0 ml of !2M HCIO_and heat gently on a hot plate to destroy the
filter paperand dissolvethe BaSO,, Sometimes the precipitatedoes not
dissolveeasily, lt then becomes necessary to replace the HCIO, lost
in heating, The final volume of HCIO, should be about 4,0 ml, it has
been observed,however, that the procedurecan work with close to 8,0
ml of HCIO,, Some silicasmay not dissolveeven in the excess HCIO,,
but will dissolvewhen added to AI(NO,_)3,

2,6.14 Mix 6,0 ml of 16M HNO=wtth 50 mi of 2,2M Al(NO=)3and warm to
50* to 60'C, Removethe sample flask from the heat andcarefully add
the AI(NO=)=solution. If a precipitate does not form, cool the sample
to room temperature then proceed, If a precipitate does form, heat the
solution to near boiling until the precipitate dissolves, Replace the
volume loss with reagent water, Too much lost volume will cause the
AI(NO=)=to crystallize, Cool the solution to room temperature than
proceeo.

2,6,15 Put 25 ml of 2,2J_ AI(NOa)_in a 250 mt separatc'_ funnel.

r
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2,6,16 Add 6,Omlof 25% (w/w) NaNCy(prepared fresh daily) to the AI(NO_)_
in the funnel, followed as quickly as possible by the cooled sample,
This is necessary to prevent the excess loss of HNO 2 wh=ch can affect
the uranium recovery,

2,8.17 Add 50 ml of Aliquot.336 in 30% xylene, mix gentlY, and let stal'bd for
10 minutes,

2,6,18 Using a mechanical shaker, extract the uranium from the aqueous
phase by shaking for 3 minutes, Allow the phases to separate for 3
minutes, Drain and discard the aqueous phase (bottom layer),

2,6,19 Scrub the organic layer 1 time with 50 rnl of IOM HCI for 3 minutes,
Drain and discard the aqueous phase (bottom layer), When draining the
aqueous phases, do not allow the organic liquid to enter the stopcock
outlet, Leave about 0,25 to 0,5 ml of the aqueous phase in the
separatory funnel, =

2,,8,20 Strip the uranium from the organic layer by adding 50 ml of
perchloric-oxalic acid solution and shaking for 3 minutes, Let the phases
separate for 3 minutes then drain the aqueous phase (bottom layer),
leaving about 0,25 to 0,5 ml of it in the funnel, and proceed with the
uranium analysisl

2,8,21 Wash the organic phase for 3 minutes with 25 ml reagent water,
Allow the phases to separate, drain the aqueous phase (bottom layer)
and combine the two aqueous strips,

2,6,22 To the aqueous strips, add 2 ml of fusion solution and a stir rod,

2,6,23 Heat on a hot plate until Na=S=O_crystals form and only a few drops
of H_SO= are on the rim of the flask, Cool to room temperature and
deposit using Ce_'lum fluoride deposition,

CERIUM FLUORIDE DEPOSITION FOR URANIUM ONLY

2,6.24 Dissolve the pyrosulfate crystals in 10 ml of 3M HCI using 50' to 60°C
heat for 3 to 5 minutes, Do not allow the volume to drop below 8 to
9 ml,

'Leavingsome ofthe aqueous phase inthe separatoryfunnelwillpreventorganiccarryover
intothe sample, While the organlcscan be easilyoxidizedwith concentratedHNO_, the
procedureisquickerand the_analystislesslikelytobreakthe flaskby the additionofHNO_
to a hot sample,

Laboratow'-Pro--'_Jr'es Manual' Revision No, 6
ORAU/ESSAP Date: April 2, 1991 ,
Approved: Page 13 of Section
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2,6,25 Transfer the solution to a round-bottom polycarbonate centrifuge tube
with reagent water, Total volume should be about 12 ml,

2,6,26 Add 1 drop of 0,1% aqueous Safranln-0and 1 drop of 20% TiCIj, A
slight purple color from the TiCI3 should be noticeable, If a red or pink
color persists, add another drop of TiCI3,

2.6,27 Add Ce carrier, (This should be equivalent to 50/Jg of Ce,)

2,6,28 Add 5 ml of 48% HF, mix weil, and let stand for a minimum of 10
minutes, Do not wait over 30 minutes, Before proceeding, check the
color to be sure red or pink is not present,

2,6.29 Mount the CeF= precipitate on a HT.200 filter in the following manner:

1 ) Insert the HT-200 filter bottom side up into a twist lock funnel,
The most porous side of the filter is recoup in the filter box
Simply turn the filter over before placing in the filtering funnel

2) Add 2 to 4 ml of 95% e*,hanol to the filter and apply suction

3) To the center of the filter, add a total of 10 ml of substrate _
, suspension under reduce0 suction, This should be done 3,3 ml

ata time, Apply hard suction 7at the beginning of the next two
additions, Then reduce suction as soon as the substrate has
been dispensed, After the substrate has filtered, apply hard

, suction for about 30 seconds in order to firmly seat the substrate
on the filter,

4) Apply hard suction, then add a well-shaken sample to the filter;
After the sample has been added, reduce the suction to allow
the sample to filter slowly, While the sample is filtering, wash
the centrifuge tube with 2 to 4 ml of reagent water and add to
the filtering sample,

5) After' the sample has filtered, add 5 ml of reagent water, under
hard suction, Indlre_tly to the filter, The water helps remove
residual HF from the filter,

6) After the water has passed, add 2 to 4 mt of 95% ethanol under
hard suction.

, ,

,1',

7) Remove the filter end piace on a stainless steel disc using double
stick tape, If tape is not used, the HT-200 filter _,ill curl
affecting the resolution and counting efficiency for a given
sample,

Laborato_ Proc_es Manual ...... Revision No. 6
ORAU/ESSAP Date: April 2, 1991
Approved: Page _ of Section
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2.7 Sequential extraction of Americium, Plutonium, Neptonium and/or Thorium,
Proceed until the desired element is eluted, then proceed as directed.

2.7.1 Prepare the sample the same way as for uramum procedure through
step 8 of the pyrosulfate cake dissolution and barium sulfate
precipitation,

2.7.2 Place the filter into a 250 ml Erlenmeyer flask.

2,7,3 Add 30 ml of 72% HCIO, and start with medium heat (settings of 3
or 4}. As the filter disintegratr)s and forms a brown scum, slowly
increase t_eat until the acid begins to boil (a setting of about 6), The
brown material should disappear and the solution should be clear and
colorless or light green/yellow. Remove from heat and allow to cool
while preparing for the next step,

2.7.4 Transfer the solution into a 60 ml separatory funnel containing 10 ml
of 15% HDEHP in N-heptane and extract for 5 m_nutes. Let _t sit 3
minutes.

2.7.5 Add 5 ml of 72% HCIQ,. Shake 3 minutes and allow 3 minutes for
seperation. Discard the bottom portion. Repeat this step once.

2.7.6 Add 10 ml of 4M nitric acid containing 1.0 ml 25% sodium nitric
(prepared fresh daily). Shake and let stand for 2 minutes each. Save
the bottom layer for Americium. Add 10 ml of 4M nitric acid. Shake
and let stand 2 minutes each. Combine this bottom layer with the
preceeding wash for Americium. °

2.7.7 Americium only: Transfer the two strips from 2.7.6 into a 250 ml
erlenmeyer flask containing 1 ml at 72% perchloric acid and 2 ml of
fusion solution. Evaporate to dryness on a hot plate. Go to the cerium
fluoride deposition, step 2.5.19.

2.7.8 Americium h_s now been seperated from the organic phase. Add 10
ml of 4 M nitric acid and 2 ml of hydrazine sulfamic acid solution.
Shake and let stand 2 minutes each, Discard the bottom layer,

aThe substrate should be hand shaken for about 2 minutes before being used with
the sample.

7Hard suction is necessary to keep the substrate in place. If the substrate is displaced, the
resolution for a sample can be reduced. A degraded spectrum
reduces the reliability of the analytical data.

Laboratory Procedures Manual Revision No, v
ORAU/ESSAP Date: April 2, 1991 .
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2.7.9 In order, add, 5 ml of 0,2 M DBHQ, 10 ml of 4 M nitric acid and 2 ml
of hydrazine-sulfamic acid solution. Shake 5 minutes and let separation
go f.or 3 minutes. Save the bottom layer for Plutonimum analysis. Add
10 ml of 4 M nitric acid and 2 ml of hydrazlne-sulfamic acid solution.
Shake as above. Combine the bottom layer with the prior plutonium
extract above.

2.7.10 For Plutonium only: Combine the two extractions from step 2.7.9 in
a 250 ml erlenmeyer flask containing 2 ml of fusion solution, 2.5 ml
nitric acid and 2,5 ml hydrochloric acid, heat until a yellow color
appears. Add another 2.5 ml each of nitric and hydrochtoricacids and
1 ml of 72% perchloric acid. Evaporate to dryness, Go to step 2.5.19.

2.7.11 Plutonium has now been seperated from the organic phase.

Add 15 ml toluene to the HDEHP/DBHQ mixture. (A precipitate will form
but it should redisolve subsequently).

Shake with 15 rnl of 4% oxalic acid for 3 minutes. Allow 4 minutes
for separation then drain the lower layer into a 250 ml erlenmeyer flask.

Add 2 ml of fusion solution to the combined strips in the ertenmeyer
flask. Add 2 ml of HCIO, and heat to perchloric acid fumes.

Remove from heat and cool sufficiently to allow addition of 1 ml of
HNO=. Return to heat to destroy organic material. (More HNO =, and heat
may be required).

2.9 Calculations .;d

2.9,1 The samples analyzed by this techni_i_e
are spiked with radionuclides

which are standardized in this laborat_i_:_,usingNIST traceable materials.
The calculations are then direct prop_'iti0ns. The data sheets are given
on pages 15-17 through 15-20'r,,:!':'!_ASIC programs named AMER,
PLUTON, URAN and THOR are used_t,o calculate me activities, errors,
and minimum detectable activities:,f_! these nuclides.

,

(
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AMERICIUM ISOTOPIC CALCULATION SHEET

,, , ,, , , , ,,

SAMPLE l,O.
.- ,, ,, , , ,, , .... _ •

241 243 241 243 241 243 241 243
' ' " "' ' t •

GCNTS
,i , ,, ,,,,i, ,,, ,,, , i ,,. ' ,

BKG
,, i , , , ,, L , ,,,,,

NCNTS
, ,i , ,,, i ......

_Ci OF
243 ADDED

....... , , ,L .....

SAMPL£-QUANTITY:
( )LOR( )GDRY

,, m , ,, ,...... - - - -

SAMPLE-QUANTITY:
ASHEO ( )G
_ _ ,, _ _ .. . . ,, ,=, ,, , _..

TIME
,, ,, ,,, ,i

ACTIVITYIN
pCi/unit

, i ,_ ,, " -

ERROR IN
pCi/unit ,.,,,,,

MDA IN
pCi/unit ..

•, Activity of individual isotopes is calculated using o direct ratio of the
counts and activity' of Arn 243 added to each sample, and the counts of
each isotopic region of interest. FOR EXAMPLE,Am 241 would be
calculated as follows:

(pCi of 243) (241 ncnts)
pCi/UNIT OF SAMPLE =,,

243 cnrs

pCi of 243
ERROR == 1.96 _/ gcnts + bkg x ncnts of 243

pCi of 2.43
MDA -' 2 _ x

ncnt.s of 24.3

- SITE .... aj,TCH NO..

ANALYST REVIEWEDBY
= •

DATE DATE

t
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PLUTONIUM ISOTOPIC CALCULATION SHEET

SAMPLE kD.
_ - .t , , ,,, , ....... ,, ,, ,, , J, ,

236 239-2t0 2,38 236 239-2t0 238 236 239-240 i 238
I II I III I II I I II IIII III I II1| II li

BACKGROUND
. , l ,, ...... , , --

NET COUNTS
,, , ! , , i ,.,. ,.,. L

ml/pCl OF"236 _)OED
,.

SAMPL£;QLiANTITY: ......

( )LOR ( )G,DRY

,, ASHE,p ( )G.........

"rIME
I ! I ._ I I I IL I i ii _ II .....

ACTIVITYIN pCi/UNIT
., • , ,, , ,

ERROR IN pCi/UNIT
L __. ' ,, I ' ' , i =

MC)AIN pCI/UNIT
, . , • ,, .,,

DATE SAMPLE
WAS COUNTED

Activity of individual isotopes is colculated using a direct ratio of the counts ancl activity
of Pu-236 odded to each sample, ond counts of each isotopic region of interest,

For example, Pu-238 would be calculated as follows:

(l:K:i of 236) (238 r_¢nt=)
pCi/UNIT OF' SAMPLE =, "='= ' 236 cntl -

pCiof 236
ERROR ,, 1,96_gcnt.= + bi(9- x -ncnts oi' 236

loCi of 236
MOA- 4.6e_ x -.chi="of 23_-

"USE VOLUME (L) OR DRY WEIGHT (G) FOR ALL CALCULATIONSUNI.£SS DIRECTEDOTHERWISE,

ST'D#/AMT

t

SiTE BATCH NO.
.q

ANALYST REVIEWEDBY

DATE DATE
: LAB13(2-2._-9 :,



C-34



._ C-35

URANIUM ISOTOPIC CALCULATION SHEET

,,-:: : , , . ............ : ......

SAMPLE I.D.
, ,,,,

.....2_8 2_......2_,....2_2 12_';I 2'_5...2_.,. 2..3_2_8 ,,35 p,. j 23z
GCNTS

,, , , ,, , ,,, , ,-........ , , , , i ,, L ,-= ,, I "1,,

BACKGROUND
• , , ,1[ li . , , ., , , i , J

NCNTS

_Ct OF' 232
ADDED

., - ,,,-.,,_AMpLE_.'Q,,._TITY: . ....... - .............. I..........
( )LOR ( )GDRY ,,,,,, i ,,,,, ,, ,,,, ,,,,,

sAMPLELQU:INTITY_

ASHED ( ),9 .......... ' ..................

TIME
._ _ , , ,, ,i , , q L ., ... -- . -

ACTIVITY i I
IN pCI/UNI'r I
• __ i .. ., ; L ,,,, ., ,,!, ,i , , i ,o, -i

B

I
- ERROR

IN pCi/UNIT
I I ' I I I L Iii I JJ _ --

MDA I
IN pCi/UNIT , _ _

,, , ,, ....... ,,, ,, , ,

ACTIVITY OF' INDIVIDUAL ISOTOPES IS CALCULATED USING A DIRECT RATIO
OF THE COUNTS AND ACTIVITY OF U-232 ADDED TO EACH SAMPLE, ANl::) THE
COUNTS OF EACH ISOTOPICREGION OF' INTEREST. FOR EXAMPLE, U-238 WOULD BE
CALCULATE0 AS FOLLOWS: I

(pClof 232) (238 ncnt=)
pCI/UNIT OF' SAMPLE '= -' L --- ---"

232 ncnt=

pCl of 232
ERROR '=' 1,96 _/ gents 4- bk(_ X

ncntl of 232

pCi of 232MDA . ,,6eV-_T ,
ncnt= of 232

iT HE CALCULATIONS FOR U-235 MUST INCLUDE THE ALPHA ABUNDANCE,

"USE VOLUME (L) OR DRY WEIGHT(G) FOR ALL PJ_LCUI.ATIONSUNLESS DIRECTEDOTHERWISE,

STD#/AMT

SITE ",_'_ _,n

-_ ANALYST REVIEWED BY

DATE DATE

: LABS(2-ZS-g I)
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ABSTRACT

LARSEN, IngvarL. 1981. Strontium-g0determinationsby
Cerenkov radiationcounting for well monitoring at
Oak Ridge National Laboratory. ORNL/TM-7760.
Oak Ridge, Tennessee. 26 pp.

A rapid method for determinationof 90Sr (2B,8 y half-life)via

its daughter90y (64.1 h half-life)in aqueous samples from the solid

low-levelradioactivewaste disposal areas at the Oak Ridge National

Laboratory(ORNL) utilized the principle of direct Cerenkov radiation

counting. This technique is applicablefor beta particles exhibiting

maximum energies greater than 0.42 pJ (263 keV) in aqueous solution.

In the presence of other contributing energetic beta emitters the

techniquemay serve as a useful screening method to distinguish low

activitysamplesfrom more moderateor higher activityconcentrations.

A comparison between analysis of 90Sr by Cerenkov radiation

countingand by standardwet chemical separationtechniquesindicated a

high degree of correlationand excellentagreement.

The detection limit for a 20-mL sample under the prescribedexper-

imentalconditionsand a counting intervalof 20 min was approximately

0.2 dpa/mL (0.I pCi/mL).
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INTRODUCTION

Water samples collected from monitoring wells located within and

near the solid low-levelradioactivewaste disposalareas at Oa(_Ridge

National Laboratory (ORNL) have been routine'lyanalyzed for radio-

gOsractivity, These analyses include gross alpha, gross beta, , and

3H determinations and gamma-spectrometricscans for such radio-

nuclides as 60Co and 137Cs. Several hundred samples col]ected

quarterly produced an analytical backlog in the gOsr measurements

that frequentlyprevented rapid assay and caused correspondingdelays

in experimentalwork. This delay was attributed to the low priority

status assigned to these samples; other ORNL "investigationsoften took

precedence.

The purpose of this report is to demonstratethe feasibilityof

using Cerenkov radiation counting to evaluate gOSr concentration '

levels in aqueous samples _ilected from within _nd near the nuclear

waste disposalareas at ORNL.

The established methodology for gOsr determination in aqueous

samples at ORNL invo]ves chemical separationand thereforethe use of

skilled techniciansto perform the analyses. The process requires the

addition of strontium carrier to the sample, its precipitationas the

insoluble carbonate, and its separation from calcium ariamagnesium by

nitrate precipitation in fuming nitric acid, followed by acetone

washes. Further purification is accomplishedby removing impurities
m

with mixed-rare-earthhydroxide scavenging and by removing barium as

the chromate. Final purificationis made by precipitatingstrontiumas

the oxalate, which is then beta counted using a low background beta
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counter (T, Scott_ IgBO, Analytical Chemistry Division,ORNL, personal

commur}ication;ORNL Master Analytical Manual, 1957). This series oF

treatments,r which was required for accurate gOsr determinations,

contributedappreciablyto the delay in the analysls. In an attemptto

alleviate the 90Sr analysis backlog and to more rapidly assess 90Sr

concentrations, the feasibility of using direct Cerenkov radiation

counting techniques(Haberer1966, Ross Ig6g, Carmon Ig7g) was investi-

gated. CerenKovradiationcounting is applicablefor beta partlclesin

aqueous solutlon exhibiting maximum energies greater than 0.042 pJ

(0_263 MeV) (Ross Ig6g). Strontlum-gO(2B,B y half-life)exhibits an

intermediatebeta energy maximum [0.087 pJ (0.546 MEV)], while its

daughter gOy (64.1 h half-life) has a high maximum beta energy

(2.28 MEV), which facilitates its determination by Cerenkov radiation

counting.

Limitations occur in application of Cerenkov radiation counting

for 90Sr. Cerenkov radiation counting cannot resolve mixtures

containing beta emitters of similar maximum energies. The use of

electronic discriminators or "window settings" may be necessary to

eliminate interferencefrom low-energybeta emitters. In the presence

of beta particles that have similar energy but arise from different
/

nuclides, a biased signal may result.

The aqueous samples from the monitoring wells may contain, in

addition to any 90Sr, other artificial radionuclides of medium

half-life such as 137Cs and 60Co. The presence of these radio°
q

nuclides in samples and their effects on Cerenkov radiation counting

for gOy determinations are illustrated in Table la. Approximately
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Table la, Effects of 137C,, and 60Co o_ gOSr (gOy) determinations by Cerenwov radiatlon
countlnga

,,,

Activity Average net Calculated Relative contr)butions

added count rateb 90Sr activity from 137Cs and/or 60Co

Radlonuclldes (dl)m) (cpm) (dp_i) gOsr calc, - 90Sr aaded

gOSr 1037 _+ 12 385 * 9 1026 + 25 --

137Cs 991 . 1_ 13.9 * 0,3 37.0 * O.B --

60Co 965 + I? 45.8 + 1,9 122 • 5 --

' 127Cs . 60Co ggl . 965 57,3 * I,) 153 + 3 --

131Cs • 90Sr gdl . I037 3gg . 6 ]063 * 16 2,5%

60Co + 90Sr g65 _ 1037 42l * I 1138 ' 3 9,7%u

137C$ . 60C0 + 90Sr 991 + 965 . 103/ 438 * 6 1167 . 15 12.5%

Instrument settings as follows (Pacward Trlcarb liquid $clntillatlon counter model 3225
" colnclClentmode operatlon):

Discriminator window settings: 325-1000
Higtlvoltage: 1814 + 50 V
Ampl_fler gain: 48% "
Sample vo}umeI 20 ml. ,

aAil values are , I SD,

bAverage and SD _f _upllcate samples,

Tel)leIb, Decay Properties of selected radionuclides '

,- Max, Comoton

electronlenergy MeVb

Half-life B" max, MeV a MeVa (neglectlng blndlng energy}

60Co 5,2 Y 0,318 1.33 1.12
1.17, 0,96

137Cs 30,2 y 0,514 (94%) 0,662 0,4B
l,IB (6_)

gOsr 28.8 Y 0.546

9Oy 64,1 h _,28

" al MeV ' 0,1602 pi.
bCalculated from Eq, 4,2 in National Council on Radiation Protection and Measurement, 1978,
A Handbook of Radioactivity Measurements and Procedures, NCRP Report No. 5B, Washlngton, D,C,

d
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equal activities of 137Cs and/or 60Co were added to test solutions

containing gOsr. Under the experimentalconditions, the presence of

137Cs contributed less than 3% to the 90Sr determination,whereas

60Co contributed approximately I0% to the calculated 90Sr content.

Although 60Co has a lower maximum beta energy [0.05 pJ (0.318 MEV)]

than 137Cs [0.082 pJ (0.514 MeV max)], its influence may be attri-

buted to the more energeticCompton electrons (Table Ib). Typically_

60Co concentrationsare less than I dpm/mL for the monitoring wells,

although occasionally higher concentrations are encountered. When

necessary, correctionsfor_60Co interferencescan be made followinga

gamma spectrometricanalysis(Reynoldsand Eldridge Ig80). False posi-

tive signals arising from other contributing radionuclides can be

tolerated in screeningapplications_and false negative signals are not

possibleexcept under conditionsof extreme color quenching.

Additional limits to Cerenkov radiationcounting can be caused by

color quenchingor by suspendedmaterial, both of which interferewith

light transmissionfrom the sample to the detector. These deficien-

cies, however, can be overcome when necessary by using the internal

standard additions method which involves adding a minuscule known

amount of 90Sr (gOy) to th, solution after an initial count and

recounting to determine an efficlency factor for the quenched solu-

tion. Samples collected from monitoring wells are filtered prior to

analysis,minimizingsuspendedparticulateeffects. The probabilityof

color quenching can be assessed by visual inspection; samples that
i

appear colored should be checked for counting efficiency via the

internalstandardmethods.

d
___
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ANALYTICALCOMPARISONS

A comparison between the standard ORNL chemical separationtech-

nique and that of the Cerenkovradiationcountingmethod was performed

on 42 samples from ORNL waste disposal areas. Samples for Cerenkov

radiationcounting consistedof 20 mL of well water (subsampledfrom a

large container after allowingsufficienttime to reach secular equi-

librium) directly pipetted into plastic liquid _cintillation vials

without any scintillationcocktail and counted for 20 min. A blank

composed of 20 mL of distilledwater was used to correct for instru-

• mental background contributions. The net count rates of the samples

were then converted to disintegrationsper minute using a counting

- efficiency calculated from a standard of gOsr (90y in secular equi-

librium)of the same volume, l'heconcentrationrange of the 42 samples

spanned four orders of magnitude. The results of this comparison of

the two methods are given in Table 2.

The data reported in Table 2 are expressed to the nearest 0.I dpm

unless concentrationsexceeding99.9 dpm are encountered,in which case

the values are rounded to three significant figures. The Cerenkov

countingefficiencyin this analysiswas approximately48%. The detec-

tion limit under the specifiedcounting condition,which is defined as

the lowest concentrationthat can be present in the sample in order to

report a positive value 95% of the time after correctingfor background

interferences (Altshuler and Pasternack 1963, Pasternack and Harley

Igll),is approximately0.2 dpm/mL. The reporteduncertaintyterms are

. counting errors Of one _a,,uaru u_, ,u,,v,,.
=

i
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Table 2, Comparisonbetween90Sr determinationsby the methodof Cerenkovradiation
countingand standard analyticalmethodology(sampleconcentrationsarrangedin
descendingorder)(dpm/ml)

Sample Cerenkov Logarithm Cerenkovminus
number Cerenkov ± SD , _ +_SD .an,alytlcal of ratio analytical

1 2395.0 3.40 2370.00 30.00 1.01055 0.01049 25.00
2 824,0 2.10 910. O0 5. O0 O.90549 .0.09927 -86. O0
3 715,0 1.90 720.00 5,00 0.99306 -0. 00697 -5.00
4 335.0 1.20 338, O0 3. O0 O.99112 ..0.00892 -3. O0
5 215.0 1.00 197.00 2,00 ] .091 37 0,08743 18.00
6 204.0 1. O0 204. O0 2.50 1.00000 O.00000 OrO0
7 158.0 O.90 162. O0 2. O0 O,97531 .0.02500 -4. O0
8 124.0 1.30 131.00 2.00 0.94656 -0.05492 -7.00
9 105.0 0.70 106.00 l.O0 0.99057 -0.00948 -1,00

10 101.0 O.ZO 97. O0 1. O0 1.04124 O.04041 4. O0
l 1 77.7 0,60 84.00 1.00 0.92500 -0.07796 -6.30
12 67.7 l,lO 62.00 0.50 1.09194 0.08795 5.70
13 66.4 1.10 71.00 0.50 0.93521 0.06698 -4.60
14 57.5 0.50 54.00 0.50 1.06481 0.06280 3.50
15 56.4 0.50 55.00 O. 50 1.02545 0.02514 1.40
16 47.5 0.50 46.00 0.50 1.03261 0.03209 1.50
17 35,3 O.40 34. O0 O,50 1. 03824 O.03752 1.30
18 32,2 0.40 31.00 0.50 1.03871 0.03798 1.20
19 31.3 0.40 31.00 0.50 1.00968 0.00963 0.30
20 30.9 O.40 29. O0 O.50 1. 06552 O.06346 1.90
21 28.2 0.40 26.00 0.50 1.08462 0.08123 2.20
22 24,9 O.40 24. O0 O.50 1.03750 O.03681 O,90
23 8.0 0.20 6.60 0.20 1.21212 0.19237 1.40
24 7.5 O.20 6.90 O.15 1. 08696 O.08338 O.60
25 G.9 0.20 6.70 0.10 1,02985 0.02941 0.20
26 4.9 0.20 2.20 0.05 2.22727 0.80078 2.70
27 4.7 O.20 4.60 O.10 1. 02174 O.02151 O.10
28 3.1 0.15 2.60 0,10 1.19231 0.17589 0,50
29 2.9 0.15 3.00 0.15 0.96667 -0.03390 .0.10
30 2.9 O.15 2.90 O.05 1.00000 O.00000 O.O0
31 2,7 O.10 2.80 O.10 O.96429 .0,03637 -0.10
32 1 8 O.I 0 I. 80 O.05 I. 00000 O.00000 O.O0
33 1.8 0.10 1.80 0.05 1.00000 O.00000 0.00
34 I. 6 O.I 0 I. 60 O.05 I. 00000 O.00000 O.O0
35 I .6 0.10 1.40 0.05 I .14286 0.13353 0.20
36 1.3 O.10 1.70 O.05 O.76471 -0.26826 -0.40
37 0.9 0.10 I .30 0.05 0.69231 .0.36772 -0.40
38 0.9 0.10 0.82 0.05 1.09756 0°09309 0.08
39 0.4 0.10 0.54 0.02 0.74074 -0.30010 .0.14
40 0.4 0.10 0.41 0.04 0.97561 -0.02469 -0.01
41 0.2 0.I0 0.32 0.04 0.62500 0.47000 -0.12
42 O.2 O.10 O.26 O.01 O.76923 .0. 26236 -0.06

Mean_ "{IT'I_I_OTTI
SO O.22570 O.184520 14. 4359
SE 0.03483 0.028472 2.22751

1 Bq - 1 alps • 60 dm • 27.03 pet

--

_
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Concentrations reported in Table 2 for analytical radiochemical

results refer to the determinationsperformed by the standard chemical

separation procedurespreviously described. These determinationswere

made on 90Sr before ingrowth of activity of its daughter gOy.

Sample counting time is nominally 20 min. Detectionlimits are app_-ox-

imately l dpm of 90Sr per sample, which correspondsto approximately

0.002 dpm/mL for a 500-mL sample. The data are usually reported with

two significantfigures for values less than I00 dpm/mL and with three

significant figures for concentrations exceeding IOG dpm/mL. The

reported uncertainty terms are counting errors of one standard devia-

" tion. (Table 3 summarizes the analytical conditions for the two

methods of analysis.)

The precision terms reported in Table 2 are riotexpected to be

identical because they are based on "counting statistics" and are,

therefore, functionsof the sample size, concentration,counting effi-

ciency, and counting time of each particular ana'lyticaltechnique.

Rather, these terms reflect the expected reproducibilityfor a given

sample and the experimentalconditionsunder which it was determined.

STATISTICALEVALUATION

The paired observations can be statisticallyevaluated using a

Student-t test to determine if a significantdifferenceexists between

the two methods for the paired sample determinations. Several options

. in using this test are availableand include:

(l) testing the overall mean of the differencesof each pair for

• significancefrom zero;

L
.

- F
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Table 3. Summary of the analytlcal RRndltlons for Cerenkov radiation counting and chemical
separation techniques for _uSr determinatlon

CerenkOv radiation Chemlcal separation
counting technlques

Instrument Li_id scintlllatlon counter Gas flow 1ow_ackground
beta counter

Procedures Direct counting Ch_Ical p_ipitatlon
(coi_Ident mode)

Sample contalner 25-mi plastic Card mounted filter
scintillation vial paper

Staple volume 10-20 ml s I00-S00 mls
required

S_ple preparation _-Smln "-8 In
tlme

Counting time 20 man 20 min

Number of samples 'u70 '_24
processed per day

Background CPM _5-I0 _O. S

Detection limlt _O.2 dl)m/ml 1 dl_/sa_le (O,O1-O.O02 dp_/ml)

Detection efflclency _O-S01Q 'u25%
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if,

(2) testing the over;Ill/averageratio of each pair for signifi-

cance from unity; or

(3) testing the overall average of the logarithmof the ratio of

each data pair for significancefrom zero (which is the same

as testing the average differencebetween logarithms of the

data pairs).

Because the ranges in concentrationscovered four orders of magni-

tude, and because a greater absolute difference is expected between

larger quantitiesthan between smallerQuantities,the test was applied

to logarithmsof the ratio of the paired observations. This treatment

• tends to "normalize"any extreme magnitudes occurring in differences

over low to high concentrations.

- In using the Student-t test, the differencesin individualpairs

are assumed to be distributed about some mean that represents the

average of the differencein the effectsof the two treatmentsover the

populationof which these pairs are consideredrandom samples (Snedecor

and Cochran 1967). The differencesare assumed to be random, normally

and independentlydistributed,with a populationmean of zero. Using

coded index values (Barnett 1975) the logarithmsof the ratio_ of the
L

paired observationscan be shown to approximatelyfollow these'assump-

tions.

The Student-ttest is given as follows (Snedecorand Cochran1967):

0-o
R --,-,- 9

t--E-0 ,
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where

Di : logarithmof the ratio of the data pairs,

: sample averageof the ratios,

n : number of data pairs, and

n - l : degrees of freedom (d.f.).

From the mean and standarderror of the logarithmof the ratio of the

concentra_tionby the two methods (Table 2), the calculated t value is

0.000714- 0
t : b.028472 ' : 0.02508 .

A comparison of the above calculated t value with tabulated

Student-.tvalues with 41 d.f. indicates no significantdifference in

the 90sr determinationsbetween the two methods, not only at the 5%

probabilitylevelbut even t a significancelevel as large as 40%.

LINEAR REGRESSION

Linear regression analysis was applied to examine the degree of

correlation between the data sets. The Cerenkov radiation values were _

considered the dependent variable and the results from the standard

, analytical method were considered the independent variable. The para-

meters examined includedthe correlationcoefficient,slope, and inter-

cept values. A plot of the residuals (observed dependent va)ue,,minus

the predicted value) was also examined to verify that the deviations
t

were random. The correlationcoefficientr (or r2) _rovides a measure

of the degree of variation for which the dependent var!able can be

5
i

_

/ ' 3,, • _.,,,.,
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accountedfor by the model. The slope of the regressionline desGribes

the change in the dependentvariable per unit increaseof the indepen-

dent variable. Ideallya one-to-onecorrespondenceoccurs. The inter-

cept provides an indicationof bias or systematicerror present in the

determinationof the dependent variable and ideally should be zero in

the absence of intrinsicinfluences.

For the data in Table 2, a high degree of correlationexists with

r2 = 0.9987, The slope is 0.9977 _ 0.0057 and is not significantly

different (P > 0.05) from unity, indicating a one-to-one correspon-

dence, The intercept value is -0.7621 _ 2.3879 and is not signifi-

. cantly different (P > 0,05) from zero, indicatingthe absenceof any

predominantsystematicbias. A plot of the residualsagainst the pre-

dicted value (Fig. l) revealed a fairly uniform pattern about zero. As

anticipated, a greater absolute difference occurs between the larger

concentration of gOsr than between the smaller concentrationsdeter-

mined by the two methods, and such differences are exemplified in

Fig. I.

SUMMARYAND CONCLUSIONS

The determination of 90Sr (via its 90y daughter) by Cerenkov

radiation counting on aqueous samples from monitoringwells within and

near the solid low-level radioactivewaste disposal areas at ORNL has

been found to be highly correlated with standard chemical separations

methodology. Comparisonsof the two methods using paired concentration

data were highly favorable and indicated no significant difference

, (_,_ nv.v.,n_.........A rnn_iderable savings in time and expenses can be
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achievedby utilizingCerenkovradiationcountingto screen samples that

contain little if any 90Sr radioactivity. For example, the analysis

of llg monitoring well samples for 90Sr concentrationsby Cerenkov

radiation counting revealed that only 33 samples (28_) contained90Sr

concentrationsof 3 pCl/mL (6.7 dpm/mL) or greater, These arbitrarily

selected samples (33) were _nen submittedto the Analytical Chemistry

Division for gOsr determination using standard wet chemical separa-

tion methods; this procedure eliminatedfrom the tedious and costly

analysis those samples that were low or near zero concentrations.

Reductions ('_70%) in both cost and sample processing time were

" achievedby screeningthese samplesby Cerenkovradiationcounting.

z
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CalibratiOnof:oaxisLandplanar[I(2& (ks(Li)]mhd statedetectoninRm L44B
andRm 169,_ d=tectonmm uszdInqu=ndfy_|Iow.lewlgamma.rayemitting
radlonu=lide=,

2.o

2.1 IG andGe(L.i)mildsu=recoaxialdetecmnandwelldetector,

IO solidstatePlanardetector,

3.0 ]_z=durm

3.1 _rttion of the ¢omdaldetectorsii to be accomplisheduslng¢eni£1ed
' gamma-raystandards with traceability to NIST (National [mtitute for Standard_

and Technology), Use Amentutm mixed gamma standardi (QCY44, QC'Y46,or
Q_"Y48) or an appmprbtte subltttute if,the, e are net available or do_ not
contain the appropriateenergyregioL AI_ alternativem_ beused,but Lfnot
traceable to N]ST, ¢enffk.atton by the _uing agency mint be available.

3.2 Use an appropriateamountof the standard(deadtime shouldbe 10_ or Less),
dilute if necessarywith apptx_priatcmaterial(water,acid,or base), A

tarrier solutionstmflirto the Amershtmnon.rtdiolctJvecarriersolutionor a
suitable alternate should be added when avalhble. Typical mtvtty range= for

detectors would be 10 to _00 nanocurte=per radionuclide. For weU
detecmn use, considerably ices (approximately t to 10 nCl per nuclide) because
of co--uraL summationphotopeakL

33 For mt_t analyses, liquid standards mc appropriate for quantification of g_unma-
ray emittingratdionucLide=con_ in soil,sediment,milk,or aqueoussolutions
(l.m_n end Cut=bag t981). For non.metallk containers, dilution of the
Amentha= standard and carriersolution with 4 M HCI u per dkections by the

vendoris appropriate. If dilution with 4 M HCl ii not appropda_, an aqueous
sotutlou of the standard in chelating tolutlon (Le., EDTA or equivalent) shalJ
be used, If preferred or if leakage from the mntatner presents a problem, a

" gellingcompound(agar,gelatin,pectin,'watergrabber')shouldbeusedto
• th=

CAUTION

This document has not been givenfinal patent el=rance
andis for internaluse only. Ifthis documentis to begiven
publicrelease,it mustbeclearedthroughthe siteTechnical
Inforn_tion Office whichwill see that the properpatent
and technical information reviews are completed in
accordancewithEnergySystemsPolicy,
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3.4 Coun_the standzrdfor an appropriatecontainerfor an appropriateamountof
tLmzto minimizethecountingerror(coet_cientofvariationapproximately5%
or leu pergamma.Unc),Typlc_dcountingtimesrange from30 .ninutesto
1000 minutesdependingon tcttvttyof the gammaemitterand desiredprecision,

3.5 Calibntttonof the IntrinsicGermanium(IG) pltnardetectors(low-energy
photon detectors)for Ph.210should be done by usinga Pb-210standardwith
trsceabitltym NISTor nn alternatecalibnttionsourcesuch as uraniumore from
the New BrunswickLaboratory(N'fiL)or othersuitablecertiSed material(e,g,
CanadianCen_ed UraniumOre). In tome cases, sumdardmaterialtraceablli_
to NIST m_ not be svatlable. In thiscase, documentationregarding
cerriflcadonor_ mustbeavtllable,

3.6 For other low energyphoton emitte_ appropriatestandardswillbe used in the
appropriatecountingmntainer.

3.7 Acceptablecriteriaforcah'bmtionwillbe bued on agreementofcrosscheck
utmplcsand/orblind samplessuppliedby the EPA,materialsuppliedby NIST
(NBS), the InternationalAtomicEnergyAgency(IAEA), or other responsible
agenciessupplyingcrvtu:hecksamples. Documentsfor these materialswillbe
maintained.

3.8 Documentationrecordsfor calibrationandcmuchecks shell be maintainedby
L L l.anen and/orJ. D. Marsh,Jr.

4.O l_fi:mam

L L LanenandN. ii.,CutahaIL1_1. DirectDeterminationofBe-7 in
Sediment. Earthsnr PlanetaryScienceLetterL 54,,379.384,

_PROVHD BY:

I"_. "" ' ' I . li I | I .. I _ Inl
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i.o

Thepurposeofthistechnicalprocedureistoprovideinstructioninoperatingthe
NuclearData9900MicropmceuorSystem.Additionaldetailsaregiveninthe
instrumentmanualOnlyqualifiedpersonnelareallowedtooperatethesystemand
includ_L L,Larsen,J.D.Marsh,Jr.,CraigBrandt,andtraineesundertheir
dimc_n.

2.0F_.qut

NuclearData9900MicroprocessorDataAcquisitionSyutcm
30e.(Li)coaxialdetectors(#I,#7,#3)
IIO (intrinsicOermanium)coaxialdetector(#6)
IIOcoaxialwelldetector(#7)
3 IO planar demctorA(#4, #$,#8)

3.O Pm_durm

3.1 Samplecontaine_ shoes,gloves(if worn),etc., must be free of external
contaminationbeforeenmring the countin8 room

3.2 Only sampleof low radioactivityshouldbe analyzedin the low-levelcounting
room m avoidpossiblecontaminationof the detectors for futuregamma-ray
_alym.

3.3 Eachdetector is alrlliauxlwith a computer_:count on the ND 9900 system.
To accessandanalyze_ datacollectedby a detector, logon to the
appropriatecomputeraccountby typingUSER#, where # is a numberfrom
Im 8whichidentifiesthedetectorsndmmr (Le...USF.R1).

3.4 Wrap the samplein a plasticbsg andpiace on the appropriatedetector. Set
the countinj timeby typingPARSDEr# PLIVE= XXXXXXseconds.
Record the samplein the log book. Check the complete samplelabel by
typing PARS DET# SAMPLE,, or depress ke_ PF4 on rightside. Change
the various label parmm_tersas_ when prompted.

• 3.5 Begin K_quisifionof _m f_ thedete=mrby_ing sequentiallyfl_
ACQ and_ keyslocatedat the top o_ the

CAUTION

This document has not been givenfinalparentcleanmce
and is for inmmal useonly. If this document is W be given

public mleue, it must be cleared thrmlgh the site Technical
Information Officewhich willsee tlmtthe proper patent
and technical information reviews are complci_ hi
accordance with Energy Systems Policy.
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3.6 After sample has been counted, turn off the acquire mode by again pressing
sequentially the ACC} and INTT keys at top of keyboard. Alternatively if the
present PLIVE TIME option is used, the acquistion of counts will terminate
when presettime hasbeenachieved.

3.7 Type thecommand PEAK D_r#RAST=TTAX whereX isthelineprinter
outputfile(0,I,or2).A peak_rch ofthegamma spectrumwillbe
performedandresultslistedtotheappropriatedlineprinter.

3,8 To correctforbackgroundtype
ENBACK/BKGND = BG_DET#.DA_=TTA, whereDATE identifies
thebackground.A directoryofavailablebackgroundcorrectionscanbe
obtained by typingDfR BG_DET#

3.9 To obtain a report summsrizing the potential radionuclides present, type the
command WTMF_AN/REPORT=ACT/LIST=TTA#. If queried for the
nuclide h'brary,respond with LIBD. To select the appropriate efficiency file,
consultthedirectoryEFF DET#,

3.10 After the analysis is completed, removethe sample fromthe detector and
check label against that on the printout. Erase the displayed spectrum from
the monitor by depressing ERASE and INH' keys at top of keyboard.

_
__L_____ INI I

APPROVED BY:

PmJca Manageror Supervisor Date
[ I II -
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1.0

Tlm purpose of this document is to _be the procedure used in the low level
countingRoom I_B in Building1505and the qualitycontrol/qualitymuranc=

2.0 smp,

Tac_ proceduresincludequalitytin--quality controlmethodologyfor gamma-
gayanalysisperformedon the detecmn in Room 144B.

. 3.O Rdmtma=

Aa_ricaa Nafonal Standard:Cab'orationa_ usa_ of Ilemanium dctccton fo_
measurementsof [xmma-r_ ¢miuioo of r_lioour,lJd_ Amexir.anNational
StamleardsI.ostitute,Inc.,Instituteof E]ec_ric_and ElectronicsEngineers,Inc.,
345 47rhSt., NewYork,NY 10017. ANSI N42.14-lg78. April 10, 1978. 1.1..Lax_n
andN.I-LCut,halL 1981. Earthand PlanetaryScienceLetters54..379.384.

4.0 ]L:_qtt_tmtmttls

Environmental $¢i¢0_ DivisionQA proc_iurm QA-E$-5-I02 requiresthat ali
l_oramrica have laboratoryolmratiom tmattmitthat contain or referencethe latest
approvedversionof teeJmie_proc_urea, safetyprt:)t:edurea,andOA/CX:procedures
for the workperformodin the laboratory.

5.e

The QA ptoctdurm aral gtmma-g_ aaalytis in Room 144Bwi,_lbe the ropomibility
of the laboratorysteward(L L. Lar_n) mgl/orhis dctilpmm(J. D. Marsh, Jr.).
Traineeswillbe supervisedoaly uodedtim directionof Luten or Mmh,

6.1 NuclearData 9900 System

6.2 30e(h')solidstatecoaxialdetecton

6,3 1 GeI(IG)solidamte coaxialdetector CAUTION
t

6.4 1 CmI(IG)mild stateweildc_r This document has not been given filial patent clearance
and is for internal use only. If this document is to be giver

public release, it must be cleared through the site Technica
Information Office which will see that the proper patent

..... ._ e...... :..... ; ..... ,_,_, rnmr_le.te.zt it
mn(] i_._ _lJ[_ Cal i IIIIUI allAIt IUItt ._., v ._. .......... .

accordance with Energy Systems Policy,
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7.0

7.1 Ox_ a wce.ktaunt the Ca,.137EPA spied cl_ sample in can gvo_ _
e.a_ _tiomal cmaiM_ a_l oa the wcUdet¢_. Countingof
qmflityammm_ tampk,.ahouldbe w.heduledto _ interferingwithroutine
ump_ aaaly_ T_re_og, do not iated_ withk_g periodoouau _Aich
maybe requiredformine _ Couat _ utmpk:for 60.100 rain
recorddataon log_eet mufptm on coutmlchart.For planar detectors,
count the CanadianUraniumC,cnified Refel_nce ore temple BL-1 for60-100
mimaes, itax_ dataoa.kq ateet mxt I_ m omUot ct,ro.

7.2 _ energy o_mim _ comp_riag_ o_ _ withkao_
encq_. Thisdmuld be do_ _ with the _ ofongoing long
count,,Rem_ mdibretiondataforew.bdetectmtinimtrumeut

performsncetogbook._ duringrout/sz,x,m_l. iftheknownenergy
value for photope_ deviatesby mote thaa2.0 Kev, thea updateenergy
cal_ratioa _ Im3cedurein instrumcntatkmbook. Use Be-133,CS-137,
and Co_ murccsfor energycMibrstioaof the ovmial dctecton andme
Pb210,Any241,Bf-133 sourcesfor the plaatrdetectors.

7.3 Foreach seriesofsediment_pkt countedon coaxialdetectors,counta
NBS (National Bureau of Standards, now NIST National Institute for
Standards aad Technolo_) C.cnif_ Re_ Materialsample(Le.,
4354lakeudimmt;NSB,L%__ Fire mik NBS4350ri_:r .edime_ or
IAEA tedimmt)or_ mitabieeuuemt. Compm: the meuured value
with_ Ira:mavalue. If the measuredvalue +I- Ouee times it, standard

, dm_fiee dtl_ fromthe_ value+I. three dates its staadan_ deviation,
(i.e.,doaotequalorore'lap)then, reanalymamutdbedone. If,uch
discrepmn_ comiswntly continue.,than an inv_tigation andexplanationor a
_tic_ should be done. Thisdoes not applyto short htlf.Iife
ndionw.lid_ (Le.,les, than I year)whichmayde_y aw_yover timeor to
utmplmat or bek_ the m/n_um detectablea_ivity.

7.4 Withineach t_'riesof tamplet,a field duplicateflmukl be counted if available.
In_e __ of,fieldduplicate,a r_Ikatecount of one tamptefromthat

shoukl be done. lt b advmabkthat a_least one duplicateor replicate
count be made foreach of 20 _api_. If the fieldduplicatesdifferby more
thaa three mmda_ deviatiom (_ _cn'oed in 7.3above), than a recountof
each dupSca_cshouldbe performed.Held duplicatmmayoften not agree
became of ttmplingvari_i]ity, tad thi, ehouklbe takeninto _omideradon.
Rtdionuclideswhichhave s shon ha_iife maydecayawaybefore rean_dysisas
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vmmbility, and this variabilityshould be taken into consideration, Exceptions to
this reanalysis mu==ia are short.lived radionuclides which may decay before
re,analysis or radionuclides near the minimum detectable activity. Replicate
counts should be u'mtu_las in _n 7,3above.Cou=tingtime shouldbe
selectedinaccordancewiththeactivitylevelpresent,the samplesize,andthe
number ofsampleaswellasthediscretionoftheanab_t.Typical counting
times may range f:mma few minutes to overnightor longer.

7.5 When pou_lecountthe"Nucleus'Cs.137sourceeachdayfor! minuteon the
coaxialdetectorsand well detector(dot 7) andrecordvalue on log sheetand
plot on control chart. _ thatthe value is within thecontrol limits (+/-
three standard devi=tiom) determined from several (-20 or more)

" measurements. If outside these limi_ do not use the detector. If repeatedly
outside the limits,deu=w the cause if po_'ole. When back in operation,
verify the detector's performance before sample ===lysisby coun_g on
_ST reference msu=ria1or similarsuitable materinLDo not interfere

with any long.term counts in p_ For t_ planar detectors, count the
"botope Products" Pb-210 source for 120 seconds on detectors 4 and 5 and
300 secondsand detector& Do notinterferewithm_/ongoinglongcounts.

Comparevaluewiththemean.v_ueforseveralcountsandrecordon logsheet
andploton controlchart.Ifvaluefallsoutsidethecontrollimits(+/.three
standarddeviations),recount,andifconsistentlyfailstomeetthiscriterion,
discontinue the use of detectoruntil it can be verified for reliable Performance.

7.6 Continue to participate with the EPA iu their cmucheck program andreport
summary of tmult= from EPA to the Envimnmenud Sciences QA/QC ol_¢er.

7,7 Update detectorefficiency cah_ratlom when needed. This update includes
newly p_ detecmc= or detectors returned from manufu:turcr for repair.
Thu recah'bration should also apply when results from analysisofce_
reference mau=ri_t consisu=ndydeviate from the known value as descn3_l in
7.3.

7.8 Upd=u= deeeemr _und by counting a dE,_lkd water sa_T!=_%r at least
t000 minutes, preferably over a _mekend or over a weekend with an adjc;_ing
holiday (Le,, a Fridayor Monday holiday), The purpose is to reduce the

• countingerror due to baekll;mundsubtraction.Do a peakoutput andstorethe
spectrumin the appropriatedetectorbacksmundfile (Le..,BG DET#.DATE,
The toe.and afu=rrunniz_pe_ is: Move Dot# BG DET#.DATE.

. _und shouldbe updnted when appropriate but not to interfere with
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ongoing long counm Ideally, but not necessarily rigorously, this should be done
at least once a month, if the detector is on line.

7.9 The QA/QC procedures and gamma.ray _/sis in Room 144B wiLlb_ the
t'esponst'bilityof the laboratory steward (I. L Latin) and/or his designate
(L D. Marsh,Jr.). Records of QAK_ performance will kept available for
impe_ion. Tta/aces will be supe_ on/,/under the dh'ectioa of Larsen or
Marsh.

8.0 Reconk

Records of QA/OC performancefor the cmzentandpasttwoyearswill be kept
_nndiablein Room 1448 for inspec_on.This includesce_te_ of callbration
standarda,detector perfo_,maaces, cah'bration record, background analysis, and
c-ros_heck samples with the EPA, NIST, as well as other agencies.

[ 1 I l'I l ll'I [ I I I

AI_ROV]_D BY:

I -_Mlniser or $uperv_r
_ " .... I I
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1.0

To assurequalityperformance/qualitycontrolforradionuclidemeasurementsusing
equipmentinF.SDcountingroom(Room 169).

2.0Scope

Theseproccdturcsincludcqualitym,surancc/qtml/tycontrolmethodologyforgamma.
my analysisutilizingtheNuclearData6700microproceaJ_oracquisitionsystem.
AdditionalQA/QC proceduresfor the other nuclear instrumentation in Room 169
willbethe tmpom_ility ofthe primaryusers (PI's).

3.OiV,dznmam

AmericanNationalStandard:C_'brationanduullcofgermaniumdetectorsfor
" measurementofgamma.rayemissionofradionuclides.AmericanNationalStandards

- Institute,Inc. lmtitute of ElectrirAfiandElectronicsEngineer_,Inc.,345 47rhSt.,
New YorkNY 10017.ANSIN4ZI4-1978.AprilI0,1979.Als/,LL Larsenand
N.H. Cut_halL1981, F.anh and PlanetaryS_ence Le_n 54"379.384.

4.o

The QA technical proceduresfor gamma.rayanalysisusingthe NuclearData 6700
_mm willbethetespomibRityof the laboratorysteward(LI..Latin) and/orhis
d_mi_m ($.D.Mmh, J¢._Tmine_willbesupetvia_onlyunderthedirectionof
Lanen or Mat_ or theirdesignate..QA procedutm for the imtrumentationwillbe

- t_pom_ilityoftheprincipalinvestigator.

s.opmeet

5.1 NI)6700Oamma SFsmm
5.2 PackardTrk.arb2000CA LiquidScintillationCounmr
5.3 Packs_ Tricarb4640 LiquidScintillationCountea
5.4 PackardTricarb460 CD Liquid ScintillationCounter
5.5 PsckardAuto GammaLinkBe_tSc/nfilhtionSpa:u_mcter
5.6 NuclearData LinkBelt Specumncmr
5.7 ORNL developedLiquidScintillationCoun_
$.8 HamhawTASC 12 alph,beta, gammagrossradiationdetector
$.9 Operationalproceduresat_or manualsare gv_l_k for each imtruments.

" CAUTION

This document has not been given final patent clearance
and is for internal use only. If this document is to be given

public release, it must be cleared through the site Technic.al
Information Office which will see that the proper patent
tnd technical information reviews are con,p,......



C-68

ENVIRONMENTAL SCIENCE_ DIVISION PROCEDURE:

PAGE: 2 of3

PR_UI_E_ REVISION DATE: I0/18/91
If I . _ II II I II I| ! I I ] ..__L_

TITLE: Tedu_l _m_m for QA/QC _tiet in Room 169

...... . I '1 II I ' ' "I I ,,,, , i

6.0

Quality murance in Room 169 is _ in scveral ways depending on the type of
analysis being performed.

6.1 ND 6700 Gamma S_c=

6.LI Quality Assurance for the ND 6700 gamma system is performed weekly by
counting the EPA spiked clay source on each of the two intrinsic
germanium (IG) detecton and plotting results on s control chart. Values
should fall within ./- three standarddeviation of the mean value
determinedfrompreviousr_ui_

6.1.2 A weekJyenergy cah'brationcheck will be performed prior touseif the
imtrument is on line. "Inisbsaccomplished by counting a Ba.133 source lt

(81.0 & 356.0 Kev), CA.137 source (661.6 Kev) and a Co.(_) source (1173.
& 1332. Kev). Record the data andpeakchannel for these energy lines in
the detector tog sheet. If out of cah'brationby more than 2 Kev, update
energy cah'bration(_ee NuclcarData Manual). If less than 2 Kev, update
is not necessary but maybe preferred. Do not interfere with any ongoing
long term counts to accomplish thit. When the tong texm count is
completed, an energy check can then be done.

6,1.3A l.minutedailydetectorperformancecheckshouldbe made priorto
beginninl_ a new taunt for that day. The red Ca-137 source is placed on
top of an aluminum can on each detector and counted for 1 minute. The
peak area is then printed out and the number recorded along with the date
in the detector los book. The value should al_ be plottedon the
detector's control chart, also in the detector log book Ifdeviations
consistently fall above or below rho _ sigma levo,laon the chart, do not
use the detector for quantifr.ation purpmes. Take the detector off.line
untilperformanceverificationisreestablished,Do notinterferewithany
on_ing tons-termcounts.A detectorcheckwillbe donewhen countis
completed and prior to counting a new sample.

6.1.4 Cross-check utmples or "blindsamples', which are supplied (typically
quarterly) by the EPA _arough their EMSL-LV Quality A.uuranceJOuality
Control radioanalyti_ _ will be analyzed to verify cah_ration and
analytical performance. In addition, when applicable, cert_ed reference
material supplied by ]gIST (NBS) or other cet_Afiedagency should be
counted prior to analyzingutmpics. Such sampleswould includeNBS
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Tmhakml_mma_rtsfmQ,_: ,_m'vi_mk Room169

I t , I I I'ii
,,

SRM 4354(I_ sediment);NBS SRM 4353(R_l_Flautoil);_ 435O
(rivert_ent), orIAEA mamrial.Recordsofanalysisshallbekeptfor
inspectionandverificationof lmrformanc_

6.1.5Ms_mnmtceoftheNX)6700systemitperformedbyqualifiedpersonnel,in
tlm I&C Divisionat ORNL and/ortrader I tmrvie_Igrtmmentwith Nuclear
Dirt.

6.2.1'mepcrformmtccof tlmliquidscintillationcountersismonitoredM
., m_mtinta m_ murm eachtimea groupof ump_ isaaab/'a_bya

psrticul_ u_r. These souttet sre generallysuppliedbythe imtmmcnt
manufacturer.In tddition, t ssmpleblankshouldbe countedwitheach
IP'oupof mmplcLTlm userwill perform_n qualitymurance/quality

" control

6.2.2Maintenanceoftheliquidsc_ntillationcounterswillbeperformedbyI& C
ora tmm_ r_rm_tati_when

6.23 Allmpainmm performedbyqualifiedI&C ImnonneL ,

NAZ

63.1 QAK_ for tlm linkbeltNal ('IT)detectorsis m be performedbytlm
. Imrticu_,m_r muntm_hit&enreferencemur_ alongw_tha smnple

blank

I_ willbedonebyq_ personnelfromtheI& C divisionu
nasdaL

'_ II

_OVED BY:

Pm}ectMa_II_ or Supervisor Dam
i ,in I..



C-71

4

NONDESTRUCTIVE SAMPLING OF SMALL CARNIVOR_
FOR GAMMA EMrVI'ING RADIONUCLIDES

AND TRACE METALS

prepared by

T. L Ashwood
Environmental Biotechnology Section

1. PURPOSE

To define the actions necessary to obtain hair samples from small carnivoresand to
prepare _ose samples for analysis.

2. SCOPE

procedure applies to nondestructive sampling of small carnivores that can be,
. caught in live-traps. The procedure was primarilydeveloped for piscivorous mammals such

as raccoons (_ lotor) and mink (Mustela vison), but other carnivorous mammals may
be sampled by varying the bait, placement of the traps, and dosage of anesthetic.
procedure does not applyto leg.hold traps or snares.

3. EQUIPMENT

1. Wire.mesh live.traps.
2. Anchoring stakes for eech trap.
3. Yellow plastic tape for markingtraps.
4. Surveyor'sflagging for identifying trap locations.
5. Sardines (packed in oil) or other bait.
6. Can opener.
7. Heavy gloves.
8. Rubber gloves.
9. Field clothes appropriate to the trap site.
10. Painter's drop cloth.
11. Syringes(>1 peranimal).
12. Keta_t or other approved anesthetic.
13. Tattooing kit (optional).
14. Rubbing alcohol.
15. Paper towels.
16. Plastic bag_ for hair samples (1 per animal,sandwich bag size).
17. Scissors (keep sharp).
18. Permanent ink marker.

" 19. Field notelx_k.
20. Stool sample probes (1 per animal).
21. Stool sample containen (1 per animal).

. 22. Plastic trash bag.
23. Ftrst.aid kit to treat po_le bite/scratch injuries.

®
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24. Eye ointment for animaLs.
25. Camera (optional).
26. Radio-tracking collars (optional).
27. Catchpole.
28. Large can(s) of tomato juice.

4. PROCEDURES

Ali personnel working with wild carnivores must receive the pre-exposure rabies
prophylaxis. This treatment includes three intramuscularshots over a 3-4 week period and
boosters as appropriate (to be determined by medical personnel). Personnel who merely
observe trappingand sampling activities need not have the pre.exposure series so long as they
do not handle either the animals or the traps containing the animals and as long as they
maintain a reasonable distance when the animals are uncontrolled or released, hay wound
inflicted by sn animalshould be immediately and thoroughly cleaned. The offending animal
should be kept until medical personnel can determine the proper course of action. No one
with open cuts or scratches on their hands should handle any wild animal-even if wearing
gloves.

A second health concern related to handling of wild animals is transfer of parasites,
particularly the round worm Baylis ascaris_, from animals or their scats to humans. Ali

personnel handling animals,biological samples, or anything that has been in contact with the
animal(including the trap) must wear plastic gloves during this handling. As soon as possible
after handling any of the preceding items, each individual must thoroughly wash their hands
and arms to the elbow with soap and hot water. Ali clothing that has been in contact with
these items must also be laundered, and care should be taken to keep hands, clothing, or any
potentially contaminated items away from the face. Eating, drinidng, chewing tobacco,
smoking, or applying cosmetics are to be avoided while in the field, unless the individual is
able to thoroughly wash in the field.

Field research personnel are expected to have whatever training is required for access
to the study site. Observers who do not have the requisite training may be escorted to the
site provided that those responsible foraccesa control have approved the practice of escorting
visitors and provided ali escort requirements are birdied.

Personal protective clothing requirements and personnel monitoring procedures vary
from site to site. Ali field researchers and observers will comply fully with the established
procedures for the study site. As a minimum, field researchers and any observers must wear
ORND.provided field clothing (khakis, coveralls, etc.) for study sites on the Oak Ridge
Reservation (ORR). Sturdy boots are required for all field researchers, and wet Sites may
require rubber boots or waders.

4.1 TRAPPING

xBaylis asceris may be contracted from the scat o: fecal material of raccoons and is always fatal
when contracted by humans. .,
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All trapping activities must be clo_ly coordinated with the resident Tennessee
Wildlife Resources Agent for the ORR. _ individual_hould be notified prior to beginning
of the overall programand prior to each specific trapping event. It is strongly advised that
a certified veterinarian be consulted about trapping activities and that the veterinarian be
available on short notice to assist with trap-related injuries to the animals. In any case, a
veterinarian must be involved with the programto provide the anesthetic.

I. Obtain collector's permit f_romthe Enforcement Division of the Tennessee
W'ddlifeResources Agency. To obtain the permit, write to the directorof the
division and providea copy of the research proposal and a concise description
of the species to be collected and the trapping method. Obtaining a permit
usuallyrequires a minimumof two weeks.

2. Mark traps with the name and phone number of the principal investigator in
whose name the collector _ permit is issued. Also mark the traps with the
permitnumber and a unique identifying number for each trap. This marking
may be in the form of a tag made from yellow plastic tape. Use a permanent
ink pen for the tags. Plan on ha_ingto retag each trap each day because the
animals frequently chew or tear the tags. Weigh a representative empty trap
and record the weight in the field logbook for later use in calculating animal
weight.

3. Determine the location for each trapbased on the terrain to be covered and
the objectives of the trapping. For piscivorous mammals, traps should be
placed adjacent to streams where there is ready access from the stream to the
trap (e.g., do not place the traps at the top of a high, steep bank). Traps may
be placed in a gridded array, a linear arrangement along the stream, or
randomlyas accegsibilitypermits. Put the traps in a location that is out of the
way of human traffic. Do not place the traps in a position that may be
flooded during a heavy rain.

4_ Anchor the trap to the ground with a wooden stake or a length of rebar.

5. Mark the trap location in the field with surveyor'sflagging to facilitate finding
the trap site again and to provide a basis for repetitive trapping in the same
pattern.

6. If possible, piace the traps unbaited and securely wired open 2-3 days prior
to actual collection to allow the animals to become accustomed to the

presence of the trap.

7. Mark the locations of the traps on a map of the area using the unique trap
identifying humbert.

8. Late in the ffternoon, bait and arm the traps. For pischrorous mammals,use
a full can of sardines the first day the trap is baited and 1/2 can on

• subsequent, consecutive trap days. Piace - 1/3 of the bar at the rear of the
trap, - 1/3of the bait near the front of the trap, and - 1/3 of the bait on the
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ground at the mouth of the trap. Use sardines packed in off, not mustard,
catsup, or some other substance.

9. Avoid trapping on cold nights (i.e., low temperature _<40"F)if there is a high
probability(> 20%) of precipitation. Wet animalscan be injuredor killed by
hypothermia. Trappingon cold dry nights is acceptable, but manyanimalsare
leasactive in cold weather so trap success may be lower.

10. As early as pou_le the following morniag check each trap. Approach traps
cautiously until the presence a_,didentityof the animal is ascertained. If the
trap contains a skunk (Mephites spp.), stop immediately and implement the
procedure in Sect. 4.3.2.

11. Tr,ps that do not contain animals maybe left in piace or removed. If left in
piace, the trap should be sprung to avoid trapping sn animal before the trap
is rebaited. If the trap is removed, shake ali bait and debris out of the trap
in the field. If nece_ary, wash the trap in the stream.

12. Traps that contain target animals should be handled in accordance with
Sect. 4.2.

13. Nontarget animals, except flee rangingcats (Sect. 4.3.1), should be rel_
from the traps immediately. S,_ Sect. 4.3.2 for tietails on releasing skunks.
If desired, the trapand animeJmaybe weighed prior to release (this does not
apply to skunks) and other notes on animal condition may be made. Wear
thick gloves when handling a trap containing an animal

14. After an animal has been released, remove ali debris from the trap. Wear
plastic giov_ when cleaning traps that have held animals.

15. At least once aweek, traps are to be rinsedclean, thoroughlydisinfected with

... a bleach solution (u_e Sect. 4.33), and then rinsed again to remove residual
bleach. Unremoved bleach will reduce trap stw,ce_.

4.2 KANDLING TARGET ANIMALS

The handlingof target animalsrequires the administrationof an anesthetic, Keta_t 2,

that must be obtained through the project veterinarianand controlled in accordance with the
approved procedure in Attachment A. Keutaet immobilizes the animal, but does not truly
anetthetize it. While immobilized and duringrecovery, the animal is extremely sensitive to
tightand sound. Therefore, every effort must be made to keep the animalin a relativelydark
area and all unnece_y soundi should be eliminated.

2 Ketaset k the tradename for a veterinary preparation of ketamine hydrochloride. The
preparation is slightly acidic (pH 3.5-5.5) and comes as a liquid(1130rag/mL) in 10-mLvials. Ketaset
is a labeled thug that must be used under the direction of a veterinarian.
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Some details of how target _nals are handled will vary according to the individual
animal, the purpose of the handling, and the field conditions. The following steps provide
guidance on major actions and criticalsafety requirements. These steps assume that a field
worksheet similar to Attachment B is being used.

1, Before approaching the trap, establish an area for handling the a_ual and
prepare the needed materials. This area will usually be the tailgate of the
vehicle. Have the ear tattooing equipment readywith the appropriate number
inserted. Record the time of arrivalat the trap site.

2. Wearing heavy gloves remove the anchoring stake and carry the trap and
animal to the preestablished handling area.

3. Weigh the animal and trap and estimate the weight of debm in the trap.
Calculate and record the weight of the animal using the/_eld worksheet.

4. Determine the dosage of Ketaset based on the weight of the animal. This
dosage is flexible and should be based on the experience of the researchers;
however, a range of 0,075--0.1 ce/lh should providerapidane,sthesia (<5 min)
and ample time for sampling and tattooing while minimizing the chances of
overdosing and the time for recovery, lt is better to underdose at first aud

. administera secondshot,ifrequired,thantooverdose.

Ketasetisadministeredintramuscularly,usuallyinthethigh.Caremu.stbe
takennottoinjectthedrugintotheabdominalorchestcavityoftheanimal.
Two individualsarerequiredforthisoperationbecauseone personmust
controltheanimalbyforcingitintoa smallareaofthetrap(usingsticksor
rebar,nothands)andpinitthereuntiltheinjectionisgiven.Evenwithtwo
persons,itisfrequentlynece_aryto sticktheanimaltwiceto getthe
complete injectionin.

Animals that are groggy may be sampled without complete immobilization if
one researcher controls the animal Fs head with the catch pole.

5. After the animal ts immobilized, remove the animal from the trap (wearing

plastic glove_ or heavy gloves if the animal is not completely immobile). Take
care in remov/ng the animal that it is not injured by being scraped over sharp
edges and pointed wires.

6, Piace the animalon the painter _tdrop cloth. Piace eye ointment in the open
eyes so that the snimal Fsinability to blink does not result in dehydration of
the eyes.

7. Trim at least 1 g of hair from the _ end piace in a plastic bag. Label the
bag with the trap number, animal's ear tattoo number, and date. At least 1
out of every 10 animals should have enough hair removed to provide for a

" duplicatesample.The frequencyof duplicatesmay be increasedatthe
discretionoftheprincipalinvestigator.
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8. Tattoo the animal's ear. The first time an animal is captured, tattoo the right
car only. The tattoo should be placed near the edge of the ear to minimize
bleeding. A properly tattooed ear should produce no blood. If bleeding
occurs, apply rubbing alcohoL Record the'ear tattoo number.

9. Check and record the gender of the animal

10. Record any comments about condition of the animal.

11. Attach radio collar if required.

11. If desired, photograph the animal either while anesthetized or while in trap.

12. Return the animal to the trap until it is completely over the effects of the
anesthetic. Animals released while still groggy from the anesthetic may
drown, injure themselves, or fall prey to other animals. If weather conditions
and lack of human traffic permit, the trap and animalmay be left at the trap
site while other traps are investigated, or the Urapand animal may be placed
in the vehicle and transported to the next trap site(s).

13. Once the animal is fullyrecovered, release it in the vicinityof the original trap
site. Young animals and nursing mothers should be released as close to the
trap site as possible. Other animals may be released within a_km of the
original trap site, provided that the release point i_;not near a heavily
travelled roadway.

4.3 CONTINGENCI_

4.3.1 Free Ranging Domestic Cats (Fe//s catus)

Free ranging cats are highly efficient predators that cause substantial ecological
damage through destruction of prey species (especially birds) and competition with natural
predators;cats are also a vector for transmission of rabies. The abundance of feral cats on
the ORR is unknown, but the population is believed to be small and largely confined to the
vicinity of plant buildings. Nevertheless, feral cats have been encountered in remote areas
of the ORR, and roadkille,d cats have been observed on ORR highways. Trapped cats will
be taken in the trap to the Oak Ridge Animal Control Shelter. If the shelter is closed, the
TWRA reside'at agent will be contacted about disposition of the animal

4.3.2 Sk-unb

Skunks represent an ob_ous problem when trapped. The following procedure for
releasing trapped shmka has been derived from conversations withTWRA and Univenity of
Tennessee personnel, but the proe.edurehas not been demonstratedin actual practice on the
ORR.
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I. Move vehicles and personnel to a reasonable distance from the trapped
animal All personnel should maintain silence during the release procedure
and should avoid anyactions that mightstartle the animal.

2. One person should take the painters' drop cloth, carrying it in front of him
as a shield, and cautiously approach the trap.

3. Place the drop cloth gentlyover the trapso that the animal is in darknessand
any spraywill be confined. Leave the release end of the trap uncovered.

41 Slowlyopen the trap and hold the trap open until the skunk has left the trap.
Wear gloves during this procedure.

5. If the skunk does not immediately exit the trap, the door may be propped
open with a stick (or wired open), and the researcher may move back away
from the trap until the skunk c_'ts.

6. Anyperson or item sprayedby a skunk should be _ in tomatojuice in the
field. After field rinsing, the item or individual should return to the nearest
facility where water is available to thoroughly wash (shower).
Skunk.contaminatedclothing shoutedhe placed in a large plastic trashsackand

Q of.
4.3.3 Sick or Injured Animals

There are a number of sharp edges within the live traps, and trap injuriescan be
expected. In general, these injuries will involve minor scrapes and cuts. Such minor injuries
require no treatment, and the animal should be rel_ after sampling.Occasionally, major
trap injuries may occur. Each major injury should be handled on a case.by-case basis. The
TWRA agent should be contacted for advice. In some cases, the veterinarian who supplies
the anesthetic may be asked for assistance. However, neither ESD nor the ORNL Biology
Division has facilities for surgery and overnight care of wild animals. If neither the TWRA
agent nor the veterinarian are available, the Oak Ridge Animal Control Shelter may be
contacted. Before any animal is removed from the reservation it must be surveyed by
Radiation Protectio_ As a last resort, the Principal Investigator may decide to release an
injured animal near the trap site.The potential e_ta for trapping sick animals. The most
likely symptoms of sickneu are extreme lethargy, diarrhea, or dLu:hargesfrom the nasal or
genital areas. Sick animals should be released at the trap site after sampling. Traps that
housed a sick animalshould be cleaned and disinfected using a solution of bleach that is twice
the strength recommeadedon the bleach bottle. After disinfection, the trap mint be
thoroughlyrinsed _th clean water and,allowed to air dry.

4.4 SAMPLE PREPARATION

Because the fur of wild animals contains dirt and other contaminants not related to
the diet of the animal, it it essential that careful preparation of the hair samples pr_Ae

, submission for analysis. "lhc following steps represent a minimum protocol for cleanliness.
Throughout these steps, the labworker should wear plastic gloves. Gloves should be washed
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thoroughly, or changed, between samples to prevent cross contamination. If the hair is
expected to be contaminatedwith radionuclides,then ali waste from these steps should be
treated as low-level compact_le or liquid waste.

1. Prepare work space.

(a) Cleanse lab sink.
(b) Piace a paper towel or coffee filter in the sinkdrain to prevent material

from entering drain system.
(c) Make sure that deionized water is available from a tap and that the flow

can be controlled to a trickle.
(d) Clear a space on the lab bench for dwing of hair samples.
(e) place papertowels or blotter paperon the benchtop and label areas for

dryingof each sample.

2. Remove hak from plastic bag.

3. Holding hair in one hand, allow a gentle trickle of deionized water to pass
through the hair. Repeatedly squeeze the hair. .

4. After a minimumof 1 rain., check the water flowing through the hair. If the
water remains clear and no visible foreign material remains in the hair, the
rinsing process may be terminated. If both conditions are not met, continue _k
rinsing and squeezing until water is clear and hair appears dean.

5. If any hair is washed from the hand into the sink, that lost material maynot
be used in the sample because of the potential for cross contamination.
Reduce the flow of water to eliminate the loss of hair.

6. Squeeze as much water as poss_le from the hair sample and piace the hair
on a paper towel or blotter paper (from Step 1.e) to dry. Allow >--16h (i.e.,
overnight) for air drying.

7. After hair is dry, place in a preweighed 15-ce plastic petri dish. Weigh the
dish and hair and calculate and record the weight of hair in the sample. Label
the dish with the ear tag number, the date of collection, and the weight of
h_o

8. Submit the sample to the FSD counting room for gamma counting.

9. Upon receipt of the gamma counting results, record the results, complete an
AnalyticalServicesRequest form, and submitthe sample for mercury and ICP
metalssnabTses.
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PROCEDURE FOR tlANDI,ING AND USE OF KETASET 1

As part of a long-term ecological monitoring program, raccoons and mink will be trapped in _e
White Oak Creek floodplain; the East Fork Poplar (."reek floodplain, and in various uncontaminated areas
around the Oak Ridge Reservation usingwire mesh traps. Traps will be set in the late afternoon and
checked early in the morning of the following day. Nontarget animals (e.g., skunk, opossum, fox) will
be released immediately. Ali animals will be releaseA in the immediate vicinity of the trap site within a few
horn's of capture (i.e., no animals will be kept overnight).

Raccoons and mink will be anesthetized with '_taset. The animals will be weighed while in the trap
to determine proper Ketaset dosage. The recommended dosage for both species is 25-35 mg/kg body
weight 2, which will be administered by intramuscular injection in the flank area of the animal. Once the
animals are immobilized they will be removed from the cages using heavy gloves and a catch-pole.
Further examination of the animals will include overall health check, sex determination, ear tagging,
removal of a hair sample, and possibly adipose tissue removal depending upon the feasibility of proposed
techniques (e.g., liposuction). The animals will be kept under supervision until they are conscious and
able to safely leave the capture area.

Some enimals will be gamma counted at the Tennessee Wildlife Resources Agency checking station
on Bethel Valley Road. Later in the study, some raccoons will be fitted with radio collars.

The primary supply of I_taset will be kept by the Biology Division Safety Officer (L. L, Triplett).
A working supply of up to 2 bottles will be kept in lqmilding 1505 for immediate use by project personnel.
Within 1505, the Ketaset will be kept in a locked dr_twerin room 144A; this room is used for storage of
small quantities of various radionuclides and is kept locked at all times. Access to the drawer will be
controlled by the principal investigator El'. L. Ashwood) and will limited to personnel on this project.
Access to the radioisotope storage room is controlled by R. IC McConathy, the Environmental Sciences
Division Safety Officer. Each time a quantity of the drug is removed from the drawer, a record will be
made on the Drag Control Record (DCR). When a bottle is emptied, the empty bottle and associated DCR
will be returned to the Biology Division veterinarian (V. LoGodfrey), and a new bottle will be obtained.
Copies of ali completed DCRs will be retained by the principal investigator.

APPROVED BY: /? f)

T. L. Ashwood, Principal Investigator, Environmental Sciences Division / " Dat_

' ' ---" - l 1

_ ,, / /
L. L. Tdplett, Divisi 'oliSafety'Officer, Biology Division Date

"- f )s,_ ..... -- •

R. K. McConathy, Division Safety Officer, Environmental Sciences Dl,,ision Di

1 Ke.ta_ is the tredename for ketamine hydrochloride, a labelled drug used for anesthetizing animals. The drug comes

as a slightly acidic solution (pH 3.5-5.5) in 10-mL vials (100 rag/mL) and must be u,_d under the dir_tion of a licensed
veterinarian.

2Thisdose is recommendedby theCanadaMinistryof NaturalRe.,mureesin theirhandbook3_;l.Ellfl_,_
_danagementandConservationin NQI_America(1987). A dosageof 22 mg/kg(10 mg/lb)hasbeenusedsuccessfullyon
....... t.. .... ,a...... a ¢.... lh, ,,_4rrh,,,I l'nlo,,,_lt_unf T.nn_,_em,.P._r_f_r_rtm@.n!nf l_nlna._,lrv.Wildlife.,. al'ldFishe.rie_g.l, ._ w,,._..,,..,_ _- - ........................... ,,,. • •
llli.,41ii.)t_i_ Ia,T i, lllili_silo lallili iillii_ .7 " "*'''J'
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SURVEYS TO DETERMINE THE EXTENT OF THRF.ATENED
AND ENDANGERED SPECIES, WETLANDS, AND

FLOODPLAINS

prepared by

T. L Ashwood, C. J. Hardy, and 11.L Knxxisma
Environmental Sciences Division

• 1, PURPOSE

To define the actions necessary to determine whether and to what extent threatened
end endangered species, wetlands, and floodplains exist within a specific area.

2. SCOPE

This procedure applies to surveysof federallyYdst_edand state.listed plant and animal
species that are threatened, endangered, or in need of management. The procedure also
addresses surveys to identify the extent of wetlands and floodplains.

3. PROCEDURES

Field research penonnei are expected to have whatever training is required for access
to the study site. Observers who do not have the requisite training may be escorted to the
site provided that those respons_le for access control have approved the practice of escorting
visitors and provided ali escort requirements are fulfilled.

Personal protective clothing requirements and personnel monitoring procedures vary
from site to site. Ali field researchers and observers will comply fully with the established
proc_ures for the study site. As a minimum, field reu:archers and any observers must wear
ORNL-provided field clothing (khakis, coveralls, etc.) for study sites on the Oak Ridge
Reservation (ORR). Sturdy boots are required for ali field researchers, and wet sites may
require rubber boots or waders.

1. The Tennessee Department of Environment end Conservation (TDEC),
Tennessee Wildlife Resources Agency (TWRA), and the U.S. F'_h and
Wildlife Service (FWS) are contacted at least annually to obtain lists of
threatened or endangered plant and animalspecies present in the Oak Ridge
area and surrounding region.

2. The ecology and habitat requirements of the Mistedspecies, which are
generally well known, have been reviewed. Based on this review, a
determination has been made for each species as to whether the species
occurrence is likely on the Oak Ridge Reservation (ORR) and whether any
potentially suitable habitat is present on the ORR. (The presence or absence
of habitat types on the ORR is well known.) This determination is updated
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requiredbyanychangesinthellst_obtainedinstepI.ORNL reportson
thestatusoflistedspecieson theORR havebeendrafted.

3. Records of current and past observations of listed species are maintained.

4. F._chproposed construction site or remedialaction area is evaluated for the
potential presence of I/stedspecies based on the information obtain,xi in steps
1-3 above.

5. If a listed species is potentially present on a site, a determination is made as
to whether and when a field survey is requ/red.

6. Wetlands on the ORR have been generally surveyed, and a report containing
this su_ informationhas been issued in draft form.

7. Wetlands surveys areconducted on asite-by-site basis as requested in support
of specific projects.

8. Ali surveysareconducted by competent biologists specificallytrained for these
surveys.

9. Results of the surveys are documented in letter reports to the requesting
authority.
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FECAL MATERIAL SAMPLING

prepared by

T. L Ashwood
Environmental Biotechnology Section

L PURPOSE

To define the actiom _ry to obtata fecal material samples (w,aU) from small
carnivora and to prepare those uunples for maalysb. Although chain of custodyprocedures
will be followed, these samples are intended for field_-reealng purpm_, only. The objective
of the task is to identifyanimal species that may require further investigation either because
they themselves are at r_k or because they _rve at sn ecological indicator of contaminant
levels in the Whiteoak Creek floodplain. The data from this studywill not be used by itself
to evaluate risksor the need for remedial _tiom.

2. SCOPE

procedureapplies to mt sampling of small carnivoresbut maybe _ fora wide
range of mammals. The sample preparation steW are primarily applicable to analysk of

_ contaminant levels, and these steps should be rc.viewedand revised m _ry if other
analyses (e.g., food content) are intended.

3. EQUIPMENT

1. Sur_vor's flagging for identifying sample transects.
2. Rubber gloves.
3. Ftcld clothes approprhte to the field site.
4. Small (15 cut) plutie ruler.
5. Large forceps.
6. Prev_eighed 15-cc plastic/_tri d_hes for samples (tare weight must be marked

on dish).
7. Yellow plastic tape.
8. Permanent ink marker.

: 9. Field notebook.
10. Scat and trackidentificationguides.
I1, Plastic U'uh bag.
12, Sturdy bag (e.g., daypack) for carryingequipment and s_nples.
13. Camera (optional). '

q
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4. PROLW.J3UREB

A major health concern related to handling of wild animal feces is transfer of
par_ites, particularlythe round worm Baylis ascerlsI, from animals or their scats to humans,
Ali personnel handling scats mint wear plastic gloves during this handling. As soon as
possible after handlingany scats, each individualmust thoroughlywash their hands and arms
to the elbow with soap and hot water. All clothing that has been iv. contact with the scats
must also be laundered, and care _hould be taken to keep hands, clothing, or any potentially
contaminated items away f_m the face. Eating, drinking, chewing tobacco, smoking, or

applying cosmetics are to be avoided white in the field, unless the individual is able to
thoroughly wash in the field.

Field research personnel are expected to have whatever trainingis requiredforaccess
to the study site. Obrmrven who do not have the requisite training may be eacorted to the
site providedthat those responsible for access control have approved the practiceof escorting
visitors and provided ali escort requirements are fulfilled.

Personal protective clothing requlrementltand personnel monitoring proceduresvary
from site to site. Ali field researchers and observers will comply fully with the established
procedures for the study site. As a minimum, field researchers and any observers mustwear
ORNL'provided field clothing (khakis, coveralls, etc.) for study sites on the Oak Ridge
Reservation (ORR). Sturdy boots are required for ali field researchers, and wet sites may
require rubber boots or waders.

4.1 SAMPLE COLLECTION

1. Prior to sample collection, the field site should be visually surveyed in detail
to identify signs of the target animal(s). Based on such signs and on a
knowledge of the habitsof the animal(s), one or more transectsshould be laid
out and marked with the flagging. This step should be accomplished a few
days prior to sample collection to allow the signs of human interference
(primarilyscent) to disappear.

2. In an orderly fashion, follow the transect(s) carefully looking for scats.

3. Scats that arc found should be identified as cloecly as possible to a species
using We field guides available for this purpese. Scats that cannot be
identified closer than family (e.g., Mu.vtelidae) should not be collected. If
desired, photos of the scat and surrounding site may be taken.

t Baylisascem may be contracted from the scat or feAT.almaterial _f raccoons and is always fatal
when contracted by humans.



C-87
q

If photos are taken, the roll of film must. be marked wifla a unique
identification number,and the frame number of each photo must be recorded,
along with the roll number, in the field notebc_L

4, lt is critical that ali factorsconsidered in ,,cat identification be recorded in the
field notebook. Also record the location of the scat, the color, degree of
dryneu, presence of other sign (e.g., tracks, fur), and any other information
that may be of me in confirming the identification or in evaluating the results
(for instance, old driedscau may have lost contamination through leaching by
rain).

5. Uftng the forceps, piace the scat sample into a patti dkh that hm already
been marked with the date, probable species, location, and umque sample
identifier. It is essential that the sample completely fill the patti dish. If
there k imuWtctent material to fill the dish, then the proportion of the dish
(e.g., one half) filled must be noted on the container. Seal the dishes with
yellow plastic tape.

- 6. If there is sufficient matel_al, prepare duplicate samples.

7. II'a field survey imtnunent is available, survey the scat samples in the field
and record the reading(counts per minute above background)on the bag and
in the field notebook. If s field survey instrument is not available, survey the
utmples upon returning to the laboratory and record the same information.

8. Upon returning to the lab, weigh the sample dishes and calculate the fresh
weight of the sample. Mark this weight on the dish and in the field notebook.
Place the aauaplesin a locked freezer and complete chain of custody forms.

4.2 SAMPLE PREPARATION

Because the scats of wild animalsmaycontain dirt and other contaminants not related
to the diet of the animal, it it ea_ntial that careful preparation of the samples precede
submi_ion for analysis. The following steps represent a minimum protocol for cleanliness.
Throughout these steps, the labworker should wear plastic gloves. Gloves should be washed
thoroughly, or changed, between samples to prevent cross contamination. If the scat is
ezpected to be contaminated with radionuclMza, then ali waste from these steps should be
treated as low-level compactible or liquid waste.

1. Contact the lab steward for the ESD counting room and arrange a schedule
for gamma counting of the samples. Ali w.at samples are to be counted for
_1000 rain (Le., overnight). Provide patti dishes (still frozen) in a plastic bag
on the agreed upon schedule.

2. After a sample has been gamma counted, return the temple to the locked
freezer.
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3. When a sufficient number Of samples have been counted to provide a
reasonable batch size for chemical anal_/s (i.e., >_10), remove the samples
from the freezer and split each sample into two equal portion& Place each
portion into a plastic scintillation vial labelled with the sample number,
collection date,,sample matrix(i.e., fecea), and preservation (Le., frozen).

4. Complete sample forms and submitsamples to Anab,tical Chem/JtryDivkton
for analysis.. One vial should be analyzed for mercury, and the second vial
should be analyzed for PCBI and organochlodne pest/cities (by capiUary
column gas chromtography ).
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