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EXECUTIVE SUMMARY

This report summarizes the data collection and analysis activities conducted during the
100-KR-1 source operable unit limited field investigation (LFI) and the associated qualitative risk

" assessment (QRA) and provides recommendations on the continued candidacy of high-priority

sites for interim remedial measures (IRM). An IRM is intended to achieve remedies that are

The data collection and analysis activities were conducted in accordance with the
100-KR-1 operable unit workplan (DOE-RL 1992a). The qualitative risk assessment was
performed in accordance with the Hanford Site Baseline Risk Assessment Methodology
(DOE-RL 1993a), and the recommendations incorporate the strategies of the Hanford Past-
Practice Strategy (HPPS; Thompson 1991). The purpose is to provide a summary of site
characterization activities, refine the conceptual exposure pathway model (as needed), identify
chemical- and location-specific applicable or relevant and appropnate requirements (ARAR),
provide a qualitative assessment of risks associated with the sites, and identify those sites that are

candidates for an IRM.

The 100-KR-1 source operable unit encompasses an area of approximately 0.6 miZ and is
located immediately adjacent to the Columbia River. In general, it contains facilities associated
with disposal of cooling water effluent from the two reactors in the 100-K Area. All known and
suspected areas of contamination were classified as high- or low-priority based on the collective
knowledge of the operable unit managers (representatives from the U.S. Department of Energy,
the U.S. Environmental Protection Agency, and the Washington Department of Ecology) during

- preparation of ihe 100-KR-1 workpian. High-priority sites were judged to pose sufficient risk(s)

ihrough one or more pathways to require evaluation for an IRM. Low-priority sites do not pose
sufficient risk to require streamlined evaluation. In the 100-KR-1 operable unit, six facilities
were identified as high-priority waste sites: the 116-K-1 crib, the 116-K-2 trench, the 116-K-3
outfall structure, the 116-KW-3 retention basin, the 116-KE-4 retention basin, and the process
effluent pipelines. There are no low-priority sites in the 100-KR-1 operable unit.

Based on the workplan, four of the six sites were investigated during the LFI: the

.~ 100-K-1.crib, the 116-K.2 trench, the 116-KW-3 retention basin, and-the-116-KE-4 reiention

basin. These sites were investigated using boreholes, testpits, field screening, geophysical
surveys, and samples were submitted for laboratory analysis. All analytical data were validated.

Analytical results, field screening, and geophysical surveys all show that radiological
contamination of vadose zone soils is the primary concern. The principal radionuclides found
during the LFI include americium-241, cesium-137, cobalt-60, europium-152, europium-154,
europium-133, plutonium-239/240, and stronttum-90. In general, maximum concentrations of
radionuclides were found in soil samples collected from the 116-K-2 trench. The contamination
of soil in the 100-KR-1 operable unit by radionuclides is a result of disposal of reactor cooling
water effluent to soil disposal sites (cribs and trenches) or leakage from basins and pipelines.
Metal contamination (concentrations that exceed Hanford Site background concentrations) was
found at the 116-K-2 trench, near the 116-KW retention basin, and near the 116-KE-4 retention

basin. Metal contaminants included chromium, cobalt, copper, mercury, and zinc. None of the

- metal concenirations exceeded poieniial soii cleanup ARARs (Washington State Model Toxics

Control Act [MTCA] Method B criteria). Semi-volatile organic compounds (benzo(a)anthracene,
benzo(b)fluoranthene, and chrysene) were detected in surface soil samples from a testpit near the
116-KW-3 retention basin at concentrations that exceeded the MTCA Method B cleanup criteria.
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No source for contamination of soil by semi-volatile organic compounds has been determined.
Volatile organic compounds were detected in a number of samples, but at very low concentrations
and are likely to be laboratory artifacts.

The remaining two high-priority sites (the 116-K-3 outfall structure and the process
effluent pipelines) not investigated during the LFI were evaluated for continued IRM candidacy
_.using information available from analogous facilities or historical data.

A QRA was performed for the high-priority sites. Conservative assumptions, such as
highest reporied coniaminani ievels from either the LFI or historical data base were used. The
QRA provides estimates of nisk to human and ecological health. Human health risks were
estimated assuming either low- or high-frequency use and includes considerations such as the
attenuation of external dose provided by layers of clean fill that overlie some of the sites.
Ecological hazards were evaluated by considering external dose and the uptake and accumulation
~.of contaminants in the food web. -The QRA identified the major-human health risk to be
exposure to radionuclides. The major ecological health risk was found to be exposure to
radionuclides and to metals.

The 100-KR-1 high-priority sites were recommended for continued candidacy for an IRM

using the following criteria:

. If human and ecological risk estimates provided by the QRA for a low-
frequency use exposure scenario showed a lifetime incremental cancer
risk greater than 1E-04 or an environmental hazard quotient greater than 1

. If contaminants at a waste site exceed a chemical-specific ARAR

. If LFI results show that a site is a current source of groundwater
contamination

. If the conceptual exposure assessment model of the site is found to be
incomplete and additional data collection through limited field sampling is
recommended

. The potential for natural attenuation of contaminants (e.g., radionuclide

decay by the year 2018) may be a consideration for sites where risk is
caused by external exposure to radionuclides with half-lives of 30 years
or less.

o " Based on the criteria above, the 116-K-1 crib, 116-K-2 trench, the 116-KW-3 retention
basin, the 116-KE-4 retention basin and the 116-K-3 outfall structure are recommended to remain
candidates for an IRM. These sites show contamination that pose a risk to human or
~--environmental health. . In-addition, the 116-K-2 trench poses a potential risk to groundwater due
to chromium. The use of IRMs is warranted to minimize potential contaminant migration from
these sites.

selection. Historical data shows the process effluent pipelines are contaminated with
radionuclides at concentrations that are a potential threat to human and environmental health.
However, the contamination consists of scale on the inside of the pipe. Consequently, the

The recommendation for the process effluent pipelines is to defer them to final remedy
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" contaimination is contained within the pipe and is physically isolated from the environment.
Because contaminant migration into the environment is minimized, the pipelines pose little or no
risk. Therefore, an IRM will do little to mitigate specific contamination and is not justified.
Consequently, remediation of the pipelines should be deferred to final remedy selection process
for the operable unit.

[
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~ LIST OF ACRONYMS
ALARA as low as reasonably achievable
ARAR applicable or relevant and appropriate requirements
ASTM American Society for Testing and Materials
BARCT best available radionuclide control technology
bls below land surface
CERCLA Comprehensive Environmental Response, Compensation and Liability Act
CFR Code of Federal Regulations
CLP Contract Laboratory Program
CRDL contract required detection limit
CRQL contract required quantitation limit
DOE U.S. Department of Energy
DOE-RL U.S. Department of Energy, Richland Operations Office
Ecology Washington State Department of Ecology
EHQ environmental hazard quotient
Ell Environmental Investigation Instruction
EPA U.S. Environmental Protection Agency
ERA Expedited Response Action
GM Geiger-Muller probe
HPPS Hanford Past-Practice Strategy
HSBRAM Hanford Site Baseline Risk Assessment Methodology
IAEA International Atomic Energy Agency
ICR lifetime incremental cancer risk
iDL instrument detection limit
IRM interim remedial measure
LF limited field investigation
MCL maximum contaminant level
MTCA Washington State Models Toxics Control Act
NOEL no observable effect level
NPL National Priorities List
NRC U.S. Nuclear Regulatory Commission
OVM Organic vapor monitor
PCB polychlorinated biphenyl
QRA qualitative risk assessment
RCRA Resource Conservation and Recovery Act
RCW Regulatory Code of Washington
RFI/CMS RCRA Facility Investigation/Corrective Measures Study
RI/FS remedial investigation/feasibility study
ROD Record of Decision
SARA Superfund Amendments and Reauthorization Act
TAL target analyte list
TBC to-be-considered
TCL target compound list
UTL upper tolerance limit
VOC volatile organic compound
WAC Washington Administrative Code
WHC Westinghouse Hanford Company
WL Working Level

iii
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1.0 INTRODUCTION

The Hanford Site near Richland, Washington was used by the U.S. Government to produce
plutonium for nuclear weapons. The U.S. Department of Energy (DOE) currently manages the site
which contains six operational areas. The U.S. Environmental Protection Agency (EPA) placed
four of these six areas (the 100, 200, 300, and 1100 Areas) on the National Priorities List (NPL) in
November 1989, under the Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA) of 1980. The Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement, Ecology et al. 1992) subdivided the individual operational areas into source and

~-----— -groundwater-eperabie units based on waste disposal information, location, facility type, and other
site characteristics.

Source operable units include facilities and unplanned release sites that are potential
sources of hazardous substance contamination. The 100-KR-1 operable unit is a source operable
unit within the 100 Area. Data collection and analysis activities conducted at the 100-KR-1 source

~-- -operable unit during the limited field-investigation (LFI) and the qualitative risk assessment (QRA)
are summarized in this report. The purpose of the report is to evaluate available information and
provide sufficient rationale to select sites for implementation of interim remedial measures (IRM).

1.1 SITE BACKGROUND

The Hanford Site is located in south-central Washington State (see Figure 1-1). The 100-K
Area, located in the north-central part of the Hanford Site, was the site of two reactors that were

- -----used to produce plutonium.

1.1.1 The 100-KR-1 Operable Unit

Reactor operations in the 100-K Area released chemical and radioactive wastes to the soil,
air, and water. For cleanup purposes, the 100-K Area has been divided into four operable units
(see Figure 1-2). Three of the units are source operable units: 100-KR-1, 100-KR-2, and
oo oo s 100-KR-3. ~The-fourth; 100-KR<4; is a groundwater operable unit that inciudes all groundwater,

B saturated soils, surface water, and aquatic biota potentially affected by operations in the 100-K
Area. Groundwater monitoring welis for the 100-K Area are shown in Figure 1-3.

The 100-KR-1 operable unit covers an area of approximately 0.6 mi®2. The operable unit is
located adjacent to the Columbia River, within Sections 5 and 6 of Township 13 N, Range 26 E,

- —and Sections 31 and 32 of Township.14 N, Range 26.E.. Figure 1-2 shows the facility layout of
the 100-KR-1 source operable unit. The facilities located within the 100-KR-1 operable unit are
associated with reactor cooling water effluent. These facilities include the 116-K-1 crib, the
116-K-2 trench, the 116-KW-3 and 116-KE-4 retention basins, the 116-K-3 outfall structure, and
the process effiuent pipeliines.

1.1.2 The 100-KR-1 Operable Unit Conceptual Site Model
The conceptual site modei for the 100-KR-1 operable unit was developed during the
preparation of the remedial investigation/feasibility study (RI/FS) work plan (DOE-RL 1992a). The

conceptual model as presented in the work plan addressed the following:

1-1
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. structure and process of the waste sites
. source of contaminants
. type of contaminants
. nature and potential routes of contaminant migration
. known and potential human and environmental receptors.

The conceptual model is summarized below. Additional details can be found in the

- -108-KR-1 work plan.
- -~ In- summary, the work plan identified the liquid waste disposal facilities (116-K-1 crib,
"~ ' 116-K-2trench, 116-KW-3 and 116-KE-4 retention basins, 116-K-3 outfall structure, and the
process effluent pipelines) associated with the reactor coolant effluent as the primary contaminant
~—--sotirces in the 100-KR-1 operable unit. In the past the process effiuent, which was contaminated
with radionuclides and hazardous chemicals, was discharged directly to the Columbia River and
soil-specific retention areas (trenches and cribs) for disposal, or to nonspecific soil areas via leaks

and spills.

Preliminary evaluation in the work plan of contaminant sources, release mechanisms,
environmental transport media, and likely environmental receptors suggests that the most probable
primary sources of contaminant releases to the 100-KR-1 operable unit environment are the process
effluent facilities. While process effluents were once discharged directly into the Columbia River,
the current mechanism of contaminant release is through infiltration from previously contaminated
soils near the facilities into the underlying groundwater. This groundwater eventually discharges

- inio- the Columbia River where it can contaminate the sediments and has the potential to impose
adverse impacts upon local biota. Of particular concern are impacts to sensitive and economically
important fauna (e.g., salmon eggs and fry). Because there are no nearby residences, the most
likely potential for current human exposure to 100-KR-1 operable unit contaminants is to onsite
workers.

This conceptual model has been updated with data acquired through the LFI, and is
presented in Chapter 5 of this report.

ey

1.2 THE HANFORD PAST-PRACTICE STRATEGY AND THE 100-KR-1 LFI

1.2.1 Hanford Past-Practice Strategy

The signatories of the Tri-Party Agreement [DOE, EPA, and the Washington Department of
Ecology (Ecology)] developed a new strategy to manage and implement past-practice
investigations. The Hanford Past-Practice Strategy (Thompson 1991) was developed to enhance the
efficiency of ongoing CERCLA RI/FS and Resource Conservation and Recovery Act (RCRA)
facility investigation/corrective measures study (RFI/CMS) activities in the 100 Area of the
Hanford Site. The objective of the HPPS is to expedite the ultimate goal of cleanup, by initiating
-~ —-—and-completing waste site cleanup through interim cleanup actions.

The HPPS focuses on reaching early decisions to initiate and corplete cleanup projects by
maximizing the use of existing data that are consistent with the data quality objectives, together

——-—--— - with short-time-frame investigations, where necessary. As more data becomes available on

contamination problems and associated risk, the details for longer-term investigations and studies

1-2
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are better defined. The effective use of existing data along with better management of uncertainty
should reduce the number of sampling episodes and expedite treatability studies, feasibility studies,
and cleanup actions, including expedited response actions (ERA) and IRMs.

The near-term strategy for decision-making in the HPPS and mitigating contamination

- problems- at specific waste sites provides for three different pathways,
. The ERA pathway is used for abatement if conditions exist or are suspected

that create an unacceptable current or future health or environmental risk
and necessitate a rapid response to mitigate the problem.

. The IRM pathway without an LFI is appropriate if existing data are judged
sufficient to develop a conceptual site mode! and perform a qualitative risk
assessment. If necessary, a focused feasibility study will be conducted to
select the IRM remedy.

...»_ ... The LFI pathway is used to identify and gather the minimum additional

"“data needed to formuiate a conceptual site model and perform a QRA that
would support an IRM or other decisions. The LFI is limited in scope and
generally is not intended to support a final record of decision. Regardless
of scope, however, the LFI is part of the RUFS (or RFI/CMS) process and
not a substitute for it.

Figure 1-4 summarizes the HPPS RI/FS process described above,

Although interim actions (ERA and IRM) may be used to mitigate specific contamination
problems, the process of final remedy selection must be completed for the operable unit and the
100 Area NPL site to reach closure. The information obtained from the LFIs and interim actions
may be sufficient to perform a risk assessment and to select the remedy for the operable unit. If
the data are not sufficient, additional investigations and studies will be performed to the extent
necessary to support the operable unit remedy selection. These investigations would be performed
within the framework and process defined for RI/FS programs.

1.2.2 Application of the Hanford Past-Practice Strategy to the
100-KR-1 Operable Unit

Implementation of the HPPS to the 100-KR-1 operable unit began with the development of
the Remedial Investigation/Feasibility Study Work Plan for the 100-KR-1 Operable Unit, Hanford
Site, Richland Washington (DOE-RL 1992a). Following agreement on the past-practice strategy,

- -the three- parties re-scoped the 100-Area work plans with a bias toward IRMs and with- the initial

focus of the LFIs placed on the highest priority waste sites within each operable unit. The

-cellective knowledge and judgment of the three parties together with information contained in

existing work plans were used to classify all known and suspected areas of contamination into
either high-priority or low-priority waste sites and the paths to be followed to implement the HPPS.
The decisions made during joint meetings among the three parties are documented by meeting
minutes that are part of the administrative record.

i-3
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The high-priority waste sites in the 100-KR-1 operable unit were identified as follows:

. 116-K-1 crib

. 116-K-2 effluent trench

. 116-K-3 outfall structure

. 116-KW-3 retention basins
. 116-KE-4 retention basins

. process effluent pipelines.

Limited field investigations leading to IRMs were proposed for the 116-K-1 crib, the
116-K-2 effluent trench, the 116-KW-3 retention basin, and the 116-KE-4 retention basin. The
remaining high-priority waste facilities in the 100-KR-1 operable unit (the 116-K-3 outfall structure
and the process effluent pipelines) were recommended for remediation (IRM) using information
gained from analogous sites. The knowledge gained from the characterization/remediation of other
100 Area analogous facilities will be applied toward remediation of the 116-K-3 outfall structure
and the process effluent pipelines. At these sites, further characterization will be performed
concurrently with remediation, using the observational approach. Table 1-1 contains a list of all
100 Area wide analogous facilities that are defined as facilities used in a similar manner and as
part of a similar waste stream.

- No low-priority facilities-are currently-identified within-the 100-KR-1-operable unit. ~If any
low-priority facilities are located by the source data compilation, any field investigations will be
deferred until the cumulative risk assessment for the entire 100 Area.
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Table 1-1. 100-KR-1 Operable Unit Waste Sites and 100 Area

DOE/RL-93-78
Draft A

Analogous Sites.

100-KR-1 Operable Unit | 100-B/C Area | 100-D/DR Area 100-H Area 100-F Area
: Waste Sites.
116-K-1 effluent crib 116-B-1 116-DR-1 116-H-1 116-F-2
116-C-1* 116-DR-2
116-K-2 effluent trench | 116-B-1 116-DR-1 "116-H-1 116-F-2
) ) 116-C-1* 116-DR-2
116-K-3 outfall 116-B-7* 116-D-5 116-H-5* 116-F-8°
structure 132-B-6" 116-DR-5
132-C-2*
116-KW-3 retention 116-B-11 116-D-7 116-H-7 116-F-14
basins 116-C-5 116-DR-9
116-KE~4 retention 116-B-11 116-D-7 116-H-7 116-F-14
basins 116-C-5 116-DR-9
| Effluent discharge Effluent Effluent Effluent Effiuent
pipelines and valves discharge discharge discharge discharge
' pipelines and | pipelines and pipelines and | pipelines and
valves® valves® valves® valves®

*A treatability study or technology demonstration is proposed.

*An IRM is proposed.
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® DOE/RL-93-78
Draft A

'~ 7 7720 LIMITED FIELD INVESTIGATION ACTIVITIES

The LFI began the investigative phase of the RI for the high-priority sites identified in

characterization activities into 13 tasks. These tasks are listed in Table 2-1.

The LFI investigative activities (see Table 2-2) are discussed in greater detail in the
following sections. Results of aggregate area investigations are summarized in the appropriate
-~ section below. Results of 100-KR-1 operable unit field investigation activities are discussed in
Chapter 3.

2.1 SOURCE INVESTIGATION

A search of documents, photographs, and drawings from the 100-KR-1 operable unit
was conducted to provide additional information about source units or potential source areas to
focus subsequent investigative tasks (Stankovich 1992). Existing information on facilities within
the 100-KR-1 operable unit was reviewed to more accurately and completely characterize
potential sources of contamination and close data gaps identified in the 100-KR-1 RI/FS work
plan (DOE-RL 1992a).

e e mn 2.2. AGGREGATE AREA INVESTIGATIONS

2.2.1 Geology Investigation

Detailed results of the geology investigation for the 100-K area are contained in Geology
of the 100-K Area, Hanford Site, South Central Washington (Lindberg 1993). In summary, the
- - "100-K Area and vicinity is underiain (from oidest to youngest) by flows of the Columbia River
- = - —— Basalt Group-with-the intercalated EHensburg Formation, the Ringold Formation, the Hanford
formation, and scattered Holocene deposits. The Ringold Formation consists of semi-indurated
clay, silt, fine- to coarse-grained sand, and pebble to cobble gravel grouped into five sediment
facies associations that are defined on the basis of these lithologies, petrology, stratification, and
pedogenic alteration. ‘

The Hanford formation consists of three facies: (1) gravel-dominated (pebble-to-boulder
gravel), (2) sand-dominated (fine- to coarse-grained sand), and (3) silt-dominated. These
e oo <800 UDERt-types-within-the Hanford formation represent end members within a continuum of
sediment types that were deposited by cataclysmic flood waters that drained out of glacial lake
Missoula. Sharp distinctions among these sediments cannot always be made (Lindberg 1993),
The Holocene surficial deposits consist of a thin veneer (< 16 ft) of silt, sand, and gravel
deposited by a mix of eolian and alluvial processes.

"~~~ Within the 100-K Area, basalt is encountered at depths greater than 500 ft below the
surface.. The Ringold Formation is exposed at the surface along the banks of the Columbia
- - - River and up to-1,200 ft-away from-the river-(which includes much of the 100-KR-1 operabie
unit). Elsewhere, the Hanford formation covers the Ringold Formation in gradually increasing

2-1
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" thickrtess up to the soutiiern boundary of the 100-K -Area; where the formation is approximately
120 to 130 ft thick. Holocene deposits in the 100-K Area are dominated by Columbia River
deposits and eolian deposits. The Holocene deposits are not areally extensive.

-~ —~Nearly the entire surface of the 100-K Area, with the exception of some locations along
the steeply pitching river banks, has been disturbed by grading or excavation. Fill materials are
largely composed of native materials. The extent of fill is greatest near the river bank terrace at
berms established adjacent to the 116-KW-3 and 116-KE-4 retention basins, the 116-K-1 crib
and local fill areas from washouts along the 116-K-2 trench.

222 Ecolo

The 100 Area operable units, which cover a total of 4,532 ac, are topographically and
environmentally similar, Each is situated along the Columbia River bank, with the reactor
tocated on a high gravel terrace left by the recession of glacial floodwaters at the end of the
Pleistocene Epoch. Shoreline areas grade from steep banks with narrow cobble beaches to
broad, stepped, well-defined terraces with gently sloping beaches. The flood plain terraces
consist of sand deposited during the Holocene Epoch and occur on at least two levels, one
dating to the early or middie Holocene and another representing the later Holocene. Inland
areas are broad flats broken only by stabilized dunes. The area from west of the 100-N Area to
the western edge of the 100-D Area differs from this general pattern. In that vicinity are large,
rounded gravel mounds (ripple marks) formed during catastrophic Pleistocene floods.

Ecological field investigations were conducted to:

. provide a description of the flora and fauna associated with the 100
Areas operabie units with an emphasis on potentially signiticant
pathways, and those species that have been classified as threatened,
endangered, candidate, or monitor species by the state or federal
government

. evaluate existing concentrations of contaminants in major species and
pathways associated the 100 areas operable units (Landeen et al. 1993).

zzm oo oz —-The field investigations concentrated on bird surveys, mammal and insect survevs,

vegetation surveys, and sampling of various biota for radionuclides and inorganic waste
constituents analysis. These investigations were completed in accordance with Appendix D-2 or
the groundwater operable unit work plans (e.g., DOE-RL 1992b).

Comprehensive bird surveys were conducted at the 100-HR-3 and 100-BC-5 operable
units during the winter, spring, summer, and fall of 1991 (Landeen et al. 1993). The main

---m-- = - - DUrpoSes were to verify existing species-lists-for the 100 Areas, to identify potentially significant

pathways, and to verify and document species of special interest that use the operable units.
Landeen et al. (1993) provides complete lists of birds identified during the surveys. No effort
was made to quantify bird species inhabiting the operable units. Some common species reported
near the reactors and along the shoreline and riparian zone include common nighthawk
(Chordeiles minor), eastern and western kingbirds (Tyrannus and Tyrannus verticalis), willow
flycatcher (Empidonax traillii), swallow spp., killdeer (Charadrius vociferus), American robin
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(Turdus migratorius), gull spp.(Laurus spp.), American kestrels (Falco sparverius), black-billed
magpie (Pica pica), common raven (Corvus corgx), loggerhead shrike (Lanius ludovicianus),
white-crowned sparrow (Zonotrichia leucophrys), mourning doves (Zenaida macroura), rock

- - ---doves. (Columba livia), quail (Callipepla californica), dark-eyed juncos (Junco hyemalis), house

finch (Carpodacus mexicanus), horned larks (Eremophila alpestris), western meadowlark
(Sturnella neglecta), red-winged blackbirds (Agelaius phoeniceus), European starling (Sturnus
vulgaris), song sparrow (Melospiza melodia), house sparrow (Passer domesticus), buffiehead

' (Bucephala albeola), conimon merganser (Mergus merganser), great blue heron (Ardea

herodias), American white pelican (Erythrorhynchos pelecanus), bald eagle (Haligeetus
leucocephalus), Canada goose (Branta canadensis), mallard (Anas platyriynchos), American
wigeon (Anas americana), northern shoveler (Anas clypeata), gadwall (Anas strepera), and
redhead (Aythya americana).

Mammal species observed, including signs of animal activity such as burrowing, tracks,
and scat, during field work activities (e.g., bird surveys, vegetation surveys, sampling, and
general site reconnaissance) were recorded. No effort was made to quantify mammal species or
inventory bat species, nor was trapping conducted to determine presence or absence of small

-~ — — —mammal species. The most common mammals found in the 100 Areas are the mule deer

(Odocoileus hemionus), coyote (Canis latrans), Great Basin pocket mouse (Perognathus parvus),
mammals known to inhabit the 100 Areas is provided in Landeen et al. (1993).
Harvester ant (Pogonomyrmex owyheei) colonies were also surveyed at individual waste

sites because excavation of subsoils by these colonies represents a potential contaminant
exposure pathway. Although harvester ant colonies were observed at several waste sites in the

- 100 Areas operabie uniis, none were observed in waste sites of the 100-KR-1 operable unit

_ (Landeen et al. 1993),

The plant communities within the 100 Area operable units are broadly described as
riparian along the Columbia River and as a cheatgrass community in areas away from the

. shoreline (Landeen et al. 1993). The shoreline in the 100-K Area is characterized as gently

-----sloping with-areas-of-large boulders-and-areas of gently sloping mudflats on which Southern

mudwort (Limosella acaulis) is found. Above the shoreline is a relatively broad riparian zone

— -—with-several distinct vegetative zones: Near the water line the plant community is sirongiy

dominated by reed canarygrass (Phalaris arundinacea). Above this zone is a Kentucky
bluegrass (Poa pratensis) zone, a thickspike wheatgrass (Agropyron dasytachyum) zone, and a
dryland cheatgrass (Bromus tectorum)/Sandberg’s biuegrass (Poa sandbergii) community. The

—-—--{reeg-in-the-riparian zene, primarily-elm (Ulmus-pumila)-and mulberry Morus alba), are

distributed in isolated clumps of five or six individuals. Beyond the riparian zone is a dryland,
cheatgrass-dominated community that typifies much of the upland in the 100 Areas. A complete
listing of species found in these communities is found in Landeen et al. (1993).

Ecological sampling was conducted in the 100 Areas and in and around the Columbia
River adjacent to the 100 Areas. Biota and soil samples were collected from species and media
with either a past history of documented contaminant uptake or an important position in the food

~-- - web, such as reed canary- grass; tree leaves;-asparagus-{4sparagus-officinalis), coyote scat,

raptor pellets, ant mounds, and small mammal burrows. These samples were analyzed for
target analyte list (TAL) analytes and selected radionuclides, The results of these sample

~ anaiyses have been compiled in Landeen et al. (1993). Cther resuits of sampling by site-wide
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surveillance and facility monitoring programs that can be used in the evaluation of ecological
contamination are presented in Weiss and Mitchell (1992).

Except for strontium-90 in tree leaves, Landeen et al. (1993) did not note any probable
contamination in environmental samples collected from the 100-K Area. Sampies of tree leaves
collected near the 100-K reactors showed strontium-90 concentrations that ranged from <0.55
pCi/g to a maximum of 88 pCi/g. Concentrations of other analytes (inorganics and
radionuclides) did not differ appreciably from collected control samples.

2.2.3 Cuitural Resource Investigation

- - -In compliance with Section 106 of the National Historic Preservation Act (16 USC 470
et seq.), Westinghouse Hanford Company (WHC) requested the Hanford Cultural Resources

Laboratory conduct an archaeological survey of the 100 Area reactor compounds. This survey
was conducted as part of a comprehensive review of 100 Area CERCLA operable units in
support of CERCLA characterization activities. The work included a literature and records
review and pedestrian survey of the project area following procedures set forth in the Hanford

o P —y 10000

-~ Cuitural Resources Management Plan (PNL 1985).

Five prehistoric sites and a farmstead were identified in the 100-K Area during the

. survey (Chatters et al. 1992). All of these sites are located on terraces along the Columbia

River. Three of the sites (45BN434, 45BN423, and 45BN424) are found in the 100-KR-1
operabie unit. These sites are located downhill, to the north and to the west of the retention
basins and the trench, and are adjacent to or intersected by radiation zones along the river
floodplain. These sites are considered to be at high risk during CERCLA characterizations

~{Chatters et ai. 1989). Evaiuation of the significance for the identified sites is continuing.

2.3 100-KR-1 LFI SAMPLING AND FIELD ACTIVITIES

Field activities used to evaluate contamination at the high-priority sites identified in the
work plan (DOE-RL 1992a) included cable-tool drilling of boreholes; backhoe excavations; field
screening for evidence of volatile organics, chromium, and radionuclides: sampling for geology,
physical properties, and analytical constituents; and borehole geophysical logging. The
description of work {(Green 1992) provided detailed guidance for these field activities. The LFI]
investigation activities for each waste site are summarized in Table 2-2.

2.3.1 Drilling and Excavations

Four boreholes were drilled at the 100-KR-1 operable unit to determine the nature and
vertical extent of contamination associated with liquid waste disposal facilities: the 116-K-1 crib
(borehole 116-K-1), 116-K-2 trench (borehole 116-K-2}, 116-KW-3 retention basin (borehole
116-KW-3A), and 116-KE-4 retention basin (borehole 116-KE-4A). The location of the
boreholes within each facility was chosen to represent the "worst case” contamination, such as
near locations of effluent discharge to the facility or near the center of the facility if the
discharge point could not be determined (see Figure 2-1). These boreholes were advanced using
cable~tool drilling methods and sampled with split-spoon or core-barrel sampler. Target depths

24
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e oo for-the boreholes-were established based on process knowledge and historical records, The
maximum drilling and sampling depth was 5 ft below the water table (Green 1992). Boreholes
were abandoned after all sampling and geophysical logging was completed.

Two test pits were excavated in the floodplain downgradient of each of the retention
e e o ... basin facilities (see Figure 2-1). At the 116-KW-3 retention basin, one test pit was excavated at
. thedischarge end of each of two drainage culverts. At the 116-KE-4 retention basin, one test
pit was excavated at the junction of the drainage ditches and one test pit was excavated at the
base of the washed out areas between the retention basin and the drainage ditch. These test pits
were used to provide a fast method for characterizing soil contamination in areas that received

effluent runoff due to basin leakage. The test pits were excavated using a backhoe,

2.3.2 Screening

All material exhumed from either boreholes or test pits was field screened for evidence
_of volatile organic_compounds (YOC) and radionuclides. The screening was used to_assist in
the selection of sample intervals and borehole total depths. The volatile organics were screened
using an organic vapor monitor (OVM) that was used, maintained, and calibrated consistent
with Environmental Investigations Instruction (EIT) 3.2 and 3.4 (WHC 1988). Radionuclide
screening was conducted using a portable scintillation counter per EIl 3.4 (WHC 1988). The
last sample interval was screened for chromium using a portable hexavalent chromium test kit.
e - - —- - -Bereening-resulis-were recorded in-logbooks as-specified in EH 9.1 for-borcholes-and EII 1.5
for test pits (WHC 1988).

Prior to initiating drilling or excavation, a one-time background reading for VOCs and
radionuclides was taken and recorded in the field logbook (or geologic log for boreholes),
except background VOCs were not reported for the 116-K-1 borehole (see Section 3.2.1.2).
Except for radionuclides in test pits, instrument backgrounds were measured on freshly
disturbed surface soil, holding the instruments <1 inch from the soil. Radionuclide background
for test pits was measured holding the scintillation counter at the approximate center of the test

. pit and approximately 3 ft above the ground.

Action levels were 5 ppm above background for VOCs and twice background for
~— - radionuclides. -Chromium screening was for informational purposes only; therefore, an action
level was not established.

2.3.3 Geophysical Logging

Three boreholes (116—1( 2, 116-KE4A, and 116- KW-SA) were logged usmg a spectral
gamma ray system in accordance with EII 11.1 (WHC 1988) No geophysmal loggmg was
performed in the test pits. The objective of the borehole surveys was to identify the presence
e oo and species-of man-made gamma-ray emitting radionuclides and the relative activity levels. The
- : : - speciral gamina-ray radiation logging system identified gamma-ray emitting radionuclides, their

concentration, and location in the borehole interval. The gross-gamma ray logging system only
indicates the total radionuclide activity and its depth of occurrence and not the individual
__________ oo - radioisotopes. - Additional details on-the methedology and limitations of the geophysical logging
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are presented in Appendix A.

2.3.4 Sampling

__ Four types of samples were collected: geologic samples (borehole), physical properties
samples (borehole), analytical samples (borehole and test pits), and reference samples. Geologic
samples were taken at 5 ft intervals, approximately, and at major stratigraphic changes for
preparation of borehole logs.

Four samples for physical properties analyses were collected at borehole 116-KE-4A.
The physical properties samples were coilected at approximately 5 ft intervals. The primary
objective for sample selection was to be representative of the principal soil types.

Analytical samples were collected from the boreholes and test pits in accordance with

~ EII 5.2 (WHC 1988). One sample was collected from the surface soil at each borehole or test
---pit location prior to drilling or excavation. - The remaining analytical samplas wera collected

based on the following criteria.

. If drill cuttings or exposed material in the backhoe were greater than or
equal to screening criteria (two times background for radionuclides or 5
ppm greater than background for VOCs), a sample was collected at that
point and sampling continued at 5 ft intervals until two consecutive

. . .
camnlac naccad corraaning ~Aritaria

TS TTTTTT T T T T ”otnuplv-rywow*aoxvvulu’s Wi ibWwi LChs

- If drill cuttings or exposed material in the backhoe bucket are less than
the screening criteria, a sample was collected at the maximum expected
waste depth. Sampling continued at 5 ft intervals until two consecutive
samples passed the screening criteria.

—-——Samples-from boreholes were cotlected using a split-spoonsampier. Sampies from the
test pits were collected directly from the middle of the backhoe bucket, away from the bucket
sides, using hand tools and standard soil sampling techniques, as directed by EII 5.2 (WHC
1988).

Two samples were coliected from a reference location (see Figure 2-1) in addition to the
samples collected from the four boreholes and the four test pits. These reference samples were
used to develop an operable unit specific control (see Section 3.1.1).

2.4 SAMPLE ANALYSES
Samples collected for chemical analysis were analyzed for the full suite of CERCLA

Contract Laboratory Program (CLP) target compound list (TCL) and TAL constituents, together
with certain specified anions that may be present, and radionuclides. Chemical analysis was

- conducted using CLP methods. -Chemical- analysis for non-CLP analyies {e.g., anions,

nitrate/nitrite) were performed according to standard EPA methods. Radiochemistry analysis
was performed according to laboratory specific procedures using common methodologies (e.g.,
gas proportional counting, alpha spectroscopy, gamma spectroscopy, etc.). Analytical methods,
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routine analytical detection and quantitation limits, and precision and accuracy specified for the
methods are listed in Table QAPjP-1 of the Quality Assurance Project Plan in the work plan
(DOE-RL 1992a),

Samples collected for physical properties were analyzed using American Society for

.. Testing and Materials (ASTM) methods, except bulk density was analyzed using a method

developed by the laboratory contractor., The analyzed parameters (and ASTM methods) were
bulk density, particle size distribution (ASTM D422-63), moisture content (ASTM D2216),
moisture retention (ASTM D2325-68, D3152-72), and saturated hydraulic conductivity (ASTM
D2434-68).

2.5 DATA VALIDATION

Data validation was performed by a qualified independent participant contractor in
compliance with the WHC Sample Management Administration Manual (WHC 1990). All data
packages were assessed. The chemical and radiological analytical data were validated, but
physical parameter data were not. Results of data validation are presented in separate reports
(WHC 1993a, 1993b, 1993¢, 1993d).

In addition to data validation, the data collected during the LFI were evaluated for use
in the LFI and the QRA. This evaluation included (1) an inventory of ail samples collected
during the LFI, (2) data compilation and review, and (3) a review of laboratory and field
(including trip and equipment) blanks. The sample inventory was conducted using multiple
information sources including sample lists, borehole logs, sample tracking sheets, and sample
location maps.

Laboratory and field blanks were used to evaluate each data set for common laboratory

- contaminants or sources other than media contamination. This review was conducted using the

five and ten times rule as specified in Bleyler (1988) and Bechtold (1992). Detected
concentrations of common laboratory contaminants (acetone, 2-butanone, .methylene chloride,
toluene, and common phthalate esters) had to be greater than 10 times their corresponding blank
value. Detected concentrations of other contaminants had to be greater than five times their
corresponding blank value to be considered valid.

One result of the data evaluation and validation process is the assignment of data

—--qualifier letter codes to individual analytical results. The following qualifier letter codes were

applied to data from the 100-KR-1 LFI investigation:

o "U" indicates that the analyte was analyzed for and not detected. The
numerical value reported is the contract required detection limit (CRDL)
or the contract required quantitation limit (CRQL). CRDLs apply to
EPA CLP protocol analyses of inorganic constituents and to detection

T - ' limits established by WHC for radionuclide analyses. CRQLSs apply to

EPA CLP protocol analyses of organic constituents. Sample quantitation
limits and sample detection limits may be lower or higher than CRQLs
or CRDLs, depending on instrumentation, matrix, and concentration
factors,
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. "J"* indicates that the analyte was analyzed for and detected. The
concentration reported is an estimate due to identified quality control
deficiencies. For example, if the amount present is less than either the
CRDL or CRQL, the concentration reported is considered an estimated
value.

e "R" indicates that the data were rejected during validation because of
quality assurance problems.

. "B" for organic data indicates the analyte was detected in the associated
blank sample. For inorganic data, the flag indicates that the analyte was
detected at a concentration between the instrument detection limit (EDL)
and CRDL.

- After data validation, the data-compilation was done to verify that validation results
were incorporated into the analytical database and that the data qualifiers were listed. Rejected
data were assigned an "R" qualifier. If upon review of the rejected data, the reason for
rejection was due to administrative concern (e.g., missing data sheets) and not because of major
quality assurance/quality control deficiencies (e , technical concerns), the rejected data were

- considered-usable for-the LEI and the QRA.- u.s is the only example. for-which rejected data

weie uwu il [.IJ.U I.rl."l.

2.7 IDENTIFICATION OF APPLICABLE OR RELEVANT
AND APPROPRIATE REQUIREMENTS

Section 121(d) of CERCLA, as amended by the Superfund Amendments and
Reauthorization Act of 1986, required that fund-financed, enforcement, and federal facility
remedial actions comply with applicable or relevant and appropriate requirements (ARARs) of
federal environmental laws and more stringent, promulgated state environmental or facility
siting laws.

~— ~— Applicable requirements are defined in-CERCLA as those cleanup standards, standards

of control, and other substantive environmental protection requirements, criteria, or limitations
promulgated under federal or state law that specifically address a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance at a CERCLA site. Relevant and
appropriate requirements are defined in CERCLA as those cleanup standards, standards of

~==-¢control; -and-other substantive re:;z.:::xems criteria, or limitations promulgated under federal or
- state environmental or facility siting laws,-that while-not "applicable” to a hazardous substance,
pollutant contaminant remedial actlon locatlon or ot.her cucumstance ata CERCLA site

their use is well suited to the particular site. Only those state standards that are identified in a
timely manner and are more stringent than federal requirements may be applicable or relevant
and appropriate.

In addition to ARARs, CERCLA also provides for the consideration of to-be-considered
(TBC) materials, including nonpromuligated advisories or guidance documents, in determining

e gunmmmmmams Tanrale all mmmba bl e lhanlelh am dle s csewraee e e .
necessary ievels o1 protection of neaitn or ine environment.

2-8



DOE/RL-93-78
Draft A

Applicable or relevant and appropriate requirements may be further subdivided into the
following categories.

o Chemical-specific requirements — health- or risk-based numerical values
or methodologies that, when applied to site-specific conditions, result in
the establishment or numerical values. If a chemical has more than one
such requirement that is an ARAR, compliance should generally be with
the most stringent requirement,

. Location-specific requirements — restrictions placed on the concentration
.- of hazardous substances or the conduct of activities solely because they
are in specific locations, such as wetlands or historic places.

. Action-specific requirenienis —tecimology= or aciivity-based
requirements or limitations on actions taken with respect to hazardous
wastes. These requirements are triggered by the particular remedial
activities that are selected to accomplish a remedy.

" "Potential chemical- and location-specific ARARs are defined during the field
investigation portion of the CERCLA process and refined in the feasibility study and proposed
plan. Action-specific ARARs are generally defined during the phase I and II feasibility study
and refined in detailed analysis in the proposed plan. Potential ARARs and TBCs in ail
categories are defined in the /00 Area Feasibility Study Phases 1 and 2 (DOE-RL 1992c¢). For
purposes of this LFI, only the potential chemical- and location-specific ARARs are discussed.
The potential ARARs are presented in Tables 2-3 through 2-8.

Potential chemical-specific ARARs for soils are limited to those levels for hazardous
constituents prescribed in the Washington State Model Toxics Control Act (MTCA). Currently,
MTCA has not defined levels for radionuclides. Additional soil limits are presented in Subpart
S of RCRA for hazardous constituents and in DOE Order 5400.5 for radionuclides. These are
considered TBCs for the 100 Area operable units. Potential chemical-specific ARARs for air
emissions are also identified; however, these tend to be based on specific actions that have a

- tendency to-increase releases to the-air. Therefore, these are more appropriately addressed in

the focused feasibility study. Potential chemical-specific ARARs are listed in Tables 2-3 and 2-
4; TBCs are included in Table 2-3.

Potential location-specific ARARs are identified for the 100 Area because of the
presence of threatened or endangered species and archaeological resources. In addition,
potential location-specific ARARs based on possibie impacts to wetlands and flood plains are
included. These are included in Tables 2-6 and 2-7; TBCs are in Table 2-8.

The discussion of potential ARARs is intended to be a refinement of the ARARs

.. discussion presented in the work plan. _Additional evaluation of potential ARARs, especially

those that are action-specific, will be done in the FS phase. Final ARARs will be determined in
the Record Of Decision.
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‘Table 2-1. LFI Activities for the 100-KR-1 Operable Unit.

Task Activity Descripticn
"1t [Project Management T [Objectives are to direct and document project activities so
that data and generated evaluations meet work plan goals
jand objectives. '

ource Investigation This task was conducted to identify sources, location, and
potential contamination associated with high-priority sites.

3 Geologic Investigation Compilation of geologic information for source and
groundwater operable units was performed as part of the
B SRR 100-KR-4 groundwater operable unit RI/FS.

4 Surface Water and Sediments No surface water or sediments are included within the
Investigation boundaries of the 100-KR-1 operable unit. This
~ 7 investigation is deferréd to-the 100-KR+4 groundwater
operable unit.
S [Vadose Zone Investigation The objective is to define the nature and vertical extent of

contamination, relevant migration paths, and support
selection of IRMs related to waste disposal facilities at the
100-KR-1 operable unit.

The groundwater investigation is being performed as part
of the 100-KR-4 RI. ]

6 Groundwater Investi_g_a_t_ipn

7 Air Investigation Only routine health and safety air monitoring was
conducted during investigation activities.

8 [Ecological Investigation The ecological investigation was conducted as an
- aggregate area investigation for the 100 Area.
9 Cultural Resource Investigation [The cultural resource investigation included a review of

existing data on historic land uses, by Indian tribes and
pioneer settlers, and a field survey.

10 ata Evaluation Data generated during the LFI are being integrated,
: evaluated, and coordinated with FS activities.
11 isk Assessment A qualitative risk assessment that includes a human health

and an environmental evaluation will be conducted during
the LFI to support IRMs.

—== -~ |12 --{Verification of Contaminant- and |Potential ARARs are identified in the LFI for verification
L ocation-specific ARARs by EPA and Ecology.
13 1 Report This interim report is prepared to summarize the

characterization activities outlined above. The report also
includes an assessment of the necessity for IRMs.

2T-1
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Table 2-2. LFI Investigation Activities for 100-KR-1 Operable Unit
High-Priority Sites.

ah Site —1— - Name-Size ——— —{-- - Comments LFI Investigative
Approach
116 K-1 | Crib Received reactor coolant

200 ft x 200 ft at its base, | water from the 116-KE basin. |B, C, F, G, H
400 ft x 400 ft at its surface | Replaced by 116-K-2

116-K-2 | Trench ) Percolated cooling water
4000 ft x 45 ft x 25 ft deep | effluent into the soil column |B, C,F, G, H
116-K-3 QOutfall Structure Collected reactor effluent

30 ft x 30 ft x 15 ft high discharge from the 116-KW-3 [A, N
and 116-KE-4 basins.

116-KW-3 | Retention basin Retained effluent cooling
-1-—---- - 13tankseach 250 ft in water for thermal cooling and |B, C, F, G, H, T
diameter and 29 ft high " decay of short-lived isotopes
116-KE-4 | Retention basin Retained effluent cooling
3 tanks each 250 ft in water for thermal cooling and |B, C, F, G, H, P,
diameter and 25 ft high decay of short-lived isotopes [T
Process . |. .. _.. . . .| Discharge system, includes
ffluent lines from the reactors to the | N
ipelines basins, and from the basins

to the outfall structure

A = Analogous data reviewed

B = Vadose zone borehole - drilling, geologic logging, and sampling

C = Chemical and radionuclide analysis of samples

F = Field screening for radioactivity, volatile organic compounds, and hexavalent chromium
|G = Borehole gamma-ray geophysical log

H = Historical data reviewed

N = No intrusive investigation

P = Physical properties analysis of samples

T = Test pits

2T-2
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Requirements for the 100-KR-1 Operable Unit. (shect 1 of 3)

Table 2-3. Potential Federal Chemical-Specific Applicable or Relevant and Appropriate

L i

Citation

A
R&A

Requirements

Remarks

IAtomic Energy Act of 1954, as amended

Radiation Protection Standards

Standards for
Management and Storage

Nuciear Regulatory Commission
Standards for Protection Agaiinst
Radiation

Radiation Dose Standards

42 U.S.C. 2011
et seq.

40 CFR Past 191

140 CFR §191.03

10 CFR Part 20

10 CFR §§20.101-
20,105

Authorizes DOE to set. standards and restrictions govemning
facilities used for research, development, and utilization of atomic
enecgy.

Establishes standards for management and disposal of high-level
and transuranic waste and spent nuciear fuel.

Requires that management and storage of spent nuclear fuel or
high-level or transuranic radioactive wagtes at all facilities for the
disposal of such fuel or waste that are cpersted by the DOE and
that are not regulated by the Commission or Agreement States shall
!:): conducted in such & manner ai to provide reasonable assurance

at the combined annual dose equivalent 10 any member of the
[public in the general environment resulting from discherges of
radioactive material and direct radistion from such management
and storage shall not exceed 25 miltirems to the whole body and 75
{millirems to any critical organ.

Sets specific mdistion doses, levels, and concentrations for
restricted and unrestricted areas.

[Applicable to waste disposal of afier
November 18, 1985.

sy be relevant and appropriate, as
radioactive malerials in the 100 Area can
niribute radiation doses, levels, and
concentrations which could exceed the limits;
owever, Hanford is not an NRC-licensed
facility.

v yeiqg
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Tabie 2-3. Portential Federal Chemical-Specific Applicabie or Relevant :
quuiremen.ts for the 100-KR-1 Operable Unit. (sheet 2 of 3)

of the waste management area that extends down into the
|uppermost aquifer underlying the regulated ares. The
concentration of certain chemicals shall not exceed background
levels, certain specified maximum concentrations, or alternate
concentration limits, whichever is higher.

Deacl:ripl.ion Citation Al | Requirements Remarks
RB&A ; : .
afe Drinking Water Act 42 U.S.C. 300f Creates & comprehensive national framework to ensure the quality i
let seq. and safety of drinking water.
National Primary Drinking Water [40 CFR Part 141 Fé&A |Establishes maximurm contaminant levels (MCL) and maximum Afppliclnbleto public water ly:tcrﬁs. Potential
Regulations contaminant level goals (MCLG) for organics, inorganic, and emicals and radionuclides of concern may
radioactive constituents. The MCL for combined radium-226 and Jmigrate; to the drinking water supply as a
{radium-228 is S pCifL. result of remedial activities. Although federal
[CLGs are not enforceable standards, they
are potential ARARS under the Washington
State Miodel Toxics Control Act when more
stringesst than other standards. See state
ARARG. f
i .
Although federal secondary drinking water
standards are not enforceable, they are
potentinl ARARS under the Washington State
; Miodel Toxica Control Act when more
: stringent than other standards. See state
ARARu. '
National Sei:ondary Drinking 40 CFR Part 143 b B&A |Controls contaminants in drinking water that primerily affect the
Water Regulations aesthetic qualities relating to the public acceptance of drinking
. water.
Solid Waste Disposal Act, as smended by |42 U.S.C. 6901 et Establishes the basic framework for federal regulation of solid and
uc Resource Conservation and Recovery  |seq. Thazardous waste. :
¢t (RCRA) !
I
i |
Groundwater Protection Standards [40 CFR §264.92 A A facility shalt not contaminate the uppermost squifer underlying  |Groundwater concentration limits in this
[WAC 173-303- [the waste management area beyond the point of compliance, which lsection do not exceed 4¢ CFR 141, except for
j645]" is a vertical surface locaied at the hydraulically downgradient limit |chromium which has & limit of 50 ug/L.

vV yeig
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Table 2-3. Potential K

ederal Chem:cal-Spet.lﬁc Apphcable or Relevant .amd Approprlate
Requirements for the 100-KR-1 Operable Umt (sheet 3 of 3)

IDescription

Citation

Al
R&A

Requirements

Remarks

|Uranium Mill Tailings Radiation Control
|Act of 1978

Standards for Uranium sod
Thorium Mill Tailings

Land Cleanup Standards

Implementation

s amended

40 CFR 192

CFR
|44192.10-
192.12

40 CFR
§§192.20-
192.23

blic Law 95-604,

R&aA

- R&A

[Establishes mnd:lgrds for control, cleanup, and management of
radicactive materials from inactive uranium processing sites.

Requires remedml actions to provide reasonable assurance dhll an
a result of mxdl‘ul radicactive materinls from any deslgmlea:l
rocessing site, ;he concentration of cadium-226 in land aveiaged
over sny area of, 100 square meters shall not exceed the
background level. by more than 5 pCl/'g, averaged over the first 13
em of soil below the surface, and 15 pCifg, averaged over 15-cm-
thick layers of spil more than 15 ¢cm below the surface. In any
Ih-bituble building, & reasonable effort shall be made during

mediation 1o A‘é:hleve an annual average (or equivalent) rm‘:!' on
decay product m:-ncenmuon (including background} not to c,xceed
0.02 Working I.evel {WL). In any case, the radon decay p:oduct
concentration (iucludmg background) chall not exceed 0.03 WL
land the level of gemma radiation shall not exceed the background
level by more than 20 microentegens per hour.

[Requires that when radionuclides other than radium-226 and its
decay products sre present in sufficieit quality and concentration to
nstitute a significant radiation hazard from residual radioactive
materials, remeclial action shall reduce other residual radioactivity
o levels as low as reasonably achievible (ALARA).

JMny be relevant and lppropriule; as any
radium-226 encountered during remediation
did not result from uranium processing.

May be relevant and appropriate, as any
radium-226 encountered during remediation
did not reswlt from uranivm processing.

Code 173-303.

*NOTE: A = Potentially applicable, R&A = Potentially relevant and appropriate.

FThese are State of Washington regulatory citations which are equivalent to Title 40 Code ;)f Federal Regulations, Parts 264 and 268 as stated in Washington Administrative

¥

v yreIg]
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Table 24. Potential State Chemical-Specific Applicable or Relevant and Appropriate |
Requirements for the 100-KR-1 Operable Unit. (sheet 1 of 2)

Description

Citation

t

R&A Requirements '

Remurks

T\{odel Toxics Control Act (MTCA)

Cleanup Regulations

Groundwates Cleanup
Standlards

70.105D RCW

WAC 173-340

WAC 173-340-720

equires remedial actions to attain & degree of cleanup
rotective of human hnlnllh and the environment.

‘ '
ablishes cleanup levels and prescribes methods to calcutate
leanup levels for soillf, groundwater, surface water, and air.

equires that where the groundwater is a potential source of
rinking water, cleanu‘lp levels under Method B must be at
east as stringent as concentrations established under
pplicable state and federal laws, including the following:

(A) Maximum contapinant levels established under the Safe
Drinking Water Act u::xd published in 40 CFR 141, as
lamended;

(B) Maximum contaminant level gosie for noncarcinogens
lesteblished under the Safe Drinking Water Act and published
in 40 CFR 141, as smended; .
(C) Secondary maximum contaminant levels established under
theiSnfc Drinking Water Act and published in 40 CFR 143,

s amended; and :

(D) Maximum contaminant levels established by the state
board of health and pubtished in Chapter 248.54 WAC, as
|lm|=nded.

|

[Federal maximum contaminant level goals for drinking
jwater (40 CFR Part 141) and federal secondary drinking
lwater regulation standards (40 CFR Part 143) are
potential ARARs under MTCA when they are more
stringent than other standards. Method B cleanup levels
are levels applicable to remediation at Hanford unless a
[demonstration can be mide that method C (alicrnate
icleanup levels) is valid.

VvV ¥eid
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Table 2-4. Potential State Chemical-Specific Applicable or Relevant and Appropriate
Requirements for the 100-KR-1 Operable Unit. (sheet 2 of 2)

qr-17

, Al
Description Citation R&A Requirements Remarka
Soil Cleanup Standards WAC 173-340-7400 A CA Mltsd'tod B concentration limits in milligrams per
! F;:;grum ffor potential contaminents in soils, sediments, and
ludges are:
(Chromivm 400
ICobalt N/L
Copper 2,960
: Mercury 24
Zinc ' 24,000
Acenapthene 4,800
! o(a)anthracens 0.137
! nzo(n)p!yrene 0.137
nzo(b) fluoranthene 0.137
rysene. 0.137
Di-n-butylphthalate 8,000
Fluoranthene 3,200
Ideno(l,2,3-cd)pyrene 3,200
ethylene chloride 133
Phenanthrene N/L 1
Pyrene 2,400 !
[Tetrachloircethene 19.6
[Toluene 16,000
[[richloroethene 90.9
'Washington State Department of RCW 43.70
Health
Radiation Protection—Air (WAC 246-247 |[Establishes procedures for monitoring, control, and reporting
Emissions of airborne radionuclide emissions.
New and Modified Sources WAC 246-247-0700 A [Requires the use of best available radionuclide control
kechnology (BARCT).
Radistion Protection Standards ’\VAC 246-221
blishes standards for protection ageinst radiation hazards.
Radiation dose to individuals in [WAC 246-221-014 A pecifies dose limits to individuals in restricted areas for
restricted areas nds and wrists, ankles and feet of 18.75 rem/quarter and
‘or skin of 7.5 rem/quarter.
A = Potentially applicable, R&A = Potentially relevant and appropriate

Y ye1g
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Table 2-5. Potential Chemica'l-Speciﬁc To-Be-Considered Guidlaénce for tlile 100-KR-1 Oﬁera?bie Unit. (sheet 1 of 2)

Description Citation Requirements Remarks
. . |
Model Toxics Control Act 70.105D RCW :
Cleanup Regulations ' WAC 173-340 The State Department of Ecology is currently adapting the

caleulations in MTCA to be applicable to radiocactive
contaminants. These cleanup standards may become
available prior to or during remediatjon.

Solid Waste Disposal Act, as amended
by RCRA |

Criteria for Classificatiory of
Solid Waste Disposal: Facilities

and Practices |

Corrective Action for Solid
Waste Management Units

42 US.C. 690] et seq.

40 CFR §257.34

40 CFR 264
Subpart 5, proposed

A facility or practice shail not contaminate an underground
drinking water source beyond the solid waste boundary.

!

|

Establishes requirements for investigation and corrective
action for releases of hazardous waste from solid waste
management units.

The courts or the state may
establish elternate baundaries.

U.S. Department of Energy Orders

Radiation Protection of the
Public and the Environment

Radiation Dose Limit (All
Pathways)

Radiation Dose Limii (C'rinking
Water Pathway)

DOE 5400.5
DOE 5400.5, Chapter

II, Section la

DOE 5400.5, C‘hapter
II, Section 1d

Establishes radiation prc;nection standards for the public and
environment.

The exposure of the public to radiation sources as a
consequence of all routine DOE activities shall not cause, in
a year, an effective dose equivalent greater than 100 mrem
from all exposure pathways, except under specified
circumstances. :

Provides a level of prote'edion for persons consuming, water
from a public drinking water supply operated by DOE so
that persons consuming water from the supply shall not
receive an effective dose equivaient greater than 4 mrem per
year. Combined radium-226 and radium-228 shall not
exceed 5 pCi/mL and gross alpha activity (including radium-
226 but excluding radon. and uranium} shall not exceed 15

pG/mL.

Pertinent if remedial aclivitics are
"routine DOE activities."

Pertinent if radionuclides may be
released during remediation.

Vv yeid
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Table 2-5. Potential Chemical-Specific To-Be-Considered Guidance for the 100-KR-1 Operable Unit. (sheet 2 of 2)

Description

Citation

Requirements

Remarks

Residual Radionuclides in Soil

DOE 5400.5 Chapter
iV, Section 4a

Generic guidelines for radium-226 and radium-228 are:

. 5 pCifg averaged over the first 15 cm of soil below
the surface; and

. 15 pCifg averaged over 15-cm-thick layers of soil
mare than 15 cm below the surface.

Guidelines for residual concentrations of other
radionuclides must be derivec from the basic dose limits by
means of an environmental pathway analysis using specific
property data where available. Procedures for these
deviations are given in "A Manual for Implefnenting
Residual Radioactive Material Guidelines" (DOE/CH-8901).
Procedures for determination of "hot spots” "hot-spot
cleanup limits,” and residual concentration guidelines for
mixtures are in DOE/CH-8901. Residual radicactive
materials above the guidelines must be controtled to the
required levels in 54005, Chapter Il and Chapter IV.

Residual concentrations of
radioactive material in soil are
defined as those in excess of
background concentrations

*averaged over an area of 100 m?.

V YeIqg
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: Table 2-6. Potential Federal Location-Specific A]pplllcable or Relevant and Appropnate 1‘ |

Requirements for the 100-KR-1 Operable Unit. i

[
Description

Citation

A
R&A

Lo Requirements

Remarks

Archaeological and Historical
Preservation Act of 1974

16 U.S.C. 469

1

Requires action to recover and preserve
artifacts in areas where activity may :
cause irreparable harm, loss, or
destruction of significant artifacts.

Applicable when remedial action
threatens slg:nlﬁcant scientific,
prehistorical, historical, or
archaeological data.

Endangered Specuas Act of
1973

Fish and Wildlife

16 U.5.C. 1531 et seq.

50 CFR Parts 17, 222,

Prohiibits federal agencies from .
jeopardizing threatened or endangered
species or adversely modifying habitats
essential to their survival,

]Reqdires identification of activities that

!

Requires a consultation with the

Services List of 225, 226, 227, 402, 424 may affect listed species. Actions must Fish and Wildlife Service to

Endangered and inot threaten the continued existence of a { determine if thyeatened or

Threatened Wildlife listed species or destroy critical habitat. endangered spexcies could be

and Plants i . impacted by activity.
Historic Sites, Bullclings, and 16 U.5.C. 461 Estal:‘ulishes requirements for

Antiquities Act

preservation of historic sites, buildings,
or objects of national significance.
Undesirable impacts to such resources
must be mitigated. |

: y

National Historic Preservation
Act of 1966, as amended.

16 U.S.C. 470 et seq.

Prohibits impacts on cultural resources.
Wherre impacts are unavoidable, requires
impact mitigation through design and
data recovery.

Applicable to properties listed in
the National Register of Historic
Places, or eligible for such listing.
B reactor is listed on the
Register.

Witd and Scenic Rivers Act

16 US.C. 1271

Prohibits federal agencies from
recornmending authorization of any
waterr resource project that would have
a direct and adverse effect on the values
for which a river was designated as a.
wild and scenic river or included as a
study area.

The Hanford R=ach of the
Columbia River is under study
for inclusion as a wild and scenic
river.

A = Potentially applicable, R&A = Potentially relevant and appropriate
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Table 2-7. Potential State Location-Specific Applicable or Relevant and Appropriate
Requirements for the 100-KR-1 Operable Unit.

Af
Description Citation R&A Reqluiremeni'.s Remarks
Hiabitat Buffer Zone for Bald Eagle RCW 77.12.655
Rules
| Bald Eagle Protection Rules WAC 232-12-292 Prescribes action to protect bald Applicable if the' areas of

eagle habitat, such as nesting or remedial activities include bald
roost sites, through the eagle habitat.
development of a site
management plan.

Regulating the Taking or Possessing RCW 77.12.040

of Game

Endangered, Threatened, or
Sensitive Wildlife Species
Classification

WAC 232-12-297

Prescribes action to protect
wildlife classified as endangered,
threatened, or sensilive, through
development Eof a site
management plan.

Applicable if wildlife classified as
endangered, threatened, or
sensitive are present in areas
impacted by remedial activities.

A = Potenitally applicable, R&A = Potentially relevant and appropriate
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Table 2-8. Potential Location—Spec;iﬁc To-Be-Considered Guidance for the

100-KR-1 Operable Unit.

Description

Clitation

\
Requirements

Remarks

Floodplains/Wetlande
Environmental Review

10 CFR Part 1022

Requires federal lgeﬂlciu to avoid,
to the extent possible, adverse
effects associated with the
development of a floodplain or the
destruction or loss of wetlands.

Pertinent if remodial activition take
place in a floodplain or wetlands,

Protection and Enhancement off
the Cultural Environment

Executive 'Ocder 11593

"Provides & direction to federal

agencies to preserve, restore, and
maintain cultural resaurces.

Pertains to aites, structurea, and
objects of historical, archaeclogical,
or architectural significance.

Hanford Reach Sudy Act

PL 100-6015

Provides for a comprehensive river
conservation study. Prohibits the
construction of any dam, channel,
or navigation project by a federal

agency for 8 years after enactment.

New federal and non-federal
projects and activitics. are required,
to the extent practicable, to
minimize direct and adverse effects
on the values for which the river is
under study and to utilize existing
structures.

This law was enacted
November 4, 1988,

Vv yeid
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3.0 LIMITED FIELD INVESTIGATION RESULTS

-~ ~This chapter summarizes resuits from field investigations at the 100-KR-1 operable unit.
The following types of data are presented in the discussions of high-priority sites:

. Site location, size, characteristics, history, expected contaminants, and
tesults of historical sampling activities

. Geologic data obtained during the site investigation

. Resuits of field screening conducted during sample collection

. Borehole geophysical logging results for gamma-ray emitting radionuclides
- Results of laboratory analyses for TCL and TAL analytes, specific anions,

radionuclides, and physical properties (data validation qualifier codes are
included in analytical data appendices)

. Data applicable to potential groundwater impacts from liquid waste disposal
facilities in the 100-KR-1 operable unit obtained from the LFI of the
- 100-KR-4 groundwater operable unit.

3.1 BACKGROUND SOIL SAMPLING

Background sampling is used to identify radiological, inorganic, and organic constituents in
the soil that occur naturally or as a result of widespread anthropogenic sources. The
characterization of background soil constituent concentrations has been conducted both on a 100-K
Area project-specific basis and on a Hanford Site-wide basis. The results of both of these
characterization efforts aré presented below.

3.1.1 Operable Unit Specific Control

The 100-KR-1 operabie unit project-specific control was determined based on two samples
collected from surface soil from a single site located outside the 100-K Area along the southern
boundary (see Figure 2-1). These control samples were analyzed for the same constituents as the
LFI samples collected from boreholes or test pits at the high-priority waste sites. Results of
detected analytes are summarized in Table 3-1. The.analytical results for the operable unit control
samples were used to derive the 95" percentile assuming a lognormal (see Table 3-2) distribution
for comparative purposes with the Hanford Site background (see Section 3.1.2). The data on
operable unit control distributions are presented for informational purposes only. However, it
should be noted that the only radionuclides detected in the control samples are either naturally
occurring or have a wide-spread occurrence because of atmospheric fallout from nuclear weapons
testing. The activities of cesium-137 and uranium-238 are less than average activities found in off-

. _site soils (PNL 1990). Consequently, it is assumed these background samples have not been
affected by operable unit disposal practices. In the absence of Hanford Site Background data on
radionuclides, it is appropriate to use operable unit specific control samples to qualitatively identify

e e . —_.__those radionuclides_with an origin other than past disposal practices.
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3.1.2 Hanford Site Background

The range in natural composition of soils at the Hanford Site has been recently
characterized (DOE-RL 1993b). The characterization effort involved the determination of the types
and concentrations of non radioactive analytes that exist naturally in soils across the Hanford Site.
In addition, physical properties and factors that might affect the natural soil chemical composition,
as determined by regulatory protocols, were also characterized.

The Hanford Site-wide approach for determining background is based on the premise that
all waste sites are part of a common sequence of vadose zone sediments, and the basic
characteristics that control the chemical composition of vadose zone sediments are similar
- throughout the site.- This approach has the advantage of providing a single, consistent set of data
for assessing the nature and extent of contamination.

Background concentrations were determined using the 95% (& = 0.05) upper tolerance limit
(UTL) for a lognormal distribution (DOE-RL 1993b). The UTL is the 95% upper confidence limit
for the 95th percentile of the distribution and serves as a statistically significant estimate of the
~upper population limit of background concentrations. - The Hanford Site background UTLs for
inorganic analytes are presented in Table 3-2.

3.1.3 Identification of Contaminants of Potential Interest

Concentrations of inorganic constituents detected in LFI samples or reported in historical
reports are screened against their Hanford Site background 95% UTL. If a concentration exceeds
this value, then the inorganic constituent is considered a contaminant and is evaluated further.
Organic and radionuclide analytes detected in either historical or LFI samples from the operable
unit are considered contaminants and are carried through the LFI evaluation regardless of
background.

3.2 LFI RESULTS AT HIGH-PRIORITY WASTE SITES

3.2.1 116-K-1 Crib

The 116-K-1 crib is a 20 ft deep, excavated percolation basin 200 by 200 ft at its base and
400 by 400 ft at its surface. The basin was designed to receive reactor coolant water from the
116-KE retention basin and the 116-KW retention basin during reactor outages. It failed to
percolate adequately and was replaced by the 116-K-2 trench. The 116-K-1 crib overflowed at
least once, resulting in direct discharge to the niver. It is believed that 1E+07 gal of effluent was
disposed of at this site (Stenner et al. 1988). There is conflicting information, however, conceming
the number of times cooling water effluent was discharged to this basin (DOE-RL 1992a).
Additionally, an estimated 88 lb of sodium dichromate that was added to the cooling water process
to inhibit corrosion of the circulation system was disposed of in the crib (Stenner et al. 1988).

The 116-K-1 crib has been backiiiied with earth and capped with a 1 ft layer of gravel

{DOE-RL 1993c). The depth of fill was not reported. In 1990, a visual site inspection showed
that the crib is enclosed by a cyclone fence and posted with radiation signs (DOE-RL 1992a).
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A single borehole was drilled inside the basin at this site during the LFI (see Figure 2-1).

Based on this borehole, the surficial soil at the 116-K-1 crib is a sandy gravel o a depth of 9.5 ft
below land surface (bis). The log for the 116-K-1 borehole notes that the top 9 ft is fill. Tt is
unknown if this fill was placed during construction of the site, as opposed to backfill after closure
of the facility. The lithology changes to sand at 9.5 to 17 ft bis. At 17 ft the lithology changes to

- ---- stity-sandy grave! 1o -a depth -of 26 ft, the total depth of the borehole. A hardpan of unknown
character was noted in the borehole log at a depth of 17 ft bls. Hard drilling conditions resulted in
no sample recovery at that depth.

Historical and LFI information is summarized in Figure 3-1.

3.2.1.1 Historical Data. Dorian and Richards (1978} collected 16 samples from 5 locations in and

-—- --around the 116-K-1 crib-and surrounding area. Analytical results are presented in Appendix B.
During sampling, radiation along the bottom of the crib averaged approximately 1,000 cpm with
localized contamination present up to 10,000 cpm.

3.2.1.2 LFI Data. Five depth intervals were sampled from borehole 116-K-1, which was located

within the basin area (see Figure 2-1). The samples were collected at depths between 0 to 1 ft, 4
ceeee 10611, 10 10 12 ft, 19 to 21 ft, and 24 to 26 ft. These samples were analyzed for radionuclides,

semivolatile and volatile organics, polychlorinated biphenyls (PCB), pesticides and metals.

Screening. Field screening for VOCs was performed using an OVM photoionization
detector. Area and site background VOC values were not reported in the borehole logs However,
monitoring did take place throughout drilling and remained at <0.1 ppm.

Radioactivity was monitored during field work using a Ludium portabie scintillation
detector. Area background registered 2,120 cpm y. Site background was reported to be 1,900 cpm
v and 0 cpm B, however, it was reported that the § probe was not working. Gamma measurements
generally ranged from 2,000 cpm to 3,000 cpm throughout drilling, except for between 4 to 6 ft
where it reached 8,000 cpm.

The site was also tested for hexavalent chromium at the bottom of the borehole, 26 ft. The
. sample tested negative for hexavalent chromium.

i .. Sample_ Analysis. Five samples were collected and submitted for chemical and
radionuclide analysis from the 116-K-1 vadose zone borehole. Samples were taken at intervals
fromOto 1 ft, 4to6ft, 10to 12 ft, 19 to 21 ft, and 24 to 26 ft. Concentrations of detected
analytes are presented in Table 3-3.

Toluene was the only VOC detected in the sample from the 0 to 1 ft range (see Table 3-3)
at the 116-K-1 cnb,

~— - No metals or inorganic compounds exceeded the Hanford Site background 95% (a = 0.05)

c'-l
Eﬂ|

The following radionuclides were detected in the 116-X-1 crib: americium-241,
cesium-137, cobalt-60, europium-152, europium-154, plutonium-238, plutonium-239/240,
potassium-40, radium-226, strontium-90, thorium-228, thorium-232, uranium-233/234, and

o uranium-238. Maximum radionuclide concentrations generally occurred in the 4 to 6 ft range

{sample BOTHG3, see Table 3-3).
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Geophysical logging. A scheduling conflict prevented the use of the spectral gamma-ray
system from surveying the borehole at this waste management site. Instead, a gross-gamma system
was used. This survey detected a maximum of 4,600 counts per second (cps) at a depth of 4 ft
(see Appendix A for details).

3.2.1.3 Groundwater Assessment. Monitoring well 199-K-30 is located upgradient of the
116-K-1 crib and monitoring well 199-K-18 is down gradient (Figure 1-3). Based on preliminary
information contained in the 100-KR-4 LFI (DOE-RL 1993d), only tritium, carbon-14, arsenic,
beryllium, and chromium were detected in the groundwater at concentrations in excess of risk-
based levels. Of these constituents only tritium and chromium were detected in the down gradient
well. The tritium concentration was lower in the downgradient well than in the upgradient well.
The tritium isopleths showed the tritium plume emanating from near the KE reactor rather than
from the 116-K-1 Crib.” Chromium concentrattons in groundwater samples from the down gradient
well were higher than groundwater concentrations in the upgradient well. However, based on
chromium concentration isopleths, it appears the chromium concentrations emanate from the 116-
K-2 trench rather than the 116-K-1 crib.

3.2.1.4 Conclusions. The only organic compound detected in samples collected at the 116-K-1
site was toluene. Historical records do not indicate that this contaminant was disposed of in the
100-KR-1 operable unit. No inorganic contaminants were detected in concentrations exceeding the

. - Hanford Site background 95% UTL.  Historical data for organic and inorganic, non-radionuclide

—S ot

constituents are not available for comparison.

LFI test results revealed the presence of radionuclides in all samples collected from the
borehole, with the maximum concentrations generally occurring in the 4 to 6 ft interval. This is
consistent with historical information in. Dorian and Richards (1978), which showed the maximum

—tadionuclide concentrations m tirs crib-were foond in the upper 3 fi.- Historical data, LFI test

results, geophysical logging, and screening data together show that maximum radionuclide
concentrations are found near the surface. The lack of significant concentrations at depth indicate
that the facility was probably not used extensively. It is possible that contaminated fill material
was used for backfilling. Consequently, the contamination at 4 to 6 ft may be an artifact rather
than evidence of contamination due to effluent disposal.

3.2.2 116-K-2 Trench

The 116-K-2 trench was excavated in 1955 to replace the 116-K-1 crib. It was designed to
percolate cooling water effluent into the soil column. The trench is approximately 4,000 by 45 ft
and 25 ft deep. In 1971, the sides and bottom of the trench were covered (except the end where
effluent entered the trench) with a layer of dirt and was later backfilled to grade.

- This site received discharges from aii contaminated floor drains from the reactor buildings
and approximately 500 gal/min basin overflow from the KE and KW reactors (DOE-RL 1993c).
Leakage through butterfly valves in the retention basins added an estimated 10,000 to 20,000
gal/min of waste. Othér inflows to the trench are thought to include dummy decontamination

rrrrr waste, process-cooling water, 500  gal/inin of metal storage basin flow, and some special disposal

(DOE-RL 1993c). Chemical compounds that were dissolved in these effluents and disposed of in
the trench include an estimated 661,000 lbs of sodium dichromate, 1,100 Ibs of copper sulfate,
22,000 Ibs of sulfuric acid, and at least 22,000 Ibs of sulfamic acid (Stenner et al. 1988).

... According to Stenrer et al. (1988), a total of 8E+10Q gallons of effluent was denosited at this site.

TGO wlprisoioeia
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Several washout areas were created during the reactor operation along the north side of the
.. trench._ Extensive seepage_occurred through_the nerth side of the unit due to the higher elevation
of the trench relative to the area between it and the Columbia River. Surface contamination

extended several hundred feet on the north side of the unit. In 1977, the area was covered with up
to a few feet of soil and gravel (DOE-RL 1993c).

- A single-berehole (116-K-2) was drilled at the influent end of the rench (see Figure 2-1).
Borehole logs from the 116-K-2 trench show a sandy gravel soil that extends from O to 23 ft bls.
No soil samples were recoverable between 6.0 to 10.0 ft due to large cobbles and boulders. The
lithology changes to a silty sandy gravel between 23.0 and 25.5 ft and then changes back to a
sandy gravel from 25.5 to 26.0 ft. At 26.0 fi, the lithology is silty sandy gravel that extends to
27.0 ft. The lithology becomes sandy gravel from 27.0 to 29.0 ft and then changes to silty sandy
gravel to the bottom of the borehole at 30.0 ft bls. The borehole logs indicate that the top 25.5 ft
of soil is fill.

Historical and LFI information are summarized in Figure 3-2.

3.2.2.1 Historical Data. Dorian and Richards (1978) investigated the area inside the 116-K-2
trench by collecting 46 samples from 14 locations. Radionuclide activity levels measured in sample
holes ranged from less than 200 up to 12,000 cpm with a Geiger-Muller (GM) probe.

The area outside the 116-K-2 trench was investigated with 29 samples from 17 locations.
Surface contamination (0 to 2 ft) was identified approximately 150 ft north of the trench in a
former washout area. Surface contamination in these washout areas had direct GM readings from
500 to 3,000 cpm. In 1977, this contamination was covered with a few feet of soil and gravel
(Dorian and Richards 1978). Analytical results of the Dorian and Richards study are presented in
Appendix B.

--3.22.2- LFI- Pata. —Five-depth intervals were sampled from within the basin area. The depth
intervals were 0 to 1 ft, 18 to 20 ft, 22.5 to 24.3 ft, 26 to 27.5 ft, and 29 to 30 ft. These samples
were analyzed for radionuclides, semi-volatile and volatile organics, polychlorinated biphenyls
(PCBs), pesticides and metals.

Screening. Field screening for VOCs was performed using an OVM photoionization
- detector. Area background readings for VOCs before the start of drilling was 0.0 ppm. This level
remained constant throughout drilling.

Radioactivity screening was monitored during field work using a Ludlum portable
scintillation detector. Site background using the scintillation detector was 2,100 cpm ¥ and 75 cpm
B. Screening measurements for y- and P-radiation ranged from 1,700 cpm to a maximum of
280,000 ¢pm and 50 cpm to a maximum of 12,000 cpm, respectively. Minimum count rates were
detected at the surface and at the bottom of the borehole. The maximum count rate for both y- and
B-radiation was detected at a depth of 18 ft bls. The zone of radiation extended from 17 to 26 ft
bls.

The site was tested for hexavalent chromium at depths of 26.0 ft and 29.0 ft bls.
Hexavalent chromium was undetected (<500 ppb).

Sample Analysis. Five samples were collected from the 116-K-2 trench and submitted for
chemical and radionuclide analysis. Samples were taken between O to 1 ft, 18 to 20 ft, 22.5 to
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243 ft, 26 to 27.5 fi, and 29 to 30 ft. Analytical results of detected analytes are summarized in
Table 3-4.

- -~ Methiyiene chivride; gtrachioroethane, toiuene,; and trichioroethane were detected in the

116-K-2 trench. Methylene chloride was detected in all collected samples. Concentrations ranged
from 1 to 3 pg/kg, with the maximum occurring in the 18 to 20 ft bls interval. Tetrachloroethane,
toluene, and trichloroethane were only found in one or two samples and the maximum
concentrations were also found in the sample collected from the 18 to 20 ft interval (see Table
3-4).

Inorganic contaminants for the 116-K-2 site whose concentrations exceed the Hanford Site
background UTL included chromium, copper, mercury, and zinc. The maximum concentrations for
all of these contaminants were all found in the 18 to 20_ft sample interval (see Table 3-4). Copper
concentrations exceeded background screening to the bottom of the borehole.

The following radionuclides were detected in the 116-K-2 trench: americium, carbon-14,
cesium-137, cobalt-60, europium-152, europium-154, europium-155, plutonium-238,
plutonium-239/240, potassium-40, radium-226, strontium-90, thorium-232, uranium-233/234, and
uranium-238. Maximum radionuclide concentrations were generally found in the 18 to 20 ft
sample interval, Below the zone of maximum concentration (18 to 20 ft bls), the concentrations of
radionuclides decreased significantly. At the bottom of the borehole (30 ft bls) most radionuclides
were undetectable or equal to concentrations observed in the background samples (see Table 3-4).

Geophysical Logging. Man-made radionuclides identified during the spectral gamma-ray
survey of borehole 116-K-2 are cesium-137, cobalt-60, europium-152, and europium-154. Cesium-
137 was detected in the borehole survey from 16 to 26.7 ft. The maximum activity occurred from
17.5 to 20 ft and exceeded 200 pCi/g. Cobalt-60 and europium-152 were both detected in the
borehole from 15 to 25.5 ft at an activity exceeding 200 pCi/g. Europium-154 was detected in the

- survey-from- 15.5-t6 24 ft- The-maximum-activity occurred at-18.5 fi and-exceeded 200 pCi/g. It
--1s-noted.in the borehole survey report (Appendix A) that the calculated values for cobalt-60 activity

aford sonls.
3.2.2.3 Groundwater Assessment. There are five wells down gradient of the 116-K-2 trench:
199-K-18, 199-K-20, 199-K-21, 199-K-22, and 199-K-37. There are no upgradient wells identified
for this facility. These wells show that there is a chromium plume emanating from the 116-K-2
trench. No other contaminants of concem identified by the 100-KR-4 LFI (DOE-RL 1993d) show
elevated concentrations in the groundwater beneath the 116-K-2 trench.

3.2.2.4 Conclusions. The organic compounds methylene chloride, tetrachloroethane, toluene, and
trichloroethane were detected at trace levels (<10 pg/kg) in samples from the 116-K-2 site.
Maximum organic compound concentrations were detected in the 18 to 20 ft sample interval. Only
methylene chloride was detected (1 pg/kg) in a surface soil sample (0 to 1 ft). Historical records
do not indicate these contaminants were disposed of in the 100-KR-1 operable unit and no source
for these contaminants has been identified.

Chromium, copper, mercury, and zinc were all detected at concentrations that exceeded the

-- - Hanford Site-background 95% (a = 0.05) UTL and are considered contaminants of potential
~_imnterest. The maximum concentration of these contaminants was found in the 18 to 20 ft sample

interval. Contaminant concentrations decreased with depth, and except for copper, did not exceed
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the Hanford Site background UTL at the bottom of the borehole. Historical data for organic and
inorganic non radionuclide constituents are not available for comparison.

LFI test results show maximum concentrations of radionuclides in the 18 to 20 ft sample
interval. At the bottom of the borehole, most radionuclides were either undetected or similar in
magnitude with concentrations in operable unit specific-samples samples. This is comparable with
historical data presented in Dorian and Richards (1978), field screening results, and geophysical

logging.

3.2.3 116-KW-3 Retention Basin

The 116-KW-3 reieniion basin is a significant waste site for the 100-K Area. The retention
basin consists of three above ground tanks constructed of welded carbon steel plate, and each is
250 ft in diameter and 29 ft high. All tanks are mounted on reinforced-concrete foundations at
ground surface. The inlet structure to each tank consists of a 72 inch diameter pipe leading to an
outlet chute that discharges at the bottom of the basin. The 116-K'W-3 retention basin was used
from 1955 to 1971 to retain effluent cooling water, allowing for thermal cooling of circulated water
and decay of short-lived isotopes before release to the Columbia River.

During operation, the retention basin frequently developed leaks. According to DOE-RL
(1993c), leakage rates through butterfly valves could have been as high as 5,000 to 10,000 gal/min.
i ___The first indications of large leaks occurred before 1963 when extensive ponding reportedly
developed between the basins and the road directly to the north. To prevent this ponding, 2 to 3 ft
of fill was placed in this area. Cooling water that leaked from the basins flowed overland and
“under the road by way of culvert. Because the basins were less than 1000 ft from the shorelines, it
was a common occurrence for leaked effluent to reach the Columbia River.

In 1971, the basin was deactivated, pipe entrances were covered for wildlife control, and
the walls were washed down. According to DOE-RL (1993c), 4 ft of soil was placed at the bottom
of the basin.

A single borehole (116-KW-3A) was drilled in the basin. According to the borehole log,
oo the 116.KW-3 hasin consists of -at Jeast-24-{t of fill. - The soil-is stratified as follows. From Q to
2.5 ft bls, the soil is sandy gravel. At 2.5 ft the lithology changes to a slightly silty gravely sand
that extends to 3 ft. From 3 to 3.5 ft the lithology changes to silt. The lithology changes to
slightly silty gravely sand between 3.5 to 7 ft. From 7 to 14 ft. the lithology is sandy gravel and
from 14 to 24 ft bls the lithology is silty sandy gravel. No in situ material was sampled during
drilling.

Historical and LFI information is summarized in Figures 3-3, 3-4, and 3-5.

3.2.3.1 Historical Data. Dorian and Richards (1978} collected 10 samples from 6 locations inside
and adjacent to the 116-KW-3 basin. The average GM reading was 2,000 cpm for samples of soil
taken in fill material along the bottom of the basin. Predominant radionuclides present in the soil

-column as a result of cooling water leaks-and waste disposal were tritium, cobalt-60, nickel-63,
strontium-90, cesium-137, europium-152, europium-154, and europium-1355 (Dorian and Richards
1978). A full list of radionuclide sample results is located in Appendix B (see Table B-6).
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Twenty-three samples were also collected outside the 116-KW-3 basin. Two samples were
generally collected from each location: one at the surface and one from 5 to 25 ft below the
surface. Soil contamination in the area surrounding the retention basin had GM readings from 500
to 1,500 cpm. The 116-KW-3 waste site had a total radionuclide inventory of 3.9 Ci.

3.2.3.2 LFI Data. LFI samples were collected adjacent to the basin on the north side (see Figure
2-1). A single borehole was drilled to determine the nature and vertical extent of contamination
beneath the tanks. Outside the basin, two test pits were dug to examine soil contamination due to
effluent leakage during basin operation.

Three samples were collected from the borehole at depths from 0 to 1 ft, 17 to 19 ft, and
22 to 24 ft. These samples were analyzed for radionuclides, semi-volatile and volatile organics,
PCBs, pesticides and metals.

Two test pits located outside the basin were sampled at the surface (O to 6 in), 10 ft, 15 ft
and 20 ft. One duplicate sampie was collected from each test pit, therefore a total of five samples
were collected from each pit. These samples were analyzed for metals, volatile and semi-volatile
organics, pesticides, PCBs, radionuclides and total activity.

Screening. Field screening for VOCs during borehole drilling was performed using an
throughout drilling.

Radioactivity was monitored during drilling using a Ludlum portable scintillation detector.
Area background was reported at 2,230 cpm Y and 30 cpm [3, while site background registered at
3,000 cpm ¥ and <1 cpm B. Screening measurements during drilling for y-radiation and S-radiation
ranged from 2,000 to 3,000 com and <1 to 10 cpm, respectively.

The 116-KW-3 site was tested for hexavalent chromium at a depth of 24 ft. Hexavalent
chromium testing was negative.
" The test pit excavations were also monitored during on-site activities for volatile organics
and radioactivity with the OVM and the GM, respectively. The readings remained below detection
throughout digging.

Sample Analysis. Detected analytes for samples collected from the borehole are shown in
Table 3-5. Detected analytes for samples collected from the test pits are shown in Tables 3-6 and
3-7.

Organics detected in samples from the borehole included di-n-butylphthalate,
tetrachloroethane, and toluene. Maximum concentrations for di-n-butylphthalate and
tetrachloroethane were found in the surface sampie (0 to 1 ft bls). The maximum concentration for
toluene was found in the deepest sample at 22 to 24 ft bls (see Table 3-5).

The samples from test pit 116-KW-3B showed organic contamination from
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, chrysene, flunoranthene,
indeno(1,2,3-cd)pyrene, phenanthrene, pyrene, and toluene. These contaminants were found only in
the sample collected from the surface (see Table 3-6). Toluene was the only organic contaminant
found in the samples from test pit [ 16-KW-3C. It too was only found in the surface sample (see
Table 3-7).
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The only inorganic analyte in samples from either the borehole or the test pits found above
the Hanford Site Background UTL was cobalt. The cobalt concentrations in the sample from 10 ft
bls in test pit 116-KW-3B exceeded the UTL (see Tables 3-5, 3-6, and 3-7).

The following radionuclides were detected in either the borehole or the test pits:
cesium-137, cobalt-60, europium-152, europium-154, potassium-40, radium-226, strontium-90,
thorium-228, thorium-232, uranium-233/234, uranium-235, and uranium-238 (see Tables 3-5, 3-6,
and 3-7). In the borehole, most radionuclides were distributed uniformly with depth and only
europium-152 was present at concentrations that differed appreciably from the operable unit
background (see Table 3-2).

In the test pits, maximum concentrations were typically found at the surface. Cesium-137,
cobalt-60, europium-152, europium-154, strontium-90, thorium-228, uranium-233/234,
uranium-2335, and uranium-238 differed appreciably from concentrations observed at the operable
unit background (see Table 3-2).

Geophysical Logging. The spectral gamma-ray survey of borehole 116-KW-3A detected
no man-made radionuclides. The total gamma activity did not exceed 140 cps. Details are shown
in Appendix A.

32.3.3 Groundwater Assessment. Well 199-K-34 is upgradient of the 116-KW-3 basin and well
199-K-33 is down gradient. The LFI for the 100-KR-4 operable unit (DOE-RL 1993d) shows that
carbon-14 was the only contaminant of potential concen with groundwater concentrations greater
in the down gradient well than in the upgradient well. All other contaminants were either not
detected or had lower concentrations in the down gradient well than in the upgradient well. The
116-KW-3 retention basin does not appear to have a significant impact on groundwater at this time.

i e dsZagsdConclusions. . A number of organic compounds (benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, chrysene, di-n-butylphthalate, fluoranthene, indeno(1,2,3-cd)pyrene,
phenanthrene, pyrene, tetrachloroethane, and toluene) were detected in the surface soil in and

around the 116-KW-3 basin. The origin of these compounds is uncertain. There is no record of
the use of these compounds in the reactor effluent.

Cobalt (inorganic metal) was detected in concentrations exceeding the Hanford Site
I background $5% UTL in & singie sampie from 10 fi bis at the 116-KW-3B test pit. Therefore,
cobalt is considered a contaminant of potential interest.

LFI test resuits show the presence of radionuclides at all depth intervals in the boreholes
and test pits. Concentrations were generally greater near the surface. Below 15 ft, however,
ceem oo .. Tadionuclide concentrations were generally detected at concentrations equal to or less than the
concentrations detected in operable unit specific control samples (Tables 3-1 and 3-2).

Data collected during the LFI together with historical data show that there is widespread
- - - contamination in-the surface soils around the 116-KW-3 retention basin. This contamination is
likely the result of the basin leakage during operation. Based on sample data (historical and LFI),

screening, and geOphyswal logging, the contamination has not migrated to significant depths. The
horizontal extent of contamination has not been defined during the LFI.
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3.2.4 116-KE-4 Retention Basin

The 116-KE-4 retention basin is a significant waste site for the 100-K Area. The 116-KE-4
retention basin was used from 1935 to 1971. Like the 116-KW-3 retention basin, it was used to
retain effluent cooling water, allowing for thermal cooling of circulated water and decay of short-
lived isotopes before release to the Columbia River. The basin consists of three above ground
tanks constructed of welded carbon steel plate and each is 250 ft in diameter. Tanks at the 116-
KE-4 retention basin are 25 ft high. All tanks are mounted on reinforced-concrete foundations at
ground surface. The inlet structure to each tank consists of a 72 inch diameter pipe leading to an
outlet chute that discharges at the bottom of the basin.

During operation, this retention basin also frequently developed leaks. According to DOE-
RL (1993c), leakage rates through butterfly valves could have been as high as 5,000 to 10,000
gal/min. As with the 116-KW-3 retention basin, the first indications of large leaks occurred before
1965 when extensive ponding reportedly developed between the basins and the road directly to the
north. To prevent this ponding, 2 to 3 ft of fill was placed in this area. Cooling water that leaked
from the basins flowed overland and under the road by way of culvert. Because the basin was less

- than 1,000 ft from the shorelines, it was a common occurrence for leaked effluent to reach the

Columbia River.

In 1971, the basins were deactivaied, pipe entrances were covered for wildlife control, and
the walls were washed down. According to DOE-RL (1993c), 4 ft of soil was placed at the bottom
of the basin.

The 116-KE-4 site consists of about 16.5 ft of poorly sorted, silty, sandy gravel fill. In situ
material from 16.5 to 22.5 ft is also silty, sandy gravel but has fewer small cobbles and more very
fine pebbles, sand, and silt.

Historical and LF! information is summarized on Figures 3-6, 3-7, and 3-8.

3.2.4.1 Historical Data. Thirteen samples from 6 locations were collected inside the 116-KE-4
basin. The average GM reading was 2,000 cpm for samples of soil taken in fill material along the
bottom of the basins. Predominant radionuclides present in the soil column as a result of cooling
water leaks and waste disposal are tritium, cobalt-60, nickel-63, strontium-90, cesium-137,
europium-152, europium-154, and europium-155 (Dorian and Richards 1978). Sample results are
shown in Appendix B.

- Eighteen samples from 12 locations were also collected outside the 116-KE-4 basin. Two
samples were generaily collected from each location: one at the surface and one from 5 to 20 ft

- below the surface. Soil contamination in the area surrounding the retention basin had GM readings

from 500 to 1,500 cpm. The 116-KE-4 waste site has a total radionuclide inventory of 6.2 Ci.
Eighty percent of the total radionuclide inventory is thought to be contained within the soil
adjacent to the basins (DOE-RL 1992a).

-3.24.2 LFI Data. LFI samples were collected adjacent to the tanks and outside the basins

downhill of the basins. Adjacent to the retention basin, a single borehole was drilled to determine
the nature and vertical extent of contamination beneath the tanks. Outside the basins, two test pits
were dug to examine soil contamination due to effluent leakage during basin operation.
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Borehole samples for chemical analysis were collected from within the basin area from
depths of O to 1 ft, 15 to 17 ft, and 20 to 22 ft. These samples were analyzed for radionuclides,
sernivolatile and volatile organics, PCBs, pesticides and metals. Borehole samples were also
collected from 4 to 6, 10 to 12, 13 to 15, and 18 to 20 ft for analysis of physical properties (bulk
density, particle-size distribution, moisture content, moisture retention, saturated and unsaturated
hydraulic conductivity).

. Test pits located outside the basin were sampled at the surface (0 to 6 in.), 5 ft, 10 ft, 15 ft,

~ and 20 ft. These samples were analyzed for metals, volatile and semi-volatile organics, pesticides,

PCBs, radionuclides and total activity.

- —~-—Screening. Field screening for VOCs during borehole drilling was performed using an
---OVM-photoionization detector. Area and site background for VOCs was 0.0 ppm and remained

Area background was recorded to be 2,100 cpm v, while site background was detected at 6,000
cpm Y. Background [ radiation was not reported. Screening measurements for y-radiation ranged
from 1,000 to 1,200 cpm throughout drilling. Screening measurements for B-radiation ranged from
0 to 150 cpm.

The 116-KE-4 site was also tested for hexavalent chromium at depths between 22.0 and
22.5 ft. Hexavalent chromium tests were negative.

The test pit area was monitored during on-site activities for volatile organics and
radioactivity with the OVM and the GM, respectively. The readings remained below detection
throughout excavation.

Sample Analysis. Four samples from three depth increments (one duplicate) at the
116-KE-4A borehole and five samples from four depth increments (one duplicate) at the
116-KE-4B and the 116-KE-4C test pits were analyzed for chemicals and radionuclides. Detected
analytes in the borehole and test pits are presented in Tables 3-8, 3-9, and 3-10.

Organics detected in samples from the borehole were benzo(a)anthracene,
benzo(b)fluoranthene, fluoranthene, pyrene, and toluene (see Table 3-8). Benzo(a)anthracene,

-- benzo{b)iluoranthene, flucranthene, and pyrene were found only in one sample collected at the 0 to

1 ft interval but not its duplicate. Toluene was detected in the 20 to 22 ft sample interval.
Acenapthene was detected in a surface sample collected at the 116-KE-4B test pit (see Table 3-9).

No metals or inorganic compounds were detected in samples from the 116-KE-4A borehole
or the 116-KE-4C test pit in concentrations above the Hanford Site background 95% UTL (see

---Table.3-2), . In-test pit 116-KE-4B, chromium-was-detected in the surface at a concentration of 85.1

mg/kg (see Table 3-8), which exceeds the background UTL.

Radioniuciides detecied at the borehole were cesium-134, cesium-137, cobalt-60,
europium-152, europitm-154, europium-155, plutonium-239/240, potassium-40, radium-226,
strontium-90, thorium-228, thorium-232, uranium-233/234, and uranium-238 (see Table 3-8).
Radionuclides detected in test pit 116-KE-4B were cesium-137, cobait-60, europium-152,
europium-154, plutonium-238, potassium-40, radium-226, strontium-90, thorium-228, thorium-232,
uranium-233/234, and uranium-238 (see Table 3-9). Radionuclides detected in test pit 116-KE-4C
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were cesium-137, cobalt-60, europium-152, potassium-40, radium-226, thorium-228, thorium-232,
uranium-233/234, and uraniem-238 (see Table 3-10). Maximum concentrations for the
radionuclides in the borehole and the test pits were generally found in samples collected at or near
the surface. At the bottom of the borehole or the test pits, the radionuclide concentrations were
either not detected or were not appreciably different from concentrations detected at the background
sample site, except that cesium-134 was detected in the borehole at 20 ft bls.

Four split spoon samples were taken in conjunction with the 100-KR-1 LFI for physical
property analysis. The samples were analyzed as described in Section 2.4. The results will be
used to support the 100 Area-wide physical properties report to be issued at a later date. Results
for bulk density, porosity, moisture content, and moisture retention are shown in Table 3-11.

~—— - - Saturated hydraulic conductivity and unsaturated hydraulic conductivity analysis have not been
completed.

Samples were collected from vadose borehole 116-KE-4A from 4 to 6 ft, 10 to 12 ft, 13 to
15 ft, and 18 to 20 ft bls. These samples were described in the field as silty sandy gravel with
30% to 45% gravel, 43% to 50% sand, and 10% to 25% silt (fines). Laboratory analysis or
particle size showed 49% to 73% gravel, 22% to 42% sand, and 5% to 9% fines. -

Geophysical Logging. The gamma-ray survey of borehole 116-KE-4A detected
potassium-40, uranium, and thorium at levels that are typical of naturally occurring radionuclides in
local sediments. The only man-made radionuclide detected was cesium-137, which was detected at
- —- —---several discontinuous depths throughout the survey. An activity level of less than 0.2 pCi/g

level for the 80 second survey time. Details of the gamma-ray geophysical logging are shown in
Appendix A.

3.24.3 Groundwater Assessment. Wells 199-K-27 and 199-K-30 are upgradient of the 116-KE-4
retention basin, and well 199-K-32A is down gradient. The LFI for the 100-KR-4 operable unit
(DOE-RL 1993d) shows no contaminants of potential concern with groundwater concentrations
greater in the down gradient well than in the upgradient wells. The 116-KE-4 retention basin does
not appear to have a significant impact on groundwater at this time.

3.2.4.4 Conclusions. Organic compounds benzo(a)anthracene, benzo(b)fluoranthene, fluoranthene,
pyrene, toluene, and acenapthene were detected in samples from the 116-KE-4 site. Historical
records do not indicate these contaminants were disposed of on this site or used in the reactor
effluent. Their source is unknown. Chromium was the only inorganic compound detected in and
around the 116-KE-4 retention basin at concentrations that exceeded the Hanford Site background

UTL. It was detected in the surface soil.

LFT test results show the presence of radionuclides at all depth intervals in the boreholes
-~ —and-test pits.- However, concentraiions were generaily greater near the surface. Below 15 ft,
radionuclides were generally detected at concentrations equal to or less than the concentrations
detected in operable unit specific control samples (Table 3-1 and 3-2).

Data collected during the LFI together with historical data show that there is widespread
contamination in the surface soils around the 116-KE-4 retention basin. This contamination is
likely the result of the basin leakage during operation. Based on sample data (historical and LFI),
screening, and geophysical logging, the contamination has not migrated to significant depths but
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extends 10 to 20 feet below the surface. The horizontal extent of contaminated soils was not
defined during the LFI.

3.2.5 116-K-3 Outfall Structure

The 116-K-3 outfall structure consists of an open, reinforced concrete water box,

-~~~ - approximately 30 by 30 ft wide and 15 ft high. The structure is 10 ft above grade and 20 ft below

grade. The outfall structure collected reactor effluent discharge from the 116-KW-3 and the

- —116-KE=4 retentton basins—~ Waste from the struciure was discharged to the center of the Columbia

“River through a steel pipeline. The structure could also discharge to the river through an
emergency overflow spillway,
No investigation of local geology has been conducted; however, it is expected that the unit
is underlain by sands and gravels similar to those encountered at other sites in the 100-KR-1
operable unit. No historical or recent sampling has been conducted at the site.

3.2.5.1 LFI Data. The 100-KR-1 did not include a field investigation of the 116-K-3 outfall
structure. Therefore data are not available for soil concentrations of organic, inorganic, and
radionuclide constituents; field screening for VOC and radiological contamination, or geophysical
borehole logs.

3.2.5.2 Groundwater Assessment. The unit is located adjacent to the river and there are no down
gradient wells in the vicinity of the site. Consequently, no assessment of impacts to groundwater
by this site can be made.

3.2.5.3 Conclusions. No site-specific information exists to evaluate contamination at the 116-K-3
outfall structure. Therefore, analogous sites will be used to determine likely contamination.
Analogous sites to the 116-K-3 outfall structure are identified in Table 1-1. Of these sites, only the
116-D-35 outfall structure and the 116-DR-3 outfall structure have been examined by an LFI. The
100-DR-1 LFI (DOE-RL 1993e) did not identify any metals above the Hanford Site UTL. Several
organic compounds were identified including trichloroethane, bis(2-ethylhexyl)phthalate,
butylbenzyl phthalate, and dieldrin. No source for these compounds was identified. The only
radionuclides detected at 116-D-5 were carbon-14, potassium-40, radium-226, and thorium-228.
No man-made radionuclides were detected. At the 116-DR-5 outfall structure, historical
_information identified radiological contamination in- surface samples-and carbon-14;-uraninm-235,
plutonium-239, and americium-241 were detected in a borehole. Based on the information from

armnlacnien altaos

aNaiogous siics; it is possible that there is contamination remaining at the 116-K-3 outfall structure.

3.2.6 Process Effluent Pipelines

. _.__ The discharge system includes effluent lines from 116-KE-4 and 116-K'W-3 retention
basins to the 116-K-3 outfall structure, 116-K-1 crib, and 116-K-2 trench. Effluent discharge

---------—-pipelines-and-valves--may-hav&deveioped leaks during their periods of operation,

No investigation of local geology has been conducted; however, it is expected that the unit

" is underlain by sands and gravels similar to those encountered at other sites in the 100-KR-1

operable unit. No historical or recent sampling has been conducted at the site.
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3.2.6.1 Historical Investigations. Three of the four analogous sites for the process effluent
pipelines, listed in Table 1-1 were characterized during a recent study (Beckstrom and Steffes
1986). Testing consisted of radiological characterization of direct and smear surveys of sample
pipe sections, isotopic analyses of scrapings taken from the interior section of the pipes and
isotopic analyses of the loose scale and sediment from the pipe located near the shore. No
contamination was found on the exterior of any pipe, therefore, the contact dose rate was zero.
Radioactive material was located on the interior surface and in the loose scale from inside the pipe
(see Table 3-12). The contact dose rate on the interior surface was less than 1 mrem/hr. The
predominant isotopes found in the lines were europium-152 and europium-154. The concentrations
in the scrapings were higher than the concentrations in sediment inside the pipe (Beckstrom and
Steffes 1986). Contamination appears to be associated with rust and sediments held within the

pipes.

--3.2.6.2 LFI Data. The 100-KR-1 did not-include a field investigation of the process effluent
g

pipelines. Therefore, data are not available for soil concentrations of organic, inorganic, and
radionuclide constituents; field screening for VOC and radiological contamination, or geophysical
borehole logs.

3.2.6.3 Groundwater Assessment. Because of the extensive nature of the process effluent
pipelines across the site and their proximity to other waste sites, no assessment of impacts to
groundwater can be made. It can be assumed that leaks/unplanned releases that may have occurred
in the past in the pipelines may have been a contributor of contaminants to the groundwater.

-3.2.6.4 - Conclusions.No site specific information exists to evaluate contamination at the process
effluent pipelines. However, three of the four analogous sites identified in Tablé 1-1 have been
examined. A study at these analogous sites (Beckstrom and Steffes 1986) shows contact rate on
the exterior of the pipe was zero, while on the inside it was <1 mrem/hr, Radionuclide
contamination exists as scale on the inside of the pipe. Because there is no contamination on the
exterior of the pipes, the immediate risk for contaminant migration is minimal. Note that potential
soil contamination due to pipeline Jeakage has not been specifically evaluated. Soil contamination
can be evaluated during remediation using the observational approach.

33 DATA QUALITY OBJECTIVES

Data quality objectives for the 100-KR-1 LFI, including the decision types, the data uses
and needs, and a data collection program, were established in the 100-KR-1 RIFS work plan and
assoclated quality assurance project plan (DOE-RL 1992a). The overall project objective was to
produce data for one or more of the project purposes:

. Confirm or revise the conceptual exposure assessment models for specific
waste sites and/or areas of contaminated environmental media

. Support a qualitative risk assessment
. Support development and evaluation of IRMs
. Support the quantitative baseline risk assessment for the operable unit
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. Support the ARARs evaluation
. Support development, evaluation, and selection of a final remedial

alternative.

To fulfill these objectives, the workplan established a data collection program using a

 streamlined approach with a bias for action as outlined in the HPPS. This approach focused on

using a limited amount of new data at high-prionty sites together with historical or analogous site
data to evaluate the need for IRMs with the intention to use the observational approach during
remedial measure implementation to complete any additional characterization needed to define the
extent of contamination.

To ensure that data are sufficient to fulfill project data quality objectives, the data collected
dunng the LFI are evaluated against relevant precision, accuracy, representativeness, completeness,
and comparability '(PARCC) parameters. Precision and accuracy goals are met by using methods

acceptable ranges for accuracy and precision. Representativeness is s achieved by co]lectmg samples
at locations and sampling depth or intervals that are specified in descriptions of work for the LFI
activities. Objectives for completeness of this LFI require that contractually or procedurally
established requirements for precision and accuracy be met for at least 90 percent of the total
number of requested determinations. A failure to meet the completeness criteria will be
documented and evaluated during the data validation process. The use of approved analytical
procedures, reporting techniques, and umts as spec1ﬁed in the quality assurance project plan will

The LFI data reporied in this report were coliected and analyzed in accordance with the

workplan (DOE-RL 1992a) and description of work (Green 1992). No discrepancies were noted in

the data validation reports (WHC 1992 a,b,c,d). Therefore, the data are judged to meet the PARCC
parameters and have been used accordingly to satisfy project objectives and are judged adequate to
meet data quality objectives for the 100-KR-1 LFI. The LFI and historical data all show similar
radiological contaminants and similar concentrations. Therefore, the historical data are considered
to be sufficiently accurate to provide additional information on extent of contamination. The LFI

data together with historical data are sufficiently complete to make [RM decisions and for other
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1976 Radlochemical. Data ~ All radlonucildes found in samples from
fhe corresponding depth Intervals are shown.

1976 Rcdiochemica* Data
(Dorian & Richards 1978)

0.0 :
1 01 C—14, Cs—134
‘ 5—137, Co—60, Eu—-152
2.0- Eu—154, Eu-155
H--3, Pu-238

Pu-239/40, Sr—90, U

1
o

Cs—134, Cs-137
Co=80, Eu-—152
Eu—154, Eu-155
H+-3, Pu—-238
'Pu—239/40, Sr-90, U

[

5.0 _L

~ Cs--134, Cs—137
Co=60, Eu-152

10.0 - Eu~152, Eu—155
. 17 H-3, Pu—238

—
o

Pu-239/40, Sr-90, U

C-—-14, Cs—134
s—137, Co~80, Eu—152
Eu—154, Eu—155
H-3, Ni—63, Pu-238
Pu—-238/40, Sr-80, U

o
DEPTH IN FEET

. ﬂ : Co—60, Eu—152 20

H-3, Pu-238'

| Cs~134, Cs—137

|1—||'|l|1]l'|—l|1[lfr|rtrf—r'|;|]ﬁ—ll‘jl]‘l—[|||IT|I|—l]r;|r||||||—l]:

25.0 ——  Co-80, Eu-152 25
Eu-154, Eu—-155
Pu—238, Pu~239/40,
27.0 — Sr-90, U .
28.0 4 -
29 .io ol
30./0 — | 30

2-272-94 0:24 \:\.lpu\lszzzozs\mzsi'

I ‘
Figure 3-2. Summary Diagram for the
116-K-2 Borehole. ‘
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Sampling Results for 116-KW-3A Borehole

Field Screening

‘ : - 11-92 $Spectral Gamma -
. Geologic Log Sample Location LFi Data N AL S ' 10-92 1976 Raodiochemical Data
g & R . .
Elev. 441.20 fi Waste Site 11-92 11-92 11-92 _@éc‘ P”&'? S (pCi/q) (Darian & Richards 1978)
o oY
07 5 0.0-2.5 Y 50 15000 — 0.0 ‘ ~0
*- 1 16—KW—3A Retension 554 Sandy GRAVEL BO7HGY i ' 1.0 Cs—134, Cs—137 —
- ; ‘ Cs—137, Eu—152 ‘ Co-60, Eu—152 3
O Basin, 1855-1971. _ - =
, 2.5=-3.0 K—40. Rg-—226 0.0 121001 10 1.5 Eu—154, Eu—-155
-1 Wt ' - N — 1 B
2 Three 29 fi. high, 250 ft. Sitty Gravelly SAND Th—228, Th-232 00 l2100| 10 2.0 e rain -
- i 3.0-35 _ - : u ! -
h diameter, above ground tanks. ) U-233/234, U-238 0.0 12100 10 Sr-90 "
] Received effluent cooling _ SILT Di—n—Butyphthalate : ' C
5 — \-Ifo‘ter from 100—KW Reactor. -4 3.5—-7.0 LTetruchIorpethene — 5
3 Silty Gravelly SAND i -
] 9§ 7.0~14.0 gross §i -
] :8 Sandy GRAVEL ‘ ';r(cps> "
- G S, = 0.0l2100| © i =
i bt o
] Ead : '
10 ] &3 | 3 0.0 {2200] 10 L— 10
-— i‘o_o . | | . -
- boi | H L
- Oy , -
- O : -
k5 ] a9 .0 {2200 10 - o
wl -l ) ! - [TH]
. — LY ! - L.
=] P2 14.0-24.0 -
= 154 L -d Silty Sandy GRAVEL 0.0 {2100 O — 15 =
E . P ! ' 0.0 {3000} © " ,g
i - ! L n
& . - g Cs—137, K—40 0.0 {2000{ 10 - bd
b o 15.0-17.0 Ra—226, Th—228 0.0 12000( 10 -
A - oA A | - - f I L
] T 507HH1 | Th=232, U-233/234 . ! r
A X U-—238 ! L
20 — b - 0.0 [2000( 10 ] —~ 20
% -TG | | Maximum Surv ' t
- = xi ey : -
] i b+ ] Tl;—;g.s I?$;2§§2 0.0 | 2000| 10 Depth 20.0 ft E -
~ ! ‘g 22.0-24.0 S A |
R ‘ - 807HHZ U=233/2%4, U-238 : [
. Toluene N
25 Totai Depth, 24.0 feet | - 25
] -
; L :
30 - - = : - 30
NOTES.' . ' ]
LFI Data - Analytical lab results:for all inorganic constituents greater than 85% upper Borehole log indicated the depth interval of Fill was O to 24 ft. bgs.
threshold limits  and alt detected ‘organic compound:s and rodionuclides are shown. | i No manmcl_je radionuclides were detected in the borehole survey. i
Field Screening — Action levels for volatile orgdnit:kompounds (VOC) was 10ppm and 1976 Radigchemical Dota — All rqdionuclides |at the corresponding depth f
for Gross Gamma () radiation was twice background. Al Gross 7 radiation was below intervais are shown. Samples were collected ip maoterial .described: as Fill ‘
 background (3000cpm 7). : ‘ ' S
2-72-94 0:21 \JPM\ 923E0129\, 40265

| | ; s | Figure 3-3. Summary Diagram for the
! | b ' ‘ 116-KW-3A Borehole. -
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DOE/RL-93-78, Draft A

Sampling Resuits for 1186-KW-3B Testpit

Field Screening

9-92
- D
. Geologic Log Sample Location LFI Data u& D 1976 Radiochemical Data
= Q ; -
Waste Site - 9-92 9-92 AR (Dorian & Richards 1978)
-— O Uy L)
0~ [~ | Ne wgegiogic 0.0 0.2 0.0 Co—134. Ca137 o 0
- —KW— i log available y —_— ) S » LB R
] 116_ KW 3A_Retensron g BO7234 Cs—137, Co—60 1.0 Co—80, Eu—152 -
N Basin, 1955-1971.
" : Eu—152, Eu—154 Eu—154, Eu~155 -
- Three 29 ft. high, 250 ft. K-40, Ra~226 H-3, F’SU—§~59/ 240 _
N diamater, above ground tanks. 0.0 Dup Sr—90, Th—228 =90 "
A Received effluent cooaling water : : Th=232. U=233/234 N
5 - from 100—-KW Reactor. 807233 | o = /2 5
4 U-235, U-238 0.2 N
] Benzo(alAnthracens ’ — . -
i Benzo{b)Pyrene Cs—~137, Co—5B0 -T
B Benzo{b)Fluoranthemne EE‘__1 15525 EC'EJ__19504 L
7] Chrysene, Fluoranthene 8.0 L. v . 3r R
- Indenol{1,2,3—cd)Pyrene — , —
104 10.0 Phengnthrene 10.0 05;153(;1' . Ecus—-115327 " 10
: BO7235 o Pyrene, Toluene Eu—154:, Fu—155 [
;. [ Cs=137, Co—B60 H=3. P;‘%ﬁg/ 240 C
b h : Eu—152, Eu-154 — : L 5
[l e | K—40, Ra—226 - : of ]
L"z ] $r—80, Th—228 Cs—137, Co—BQ - -
Z 45 15.0 Th—232, U-238 15.0 Bu—152, Eu1o4 15 Z
T 4 BO7238 U-233/234 ¢ - =
= : 0.2 | 30 Sr—8d o =
] - Benzo(a)Anthracene . L , - o
e B ~Benzo(b)Flucranthene . : N =
-~ Chrysene, Fluorqnth-lenes : -
J ! Pyrene, Toluene — -
. _ — _ Cs—134, Co-50 X
20 —~ ' 20.0 — ' ‘ 20.0 Eu—-152, Eu—155 — 20
= : K—40, Ra—226, . ‘ B
Total . . 7237 ’ ! . | <Det. Sr—80
. | otal Depth, 20.0 feet BO723 Th—228, Th—232 <1:Jet De | _ : .
i - ‘ U—238, U-233/234 -
! 1 Cobalt R
; : . -
: B [ K—40, Ra—226 o -
. 25 Th-228, Th—232 25.0 —— Cs—137, Sr=90 L 25
i 3 l U-233/234, U-238 : -
E I—— K—40, Ra—226 C
. Th—228, Th=232 n
- l_U—233/234, U--238 o n
30— — B — — 30
NOTES: ‘ i .
LFl Data ~ Analytical lab results for ail inorganic constituents greater than 85% upper Borehale Spectral/Gamma Log — No geophysicai survey was performed. g
threshold limits and all detected organic compounds and rodionuclides are shown. ‘ ‘ .
Field Secreening — Action levels for volatile organic compounds (VOC) was 10ppm and 1976 Radiochemical Data ~ All rucfjiomuclides found in samples from i
for Gross Beta Gamma (f7) radiation was twice background. All Gross gy radiation was the corresponding depth intervals are shown. Sample locations are
below background (50cpm £7). located outside of the basin. ‘
: 2-22-04.0:33  \JPM\ 923E029\ 40272
! 1 .

' Figure 3-4

116-KW.3B Testpit. :

IF-4
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DOE/RL-93-78, Draft A

Sampling Results for 116-KW-3C Testpit

Field Screening

11-92
. . e
. Geologic Log Sample Location LF1 Data v & 1976 Radiochemical Data
. ‘ ™ 9 . g
Waste Site 11-92 11-92 11-92 SELE S (Dorian & Richards 1978)
‘ &2 oy
O-:l - —_ 0.0 — O
£30.0-35.0 00 - 0.2 |<Det -
3 116~KW—-3A Retension F52 Cotabley SAND 807227 e ‘0 Cs—134, Cs—137 -
-] in - | ) Cs—137, K440 Co—80, Eu—152 -
l Basin, 1955-1971, vl Fu—154 155
- oY Rg-226, Th--228 u-— o4 Eu— -
d Three 29 ft. high, 250 ft. 30 Th-232, U-233/234 H=3, Pu-239/240 o
] diameter, above ground tanks. P U-238 r— -
4 Received effluent cooling water ooy , Toluene | E
5 ] from 100—KW Reactor. 9 0—15.0 . 0.2 |<Det. -5
] ; b 4 Cobuley SILT _ —
= = N Cs—137, Co-60 -
- -2 Q | | Eu—152, Eu—-154 n
. f - L 8.0 Eu—155, Sr—20 o
3 i L7 d Cs—137, Eu--152 . L
1 ! - K—40, Ra—228 Cs—134, Cs—137 B
10—- : Pt 5332028 Th—228, Th--232 0 | <Det. 10.0 Co—60, Eu—152 ':'10
- L_-c U—233/234, 1J-238 Eu—154, Eu—1585 L
] B 10.0 Dup. = Pu-238/240 -
7 oy B07239 — r—90, H- n
5 L7 K—40, Ra—226 = I
D] 9 Th—228, Th-232 DU
= P - U-233/234, U-238 [ Cs-137, Co-80 -
=z 7 : : i v Eu—152, Eu—154 z
15 = 15 0__200 15.0 ) . 15.0 E _155 Sr—90 —15 -
&= | ) G‘r-w:'well ‘SAND 807229 r N ' L <
N 7 DF Y K—40, Ro—226 L H—3 r =
Ld ] g Th—228, Th=-232 | T P
- ‘S - 4, Iy— :
- :-Qa. LY 233/234 U238 0 | <Det. "
i 04 - . _ 3.
. g.& K=40, Ra—225 Cs-134, Co-60 r
20 — = 20.0 Th—228, Th-232 20.0 Eu—~152, Eu—155 20
R ( Total Depth, 20.0 feet 807230 U-233/234, U—238 Sr—90 1S
. I 0 |<Det. E
. . : -
25 ' 1 25.0 —— Cs-137, Sr—90 o5
3 C
4 L
30— L - C 30
|
NOTES:
LF1 Data — Analytical lab resuits for all inorganic constituents gregter than 95% upper Borehols Spectral/Gamma Leog — No geophysical survey was performed.
threshold limits and all detected organic compounds and radionuclides are shown.
Field Screening — Action levels for volatile organic compounds (YOC) was 10ppm and 1976 Radiochemical Data — All radionuclides found in samples from
for Gross Gamma () radiation was twice background, All Gross gy rodiation was bDelow the corresponding depth intervals are shown. Sample locctions are
backgreund (S0cpm B7). ‘ located outside of the basin.
. 2-22-94 1:00 \JPM\923E029\ 40271

Figure 3-5. Summary Diagram for the
116-KW-3C Testpit.
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:

PI52LL 058

L]

Sampling Results for 116~KE-4A Borehole
Field Screening

Geologic L S L ) 11-92 Spectral Gamma ,
- eologic Log ample Location LF1 Data e 10-92 1876 Radiochemical Data
Elev. 441.20 ft Waste Site 11-92 11-92 11-92 &S S (pCi/g) (Dorian & Richards 1978)
s € &
0 ) : ; 0.0- -
- L . =—10.0-22.5 0.0~-1.0 0.0 |1200} 10 [~ Cs—134, Cs—137 -
- 116—KE—¢ Retention Basin, r:9Siity Sandy GRAVEL _BO7HJ2 T Cam 137 Co6Q | 18 Co—80, Eu—152 [
- used 1955_',1' 3i‘ 0.0-1.0 Dup. Eu—152.' Eu—154 20- Eu-154, Eu=155 N
] Three 25 ft. high, 250 ft. L BO7HL3 Pu—239,/240 30t [py_gig pi-e3 w0l F
] diameter, above ground tonks. L] - K~40, Ra—226 0.0 11100 150 u—238, Pu—-239/2 -
] Received effiuent “cooling ol Th—228, Th—232 : > Sr-90, U X
5 -] water from the '100—KE L _ 34 Ue - - 5
. regctor. L : _U 233/ 23%’ U-258 =
. » Cs—-137,.Co—60 i -
-] a Eu-152, Eu—154 ; -
” ] ‘ Eu—155, K—40 0.0 [1000} 100 -
- [ Ra—226, Th—228 ; -
- N Th—232, U-233/234 ‘ i u
10"'_' ' 3_?_' U—238, Benzo{a)anthracene 0.0 | 10001 100 ] — 10
] ' 9 Benzo(b)fluoranthene N
- D » Fluoranthene, i g -
E - | |74 —  FPyrene 0.0 |1100] 150 C 5
(] - ! - - Ll
re - - - . 0.0 |1100{ 150 - =
Z ;5 L1 Cs—137, Eu—152 | 45 Z
= . D« - 15.0-17.0 ThK:;g'a R%f;?z 0.0 [1100] 150 [ E
7] - 7H ' L
8 = B07hJ6 | U-233/234, U-238 | - 8
- ] 0.0 | 1100} 150 =
20 ] bel RCS—21234.T:—32 0.0 |1100} 150 H — 20
- - - _ a-— sl, - 8 — :-
- = 20.0-22.0 Th—232, U-233/234 . ‘ _ ]
] P ] U—238, Toluene 0.0 |1t00]| 150 . Maximum Survey o
N — © Depth 20.0 ft F
_ Total Depth, 22.5 feet | ‘ - ‘ -
B . -
25 ' —~ 25
] | -
30 — , C 30
NOTES: | 3 |
LFI Data - Anolyiﬁcol lab results for all inorganic constituents greater than $5% upper Borehole log indicated the depth interval of Fill was C ta 18.5 ft. bgs.

threshold limits and all detected organic compounds and radionuctides are shown. Cs—137 was the only manmade rodionuclide detected in the borehole survey, activity was < 0.2 pCi/q, and was not piotted.

Field Screening — Action levels for volatile organic compounds (VOCj was 1Gppm and ‘ 1976 Radiochemica! Data — All radionuciides found in 'samples from the corresponding depth
for Gross Gamma () rodiation wos twice background. All Gross < rodiction was below ‘ intervals are shown. Samples collected in maieriol described as Fill.
background (2100cpm ). ! : ‘ : :

2-22-94 1:04 . \JPM\923E029\ 40268

'Filgure 3-6. Summary Diagram for the
116-KE-4A Borehole.

| . | | ‘ ‘ | | 3¥-6
| - o | :
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DOE/RL-93-78, Draft A

Sampling Results for 116-KE-4B Testpit

Field Screening
g§-92 -
) Geologic Log Sample Location LF1 Data 6 & D 1976 Radiochemicat Data
) q
Waste Site 8-92 8-92 8-92 s £ gL & (Dorian & Richards 1978)
0 l SRS W 0.0 Q
N 04 0.0~20.0 0.0 <pet.| 300 : e _ -
] 116—KE—4 Retention Basin, o2 SAND and COBBLES BO7213 —- . : Cs—134, Cs—137 -
] used 1955-71, ¥ - Cs-137, Co—60 Co—60, Eu~152 N
i LD Eu—192, Eu—154 —] Eu—154, Eu—135 -
] Three 25 ft. high, 250 ft. 58 Pu~238, K-40 H=3, Pu~239/240 -
b diemeter, above ground tanks. P Ra—226, Sr—90 L r
. Received effluent coaling D Th-228, Th—232 ~ g
3 i X -O, Cs—134, Cs—137 C
3 ] \:::e{mfrom the 100-XE _g( U-233/234, U~238 <Det.{ 75 5.0—\_ Cso—530, Eus—152 -—-5‘
- cor Sg | Chromium, Acenapthene | Eu—154, Eu—155 "
] o] - . ; Sr-sc C
-} .':?SE 10.0 ! " Eu=-152, K—40 g
= 105 ; —* 'Ro-226, Th—228 B -
by A Cs—134, Cs~-137
. 08 807214 Th—232, U-233/234 Co~60, Eu-152 -
10— o 10.0 Dup. — L. u-238 <Det.| 75 10.0 Eu~154, Eu—155 10
n o BO7215 Pu-239/240 -
. ol - . Sr—=90 2
- o K—40, Ro—226 -
- o ' Th—228, Th-232 S
wo & { _U-233/234, U-238 o5 cotd A
i [0 4 - i . ‘ s—137, Co— L
£ 15 08 15.0 [ K—40, Ro-226 <Det.| 75 15.0 — Eu—152, Eu-154 15 =
x h gy BO7217 Sr—390, Th-228 . Eu—-1588, Sr-90 o b
o . ‘-Oac , Th—232, U-233/234 R a
= q _gc ' u-238 - - [
- ,82 o . =8
. ggé [ x—40, Ro-226 %3'_15304- ECS‘11§>27 -
20 < 20.0 Th—228, Th-232 <Det.| 75 20.0 —H Fu-154. Eu_155 — 20
] Total Depth, 20.0 feet BO7218 U-233/234,] U238 5 90" -
= I | ! | -
. : [
25—-_ 25
30 — L 30
NQTES: .
LFl Data — Analytical iab resuits for all inarganic constituents greater than 85% upper Borehole Spectrai/Gamma log — No geophysical survey was performed.
threshold limits and all detected organic compourds and rodionuclides are shown. ‘ | ‘
Field Screening — Action levels for volatie organic ecompounds (VOC) was 10ppm and 1976 Radiochemical Data — All radionuclides found in samples from the corresponding depth
for Gross Gamma () rodiation was iwice background. intervals are' shown. Somple locations dre located outside of the basin.
oo 2-22-94 1118

\WJPM\923E029\ 40270

Figure 3-T. S{umma:ry Diagram for the

116-KE-4B Teatpit. '
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DOE/RL-93-78, Draft A

Sampling Resuilts for 116-KE-4C Testpit

Field Screening

9-92
Waste Sit Geologic Log Sample Location LFi Data - ',35\_\ Q&‘\ 1976 Radiochemicai Data
ste site 9-92 9-92 9-92 f§ gL Q8 (Dorian & Richards 1978)
G & g '
0 ~= - i 0.0— — — O
-1 a . -Q'd 0.0-20.0 0.0 <Det. <Det 45 CS"'134 Cs—137 -
] 116—KE-4 Retention Basin, 1OF Cobble, Gravel, SAND 807221 iy ' -
N used 1855-~-71 Foos ' ' Cs—137, Co—€0 ! L Co—-60, Eu-152 L
. ' 5 Eu—152, K-40 - Eu-154, Eu—155 -
. Three 25 ft. high, 250 ft. 8 ] Ra~226, Th—-228 | H=3, Pu—239/240 -
N diameter, above ground tanks. e Th—-232, U~-233/234 -
- Received effluent cooling waten 01 ! 23 - . -
5 — from the 100~KE reacter. Py ‘ u-238 <Det. | <Det. 50 Cs—=134, Cs-137 L 5
] 5 ) 11l €o-80, Eu—152 -
- \ rg K—40, Ra—226 T} Eu-154, Eu—155 L
N X ——  Th—228, Th--232 , B S$r—90 -
4 3§ l - U—233/234, UW-238 -
] oy 10.0 ™~ [
6 Cs—134, Cs~-137
. & 807222 K—40, Ra—226 Co—-60, Eu~152 a
10 — 3 10.0 Dup. ——— Th—228, Th--232 <Det. | <Det. 10.0 Eu-154-. Eu—-155 — 10
_’1‘ P BO7224 U—-233/234, -238 Pu-239/240 o
_ bt ' L Sr—380 L
- 8 y -
5 o¢ - &
b ] P2 oo _ e
= 5 K—40, Ra—226 Cs~137, Co—860 I
£ 154 og 150  —— Th-228, Th—232 <Det. | <Det. 15.0 —1 Eu—152, Eu-154 — 15 =
= b b B07225 U—233/234, U-238 : ‘ . Eu—-155, Sr—-90 - =
a, il o4 - : i a-
Lut _ ba [ LiJ
e ¥ by ' L e
- hap L
B oy . L
~ oF K—40, Ra—226 ‘ Cg—134, Cs—~137 -
20 o R 20.0 ~——{ Th—228, Th-232 <Det. | <Det. 200 —H £om80. -1 — 20
] Total Depth, 20.0 feet B07226 U-233/234, U-238 ! , Sr—90 L.
25 25
. N
. .
30 — . 30
NOTES: | .
LF1 Data — Analytical lab resuits for all inorganic constituents greater than 95% upper Borehole Spectrai/Gamma Log - No geophysical survey was performed.
threshold limits and all detected organic compounds and radionuclides are shown. ‘ '
Field Screening — Action levels for volatile organic compounds (VOd'.‘) was 10ppm and 1976 Rodiochemical Data — Al ‘radionuclides at the corresponding depth .
for Gross Gemma () rodiation was twice background. All Gross ﬁ? radiotion was below intervals are shown. Sample locations are located outside of the basin.
background (<75ecpm B9). I : ' 3 P |
2-22-94 1:25 N\ JPW\923E029\ 40259

' Figure 3-8, Summary Diagram for the

116-KE-4C Testpit.
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‘Table 3-1. Analytes Detected in Operable Unit Control Samples.

Sample Number BO7HG1 | BOTHK3
S (depth) 0 ft) (0 ft)
dionuclides pCi/g pCi/g
{Cesium-134 ND 0.052
- {Cesium-137 - |---0.46 - | - -0.067
Gross Beta 12.0 15.0
Potassium-40 11.0 12.0
Radium-226 0.39 0.58
Thorium-228 ’ 0.72 0.78
Thorium-232 0.60 0.85
{{Franium-233/234 0.46 0.40
ranium-238 0.32 0.63
Inorganics mg/kg mg/kg
Aluminum 5,480 8,030
e Arsenic. - - - - | <190 1.90B
Barium . 63.3] 78.6
<--me -----{Beryllium . ...l 054 | 044B
—_|Chromium ol <67 |_.9.00.
Cobalt 8.30 10.7
Copper 11.7 12.7
Iron 16,400 20,100
Lead 6.40 <54
Magnesium <2.870 3,580
Manganese 306 366
Nickel 8.10 8.70
[Nitrate-Nitrite (mg-N/kg) 3 ND
Potassium <911 1,470
Silver <1.2 1.10B
Vanadium 42.0 44.9
inc 37.00 39.7
|Organics ug/kg ug/kg
Toluene 29.0 ND
IND = not detected

3T-1
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Table 3-2. Operable-Unit Specific Control and Site-Wide Baékground. (Page 1 of 2)

Local Control Hanford Site Background
Analye . | X | 8 .|  95% CXb | sb Nb 95% 95%
Distribution? Distribution® | UTLY
Inorganics (mg/kg)
Aluminum 6,755 1,803 11,448 8,302 3,225 119 13,621 15,082
Antimony <3.2 <15.2 - 65
Arsenic 1.43 0.67 2.94 42 1.66 117 7.63 9.0
Barium 710 10.8 95.9 94.5 32 119 155.9 174.6
Beryllium | o049 | 0071 0.65 1.1 0.34 117 1.58 1.8
Cadmium <0.3 - <0.7 -- 117
Calcium <3470 --- 11,311 9,577 119 21,012 24,642
Chromium 6.2 4.0 152 113 6.09 119 24.13 28.2
Cobalt 95 | 17 13.58 12 | 301 | 118 17.58 18.9
Copper . . ... ! 122 a7. | 139 . 158 1. 53 119 25.3 279
cerlom T e AR50 261G 24,838 24584 | 5822 119 35,746 38,246
Lead- - - - |46 |26 - 167 - - 62 o347 119 ¢ 1261 i4.9
Magnesium 2,508 1,517 6,411 5,250 1.588 119 7,970 8,760
Manganese 336 424 439 384 93.1 119 548 583
Mercury <0.06 -- 0.3 0.44 118 0.61 1.3
Nickel 84 04 9.43 13.2 4.96 119 22.16 24,7
Potassium 963 717 2,578 1,414 604 117 2,676 3,090
Selenium <0.82 <5 - 98
Silver i 0.85_ 1 0.35 1.69 1.5 1.22 117 1.48 2.1
Sodium <175 - 480 787 117 969 1,393
Thallium <0.33 - <37 - 118
Vanadium 43.5 2.1 48.7 583 19.9 119 96.7 106.5
Zinc 384 1.9 430 52.6 13.1 119 74.7 78.9
Radionuclides (pCi/g)
Cesium-137 0.26 0.28 0.91 NR NR - NR NR
Potassium-40 11.5 0.71 13.3 NR NR - NR NR
Radium-226 0.49 0.13 0.84 NR NR - NR NR
Thorium-228 0.75 0.042 0.86 NR NR - NR NR
. |- Thorium-232. .| 0.73 (.18 1.2 NR NR - NR NR
Uraninm-233/234 0.43 0.042 0.53 NR NR - NR NR

3T-2a
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Table 3-2. Operable-Unit Specific Control and Site-Wide Background. (Page 2 of 2)

Local Control Hanford Site Background
 Analye X s | 9% | Xb | sb Nb 95% 95%
Distribution? Distribution® { UTLd4
Uranium-238 0.48 0.22 1.0 NR NR - NR NR

Source: DOE-RL 1993b

3 95th percentile of the data for a lognormal distribution of the population estimate.

-1 b Mean (X), standard deviation (S) and sample size (N).
~ | £ 95th percentile of the data for a lognormal distribution, except copper and magnesium, which are based on a
Weibull distribution.

d 95% upper confidence limit of the 95th percentile of the data distribution.

NR = not reported
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Table 3-3 Analytes Detected in Samples from the 116-K-1 Borehole.

Sample Number BO7HGI BO7HG3 BO7HG4 BOTHG6 BO7HG7
Depth Interval 0-1 ft 4-6 ft 10-12 ft 19-21 ft 24-26 ft
Radionuclides pCi/g pCi/g pCi/g pCi/g pCi/g
| Americium-241 ND 1.7 0.047 J ND ND
 ICesium-137 034 | 150 B e ND ND
Cobalt-60 ND 15 0.58 ND ND
[Europium-152 0.091 76 4.3 ND ND
" |[Europium-154 ND- 12 - 0.74 ND ND
Plutonium-238 ND 0.191 ND ND ND
Plutonium-239/240 "ND - 24] 0.07] ND ND
[Potassium-40 10 17 13 9.6 13
Radium-226 0.47 0.57 0.42 ND 0.44
Strontium-90 ND 39 54 ND ND
Thorium-228 0.66 0.8 0.64 0.6 0.65
Thorium-232 0.7 0.74 0.46 ND 0.74
Uranium-233/234 0.49 0.61 0.35 0.29] 0.38
Uranium-238 . 0.64 0.57 . 0.54 0.2J 0.44
Inorganics mg/kg mg'kg mg'kg mg/kg mg/kg
Aluminum 5,010 5,450 4,730 3,800 4,180
Arsenic NDb 2.7 ND ND ND
Barium 57.8) 60.4] 59.6J 46] 50.1J
Beryllium ND ND 0.62 ND 0.52
Chromium ND 13J 10J 9.3] 11.1)
Cobalt 9.3 75 54 3.8 37
ICopper 14.7 27.3 10.6 11 20.1
ffron 18,800 16,500 12,700 8,840 8,080
agnesium 3,810 4,430 4,180 ND ND
Manganese 298 281 238 185 170
Mercury ‘ND 03t ND ND ND
- MNickel 7.7 107 98 6.7 ~ 73
Nitrate/Nitrite (mg-N/kg) 18.6 ND ND ND ND
Vanadium ' 41.7 37.1 22.7 14.9 159
Zinc . 3B 43.8] _28.51 24.3] 24.1]
_|Organics ughkg | ughkg | ugkg uglkg ug/kg
Toluene 2 ND ND ND ND

J = estimated value
ND = not detected
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Table 3-4. Analytes Detected in Samples From the 116-K-2 Borehole. (sheet 1 of 2)

Sample Number BO7HI8 BO7HI9 BOTHKO BO7HK1 BO7HK2
Depth Interval 0-1 ft 18-20 ft 22.5-243 ft | 262751t 29-30 ft
Radionuclides pCi/g pCi/g pCi/g pCi/g pCi/g
" |Americium-241 T ND 13 0.08 ND ND
[Carbon-14 ND 1 ND ND ND
[Cesium-137 0.014 1,900 17 0.14 ND
Cobalt-60 - ND 370 22 1.6 0.077
Europium-152 0.12 1,600 23 0.4 ND
Europium-154 ND 250 32 ND ND
Europium-155 ND 15 ND ND ND
Plutonium-238 ND 2.1 ND ND ND
Plutonium-239/240 ND 44 0.077 ND ND
Potassium-40 12 ND 14 13 12
Radium-226 0.49 ND 0.48 0.5 0.44
Strontium-90 ND 35 2.1 2.5
Thorium-228 1.1 0.82 0.69 0.85
Thorium-232 0.71 0.82 0.58 0.48
Uranium-233/234 ) 0.54 0.61 - 0.35 0.48
Uranium-238 0.36 0.43 0.56 0.34
-|Inorganics mg'kg mg/kg mg/kg mg/kg
Aluminum 7,430 6,450 6,330 5,680
Arsenic 2.5 1.5 1.4B 1.4B
Barium 63 74.7 64.5 122
_ ____|Beryllium - ]._ 0.68 044 1 _023B | __0.58B
I Chromjum {112 21.7 17.2 14.9
lcobalt 10.1 7.5 5.8B 6.1B
Copper 18.6 449 ND
Iron 21,000 17,000 13,900 11,600 12,700
_ [Magnesium _ 5,056 4,290 4,350 1 3,760 | 3,810
Manganese 309 229 297 249 284
|Mercury ND ND 0.13 ND
" Nickel 11.3 14 10.7 9.1 10.1
Nitrate/Nitrite (mg-N/kg) ND 4.42] ND ND ND
Potassium 1,550 ND 1,240 1,180 1,220
Silver L , ND | _ ND -ND . 0.86B 1.5B
Vanadium _ 42 39.4 26.3 25.8 23.3
Zinc 44.5) o 143Y 63.6] 39 35.5
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" Table 3-4. Analytes Detected in Samples From the 116-K-2 Borehole. (sheet 2 of 2)

at a concentration between IDL and CRDL.
ND = not detected

Sample Number BO7HI8 BO7HI% BO7HKO BO7HK1 BO7HK?2
Depth Interval 0-1ft 18-20 ft 22.5-243 ft| 26-27.5ft 29-30 ft
iOrganics ug/kg ug/kg ug/kg ug/kg ug/kg
Methylene Chloride I 3 2] 2 pl|
Tetrachloroethene ND 4] 3] ND ND
Toluene _ ND 5] ND ~ND =]
Trichloroethene ND 2] ND ND ND
Note: Shaded values exceed Hanford Site UTL (Table 3-2).
J =  estimated value
B = For organics, analyte detected in blank sample, for inorganics, analyte was detected
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Table 3-5. Analytés Detected in Samples From the 116-KW-3A Borehoie.

Sample Number BO7HGY BO7HH1 BO7HH2
Depth Interval 0-1ft 17-19 ft 22-24 fi
Radionuclides pCi/g pCi/g pCi/g
Cesium-137 0.2 0.64 ND
uropium-152 o 0.29 ND ND

Potassium-<40 9.9 9.5 13
Radium-226 0.42 0.39 0.49
Thorium-228 0.69 0.5 0.64
Thorium-232 0.57 0.45 .0.68
{Uranium-233/234 0.54 0.34 0.44
[Uranium-238 0.43 0.42 033 |
rInorganics mg/kg mg/kg mg/kg_
Aluminum 6,420 6,110 5,740
Arsenic 32 1.88 2.2B

—{Barium 69.6 67.1 50.9
[Beryllium 0.77B ND 0.2B

" [Chromium - 8 10.9 11.3
Cobalt 11.5 6.98 5.4B
Copper - 21.2 20.7 11.3
{fron 23,200 13,400 11,100
Eead 14.8 ND ND
Magnesium 5,170 3,900 3,660
Manganese 359 246 210
Nickel 9.2 10.8 10.7
Nitrate/Nitrite (mg-n/kg) ND 3.03 ND
Potassinm 1,230 1,110 1,060
Thallium ND ND 0.32
'Vanadium 49.9 33.1 26.9
Zinc 523 31.2 27.2

] IOrganics - ) ug/kg ug/kg ug/kg
[Di-n-Butylphthalate 44B] ND ND
Tetrachloroethene 4] ND ND
Toluene ND ND 2]

Note: analyte detect in blank
J = estimated value

and CRDL..
ND = not detected

B = For organics, analyte detected in blank sample, for
inorganics, analyte was detected at a concentration between IDL
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- - Table 3-6. Analytes Detected in Samples Collected from 116-KW-3B Test Pit.
(sheet 1 of 2)
Sample Number BO7234 BO7233 BO7235 BO7236 BO7237
Depth 0ft 0ft 10 fi 15 ft 20 ft
[Radionuclides pCi/g pCi/g pCi/g pCi/g pCi/g
 jCesium-137 12 11 ND _ _ND __ _ND
Cobalt-60 0.89 1.1 ND ND ND
Europium-152 7.8 8.8 ND ND ND
Europium-154 1.1 1.2 ND ND ND
Potassium-40 12 11 14 15 16
Radium-226 0.5 0.6 0.63 0.86 0.85
Strontium-90 0.84] N | ND ND ND
Thorium-228 0.81 0.86 1.1 1.2 1.7
Thorium-232 0.56 0.56 0.96 1.1 1.4
[Uranium-233/234 17 0.6 0.7 0.74 1
Uranium-235 1.7 ND ND ND ND
"|Uranium-238"" 17 ‘0.48 0.53 0.91 0.73
Inorganics mg/kg mg/kg mg/kg mg/kg mg/kg
Aluminum 6,370 7,370 2,860 7,990 7,960
Arsenic 19 1.9B 1.9B 4 4.1
Barium 64.6 66.7 90.4 75.8 65.4
Beryllium 0.398 0.58B 0.6B 0.47B 0.538
Chromium 17.8 16.3 14.8 16.8B 17.2
Cobalt 10.4 10.1 7.5 7.3B
Copper 16.7 18.3 15.3 13.2 11.8
Fluoride ND 3 3 ND ND
Iron 20,100 18,800 20,300 16,300 16,100
Lead 8.2 11.3 6.5 ND ND
Magnesium 4,500 4,610 4,300 6,070 6,360
e Manganese: - 30 308 368 - 292 26
Mercury 0.11 0.2 0.06B 0.06B ND
~ [Nickel 10.4 10.7 11.8 15.2 15.7
I\’-tratem’l\htnte (mg-N/kg) 18.8 9.18 ND ND 291
Phosphate 14 15 14 ND ND
Potassium 1,510 1,620 1,990 1,610 1,080
Silver [.1B ND 0.95B 0.84B 0.98B
Vanadium 47 43.2 44 33 33.9
|Zinc B 581 594 52.4° ND 39.7
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Table 3-6. Analytes Detected in Samples Collected from 116-KW-3B Test Pit.
{sheet 2 of 2)

Sample Number BO7234 BQ7233 BO7235 BQO7236 BO7237
Depth 0 ft 01t 10 ft 15f 20 ft
{Organics - ug’kg ug/kg ug/kg ug/kg ug/kg
Benzo(a)anthracene 370 1705 ND ND ND
Benzo(a)pyrene 130) ND ND ND ND
{Benzo(b)fluoranthene 340 160J ND ND ND
Chrysene 310 1701 ND ND ND
“|Fluoranthene 980 2705 ND "ND ND
[[lndeno(1,2,3-cd)pyrene 45] ND ND ND ND
Phenanthrene 390 ND ND ND ND
Pyrene 750 2201 ND ND ND
Toluene 11 5J ND ND ND
Note: Sample B07233 is a duplicate of BO723A
Shaded vaiues exceed Hanford Site UTL
B = for orgamcs, analyte detected in blank sample, for inorganics, analyte was detected at a
concentration between IDL and CRDL.
] = estimated value
ND = not detected
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Table 3-7. Analytes Detected in Samples Collected from 116-KW-3C Test Pit.

Sample Number BO7227 BO7228 BO7239 BO7229 BO7230
0ft 10 fi 10 ft 15 ft 20 ft
Radionuclides pCi/g pCi/g pCi/g pCi/g pCi/g
- ICesium-137 0.191 - 022 ND . ND ND
[Europium-152 ND 0.42 ND ND ND
- {Potassium-40 12 14 13 12 12
‘[Radium-226 0.51J ~0.68] 0.65 054 | 053
Thorium-228 0.971 1.33 1.1 0.97 1
Thorium-232 0.7 0.96 0.88 0.95 0.92
~{Uranium-233/234 0.31 -0.65 0.6 -0.59 -0.63
Uranium-238 0.42 0.61 0.59 0.5 0.62
|Inorganics =~ mg/kg mg/kg mg/kg mg/kg mg/kg
Aluminum 5,440 7,060 7,560 7,550 5,650
Arsenic ND ND 35 ND ND
Barium 70.7] 62.7] 59.9] 62.91 58.3
- Beryllium .05, 1_ ND ND 0.71 ND
Chromium ND 13.1 13.8 14.3 10.5
- {Cobalt 106 7.3 8.1 8 5.8
Copper 19.8 15.3 21.8 19.9 16.6
Fluoride ND ND ND ND 3
--Iron. - 19,600 . L. 14,300 16,700 15,800 10,500
Lead 14.8 ND ND ND 7.61
|Magnesium 4,330 5,210 5,970 5,290 3,670
Manganese 356 259 274 283 217
- [Nickel 10 143 15.9 14.8 12
Potassium 1,090 1,420 1,500 1,320 1,160
Vanadium 41.4 29.5 35.1 30.4 19.5
C Zinc 46.7 36.9 33 38 26.9
Organics ug/kg ug/kg ug/kg ug/kg
1oiuene 4 ND ND ND ND

Note: Sample B07239 is a duplicate of sample B07228,
J = estimated value
ND = not detected
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Tabie 3-8. Analytes Detected in Samples Collected from 116-KE-4A Borehole.

Sample Number BO7HI2 BO7HI3 BO7HI6 BO7HI7
Depth Interval 0-1 ft 0-1ft 15-17 ft 20-22 ft
Radionuclides ..\ pCig | pCilg._ | pCiig__| pCilg
Cesium-134 ND ND ND 0.056
|C%ium—137 1.3 1.5 0.35 ND
~ ICobalt-60 1 0.46 ~ ND ND
Europium-152 7 6.4 0.47 ND
[Europium-154 1.2 1.1 ND ND
Europium-155 ND 0.16 ND ND
" [Plutonium-239/240 0.03] ND " ND ND
[Potassium-44) 10 12 11 16
Radium-226 - - ' 1 - 0.48 - 0.5 0.44 0.5
Thorium-228 0.72 0.66 0.74 0.66
(Thorium-232 0.77 0.47 0.78 0.77
Uranium-233/234 0.5 0.55 0.39 0.44
Uranium-238 0.56 0.55 0.45 0.32
Inorganics mg/kg mg/kg mg/kg mgll:;m“=
Aluminum 5,430 6,430 6,260 5,570
Barium 60.6 68.7 65.8 60.4
Beryllium ND 0.39 ND ND
Chromium 9.5 10.3 12.4 11.1
~"[Cobalt 11.3 12.7 8.7 6.1
S . [Copper ' 22.3 20.3 14.8 12
ron 22,700 25,500 17,100 11,500
[Lead 6.4 6.2 ND ND
Magnesium 4,390 4,970 3,930 3,580
Manganese 303 417 266 213
Mercury ND 0.06J ND ND
Nickel 8.3 9.6 8.1 9.5
Potassium ND 1,120 ND 1130
Silver ND 0.79 ND ND
- {Vanadium- - e - 48.9 58.8 42.4 275
Zinc 44 50.8 35.2 28.1
Br-g_anics ug/kg ug/kg ug/kg UF
Benzo(a)anthracene ] ND 531 ND ND
Benzo(b)fluoranthene ND 467 ND ND
Fluoranthene ND 62] ND ND
. [Pyrene ND 671 ND ND
Toluene ND ND ND 2
Note: Sample BOTHI3 is a duplicate of sample BO7HI?2.
J = egstimateq vaiue
ND = not detected
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Table 3-9. Analytes Detected in Samples Collected from 116-KE-4B Test Pit.

Sample Number BO7213 BO7214 BO7215 BO7217 BO7218
Depth Interval 0 ft 10 ft 10 ft 15 ft 20 ft
{Radionuclides pCi/g pCi/g pCi/g pCi/g pCi/g
[Cesium-137 21 | ND | ND | ND | ND
obalt-60 27 ND ND ND ND
Europium-152 21 0.071J ND ND ND
Europium-154 2.9 ND ND ND ND
Plutonium-238 0.054 ND ND ND ND
Potassium-40 13 12 12 13 13
- ~ [Radium-226 0.47 0.41 0.04 0.42 0.38
57 Stromtium-90 | 1.7 ND ND 0.81] ND
Thorium-228 0.67 0.75 0.85 0.8 0.66
Thorium-232 0.69 0.54 0.7 0.69 0.77
Uraniuim-233/234 -~ T 04 ~7{° 037 ~ [ 0217 | 041 0.46
Eranium-238 0.33 0.41 0.4 0.51 0.41

Inorganics mg/kg mg/kg mg/kg mg/kg mg/kg
Aluminum 7,660 4,590 5,720 4,960 5,040
Barium 55.7 36.7 384 36.6 345
[Beryllium 0.34 ND ND ND ND
Chromium 851 ] 8.8 10.4 9.3 9.3
[Cobalt 8.9 4.8 4.6 4.4 4.8
Copper 18 16.6 18 14.7 19.2
firon 17,400 8,260 9,510 8,620 8,730
Lead 7.2 ND ND ND ND
Magnesium 4,650 ND 3,430 3,300 ND
Manganese 240 163 167 139 159
Nickel 11.7 9.8 10.8 9 10.1
iPotassium 1,470 ND ND 1,140 ND
Vanadium 45 14.5 17.8 15.9 15.6
Zinc ) ) 46.9J 23.6] | 26.4] 26] 24.1]
Organies— - - -] - ughg—| -uglkg- | - uglkg - -ug;’;é= ug/kg
Acenapthene 99] ND ND ND ND

Note: Sample B07215 is a duplicate of sample B07214.
Shaded values exceed Hanford Site UTL.

J = estimated value

ND = not detected

3T-%



DOE/RL-93-78
Draft A

Table 3-10. Analytes Detected in Samples Collected from 116-KE-4C Test Pit,

Sample Number | BO7221 BO7222 BO7224 BO7225 BO7226
_ N Depth 0ft 10 ft 10 ft 15 ft 20 ft
[Radionuclides pCi/g pCi/g pCi/g pCi/g pCi/g
- [Cesium-137 1.3 ND ND ND ND
{Cobali-60 0.47 ND ND ND ND
- _iEpropinm-152 12 __ND . _ND . _ND . _ND
Potassium-40 15 13 13 13 14
Radium-226 0.77 0.53 0.53 0.43 0.43
Thorium-228 1.2 0.92 0.65 0.83 0.81
Thorium-232 1.1 0.73 0.73 0.68 0.7
Uranium-233/234 0.66 0.45 0.32 0.47 0.41
- |Uranium-238 0.6 042 | 039 0.42 — 035
Inorganics mg/kg mg/kg [ mg/kg mg/kg mg/kg
- lAluminem -~ 8,150 - 7| 5,430 -7 3,790 4,860 4,950
Arsenic 2.2 0.84 0.68 ND ND
T Barium 67 38.1 56 37.5 311
- Beryllium 0.43 042 ND- ND ND
Chromium 1 10.1 21 8.5 8.7
IR _'!Cebalt—z . 10.2 4.9 5.8 4.5 4.3
Copper 16 17 14.8 14.4 14.8
i Iron 20,700 10,100 11,100 9,160 8,950
Lead 6.2 ND ND ND ND
Magnesium 6,040 3,480 4,350 ND ND
Manganese 325 168 129 158 163
IMercury 0.07) ND ND 0.371 0.42)
Nickel 144 9.4 11.4 8.7 8.8
Nitrate/Nitrite (mg-N/kg) 7.24] ND ND ND ND
Potassium 1,340 ND 1,450 ND ND
) Vanadium 45.7 20.3 22.3 17.2 17.2
Zinc 48.3J 27.4] 29.2J 24.5) 25]
Note: Sample B07224 is a duplicate of sample B07222.
J = estimated value
ND = not detected.
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Table 3-11. Physical Properties of Samples Collected from 116-KE-4 Borehole.

Sample Numbe BO7LK2 BO7LK3 BO7LK4 BO7LKS
' Depthf 46t 10-12 ft 13-15 ft 18-20 ft
Particle Size Distribution
% Gravel 49.1 73.3 50.0 59.0
% Sand 41.8 21.7 41.2 33.4
% Fines (silt + clay) 9.1 50 8.8 76
IBulk Density (g/cm’) 2.01 1.82 2.03 2.08
Porosity (%) 27.1 NR 25.9 23.43
Moisture Content (%) 4.49 NR 3.86 2.46
% Moisture Retention -
11 cm tension 12.55 5.67 12.04 10.50
35.5 c¢m tension 12.21 5.37 11.88 10.58
99 cm tensio 10.13 4.32 10.04 7.49
500 cm tension| 6.62 2.98 6.64 3.76
1000 cm tensio  5.58 2.40 5.59 3.31
2040 cm tension| 4.4 1.80 4.35 2.33
7,140 cm tension| 3.39 1.39 3.04 1.39
10,200 cm tension 3.04 1.27 2.65 1.20

INR = not reported
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Table 3-12. Process Effluent Pipeline Characterization Data.

o | Isotopic Analysis | __Activity Level (Beta-Gamma)
Site Sample Isotope pCi/g Direct Technical Smear
cpm/probe*** cpm/200 cm?
100-C Pipeline section
inner surface 33,000 6,700
. Loose scale* Co60 | 150
Eu-152 | 3,400
Eu-154 580
Eu-155 51
Pipe scrapings** Co-60 600
Eu-152 | 7,700
Eu-154 | 1,300
Eu-155 150
100-DR Pipe section 33,000 6,700
inner surface
Loose scale Co-60 150
o - Cs-137 | _ 25
Eu-152 | 1,700
Eu-154 310
Eu-155 16
Pipe scrapings Co-60 670
Cs-137 28
Eu-152 1 7,000
Eu-154 | 1,200
Eu-155 83
100-F Pipe section 20,000 10,000
inner surface
Loose scale Co-60 120
) ‘Eu-152 | 6,500
Eu-154 | 1,000
Eu-155 73
Pipe scrapings Co-60 330
Eu-152 | 12,000
Eu-154 1,900
Eu-155 93
Source; Beckstrom and Steffes (1986)
* Loose scale samples were taken from sediment lying in the underwater pipe.
"~ I** Pipe scrapings were taken from the inner surface of the cut pipe section after removal from
the river.
" F**Nominai efficiency for the P-i1 Probe uséd for these resuits is 10%."
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4.0 QUALITATIVE RISK ASSESSMENT OF THE 100-KR-1 OPERABLE UNIT

This chapter provides a summary of the methods and results of the QRA that was
performed for the high-priority waste sites in the 100-KR-1 operable unit (WHC 1993e).
Details concerning the selection of contaminants of potential concern, exposure and toxicity
assessments, the risk characterization and the uncertainty analysis may be found in the QRA for
the 100-KR-1 operable unit (WHC 1993e).

4.1 QUALITATIVE RISK ASSESSMENT PROCESS

The QRA is an evaluation of risk for a predefined set of human and ecological exposure
-, --scenaries. - The QRA-is: not intended: to-replace or-be-a substitute for-a-baseline risk assessment.
Consequently, the QRA is streamlined to consider only two human health scenarios (frequent and
occasional use) with four exposure pathways (soil ingestion, fugitive dust inhalation, inhalation
of volatile organics, and external radiation exposure) and a limited ecological evaluation. The
use of these scenarios and pathways was agreed to by the 100 Area Tri-Party Unit Managers
(December 21, 1992, and February 8, 1993). Future waste site risk estimates considering the
decay of radionuclides to the year 2018 and the effect on external radiation exposure from
shielding provided from current soil and gravel covers are also presented. Frequent and
occasional use exposures (residential and recreational exposure scenarios, respectively) and Great
Basin pocket mouse habitat are assumed at the site in order to provide a conservative estimate of
risk. However, since the 100-KR-1 operable unit is not used for residential or recreational
purposes currently, and because of the uncertainty associated with Great Basin pocket mouse
wceeem . ..gXpoSUre at the site, actual risks at the site may be lower than estimated in the QRA.

4.1.1 Approach

The QRA is conducted using the Hanford Site Baseline Risk Assessment Methodology
(HSBRAM) (DOE-RL 1993a) as guidance and
consists of the following:

. An evaluation of the data sources and/or process information

] Identification of maximum constituent concentrations, -where data is
available

. A human health risk evaluation

. An ecological risk evaluation.

Key factors that contribute to uncertainty throughout the risk assessment process are also
identified.
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4.1.2 Guidelines Used in the Qualitative Risk Assessment

The following guidelines were agreed to by the Tri-Party Unit Managers prior to

i 3 tha MD A
PEIICTIMINIE Ui€ YA,

. Site-wide soil background concentration data are used to.screen inorganic
- constituents,
o Historical radionuclide concentrations (without considering daughter

products) are decayed to 1992.

. The maximum contaminant concentration within the upper 15 ft of soil,
- - - - - either-from historical-or LFI dats; is used to estimate risk in the QRA.

. Two scenarios, frequent use and occasional use, are evaluated in the
human health section of the QRA.

. For the human health exposure assessment, the pathways evaluated in the
QRA are soil ingestion, fugitive dust inhalation, inhalation of volatile
organics, and external radiation exposure.

. Ecological scenarios are evaluated using the Great Basin pocket mouse
because it is a key component of the Hanford area food chain and a
biological endpoint with a range similar in size to the dimensions of most
individual waste sites.
... __ __Several other guidelines are used in the QRA. The data collection during the LFI for the
~-——- - operable unit followed-a known precess-and-therefore the data are considered to be of high
" “quality, Historical data (e.g., Dorian and Richards 1978) are considered to be of medium
quality because the data were not validated and documentation was less rigorous. Where
historical data do not specify uranium isotopes, uranium-238 is evaluated because it represents
o ...>99% of natural uranium. Chromium is assumed to be present as chromium (VI) because it
provides the most conservative evaluation and chromium was not speciated during analysis.
Nickel in the soil environment is not considered carcinogenic because the pyrolytic activity that
generates the carcinogenic form of nickel was not present in the operable unit. If toxicity factors
are not available for a constituent, surrogate factors are generally not used unless specifically
noted.

The qualitative risk estimations are grouped into high (lifetime incremental cancer risk
(ICR} > 1E-02), medium (ICR > 1E-04 to 1E-02), low (ICR 1E-06 to 1E-04), and very low
(ICR< 1E-06) risk categories. A frequent-use scenario is evaluated in 2018 to ascertain
potential future risks associated with each waste site after additional radionuclide decay. For the
current occasional-use scenario, the effect of radiation shielding by the upper 6 ft of soil on the
external exposure risk at each waste site is evaluated.

.. For the ecological risk assessment, metals are assumed to be completely bioavailable for
uptake by vegetation. The identified concentrations are assumed to be uniformly distributed over
the site, biologically active, and available for transport. Environmental hazard quotients (EHQ)
for ecological exposure to radionuclides are based on an exposure limit of 1 rad/day (DOE Order
5400.5) and the no observable effect level (NOEL) dose.

42



DOE/RL-93-78
Draft A

4.2 HUMAN HEALTH QUALITATIVE RISK ASSESSMENT

The QRA provides estimates of risk that might occur under frequent-use or occasional-

~-use scenarios based -on the best available knowledge of current contaminant conditions, but it

does not represent actual risks since neither frequent-use nor occasional-use of high priority sites
currently occurs.

4.2.1 Overview of the Human Health Risk Evaluation Process

The frequent-use and occasional-use scenarios are evaluated using residential and
recreational exposure parameters respectively, from DOE-RL (1993a). Frequent-use is addressed
for current (1992) and future (2018) contaminant concentrations. Air inhalation of volatile

- organics is eliminated from this analysis because volatile organics are not present above

preliminary risk-based screening levels in the soil at any waste site. Therefore, inhalation of
volatile organics is not a likely exposure pathway for this operable unit. For the soil ingestion

. and external exposure pathways, maximum sample concentrations from the upper 15 ft of soil

are used. For the fugitive dust inhalation pathway, maximum contaminant concentrations in the
upper 15 ft of soil are used in conjunction with a particulate emission factor. This factor relates
contaminant concentrations in the soil to concentrations of respirable particles in the air due to

fugitive dust emissions. Quantification of exposures is conducted using Section 2.3 of DOE-RL

.......

The external exposure pathway is also evaluated for the current occasional-use scenario

- while considering the effect of shielding by existing soil cover. In this evaluation, only

radionuclides detected in the upper 6 ft of soil are considered as contributors to external radiation
exposure. These external exposure risks are considered to be more representative of current site
conditions where activities in a contaminated zone are controlled.

Section 2.3 of DOE-RL (1993a) contains the general procedures followed in the QRA for
toxicity assessment. The toxicity assessment in the QRA involves the selection of slope factors
and reference doses for contaminants of potential concern and includes sufficient toxicity
information on contaminants of potential concern to assist project managers in reaching decisions

TR &

~ 0N 1IKMS.

Risk characterization for the individual waste sites differs depending on the type and
amount of data available for the specific waste site. Risk characterization is conducted in

~_accordance with Section 2.4 of DOE-RL (1993a). The risk characterization for each site is
- -performed by-calculating contaminant-specific ICRs and HQs and then suimming contaminant-

specific risks to obtain a risk estimate for the waste site.

For sites where sampling data are not available to calculate ICRs and HQs, the risk
characterization consists of a qualitative discussion of the site, the potential threat posed by the
site, and the confidence in the information available to assess the threat, Risk estimates from
analogous sites are used, where appropriate, to qualitatively determine possible contaminants and

—tat o1

poieitial risk ieveis.
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4.2.2 Results of the Human Health QRA

 ___An overview of the human heaith QRA and associated uncertainties for the 100-KR-1
QRA are summarized in the following sections.

Information summarized in Tables 4-1, 4-2 and 4-3 for the human health QRA includes:

. Data availability and confidence in data

_ ___._e __ _ The qualitative risk estimation
. The risk-driving contaminants for the frequent-use and occasional-use
scenarios
. The risk-driving pathways for the frequent-use and occasional-use
scenarios

..~ ........_The risk-driving contaminants for both the frequent-use-and occasional-use scenarios are
generally radionuclides and the primary risk-driving pathway is usually the external exposure
pathway.

The high-priority waste sites listed in Table 4-2 of the 100-KR-1 work plan
{DOE-RL 1992a} are evaluated in the QRA. Where LFI data were not collected, historical data
were used in the risk assessment. Where sampling data were not availabie, risk estimates from
analogous waste sites (if any) were considered in evaluating the potential risk from the waste
site.

Based on the QRA, the high-priority waste sites within the 100-KR-1 operable unit are
all grouped in high, medium, and low risk categories as shown in Table 4-3,

The 100-KR-1 operable unit waste sites with data are categorized in the frequent-use
scenario in 1992 as follows:

. High human health risk potential
oem - = —116-K-1 erib
- 7 116-K-2 trench {inside trench soils)

----- S - 116-KW-3 retention basin (inside and outside basin soils)
- 116-KE-4 retention basin (inside basin soils and inlet chute scale)

. Medium human health risk potential
- 116-K-2 trench (outside trench soils)
- 116-KE-4 retention basin (outside basin soils).

---- The-100-KR-I-operable unit waste sites-with-data are categorized in the occasional-use
scenario in 1992 as follows:

. High human health risk potential
- 116-KE-4 retention basin (inside basin inlet chute scale)

44
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. Medium human health risk potential
- 116-K-1I crib
- 116-K-2 trench (inside trench soils)
- 116-KW-3 retention basin (inside and outside basin soils)
- 116-KE-4 retention basin (inside and outside basin soils)

. Low human health risk potential
- 116-K-2 trench {outside trench soils).

The 100-KR-1 operabie unit waste sites with data are categorized in the frequent-use
,,,,, - ...-gcenario in 2018 as follows:
. igh human health rigk potential
116-K-1 crib
116-K-2 trench (inside trench soils)
116-KE-4 retention basin (inside basin soils)

116-KE-4 retention basin (inside basin inlet chute scale)

'

. Medium human health risk potential
- 116-K-2 trench (outside trench soils)
- 116-KW-3 retention basin (inside and outside basin soils)
- 116-KE-4 retention basin (outside basin soils).

~ The risks, both carcinogenic and non-carcinogenic, presented in this QRA are
deterministic estimates given multiple assumptions about exposure, toxicity, and variables.
Consequently, uncertainty exists for the evaluation of the contaminants, the exposures, the
toxicities, and the risk characterization for the QRA. This uncertainty is discussed more
extensively in the following sections. )

4.2.3 Summary of Key Uncertainties in the Human Health Risk Assessment

In general, the QRA is based on a limited data set. Uncertainties are associated with

___ __.__both the contaminants. identified for each waste-site- and the concentrations of the contaminants.
Collected samples may not be representative of conditions throughout the waste site, and
historical data may not accurately represent current conditions. Confidence in the contaminant
identification and concentrations is therefore rated medium. Because the samples may not be
completely representative of the site risks may be overestimated or underestimated. The use of
maximum concentrations from a conservatively-biased sampling scheme could resuit in an
overestimation of risk. The collection of limited numbers of samples could result in an
underestimation of risks.

Uncertainty exists with respect to the identification of specific contaminants. Where the
isotope of urantum is not specified, uranium is evaluated as uranium-238. The slope factors for
-~ — . —— the various-uranium isctopes differ-slightly from one another, resulting in slightly different risks
if each is evaluated separately. The valence state of chromium identified in the QRA samples
was not known. For the risk estimate, the most toxic form was assumed (Cr VI). Therefore,
___inhalation risks are overestimated if chromium exists as the less toxic form (Cr III).
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External exposure slope factors are appropriate for a uniform contaminant distribution,
infinite in depth and areal extent (i.e., an infinite slab source), with no clean soil cover. For
high-energy gamma emitters (e.g., cobalt-60 and cesium-137), the assumption of an infinite slab
S ~ source can only be satisfied if these radionuciides extend to nearly 6 ft below ground surface and
over a distance of a few hundred meters or more. If the site being evaluated is smaller than this,
“or if the site has a clean soil cover, use of external exposure slope factors is likely to provide
risk estimates that are unrealistic.

‘When there is a high degree of uncertainty associated with the information used to
determine toxicity, there is less confidence in the assessment of the risk associated with
exposure. The primary sources of these uncertainties include the following:

. Use of information on dose-response effects from high-dose exposure
scenarios to predict effect at low-dose exposure scenarios

° Use of animal dose-response data to predict effects in humans

. Use of short-term exposure data to extrapolate to long-term exposure, or
vice versa

. Use of dose-response information from a homogeneous animal or healthy

human population to predict the effects that may occur in the general
population where there are varying sensitivities to different contaminants.

Uncertainty in the risk characterization also results from summing ICRs and HQs across
e — - comtaminants and pathways, a process which gives equal weight to toxicity information derived
from different sources or species. Exposures to multiple contaminants may result in additive
effects or effects that are greater or less than additive.

4.3 ECOLOGICAL QUALITATIVE RISK ASSESSMENT

The purpose of the qualitative ecological risk assessment is to estimate the ecological
risks from existing contaminant concentrations in the 100-KR-1 operable unit to the Great Basin
pocket mouse.

The 100-KR-1 operabie unit is a terrestrial waste unit. The approach consistent with the
objective of the QRA is to assess the dose to the Great Basin pocket mouse. The mouse ig used
as the indicator receptor because its home range is comparable to the size of most waste sites and

. .-could receive most of its dose from a waste site. This allows a risk comparison between waste
sites.

e weee e - Contaminants found in the-soil at waste sites within the 100-KR-1 operable unit include
radioactive and nonradioactive elements. For nonradioactive elements, ecological effects are
evaluated from uptake from the soil by plants and by accumulation of these elements through the
foodweb. Radioactive elements have ecological effects resulting from their presence in the
abiotic environment (external dose) and from ingestion (e.g., dose from contaminated food
consumption), resulting in a total body burden. Total daily doses to an organism can be
estimated as the sum of doses (weighted by energy of radiation) received from all radioactive
elements ingested, residing in the body, and available in the organism’s environment.
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Radiological dose calculation methodology as reviewed by Baker and Soldat (1992), were applied
in the QRA.

The radiological dose an organism receives is usually expressed as rad/day. Exposure
can resuit from both external environmental radiation and internal radiation from body burden.
External dose is less than 1% of the total dose (internal and external); therefore, external dose to
an animal as small as a pocket mouse, at this site, can be ignored (Appendix D of DOE-RL
1993a). Internal exposure includes both body burden (contaminants that are taken into the body
from all pathways) and dose from recent food consumption which is still in the gut, All
exposure pathways are added in determining total organism dose.

The assessment and measurement endpoint is the health and mortality, respectively, of
__the Great Basin pocket mouse.—-This-is consistent with the cbjective of the qualitative ecological
risk assessment. The dose to the pocket mouse is used to screen the level of risk of an
individual waste site. For radionuclides, mouse dose is compared to 1 rad/day (Order DOE
5400.5; IAEA 1992). For nonradiological contaminants, dose is compared to toxicity values.

Risk is evaluated for the Great Basin pocket mouse based on a two-step accumulation
model (e.g., soil-to-plant and plant-to-mouse) operated on a waste-site-by-waste-site basis, since
each waste site approximates the size of the Great Basin pocket mouse home range. Because of
the lack of site-specific data other than soil, it is assumed the receptor spends some fraction of its
iife in the site, obtains all its food from the site when present, and all consumed food is
contaminated.

For nonradiological constituents, concentrations estimated in mice were compared to
reported benchmark or potentially toxic concentrations. For radiological constituents,
concentrations in mice are converted to dose. Total dose for all radionuclides is compared to
published effect levels and regulatory standards where available.

The major route of contaminants to plants is assumed to be direct uptake from soil.

_ Ingestion of vegetation is assumed to be a major route of exposure to the mousa for both
nonradiological and radiological constituents. For radionuclides, the exposure pathway
considered uptake from contaminated food resulting in internal exposure. For both radiological
and nonradiological contaminants, the dose is based on receptor whole-body concentrations.
Metals are assumed to be completely bioavailable for uptake by vegetation, which is consistent
with the objectives of the QRA.

4.3.1 Results of the Ecological Evaluation

A qualitative ecological evaluation is completed for radiological constituents for the
100-KR-1 operable unit. Soils along the 116-K-2 Disposal Trench and inside, adjacent, and
outside the 116-KW-3 Basin exceeded the 1 rad/day benchmark with an EHQ >.1. For sites
where the total dose is greater than one, strontium-90 exceeds the EHQ by itself and is the
primary dose contributor (see Table 4-4). Strontium-90 is present in the upper soil level (0 - 6
ft) of 116-K-2 and 116-KW-3 and is therefore available to the mouse.

For nonradiological constituents, the 116-KE-4 Basin (outside only) exceeded the
concentration corresponding to the NOEL for chromium (see Table 4-5).
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4.3.2 Summary of Key Uncertainties in the Ecological Evaluation

The uncertainty in contaminant concentrations for the ecological evaluation is related to
the accuracy of the data. For the QRA, uncertainty exists in both contaminants identified and
exposure concentrations. As for the human health assessment, the maximum contaminant
concentration is used.

The QRA models the potential exposure of wildlife suspected to be present in or near the
waste site. The issues of concern with regard to ecological risk assessment (particularly
qualitative) are the uncertainties in using an assortment of environmental variables in risk
modeling. This begins with the source term. If this number is not realistic, no amount of
modeling will overcome this deficiency. For example, in the case of the QRAs, the maximum

__reported waste concentration is used as the source term no matter how deep this concentration

was found.
Generally, site-specific organisms (e.g., pocket mouse) are identified as being associated

with a site, but little if any data may exist concerning transfer of contaminants to site specific
orgamsms Often, it is necessary to use biological trophic transfer information for related

A significant source of uncertainty in the exposure scenario is the assumption that the

~ waste site is uniformly contaminated, and in the case of the mouse, all foodstuff is assumed to be

contaminated. No provision is made for dilution of contaminated foodstuff by non-contaminated
foodstuff. It was also assumed that contaminants were not passed through the gut but completely
retained (100% absorption efficiency).

To complete the QRA for the 100-KR-1 operable unit it is necessary to use data from
surrogate organisms {e.g., white-tailed mouse) in place of the pocket mouse since no site data
are available for this organism. This contributes to overall QRA uncertainty. In addition,
transfer coefficients used to model uptake of contaminants from soil to plants are not Hanford
specific, the approach does not consider whether roots of a plant actually grow deep enough to
contact a contaminant, and the model does not account for reduced concentrations from plant to
seed (it was assumed the seed concentration is the same as the plant). The pocket mouse food

- -~ -consamption rate is ge'i““ued, seasonal behavior (hibernation) that can reduce internal

Uncertainty associated with wildlife toxicity values is significant, particularly for non
radiological contaminants. The approach used in the QRA tends to build conservatism into the
toxicity value.
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Table 4-1. Summary of Data Availability and Data Confidence (for sites where data are available).

Summary of Data Availability and Data Confidence®

Waste Site Historical LFI Data from Confidence in Confidence in
Data® Data® the same Contaminant Contaminant

Medium® Identification Concentrations

Sites with LFI data and historical data

- 116 K1 Cab R RO “Yes medium medium
116-K-2 Trench R RIO Yes medium medium
1 116-KW-3 R - RIO Yes medium medium
Retention Basins
116-KE-4 R RO Yes medium medium

Retention Basins

- = Not applicable

* Summary of inorganics are screened against Hanford Site Background Levels.

* R = radionuclide, I = inorganic, O = organic contaminant

° LFI and Historical Data are from the same medium (e.g., both from soil} or from different
media (e.g., soil and sludge).
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Table 4-2. Human Health Data and Risk Assessment Summary (for sites where only process knowledge is available).
: ! ‘ | \
‘ Suspected . y Qualitative
Site Disposal Information Risk-Driving Description Risk Rationale for Rating
Contaminants and Notes Rating®
| ‘
116-K-3 Ougtfall [Unknown volume of treated Cesium-137, cobali-60, inforced concrete bui:lldi.ng, measuring Medium 116-ID-5 outfall structure
structure process effluent from all other Europium-lSZ, and x 30 x 15 K, with two 84 in. steel Jin the 100-DR-1 operable
i waste sites within the 100-KR- uropium-154 ffluent lines and a concrete lined Enit has a high risk
1 operable unit. : overflow spillway (the spilling has been stimate.
removed and disposed).
! : ‘ |
Effluent Pumped water from the KE - )Cesium-137, cobalt-60, [100-KR-1 operable unit pipeline system Medium 00-3C-1 operable unit
Dischaige and KW reactors from 1955 to Europium—lSZ, and which conveyed effluent to the 5 other rocess effluent pipelines
Pipelines and 1971 ' leuropium-154 wastes siles. ave a high risk
Valves estimate:.

. : |
® Rating is qualitative based on process information, analogous site information, and site-specific information such as size, potential contaminants, and location of
contaminations as indicated under rationale column, but the 100-KR-1 sites are rated medium because of the uncertainty associated with assuming that conditions

are identical belween similar waste sites at different operable units in the 100 Area.

V yuq
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Table 4-3. Human Health Risk Assessment Summary (for sites where data are available).

Human Health Risk Assessment Summary

Frequent-Use Scenario Occasional-Use Scenario
i Qualitative Risk Qualitative
Waste Site Estimation Risk Driving Risk Risk Driving
1992 2018 Contaminant* Estimation Contaminant?
1 (and pathway®) (1992) (and pathway ®)
Sites with LFI and historical data
116-K-1 Crib High High R(O,LLE) Medium R (E)
116-K-2 High High R(O,LE) High R (O,LLE)
Effluent 1 -
Trenc
116-KW-3 High High R(O,LE) Medium R (LE)
Retention o o
- Basing - . - : :
116-KE-4 High High R(O,LE) High® R (O,LE)
Retention I(In) :
Basins
- = Not applicable

* R = radionuclide, O = organic, I = inorganic contaminant

* O = oral, In = inhalation, E = external exposure pathways

° Based on exposure to inlet chute scale, not on soils inside and outside the 116-KE-4 retention
basin.
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Table 4-4. Environmental Hazard Quotients Summary for
Radionuclides by Waste Site.

Waste Site

Lt ) R

Dose Rate Exceeds EHQ of 1

116-K-1 Effluent Crib No
116-K-2 Trench Yes
116-KW-3 Basin Yes
116-KW-3 Basin {Outside) Yes
116-KE-4 Basin No
116-KE4 Basin (Outside) No
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Table 4-5. Environmental Hazard Quotient Summary for Non-Radiological
Contaminants which Exceed Hanford Background
by Waste Site.

SR A . Contaminants Dose Rate Exceeds EHQ of 1*

116-K-1 Crib ] . .
toluene No

116-K-2 Effiuent Trench

methylenechloride No
116-KW-3 Retention Basin (Inside)
o tetrachloroethane o ) No

116-KW-3 Retention Basin (Qutside)®

cabalt, ) Yes
. toluene, pyrene, fluoranthene No
i 116-KE-4 Retention Basin (Inside) NA®
2 116-KE-4 Retention Basin (Outside)*
- chromium Yes
acenapththene No

a EHQ based on no observable effect level.

b Data from test pits 116-KW-3B or 116-KW-3C.

¢ All contaminants below Hanford Background values (DOE-RL 1993C)
d Data from test pits 116-KE-4B or 115-KE-4C.
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5.0 RECOMMENDATIONS

o The primary purpose of the LFI report is to recommend those high-priority sites that

- -~ should remain candidates for the IRM path and those high=prority sites that can be eliminated
from IRM consideration. Sites that are eliminated from the IRM path are addressed in the final
remedy selection process.

5.1 HIGH-PRIORITY SITE IRM EVALUATION CRITERIA

The 100-KR-1 high-priority sites were evaluated using the following criteria to identify

those sites where continued IRM candidacy is recommended:

e
Lk
enmemmm

. the 100-KR-1 QRA (WHC 1993¢)

. the assessment of the waste site conceptual model

. an evaluation of site-specific contaminant impa;ct on groundwater

. identification of sites where natural attenuation by the year 2018 may

reduce risks and mitigate contamination

+ _ identification of ARAR exceedance for vadose zone contaminants.

5.1.1 Qualitative Risk Assessment

The QRA provides risk estimates for human health and for adverse ecological effects.
Human health risks for high-priority sites were developed in the QRA using two scenarios: high-
frequency use and low-frequency use. The low-frequency use risk values were used to evaluate
the continued candidacy of high-priority sites for IRMs. Based on the ICR, the qualitative risk
estimates presented in Table 5-1 are grouped into high (ICR > 1E-02), medium (1E-04 <ICR <
1E-02), low (1E-06 <ICR < 1E-04), and very low (ICR < 1E-06) risk categories. Sites that pose
a medium or high risk to human heaith under the low-frequency use scenario are recommended to
continue as IRM candidates.

Environmental hazard quotients are from the qualitative ecological risk assessment that
was performed in the QRA. Sites that have an EHQ rating greater than 1 for potentiaily adverse
ecological impacts are recommended to continue as IRM candidates.

5.1.2 Conceptual Model

- ===~ The-eonceptual model for the waste site includes sources of contamination, types of
contaminants, nature and extent of contamination in each affected media, known and potential
routes of migration, known or potential human and environmental receptors, and the general
understanding of the site structure/process. This information was included in the 100-KR-1 work
plan (DOE-RL 1992a) and has been revised using data obtained during the LFI. Information on
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contarminant sources, types of contaminants, nature and extent of contamination in affected media,
and general understanding of site/structure was discussed for each waste site in Chapter 3. Figure
5-1 presents the known and potential routes of migration and known or potential human and
environmental receptors for the operable unit. The conceptual model is judged adequate for all
sites addressed in this report.

5.1.3 Current Impact on Groundwater

The probability of current impact on groundwater is evaluated for each site by comparing
groundwater contaminant concentrations from monitoring wells located upgradient and down

-gradient of each specific site, where wells are available. Groundwater concentrations of carbon-
- -14, tritium;- and chromium in upgradient and down gradient-wells are compared. Groundwater

contaminant concentrations in down gradient wells that are higher than in upgradient wells

-----= --indicate-current impact to groundwater.~ Sites-that are impacting groundwater are recommended

to continue as IRM candidates.

5.1.4 Potential for Natural Attenuation

The potential for radioactive contaminants at a site to be reduced by natural attenuation,
i.e., radioactive decay by the year 2018, may be a consideration at sites where radionuclides with
half-lives of 30 years or less are the primary contaminant and external exposure is the only
pathway. Sites with excess risk, i.e., greater than 1E-06, attributed to radionuclides with half-
lives of 30 years or less (e.g., cobalt-60, cesium-137, europium-152, and europium-154) have

_potential for natural reduction of risk through radioactive decay. Natural attenuation is not a

consideration for sites contaminated by metals, by radionuclides with a half-life greater than 30
years, or when there are muitiple radionuclide exposure pathways.

5.1.5 Applicabie or Relevant and Appropriate Requirements

The MTCA Method B concentrations are potential ARARs for soil contamination as
identified in Section 2.7. The MTCA Method B limits are used because they represent a
conservative, standardized approach for source units. Table 2-4 lists the MTCA Method B limits
for organic compounds or those metals that exceeded the Hanford Site UTL. Sites that have soil

concentrations that exceed this potential chemical-specific ARAR are recommended to continue as
IRM candidates.

5.2 HIGH-PRIORITY SITE IRM RECOMMENDATIONS

The final selection of IRM sites and priority of action are decisions left to the Tri-Party
Agreement signatories. Factors that may be considered in the selection and prioritization of IRM
sites include:

. impact of IRM actions in relation to the 100 Area Environmental Impact

Statement, e.g., disposition of the reactors
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. access control
o____....telation 1o .the. IRM Program.Plan. recommendations
. fand use
. point of compliance
. time of compliance
. feasibility
. bias-for-action
. threat to human health and the environment.

The high-priority sites recommended to continue as IRM candidates are identified in Table 5-1.
- For those sites that are recommended. for.an IRM, the next step is to evaluate remedial

alternatives in a focused feasibility study. Sites deferred to final remedy selection will be

evaluated in the final feasibility study. The recommendations for the sites are discussed below.

5.2.1 116-K-1 Crib

The 116-K-1 crib is recommended as a candidate for an IRM because there is surficial
contamination that poses a medium risk for a low-frequency use exposure scenario to human
health. The EHQ is less than 1. The historical and LFI data show that the contamination is
largely confined to the surface [<12 ft], which correlates with limited usage of the site for reactor

——— ————— - effluent disposal. None of the detected organic constituents or the inorganic constituents above
background exceeded MTCA level B criteria (see Table 2-4), The conceptual model of the site is

adeguate to conduct an IRM.

5.2.2 116-K-2 Trench

The 116-K-2 trench is recommended as a candidate for an IRM because the human health
risks are high for a low-frequency use exposure scenario, the EHQ is greater than 1, and there is
~— o - groundwater monitoring data to show the site is apparently impacting groundwater. Groundwater
monitoring wells down gradient of the site show chromium is emanating from the site. None of
-~ the detected organic constituents or the inorganic constituents above background exceeded MTCA
level B criteria (see Table 2-4). The source for organic contaminants detected in the LFI samples
was not expected given the historical use of the site for reactor effluent disposal. It is possible

they are a result of laboratory contamination. The conceptual model of the site is adequate to
conduct an IRM.
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5.2.3 116-KW-3 Retention Basin

The 116-KW-3 retention basin is recoimnended as a candidate for an IRM because the
human health risk is medium for a low-frequency use exposure scenario, the EHQ is greater than
1, and there are constituents that exceed MTCA level B criteria. Benzo(a)anthracene,
benzo(b)fluoranthene, and chrysene exceed MTCA level B criteria (see Table 2-4). The origin of
these organic chemicals is unknown. Radiological contamination was found to extend from the
retention basin along the floodplain toward the river. This contamination was due to the leakage
that occurred during basin operation. The horizontal extent of this contamination was not defined
during the LFL. The conceptual model for the site is generally complete, except for the origin of
the organic chemicals and the horizontal extent of contamination. Further review of historical
records is recommended to identify the possible use of organic chemicals at the site or in the
operable unit. The horizontal extent of contamination does not need to be defined during the
LFi. The IRM process can use the observational approach to identify contamination during
remedial measures implementation.

5.2.4 116-K-KE-4 Retention Basin

The 116-KE-4 retention basin is recommended as a candidate for an IRM because the
human health risk is high for a low-frequency use exposure scenario and the EHQ is greater than
I. There i8 o evidence of impact to groundwater from this facility. None of the detected
organic constituents or the inorganic constituents above background exceeded MTCA level B
criteria (see Table 2-4). Radiological contamination was found to extend from the retention basin
along the floodplain toward the river. This contamination was due to the leakage that occurred

"during basin operation. The horizontal extent of this contamination was not defined during the

LFI. The conceptual model for the site, except the horizontal extent of contamination, is
generally complete. The horizontal extent of contamination does not need to be defined during
the LFI. The IRM process can use the observational approach to identify contamination during
remedial measures implementation.

5.2.5 116-K-3 OQutfall Structure

The 116-K-3 outfall structure is recommended as a candidate for an IRM because the
human health risk is medium for a low-frequency use exposure scenario (environmental health
was not evaluated). There is no evidence of impact to groundwater. Based on LFI data from
analogous facilities (116-D-5 and 116-DR-5 outfall structures), there is a possibility that the
116-K-3 outfall structure is contaminated with radionuclides. Although there is no data for the
116-K-3 outfall structure, the IRM can use the observational approach during remedial measure
implementation to identify the horizontal and vertical extent of contamination.

5.2.6 Process Effluent Pipelines

The process effluent pipelines are not recommended for continued IRM candidacy.
Although there is contamination within the pipes that could pose a risk to human health, the
contamination exists as scale that has minimal opportunity for migration into the environment. In
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addition, the radionuclides detected in the scale have half-lives of 30 year or less. Therefore,

.. --there.is the potential for natural attenuation of radionuclide contamination. Because there is little
opportunity for contaminant migration. an IRM is not justified. Instead, the process effluent
pipelines should be deferred to the final remedy selection process for the operable unit.
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923 E029/47301/2-17-94

Figure 5-1. Contaminant Exposure Pathway for the 100-KR-1 Operabie Unit.
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Table 5-1. Summary and IRM Recommendations for 100-KR-1 High-Priority Sites.

Qualitative Risk Assessment Probable Natural IRM
Waste Site Conceptuat Exceeds Groundwater | Attenuation Candidate
Low - Model ARARs Impact by 2018
frequency
. scenario EHQ > 1

116-K-1 Crib Medium No Adequate No No No Yes
116-K-2 Trench High Yes Adequate No Yes No Yes
116-K'W-3 Retention Baswlin Medium Yes Adequate Yes No No Yes
116-KE-4 Retention Basin High Yes Adequate No No No Yes
116-K-3 Outfall Structure Medium Not evaluated Adequate Unknown No Unknown Yes
Process Effluent Pipeline:!s Medium Not evaluated Adequate Unknown Unknown Yes No
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Westinghouse R Internal
Hanford Company Memo
From: Geosciences Function 81230-93-009

Phone: 6-0940 He-06 )

Date: ___ March 4. 1993

Subject: SPECTRAL GAMMA-RAY LOG REPORT OF RADIONUCLIDE SURVEYS
ACQUIRED. FOR 100-KR-1 QPERABLE UNIT

To: N. M. Naiknimbalkar He-02
- cc: A. D. Krig H6-02
J. R. Brodeur H6-06
J. W. Fassett H6-06
_ o Leodl Kelzumd - HE-06
J. E. Meisner H6-06
R. K. Price H6-06
R. R. Thompson L4-96
KRF:RKP File/LB

Attached is a report for three boreholes surveyed with the
spectral gamma-ray logging truck in the 100-KR-1 Operable
__ Unit. The spectral gamma-ray logs were collected with the
_Radionuclide Logging.System (RLS)-high purity germanium
= - passive gamma-ray logging probe and showed the presence of
A gamma emitting man-made radionuclides in two of the three
boreholes. A fourth borehole was logged with the gross-
< gamma equipment operated by PNL. This borehole had elevated
gamma activity which indicated the presence of man-made
contamination even though the radionuclide could not be
identified or the activity level determined.

Questions about the technical material in the report should
be directed to R. K. Price on 376-9148 or C. J. Koizumi on
376-9534 of the Geosciences staff.

Attachment
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RLS Passive Spectral Gamma-Ray Borehole Survey Report

Report Date: March 3, 1993
Project: 100-KR-1 QOperable Unit
Boreholes: 116-K-1 10/15/92 (logged by PNL Gross-Gamma system)

116-K-2 11713792
116~KE-4A 10/02/92
116-KW-3A 10/22/92 -

Calibration Date: November 1991

Logging Engineers: R. V. Cram, S. E. Kos, J. P. Kiesler

Analyst: R. K. Price, J. P. Kiesler, W. F. Nicaise
Introduction

Logging with the high resolution, high purity germanium (HPGe) passive
spectral gamma-ray system has been completed for three of the four requested
boreholes. The fourth borehole was logged with the Gross-Gamma system
operated by PNL when the RLS encountered a scheduling conflict which required
it to investigate a tank leak. A summary of the boreholes included in this

" “report are presented in Table 1 and Table 2 below. Table 1 contains the
"~ “survey date, maximum survey depth and maximum depth at which each man-made

“radionuclide was identified. Table 2 contains the maximum decay activity and
corresponding depth for each man-made radionuclide.

The cbjective of the borehole surveys was to identify the presence and species
of man-made gamma-ray emitting radionuclides and the relative activity levels.
The graphs of the decay activities (concentrations) versus depth for both man-
made radionuclides and the natural radionuclides are presented for each

survey. Decay activities are reported in_pico-curjes per gram {(pLi/g) of

Hiw Lo

bdlﬂp}é-

The contents of the report are limited to the description of the survey
results for each borehale Togged. Details of the following: equipment
configuration, calibration, logging procedures, casing and water correction
factors, spectra apalysis software, and data-management have been excluded.

--- ——--- The details of the excluded topics are described in the papers cited at the

~end of this report.

100-KR~1 Operable Unit Borehole Geophysics Project Review

fvatas :

SUrYEYs inciuded in this report are
es not necessarily include all the
ro

m the spectral gamma-ray survey data.

Observations of the RLS harahale

“summarized below. This review do
information that can be gleaned f

—t
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Table 1 Summary of deimum Radionuclide Depths from RLS Log Surveys of 100-KR-1 Operable Unit

Coba]t—ﬁo

Borehole Survey Surve¥ Cesium-;37 6 Europlum—152 Europium-154
__‘_D_____-;‘li?éL;_ Depth Depth _ _Eep.th Depth? Depth?
116-K-1 10/15/92 23’ PNL Survey’ Maximum 4600 counts per second at 4 feet
116-K-2 11/13/92 27" 27" 26" 26 24"
116~-KE-4A 10702 /92 20" 14+ - - -
116-KW-3A 10/22/92 20! - - - -

Maximum survey depth
Maximum depth were radionuclide was identified

Scheduling conflict prevented RLS from surveying the borehole.

Maximum depth of borehale survey

Table 2:

Summaqy of'Maxiﬁum Radioactivity from RLS Log Surveys of 100-KR-1 Operable Unit

q Borehole | Ceslum-137 Cobalt-60 Europlum-lsz Europ1um-154 *
ID ! EC![Q Ft | pCifg' Ft | pCiyg'  Ft | pCisg'  Ft
116-K-1 PNL Survey
116-K-2 > 200 20 > 200 19 >5000 19 > 200 20
116-KE-4A < 1 14 - -
116-KW-3A - - -~ N

Maximum decay activity observed for radionuclide.

reported activity.

Maximum depth of

PNL acquired a Gross-Gamma survey.

v yeig
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COBALT: The highest concentration of cobalt-60 for any borehole surveyed by
the RLS at Hanford was recorded in 116-K-2. The activity appeared to exceed
1000 pCi/g.

RADIONUCLIDE MIGRATION: Discharge fluids with low salt content generally
permit cesium-137 to be absorbed by the soils very quickly after baing
_discharged. Cobalt-60 generally is much moire mobile than cesium and migrates
to the ground-water relatively quickly. The migration rate of eurcpium (Eu-
152 and Eu-154) is generally intermediate to that of cesium and cobalt. The
distribution profile for cesium, cobalt and eurcpium in borehole 116-K-2
indicate that very little migration has occured since the contaminants were

introduced to the scils. '

- EQUIPMENT CALIBRATION: The borehole surveys presented in this report have all
been analysed using the calibration data acquired in November 1991.
Calculation of the calibration factors used in data reduction depended on the

““calibration data and on nuclear data (half lives, branching ratios, number of
gammas per decay) for the particular nuelide. Al of the nuclear data were

" taken from Erdimann and Soyka, Die Gamma-Linien der Radionuklide (The Gamma
Rays of the Radionuclides), Verlag Chemie GMBh Weinheim, Deutchland, 1979.

Borehole Survey Report

The report for each borehole survey by the RLS contains three types of
information. The contents of each information type are described below. The ~

borehole survey reports are presented in the same order as they are listed in Lo
Table 1.

1. A single page log header form is first. The form is titled "RLS
Spectral Gamma-Ray Borehole Survey Log Header" and summarizes the
borehole and survey information.

The form contains the borehole name, coordinates, and elevation.

Borehole environment information is next and includes casing parameters
and water depth (if present). These are the parameters used for data

- reduction.
RLS survey information is presented third and includes the logging
engineers name, -date; file names, Jogging mode, and survey depths.

The survey data reduction information follows and includes calibration

date and calibration-report number, analyst names and analysis date. A
single line is present for analysis notes and man-made radicnuc]ides
encountered.

2. Radionuclide activity responses versus depth, i.e., data plots, are

p]ottgd on one or more pages. A uniform depth scale of 20 feet/inch is
- used for all plots. Four plot tracks are presented for uniformity. The

y N ) . - A . b :lrJ’. e
- -—- - -experimental uncertainties in the computed radionuclide activities are

3
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not presented on the data plots at this time.

The "Total Gamma” is the count rate for all . gamma-rays detected by the
ntc

. ———- RLS detector with no discrimination of gamma-ray energy. The "Total

Gamma* is equivalent to the gross gamma log commonly used by some
organizations at Hanford. The count rate data values are plotted on two
linear scales. The scale of the narrow line is 0 to 1000 c/s. The
scale of the wide line is 0 to 100,000 ¢/s.

The remaining plot tracks contain the results of the spectra gamma-ray
analysis. The computed data values are generally plotted on two linear
scales. The scale of .the narrow line is given at the top of the plot
“and is 0 to 50 pCi/g. The scale of the wide line is given at the bottom
of the plot and is 0 te 5000 pCi/g.
The natural radionuciide activities if presented will be plotted on a
separate graph. The Gross Gamma is plotted with a maximum linear scale
of 500 cps. The natural radionuclides (potassium, uranium and thorium)
~are plotted in the three remaining tracks. :
3. The analysis notes follow as the third type of information reported for
each spectral gamma-ray survey. The notes contain descriptions of the
~ borehole conditions and possible Timitations of the plotted resuits,
The depth ranges where each radionuclide was encountered and the maximum
activities are reported. :

Limitations to the Radicclement Analyses

Several limitations of the borehole survey equipment, calibration, and data
acquisition objectives follow.

‘The Togging cable supporting the borehole detector, supplying electrical

- power, recieving voltage signals for each detected gamma-ray, and permitting

the liquid-nitrogen cooled detector to be submerged in water was specially
fabricated for the RLS system. The recorded depth of the detector is
estimated to be accurate to 98.5 percent, with a precision (repeatability) of
99 percent. Comparisons with drilling measurements, other logging equipment,
and secondary measuring systems have verified the accuracy. An upgrade in the
logging cable and measuring system is being. investigated.

The standard logging configuration optimizes the counting system for detecting
tow decay activities of radioelements. The RLS has frequently detected man-

___ made radiocelement-activities of 0.3 pCi/g for nuclides with gamma-rays having

energies greater than 500 keV and number of gammas per decay at greater than

5Q pergent.. The maximum decay activity the RLS has detected is about 10,000
pCi/g in this standard configuration.

The alternate logging configuration employs a lead shield and changes the
counting system to maximize the count rate. Configuring the counting system
to maximize the count rate compromises its ability to detect radioelements at

-
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low decay activities (concentrations). The RLS has frequently detected man-
made radioelement activities exceeding 33,000 pCi/g in this shielded
configuration. The alternate Jogging-configuration was not employed for the
- surveys included in this report due to hole size restrictions.
Borehole environment correction factors have been determined for steel casing
and water_in the borehole. Correction factors for other borehole
configurations have not been investigated. Borehole configurations for which
no correction is available include: (1) grout between multiple casing strings,
(2) formation seals containing bentonite, sand, or grout behind the casing,
- and {3) drilling mud remaining inside the borehole during Togging. The
calculated decay activity for manmide radionuciides will be underestimated for
boreholes with these -configurations.

Energy dependent casing corrections have been established for steel casing
“thicknesses up to 0.40 inches. Corrections for casings of different materials
and/or cumulative thicknesses greater than 0.40 inches have not been
calculated and therefore cannot be used in the data reduction.
The calibration data were recorded with the detector centered in calibration
zones that are uniform in density, water content, and gamma-ray source
----material. ~The difmensions of each zone are large enough that the detector
" always responded as though surrounded by a medium of infinite extent.

- Tharefore,- the use of the calibration results to calculate nuclide activity

carries the assumption that the nuclides in the logged formation are also

distributed in thick uniform layers.

Gamma-ray sources are not normally distributed in the earth in thick uniform
layers. Source. inhomegensities are reflected to some degree by the
fluctuations in the amplitudes of the log traces. A factor called the
vertical spacial resolution quantifies the correlation betwesen (1) the
intensity of the log fluctuation and the depth interval over which it extends,

- - and (2) the intensity of the corresponding gamma-ray source and the thickness
of the zone in which the source is embedded. The vertical spatial resolution
of the RLS HPGe logging system is scheduled for investigation.

Radionuclide decay activities are determined from the net area of the gamma-
-~ ... ray peaks. - Radicelements such as strontium-90 which do not emit a gamma-ray
when they decay will not be identified or quantified by the spectra analysis
performed for this report. The decay of strontium-90 results in a high energy
beta particle that can excite surrounding elements to emit photon radiation
~—--=- - “that ‘can"be identified by the HPGe _detector. This type of radiation is called

---bremsstrahlung radiation. A method to obtain estimates of the concentrations
of strontium-90 js under consideration.

Concluysion

The RLS has.complgted surveys for three boreholes associated with 100-KR-1
Operable Unit. Significant quantities of man-made radionuclides were

[
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identified in 116-K-2. Trace amounts of cesium-137, less than 0.2 pCi/g, were
recorded in borehole 116-KE-4A. No man-made radionuclides were detected in
borehole 116-KW-3A. The PNL gross-gamma logging system acquired a survey of
borehole 116-K-1 due to scheduling conflicts with the RLS spectral-gamma

“suig

system.. The maximum count rate activity recorded in 116-K~1 was 4600 cps.

The decay activity for the natural radionuclides, KUT, have been computed by
the data reduction program and were presented in this report.

Cited Reports

Koizumi, C. J., J. R. Brodeur, HW. H. Ulbricht, and R. K. Price, 1991,
“Calibration of the RLS HPGe Spectral Gamma-Ray Logging System,” WHC external
publication WHC-EP-0464

Brodeur, J. R., C. J. Koizumi, W. H. Uibricht, and R. K. Price, 1991,
"Calibration of a High-Resolution Passive Gamma-Ray Logging System for Nuclear
Haste Assessment," WHC Speech Article Report WHC-SA-1175-FP

Koizumi, C. J., R. K. Price, and R. D. Wilson, 1992, "Calibration of the RLS
System for 200 Aggregate Area Management Study Screening Measurements,” WHC
supporting document WHC-SD-EN-TRP-001

Brodeur, J. R, C. J. Koizumi, R. K. Price, and R. D. Wilson, 1992, "Gamma-Ray

_ Logging resuits for the 200 Aggregate Area Management Study," WHC supporting
document WHC-SD-EN-TI-021
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Westinghouse Hanford Company

RLS Spectral Gamma-Ray Borehole Survey Log Header

- Project: 100-KR-1

| Borehole  _116-KW-3A
Coordinates N ¥ Feet
Elevation . ft Top of casing

(Plant 100 Area)
(PTant 100 Area)

_ Borehole Environment Information

Borehole fluid depth _None (ft) from_gero (2:0) depth

reference of log

Casing size | Casing thickness- - Top depth - Base depth
_{ng) [ i‘ﬂal (ft) (ft) _
8 0.33 0 24
e —_— ———— { S
. RLS Passive Spectral Gamma Survey Information
Logging Engineers _R. V. Cram J, P. Kiesler
Log depth reference at zero (0.0} depth is ground level
Log Date Archive | Log mode . speed Depth interval (ft)
| _;J=:;fj1e names Top Base Incr
Oct. 22, 92 | H116KK3A\A268 | MSA  80sec RT 0 20 0.5
e StonAnquie ~— —

RT: Raal time

Calibration and Analysis Information

RLS Calibration Date: Nov. 21, 1991 .
.Calibration Report: WHC-SD-EN-TRP-001

r Analyst Names: J. P. Kiesler
Analysis Date: Nov. 24, 1992

Analysis Notes:

Radionuclides Identified: No man made nuclides detectad
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Borehole: 116-KW-3A Project: 100-KR-1

Casing Depth: 24’ Size; 8" Thickness: 0,33"
Water Depth: none -

Strvey Depth: 0 - 20’ Date: 10/22/92

General HNotes:
The Potassium, uranium and thorium activities are typical of naturally
occurring radioelements in the local sediments. .

The calculated potassium activities vary between about 6 and 23 pCi/g for the

. logged.interval. The uranium and thorium activities are Tess than 2 pCi/g
~over tha logged interval. The activity variations are within the statistical

uncertajnties of the measurements.

The total gamma activity did not exceed 140 cps in the borehole survey,

Man-made Radionuclides:
No man-made Radionuclides were detected in the borehole survey.

A-10
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Westinghouse Hanford Company
RLS Spectral Gamma-Ray Borehole Survey Log Header

Project: 100-KR-1

Borehole 116-KE-4A _ .
Coordinates N W Feet (Plant 100 Area)
Elevation ft Top of casing (Plant 100 Area)
_ Berehole Environment Information .
Borehole fiuid depth _Meonme (ft) from zero (0.0} depth reference of log
 Casing size | Casing thickness Top dapth Base depth
{in.) gin.lr (ft) (ft)
8 0.33 0 22

RLS Passive Spectral Gamma Survey Information

Logging Engineers _R. V. Cram .. _S. E. Xos
~—-{L_Log depth reference at zero (0.0) depth is _around Jevel
~ Log Date Archive | Log 'mode speed Depth interval (ft)
file names Top Base Incr
Oct. 02, 92 | H116KE4A\A273 HMSA  80sec RT Q 20 0.5
tI—E-EHE'WSmp-Acquu T = R
ET: Raal time

. _.Calibration and Analysis Information

] L
RLS Calibration Date: Nov. 21, 1991
Calibration Report:  WHC-SO-EN-TRP-001

Analyst Names: J. P. Kiesler
Analysis Date: Nov. 24, 1992

Analysis Notas: .
Radionuclides ldentified: Cs-137 discontinuous near detection level

10
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RLS Borehole Survey Report

_Borehole: 116-KE-44A Project: 100-KR-1

Casing Depth: 22/ Size: 8" Thickness: 0.33"
Hater Depth: none - .

Survey Depth: 0 - 20’ Date: 11/02/92

General Notes: _
The Potassium, uranium and thorium activities are typical of naturally
occurring radicelements in the local sediments.

The calculated potassium activities vary between about 3 and 17 pCi/g for the
logged interval. The uranium and thorium activities are less than 2 pCi/g
over the logged interval. The activity variations are within the-statistical

- uncertainties of the measurements.

The total gamma activity did not exceed 90 cps in the borehole survey.

Han-made Radionuclides:

Cesium {Cs-137) was indicated at several discontiuous depths in the survey.
The activity level was less than 0.2 pCi/g which is approaching the minimum
detection level for the 80 second survey time. The cesium activity was not
plotted. The depths where cesium was indicated are 2.5,'5.5, 9.0-9.5, 12.5

--and 14.5 feat.
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DXOE/RL-93-78
Draft A

Westinghouse Hanford Company
RLS Spectral Gamma-Ray Borehole Survey Log Header

Project: 100 KR - 1

Borehole 116-K-2 :
Coordinates _NA N _NA W Feet (Hanford 100 Area)
Elevation- NA ft Top of casing (Hanford 100 Area)

Borehole Environment Information

=
Borehole liquid depth _none (ft) from zerc (0.0) depth reference of log
——— e

Casing size Casing thickness Top depth Base depth
{in.) (in.) (ft) (ft)
—— § 0.322 0 26

RLS Passive Spectral Gamma Survey Information

Logging Engineers _R, V. Cram S. E. Kos
| Log depth reference 3t zero (0.0) depth is around level _ _
Log Date Archive | Log-mode -speed Depth interval (ft)
file names Top Base Incr
Nov 13, 1992 H116K02\A281 MSA " 80sec RT 0 26 0.3
Station 300sec | 26.7 ft
MSAL Wove-Stop-Aegquus : ==
AT: Aral time
Calibration and Analysis Information
e = = = =

RLS Calibration Date: Nov. 21, 195;
Calibration Report: WHC-SD-EN-TRP-001

Ana1jst Names: W. F. Nicaise
Analysis Date: Jan. 15. 1693

Analysis Notes:

——

————

Radionuclides Identified: Cs-137l Co-60. Fu-152. Fu-~184

13
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DOE/RL-93-78

Draft A

RLS Spectral Gamma—Ray Borehole Survey

Nov 13, 1992
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DOL/ RL-93-78
Draft A

RLS Borehole Survey Report

Borehole: 116-K-2

Casing Depth: 28’ Size: 8" Thickness: 0.322"
Water Depth: NA
Suryey Depth: O - 287 Date: 11/13/92

Stations: 26.7 ft

General Notes:

The well was monitored at fixed intervals from 0 to 26 feet in 0.5 foot
increments for real time counting intervals of 80 seconds. A spectrum was also
acquired for 300 seconds at 26.7 feet. The total gamma count rate has 2
maximum of 7.4 EOS cps which occurs at a depth of 18 feet. The-depth-at which
this maximum occurs coincides with the depth of activity maximz for the man-
made radionuclides Cs-137, Co-60, Eu-152, and Eu-154. The activities of the
naturally occurring radionuclides potassium, uranium, and thorium are within
their normal ranges-for -Hanford soils.it should be noted that the calculated
values for Cobalt-6Q activity reaches unusually high values for Hanford soils.
Man-made Radionucliides:

Cesium (Cs-137) was detected from 16 to.26.7 feet, The activity exceeded 200

-pCi/g from 17.5 to 20 feet.

Cobalt (Co-607) was detected from 15 to 25.5 feet. The activity exceeded 200
pCi/g from 17 to 19 feet.

Europium (Eu-152) was detected from 15 to 25.3 foet. ‘The activity exceeded
200 pCi/g from 17 to 20 feet.

Europium (Eu-154) was detected from 15.5 to 24 feet. The activity exceeded
200 pCi/g at 18.5 feet,
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DOE/RL-93-78
o Draft A

APPENDIX B
AVAILABLE HISTORICAL DATA FOR 100-KR-1
HIGH PRIORITY SITES

e A YT

- -~ —-Dorian; 3.5, and V:R. Richiards, 1978; Radiological Characrerization of the Retired i00 Areas,
UNI-946, United Nuclear Industries, Richland, Washington
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Source: Dorian and Richards 1978.

Test Holes A through M - Along Trench
Test Holes N through DD - QuisideTrench
Test Holes E' and D - Inside Crib

Test Holes A', B' and C' - Outside Crib

LEGEND

®  Sample Location

*-—¥—%* Fance

I
Trench-and Crib Sampie Hole Data
.__Trench Points .

Hole arth Easl Elev (FT}
A | 734407 403.73 42715
B 73086.35 34220 C
C 7200.84 241.08 428.11
D 71049.82 7257 428.19
E 7107.50 -163.87 43251
F 65950.14 -350.98 441.27
G 6510624 -B61.02 426.89
H 664475 -1122.38 42759

1 683.03 -1615.15 429.14
J 8007.33 2313.53 434.30
K 56131.20 -2748.11 43329
L S5670.02 -3221.84 433.40
M 5724.76 -A274.07 «42.90
N 5€14%5.30 -2275.39 442.25
[s) 6441.98 -1006.84 43560
P 749,12 313.20 434 71
Q 7€632.32 165.32 411 90
A 7471.82 84279 437.15
S 810.41 48.70 40561
T .49 381.24 418.17
Y 7461.27 61.72 405.81
v 6957.16 -785.22 42075
w 7133.90 B79.42 41g.63
X T44%.60 -1001.93 414.46
Y 6460.41 -1709.47 426.48
F4 6204.70 -2359.54 423 84
AA 6242.68 -3108.48 404.53
88 6133.12 -3342.05 409.00
cC 6532.98 -2965.27 398.18
[37] 5170.28 -3137.24 450.98
Crib Points

Hole Nonh East Elewv (FT)
A 578215 -3976.20 2177
B £€283.34 -3912.69 404 50
c 3914.15 -3411.04 430.05
o 5837.86 -3635.41 430,17
E 5841.70 -3687.14 42088

* Elevation nol reported
I
300 METERS
1000 FEET

1m=328ft

Figure B-1. Location of Soil Samples from
the 116-K-1 Crib and 116-K-2 Trench.

923 E029/47573/2-17-94
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181-KwW

116-KW-3

LEGEND .
A.A Sample Location and Designation

Source: Dorian and Richards 1978.

181-KE

116-K-1 Crib

116-KE-4

-
B To 116-K-2 Trench
BB AB

/

4

NOT TO SCALE

923 E029/47574/2-17-94

Figure B-2. Sample Locations Inside the 116-KW-3 and 116-KE-4 Retention Basins.
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Columbia River

116-K-1 Crib

To 116-K-2 Trench

‘ 181-KE
181-KW
A
™
116-KW-3 Retention Basins 116-KE-4 Retention Basins
LEGEND

® Sample Location
AA  Sample Designation

Source: Dorian and Richards 1978.

/

4

NOT TO SCALE

Figure B-3. Test Hole Locations for Soil Samples Outside
the 116-KW-3 and 116-KE-4 Retention Basins.

023 E029/47575/2-17-94
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Table B-1. Radionuclide Concentration (pCi/g) in Holes at 116-K-1 Crib.

|

Sample | Depth| Pu-238 | Pu-239/240 | Sr90 | H-3 P-11/Scaler | Eu-152| Co-60 |Eu-154]Cs-134 Cs-137]| Eu-155| U
Location| (ft) |- ¢/m ‘
A 0 NR NR * NR < 200/5 * * * * * * NR
5 NR NR 92.1x107 NR < 200/20 w 1.5x10" " *  1.7x107 *  R.2x107
15 | 'NR NR 5.6x10" | NR | <200/Bkg |9.7x10"| 6.4x10" |6.4x10"|4.5x102] + * NR
B .5 NR NR 3.7x107 NR < 200/30 * 5.8x107 * * 13.9x10% * NR
15 NR NR 2.5x10° NR <200/10 * * * * » - NR
P20 | ¥ 3.2x10° * | NR < Z200/30 * 5.4x107 * * 14.5x10%9  * [1.4x107Y
C .0 * * 1.3x10" NR <200/25 |4.3x10'] 9.1x107 [2.4x101] * |6.5x10"] 1.6x107[t.1x 10"
1 18 NR NR 2.9x107° | NR < 200/20 * * * *  |4.6x1041.7x10"| NR
125 NR NR 2.6x10°'| NR <200/5 * * * 3.3x10%|5.2x10? * NR
D 'O |4.8x10%| 4.4x10° 1.0x10 NR 2,500 |4.2x10%) 3.1x10? | 1.7x10%}6.4x10°]7.7x10?| 1.4x10'| NR
5 NR NR 6.3x10° NR 1,000 |1.3x10%| 1.5x10% |5.2x10'[4.0x10°}4.4x10°] 4.4x10°] NR
10 NR NR 7.2x10° NR <200/90 |3.0x10"] 3.6x10" * *  16.6x107 1.5x10"| NR
16 ‘NR NR 7.9x10" NR <200/30 * *® * * * 1.8x10"| NR
E 0 * 2.5x10¢ 2.8x10° NR 300 3.7x10'| 3.0x10' | 1.3x10'[2.3x10"}3.4x10'| 5.7x10"| NR
2-1/2]  * 1.8x10! 5.9x10° NR <200/40 11.1x10° 9.7x10" 14.1x107 » 5.9x10! * NR
24 o * 1.0x10° NR | <200/Bkg. * - * *  |3.8x107 " NR
Notes: Sample locations shown in Figure B-1.
NR = not reported
* = less tham detection limit

V Je1g
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Table B-2. Radionuclide Concentration (pCi/g) in Sample

? ok

g
7
|
|
|
|

Holes Drilled 'Alqlng 116-K-2 Trench Concentration. (sheet 1 of 2)

Sample | Depth [ Pu-238| Pu-235/240] Sr-90 | H-3 |P-11/Scaler|Eu-152] Co60 |Ew-154 Cs-134] Cs-137] Ni-63 [Eu-155] U | C-14
Location| (ft) ! j ‘ !clm f ! | I | '
A 5 3.x10" 7.6x10° | 2.5x10' | NR [ 1,500 . * * * | * | NR| NR | NR | NR
24 | 5 * . NR | NR [ <200730 Jo.7x10°] 2.4x10" [25x10] * j1.1xi0] NR | *' | NR | NR
15 |2.4x10Y 2.1x10° 1.8x10' {1.5x10! 1,000 5.8x10° 1.81;(102 1.7x107 1.3)(1!‘0n 1.1x10?, NR |[9.3x10° 2.5x10'1 NR. .
20 * 3.0xio0! 5.7x10° NR <200/100 (8.6x10" 8.6!;10’1 9.3x 10" * 2.6x10'] NR |[5.2x10" NR NR
B 0 1.9x10Y 2.5x10° 6.2x10° |2.7xi0? 1,500 6.0x100 2.7x10° [2.5%x10%|5.6x10°) 1.2x10?] NR 6.5)(]".01 3.1x107'] NR
5 * * ' 1.6x10° NR <200/15 |2.2x10° 1.0$10' * * * NR * NR NR
10 * * 2.7x10" | 'NR | <200/25 |3.4x1(°] 1.5x10° |1.1x10°| * [5.9x10Yf NR [1.4x10%[2.4x10"] NR
C 15 |4.0x10°| 1.3x10? 2.3x10° |1.4x10' 12,000 [4.4x10*| 1.3x10° | 1.7x10%| 5.3x10?|4.8x10%| 5.1x10°] 9.5x 102 2.1x10°)3.2x10"
17-1/2 |2.8x10" 1.1x10! 4.4x10' NR 2,000 5.8x10P| 3.1x107 | 1.4x107?}2.8x10°[4.5x10?| NR 3.7xi0° N]R NR
20 * 1.6xti0® | 1.4x10' NR 400 1.6x107] 9.9x10' |6.1x10'}{9.7x10" 5.7x10'] NR l.'_"l)dl()l NR NR
25 13.0x107 4.9xl0° 3. x10¢ NR 2',500 1.2x10° 2.'1")1:102 4.5x10°|2.3x10°| 2.3x10*] NR |5.7x10 NR NR
28 * 5.4x10° 1.4x10! ‘NR 600 '1.4x10%| 5.0x10! {I.’:’x]()’ 5.5x1076.5x10'] NR ]2.1x10' NR NR
D 5 1.4x10% 1.2x10?! 6.8x10" NR <200/10 {6.6x10°| 4.6%10° |2.8x10°}6.7x10%2.8x10°] NR 3.8)(19" NR | NR
15 [4.3x10¢] 1.3x10" 5.7x10' 12.7x10' 2,000 {1.6x10°| 7.3x10? [6.6x107[2.1x10'[3.9x10?| NR |1.8x10? 4.1)(710' NR
20 * 8.1x10° | 1.1x10¢ NR 300 1.5x10'] 4.1x10° [7.7x10|8.6x107% 7.2x10°| NR 9.3x1p! NR NR
28 * * 6.3x10° ‘NR <200/10 |9.0x10| 3.3x10" ® * 2.5x107] NR * NR NR
E o | * * | 48x0 [ NR [ <200140 [2.9x10F] 22x107 [ 1.5x10P[ * |1.2x10°] NR |[2.8x107] NR | NR
12 |L2x10"] 2.1x10' 3.0x10' [8.1x10'| 5,000 |2.2x10°| 7.4x10° |7.4x10?|2.8x10{9.2x102| NR |2.3x10%|5.5x10¢| NR
16 ]3.0xi0% 4.0x10° 6.7x10° NR ;900 3.5x10°] 1.1x107 [ 1.2x10°] 1.1x10°| 1.9xi0°] NR |4.0x10°| NR NR
20 * 3.7)(}[[]" 4.4x10° NR 250 2.9x10']| 3.8x10' | 1.1x10']6.5x10"|6.9x10'] NR * NR NR
25 * 2.6x10! 6.2x10° ‘NR <200/50 [6.9x10°| 4.6x10° 12.0x10°|1.3x101] 1.3x10 NR |9.6x10" NR NR
F 0 * 2.0x101! 2.3x50! NR <200/80 [4.7x10°] 2.5x10° * * 1.6x10° NR NR NR NR
12 * 2.0x10° 4.7x10° |2.2x10° 300 :2.8){102 §.8x107 |8.2x10'|9.0x1013.4x10*] NR |5.6x10°[2.6x10"] NR
20 * 6.lxlqr' 7.4x10° NR <2b0/1m !5.8:[10' 4.1x10' | 1.8x10'[5.3x10M 1.7x10*] NR [8.2x10"f NR | NR
G )] 1.6x10% * 7.6x10* NR <200/55 || * 1.5x10" * 6.2x10%6.4x10"1 NR |2.7x107| NR NR
3G 19 |3.7x107] 7.1x10° 1.5x10! |5.5x10 1,500 1.1x10°| 5.0x10% |3.4x10%]3.4x10°]7.1x10°)] NR |2.6x10'}5.8x10'( NR
25 " 2.4x1p° 4.8x10° NR 650 2.8x10?| 1.3x10% |1.1x10°}9.0x10°|6.2x103] NR [2.9x10'| NR NR
29 | * | 78x10' | 42x10° | NR | 500 [9.3x10) 7.2x10 [3.2x10[ 1.1x10°| 1.0x107] NR [5.5x10" NR | NR
H 0 * » 3.3x10! NR <200/85 |7.8x10°] 5.1x10° [4.0x10°|1.7x10"]3.1x10%] NR |[1.0x10°| NR NR
13 ]12.1x10°| 2.8x10! 2.0x10! [2.5x10" 2,000 1.7x10°[ 5.4x107 15.3x10?] 1.7x10']7.2x10] NR |1.9x10?]7.1x10' NR
15 * 4,2x10° 7.6x10° NR 500 B.7x10'] 4.8x10' |2.9x10'|2.9x10-'19.3x10'] NR |1.1x10°] NR NR
18 * 9.4x101 1.6x10° NR 400 1.2x10°] 1.2x10° |3.9x10'] 1.6x10°] 1.2x10?] NR [6.3x10°| NR NR
21 * * 1.9x10° NR <200/15 [5.8x10" 7.8x10¢ {4.4x10" * 8.2x10°f NR |3.1x10 NR NR




Table B-2. Radionuclide Concentration (pCi/g) in Sample Holes Drilled Aloné; 116-K-2 Trench Concentra

tion. (sheet 2 of 2)
| | '

Sample | Depth | Pu-238; Pu-239/240 | Sr50 H-3 |P-11/Scaler | Eu-152] Co-60 |Eu-154]Cs-134|Cs-137| Ni-63 | Eu-155] U C-14
|Location| (ft) ' e/m | . ! ?

(1 T | * : 3.5x107 | NR | <200/20 [2.7x107| 9.0x102| * | * |L5x10] NR [8.8xi07 NR | NR

' 17 {8.7x10%] 2.0x10' 3.3x10' |1.3x10°] 3,000 |3.0x10°| 8.4x10° |9.9x10?|1.1x10']9.5x10°] NR |%.8x10'|1.2x10'| NR

19 - * 3.0x10° NR 500 2.9x10') 2.1x107 | 1.1x10¢}  * * NR [1.6x107] NR NR

23 * * 3.4x10° NR <200/20 |3.3x10°| 2.0x10° |1.4x10°|4.2x10%1.7x10°] NR ]3.1x107| NR NR

K 0 * * 3.5x10% NR <200/40 | * * * * |7.1x10% NR [2.0x107f NR NR

22 l6.4x107} 1.3x10! 1.9x10' 19.1x10! 3,000 |3.8x10°| 2.2x10° | 1.4x10°| 1.5x10'(3.0x10°] NR |1.4x10?}4.5x10Y NR

27 |9.0x103 1.4x10° | 2.6x10° NR 1,000 [2.2x10°] 1.7x10° 18.3x10'{ 1.0x10°] 1.0x10*] NR [1.1x10'| NR NR

30 * 1.9x10" 2.0x10° NR <200 |6.1x10°| 4.4x10' * *  12.6x10°] NR * NR NR

L 0 - * 2.1x107 NR < 200/30 * ¥ 3.1x10'|4.9x107  =* NR [1.2x107 NR NR

. 17 * 1.1x10° 3.5x10° [2.2x10'} <200/130 }2.3x10'} 1.1x10% |1.2x10'|1.7x10"}2.4x10'} NR }3.7x10°l4.2x10"] NR

M 0 w 3.6x10" 5.5x10% | MR <200/40 - 1.4x10" [5.6x10°"| * 1.3x10" NR * NR NR

1y * * 1.3x10° |2.8x10°| <200/150 }4.0x10°"} 1.1x10" *  [4.7x107%5.7x10% NR |1.8x10")1.9xi0'| NR

20 * 6.3x10" 9.3x10" NR <200/25 |3.7x107] 9.3x107 |4.4x10" *  [2.9x10% NR * NR NR

Sample locations shown in Figure B-1.
* less than detection limit
NR = not reported

¥ yeIg
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Tible B-3. Radionuclide Concentrations {pCi/g) in Holes Drilied Outsiide of ii6-K-2
Sample | No. | Pu-238 | Pu-239/240| Sr-90 H-3  { P-11/Scaler | Eu-152 | Co-60 | Eu-154 [ Cs-134 | Cs-137 | Eu-155 U
‘ ¢/m ‘
N 10 * * * 5.7x107 [ <200/10 | 4.0x10" | 8.2x107 T * 7.3x10? » 1.9x 16
P 5 * 5.5x107 [ 2.9x10° | <200/20 | 7.9x107 | 2.9x10-1 * 7.5x107 | 1.8x10" [ 3.6x10" | 2.6x10"
15 * 22x107| NR | <200/10 * * . * * 4.0x107 | 2.5x10" | NR
30 * 5.8x10" NR - <200/10 * * 1.9x10" * * 5.8x107 NR
Q 0 3.1x10'] NR <200/25 | 5.1x10° | 1.9x10° | 1.9x100 * 8.8x10" | 3.5x10"' | NR
20 * 1.0x10° | <200/10 | 1.7x10" | 7.8x10% * 7.0x10° | 5.6x10% |  * 3.0x 10!
R 5 *, 2.5x107 | 9.1x10°" | <200/25 | 5.6x10°" | 1.0x10" * 4.9x107 | 7.8x10 3.6x10"
15 . * NR <200/10 | 2.3x10"' | 7.2x10? * * 39x10%{ o+ NR -
S 0 ' 4.6x10" | 1.0x10° | <200/25 | 2.1x10" ] 5.1x10? * * #* 2.0x10" | 2.2x10"
18 . * 1.6x107 | NR <200/10 * * * 4.0x107 | 3.6x107 | 1.8x10" | NR
T 15 * 1.9x10" | Lex10" { 1.7x10° | <200/10 | 5.7x10" * * 5.3x10? * * 1.6x10"
U 0 * o 9.7x10% 5.5x107 [ <200/20 * 5.1x107? * * 6.9x107 | 2.7x10"
v |01 * * 2.0x10° | 2.7x10™ 250 1.6x10' | 3.5%10° | 5.9x10° | 5.1x107 | 2.8x10° | 4.9x10" | 1.7x10"
0-2 * * 2.2x10° | 2.3x10° 600 13x10° [ 6.1x10' | 5.3x10' | 2.1x10° | 9.7x10' | 1.5x10' | 2.8x10'"
5 * * 19x10° | NR <200/15 | 4.7x10" | 14x10" |+ * 3.5x10% [ 1.5x10" | NR
15 * * 6.7x10" | NR <200/20 | 3.7x10" | 4.8x10? + * ¥ L NR
Y - * * 2.1x10" | 1.9x10% | <200/25 * 1.2x10 * 3.3x10? | 5.4x10° 2.1x10
15 * # 19x10° | NR <200/20 * -k * * * NR
25 * *- 2.8x10° | NR <200/10 | 3.1x107 ] 1.1x10" |+ * LIx10° } 2.2x10' | NR
v/ 0 * * 7.0x10" | NR <200/26 | 1.3x10° | 1.3x10° | 1.2x10° | 5.0x10 | 6.5x10" * NR
20 * * 4.5x10° | NR <200/30 * 4.3x10? * * * 3.4x10" | 1.3x10"
25 * . 42x10° | NR <200/15 * * * * ¥ 2.8x10" [ NR
AA | 18 * * 5.1x10' | NR <200/20 * * * * * * 1.2x 10"
BB | 20 * * 2.2x107 ] 24x10° | <200/10 * * * * * * 1.5x10-1
cC 15 * 3.1x10" | 3.9x10° | <200/10 * * * * 1.8x10"
20 * 2.6x107 | L4x10' | <200/15 | 7.2x10" 7.2x10"! * * 1.2x10"!
DD 0 * o 2.7x10" | 8.5x10" | <200/20 | 1.5x10° | 1.6x10° | 1.5x10° | 1.6x10° | 3.3x10" * 3.1x10"
10 * L * NR <200/15 * * * Lok * 33x107 | NR
20 2.8x10% | NR <200/5 * 3.5x10? * | 3.5x107 * * NR

Notes: V 0-1 surface sample fro m cleared arca arcund sample hole
V 0-2 surface sample from outside cleared area
Sample locations shown on Figure B-1
* = less than detection limmit
NR = not reported

v yeiq
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Table B-4. Radionuclide Concentration (pCi/g) in Samples of 116-KE Retention Basin Fill.

Cs-134

|
Sample |Depth | Pu-238 | Pu-239/240 |  Sr-90 H-3 |P-11/Scaler [ Eu-152] Co-60 |IEu-154 Cs-137| Eu-155| U [ Ni-63
Location] (ft) c/m . ‘ ‘
AA 0 - * 6.7x102 | NR { <200/40 |6.9x10"| 1.1x10" {4.9x10"19.7x10%1 .6x10"} 1.6x10° NR | NR
| 3 * 1.9x10" | 6.0x10° |2.1x10°] < 200/160 {6.6x10'| 2.0x10" [2.4x10'| * ]1.6x10°|5.3x10°] NR | NR
AB 0 NR NR 7.6xt0° | NR | <200/20 |4.2x10°[ 1.8x10" [1.3x10°|3.1x10%}1.3x10"[3.4x10"] NR | NR
: 2 * 1.8x10" | 6.9x10" |7.6x10"} </200/200 }1.0x10°| 8.4x10° }3.7x10'| * [1.9x10"[4.4x10°Ff NR | NR
.BA | NR NR 1.6x10" | NR | <200/30 |3.4x10°] 1.2x10" »  18.8x1071.4x10"|1.7x1¢°f NR { NR
! 1-172 |6.2x10"]  4.6x10° | 1.6x10" * <'200/150 | 6.5x10'] 8.0x10° |3.2x10'[7.3x10"11.7x10°| 1.5x10'] NR | NR
BB [1-172} * * 1.9x10" * < 200/150 |6.4x10'} 5.2x10° |2.5x10'] * {3.3x107]3.9x10°] NR NR
CA 0 * * 3.7x102 { NR | <«200/20 |1.6x10°{ 1.4x10" [8.5x10"] * {1.4x10?1.6x10°] NR | NR
2 * 9.8x10" 1.3x10' {6.0x10° 800 1.8x10% 1.8x10? [7.7x10! 6.2x10°| 1.1x10'] NR | NR
CB 0 NR NR 3.6x10% | NR 400 1.2x10'] 3.9x10" [4.8x10°| * [9.4x10%1.5x10°] NR | NR
1 * * 3.2x10" | NR 400 3.5x10° 2.6x10° 12.3x10°] * |7.8x10%6.3x10"] NR NR
2 NR NR 9.2x10% | NR <200/20 |3.8x10% 3.8x10° |2.7x10% * |1.5x107']2.7x10°] NR ] NR
2-1/2 * 1.1x10° 7.9x1P |1.7x10') 5,000 |6.4x10%| 1.2x10° |5.8x10%[ 1.3x10°|2.7x10*{ 2.7x10* |4.2x 1096 1 x 1
Ezade from 9.4x10Y 1:2x10! 4.8x10° |1.1x10? 5.0x104 7.7x10° |1.7x10%]1.8x10?{7.9x10°} NR }1.6x10°] NR
ttoin of the
inlet chute
107-KE

Sample locations shown in Figure B-2,
* = |ess than analytical detection limit
NR = not reported

Vv Ye1g
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Table B5. 'Radionuclide Concentrations (pCi/g) Sample Holes Drilled Outside of 116-KE Retention B

qiisin.
Sample | Depth [ Pu-238 | Pu-239/240 $r-90 H3 | P-11/Scaler | Eu-152 | Co-60 | Eu-154 | Cs-134 | Cs-137 | Eu-155

Location | (f) | ? c/m :

. C 0 * * 3.9x10! NR <200/70 | 1.2x10' | 5.5x10° | 5.2x10 * 5.2x10" | 4.7x10°
D 0 * o 1.2x10° NR <200/80 | 1.4x10' | 8.8x10' [ '5.2x10° * 2.4x10' | 1.3x10°
E 5 * o 3.0x10" NR <200/50 | 2.3x10' | 1.2x10' | 7.8x10° | 2.0x10" | 1.3x10° [ 2.7x10°
F 0 * * 8.8x10" NR <200/40 | 9.4x10° | 7.9x10° { 4.3x10° * 3.9x10° | 6.0x10"

5 * * 4.5x10" NR <200/30 | 3.5x10° | 3.3x10° | 1.3x10° * 2.3x10° | 1.4x10"
G 15 NR NR 1.2x10" NR <200/25 | 3.6x10" | 1.4x10° * * 3.7x102 | 2.0x10"
H 0 * o 4.4x10° * <200/50 2.5x10' | 8.4x10° | 8.3x10° * 1.4x10° | 2.1x10°
's NR NR 4.3x10" NR <200/25 | 1.9x10° | 8.6x10" | 8.1x10" * 4.1x10" | 2.7x10"
I 0 * I 2.8x10" | 5.3x101 | <20030 | 5.5x10° | 6.5x107 | 2.0x1¢° | 8.2x10% | 1.9x10' | 4.6x10°"
J 0 * o 1.6x10° | 1.3x10° | <200/100 | 2.9x10' | 1.7x10' | 1.2x1¢ * 3.6x10° | 6.8x10"
15 NR NR 1.8x10" NR <200/15 | 1Lix10" | 1.0x10" * * 3.4x107 | 1.1x10*
K 0 * IC 7.4x10° NR <200/25 | S5.9x10° | 2.7x10° | 2.4x10° | 6.9x10% [ 7.4x10" | 1.5x10°
L 0 * * 3.2x10" * <200/30 | 2.2x10° | 3.7x10" | 9.6x10" | 6.8x10? | 3.4x10" | 2.8x10°
M 10 * * 4.3x10" NR 400 2.8x10' | 3.3x10' | 1.1x10* * 9.2x10° [ 1.1x10!
10 * 2.1x10" 2.3x10° * 400 6.2x10' | 4.1x10' | 2.5x10' | 5.2x102 | 4.0x10° | 1.3x10°
20 * * 1.1x10° NR <200/50 | 1.3x10° | 6.6x10" | 1.1x10° | 1.0x10" | 2.3x10* | 7.5x10"
N 0 * 1.2x10? 1.9x10° * <200/60 | 3.8x10' | 1.3x10' | 1.3x10' * 1.2x10" | 2.2x10°
15 NR NR 1.8x10" NR <200/30 | 5.6x10" | 2.3x10* | 2.0x10" * 1.5x10' | 1.0x10°

Notes: Sample focations shown in Figure B-1.
[NR = not reported
* = less than detection limit

Y yeiQg
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Table B-6. Radionuclide Concentration (pCi/g) in Samples of 116-KW Retention Basin Fill.

Sample [Depth| Pu-238 | Pu-239/240 Sr-90 H-3 {P-11/Scaler | Eu-152| Co-60 [Eu-154{Cs-134|Cs-137| Eu-155 | Ni-63
Location] (ft) J c/m . '
AA 1-1/2 * * 1.8x10? |5.7x10° 200 1.1x10'| 2.3x10' }6.1x10°|1.3x10{3.0x10[ 2.1x10°] NR
2 * 2.1J£1l]"l 2.9x10¢ {5.5x10" 5,000 5.6x10%] 1.3x10* |3.4x10?|8.2x10°] 8.8x10°! 5.0x10" {8.8x 10
AB 1 NR NR * NR <200/40 [2.7x10°| 1.8x10° |1.4x10°|4.6x103|7.0x10% 5.4x10"| NR
2 * 4.3x10 1.8x10¢! | 1.5x10" 1,000 2.1x10%| 1.9x10? |3.9x10 - 9.7x10" 3.5x10’f NR
BA i-1/2 * ‘* 9.2x10"! NR <200/60 }5.4x10°] 1.4x10' |7.2x10? * 1.9x10%|4.0x10"'} NR
2 * 8.3{)(1(19 7.9x10' {1.7x10° 3,000 6.7x10%t 5.3x10% |2.0x10? * 3.0x10'| 1.6x10¢ NR
BB [-1/2] NR NR NR NR <200/40 |1.5x10° 1.1x10° |5.5x10" * 1.5x107 * NR
2 * 12x10° | 3.3x10° |1.3x10°] 3,000 |5.3x107( 9.0x10% [3.1x102] * |4.1x10°| 2.8x10'] NR
CA 1-1/2 * 6.7x10! 1.2x10° }6.0x10" 600 1.3x10%[ 9.9x10' |1.3x10° * 7.3x107 * NR
CB 2 * 1.1x10° 1.2x10! NR NR 1.1x10*] 1.0x10° {6.6x107}5.3x10°}1.8x10'} 3.6x10°} NR.

MNotes: Sample locations shown in Figure B-1.
INR = not reported
P = less than detection |imit

Vv yeiqg
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' Table B-7. | Radionuclide Contentrations (pCi/g) Sample Holes

Drilled Outside of 116-K'W Retention Basin.

Sample ]Deptl:} Pu-238 | Pu-239/240 Sr-90 H-3 | P-11/Scaler Eu—15'2 Co-60 Eu-154 Cs-134 | Cs-137 Fu-155

Location (ft) ' . c/m, . ' ) '

B 0 * * 6.9x10" | 4.9x107 | <200/50 | 2.0x10' | 1.ix10' | 1.0x10° 5.0x10% | 2.0x10° | 4.3x10

| 25 * * 2.6x10" NR <200/25 * b x * > | 4.3x10? *

c 0 * * 2.1x10" * <200/50 | 1.5x10' | 2.4x10° | 4.3x10" L w 5.3x10" | 9.6x10"
20 NR NR * NR <200/30 | * * * * * *

D 0o * * 6.9x10" * <200/80 | 2.2x10' | 1.2x10' | LIx10' | 2.1x107 | 3.8x10° | 4.5x10°

10 NR NR 1.8x10* NR <200/25 | 2.2x10° | 1.0x10° | 5.1x10% | 4.1x10? | 7.6x10" | 2.8x10"

E 0 » 3.5x10" 1.4x10" 4.3x10" <200/40 (S.lelf)” 3.6x10° | 3.2x10" | 5.9x10° | 2.0x10° | 1.3x10°
20 NR NR * NR <200/20 | 4.8x107 | 4.1x10? * - * *

F * * 3.0x10? NR <200/40 | 3.5x10° | 2.6x10° | 4.3x10° | 5.9x10%'| 3.7x10" | 1.5x10°

15 NR NR * NR <200/15 | @ = 3.7x10 * Lo " 1.7x10°

G 0 * * 4.0x10" * <200/50 | 1.tx10' | 6.0x10° | 4.9x10° L * 1.1x10° | 1.8x10°

8 NR NR 5.4x10° NR <200/30 | 1.1x10° | 4.8x10" | 7.0x10" * 1.6x10" | 2.9x10"

H - . 9.{]&;{10i * <200/50 | 6.3x10° | 1.1x10' | 1.3x10* | 1.5x10° | 2.8x10° | 6.9x10°

20 NR NR 3.9x10? NR <200/25 * 4.4x10* * '4.3x107 * 1.0x10"

[ * * 1.3x10? NR <200/25 § 3.4x10° | 1.2x10° | 1.3x10P * 7.3x10" | 2.8x10"

I 0 * 1.4x10" 1.5x10° * < 200/60 2.1x10' | 8.9x10° | 6.4x10P * 3.1x10° | 2.7x10"

K 0 * * 1.8x10° NR 5,000 8.1x10° | 1.0x10' | 1.8x10° | 1.9x10° | 6.9x10° | 5.7x10?

10 » 1.0x10¢ 1.9x10° * < 200/50 1.6x10' | 7.6x10" | 7.ix1P | 2.5x10" | 5.3x10° | 2.3x10°

L 1 * 5.2x100 7.8x10" | 4.3x10" 600 L3x1P § 5.0x10' | 3.3x10' * 2.8x10° | 2.6x107

10 * 2.3x10° 2.7x10° 1.1x10° | <200/140 | 5.4xi0' | 2.2x10' | 1.8x10' * 1.5x10' | 1.2x10°

M 0 - 3.2x10° 3,8x10! 7.8x10° BOO 5.6x10% | 2.6x10° | 2.4x10° | 3.9x10° | 2.4x10* [ 2.4x10"

N 0 NR NR 1.1x10° NR <200/15 1.3x10° | 3.6x10" | 3.0x10! * 2.6x10° | 1.2x10°

15 " * 1.1x10° 3.2x10! <200/25 | 9.4x10" | 2.1x10" { 2.1x10! * 4.3x10° | 1.7x10%

otes: Sample locations shown in Figure B-1.
= not reported
* = less than detection Fimit
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84-€6-14/304



THIS PAGE INTENTIONALLY
LEFT BLANK



APPENDIX C

Results of Physical Properties
Samples from 116-KE-4 Borehole
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DOE/RL-93-78
Draft A

116-KE-4A Borehole
5.0 to 5.5 ft bgs
Sample BO7LK2

C-1



[

CARADYE T ALy
AV e BN,

1=k &7T7

L R e A

7.3

0.5
TC-26
575.85

©1555.33
2022

20.52
424 83
130.50

15.72%

12.64%

311193
23

1 Bar Drying Curve

700

20
TC-26
565.40
555.33
10.07
42483
130.50
1.71%
6.20%
3/115/93

24

"

1
TC-26
§75.70
555.33
20.37
424.83
130.50
15.61%
12.55%
/2193

24

850

20
TC-26
564.64
555.33
9.31
424.83
130.50
7.13%
5.73%
3/16/93

25

21.5

2
TC-26
575.35
555.33
20.02
424.83
130.50
15.34%
12.33%
3/3193

25

1000

20
TC-26
564.38
5§55.33
8.06
424.83
130.50
6.94%
5.58%
37193

23

Cell wi. hefore cleanup = 424,71

Contact R.F. Raidl .
1Well No. 116-KE-4A
Operable Unit 100-KR-1
HEIS No. BO7LK2
" |Depth 5.0 - 5.5
‘ I

TEMPE CELLS | Sample # 3-05567 1 Bar Drying Gurve
tension in crm N/A N/A s

error in tension value +/- 0.5
container m;imber : MC-1  TC-26 TC-26
weight of containerfring, +wel sample 171.52 557.84 575.55
weight of container/ring,+ dry sample 171.06 557.28 555.33
weighl of mPislure 0.46 0.56
weight of cantainer and ring 62.74 424,95 424 .83
weight of drt sample 108.78 132.33 130.50
moisture content % by wi. 0.42% 15.49%
moisture content % by vol. 12.46%
date measured 2/26/93
temperature deg. C 24
volume of brass ring, cm*3 ‘ 68.26 ;

‘ |

TEMPE CELLS Sample # 3-0567
tension in cm 200.3 300 500

error in lellnsion value +i- 5 2 20
container number TC-26 TC-26 TC-26
weight of container/ring,+wet sample 568.65 567.20 566.08
weight of container/ring,+ dry sample 555.33 555.33 555,33
weight of moisture 13.32 11.87 10.75
weight of container and ring 424.83 424,83 424.83
weight of dry sample 130.50 130.50 130.50
moisture content % by wit. 10.20% 9.09% 8.23%
moisture copienl % by vol. 8.20% 71.31% 6.62%
dale measured 3M10/93 N1/93 312793
lemperature deg. C 25 23 23
volume of brass ring, cm*3 68.26

SAMPLE BULK DENSITY = 1.91 gfcm?
FIELD BULK DENSITY = 2.0 glcm?
FRACTION LESS THAN 2 mm = 0.40

Cell wA. after cleanup = 424.84

135.5

i . 5I
TC-26
575.15
555.33
19.82
424.83
130.50
15.19%
12.21%
374193
22

N/A

TC-26
564.37
555.33

9.04
424.83
130.50
6.92%
5.57%

grams
grams

49

2
TC-26
574.49
555.32
19.16
424,83
130.50
14.68%
11.80%
3/5/93

25

NIA

MC-1
202.23
193.23
8.00
62.74
130.49
6.90%

N8N
26

424.83 Average of all 3

74.5

1
TC-26
572,78
555.33
17.45
424.83
130.50
13.37%
10.75%
3/8/93

23

99

2
TC-26
571.78
555.33
16.45
424.83
130.50
12.60%
10.13%
3/9/93
24

V ¥ead
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TEMPE CELLS

Iens‘ionui cm

’ 'erﬁorlirl lension value +/-
container number

. _weiglmot container/ring,+wet sample
~ weight 0

{ conlainerfring,+ dry sample
weighl of moisture

weight:of conlainer and ring

weight of dry sample

moisture contenl % :

moisture contert % by vol.

dale measured

temperalure deg. C |

volume of brass ring, cm*3

TEMPE CELLS
tensioniih cm
erfor ir tension value +/-
container number
weidhl of conlainer/ring,+wel sampie
weight of container/ring,+ dry sample
weight of moisture
weight of container and ring
weight of dry sample
moisture, content % '
moisture content % by vol,
date measured
temperalure deg. C !
volu;me of brass ring, cm*3

TEMPE CELLS
tenston in cm

error in lension value +/-
container number :
weighl of conlaine/ring,+wet sample
weight of container/ring,+ dry sample
weight of moisture
weight of container and ring
weight of dry sample
moisture contenl %
moisiure content % by vol.
dale measured
lemperalure deg. C
volume of brass ring, cm*3

Sample #
N/A

MC-1
171.52
171.06

0.46

62.74
108.78
0.42%

68.26

Sample #
1000
20
TC-1
563.84
557.50
6.34
426.00
131.50
4.82%
3.88%
' 3/8/93
23
68.26

Sample #
24.0

3
TC-1
574.91
557.50
17.41
426.00
131.50
13.24%
10.64%
3Nn9/93
25
68.26

3-0567 1 Bar Welting Curve

NIA ~ 1000 1000 1000

' 20 20 20
TC-1 TC-1 TC-1 TC1
567.46 561.86 563.67 563,75
556.91 557.50 §57.50 557.50
0.55 4.36 6.17 6.25
42571 426.00 426.00 426.00
131.20 131.50 131.50 131.50
! 3.32% 4.69% 4.15%
2.67% 3.77% 3.82%
2125193 2/26/93 393

22 23 22

3-0567 1 Bar Welting Curve

700 500 300 202

20 20 20 20
TCA1 TC-1 TC-1 TC1
564,09 564.64 565.68 566.94
557.50 557.50 557.50 557.50
6.59 7.14 8.18 9.44
426.00 426.00 426.00 426.00
131.56 131.50 131.50 131.50
5.01% 5.43% 6.22% 7.18%
4.03% 4.37% 2.00% 5.71%
3/9/93 3/10/93 3/11/93 312193

23 24 22 23

Cell wt, before cleanup =
Cell wi. afler cleanup =

3-0567 1 Bar Wetlling Curve

10.0 6.2 2.5 N/A
2 2 1
TC1 TC-1 TC-1 TC-1
576.11°  576.33 576.73 576.72
557.50 557.50 557.50 557.50
18.61 18.83 19.23 19.22
426.00 426.00 426.00 426.00
131.50 131.50 131.50 131.50
14.15% 14.32% 14.82% 14.62%
11.38% 1.51% 11.76% 11.75%
3122193 3/23/93 24/93
23 25 24

BULK DENSITY = 1,93

1000
20

- TC-1
563.80
557.50
- 8.30
426.00
131.50
4.79%
3.85%
2193
24

104.5
' 20
P TCA
569.74
557.50
112.24
426.00
131.50
8.31%
7.48%
3/15/93
23
426.06
425,56

425.78 Average of all 3

NfA

' MC-9
211.36
192.24
19.12

' 60.89
131.35
14.56%

3725193
25

1000

20
TC-
563.85
557.50
6.35
428.00
131.50
4.83%
3.88%
3/3/93
25

69
5
TC-1
571.11
557.50
14.21
426.00
131.50
10.81%
8.69%
3/16/93
26
grams
grams

1000

20
TC-1
563.95
557.50
6.45
426.00
131.50
4.90%
3.84%
3/4/93
22

54.5

2

TCA1

57277
557.50
15.27
426.00
131.50
11.61%
9.34%
NT93

23

1000
20
TCA1
563.88
957.50
6.38
426.00
131.50
4.85%
3.90%
/593
22

31

2
TC-1

574.34
5567.50
16.84
426.00
131.50
12.81%
10.30%
3/18/33

26

v yeid
84-€6-T/400



i |
o ! .
. KETTLES

, Sample #
ténsion in Bars ! 0.5
“error in tension value +/- 20
- container number BA1
weighl of conlainer/ring, +wel sample 55.74
wekght of ‘containerfring,+ dry sample 53.83
weikght of moisture 1.91
weight of container and ring 27.93
weighl of dry sample 2590
moaisture content % 7.37%
date measured | 3nsr3
temperature deg. C 27
KETTLES .
tension in Bars ' : 5.0
erpor in tension value +/- ! 20
conlainer number 881
weight of container/ring, +wel sample 5517
weight of container/ring,+ dry sarnple 53.91
weight of moisture 1.26
weight of container and ring 27.89
weight of dry sample 26.02
moisture conlenl % 4.84%
dale measured - : 3/23/93
lemperalure deg. C ‘ 25
Water Potential Data for CX-2 Samples
Sample No. 3-0567A
Conlainer Number BCA
Aw' Reading . 0.689
Temperalure °C 238
Waler Potentlial, Bars 509.9
Can 1D No ‘ BA1
Can + Soil Welwt., g 36.73
Can +SoilDrywl., g 36.59
CanTarewl., g 27.93
Weight of Waler, g : D.14
Dry Weight of Sample, g B.66
Moisture Conlenl, wt. % 1.62%

dale measured 4/5/93

3-0567 15 Bar Dirying Curve

0.5

20
BA2
59.20
57.24
1.96
30.36
26.88
7.29%
3/18/93

27

5.0

20
BB2
67.57
86.20
1.37
21.57
2B.63
4.79%
3723793

25

3-0567
BC1
0.986
24.7
19.4

BA2
38.66
39.38
30.38

0.28

9.02

3.10%

475193

0.7

20
BA1
55.77
53.96
1.81
27.93
26.03
6.95%
3/12/93

24

1.0

100
Bc1
60.29

- 59.06
1.23
30.30
28.76
4.28%
3/12/93
24

0.7

20
BA2
59.14
57.28
1.86
30.36
26.92
6.91%
3IN2/93

24

7.0
100

BC2
59,39
58.18
1.21
28,12
28.06
4.16%
312193

24

1.0
20
BA1
55.51
53.78
1.73
27.93
' 25.85
6.69%
3/23/93
25

10.0
100
BC1
60.08
58.99
1.09
30.30
28.69
3.80%
3/18/93
27

1.0

20
BA2
59.00
57.21
1.79
30.36
26.85
6.67%
3/23/93
25

10.0
100
BC2
59.22
58.13
1.09
29.12
29.01
3.76%
3/18/93
27

2.0

20
BB1
55.48
54,03
1.45
27.89
26.14
5.55%
3112193
24

2.0
20
B82
57.90
56.32
1.58
27.57
28.75
5.80%
3IN293
24

3.0
20
BB1
55.33
53.85
1.38
27.89
26.06
5.30%
318193
27

30

20
BB2
57.718
56.30
1.48
27.57
28.73
5.15%
318193

27

V 3eIig
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POINTS SELECTED FOR PLOTTING

container number
Tension in cm

Tempe ﬁ)rying Curve
Ketl!eICJ;(-Z Drying Curve
Tempe Welling Gurve
dale measured

container number
tension in cm

Tempe Drying Curve
Kellle/CX-2 Drying Curve
Tempe Welling Curve
dale measured

container number

tension in cm

Tempe Drying Curve
Ketlle/CX-2 Drying Curve
Tempe Welting Curve
date measured

container number
tension in cm
Tempe Drying Curve
Kellle/CX-2 Drying Cutve
Tempe Welling Curve
date measured ‘

. TC-26

3.50E+00
12.46%

2%!!26193

'TC-26
7.00E+02
'6.20%

3/15/93

TC-1
7.00E+02

4.03%
'3/9/93

TC-1
2.50E+00

11.76%
3r24/93

Sample # 3-0567
c-26 ¢ TC-26 ¢, TC-26

7.30E+00 1.10E+01 2.15E+D1
1264% « 12.55% 12.33%

N/93 3/2/93 3/3193

TC-26 TGC-26 BA1
B8.50E+02 1.00E+03| 1.02E+03
5.73% 5.58%

3M6/93  3/17/93  3/23/93

TC-1 TC41 TC-1
5.00E+02 3.00E+02 2.02E+02

437%  500%  577%
3110/93  3/11/93  3/12/03

| .
Ketlle data points were converled frem gravirmelric lo volumelric by mulliplying by the field Bulk Density
And the fraction of fines (less than 2immj.

Bulk Density =
Fraction of fines =

2.0
0.40

glem?

Points from keltle are enclosed by the double outline @

Points from CX-2 are enclosed by the single outline :j

TC-26 TC-26 TC-26 TC-26 TGC-26 TC-26
3.55E+01 4.90E+01 7.45E+01 9.90E+01 2.00E+02 3.00E+02
1221% 11.80% 1075% 10.13%  8.20%  7.31%
|
3/4/93  3/5/93  3/8/93  3/9/93  3M0/93  3/11/93
BB1 BB1 BC1 BC]  BC1 . BCI
2.04E+03 3.06E+03 7.14E+03 1.026+04] 1.97€+04 5.20E+05
5.37% 4.44% 4.20% 3.39% 3.04 2.50% 1.30%
|
3/12/93  3/18/93 _ 3/12/93 _ 3/18/9 4/5/93 4/5/93
T4 Ted TC4 TC4 TC4 TG
1.05E+02 6.90E+01 545E+01 3.10E+01 2.40E+01 1.00E+01
7.48%  860%  9.34% 10.30% 10.64%  11.38%
3M5/53  3/6/03  3M7/93  3/18/93  3M0/93  3/22/93

TC-26
5.00E+02
6.62%

312/93

TC-1
1.00E+03

3.88%
3/8/93

TC-1
6_30E+00

11.51%
3/23/93

v ¥eig
8/-€6- /900 __ __.



9-0

Moisture Content {(Vol. %)

14.00#/0 -
12.00%
10.00% -
8.00% -
6.00% -
4.00%

2.00% —+

Moisture Retention Sample Number

3-0567

|

0.00%
4.00E+00

1.00E+01 1.00E+02

|
1.00E+03 |
Tension (cm H20)

1.00E+04 1.00E+05

—®&— Tempe Drying Curve

-——0-—- Keltle Drying Curve

gy Tompe Welling Curve

v yeIg
8.-€6-Td/304
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_ HOISTURE RETENTION

DATA® SHEET

SANFLE NQ.-= ~ - o~ ! Page of
Tested By: R.M. Shaller bate 5/ 4 /93 ‘
Procedure Mo: 17 Rev. [ ' bate Issued 2/25/90
Jest Plan Ho: H/A . Rev. N/A Date Issued RIA
Pressure Cell No. TC- 271 . Calibration Due Date N/A i
i Gauge: GEL - 2026 i calibration Due Date 1{a7 gy
Thermometer: GEL - 12 " Colfbrotion Due Date NAA
Balpnce: GEL - 3315 Calibration Due Date 5/18/93
Gauge: GEL - o4t Calibration Due Date (- - 73
C ot GEL - i col ibration Due Date
{13 Tension :unils = /'L/A /l//q L .3 .5 7.3 { =2 l’ 5 35. 5 49 745 tfq 200.3| 300 | 500
(;i} Containeirlﬁing Nuber Y[ |[Te- 26 To-2¢ JC- 26 TC-26 ’Jro:l(; TCQ‘: TJC-2¢ v Te-26 TC 2L ﬁ‘lc Te-26 ')/C-,?é
Wt. of Container and A R ‘ ) .
(3) wet sample, g ‘ I .521552.841575. 55| 575 850 575 70 | 575 485|825 1S {87449\ 857278572028 | 568.85 | 4541 20 |54 o2 [
Wt. of Container and 0 : ‘ :- |
8] bry Sample, g 17}.06 ‘ ‘
‘i v
_(_;_} Container Tore Wt., 9 142 74 | 424 5y ' g 8
> ! s X ) -~
(&) Temperatire 2 23 2o 2.9 1R S a3 24 i) 23 23 f._p E
(7)_Date 2 /931301143 15/2/9303) 3213 L 3 4l 435033 13)gles i 38/t 13bel93 ) alyf a2l 3hafes > ®
R " ¥ ¥ - T + + > = 3
(1) Tension units = ¢om y/als) 8-‘)0 : /C? [4]8)] A/ﬁ i /U.A /
(2} Container/Ring Humber "f(}j{, Te- a6 1 Tei-20 | Te-2¢ ' M ,/
Wt. of Container and . . ‘ /
(3) Wet Sample, o S5E5 Ho S b 564 39 S44 3270.203.3 =
Wt. of Container and j )/
(4) Dry Sample, g : 1?3,2)' —
¥
(5) Container fare Wt., g . gAY M L2 //
(6) Temperature 2 4 25 13 2L —
(7) Date s fe3 13033 113 28/ —
7 ] M T -
REMARKS Tempe Drying Curve (0 to 1 Bar) All dato are acurately ond conmpletely recorded. The test operator was trained and

dpLuAJf_ (',(,;-b;/'f’ x

JOO KR~

(‘Jicmacp "rﬂ—\.l.. L\) T,

12491

used colibrated inmstruments

Date; ;4/-/?_ C]\ 3

thecked By: __O 4142{_, ()_, Lo
v



_MOISTURE RETENTION DATA SHEET

3-05467

SAHPLE MO. . . ‘Poge . oof ____J
tested By: R.M. shoiler Date Jbt ZﬁZ'Z i =
Procedure No: 17 Rev. 0 DPate Issued 2/25/90
Test Plan No: N/A Rev. N/A Date Issued RZA
Pressure Cell No. 1C- | - Colibraticin Due Date N/A
Gauge: GEL - Jo L Cal ibration Due Date 1727 ]9
thermometer: GEL - 12 Calibration bue Date " N/A
Balonce: GEL - 3315 Cﬂl’,ibrntioclw bue Date  5/18/93
Gauge: GEL - %o & . calibration pue pate” 7 —3 /- G
: GEL. - calibrotion bue bate S _—
(1) Tension vnits = cm AMA | MA Jiaes | Jooo [inap Jooo | eeo |Json Jlono | 160 | 200 | 500 200
(@) contaion, g ponter_27C- ] Te- 1 I Tet geeg Ve {Ted (el ge-l |fe-( |Te-t |Te-t Tt |Te-t
Wt. of Container and 7151 ‘ ‘ . 5
(3) Wet sample, g { =+ 557 ‘H] SLL. 861563 67 1563. 751 563, %5 | 5638 %3.45 | 563.BF1503 9F 94t 09488 (545 L8
Wt. of Container and |Tm3 Aavisj l . . ‘
(4} Dry sample, g 11108
—I[ "
(5} Container Tare Wt., g [42 74 14215 9] :
(6) Temperature ‘ ZA 273 ey 24 25 ‘ 2 22 ] XA 24 22‘.
(D) pate 25/53| 2)ae /92| 301 [93 1 3/a/ 3313/5/93 |.2/¢/931 3/ 593 13/2/43 rof¢2 3/n/3
| - : 7
() tensionwits = en | 202 1JoE 51 6T | 5451 31 | 2y | /O 6.3 125 | ~vA | AA K
(2) Containcr/Ring Number TC ’ } C',", (‘—‘! 7&-[ TC.L TC_ l ﬁ_ | 'T'c_’ “1e-| jd_! Mic-9 /
Wt. of Container and
(3) Vet Sample, g S6E. 941889 74 (ST N 1572 720 5734t 574, UV 576, 101 57¢,331.576.23{ 5726 7242 M. 3L /
Wt, of Container and
(4) Ory Sample, g "l&&‘} ' Z
; /
(5) Container Tare Wt., g 42¢.06 | £0. 29
€6} Temperature ,23 a3 QQ‘ .23 Ab 25 2% 4 5 )&"l' _..‘Z S /
(7) Date 3’)%{35 3/14;;/‘24 Al a3l 317/13 :_5/181[7!3 313132233 33/33|F 2y hs Yas/fez / _
REMARKS . Tempe Wetting Curve (0 to 1 Bar) All data are acurately and completely recorded. The test operator was trained and
Cif)_ﬂ,w(\.lyea. O(,uuj- *wqﬂ_‘_() Tt}‘ti-— used calibroted instruments
1606-KA-i Y25.5¢ checked Oy: Q MM’:’\_ Date: y -19-97% ___J

[

v yeiq
84-€6-T/304



)

MOISTURE RETENTION DATA SHEET

_SAHPliE NO, ; ~ 3-05L7

" ' Page Z of 3
- Tested By (K99 S pilex | bate 3/3/9% —
F;ircvccdurc No: 17 | Rov, ] :_ ‘ pate' |ssurd 2/25/90
Test Plan No:' . N/A 1 Rev, N/A . Date !ssued
Pressure Cell No. KETTLE PKDS-D1 Calibration Due Date 'HIA
' ; Gauge: GEL - 2038 Calibrotion Due bate 617793
) ‘Thermometer: GEL - 12 Colibration Ouc Date “HIA
Balance: | GEL - 3315 Cal ibration Due Date 3,,18/93
Gouge:  © GEL - Calibration Due Date_ L
. GEL - ) " calibration Due Dn!te-_'_: .
] R A ] 7
i . v
(1) Tension units = em L5 .5 . 7 7 / ‘ ] . ot : ‘ el
| -1 -2 I+ TR Z RE |~
(2) Contalner/Ring Number "l PA2 1 $Ax LAl 6:,”1 : 1 : . /
Wt. of Conkainer and | . R P I ‘ ! i -
(3) et sample, .9 55241859 20| 5,32 16014 |565.0] 129, 00) . ‘ o /
We. of Container and ' o ' o /,_
(&) ory somple, g 338315724 15396 152,28 15323 | 57.20 | e
(5) Container Tmn'z w., g IJ_?'Z,CIS 30.3¢ 27.%31 A& 3L _.2__? 131 30.36
(6) Temperature iy 27 fo e "{ 25 el ’.Z;é.._- i
i o/ AT . . i .y / . - /
(7) Date sfigfes | Befrs {3ha 231305 /30 sy 3l 3/
(1) Tension wnits ‘= em P
/_
(2) Container/Ring Number ‘ /
Wt. of Container and "
fle3) wet semple, o // :
Wt. of Container and . =
(‘.) ny Satlple,, g _"/
(5) Container tare Wt., g _'__/’I
(6) Temperature
/—
(7) E2ee
REMARKS KETTLE DRYING CURVE (05010 BARs)

g}:.;x,a_b—ic (L.L-..J'
joo -Ki- |

ALl data are scurately ond completely recorded, The test operstor was traiped and
used calibrated instruments ‘

thecked dy: 0 ‘ ; ‘ ih ,«Qy\é’.&_
T—=L Y
o Lv

4

Date: /—/"/C{—"'(] 3

v yeId
8.-¢6-1d/300



il

MOISTURE. RETENTION DATA SHEET

01-2

vige1iq
1

SAHPLE HO. - / _' ; ~ p;'gei of -
3 L!.S..[:.L,.‘ ;g""‘g"'—
T ety % 77) Shailer bete 379773 |
' Procedure No: 17 - Rev, 0 Date lssued 2/25/90 .
Test Plon No: N/A ' Rev. ' 7 pate Issued, .
Pressure Cell No. KETTLE PK05-02 Calibration Due pate C ,
: Gauge: GEL - 2052 Calibration Due Date F/2/93
Thermometer: GEL - 12 Calibration Due Date . NSA
Balances GEL - 3345 Calibration Due Date 5710793
Gauge; GEL - 2034 Calibrntion Due Date % /3793
H GEL - Calibration Due Date .
— : - T ——
2 2 3 3 - K
(1) Tension Units = cm ‘ A g 3 =3 5 5
: EN] e 31 34 |3 52 Pl
(2) Contsinec/Ring Humber |  Afil a2 N4 GRS AT /
He, of [Container and : . -
(3) Wet Sample, g SH L 52 00| 55331 S278 155 171 5157 ‘ /
Wt. of Container and . /;
() Ory Sample, g 154631 5¢.2215595].5.236] 5391 | 55.28 et
(5) Contajner Tare Wt., g 27590 27590 2799 2257 a7eq | 2787
(6) Temperature ¢ 24 27 a7 25 a5 AJ/ .
(7) Date 3/afis| afadsl el 3bel Yoz l3h v —
(1) Tension uniits = cm ]
1 /
(2) Container/Ring Number _— |
Ht. of Container and "
(3} Wet Sample, g /.//
Wt. of Container and ul
(4) Dry Samale, g '/
‘ =
(5) Container ‘IIare Wt., g /—')/

(6) Temperature

(7) Date

T

REHARKS

KETTLE DRYING CURVE fZ.O to 5.0 BARs)

I'O(‘) - /{./?' I

Date:

All data are acurately ond comptetely recorded. The test operator was trained and
used colibrated instruments

Y-/7-93

Checked By: *q_al/_(&/q‘-!{’ o
vV

—————— s



"' MOISTURE RETENTION DATA SHEET

I1-0

SAMPLE MO, "'24 567 ___ Va0 ‘ Page 3 R
IF : e ; I. ) " : .
Tested By: A0 Jr). Shi'lei” ; = . Date 3/§/93
Procedure No: 17 . \ : N Rev. [\] pDate Issued
Test Plon Mo: N/A ! : : o Rev, LY Date lssucd
| Pressure Cell No. KETILE PK15-02 ' j Calibration Due Date .
o Gauge: GEL - . 2038 ‘ ’ B : Calibration Due Date 6/17/93
Thermometer: GEL - 92 g 1 ‘ o Calibration Due Date WA
Balance: GEL - 3315 I ‘ Colibration Due Date 5718/93
Gauge: GEL - R . : Calibration Due!Date . y
: GEL - o ‘ . Colibration Due Date . ‘ '
7 7 yie) L0
(1) Tensioh units = cm 7 7 /P 40 st
‘ RN 5 S F2O P | T - -
(2) contaitteriring wunber | fi | Geal foy | Gz . - L
Wt. of Container and ) . ' . R s . V]
(3) et sanple, g {0.34) 5731 €008 5422 : : : .
Wt. of Container and ‘ E , . : I /
{4) Dry Sample, g S9 6L | 35 1¢ | 5899 Ry K o ‘ o ] J
(53 Containle;' Tare Wt., g 3020 29 /ﬁ 26,3 294 L | // ; Q
ML >4 - . . . 0 50 2 —— %‘-
(6) Temperature a4 b a7y 27 N , .-
. / " /H/ ‘ '3
(7) Date 3/:‘12/ 921 3 /.,2/‘);? 38723 | e le 3 - 3
‘ o
(1) Tension.units = cm ' : . r/ —
D ‘ S
L(Z) Contafner/king Number : o ' //
Wt. of Tontainer and ‘ : ‘ D
{3) Wet Semple, g : - _//
ue. ofT:ontainer ond ‘ ‘ i ! k "
(‘) DrY Sarm[e_ 9 /‘/‘V/
\.--’——‘I '
(5) Contaliner Tare Wt., g : ! "] ‘
(6) Tenperature )/ . : .
(7) Date — |
REMARKS KETTLE DRYING CQURVE (7.0 to 15.0 BARs) |Atll d‘atu‘ are scurstely and completely recorded. The test cperotor was tralned and
R : : used cal ibrated instruments
Cpanisty byt !
iy kD | Checked By: ﬂ' :—/]L /Q*‘}L'M Dete: ' 1/" 17-93
lee-Kid-1 i et ==
v



Z1-0

~

'Li

CX-2 WATER ACTIVITY DATA SHIEET

| Tested By: 9,1 ,‘l,&. Lo Dalc  4/s/43 Page { . of -
H ——— .
Proccdurc No: g£L-33 -, flev. o) Date 1ssued Lan/e3 ‘
TestPlanNp: Rev. il Date [ssued i , ‘L__
e = = e
. Equipment GEL No. | Calibration Due Dalc _ Equipment| GEL No. || Calibration Due Dale
Balance| 3376 S5/8733 Balance ' !

Thermomcter, Thermometer
Linear Offsct Data Pretest Verification Post Test / Periodic: Verification
Type of Salt | D 2
Salt Conc. (Molaly/(Sat}| S 1 LiCe _QJ.L'/Q e
Aw Reading, . 999 Nk 255 L SY6
Teinperature °C Al o 2% o 24,4 LA
Aw Standard at 20°C N B
Waler Poicnlial Data for Samplcs ‘
Sample No. - Fo ST A0G5LT  [3-05E¢A |4 046% |1 0594 3659 |305704 13052 |3057A 1505
Container Number @\ Bc i e 3 HC3 0y He s Ty B N 3 T & By Bcd
Aw Reading - 1. é89 98¢ . B4Y gy L2546 | 991 .84 832 . 835 oo
Temperature,*C 123 T 24,7 218 2%.5 24.7 24 L 24.9 251 253 254
Water Polcnﬁ:ll, Bars ‘ !
Moisture Contenl for Waier Potential Snmples .
Can ID No V\BAL | B4R £43 LAY s | fAL | BAT eAg | Bag BALS
Can + Soil Wetwi., g 323 | 396 39 04 37y RN B ) 3552 3979 #i 53 | A¥.90
Can+Soil Divwl, g 1 3/ &9 ' 39,38 ag. Yo i703 9. 40 36.2¥ 3544 3¢ ¢o $1 47 g, g2
CanTarewt, g A7 13 T Y AT 67 317.59 }50.3 7 L 274y 27 L. 2807 3.3, 27 71
Weight of Water, '
Drv Weight of Sample, g
Moisture Confent, wi. %o

e —

REMARKS

All do¥a aar cerioacfy Gl

l}'?b {’tt penvh, vl:un\-"-‘" d"‘-s-] e dl e

Checked By:

f \,» ’[’(«
.___...__.....t_—-.-_.f

fothlth

et el Fofe Tk

‘cmﬂﬁfvﬂcré t(!_,c". \
Date: 4-/§-93 |

(FITYY

OO AL

1

v ye1g
—CL-"INT A

[wiv)

=1
oD



DOE/RL-93-78

Draft A e e
. "_,(/seL 18 % Sampls No, |
_ GEL 17 GEOQTECHNICAL ENGINEERING LABORATORY | 3 -~05L7
;/.!-3% gsL 19 % GEL-07 SIEVE AND HYDROMETER ANALYSIS Page —l—"’ 5
/ | GEL-07 SIEVE ANALYSIS
/f Date A -=t2L -3 Ceiibration Oue Date U -2 &5 3 Balance:
‘Samp!e Description = 4™ D GRAD & Sieve Time 10 (min)
| Reduced By [R splitting 7] cusr=ring [ stackpiie
Sisve Sample Cumulative Cumuiative Cumulative )
_Siza | " waeight. |- we Ratained % Ratsined % Passad Tested By
B St s T W T S R
3/ ¢26.0 25-3 7.7
>3 892.5 39.5 0.5
“H [oB%. % 44,4 5.5
0 13207 bo-O [ 4o.0 )
“/n 202, 2— 1o/, 3 g0 .| \"‘_Eé_—o/
Lo £22 .3 oS /5.8
16 @ {3572~ L o9 t3.3
200 { /560 -7, 2 9.4
Remarks: )
GEL-07 HYDROMETER ANALYSIS
Date — Balamce:r Caiibration Dye Date
Thermometer: . . . Calibration Due Date
Hydrometers Cafibration Dye Date
WEIGHT OF SAMPLE S COMPOSITE CORRECTION
Wt. Container + Soil {g} Specific Gravity of Sample 1st Reading at ‘'
Wt. Container ig) % Passing No, 10 Siave % 2nd Reading at "<
Wt. Soil e} A W o K= 7
Hydrometer . .
oua | Sk | e tioe fomn| i 'f&"rfsr‘"" sumprion | Gt | Tonaa
Cartac 3
S QA{. \ai
5.0 N
15.0 A B
30.0 Q;\\%; F
§0.0 A
250.0
1440.0
| Ramarics:
1 Tests Checked By Ié 7 ﬁlg}‘:ﬁ ' Date az/g. 4%-—2

C-13



DOE/RL-93-78
Draft A

Sampla No.

GEOTECHNICAL ENGINEERING LABORATORY 3~ oSy

GEL-14, GEL-16, GEL-19

Page 5_ af D

GEL-14 SQIL MOISTURE

Balanca: ._?zilﬂ__

Calibration Ous Dats _#~25"= 93

Tested By L—b Rr*--—-) b T
o

" Thermamaetar: oo % Calibration Dua Date _‘M
Wat W, Ory Wt.
Tare . Dry Wt. % Calculated
Date C+ * W, Moisture Sofl Maisture a; *
an Can
2/g/q3 | €33 63669051 6308 l29.0¢ 154 .0( | 499 | 1n Bogee
Remarks:
GEL-16 BULK DENSITY-POROSITY
DETERMINATICN NO. 1 TestedBy L& Bamae
Pan No.: Mold: ] Plastie [] Metal | Length: | 1 4 24
o , SaTale Voivfame.‘lr.cuc. 83 .57 L'L-_,l 7 W o Wat Wi.
Wrt. of Sampla & Mold. g 26053 f— "‘ 1+ % Dry Wi,
Wt. of Mold, g 328.5 Mf; -
Wat Wt. of Semple, N _Eeaemins
) L e of Semple, g TLAG m *Veid Ratig, ¢ = -AYG: $9. Gt. x V_ol. -1
- | Wet Density of Sampie, Y m, g/ce >, [“O E;"E.:’““‘ Ws
Watar Content % Dry Weight 4.45 -,,. w-
Ory Density, g/ce 1 d =, | ) B
: %0 ], **Peresity, n, % = {5 .} 100
Ory waight of Sampls, g, Ws 218915 » meent 1+e
"Void Ratio, 8 p.37:2, 44
**Porasity, n. % 11,07 .
Famarks -S\P G —1'7(5
GEL-15 CALCIUM CARBONATE
' Vessel No, 52’@ Tested By LD gd.u-q @, Pptrmc—
_ — 17
Balance Na. 3304 Data Due 4‘25-'9.3
Sample Weight _ 8.0 {al
) ; - . . s f n
Sample Prassure L A %Cal0, o Per Gram
Ramarks:

SN i i3 === cxalil

Dats ,%ééﬁl,__

80-6000-797 (04/92}

C-14




DOE/RL-93-78
Draft A

116-KE-4A Borehole
10.5 to 12.0 ft bgs
- “Sample BO7LK3

C-15



)

(3

11

1
TC-29
581.04
559.90
21.14
425,60
134.30
15.74%
5.67%
372193

24

850

20
TC-29
569.37
559.90
9.47
425.60
134.30
7.05%
2.54%
3/16/93

215
2
TC-29
580.59
559.90
20.69
42560
134.30
15.41%
5.55%
313193

25

1000

20
TC-29
568.84
559.90
8.94
425.60
134.30
6.66%
2.40%
INT3

Cell wi. before cleanup = 425.57

SAMPLE NO. 3-0570
Conmlacl R.F. Raidl ;
Well No, 116~KE-4A i
Operable Uit 100~-KR~1
HEIS No. BO7LK3
Depth 10.5 - 12.0
TEMPE CELLS Sample # 3-0570 1 Bar Drying Curve
lension in cim N/A N/A | 35 7.3
error in lension value +/- 1 0.5 0.5
container number MC-4 TC-29 TC-28 TC-29
weight of conlainer/ring,+wet sample 167.19 561.11 581.06.  581.34
weight of containerfring,+ dry sample: 166.71 560.50 559.90°  559.90
weight of moisture 0.48 0.61 21.16 2].44
weighl of container and ring 61.05 426,29 425.60 425,60
weight of dry sample ; 106.14 134.21 134.30 134.30
moisture comlent % by wt. ; 0.45% ‘ 15.76% 15.96%
maisture content % by vol. i 5.68% 5.75%
date measured 2/26/93 3/1793
temperalure deg. C 24 :23
volume of brass ring, cm*3 G8.26
TEMPE CELLS Sample # 3-0570 1 Bar Drying Curve:
lension in cmy 200.3 300 500 700
error in len sion value +/- 5 2 20 20
conlainer number TC-29 TC-29 TC-29 TG-29
weight of conlainer/ring,+wel sample 573.47 572.35 570.99 5649.84
weight of conlainer/ring,+ dry sample 559.90 559.90 559.90 5£59,90
weight of moisture 13.57 12.45 11.09 .94
weight of comlainer and ring 425.60 425.60 425,60 425.60
weight of dry sample 134.30 134.30 134.30 134.30
maoislure conlent % by wt. 10.10% 9.27% 8.26% 7.40%
moisture content % by vol. 3.64% 3.24% 2.98% 2.67%
date measur=ad 3/10/93 3M1/93 3412193 3/15/93
temperalure deg. C 25 23
volume of brass ring, cm*3 68.25
SAMPLE BULK DENSITY = 1.7 glem?

FIELD BULK DENSITY =
FRACTION LESS THAN 2 mm =

1.82 glem?®
0.20

Cell wi. afler cleanup = 426.38
426.08 Average of all 3

5.5
5
TC-29
579,92
559.90
20.02
425,60
134,30
14.91%
537%
3/4/93
22

N/A

TC-29
568.81
559.90

3.91
425,60

134.30

6.63%

2.39%

grams
grams

49

2
TC-29
579.07
559.90
19.17
425.60
134.30
14.27%
5.14%
315793
25

N/A

MC-4
204,16
195.28

8.88

61.06

134.22
6.62%

3/18/93
26

74.5

5
TC-29
577.20
559.90
17.30
42560
134.30
12.88%
4.64%
3/8/93
23

99

2
TC-29
576.00
559.90
16.10
425.60
134.30
11.99%
4.32%
379193

24

v #EIg
84-€6-T¥/304
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.TEMPE CELLS '

3.0570 1 Bar Welting Curve

Vv g
8/-€6- T /404

Sample # ) .
.lension in cm N/A NIA 1000 1000 1000 1000 1000 . 1000 1000
* errgrin teasion value +/- S 20 20 20 20 20 20 20
conlainer number | MC-4  TC-4 TC-4 TC-4 TC-4 TG4 TC-4 TC4 TC-4
weight of container/fring,+wel sample 167.19 §57.84 561.24 562.93 563.49 563.51 563.50 563.62 563.54
weight of containerfring,+ dry sample 166.71 557.23 557.50 557.50 557.50 557.50 557.50 557.50 957.50
weight of moisture - 0.48 - 0,61 3.74 5.43 5.99 6.01 600 |, 6.12 | 6.04
weight of coniainer and ring 61.05 421.54 421.70 421,70 421,70 421,70 421.70 421,70 421.70
weight of dry sample 106.14 135.69 135.80 135.80 135.80 135.80 135.80 135.80 135.80
moisture conlenl % 0.45% Co 2.75% 4.00% 4.41%. 4.43% 4.42% 1 4.51% 4.45%
moisture content % by vol. ! 0.99% 1.44% 1.59% 1.59% 1.59% 1.62% 1.60%
date measured - i 2/25/93 2/26/93 31793 3/2/93 3/3/93 | 3/4/93 3/5/93
temperalure deg. C i 22 23 22 24 25 L22 L22
volume of brass ring, cm*3 68.26 -
TEMEE CELLS Sample # 3-0570 1 Bar Welling Curve !
lensioll'l incm ' 1000 . 700 500 - 300 202 104.5 69 545 31
efroy in tension value +/- 20 20 20 20 20 20 5 2 2
container number TC-4 TC-4 TC-4 TC-4 TC-4 TC-4 TC4 . TC-4 TC-4
weight of container/ring,+wet sample 563.50 563.82 564,52 565.60 566.90 569.46 571.28 1572.55 57417
weight of container/ring,+ dry sample 557.50 557.50 557.50 557.50 557.50 557.50 557.50 557.50 557.50
weight of moisture 6.00 6.42 7.02 8.10 9.40 11.96 13.78 15.05 16.67
weigh! of conlainer and ring 421.70 421.70 421.70 421.70 421.70 421.70 421.70 421.70 421.70
weight of dry sample 135.80 135.80 135.80 135.80 135.80 135.80 135.80 135.80 135.80
maislure conlent % 4.42% 4.73% 5.17% 5.96% 6.92% 8.81% 10.15% 11.08% 12.28%
moisture content % by vol. 1.59% 1.70% 1.86% 2.15% 2.49% 3.17% 3.66% 3.89% 4.42%
date mleasured ‘ 3/8/93 3/9/33 3/10/93 3/11/93 3M12/93 3r15/93 3/116/93 3N7/23 3r18/93
temperalure deg. C 23 23 24 22 23 23 26 23 26
volume; of brass ring, ¢m*3 68.26 Cell v, before cleanup = 421.70 ' grams
‘ ' Cellwt. after cleanup = 421.12 grams
TEMPE CELLS Sample # 3-0570 1 Bar Welling Curve 421,62 Average of all 3
tension in cm ‘ 240 10.0 6.3 25 N/A NIA !
error in tension valee +/- 3 2 2 1 0.5
container number TC-4 TC-4 TC-4 TC-4 TC-4 MC-12
weight of container/ring,+wel sampie 574.86 575,93 576.26 576.63 576.63 215.26
weighl of containerfring,+ dry sample 557.50 557.50 557.50 557.50 557.50 196.24
weight of moisture 17.36 18.43 18.76 19.13 19.13 19.02
weight of container and ring - 421.70 421.70 421.70 421.70 421.70 60.55
weight of dry sample 135.80 135.80 135.80 135.80 135.80 135.69
moisture content % 12.78% 13.57% 13.81% 14.09% 14.09% 14.02%
moisture conten! % by vol. 4.61% 4,.89% 4.98% 5.08% 5.08%
dale measured 3/19/93 3122193 3/23/93 3/24/93 3/25/93

lemperature deg. C 25 23 25 24 25
volume of brass ring, cm*3 68.26 BULK DENSITY = 1.89



|
KETTLES
{ension in Bars
eiror in {ension value +/-
container number
weighl of conlainet/ring,+wel sample
weight of container/ring,+ dry sample
weight of moisture
weight of container and ring
weight of dry sample
moisture content %
date measured
lemperalure deg. C

KETTLES
tension in Bars
error in tension value +/-
container number
weighl of conlainer/ring,+wel sample ;
weight of conlainer/ring,+ dry sample
weighl of moisture
weight of conlainer and ring
weight of dry sample
moisture contenl %
datg measured
lemperature deg. C

Wa#er Potential Data for CX-2 Samples
Sample No. i
Container Number

Aw Reading

Temperature °C

Water Potenlial, Bars

Can ID No

Can + Soil Wel wl,, g
Can + Soil Dry wt., g
Can Tarewt,, g

Weight of Water, g

Dry Weight of Sample, g
Moislure Content, wi. %

dale measured

Samplel #

0.5

20
BA7
51,50
50.08
1.42
27.72
22,36
6.35%
318/93

27

5.0
20
BB7
51.96
50,90
1,06
27,77
23.13
4.58%
3/23/93
25

BC7
0.641
24.9
611.1

BAY
35.57
35.46
27.72

0.11

7.74

1.42%

4/5/93

3-0570 15 Bar Dryjing Curve ‘

0.5
20
BAS
54.39
52.81
1.58
28.09
24.72
6.39%
3/18/93
27

5.0

20
888
54.26
53.11
1.15
27.87
25.24
4.56%
3/23/93

25

3-057DA 3.0570

8C7
0.892

251
157.1

BAS
38.79
38.60
28.09

0.19
10.51

1.81%

4/5/93

Q.7
20
BA7
51.58
50.16
1.42
27.72
22,44

6.33%
312193

24

70
100
BC7
63.93
62.68

1.25
30.35
32.33

3.87%
32583

24

0.7
20,
BA8
54.47
52.87
1.54
28,09
24,78

6.21%
JIM12/93

24

7.0
100’
BC8
62.36
61.17

1.19
30.32
30.85

3.86%
3/12/93

24

1:.0

20
BA7
51.35
49.98
1.37
27,72
22,26
6.15%
3723193
25

10,0
100
BC7
63.65
62.52
1.13
30.35
32.17
3.51%
318/93
27

1.0

20
BAS
54.13
52.51
1.52
28.00
24.52

6.20%
323193

25

10.0
100
BC8
62.25
61.16
1.09
30.32
30.84

3.53%
3/18/93

27

2.0
20
BB7
52.13
50.98
1.15
27.77
23.2%

4.95%
3712193

24

2.0
20
BB8
54.47
53.19
1.28
27.87
2532

5.06%
29

24

3.0
20
BB7
52.07
50.94
113
21.77
2317

4,88%
3/16/93

27

3.0
20
BB8
54.36
53.15
1.21
27.87
25.28

4.79%
3118/93

27

Vv ¥eiq
84-€6-T1/30A
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POINTS SELECTED FOIR PLOTTING | Sample # 3-0570

conlainer number TC-29 TC-29 TC-29 TC-29 TC-29 TC-29 TC-28 TC-29 TC-29 TC-29
Tension in cm :3,50E+00 7.30E+00 1.10E+01 215E+01 3.55E+01 4.,90E+01 7.45E+01 9.90E+01 2.00E+02 3.C0E+02
Termpe Drying Curve . 568%  575% | 567% 5.55% 5.37% 5.14% 4.64% 4.32% 3.64% 3.34%
Kettle/CX-2 Drying Curve' | S

Tempe Welling Curve ;

dale measured i 2!2@/!‘33 371/93 3/2/93 3/3/93 3/4/93 3/5/93 3/8/93 3!9:!93 310193 3/11/93
container number TG-29 TC-29 TC-29 BA7 BB7 BB7 BC7 BC7 BC? ac7
lension in cm 7.00E;+02 8.50E+1P2 1.00E+03§ 1.02E+03 2.04E+03 3.06E+03: 7.14E+03 1.02E+04}f 1.60E+05 6.23E+0S5
Tempe Drying Curve 2.67% 2.54% . 2.40%

Kellle/CX-2 Drying Curve 2.23% 1.80% 1.74% 1.39% 1.27%| 0.65% - 0.5 %
Tempe Wetling Curve 1

date measured : . 315/93 3/16/!|33 I8y 3/23/93 312193 3MB/A3 31293 31819 4/5/93 4/5/93
conlainer number TC-4 TC-4 TC-4 TC-4 TC-4 TC-4 TC-4 TC-4 TC-4 TC-4
lension in cm 7.00E+402 5.00E+02 3.00E+02 2.02E+02 1.0SE+02 6.90E+01 545E+01 3.10E+01 2.40E+01 1.00E+D1
Tempe Drying Curve

Keltle/CX-2 Drying Curve

Tempe Welting Curve 1.70% 1.86% 2.15% 2.49% 3.17% 3.66% 3.99% 4.42% 4.61% 4.89%
date measured 3!9{93 310/93 31/93 3N293 3M15/93 3M6/93 IN793 318193 3/19/93 3122193
conlainer number TC-4

tension in cm 2.50E+00

Tempe Drying Curve '

Ketlle/CX-2 Drying Curve ;

Tempe Welling Curve 5.08%

date measured 3/24/93

Kellle data points were converled from gravimelric o volumelric by mulliplying by the field Bulk Densily

And the fraclion of fines (less than Zmmj).
Bulk Densily = 1.82
Fraclion of fines ="~ 0.20

Points from kellle are enclosed by the double oullineﬂ !l

Points from CX-2 are enclosed by the single outline I I

gfcm?®

TC-29
5.00E+02
2.98%

3/12/93

TC-4
1.00E+03

1.59%
3/8/93

TC-4
6.30E+00

4.98%
323493

V ¥R
84-€6-13/300
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Moisture Content (Vol. %)

Moisture Retenlion Sample Number

6.00% T 3-0570
a
.\
—
5.00% e B
: -
I “A
4.00% + s \
i
Y
3.00% -+ \
A " %
o
2.00% -} S N
a
-
- .
| O~
1.00% - STl
| ! T~
| Te——y
0.00% } 5 — f 'l =
1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06

Tension {cm H20)

—&— Tempe Drying Curve

-—-0-—- Kettle Drying Curve

= Tempe Wetling Curve

V yeig
82-€6-Td/300
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MOISTURE RETENTION DATA SHEET o | .

v 4eid
8/-€6-T4/304

ESMPLE i ] ‘ 3 O3 70 ‘ ” Page__ of | __._. —‘ :‘:j"'-;
~ Tested By: R.K. Shailler ‘ Date 2 e/q 3 E i -
Procedure N'o:: 17 ) i Rev. . Date Issued 2/23/90
Test Plan Hos [T i : Rev. N/A Date [ssued /A
Pressure Cell No. - Ic- Y ; Calibration Due Date ‘WA )
. © Gauge: GEL r Joal : ‘ Colibration Que Date 2l Jue
" Therdometer: GEL,_~ 12 " calibratiion Due Date T
Balance: GEL + 3315 calibration Duc Date _ 5/18/93
' Gauge: GEL - pE=DrA ‘ ; Colibration Due Date 4 -/7-73
b GEL ) o talibration Due Date :
(1) Tension units =_cn AA _J A 135 | 7.3 (| 2151355 %9 [ 7451 99 |200.3 | 300 500
€2) contoiner/ﬁ%ing Nunber [e -4 72'.*_11 TC_‘i']__ '1’(,'",11 T[“,,-lci T&':} 9 T(‘;."Q 9 l1c-29 _I(','-l‘fl ﬁ'l? 7'6"2" Fe-219 |TC'J;3
Wt. of Container and : .
(3) Vet Sample, 9 L7 4 3)|.56) i {58L.66 | SS1.34159) 0] 590.5F] 577272157707} 577 20| 526.001523.471572.35]570. 19
wt. of Contoiner and .
(4) bry samle, g )&~ :
(5) Container lare Wt. g AIDS 'f,.?é 21
(6) Terperature 24 1 23 24 15 22 25 23 | 24 as a3_| 23
o oate he)e3] 353 | sfaial 3/l e /o3| 37513 s las (2095 | fafia Lty fes]3iajes
“(1) Yension units & cm 7()0 S0 | Jooo /{//4 /‘L//'?' /1
“m Container/Ring humber  |T7.- 29 [ TC-2% V7C-25 [Fe-2 9 | 2mc-4 ' /
{ Wt. of Container and |} /
(3) Vet Sample, g 519 Fe | 56937156894 | 549, 91 o4l =
Ht. of Container and | ' /
{4) Dry Sample, g fc].l).l_z /
. = L~
(5) Container Tare Wt., 9 | $25 457 (,i Ob
(6) Temperature " 24 15 23 24 | /
llczs pate Yr5f93) 3hefi313)i7/9% 3ivlas —
REMARKS Tompe Drying Curve (@ to 1 Dar) Al data are ocurntely and conpletely recorded, The test operator wss troined and
Grdle (Lot % Cliowd Teak o used calibrated fnstruments 1-15-93

/00 - KR' ’ ‘*Zé. 53 Checked By: Q MWL\&N, Date: %Lé;?']/)%ﬂ
Jx=. ¥
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MOISTURE: RETENTION DATA SHEET

SAMPLE 3-057 R Page of ]
e =
Tested By: R.M. Shailer bate Qfli ftf_g ‘
Procedure No: 17 Rev. ] ‘ Date [ssued 22590 e
‘ Test Plan No: H/A Rev. N/A ‘Date |ssued NSA
Pressure Cell Ho. 1c- o Calibration Due Date_ ' MNW/A
Cauge: GEL - a9 Calibfation Due Date a7/ 9
| Thermometer: GEL - 12 Calibration Duc Date H/A
' Balence: GEL - 3315 Calibration Due Date  5/18/93
Gauge: GEL = QAR calibrotion Duc Date_;‘__lf %
: GEL - Calibration Due Date - ]
(1) Tension wnits = cm AA A | 2600 Jazps LopDd L looo | Jooly | 2000 /062 \toon | 700 540 :-:3300
(2) Contoiner/Ring Nuber  Dric-of |TC-4 “Te- 72‘ o |TC -4 | TER4 \Te-4 VTe-4 To-4 \ Te-Hd |Te-od _Te-4 VT4
ue. of: Container and - : . -
(3 Vet Sample, g (e 1557 81561241 562 93| 563491563 41 [543 50)5635.£2 | 563, 54250 156392 | 56452 155 4o
Wt. ol‘ll Contalner and ‘ ‘ L
(4} Dry Somple, g [éé 71
£5) Comaiinerii' Tare Wt,, g &lh.os Y421 54 | ﬁ
| . . . '
(&) Yemperature 22 23 22 24 7y 22 22 23 23 24 22
(7) pate 2573 Ju» sz oz Ivares \yaps {3jefas i 3/s/e s a/eies \3fal93 13003 1300 )93
¥ L L - T  a L
(1) Tensicn units = cm ROQ [0 5 {1(} ,51‘{ £ j]_ 34 Jis é, 3 ey A4 A .
(2) containeriRing number | T4 | Te-of | T | Te-4 VTe-# (Te-d |Te-¢ |-1e-4 [Te-4 |1e-4 lc-re Z
Ht. of Container and ‘ i ) Z
(3) Vet Sample, g Sl 90§ 5bT LIS 291 .972. 550 574111 8574, 5¢) 575.13| §7¢6. 26| S8 ¢ 2 1 57643 | 215 2
Wt. of Container and . ' )
(4) Ory Saﬁyle, g !964‘.2(}
5 cantainerllare Ht., g . Y2170 | 60.55 /
(6) Temperature 23 1> 2L 23 : lﬂ. 25 . 23 25 .‘_-2‘{ 25 /
(7) oate 2hafis | 2)isfisl 3hefas Y/)/J 2 \Ygfas | sfinfy s 13fea) g | S aapes [afo s ko
REMARKS . Ie«pe Netting Curve (0 to ! Bar) All data are acurately and completely recorded. The test operator was trained and
ﬂ'f?“‘" Le wa!j § Cozanie? Ta»d.— used cal ibrated In:lstruncnts
100 -KA- | #2114 Checked By: 0 q_/ Date: 17"'/‘? 93
7

e

Y Hexd
8/-¢6-Td /404
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eptaide (Lot
rec<KR-!

Checked 8y:

used calibrated instrunents

Date:

. ' ; IV A J T ETCNT 10 DATA SH"FT | ' [
l_‘SA-HPLE NO, o ye y . ) ' | poge__/ - of e
- : Tested By: T’f‘ r} \.‘)lllle lLey . Date ¥/yjou . ‘
| ‘ Procedure No: 17 - Rev. - Oote lssued 2725750
{ Test Plan No: ©  H/A | Rev, H/A Date lssued ‘
- Pressure Cell No. @ KETTLE PK05-01 Calibration Due Date N/A
! Gauge: GEL - 2038 catibration Due Datc E71T/93
Thermometer: GEL - C12 Calibration Due Date H/A
Balance: GEL - 3315 Cal ibration Due Dote [ S5/18/93
Cauge: GEL - ) Cal ibration bue pate 1 :
: GEL ». Calibration Due pate ‘ — - .
L T - S — _n—-----#FI
‘ £3 2 & . 7 7 / /
; K . . '
{1) Tension units = cm 5 - .7 ., 7 / l
: 1 1-7 1% |7 . |17 rs ; 1
(2) Contairer/Ring Number SN 7 gael M2l gAs| Baz | ads e
Wt. of Container and N oy _ Ve A'_ ; . ,f/; '
¢3) wet sample, 5150 | 5739|505 |54 |53 [89.43 =
Wt. of Container and ' ‘ ‘ __,f”
{41 Ory somple, g So.ofF | 32.¢1 {5a1f [ 5287 {4298 |sa.¢l ‘
(3) Container Tare Wt., g 227221 28 09| 27. 7212809 272722 | 2509 - /
' I ‘ /./
(5) Temperature A7 27 24 24 25 x5 -
| ) R / |
lez> oore Shglss | shelrx | 342031 302435 33| atass -
(1) Tenston nits = cm E—-""F‘f/-’
' -— “-‘/
(2) Container/Ring Number // ‘ .
Wt. of Container and -
(3) Met Sanple, g . // :
ut, of Container and A
(‘) Drr s;a"-ptc' ] //
/_ -‘
(!5} Container Tare Wt., g ’ |
|~ :
() Teperature y%
L
(7) pate ]
REMARKS KETTLE DRYING CURVE (0.5 o 1.0 BARs) ALl dato ore acurately and completely recorded. The test operator wes trained amd

L_15-9¢

[ IR
v

RS

-y yeiq
8-€6-Td/20A
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_MOISTURE RETENTION DATA SHEET

SARPLE NO. : K-8 70 = Page. A
Tested 8y:_<& I Shai lee bate 3/%) 73
Procedure No: 17 ; Rev. 0 Date Issued 2725/90
Test Plan Hog NN ' Rev, H/A o .Date Issued L
Pressure Cell wo. | KETTLE PK05-02 N Calibration Due Date . ‘ _
Gauge: GEL -, 2052 | Calibration Due Date , . . ) 7/2/93
Thermometers: GEL - 12 | Calibration Due Date . ) HIA
Balance: GEL - 3315 1 Calibration Due Date . __5/18/93 ; ‘
Gauge: GEL - - 2034 | Calibrotion Due Date =~ . _4/3/93 :
‘ : GEL - : Calibration Due Date ‘ ‘ : _
== = —————————r ]
=7 2 21 3 5 A
(1) Tension units = cm A 2 3 3 5 5 _.c//
B 3% |37 3¢ (57  ir. 1
{[£2) Container/Ring Number 5’8} ﬁg? ﬂﬁ’? _@f;? AATY o & /
s ! — —
Ht. of Container and : X : /
(3) Vet Sauple, g A2 13V 5k y7 ) 5267 84 36) 51 96 542t
Wt. of Container and : ‘ . e ‘ /
(4) Ory sample, g S0. 9515317 | So.94 | 53.i5] S¢.5ol83.00 /
(5) Container Tare Wt., g 272772127277 272 1mt 2797 272727 A2 x7 A I
(6) Terperature 2 24 277 27 25 -1 //
(7) Date : 3fafts | 3fafa3 3lislss | 3Imfos 17tz aves
! [ i :
{1} Tension units = cm //
//
(2) Container/Ring Humber 1
He. of Container ond ]
{It3) wet samole, g A
Wt. of contoiner. and '
“) Df'Y Sanple, 9 //
‘ : "
(5) Container Tare Wt., g /H/
(6) Temperature /F//
//V
(7) Date )
REMARKS . KETILE ORYING CURVE (2.0 to 5.0 BARs) {All datal are scurately and completely recorded. The test operator was trained and
i . . f—— used calibrated instruments
C,‘/]Ltdb-(l_ Li o 4}/{) .
' - . . z ~
<0 ' Q Q.IQJ(A//L_, | z - -
I JOO - A :.( | Checked By: { J\ 4 Date / {7 (f 5
¥4



T

MOISTURE RETENTION DATA SHEET

s o

C.',U'-“—"-'"ct. U.m'f
Jjoe-AR0-1

All date oare acurately and complctely recorded.
used calibrated instruments

A sawpre wo.! - ") »
’ ; y T T, . . p "
. Testea By: g M. ShHaler dote_3/p [ ! “ '
' Pricedure Mot 17 Rev. o pate Isgued 2725790
.1+ Test Plan Ho: H/A Rev. W/A Date Issued
Pressure Cell fo, KETTLE PX15-02 Calibrotion Que Date :
! Gauge: CEL - 2030 calibration Duc Date 617193
‘ Thermometers: GEL ~ 12 Calibration Due Date N/A
Balance: GEL - 3315 Calibrotien Due Dofe 5/10/93
Gauges | GEL = i " calibration Due Date
L2 GEL - Calibration Due Date _!
1 7 /O 262
(1) Tension wnits = em 7 7 /0 /0
! : I - - " — >
| Lo \ ) _‘)7 _5'3’ 5-7 % . /
(2) Container/Ring Number |. HRC7 AT &7 LG ~, ]
.Mt. of Container and | . ’ /
(33 _Wet Sample, o! 63 73| g2 3| 634650 ¢ 2n ]
. Wt. of Contpiner anid |. ‘ —7
{4} bry Simple, g YR AN IRV Y NI . — !
' ! 1
(5) Container Tare Wt,, g . :i(';j‘_’, Kozl 3035 36.5 A A/
i ' |~
' |
(6) Temperature 24 r 2 27 /
(7) Date i3] 3 %5 2wfys | 3hsles —
(1) Tension units = cm //I
: ‘ H /
(2) ContaineryRling Mumber ‘ _,/
Wt. of Container and ) //"
{3) Vet Sample, g .
Wt. of Container and -
(5) Dry Sample, g /"‘/
{5) Contalner Tore Wt., g ————d
(6) Temperatuie /J
K7} Date
REMARKS . KETILE DRYING CURVE (7.0 to 15.0 BARs})

The test operator was trained and

4-19-93

Date:

L

(Y )/(Qn_/Q, —
Checked By: [ U\M
’/I

Y #ead
8/-€6-Td/40d
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1 CX-2 WATER ACTIVITY DATA SHEET | - ]

9¢-D

YV yeiqg

84-€6-11/900Q

Tested By: Wiy, 247, Shailer _ Date  #/5/93 L Page [ . of QA
Procedure No: ¢4 £ ::‘:3 Rev, | ) Dale Issucd . 7/7 - \Z'{ 5 : '
Test Plan No: Rev.” Datclssued” | ;
D i R e — I
Equipment] GEL No, | Calibration Duc Daic ' Equipment] GEL No. | Calibration Due Date |
Dalance| 3345 S/24/ 33 ‘ Balance ‘ :
Thenuowmeler] Thecmonelerj
Lincar Oifset Data - Prelest Verification " Post Test / Periodic Verification
Type of Salt 3I)}M‘;f)
Salt Conc. (Molal}(Sal) ] | Sad" LicL MA.OQ 1 Ko :
P - B ! '
Aw Reading . 999 i L 755 - : ,
Temperature °C 2 4o 2o a4.4 ad. 5 | : :
Aw Standard at 20°C ' | ‘ _ _
. , L me—— ‘
Water Poiential Data for Samiples - , ‘ —
Sample No. 45T A ko7 3-0548A |13-054F 1T-085.3A4 |3-6509 S‘o.‘i'?a‘/‘ 3057 '5"052]/\ 3"457[
Container Number ‘.c. | Bl Hec 3 fec 3 fics Hey fic ‘)f‘ ned MF 9 ﬁ! cq
Aw Reading . 689 .98¢ . g4y 984 L2156 . 951 . élﬂ . S92 . 7153_3) ‘,IHOL‘
Temperalure °C 238 4.7 248 EUAN] 24.7 24.6 |1 249 25.4 24.3 As.4
Water Potential, Bass '
Moisture Content for Waler Potential Sumpies ‘ ;
Can ID No BAl R4 #.2 B4 PAS £AL_ 1| BAT £Ag £49 Gare
Can+Seil Welwt, g | '30.23 39 &6 39, o4 3224 9.4 a6 #nl | 3557 3%.19 $1.53 2%.10
Can+Seil Doy wt, g | 3. 87 37,33 39.%0 A7 03 J9. /0 A3 A% 354l A% Lo 443 ‘? g2
Can Tarc wi., ‘A7.1%3 3. 34 29.67 27. ¢4 _3e.37 7YY § 27 PEL 2209 A3 X '.27'?’
Weipht of Waler, p i ,.,— e
Dry Weight of Sample, g/
LMoislurc Content, wi. %

——
‘ All defa aee cu:‘ruﬂ-“-t'( (! Lom 9)“"& K yéden ir—"-- ls ez
REI“ARKS tj'l!’lt ['.t‘l (ara [ 4'—9{) AL, j}_ [ .‘?&J Y u..:.zi.a
Checked By: () e 7’/\ LDA[L-’\ :lle:_j”_—_/_‘i_:_jl__
e

— . e e



DOE/RL-93-78

_ . Draft A
' A GEL 16 [N o A Sampia Ne.
~feeros @ “GsLvrHlTT GEQTECHNICAL ENGINEERING LABORATORY 3-05ys
ceL' 10 g GEL 139 GEL-07 SIEVE AND HYDROMETER ANALYSI!S
GEL 14 K] GEL [ Page _l_ of _5_
: GEL-07 SIEVE ANALYSIS
Dats 2 =32-9 > Calibraton Dye Data -2 T™=4 % Balance: 23/0
Sample Description = V&'L‘.v-{ a\ Col I" fe el Sa Ak Sieve Time 10 {m
Reduced By [ spliting ] Quartsring [ stockpite _
Sieve Sample Cumulative Curnulative Cumufative T d
Siza Waight . Wt, Retainad % Retained % Passed ested By
> .
1i_—3 (7at.f | gy | BT A | 100 | g fegme
™ 1 Flo-7 $5e vy, z
3/ , [ove. & lo. & 3.2
e / IPPRY, £7-2 32.8
: 'S : - e E——
¢ / a6/l o 723 267
£ _ - N
o ¥ — - © /3%0.8 5.2 9.8 )
4o [bb.d TR s ¥9.7 9.9
L2 274 596 . P 2.
[OD D5 D L5.0 67
200 v (237 4. & $~o
Remarks:
GEL-07 HYDROMETER ANALYSIS
Dats
Balance: ‘Calibraﬁon Due Date
Thermamater: Calibration Due Date
. Hydrometer: Calibration Cue Date ___
WEIGHT OF SAMPLE COMPOSITE CORRECTION
Wt, Container + Sail {q) Specific Gravity of Sampls 15t Reading T at *
' Wt. Container {g) % Passing No. 10 Sicve % 2rd Reading at *(
J W, Soil {g) A= K =
: - - oo 1 Hydremater | s R RINS o ' Perticle
Clock Elapsed Ti Hydromet ith T s . ,
i Date Times i“:,:’r:n'ﬂl " ‘;::;?:q" Conv::osita'- :‘ :El.:e; d Suspt:;‘r;smn Dlt.m':" Tested By
Cpr;o‘"p:]i:,n‘,'s :\‘9 * 2 mn
. k 5 %
5 P ARG
: i N S
i — RS
| 180 s
A - — B %
' 30.0 & Q‘}\\ F
| 50.0 R k,,\’f\\
' 250.0 S
R‘[ 1440.0
) 1
Romarks; N
| Te
v ) r 3 . -
- ] Taats Checked By Mﬂau &:"éz { ":_::Z
—....: ' ‘ BN.-6000-79K ind/8y

C-27
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Draft A
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DOE/RL-93-78
Draft A

116-KE-4A Borehole
13.0 to 15.0 ft bgs
Sample BO7LK4

C-29
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SAMPLE NO.

FRACTION LESS THAN 2 mm =

0.37

SR
A
TC-27

576.00

556,50
.21.50
421.70
434,80
15.95%
12.04%
312193
T4

850
L 20
TC-27
566.90
556,50
10.40
421.70
134.80
7.72%
5.83%
IM6193
25

21.5

2
TC-27
577.76
556.50

21.26
421}.70
134,80

15.77%

11.91%

3/3/93
25

1000

20
TC-27
566.47
558.50
9,97
421.70
134.80
7.40%
5.59%
3/17193

23

Cell wt, before cleanup = 423.85
Cell wi. after cleanup = 424.9
423.48 Average of ait 3

3~0%568 , Z
.}Contact R.F. Raid) f -

Well No. 116—KE-4A '
Operabie Unil 100-KR-1 ;
HEIS Ng. BO7LK4 \
Deplh 13.0 - 15.0;
TEMPE CELLS Sample # 3-0565 1 Bar Drying Curve
tensionincm | N/A W\Hlﬁ?u 35 73

egror in tension valve +/- 1 0.5 0.5
container number mc2 TC2r' Tc2r  Te27
weighl of conlainer/rinig, +wet sample 16i1.54 P57.80 577.83 578.19
weight of conlainer/ing,+ dry sampl 161.23 55748 55650  556.50
weight of moisture ' 0.3 0.42 21,33 21.89
weiphl of container and ring 60.84 421.7 421,70 421,70
weighl of dry sample 10070 1357 134.80 134.80
moisture content % by wi. 0.21% . 1582%  16.09%
moisture conlen! % by vol, ) 11.95% 12.15%
date measured ; ' 22693 31793
temperalure deg. C 24 23
volyme of brass ring, cm"3 ﬁia.zs
TEMPE CELLS Sample # 3-0568 1 Bar Drying Curve
tension in cm 1200.3 | 300 500 ' 700

error in lension value +/- L8 -2 20 20
container number TC-27 TC-27 TC-27 TC-27
weight of containesfring,+wet sample 571.86 570.04 568.36 567.19
weight of containerfring,+ dry sample 556.50 556,50 556.50 556.50
weight of moisture 15.36 13.54 11.86 10.69
weight of container and ring 421.70 421.70 421.70 421.70
weight of dry sample 134.80 134.80 124.80 134.80
moisture conlent % by wi. 11.39%  10.04% 8.80% 71.93%
moisture conlent % by vol. 8.60% 7.59% 6.64% 5.99%
dale measured 3N/ 3/11/93 3M12/93 3/15/93
lemperature deg. C 25 23 23 24
volume of brass ring, cm*3 68.26

SAMPLE BULK DENSITY = 1.97 g/cm*
FIELD BULK DENSITY = 2.03 g/em*

1355
i 5
TC-27
577.70
556.50
21.20
421.70
134.80
15.73%
11.88%
374193
22

N/A |

TC-27
566.42
556.50

9.92
421.70
134.80
7.36%
5.56%

grams
grams

49

2
TC-27
577.05
556.50
20.55
421.70
134.80
15.24%
11.51%
35193

25

N/A

MC-2

. 205.89

186.00
9.89
60.85
135.15
7.32%

318/93
26

74.5

5
TC-27
575.36
556.50
18.86
421.70
134.80
13.98%
10.57%
3/8/93

23

99

2
TC-27
574.42
556.50
17.92
421.70
134.80
13.29%
10.04%
3/9/93

24

V yuIg
84-¢6-Td/404A



1£-D

TEMPE CELLS
tensionincp !
esror in lefision value +/-
conlainer number
weight of co§||1\lainerlring,+wel sample
weight of conlainerfring,+ dry sample
weight of moisture
weight of cotainer and ring
weight of dry sample
moislure coritent %
moislure content % by vol.
date measured |
temperalure 'deg. C
volume of brass ring, cm*3
|
L
TEMPE CELLS
tension in crm
error in ten!slon value +/-
conlainer nuinber
weight of con!.l.ainerlringﬁwet sample
weight of container/ring,+ dry sample
weight of mojsture
weight of conlainer and ring
weight of dry'sample
molsture conlent %
moisture content % by vol.
date measuréd |
temperature feg. (>
volume of t:vr-I ss ring, cm*3
TEMPE CELLS
tension in .
error in tension value +/-
container nugnber
weight of container/ring,+wet sample
weight of container/ring,+ dry sample
weighl of molisture
welghl of container and ring
weighl of dry sample
moislure conlent %
moisture contient % by vol.
dale measured
{emperalure deg. C
volume of brass ring, cm*3

Sample #
NA
MC-2
161.54
161.23
0.31
60.64
100.70
0.31%

68.26

Sample #

1000
20
TC-2
568.71
562.40
6.31
430.60
131.80
4.79%
3.62%
3/8/93
x|

Sample #
24
'3
TC-2 |
580.94
562.40
18.54
430.60
131.80
14.07%
10.62%
3/19/93
25
68.26

3-0568 1 Bar \Welting Curve

;1 000

N/A ~1000 1000
20 20 ! é‘;ﬂ
TC-2 TC-2 TC-2 TC-2
562.46 567.38 568.53 568,71
562.05 56240 56240  562.40
0.41 4.98 6.13 1 6.31
430.39 430.60 430,60 450,60
131.66 131.80 131.80 131,80
3.78% 4.65% 4.79%
2.85% 3.51% 2.62%
2/25/93 226193 3/1/93
22 23 b2
|

3-0568 1 Bar Welling Curve I
700 500 300 202
20 20 20 20
TC-2 TC-2 TC-2 TC-2
569.23 570.06 571.64 573.47
562.40 562.40 562.40 562.40
.83 7.66 9.24 11.07
430.60 430.60 430.60 430.60
131.80 131.80 131.80 131.80
5.18% 5.81% 7.01% 8.40%
3.91% 4.39% 5.29% 6.34%
3/9/83  3110/93  3M1/93  3/12/93
23 24 22 23

68.26

3-0568 1 Bar Welling Curve

1000

20
TC-2
568.73
562.40
6.33
430.60
131.80
4.80%
3.63%
3/2/93

24

104.5

20
TC-2
576.56
562.40
14.16
430.60
131.80
10.74%
8.11%
3/15/93

23

1000

20
TC-2
568.76
562.40
6.36
430.60
131.80
4.83%
3.64%
3/3/93

25

69

5
TC-2
578.29
562.40
15.89
430.60
131.80
12.06%
9.10%
3/16/93

26

Gefl v, before cleanup = 420.59
Clell wt. after cleanup = 430,19

10.0 6.3 25  NA N/A
3 2 2 0.5

TC-2 TC-2 TC-2 TC-2 MC-10

581.86 582.03 582.32 582,30 212.03

562.40 562.40 §62.40 562.40 192.27
19.46 19,63 19.92 19.90 19.76

430,60 430.60 430.60 43060 60.52
131.80 131.80 131.80 131.80 131.75
14.76%  14.89%  15.11%  15.10% 15.00%

11.15%  11.25%  11.41%

3/22/93  3/23/93  3/24/93 3125193

23 25 24 25

BULK DENSITY = 1.93

430.49 Average of ali 3

1000
20
TC-2
568.87
562.40
6.47
430.60
131.80
4.91%
A71%
3/4/93
22

54.5
2
TC-2
579.11
562.40
16.91
430.60
131.80
12.83%
9.69%
INTHI
23
grams
grams

1000

20
TC-2
568.73
4$62.40
6.33
430.60
131.80
4.80%
3.63%
315193

22

3

2
TC-2

580,52
562.40
18.12
430.60
131.80
13.75%
10.38%
INs/93

26

V Je1g
82-£6- /304
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KETTLES

tension in Bat;rs
17107 in, tension value +/-
cenlainer number
weighl of container/ring, +wet samiple
weight of conlainer/ring,+ dry sample
weight of moisture
weight of conlainer and ring
weight of dry sample
moislure conlent %
dale measured

leinperalure deg. C

KETTLES
lension in Bars
error in lension value +/-
conlainer number
weight of container/ring, twet sample
weight of container/ring,+ dry sample
weighl of moisture ‘
weight of conlainer and ring
weight of dry sample
moisture contenl %
dale measured
ternperature deg. C

Water Potential Data for CX-2 Samples

Sample No.
Container Number
Aw Reading
Temperature *C
Water Polential, Bars

Can ID No

Cap + Soil Wel wi., g
Can + Soil Dry wi., g
Cap Tarewt., g

Weight of Water, g

Dry Weighl of Sample, g
Moisture Conlent, wl. %
dale measured

Sample #
0.5

20
BA3
60.88
58.40
248
28.67
29.73
8.34%
3718793
27

5.0

20
Ba3
57.59
56.20
1.39
27.62
28.58
4.86%
3/23/93

25

3-0568 15 Bar Drying Curve

0.5

20
BA4
57.13
54.91
2.22
27.84
27.07
8.20%
3/18/93

27

5.0

20
B84
56.31
54.95
1.36
27.52
27.43
4.96%
3/23/93

25

3-0568A 3-0568

BC3
0.844

245
232.7

BA3
39.04
38.90
28.67

0.14

10.23

1.37%
4/5/93

BC3
0.984

24.5
22.1

BA4
37.24

37.03
27.84
0.21
9.19
2.29%

415/93

0.7

20
BA3
60.77
58.46
2,31
28.67
29.79
1.75%
3N2/93

24

7.0
100

BC3
59.61
58.43
1.18
29.28
29.15
4.05%
3/12/93

24

0.7
L 20
BA4
57.03
54.96
207
27.84
27.12
7.63%
3293
24

7.0
100

BC4
58,99
57.89
1.10
30.50
27.39
4.02%
3/12/93

24

1.0

20
BA3
60.57
58.35
2.2
28.67
29.68
7.48%
3123793

25

10.0
100
BC3
59.36
58.33
1.03
29.28
29.05
3.55%
3/18/93
27

1.0

20
BA4
56.82
54.83
1.99
27.84
26.99
1.37%
3/23/93

25

10.0
100
BC4
58.75
57.80
0.95
30.50
27.30
3.48%
3/18/93
27

2.0

20
BB3
57.96
56.32
1.64
27.62
28.70
5.711%
3/12/93

24

20
20
BB4
56,62
5502
1.60
27.52
27.50
5.82%
3N2/93
24

3.0
20
BB3
571.79
56.32
1.47
2162
28.70
512%
3/18/93
27

3.0

20
BB4
56.47
a3.02
1.45
27.52
27.50
5.21%
3/18/93

27

v ye1g
84-€6-T¥/30Q



£€-0

'coniziner number

| Tension in cm

:Tempe Dryinig Curve
Keltle/CX-2 Drying Curve
Tempe Well‘i,ng Curve
dale measurs:d

| I

| ! M

contamer nu}mber

lensmn in cm

Tempe Drymn.; Curve
Ketlle/CX-2 Dirying Curve
Tempe Welling Curve
dale r'neasurn‘ssd

1 I
. ' I

~::onlai‘ner number

lensian in le

Tempe Drying Curve
Keltle/CX-2 Drying Curve
Tempz Welling Curve
dale measuréd

conlamner nunnber
tension in cm'

Tempe Dryln!=| Curve
Ketlle/CX-2 Dirying Curve
Ternpe Welling Curve
date measure:d

1POINTS SEF-EC TED FOR PLOTTING

TC-27
71.30E+00)
12.15%

3/1/93

TC-27
8.50E+02
5.83%

3/16/23

TGC-2
1.00E+03

3.62%
3/8/93

TC-2
6.30E+00

" 11.25%

$3/23/93

Kellle data pcnnts were conveded from gravimetric 1o volumelric by multiplying by the field Bulk Densily
And the fraction of fines (less than 2mm).

Bulk Densily =
Fraction of fines =

2.03
0.37

g/cm?

Points from ketllle are enclosed by the double outline

Points from CX-2 are enclosed by the single oulline E

Sample#  3-0568 - ‘ »
TC-27  TG-27  FWC-27  TC-2r TC-27T Te-27 TC-27 TC-RT TC-27  TC-27
1.10E+01 2.15E+01 3.55E+01 4.90E+01 7.45E+01 G.90E+()1 200E+02 3.00E+02 5.00E+02 7.00E+02
C12.04%  11.91%  11.88% 11.51% 10.57% 10.04% 860%  7.59%  664%  5.99%
3/2/93 W3 34193 3YS/93 MBO3 /93 3/10/93 I3 1293 31593
TC-27 BA3 BA3 BA3 BB3 BBI3 BC3 BC BC3 BC3
1.00E+030 5.10E#02 7.14E+02 1.02E+03 2.04E+03 3.06E+03 7.14E+03 1.02E+04f 2.26E+04 2.37E+05
5.59%
6.25%  5.81%  561%  4.35%  1.92%  3.04% 2,659 1.73%  1.03%
3M7/93)_318/93 _3112/93  3/23/93 31293 3118/93 31 2/93 _ 3/18/ 4/5/93 _ 4/5/93
' TC-2 Tic-2 TC-2 TC-2 TG-2 TC-2 TC-2 TC-2 TC-2 TC-2
7.00E+02 S.00E+02 3.00E+02 2.02E+02 1.05E+02 6.90E+01 5.45E+01 3.10E+D1 240E+01 1.00E+01
3.91%  4.39%  5.29%  8.34%  8.11%  9.10% - 9.69% 10.38%  10.62%  11.15%
3/6/03  3110/93  3/11/93  3/12/93  3/15/93  3M6/93  3/i7/93  3/48/93  3/19/93  3/22/93
- TC-2
2.50E+00
11.41%
3/24193

Vv ¥eig
8Z-€6-Td/40d
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¥e-0

Moisture Content (Vol. %)

14.00% -

12.00%

10.00%

8.00%

6.00%

4.00%

2.00%

0.00%

1.00E+00

Moisture Retention Sample Number

3-0568

—_______.“.o

L ] ]

]
1

1 ] ]
1.00E+01 1.00E+02 1.C0E+03 . 1.00E+04 1.00E+05
Tension {cm H20}

~——&— Tempe Drying Curve -—-0--- Kellle Drying Curve  ~——&-~ Tempe Welling Curve

1.00E+06

v yeIq
8/-06-T¥/300



MOISTURE. RETENTION DATA SHEET

3 03¢

 SAHPLE Kd, " . Page . of ?_ <
! Tested By: R.M. Shailer Date ;{_! ;_/. ) ; ‘
' Procedure No: A7 Rev. Lf: Date Issued 2/25/90
‘ Test Plan No: N/A 1 Rev. WA Date Issued * N/A
| Pressure Cell Mo, 1C= 177 . Caolibration Due Date NIA
' Gauge: CGEL - 2 bl i Catibration Duc Date  //27 /94
' ! Thermometer: " GEL_- 12 . - catibration pue Date "N/K
‘ Balance: GEL - 3315 _ Colfbration Due Date __ 5/18/93
. Gauge: GEL - 257 . colibration Due Bate_ /2 -/7-73 :
— : GEL - . . celibration Duc Date ‘
(1) Tension wnits = cm AR AMA 135 173 | 4 2150358 42 17451 9% |260.3| 300 |500
(2) Contather/ting maber _|M¢-3 |TC-27 1T¢-27 |Te-277 |7ie-27 |17 | 7227V Te-27 We-27 | 12-27 | Feeaz |Te-27)1c-07
Wt. «of container and i . ’ i
Lm Vet Sample, 9 160, 54 ) 551968 STT R3] 578.+ 1| 578,00 RIL U 522201572651 574 361524421 571.8¢ | 520691 548.3
., Wt. of Container and T f 1
{6) Ory Sample, g Ji1. 23
{5) Container Tare Wt., g Lo.sy "/'2”..70 :
Q (6) Temperature * 2‘{ 23 24 5 2. 29 23 24 3 23 | 23
w ‘ ;
w : 3 . R -
ate 2/26/751 3[1/33 13/2/93 13737951 B/4/93 3)2/94 1.3/2/23 MILEA 724
ey oat 227, /:{?? 3/2/93 4%/? /4/93] 3j¢f32 | 2)e /e /231 300/93 1 30, E
uﬂ) Tension units = cm 7_00 450 §jopo | A/A /l,f/‘} | = =
(2} Container/Ring Huwber TL'-!R? TC' 271 ’r& -2 ‘_‘C‘l? L) N /
Wt. of Container and . /
(3)_ Vet Sarple, 9 S0 191566908 566,71 J6. #2205 59 .
Wt. of Contaiper ond 1 /
(4) Dry Sample, g {94.00 //
¥
sy Container Yare Mt., g #3193 o 25 r/
(6) Temperature 214 215 3 g 4_/
(1) Date 3hsli3l /i 13013 Y3/13 —
REMARKS Orying Curve (0 to t Bar) All dota are acurately and completely recorded. The test operstor was trained and
‘uif:-éz, ff j."ruu...uﬂ Tene W used calibrated instwuments
106~ K'ﬁ"’l Checked By: Date: 13

W/ =

et )

v yeia
8/-c6-T8/300



9€-0

MOISTURE RETENTIGN DATA SHEET

. SAMPLE NQ.

Ii 30568

~

. ‘ :.sc : of
Tested By: R.M. Shailer Date 2/ - i
Procedure No: ‘17 : ﬂe'v.#’lﬂj Date Iusued L 2/25/90 p——
Test Plan Nos. WA : Rev. NIA Date ]ssued N/A
Pressure Cell No. ic- 2., T cal ibration Due Date H/A
‘ Cowge: ' GEL * oY ‘ calibration Due Date VIR Y LT
| Thermometers GEL - 12 Calibration Due'Date N/A
dalances GEL - 3315 Colibration Due Date  5/18/93
Gauge:: GEL = Dy g Calibration Due Date 7 /11/9 &
P L calibration Due Date 1
— e ——— e —— ‘ =
"(‘I) Tension units = ';m ,!/PQ Aff* Jaod 1lsad )000_} loao_ /ool ZQQD Jielile) Ao D 700 | 500 360
2y container/Ring manber w2 VT2 -2 -2 Fe2 leqa |rea |[Tea g2 |7e-2 e-a |12 1o
Wt. of tontainer and | . ' ' . . ' ‘
(3) Wet Semple, g el 54 | se2.4¢ SE7 391,968 54| HEE. 1| 5L 5CY.T6 | 5LE.¥T [ 50973 5482115869, LY N-TARYIRS!
We. of Contalner and | ‘ | : : ‘ . ‘ | ‘
(4)_ory Semple, g J61. 23
(5) Container Tare Ut;, g éo 3“{ 43039
H@Iemperature A 23 .'2‘2 ] A+ 25 gted A2 23 23 ' ;L‘l‘. 22
nm Date _ 25431 2/ /131301193 1 3283 a1z Z’/‘t@i '?/éZ?S j&%'—%&g@,ﬁé
Hn) Tension units = i::m 20321 164, S £9 S¢S -3 24 o] &3 2.5 A UA /
(2) Container/Ring Nuz;ber ‘ il 1_ L;Z Tc- 2 ’iﬁ.".l TC-2 : 'r"" 3 -2 17¢ 2 Tﬁ':l Te¢-2 me-/0 /
Wwt, of Container ond |, ‘ ‘ . ‘
(3) MWet Ssaple, g 87347 | 57£.5¢)1528 291 579311580 52] 58094 | 551 96 |.S8R. 03] 582318 52 30]212.03]
Wt. of Container and ' . Q :
{4) Ory Semple, g , Q g?‘ \
fi(5) Container Tare Wt., g Haa, 69 éo-bl |
(6) Temperature <3 23 b 23 2b 5 a3 25 24 A5 I//
7 vate _"‘VLZE)'S %3423 3893\ 37951 Fogles VAfs e 130931 3232 e dfi s 3
REMARKS ' Tempe Metting Curve (0 to 1 Bar) Atl date are acurately and completely recorded. The test operator was trained and
GFVU’-G-&, ()J:uf K 0linned Toan uj'cd colibrated instruments k }‘H
j06- KR 430.11 coteir QPR Ao owe H/9-93
V —

v #eIa
8£-£6-14/30d



]

HOISTURE, RETENTION DATA SHEET

L

. SAMPLE N, 3-05LF : . L Page__/
— ; = R e s ==
N Tested by: . 1. SAQ, Lev bate /a7
r ; Procedure No: 7 - ‘ , Rev, 0 Date Issued
: Test Plan No: H/A Rev, N/A Date issued
" Pressure Cell No, . KETTLE PKO5-01. cal jbration Due Date N/A
' Gauge: GEL - 2038 ., Celibration Due Date 6/ /193
Thermometer: GEL - 12 © callbration Due Date N/A
Balence: -GEL - 3315 calipration Oue Date 5710793
Gauge: GEL - " ¢alibration Due Date
' i GEL ~ - | talibration Due Date ‘
e ———
s . 2 ]l e N I
(1) Ten\sior.\ unlits [ . _‘5 . 5 :. 7 ) -7 ] ‘ Co /
‘ : -3 I 3 [ P 12 / —
[(2) Contalner/Ning Nupber A3 6}? - A3 BAH] BAA ﬁ/fﬂ -
ut. of Container and ‘ : ' L e .
{3) Wet Samplé, g (o 85721360722 1567.03 GD.57 53-&2 /
Wt. of Container and . ‘ﬁ ; /
{4} Ory Sanple, g - 5Y. 4o S59.91 ._5";!‘. ¥6 54.9¢ .j_:i' 335 |.5%. 83
] E(LS) Contalner Tare wt., g .-?5442 ,.?7 E"f _;'8', él 217 ¥4 2967 7. ‘f-i /
(6) Tesperature 27 a7 2¢ | a¢ | 23 25 A/
7> Date stz Lofedfes |3jia a5 | Adase sl 3s/iz] 363493

HQ) Tension unils = em

|
2) Contatnar/Ring Number

Wt. of Coptoiner end
(3) Wet SIIPIII. 9

¥t. of Contalner and
(4) Ory Suq:le, g

53 Container Tare Wt., o

JeC-Kh-

QjI'J.‘. uLC\-t\;_ (CedT
l

used calibrated instruments

/_,/
(6) Tempernture: ,A
="
(7) bate ' —
REMARKS KETTLE DRYING CURVE (0.510 1.0 BARS) ALL data are scurately and completely recorded. The test operator uas trained and

Checked By: Q’/Z/L-):ieﬂ - Date: _1/—-/?%‘_?_1_:’5

11

ata

o




8€-D

MOISTURE RETENTION DATA SHEET

Jet-KA-

vyea
8/-¢6-Tal/30A

"saPLE O, A ooy
: "'-==
tested By: YL A7, Shai lev  bate /5793 '
Procedure No: 17 - ] Rev.: 0 Date Issued
Test plan No: N/A ) " Rav. . W/A Date 1ssued !
Pressure Cell No. KETTLE PX05-02 . Caljbration Due Date :
Gauge: "GEL - 2052 o calibration Due Date TI2/95
thermometer: GEL - 12 : calibration.Due Date NIA
Balance: -GEL - 3315 Calibration Due Date 5/18/93
‘ Gauge: "GEL - 2034 calibration Due Date 4/3/93
_ H 'GEL ~ . Callbrotion Due Date i -
L m'—:w — = m:ﬁmﬂ
e E'; =y 3 :3 .‘.l :5 : )
(1) Tension wnits = cm 2 R 3 3 _5 5 ' / ;
' 33 |34 |33 139 34 (37 e
(2) Container/Ring Number _ﬁgi B F033 A ¢ RiG5 il ; et
Wt. of Container and . . | // ‘
(3)_vet Sample, 9 327¢ | 5 ¢ V57 79) 5Lv7) 372 59| se.34 Al
ut, of Contoiner end ‘ ' T
() Ory somple, g 56,32 1 S562] 5632 55.62) s6.2a ) 5945
¢5) Container' Tarc Wt., g L7 L7 ‘g]? g2 27La 1 A7 82 7L QT A _z/
J(G) Teaperature 27 X% 27 at .;?.5. 25 I .
(T) Dste shahiz | /s |3z | 3helos | vosios &/ 258 -~
- :
il . . ‘; o
(1) Tension units »  cm i - -
" _//-1
(2) Containers/Ring Number Pt -
Mt, of Container and | e
(3) Vet Sample, g ! -
Wt. of Container and
(4) Ory Semple, o * _//
| ~ —
(5) Container Tare Wt., g '
//
(6) Tempersture r..—’/% ;
(7) Date :
REMARKS KETTLE DRYING OURVE (2.0 to 5.0 BARs) All data are acurately ond completely recorded. The test oper.ﬁor was trafned ond
. ' g used calibrated instrunents
C',l;_‘;\_-‘.b[,( ll.zq.‘ :
Checked By; A '}{E/&v‘—" Date: M':Z;: u
#w

—




6£-D0

L F

-

=~}

NOISTURE RETENTION DATA SHEET
H . - i

Page

30569

. Tested By: ﬂ‘ ridd
Procedure Nog 17
Test Plan No: N/A L

Fru;essure Celf No,

Nlailec

" KETELE PK15-02

. 2038

Date '3!}*{2 3
Rev.

Rev, __ N/A
calibration Due Date

Date Jssued
Date |ssued

Gauge: GEL, - ] Calibration Due Date 617193
| Thermometer; . GEL - 12 \ Calibration Due Date [
Balance: GEL - 3315 | Cal ibration Pue Dote 5718793
| Gauge: GEL = , Calibration Due Date
: _GEL - Calibration Due Date C
= =
u(h Tension wits = cm 7 17 /0 1O
; 54 54 $3 A
(2) Container/Ring Wumber Bcal Beog| M3 ped
Wr. of Cbntalner and ‘ . ] '
(3) wet sample, g SYet | seyq]| 5736 58725 =l —-
wt. of Container and o A ‘
{4) Dry Sample, g S 3 1 S787 | 54.33 ] 52 €0 ,/
(5) Container Tare Hi., g ;??..Qf 311').‘ 501 29.2# 1 36.50 A/
: : | ) L~
&) Temperature 24 . A4 271 27
Ln Date 3 nfrz) r2/93) Yagfaz | 3jre)a3 /
,(1) Tension units =  cm

[(2) Contasiner/Ring Humber

Wt. of Container and
(3) Vet Semple, 9

Ht. of Cloma!ner and
(4) bry ssmple, g

"-‘7
|

{5) Container Tore Wt.,, 9

Z//T/

.-

(&) Tenperature

]

Hm Date

RENARKS

2
f(,.‘O-

KETTLE DRYING CURVE (7.0 to 15.0 BARs)

(:3_70144&3—& Lad

AA-1

ithecked By:

ALL dato ere acurately and completely recorded. The test operator Mas tralined and
tused calibrated instrumcnts

Date: __A/ "/? - cf 3

( oSy

————

Sy yerr -
84-€6- T /304
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1) )

Cx-z WA’[‘LR Acn*v"l'u"y DA'I‘A SIEET _

Checked By: f)f/fpﬂ ‘f%‘;ﬁ. (N

TesiedBy: W, 0. Shaitex __ Die #/s]93 Page [ . of 3

Procedire No: | ¢-£L - 33 Rev, M Dale !a.ucd /23753 :

Test Plan Mo | _ Rev, T Daleispued '

Equipnu'?(irm No. =:.1|c '— = .="_E-¢'|Tap_mcnl ~ GEL No Calibration D_dc Dalc
Balance] 5375 EYIETA N Balance ; :

Thermometer Thermomeles, '
Lincar Ofset Data Prclest Vicrification P Post Test / Periodic Verification
Typeof Salt Dill 2 o L |
Salt Conc, (Molal/Sat)}] Sa1” Lick el ) Kee
Aw Reading 1.979 e . 755 LE¥e L
Temperature °C | 2¢0. 240 Z‘if'r.‘l.' 24.5 ,
‘ Aw Standard at 20°C 1 . y .
Water Potential Data for Samples —_— [ o
Sample No. 4.0 SLT A Lo SLT 3-0548A o5ty | 7-05,94_ |3-0569 |30578A 30570 {3057 {’t 3-05
Conlainer Number @Zc | Bc | fc 3 ‘ ﬁclT 3; l fch He s £¢7 ReT fcg fcq
Aw Reading 1.689 | .90 || .44 qg¢ Al 256 | .99 4y | 992 | .835 | . 900
Yemperature °C 1238 24,7 248 245 4.7 24. ¢ 24.1 Z5.{ 25.3 as.y
Water Potenlial, Bars L : i
Moistuse Content for Waler Potentinl Saauples ‘ !
Can 1D No BA RA2 _$A3 £4 ;4‘ _PAs LAG $47 £A g £44 LAl
Can + Soil Wet wi, g 3t.23 3166 3904 372w A7.4-5 16 40 35.57 3929 4] 53 2% 90
Can + Soil Dry wi, 34,57 31,18 3g8.90 37073 RV 3.2 3544 3% 6o b W B A7. 2
Can Tarcwi., ¢ J A7, 13 3. 34 AE. 6] 17. 9 34,737 2749 27 1Z 2807 A3 2, R7. 71
Weipht of Water, g ' — A ;
Dry Weipht of Sample, fg ’
Moistuse Conlent, v, % | I S
REMARKS ' i} ’-’4.; &ﬁjw‘mﬁuﬁfj s Gl ool :é})erw:

Date: 4-/5-23 |

gt ———

Vv 3eI1g
84-€6-1d/400



DOE/RL-93-78

- o g uEL 1D LMy Draft A Sampie No.
- o2 % GEL 17 GEQTECHNICAL ENGINEERING LABORATORY I -oiz @
<]eEL 10 GEL 19 £ GEL-07 SIEVE AND HYDROMETER ANALYSIS
cEt1a by e [J Puoe | ot S
hd GEL-07 SIEVE ANALYSIS
Data 2 ~1L=~87 Calibration Duae Date d-23™95 3 Balanca: %3 O
Sample Description DAND L GRAVEC Siove Tima 10 (min}
Raducad By: m Splitting D Quartering [3 Stackpile
[~ Sieve | Sampls Curmulagve Cumulative Cumulative
Size Weight Wt. Retsined % Ratained % Passed Tested By
2 22173.) =) o r o L ﬂ’%&__
e V. L 1647 e g2.¢4 -
2 5350 a2 =y
38 Bt 37. L1 9
H ' ({64 .5 Se.o o
lo N 13859 c28 39
40 /D0.9 6.5 Y78 /3.4
(2 [ 1260 S& g /5.3
/Ze ’ ! 20.4 A t2.Y
L ; _
290 - —— | 137.9 5.2 g. e
Rearnarks:
GEL-07 HYDROMETER ANALYSIS
Data
— Balance: Cailibration Dus Date
Tharmomater: Calibration Due Date
Hydromater: Caltbration Due Date
WEIGHT QOF SAMPLE COMPOSITE CORRECTION
Wi, Cantainer + Sail to) Spacific Gravity of Sample 15t Reading at c i
Wit. Container lg} % Passing No. 10 Sisve % 2nd Resding at *c i
Wt Soil 1] A= W K=
Clock Eaosed Tme | Hvd Hydremater T Seil in Particle
Date Tirme B i) 'm ‘;‘;:;?:;" Cor:;osile amr:;turl Suspension Dismeter Tasted By i
' - Corfection 1%l imm) 3
z‘o LY \Lh E.
59 - — F__-_\ \Q :%:\' p . = i
15.0 .};@ AN
3090 pﬁ_ ‘3}35 2
= DN
250.0 L 5
1440.0
: Rumrk-
. éf.._ﬂ Ao ; 7
r":', ' -4 gLl
‘1 :"\;& i Tests Chacked 8y éi Z ﬁgé :Zg zzﬂz S Data éz M__
&,%&.- _

B0-6000-798 (ousz)

C41




DOE/RL-93-78
Draft A

C-42



DOE/RL-93-78
Draft A

116-KE-4A Borehole
18.0 to 20.0 ft bgs
Sample BO7LKS

C43



i

L4'a®]

SAMPLE NO. 3-0569
Contact ? R.F. Raidl
WellNo. 116~KE-42
Ciperable Unit 100-KR-1 |
HEISNo. i BO7LKS :
I:;!eplh i 18.0 - 20.0 . ‘

| ' i
TEMPE CELLS . Sample#  3-0569 1 Bar Drying Curve
tension in cm’ - N/A N/A a5 7.3 1" 21.5 355 49 74.5 99

error in lension value +/- ! 0.5 0.5 1 2 5 2 5 2
container number MC-3 TC-28 TC-28 TC-28 TC-28 TC-28 TC-28 TC-28 TC-28 TC-28
weight of conlainer/ring,+wel sample 163.76 557.82 579.44 579.33 579.26 5879.21 579.43 579,25 574.23 573.00
weight of container/ring,+ dry sample 163.55 557.55 - 658737 557.37 557.37 557.37 557.37 557.37 557.37 557.37
wieight of moisilure 0.21 0.27 22.07 21,96 21,89 21.84 22.06 21.88 16.86 15.63
weight of container and ring 61.02 427.83 427.67 42757 427.67 427.67 42767 427.67 42767 427 67
weight of dry sample 102.74 12972 129.70 129.70 129.70 129.70 129.70 129,70 129.70 129.70
moisture conlent % by wi, 0.20% 17.02% 16.93% 16.88% 16,84% 17.01% 16.87% 13.00% 12.05%
moisture contenl % by vol. 10.58%  10.53%  10.50% 10.47%  10.58%  10.49% 8.08% 7.49%
datle measured 2/26/93 3/1/93 3/2193 3/3/93 3/4193 375193 3/8/93 3/9/93
{emperature deg. C 24 23 24 25 22 25 23 24
vilume of brass ring, cm”3 68.26

|
TEMPE CELLS Sample # 3-0569 1 Bar Drying Curve
telnsion in cm ' 200.3 300 500 700 850 1000 N/A N/A

error in lension value +/- 5 2 20 20 20 20
cantainer number TC-28 TC-28 TC-28 TC-28 TC-28 TC-28 TC-28 MC-3
weight of conlainerfring,+wel sample 569.73 567.04 565,22 564.47 LEAKER LEAKER 566.24 199,70
weight of container/ring,+ dry sample 557.37 557.37 557.37 557.37 557.37 557.37 557.37 180.79
weight of moisiure 12.36 9.67 7.85 7.10 -557.37  -5587.37 8.87 8.91
weighl of container and ring 427.67 427,67 427.67 427.67 427.67 427.67 427.67 61.03
weight of dry sample 129.70 129.70 129,70 129.70 129.70 129.70 129,70 129.76
moisture content % by wil. 9.53% 71.46% 6.05% 5.47% 6.84% 6.87%
moisture content % by vol. 5.93% 4.64% 3.76% 3.40% | 12.99%
date measured I10/93  3IM193 342193 3IM5/93  INB/93 3INTH03 3/18/93
lemperature deg. C 25 23 26
volume of brass ring, cm*3 68.26 Cell wi, before cleanup = 427.43 grams

SAMPLE BULK DENSITY = 1.90  gfem?® Cell wt, arter cleanup = 427.75 grams
FIELD BULK DENSITY = 2,08 gfem? 427.67 Average of all 3

FRACTION LESS THAN2mm =__ 0.30

v yeid
8.-€6-Td/A0d



1S a0

TEMPE CELLS

{ension in cm ;

- error in lension value +/-

conlainer number ‘ :

weight of container/ring, +wet sample

weighl of container/ring,+ dry sample

weight of moisture

weight of container and ring
. |

weight of dry sample

moislure conten! %

moisture content % by vol.

dale measu}ed

temperature deg. C

volume of brass ring, cm*3

TEMPE CELLS
tension in cm

error in lension value +/-
conlainer number
weight of container/ring, +wel sample
weight of cdnlainerlring,+ dry sample
weight of moisiure
weight of container and ring -
weight of dry sample
moisture conlent %
moisture contenl % by vol.
dale measured
temperalure deg. C
volume of brass ring, cm*3

|

TEMPE CELLS
tension in cm
error in tension value +/-
confainer number
weight of containerfring, +wel sample
weight of container/ring,+ dry sample
weight of moisture
weight of conlainer and ring
weight of dry sample
moisture content %
moisiure conlent % by vol.
dale measured
lemperalure deg. C
volume of brass ring, cm*3

Sample #
NIA

MC-3
163.76
163.55

0.21

61.02
102.74
0.20%

66.26

Sample #
1000
2
TCF-):}
554.20
55C.60
3.60
418.10
132.50
2.72%
1.69%
3/8/33
23
68.26

Sample #

240

3
7C-3
566.53
550.60
16.03
418.10
132.50
12.10%
7.52%
3/19/83
25

68.26

3-0569 1 Bar Wetling Curve

N/A

TC-3
550,20
549,93

10,27
417.43
132.50

3-0569

700

20
TC-3
554 64
550.60
14,04
418.10
132.50
3.05%
1.90%
3/9/93

| 23

3-0569 1 Bar Welling Curve |

10.0
2
TC-3
567.75
550.60
17.15
418.10
132.50
12.94%
8.05%
3722193
23

1000
20
TC-3

552.89
550,60
2.20
418.10
132.50
1.73%
1.07%
2/25/93
22

1000
20
TC-3
553.98
550.60
138
418.10
132.50
2.55%
1.59%
2/26/93
23

1 Bar Welting Curve

' 500
20
TC-3
555.35
550.60
475
418.10
132.50
3.58%
2.23%
3/10/93
24

6.3
2
'TC-3
£68.07
£50.60
17.47
418.10
132.50
13.18%
8.20%
3/23/93
25

300
20
TC-3
556.95
550.60
6.35
418.10
132.50
4.79%
2.98%
3/11/03
22

1000
20
TC-3
554,21
550.60
361
418.10
132,50
2.72%
1.69%
3193
2

i

202
20
TC:3
558.83
550.60
8.23
41810
$32.50
6.21%
3.86%
3112193
23

TP AT I e
a [ ) )
N ]?‘; K ]

A

H Bt Ea:f?a
i flilw, I {ils

1000

20
TC-3
554.27
550.60
367
418.10
132.50
2.71%
1.72%
32193

24

104.5

20
TC-3
562.41
550.60
11.81
418.10
132.50
8.91%
5.54%
3/15/93
23

Cell Wi. before cleanup = 418.11
Cell v, after cleanup = 417.62

2.5
1

TC3
568.38
550.60
17.78
418.10
132.50
13.42%
8.35%
3/24/93

NA

0.4
1c-3
568.37
550.60
17.97
418.10
132.50
13.41%
8.34%

BULK DENSITY = 1.94

NIA

MC-11
210.36
192.72
17.64
60.27
132.45
13.32%

3/25/93
25

100G

20
TC-3
554.25
550.60
365
418.10
132.50
2.75%
1.71%
3/3/93

25

69

5
TC-3
564.18
550.60
13.58
418.10
132.50
10.25%
6.37%
3/16/93

26

grams
grams

417.72 Average of all 3

|
1000

| 20
¥C-3

- 554.20

550.60
.70
418.10
132.50
2.79%
1.74%
314793
22

|
54.5
2
TC-3
564.91
550.60
143
418.10
132.50
10.80%
68.72%
T3
23

1000

20
TC-3
554,22
550.60
362
418.10
132.50
2.73%
1.70%
3/5/93

22

31

2
TC-3

566.01
550.60
15.41
41810
132.50
11.63%
7.23%
3/18/93

26

v yeig
82-€6-Td/30A
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o
KETTLES
‘lenision in Bars

errar in tension value +/-
container number
‘weight of container/ring,+wet sample
weighl of container/ring,+ dry sample
weighl of moisture
weight of conlainer and ring
weight of dry sample
maisture content %
date measured
temperature deg. C

KETTLES
tension in Bars
error in lension value +/-
container number
weight of conlainer/ring, +wet sample
weighl of container/ring,+ dry sample
weighl of moisture
weighl of container and ring
weighl of dry sample
moisture content %
dale measured

temperature deg. C
. |

Lo
Water Potential Data for CX-2 Samples

Safnpile No.
Container Number
Aw Reading
Temperature °C
Waiter Polenlial, Bars

Can 1D No

Can + Soil Wetwl., g
Can + Sqil Dry wt., g
CanTarewt., g

Weight of Water, g

Dry Weight of Sample, g
Molsture Content, wi. %
date measured

Sample #

0.5 0.5

20 20
BAS . BAG
57.46 55.30
56.03 §3.85
143 1.45
30.37 27.49
25.66 26,36
5.57% 5.50%
3/18/93  3/18/93
27 27

|

5.0 5,0

20 .20
BBS . BB6
54.38 54.57
53.60 53.76
0.78 0.81
28.41 27.85
25.19 25.91
3.10% 3.13%
3423193 3/23193
25 25

3-0569A 3-0569

BCS BC5
0.756 0.981
247 246
384.1 26.3
BAS5 BAG
39.15 36.40
39.10 36.28
30.37 27.49
0.05 0.12
8.73 8.79
0.57% 1.37%
4/5/93 4/5/93

0.7

20
BAS
57.49
56.07
1.42
30.37
2570
5.53%
3M2/93

24

7.0
100

BCS
5631
55.73
0.58
29.23
26.50
2.19%
311293

24

3-0569 15 Bar Drying Curve

0.7

20
BAG
55.34
53.91
1.43
27.49
26.42
541%
312193

24

7.0
100

BCo
57.43
56.82
D.61
3017
26.65
2.29%
32193

24

1.0

20,
BAS
57.31
55.94
1,37
30.37
25.57
5.36%
323193

25

10.0
100
BCH
56.17
55.683
0.49
29.23
26.45
1.85%
318133
27

1.0
20
BA6
55.17
53,78
139
27.49
26.29
5.29%
3/23/03
25

10.0
100
BC6

57.31
56.78
053
130.17
26.61
1.99%
3/18/93

27

-2.0
20
BBS
54.62
53.68
0.94
28.41
25.27
3.72%
N2/93
24

20

20
BB6
54.84
53.86
0.98
27.85
26.01
3.77%
312/93

24

533’

B85
5451
53.66

(.85
28.41
26.25
3.37%

216403

27

3.0
20
BB6
541
53.81
0.90
27.85
25.96
347%
3/18/93
27

v ¥eI1d

Td4/30d
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PHSINTS SELEC
conlainer number
Teinsion in cm

Tempe Drying Curve
Ketlle/CX-2 Diying Curve
Tempe Welling Curve
d.'alile measured

comainer number
tension in cm

Tempe Diying Curve
Keltle/CX-2 Drying Curve
Tizmpe Welting Curve
diale measured

comlainer number
le:rflsion incm

Tempe Drying Curve
Keltle/CX-2 Drying Curve
Tempe Welling Curve
date measured

conlainer number
leqision in cm

Tempe Drying Cuive
Ketlie/CX-2 Drying Curve
Tempe Wetling Curve
dale measured

rrm e O e |
10 FOR PLOTTING

Sampie # 3-0569

TC-28 TC-28 TC-28 TC-28 TC-28 TC-28 TC-28  TC-28  TC-28  TC-28
7.30E+00 1,10E+01 2.15E+01 3.55F+01 4.90E+01 7.45E+01 9.90E+01 2.00E+02 3.00E+02 5.00E+02
10.53% 10.50% 10.47% 10.58% 1049%  B8.08%  7.49%  593%  4.64%  3.76%
A1/93  3/2/93  33/93  3/4/93  5/93 | 3893 3/9/03  3M10/3  M11/93 /12793
|

BAS BAS BAS BB5 BB5 BCS BC BCS TC-3
5.10E+02 7.14E+02 1.02E+403 2.04E+03 3.06E+03 7.14E+03 1.02E+04l| 2.60E+04 3.92E+05] 1.00E+03

3.44%  340%  331%  233%  242%  1.39%  1.20%] 0.85%
‘ 1.69%
H18/93 3293 3/23/93 3112093 318/93 312093 _ 3/18/93] 45093 3/8/93
TC-3 TC-3 TC-3 TC-3 TC-3 TC-3 TC-3 TC-3 TC-3 TC-3
5.00E+02 3.00E+02 2.02E+02 1.05E+02 6.90E+01 5.45E+01 3.10E+01 2.40E+01 1.00E+01 6.30E+00

|

2.23%  298%  386% 554% 6.37% 672% T7.23%  7.52%  B.05%  8.20%
3M10/93  3/11/93  3112/93  3/15/93  3M6/93 31793 A/18/93  3/19/93 322103 3/23/93

Keiltle data points were converted from gravimetric to volumetric by mulliplying by the field Bulk Bensily
And the fraction of fines (less than 2mm).

Bulk Density =
Fraction of fines =

2.08
0.299

gfom?

Points from kellle are enclosed by the double outline -

Paints from CX-2 are enclosed by the single outline

—

TC-28
7.00E+02
3.40%

5193

TC-3
7.00E+02

1.90%
39193

TC-3
2 50E+00

8.35%
3/24193

v §RIq
84-€6-1¥/40d
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Moisture Content (Vol. %)

Moisture Relention Sample Number

12.00% - 3.0569
l——|il—--——-"
10.00% -+
8.00% - a4 ] \
A,
o

|L').

6.00% - o
a

. |

1 . . I
400% -+ l"a.

0._0__0 ! !
;h'-. \\\
"
o
2.00% -+ A-._A O~y .
~a p .
L
~ome
0.00% J ; % a : {
1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05

Tension (cm H20)

" ‘;Tempe Drying Curve -—-0--- Kettle Drying Curve

--------- 4 Ternpe Welling Curve

1.00E+06

Vv ¥eid
8/-c6-1¥/30d
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MOLSTURE RETENTION DATA SHEET

N -:—" all Poge oof
Tested By: R.M. Shailer . bate 2/ gf"‘!E ‘ :
. Procedure Ko: 17 ‘ Rev..: 20 Date Issued 2725490
Test Plan Ho: .  N/A ; Rev, R/A RNate Issued N/A
Pressure Cell No. TCc- 29 Calibration Dus Date N/A
; Gauge: | GEL - 2@ 46 Calibration Due Date LJra2 /s34
. Thermometer:  _ GEL - 12, Calibratioh Due Date THIA
Balance: - GEL - 1315 Calibration Due Date  5/18/93 !
Gauge: - GEL - Y er b Catibration Due Date &>~y 7-9 3 ;
i GEL - ' e Calibration Due Date E
(13 Tension wnits = _em AA A 135 |23 {1 ‘:': st 25 ¢l 49 745 | 949 | 2oo.3| 300 | 500
(2) Container/Ring Number |)0-3 T2 7&-,’351 7’(_",,2‘.? 'T(_‘--,Z g 'ft:l? '71‘_’,*.1.8 Te- 28| Tr-29 [Tc-27 T'C:; "2‘ 27 TC")- b4
Wt. of Container and P . : ' :
(3) vet sample, g [63. 261 55794 579 44579351579 20| 579. 24572431 597, 25§ 74231 573. 00 .23 | 547,04 3.563.23
Wt. of Container and ' ! : ‘
{4) Ory Sample, g /L3 55
B lesy container Tare we., & |&1.02 |427 83
(6) Temperature 24 ‘ A3 24 A5 <A ' 5 23 24 2-'5 23 23
fer2 oare Yo/ 731 2)if13 | 3fya5 | afatvs Vg /as Ly/sfus | 3/ples |5)a/a5 | shelonl y)ofan L 2alos
(1) Tension units = cm 700 Si()/ A/A /Uf/{
(2) Container/Ring Nuber | T -2 & | To-28 'T&-;lb” 21¢-3 ,//
Wt. of Container and ) ) | —
(5)_vet sompte, 3 £L4.47 s566-941199.70 ]
Wi. of Container end .
(4) Dry sample, g \v/ 196,19 /
lI(5) Container Tare Wt., @ \g;v-‘ﬁ‘ '737.‘7’31 (l.o3 //
™
(6) Temperature 24 !25 2L /
ﬂm pate V15/131301¢ /33 ¥i¢/95 —

REMARKS

Tempe Drying Curve (0 to 1 Bar)

opably ucd # Cenest Tzaz tIr. 497075
JOoo-KR-1

used calibroted instruments

ALl data ere acurately and completely recorded.

Date:

iChecked ay: . _IQ_ ?MM
R

The test operotor was trakned snd

H-15-93

Vv Jeid
8/-£6-T4/304d
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SAMPLE \ND.

30549 _

' NO1STURE RETENTIGN DATA S"EET

| PJ'I:W

ik

-—A-——-.-—H

‘ of
— H

Tested By: © R.H. shaﬁer Daite g/_zz &3 ; Co | o
Pracedure No: 7 Rev. 0 Date: lnq::j 2/25/90 '
Test Plan Mo: N/A Rev. N/A . Date lesui N/A :
Pressure Cell Ko, ~ ¥C-73 calibration Due Date T e :
Gauge: GEL - 2020 Catibration Due Date a7 )9y ‘
Thermometer GEL - 12 Calibretion Due Date T
Lo Balance: GEL - 3315 talibration Due Date__ 5/18/93
o Gauge: GEL - 906 Calibration Due Date 7 /1//93 |
L : GEL - calibration Due Date L
(1)"1erisi;m units = _cm AR AR | Jove tsoon 17000 | foco | 7e00 | loop | 2000 tonen 1200 | San | 300
! : , ‘ : * ] !
k2) container/Ring number |33 7’Cj-o TC-3 |7e-3 fre-3 | 7€Es -3 -3 We-z | ge-3 |Te-3 |Te-3 |Te-3
Ht. of Contoiner and : ' ' . ; ' ‘
(3) wet Sample, g /é3.'7g 550,00 552,990 553, 99 s5fal ] 55¥.27] 554 25| 554301554 22 ] 554 20) 554 b4} 555.35).556.9
Wt. of Container and ‘ : '
(%) Dry Sample, g 3. j_b [
u(S) Conl‘:a'iner Tare Wt., g Q O | 447 %3 :
(63 Temperature 29 273 a2 24 1258 23 1 22 | 23 | 2= | 24 22
(1) Date | 2 o/ 151301193 s /23 13093 g@ﬁg@@;%@;@{n 3/1/93
(> tensionwtts = | 202 0¢8] €9 | s45| 31 | 2 16 163 |25 | val va /
(2) tontainer/Ring Mmber  {Tc-3 [Te-3 (903 (7¢-3 |Te-3 |Te3 |7e-3 |fe-3 |Te-3 |Te- 3 | hac-t ! /
uL.' of Container and ] ‘ ] . . /
p Vet Sample, 9 S58. 431562 o1 | 504 F | 584 51 | ode. o) [524.¢3] 56275 ) 5807156432 | 540 3720, 3¢
1 Vt. of Container and : ! : ‘qg 73
1 ¢4) Dry, Semple, g .
E /
i {5) Contafner Tore Wt., g A}]f)“" £0. 27}
(6} 'lﬂml-ature a3 3 2 é 23 24 A5 A3 25 A i‘ ah /
(7} Date e ] 24 é’!ié 3 3 32 Zé!fg ﬂgﬁfﬁ‘gé 2iv/3 8 J&mg’?#ﬁs S&Lm
REMARKS . Tempe Hettim Curve (0 to 1 Bar) Atl data sre acurstely snd completely recorded. The teat operator was trefned and
-{»QL LULJ ,K (_ﬂ,a.uldu TML used colibrated instruments
}QD-KR- | HT. 6% Checked By: ~L Date: T

v yead
8/-c6-Td /90
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MOISTURE RETENTION DAT"A SHEET

d LB
T e et

—=

SANPLE MO, R Y TA

tested iﬂy: j" W) Shaler '
17 :

30,37 .?:?. 39

Date T, : o
Procedure No: Rev. Date Issued I
Test Plan Ho: __ W/A ‘ Rev. __ W/A bate Issued
Pressure Cell HNo. KEYTTLE PX05-01 i Calfbration Due Date /A
f Gauge: GEL - 2038 Calibration Due Date 6,/17/93
Thermometer: ' GEL - 12 Calibration Due Date N/A
Balance: GEL -« 3315 Calibration Due Date 5718793
Gauge: GEL - Calibration Due Date '
Lt GEL - Calibration Due Date -
= = — 2 — ——
ey Ny Y AN { = ‘ -
(1} Tension units = cm Loe 5 .5 L . L / I ‘ : . /Z:
| N N R R L e ‘ = 1
t2) Contsiner/Ring Mumber | gAY . [;ﬂi 1345 &AL ﬁﬂ £ ﬂ.ﬂ.(. . e
. Wt. of Container and | - . .o e g T /
s et sompe, s 5294 | 5530 SRAG |55 |57 3] [55.1F : |
Wt. of Container and ‘ /" ;
'{4) Dry Sampie, g SL.63 | £3 ¢5] 5607 |53 9t {55.94 |£3.78 . ]

(5} Container Tare Wt., g 30.37 1 27 44

(2) Contai ner/Ring Humber

6) Temperature 27 27 24 .ll.‘f

(7 Date 3i2fis | 309k 1303/93) dafys| waxnjee] 3fes

é1) Tension units = em — ,.-—/
—

: Wt. of Container and
(3) Met Sample, g

Wt. of Container snd
{4) Dry Sample, g

/‘/I/r

LS) Container Tare Wt.. g

Grtrablbe, (Lot

r‘ '.:(.‘ - [\-;"\:" '

/
I //
(6) Temperature =] ‘
//‘7
LT} Date :
RENARKS KETTLE DRYING CURVE (0.5 10 1.0 BARS) ALl date are scurstely and completely recorded. The test operator was trained and

used calibrated instrumente

Z-/7-93 |

Checked By: /) M)\E,/le,ﬂ_——&/ . Drate:
= ; = — =" -

\____7,____ —

8/-c6-1d/304d
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MOISTURE RETENTION DATA SHEET

’ 'iismpua o, __2;_4; séd 9

Tested By: '1{._‘7_1'?‘ jjij e Le ™ Date 1{%%:2“5 E
Procedure Ho: "7 ‘ Rev. — Date fgsued —
J Test Plan Ho: _ H/A | _ Rev. WA __ Date laswed
Pressure Cell No, | KETTLE PKO5-02 Calibration Due Date ) N ‘ : . Wt
Gauge: GEL 2052 : Calibration Due Date . 772793 L . L
Thermometer: GEL 4 12 Calibration Due Dalte (7L} . ;
Balance: _GEL - 3315 ‘ Calibration Due Date - 5/18/93
Geuge: "GEL - 2034 . Calibration Due Date - 4/3793 ;
i GEL - o Celibration Due Date . — —
: e == e — e —— e
2 2 > 3 5% ‘
-y -
u('l) Tension tnits = cm s < 3 3 5 5 ‘11/
E( 35 (3¢ |3z 3¢ 55 |36 : . -
2} Container/Ring Nurber A8 R LRL AL, AR5 AAL - ‘ /
Il Wt. of Container and ! : ;' . /—i/i
(3) Wet Sample, g SERA | S Py SEO1) S4 21} 54381 54 87 : ; P
Wt. of Container and | . :
f(m bry Sample, 9 $3568 153 ¢c | 554615391 | 53 60] v3 76 ‘ /

(5) Container Tare Wt., g AW 272 85 2e.dl 1 27%5 2 H4.

(6) Temperature 2.4 | 24 A7 27 5 Vo as — ! i . ™

2, ‘ -2
(7) Date 3hatsz| s/a/es| ks shetas | shatas 1;*/‘13/ ‘

T wygegT
8/-£6-T¥/304

e —

'1(71) Tfension units = cm

| . | ' /'1/
(2) Container/Ring Humber ‘ :
Wt. of Container and / :
! i
(3) Vet sample, 9 —
Wt. of Contalner and i //
6> ory somple, o :
ﬂ 1 -
J (5) Contsiner Tare Wt., g /,/
I ! /,..7
(6) Temperature "
L —"
[7) Date — N I—
REMARKS KETTLEE DRYING CURVE (2.0 to 5.0 BARS) |All dats are acurately snd completely recorded. The test operator was trained snd
o 1 f used calibrated instruments
(SFas welbte (il %
. -~ y . _ _
JCow X/L"', Checked By: 0’ -}1 {.,-Q)U\_)—-;-‘. Date: ji /? 73
———— ——— e —————

/
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;I‘ 1‘ i
MOISTURE RETENTON DATA SHEET

ERREYTT

Pege 3 . ot 3
- — : : —_—
- Tesedoy: A 9y Shader Date 3/9/93
1' Procedure No: © {7 Rev. 0 Date Issued 2/25/90
Test.Plon No: __ N/A Rev.___ W/A Date Issued
[ Pressure Cell No, KETTLE PK15-02 Calibration Due Date o
Gouge: GEL - 2038 Calibration Due Dats S/1T/95
Thermometer: GEL - 12 Calibratiion Due Date N/A
Balance: GEL - 3315 Calibration Due Date 5/18/93
Gauge: GEL - Calibratijon Pue Date
1 GEL - - Calibrati Due Date .
7 7 (O IO | :
| I ) .
A1) Tension units = ' cm 7 7 () /O W o
| - n - " L~ :
Co s e fss T TS | A
(2) Contamerlking Humber Bes Bcg s | acl =
|" . of (fontalner and ‘ /
(3) ue: SarrploLg 54 31 | A743) 5617 157 31 : Pt
. of Container and : ‘ //
04) Dry sample, g 5573 [ 56,801 55 4% .56 78 ‘/ -
(5) Container Tare WE., g 29 23| 30,171 29231 30.i7 //
(&) Temperature .?4’ 24 L7 27
(7) Date I 3112 ?1: 5/”/'}-5 jjfﬂ'}-}‘ 3//‘?[?'5 / sy =
lﬂ) Tehsion units = ' cm
(23 COntalnerli'ing Number M
Wt, of Container and "
(3} Met Slrrple- ‘
. of Contu’ner and
I ) Dl”j sampile, g //F/
| i =]
(5) Container Tare Wt., g ]
(6) Temperature ]
a/
7> Date
REMARKS KETTLE ORYING CURVE (7.0 to 15.0 BARs) |Al1 date’ are acurately ond completely recorded. 'The test operator was tralned and
C'pl:.\-tiail (L--L-{‘ used cal ibrated instruments
J} h Y \ @'/Q‘M
/0(-' “A"\' ! Checked By: ‘;l 4 —t_ Date: L’ _-’ 7 - 73

V Hel
8Z-¢6-Td /404
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CX-2 WATER ACTIVITY DATA SHEET

: ‘ o , \
| TestedBy: YN 9.7 Sha }_LEag _Date_: #/5/13 Page [/ . of 13
e ££L:23 el
el Gilte [ Cibaoabatee ] . Bquipmen] GEL No. | Calibtalion Due Date ]
Balance| 33)5 S/l 33 ; Balance ‘
Thermometer ; : . ' Thermometer
[lLincar Offset Data ] Pretest Verification [ Post ‘Test / Periodic Verification
Type of Salt Dl 22 :‘ 3 o
Salt Conc, (Molal/(Sat) | Sud” Lict | alaef Kre o
Aw Reading 1999 NI, . 755 | . g¥e ;
Temperature °C 240 240 244 245 i
Aw Standard at 20°C° | : ' !
Waler Polential Data for Samples o mmrrm—————y
Sample No, _dosurabosiy  B-oseenlsosre llrosusa {sasen bos764 (20520 |30571A|3-05%
Container Number gCl {Bci He3 ac3 ges | Bes R 7 Acz | Bc? 8¢9
Aw Reading l.e97 | qec | .®vy | 999 case 499 | oLeyy | 992 | 835 | 900
Temperature °C ; 23.% 24.7 : 29 £ 245 24,7 244 249 FEW 25.3 A5,
Water Potential, Bars‘: !
Maisture Content for Waler Polential Samples ‘ ‘
Can iD No BA L R4z 2 BA 4 M5 | PAG BAT gA % BAS BALS
Can+Sotwerwi, g | 36,73 | 3966 | 3904 | 3729 [ avus | d6.ep W 3587 | 3227 | 4483 1 avv0
Can+Soil Dvwi, p | 3. 59 39.38 3990 | 3743 290§ 3k.2y_ |l 3s4e ] 3% 6o $47 § 3.8
CanTarewi., g 27,93 | 3234 25.67 27.%9 30.73 'Ii 27419 2L 2L 207 3532 2771 |
Weight of Waler, g ‘ :
Dry Weight of Sample, .
| {Moistuse Content, :-l__:/ﬂ__ _ __ |
| reans i;,',i;*t‘::.; 2 u.::_:“'“ﬁ oS Comp TR ¥ R T
m Checked Dby: nf“ffbﬂ % Jq o Date: Mﬁ‘j_ ‘

VYV yelg
~CE-TI /AN
hal L S L Y

!
yA

o]
ko]



DOE/RL-93-78

£

Draft A
.-/é'— GEL 16 (] Sample No.
TR GEOTECHNICAL ENGINEERING LABORATORY S—p% §
L 10 GEL 19 - IEVE AND HYDRO A S ;
| /fﬁz - GEL-07 SIE METER ANALYS! o Lo S
GEL-07 SIEVE ANALYSIS
Data 2 /1 '?J __ Cafibration Due Date 4 ~235—9 3 Balance: 3 A
Sample Desciiption _(, géi e, o ﬂ-qu L, S i 4 5 olAt Siave Tima 10 (minl
° m;:cud By: 3 spiicing [ cuartering [ stockpila
Sieve Sample Cumuiative Cumulative Cumulative
Size Waight Wi. Retsined % Ratained % Passed Tested By
2L 5| By9.3 | T —mmpr [25gg gl |
e ' 247. 5 3y & ¢l 2
-3/?9 374'8 3. o 2 .6
al 1095 .2~ $5o 4o
, 0 1294 .3 Zo.! 21.9 )
¢ o L4 7./ g4. % y2.7 12/
b O 110.7 56. 2 /3. ]
/0O /27.4 LY. 0.5
Z 00 /é{?fo 74.L 7t
emarks:

GEL-07 HYDROMETER ANALYSIS

‘Data

- ——

Balance: Calibretion Dua Date
Thermomatar: Calibretion Due Data
Hydromater: Czlibradon Due Date
WEIGHT OF SAMPLE COMPOSITE CORRECTION
Wt Container + Soii gl Specific Gravity of Sample 1st Reading at ‘T
| wt. Container ] % Passing No, 10 Sisve % 2nd Reading st "
W, Soil g} Am W= K=
N . - - Hydramatet :
Date Clock Elapsad Time Hydrometer with Temperature s Sail ’". ;'mcla .
_Tima ___dmin) | Resding | Compasita . {*C) uspension \amater 1 Tested By
Carraction (%) (mem}
3.0 1
5.0
N ; CORE B
15.0 - % g b \JX{}
30.0 M‘i Py
60.0 R
250.0
1440.0
Remarks: ﬂ) 14'
22 f . .
— — y——
Tests Checked By f / //_z@ fﬁ 2 Date L/23

o C-55

BD-6000-72386 (04/92}



DOE/RL-93-78

‘ . Draft A
s X, GEL1E % Sample No.
& GEL17 GEOTECHNICAL ENGINEERING LABORATORY 8 —-0o4
S o S - IR LN T . T L—--_—_I____H
B cEL ﬁ GEL 1_4'—GEL_—.T6' GEL-T13 Page 5’ of :>
GEL-14 SOIL MOISTURE
Balance: 3 3o Calibration Due Date i:i‘.‘:ié- T;‘E\' Lo 8”""‘—%
=t 74
Thermomatar: _M___ Calibratian Due Cate _‘5.:‘_’2:‘?;3__
Dats Wet*Wt. Dry+Wt- TV.V':. Moisture Dr: ‘:’t' M % Calculated
o i | can Y ., - Sell sisture By
2 /1631 499.8p |H78.e5| 62 . 1L )o-23 yje.ugl= .4 | LD EMJ;.:«...
Ramarks:
Bl GEL-16 BULK DENSITY-POROSITY
- DETERMINATION NO. _ 1 ~ Tested By _L D 'E«-—;Og....___,
Pan Ne.: Moid: §Z] Plestic [[] Matal | Langth: 1475
ﬁl_r_n!:rlt\i'olumo.v.ce 1.Lf£ .Zg’gi;'?-y : 2 " wr Wet W,
W, ;f_élmple & Moid, ¢ 2n53.5 m 1+ % Dry We.
Wi. of Maoid, g 3/‘ f Loy iy
Wt Wt, of Sample, ¢ 75’[4, ecmamad "Void Ratio, & = Avg. Sp. Gr. x Vol. .
Wet Density of Sample, ¥ m, g/cc 2 .13 m@_ Ws :
Wetar Contant % Dry Weight 2N L %ﬂ
Dry Density, g/ce v d C 2.0% D n__ | **Porosity, % = {2 __) 100
Dry weight of Sample, 9, Ws 173%.¢ > f}ﬁ V+e
*Vod Ratio, 8 s, 306 ¢ ::K
* *Forosity, n, % . 2.3 "_&3
JoL 1 08 =~ ) o TN ek e oA - . )
—oe {Remarks: _ 324 O 'ivz.k' o Roxd o fi*-— w3z _4.0) B -ﬁz/u_;@’? SpG =2 -2/
GEL-19 CALCIUM CARBONATE
Vesael No. 5' &5 0 Teated By _L O W
VU
Balance No. 3304 DatsDue 2 =10 -3
Sampls Weight 8.0 {a)
Sample Pressurs o '_..___.2" (psi} ‘aﬁC'nICO3 1. 0 Per Gram
Ramarks:
- - . = . /J //“'—."-'I—\ - -
Ntrcmesny _ fA L HEL S eetr— e 2L
7 7 Va4

80-8000-797 (0432)

C-56

VIR



	1.TIF
	2.TIF
	3.TIF
	4.TIF
	5.TIF
	6.TIF
	7.TIF
	8.TIF
	9.TIF
	10.TIF
	11.TIF
	12.TIF
	13.TIF
	14.TIF
	15.TIF
	16.TIF
	17.TIF
	18.TIF
	19.TIF
	20.TIF
	21.TIF
	22.TIF
	23.TIF
	24.TIF
	25.TIF
	26.TIF
	27.TIF
	28.TIF
	29.TIF
	30.TIF
	31.TIF
	32.TIF
	33.TIF
	34.TIF
	35.TIF
	36.TIF
	37.TIF
	38.TIF
	39.TIF
	40.TIF
	41.TIF
	42.TIF
	43.TIF
	44.TIF
	45.TIF
	46.TIF
	47.TIF
	48.TIF
	49.TIF
	50.TIF
	51.TIF
	52.TIF
	53.TIF
	54.TIF
	55.TIF
	56.TIF
	57.TIF
	58.TIF
	59.TIF
	60.TIF
	61.TIF
	62.TIF
	63.TIF
	64.TIF
	65.TIF
	66.TIF
	67.TIF
	68.TIF
	69.TIF
	70.TIF
	71.TIF
	72.TIF
	73.TIF
	74.TIF
	75.TIF
	76.TIF
	77.TIF
	78.TIF
	79.TIF
	80.TIF
	81.TIF
	82.TIF
	83.TIF
	84.TIF
	85.TIF
	86.TIF
	87.TIF
	88.TIF
	89.TIF
	90.TIF
	91.TIF
	92.TIF
	93.TIF
	94.TIF
	95.TIF
	96.TIF
	97.TIF
	98.TIF
	99.TIF
	100.TIF
	101.TIF
	102.TIF
	103.TIF
	104.TIF
	105.TIF
	106.TIF
	107.TIF
	108.TIF
	109.TIF
	110.TIF
	111.TIF
	112.TIF
	113.TIF
	114.TIF
	115.TIF
	116.TIF
	117.TIF
	118.TIF
	119.TIF
	120.TIF
	121.TIF
	122.TIF
	123.TIF
	124.TIF
	125.TIF
	126.TIF
	127.TIF
	128.TIF
	129.TIF
	130.TIF
	131.TIF
	132.TIF
	133.TIF
	134.TIF
	135.TIF
	136.TIF
	137.TIF
	138.TIF
	139.TIF
	140.TIF
	141.TIF
	142.TIF
	143.TIF
	144.TIF
	145.TIF
	146.TIF
	147.TIF
	148.TIF
	149.TIF
	150.TIF
	151.TIF
	152.TIF
	153.TIF
	154.TIF
	155.TIF
	156.TIF
	157.TIF
	158.TIF
	159.TIF
	160.TIF
	161.TIF
	162.TIF
	163.TIF
	164.TIF
	165.TIF
	166.TIF
	167.TIF
	168.TIF
	169.TIF
	170.TIF
	171.TIF
	172.TIF
	173.TIF
	174.TIF
	175.TIF
	176.TIF
	177.TIF
	178.TIF
	179.TIF
	180.TIF
	181.TIF
	182.TIF
	183.TIF
	184.TIF
	185.TIF
	186.TIF
	187.TIF
	188.TIF
	189.TIF
	190.TIF
	191.TIF
	192.TIF
	193.TIF
	194.TIF
	195.TIF
	196.TIF
	197.TIF
	198.TIF
	199.TIF
	200.TIF
	201.TIF
	202.TIF
	203.TIF
	204.TIF
	205.TIF
	206.TIF
	207.TIF
	208.TIF
	209.TIF
	210.TIF
	211.TIF
	212.TIF
	213.TIF
	214.TIF
	215.TIF
	216.TIF
	217.TIF
	218.TIF
	219.TIF
	220.TIF

