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support F Reactor operation, as well as the cooling water retention basin system and
biological laboratories for studying the effects of radiation on plants and animals.

The 100-FR-1 LFI began the investigative phase of the remedial investigation for a
select number of high-priority sites. The LFI was performed to provide additional data
needed to support selection, design and implementation of IRM, if needed. The LFI
included: data compilation, nonintrusive investigations, intrusive investigations at eight
high-priority sites, summarization of 100 Area aggregate studies, and data evaluation.

INVESTIGATION RESULTS

Three methods of intrusive investigation were used in the LFI: boreholes were
drilled, test pits were excavated, and surface soils were sampled. The samples were
submitted for laboratory analysis. One remote sensing technique was employed to
Li ologlcally survey boreholes usmg downhole geophysical techniques to further delineate
- '-~*onsand * v " cor’ nnants Materials removed from the boreholes

) were forve™ 7 npounds onucli® to
assist in selection of sample intervals. Analytical data were validated. All data associated
‘with the LFI were evaluated.

Eight high-priority sites were intrusively investigated: 116-F-1, 116-F-2, 116-F-3,
116-F-4, 116-F-6, 116-F-9, 116-F-14, and the 108-F french drain. One low-priority site
(132-F-1) was intrusively investigated because it was associated with the experimental animal
farm and is unique to the 100-FR-1 Operable Unit. Boreholes were drilled and sediments
sampled at 116-F-1, 116-F-2, 116-F-4, 116-F-6, 116-F-9, and 116-F-14. Test pits were
excavated and sediments sampled at 116-F-1, 116-F-3, 116-F-9, and 132-F-1 (low-priority
site). Surface sediments were sampled at the 108-F french drain.

Radiological contamination is the primary concemn as confirmed through this study.
The principal radionuclides of concern are potassium-40, cobalt-60, strontium-90,
cesium-137, europium-152, europium-154, radium-226, thorium-228, and plutonium-238.
The highest concentrations of radionuclides were found in 116-F-4 pluto crib and the
116-F-14 retention basin samples. No Concentrations exceed potential soil ARAR, Model
Toxics Control Act (MTCA) Method B concentrations. Semi-volatile organic compounds
were detected in low concentrations, and were generally below the contract required
quantitation limits. Volatile organic compounds, while detected, were generally low in
concentration or likely are laboratory artifacts. Contaminant concentrations and locations
determined through the intrusive investigation generally confirm historical information such
as documented in Doran and Richards (1978). The remaining high-priority sites in the
100-FR-1 Operable Unit were evaluated using data from analogous facilities in the
100 Areas. An expedited response action is not warranted based on the evidence of this
investigation.
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QUALITATIVE RISK ASSESSMENT

A QRA was performed for the high-priority sites. Conservative assumptions such as
highest reported contaminant levels from either the LFI or historical data base were utilized.
The QRA provides estimates of human health risks assuming either frequent- or
occasional-use and includes considerations such as the attenuation of external dose provided
by layers of clean gravel fill that overlie many sites. The QRA identifies the human health
risk to be external exposure from the radionuclides cobalt-60, cesium-137, europium-152,
and europium-154. The QRA also provides environmental hazard quotient (EHQ) risk
estimates for the 100-FR-1 high-priority sites.

SITE EV * " "JATION CRITERIA

The 100-FR-1 high _ y + w e uated! 1g the followii cri ia to
identify and screen sites recommended to continue as an IRM candidates; a detailed
discussion of the criteria is provided in Section 5.2 of this report:

o The QRA provides risk estimates for human health and the EHQ ratings. Sites
with high or medium risks to human health for the occasional-use scenario are
recommended to continue as IRM candidates. High risk corresponds to an
incremental cancer risk (ICR) > |E-02. Medium risk corresponds to an ICR
between 1E-04 and 1E-02. Low risk corresponds to an ICR between 1E-06
and 1E-04. Very low risk corresponds to an ICR of < 1E-06. Sites with an
EHQ rating > 1 are also recommended to continue as IRM candidates.

° If contamination at the waste site exceed a chemical-specific ARAR, that site
is recommended to continue as an IRM candidate. The Washington State
MTCA Method B concentrations are potential ARAR for soil contamination,
as discussed in Section 3-20 of this report and in the 100 Area Feasibility
Study, Phases 1 and 2 (DOE-RL 1992c). Model Toxics Control Act Method
B for soil contaminant concentrations are utilized because they are the accepted
regulatory guideline.

. If LFI results indicate that a site is a current source of groundwater
contamination then the site is recommended to continue as an IRM candidate.

° The conceptual model for the waste site includes sources of contamination,
types of contaminants, affected media, known and potential routes of
migration, known or potential human and environmental receptors, and the
general understanding of the site structure/process. If the conceptual model of
the site is found to be incomplete, collection of data needed to complete the
model through limited field sampling is recommended. Sites with incomplete
conceptual models are recommended to continue as IRM candidates.

i The potential for the contaminants at a site to be reduced by natural
attenuation, e.g., radioactive decay by the year 2018, may be a consideration
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for sites where the excess risk is caused by external exposure from
radionuclides with half lives of <30 years. This is not a consideration for
sites where multiple exposure pathways drive the risk.

IRM RECOMMENDATIONS

Table ES-2 presents the evaluation of the high-priority waste sites using the above
criteria, and the site-specific IRM candidate recommendations. The following sites are
recommended to continue as IRM candidates:

° 116-F-1, 116-F-2, 116-F-3, 116-F-6, 116-F-9, 116-F-10, 116-F-14, and 108-F
french drain.

U] These additional sites are recommended to continue as IRM candidates.
116-F-8, 116-F-12, 116-F-13, UN-100-F-1, 132-F-6, and the Pacific
Northwest Laboratory outfall structure. Additional limited sampling 18

ymr 1 T at ] s in ) r
Once the conceptual models are completed the sites shouid be reevaluated to

consider their continued candidacy for IRM.

The 116-F-4, 116-F-5, 116-F-11, and the Process/Discharge Pipelines are not
recommended to continue as IRM candidates because human and ecological risks are low,
soil contamination does not exceed ARAR, there is no impact to groundwater, and natural
attenuation will further reduce site risks. Action at these sites may be deferred until final

remedy selection.
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ACRONYMS |

ARAR applicable or relevant and appropriate requirements
ASTM American Society for Testing and Materials
CERCLA Comprehensive Environmental Response, Compensation and Liability Act
CLP Contract Laboratory Program
COPC contaminants of potential concern
CRQL contract required quantitation limit

* DOE U.S. Department of Energy
EAF Experimental Animal Farm
Ecology Washington State Department of Ecology
EHQ environmental hazard quotient
P Environmental Invest’ ~-tion Instruction
EPA U.S. Enviroi :ntal Protection Agency
ERA expedited response action
FS feasibility study
HPPS Hanford Past-Practice Strategy
ICR incremental cancer risk
IRM interim remedial measure
LFI limited field investigation
MTCA Model Toxics Control Act
NCRP National Council on Radiation Protection and Measurements

| OVM Organic vapor monitor
| PCB polychlorinated biphenyl

PID photoionization detector
PNL Pacific Northwest Laboratory
QC quality control
QRA qualitative risk assessment
RCRA Resource Conservation and Recovery Act
RI remedial investigation
RL Richland Operations Office
sG specific gravity
TAL target analyte list
TBC to-be-considered
Tr-Party

‘ Agreement Hanford Federal Facility Agreement and Consent Order
UTL upper threshold limit

J VOC volatile organic compound

WHC Westinghouse Hanford Company
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1.0 INTRODUCTION

This port summarizes the data collection and analysis activities during the 100-FR-1
Operable Unit limited field investigations (LFI) as well as the results of the associated
qualitative risk assessment (QRA). The Hanford Past-Practice Strategy (HPPS) (DOE-RL
1991), described in the Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement) Change Package (Ecology et al. 1991), emphasizes accelerated cleanup of
waste-sites. This accelerated cleanup is done through a process called interim remedial
measures (IRM). A LFI is required when waste sites are to be considered for IRM and
existing data are insufficient to formulate a conceptual model and perform a QRA. The
information gathered during the LFI activities is then used to aid in making decisions
rey g performing IRM. The objectives of the LFI are describ "~ fully in the RCRA
Remedial Investigation/Feasibility Study Work Plan for the 100-FR-1 Operable Unit
(DOE-RL | 12a), also referred to as the 100 . -1 Operable Unit Work Plan. Objectives
are:

. identify those high-priority sites that are recommended to remain as candidates
for IRM

. summarize data collection and analysis activities

. refine the conceptual model as needed

o provide a qualitative assessment of the risks associated with the sites.

To limit the size of this report, the reader is referred to other documents for specific
details. This LFI report is based on agreements discussed in these Hanford Site specific
documents:

. Hanford Federal Facilitv Agreement and Consent Order (Ecology et al. 1990)
o Hanford Past-Practice Struregy (DOE-RL 1991)
. Hanford Site Risk Assessment Methodology (DOE-RL 1994a)

. RCRA Remedial Investigation/Feasibiliry Study Work Plan for the 100-FR-1
Operable Unit (DOE-RL 1992a).

It is important to note that the methods and requirement for completing IRM, QRA,
and LFI reports are specific to the Hanford Site and may differ from activities with similar
names performed el vhere. The methods and requirements used at the Hanford Site were
agreed to by the signatories of the Tri-Party Agreement.

Before LFI work began, the operable unit managers assigned either a high- or

low-priority to all known and suspected areas of contamination in the 100-FR-1 Operable
Unit. Table 1-1 lists these sites and Figure -1 shows site locations. The classification of

1-1
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* The LFI path - used to identify and gather the minimum additional data needed
to formulate a conceptual model and perform a QRA. This information is then
used to aid in decisions regarding performing ERA or IRM.

Al Hugh 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 100 Area National Priority List CERCLA site to reach closure. The
information obtained from the LFI and interim actions may be sufficient to perform the
baseline 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-FR-1 Operable Unit

Implementation of the HPPS to the 100-FR-1 Operable Unit began with the
development of the RCRA Remedial Investigation/Feasibility Study Work Plan for the
100-FR-1 Operable Unit (DOE-RL 1992a). Following agreement on the past-practice
strategy, the three parties rescoped the initial 100 Area work plans with a bias toward interim
remedial action (Ecology et al 1991). The collective knowledge and judgment of the three
parties and the information contained in the existing work plans were used to identify the
highest-priority waste sites in the 100-FR-1 Operable Unit 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.

The highest priority waste sites in the 100-FR-1 operable unit are identified in
Table 1-1. Limited field investigations were proposed for the following high-priority sites:

116-F-1 trench

116-F-2 trench

116-F-3 storage basin trench
116-F-4 crib

116-F-6 liquid waste disposal trench
116-F-9 trench

108-F french drain

116-F-14 retention basins.

Information gained from analogous sites was also used to make recommendations on
the continued IRM candidacy of high-priority waste facilities in the 100-FR-1 Operable Unit,
where applicable. The knowledge gained from the characterization/remediation of other
100 Areas analogous facilities will be applied toward the remediation of these high-priority
sites in the 100-FR-1 Operable Unit. At these sites, further characterization will be
performed concurrently with remediation. using the observational approach.
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2.0 INVESTIGATIVE APPROACH

The LFI activities for the sites identified in the 100-FR-1 Operable Unit Work Plan
(DOE-RL 1992a) consisted of intrusive invest’ itions, review of analogous site information,
evaluation ¢. historical data, and completion ot a QRA. Through this process, investigations
of all of the high-priority sites identified in the 100-FR-1 Operable Unit Work Plan
. JE-RL 1992a) and one low-priority facility were completed.

The work plan divides the site characterization activities into 13 tasks (including this
LFI report) most with several subtasks. Table 2-1 lists these tasks and subtasks, which were
accomplished as part of the LFI, and the chapters in the LFI where the activities are
discussed. A '““ional reports that were generated as a result of the activity also
referenced.

The LFI activities as well as the aggregate area investigations are discussed in greater
detail in the following sections. Results of 100-FR-1 Operable Unit tield investigation
activities are discussed in Chapter 3 of this report.

2.1 100-FR-1 LFI SAMPLING AND FIELD ACTIVITIES

Field activities used to evaluate contamination at the high-priority sites identified in
the 100-FR-1 Operable Unit Work Plan (DOE-RL 1992a), included cable-tool drilling of
boreholes; backhoe excavations of test pits; field screening for evidence of volatile organics,
chromium, and radionuclides; sampling for physical properties and analytical constituents;
and borehole geophysical logging. The description of work (Ayres 1993a) prov1ded direction
for these field activities.

Investigative methods were used which allowed appropriate sample extraction. After
the desired samples were taken. they were shipped offsite for laboratory analysis using
Contract Laboratory Program (CLP) and other standard analytical procedures. Analytical
methods, analytical parameters, detection limits, and precision and accuracy requirements are
listed in Table QAPjP-1 of the Quality Assurance Project Plan in the 100-FR-1 Operable
Unit Work Plan (DOE-RL 1992a). The analytical resuits were returned for validation and
evaluation.

Nonintrusive investigations of high-priority sites relied on historical data from past
sampling and analysis (Dorian and Richards 1978), and process knowledge. Ground
penetrating radar surveys were performed prior to investigations to locate subsurface
obstructions that might affect borehole drilling or test pit excavation. Based upon survey
results, drill sites with the least likelihood of encountering identified obstructions were
recommended. A surface radiological survey was performed at the 116-F-14 retention
basins as part of routine work to downgrade sites from a surface contamination area. In
addition, a surface-area walkover of the 100-FR-1 Operable Unit was done. The
investigative approach taken at each high- and low-priority site is summarized in Table 2-2.
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Analogous data from intrusive LFI in the 100-BC-1, 100-DR-1 and 100-HR-1
Operable Units were applied to the LFI evaluation of several sites in the 100-FR-1 Operable
Unit. Each of the reactors and their support facilities in the 100 B/C, 100 H, and 100 D/DR
are similar in construction and use. Analogous data were utilized if no LFI data or historical
data were available. An analogous site is a site associated with one of the other 100 Area
reactors which has a similar process history, waste stream, and expected suite of
contaminants to a site in the 100-FR-1 Operable Unit. An analogous site does not
necessarily have the same geology or contaminant concentrations. Table 2-3 presents
100 Area analogous sites.

2.1.1 Vadose Zone Borehole Drilling and Test Pit Excavation

Six boreholes were drilled at the 100-FR-1 Operable Unit to determine the nature and
vertical extent of contamination associated with the following high-priority waste sites:

11 =5-1 lew1s canal

1 77 n trench

116-F-6 liquid waste disposal trench

116-F-9 Pacific Northwest Laboratory (PNL) animal waste leach trench
116-F-14 retention basin

116-F-4 pluto crib.

The location of the boreholes within each facility was chosen to represent the "worst
case" contamination, such as near locations of effluent inflow to the facility, or near the
center of the facility if the discharge point could not be determined (See Figure 2-1 for
sampling locations). These boreholes were advanced using cable-tool drilling methods and
were sampled with split-spoon samplers. The depth of each borehole was based on expected
waste"depth and modified in the field based upon field screening results for radionuclides,
and volatile organic compounds (VOC) (DOE-RL 1992a). Field screening for hexavalent
chromium was performed on the last sample interval of each borehole. The hexavalent
chromium field screening is for general information only and was not used for any decision
making process for this report. Maximum drilling and sampling depth was 1.5 m (5 ft)
below the water table (Ayres 1993a). Boreholes were abandoned after all sampling and
geophysical logging were completed in accordance with Environmental Investigation
Instruction (EII) 6.7 (WHC 1988).

Five test pits were excavated (as part of Task 3) at waste sites in the operable unit:

o High-Priority Sites:
- 116-F-1 lewis canal (2 test pits) to depths of 5.5 and 6.0 m (18 and 20 ft)
- 116-F-3 fuel storage basin trench to a depth of 5.2 m (17 ft)
- 116-F-9 PNL animal waste leach trench to a depth of 5.8 m (19 ft).

o Low-Priority Site:
- 132-F-1 chronic feeding barn to a depth of 1.8 m (6 ft).
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2.1.4 San ling

Fc  types of samples were collected (as part of Task 5) during borehole and test |’
excavation: geologic samples (borehole), physical properties samples (borehole), analytical
samples (borehole and test pit), and archive samples (borehole). Geolo : samples were
taken at approximately S ft tervals and at major stratigraphic changes to aid in preparation
of borehole logs. All of the sampling intervals were logged in feet and are likewise
presented in this report (1 fi  ).3048 m).

Four samples for physical properties analyses were collected from the borehole at the
116-FR-14 retention basin. The physical properties samples were taken at 5 ft intervals.
The primary objective for sample collection was to represer the principal soil types.

Analytical samples were collected from the boreholes and test pits in accordance with
EII 5.2, Soil and Sediment Sampling (WHC 1988). One sample was collected from the
surface soil at each borehole and test pit location prior to drilling or excavation. The
remaining analytical samples were collected based on the following criteria:

o If ill cuttings or exposed material in the backhoe were greater than or e
to the action level for radionuclides (2X background) or VOC (5 ppm greater
than background), | analytical nple was collected at that point and
sampling continued at 5-ft intervals until two consecutive samples had
radionuclides or VOC field screening results less than the screening criteria.

o If drill cuttings or exposed material in the backhoe were less than the
established action level for radionuclides and VOC, the material from the test
pit or borehole continued to be screened. An analytical sample was collected
at the maximum expected waste depth and sampling continued at 5 ft intervals
until two consecutive samples passed the screening criteria.

2.2 AGGREGATE AREA INVESTIGATIONS

The 100 Area aggregate studies and Hanford Site studies provide integrated analyses
of selected issues on a larger scale than the operable unit.  he 100-FR-3 Groundwater
Operable Unit Work Plan (DOE-RL 1992b) addresses activities common to the 100 Area
such as a river impact study, shoreline studies, ecological studies, and cultural resource
studies. These studies provide data to be used in the LFI and in the selection of final
remedies.

2.2.1 100 Area Topography
The 100 Area operable units are topographically and environmentally similar. Each is
situated along the Columbia River bank. with the reactor located on a high gravel terrace left

by the recession of glacial floodwaters at the end of the Pleistocene. Shoreline areas grade
from steep banks with narrow cobble beaches to broad. stepped, well-defined floodplain

2-4
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terraces with gently sloping beaches. The tloodplain terraces consist of sand deposited
during the Holocene and occur on at least two levels, one dating to the early or middle
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. Information on the geology specific to the

F Area can be found in Geology of 100-FR-3 Operable Unit Hanford Site, South-Central
Washington (Raidl 1993).

2.2.2 Ecological Investigation

Ecological surveys of the 100 F Reactor area were completed as described in
Appendix D-2, Ecological Investigations, of the 100-FR-3 Ope ‘e Unit Work Plan
.. OE-RL 1992b).

Ecological surveys and sampling, related to CERCLA activities, have been conducted
in the 100 Areas and in and along the Columbia River adjacent to the 100 Areas. The field
investigations concentrated on bird surveys, mam: ' and insect surveys, vegetation surveys,
and sampling of other various biota for radionuclides and inorganic waste constituents. 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. Sampling included
reed canary grass, tree | es, aspar s, soil excavated from mammal burrows, ant mounds,
raptor pellets, and coyote scat. These samples were analyzed for target analyte list (TAL)
analytes and selected radionuclides. The results of these sample analyses have been compiled
and are presented in Landeen et al. (1993). ( er sampling results generated by sitewide
surve ance and facility monitoring programs that can be used in the evaluation of ecological
contamination are presented in Weiss and Mitchell (1992).

Except for zinc in asparagus, Landeen et al. (1993) did not note any probable
contamination in environmental samples collected from the 100 F Area. Samples from
asparagus collec | in the 100 F Area showed zinc concentrations as high as 97 ppm
(average control sample concentration was 61.75 ppm). Concentrations of other analytes
(inorganics and radionuclides) did not differ appreciably from collected control samples.

The area included within the former boundaries of 100 F Area is primarily dominated
by cheatgrass (Bromus tectorum) and rabbitbrush (Chrysorhamnus spp.). Sand dropseed
(Sporobolus cryprandrus) can be tound along the roadways. There are also numerous,
although scattered, remnant trees, including sycamores. mulberries, junipers, elms, and
poplars.

The shoreline adjacent to the 100 F Area is very steep, with a narrow riparian zone.
Much of the shoreline consists of large cobbles and boulders. At the southern end of the
boundaries of the 100 F Area the shoreline abruptly tlattens into a rocky plain that eventually
graduates into the backwater, wetland area known as F slough. The rocky plain has
opulations of lupine ({upinus spp.) and Gray’s desertparsley (Lomatium grayi).

to
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radiological analytical data were validated, but physical properties data were not. Resuits of
the data validation are presented in separate reports (Ayres 1993b and 1993c).

In addition to the data validation identified above, the LFI data were evaluated for use
in the LFI and QRA. This evaluation included (1) an inventory of all 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

ormation sources including project sample lists, borehole logs, sample tracking sheets, and
sample location maps.

Data compilation was done to verify that validation results were incorporated into the
analytical « abase and that the data qualifiers were listed. Rejected data were assigned the

qualifier "R". Data reje: for major quality deficiencies (e.g., technical concerns) were
not used, however data rejec 1 for ac  nistrative r . (missit = mentation) were
considered usab for the LFI and QF . Data r re 1n vi imer

Information System, CLP analysis data disks, validated analytical reports, 1.e., "Form 1"
sheets, and CLP data packages.

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 EPA’s "five or ten times rule" (EPA 1988). The ten times rule applies
to common laboratory contaminants, e.g., 2-butanone, acetone, methylene chloride, toluene,
and common phthalate esters. Detected concentrations of common lab contaminants had to
be > 10 times their corresponding blank value to be considered valid. Detected
concentrations of other contaminants had to be >S5 times their corresponding blank value to
be considered valid.

Data marked with "J" or "R" qualifiers were used for the LFI and QRA as indications
of contamination present, as were data that had no qualifiers attached. Data that were
marked with "U" or "UJ" qualifiers were not used because these qualifiers indicate no
contamination 1s present above specified value. Data that were marked with "B" qualifiers
were evaluated using the EPA five and ten times rule to assess if they were usable.

2.5 HANFORD SITE BACKGROUND

Results of the characterization of the natural chemical composition of Hanford Site
soils is presented in Hanford Site Background: Part I, Soil Background for Nonradioactive
Analytes (DOE-RL 1993a). The characterization included an analysis of physical properties
and factors that might affect the natural soil chemical composition, as determined by
regulatory protocols. Hanford Site soils have not been characterized to establish the natural
concent “‘ons of the following types of constituents: VOC, semi-volatile organic
compounds. pesticides and polychlorinated biphenyl (PCB), and radionuclides. Because
sitewide background levels tor organic and radionuclide constituents have not been
established, all detected concentrations of these constituents were considered as contaminants
of potential concern (COPC).
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Table 2-4 presents the 95 percentile of the lognormal distribution and the lognormal
distribution 95% upper threshold limits (UTL) for inorganic analytes of Hanford Site soils
(DOE-RL 1993a). Limited field investigation analytical data for inorganic constituents are
considered COPC if they exceed the 95% UTL values.
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Table 2-1 100-FR-1 Operable Unit Characterization Activities (Page 1 of 2)

Task Title Where Addressed

' Project Manageranrt Accomplished throughout project.

2 Source Investigation See subtasks below.

2a Source Data Compilation and Background information is incorporated into the work plan,

Review QRA, and LFI reports as appropriate (for historical information

see Deford 1993).

2b Surveying Coordinates and locations of sampling sites are documented in
the LFI report (Chapter 2 and 3) (see Ayres 1993a for sampling
locations).

2c Field Activities Field activity results are in the LFI report. Ground Penetrating
Radar surveys were completed as part of the LFI (Bergstrom
1993a, Bergstrom 1993b, Bergstrom 1993c, Bergstrom 1993d,
" rgstrom 1993e, 4 Mitchell 1993).
Analytical results and data validation are documented in data

2d Source Sample Laboratory validation reports referenced in Chapter 2 of LFI report (Ayres

Analysis and Data Validation 1993b and Ayres 1993c).

Source Data Evaluation The data were evaluated for use in the QRA and also evaluated
2e _ in the LFI report. _
3 Geologic Investigation Coordinated through the 100-FR-3 Operable Unit tasks (Raidl

1993).
4 Surface Water and Sediments Not applicable to 100-FR-1.

Investigation
5 Vadose Zone Investigation See subtasks below.
5a Data Compilation See subtask 2a.
5b Borehole Soil Sampling and Results ot the borehole investigations are presented in the LFI

Logging report (Chapter 3). Borehole logs are displayed in the figures in

the LFI report (Chapter 3) (for validated data reference Ayres
1993b).
Sc Test Pit Sampling Results of test pit investigations are presented in the LFI report
. (Chapter 3) (tor validated data see Ayres 1993b and 1993c).
The analysis and validation are documented in the data validation
5d Soil Sample Analysis reports referenced in LFI report (Chapter 2) (see Ayres 1993b
and Ayres 1993c).
The results 1n the geophysical logging are reported in the L
Se Geophysical Logginy report (Chapter 3 and Appendix B).
The data were evaluated tor use in the QRA and also evaluated
5f Data Evaluation in the LFI report.

2T-1a
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3.0 INVESTIGATION RESULTS AND CONCLUSIONS

-.is chapter presents results and conclusions from the investigations of the
high-priority sites, and at one low-| __)rity site in the 100-FR-1 Operable Unit. Sections 3.1
through 3.8 address the eight high-priority sites where intrusive field activities occurred.
Sections 3.9 through 3.18 address the nonintrusive investigations that occurred at the
remaining high-priority sites. Section 3.19 presents results of sampling at the 132-F-1
low-priority facility. Section 3.20 presents a summary of potential ARAR for the 100-FR-1
Operable Unit.

The following types of data are presented in discussions of the investigated sites:

Site location, size, characteristics, history, and expected contaminants.
geologic data obtained during the investigation.

Analysis of results from offsite laboratory analyses of soils samples for VOC,
semi-volatile organic compounds, metals, pesticides, PCB, radionuclides, and
on-site laboratory analyses of physical properties. Data validation qualifier
codes associated with specific analyses are included in tables at the end of
Chapter 3 and in the analytical data appendices.

Field screening data collected using hand-held instruments during sampling.
Field screening was intended to assist in selection of sample intervals and to
determine the depth at which drilling and sampling was stopped. Field
screening data are qualitative; the identification of specific constituents and
their concentrations are provided by the analytical results from the offsite
laboratories.

Borehole spectral gamma geophysical logging results.

Results of the comparison of data collected during the 1992 LFI and data from
previous "historical" investigations at the site.

Data applicable to the 100-FR-1 LFI that were obtained from the vadose zone
during the LFI of the 100-FR-3 Groundwater Operable Unit.

Concentrations of chromium and strontium-90 in groundwater from monitoring
wells downgradient and upgradient of the high-priority sites are reviewed to
assess the potential impact on groundwater in the uppermost unconfined
aquifer. Chromium and strontium-90 were dominant risk-drivers for the
100-FR-3 groundwater as analyzed in the 100-FR-3 QRA and LFI (DOE-RL
1994b). '

3-1
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3.1 116-F-1 LEWIS CANAL

The 116-F-1 (lewis canal) is an inactive liquid waste site that operated from 1953 to
1965. The canal is an unlined surface drainage feature measuring approximately 914 m
(3000 ft) long and 12 m (40 ft) wide, with an average depth of 3 m (10 ft). The headwall is
located 229 m (750 ft) northeast of the reactor building where the canal flows to the west but
immediately bends northwar and terminates at the Columbia River. The southern third
(upstream) of the 116-F-1 trench is marked by permanent concrete monuments and
"Underground Radioactive Material" warning signs. This portion of the trench has been
fully backfilled and is covered with large cobbles. It continues to be treated with herbicides
and no vegetation grows on its surface. Its headwall has also been buried and no portion of
it is visible. The northern (downstream) two-thirds has no monuments or warning signs
place.

Two 1.2 m (4 ft) deep feeder ditches drained into the canal. The southern (upstream)
feeder ditch provided drainage for the 183-F filter plant and the northern (downstream)
feeder ditch provided drainage for the 182-F reservoir and pump house. The sout’
(upstream) feeder ditch has been back™ ' 1discove ~w' ' 1 mont Its or
warning signs mark this ditch. The ditch was fed by a 1.2 m (48 in.), extra-strong,
reinforced concrete pipe before decommissioning, and it is unclear if this pipe remains in
place (Deford 1993). The northern (downstream) feeder ditch has not been backfilled. It
has a concrete headwall that is protected by a double-railed wooden fence in poor repair.
The opening in the headwall reveals a 1.2 m (48 in.) reinforced concrete pipe running from
the direction of the 182-F building. The headwall area is filled with tumbleweeds. No
monuments or warning signs mark this ditch.

An estimated 100,000,000 1 of waste entered 116-F-1 from 105-F, 182-F, 189-F, and
* 190-F buildings. In addition to radionuclide contamination, 116-F-1 also received
approximately 100 kg (220 ibs) of sodium dichromate and an estimated 10,000 kg

(22,000 1bs) of sulfamic acid (DOE-RL 1992a).

Figure 3-1 shows the locations of borehole 116-F-1A, and testpits 116-F-1B and
116-F-1C that were investigated during this LFI.
3.1.1 Geology

This site is characterized by fill material to a depth of approximately 8 ft bls. The 0
to 4 ft bls interval is composed of gravelly sand (approximately 80% sand). The soils from
4 to 22 ft bls (total depth of borehole 116-F-1A) are composed of sandy gravel (Figure 3-4).

3.1.2 116-F-1A Borehole Soil Samples

The 116-F-1A vadose zone borehole was drilled to a total depth of 6.1 m (22 ft) bls.
Four soil samples were collected for chemical and radionuclide analysis; BOSON1 (0-2 ft bls),
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BO8ON2 (9.5-11 ft bls), BOS8ON3 (14.5-16.2 ft bis), and BO8ON4 (18 to 20 ft bls).
Figure 3-6 is a summary diagram of the 116-F-1A borehole.

3.1.2.1 Chemical Analysis. Volatile organic compounds acetone, methylene chloride, and
toluene were detected in 116-F-1A. Toluene was detected in all four soil samples. The
maximum detection was in sample BO80ON4 (36 ug/kg) and was the only VOC that was
detected above the contract required quantitation limit (CRQL) 10 ug/kg. The volatile
organic analytical results are presented in Table 3-1.

Semi-volatile organic compounds bis-(2-ethylhexyl)phthalate and di-n-butylphthalate
were detected in sample BOSON! at 360 and 120 ug/kg respectively. Di-n-butylphthalate was
also detected in samples BOBON2 and BOSON3 at 130 and 150 ug/kg, respectively. Sample
BO80ON4 was not 2~ "'yzed be e of a brol iple cor” " er. The detected semivolatile
organic alytical u zpr atedinT L.

No pesticides or PCB compounds were detected in samples BO8ON1, BO8ON2, or
BO8ON3. No analytical results were obtained from sample BOBON4 due to a broken
container.

The concentrations of arsenic (44 mg/kg) and lead (207 mg/kg) in sample BOSON1
exceed the Hanford Site background 95% UTL values of 8.92 mg/kg and 14.75 mg/kg. No
other inorganics were detected above the Hanford Site background 95% UTL. The detected
inorganic analytical results are presented in Table 3-1.

3.1.2.2 Radionuclide Analysis. Table 3-1 presents a summary of the detected
radionuclides. Gross alpha was detected at 5.5 pCi/g in sample BO80ON1, gross alpha was
not detected below this interval. Gross beta levels were from 13 pCi/g to 21 pCi/g. The
maximum detected radionuclide was carbon-14 at 220 pCi/g in sample BOBON2. The only
other radionuclide detected above 1 pCi/g was potassium-40, with a maximum of *~ pCi/g in
sample BO8ONI1.

3.1.2.3 Field Screening. The well site geologist performed field screening for VOC using
an OVM photoionization detector (PID). Ambient VOC background at the start of drilling
was 0.6 ppm. No VOC were detected during the investigation of this site.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. The gross gamma background level for the site was
1,800 cpm, and gross gamma action level was 3,600 cpm. The maximum observed gross
gamma level was 2,500 cpm in the 2 ft to 4 ft bls interval which is within the fill material.
Background levels were not exceeded in the interval from 4 ft to 22 ft bls (total depth of
borehole).

The well site geologist also performed an analysis for hexavalent chromium on the
soil at 22 ft bls. No chromium was detected.

3.1.2.4 Geophysical Borehole Logging. Borehole 116-F-1A was logged from O ft to
16.5 ft bls; 5.5 ft less than total depth. The man-made radionuclides detected were:
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3.1.6 Grot IJwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds
(DOE-RL 1994b). Monitoring well 199-F7-2 is located downgradient of the 116-F-1 site.
No monitoring well is close enough to be considered an upgradient well. The maximum
concentrations of chromium were detected in July of 1993 at 19.3 ug/l. Strontium-90 was
not detected in any sampling conducted for the 100-FR-3 LFI for well 199-F7-2. Since no
upgradient values were available, the impact on groundwater from the 116-F-1 site could not
be determined.

3.2 116-F-2 BASIN OV""FLOW TRENCH

The 116-F-2 basin overflow trench is an inactive liquid waste site that operated from
1950 until 1965, The trench measures 91 m (300 ft) long, 15 m (50 ft) wide, and 4.5 m
(15 ft) deep. It received reactor cooling water from the 116-F-14 retention basin during
reactor outages due to fuel ruptures. It was also used for the disposal of decontamination
fluids generated from decommissioning of the retention basin and water from
decommissioning the F Reactor Fuel Storage Basin (DOE-RL 1992a). Contaminated cooling
water was diverted to the trench from one side of the retention basin through a 30-cm (12-in)
diameter steel pipe that connected the basin outlet with the north end of the trench.
However, in 1954 became necessary to use both sides of the retention basin for cooling
water storage and the outlet at the north end was no longer useful for diverting contaminated
water. It appears that at that time a bypass ditch was excavated, known as the EM bypass
- ditch. It extended from the 107-cm (42-in) pipe valve of the retention basin to the center of
the 116-F-2 basin overflow trench. The length of the EM bypass ditch, estimated from aerial
photographs, is 107 m (350 ft) (Deford 1993). It was used to direct contaminated cooling
water to the trench. This ditch is indicated on several facility drawings and can be identified
on aerial photographs of the 100 F Area.

An estimated 60,000,000 1 of liquid waste entered the 116-F-2 unit. In addition to
radionuclide contamination approximately 600 kg (1323 Ibs) of sodium dichromate were
reportedly disposed of in this trench. The 116-F-2 trench and EM bypass ditch have been
fully backfilled and appear today as a cobble covered field (Deford 1993).

Figure 3-2 shows the location of 116-F-2 and the approximate location of the LFI
vadose zone borehole. Figure 3.9 is a summary diagram of the 116-F-2 LFI borehole data.

3.2.1 Geology

The 116-F-2 site is covered by fill material to a depth of approximately 15 ft. The
0 ft to 5 ft interval is composed of moist, sandy gravel. The lithology then changes to a
moist, gravelly sand from 5 to 7.5 ft bls. From 7.5 ft to 24 ft bls the lithology is sandy
gravel. The 24 to 35.7 ft bls (total depth of borehole 116-F-2) interval is composed of dry,
gravelly sand (approximatety 80% sand).

3-7
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3.2.2 116-F-2 Borehole Soil Samples

Six samples were collected and submitted for chemical and radiological analysis from
the 116-F-2 vadose zone borehole, BO80M4 (0 ft to 2 ft bls), BOSOM6 (10 ft to 12 ft bls),
BO80OM7 (14.8 ft to 16.8 ft bls), BOBOMS (19.7 ft to 21.7 ft bls), BOBOMY (24.5 ft to
26.5 ft bls), and BOS8ONO (30 ft to 32 ft bls).

3.2.2.1 Chemical Analysis. Methylene chloride and toluene were the only VOC detected in
sample BO8ONO, with values of 2 ug/kg and 4 ug/kg respectively, both of which were below
the CRQL of 10 pug/kg. Table 3-4 presents the VOC analytical results.

The semi-volatile organic compounds detected were benzo(b)fluoranthene (83 ug/kg),
chrysene (48 ug/kg), and di-n-butylphthalate (71 ug/kg). All semi-volatiles detected were
below the CRQL 330 ug/kg. Table 3-4 presents the semivc itile analytical results.

No pestic s or PC™ were detected.

Concentrations of inorganic compounds that e it T aford ¢ 7 id
95% UTL were cadmium (1.6 mg/kg), barium (338 mg/kg), chromium (98.1 mg/kg), and
zinc (295 mg/kg) (Table 3-4).

3.2.2.2 Radionuclide Analysis. Table 3-4 presents a summary of the detected
radionuclides. The highest concentration of radionuclides were in the 10 ft to 12 ft bls
interval in fill material. Radionuclides that were detected above 1 pCi/g were: carbon-14,
cobalt-60, strontium-90, cesium-137, europium-152, europium-154, and plutonium-239/240.
The highest of the radionuclides detected were carbon-14 (230 pCi/g), europium-152

(550 pCi/g), and europium-154 (360 pCi/g). Gross alpha was detected at 10 and 11 pCi/g in
samples BOB0OMS8 and BO80OM6. Gross beta ranged between 16 and 350 pCi/g.

3.2.2.3 Field Screening. The well site ‘:ologist performed field screening for VOC using
an OVM PID. The VOC site background was determined to be 0.0 ppm, and the action
level for VOC was 5 ppm. The maximum VOC were in the 10 ft to 12 ft bls interval, at
levels of 5.6 ppm and 16 ppm. No other VOC were detected above the action level.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector. The gross gamma background level for the site was 1,700 cpm, and the gross
gamma action level was 3,400 cpm. The beta-gamma activity was monitored using a
Geiger-Mueller detector with a P-11 probe. The beta-gamma site background level was
100 cpm. The maximum gross gamma concentration of 15,000 cpm was measured at
14 ft bls. Readings that were above the established action level were found from 10 ft bls to
22 ft bls. All soils screened had beta-gamma activity levels less than site background.

The well site geologist also performed an analysis for hexavalent chromium on the
soil at 35.7 ft bls (total depth of borehole). No chromium was detected.
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3.2.2.4 Geophysical Borehole Logging. Borehole 116 . 2 was logged from O ft to

32 ftt . The man-made radionuclides detected were: cobalt-60, cesium-1.., europium-152,
and europium-154. Cesium-137 is present from 5 ft to 32 ft bls, with a broad activity peak
from 10 ft to 20 ft bls, and a maximum activity of 19 pCi/g at 14.5 ft bls. Cobalt-60 was
detected from 5 ft to 22 ft bls, with a broad activity peak from 8 ft to 18 ft bls, and a
maximum activity of 6.3 pCi/g at 14.5 ft bls. Europium-154 was detected from 1.5 ft to

30 ft bls. The maximum activity of 143 pCi/g occurred at 10.5 ft bls. Europium-152 was
detected from 6 ft  20.5 ft bls. The maximum activity of 13.6 pCi/g occurred at 14 ft bls.

3.2.3 Summary

Methylene chloride and toluene were detected in sample BOSONO (30 ft to 32 ft) at
concentrations less than the CRQL. Both methylene chloride and toluene are typ:
laboratory contaminants. Historical records do not indicate that methylene chloride or
toluene were disposed of in the 100-FR-1 Operable Unit (DOE-RL 1992a). The maximum
organic compound detected was benzo(b)fluoranthene at 83 ; ~'kg in sample semi-volatile
BO80M6. No semi-volatile exceeded the CRQL of 330 pg/kg. No pesticiaes or PCB were
detected in samples taken from the 116-F-2 borehole.

Inorganic constituents that exceeded the Hanford Site background 95% UTL were:
cadmium, chromium, and zinc in sample BO8OM®6 (10 ft to 12 ft bls), and barium in sample
BO80MS (19.7 ft to 21.7 ft bls). Historical sampling data for organic, inorganic, and
nonradionuclide constituents are not available for comparison.

Radionuclide contamination was found to exist from surface to total depth of the
116-F-2 borehole. The highest radionuclide contamination was found in sample BO8OM6
(10 ft to 12 ft). Field screening of radionuclides during drilling detected contamination
throughout the borehole, with a maximum gross gamma detection of 15,000 cpm at 14 ft bls.
Man-made radionuclides detected during spectral gamma logging of the borehole included:
cobalt-60, cesium-137, europium-154, and europium-152. The maximum man-made
radionuclide concentration detected during logging was 143 pCi/g of europium-154 at
10.5 ft bls.

Dorian and Richards (1978) investigated four soil borings at the 116-F-2 site and four
soil borings in the EM bypass ditch in connection with the 116-F-14 retention basin
investigation. ‘The highest radionuclide contamination reported was in the 20 ft to 25 ft
interval. The maximum radionuclide detection was europium-152 at a depth of 20 ft bls.
The analytical results and soil boring locations of the Dorian and Richards sampling are
presented in Appendix A.

Four sites which are analogous to the 116-F-2 site and are located in other source
operable units have been examined thus far by LFI. These are 116-B-1, 116-DR-1,
116 ™R-2, and 116-H-1. To assess the concept that these sites are analogous, a comparison
of radionuclide and chemical analytical results from the LFI samples was performed. Table
3-5 presents a comparison of the maximum detected constituents in the analogous facilities.
The radionuclide contaminants present in samples from the five sites are similar. Chromium
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was detected in concentrations greater than the Hanford Site 95% UTL in four of the five
sites. Chromium is not a contaminant in the 116-DR-2 site, cadmium and silver are.
Barium was only detected in the 116-F-2 site.

3.2.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds
(DOE-RL 1994b). No monitoring wells are positioned close enough to 116-F-2 to accurately
assess the impact of this site on the groundwater.

3.3 116-F-3 FUEL STORAGE BASIN TRENCH

The 116-F-3 fuel storage basin trench is located approximately 38 m (125 ft) south of
the reactor building and is oriented in an east-west direction. Itis 30 m (100 ft) loo 6 m
(20 ft) wide, and has a « ith of 2.4 m (8 ft). It was used from 1947 to 1951. 116-+-3
received reactor effluent during fuel cladding failure. In 1951, the site also received sludge
from the F Reactor fuel storage basin (DOE-RL 1992a).

The trench has been fully backfilled and appears today as an unfenced gravel-covered
field. Concrete monuments and "Underground Radioactive Material" warning signs mark a
general zone that includes the trench area. No vent pipes or other appurtenances are visible
(Deford 1993).

An estimated 7,000,000 1 of liquid waste entered this trench (Stenner et al. 1988). In
addition to the radionuclide contamination, 4 kg of sodium dichromate were reportedly
disposed of in this unit.

Figure 3-1 shows the location of the 116-F-3 site and the approximate location of the
test pit investigated for this LFI. Figure 3-10 is a summary diagram of the 116-F-3 test pit.

3.3.1 Geology

The LFI site investigation for the 116-F-3 fuel storage basin trench consisted of one
test pit which was sampled from 0 to 17 ft bls. There is no geologic description from this
activity, but it is assumed that the lithology is composed of sands and gravels similar to those
encountered at other 100-FR-1 waste sites.

3.3.2 116-F-3 Test Pit Soil Samples

The total depth of the 116-F-3 test pit was 17 ft bls. Four soil samples were
collected, BO8GS82 (1 ft bls), BO8G83 (7 ft bls), BO8G84 (12 ft bls), and BOBGS85 (17 ft bls).
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3.3.2.1 Chemical Analysis. Toluene was detected in the surface sample (BO8GS82) at
21 pg/kg, and 4-methyl-2-pentanone in the 7 ft sample (BO8G83) at 11 ug/'-~ No other
VOC were detected above the CRQL (10 pg/kg). Table 3-6 presents a summary of the
detected VOC.

The semi-volatile o-~1nic compounds, fluoranthene and pyrene were both detected at
440 ug/kg in the surface sample (B0O8G82). No other semi-volatile organic compounds were
detected above the CRQL (330 pg/kg). Table 3-6 presents a summary of the detected
semi-volatiles.

Toxaphene was detected in sample BO8G83 (190 ug/kg) above the CRQL
(170 pg/kg). Aroclor-1254, also in sample BO8G83, was detected above the CRQL
(33 ng/kg) at 180 ug/kg. No other pesticides or PCB were detected in the other three
samples. Table 3-6 summarizes the detected pesticides and PCB.

Inorganic ¢t ipounds that exceeded the Hanford Site background 95% UTL were:
barium, chromium, lead, mercury, and zinc. Barium was detected in the surface sample at
378 mg/kg, and was the maximum inorganic concentration detected. No inorganic
compounds were detected in concentrations exceeding the 95% UTL values below the 7 ft bls
interval. Table 3-6 summarizes the detected inorganic constituents.

3.3.2.2 Radionuclide Analysis. Radionuclides detected in the 116-F-3 were: potassium-40,
cobalt-60, cesium-137, europium-152, europium-154, radium-226, thorium-228,
thorium-232, uranium-233/234, plutonium-238, uranium-238, plutonium-239/240, and
americium-241. T! maximum radionuclide concentration was 190 pCi/g of europium-152
in sample BO8G83 (7 ft bls). The maximum gross alpha was 7.9 pCi/g in sample B08G84.
.u€ maximum gross beta detected was in sample BO8G83 (71 pCi/g). Table 3-6 summarizes
the detected radionuclides in the 116-F-3 test pit.

3.3.2.3 Field Screening. No VOC were detected above the action level (5 ppm) during the
116-F-3 test pit investigation.

Field screening of radioactivity was performed by the well site geologist using a
Ludlum 14C portable scintillation detector. The site gross gamma background was 75 cpm.
Readings exceeding site background occurred from 7 ft to 12 ft bls with the maximum
reading at 7 ft bls (1500 cpm).

The well site geologist also performed field screening for hexavalent chromium from
the 17 ft bls soils. No hexavalent chromium was detected above 10 ppm detection limit.

3.3.3 Sut ary
Sampling of the 116-F-3 test pit did not show significant amounts of volatile organic
contamination. Toluene and 4 methyl-2-pentanone were the only volatiles that were detected

above the CRQL. Although toluene and 4 methyl-2-pentanone are probably attributed to
sampling media or laboratory contamination, the analyses were not flagged with a "B"
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qualifier to indicate laboratory blank contamination. Historical records do not indicate that
toluene was disposed of in the 100-FR-1 Operable Unit (DOE-RL 1992a). No volatiles were
detected during continuous field screening of the test pit. The semi-volatile organic
compounds fluoranthene and pyrene were detected in the O ft to 1 ft sample. The source of
these contaminants in the 100-FR-1 Operable Unit are unknown. No other semi-volatiles
were detected in excess of the CRQL. Pesticide and PCB contamination consisted of
toxaphene and aroclor-1254, both were detected in sample B08083 (7 ft bls). No inorganic
contamination was detected below the 7 ft interval. Inorganic COPC are barium, chromium,
lead, mercury and zinc. Historical data are limited to radionuclide analyses only, therefore,
a comparison of organic, inorganic and nonradionuclide constituents was not possible.

Dorian and Richards (1978) radiological sampling d: . from the 116-F-3 site consisted
of two soil samples from 18 ft and 20 ft. All radionuclides detected measured <1 pCi/g,
and the highest detection during field screening (using a P-11 probe) v 30 cpm at 20 ft.
Limited field investigation analyses indicated maximum radiological contamination in sample
B08G83 (7 ft bls), with europium-152 being the highest detected value at 190 pCi/g. Field
screening for radionuclides also showed the highest detections in the 7 ft interval, with

T e ilee " f a7ft 12ft°° - ‘ 7
boring locauons are presentea in Appendix A.

Three sites which are analogous to the 116-F-3 site and are located in other source
operable units have been examined thus far by LFI. These are 116-B-2, 116-D-la, and
116-D-1b. To assess the concept that these sites are analogous, a comparison of radionuclide
and chemical analytical results from the LFI samples was performed. Chromium and lead
were detected in three of the four analogous sites. Barium was only detected in the 116-F-3
samples. Little similarity exists for VOC, semi-volatiles, or pesticide/PCB contamination
between the analogous sites. Radionuclide contaminants in the analogous sites were found to
be similar to those found at 116-F-3. Table 3-7 presents a comparison of the maximum
detected constituents in the analogous facilities.

3.3.4 Groundwater ° jessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds
(DOE-RL 1994b). Monitoring wells 199-F5-47 and 199-F5-4 are downgradient of site
116-F-3. No monitoring well is located close enough to this site to be considered an
upgradient well. In well 199-F5-47 the maximum detection of chromium was 20.7 ug/l in
April of 1993. The maximum level of strontium-90 was detected in April 1993 at 3.8 pCi/l.
In well 199-F5-4 the maximum detection of chromium was 19.7 ug/l in April of 1993.
Strontium-90 was not detected in well 199-F5-4. Since no upgradient values were available,
the impact to groundwater from the 116-F-3 site could not be determined.
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3.4 116. 4 PLL.D CRIB

The 116-F-4 (pluto crib) is an inactive liquid waste site that operated from 1950 to
1952. The crib is a 3 m (10 ft) by 3 m (10 ft) by 3 m (10 ft) deep wooden vault located
36.5 m (120 ft) southwest of the 105-F Reactor. 116-F-4 received liquid waste from the
105-F Reactor during outages due to fuel ruptures. The site was excavated in 1993 after LFI
activities as a part of the 100 Area Excavation ..eatability .cst Plan and is no longer in -
place.

An estimate 4,000 1 of cooling water contaminated with 280 Ci of fission products
was discharged to this crib from reactor process tubes. The pluto crib also reportedly
received approximately 0.004 kg of sodium dichromate (Deford 1993).

Figure 3-1 shows the location of the 116-F-4 pluto crib and the approximate location
of the vadose zone borehole investigated for this LFI. . .gure 3-11 is a summary diag m of
the LFI borehole data.

3.4.1 Geology

The 116-F-4 site is characterized by approximately 9 ft of fill material above native
sediments. Soils include the following: sandy gravel from O to 9 ft bls, gravelly sand from
9 to 16 ft bls, and sandy gravel from 16 to 28 ft bls (total depth of the 116-F-4 borehole).

3.4.2 116-F-4 Borehole Soil Samples

Six soil samples were taken and submitted for chemical and radionuclide analysis in
the 116-F-4 borehole. Samples numbers and intervals were as follows: BO080P2 (0 to
2 ft bls), BO8OP3 (5 ft to 7 ft bls), BOSOP4 (9.4 ft to 11.4 ft bls), BOBOPS (13.4 to
15.6 ft bls), BOBOP9 (19 ft to 20.8 ft bls), and BOB0OQ3 (25 ft to 26.8 ft bls).

3.4.2.1 Chemical Analysis. The VOC detected above the CRQL of 10 ug/kg were,
2-butanone, acetone, and toluene. Methylene chloride was detected at levels below the
CRQL. Acetone had a maximum detection of 14 ug/kg in sample BOSOP2. The only
detection of 2-butanone was 22 ug/kg in sample BOS0P2. Toluene was detected in all of the
samples, but was greater than the CRQL only in sample BO80P4 (13 ug/kg). Volatile
organic compound concentrations appear to be decreasing with depth. Because sample
BO80P3 was not analyzed, due to a broken sample container, no results exist for the 5 ft to
7 ft interval. Table 3-8 presents a summary of the VOC analytical results.

The semi-volatile organic compound bis(2-ethylhexyl)phthalate was detected at
800 ug/kg. No other semi-volatile compounds were detected above the CRQL of 330 ug/kg.
Because sample BO80P3 was not analyzed, no results exist for the 5 ft to 7 ft interval.
Table 3-8 presents a summary of the semi-volatile organic compounds detected in the
116-F-4 borehole.
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No pesticides or PCB were detected in the 116-F-4 borehole.

Barium was detected at 208 mg/kg in sample BO8OP3. No other inorganics were
detected above the Hanford Site 95% UTL.

3.4.2.2 Radionuclide Analysis. Gross alpha detections ranged from 14 pCi/g in sample
BO8OP3 to 96 pCi/g in sample BO80P4. Gross beta concentrations ranged from 20 pCi/g in
sample BO8OP2 to 4900 pCi/g in sample BO8OP4. The maximum concentrations were found
in sample BO80P4 (9.4 ft to 11.4 ft bls). Radionuclides detected above 1 pCi/g in the
B080P4 sample were: potassium-40 (11 pCi/g), strontium-90 (1500 pCi/g), cesium-137
(1800 pCi/g), europium-152 (16 pCi/g), plutonium-239/240 (130 pCi/g), and americium-241
(12 pCi/g). Concentrations of radionuclides decreased with depth. The only radionuclide
detected above 1 pCi/g in samples BOSOP9 and BO80Q3 was potassium-40. Table 3-8
presents a summary of the radionuclides detected from the sampling of 116-F-4 vadose zone
borehole.

3.4.2.3 Field Screening. The well site geologist performed field screening for VOC using
an OVM P No V'™ 7 were « during t* inn "bo "¢’ 116-F-4.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. The gross gamma background level for the site was
1,500 cpm. The maximum gross gamma level detected during this investigation was
150,000 cpm at 11 ft to 12 ft bls. Gross gamma exceeding the site background level was
found from 2 ft to 25 ft bls, which corresponds to the borehole geophysical logging results.

3.4.2.4 Geophysical Borehole Logging. The 116-F-4 borehole was logged from O to

24.9 ft bls. The three man-made radionuclides detected during logging were, cesium-137,
europium-152, and europium-154. Cesium-137 was detected from O ft to 22 ft bls, with
maximum calculated activities of 425 pCi/g and 2,280 pCi/g at depths of 2.5 ft and

10.5 ft bls respectively. Europium-152 was detected from 2 ft to 4 ft bls, with a maximum
of 5 pCi/g at 2.5 ft. It was also detected from 6 ft to 14 ft bls, with a maximum of 20 pCi/g
at 10 ft bls. Europium-154 was detected from 9 ft to 13.5 ft bls, with a maximum of

2 pCi/g at 9.5 ft.

3.4.3 Treatability Test Excavation Overview

The 100 Area Excavation Treatability Test (DOE-RL 1994c) was conducted by
excavating the contaminated soil from the 116-F-4 pluto crib. Approximately 4500 yd® of
soil was removed during the excavation. Of this material, over 500 yd® was designated
contaminated soil. At the completion of the test the clean soil along with make-up soil was
used to refill the excavation hole, and the surtace was returned to grade level.

In order to ensure that the excavation removed all contamination from the crib,

verification samples were taken from varying depths from the sides and base of the
excavation. Soil sampling was also conducted in the clean spoil piles to ensure that the soil
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set aside as clean material met the applicable requirements for use as clean fill (DOE-RL
199%4c).

Treatability test soil sampling indicated that the 116-F-4 pluto crib and all associated
contamination has been successfully removed to levels below current guidance. Full
analytical results are presented in the /00 Area Excavation Treatability Test Report (DOE-RL
1994c).

3.4.4 Summary

T |16-F-4 data used in the Qualitative Risk Assessment of the 100-FR-1 Source
Op¢ ble _.it .. ’HC 13), which is summarized in Section 4 of thi , is° on
the 116 . 4 L. _ borehole data and is presented in this report for info only.

Volatile organic compounds in the 116-F-4 borehole that exceeded the CRQL of
10 ug/kg were: 2-butanone, acetone, and toluene. Although these constituents are most
likely attributable to sampling media or laboratory contamination the analyses were not
flagged with the "B" qualifier to indicate laboratory blank contamination. Historical records
do not indicate the disposal of these contaminants in the 100-FR-1 Operable Unit (DOE-RL
1992a). Bis(2-ethylthexyl)phthalate, in sample BO8OP2 (O ft to 2 ft bls), at 800 ug/kg, was
the only semi-volatile detected above the CRQL. Bis(2-ethylhexyl)phthalate is commonly
used as a liquid in vacuum pumps (Sax and Lewis 1987), but no records indicate that it was
disposed of in the 100-FR-1 Operable Unit. No analyses were performed for volatile organic
and semi-volatile organic compounds for sample BO8OP3 (5 ft to 7 ft) because that sample
was not received by the laboratory.

No pesticides or PCB were detected in the 116-F-4 borehole. The only inorganic
compound detected above the Hanford Site background 95% UTL was barium in sample
BO8OP3 (5 ft to 7 ft) at 208 mg/kg. No historical sampling data exists for organic,
inorganic, or nonradionuclide constituents, therefore, a comparison is not possible.

Radionuclide contamination was detected in all samples collected from the 116-F-4
borehole. The maximum concentrations were detected in sample BO80P4 (9.4 ft to
11.4 ft bls). Radionuclide contamination decreased with depth, only potassium-40 was
detected above 1 pCi/g below the 13.4 ft to 15.6 ft sample interval. Field screening and
borehole geophysical logs also show maximum contaminant levels in this interval. The
maximum detected field screening for gross gamma was 150,000 cpm in the 11 ft to 12 ft
interval. Cesium-137 was the highest detected contaminant in sample BO80P4 at
1,800 pCi/g. Cesium-137 was also the maximum detected contaminant in the spectral
gamma log (2283 pCi/g) at 10.5 ft.

Treatability test soil sampling indicated that the 116-F-4 Pluto Crib contamination has
been successfully removed to levels below current guidance (DOE-RL 1994c).
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3.4.5 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DC -RL
1994b). Monitoring wells 199-F5-47 and 199-F5-4 are downgradient of site 116-F-4. No
monitoring well is located close enough to this site to be considered an upgradient well. In
well 199-F5-47 the maximum detection of chromium was 20.7 g/l in April of 1993. The
maximum level of strontium-90 was detected in April 1993 at 3.8 pCi/l. In well 199-F5-4
the maximum detection of chromium was 19.7 ug/l in April of 1993. Strontium-90 was not
detected in well 199-F5-4. Since no upgradient values were available, the impact to
groundwater from the 116-F-4 site could not be determined.

3.5 116-F-6 L )UID WASTE DISPOSAL TRENCH

The 116-F-6 liquid waste disposal trench is an inactive liquid waste site that operated
from 1952 to 1¢ _i. The trench is 90 m (300 ft) long, 30 m (100 ft) wide, and 3 m (10 ft)
1 ¢ 7T (180 ft) 1" 105-F
building. The trench received cooling water while maintenance and repairs were being
performed on the effluent system. This trench was also used during several reactor
upgrades. In 1956, effluent water overflowed, flooding an area south of the site. This area
was later released from radiological control (DOE-RL 1992a).

The trench has been backfilled with 3.0 m to 3.7 m (10 to 12 ft) of added soil, and
today appears as a large, unfenced cobble-covered field with little vegetation growing. The
site is within a large zone of permanent concrete monuments with "Underground Radioactive
Material” warning signs. No vent pipes or other accessories are evident. The waste site has
recently been extended to the east by erecting a light-weight chain fence with warning signs
due to the exceedance of allowable surface radioactivity levels. The extension is
approximately 7.6 x 122 m (25 x 400 ft) and has not been stabilized in the same manner as
the original site (Deford 1993).

116-F-6 received an estimated 100,000 | of liquid waste. In addition to radioactive
contamination 3,000 kg of sulfamic acid were reportedly disposed into this unit.

Figure 3-1 shows the location of the 116-F-6 site and the approximate location of the
vadose zone borehole. Figure 3-12 is a summary diagram « the LFI borehole data.

3.5.1 Geology
This site is characterized by sandy gravel to 26 ft bis (total depth of borehole). The
site is reported to have been backfilled with 10 ft to 12 ft of soil (DOE-RL 1992a), however,

the well site geologist found no discernable characteristics between the fill and native soils -
that indicated the contact.
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3.5.2 116-F-6 Borehole Soil Samples

Borehole 11 -6 was drilled to a total depth of 26 ft bls. Five soil samples were
col ted d submitted for chemical and radionuclide analysis. Samples collected were:
from BOSOL9 (0 to 2 ft bls), BOBOMO (6.5 to 8.5 ft bls), BO8OMI1 (9 ft to 11 ft bls),
BO8OM2 (15 ft to 17 ft bls), and BO8OM3 (19 ft to 21 ft bls).

3.5.2.1 Chemical Analysis. The VOC detected in borehole 116-F-6 were acetone, benzene,
methyler chloride, and toluene. The maximum detection for acetone was in sample
BO80OM3 (15 ug/kg). The maximum detection of toluene v 12 pg/kg in © 1ple BOBOMI.
Acetone and toluene were the only VOC that were detected above the CRQL. Table 3-9
presents the detected VOC in 116-F-6.

T ni-volr“*'~ organic compound di-n-butylphthalate w. detected at 140 ug/kg in
sample BOBOMI1. Bis(2-ethylhexyl)phthalate was de :ted at 72 ug/kg in sample BOSOM2.
No other semi-volatile organic compounds were detected. No semi-volatile compounds were
detected above the CRQL. Table 3-9 presents a summary of the semi-volatile organic
compounds detected in the 116-F-6 borehole.

Chromium, in sample BO8OMO (30.2 mg/kg), and zinc in sample BOSOMO
(106 mg/kg) were detected above the Hanford Site background 95% UTL. Table 3-9
presents the detections in the LFI of 116-F-6.

3.5.2.2 Radionuclide Analysis. Table 3-9 summarizes the radionuclide concentrations.
Gross beta ranged from 14 pCi/g in sample BO80L9 to 350 pCi/g in sample BO8OMO. The
maximum concentrations of radionuclides occurred in sample BOBOMO. The radionuclides
that were detected above 1 pCi/g in that sample were: potassium-40, cobalt-60, strontium-90,
cesium-137, europium-152, europium-154, and plutonium-239/240. Cesium-137 (230 pCi/g)
and europium-152 (190 pCi/g) were the largest radionuclide concentrations detected.

3.5.2.3 Field Screening. Volatile organic compounds were monitored by the well site
geologist using an OVM PID. No VOC were detected above the action level of 5 ppm
during the drilling of borehole 116-F-6.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. The gross gamma background level for the site was
1,690 cpm. The maximum gross gamma level detected during this investigation was 21,000
cpm at 8 ft to 9 ft bls. Gross gamma levels exceeding site background were detected from
6.5 ft to 13 ft bls. No beta readings exceeded the site background of 65 cpm.

The well site geologist also performed an analysis for hexavalent chromium on the
soil from 25 ft bls. No chromium was detected.

3.5.2.4 Geophysical Borehole Logging. The 116-F-6 borehole was monitored from O ft to
13.5 ft and from 15 ft to 23 ft bls. The maximum calculated activity for all of the man-made
radionuclides detected was found at 6.5 ft bls. The man-made radionuclides detected were,
cobalt-60, cestum-137, europium-152, and europium-154. Cesium-137 was detected from
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5 ft to 15 ft bls, with a maximum calculated activity of 74 pCi/g. Cobalt-60 was detected
from 4.5 ft to 10 ft bls, with a maximum calculated activity of 18 pCi/g. Europium-152 was
detected from 4 ft to 16 ft bls, with a maximum of 169 pCi/g. Europium-154 was detected
from 4.5 ft to 10 ft bls, with a maximum of 20 pCi/g.

3.5.3 Summary

Acetone was detected in low concentrations in three samples in excess of the CRQL
with a maximum concentration of 15 ug/kg in the 19 ft to 21 ft sample. Toluene was also
detected in excess of the CRQL in one sample at 12 ug/kg. No historical records indicate
that acetone or toluene were disposed of in the 100-FR-1 Operable Unit. Although these
contaminants are most likely attributable to sampling media or lab contamination, the
analyses were not flagged with the "B" qualifier to indicate laboratory blank contamination.
Benzene and methylene chloride were also detected but were far b-* ~ the CRC™ No
semivolatiles were detected in excess of the CRQL. No pesticides or PCB were detect
Chromium and 1c were detected above the Hanford Site background 95% UTL at
30.2 mg/l d 106 mg/kg respectively. His ical ) (5
nonradionuclide constituents are not available for comparison.

The maximum radionuclide contamination for 116-F-6 was found in sample BO80OMO
(6.5 ft to 8.5 ft bls) in what was reported to be fill material. The maximum gross beta
measurement (350 pCi/g) was detected in this interval. Cesium-137 and europium-152 were
the highest detected values in this interval at 230 pCi/g and 190 pCi/g respectively.
Geophysical logs for the 116-F-6 borehole also revealed maximum values for man-made
radionuclides at 6.5 ft, the highest of which being europium-152 at 169 pCi/g. The
geophysical logs detected radionuclides from 4 ft to 16 ft bls. Field screening results showed
gross gamma readings at 6.5 ft of 6,500 cpm increasing to 21,000 cpm at 8 ft to 9 ft bls.
Field screening showed gross gamma levels that exceeded the site background from 6.5 ft to
13 ft bls.

Dorian and Richards (1978) reports the results of soil samples collected from four
sites in the 116-F-6 trench. The maximum concentrations for the historical sampling was
found in soil boring "A" at 7.5 ft. Radionuclides detected were: tritium, uranium, cobalt-60,
strontium-90, cesium-137, europium-152, europium-154, europium-155, plutonium-238, and
plutonium-239/240. Radionuclide concentrations showed a decrease with increased depth.
Analytical results and soil boring locations are presented in Appendix A.

3.5.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F8-2 is upgradient, and monitoring well 199-F5-47 is
downgradient of site 116-F-6. Chromium values in the upgradient well were not appreciably
different from those values found in the downgradient well. The maximum strontium-90
concentration in upgradient well 199-F8-2 was 41 pCi/l, and the maximum concentration in
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the dowr ~~adient well 199-F5-47 was 3.8 pCi/l. It does not appear that the 116-F-6 trench
is currently impacting groundwater.

3.6 116-F-9 PNL ANIMAL WASTE LEACH TRENCH

The animal waste leach trench is located 46 m (150 ft) northeast of the 116-F-14
retention basin. The site consists of two trenches joined to form a "Y" shape. The longer
leg measures 120 m (400 ft) by 5 m (15 ft) by 3 m (10 ft) deep and the shorter section is
30 m (100 ft) long and of similar width and depth. 116-F-9 received waste water from the
cleaning of animal pens in the EAF from 1963 to 1976 (DOE-RL 1992a).

The trench appears today as a cobble-covered, open field, immediately northeast of
the 107-F retention basin. The trench is unfenced and has no unique identifying irkers. It
it within a larger a  identif .by| ma t concrete mar and the "Underground
Radioactive Material" warning signs (Deford 1993).

The animal waste leach trench received an estimated 300,000,000 1 of liquid waste.
This unit contains radiological contamination from EAF activities (Stenner et al. 1988).

Figure 3-2 shows the location of the animal waste leach trench and the approximate
location of the vadose zone borehole at the north end of this unit.

3.6.1 Geology

116-F-9 is covered by approximately 9 ft of fill material, the O to 8 ft bls interval
being sandy gravel, and 8 to 9 ft bls being silty sandy gravel. The 9 to 21 ft bls interval is
sandy gravel. Soils in the 21 to 25 ft bls interval are composed of gravelly sand. Sandy
gravel makes up the soil found between 25 and 26.8 ft bls (total depth of borehole).

3.6.2 116-F-9C I ehole Soil Samples

Five soil samples were collected and submitted for chemical and radionuclide analysis
from the 116-F-9C vadose zone borehole. The samples were BOSONS (2.5 ft to 4.5 ft bls),
BO8BONG6 (9 ft to 11 ft bls), BOBON7 (14.5 ft to 16.5 ft bls), BOSONS (16.5 to 18.5 ft bls),
and BO8OPO (23 ft to 25 ft bls). Sample BOBONS was taken from 2.5 ft to 4.5 ft bls due to
poor sample recovery in the O ft to 2 ft bls interval. Figure 3-13 is a summary diagram of
the 116-F-9C LFI data.

3.6.2.1 Chemical Analysis. The VOC detected equal to or greater than the CRQL were:
toluene in samples BOSONS and BOSONG6 (10 ug/kg), acetone in samples BOSON6, BOBONS
and BO8OPO (11, 11, and 12 ug/kg), and 2-butanone in sample BO8OPO (23 ng/kg). Table
3-10 presents a summary of the VOC detected.
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Di-n-butylphthalate was the only semi-volatile organic compound detected. The
concentration was 74 ug/kg in sample BOBOPO. No semi-volatile was detected above the
CRQL of 330 ug/kg.

Alpha-chlordane and gamma-chlordane exceed the CRQL in two samples, with
maximum values of 4.7 and 4.8 ug/kg, respectively, in sample BOSON6. Table 3-10 presents
a summary of the detected pesticides and PCB.

No metals or other inorganic compounds were detected in concentrations above the
Hanford Site 95% UTL at the 116-F-9C borehole.

3.6.2.2 Radionuclide Analysis. No gross alpha was detected in any of the samples
analyzed. Gross beta levels ranged from 11 pCi/g in sample BO8ONS to 52 pCi/g in sample
BO8ONG6. The radionuclides that were detected above 1 pCi/g in the 116-F-9C borehole
were: carbon-14, potassium-40, and strontium-90. Strontium-90 valt ged from

15 pCi/g to 19 pCi/g in the 9 ft to 25 ft bls interval. Carbon-14 values ranged from

120 pCi/g to 140 pCi/g in the O ft to 11 ft bls interval. Table 3-10 presents a summary of
the radior  lic ¢ I at the 116-F-9C bo "¢’

3.6.2.3 Field screening. Volatile organic compounds were monitored by the well site
geologist using an OVM PID. No VOC were detected above the action level of 5 ppm
during the drilling of borehole 116-F-9C.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. The gross gamma background level for the site was
1,800 cpm. The gross gamma background was exceeded at 9 ft bls (2,000 cpm) and at
13.5 ft bls (2,100 cpm). The beta site background was 65 cpm which was exceeded from
4 ft bls to 16 ft bls. The maximum beta reading during the investigation was 100 cpm.

The well site geologist also performed an analysis for hexavalent chromium on the
soil from 25 ft bls. No chromium was detected.

3.6.2.4 Geophysical Borehole Logging. The 116-F-9C borehole was logged from 0 ft to
24 ft bls. Trace amounts of cesium-137 were detected (0.3 pCi/g) at 17 ft bls. The
cesium-137 observed concentrations were near the limit of the system sensitivity for low
level activity at 17 ft bls. No other man-made radionuclides were observed.

3.6.3 116-F-9D Test Pit Soil Samples

Four soil samples were collected in the 116-F-9D test pit and submitted for chemical
and radionuclide analysis. The samples were BO8G78 (0 ft to 1 ft bls), BO8G79 (9 ft to
10 ft bls), BO8G8O0 (15 ft bls), and BO8GS81 (20 ft bls) total depth of test pit. Figure 3-14 is
a summary diagram of the 116-F-9D test pit.

3.6.3.1 Chemical Analysis. Volatile organic compounds that were detected in excess of the
CRQL were: 4-methyl-2-pentanone, acetone, and toluene. The maximum values for acetone
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and toluene were found in sample BO8G79 at 66 ug/kg and 87 ug/kg, respectively.
4-methyl-2-pentanone was detected in sample BO8G79 at 13 ug/kg. Table 3-11 presents a
summary of the detected volatile organic compounds.

Bis(2-ethylhexyl)phthalate detected in sample BO8G78 (340 ug/kg) was the only
semi-volatile organic compound detected above the CRQL (330 ug/kg). Table 3-11 presents
all of the detected semi-volatiles.

The maximum detections of alpha-chlordane and gamma-chlordane were found in
sample BO8G79 at 330 ug/kg and 200 ug/kg. No other pesticides or PCB were detected in
the 116-F-9D test pit. Table 3-11 presents a summary of the detections.

Copper, silver, and zinc detected in sample BO8G79 were all above the Hanford S
background 95% UTL at values of 32.5 mg/kg, 7.9 mg/kg, and 246 mg/kg, respectively. No
inorganics were detected above the ¢ % UTL in any of the other samp . Table 3-11
summarizes the detected inorganics.

3.6.3.2 Radionuclide Analysis. The radionuclides detected were: potassium-40, cobalt-60,
strontium-90, cesium-137, europium-152, radium-226, thorium-228, thorium-232,
uranium-233/234, uranium-238, and plutonium-239/240. The maximum gross alpha
detection was 8.6 pCi/g in sample BO8G78. The maximum gross beta detected was in
sample BO8G79 at 100 pCi/g. Only potassium-40 and strontium-90 concentrations exceeded
1.1 pCi/g. The maximum strontium-90 concentration, 39 pCi/g, occurred in the 9 ft to 10 ft
interval. The concentrations of potassium-40 ranged from 13 to 15 pCi/g (Table 3-13).

3.6.3.3 Field Screening. No VOC were detected above the action level (5 ppm) during the
116-F-9D test pit investigation.

Field screening of radioactivity was performed by the well site geologist. The site
gross gamma background was 75 cpm. The maximum reading for the test pit 116-F-9D was
400 cpm at the 9 ft to 10 ft bls interval. Readings exceeding site background were recorded
only at this interval.

The well site geologist also performed field screening for hexavalent chromium on
soils from 17 ft bls. Hexavalent chromium concentration was < 10 ppm.

3.6.4 Summary

Volatile organic compounds detected at or above the CRQL in 116-F-9C borehole
were: 2-butanone (23 ug/kg), acetone (12 pg/kg), and toluene (10 ug/kg). The VOC
maximum detected values in the 116-F-9D test pit were: acetone (66 ug/kg),
4-ethyl-2-pentanone (13 pg/kg), and toluene (87 ng/kg). Field screening for VOC did not
detect any values greater than the action level (5 ppm). Bis(2-ethylhexyl)phthalate was the
only semi-volatile organic compound detected above the CRQL (330 ug/kg) in the 116-F-9D
test pit at 340 pug/kg. No semi-volatiles were detected above the CRQL in the 116-F-9C
borehole.
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Alpha-chlordane and gamma-chlordane were detected in both 116-F-9C and
116-F-9D. The maximum values for these two constituents were found in the 116-F-9D test
pit. No other pesticide or PCB was detected.

Copper, silver, and zinc were all detected above the Hanford Site background 95 %
UTL in the 116-F-9D test pit. All of the inorganic contamination was detected in the 9 ft to
10 ft bls sample. Historical data for organic, inorganic, and nonradionuclide constituents are
not available for comparison.

The maximum radionuclide contamination for both the borehole and test pit
investigated for the LFI occurred in the 9 ft to 10 ft bls interval. Potassium-40 and
strontium-90 were detected in all of the samples and were the only radionuclides detected
above 1 pCi/g with the exception of carbon-14 in 116-F-9C. Geophysical borehole logging
of 116-F-9C showed only trace amounts of cesium-137 at 17 ft bls. Field screening at both
sites investigated showed maximum readings in the 9 ft to 13.5 ft bls interval.

~» 7~ ~d Richards (1978) provides no soil sample information on this waste site
| ause it lin :in Six  nples v a dn I
in August 1979 and are reported in a memo from V.R. Richards to J.J. Dorian dated
August 10, 1981 (Deford 1993). The historical data shows the maximum contamination at
22.5 ft bls. The radionuclides detected at this depth were: cobalt-60, strontium-90.
cesium-137, europium-152, europium-154, europium-155, and plutonium-239/240. ..ie
highest radionuclide detected was strontium-90 at 22.5 ft bls. No contamination was detected
above 15 ft bls. Contamination generally decreased with depth. A complete reporting of

this data and soil boring locations are presented in Appendix A.

3.6.5 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 116-F-9. Monitoring well
199-F5-43A is downgradient of site 116-F-9. The maximum chromium concentration in well
199-F5-46 was 303 g/l in the December 1992 sample. The highest detected strontium-0
concentration in well 199-F5-46 was 13 pg/l in April 1993. The maximum concentration of
chromium in well 199-F5-43A was detected in January of 1993 at 12.8 ug/l. The maximum
concentration of strontium-90 in well 199-F5-43A was 2.7 ug/l in both January and April of
1993. Since the values for both constituents are considerably higher in the upgradient well,
it appears that the 116-F-9 site is not currently impacting groundwater.

3.7 116-F-14 RETENTION BASIN
The 116-F-14 (107-F) retention basin is an inactive liquid waste site that served as an
integral component of the F Reactor cooling system. It is a 137 m (450 ft) by 70 m (230 ft)

by 7.3 m (24 ft) deep reinforced concrete basin that is divided lengthwise into two chambers.
The retention basin operated from 1945 to 1965, it received essentially all reactor cooling
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water passing from the reactor to the Columbia River. The retention basin held water for a
brief period of time, allowing radioactive decay and thermal cooling to occur before the
water went into the Columbia River. The total volume of water has not been calculated, but
the flow rate ranged between 41,000 and 78,000 gpm (Deford 1993). Cooling water flowed
from the reactor into the south end of the basin through one of three large pipelines that
operated during different time periods. Water flowed from the north end of the basin
through a concrete pipe to the 116-F-8 outfall structure from which it flowed into the river.
In addition, there is a narrow ditch that extends from the northeast corner of the retention
basin eastward to the Columbia River shoreline. This ditch, identified as the basin leak ditch,
is approximately 152 m (500 ft) long. The ditch was first used when a major release, in
May 1955, flooded the area around the basin. The water drained to the Columbia River via
the basin leak ditch (Selby and Soldat 1958). This ditch later received effluent that
overflowed from a manhole located near the north end of the basin. An incident report
describes the release of effluent through the manhole, which apparently occurred on an
intermittent basis - an ded | >d ¢ time bef it was repaired (¢ d 1956).

As early as September 1945, effluent springs began to appear along the riverbank in
association with retention basin leakage. At least 30 springs were identified along the
shoreline extending above and below the outfall structure for approximately 244 and 457 m
(800 and 1,500 ft), respectively (Healy 1945). Sampling of the water from these springs was
performed several times between October and November 1945 for thermal and gross
radiological characterization. This testing reported temperatures ranging from 14°C to 37°C
(57°F to 99°F) and concentrations of <2 x 107 to 7.3 x 10* ug/l, but it is not known what
these concentrations refer to. For comparison, effluent from the basin was also sampled
during this period, with a concentration of 0.2 ug/l and a temperature of 38°C (100°F)
reported. The highest observed temperatures and concentrations were reported in samples
. collected in the immediate vicinity of the outfall structure. An examination of the riverbank
in 1984 found only two remaining springs, at the river water intake and the eastern boundary
of the 100 F Area (DOE-RL 1992a).

Shortly after the reactor was shut down in 1965, water within the basin was pumped
to the 116-F-2 overflow trench via the EM bypass ditch, several feet of fill material was
placed over the remaining basin sludge for stabilization, and the basin walls were spray
coated with asphalt (DOE-RL 1992a). In 1987, the retention basin and associated ancillary
piping were decommissioned. This effort resulted in the demolition of the concrete walls,
with subsequent placement of this material and approximately 460 m (1,500 ft) of the 152-cm
(60-in) diameter effluent pipe within the basin footprint. The site was then partially
backfilled and covered with a soil cap.

Known leakage from the 116-F-14 basin appears to have occurred primarily along the
south and west sides (Dorian and Richards 1978). Estimates of leakage rates are not well
documented, but the presence of a groundwater mound beneath the basin extending as high
as 3 m (10 ft) above the pre-existing water table elevation (Brown 1963) suggests that
significant leakage was occurring during this time.
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Figure 3-2 shows the location of the 116-F-14 retention basin and the approximate
location of the vadose zone borehole in the southern portion of the basin. Figure 3-15 is a
summary diagram of the LFI borehole data.

3.7.1 Geology

The 116-F-14 borehole is characterized by sandy gravel fill to a depth of 3 ft bls,
with an increased silt content (10%) in the 2.7 to 3 ft bls interval. The concrete liner was
encountered from 3 to 5 ft bls, and was reported to be poorly cemented, crumbly, and moist.
Soils in the 5 to 23 ft bls interval consist of sandy gravel (50% sand, 50% gravel). The 23
to 26.6 ft interval bls (total depth of borehole) is composed of gravelly sand (30% gravel,
70% sand).

3.7.2 116-F-14 Borehole Soil Samples

1y v em ~ d "o i’ “+ " from the
116-F-14 borehole: B080Q4 (O ft to 2 ft bls), BO80QS (2.5 ft to 5 ft bls), BOBOQ6 (5 ft to
7 ft bls), BO80Q7 (10.5 ft to 13 ft bls), BO80Q8 (16.6 ft to 18.6 ft bls), BOBOQY (23 ft to
24.5 ft bls). Four soil samples were collected for physical properties analysis: B08734
(13 ft to 15.5 ft bls), BO8735 (16.6 ft to 18.6 ft bls), B0O8736 (20.3 ft to 22.9 ft bls), and
BO8737 (23 ft to 24.5 ft bls).

3.7.2.1 Chemical Analysis. Volatile organic compounds detected above the CRQL were,
acetone and toluene. Acetone had a maximum detection of 46 ug/kg in sample BO80Q8.
Toluene had a maximum detection of 82 ug/kg in sample B080QS, and was detected in all
samples. Table 3-12 presents a summary of the detected VOC.

The concentrations of diethylphthalate at 2,600 ug/kg in sample B0O80Q9 and
di-n-utylphthalate at 340 pg/kg in sample BO80Q4 were the only semi-volatiles that were
detected above the CRQL (330). Table 3-12 summarizes the detected semi-volatile organic
analysis.

No pesticides or PCB were detected.

The inorganic compounds that were detected above the Hanford Site 95% UTL were:
cadmium, copper, chromium, and zinc. Cadmium, copper, and zinc concentrations in
sample BO80Q6 were 1.5, 29.3, 87.4 mg/kg respectively. Chromium was detected in
samples BO80Q6, B080Q7, BO80Q8, and BO8OQ9, with a maximum concentration of
124 mg/kg in sample BO80Q6. Sample BO80Q6 had the largest concentrations of inorganic
contaminants. Table 3-12 presents a summary of the detected inorganic compounds.

3.7.2.2 Radionuclide Analysis. Gross alpha was detected only in sample B0O80QS5 at
14 pCi°~  Gross beta was detected in all six soil samples with a maximum concentration of
440 pCi/g in sample BO80QS5. With the exception of uranium, the maximum concentrations
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occur in the concrete liner 2.5 ft to 5 ft interval (BO80QS). Table 3-14 presents a summary
of the radionuclides detected in the 116-F-14 borehole.

3.7.2.3 Field Screening. Field screening of VOC performed by the well site geologist
yielded no readings of greater than the action level (5 ppm).

Field screening of radioactivity was performed by the well site geologist. Site
background for gross gamma was 2,800 cpm. The highest detected levels were in the 2.5 ft
to 5 ft bls interval with a maximum reading of 25,000 cpm. The beta background of
400 cpm was exceeded in the 2.5 ft to 5 ft bls interval at 500 to 600 cpm.

Hexavalent chromium field screening was performed by the well site geologist on
soils from 26.6 ft interval. No chromium was detected.

3.7.2.4 _ :ophysical Borehole Logging. The 116 . 14 borehole v ; logged from O ft to
23 ft bls. Man-made radionuclides identified during the spectral gamma-ray survey were
cobalt-60, cesium-137, europium-152, and europium-154. Cesium-137 was detected from
4.5 to 23.5 ft bls, with the maximum calculated activity of 5 pCi/g from 6.5 ft to 7.5 ft bls.
Cobalt-60 was detected from 0.5 ft to 9.5 ft bls, with the maximum calculated activity of

31 pCi/g at 4 ft bls. Europium-152 was detected from 0.5 ft to 13 ft bls, with the maximum
calculated activity of 730 pCi/g at 4 ft bls. Europium-154 was detected from O ft to

12.5 ft bls, with the maximum calculated activity of 92 pCi/g at 4 ft bls.

3.7.3 Physical Properties Samples

Four samples were taken in conjunction with the 116-F-14 borehole investigation for
physical properties analysis. Split tube samples were collected from borehole 116-F-14 at
13.5t0 15.5 ft, 17.1 to 17.6 ft, 20.3 to 22.9 ft, and 23.5 to 24 ft bls. The first three
samples are described by the well site geologist as moist, sandy gravel. The fourth sample
was taken in sediments described as dry, gravelly sand. All four samples were collected in
the vadose zone. Due to the difficulty of collecting samples of the coarse-grained materials,
the physical properties are biased toward finer-grained soils.

3.7.3.1 Discussion of Physical Properties. Laboratory sieve analysis showed that the
sediment grain size in the 13.5 to 15.5 ft bls interval consisted of 0% gravel, 83% sand, and
17% silt and clay. The soil grain size in the 17.1 to 17.6 ft bls interval consisted of 59%
gravel, 38% sand, and 3% silt and clay. The soil grain size in the 20.3 to 22.9 ft interval
bls consisted of 0% gravel, 77% sand, and 23 % silt and clay. In the 23.5 to 24 ft bls
interval the soil grain size consisted of 51% gravel, 44.38% sand, and 4.62% silt and clay.
The specific gravity (sG) was determined for both course and fine fraction of the samples.
..ie average sG for the four sample intervals was 2.73. The results for the various tests
listed below are shown in order of increasing depth.

o bulk density: 2.14 g/cc, 2.13 g/cc, 2.17 g/cc, and 2.16 g/cc

° moisture content: 2.93%, 2.6%, 2.71 %, not analyzed
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° porosity: 25.87%, 13%, 23.41%, 28%

o hydraulic conductivity: 3.79e-02 cm/sec, 3.3e-02 cm/sec, 1.26e-03 cm/sec,
1.62e-04 cm/sec.

3.7.4 Summary

Volatile organic compounds that were detected above the CRQL (10 ug/kg) were
acetone and toluene. Both constituents were detected in all of the samples. The maximum
detection of toluene was 82 ug/kg in the 2.5 ft to 5 ft sample. The maximum detection of
acetone was 46 ug/kg in the 16.6 to 18.6 sample. Field screening for VOC yielded no
values greater than the 5 ppm action level. Di-n-butylphthalate and diethylphthalate were
detected above the CRQL (330 ug/kg) at 340 ug/kg (B0O80Q4) and 2,600 ug/kg (BO80Q9),
respectively. No other semi-volatiles were detected above the CRQL. The origin of the
organic compounds is unknown. There is no historical record of these constituents being
used in the m effluent. No pi " ides or PCB were detected during the 116-F-14 LFI.

Inorganic compounds cadmium, chromium, copper, and zinc were detected above the
Hanford Site background 95% UTL. Cadmium, copper, and zinc were all detected in the
5 ft to 7 ft bls sample. Chromium contamination was detected from 10.5 ft to 24.5 ft bls,
with the maximum detection in the 10.5 ft to 13 ft bls sample.

Radionuclides detected above 1 pCi/g in the 116-F-14 borehole include: carbon-14,
cobalt-60, strontium-90, cesium-137, europium-152, europium-154, europium-155,
plutonium-239/240, and americium-241. With the exception of uranium, the maximum
concentrations occur in the concrete liner in sample B080Q5 (2.5 ft to 5 ft bls). The
radionuclides with the highest detections were europium-152 (940 pCi/g) and europium-154
(130 pCi/g). The only gross alpha value was in the 2.5 ft to 5 ft bls sample at 14 pCi/g.
The maximum gross beta concentration was in the 2.5 ft to 5 ft bls sample at 440 pCi/g.
Radionuclide values decreased with depth.

Dorian and Richards (1978) sampled thirty-two sample holes in and around the
116-F-14 retention basin. Sludge within the retention basin contained the highest
radionuclide concentrations, but only accounted for about 50% of the total radionuclide
inventory, because of relatively large volumes of contaminated soil beneath and around the
basin. Three sample holes drilled through the retention basin indicate that the majority of
contamination under the basin is confined to within S ft of the basin floor. Radionuclides
detected in samples taken inside the retention basin were: tritium, uranium, cobalt-60,
nickel-63, strontium-90, cesium-134, cesium-137, europium-152, europium-154,
europium-155, plutonium-239/240, and americium-241. The Dorian and Richards (1978)
radionuclide concentrations were typically higher than those found in the LFI. Radionuclide
concentrations of selected samples from test holes drilled at the retention basin, and of
samples taken of soil fill and sludge at the backhoe sampling locations are presented in
Appendix A.
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Four sites, analogous to the 116-F-14 site and located in other source operable units
have been examined thus far by LFI. These are 116-C-5, 116-D-7, 116-DR-9, and 116-H-7.
.v assess the concept that these sites are analogous, a comparison of radionuclide and
chemical analytical results from the LFI samples was performed. Chromium was detected in
all of the analogous sites. Cadmium and copper were only detected in one other analogous
site. Little similarity could be found for VOC, semi-volatiles, and no pesticides or PCB
were detected with the exception of aroclor-1260 at site 116-DR-9. Radionuclides detected
in the analogous sites are similar to those at the 116-F-14. Table 3-13 presents a comparison
of the maximum detected constituents in the analogous facilities.

3.7.5 Groundwater Assessment

Figwn  }-4 and 3-5 present maximum concentrations of chromium and strontium
in 100-FR-3 _ [ nl ;r 1992 t1 g July 3 npling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 116-F-14. Monitoring well
199-F5-3 is downgradient of site 116-F-14. The maximum chromium concentration in well
199-F5-46 was 303 ug/l in the December 1992 sample. The maximum concentration of
strontium-90 was 2.7 in both January and April of 1993. The only chromium value detected
in well 199-F5-3 was 30.6 ug/l in April of 1993. The maximum concentration of
strontium-90 was 250 pCi/l in January 1993. Since the strontium-90 values are considerably
higher in the downgradient well, it appears that the 116-F-14 site is currently impacting
groundwater.

3.8 108-F FRENCH DRAIN

The 108-F french drain is located on the east side of the 108-F biology building.
Dates of operation for this unit are unknown. The drain is constructed of a 30 inch steel
pipe of unknown length. It is buried to a depth that places its upper surface a few inches
above grade. It has a steel lid and is gravel filled (Deford 1993). This site received
condensate from laboratory hoods inside 108-F that were possibly contaminated with
plutonium-239 and beta emitting isotopes (Ruppert 1953).

Figure 3-1 shows the location of the 108-F french drain and associated hand sampling
location investigated for this LFI.

3.8.1 Geology
Limited field investigation activities at the 108-F french drain consisted of one hand
sampling excavation where two soil samples were taken from 1 to 1.5 ft and from 3.5 to

4.5 ft bls. There is no geologic description from this LFI activity but it is assumed that the
soils are composed of sands and gravels similar to that encountered at other waste sites.
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3.8.2 108-F Soil Samples

Two soil samples were collected and submitted for chemical and radiological analysis
from hand sampling the 108-F french drain, the surface sample BO80R4 (O ft to 1 ft bls), and
BO8ORS (3.5 ft to 4.5 ft bls).

3.8.2.1 Chemical Analysis. Toluene was above the CRQL (10 ug/kg) in BOB0OR4 and
BO8ORS at 86 ug/kg and 480 ug/kg. No other VOC were detected. Table 3-14 presents a
summary of the detected volatiles.

Semi-volatile compound bis(2-ethylhexyl)phthalate was detected in excess of the
CRQL in both samples at 4,100 ug/kg and 580 ug/kg. The next highest maximum value was
benzo(a)anthracene at 62 ug/kg. Table 3-14 summarizes the semi-volatiles detected.

Polychlorinated biphenyl  >clors-1254 and -1260 were detected in sample BO8ORS at
240 and 150 ug/kg and in sample BO8OR4 at 1,600 and 720 ug/kg, respectively. The CRQL
for these constituents is 33 4 "~ Table 3-14 presents a summary of the detected pesticides
and 1

Chromium, copper, lead, and zinc were all detected above the Hanford Site
background 95% UTL in both samples. The maximum detection of chromium was
164 mg/kg in sample BOB0R4. The maximum detected copper was in sample BO80R4 at
73.8 mg/kg. The maximum detection of lead was 129 mg/kg in sample BOSOR4. The
maximum detection of zinc was 79.7 mg/kg in sample BOBORS. Table 3-14 presents a
summary of the detected inorganic compounds.

3.8.2.2 Radionuclide Analysis. The maximum gross alpha detected was in sample BOS80R4
at 250 pCi/g. Gross beta was only detected in sample BO8ORS (13 pCi/g). The
radionuclides detected above | pCi/g were: potassium-40, cesium-137, plutonium-238,
plutonium-239/240, and americium-241. The maximum radionuclides detected were
plutonium-238 (220 pCi/g) and plutonium-239/240 (34 pCi/g) in sample BOSOR4. The
values for plutonium-238 and plutonium-239/240 in sample BO80RS were 66 pCi/g and

11 pCi/g respectively. Table 3-14 summarizes the detected radionuclide concentrations.

3.8.2.3 Field Screening. No VOC or radionuclides were detected with field instruments
during the hand sampling of the 108-F french drain.

3.8.3 Summary

Toluene and bis(2-ethylhexyl)phthalate were detected in excess of the CRQL. No
other organics were detected above the CRQL. No historical records indicate the use of
these constituents 108-F Laboratory. Polychlorinated biphenyl aroclors-1254 and -1260 were
detected in the O ft to [ ft bls sample at 1,600 ug/kg and 720 ug/kg.

Inorganic compounds detected above the Hanford Site background 95% UTL were:
chromium, copper, lead, and zinc. The maximum detections of chromium, copper, and lead
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3.9.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-5 site,
data are not available for the following:

soil concentrations of organic, inor .nic and metallic constituents
physical properties of the soils

field screening for VOC and radiological contamination
geophysical borehole logs.

3.9.3 Summary

Dorian and Richards (1978) detected radionu '’ les strontium-90, cesium-137,
europium-154, and europium-155 in one sample taken at the 116-F-5 site at 10 ft bls. All
values detected in the investigation were <1 pCi/g. The results of the analysis and soil
boring locat’ s are presen = A "1 A. No analogous sites from other 100 Area
operable units hax | 1ir ted for mpan 1.

3.9.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-47 is downgradient of site 116-F-5. No monitoring well is
located close enough to this site to be considered an upgradient well. In well 199-F5-47 the
maximum detection of chromium was 20.7 ug/l in April of 1993. The maximum level of
strontium-90 was detect " in April 1993 at 3.8 pCi/l. No comparison between upgradient
values and downgradient values was possible, however, based upon vertical extent of
contamination it appears that this site 116-F-5 is not currently impacting groundwater.

3.10 116-F-8 OUTFALL STRUCTURE

The 116-F-8 outfall structure and river discharge lines served to dispose of cooling
water effluent from the 116-F-14 retention basin to the Columbia River for final disposal.
The outfall structure also provided overflow capability in case the outfall lines became
plugged. The outfall structure was an open, reinforced concrete structure that directed water
through either the river discharge lines or through the spillway. The river discharge lines
consisted of two 107 cm (42 in) diameter steel pipes extending from the outfall structure
approximately 137 m (450 ft) into the river. The concrete outfall structure measured 8 m
(27 ft) by 4 m (14 ft) by 8 m (26 ft) deep, 7.5 m (26 ft) of which are below grade. The
spillway was also of concrete and was about 61 m (200 ft) by 4.5 m (15 ft) with .6 m (2 ft)
high side walls (DOE-RL 1992a).

In 1984, an inspection of this system reported that 15 to 38 m (50 to 125 ft) of both
of the discharge lines had been dislodged and carried away by river current. Efforts to locate
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these set ns were unsuccessful ~:x° roma *S fes | 36). Currently the outfall
structure appears as an earthen mound. The portion of the outfall structure that extended
above g :is demolished into the cavity and the entire structure covered with clean soil.
The up;  Hortion of the spillway appears to have been demolished and covered with clean
soill. A :7.5 (25 ft) of the lower portion of the spillway is intact and exposed.

No radionuclide or hazardous chemical inventory has been calculated for this waste
site. Figure 3-3 shows the location of the 116-F-8 Outfall Structure.

3.10.1 Geology

No site-specific geologic data are available for the 116-F-8 outfall structure.

3.10.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-8 outfall
structure, data are not available for the following: .
soil concentrations of organic, inorganic id metallic constituents
physical properties of the soils
field screening for VOC and radiological contamination
geophysical borehole logs.

3.10.3 Summary

Two sites, analogous to the 116-F-8 site and located in other source operable units,
have been examined thus far by LFI. These are 116-D-5 and 116-DR-5. To assess the
concept that these sites are analogous, a comparison of radionuclide and chemical analytical
results from the LFI samples was performed. No inorganic compounds were detected in
either of the analogous sites. No similarity exists for VOC, semi-volatile, or pesticide/PCB
contamination in the analogous sites. Sites 116-DR-5 and 116-D-5 detected potassium-40 at
13.5 pCi/g and 12 pCi/g respectively. ..ble 3-15 presents a comparison of the maximum
detected constituents in the analogous facilities.

3.10.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). T1 116-F-8 outfall structure is located adjacent to the Columbia River and there
are no downgradient wells to assess the impact to groundwater.
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3.11 116-F-10 DUMMY DECONTAMINATION FRENCH DRAIN

The 116-F-10 dummy decontamination french drain was used from 1948 to 1965.
This unit received radioactive wa - rinses and spent nitric acid from the decontamination of
fuel element spacers and other reactor hardware, primarily pressure tube caps. The drain is
made of 1 m (3 ft) diameter by 3 m (10 ft) vitrified tile with 1 m (3 ft) extending above
grade. 116-F-10 is located about 61 m (100 ft) south of the 100 F Reactor Building. Today
the surface in the area of the drain is covered with cobbles and there is little vegetation

growing.

This unit received an estimated 400,000 1 of liquid wastes. In addition to
radionuclide contamination 116-F-10 also reportedly received 2,000 kg of sodium
dichromate, 2,000 kg of sodium oxalate, and 2,000 kg of sodium sulfamate (Deford 1993).

F'—1re 3-3 shows the location of 116-F-10 dummy decontamination french drain.

3.11.1 "ol

The 100-FR-1 FI did not include a field investigation of the 116-F-10 french drain.
It is assumed that the drain is underlain by sediments similar to that found in the 116-F-6
vadose zone borehole.

3.11.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-10 site,
data are not available for the following:

soil concentrations of organic, inorganic, and metallic constituents
physic " properties of the soils

field screening for VOC and radiological contamination
geophysical borehole logs.

3.11.3 Summary

Dorian and Richards (1978) investigated three soil borings where samples were taken
from 12.5 ft to 27 ft bls. The highest radionuclide concentrations were found in the 12.5 ft
interval in soil boring "B". Radionuclides detected in the 12.5 ft sample were: tritium,
cobalt-60, strontium-90, cesium-134, cesium-137, europium-152, europium-154, and
europium-155. The highest of the detected radionuclides were: tritium, cobalt-60,
europium-152, and europium-155. Appendix A presents the Dorian and Richards (1978)
analytical results and sampling locations for the 116-F-10 site.

Two sites, 116-B-4 and 116-H-3, have been identified as being analogous to the
116-F-10 site. The LFI sampling data from the 116-H-3 site showed no VOC, semi-volatile,
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pesticide/PCB, inorganic, or radionuclide contamination. The sole source of —~ mpling data
for site 116-B-4 is from historical sampling. The estimated 1978 inventory of radionuclides
for tl 6 ™ 4 site were 2.0 Ci, the 116-H-3 site inventory was 0.07 Ci, and site 116-F-10
had ¢ lionuclide inventory of 0.12 Ci (Dorian and Richards 1978).

3.11.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 gr« dwater from I .ember 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F8-2 is upgradient of site 116-F-10. Mon" ing w ™
199-F5-47 is downgradient of site 116-F-10. Chromium values in the upgradient well were
not appreciably different from those values found in the downgradient well. The maximum
strc it 90 concentration  uj _ adient well 199-F8-2 was 41 pCi/l, and the m
concentration in the downgradient well 199-F. 7+ ; 3.8 pCi/l. It not appear that the
116-F-10 trench is currently impacting groundwater.

3.12 116-F-11 CUSHION CORRIDOR FRENCH DRAIN

The 116-F-11 cushion corridor french drain is an inactive liquid waste site used
between 1953 and 1965. The drain is located near the southeast corner of the 105-F reactor
building and was used to dispose of cushion corridor liquid decontamination wastes. This
unit is a tile pipe 1 m (3 ft) in diameter and a depth of I m (3 ft), extending about an inch or
two above grade. It has a metal lid and is protected with three yellow steel stand pipes.
There are no radioactive material warning signs or other identifying markers (Deford 1993).

This disposal unit received 200,000 1 of liquid decontamination wastes from the
cushion corridor area of the reactor. No documentation could be located that characterizes

the waste transferred to the 116-F-11 drain or that estimates the radionuclide content.
Figure 3-3 shows the location of the 116-F-11 french drain (DOE-RL 1992a).

3.12.1 Geology

The 100-FR-1 LFI did not include a field investigation of the 116-F-11 french drain.
It is assumed that the drain is underlain by sediments similar to that found in the 116-F-3
vadose zone borehole.
3.12.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-11 site,
data are not available for the following:

. soil concentrations of organic, inorganic and metallic constituents
. physical properties of the soils
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3.13.2 LFI Data

Because the 100-FR-1 LFI did not incl' : a field investigation of the 116-F-12 site,
data are not available for the following:

soil concentrations of organic, inorganic and metallic constituents
physical properties of the soils

field screening for VOC and radiological contamination
geophysical borehole logs.

3.13.3 Summary

No documentation could be located that characterizes the waste transferred to the
1 1° "iort : its r "Hnuclide t. Noan ' rous li voe

sampled.

3.13.4 Groundywater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds ,_ JDE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 116-F-12. Monitoring well
199-F5-44 is downgradient of site 116-F-12. Chromium and strontium-90 concentratior are
higher in well 199-F5-46 than in the downgradient well 199-F5-44 suggesting that the
116-F-12 french drain is not currently impacting groundwater.

3.14 116-F-13 EXPERIMENTAL GARDEN FRENCH DRAIN

The 116-F-13 experimental garden french drain was used from 1952 to 1976 to
dispose of effluent from radio-botany experiments conducted in the 1705-F facilities. This
unit is 1 m (3 ft) in diameter and 1 m (3 ft) deep and is located in the northwest corner of
the animal research and testing area.

The drain received 10,000 | of liquid wastes, however, no data could be located that

characterizes the waste effluent or provides radionuclide or hazardous chemical inventories.
Figure 3-3 shows the location of the 116-F-13 french drain.

3.14.1 Geology
The 100-FR-1 LFI did not include a field investigation of the 116-F-13 french drain.

It is assumed that the drain is underlain by sands and gravels similar to that found in other
waste sites.
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3.14.2 LT Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-13 site,
data are not available for tt following:

o soil concentrations of organic, inorganic and metallic constituents
J physical properties of the soils
o field screening for VOC and radiological contamination
® geophysical borehole logs.
3.14.3 Sw ¥

No documentation could be located that characterizes the waste transferred to the
116-F-13 drain or that estimates its radionuclide content. No analogous facilities were found
‘st = the 116-F-13 ex; imental ~“rden french drain.

3.14.4 _ -roundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 10 FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 116-F-13. Monitoring well
199-F5-44 is downgradient of site 116-F-13. Chromium and strontium-90 concentrations are
higher in well 199-F5-46 than in the downgradient well 199-F5-44 suggesting that the
116-F-13 experimental garden french drain is not currently impacting groundwater.

3.15 PROCESS/DISCHARGE PIPELINES

During the reactor operating period, three separate pipelines were used to transfer
water from the F Reactor building to the 116-F-14 retention basin. The oldest pipeline was a
107-cm (42-in) diameter concrete belowground pipe. This pipe was replaced with a 107-cm
(42-in) d er steel pipe with aboveground and belowground sections in the early years of
operation. Deterioration and increased flow requirements resulted in the installation of a
third, 152-cm (60-in) diameter steel pipe, which also had aboveground and belowground
sections. Portions of the steel pipes have been removed and buried in the 116-F-14 retention
basin (DOE-RL 1992a).

3.15.1 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the
process/discharge pipelines, data are not available for the following:

soil concentrations of organic, inorganic and metallic constituents
o physical properties of the soils
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o field screening for VOC and radiological contamination
o { phys ~ borehole logs.

3.15.2 Summary

Fc - sample borings were completed (Dorian and Richards 1978) along the
aboveground sections of the 107-cm (42-in) and 152-cm (60-in) pipes at points located
several hundred feet upstream from the retention basin inlet. No significantly elevated
concentrations of radionuclides were observed. Samples of scale inside the 107-cm (42-in)
effluent line were collected. The radionuclide concentrations in the scale were 170 pCi/g for
cobalt-60, 250 pCi/g for cesium-137, and 490 [ _./g for europium-155. Two constituents,
europium-152 and europium-154, were not reported above method detection limits.

Appendix A presents the Dorian d Richards (1978) sampling results and soil boring
* locations.

Analyses for inorganic, metal, and organic constituents was not performed by Dorian
and Richards (1978), but the LFI data for the 116-F-14 retention basin sludge could be
considered analogous to the sludge and scale from the pipelines.

3.15.3 Groundwater Assessment

Because of the extensive nature of the process/discharge pipelines and their proximity
to other waste sites a groundwater assessment based upon the current monitoring wells is not
possible.

3.16 UN-100-F-1

The only documented unplanned release in the 100-FR-1 Operable Unit occurred in
March 1971, when the process sewer line from the 141-C hog barn became blocked and
overflowed into the surface adjacent to the building. The area of the spill is approximately
149 m? (1600 ft?) and is located east of the 141-C building. This site received wash water -
from the animal pens when liquids were pumped from a manhole to unblock the sewer. The
wash water contained 4.00E-05 Ci of strontium-90 and 1.06E-06 Ci of plutonium-239. About
1,600 ft? of soil was contaminated (Stenner et al. 1988).

The area was backfilled with clean gravel after the incident. The area appears today
as a level, grass-covered field. Figure 3-3 shows the location of the spill.
3.16.1 Geology

The 100-FR-1 LFI did not include a field investigation of the UN-100-F-1 french

drain. It is assumed that the spill is underlain by sands and gravels similar to that found in
other waste sites.
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3.16.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the UN-100-F-1
site, data are not available for the following:

soil concentr: ans of organic, inorganic and metallic constituents
physical properties of the soils

field screening for VOC and radiological contamination
geophysical borehole logs.

3.16.3 Summary

Dorian and Richards (1978) did not sample UN-100-F-1. No analogous facilities
exist for the UN-100-F-1 wi anned release.

3..° 4 'our ~ vater A st ot

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site UN-100-F-1. Monitoring well

19-F5-44 is downgradient of site UN-100-F-1. Chromium and strontium-90 concentrations
are higher in well 199-F5-46 than in the downgradient well 199-F5-44 suggesting that the
UN-100-F- site is not currently impacting groundwater.

3.17 132-F-6 [IFT STATION DEMC~ "TION SI1

The 132-F-6 lift station is located at the southeast corner of the 105-F reactor
building. It operated from 1944 until 1965 to pump waste water from several reactor
ding drains and sumps into the reactor cooling water effluent line. It may have also
pumped wastes to the 116-F-6 trench.

Constituents likely to be associated with waste at this site include radionuclides
(e.g., tritium, carbon-14, cobalt-60, strontium-90, cesium-137, europium-152, and
europium-154) and decontamination chemicals (e.g., sodium fluoride, nitric acid, and oxalic
acid). The lift station was demolished in situ in 1987 and backfilled with a minimum of 5 m
(15 ft) of clean fill. Fixtures, equipment, asbestos lagging, and sludge were removed and
buried elsewhere as solid waste (Deford 1993). The site appears today as a level, gravel
covered field (Deford 1993). Figure 3-3 shows the location of 132-F-6.
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3.17.1 Geology
The 100-FR-1 LFI did not include a field investigation of the 132-F-6 Lift Station. It

is sumed that the lift :* “on demolition site is underlain by sands and gravels similar to
those found in other waste sites.

3.17.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 132-F-6 site,
data are not available for the following:

o soil concentr: " ns of organic, inorganic and metallic constituents
o I y ties -

o ing for ol¢ cal nat’ |

o geophysical borehole logs.

3.17.3 Summary

Dorian and Richards (1978) sampled from a single location adjacent to the lift station
ior to demolition. Samples were collected at 5 ft, 25 ft, and 30 ft bls. The maximum
contamii ion was found in the 5 ft interval, with europium-152 (92 pCi/g) being the highest
value detected. A complete listing of the ™ jrian and Richards (1978) analytical results and
soil boring locations are presented in Appendix A. Since the historical data were collected
before 132-. 6 was demolished, they probably do not represent the present status of the site.

Data collected from the analogous site 132-D-3 showed no organic or inorganic
contaminants and the only radionuclide contamination found was radium-226 at <1 pCi/g.

3.17.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring wells 199-F5-47 and 199-F5-4 are downgradient of site 132-F-6. No
monitoring well is located close enough to this site to be considered an upgradient well. In
well 199-F5-47 the maximum detection of chromium was 20.7 ug/l in April of 1993. The
maximum level of strontium-90 was detected in April 1993 at 3.8 pCi/l. In well 199-F5-4
the maximum detection of chromium was 19.7 ug/l in April of 1993. Strontium-90 was not
detected in well 199-F5-4. Since no upgradient values were available, the impact to
groundwater from the 132-F-6 site could not be determined.
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3.18 PNL OUTFALL STRUCTURE

The PNL outfall structure is located a few meters upstream of the 116-F-8 out
structure. It was a simple spillway and measured 30 m (100 ft) by 3 m (10 ft) wide with
concrete side walls. This outfall structure received liquid waste from the animal pens that
was contaminated with strontium-90 and smaller amounts of cesium-137 and plutonium-239.
It also likely received cooling water effluent used in the 146-F Aquatic Biology Laboratory.

Only the lower portion of the PNL outfall structure is intact and visible today. The
vertical walls of the upper section were broken down and the walls and bottom of the
spillway were covered with soil (Deford 1993).

No radionuclide or hazardous chemical inventory was located for this site. Figure 3-3
shows the location of the PNL Outfall Structure.

3.18.1 Ge( gy

No site specific geologic data are available for the I 'L OQutfall Structure.

3.18.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the PNL outfall
structure, ¢ a are not available for the following:

soil concentrations of organic, inorganic and metallic constituents
physical propert” of the soils

fiel screening for VOC and radiological contamination
geophysical borehole logs.

3.18.3 Summary

No radionuclide or hazardous chemical inventory is available for this site, nor has any
soil sampling been accomplished in the immediate area. No analogous facilities were found
to exist for the PNL outfall structure.

3.18.4 Groun vater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). The PNL outfall structure is located adjacent to the Columbia River and there are
no downgradient wells to assess the impact to groundwater. The probability of impact to
groundwater posed by outfall structures was rated low in the 100-FR-1 QRA (WHC 1993).
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3.19 132-F-1 CHRONIC FEEDING _\RN

The 132-F-1 chronic feeding barn served as the main housing facility for sheep and
other livestock used in dose studies. The primary radionuclides used in these studies were
strontium-90, iodine-131, cesium-1_., and plutonium-239. The chronic feeding I 1 was
cleaned and washed down regularly, with the waste water going to the 1607-F6 sewer
system. No records of decommissioning activities were found but it is assumed that it was
demolished sometime after 1980 and buried in place.

No historical records of radionuclide or hazardous chemical inventory exist for this
facility. Figure 3-2 shows the location of the 132-F-1 chronic feeding barn.

3.19.1 Geo 1y

Limited field investigation of the 132-F-1 Chronic Feeding Barn consisted of one test
pit which was excavated to a depth of 6 ft bls. There is no geologic description from this
activity but it is assumed that the lithology is composed of sands and gravels that were
encountered at other waste sites.

3.19.2 132-F-1 Test Pit Soil Samples

One samp and three quality assurance samples were taken at a depth of
4 ft bls, sample B02701, B02702 (duplicate), B0O2703 (split), and B02704 (silica sand-blank).

3.19.2.1 Chemical Analysis. Acetone was detected in excess of the CRQL (10 ug/kg) in
the split sample (B07203) at 54 ug/kg.. Acetor was not detected in any of the other
samples. Table 3-16 presents a summary of the volatile organics detected.

No semi-volatile organic compounds were detected above the CRQL (330 ug/kg),
with the exception of bis(2-ethylhexyl)phthalate (380 ug/kg) in the split sample (B07203).
T e 3-16 nmarizes the detected semi-volatile organic compounds.

Gamma-chlordane was detected in sample B07201 (2.5 pg/kg) and its duplicate
sample B07202 (4.7 ug/kg). No other pesticides or PCB were detected.

No inorganics constituents or metals were detected above the Hanford Site
background 95% UTL.

3.19.2.2 Radionuclide Analysis. Table 3-16 presents a summary of the detected
radionuclide concentration in the 132-F-1 test pit. The maximum gross alpha detection was
4.2 pCi/g in the split sample B07203. The maximum gross beta detection was 35 pCi/g also
in the split sample B07203. The maximum radionuclide detection was 13 pCi/g of
potassium-40, all other radionuclide concentrations were <1 pCi/g.
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3.19.2.3 Field Screening. Volatile organic compounds were field screened using an OVM
P™™. No VOC were detected during the 132-F-1 chronic feeding Barn investigation. No
radionuclides were detected durii field screening above the background level of 150 cpm.

3.19.3 Summary

Acetone was detected in one QC sample but in no other samples greater than the
CRQL. No semi-volatiles were detected above the CRQL. Gamma-chlordane was detected
in sample B07201 and its duplicate sample, no other pesticides or PCB were detected. Only
potassium-40 was detected in excess of 1 pCi/g, with a maximum of 13 pCi/g. No historical
sampling ta or analogous site data were available for comparison.

3.19.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 132-F-1. Monitoring well
199-F5-44 is downgradient of site 132-F-1. Chromium and strontium-90 concentrations are
higher in well 199-F5-46 than in the downgradient well 199-F5-44 suggesting that the
132-F-1 chronic feed barn is not currently impacting groundwater.

3.20 Al LICABLE OR RELEVANT AND APPROPRIATE REQUIRE! :=NTS

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

Comprehensive Environmental Response, Compensation and Liability Act defines
applicable requirements as those cleanup standards, standards of control, and other
substantive environmen ~ 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 those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated under
federal or state law that, while not "applicable" to a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance at a CERCLA site, address
prot :ms or situations sufficiently similar to those encountered at the CERCLA site that their
use is well suited to the particular site.

In addition to ARAR, CERCLA also provides for the consideration of
to-be-considered (TBC) guidance, nonpromulgated advisories or guidance documents issued
by federal or state governments that do not have the status of potential ARAR but which may
be considered in determining necessary levels of protection of health or the environment.
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This discussion of potential ARAR is intended to be a refinement of ARAR presented
in the work plan. Addition: evaluation of potential ARAR will be done in the FS phase.
Final ARAR will be determined in the record of decision.
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Figure 3-6

Draft A
Summary Diagram of the

116-F-1A LFI Borehole Data

10

20

30

40

Waste Site

116-F—1 Lewis Conal —l
3000 Ft x 40 Ft x 10 Ft.

Received liquid wastes
from £ Reactor and
190~F buildings and
decontamination wastes
from 189—~F buiiding;
occasionally, contaminated
reactor coatant. Effluent
water drained to river
via this trench during
Ball 3x cutage in 1953.

1953-1960/Inoctive

Notes.

LF1 Data — Analytical lab results for all inorganic constituents greater than 95% upper threshold

Sampling

Totat Depth = 22.0 Feet

limits ond all detected organic compounds and radionuclides are shown.

Field Screening — Action levels for volatile organic compounds (VOC) was 5 p

gammo (7) radiation was twice background.

Surveyed elevation to top of brass disc 391.09 feet (NGVD—29).

Results for 116-F-1A Borehole

Sampie Field Screening
Geologic Log Location LFi Data 3—93 Spectral Gamma
3-93 3-93 3-93 S Y (pCi/g)
o< N \>
o . . ] 1800 Cs—~137 Co—60 Eu—152 Eu=154
0.0-4.0 0.0-2.0 Methylene Chioride 1700 ’ ° ’ ’
o | Gravelly SAND #BOBON1 Tonene
ai—n-}bui hmt:lo)‘:h thaiat 2500
- x halote
. X o a 1500
VIR Bl asey
S S , -238, Pu- 0 +40 200430
o001 4.0-22.0 240, c-ur. K~40 )
P " ° Sandy GRAVEL C3-137, Eu-152
) Ro-226, Th—228
Lo % ~232 1800
i°. o
009
b o 2
o'o" ) ?“ﬂguw hthaiot
099 9.5 -11.0' 1Y Rl e
L #B080NZ pas oot
o 40, Ro~
e d Th-228, Th-232 1800
0o -
b o°
o OO _ 1800
O Methylene Chioride -
bo < gﬂ"n.-";u:ypnwme
o ° 14.5°-16.2" 1B, u~-233/234
o°. #BOBON3 5—235. C-14 1300
o K—-40, Ra—226
L oo |™h-228, ™M-232
e O
* %4 _ 1800
° ; ¢g"wﬂ¢ 1800
po < 18.0'-20.0’ U3
o B, u-233/234
; dq #B0O8ON4 5—238, C=14 1800
2% t1<h—4o. Ra-226 1700
Loe [Th-228, Th-232
.o 1700
lo 99

pm and gross

Dorian & Richards
(1976)

2.5 Sr~90, Eu~152. Co~160
D - gs-134, C3-137,Eu-155

+ 1
3. Pu~239/240, Sr—90, H-3
Eu=152 Co-60. Eu—"54
oy L8137, Eu-185, U
5. Pu—239/240, 5r=90, H-3
Eu—152 Co—860, Eu— 54
Ls—134, Ca=137, Eu-155, U

7 5' Sr—90. H-3, Eu-152
+ ) —44Co—60. Eu—154, C3-137
Eu—155, U

» | [Pu-239/240, Sc-90, H-3
10 ____t,—vsz Co-60, Eu=—'54

8:-—!}4. Cs=137, E.-155

15'__E—90. H=3, Ca—134

Cs—137, Eu~155, U

1 8'-—@—152. Cs=-137

1S J—

20

30

40 __

1976 Radiochemical Dato ~ Al detected radionuclides ot the corresponding depth intervals are shown.

Field screening values greater than non—detect or bockground ore recorded in this figuie.

All sampies were field screened.

Borehoie Spectral/Gamma Log - Bars indiate interval of borehole where radionuclide wcs detected.

1MEF1A
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Waste Site

11€6-F =1 Lewis Conat ‘
3000 Ft x 40 Ft x 10 F1.

Received liquid wastes
from F Reoctor ond
190-F budaings ond
decontammation wastes
from 189—F building:
occasionally, contaminote
reactor cootont. Effluent
water dramed to rrver
via this trench durin,
Ball 3x outage in 19353

a

Sampling Results for 116-F-1B Test Pit

Sample
Location
3-93

LF1 Data
3-93

Field Screening
3-93 Dorian & Richards

0\%@ (gy,;\ .‘@0\ (1976)

tone
0.0'-1.0° #B808GE5——i Is

U-233/234. U-233
K.40. Cs-137, Rs.22¢
Th-228, T».232

5.0° #B08Gss _—l

10.0° #B0O8GE7 ——

15.0° #B08GEE —

Di-adbutyphnasate
.uua [2-& thryihe x yliphineiale

Crioride
Aocetene
Tolene
D-a-sutyiphthaie ls
P
a
[
U-233/234, U-238
K40, Cs-137
Ma.228. Tn-2768
232
Tomene

U.233/234, U-238

1C 1953~ 1960 /inactive
Tatol Depth = 17.0 Feet

20

3T

I-3a

Notes:

Total Depth = 17.0 Feet

2-Hansnone

Taimne
Dt-q.a butylaheneiste

U-2337234, U238

K40,
Re-226, Th-228
{Tn-232

A =t | 15-90. £u-152, Co-160
© S - 138, Crm137, Eu—155

-
3 —HPu-239/240, Sr-90, -3
) 1Ew=152 Co-80, Ev-154
5 |Ca-137. Eu~188, v
Pu~239/240. Sr=90, -3
JEu~132 Co=60, Eu=154
{Ca-134. Ca=137, Eu-158, U

590, H=3, gu-152
——4Co-60. Eu—154, Ca~137
|Ev~155. v

-4
3]

[Pu-238/240, Sr-90. H-)

10'_m.—wz Ca=80, fu=15¢

Co—134, Co~137. D135,
Y

15" _1[5-90. H-1 ca-134
Ca-137, Eo-138, U

18 —-h-i?u-lSZ. Coa-137
—

LA Dato - Anotivticol lob results for all inorganic constituents grecter thon 95% upper threshold
timits and oli detectes organic compounds and radionuciides ore shown.

Field Screenng — Action leveis for volatdle organic compounds (VOC) wos % ppm ond gross gomma Fielo screening values grecter tham non—detect or bockgraund ore recorded in this figure.

(7) rodiotion was twice background.

£y

20 __

iy

1976 Radiochemical Doto — All detected rodionuclides at the corresponaing depth intervols was show-

All samples were field screened.

h ﬁ
w]‘ u.u PR &

DL Kil-90-64
Draft A

o
Figure 3-7 Summary Diagram of the
116-F-1B LFI Test Pit Data
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116F2

10

20

30

40

Waste Site

116~F-2 Basin
Overflow Trench

300 Ft x 50 Ft x 15 Ft.

Received effluent

overflow from the
116—F—4 retention basin
at times of high activity
due to a fuel element
failure: also recieved
overflow from F Reactar
fuel storage basin
during deactivation of
the retention basin.
1950—-1965/Inactive

Notes:

Sampling

Geologic Log
3-93

0.0'-5.0"
Sondy GRAVEL

5.0'~7.5
Graveily SAND

7.5'-24.5
Sandy GRAVEL

124.5-35.7

Gravelly SAND

Results for 116-F-2 Borehole

Total Depth = 35.7 Feet

Sample Field Screening
Location LFI Data 3-93 Spectral Gamma Dorian & Richards
3-93 3-93 S AS P Ci (1976)
O¢§Q ¥E A (pCi/ q)
5 1450 —
0.0-2.0 5233/234 u-238 25 1300 Bt
#B0BOM4 Tle-ta k=a5 75 1350
Co-60, Cs-137 7
B s i
o~ . Th—228
T332 100 1500
Co—60 Eu-152
. 011400 Cs-137 r
Chrysene .
Benzo{b)fiucrohthenre
cd, Cr, 2n, &,
U-233/234
U-235, U-238
Pu=238, Pu=230/ N
5¢-90, C-14, Co-td 2000 10 —E.qs?. <E:a—1sgs Eu-154
10.0'-12.0° ey B le2 5.6 3000 11430 Cs~137, Eu=155, U
#B080ME — 16.0 6000
o 3.6 15000
U-233/234 . 1
g‘zggéf;—oﬂﬁ g%g 19.0 6.3 e Sr=9Q, Eu-152, Cc=80
14.8'-16.8' u— 4 1190 4. , 90, Eu-152, Cem
45080M7 |Am-241. sr-90 3000 15 5::123,;'/225”7' fu-155
Co-58, Co—60 5000
g-—lg‘:. Eu—1g§ 5500
=154, Eu-1
- . * Sr-90, Eu~152, Cc—60
(Re=226. T~228 18 _Hetliss, Gz
o o, B | 6000 Eu~155
U-233/234 3000 S~90, H-3, Eu=152
19.7'-21.7° G238, Pu-239/ 1.2 3300 20"__| |60, U, Eu=154,
#8080M8 Sr-90, C-14 ’ 1500 Cs-137, Eu-155,
i he e 1800 - Bum3afas0
o137, Eue
Eu—154, Eu—155 3000
Ro-226, Th-228 3500
- 4000 L
2000 )
, 7-90, Eu-152,
24.5'~26.5' 5 1800 25 =89, Ey-154,
08OM9 Té. 1600 3137, Eun155,
* Y e 1500 st
C~14, K—40 2000
Co-137, Eu-152
Ro-226. Th~228
™-232
— 2000
| [S-90, Eu-152
= 5 L 30_{2_,50.
30.0'-32.0° Hul233/234 2300 Cs-137, Eu-i55,
#FBOBONO y-236, C-14 1800
k=40, Co-137 1600
=152 Ao 1800
| 226, ™h-232 1800
2200
40

LFI Data — Analytical tab results for all inorganic constituents greater than 95X upper threshold
limits and all detected organic compounds and radionuclides are shown.

Field Screening — Action levels for volotile organic compounds (VOC) was 5 ppm above background

ond gross gamma (7) radiation was twice background.

Surveyed elevotion to top of brass disc 411.37 feet (NGVD-29).

10

20

30

40 ___

1976 Rodiochemical Data — All detected radionuclides gt the corresponding depth intervals ore shown.

Field screening values greater thon non—detect or background ore recorded in this fiqure.
All samples were field screened.

Borehote Spectral/Gammao Log — Bors indiate interval of borehole where radionuclide was detected.

AANS Lt INA™ 7 O™ Ve

Draft A
Figure 3-9 Summary Diagram
of the 116-F-2 LFI Borehole Data
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10

20

30

40

Sampling Results for 116-F-3 Test Pit

Sample Field Screening
Waste Site Location LFl Data 3-93 Dorian & Richards
N
3-93 3-93 N ¢ A (1976)

A\
[Towene

116=F=3 Fuel Storage 0.0'-1.0" #808GE2 ——iPhenantieene
Trench Pyrene

100 Ft.x 20 Ft.x 8 Ft. g::;:nl”:nmumc

Benzolblivor anthens
Received reactor effluent 8a, Py, f. U-233/:34
during fuel cladding U.238, Py-239/240. Pu-238

failure. In 1951, the Bk Sebo Cew?
site olso received sludge Re-226, Th-228
from the F-Reactor [th-232

Fuel Storage Basin . 500
7.0° #808G83 A 1500
1947-1951/Inactive afmm?“ 1500
bis{2-Ethytheryilphthaiste
Toxaphens
Vroclor-1264, Cr. Pb 10

i9. Zn et
a

g

U.233/234, U-238 0.0 v}559100

12.0° F808G84 U-238, Pu-238/240 -
" Am-241, K.40, Co-20

Cs-137, Eu-152,

Eu-154, Ra-226,

| Th-228

| [Aocetone

17.0° #808G85 Okn-butyiphthalate
Total Depth = 17.0 Feet g

- U-233/234, U-238
Tatal Depth = 17.0 Feet Po-239/240. K40 0.0 75 18

Ewv-162, Rs-226,
2 hex Cr tests 1‘:223. ‘r.n-zaz
< 10 ppm Cr+6 —

L Se-90 I

20" HF-90. H-3, Eu-152 20 __
Moetone Co~60, Eu=135

[]Tomene
Di-n-butyiphthaiste
b&ul:-&mm:yﬂpmmmo

8

U-233/234, U.232
K-40. Ev-152. Re-226
Th.228, Th-232

30

| . 40 __
Notes:

LA Data — Analytical lob results for all inorganic constituents greater than 95% upper threshold 1976 Radiochemical Dota — All detected radionuclides at the corresponding depth intervals ore shown.
limits and oll detected organic compounds ond rodionuciides are shown,

Field Screening — Action levels for volatie orgonic compounds (VOC) was 5 ppm ond grass gamma Field screening walues greater than non-—detect or background are recarded in this ficure.
() radiation wos twice background. All somples were fieid screened.

116F14

DOE/RL-93-82
Draft A
Figure 3-10 Summary Diagram

of the 116-F-3 LFI Test Pit Data
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20

30 .

40

Waste Site

116~F=9C Animal waste

leaching trench

400 Ft long with 100 Ft.
" branch; 10 Ft. deep;

15 Ft. wide

Received wastewater

from onimai pens

1963-1976/Inactive

Notes:

LFi Dato — Analytical lab results for ali inorganic constituents greater than 95% upper threshoi:

Sampling Results for 116-F-9C Borehole

limits ond all detected orgonic compounds and radionuclides are shown.

Field Screening ~ Action ievels for volotile organic compounds (VOC) was S ppm abave bockgreund

ond gross gamma () radiotion was twice background.

Surveyed elevation to top of brass disc 411.98 feet (NGVD-29).

Sample Field Scr  iing
Geologic Log Lecation LFt Data 3-93 Spectral Gamma Dortan & Richards
3—93 3-93 3—-93 D AN D Ci 1976)
0¢§q“ §/\§2 ,\\(’Q (p /g) (
o ]
s ®°00-80 0.0'-2.0" _L'- . J
Qe g Sandy GRAVEL #BOBONS Toiuene 0.1 50 1500 f
5 © ooy | 0.3 | 50 |1500
o0 (ool 03 | 50 |1500
o0 2.5-4.5' ~40. Ra-226 | o1 | 100 |1700
o9 < : -Hmh-228 ™-232 | :
1°.5% #B0BONS 'I__ 01 | 75 [1400
o
30. o —
go q Methylene Chicride
o Aceton
ot Totoeme 50 {1900
A oipha-Chiordane 100 {2000
2.098.0-9.0° e
e 8 Siity sandy GRAVEL U=-238, Sr~90
b;e“gq 9.0'~-21 0'y C~14 0.7 100 | 1800
d ’ . . . K-40, Ra—226 ,
% 0 Sandy GRAVEL 8.0'-11.0 __2_228_3_232 0.4 | 100 {1600 10_L
La® FBOBONG 0.4 | 100 {1700
09 04| 75 [1400
- [Methylene Chiorige
L=} Acetone
Pe, : Tohon 0.7 | 100 800 :
o dpha—crlg'rdone i
e gomma—Chiordan: H
S0 8. U-233/234 g-‘: 1720 !;gg S
$ o4 14.5-16.5" RS T 100 500 camt37 P 590, Pu-239/240
Ra-226, Th-228 - i
. g #BOBON7 _T_§—232 22 100 300 !
bo% 16.5'~18.5" 100 300 {0.3
P LERC —'. _ 8‘1 %‘g 200 17.5 L cs-137, co-s0, €u-152
° ; Hiethylene Chioride 04 | 20 200
bO°, Acetone 0.4 50 200
e Q J Toluene An?
°9, B. U-233/234 Y —»-Es-m. Co—60, Eu—152
% u-238, 90 Sr-90, Pu=—239/243
21.0-25.0 [M~228, Th-232 50 |1600
Gravelly SAND s 1500 ~n = Cs~137, Co—60, Eu—152
° — 75 1600 Z. O ifu~154, Eu-158, 5=30
R a Methyiene Chioride Pu-239/240
23.0'-25.0 Acetone
o #8080PO |2 Butanene 75 350
Di=n—butylphthalat: ~e!
o] 25.0'-26.8" B. U-238. Si—30 o6 | 75 300 - —'E’I@Z‘ Soagy B2
o * 9 Sandy GRAVEL K~40, Ra—226 75 300 u-154,
oof [h-228, ™-232 75 300
Total Depth = 26.8 Feet 27 Fa-137, Com0, Eum152
0.4 75 500 Sr-90, Pu-239/240
! .
O\ L Co-60, =90
!

20

30 .

40

1976 Radiochemical Dota — Al detected radionuclides ot the corresponding depth intervaols are shown.

Field screening values greoter than non—detect or backgrouns cre recorded in this figure.

All samples were field screened.

Borehole Spectral/Gemmo Log -~ Bors indiate interval of borencle where rodionuclide was detected.

116F9C

DU/ KL-93-82
raft A .

Figure 3-13 Summary Diagram
of the 116-F-9C LFI Borehole Data
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20

30

40

Waste Site

116—F~9C Animal woste
leaching trench

400 Ft long with 100 Ft.
branch; 10 Ft. deep;

5 Ft. wide

Received wostewater
from onimal pens.

1963~1976 /Inactive

Total Depth = 20.0 Feet

Sampling Results for 116-F-9D Test Pit

Field Screening

Sample
Location
3-93

LFl Data
3-93

3-93
0“?& v{:d“\

A&

B

0.0'-1.0" #808G78 —

9.0-10.0' #808G79 —HSy

15.0' FBOBGEO ——-U
oo

cr T
oo ord 200 gBOBCET ——

Notes:

Total Depth = 20.0 Feet

Agetlone
T

ohene
Di-n-putyiohihalate
bisi2-Emyine xytiphthaiaie
a

U-233/234, U-238
K-40, Re-226
Th-228. Th-232

[Aoetone
#-Metnri-2-pentanony

alphe-Chiordane
pemna-Chior dane

U-233/234. U-238
Pu-239/240. Sr-90
K-40, Co-80, C3-137
Eu-152, Re-226
{Th-226, T™-232

52337234, U-238
50-80. K-40, Ra-221
h-228, Th-232, Cs-137

Acetore
4-Mathyi-2-pentanony
Tolene
Di-n-butytohthaiste
Dis(2-Einymexylipnthsiate

aipha-Chiorsane
pamma-Chiordane

U-233/234, U-23
$r-90. K-40, Co-80

Th-226, Th-232
Cs-137

0.0

0.0

0.0

50-400

7§

LFl Data — Andlytical lab results for all inorganic constituents greoter than 95% upper threshold
limits ond olt detected organic compounds and radionuclides are shown.

Dorian & Richards
(1976)

17.5'

20

- Sr=—90, Pu-239/240

t- Cs=137, Co—60, Eu-152

Co—137, Co—60, Eu=152
Sr=90, Pu-239/240

22.5.

25'_|

Ca—137, Co—60, Eu-152
Eu—154, Eu—-155, Sr—90
|Pu-238/240

Ca—137, Co—60, Eu—152
Eu—154, Sr—9%0

27

Ca-137, Co-60. Eu~152
$-90, Pu~239/240

10 ——

20

30 —

40

1976 Rodiochemicol Data — All detected radionuclides at the carresponding depth intarvals are shown.

Field Screening — Action levels for volatile organic compounds (VOC) was 5 ppm and gross gomma Field screening volues greater thon non—detect or bockground ore recorded in this fiqure.
All somples were field screened.

(7) rodiation was twice background.

116F14

DOE/RL-93-82
Draft A

Figure 3-14 Summary'Diagx:am
of the 116-F-9D LFI Test Pit Data
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e g e

10

20

30

40 ___

Waste Site

116—~F =14 Retention
Basin
450 Ft.x 230 Ft.x 24 F*

Used to retain cooling
woter zffluent from F
reactor to allow radioactive
and thermgl cooling.
Also recieved water from|
reactor building drains.

1945~1965 /incctive

Notes:

Geologic

Sampling

Log

3-93

P
5
o0
B
o

S
009
9,

P8t

0.0'-3.0°
Sandy GRAVEL

13.6'-5.0
{ CONCRETE

5.0'~23.0
Sandy GRAVEL

23.0'-26.6"
Graveily SAND

Results for

116-F-14 Borehole

Total Depth = 26.6 Feet

Sample Field Screening
Location LFl Data 3—-93
3-93 3-9 S A S
3 O{“é@ %l\saQ Y k(?
[Meth Chiorid 1
Chem 0.0'-2.0 ol A:-t:n:" ) 133 gggg
#B08004 Toluene 25 12500
Di~n-hutyiphthaiata 200 | 2500
bﬁb(Z-E!ny;e:y)ph-:hldale
. U-233/234 4
Chem 25'-5.0' __ ||u-238, k-4 | . 288 :3%%%
#8080Q5 Eum152 Eu-ise Bum1s 500 |25000
Th—232 0.6 200 {6000
Chem 5.0'~7.0° —
- — 4000
#B080Q8 Lilietnylene Chioride ?80 4000
Acatans 150 {6500
Ci=n~butyiohthalgts 100 14500
bis{ 2~Ethythexy Jphiholote
a, B, U-233/234 490 Bo%0
u-238, Pu-1238
Pu=235/240 50 1500
Arn—-241, 90 1.7 25 1200
Chem 10.5'-13.0° C-=14, Co—€0Q. Cs-37 S0 ‘000
#80800Q7 T} Eu=152, Eu-134 0.9 50 1300
|Eu—155 0.9 | 100 500
. . 75 1800
Phys }%'88-7133'5 Methylene Chioride 0.7 | so 700
Acstone Q.7 60 1700
Toluene 50 2700
Di—n-butymtho)l:;: l
bis{2—Ethyihexy Jphthaiate -
¢ Gr. Cu In ol IR
16.6'~18.6" B. u=233/234 16 | 10 600
Chem #B0B0Q8 s Y s | 10 000
Phys #B08735 Am=241, Sr-30 |
C-14, Co=60, Cs~137 125 | 3000
Eu=—152, Eu=154 25 200
[Eu-155
Phys 20.3'-22.9" | f{Methyione Crioride 25 1200
#808736 Acetone 25 500
;Num 25 500
i-r—butyiohthaigt !
bts(z—E‘:hynuy):n:.\aotc 25 7600
Cr 1.1 25 0Q
23.0'-24.5' 8, 2337234 13025 1500
Chem #308CQ9 7 | [19=230, Fu-23¢ 14 | 50 12700
: ~239/240 ;
Phys #B08737 A A 14 ) 100 800
Ra-226, ™h~228
[th~232 100 300
Huothylens cnioriae 75 400
Acstone
Toluene
Di—-n—butyphthalate
bis(2-Ethylhexy )phtiiaiote
cr i
a, f,0-233/234
U-235, U-238
K~40, C3=137
Ro-226, Th-228
[Th—-232
L Hicetone
Chiorofom
2-Butonone
4—Mathyl-2-pentoncne
Toiuene
Diethyiphthalote l
Di-n—butytphthalate |
bis{2~Ethynexy )phthalate
£, u-233/234
U-238, Pu-239/240
K~40, Cs=137 !
Ro-226, Th-228 |
[Th-232 |

Spectral Gamma
(pCi/q)

LF1 Doto — Analytical lab resuits for all inorganic constituents greater than 95% upper threshoid
timits ond all detzctes organic cempounds and radionuclides are shown.

Field Screening — Action levels for volatile organic compounds (VOC) was 5 ppm obove background
and gross gamma () raodiation was twice background.

Surveysd elevation to top of brass disc 403.78 fest (NGVD-29).

Co=-60 E—*52 Eu-154
-

— +31.0 1730 1920

Dorian & Fichards
(1976)

Sr-9Q, Eu-152, Co-60,
Eu~-154, C3-134, C5-137,
Eu-155

[Fu—-238, Pu~239/240
Sr=90, H~3, €u-iS2,

—r Co—60, Eu~154, (3—~134

Cs=137, Eu=155, U. Ni=63

| [Pu-238/240. =20, K-3
10 —Heu-152." co-60, £4-154

Cs~137, Eu=155, i}

1 g’ Sr—90,
~ —{Eu~152, Co=-60. Lu~154
Cs~-137

20'_

Sr—90,
Eu~152, Co—-60, Eu-154
Cs=134, Cs-137

1976 Radiochemical Data — All detected radionuclides at 5 ft. depth intervais are
shown. See Appendix B for o complete reporting.

Field screening values greater than non-—detect or backgraund are recorded in this figure.

All somples were field screened.

Borehole Spectrot/Gamma Log — Bars indigte interval of borehole where radionuciide was detected.

20

30

40

116F14

UL KL -T0-04
Draft A
Figure 3-15 Summary Diagram

of the 116-F-14 LFI Borehole Data

3F-15
























o¢-1¢

Sampis Numb B80o8a7o B808Q71

B808a72

sosa7s

808G74

808076

76

B08G77

Depth interval Feld Bank 8urface Spiit

Duplicats

LA

10h

16 ft

Telp Bank

95%
UTL ()

CRaQL/
CRDL

(a3« I )

NA
ND
NR

Reported as standard units.

95% conhidence imit of the 95th percentile of the data distribution.
Value reported for Nitrate only.

Estimated value.

Not analyzed

Not detected.

Not reported.
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Table 3-16 Analytii ' Results f¢ the 132-F-1 Test Pit (page 3

a4

of 3)

Sampie Number B07201 807202 B07203 807204 96% CRAQL/
UTL (a) CRDL
Danth Interval Samnls Nunlicats Snlit Blank
Anions {cg~*"~"* mAka mg/kg mg/kg makn mg/kg mg/kg
Sultate 0.51 34 33 NR | 580 NR
a = 95% confidence limit ot the 385th percentite of the data aistrioution.
b = Value reported is limit of detection.
[+ = V-~ -eported is for Nitrate only.
J = E ted value.
R = Value marked as rejected in vaiidation report.
NA = analy
ND = voudetecieu.
NR = Notreported.
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Remarks

A/
Description Citation R&A* Requirements
Soil Cleanup Standards | WAC A MTCA Method B concentration limits i ms
173-340-740 I

per kilogram for potential contaminants 1n sotls,

sediments, and sludges are:

Barium

Cadmium

Chro m (III)
Chromium (VI)
Copper

Manganese

Mercury

Silver

Zinc

Acelone

Benzene

Carbon disulfide
Mecthyl ¢thyl ketone
Methyl 1sobutyl ketone
Methylene chloride
Toluene

Anthracene
Benzo(a)anthracene
Benzo(b)luoranthene
Benzo(k)luoranthene
Benzoic acid

Benzyl alcohol
Bis(2-ethylhexylyphthalate
( 'sene
Di-n-butylphthalate
Dicthyl phthalate
Fluoranthene
N-nitrosodiphenylamine
Pentachlorophenol
Pyrene

5.600
40
80.000
400
3.200
400
24
400
24.000
8.000
34.5
8.000
48.000
4.000
133
16.000
24.000
0.1
0.1
0.137
320.000
24,000
71.4
0.137
8,000
64.000
3.200
204
8.33
2400
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A/ .
Description Citation R&A* Requirements Remarks
[
Washington State Department RCW 43.70
of He 1
Radiation Protection -- Aar WAC 246247 Establishes procedures for monitoring, control, and
Emissions reporting of airborne radionuclide emissions.
New and Modified WAC 246-247 A Requires the use of best available radionuclide
Sources 070 control technology (BARCT),
Radiation Protection WAC 246-22) Establishes standards for protection against radiation
Standards hazards.
Radiation dose 1o WAC 246-22]- A Specifies dose limits o individuals in restricled arcas

individuals in restricted

areas

010

for hands and wnsts. ankles and feet of 18.75
rem/quaner and for skin of 7.5 rem/quarter.

*NOTE: A = Appheable. R&A = Relevant and Appropriate
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calculations in MTCA to be applicable to radioactive
contaminanis. These cleanup standards may become
available prior 10 or during remediation.

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

Solid Waste Disposal Act, as
amended by RCRA

Solid Waste Disposal
Facilines and Practices

Corrective Action for Sohd
Waste Management Units

Critena tor Classification of

42 U.S.C. 6901 et
sey.

40 CFR §257 3-4

40 CFR 264
Subpan S, proposed

A ftacdity or practice shall not contaminate an underground
drmking water source beyond the solid wasle boundary.

Estabilishes requirements for investigation and corrective
action for releases of bazardous waste from solid wasle
nuanagement units.

The courts or the slate may eslablish alternate

boundaries.

U.S. Department of Fnergy
Orders

Radiation Protection of the

Pubhe and the Envitonment

Radiation Dose Fanit (All
“ Pathwayy)

Radiavon Dose Limit
(Drinking Water Pathway)

DOE 54005

DOL 5400.5.
Chapter I
Section la

DOE 5400.5.
Chapter 1.
Section 1d

Estabhishes radiation protection standards for the public and

environme

The exposure of the public 1o radiation sources as a
consequence of all routine DOE activities shall not cause,
a year. an effective dose equivalent greater than 100 mrem
fiom all exposure pathways. except under specilied

cHcumstances.,

Provides a level of protection for persons consuming water
from a public drinking walter supply operated by DOE so that
persons consuming water from the supply shall not receive
an effective dose equivalent greater than 4 mrem per year.
Combined radium-226 and radium-228 shall not exceed § x
10°uCi/mL and gross alpha activity (including radium-226
but excluding radon and uranium) shall not exceed 1.5 x 10°*
uCi/mL. '

Pertinent if remedial acuvities are “routine DOE

vilies.”

Pertinent if radionuchdes may be released

during remediation.
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‘e

Description Citation Requirements Remarks |
Residual Radionuclides in Soil DOE 5400.5 Generic guidelines for radium-226 and radium-228 are: 1 ncentrations of radioactive material "
Chapter IV. i lefined as those in excess of
Section da L] S pCi/g  raged over the first 15 cm of s0il below t concentrations averaged over an

the surface; and

L] 15 pCi/g averaged over | S-cm-thick layers of soil
more 1 15 cm below the surface.
Guidelines for residual concentrations of other radic ey

must be derived from the basic dose limits by means of an
environmental pathway analysis using specific propenty data
where available. Procedures for these deviations are given in
"A Manual for Implementing 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 radivactive materials above the guidelines must be
controlled to the required levels in 5400.5. Chapter H and

Ch  erlV.

area of 100 o?.
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Description

Citation A/
R&A*

Requirements

Remarks

Archaeological and Historical
Preservation Act of 1974

16 U.S.C. 469 A

Requires action to recover and preserve anifa
areas where activity may cause irrepa
or destruction of significant antifacts.

in
2 harm, loss,

Applicable when remedial action threatens
significant scientific, prehistorical, historical,
or archaeological data.

Endangered Species Act of 1973

Fish and Wildlife Services
Last of Endangered and
Threatened Wildlife and
Plants

16 US.C. 1531 et

Prohibits federal agencies from jeopardizing
or endangered species or adversely modifyin;
essential to their survival.

Requires identification of activities that may
listed species. Actions must not threaten the
existence of a listed species or destroy critica

:ned
fats

Requires consultation with the Fish and
Wildlife Service to determine if threatened or
endangered species could be impacted by
activity.

Historic Sites, Buildings. and
Antiguities Act

Establishes requirements for preservation of

e

sites. buildings. or objects of national significance.

Undesirable impacts 10 such resources must be
mitigated.

Wild and Scenic Rivers Act

seq.

S0 CFR Pans 17, A
222. 225, 226.

227.402. 424

16 US.C. 401 A
16 US.C 1271 A

Prohibits federal agencies from recommending

authorization of any water resource project that would

have a direct and adverse effect on the values for

which a river was designated as a wild and sc
or included as a study area.

rver

The Hanford Reach of the Columbia River is
under study for inclusion as a wild and scenic
nver.

*NOTE: A = Apphcable. R&A =

Relevant and Appropnate
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Description

Citation

A/
R&A*

Requirements

Remarks

Ilabitat Buffer Zone for Bald
Ea Rules

Bald Eagle Protection Rules

RCW 77.12.655

WAC 232-12-292

Prescribes action Lo protect bald eagle babitat,
such as negting or roost sites, through the
development of a site management plan.

Annlicable if the areas of remedial agtivities
it des bald eagle habitat.

Regulating the Taking or
Possessing of Game

Endangered. Threatened. or
Seositive Whldlife Species
Classification

RCW 77.12 u40

WAC 232-12 297

Prescribes action o protect wildlife classified as
endangered. threatened, or sensitive.  ough
development of a sile management plan.

A < if wildlife classified as
enagangered, threatened, or sensitive are
present in areas impacted by remedial
a lies.

*NOTE A = Applicable. R&A = Relevant and Appropriate
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Description

Citation

Requirements

Remarks

Flooc  ins/Wetlands
Environmenta) Review

10 CFR Pan 1022

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

Pertinent if remedial activities take place in a
floodplain or wetlands.

Protection and
Enhancement of the
Culwural Environment

Executive Order
11593

Provides direction 10 federal agencies to preserve, restore,
and maintain cultural resources.

Pentains to sites, structures, and objects of
historical, archeological, or architectural
significance.

Hanford Reach Study Act

PL 100-605

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
activities are required, to the extent practicable. to minimize
direct and adverse effects on the value - which the river
is under study and 1o utilize existing structures.

This law was enacled November 4, 1988.
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4.0 SUMMARY AND CONCLUSIONS OF THE QUALITATIVE RISK ASSESSMENT

This section provides a summary of the methods and results of the QRA that was
performed for the high-priority waste sites in the 100-FR-1 Operable Unit. Complete results
and methodology used for the QRA are provided in the QRA of the 100-FR-1 Source
Operable Unit (WHC 1993).

Data used for this 100-FR-1 QRA are from historical information and recent LFI
sampling. The data are evaluated using the Hanford Site Risk Assessment Methodology
(DOE-RL 1994a) as guidance. The maximum detected representative constituent
concentr™*""ns in the top 15 ft of the soil are compared to Hanford Site Soil Background
(DOE-RL 1993a). Constituent concentrations greater than bacl - ound (inorganic only) are
compared to risk-based benchmark concentrations. For both the human health and ecological

—-~imum constituent concentrations exceeding either of these criter are
further evaluation.

The 100-FR-1 Operable Unit QRA presents a qualitative evaluation of human health
and ecologic risks associated with the high priority and nonprioritized waste sites included in
the 100-FR-1 Operable Unit. The human health QRA evaluates two exposure scenarios (i.e.,
frequent- and occasional-use) over four exposure pathways (i.e., soil ingestion, fugitive dust
inhalation, inhalation of volatile organics, and external radiation exposure). The ecologic
QRA estimates risks to a se ted ecological receptor, the Great Basin pocket mouse. 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). The reductions in human health risks from
delaying the onset of human exposures to the year 2018 (i.e., decreasing radionuclide COPC
soil concentrations through radioactive decay) and from external radiation shielding effects
provided by clean-fill soil cover are also estimated. This QRA is not intended to replace or
be a substitute for a baseline risk assessment.

This QRA includes conservative assumptions which simplify the risk characterization
process, resulting in qualified estimates of ks and hazards to human health. The use of the
numerical risk and hazard estimates in the 100-FR-1 Operable Unit QRA should be limited to
comparisons with QRA for other operable units evaluated using the same methodology
(DOE-RL 1994a).

4.1 HUMAN HEALTH QUALITATIVE RISK ASSESSMENT

The 100-FR-1 Operable Unit human health QRA provides estimates of risks that
occur under frequent-use or occasional-use scenarios based on the best available knowledge
of current waste site conditions. Because neither of these exposure scenarios currently occur,
risks that might occur for humans under frequent- and occasional-use were included to
provide an upper and lower bound estimate of risk to a reasonable maximum exposure
individual.

4-1
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4.1.1 Results of the Human Health QRA

Table 4-1 and Figure 4-1 summarize the results of the 100-FR-1 Operable Unit human
health risk characterization of waste sites. Nine of the fourteen waste sites for which there
are soil analysis data are considered to have "high" human health risks in the frequent-use
scenario. As such, these sites should continue on the IRM path.

The external radiation exposure pathway is shown to be the primary risk-contributing
pathway at all of the evaluated waste sites. No separate figure is produced for the external
radiation pathway as it so overwhelms the other two pathways. The total human health risk is
the external exposure risk. Consequently, radionuclide COPC that are external radiation
exposure hazards (cobalt-60, cesium-137, europium-152, and europium-154) are considered
the primary risk-contributing COPC. Chemicals (arsenic, chromium, PCB) and radionuclide
COPC that represent internal radiation hazards (tritium, carbon-14, strontium-90, etc.)
represent insignificant human health risks in comparison to the primary risk-contributing
COPC. Figure 4-1 also demonstrates that the inl 'ition, and ingestion exposure pathways
represent much lower human health risks than does the ext._ il radiation pathway at the
100 _ _.-1 _perable Unit waste sites.

The potential decreases in human health risks from delaying the onset of human
frequent-use scenario exposures to the year 2018 are shown in Figure 4-2. A reduction of
one qualitative risk category (i.e., "high” risk reduced to the "medium" risk category) is
anticipated at five of the fourteen evaluated waste sites under the frequent-use scenario. This
reduction in risk can be primarily attributed to the radioactive decay of cobalt-60,
cesium-137, europium-152, and europium-154.

4.1.2 Summary of Key Uncertainties in the Human Health Risk Assessment

The human health risks presented in this QRA are conditional estimates that reflect
multiple assumptions and related uncertainties. This section discusses the sources of
uncertainty that were considered to have the greatest influence on the conclusions of the
100-FR-1 Operable Unit QRA.

The use of maximum soil concentrations of all COPC from the surface to a depth of
4.6 m (15 ft) as the exposure point concentration ignores the spatial distributions of surface
and subterranean COPC concentrations that exist at all waste sites. Because the maximum
concentrations are assumed to be ubiquitous and readily accessible to potential human
receptors, this source of uncertainty results in over estimation of the exposure intakes, and
corresponding health risks, from all COPC detected at each waste site.

Exposure estimates for hypothetical human receptors include an extrapolation of
external radiation field properties and air COPC particulate concentrations from soil COPC
concentrations. Direct measurements, such as those provided by external radiation
dosimeters, are expected to significantly reduce this source of uncertainty in the 100-FR-1
Operable Unit QRA.

4-2
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The assumption of a homogenous distribution of the maximum soil concentration of
each radionuclide COPC ("infinite source" geometry) is used to evaluate individual external
radiation exposure risks. Un: tainty is introduced into the QRA because this assumption
ignores the differences in radiation intensity provided for y other distribution of
radionuclide COPC in soil, and results in an over estimation of the external radiation
exposure risks. Because the external radiation exposure pathway was found to be the primary
risk-contributing pathway at all evaluated waste sites, this source of uncertainty is expected
to significantly impact the 100-FR-1 Operable Unit QRA.

Table 4-2 summarizes the qualitative risk evaluation of waste sites that have no soil
analysis data. Historical information and risk estimates from analogous sites were used to
estimate the qualitative risk category for such sites. The accuracy of the estimated qualitative
risk jory is highly dependent on the appropriateness of the selected anal¢ >us waste site.
This major source of uncertainty <  be reduced as site-specific data become available for
these waste sites.

4.2 ECOLOGICAL QUALITATIVE RISK ASSESSMENT

4.2.1 Results of the Ecological Evaluation

A qualitative ecological evaluation was completed for radiological constituents for the
100-FR-1 Operable Unit. The findings are:

o Historical data indicate that 116-F-4 Pluto Crib exceeds the EHQ (Table 4-3)
at the surface 0-1.8 m (0-6 ft) soil profile as well as the total the 0-4.6 m
(0-15 ft) depth, although it is recognized that the Pluto Crib was excavated in
1993.

° Eight sites (Table 4-4) exceed the wildlife NOEL (EHQ > 1) for one or more
nonradiological contaminants. These sites include: the 108 French Drain, the
116-F-1 Lewis Canal, the 116-F-2 Basin Overflow, the 116-F-3 Fuel Storage
Basin Trench, the 116-F-4 Pluto Crib (historical data), the 116-F-6 Liquid
Waste Disposal Trench, the 116-F-9 Animal Waste Leach Trench, and the
116-F-14 Retention Basin.

The estimation of significant EHQ for radionuclides within 1.8 m (6 ft) of the soil
surface, indicates that radionuclides at 116-F-4 Pluto Crib are available for uptake by plants
and can be biologically transported to the pocket mouse. Radionuclides at the 116-F-9
Animal Leach Trench, however, did not exceed the EHQ of 1 rad/day (0.8 rad/day) within
the 4.6 m (15 ft) of soil. The top 1.8 m (6 ft) of soil was three orders of magnitude less
than the total 4.6 m (15 ft) soil profile. This result indicates that there is less of a hazard for
biotransport of contaminants to the pocket mouse. For sites where the total radiological
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EHQ dose is > 1, strontium-90 is the primary dose contributor. Table 4-5 provides a
comparison of the contaminants, which exceed an EHQ of one, for the individual waste sites.

4.2.2 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. Uncertainty exists in both the contaminants identified and the
exposure concentrations. As for the human health assessment, the maximum observed
contaminant concentration is used for the evaluation, and this provides a measure of
conser ivism to the pocket mouse dose model. However, if this number is not realistic, no
amount of modeling will overcome this deficiency.

The QRA models the potential exposure of pocket mice suspected to be present in or
near the waste site. The issues of concern with regard to ecological risk assessment
(particularly qualitative) are uncertainties in using an assortment of environmental variables
in risk modeling. Site-specific organisms (e.g., pocket mouse), are identified as being
a iated ~ the site, but little, if -+, d:° mayexist 1 g erofcor” s
from site-specific organisms. Often, it is necessary to use biological trophic transfer
information for related species. The pocket mouse dose model includes a number of factors
which are represented in the literature by a range of values, and each contribute to the
overall uncertainty. These include factors such as the soil-to-plant contaminant transfer
coefficients, the mouse feeding rate, the average pocket mouse body weight, radionuclide
biological decay, and radionuclide assimilation factors.

Because uncertainty exists within the dose modeling, the pocket mouse dose model for
this QRA builds certain conservatism into the dose estimates. For example, the maximum
observed contaminant concentration is used. The exposure scenario assumes uniform soil
contamination of the maximum concentration within waste sites and total contamination of
mouse foodstuffs. No provision is made for dilution of contaminated foodstuff by
noncontaminated foodstuff. The model assumes that the plant roots contact the contaminant
and that seed concentration is the same as the plant. Seasonal behavior (hibernation) that can
reduce internal exposure and body burden is not considered.
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Figure 4-2 Effect of Radionuclide Decay on Frequent-Use Scenario Site Risks

*Percent reduction of total site risk attributed to radionuciide decay

ICR (Year 1983)

(223 25 year Future

Sits ICR
(Year 2018)

] Prosent Ske

seugediy
obs8yo9)()/98000d

yonq ssedig w3

3
W youQ wee umeg
£
(/2]
9 pi-4-9l
o
g
m 11-4-911
a : -4
o - o1-4-911
e
m 84911
20 | 8-4-911
A
g s-49tL
m -
: m i
g 4911
L
S
L2 £-4911
o
S
L Z-4-911
I-4-911
1801

opsueag esn uenbeid —1  myjed iy
%Sy Jeaue) jejueu  duj

4F-2






-O%/rlzlf;-% EE’M 2 109y

Figure 4-3 Shielding Effect of Clean-Fill Soil Cover on Occupational Scenario Site Risks
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Frequent-Use Scenario Occaslonal-Use Scenarlo
Modified Qualitative
Waste Site Deslgnation Qualitative Risk Major Major 2018 Qualiiative Risk]l Qualitative Risk | "I Major Rk C 0‘!
9 Classification (2)] Contaminant Pathway Classification (a,b) {| Ciassification (a){ Contaminant Pathway (ac)
Potassium-40 E;lomal Plutonium-238 External
Plutonlum-238 Radiation M Potar m-40 Radiation
108-F French Draln Medlum Thorium-228 inhalstion uem Low Chromium khalation Low
Cesium-137 Ingestion Thorlum-228 ingestion
Europlum-152 Europium-152
118-F-1 Lewis Canal High Cobait-60 External Medium Medium Cobsit60 External Medium
Radlation Radiation
Europlum-154 Europlum-154
118-F-2 (107-F) Basin Europlum-152 External Europium-152 External
Owerflow Trench High Europlum-154 Radiation High Medium Europlum- 154 Radiation Low
116-F-3 (105-F) Fuel Storage External External
Basin Trench High Europlum-152 Radiation Medium Medium Europlum- 152 Radistion Low
External External
116-F-4 (105-F) Pluto Crib High Ceslum-137 Radiation High Medium Ceslum-137 fRadiation Medium
Europlum-154 External Eurog -154 External
- il
116-F-5 Ball Washer Crib Low Ceslum-137 Radiation Low Very Low Cea! 1a7 Radiation NOD
Europium- 152 Europium-152
118-F-8 (1608-F) Liquid Wast4 External External
High Ceslum-137 High Medlum Ceslum-137 Low
|
Disposal Trench Cobalt-60 Radiation Cot 30 Radlation
Potasslum-40 Potassium-40
116-F-9 PNL Animal Waste Thorlum-228 External Cabalt: External
Med
Leach Trench lum Radium-228 Radintion Medium Low Thorlum-228 Radlation Low
Europlum-152 Radlum-226 |
116-F-10 (105-F) Dummy
Cobalt-60 External Cot External
Deoont: tion French High
Drain aon fon o Europlum-152 Radiation Medium Medium Europium-152 Radiation NO
Europlium-152 Europlum-152
118-F-11 {105-F) Cushion External External
Medium Ceslum-137 Medium Low Ceslum-137 Low
Corridor French Drain Europlum. 134 Radiation E 134 , Rediation
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Frequent-Use Scenario QOocasional-Use Scenario
. Madified Qualitativ
Waste Site Designation Qualitative Risk Major Major 2018 Qualitative Risk|l Qualit ! Major Majos Risk C1. nnmclalion
9 Classification (a)| Contaminant Pathway Classification (a,b) { Classiticati Contaminant Pathway tas)
Europlum-lsz Europium-152
198-F-14 (107-F) Retention : Europium- 154 External . Europlum-154 External Medi
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5.0 RECOMMENDATIONS

The primary purpose of the LFI report is to recommend those high-priority sites that
should remain as candidates on the IRM path and those high-priority sites which should not
remain as candidates for the IRM path. Sites that are not recommended as candidates for an
IRM will be addressed in the final remedy selection process. These recommendations are
generally independent of future land-use scenarios. '

5.1 HIGH-PRIORITY SITE IRM CANDIDATE EVALUATION CRITERIA

The 100-FR-1 high-priority sites were evaluated using the following criteria to
identify those sites where continued IRM candidacy is recommended:

o the 100-FR-1 QRA (WHC 1993)

i an assessment of the waste site conceptual model

d identification of ;my ARAR exceedance for vadose zone contaminants

. an evaluation of site-specific contaminant impact on groundwater

o identification of sites where natural attenuation by the year 2018 may reduce

risks and mitigate contamination.

5.1.1 Qualitative Risk Assessment

The QRA provides risk estimates for human health and for adverse ecological effects.
Human health risks, specifically ICR, for the high-priority sites were developed in the QRA
using two scenarios: frequent-use and occasional-use. The occasional-use risk values are
used to evaluate the continued candidacy of high-priority sites for IRM. The qualitative risk
estimations presented in Table 5-3 are grouped into high (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
based on results presented in Chapter 3 of the 100-FR-1 QRA (WHC 1993). Sites that pose
medium or high risks to human health under the occasional-use scenario are recommended to
continue as IRM candidates.

Environmental hazard quotient ratings are from the qualitative ecological risk
assessment that was pertormed in the QRA. Sites that have an EHQ rating > 1 for
radionuclides or nonradiological constituents, present potentially adverse ecological impact
and are recommended to continue as [RM candidates.
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of risk through radioactive decay. Natural attenuation is not a consideration for sites
contaminated by metals, by radionuclides with half-lives > 30 years, or where multiple
exposure pathways drive the risk.

5.2 HI__I-PRIORITY SITE IRM CANDIDATE RECOMMENDATIONS

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

o impact of ...M actions in relation to the 100 Area Environn tal Impact
Statement, e.g., disposition of the reactors

. "access control

o rejation to the IRM program plan recommendations
o land use

o point of compliance

| time of compliance

J feasibility

o bias-for-action

o threat to human health and the environment.

The high-priority sites recommended to continue as IRM candidates are identified in
the "IRM Candidate" column of the Table 3-3. The recommendations are discussed below.

5.2.1 116-F-1 Lewis Canal

The 116-F-1 lewis canal is recommended to continue as an IRM candidate because the
human health risk is medium, and the EHQ is > 1. No contaminants were found in the
116-F-1 investigation that exceeded MTCA Method B guidelines. This site’s impact on the
groundwater could not be determined due to the lack of an upgradient monitoring well,
however, low levels of chromium, and no detections of strontium-90 in the downgradient
well indicate that this site is probably not currently impacting the groundwater. Natural
attenuation by the year 2018, i.e., radioactive decay, may not mitigate risk posed by the
principle contaminants and associated exposure pathway.

()
1
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5.2.2 116-F-2 Basin Overflow Trench

The 116-F-2 basin overflow trench is recommended to continue as an IRM candidate
because the human health risk is medium, and the EHQ is > 1. No contaminants were found
in the 116-F-2 investigation that exceeded MTCA Method B guidelines. This site’s impact
on the groundwater could not be determined due to the lack of an upgradient monitoring
well. Natural attenuation by the year 2018, i.e., radioactive decay, may not mitigate risk
posed by the principle contaminants and associated exposure pathway. The EM bypass ditch
(described in Section 3.2) is an associated site that was not prioritized as a high-priority or
low-priority site. The 100-FR-1 QRA (WHC 1993) did, however, calculate a medium
human health risk for this site using the occasionai-use scenario.

5.2.3 116-F-3 Fuel Storage Basin Trench

The 116-F-3 fuel storage basin trench is recommended to continue as an IRM
candidate be 1se “'e hur " “hrisk is medium, and the 77" " is >1. No contaminants
v found in the 116-F-3 in® -ation that exceeded M. . A Method B iidelines. ..
site’s impact on the groundwater could not be determined due to the lack of an upgradient
monitoring well. Natural attenuation by the year 2( 3, i.e., radioactive decay, may not
mitigate risk posed by the principle contaminants and associated exposure pathway.

5.2.4 6-F-4 Pluto Crib

The 116-F-4 pluto crib is not recommended to continue as an [IRM candidate.
Contamination was removed as a part of the /00 Area Excavarion Treatability Test Plan
(DOE-RL 1994¢). This site’s impact on the groundwater could not be determined due to the
lack of an upgradient monitoring well, however, low levels of chromium, and no detections
of strontium-90 in the downgradient well indicate that this site is probably not currently
impacting the groundwater.

5.2.5 116-F-6 Liquid Waste Disposal Trench

The 116-F-6 liquid waste disposal trench is recommended to continue as an IRM
candidate because the human health risk is medium, and the EHQ is > 1. No contaminants
were found in the 116-F-6 investigation that exceeded MTCA Method B guidelines. It does
not appear that this site is currently impacting groundwater because the chromium and
strontium-90 values in downgradient well 199-F-47 were not greater than the values found in
upgradient well 199-F-6. Natural attenuation by the year 2018, i.e., radioactive decay, may
not mitigate risk posed by the principle contaminants and associated exposure pathway.



5154854010,
DOE/RL-93-82
Draft A

5.2.6 116-F-9 Animal Waste Leach Trench

Tl 116-F-9 animal waste leach trench is recommended to continue as an IRM
candidate cause the EHQ is > 1. The human health risk for site 116-F-9 is low. No
contaminants were found to exceed MTCA Method B guidelines. It appears that site 116-F-9
is not currently impacting groundwater because concentrations of chromium and strontium-90
are considerably higher in the upgradient well than the values found in the downgradient
well. Natural attenuation by the year 2018, i.e., radioactive decay, may not mitigate risk
posed by the principle contaminants and associated exposure pathway.

5.2.7 116-F-14 Retention Basin

The 116-F-14 retention basin is recommer ' * ‘o continue as "~ “ ~1didate
because the human | ith k n it and the dis >1. Nc its v found
in the 116-F-14 investigation that exceeded MTCA Method B guidelines. It appears that
116-F-14 site is currently impacting groundwater because the strontium-90 values in
downgradient well 199-F5-3 were considerably higher than the values found in upgradient
well 199-F5-46. Natural attenuation by the year 2018, i.e., radioactive decay, may not
mitigate risk posed by the principle contaminants and associated exposure pathway.

5.2.8 108-F French Drain

-..& 108-F french drain is recommended to continue as an IRM candidate because the
EHQ is >1. The human health risk for the 108-F french drain is low. No contaminants
were found to exceed MTCA Method B guidelines. [t appears that this site is possibly
impacting groundwater because concentrations of strontium-90 are slightly higher in
downgradient well 199-F5-45 than the values found in upgradient well 199-F5-4, however,
further investigation of groundwater contamination is needed to accurately determine the
current impact of this site to the groundwater. Natural attenuation by the year 2018, i.e.,
radioactive decay, may not mitigate risk posed by the principle contaminants and associated
exposure pathway.

5.2.9 116-F-5 Ball Washer Crib

The 116-F-5 ball washer crib is not recommended to continue as an IRM candidate.
The human health risk for this site is very low and the EHQ rating is <1. Because this site
used historical data for its evaluation, no data were available for comparison to MTCA
Method B. No monitoring well is located in close enough proximity to this site TBC an
upgradient well, therefore, the impact to groundwater from this site could not be determined.
Natural attenuation by the year 2018, i.e., radioactive decay, will reduce the risk posed by
the principle contaminants and associated exposure pathway.

5-5
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5.2.10 116-F-8 Qutfall Structure

The 116-F-8 outfall structure is recommended to continue as an IRM candidate.
Because of the uncertainty regarding the concentrations of contaminants that this site
received, the conceptual model is incomplete. Limited field sampling is needed to resolve
the uncertainties. Once the data are available this site should be evaluated for continued
consideration as an IRM candidate.

5.2.11 116-F-10 Dummy Decontamination French Drain

The 116-F-10 dummy decontamination french drain is recommended to continue as an
IRM candidate because the human health risk is medium, although cobalt-60 and
europium-152 are the major contributors to risk, both of which have potential for natural
attenuation by the » r 2018. The external exposure pathway is the major contributor to
risk. No data were available in the O ft to 6 ft bls interval, therefore, no risk reduction from
the sl ° 7 :ffect of clean-fill soils could be estimated. The EHQ rating for this si 1is

l. this “hi ical ' for’ 2 o, dv T for

comparison to MTCA Method B guidelines. It appears that 116-F-10 site 1s not currently
impacting groundwater because the strontium-90 values in upgradient well 199-F8-2 were
higher than the values found in downgradient well 199-F5-47 and the chromium values were
similar between the upgradient and downgradient wells.

5.2.12 116-F-11 Cushion Corridor French Drain

The 116-F-11 cushion corridor french drain is not recommended to continue as an
IRM candidate. The human health risk is low and the EHQ rating for this site is <1.
Because this site used’historical data for its evaluation, no data were available for comparison
to MTCA Method B guidelines. No monitoring well is located in close enough proximity to
this site TBC an upgradient well, therefore, the impact on groundwater from this site could
not be determined. Natural attenuation by the year 2018, i.e., radioactive decay, will reduce
the risk posed by the principle contaminants and associated exposure pathway.

5.2.13 116-F-12 French Drain

The 116-F-12 french drain is recommended to continue as an [RM candidate.
Because of the uncertainty regarding the contaminants and the concentrations of contaminants
that this site received, the conceptual model is incomplete. Limited field sampling is
recommended to resolve the uncertainties. Once the data are available, this site should be
evaluated for continued consideration as an [RM candidate.
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5.2.14 116-F-13 Experimental Garden French Drain

The 116-F-13 experimental garden french drain is recommended to continue as an
IRM candidate. Because of the uncertainty regarding the contaminants and the
concentrations of contaminants that this site received, the conceptual model is incomplete.
Limited 1d sampling is recommended to resolve the uncertainties. Once the data are
available, this site should be evaluated for continued consideration as an IRM candidate.

5.2.15 Process/Discharge Pipelines

The process/discharge pipelines are not recommended to continue as an IRM
The human health risk for this site is very low and the ™77 rating is <.
lis §° " his d analc »yusd - forits evaluatlon no data were

available for comparison to MTCA Method B. Becai  of the extensive nature of the
pipelines and their proximity to other waste sites, a groundwater assessment based upon
current monitoring wells is not possible. Natural attenuation by the year 2018, i.e.,
radioactive decay, will reduce the risk posed by the principle contaminants and associated
exposure pathway.

5.2.16 UN-100-F-1

The UN-100-F-1 unplanned release site is recommended to continue as an IRM
candidate. Because of the uncertainty regarding the contaminants and the concentrations of
contaminants that this site received, the conceptual model is incomplete. Limited field
sampling is recommended to resolve the uncertainties. Once the data are available, this site
should be evaluated for continued consideration as an IRM candidate.

5.2.17 132-F-6 Lift Station Demolition Site

The 132-F-6 lift station demolition site is recommended to continue as an IRM
candidate. Because of the uncertainty regarding the contaminants and the concentrations of
contaminants that this site received, the conceptual model is incomplete. Limited field
sampling is recommended to resolve the uncertainties. Once the data are available, this site
should be evaluated for continued consideration as an IRM candidate.

5.2.18 PNL Outfall Structure

The PNL outfall structure is recommended to continue as an IRM candidate. Because
of the uncertainty regarding the contaminants and the concentrations of contaminants that this
site received, the conceptual model is incomplete. Limited field sampling is recommended to
resolve the uncertainties. Once the data are available. this site should be evaluated for
continued consideration as an IRM candidate.

5-7
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5.2.19 Nonprioritized Sites

The basin leak ditch (described in Section 3.7) and the EM bypass ditch (described in
Section 3.2) are associated sites that were not prioritized. The 100-FR-1 QRA (WHC 1993)
did, however, calculate a medium human health risk for these site’s using the occasional-use
scenario. Only sites listed in the 100-FR-1 Work Plan (DOE-RL 1992a) as being
high-priority, were addressed by the LFI. The risks associated with these sites indicate that
they should be placed on the IRM pathway, pending collection of confirmatory data.
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APPENDIX A

DORIAN AND RICHARDS (1978) SAMPLING RESULTS
(DECAYED TO JANUARY 1993)
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Concentration (pCi/g)

Sample Elev.® ]
Number Depth Material 2epy awiepyye 5y H P-11 gy *Co 4EY HCs nICs "SEu U SINje
U 414.10 U F . . - <200/30 5.9x10° 5.5x10° 71 1.0x10° 2.8x10* 8.8x10" 2.0x102
2 F " . 9.9x10* . <200 1.7x10° 1.7x10° 2.4 4.5x10" . 1.9x10" - 1.2x10°
4 F . * 3.2x10° <200/Bkg 9.7x10" 9.7x10° 1.3 7.1x10? 2.1x10* 1.5x10" 2.9x10?
4.5 F . 3.2x10" 1.5x10" . <200/10 2.6x10° 2.6x10° 3.8 7.6x10" 8.9x10 2.9x10" 5.2x107 8.5x10?
5 S " 3.1x10° 8.6x10° 1.4x10° 800 1.3x10? 1.3010° 8.3x1u 3. 10107 - 2.7x10' 1.9x10° 7.7x10"
7.5 N * 1.7x10° 3.2x10" /80 2.5x10° 2.5x10° 1.2x10° 2.3x10" - 1.2x10' -
10 N . 3.0x10° 1.8x10° 6.1x10" 1,000 1.5x10? 1.5x10? 1.7vm 2.9x10' . 1.6x10° 3.8x10" 4.2x10"
15 N * . 7.9x10" <200/20 3.4x10" 3.4x10° 2. ! 5.5x10? . 1.5x10° .

*Below analytical detection lmit.

Blank indicates not tested for or data unavaiable.
* - Isotope activity not decayed, no significant change has occured due to large isotope half-life.
* - Elevation in feet above sea level for surface ot borehole

F - Fill.

S - Sludge.

N - Native soil beneuth basin.
Source: Adapted from Dorian and Richards 1978 (decayed to January 1993).
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Concentration (pCi/g)

Sample Elev.* Depth
Location A tmpy } maop g M mgy, *Co ey ey Wice ™Ey v e
A 408.15 10 . . 5.2E-01 1.8E00 2.0E00 4.7E00 . 2.6E00 1.2E+00 8.8E-02 .
18 . . 2.86-01 9.7E00 - 1.0EG0 1.9E00 . 1.8G0 7.26-02
20 . ) 1.2E-01 8.4E-01 8.0E-01 1.2E00 . 1.6E00 2.1E-01
B 405.75 10 . - 7.3E-03 . 6.3£-01 4.1E-02 3.4E-02 [ 9.5E-02 2.1E-02 8.8E-02 - |
20 . . 1.4E-01 4.26-01 6.1E-02 2.1E-01 . 1.6E00 1.8€-02
C 408.38 15 . 2.4E-01 8.6E-01 1.1E+02 7.8E00 1.9E+01 . 01 2.8E00
20 . 3.4E-01 1.3E00 2.5E00 2.0E+02 8.8E00 4.2E+01 L] 4.0E+01 2.4E00 1.9E-01 .
25 . 3.6E-01 9.9E-01 7.1E+01 7.2E00 1.1E+01 . 5.8E00 4.7E-01
30 . . 3.4E-01 1.8E00 2.8E-02 1.8€-01 . 6.4E-01 1.3E-02
D 408.88 10 . L] 2.2E-01 5.4E00 5.9E+01 4.5E-01 5.8E+00 . 3.4E-01 l 1.5E-01 2.6E-01 .
20 | 6.4E-02 4.6E-01 8.8E-03 7.6E-02 -02

*Below analytical detection limit.
Blanks indicate not tested for or data unavaifable.
* - Elevation in feet above sea level for surface of borehote.
* - Isotope activity no decayed, no significant change has occured due to large Isotope haif-life.
Source: Adapted from Dorian & Richards 1978 (decayed to January 1993).
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