
... 

. 
L 

R 
--r mzzzz O[J Ir ?:'.111,J;JJ,)4 t;J 

OOa823.2 
DOE/RL-93-82 

Draft A 

Limited Field Investigation Report 
for the 100-FR-1 Operable Unit 

Date Published 

August 1994 

, 

United States 
Department of Energy 
P.O. Box 550 
Richland, Washington 99352 

Approved for Public Release 

l I\ 



THIS PAGE INTE TIONALLY 
LEFT BLANK 

I 



~5f:3333~0016 

TRADEMARK DISCLAIMER _________ _ 
Reference herein to any speci fi c commercial product, process , 
or service by trade name, trademark, manufacturer, or 
otherwise, does not necessarily constitute or imply its 
endorsement, recommendation , or favoring by the United 
States Government or any agency thereof or its contractors or 
subcontractors . 

This report has been reproduced from the best avai lable copy . 

Printed in the United Stales of America 

DISCLM•4.CHP (1-91) 



THIS PAGE INTENTIONALLY 
LEFT BLANK 



.... 

DOE/RL-9' ~ 3333 .. 0017 
Draft A 

EXECUTIVE SUMMARY 

BACKGROUND 

This limited field investigation (LFI) report summarizes the data collection and 
analysis activities conducted during the 100-FR-1 Source Operable Unit LFI and the 
associated qualitative risk assessment (QRA), and makes recommendations on the continued 
candidacy of high-priority sites for interim remedial measures (IRM). The results and 
recommendations presented in this report are generally independent of future land use 
scenarios. This report is unique in that it is based on Hanford-specific agreements discussed 
in the Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1990), the 
Hanford Site Risk Assessment Methodology (DOE-RL 1994a), the RCRA Remedial 
Investigation/Feasibility Study Work Plan/or the 100-FR-1 Operable Unit (DOE-RL 1992a), 
and the Hanford Past-Practice Strategy (HPPS) (DOE-RL 1991), and must be viewed in this 
context. The HPPS, described and justified in The Hanford Federal Facility Agreement and 
Consent Order Change Package (Ecology et al. 1991), emphasizes initiating and completing 
waste site cleanup through interim actions. 

An LFI is required when existing data are insufficient to formulate a conceptual 
model and perform a QRA. The purpose of the report is to identify those sites that are 
recommended to remain as candidates for IRM, provide a preliminary summary of site 
characterization studies, refine the conceptual model as needed, identify contaminant- and 
location-specific applicable or relevant and appropriate requirements (ARAR), and provide a 
qualitative assessment of the risks associated with the sites. This assessment includes 
consideration of whether contaminant concentrations pose an unacceptable risk that warrants 
action through IRM. An IRM is defined by the HPPS in broad terms and is not restricted to 
limited- or near-term actions. Interim remedial measures are intended to achieve remedies 
that are likely to lead to a final Record of Decision. The final decision to conduct an IRM 
will rely on many factors including risk, ARAR, future land use, point of compliance, time 
of compliance, a bias-for-action , and the threat to human health and the environment. 

The unit managers assigned all known and suspected areas of contamination in the 
100-FR-1 Operable Unit either a high- or low-priority, as listed in Table ES-1. The 
classification of sites was based on the collective knowledge of the three parties and 
information contained in existing work plans. The site classification decisions were made 
during joint meetings with the three parties and are documented by meeting minutes that are 
part of the administrative record. Sites classified as high-priority were judged to pose risk(s) 
through one or more pathways sufficient to recommend a streamlined action via an IRM. 
Low-priority sites do not pose risks sufficient to recommend streamlining. 

The 100-FR-l Operable Unit is one of three operable units associated with the 
100 FR Area at the Hanford Site. The 100-FR-l and 100-FR-2 Operable Units address 
contaminant sources while the 100-FR-3 Operable Unit addresses contamination present in 
the underlying groundwater. The 100-FR-l Operable Unit encompasses approximately 
1.3 km2 (0.5 mi2

) and is located immediately adjacent to the Columbia River shoreline. In 
general, it contains waste units associated with the original plant facilities constructed to 
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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-l 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 
radiologically survey boreholes using downhole geophysical techniques to further delineate 
the locations and levels of radiological contaminants. Materials removed from the boreholes 
and test pits were screened in the field for volatile organic compounds and radionuclides 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-l) 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 concern 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 Dorian 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 EVALUATION CRITERIA 

The 100-FR-1 high-priority sites were evaluated using the following criteria 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: 

• 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) > lE-02. Medium risk corresponds to an ICR 
between lE-04 and lE-02. Low risk corresponds to an ICR between lE-06 
and lE-04. Very low risk corresponds to an ICR of < lE-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. 

• 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. 

• 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 is 
recommended at these sites in order to complete their conceptual models . 
Once the conceptual models are completed the sites should 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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Table ES-1 100-FR-1 Operable Unit High-Priority Sites and Low-Priority 
Facilities 

High-Priority Sites I Low-Priority Sites 

116-F-1 Trench • 116-F-7 French Qrain + 

116-F-2 Trench ·+ 1607-F Septic tanks and Drain Fields + 

116-F-3 Storage Basin Trench ·+ 132-F-1 Chronic Feeding Barn 
. 

116-F-4 Crib • 132-F-3 Gas recirculation Facility 
demolition Site + 

116-F-5 Crib 
132-F-5 Filter Facility Demolition Site + 

116-F-6 Liquid Waste Disposal Trench· 

116-F-8 Outfall Structure + 

116-F-9 Trench • 

116-F-10 French Drain 

116-F-11 French Drain 

116-F-12 French-Drain 

116-F-13 French Drain 

116-F-14 Retention Basins · + 

108-F French Drain 
. 

Process/Discharge Pipelines 

UN-100-F-1 Spill 

132-F-6 Waste Water Pumping Station 

PNL Outfall Structure 

* = Additional sampling conducted as part of a limited field investigation 
+ = Additional data from an analogous facility (DOE-RL 1992a) 
PNL = Pacific Northwest Laboratory 
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Wa6te Site Qualitative Ri&k Conceptual Exceeds Ponible Potential for IRM 

E6timation Model ARAR Current Natural Candidate 

Occa&ional -U6e EHO 1 
Impact on Attenuation yea/no 

> 
Scen11rio 

Groundwater by 2018 

116-F-1 Lewis Canal •• ) Medium -::::::.:-: <vei {•·· : ··,· Adequate No Unknown No Yes 

116-F-2 Basin Overflow Trench t Medium ·-·••• .. .::: Yel ·> . Adequate No Unknown No Yes 

116-F-3 Fuel S101age Basin Trench ·>••/ ... ~dium· ·+· tu• , ·-\•···<·•· '-"'~···· •·••··• 
Adequate No Unknown No Yes 

11 6-F-4 Pluto Crib • • Medium .. Yes•• Adequate NA Unknown NA No•• 

11 6-F-6 L1qu1d Waste Disposal Trench Medi1,rn ·••t\ Y~$·\ Adequate No No No Yes 

116-F-9 PNL Animal Waste Leach Trench Low 
:.)) .. : .... 

·•·••·•··•·•·•·•·•~ .. -•.::::;.( Adequate No No No Yes 

11 6-F-14 Retention Basin Medium t< vei r··• Adequate No 
·.-_:._ ves t• . No Yes 

·-• 
........... • Yes•·-</> 108-F French Drain Low 

··•· 
·•· ves/_::· Adequate No No Yes 

116-F-5 Ball Wa sher Crib Very Low No Adequate Unknown No Yes No 

116-F-8 Outfall Struc ture Med ium• .. Incomplete~ :•••• Unknown• Unknown• Unknown• Yes• 

11 6-F-10 Dummy Decontamrnation French Mediuffl .. No Adequate Unknown No Yes Yes 
Drain 

116-F-11 Cu shion Corr idor French Drain Low No Adequate Unknown Unknown Yes No 

116-F-1 2 French Drain Medium • .. -·•· inoornplete" ··.• Unknown• No Unknown• Yes• 

116-F-13 Experimental Garden French Drain Medium• .. Incomplete• • Unknown• No Unknown• Yes• 

Process/Disch arge Pipelines Very Low No Adequate Unknown Unknown Yes No 

UN-100-F-1 Low• .. { 1n~p1Jf;f ••· Unknown• No Unknown* Yes• 

132-F-6 Lift Station Demolition Site Very Low• .. > incompi~efl( Unknown• Unknown* Unknown• Yes• 

PNL Outfall Structure Low• .. j ln~piiJ•fa( Unknown• Unknown* Unknown• ~ Yes• 

. = Not sampled, conceptual model is considered incomplete, risk is based upon analogous information .. = Qualitative risk reduced/removed by removal of contaminated material as part of the 100 Area Excavation Treatability Test (DOE-RL 1994b) 
(Qualitative Risk Estimation based upon LFI Borehole Data prior to Treatability Excavation) 

·- = Not rated by the qualitative ecological risk assessment 
ARAR = Applicable or Relevant and Appropriate Regulation , specifically the Washington state Model Toxics Control Act Method B concentration values for soils 

(DOE-RL 1992a) 
EHQ = Environmental Hazard Quotient calculated by the qualitative ecological risk assessment (WHC 1993) 
NA = Not Applicable 
Shaded areas indicate driving factors keeping site as IRM candidate 
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ARAR 
ASTM 
CERCLA 
CLP 
COPC 
CRQL 
DOE 
EAF 
Ecology 
EHQ 
Ell 
EPA 
ERA 
FS 
HPPS 
ICR 
IRM 
LFI 
MTCA 
NCRP 
OVM 
PCB 
PID 
PNL 
QC 
QRA 
RCRA 
RI 
RL 
sG 
TAL 
TBC 
Tri-Party 

Agreement 
UTL 
voe 
WHC 

ACRONYMS 

applicable or relevant and appropriate requirements 
American Society for Testing and Materials 
Comprehensive Environmental Response, Compensation and Liability Act 
Contract Laboratory Program 
contaminants of potential concern 
contract required quantitation limit 
U.S. Department of Energy 
Experimental Animal Farm 
Washington State Department of Ecology 
environmental hazard quotient 
Environmental Investigation Instruction 
U.S. Environmental Protection Agency 
expedited response action 
feasibility study 
Hanford Past-Practice Strategy 
incremental cancer risk 
interim remedial measure 
limited field investigation 
Model Toxics Control Act 
National Council on Radiation Protection and Measurements 
organic vapor monitor 
polychlorinated biphenyl 
photoionization detector 
Pacific Northwest Laboratory 
quality control 
qualitative risk assessment 
Resource Conservation and Recovery Act 
remedial investigation 
Richland Operations Office 
specific gravity 
target anal yte list 
to-be-considered 

Hanford Federal Facility Agreement and Consent Order 
upper threshold limit 
volatile organic compound 
Westinghouse Hanford Company 
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1.0 INTRODUCTION 

This report summarizes the data collection and analysis activities during the 100-FR-l 
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 !RM 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 
regarding performing !RM. The objectives of the LFI are described fully in the RCRA 
Remedial Investigation/Feasibility Study Work Plan for the 100-FR-1 Operable Unit 
(DOE-RL 1992a), also referred to as the 100-FR-1 Operable Unit Work Plan. Objectives 
are: 

• identify those high-priority sites that are recommended to remain as candidates 
for !RM 

• summarize data collection and analysis activities 

• refine the conceptual model as needed 

• 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 Faciliry Agreement and Consem Order (Ecology et al. 1990) 

• Hanford Past-Practice Srrategy (DOE-RL 1991) 

• Hanford Site Risk Assessment Methodology (DOE-RL 1994a) 

• RCRA Remedial In vestigation/Feasibility 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 elsewhere. 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-l Operable 
Unit. Table 1-1 lists these sites and Figure 1-1 shows site locations. The classification of 
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sites was based on information from the work plans , historical information , and the collective 
knowledge from Westinghouse Hanford Company (WHC) and its subcontractors , U.S. 
Department of Energy - Richland Operations Office (DOE-RL), the U.S . Environmental 
Protection Agency (EPA) , and the Washington State Department of Ecology (Ecology). The 
prioritization decisions were made during joint meetings with all the parties and are 
documented in meeting minutes that are part of the Administrative Record for the 100-FR-1 
Operable Unit. Eighteen sites were classified as high-priority , they pose potential risk(s) 
through one or more pathways sufficient to recommend cleanup via an IRM. Five 
low-priority sites were identified which do not pose potential risks sufficient to justify 
streamlining. The parties agreed that: ; 

• none of the high-priority sites pose potential risks that would require an 
expedited response action (ERA) 

• LFI sampling was needed at 8 of 18 high-priority sites where data were 
deemed insufficient to formu late a conceptual model and support the QRA 

• certain activities would be more efficient to implement at the 100 Area 
aggregate or Hanford Site scale rather than the operable unit scale. 

This LFI report refines the conceptual model (a description of the contaminants and 
their pathways to humans and the environment) and identifies other potential regulations 
affecting cleanup (applicable or relevant and appropriate requirements [ARAR]). The QRA 
(summarized within the LFI report) uses both historical and the LFI data to show if 
contaminants pose an unacceptable risk that warrants continuing a site on the IRM path . The 
QRA is used only to assess risk for an IRM determination and is not intended to define 
current risk or baseline risk in a traditional sense. 

1.1 SITE BACKGROUND 

The 100 F Area is located in the north-central part of the Hanford Site along the 
southern shoreline of the Columbia River , approxi mately 32 km (20 mi) northwest of the 
City of Richland , in the south-central portion ofWashington State (DOE-RL 1992a) . 

1.1.1 Operable Unit Background 

The 100-FR-1 Operable Unit comprises the northern half of the 100 F Area and is 
located immediately adjacent to the Columbia River shoreline, encompassing approximately 
1.3 km2 (0.5mi2

) (See Figure 1-2 for location). It lies predominately within Section 33 , the 
eastern portion of Section 32, and the southeastern portion of Section 29 of Township 14N, 
Range 27E. It is bounded by north /south Hanfo rd Site plant coordinates N78500 and 
N82500 and east/west coordinates W27600 and W33000 (DOE-RL 1992a). 

The 100-FR-l Operable Uni t is one of three operable un its associated with the 100 F 
Area at the Hanford Site (see Figure 1-3). The 100-FR- l and 100-FR-2 are source operable 
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units, that address liquid effluent disposal sites, solid waste burial grounds , and their 
underlying vadose zone. The 100-FR-l Operable Unit contains waste units associated with 
the original plant facilities constructed to support F Reactor operations, cooling water 
retention basin systems and biological laboratories used for studying the effects of radiation 
on plants and animals. The 100-FR-3 Groundwater Operable Unit addresses contamination 
that has migrated to the underlying groundwater. 

The 100 F Reactor was the third Hanford reactor built to manufacture plutonium 
during World War II. Fuel elements for the reactor were assembled in the 300 Area, and 
the plutonium-enriched fuel produced by the reactor was processed in the 200 Area. The 
100 F Reactor operated from 1945 to 1965, when it was retired. After the reactor was 
retired, the buildings and facilities began decontamination and decommissioning to minimize 
the potential spread of radioactive isotopes. The process is ongoing, although most of the 
structures in the 100 F Area have been demolished. 

Adjacent to the 100 F Reactor site was the Experimental Animal Farm (EAF), which 
operated from 1945 until 1976. Deford (1993) provides a summary of EAF facilities and 
their operational histories. This section summarizes that data. 

The main biology laboratory for studying the effects of radiation on animals and plant 
life was the 108-F building, which contained offices and laboratories. The earliest animal 
research at 100 F began in 1945. These studies involved exposing fish to varying 
concentrations of reactor cooling water effluent to assess possible effects of effluent discharge 
on aquatic life in the Columbia River. Studies involving sheep began in the late 1940s and 
studies involving swine began in 1952. Most of the work performed on these animals 
involv~ 20-year lifetime exposure studies. At various times, pilot studies were performed 
using milk cows, chickens, ducks , and miniature goats. A series of studies on the effects of 
ionizing radiation on beagle dogs also took place. 

Radioecology experiments were also conducted at the EAF. Greenhouses were used 
for growing potted plants. Also , strontium garden plots were used for growing cereal grains , 
alfalfa, and other crops in soil containing controlled amounts of strontium-90 and 
cesium-137. 

1.1.2 The 100-FR-1 Operable Unit Conceptual Site Model 

The conceptual site model for the 100-FR- l operable unit was developed during the 
preparation of the remedial investigations/feasibility study (RI/FS) work plan . The 
conceptual model as presented in the work plan addressed the following: 

• 
• 
• 
• 
• 

structure and process of the waste sites 
source of contaminants 
type of contaminants 
nature and potential routes or migration 
known and potential human and envi ronmental receptors . 

1-3 



DOE/RL-93-82 
Draft A 

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

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

1.2.1 Hanford Past-Practice Strategy 

The signatories to the Tri-Party Agreement (Ecology et al. 1990) recognized the need 
for a new strategy of Resource Conservation and Recovery Act/Comprehensive 
Environmental Response Compensation and Liability Act (RCRA/CERCLA) integration to 
provide greater uniformity in the applicability of requirements to the Hanford Site. 
Additionally , the signatories agreed that proceeding with the traditional CERCLA approach 
would likely require too much time and too large a portion of a limited budget be spent 
before actual cleanup would occur. Another motivation for a new strategy was the need to 
coordinate past-practice investigations with RCRA closure activities since some operable 
units contain RCRA treatment storage and disposal fac ilities . 

In response to the above concerns , the three parties have decided to manage and 
implement all past-practice investigations under one characterization and remediation 
strategy, regardless of the regulatory agency lead (as defined in the Tri-Party Agreement). 
The HPPS (DOE-RI 1991) was developed to expedite cleanup by initiating and completing 
waste site cleanup through interim actions. The HPPS focuses on reaching early decisions by 
maximizing the use of existing data consistent wi th the data quality objectives with 
short-time-frame investigations , where necessary . As more data become available on 
contamination problems and associated risk, the details for longer-term investigations and 
studies are better defined . 

The HPPS process (Figure 1-3) includes three paths fo r interim decision-making and a 
final remedy-selection process fo r the operable unit that incorporates the three paths and 
integrates sites not addressed in those paths . An importan t element of th is strategy is the 
application of the observational approach , in which characterization data are collected 
concurrently with cleanup (DOE-RL 1991). 

As shown in Figure 1-3, the th ree paths fo r interim decision-making are: 

• The ERA path - used when an existing or near-term unacceptable health or 
environmental risk from a site is determined or suspected , and a rapid 
response is necessary to mitigate the problem. 

• The !RM path without an LFI - used when existi ng data are sufficient to 
formulate a conceptual model and perform a QRA. If a determination is made 
that an IRM is justified , the process wi 11 proceed to select an !RM remedy. If 
necessary , a focused FS will be conducted to select a remedy. 

1-4 

I 



151:3333 OOZ6 
DOE/RL-93-82 

Draft A 

• 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. 

Although interim actions (ERA and IRM) may be used to mitigate specific 
contamination problems, the process of final remedy selection must be completed for the 
operable unit and 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-'l Operable Unit began with the 
development of the RCRA Remedial Investigation/Feasibility Study Work Plan for the 
100-FR-l 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-I 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 pan of the administrative record. 

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

• 116-F-l 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-l Operable Unit. At these sites, further characterization will be 
performed concurrently with reIJ1ediation. usi ng the observational approach. 
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An integral part of the RCRA faci lity investigation/corrective measures study process 
for the 100-FR-1 Operable Unit has been the acquisition, evaluation , and utilization of 
records pertaining to the construction , operation and decontamination/ decommissioning of 
the reactor and related 100 F facilities. This information is categorized as "historical 
information," and includes operations records and reports , engineering drawings, 
photographs, interviews with former or retired operations personnel, and data from sampling 
and analysis of facilities and the local environment. 

A primary reference for radiological characterization of the 100-FR-1 Operable Unit 
sources is a study of the 100 Areas performed during 1975/1976 by Dorian and Richards 
(1978). In the 100-FR-1 Operable Unit, Dorian and Richards (1978) collected samples from 
the retention basins, liquid waste disposal trenches, outfall structures, and the miscellaneous 
trenches, cribs, and french drains located near the F Reactor. The samples were analyzed 
for radionuclides. Inventories of radionuclides for the facilities and sites were calculated. 
Results from Dorian and Richards ( 1978) were a major resource used in the development of 
the 100-FR-1 conceptual model and LFI needs . It should be noted, however, that only 
concentrations and inventories of selected radionuclides were reported in the study. In 
particular, nickel-63, which is generally present at activities on the same order of magnitude 
as cobalt-60, was not routinely reported for many sample locations and daughter product 
radionuclides of strontium-90 and cesium-137, which have approximately the same activities 
as the parent nuclides , were not included in summaries of total activity (DOE-RL 1992a). 
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Figure 1-1 High-Priority Sites and Low-Priority Facility Locations 
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Figure 1-2 100-FR-1 Operable Unit 
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Figure 1-4 Map of 100 F Area Showing Source and Groundwater Operable Units 
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Table 1-1 100-FR-1 Operable Unit High-Priority Sites and Low-Priority 
Facilities 

High-Priority Sites I Low-Priority Sites 

116-F-1 Trench • 116-F-7 French Drain + 
. . 

116-F-2 Trench ·+ 1607-F Septic tanks and Drain Fields + 

116-F-3 Storage Basin Trench ·+ 132-F-l Chronic Feeding Barn 
. 

116-F-4 Crib ·+ 132-F-3 Gas recirculation Facility 
demolition Site + 

' 116-F-5 Crib 
132-F-5 Filter Facility Demolition Site + 

116-F-6 Liquid Waste Disposal Trench • 

116-F-8 Outfall Structure + 

116-F-9 Trench • 

116-F-10 French Drain 

116-F-11 French Drain 

116-F-12 French Drain 

116-F-13 French Drain 

116-F-14 Retention Basins·+ 

108-F French Drain 
. 

Process/Discharge Pipelines 

UN-100-F-1 Spill 

132-F-6 Waste Water Pumping Station 

PNL Outfall Structure 

* = Additional sampling conducted as part of a limited field investigation 
+ = Additional data from an analogous facility (DOE-RL 1992a) 
PNL = Pacific Northwest Laboratory 

IT- ! 

I 



THIS PAGE INTENTIONALLY 
LEFT BLANK 



DOE/RL-~ 5b 3333 .. 0030 
Draft A 

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 investigations , review of analogous site information, 
evaluation of historical data, and completion of a QRA . Through this process, investigations 
of alJ _of the high-priority sites identified in the 100-FR-1 Operable Unit Work Plan 
(DOE-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. Additional reports that were generated as a result of the activity are 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-l Operable Unit field 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) provided 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 Assu rance Project Plan in the 100-FR-l Operable 
Unit Work Plan (DOE-RL 1992a). The analytical results 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-l Operable Unit was done. The 
investigative approach taken at each high- and low-priority site is summarized in Table 2-2. 

2-1 



. DOE/RL-93-82 
Draft A 

Analogous data from intrusive LFI in the 100-BC-l, 100-DR-l 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-l 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- l Operable Unit to determine the nature and 
vertical extent of contamination associated with the following high-priority waste sites: 

• 116-F-l lewis canal 
• 116-F-2 basin overflow 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 I 993a) . Boreholes were abandoned after all sampling and 
geophysical logging were completed in accordance with Environmental Investigation 
Instruction (Ell) 6.7 (WHC 1988). 

Five test pits were excavated (as part of Task 5) at waste sites in the operable unit: 

• High-Priority Sites: 
- 116-F-l 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 leac h trench to a depth of 5.8 m (19 ft). 

• Low-Priority Site : 
- 132-F-l chronic feeding barn to a depth of 1.8 m (6 ft). 
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A backhoe was used to extract the soil material from the test pits and to remove fill 
material that overlies the sites. The samples from the test pits were collected directly from 
the backhoe bucket using hand tools and standard soil sampling techniques per EII 5.2 , 
Appendix I, (WHe 1988). The procedure was to remove a bucket of soil from the desired 
sampling interval and bring it to the side of the test pit for sampling. Samples were collected 
from soil in the middle of the bucket, away from the bucket sides. Excavated soil was 
screened for radionuclides, voe and chromium. The chromium screening was not 
performed at each test pit. 

A proposed borehole (DOE-RL 1992a) was to be drilled at the 108-F french drain. 
To be more cost effective a grab sample was taken in place of the borehole at this french 
drain. An auger was used to obtain two soil samples. The first soil sample was collected 
from 1 ft to 1.5 ft and the second was taken at 3.5 ft. 

2.1.2 Field Screening 

All material excavated from boreholes and test pits was field screened for evidence of 
voe and radionuclides. The screening was done to assist in the selection of sample 
intervals and borehole total depths. The volatile organics were screened using an organic 
vapor monitor (OVM), that was used , maintained , and calibrated consistent with EII 3.2, 
Health and Safety Monitoring Instruments , and Ell 3.4 , Field Screening (WHe 1988). 
Radionuclides were screened by the field geologist , and all sample screening data were 
recorded on the borehole logs per Ell 9. 1, Geologic Logging (WHe 1988). 

An action level was set for sampling radionuclides at twice the local background 
level. The sampling action level for voe was set at 5 ppm above background. The 
background levels were determined prior to initiating drilling or excavation at a chosen 
background site located outside of the operable unit. This information was recorded in the 
field log book (or geologic log for boreholes). 

Hexavalent chromium screening was perfo rmed on soil samples from the final sample 
interval using a portable hexavalent chromium test ki t. The detection limit for the chromium 
test kits was 10 ppm. · The chromium screening was done for informational purposes only 
and was not used in any decision making processes in this report; therefore, an action level 
was not set. 

2.1.3 Geophysical Logging 

All boreholes were logged using a spectral gamma ray radiation logging system in 
accordance with EII 11 . 1 (WHe 1988). The objective of the borehole surveys was to 
identify the presence and type of man-made gamma ray emitting radionuclides and the 
relative activity levels . No geoph ys ical logging was performed in the test pits. 
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Four types of samples were collected (as part of Task 5) during borehole and test pit 
excavation: geologic samples (borehole) , physical properties samples (borehole), analytical 
samples (borehole and test pit), and archive samples (borehole) . Geologic samples were 
taken at approximately 5 ft intervals 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 ft=0.3048 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 represent the principal soil types. 

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

• If drill cuttings or exposed material in the backhoe were greater than or equal 
to the action level for radionuclides (2X background) or VOC (5 ppm greater 
than background), an analytical sample 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. 

• If drill cuttings or exposed material in the backhoe were less than the 
established action level for radionucl ides 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 stud ies and Hanfo rd Site studies provide integrated analyses 
of selected issues on a large_r scale than the operable unit. The 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 . Shorel ine areas grade 
from steep banks wi th narrow cobble beaches to broad. stepped , well-defined floodplain 
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terraces with gently sloping beaches . The floodplain 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 Operable Unit Work Plan 
(DOE-RL 1992b). 

Ecological surveys and sampl.ing, 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, mammal 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 leaves , asparagus , soil excavated from mammal burrows, ant mounds, 
raptor pellets , and coyote scat. These samples were analyzed for target analyte list (TAL) 
analytes and selected radionucl ides. The results of these sample analyses have been compiled 
and are presented in Landeen et al. (1 993) . Other sampling results generated by sitewide 
surveillance 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 collected 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 tecrorum) and rabbitbrush (Chrysorhamnus spp.). Sand dropseed 
(Sporobolus cryptandrus) can be found along the roadways . There are also numerous , 
although scattered , remnant trees, incl uding sycamores, mulberries, junipers, elms, and 
poplars. 

The shoreline adjacent to the 100 F Area is very steep, \vith a narrow riparian zone. 
Much of the shorel ine consi sts of large cobbles and boulders. At the southern end of the 
boundaries of the 100 F Area the shoreline abruptly flattens into a rocky plain that eventually 
graduates into the backwater, wetland area known as F slough. The rocky plain has 
populations of lupine (lupinus spp . ) and Gray's desertparsley (Loma£ium grayi). 
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In compliance with Section l 06 of the National Historic Preservation Act , and at the 
request of WHC, the Hanford Cultural Resources Laboratory conducted an archaeological 
survey of the 100 Area reactor compounds on the Hanford Site. This survey was conducted 
as part of a comprehensive cultural resources review of the 100 Area Operable Units in 
support of CERCLA characterization activities. The work included a literature and records 
review and pedestrian survey of the project area following procedures established in the 
Hanford Cultural Resources Management Plan (Chatters 1989). 

Archeological surveys were completed at the 100 F Reactor Area (part of task 9) as 
directed in the 100-FR-3 Groundwater Operable Unit Work Plan (Appendix D-3 , Cultural 
Resources Investigations) (DOE-RL 1992b). 

Six archaeological sites were recorded in the 100-FR-l Operable Unit during the 
cultural resource survey (Chatters et al. 1992) . Two of the sites are turn-of-the-century 
homesteads, three are of undetermined age , and one dates back to the Cascade Phase 
(Chatters et al. 1992). Before doing work that may impact these sites cultural resource 
personnel must be notified. 

2.3 SAMPLE ANALYSIS 

Samples collected for chemical analysis were analyzed for the suite of CERCLA 
target compound list and TAL constituents , specific anions , and radionuclides. Chemical 
analysis was conducted using CLP methods. Analytical methods, routine analytical detection 
and quantitation limits, and precision and accuracy specified for the methods are listed in 
Appendix A, 100-FR-l Operable Unit Work Plan (DOE-RL 1992a). 

Samples collected for physical properties were evaluated using American Society for 
Testing and Materials (ASTM) procedures. except bulk density. Bulk density was calculated 
using a method developed by the laboratory contractor. The following parameters were 
analyzed and/or calculated (i ncludes applicable ASTM method numbers): 

• bulk density 
• particle size distribution (ASTM 0422-63) 
• moisture content (ASTM 0 22 16) 
• moisture retention (ASTM 0 2325-68, 0 3 152-72) 
• saturated hydraulic cond uc tivity (A STM 0 2434-68). 

2.4 DATA VALIDATION 

Data validation was perfo rmed by a qualified independent participant contractor. 
Data validation was performed in compliance with WHC Sample Management and 
Administration Manual (WHC 1990) . All da ta packages were assessed . The chemical and 
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radiological analytical data were val idated , but physical properties data were not. Results of 
the data validation are presented in separate reports (Ayres 1993b and 1993c) . 

In addition to the data validation identifi ed 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 
information 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 database and that the data qualifiers were listed. Rejected data were assigned the 
qualifier "R". Data rejected for major quality deficiencies (e .g. , technical concerns) were 
not used, however data rejected for administrative reasons (missing documentation) were 
considered usable for the LFI and QRA. Data sources were Hanford Environmental 
Information System, CLP analysis data disks , validated analytical reports , i.e., "Form l" 
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 val ue to be considered valid. Detected 
concentrations of other contaminants had to be > 5 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 qual ifiers indicate no 
contamination is 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 characteri zation included an analysis of physical properties 
and factors that might affect the natural soil chemical composition , as determined by 
regulatory protocols . Hanford Site soil s have not been characterized to establish the natural 
concentrations of the following types of constituents: YOC , semi -volatile organic 
compounds , pesticides and polyc hlorinated biphenyl (PCB), and radionuclides. Because 
sitewide background levels for 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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Figure 2-1 Limited Field Investigation Intrusive Sampling Locations 
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Table 2-1 100-FR-1 Operable Unit Characterization Activities (Page 1 of 2) 

Title 

Project Management 

Source Investigation 

Source Data Compilation and 
Review 

Surveying 

Field Activities 

Source Sample Laboratory 
Analysis and Data Validation 

Source Data Evaluation 

Geologic Investigation 

Surface Water and Sediments 
Investigation 

Vadose Zone Investi gation 

Data Compilation 

Borehole Soil Sampl ing and 
Logging 

Test Pit Sampling 

Soil Sample Analysis 

Geophysical Logging 

Data Evaluation 

Where Addressed 

Accomplished throughout project. 

See subtasks below. 

Background information is incorporated into the work plan, 
QRA, and LFI reports as appropriate (for historical information 
see Deford 1993). 

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

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, 
Bergstrom l 993e, and Mitchell 1993). 

Analyti cal results and data validation are documented in data 
validation reports referenced in Chapter 2 of LFI report (Ayres 
1993b and Ayres 1993c). 

The data were eva luated fo r use in the QRA and al so evaluated 
in the LFI report. 

Coordi nated through the 100-FR-3 Operable Unit tasks (Raid! 
1993). 

Not applicable to 100-FR- l. 

See subtasks below. 

See subtask 2a. 

Results o f the borehole investigations are presented in the LFI 
report (Chapter 3). Borehole logs are di splayed in the fi gures in 
the LFI repo rt (Chapter 3) (for validated data reference Ayres 
1993b) . 

Results of test pi t investigations are presented in the LFI report 
(Chapter 3) (fo r va lidated data see Ayres 1993b ~nd 1993c). 

The analysis and validation are documented in the data validation 
reports refe renced in LFI report (Chapter 2) (see Ayres 1993b 
and Ayres 1993c) . 

The results in the geophysical logg ing are reported in the LFI 
report (Chapter 3 and Appendix B). 

The data were eva luated fo r use in the QRA and also evaluated 
in the LFI report. 

2T-la 



DOE/RL-J~ ~333.0035 
Draft A 

Table 2-1 100-FR-1 Operable Unit Characterization Activities (Page 2 of 2) 

Task Title 

6 Groundwater Investigation 

7 Air Investigation 

8 Ecological Investigation 

.. 
9 Other Task 

9a Cultural Resource 
Investigation 

10 Data Evaluation 

11 Risk Assessment 

lla Human Health Evaluation 

lib Ecological Evaluation 

12 Verification of ARAR 

13 LFI Report 

source: (DOE-RL 1992a) 
FS = feasibility study 
LFI = limited field investigation 
QRA = qualitative risk assessment 

Where Addressed 

Performed as part of the 100-FR-3 Operable Unit activities 
(reference 100-FR-3 Operable Unit Work Plan [DOE-RL 
1992b l). 

Routine health and safety monitoring was performed during the 
field activities. 

A discussion of the ecological investigation is included in the LFI 
report (Chapter 2) (for specific details on ecologic activities see 
Landeen et al. 1993) 

See subtask below. 

A discussion of the cultural resource investigation is included in 
the LFI report (Chapter 2) Chatters 1992 for specific cultural 
resource investigations). 

Evaluation and interpretation of the data is accomplished is the 
QRA and LFI reports. The evaluation of the data for other 
purposes such as large scale remediation, FS activities, and 
treatability testing is ongoin'g. 

The data generated during the LFI were used is the QRA. 

The QRA and summarized in the LFI report (Chapter 4). 

The Q~A and summarized in the LFI report (Chapter 4). 

ARA R are listed in the LFI report (Chapter 3). 

ARAR = applicable or relevant and appropriate requirements 
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116-F-1 
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Table 2-2 LFI Investigation Activities for 100-FR-1 
Operable Unit High-Priority Sites (page 1 of 3) 

Name - Size 

I 
Comments 

Lewis Canal Received liquid waste from F 
914m x 12m x 3m deep Reactor and 190-F building 

and decontamination wastes 
from 189-F Building 

107-F Basin Overflow Received overflow from 
Trench 116-F- l 4 retention basin and 
91m x 15m x 5m deep F Reactor 

105-F Fuel Storage Basin Received cooling water 
Trench effluent and sludge from the F 
30m x 3m to 6m x 2.4m Reactor storage basin 
deep 

105-F Pluto Crib Received cooling water from 
process tubes containing 
ruptured fuel elements 

Ball Washer Crib Received waste from 
91m x 30m x 3m deep decontamination of irradiated 

boron-steel balls 

1608-F Liquid Waste Received diverted cooling 
Disposal Trench water effluent during reactor 

maintenance outages 

1904 Outfall Structure Received cooling water from 
8m x 4m retention basin 

PNL Animal Waste Leach Contaminated wash/waste 
Trench water from animal pens, 
(two trenches connected containing strontium-90 and 
together) - long trench plutonium-239 
122m x 5m x 3m deep 
short section - 30m x 5m x 
3m deep 

2T-2a 

I 
LFI 

I Approach 

B, C, G, F, 
H,T 

B, C, G, F, 
R,H 

T, C, F, H, 
R 

Tr, C, B, F, 
G,R,H 

N,H 

B, C, G, F, 
R, H 

N,H 

B, C, G, F, 
R,T,H 



Site 

116-F-10 

116-F-11 

116-F-12 

116-F-13 

116-F-14 

132-F-6 
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Table 2-2 LFI Investigation Activities for 100-FR-1 
Operable Unit High-Priority Sites (page 2 of 3) 

Name - Size Comments 

105-F Dummy Received spent nitric acid and 
Decontamination French rinse water from the 
Drain decontamination of fuel 

element spacers at F Reactor 

105-F Cushion Corridor Received cushion corridor 
French Drain decontamination waste 
lm x Im deep 

148-F French Drain Received overflow, priming 
2m x lm deep water, etc. from 148-F pump 

house 

1705-F Experimental Received cooling water 
Garden French Drain effluent used in botany 
lm x lm deep experiments 

107-F Retention Basin Received cooling water 
137m x 70m x 7m deep effluent from F Reactor and 

reactor building drains 

108-F French Drain Received condensate from 
hoods inside the 108-F 
biology laboratory 

Process/Discharge Transferred process and 
Pipelines reactor discharge effluents 

UN-100-F-l (spill) Main sewage line from 141-C 
to 141-M became plugged and 
spread contamination on the 
ground 

1608-F Waste Water Pumped miscellaneous 
Pumping Station effluent from F Reactor drain 
llm x 10m systems to the 116-F- l 4 

retention basin 
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LFI 
Approach 

N,H 

N,H 

N,H 

N,H 

B, C, P, G, 
F, H, S, R 

Gr, H, C 

N,H 

N,H 

N,H 
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Table 2-2 LFI Investigation Activities for 100-FR-1 
Operable Unit High-Priority Sites (page 3 of 3) 

Name - Size 

I 
Comments 

PNL Outfall Structure Used as an outfall for 
contaminated wash water for 
animal pens 

B = Vadose zone borehole - drilling, geologic logging, and sampling 
C = Chemical and radionuclide analysis 
P = Physical properties analysis of samples 
G = Borehole spectral gamma ray geophysical log 

I 
LFI 
Approach 

N,H 

F = Field screening for radioactivity , volatile organic compounds, and hexavalent 
chromium 

R = Ground penetrating radar to position boreholes and test pits 
T = Test pits 
Gr = Grab sample 
N = No intrusive investigation 
H = Historical data reviewed 
Tr = Treatability test 
S = Surface contamination survey 
PNL = Pacific Northwest Laboratory 
LFI = limited field investigation 
Source: (DOE-RL 1992a) 
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Table 2-3 100 Area Analogous Sites 

Waste Site Description 100-B/C 100-0/Dr 100-H Area 
Area Site Area Site Site 

Process Effluent Disposal Trench 116-B-1 116-DR-1 116-H-1 
116-C-1 116-DR-2 

Fuel Storage Basin Trench 116-B-2 116-0-la None 
116-0-lb 

Dummy Decontamination French Drain 116-B-4 None 116-H-3 

Process Effluent Retention Basin 116-6-11 116-0-7 116-H-7 
116-C-5 116-DR-9 

Reactor Confinement Seal Pit Drainage 116-6-12 116-0-9 116-H-9 
Crib 

Process Effluent Outfall Structure 116-8-7 116-0-5 116-H-5 
132-B-6 116-DR-5 
132-C-2 

Process Effluent Pipelines Process Process Process 
Effluent Effluent Effluent 

Pipelines Pipelines Pipelines 

Effluent Pumping Station None 132-0-3 132-H-3 

Exhaust Air Filter Building 132-B-4 117-0 132-H-2 

Pluto Crib 116-8-3 116-D-2a 116-H-4 
116-C-2a 

Gas Recirculation Building 132-8-5 115-D None 

Cushion Corridor French Drain None 116-0-6 None 

source: adapted from (DOE-AL 1992a) 
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100-F Area 
Site 

116-F-2 

116-F-3 

116-F-10 

116-F-14 

None 

116-F-8 

Process 
Effluent 

Pipelines 

132-F-6 

None 

116-F-4 

132-F-6 

116-F-11 
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Table 2-4 Summary Statistics and Upper Threshold Limits 
r or Inorganic Analytes 

Analyte 95% Distribution• (mg/kg) 95% UTL"(mg/kg) 

Aluminum 13,800 15,(,()() 
Antimony NR. 15.7" 
Arsenic 7.59 8.92 
Barium 153 171 
Beryllium 1.62 1.77 

Cadmium NR 0.66• 
Calcium 20,410 23,920 
Chromium 23.4 27.9 
Cobalt 17.9 19.6 
Copper 25.3 28.2 

Iron 36,000 39,160 
Lead 1246 14.75 
Magnesium 7,970 8,760 
Manganese 562 612 
Mercury 0.614 1.25 

Nickel 22.4 25.3 
Potassium 2,660 3,120 
Selenium NR s-
Silver 1.4 '2.7 
Sodium 963 1,290 

Thallium NR J.r 
Vanadium 98.2 111 
Z.lnc 73.3 79 
Molybdenum NR 1.4· 
Titanium 3,020 3,570 

Zirconium 47.3 57.3 
Lithium 35 37.1 
Ammonia 15.3 28.2 
AlkaJinity 13,400 23,300 
Silicon 108 192 

F1uoride 6.4 12 
Chloride 303 763 
Nitrite NR 2r 
Nitrate 96.4 199 
Ortho-phosphate 3.7 16 
Sulfate 580 1,320 

Source: DOE-RL 1993a , 

• NR= Not Reported 
• 95th percentile of the data for a lognormal distribution 
• 95% confidence limit of the 95th percentile of the dat.a distribution 
• Limit of detection 
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3.0 INVESTIGATION RESULTS AND CONCLUSIONS 

This chapter presents results and conclusions from the investigations of the 
high-priority sites, and at one low-priority site in the 100-FR-l 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-l 
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 usin.g 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- l 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). ' 
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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 northward and terminates at the Columbia River. The southern third 
(upstream) of the 116-F-l 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 southern 
(upstream) feeder ditch has been backfilled and is covered with grass and no monuments 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 l of waste entered 116-F-l 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 lbs) of sodium dichromate and an estimated 10,000 kg 
(22,000 lbs) of sulfamic acid (DOE-RL 1992a). 

Figure 3-1 shows the locations of borehole 116-F- lA , and testpits 116-F-lB and 
116-F-lC 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-lA) are composed of sandy gravel (Figure 3-4). 

3.1.2 116-F-lA Borehole Soil Samples 

The 116-F-lA vadose zone borehole was drilled to a total depth of 6.1 m (22 ft) bis. 
Four soil samples were collected for chemical and radionuclide analysis; B080Nl (0-2 ft bis), 
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B080N2 (9.5-11 ft bls), B080N3 (14.5-16.2 ft bls), and B080N4 (18 to 20 ft bls). 
Figure 3-6 is a summary diagram of the 116-F-lA borehole. 

3.1.2.1 Chemical Analysis. Volatile organic compounds acetone, methylene chloride, and 
toluene were detected in 116-F-lA. Toluene was detected in all four soil samples. The 
maximum detection was in sample B080N4 (36 µg/kg) and was the only voe that was 
detected above the contract required quantitation limit (eRQL) 10 µg/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 B080Nl at 360 and 120 µg/kg respectively. Di-n-butylphthalate was 
also detected in samples B080N2 and B080N3 at 130 and 150 µg/kg, respectively. Sample 
B080N4 was not analyzed because of a broken sample container. The detected semivolatile 
organic analytical results are presented in Table 3-1. 

No pesticides or PCB compounds were detected in samples B080Nl, B080N2, or 
B080N3. No analytical results were obtained from sample B080N4 due to a broken 
container. 

The concentrations of arsenic (44 mg/kg) and lead (207 mg/kg) in sample BOSON! 
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 pei/g in sample B080Nl, gross alpha was 
not detected below this interval. Gross beta levels were from 13 pCi/g to 21 pei/g. The 
maximum detected radionuclide was carbon-14 at 220 pei/g in sample B080N2. The only 
other radionuclide detected above 1 pCi/g was potassium-40, with a maximum of 12 pei/g in 
sample B080N 1. 

3.1.2.3 Field Screening. The well site geologist performed field screening for voe 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 bis interval which is within the fill material. 
Background levels were not exceeded in the interval from 4 ft to 22 ft bis (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-lA was logged from Oft to 
16.5 ft bls; 5.5 ft less than total depth. The man-made radionuclides detected were: 
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cobalt-60, cesium-137, europium-152, europium-154. The man-made radionuclides all 
peaked in activity between 1 ft and 6.5 ft bls. The maximum levels detected for all the 
man-made radionuclides were found at the 3.5 ft bls interval. Cesium-137 was detected from 
1 ft to 5.5 ft bls, with a maximum calculated activity of 4 pCi/g. Cobalt-60 was detected 
from 1 ft to 5 ft bls, with a maximum calculated activity of 4 pCi/g. Europium-152 was 
detected from 1 ft to 5.5 ft bis, with a maximum calculated activity of 20 pCi/g. 
Europium-154 was detected from 1 ft to 6.5 ft bis, with a maximum calculated activity of 
3 pei/g. 

3.1.3 116-F-lB Test Pit Soil Samples 

The total depth of the 116-F- lB test pit was 17 ft bls. Soil sample numbers and 
depths were: B08G65 at 1 ft, B08G66 at 5 ft, B08G67 at 10 ft, and B08G68 at 15 ft bls. 
Figure 3-7 is a summary diagram of the 116-F-lB test pit. ' 

3.1.3.1 Chemical Analysis. Volatile organic compounds detected above the eRQL 
(10 µg/kg) were acetone and toluene. The maximum concentration of toluene was in sample 
B08G65 (42 µg/kg). The maximum detected concentration of acetone was in sample B08G68 
(13 µg/kg). Table 3-2 presents a· summary of the detected voe in the 116-F-lB test pit. 

No semi-volatile organic compounds were detected above the eRQL of 330 µglkg. 
Table 3-2 presents a summary of the semi-volatiles that were detected. 

No pesticides or PCB were detected. 

No inorganic constituents or metals were detected in concentrations above the 
Hanford Site background 95 % UTL. 

3.1.3.2 Radionuclide Analysis. The following radionuclides were detected: potassium-40, 
cesium-137, radium-226, thorium-228 , and thorium-232 , uranium-233/234, uranium-238. 
Gross alpha ranged from 7 pCi/g in sample B08G68 to 12 pCi/g in sample B08G65. Gross 
beta readings were constant at 16 pCi/g with the exception of sample B08G65 (14 pei/g) . 
The maximum radionuclide concentration was 14 pCi/g of potassium-40 in sample B08G65 
and in B08G67. All other radionuclide detections were < l pCi/g. Table 3-2 provides a 
summary of the radionuclide detections. 

3.1.3.3 Field Screening. The well site geologist performed field screening for voe using 
an OVM PID. No VOC were detected during the investigation of test pit 116-F-lB. 

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation 
detector with a gross gamma probe. No radiation was detected above background during the 
investigation of the 116-F-lB test pit. 

The hexavalent chromium field test was not performed on the last sample due to 
sluffing of the walls of the test pit. 
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3.1.4 116-F-lC Test Pit Soil Samples 

The total depth of the 116-F-lC test pit was 20 ft bis. Nine soil samples, four of 
which were quality control (QC) samples, were collected and submitted for chemical and 
radiological analysis. The sampling intervals were: 1 ft, 5 ft , 10 ft , 15 ft and 20 ft bis. 
Figure 3-8 is a summary diagram of the 116-F-lC test pit. 

3.1.4.1 Chemical Analysis. Volatile organic compounds that were detected above the 
CRQL were: acetone (15 µg/kg), methylene chloride (12 µg/kg), and toluene (57 µg/kg), 
all of which were detected in the 1 ft interval. Methylene chloride was only detected in the 
split sample. Concentrations for acetone and toluene are questionable due to the presence of 
contamination in the field blank sample. Table 3-3 presents the detections of volatile 
organics in the 116-F-lC test pit. 

Bis(2-ethylhexyl)phthalate was detected at 470 µg/kg in the surface (split) sample, no 
other detections were above the CRQL in the 1 ft interval or in the 116-F-lC test pit. 
Table 3-3 presents a summary of the semi-volatile detections. 

No pesticides or PCB were detected. 

Zinc (142 mg/kg) in the surface sample was the only inorganic above the Hanford 
Site background 95% UTL. Table 3-3 presents a summary of the detected inorganic 
compounds. 

3.1.4.2 Radionuclide Analysis. The radionuclides detected were: potassium-40, 
strontium-90, cesium-137, radium-226 , thorium-228 , thorium-232, uranium-233/234, and 
urai:iium-238. Gross alpha ranged from 6.4 pCi/g in the 20 ft bls interval to 14 pCi/g in the 
surface sample. Gross beta ranged from 13 pCi/g in the 10 ft interval to 35 pCi/g in the 
surface sample. All radionuclides were .s_l pCi/g, with the exception of potassium~40. 
Table 3-3 presents a summary of the radionuclide detected . 

3.1.4.3 Field Screening. The well site geologist performed field screening for VOC using 
an OVM PID. No VOC were detected during the investigation of test pit 116-F-lC. 

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation 
detector with a gross gamma probe. No radiation was detected above background levels 
during the investigation of the 116-F-1 C test pit. 

The well site geologist also performed an analysis for hexavalent chromium on the 
soil at 20 ft bls. No chromium was detected above the detection limit (10 ppm). 

3.1.5 Summary 

Volatile organic compounds detected during the LFI of the lewis trench were: 
acetone, methylene chloride , and toluene . The YOC detections are most likely attributable to 
sampling media or laboratory contamination. Toluene was detected in borehole 116-F-lA 
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and test pits 116-F-lB and 116-F-lC, the highest concentration of toluene was 57 µ.g/kg in 
the 1 ft interval of the 116-F-lC test pit. Acetone was detected slightly above the CRQL in 
both test pits with a maximum detection of 15 µ.g /kg in the 1 ft interval of test pit 116-F-lC. 
Methylene chloride was detected above the CRQL only in 116-F-lC at 12 µ.g/kg . All 
maximum VOC were detected in the 1 ft interval sample of test pit 116-F-lC. No historical 
records indicate that acetone, methylene chloride, or toluene were disposed of in the 
100-FR-1 Operable Unit. 

Bis(2-ethylhexyl)phthalate was the only semi-volatile organic compound detected 
above the CRQL (330 µ.g/kg) with a maximum of 470 µ.g/kg in the 1 ft interval split sample, 
values for the 1 ft interval sample and the duplicate sample have values less than the CRQL. 
(Table 3-3). The uses of phthalates include solvent, plasticizer, plastics, and insecticides. 
Bis(2-ethylhexyl)phthalate was also used as a vacuum pump oil (Sax and Lewis 1987). No 
pesticides or PCB were detected. 

I 

Inorganic constituents detected above the Hanford Site background 95 % UTL were: 
arsenic , lead, and zinc. Arsenic and lead were only detected in the 116-F-lA borehole in the 
0 ft to 2 ft bls sample at 44 mg/kg and 207 mg/kg respectively. Zinc was detected at 
142 mg/kg in the 116-F-lC test pit surface sample. No inorganic constituents were detected 

· at levels above the Hanford Site background 95 % UTL below 2 ft bis. Historical sampling 
data for organic, inorganic, and nonradionuclide constituents are not available for 
comparison. 

Radionuclides detected during the lewis canal LFI were: carbon-14 , potassium-40, 
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 reading 
was found in the 116-F-lC test pit surface sample at 14 pCi/g. The maximum gross beta 
result was found in the 116-F-lC test pit surface sample at 35 pCi/g. Samples in borehole 
116-F-lA showed consistent elevated values of carbon-14 with a maximum of 220 pCi/g. 
Potassium-40 was detected at elevated consistent values with a maximum of 14 pCi/g found 
in several samples. Both carbon-14 and potassium-40 are naturally occurring radioisotopes. 
No other radionuclides were detected in excess of l pCi/g . Field screening detected 
radionuclide contamination in the 2 ft to 4 ft bis interval of the 116-F- l A borehole, 
background levels were not exceeded in the 4 ft to 22 ft interval or in either 116-F-lB or 
116-F-1 C test pit. Radionuclide detections in laboratory samples verses no detections above 
background in field screening are likely attributed to differences in their detection limits. 
Geophysical borehole logging of the 116-F-l A borehole showed maximum levels of man­
made radionuclides at the 3.5 ft bis interval. 

Dorian and Richards (1978) investigation of the lewis trench consisted of 14 soil 
borings. The maximum sample depth investigated was 15 ft bls. Radionuclides detected 
were tritium, cobalt-60, strontium-90, cesium-134 , cesium-1 37, europium-152 , 
europium-154 , europium-155 , and plutonium-239/240. The maximum levels of radionuclide 
contamination were found in soil boring "G" at a depth of 3 ft bls . The analytical results 
and soil boring locations are presented in Appendix A. 

No analogous sites were investigated by LFI for comparison . 
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3.1.6 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-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 µg/1. 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 OVERFLOW 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 it 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 lbs) 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 bis. From 7.5 ft to 24 ft bis 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 (approximately 80% sand). 
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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, B080M4 (0 ft to 2 ft bls), B080M6 (10 ft to 12 ft bis), 
B080M7 (14.8 ft to 16.8 ft bls), B080M8 (19.7 ft to 21.7 ft bls), B080M9 (24.5 ft to 
26.5 ft bis), and B080N0 (30 ft to 32 ft bis). 

3.2.2.1 Chemical Analysis. Methylene chloride and toluene were the only VOC detected in 
sample B080NO, with values of 2 µglkg and 4 µg/kg respectively, both of which were below 
the CRQL of 10 µg/kg. Table 3-4 presents the VOC analytical results. 

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

No pesticides or PCB were detected. 

Concentrations of inorganic compounds that exceeded the Hanford Site background 
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. Rad ion uclides that were detected above 1 pCi/ g were: carbon-14, 
cobalt-60, strontium-90, cesium-137, europi um-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 B080M8 and B080M6. Gross beta ranged between 16 and 350 pCi/g. 

3.2.2.3 Field Screening. The well site geologist 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 I, 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 bis. Readings that were above the established action level were found from 10 ft bis to 
22 ft bis. 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 bis (total depth of borehole). No chromium was detected. 
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3.2.2.4 Geophysical Borehole Logging. Borehole 116-F-2 was logged from Oft to 
32 ft bis. The man-made radionuclides detected were: cobalt-60, cesium-137, europium-152, 
and europium-154. Cesium-137 is present from 5 ft to 32 ft bis, with a broad activity peak 
from 10 ft to 20 ft bis, and a maximum activity of 19 pCi/g at 14.5 ft bls. Cobalt-60 was 
detected from 5 ft to 22 ft bis, 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 bis. Europium-154 was detected from 1.5 ft to 
30 ft bis. The maximum activity of 143 pCi/g occurred at 10.5 ft bis. Europium-152 was 
detected from 6 ft to 20.5 ft bis. The maximum activity of 13.6 pCi/g occurred at 14 ft bis. 

3.2.3 Summary 

Methylene chloride and toluene were detected in sample B080N0 (30 ft to 32 ft) at 
concentrations less than the CRQL. Both methylene chloride and toluene are typical 
laboratory contaminants. Historical records do not indicate that methylene chloride or 
toluene were disposed of in the 100-FR-l Operable Unit (DOE-RL 1992a). The maximum 

organic compound detected was benzo(b)fluoranthene at 83 µg/kg in sample semi-volatile 
B080M6. No semi-volatile exceeded the CRQL of 330 µglkg. No pesticides 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 B080M6 (10 ft to 12 ft bis), and barium in sample 
B080M8 (19.7 ft to 21.7 ft bis). 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 B080M6 
(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 bis. 
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 bis. 

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-DR-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 . It is 30 m ( 100 ft) long, 6 m 
(20 ft) wide, and has a depth of 2.4 m (8 ft). It was used from 1947 to 1951. 116-F-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 l 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 O to 17 ft bis. · 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-l 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 bis. Four soil samples were 
collected, B08G82 (1 ft bls) , B08G83 (7 ft bis) , B08G84 (12 ft bis), and B08G85 (17 ft bls). 
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3.3.2.1 Chemical Analysis. Toluene was detected in the surface sample (B08G82) at 
21 µg/kg, and 4-methyl-2-pentanone in the 7 ft sample (B08G83) at 11 µg/kg. No other 
VOC were detected above the CRQL (10 µg/kg). Table 3-6 presents a summary of the 
detected VOC. 

The semi-volatile organic compounds, fluoranthene and pyrene were both detected at 
440 µg/kg in the surface sample (B08G82). No other semi-volatile organic compounds were 
detected above the CRQL (330 µg/kg). Table 3-6 presents a summary of the detected 
semi-volatiles. 

Toxaphene was detected in sample B08G83 (190 µg/kg) above the CRQL 
(170 µg/kg). Aroclor-1254, also in sample B08G83, was detected above the CRQL 
(33 µg/kg) at 180 µg/kg. No other pesticides or PCB were detected in the other three 
samples. Table 3-6 summarizes the detected pesticides and PCB. 

Inorganic compounds 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. The maximum radionuclide concentration was 190 pCi/g of europium-152 
in sample B08G83 (7 ft bls). The maximum gross alpha was 7.9 pCi/g in sample B08G84. 
The maximum gross beta detected was in sample B08G83 (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 Summary 

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 bis). 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 data 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) was 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 
readings exceeding background levels from 7 ft to 12 ft bis. Analytical results and soil 
boring locations are presented 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-lb. 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 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 
116-F-3. No monitoring well is located close enough to this site to be considered an 
upgradient well. In well 199-FS-4 7 the maximum detection of chromium was 20. 7 µg/1 in 
April of 1993. The maximum level of strontium-90 was detected in April 1993 at 3.8 pCi/1. 
In well 199-F5-4 the maximum detection of chromium was 19. 7 µg/1 in April of 1993. 
Strontium-90 was not detected in well 199-FS-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-F-4 PLUTO 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 Treatability Test Plan and is no longer in 
place. 

An estimated 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. Figure 3-11 is a summary diagram 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 bis, gravelly sand from 
9 to 16 ft bls, and sandy gravel from 16 to 28 ft bis (total depth of the 116-F-4 borehole). 

3.4.2 116-F-4 Borehole Soil Samples 

Six soil samples w·ere taken and submitted for chemical and radionuclide analysis in 
the 116-F-4 borehole. Samples numbers and intervals were as follows: B080P2 (0 to 
2 ft bls), B080P3 (5 ft to 7 ft bls), B080P4 (9.4 ft to 11.4 ft bis), B080P5 (13.4 to 
15.6 ft bls), B080P9 (19 ft to 20.8 ft bis), and B080Q3 (25 ft to 26.8 ft bls). 

3.4.2.1 Chemical Analysis. The VOC detected above the CRQL of 10 µg/kg were, 
2-butanone, acetone, and toluene. Methylene chloride was detected at levels below the 
CRQL. Acetone had a maximum detection of 14 µg/kg in sample B080P2. The only 
detection of 2-butanone was 22 µg/kg in sample B080P2. Toluene was detected in all of the 
samples, but was greater than the CRQL only in sample B080P4 (13 µg/kg). Volatile 
organic compound concentrations appear to be decreasing with depth. Because sample 
B080P3 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 µg/kg. No other semi-volatile compounds were detected above the CRQL of 330 µg/kg. 
Because sample B080P3 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. 

3-13 



· DOE/RL-93-82 
Draft A 

No pesticides or PCB were detected in the 116-F-4 borehole. 

Barium was detected at 208 mg/kg in sample B080P3 . 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 
B080P3 to 96 pCi/g in sample B080P4. Gross beta concentrations ranged from 20 pCi/g in 
sample B080P2 to 4900 pCi/g in sample B080P4. The maximum concentrations were found 
in sample B080P4 (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 B080P9 and B080Q3 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 PID. No VOC were detected during the investigation of borehole 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 bis . 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 borehol~ 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 Oft 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 bis, with a maximum of 20 pCi/g 
at 10 ft bls. Europium-154 was detected from 9 ft to 13 .5 ft bis, 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 yd3 of 
soil was removed during the excavation. Of this material , over 500 yd3 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 surface 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 
1994c). 

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 100 Area Excavation Treatability Test Repon (DOE-RL 
1994c). 

3.4.4 Summary 

The 116-F-4 data used in the Qualitative Risk Assessment of the 100-FR-1 Source 
Operable Unit (WHC 1993), which is summarized in Section 4 of this report, is based upon 
the 116-F-4 LFI borehole data and is presented in this report for information only. 

Volatile organic compounds in the 116-F-4 borehole that exceeded the CRQL of 
10 µg/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-l Operable Unit (DOE-RL 
1992a). Bis(2-ethylhexyl)phthalate, in sample B080P2 (0 ft to 2 ft bls), at 800 µg/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 B080P3 (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 
B080P3 (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 B080P4 (9.4 ft to 
11.4 ft bis). 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 B080P4 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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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-FS-47 and 199-FS-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-FS-47 the maximum detection of chromium was 20. 7 µg/1 in April of 1993. The 
maximum level of strontium-90 was detected in April 1993 at 3.8 pCi/1. In well 199-FS-4 
the maximum detection of chromium was 19.7 µg/1 in April of 1993. Strontium-90 was not 
detected in well 199-FS-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 LIQUID WASTE DISPOSAL TRENCH 

The 116-F-6 liquid waste disposal trench is an inactive liquid waste site that operated 
from 1952 to 1965. The trench is 90 m (300 ft) long, 30 m (100 ft) wide, and 3 m (10 ft) 
deep and is oriented north-south approximately 55 m (l 80 ft) southeast of the 105-F Reactor 
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 I 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 11 6-F-6 site and the approximate location of the 
vadose zone borehole. Figure 3-12 is a summary diagram of 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 discemable characteristics between the fill and native soils .. 
that indicated the contact. · 
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Borehole 116-F-6 was drilled to a total depth of 26 ft bis . Five soil samples were 
collected and submitted for chemical and radionuclide analysis. Samples collected were: 
from B080L9 (0 to 2 ft bls), B080M0 (6.5 to 8.5 ft bis), B080Ml (9 ft to 11 ft bls), 
B080M2 (15 ft to 17 ft bls), and B080M3 (19 ft to 21 ft bls) . 

3.5.2.1 Chemical Analysis. The VOC detected in borehole 116-F-6 were acetone, benzene, 
methylene chloride, and toluene. The maximum detection for acetone was in sample 
B080M3 (15 µg/kg). The maximum detection of toluene was 12 µg/kg in sample B080Ml. 
Acetone and toluene were the only VOC that were detected above the CRQL. Table 3-9 
presents the detected VOC in 116-F-6. 

The semi-volatile organic compound di-n-butylphthalate was detected at 140 µg/kg in 
sample BOSOM!. Bis(2-ethylhexyl)phthalate was detected at 72 µg/kg in sample B080M2. 
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 bore_hole. 

Chromium, in _sample B080M0 (30.2 mg/kg), and zinc in sample B080M0 
(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 B080L9 to 350 pCi/g in sample B080M0. The 
maximum concentrations of radionuclides occurred in sample B080M0. 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 bis. 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 bis. No chromium was detected . 

3.5.2.4 Geophysical Borehole Logging. The 116-F-6 borehole was monitored from 0 ft to 
13.5 ft and from 15 ft to 23 ft bis . The maximum calculated activity for all of the man-made 
radionuclides detected was found at 6.5 ft bis. The man-made radionuclides detected were, 
cobalt-60, cesium-137, europium-152, and europiu m-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 bis, 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 µg/kg in the 19 ft to 21 ft sample. Toluene was also 
detected in excess of the CRQL in one sample at 12 µg/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 below the CRQL. No 
semivolatiles were detected in excess of the CRQL. No pesticides or PCB were detected. 
Chromium and zinc were detected above the Hanford Site background 95 % UTL at 
30.2 mg/kg and 106 mg/kg respectively. Historical data for organic, inorganic, and 
nonradionuclide constituents are not available for comparison. 

The maximum radionuclide contamination for 116-F-6 was found in sample B0S0M0 
(6.5 ft to 8.5 ft bis) 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 bis. 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, ~d 
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 I 992 through July 1993 sampling rounds (DOE-RL 
1994b). Monitoring well 199-FS-2 is upgrad ient , and !T!Onitoring well l 99-F5-47 is 
downgradient of site 116-F-6. Chrom ium 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/1, and the maximum concentration in 
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the downgradient well 199-FS-47 was 3.8 pei/1. 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 markers . It 
resides within a larger area identified by permanent concrete markers and the "Underground 
Radioactive Material" warning signs (Deford 1993) . 

. The animal waste leach trench received an estimated 300,000,000 l 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 Borehole 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 B080N5 (2.5 ft to 4.5 ft bls) , 
B080N6 (9 ft to 11 ft bis), B080N7 (14 .5 ft to 16.5 ft bis), B080N8 (1 6.5 to 18.5 ft bls) , 
and B080P0 (23 ft to 25 ft bis). Sample B080N5 was taken from 2.5 ft to 4 .5 ft bls due to 
poor sample recovery in the O ft to 2 ft bis interval. Figure 3- 13 is a summary diagram of 
the 116-F-9e LFI data. 

3.6.2.1 Chemical Analysis. The voe detected equal to or greater than the eRQL were: 
toluene in samples BOSONS and B080N6 (10 µg / kg), acetone in samples B080N6, B080N8 
and B080P0 (11 , 11 , and 12 µg/ kg), and 2-butanone in sample B080P0 (23 µg/kg). Table 
3-10 presents a summary of the v o e detected . 
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Di-n-butylphthalate was the only semi-volatile organic compound detected. The 
concentration was 74 µg/kg in sample B080P0. No semi-volatile was detected above the 
CRQL of 330 µg/kg. 

Alpha-chlordane and gamma-chlordane exceed the CRQL in two samples, with 
maximum values of 4.7 and 4.8 µg/kg, respectively , in sample B080N6. 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 B080N5 to 52 pCi/g in sample 
B080N6. 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 values ranged 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 0 ft to 11 ft bis interval. Table 3-10 presents a summary of 
the radionuclides detected at the l 16-F-9C borehole. 

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 l 16-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 l 16-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 B08G78 (0 ft to l ft bis), B08G79 (9 ft to 
10 ft bls), B08G80 (15 ft bis) , and B08G8 1 (20 ft bis) 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 B08G79 at 66 µgl kg and 87 µg /kg , respectively. 
4-methyl-2-pentanone was detected in sample B08G79 at 13 µg/kg. Table 3-11 presents a 
summary of the detected volatile organic compounds. 

Bis(2-ethylhexyl)phthalate detected in sample B08G78 (340 µg/kg) was the only 
semi-volatile organic compound detected above the CRQL (330 µg/kg). Table 3-11 presents 
all of the detected semi-volatiles. 

The maximum detections of alpha-chlordane and gamma-chlordane were found in 
sample B08G79 at 330 µg/kg and 200 µg/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 B08G79 were all above the Hanford Site 
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 95 % UTL in any of the other samples. 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 B08G78 . The maximum gross beta detected was in 
sample B08G79 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 bis. 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 µg /kg), acetone (12 µglkg), and toluene (10 µg/kg) . The VOC 
maximum detected values in the 116-F-9D test pit were : acetone (66 µg/kg), 
4-ethyl-2-pentanone (1 3 µglkg), and toluene (87 µgl kg) . Field screening for VOC did not 
detect any values greater than the ac tion level (5 ppm). Bis(2-ethylhexyl)phthalate was the 
only semi-volatile organic compound detected above the CRQL (330 µg/kg) in the 116-F-9D 
test pit at 340 µgl kg . No semi-volatiles were detected above the CRQL in the 116-F-9C 
borehole. 

3-21 



DOE/RL-93-82 
Draft A 

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 bis 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 bis. Field screening at both 
sites investigated showed maximum readings in the 9 ft to 13.5 ft bis interval. 

Dorian and Richards (1978) provides no soil sample information on this waste site 
because it was still in use in 1976. Six samples were taken to a maximum depth of 30 ft bis 
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. The 
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 maxi mum 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 si te 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 µg/1 in the December 1992 sample. The highest detected strontium-0 
concentration in well 199-F5-46 was 13 µg /1 in April 1993. The maximum concentration of 
chromium in well 199-F5-43A was detected in January of 1993 at 12.8 µg/1. The maximum 
concentration of strontium-90 in well 199-F5-43A was 2. 7 µg/1 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 cooli ng 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 for an extended period of time before it was repaired (Heid 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 l4°C to 37°C 
(57°F to 99°F) and concentrations of < 2 x 10-5 to 7. 3 x 104 µg/1, 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 µg/1 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 fili to a depth of 3 ft bls, 
with an increased silt content (10%) in the 2. 7 to 3 ft bis interval. The concrete liner was 
encountered from 3 to 5 ft bis, and was reported to be poorly cemented, crumbly, and moist. 
Soils in the 5 to 23 ft bis interval consist of sandy gravel (50% sand, 50% gravel). The 23 
to 26.6 ft interval bis (total depth of borehole) is composed of gravelly sand (30% gravel, 
70% sand). 

3.7.2 116-F-14 Borehole Soil Samples 

Six soil samples were submitted for chemical and radionuclide analysis from the 
116-F-14 eorehole: B080Q4 (0 ft to 2 ft bis) , B080Q5 (2.5 ft to 5 ft bis), B080Q6 (5 ft to 
7 ft bls), B080Q7 (10.5 ft to 13 ft bls), B080Q8 (16.6 ft to 18.6 ft bis), B080Q9 (23 ft to 
24.5 ft bis). Four soil samples were collected for physical properties analysis: B08734 
(13 ft to 15.5 ft bis), B08735 (16.6 ft to 18.6 ft bis), B08736 (20.3 ft to 22.9 ft bis), and 
B08737 (23 ft to 24.5 ft bis). 

3.7.2.1 Chemical Analysis. Volatile organic compounds detected above the CRQL were, 
acetone and toluene. Acetone had a maximum detection of 46 µg/kg in sample B080Q8. 
Toluene had a maximum detection of 82 µg/kg in sample B080Q5, and was detected in all 
samples. Table 3-12 presents a summary of the detected VOC. 

The concentrations of diethylphthalate at 2,600 µg /kg in sample B080Q9 and 
di-n-utylphthalate at 340 µg /kg in sample B080Q4 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 B080Q6 were 1.5, 29.3 , 87.4 mg/kg respectively. Chromium was detected in 
samples B080Q6, B080Q7, B080Q8, and B080Q9 , with a maximum concentration of 
124 mg/kg in sample B080Q6. Sample B080Q6 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 B080Q5 at 
14 pCi/g. Gross beta was detected in all six soil samples with a maximum concentration of 
440 pCi/g in sample B080Q5. With the exception of uranium , the maximum concentrations 
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occur in the concrete liner 2.5 ft to 5 ft interval (B080Q5). 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 bis 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 Geophysical Borehole Logging. The 116-F-14 borehole was logged from Oft 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 pCilg 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 pCilg at 4 ft bls. Europium-152 was detected from 0.5 ft to 13 ft bls, with the maximum 
calculated activity of 730 pCilg at 4 ft bls. Europium-154 was detected from 0 ft to 
12.5 ft bls, with the maximum calculated activity of 92 pCilg 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 
13.5 to 15.5 ft, 17. 1 to 17.6 ft , 20.3 to 22 .9 ft, and 23.5 to 24 ft bis. 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 fi ner-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 bis interval consisted of 0% gravel, 83% sand, and 
17% silt and clay . The soil grain size in the 17. 1 to 17.6 ft bis 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. 
The 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 . 

• bulk density: 2. 14 glee , 2. 13 glee, 2. 17 glee , and 2. 16 glee 

• moisture content : 2 .93 %, 2.6 %, 2.71 %, not analyzed 
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• porosity: 25.87%, 13%, 23.41 %, 28% 

• hydraulic conductivity: 3. 79e-02 cm/sec, 3.3e-02 cm/sec, l.26e-03 cm/sec, 
1.62e-04 cm/sec. 

3.7.4 Summary 

Volatile organic compounds that were detected above the CRQL (10 µg/kg) were 
acetone and toluene. Both constituents were detected in all of the samples. The maximum 
detection of toluene was 82 µg/kg in the 2.5 ft to 5 ft sample. The maximum detection of 
acetone was 46 µg/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 µg/kg) at 340 µg/kg (B080Q4) and 2,600 µg/kg (B080Q9), 
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 reactor effluent. No pesticides 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 bis 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 5 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. 
To 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 

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-14. Monitoring well 
199-F5-3 is downgradient of site 116-F-14. The maximum chromium concentration in well 
199-F5-46 was 303 µg/1 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 µg/1 in April of 1993. The maximum concentration of 
strontium-90 was 250 pCi/1 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 bis. 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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Two soil samples were collected and submitted for chemical and radiological analysis 
from hand sampling the 108-F french drain, the surface sample B080R4 (0 ft to 1 ft bls), and 
B080R5 (3.5 ft to 4.5 ft bls). 

3.8.2.1 Chemical Analysis. Toluene was above the eRQL (10 µglkg) in B080R4 and 
B080R5 at 86 µglkg and 480 µg/kg. No other voe 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 µg/kg and 580 µg/kg. The next highest maximum value was 
benzo(a)anthracene at 62 µglkg. Table 3-14 summarizes the semi-volatiles detected. 

Polychlorinated biphenyl aroclors-1254 and -1260 were detected in sample B080R5 at 
240 and 150 µg/kg and in sample B080R4 at 1,600 and 720 µg/kg, respectively. The CRQL 
for these constituents is 33 µg/kg. Table 3-14 presents a summary of the detected pesticides 
and PCB. 

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 B080R4. The maximum detected copper was in sample B080R4 at 
73.8 mg/kg. The maximum detection of lead was 129 mg/kg in sample B080R4. The 
maximum detection of zinc was 79. 7 mg/kg in sample B080R5. 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 B080R4 
at 250 pCi/g. Gross beta was only detected in sample B080R5 (13 · pCi/g). The 
radionuclides detected above 1 pei/g were: potassium-40, cesium-137, plutonium-238, 
plutonium-239/240, and americium-241 . The maximum radionuclides detected were 
plutonium-238 (220 pei/g) and plutonium-239/240 (34 pCi/g) in sample B080R4. The 
values for plutonium-238 and plutonium-239/240 in sample B080R5 were 66 pei/g and 
11 pCi/g respectively. Table 3-14 summarizes the. detected radionuclide concentrations. 

3.8.2.3 Field Screening. No voe 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 eRQL. 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 1 ft bls sample at 1,600 µg /kg and 720 µg/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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were found in the surface sample. The maximum detection of zinc was found in the 3.5 ft to 
4.5 ft bls sample. 

Radionuclides detected in the hand sampling of the 108-F french drain include: 
pota.ssium-40, cesium-1_37, plutonium-238, plutonium-239/240, and americium-241. The 
highest gross alpha value was in the surface sample at 250 pCi/g. The highest radionuclides 
detected in the surface sample were plutonium-238 and plutonium-239/240. Gross beta was 
only detected in the 3.5 ft to 4.5 ft bls sample. No historical sampling data was available for 
comparison. No analogous sites were sampled. 

3.8.4 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-F5-4 is upgradient of the 108-F french drain. Monitoring well 
199-F5-45 is downgradient of the 108-F french drain. The maximum chromium 
concentration in well 199-F5-4 was 21.1 µ.g/1 in the December 1992 sample. Strontium-90 
was not detected in well 199-F5-4. The maximum chromium value detected in well 
199-F5-45 was 7 µ.g/1 in March of 1993. The maximum concentration of strontium-90 was 
1.6 pCi/1 in March 1993. The slight increase in strontium-90 from the upgradient well to the 
downgradient well could possibly indicate that the 108-F french drain is impacting 
groundwater, but further investigation would be in order to accurately determine this site's 
impact on the groundwater. 

3.9 116-F-5 BALL WASHER CRIB 

The 116-F-5 Ball Washer Crib is an inactive waste site that received liquid waste 
containing nitric acid derived from the decontamination of boron steel balls. Dates of 
operation for this unit are unknown . The crib measures 3 m by 3 m by 3 m (10 ft by 10 ft 
by 10 ft) and is located 250 ft southwest of the 105-F building . The site reportedly received 
3,000 1 of liquid waste. The crib has been fully backfilled and appears today as an 
unmarked, gravel-covered field. It is defined by four concrete monuments with 
"Underground Radioactive Contamination" warning signs (Deford 1993). Figure 3-3 shows 
the location of 116-F-5. 

3.9.1 Geology 

The 100-FR-l LFI did not include a field investigation of the 116-F-5 Crib. It is 
assumed that the crib is underlain by sediments similar to that found in the 116-F-4 vadose 
zone borehole. 
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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, inorganic 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 radionuclides 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 locations are presented in Appendix A. No analogous sites from other 100 Area 
operable units have been investigated for comparison. 

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 µg/1 in April of 1993. The maximum level of 
strontium-90 was detected in April 1993 at 3.8 pCi/1. 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 thi s 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 

3-30 



I -

DOE/RL­
Draft A 

:~333 .. 0053 

these sections were unsuccessful (Beckstrom and Steffes 1986). Currently the outfall 
structure appears as an earthen mound. The portion of the outfall structure that extended 
above grade is demolished into the cavity and the entire structure covered with clean soil. 
The upper portion of the spillway appears to have been demolished and covered with clean 
soil. About 7.5 m (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-l 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 and 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 116-0-5 detected potassium-40 at 
13.5 pCi/g and 12 pCi/g respectively . Table 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). The 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 water 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 
growmg. 

This unit received an estimated 400,000 I 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). 

Figure 3-3 shows the location of 116-F-10 dummy decontamination french drain. 

3.11.1 Geology 

The 100-FR-1 LFI 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-l 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 
• physical properties of the soils 
• field screening for voe 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 bis. 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 voe, semi-volatile, 
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pesticide/PCB, inorganic, or radionuclide contamination. The sole source of sampling data 
for site 116-B-4 is from historical sampling. The estimated 1978 inventory of radionuclides 
for the 116-B-4 site were 2.0 Ci, the 116-H-3 site inventory was 0.07 Ci , and site 116-F-10 
had an radionuclide 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 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL 
1994b). Monitoring well 199-F8-2 is upgradient of site 116-F-10. Monitoring well 
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 
strontium-90 concentration in upgradient well 199-F8-2 was 41 pCi/1, and the maximum 
concentration in the downgradient well 199-FS-47 was 3.8 pCi/1. It·does 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 1 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-1 l french drain (DOE-RL 1992a). 

3.12.1 Geology 

The 100-FR-1 LFI did not include a field investigation of the 116-F-1 l 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- l 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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• field screening for VOC and radiological contamination 
• geophysical borehole logs. 

3.12.3 Summary 

No documentation could be located that characterizes the waste transferred to the 
116-F-11 drain or that estimates radionuclide content. Site 116-D-6 is an analogous site that 
was investigated for the 100-DR-1 LFI. Volatile organics and semi-volatile organics were 
detected at levels below the CRQL in the 116-D-6 borehole. No pesticides or PCB were 
detected, and no inorganics were detected above the Hanford Site 95 % UTL. Radionuclides 
detected were: carbon-14, potassium-40, radium-226, thorium-228, uranium-235, 
uranium-238, plutonium-239, americium-241. · Potassium-40 was the only constituent 
detected above 1 pCi/g. Site 116-D-6 operated for 6 years while 116-F-11 was in operation 
for 12 years so the radionuclide inventory for site 116-F- 11 could potentially be greater. 

3.12.4 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-F5-4 is downgradient of site 116-F-1 l. No monitoring well is 
located close enough to this site to be considered an upgradient well. In well 199-F5-4 the 
maximum detection of chromium was 2 1. 1 µg /1 in December of 1993 . No strontium-90 was 
detected in well 199-F5-4 . Since no upgradient values were available , the impact to 
groundwater from the 116-F-l l site could not be determined . 

3.13 116-F-12 FRENCH DRAIN 

The 116-F-12 french drain was used from 1944 to 1964 and is located about 2 m 
(8 ft) east of the original site of the 148-F pu mp house and lift station. The-drain was used 
from 1944 to 1964 to receive effluent pump prime from the lift station . The drain measured 
1 m (3 ft) in diameter and was placed 2 m (6 ft) deep. The construction material is 
unknown, but probably consisted of clay or concrete pipe that was typical of other drains 
used in this era. 

No information 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-12 french drain . 

3.13.1 Geology 

The 100-FR- 1 LFI did not include a field investigation of the 116-F-12 french drain. 
It is assumed that the drain is underlain by sands and gravels similar to those found in other 
waste sites. 
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3.13.2 LFI Data 

Because the 100-FR-1 LFI did not include 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 
116-F-11 drain or that estimates its radionuclide content. No analogous facilities were 
sampled. 

3.13.4 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 116-F-12. Monitoring well 
199-F5-44 is downgradient of site 116-F-12. 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-12 french drain is not currently impacting groundwater. 

3.14 116-F-13 EXPERIMENTAL GARDEN FRENCH DRAIN 

The 116-F-13 experimental garden frenc h drai n was used from 1952 to 1976 to 
dispose of effluent from radio-botany experiments cond ucted 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 1 of liquid wastes , however, no data could be located that 
characterizes the waste effluent or prov ides 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 si milar to that found in other 
waste sites . 
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Because the 100-FR-1 LFI did not include a field investigation of the 116-F-13 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. 

3.14.3 Summary 

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 
to exist for the 116-F-13 experimental garden french drain. 

3.14.4 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 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) diameter 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-l 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 
• physical properties of the soils 
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• field screening for VOC and radiological contamination 
• geophysical borehole logs. 

3.15.2 Summary 

Four 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 pCi/g for europium-155. Two constituents, 
europium-152 and europium-154, were not reported above method detection limits. 
Appendix A presents the Dorian and 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 m2 (1600 ft2) 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 l.06E-06 Ci of plutonium-239. About 
1,600 ft2 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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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 concentrations 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 unplanned release. 

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

3.17 132-F-6 LIFr STATION DEMOLITION SITE 

The 132-F-6 lift station is located at the southeast comer of the 105-F reactor 
building. It operated from 1944 until 1965 to pump waste water from several reactor 
building 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 assumed that the lift station 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-l LFI did not include a field investigation of the 132-F-6 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. 

3.17.3 Summary 

Dorian and Richards ( 1978) sampled from a single location adjacent to the lift station 
prior to demolition. Samples were collected at 5 ft, 25 ft, and 30 ft bls. The maximum 
contamination was found in the 5 ft interval, with europium-152 (92 pCi/g) being the highest 
value detected. A complete listing of the Dorian and Richards ( 1978) analytical results and 
soil boring locations are presented in Appendix A. Since the historical data were collected 
before 132-F-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 µg/1 in April of 1993. The 
maximum level of strontium-90 was detected in April 1993 at 3.8 pCi/1. In well 199-F5-4 
the maximum detection of chromium was 19 .7 µg /1 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. 

3-39 



3.18 PNL OUTFALL STRUCTURE 

DOE/RL-93-82 
Draft A 

The PNL outfall structure is located a few meters upstream of the 116-F-8 outfall 
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 Geology 

No site specific geologic data are available for the PNL Outfall Structure. 

3.18.2 LFI Data 

Because the 100-FR-l LFI did not include a field investigation of the PNL outfall 
structure, 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. 

3.18.3 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 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). 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-l QRA (WHC 1993). 
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3.19 132-F-1 CHRONIC FEEDING BARN 

C .3333 .. 0058 

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-137, and plutonium-239. The chronic feeding barn 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-l chronic feeding barn. 

3.19.1 Geology 

Limited field investigation of the 132-F-l Chronic Feeding Barn consisted of one test 
pit which was excavated to a depth of 6 ft bis. 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 sample and three quality assurance samples were taken at a depth of 
4 ft bls, sample B02701, B02702 (duplicate), B02703 (split), and B02704 (silica sand-blank). 

3.19.2.1 Chemical Analysis. Acetone was detected in excess of the CRQL (10 µg/kg) in 
the split sample (B07203) at 54 µg/kg . . Acetone 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 µglkg), 
with the exception of bis(2-ethylhexyl) phthalate (380 µg / kg) in the split sample (B07203). 
Table 3-16 summarizes the detected semi-volatile organic compounds. 

Gamma-chlordane was detected in sample B07201 (2.5 µg /kg) and its duplicate 
sample B07202 (4. 7 µg/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 concentra tions were < 1 pC i/g. 
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3.19.2.3 Field Screening. Volatile organic compounds were field screened using an OVM 
PID. No VOC were detected during the 132-F-1 chronic feeding Barn investigation. No 
radionuclides were detected during 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 data 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-l. Chromium and strontium-90 concentrations are 
higher in well 199-FS-46 than in the downgradient well 199-FS-44 suggesting that the 
132-F-1 chronic feed barn is not currently impacting groundwater. 

3.20 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

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

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. 

3-42 



DOE/RL-J~ : 333 • 0059 
Draft A 

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

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

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

• Action-specific requirements - technology- or activity-based requirements or 
limitations on actions taken with respect to hazardous wastes. These 
requirements are triggered by the particular remedial activities that are selected 
to accomplish a remedy. 

Potential chemical- and location-specific ARAR are defined during the field 
investigation portion of the CERCLA process and refined in the feasibility study and 
proposed plan. Action-specific ARAR are generally defined during the phase I and II 
feasibility study and refined in detailed analysis and the proposed plan. Potential ARAR and 
TBC in all categories are defined in the JOO Area Feasibiliry Study, Phases I and 2 
(DOE-RL 1992c). For purposes of this LFI, only the potential chemical- and 
location-specific ARAR are discussed. Potential chemical- and location-specific ARAR are 
used in the LFI report as screening criteria for the evaluation of high-priority sites as IRM 
candidates. This use of ARAR is not intended to set cleanup standards for the high-priority 
sites. Potential chemical- and location-specific ARAR are presented in Tables 3-17 through 
3-22. 

Potential chemical-specific ARAR for soils are limited to those levels for hazardous 
constituents prescribed in the state's Model Toxics Control Act (MTCA). Currently, MTCA 
has not defined levels for radionuclides. Additional soil limits are presented in Subpart S of 
RCRA for hazardous constituents and in DOE Order 5400.5 for radionuclides. These are 
considered TBC for the 100 Area operable units. Potential chemical-specific ARAR for air 
emissions are also identified for the 100 Area; however , these tend to also be based on 
specific actions which have a tendency to increase releases to the air. Therefore, these are 
more appropriately addressed in the focused feasibility study. Potential chemical-specific 
ARAR are listed in Table 3-17 and 3-18; TBC are included in Table 3-19. 

Potential location-specific ARAR are identified for the 100 Area because of the 
presence of threatened or endangered species and archaeological resources. In addition, 
potential location-specific ARAR based on possible impacts to wetlands and floodplains are 
included. These are described in Tables 3-20 and 3-2 1; TBC are in Table 3-22. 
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This discussion of potential ARAR is intended to be a refinement of ARAR presented 
in the work plan. Additional 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 3-1 Limited Field Investigation Intrusive Sampling Locations (Reactor Vicinity) 
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Figure 3-2 Limited Field Investigation Intrusive Sampling Locations 
(Retention Basin Vicinity) 
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Figure 3-3 Limited Field Investigation Facility Locations 
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Figure 3-4 Total Chromium Concentrations in Groundwater, 
Maximum 1992/93 Values From 100-FR-3 Monitoring Wells 
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Figure 3-5 Strontium-90 Concentrations in Groundwater, 
Maximum 1992/93 Values From 100-FR-3 Monitoring Wells 
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Re -228. Th-221 

.,ll-232 

7.0' ,S08G83 - -;.;.., .... 
4-W.tf'lyt-2~.ntHcne 
0.-ft-outytpMt\etete 
bla(2·E~ayt)ptiua&at• 
Toupf\ene 
AtO<>lot-1264. C.. P• 
Hg, Zn 
a 
/3 
U-233/234. U-235 

12.0· ,S08G84 - ~~!/::!t~'J:?ao 

17.0' ,S08G85 -

Toto! Depth - 17.0 Feet 

2 hex Cr testa 
< 10 ppm cr+6 

Ce-\37, Eart!S2. 
Eu--154 . Aa-226. 
~228 

Acetone 
06.ft-bvlyipf\tNle t• 
a 
/3 
U-233/234. l>-231 
Pu-239/240. K-40 
fu--1«52. Rt-226 , 
Tl\.22&. TP\-232 
~ 

~ -~= 04-n-but)'tOl\tMltte 
btel2..£tfl:1'1411yiietht~i•t• 
a 
/3 

U-233/234. U-238 
K-40. Eu--152. Re-22& 
Th-228, Tt\..232 
~ 

lf"l Doto - Anolyticol lob results for oil inorganic constituents greater thon 95?. upper threshold 
limits and oil detected organic compounds ond rodionuclides ore Shown. 

Field Screening - Action levels for volot~e organic compounds (VOC) wos 5 ppm ond gross gommo 
(-y) rodiotion wos twice bockground. 

Field Screening 
3-93 

~~...., /"~...., ~~ 
o ,:l <q-§ "~ 

0.0 

0.0 

500 
1500 
1500 

450 
75-100 

75 

Dorion & Richards 
(1 976) 

18' -s,-;o 

20, IJS<-;o. H-3, Eu-1~2 
~60. Eu-1~ 

o_ 

10 _ 

20 _ 

30 _ 

40 

1976 Rodiochemicol Doto - All detected rodionuclides ot the corresponding depth intervals ore shown. 

Field screening "Olues greater thon non-detect or background ore recorded in this fi~ure. 
All samples were field screened. 

DOE/RL-93-82 
Draft A 

Figure 3-10 Summary Diagram 

of the 116-F-3 LFI Test Pit Data 

\ 
I 
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o_ 

10 _ 

20 --

30 --

40_ 

116F4 

Waste Site 

116-f-4 Crib 
10 Ft x 10 Ft x 10 Ft. 

Received cooling water 
from process tubes 
containing reptured 
fuel elements 

1950-1952/lnoctive 

Notes: 

Sampling 

Geologic Log 
3-93 

• 0 
0.0•-9_0· 00 

0 
• 0 Sandy GRAVEL 

oo. 
0 
00 

• ~ 0 

00 . 
.• 0 

oO 
0 

oo. 
0 
.oo· 

. : 0 , 
0 -

9 .0 '-16.0' . ·. Gravelly SAND .. . 

oO 16.0' -28.0' 
• 0 Sandy GRAVEL 
oO-· 

0 ~ 0 

oO-.. 
O · 
oo. 

• . 0 

o·O ... ~ 
oO 

Total Depth 

Sample 
Locat ion 

3-93 

o.o·-2.0· 
,S080P2 

5.0'-7.0' 
#B080P3 

9.4°-11.4° 
#B080P4 

13.4 ' - 15.6' 
,S080P5 

19.0 ' -20.8' 
#B080P9 

25.0 ' -26.8' 
#608003 

28.0 Feet 

Results for 

LFI Dato 
3-93 

Meth)'ene Chloride 
Acetone 
2-Sutanone 
Toluene, Bo 
p 
U-2JJ/2J4 
U-238, Pu-239/ 
240. Am-241 
S,-90. K- 40 
Ca-I37, Ro-226 
Th-228. Th-232 

Tdu.ene, a. p 
U-233/234 
u- 235. u-z:ie 
Pu-239/2•0 
Arn-241 
Sr-90. K-•O 
Co-60. Ca-137 
Eu- I52. Ro-226 
Th-232 

Meth)'tene Q\lorfde 
Tolu.,,e 
0I-n-but)Cphtholol• 
bi2(2-Eth)i4hex)'}ph t"4Giote 
~-n--=~J£tnolott , 

, U-2 234 
U-238. Pu-238. Pv-239/ 
240, Am-2•1. S,-90 
K-40, Cs-137 I 
Eu-I52. Eu-I~. Eu- 155 

Th-232 I 
Oi-n-bul)Cphlholol• 
bls(2-E lh)Cho)C)r,h !holot• 
p, U-233/234 
U-238, Pu-239 
Pu-240, Am-241 
K-40, Ca-137 
Eu-I55, Ro-226 
lh-228 

Oi-n-but)4phth(lote 
/J , U-233/234 
U-238. K-•O 
Eu-I55, Ro-226 
l'h-228. Th-232 

Lfl Doto - Analytical lob results for all inorganic constituents greater !hon 95:; upper threshold 
limits and all detected organic compounds and radionuclides are shown . 

Field Screening - Action leYCls for volatile organ ic compounds (VOC) was 5 ppm above background 
ono gross gamma ( ?') radiation was twice background. 

Surveyed elevation to top of brass disc 411.81 feet (NGV0-29). 

}51:3333~0068 

116-F-4 Borehole 
Field Screening 

3-93 
~,;-. ,"-.,;-. ,;-. 

0 {J_q ~ ,§ "-...§ 
1500 

200 4000 

8000 

20000 
5000 
100000 

1200 

600001 8000 

150000 

50000 

500 
250 

10000 
4000 
1900 

1700 

i700 
1700 
1700 

1500 

Spectral Gamma 
(pCi/g) 

Cs-137 

Eu-152 

Eu-152 

Eu-154 

2283 f
2.0 

20.0 

s· 

8' 

1,., ~· ... :, 

20· 

Dorion & Richards 
(1976 ) 

Pu-238, Pu-239/240 
Sr-90, (u-I52. Co-60 
Eu-15-4. Cs-137, Eu-155 

Pu-239/240. Sr-9'l 
Eu-152, Ca-137 
Eu-155 

1976 Radiochemical Data - All detected radianuclides at the corresponding depth intervals ore 
shown. 

Field screening values greot,r than nan-detect or background are recorded in t his fi~ure. 
All samples were field screened. 

Borehole Spectral/Gamma L~g - 80l"3 indiate interval of borehole where radionuclide was detected. 

o _ 

10 _ 

20 _ 

.30 -

40 _ 

DOE/RL-93-82 
Draft A 

Figure 3-11 Summary Diagram 
of the 116-F-4 LFI Borehole Data 
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o_ 

10_ 

20 _ 

30 _ 

40_ 

116F6 

951.3333.0069 

Sampl ing Results fo r 116-F-6 Borehole 

Waste Sit e 

116- F-6 liqu id wast e 
Disposal trench 
300 Ft x 100 Ft x 10 Ft. 

Received direc t cooling 
water effluent during 
reactor main tenonce 
outages. 

1952-1965/ lnoct ive 

Notes: 

Geologic Log 
3- 93 

0 
• 0 

0 
O0 
0. 

oO 
• 0 • 

oO 
• 0 

0. 

.oo. 
0 
-oO 

. • 0 

o·O 
• 0 

00 

oo 
0 • 

o o. 
• 0 

oO 
• 0 

oO 
• 0 

0 
00 . 
. 0 • 

.o _o • 
• 0 

00 
• 0 

oO 

0.0'-26.0' 
Sandy GRAVEL 

Sample 
Location 

3- 93 

o.o·- 2.0· 
#6080L9 

6.5'-8.5' 
'6080MO 

9.o·-11.0· 
,S080M1 

15.0 ' -17.0' 
,S080M2 

19.0 '-21.0· 
,S080M3 

Total Depth = 26.0 ,.,.,t 

-

LFI Do t o 
3-93 

M.u'l-,..,_e ChlonCc 
Aceton• 
Tclvene 
01-n-bu ti'ph thQla le 
p, U-233/ 234 
U-238 
K-40. Co-60 
C.-137. Eu-152 
Ra-226. Th-22S 

.l!!-232 

~ 

Meth)Aene 0-:lori<l e 
_ Toluene 

Cr, Zn. P 
U-23.5/234 
U- 2Ja. f'li-238 
f'li - 239/240 
Am- 241. S,-90 
K-40, Co-60 
C•- 137. Eu-152 
Eu-1 54, Ro-226 
Th-228 -
-
Acetone 
Benune 
Toiuene 
Oi-n-bul)'tphtnOI< te 
p, U-2JJ / 2J• 
U-238, Pu-239/ 
240, Am-241 

- Sr-90, K-'-0 
Co-60. C.- 137 
Eu-152. Eu-154 
Ro- 226. Th-228 
Th-232 

bi4(2-Ethi'hu:,j)po1h,Ololl 
- p, U-233/ 234 

U-238, Pu-239 / 
240, Sr-90 
K-40, Co-1 37 
Eu- 152. Eu- 154 
Ra- 226. Th-228 
Th-232 
~ 

~ 

Aeeton• 
Senz-,c 
Toh.,.-ne 
p, U- 233/234 
U- 238. Pu-239 / 
240. Sr-90 
K- 40 , Eu-152 
Ro- 226, Th- 228 
Th-232 
~ 

LFI Doto - Analytical lob results for all inorganic constituents greater than 957. upper threshold 
l imits and oil de tected organ ic compounds and rodionucl ides ore :shown. 

Field Screening - Action levels tor volotae organic compounds (VOC) was 5 ppm above background 
and for gross gommo ( r ) radiation was tw ice background. 

Surve)'ed elevation to top of brass disc 413.09 feet (NGV0- 29). 

Field Screen ing 
3-93 

~ ~ / \~, ~ ..... 
o...,.~q ~ .§ "1 

50 1700 

50 1700 

6500 
20000 
5000 
6000 
21000 
1800 
1800 
2000 

2000 

2500 
2400 

1700 

1670 

1700 
0.1 

1650 

1700 
1600 
1500 

1500 

1500 

Spectral Gom mo 
(pCi/g) 

Eu- 152 
Co- 60 Eu -15 

Cs-1J7 
20. 

74.0 18.0 169.0 

5· 

7.5' 

10· 

15' 

17.5 ' 

20· 

22. 5' 

25' 

27 ' 

28' 

Dorion & Richards 
(1976 ) 

o _ 

10 _ 

20 _ 

30 _ 

40 

1976 Radiochemical Doto - All detected rod ionuclides o t the corresponding depth int~rvols ore shown. 

Field screen ing values greater than non- detect or boc• ground ore recorded in this fi9ure. 
All sompl es were field screened. 

Borehole Spectral/ Gamma Log - Bors indiote interval oi Dorehole where radionuclide " os detected. 

DOE/RL-93-82 
Draft A 

Figure 3-12 Summary Diagram 

of the 116-F-6 LFI Borehole Data 

\ 
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o_ 

10 _ 

20 _ 

30 _ 

40 _ 

116F'9C 

------------------

951.3333. 0070 

Sampling Results for 116-F-9C Borehole 

Waste Site 

116-F-9C Animal waste 
leach ing trench 
400 Ft long with 100 ft. 
branch: 10 Ft. deep: 
15 Ft. wide 

Received wastewater 
from animal pens. 

1963-1976/ lnoctive 

Notes: 

Geologic Log 
3-93 

0 
• 0 

0 
00 
0. 

oO 
• 0 • 

oO 
• 0 

oO 

• 0 

oO 
• 0 

oO 
0 . • 0 

oo. 
0 

oo-
• 0 • 

o.O 
. • 0 

o .o ·-8.0' 
Sondy GRAVEL 

8.0'-9.0' 
Silty sandy GRAVEL 
9.0'-21 .0· 
Sandy GRAVEL 

21 .0'-25.0' 
Gravelly SAND 

25.0'-26.8' 
o • Sandy GRAVEL 
oO 

Sample 
Location 

3-93 

o.o·-2.0· 
#8080N5 

2.5'-4.5' 
,S080N5 

9.o·-11.0· 
,S080N6 

14.5'-16.5' 
,S080N7 

16.5'-18.5' 
if8080N8 

23.0 '-25.0' 
#8080PO 

Total Depth - 26.8 Feet 

LFI Data 
.3-93 

Tciuen• 
/3 . U-233/234 
U-238. C-14 
K-40. Ro-226 
Th-228. Th-232 

Meth~en• Chiaide 
Acetone 
TohJane 
olpho-0\lordon• 
qomma-0,fo,done 
/3 . U-2.33/234 
U- 238, S..-90 
C-14 
K-40, Ro-226 
Th-228. Th-232 

Meth)fenc O'llotide 
Acetone 
lo6uene 
olpho-0,kw'done 
gomrno-0,iOl"done 
/3 . U-2JJ/ 2:3-4 
U-238. Sr-90 
K-40, C2,-1,:s, 
Ro-226. Th-228 
Th-232 

Meth"'ene O,ioride 
Acetone 
Totuene 
/3. U-233/234 
U-2J8, Sr-90 
K-40, Ro-226 
Th-228, Th-232 

Meth:,,tene Cl'lloride 

;~~o:one I 
Oi-n-Out)'lphtholo ti.! i 
/3. U-238. Sr-90 I 
K-40, Ro-226 
Th-228, Th-232 I 

I 
I 

I 
I 

LFI Doto - Analytical lob results for all inorganic constituents greater than 957. upper thresho1: 
limits and all detect ed organic compounds ond rodionuclides ore shown. 

Field Screening - Action 1evels for volatile organic compounds (VOC) was 5 ppm above bockgrc~nd 
and gross gamma (-y)_ rooiction was twice bock ground. 

Surve)'!d elevation to tap of brass disc 411 .98 feet (NGVD-29). 

Field Screening 
3-93 

~,;- / .... ~, ,;-
0-.,,.~q ~ ,<} .... -rJ 

0.1 50 1500 
0.3 50 1500 
0.3 50 1500 

0.1 100 1700 
0.1 75 1400 

50 1900 
100 2000 

0.7 100 1800 
0.4 100 1600 

0.4 100 1700 
0.4 75 1400 

0.7 100 1800 

0.4 100 2100 
0.4 75 1500 

100 1500 
100 1300 
100 1300 

0.4 25 1500 
0.4 25 1500 
0.4 50 1200 
0.4 50 1200 

50 1600 
5 1500 
75 1600 

75 1350 

0.6 75 1300 
75 1300 
75 1300 

0.4 75 1500 

Spectral Gamma 
(pCi/g) 

Cs-137 

f .3 

10· 

~ 5. 

17.5' 

20· 

22.5 

15' 

: 7• 

30' 

Dorian & Richards 
( 1976) 

S,-90, Pu-239/24D 

Cs-137, Co-50, Eu-152 

Cs-l.37. Co-60. Eu-152 
S,-90. Pu-239 /240 

Cs-137. Co-60, Eu-152 
Sr-90. Pu-239 /240 

Co-50. Sr-QO 

o_ 

10 _ 

20 --

30 --

40 

1976 Radiochemical Doto - All detected rodionuclides at the ~orresponding depth inter·,ols ore shown. 

Field screening values greater than non-detect or bockgroun.J ore recorded in this figure. 
All samples were field scr.eened. 

Borehole Spectral/Gamma Log - Bors indiote interval of borenole where radionuclide wos detected. 

UU.l::J KL-~j-~L 

Draft A 

Fi&Ure 3-13 Summary Diagram 

of the 116-F-9C LFI Borehole Data 
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o_ 

10 _ 

20 _ 

30 _ 

40_ 

116F14 

9513333 .. 0071 

Sampling Results for 116-F-9D Test Pit 

Notes: 

Waste Site 

116-F-9C Animal waste 
le<>ching trench 
400 Ft long with 100 Ft. 
branch; 10 Ft. deep; 

5 Ft. wide 

Received wastewater 
from animal pens. 

1963-1976/lnoctive 

20.0 Feet 

Sample 
Location 

3-93 

o.o·-1.0· ,aoac1a 

9.0-10.0' ,S08G79 

15.0 ' ,S08C80 

2 H ... Cr T•at 
< ,o ..... c,-e 20.0· ,S08G81 

Total Depth = 20.0 Feet 

LFI Doto 
3-93 

AfflOM 
Totuene 
Ot-n.OutytOfllMlat• 
bl1•t2-Cmyf'le•ytk>ftthll1t• 
a 
p 
U-233/234 , U-231 

;~~f2,~·r~!2632 

Aoeton• 
...... ft\yl•2--i"nta,n,oflt 

T-• 
lioftl 0 CNordene 
.. fNN.CNOtOMe 
c. 
Ag 
Zn 
p 
U-23312:W. U-238 
Pu•23t / 2A0. Sr-to 
,c. ,o. c~eo. c,.131 
Ew-152. Ae-22& 
Tl>-221. Tll-232 

Ac•IOM 
,.w.111y1.,2...pen11non-, 
Town.e 
Ot•n.butytOfltMl1t• 
bl,.2..C tf'ly~••yttofttrttlat• 
alohe-CNordena 
Olft'N-CN0rd&111 

p 
U.233/23', V.-238 
Sr-90. K-40. Co-00 
E1,1-152. Ra-226 
Th-228 . Th-232 
Ct-1.31 

LFl Doto - Anolyticol lob results for all inorganic constituents gre<>ter than 95,; upper threshold 
limits and oil detected organic compounds and rodionudides ore shown. 

Field Screening 
3-93 

o~q.$> ~/:¥' ".§~' 

0 .0 250-400 

o.o <175 

0 .0 <175 

15' 

17.5' 

20' 

22.5 

25' 

27' 

30' 

Dorian & Richards 
(1976) 

S,-90. Pu-239 /240 

Co-137. Co-50, Eu-152 

C.-137, Co-60. Eu-152 
Sr-90. Pu-239 /240 

Co--60, Sr-90 

o_ 

10_ 

20 - -

30 --

40 

1976 Rodiochemicol Doto - All detected rodionuclides at the corresponding depth int'O<'VOIS ore shown. 

Field Screening - Ac tion levels for VO,otile organic compounds (VOC) was 5 ppm and gross gamma Field screening values greater than non-detect or background ore recorded in this fi<;ure. 
('l') radiation wos twice background. All samples were field screened. 

DOE/RL-93-82 
Draft A 

Figure 3-14 Summary'Diagram 

of the 116-F-9D LFI Test Pit Data 
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o_ 

10_ 

20 _ 

30_ 

40_ 

116f14 

·-~-----,__...,..._ ....... -, ...... -·---· - ·---·-· .... 

1151.3333. 0072 
Sampling Results f or 116-F-14 Borehole 

Waste Site 

116-,-14 Retention 
Basin 
450 ft.x 230 ft .x 24 f•. 

Used to retain cool ing 
wot er effluent from f 
reactor to allow radioactive 
ond thermal cooling. 
Also recieved woter from 
reactor building droins. 

1945-1965/lncct,ve 

Notes: 

Geologic Log 
3-93 

o ·o· 
o ·• 
.oo. 

• 0 

o ·O . 
. • 0 

oO 
o:~ o 

o-o~_ · .; 
-~??~ 

• 0 o.O 
.• 0 oO 

0.0'-3.0' 
Sa~dy GRAVEL 

3.0'-5.0' 
CONCRETE 

5.0'-23.0' 
Sondy GRAVEL 

23.0°-26.6' 
Grovelly SANO 

Sample 
Location 

3-93 

Chern o.o·-2.0· 
,f608004 

Chem 2.5'-5.0' 
1806005 

Chem 5.0'-7.0 ' 
1808006 

Chem 10.5'-13.0' 
1608007 

Phys 13.0"-15.5" 
1808734 

16.6'-18.6' 
Chem ,i'808008 
Phys jl808735 

Phys 20.3'-22.9' 
jl808736 

23.0°-24.5' 
Chem f-608009 -,I 
Ph>,; 1808737 

Totc,1 Depth • 26.6 Feet 

LFI Data 
3-93 

Meth)'teie Ouoridit 
AcetOt'le 
TokJene 
01-n-but)tphth°'ot• 
bi,(2-Etn)4n••~ Jpl,tholot• 
(3. U-2JJ/2J• I 
U-2.18, k-40 
Eu-152. Eu-15'. Eu-155 
Ro-226. Th-228 
lh-232 

Meth)'t_,• 0,ioride 
Ac•tone 
Tc-tu.n• 
01 -n-but:,'ohthofat C\ 
bis(.2-E th:,lh4ll )' }ph~hOlot• 
a, p. u-2JJ/2J • 

U-23&. Pu-2.18 I 
Pu-239/2<0 
J,.m-2-41 , $,-~ 
C-14, C~~O. Ca- :37 
Eu-1 52. Eu-154 
Eu-155 

..,eth)Aene O'lloride 
Acetone 
Tc»iuen• 
Oi-n-but)4c,ntholat, 
bio(2-E tn~h••)I )pl,th-,,ate 

Cd. Cr, C.,, Zn I {j, U-233/ 23• 
U-2.18. Pu- 2.18 
Pu-239/240 
Am-241 , S,-90 
C-14, Co-60. Ca- 137 
Eu-152. Eu-154 
Eu-155 

Weth )'ien• Chkwide: 
A.eeton• 
Tciuette I 
Oi-r:-but)tphtholote , 
bts(2-Eth)4h-t>')'l)C>ht:,olote 
Cr 
{j, ll-2JJ/2J4 
V-231!, Pu-2~ 
Pu-239/2-40 
K-4.0, Ct-1 ~1 
Rn-226, Th-228 
lh- 232 

Meth)fei,. Q'l!orid~ 
Aceton• 
TchJ.ne 
Oi-n-but)t~ttta'ote 
b'-(2-Etn~n.,)l)pl,t:,,.al• 

Cr ' a, /J, U-2:}J/2J• 
U-235, U- 238 
k - 40, Cs- 1J7 
Ro-226, lh-22& 
lh-232 

tone 
CNorofom 
2-Butonot\e 
4-Meth)'4-2-pentoru.oe 
Toluene 

1 

Oieth)fphthalotc 
Oi-n-but)tpt,tholote 
bis(2-Eth)4he•~)phtl'latotit 
{3, U-23J/23• 
U-238, P\J-239/2-40 
k-40, Ca-137 I 
Ro-226, lh-228 I 
lh-232 

Lfl Doto - Anolyticol lob results for oil inorgonic constituents greoter thon 95~ upper threshold 
limits ond oil detecteo orgon ic compounds ond rodionuclides ore shown. 

Field Screening - Action levels for volot ile orgonic compounds (VOC) wos 5 ppm obove background 
ond gross gommo (1) rodiotion wos twice background. 

Surveyed elevotion to too of bross disc 403.78 feet (NGV0-29). 

Field Screening 
3-93 

~ ~'\ ,"I,;- q.;,. 
o ,l ~..§ "'~ 

100 3000 
100 3000 
75 2500 
200 2500 

600 15000 
600 22000 
500 25000 

0.6 200 6000 

50 4000 
100 4000 
150 6500 
100 4500 

400 18000 
250 8000 
50 4500 

1. 7 25 2200 
50 2000 

0.9 50 2300 
0.9 100 2500 

75 2800 
0. 7 50 2700 
0.7 60 2700 

50 2700 

1.4 10 2300 
1.4 10 2200 
1.6 10 2000 
1.6 10 2000 

125 3000 
25 2200 

25 2200 
25 2500 
25 2':iOO 
25 2600 

1.1 25 2100 
1.3 25 2500 
1.4 50 2700 
1.4 100 2800 

100 1300 
75 1400 

Spectral Gamma 
(pCi/g) 

Co-60 Eu-152 Eu- 15 · 

Cs-t37 
31 .0 730 92.0 

5.0 

o· 

5' 

10· 

15' 

20· 

Dorian & Richards 
(1976 ) 

1976 Rodiochemicol Doto - All detected rodionudides ot 5 ft . depth intervals ore 
shown. See App.,.,dix 6 for o complete reporting. 

field screening volues 9reoter thon non-detect or background ore recorded in this fi,;ure. 
All ~omples were field screened. 

Borehole Spectrol/Gommo Log - Bors indiote intervol of borehole where radionuclide ,,os detected. 

o_ 

iO _ 

20 _ 

30 _ 

40 _ 

UVC/ KL-:;1.)-0.:. 

Draft A 
Figure 3-15 Summary Diagram 

of the 116-F-14 LFI Borehole Data 
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DOE/RL-93-82 
Draft A 

Table 3-2 Analytical Results for the 116-F-1B Test Pit (page 2 of 2) 

....... N...- 8080H B080118 B08017 B08088 i6% CRQIJCRDL 
UTL(bl 

Deplll lnte,vaj 1 ft 6 It 10 It 16 It 

fllldo. walldH (cont•d) pCl/g pCl/g pCl/g pCi/g pCi/g pCi/g 

Radlum-226 0.49 0.51 0.45' 0.38 NR NR 

Thortum-228 0.97' 0.70' 0.76' 0.69' NR NR 

Thorlum-232 0.69' 0.79' 0.58' 0.56' NR NR 

Uranium-233/234 0.51 0.39 0.35 0.41 NR NR 

Uranlum-238 0.44 0.50 0.59 0.43 NR NR - mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Fluoride 0.5 0.8 0.7 0.7 12 NR 

NO,. NO, 4.45 ND ND ND 199 (C) NR 

pH (a) 9.3 8.6 8.9 9.0 NR NR 

Sulfate 4 71 95 18 1,320 NR 

a - Reported as standard units. 
b - 95% confidence limit of the 95th percentile of the data distribution. 
C - Value reported is for Nitrate only. 
J . Estimated value . 
NA . Not analyzed . 
ND - Not detected. 
NR - Not reported. 

3T-2b 



DOE/RL-931 ~ f 3333 .. 0074 
Draft A 

Table 3-2 Analytical Results for the 116-F-1B Test Pit (page 1 of 2) 

Sample Numbef B08086 B08G88 808087 B08G68 96% CROUCRDL 
UTL lbl 

Depth lnte,v• , ft 6 ft 10 ft 16 ft 

1-van1ca mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Aluminum 6,1 20 5,800 6,060 6,190 15,600 200 

Arsenic 2.6 2.0 2.8 2.7 8.92 10 

Barium 77.9 49.6 59.2 56.9 171 200 

Berytllum 0.24 0.25 0.23 0.25 1.77 5 

Calcium 4,130 5.150 5,210 4,430 23.920 5,000 

Chromium 14.7 9.8 12. 1 10.2 27.9 10 

Cobalt 6.6 5.9 6.4 7.1 19.6 50 

Copper 14.4 16.0 16.4 15.5 28.2 25 

Iron 13.800 12.900 13.200 14.000 39,160 100 

Lead 13. 1 5.B 8.1 5.0 14.75 3 

Magnesium 3,990 3,810 4,020 4,060 8,760 5,000 

Manganese 236 200 305 294 612 15 

Mercury 0.18 0.35 0.56 0.26 1.25 0.2 

Nickel 9.1 9.5 11.7 10.4 25.3 40 

Potassium 1,530 581 736 760 3.120 5,000 

Sliver ND 0.71 ND 0.98 2.7 10 

Sodium 136 152 143 146 1,290 5,000 

Vanadium 32.4 31.1 29.6 32.9 111 50 

Zinc 37.0 36.3 43.5 32.1 79 20 

Volatile OrQIIIWC8 µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

2-Hexanone ND D ND 2' NA 10 

4-Methyl-2-pentanone ND ND ND 1' NA 10 

Acetone 11 6' ND 13 NA 10 

Methylene Chloride ND 2' NO NO NA 10 

Toluene 42 5' 33 13 NA 10 

Semi VoialM Orljaric:a µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

bls(2-Ethylhexyl)phthalate 48' 4()• 54' NO NA 330 

0 1-n-butylphthalate 55' 52' 52' 41' NA 330 

""11cldn/PCB µg/kg µg/kg µg /kg µg/kg µg/kg µg/kg 

NO ND NO NO NA NO 

Raclonuclidn pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

gross alpha 12 7' 8.7' 7' NA NA 

gross beta 14 16 16 16 NA NA 

Potasslum-40 14 13 14 13 NA NA 

Ceslum-137 0.19' 0.11' 0.081 ' NO NA NA 

3T-2a 



DOE/RL-93-82 
Draft A 

Table 3-1 Analytical Results for the 116-F-lA Borehole (page 2 of 2) 

........ N...,._ B0B0N1 B0I0N2 B0I0N3 BOI0N4 Ill~ CIIQl/ 
UTL(al CADL 

O.plhln...,,11 0-2 ft a .&- 11 ft 14.6 -1 8 .2 ft 18-20 ft 

Redlonuc:lidn (cone· di pCl/g pCi/g pCl/g pCi/g pCi/g pCifg 

Uranlum-233/234 0.53 0.34 0.94 0.43 NR NR 

Uranium-238 o.n 0.39 0.83 0.41 NR NR 

Plutonium-239/240 0.016' ND ND ND NR NR - mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Fluoride 0.8 0.8 0.6 0.4 12 NR 

NO,. NO, 5.97 ND ND ND 199 (bl NR 

Sulfate 9 11 12 12 1.320 NR 

a . 95% confidence limit of the 95th percentile of the data distribution. 
b . Value reported is for Nitrate only. 
J . Estimated value. 
ND . Not detected • 
NA . Not analyzed . 
NR . Not reported . 

3T-lb 



DOE/RL-93J!~f.3333 .. 0073 
Draft 'A. 

Table 3-1 Analytical Results for the 116-F-lA Borehole (page 1 of 2) 

Sample N..,.i,., B080N1 B080N2 B080N3 B080N4 96'!1, CRQU 

UTL l•I CRDL 

Depth lnterv• 0-2 ft la .6-11 ft 14.6-18.2 ft 18-20 ft 

1,-gar;c. mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Aluminum 7,500 4,760 4,420 4,580 15,600 200 

Arsenic 44 1.1 1.1 1.3 8.92 10 

Barium 72.8 44.8 60.2 45.8 171 200 

Beryllium 0.29 0.25 0.22 0.21 1.n 5 

Calcium 3.430 3,490 4,870 2,870 23,920 5,000 

Chromium 19.1 9.6 8.1 7.7 27.9 10 

Cobalt 8.1 8.2 7.6 6.6 19.6 50 

Copper 13.5 15.7 13.9 12.8 28.2 25 

Iron 16,100 14,600 13.700 12,100 39,160 100 

Lead 207 2.4 1.6 2.2 14.75 3 

Magnesium 3,900 J,320 J,290 J,440 8,760 5,000 

Manganese 278 235 201 204 612 15 

Mercury 0.08 ND ND ND 1.25 0.2 

Nickel 10.9 7.6 8 8.3 25.3 40 

Potassium 1,860 744 788 581 3,120 5,000 

Sodium 125 292 311 238 1,290 5,000 

Vanadium 33.3 40.8 37.3 29.2 111 50 

Zinc 44.7 32.7 29.2 31 .3 79 20 

Volallla Orve,,ica µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

Acetone ND ND ND 10' NR 10 . 
Methylene Chloride 3' ND 3' ND NR 10 

Toluene 6' 3' 11 36 NR 10 

a.ml Volallla Orgar,ica µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

bls(2-Elhylhexyl)phthalate 360' ND ND NA NR 330 

Di-n-butyiphthalate 120' 130' 150' NA NR 330 

,_tlddn/PCB µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

ND ND ND NA NR ND 

lladonuc:iidn pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

gross alpha 5.5' ND ND ND NR NR 

gross beta 21 14 13 15 NR NR 

Carbon-14 190 220 180 160 NR NR 

Potassium-40 12 11 11 11 NR NR 

Ceslum-137 0.056 NO NO NO NR NR 

Europium-152 0.23' ND ND ND NR NR 

Radium-226 0.4 0.43 0.41 0.29 NR NR 

Thonum-228 0.6 0. 44 0. 51 0.45 NR NR 

Thorium-232 0.63 0. 42 0. 53 0.35 NR NR 

JT-la 
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• Sample Number 

Depth Interval 

Inorganic• 

Aluminum 

Arsenic 

Bariu m 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Ir on 

Lead 

Magne51um 

Manganese 

M er cury 

Nickel 

Potassium 

Sliver 

Sodium 

Vanadium 

Zinc 

Volatile Oroanica 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone 

Methylene chloride 

T etrachlor oethene 

101011 101070 

Field Bera Surface 

mg/kg mg/kg 

49.4 6,810 

ND 3 

0.45 70.3 

ND 0.25 

ND 0.65 

ND 3,030 

ND 23.3 

ND 8.6 

1.1 21.5 

195 16.300 

0.30 11 .5 

9 4,330 

0.82 223 

0.08 0.57 

ND 13 

ND 872 

ND 1.3 

17 130 

ND 39 

ND 142 

µg{kg µg{kg 

ND ND 

ND ND 

ND ND 

8' ND 

ND ND 

ND ND 

101071 101072 108071 

Split Duplicate &h 

mg/kg mg/kg mg/kg 

4,560 6,170 4,450 

2.4 2.8 1.6 

54 .6 65 42 

ND 0.22 0.12 

ND 0.58 ND 

2, 400 2,760 2,470 

18.9 22.3 7.3 

6.2 7.3 6.2 

16.6 20.2 13.3 

10,500 14,500 11,500 

98 13.8 3.5 

3.1 40 3,860 3,340 

176 213 213 

ND 0.69 0.06 

10 10.5 9.5 

730 828 453 

ND 1 ND 

88.9 117 116 

17 32.5 28.1 

132 133 24.9 

µg/kg µg/kg µg/kg 

ND 6' ND 

ND 3' ND 

ND 2' ND 

15 9' 7, 

12 ND ND 

1' ND ND 

101074 10807& 901071 101077 11"- CRQU 

UTL (bl CRDL 

10h 11h 20 ft Trip lera 

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

4,700 5,040 4,550 NA 15,600 200 

1.2 2.1 1.7 NA 8.92 10 1-3 
~ 

28.3 48.1 33.2 NA 171 200 
c:r -~ 

0.15 0.14 0.23 NA 1.n 5 w 
I w 

ND ND ND NA 0.66 (c) 5 

> 
2,580 2,720 3,160 NA 23,920 5,000 = ~ -8.7 9.5 6.6 NA 27.9 10 ~ -· n 
6.2 6.5 5.3 NA 19.6 50 ~ -
13.9 13.2 17.4 NA 28 .2 25 ~ 

~ 
11,600 11 ,700 10,600 NA 39,160 100 C: 

2.6 4 3.2 NA 14.75 3 

3,570 3,860 3,380 NA 8,760 5,000 

199 204 203 NA 61 2 15 

0.09 0.14 0.10 NA 1.25 0.2 

~ ti 

o' 
0 

., tJ tT1 - ...., ---
Pl ~ 

::r :::-, r-' 
ro - • '° - w .~ 

10.6 11 .5 6. 8 NA 25. 3 40 
0\ 
I ~ 71 t._~ 

443 518 529 NA 3,120 5,000 -n ~ 
L---..J 

0.91 - 0.73 ND NA 2.7 10 

140 148 118 NA 1,290 5,000 

28.4 27 .5 23.2 NA 111 50 

...., 
ro 

,:...:_~ 

V, 
,ii - c:.:_, 

"'0 
C:) 

;:::..-
~_J 
Ln 

25 .4 28.7 23.3 NA 79 20 '0 
s:., 

µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 
(1Q 
rt> -ND ND ND ND NR '° 0 ..., 

ND ND ND ND NR 10 w --ND ND ND 1' NR 10 

9' 7' 9 ' 7' NR 10 

ND ND ND ND NR 10 

ND ND ND ND NR 10 



Sam~• Ni.anber B08G68 B08070 B08071 808072 B0807:1 B08074 B08076 B08078 808077 86% CRQU 

UTLCbl CRDL 
Depth Interval Field lonk Surfece 6pllt Oupllcoto 6h 10h 16h 20 h Trip Bonk 

Votatil e O,ganlca Ccont"d l µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg .., 
Toluene 3' 8' 23 57 ND 2' 2' 4' ND NA 10 

~ 
r:::J' 
;--

f r1 ct1l u ro ,:thene ND ND l ' ND NO ND ND ND ND NA 10 
v,l 
I 

Semi Voletile Organic s µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 
v,l 

b1s(2·Ethylhex yl)phthalate NO 36' 470 44 ' 190' 53, 73' NO NA NA 330 
;r.,. 
= ~ 

01 -n-butylpht11alat e 42' 52' 30 ' 58' 69' 58' 57' 47' NA NA 330 -« .... 
Pesticides/PCB µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

;:;· 
~ -

ND NO ND NO ND ND ND ND NA NA ND ~ 
~ 

Redionuclide5 pCi/g pC1/g pC1/g pC1/g pC1/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g C 

l,J 

o--j 
I 

I..,.} 

0-

gross alpha ND 9.5' 7 5 14 NO ND ND 6.4' NA NA NA 

gro~s t>t.! l u NO 17 J ~) 16 16 13 17 19 NA NA NR 

Po ta s 51u,n·4( , 0.38 13 13.~ 13 14 13 11 14 NA NA NR 

S tr on t1 ur11 Yll ND ND 0 1:l NO ND ND ND ND NA NR NR 

;:::;- t? en 
..... 0 
0 t? tT1 
"'l -; ---- p., :;:cl 
::,- ;:t:>t""' 
(t) I 

..... • '° I..,.} ..... I 

Ces1ur11 1J7 NO NO 0.0404 0 088' ND NO ND ND NA NR NR 
0\ 00 
I N 

~ 
Raa,um -226 0.076 0.65 ND 0.65 0 38 0.39 0.32 0.46 NA NA NR ..... 

(j 
Thor1u111 ·22e 0. 15' l ' 0.597 0.76' 0.46· 0.73 ' 0 .48' 0.56' NA NA NR .., 

(t) 

Thonum -232 0. 18' 0.89' NO 0.94' 0.69· o.se · 0.52' 0.54' NA NA NA en .... 
Uranium -233/234 0.098' 0.40 ND 0.71 0.53 0.44 0.30 0.35 NA NA NA "" ;:::..-

Uranium-235 ND ND .0.0073 0.15 ND ND ND NO NA NA NA --0 
~ 

Uranium-238 0.063' 0.36 0.24 0. 73 0.48 0.44 0.31 0.41 NA NA NA (JQ 
(t) 

Anion• mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 
N 
0 ..... 

Fluoride 0.4 0.8 4. 1 0.8 0.4 0.6 0.9 0.5 NA 12 NR v,l ._, 
Nitrate ND ND 2.9 ND ND ND ND ND NA 199 NA 

NO,, NO, NO ND ND 4.12 ND ND ND ND NA 199 (c) NR 

pH (a) 7.4 8.2 ND tl.1 7.5 8.1 9 9.4 NA NA NA 

Sulfate 4 3 2.6 3 4 3 6 11 NA 1,320 NA 
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Sample Number IOIOU 108070 10107 1 101072 101071 101074 108076 108071 101077 16'11, CROU 
UTL(bl CRDL 

Depth lnt•r~al Reid Be,_ au,tace Split Dupllceta 6h 10 h 16 h 2~ h Tripi•,_ 

a - Reported as standard units. 
b - 95% confidence limrt o f the 95th percentile of the data distr ibution. 
C - Value repon ed for Nitrate only. 
J - Estimated value. 

rt' c:, 

~ 
0 

c:, ~ "1 ..., :;o .... PJ 
::r ~ r-' 
(I) ' • '-0 - ~~ -NA - Not analyzed. 

NO - Not detect ed . 
NR - Not reponed. 
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DOE/RL-93-82 
Draft A 

Table 3-4 Analytical Results for the 116-F-2 Borehole (page 1 of 2) 

&emple Number B080M4 8080M8 B080M7 B080M8 B080MII B080N0 116% 
UTL(al 

Depth Interval 0-2 h 10-12 h 14 .8-18 .8 ft h 19 .7-26.7 ft 24 .6-28.6 ft 30-32 h 

,_oanice mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Aluminum 5,630 5,430 5,230 4,730 5,440 5,450 15,600 

Arsenic 2.1 0.85 0.76 ND 0.94 1.5 8.92 

Barium • 51 .7 79.1 48 338 67.4 47.9 171 

Beryllium 0.28 0.31 0.23 0.21 0.20 0.19 1.77 

cadmium ND 1.6 0.33 ND ND ND 0.66 (b) 

calcium 5,000 4,010 3,560 5,600 4,490 2,610 23,920 

Chromium 11 96.1 30.5 14.4 16.3 20.5 27.9 

Cobalt 7.4 9.3 7.3 7.5 6.5 6.5 19.6 

Copper 13.5 22 13.6 13.2 12.5 12.9 26.2 

Iron 14,700 17,000 13,900 13,300 14,500 12,200 39,160 

Lead 3.6' 12.9' 3.6' 2.6' 2.5' 3.3 14.75 

Magnesium 3,630 3,770 3,960 3,620 4,150 3,960 6,760 

Manganese 253 239 231 316 215 240 612 

Mercury ND 0.96 0.23 0.16 NO NO 1.25 

Nickel 9.6 11. 1 10.5 6 11 .4 9.6 25.3 

Potassium 970 771 696 604 666 528 3,120 

Sodium 157 248 236 241 296 126 1,290 

Vanadium 34 40.4 33.2 32.5 39.5 29.2 111 

Zinc 34.1 295 54.6 33.5 32. 1 28.7 79 

Valadle Oroa,,ica µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

Methylene Chloride ND NO NO NO ND 2' NA 

Toluene NO ND ND ND ND 4' NA 

s.ml VolatN o,_,;c:a µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

Benzo(b)fluoranthene ND 83' ND ND ND ND NA 

Chrysene ND 46' ND ND NO ND NA 

Dl--n-butylphthalate ND ND NO ND ND 71' NA 

,_tlcidn/PCB µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

ND ND ND ND ND ND NA 

-idea pCl/g pCl/g pCi/g pCi/g pCi/g pCi/g pCi/g 

gross alpha ND 11 ND 10 ND 4.6' NA 

gross beta 16 350 140 85 14 16 NA 

carbon-14 62 230 240 230 230 230 NA 

Potassium-40 13 ND 21 16 10 9.5 NA 

Cobalt-SB NA NA 0.67 NA NA NA NA 

Cobalt-60 0.041' 12' 6.8' 3.5' ND ND NA 

Strontlum-90 ND 7.6 3.2 1.3' ND ND NA 

Cesium-137 0. 21 35 31 22 2.9 0.66 NA 

3T-4a 
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mg/kg 

200 
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10 
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µg/kg 
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9513333 .. 007? 
DOE/RL-93-82 . 

Draft A 

Table 3-4 Analytical Results for the 116-F~2 Borehole (page 2 of 2) 

..... Nwnber B080M4 B080M8 B080M7 B080M8 B0B0MII B080N0 116% CRQIJ 

UTLl•I CRDL 

Daptllln- 0-2 ft 10-12 ft 14.8-18.8 ft ft 111 .7-211.7 ft 24.6-28.6 ft 30-32 ft 

-(oonc'dl pCl/g pCl/g pCl/g pCl/g pCi/g pCi/g pCl/g pCl/g 

Europium-152 5.3' 550' 190' TT' 0.21' 0.17' NA NA 

Europlum-154 0.27 360 17 8.7 NO NO NA NA 

Europlum-155 NA NA 0.65 0.41 NA NA NA NA 

lrldlum-192 NA 0.58 NA NA NA NA NA NA 

Aadlum-226 0.52 NO 0.33 0.58 0.39 0.30 NA NA 

Thorlum-228 0.99 ND 0.65 1 0.33 0.59 NA NA 

Thorium-232 0.56 NO NO NO 0.45 0.51 NA NA 

Uranlum-233/234' 0.35 0.47 0. 37 0.44 0.50 0. 35 NA NA 

Uranlum-235 NO 0.13' NO NO 0.37 NO NA NA 

Uranium-238 0.43 0.59 0.58 0.37 0.60 0.47 NA NA 

Plutonium-238 NO 0.068 0.022' NO NO NO NA NA 

Plutonium-239/240 NO 3.7 1.3 0. 28 NO NO NA NA 

Americlum-241 NO 0.57 0.25" 0.088 NO NO NA NA 

Anlona mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Fluoride 0.50 0.60 0.50 0.50 0.60 0.40 12 NA 

NO,. ND, NO 6.16 3.61 NO 2.71 2.62 199 (c) NA 

Sulfate 9 17 11 15 10 5 1,320 NA 

a - 95% confidence limit of the 95th percenule of the data di stribution. 
b - Value reported is I1mit of detection. 
C - Value reported is for Nitrate orny. 
J - Estimated value. 
A - Value marked as reiected m va11oatIon recort. 
NO .. Not.detected . 
NA - Not-iyzed. 
NA - Not reported. 

3T-4b 



DOE/RL-93-82 
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Table 3-5 Analogous Site Comparison for 116-F-2 (page 1 of 2) 

MA__. CONCElffllA.,..,. 118-1'·2 118-8-1 118-Dfl-1 118-DR-2 118-H-1 i6% UTL(dl 

INOIIOANICS (al mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Arsenic 37.9 8.92 

Barium 338 171 

Cadmium 1.6 1.10' 0.66(e} 

Chromium 98.1 33 186' 29.6 27.9 

Lead 187 14.75 

Manganese 839 612 

Silver 3.50" 3.70" 2.7 

Zinc 295 128 109' 79 

VOLATILE ORGANICS µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

Acetone 22 NA 

Methylene Chloride 2' 1' 9 11 NA 

Toluene 4' 3' 14 NA 

aa,w VOLATILI ORGANICS pg/kg µg/kg µg/kg pg/kg µg/kg pg/kg 

1,3-0lchlorobenzene 48' . NA 

1,4-0lchlorobenzene 37' NA 

2-Chlorophenol 47' NA 

2-Methylnaphthalene 42' NA 

4-chloro-3-methylphenol 38' NA 

Acenaphthene 210' NA 

Anthracene 430' NA 

Benzo(a}anthracene . 940' NA 

Benzo(a)pyrene 81 0' NA 

Benzo(b)fluoranthene 83' 890' NA 

Benzo(ghi)perylene 410' NA 

Benzo(k)ftuoranthene 780' NA 

Benzoic acid 250' NA 

Chrysene 48' 920' NA 

Dibenzofuran 130' NA 

Dkl-butylphthalate 71' 35' 68' NA 

Fluoranthene 1800' NA 

Fluorene 190' NA 

lndeno(1 ,2,3-cd)pyrene 520' NA 

Phenanthrene 1500' NA 

Pyrene 1200' NA 

RADIONUCUDES (bl pCi/g pCi/g pC1/g pC1/g pCi/g pCi/g 

Carbon-14 240 6.18' NA 

Sodium-22 9.91' NA 

3T-5a 

CRQLJCRDL 

mg/kg 

10 

200 
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10 

3 

15 

10 

20 

µg/kg 

10 

10 

10 

pg/kg 

330 

330 
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330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 
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DOE/RL-93Jf f333i.0078 
Draft A 

Table 3-5 Analogous Site Comparison for 116-F-2 (page 2 of 2) 

MA-..CONCEJffl!A'IION 111-F-2 , , .... , 111-0R-1 118-0R-2 118-H-1 96% UTL(dl CRQUCRDL 

RAOIONUCUOES (bl (cont'dl pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

Potassium-40 21 20' 10' NA 

Cobalt-60 12' 4.1 67 23.1' 3.75' 2.5 NR 

Strontlum-90 7.6 13.2· 10' 1.7 6.2 NA 

Cesium-137 35 43.85 147' 233' 32 NR 

Europium· 152 550' 121 .9 258' 24' 54 NA 

Europium• 154 360 9.9 25.7 2.53' 5.4 NA 

Thorlum-228 1 NR 

Plutonium-239/240 3.7 3.6 (C) 14' NA 

a . Inorganic values were screened against Hanford Site background 95% UTL. Region X excluded elements . 
b . Only radionuclides greater than 1 pCi/g were reported. 
C . Value for Plutonium 239 only. 
d . 95% confidence limit of the 95th percentile of the data distribution. 
e . Value reported is limit of detection. 
J . Value is estimated, concentration less than contract required detection limit. 
A . Value marked as reJected in validation report . . Not detected . 
NA• Not reported. 
Analogous site data taken from associate Lfl reports, (OOE·RL 1993b), (OOE·RL 1993c) , (DOE-AL 1993d). 

3T-5b 
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Table 3-6 Analytical Results for the 116-F-3 Test Pit (page 1 of 2) 

SWnple Numbef BO8G82 BOBG83 BOBG84 BO8G86 116~ CRCII.J 
UTL(bt CROL 

Depth lntervm Surface 7 ft 12 ft 17 ft 

lnor99nic• mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Aluminum 7,74-0 7,250 4,900 4,620 1,560 200 

Arsenic 1 3.1 2.3 1.8 8.92 10 

Barium 378 79.6 35.7 52.3 171 200 

/ 
Beryllium 0.46 0.27 0.34 0.43 1.n 5 

Calcium 11,500 6,180 5,070 5,570 23,920 5,000 

Chromium 5.5 74.4 8.7 7.9 27.9 10 

Cobalt 7.8 8.5 5.4 5.8 19.6 50 

Copper 22.2 23.8 11.1 11. 1 28.2 25 

Iron 12,200 19,500 10,900 10,700 39,160 100 

Lead 18.2 49.9 2.8 2.8 14.75 3 

M agn esium 4,590 4,010 3,830 3,530 8,760 5.000 

Manganese 187 297 21 5 246 612 15 

Mercury 0.12 1.5 ND ND 1.25 0.2 

Nickel 9.8 11 .3 10 8.6 25.3 4-0 

Potassium 979 1.290 587 568 3, 120 5,000 

Sliver ND 1.3 ND ND 2.7 10 

Sodium 648 219 137 144 1,290 5,000 

Vanadium 30.2 36.3 27 25.3 111 50 

Zinc 53.3 175 24.4 24.5 79 20 

Vol• tU• Oroenic• 119/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

4· Methy1•2·pentanone ND 11' ND ND NA 10 

Acetone ND 6' 10' 9' NA 10 

Toluene 21 ND ND 7' NA 10 

..,,,. Volaole OrQanie• µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

Benzo(a)anthracene 24-0' ND ND ND NA 330 

Benzo(b )fluoranthene 220' ND ND ND NA 330 

bis(2·Ethylhexyl)phthalate ND 43' ND 45' NA 330 

Chrysene 280' ND ND ND NA 330 

Dl·n-butylphtnalate ND 77' 56' 77' NA 330 

Ftuorantnene 440' ND ND ND NA 330 

Phenanthrene 270' NO ND ND NA 330 

Pyrene 440' NO ND ND NA 330 

PHdcidea/PCB µg/kg µg/kg ug/kg µg/kg µg/kg 119/kQ 

Aroclor· 1254 ND 180 ND NO NA 33 

Toxapnene ND 190 ND ND NA 170 

-- pCi/g pCi/g pCi/g pCi/g pCi/g pC" 

gross alpha 6.7'(6.4) 7. 1' 7.9' 7.4' NA 

3T-6a 
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DOE/RL-939; f3333 .. 0079 
Draft A 

Table 3-6 Analytical Results for the 116-F-3 Test Pit (page 2 of 2) 

......... N...- 808082 808083 808084 80808& 96~ CRQL/ 

UTL Cbl CRDL 
lle!llhl_.,. Su,face 7 ft 12 ft 17ft 

-leont'dl pCl/g pCi/g pCl/g pCl/g pCi/g pCl/g 

gross beta 11 71 22 22 NA NA 

Potasslum-40 7.9 23 15 13 NA NA 

Cobalt-60 0.058 1.9 ND ND NA NA 

Ceslum-137 0.52' 2.6' ND ND NA NA 

Europium-152 0.11 190 0.82 0.28 NA NA 

Europium-154 0.075' 9.8 ND ND NA NA 

Radium-226 0.50 0.43 0.55 0.38 NA NA 

Thonum-228 0.65' 0.79' 0.92 0.68 NA NA 

Thonum-232 0.69' ND 0.63 0.56 NA NA 

Uranium-233/234 0.51 0.44 0.68 0.46 NA NA 

Uranlum-235 ND 0.055' ND ND NA NA 

Uranium-238 0.36 0.46 0.58 0.69 NA NA 

Plutonium-238 -0.046' ND ND ND NA NA 

Plutonium-239/240 0.012• 0. 46 0.95' ND NA NA 

Amerlclum-241 ND 0.033' ND ND NA NA - m9/kg mg/kg mg/kg mg/kg mg/kg mg/Kg 

Fluoride 0.50 0.70 0. 40 0.80 12 NA 

NO,. NO, 11 .2 11 .5 ND NO 199 (C) NA 

pH (a) 8.8 8.7 9.4 9.4 1,320 NA 

Sulfate 11 26 12 32 

a . Reported as standard units. 
b . 95% confidence limrt of the 95th percentile of the data distr ibut ion. 
C . Value reported for Nitrate only. 
J . Estimated value. 
A - Value marked as rejected in validation report. 
NA . Not analyzed . 
NO . Not detected. 
NA . Not reported . .. 
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DOE/RL-93-82 
Draft A 

Table 3-7 Analogous Site Comparison for 116-F-3 (page 1 of 2) 

MA__, CONCDITIIA T10N 1111-#-3 I 118~-2 118·0·1• 118-D-lb 96% UTL lcl 

INOIICANICS l•I mg/kg mg/kg mg/kg mg/kg mg/kg 

Barium 376 171 

Cadmium 1 0.66 (d) 

Chromium 74.4 106 30.4 27.9 

Lead 49.9 51 .9 22 14.79 

Mercury 1.5 1.25 

Nickel 42.5 25.3 

Zinc 175 106 79 

VOLATILE OIIOANICS µg/kg µg/kg µg/kg µg/kg µg/kg 

4-Methy1·2-pentanone 11' 11 NA 

Acetone 10' 41' NA 

Methylene Chloride 11' NA 

Toluene 21 52 1' NA 

SEMI VOLATILE OIICANICS µg/kg 1191kg µg/kg µg/kg J/9/kg 

1,3-0lchlorobenzene 38' NA 

Benzo(a)anthracene 240' NA 

Benzo(b)fluoranthene 220' NA 

bls(2·ethylhexyl)phthalate 43' 350' NA 

Carbazole 52' 54' NA 

Chrysene 260' 56' NA 

D1-n-butylphthalate 77' 77' 35' NR 

Auoranthene 440' NA 

N·Nltrosodlphenylamine 110' NA 

P!>enanthrene 270' NA 

Pyrene 440' 39' NA 

PESTICIDES/PCB J/9/kg ,,g/kg ,,g/kg ,,g/kg µg/kg 

Aldrin 7.5' NA 

Arochlor· 1254 160 NA 

beta•BHC 7.6' NA 

Toxaphene 190 NA 

IIAOIONUCUDES (bl pCl/g pCi/g pCi/g pCi/g pCi/g 

Carbon-14 3.95' NA 

Sodium-22 5.7' NA 

Potassium-40 23 13.4' 14. 1' NR 

Cobalt-60 .9 10.9' 16.3' NA 

Strontium-90 64.1 5' 32 NA 

Ceslum-137 2.6' 91. 32 305' 322' NA 
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DOE/RL-931 ,: f:3333 .. 0080 
Draft A 

Table 3-7 Analogous Site Comparison for 116-F-3 (page 2 of 2) 

MA-- CONCINlM~ 118.f'-3 118-8-2 118-0-h 116-0-lb i6'll, UTL (cl CROL/CRDL 

RADIONUCUDES lbl lcont'dl pCi/O pCi/g pCi/g pCi/g pCi/g pCi/g 

Europium-152 190 10.36 112' 147' NA 

Europlum-154 9.6 62.5' 96.2' NA 

Radium-226 42.6' NA 

Plutonium-239 5.71° 8.3' 5.3' NA 

Americlum-241 1.4" 1.3" NA 

a . Inorganic values were screened against Hanford Site background 95% UTL Region X excluded elements. 
b . Only radlonuclides greater than 1 pCl/g were reported. 
C . 95% confidence limit of the 95th percentile of the data distribution. 
d . Value reported is limit of detection . 
J . Value is estimated, concentration less than contract required detection limit . 
A . Value marked as rejected In validation report . 
. . Not datected . 
NR • Not reported. 
Analogous site data taken from associate Lfl reports. (OOE·RL 1993b), (DOE·AL 1993c). (DOE·RL 1993d) . 

3T-7b 



DOE/RL-93-82 
Draft A 

Table 3-8 Analytical Results for the 116-F-4 Borehole (page 1 of 2) 

....... Nwni>ef B080P2 8080"3 8080P4 80801'1; B080P9 808003 II&~ 

UTLlal 
Det,111 .......... 0-2 ft 6-7 ft 9 .4-11 .4 ft 13.4-16.6 ft 19 -20.8 ft 26-28.8 ft 

lno<oanica mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Aluminum 7,390 7,320 4,640 5,000 5,310 4,070 15.600 

Arsenic 2.3 1.6 0.99' 1.1 1.2 1.2 8.92 

Barium 190 208 53.3 49.6 48.6 46.9 171 

Beryllium 0.27 0.32 0.19 0.2 NO 0.21 1.77 

Calcium 9,260 8,440 4,870 5, 150 5,830 5,260 23,920 

Chromium 10 10.S 9.6 9. 4 12.9 14.6 27.9 

Cobalt 7.3 8.5 8.6 8.1 6.2 8 19.6 

Copper 16 18.3 14.1 12.2 11.7 13.4 28.2 

Iron 14,300 16,400 15, 400 15,600 13,100 14,900 39,160 

Lead 8.8 10.2 2.4 2.5 2.9 2.7 14.75 

Magnesium 4.740 4,450 3,670 3,720 3,920 3,020 8.760 

Manganese 255 249 249 247 236 327 612 

Mercury NO 0.06 NO NO NO ND 1.25 

Nickel 11 . 1 10.3 8.2 7.8 10.3 9.9 25.3 

Potassium 1,060 954 624 824 989 672 3,120 

Sliver 0.89 0.94 0.88 NO NO NO 2.7 

Sodium 303 430 289 371 273 386 1,290 

Vanadium 33.3 40.3 38.7 44.7 34.4 39 111 

Zinc 37.6 39.3 34.6 34.8 36.1 28.6 79 

Volaale Oroanica µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

2·Butanone 22 NR NO ND NO NO NR 

Acetone 14 NR ND NO 11 8' NR 

Methylene Chloride 5' NR NO 3' 3' 4' NR 

Toluene 8' NR 13 4' 3' 1' NR 

Semi Volaale Oroanica µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

bis(2-Ethylhexyl)phthalate 800 NA ND 140' 96' NO NR 

01-n-butylphthalate NO NA ND 130' 280' 130' NR 

Dl--f'H)ctylphthalate NO NA NO 170' NO NO NR 

l'fl11c:idn1PC• µQ/kg µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

ND NA NO ND NO NO NR --- pCl/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

gross alpha ND 14' 96' NO ND NO NR 

gross beta 20 440' 4,900' 1.400 14 12 NR 

Potassium--40 9.2' 10' 11' 12 7.5 11 NA 

CobaJt-60 NO 0.14 0.34 ND ND NO NA 

Stronttum-90 5.2 160 1,500 570' NO NO NA 
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DOE/RL- 3~ 3333 .. 008 I 
Draft A 

Table 3-8 Analytical Results for the 116-F-4, Borehole (page 2 of 2) 

-.. .. ..- 1010"2 I0I0P:1 8080,. I0I0PI B0I0P9 801003 1&'11, CIIQ&J 

UTL (• I CRD&. 
Depdlln- 0.2 It 6•7 It 11 .4 -11 .4 ft 13 .4 · 16 .8 It l9-20 .8 ft 26·28.8 ft 

-(cont'dl pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

Ceslum-137 3.5 340 1,800 920 0.72" NO NA NA 

Europlum-152 NO 3.1 16 8.6 NO NO NA NA 

Europlum-154 NO 0.3 NA 0.83' NO ND NA NA 

Aadlum-226 0.51 ' 0.45' 0.66' NO 0.32 0.39 NA NA 

Thorlum-228 0.48' 0.49' NO NO 0.4 0.38 NA NA 

Thorium-232 0.54' 0.58' 0.49' 1.4' NO 0.83 NA NA 

Uranium-233/234 0.77 0.54 0.86 0.63 0.45 0.45 NA NA 

Uranlum-235 ND 0.035" 0.095" NO NO NO NA NA 

Uranlum-238 0.42 0.49 1 0.74 0.45 0.48 NA NA 

Plutonlum-238 NO 0.15 ND 0.43 ND NO NA NR 

Plutonium-239/240 0.1 5 12 130' 35 0.027' ND NA NA 

Amerlclum-241 0.043' 1.4 12 3.9 0.053 NO NA NR - mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Fluoride 0.5 NA 0.7 0.8 1.1 0.9 12 NR 

NO,. NO, 32. 3 NA NO NO NO ND 199 (b) NR 

Sulfate 66 NA 19 18 10 19 1,320 NA 

a - 95% confidence limit of the 95th percentile of the data distribution. 
b - Value reported is lor Nitrate only. 
J - Estimated value. 
A - Value marked as rejected ,n vahoat1on report. 
NO - Not detected. 
NA - Not analyzed. 
NR - Not reported. 
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DOE/RL-93-82 
Draft A 

Table 3-9 Analytical ~esults for the 116-F-6 Borehole (page 1 of 2) 

Sample Number B0801.1 B080MO B080M1 B080M2 B080M3 96'!1. UTL (bl 

Dei,lh Interval 0-2 h 8 .6-8 .& h 11 -11 h 16-17 h 111-21 h 

•-oan1ca mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Aluminum 6,820 5,470 4.800 5.410 4,660 15,600 

Arsenic 1.4 1.5 1.4 1.6 1.2 8.92 

Barium 66.3 55.6 46.3 53.3 48.8 171 

Beryllium 0.32 0.26 0.24 0.26 0.13 1.n 

Calcium 3,950 3,540 3,390 4,740 5,160 23,920 

Chromium 9.4 30.2 17.1 11 .3 8.4 27.9 

Cobalt 10.3 8.4 6.3 5.9 5.5 19.6 

Copper 13.4 26.6 12.2 12.3 10.4 28.2 

Iron 20,800 17,200 12,800 13,000 10,400 39,11;i0 

Lead 35 7 2.9 2.7 2.5 14.75 

Magnesium 4,350 4,010 3,480 3,910 3,530 8.760 

Manganese 315 252 216 231 190 612 

Mercury 0.23 0.19 ND ND ND 1.25 

Nickel 10.4 12.1 10.5 8.9 8 25.3 

Potassium 1,400 754 626 748 607 3,120 

Silver ND ND ND ND 0.9 2.7 

Sodium 162 192 191 216 203 1,290 

Vanadium 55.5 46.4 32.3 32.7 25.5 111 

Zinc 41 .2 106 31 .3 32.3 24.7 79 

VolalileOrganica µg/kg µg/kg µg{kg µg/kg µg/kg /19/kg 

Acetone 14 ND 11 NA 15 NR 

Benzene ND ND 3' NA 2' NR 

Methylene chloride 2' 2' ND NA ND NR 

Toluene 6' 1' 12 NA 1' NR 

- Voledle Orgenjca µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

bis(2-Ethylhexyl)phthalate ND ND ND 72' ND NR 

Dl-fH>utylphthalate 110' ND 140' ND ND NR 

,__PCB µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

ND ND ND ND ND NR - pC1/g pC1/g pC1/g pCl/g pCi/g pCi/g 

gross beta 14 350 63 24 22 NR 

Potasslum-40 8. 1 19 13 15 13 NR 

Cobalt-60 0.087' 33' 2. 4· ND ND NR 

Strontlum-90 ND 4.4 2.8 4.4 2.1 NR 

Ceslum-137 0.36 230 20 0.16 ND NR 
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DOE/RL- ,: ~333.0082 
Draft A 

Table 3-9 Analytical Results for the 116-F-6 Borehole (page 2 of 2) 

....... Numbef aoaou B080MO B080M1 BOBOM2 B080M3 96% UTL lbl CROI.ICNll 

D.t,111 Interval 0-2 ft 8 .6-8.6 ft 9-11 h 16-17 h 19-21 h 

RaclcN ddee (cont'dt _pCl/g pCl/g pCifg pCi/g pCi/g pCl/g pCi/g 

Europlum-152 0.5' 190' 18' 1.6' 0.42' NA NA 

Europlum-154 NA 18 2.1 0.14 ND NA NA 

Radlum-226 0.41 1 0.39 0.49 0.39 NA NA 

Thonum-228 0.39 0.47 0.63 0.77 0.49 NA NA 

Thonum-232 0.44 ND 0.58 0.57 0.5 NA NA 

Uranlum-233/234 0.43 0.83 0.42 0.45 0.45 NA NA 

Uranium-238 0.51 0.69 0.47 0.42 0.4 NA NA 

Plutonium-238 ND 0.069 ND ND ND NA NA 

Plutonium-239/240 ND 2.5 0.36 0.096 0.088 NA NA 

Amerlclum-241 ND 0.72 0.096 ND ND NA NA 

"'-- mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Fluoride 0.5 0.6 0.5 0. 5 ' 0. 3 12 NA 

NO., NO, ND 2.76 ND ND 2.51 199 (C) NA 

pH (a) 9.2 9.3 9.4 9.4 ND NA NA 

Sulfate 10 10 7 9 6 1,320 NA 

a - Reported as standard units. 
b - 95'!1» confidence limit of the 95th percentile of the data distr ibution. 
C - Value for-Nitrate only. 
J - Estimated \/Blue. 
NO - Not detected. 
NA - Not analyzed. 
NA - Not reported. 

3T-9b 



DOE/RL-93-82 
Draft A 

Table 3-10 Analytical Results for the 116-F-9C Borehole (page 1 of 2) 

s.np1e N..,.1,er B080Ni BOSONS BOSON7 BOSONS B080PO 96'!1, 

UTL(al 

Deplll Inca,,,. 0 -2 It 11-11 It 14.6 -18.6 It 18.6-18 .6 h 23 -2& It 

,,_...,..,. mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Aluminum 5,220 6,070 3,770 4,250 4.780 15,600 

Arsenic 2 1 1.5 2.1 0.91 8.92 

Barium 48.1 64.7 63.3 58.8 58.2 171 

Beryllium 0.3 0.29 0.22 0.27 0.18 1.77 

Calcium 3,170 3,550 4.050 4.990 4.670 23.920 

Chromium 7.9 12.2 8.6 10.2 13.8 27.9 

Cobalt 6.7 8.8 7 9.1 8.6 19.6 

Copper 13.4 15.7 13.7 18.4 13.9 28.2 

Iron 13,700 14.800 12.200 17.100 14.600 39. 160 

Lead 3.4 2.8 1.8 2.4 2.2 14.75 

Magnesium 3,550 3,620 2.750 3. 460 3,760 8,760 

Manganese 228 168 158 203 215 612 

Nickel 8.8 10.4 6.9 9.8 9.2 25.3 

Potassium 882 1.050 831 726 773 3,120 

Sliver ND ND ND NO 1 2.7 

Sodium 146 257 203 243 322 1,290 

Vanadium 32. 1 42.4 32.4 46 41 .3 111 

Zinc 32 37 29.1 36.5 31 .4 79 

Voletlle Oroa,,lca _ug/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

2·Butanone ND NO ND ND 23 NA 

Acelone ND 11 9' 11 12 NA 

Methylene Chloride NO 4' 3' 3' 3' NA 

Toluene 10' 10' 2' 2' NO NA 

- Volelh Orgenice _ug/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

01--n-butylphthalate ND ND NO ND 74' NA 

,_tlcldea/PCB µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

alpha-Chlordane ND 4.7' .37' NO ND NA 

gamma-Chlordane ND 4.8' .51 ' ND ND NA 

RadonudidH pCl/g pCi/g pCi/g pCi/g pCi/g pCi/g 

gross beta 11 52 50 43 40 NA 

Carbon·14 140 20 NO NO ND NA 

Potassium·40 12 12 13 12 8.9' NA 

Strontlum·90 ND 15 17 19 19 NA 

Cesium-137 ND NO 8.05 'ID NO NA 

Aadium•226 0.48 0.62 8. 43 0. 4 0. 36' NA 
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951:3333 .. 0083 
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Draft A 

Table 3-10 Analytical Results for the 116-F-9C Borehole (page 2 of 2) 

...... Nwnber BOBONI BOBONII BO110N7 8O80NI BO80l'O H~ CIICIIJ 
UTLC•I CNII. 

0.pdl lntervaf 0-2 It 1-11 It 14.6-18.6 ft 18.6-18 .6 It 23 -26 It 

--Ccont'dl pCVg pCi/g pCl/g pCi/g pCi/g pCl/g pCl/g 

Thorium-228 0.83 0.64 0.62 0.49 0.38' NA NA 

Thorlum-232 0 .88 0 .66 0.6 0 .68 0 .39' NA NA 

Uranium-233/234 0.58 0.36 0.29' 0.29' ND NA NA 

Uranlum-238 0.53 0.39 0.46 0.36 0. 31 NA NA - mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Fluoride , 0.9 1.2 1 1 12 NA 

NO., NO, ND 11 4.71 ND ND 199 (bl NA 

Sulfate 4 256 675 415 95 1,320 NA 

a - 95% confidence limit of the 95th percentile of the data distriout,on. 
b . Value reported Is for Nitrate only . 
J . Estimated value. 
NA . Not analyzed • 
NO . Not detected . 
NA - Not reported. 
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Draft A 

Table 3-11 Analytical Results for the 116-F-9D Test Pit (page 1 of 2) 

lamllleNLfflber B08O78 B08O711 B08080 B08081 96% CRQI.J 
UTL <bl CRDL 

Deplll Interval Surface 11-10 h 16 h 20 It 

1,-Qenica mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Aluminum 5,550 6,440 7.760 5,560 15,600 200 

Arsenic 1.9 2.9 1.7 1.2 8.92 10 

Barium 38 78.3 67.5 59.5 171 200 

Beryllium 0.16 0.27 0.31 0.16 1.77 5 

Calcium 2,640 5,240 7,190 3,260 23,920 5,000 

Chromium 10.1 25.1 12.4 9.2 27.9 10 

Cobalt 6.4 10.1 7.9 7 19.6 50 

Copper 15.4 32.5 15.7 13.4 26.2 25 

Iron 12,900 15.900 16.100 13.300 39.160 100 

Lead 3.4 14.6 5.5 3.2 14.75 3 

Magnesium 3,920 3,640 4,740 3,950 8,760 5,000 

Manganese 233 220 265 210 612 15 

Mercury 0.06 0.19 0.11 0.09 1.25 0.2 

Nickel 10.7 10.9 11.1 9.4 25.3 40 

Potassium 693 , .. ,so 1,400 756 3,120 5,000 

Sliver 1.2 7.9 1. 5 1.4 2.7 10 

Sodium 124 161 140 127 1,290 5,000 

Vanadium 31 .6 38.8 34.1 32.2 111 50 

Zinc 27 246 53.4 29.6 79 20 

Volelile OrQanica ;,g/kg ;,g/kg µg/kg µg/kg µg/kg ;,g/kg 

4-Methyl-2-pentanone ND 13' ND 11' NA 10 

Acetone 6' 66 6' 7' NA 10 

Toluene 2' 87 18 19 NA 10 

- Voladla Organic• ;,g/kg ;,g/kg µg/kg µg/kg µg/kg ;,g/kg 

bls(2-Ethylhexyl)phthalate 340' ND 59' 84' NA 330 

DH1-butylphthalate 76 ' ND 63' 57' NA 330 

Pw-lPCB µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

alpha-Chlordane ND 330 76 6.1 NA 1.7 

gamma-Chlordane ND 200 46 4.1 NA 1.7 -- pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

gross alpha 8.6' ND 5.4' ND NA NA 

gross beta 19 100 JO 29 NA NA 

Potassium-40 15 13 15 13 NA NA 

Cobalt~ ND 0.074 ND 0.055 NA NA 

Strontium-90 ND 39 10 6.3 NA NA 

3T-1 la 
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Table 3-11 Analytical Results for the 116-F:-9D Test Pit (page 2 of 2) 

........ N....- B08O79 B08O71 B01080 B08081 II&~ CRQU 

UTL Cbl CRD&. 

Deptllln- Surface • . ,o It 16 It 20 It 

Radlof'I mid 1 (cont'dl pCl/g pCl/g pCl/g pCi/g pCl/g pCl/g 

Ceslum-137 ND 0.96' 0.17' 0.13' NR NR 

Europlum-152 ND 0.69 ND 0.14 NR NR 

Aadlum·226 0.63 0.64 0.50 0.38 NR NR 

Thortum-228 1. '1" 0.75' 0.65' 0.80' NR NR 

Thortum-232 0.85' 0.86' 0.76' 0.61' NR NR 

Uranium-233/234 0.48 0.72 0.55 0.38 NR NR 

Uranium-238 0.45 0.64 0.44 0. 37 NR NR 

Plutonium-2391240 ND 0.028' ND NO NR NR - mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Fluoride 0.70 0.50 1.2 1.1 12 NR 

NO,. NO, - 2.86 17 14.8 6.74 199 (C) NR 

pH (a) 7.8 7.9 8 8.1 NR NR 

Sulfate 3 480 332 240 1,320 NR 

a . Reported as standard units. 
b . 95'!1, confidence limit of the 95th percentile of the data distribution . 
C . Value reported Is for Nitrate only. 
J . Estimated value. 
NA . Not analyzed . . 
NO . Not detected . 
NR . Not reported . 

3T-1 lb 
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Table 3-12 Analytical Results for the 116-F-14 Borehole (page 1 of 2) 

Sample Number B0800• B08006 B08008 B08007 808008 808008 96% 

UTL (el 

Depth Int•••• 0 -2 fl 2 .6 -6 fl 6-7 fl 10 .6 -13 fl 16 .8-18 .8 fl 23 -24.6 fl 

Inorganic• mg/kg mg/kg mg/kg mg/kg mg/kg mg/ kg mg/kg 

Aluminum 6,620 13,000 6,520 5,450 6,170 6,010 15,600 

Arsenic 2 1.4 0.89 0.82 1.4 0.59 8.92 

Barium 15S 170 65.6 55 .7 70.5 79.1 171 

Beryllium 0.36 0.59 ND 0.26 0.23 ND 1.77 

Cadmium ND ND 1. 5 ND ND ND 0.66 (b ) 

Calcium 6,710 69. 700 6,890 2.830 2.730 3,960 23,920 

Chromium 10.8 16 124 46. 4 31.2 35.3 27.9 

Cobalt 7.9 8.3 8 6 6 .1 10.6 19.6 

Copper 15.5 17.0 29 3 13.5 13.5 15.9 28.2 

Iron 15,700 17,400 15.000 11.500 12,000 17,400 39,160 

Lead 5 3.4 4.5 2.5 3.5 2.6 14.75 

Magnesium 4,110 5,570 4,620 3,960 4,310 4.820 8,760 

Manganese 265 224 240 234 224 260 612 

Mercury ND 0. 22 ND 0.1 4 0. 11 ND 1.25 

Nickel 10.5 12.9 13".6 8.4 9 20.8 25.3 

Potassium 1,050 1.200 675 431 61 9 851 3,120 

Silver ND ND ND ND 0.79 ND 2.7 

Sodium 245 703 266 151 158 424 1,290 

Vanadium 40.1 50.5 39.5 25.4 27.3 50.2 111 

Zinc ;7 J 52 .9 87 J 25.5 30 39. 2 79 

Volatile Organic• µg ... g µ\j/K9 µQ/>g µy; r,g µQtkQ µg/kg µg/kg 

2-Butanone l';D ND ND ND ND 2' NA 

4-Methyl-2-penianone ND ND ND ND ND 3' NA 

Acet one 23 'lj . 7 1' 46 11 NA 

Chloroform ",D ND 'ID ND ND 9' NA 

Methylene Chloride 3· J' J ' 4 · 4· ND NA 

Toluene e2 3· 2· 2· 16 NA 

Semi Volatile Organic, µg, ,..,g µg/kg µg1kg µQtkQ µQ/kg µg/kg µg/kg 

bis(2-Ethylhexyl )phthalate :?· 50' 78' 200' 100- 37' NA 

Di-n·butylphthalate ;~· 300' :OD· ·so· ~50· 130' NA 

Diethylphthalate NO ND D ND ND 2.600 N A 

Pe1ticide1/PCB µg;kg µg/kg µg/lsg µg/kg µg/kg µg/kg µg/ kg 

r>.D ND 'ID 'ID ND ND NA 

Radionudidee pC, /g pC1/g pC,; g pC1/g pC1ig pCi/g pCi/g 

g ro ss alpha 'ID 14 ND ND 5.:· ND NA 

JT- l 2a 
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Table 3-12 Analytical Results for the 116-F-14 Borehole (page 2 of 2) 

Sample Number 808004 808006 808001 B080O7 B08008 808008 96'!1. CROU 
UTL (el CRDL 

Depth lnterv• 0-2 It 2.6-6 It 5.7 It 10.6-1311 16.8-18.811 23-24.6 It 

Racionuclidn (cont 'dl pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

gross beta 12 440 290 21 13 11 NR NR 

Carbon-14 ND 28' 7.3' ND ND ND NR NR 

Potassium-40 11 ND ND 12 9.4 15 NR NR 

CobalHiO ND 43' 53' ND ND ND NR NR 

Strontium-90 ND 16' 2.6' ND ND ND NR NR 

Cesium-137 ND 6.4 11 12 5.8' 2. 1• 1.5' NR NR 

Europium-152 1.2 940 450 ND ND ND NR NR 

Europium-154 0.97' 130· 54, ND ND ND NR NR 

Europium-155 NA 6.6 2.7 NA NA ND NR NR 

Radium-226 0.5 ND ND 0. 51 0.41 0. 51 NR NR 

Thorium·228 0.6 ND ND 0. 58 0. 47 0.62' NR NR 

Thorium-232 0.6 ND ND 0. 74 0.54 0.75' NR NR 

Uranium-233/234 0. 41 0.57 0.94 0.55 0.5 0.38 NR NR 

Uranium-238 0.33 0.66 0.76 0.53 0.38 0.38 NR NR 

Plutonlum-238 ND 0. 13 0.12 ND ND 0. 24' NR NR 

Plutonium-239/240 ND 5.1 ] .7 0.021 ' ND 0.035' NR NR 

Americium-241 ND Q. 98 0. 81 ND ND ND NR NR 

AIVone mgtkg ··· g1kg •ng/kg rng/kg rn g1kg mg/kg mg/kg mg/kg 

Fluoride 0.6 0.6 0.4 0.4 0.8 0.8 12 NR 

NO,. NO, 3.17 2. 51 ND ND ND ND 199 (C) NR 

Sulfate 12 '. 4 57 7 6 8 1,320 NR 

a . 95% confidence hm1t of tne 95th percenrne of tne aata 01stnout1o n. 

b = Value reported is lrmrt of 0etectron. 
C . Value for Nitrate only. 
j . Estimated value. 
R . Value marked as re1e cted 1n va 11 aat1on rec~n . 
ND . Not 0etecteo . 
NA - Not analyzeo. 
NR - Not reporte<l. 
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Table 3-13 Analogous Site Comparison for 116-F-14 (page 1 of 2) 

MAxallal CONCOITRATION 11 6-l' -14 I 11 6-C -6 11 6-0 -7 116-0R-9 116-H-7 96% UTl (cl 

INORGANIC$ (al mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Arsenic 12.4' 47 8.92 

Cadmium 1.5 1.2 0.66 (d) 

Chrom ium 124 609' 51 .6 73.4' 28.3' 27.9 

Copper 29.3 46.8 28.2 

Lead 564' 540 14.75 

Mercury 4.3 1.25 

Nickel 37' 25.3 

Zinc 87.4 309 83 .1' 79 

VOLATILE ORGANICS µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

2-Butanone 2' NR 

4-Methyl-2-pentanone 3' NR 

Acetone 46 55' NR 

Chloroform 9' NR 

Methylene Chloride 4' 16' NR 

Toluene 82 11 49 NR 

Trichloroethene 6 NR 

SEMI VOLATILE ORGANICS µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

2-Nitrophenol 350' NR 

Anthracene 150' NR 

Benzo (a)anthracene 77' 130' NR 

Benzo(a)pyrene 110' NR 

Benzo(b)fluoranthene 100' 120' NR 

Benzo(ghi)perylene 85' NR 

Benzo(k)ftuorantnene 100' 95· NR 

Benzoic acid 74' NR 

bis(2-ethylhexyl)phtnalate 200' 5,200 NR 

Butylbenzylphthalate 2.200 NR 

Chrysene 100' 140 ' NR 

Diethylphthalate 2,600 j 4 ' NR 

Oi-n-butylphthalate 340' :l9' 2,900 NR 

Fluoranthene 67' 240' NR 

lndeno( 1,2, 3-cd)oyrene 76' NR 

Pentachlo ropnenol "20· 5-5• NR 

Phenol JSO· NR 

Pyrene 350 NR 

~STICIOES/PCB µg/kg µg/kg ,,g/kg µg/kg µg/kg µg/kg 

Aroclor-1260 130' NR 

3T- l 3a 
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Table 3-13 Analogous S ite Comparison fo r 116-F-14 (page 2 of 2) 

MA-UII COHClNTRATlON 116-F-14 116.C-6 116-0 -7 11 6-0R-9 11 6-H-7 96~ UTL (cl CROUCROl 

RADIONUCUOES (bl pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pC1/g 

Carbon-14 28' 640' 25.06 NA 

Potassium-40 12 15.8' 14.7 NA 

CobalHiO 53' 310 36 NA 

Strontium-90 16' 770 1.9' 3.8 3.2 NA 

Technetlum-99 1.5' NA 

Cesium-137 12 800 9.55' 1.98 35 NA 

Europium-152 940 ,400 260 NA 

Europium-154 1)0' 4 10 J7 NA 

Europium-155 6.6 41 NA 

Aadium-226 1.25' NA 

Thorium-228 .02 NA 

Uranium-233/234 1.4" NA 

Uranium-238 1.3" NA 

Plutonium-238 9 .4" NA 

Plutonium-239/240 5.1 190' 1.3 NA 

Americ,um-241 ) 4 NA 

a - Inorganic values were screened against Haniord Site background 95% UTL Region X excluded elements 
b - Only rad1onuclides greater than 1 pCi/g were reponed. 
C - 95% confidence limit of the 95th percentile of the data d1stribut1on. 
d - Value reooned is limn of detection. 
J - Value is estimated. concentrat1on less than contract reau1reo aetectton 11m1t. 
A . Value markeo as reJected in 11a11oat1on report . . Not detected . 
NA . Not reponea . 
Analogous site data taken tram associate LFI reports . (DOE-AL 1993b l . (DOE-AL 1993c ). (DOE-AL 1993d). 
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Table 3-14 Analytical Results for the 108-F French Drain (page 1 of 2) 

Sample Number BOBOR4 BOBOR6 96% CRQU 
UTL 1• 1 CRDL 

Depth Interval 0-1 f1 3 .6 -4 .6 ft 

lnoroanica mg/kg mg/kg mg/kg mg/kg 

Aluminum 4,280 6,110 15,600 200 

Antimony 3.7' 3.9' 15.7 (b) 60 

Arsenic 6.2 4 8.92 10 

Barium 64.7 37 .8 171 200 

Beryllium 0.12 0.18 1.77 5 

Calcium 1,550 2.160 23 ,920 5,000 

Chromium 164 99.3 27.9 10 

Cobalt 4.7 7.1 19.6 50 

Copper 7J.8 39.1 28.2 25 

Iron 17,700' 20,500' 39,160 100 

Lead 73.2 34.6 14.75 3 

Magnesium 2.210 3.740 8.760 5,000 

Manganese 11 6 195 61 2 15 

Mercur y 0.48 0. 09 1.25 0. 2 

Nickel 17.3 21.J 25.J 40 

Potassium 998 1,160 3,120 5,000 

Selenium 0. 78 NO 5 (b) 5 

Sodium lJO 171 1, 290 · 5,000 

Vanadium 27.2 44.2 111 so 

Zinc 79.7 129 79 20 

VO,eti le Oroen1ca µy/kg µ -J /kg µg1kg µg/kg 

Toluene d6 JoO NA 10 

Semi V O,etile O , qa,...ca µg/kg µg/kg µg/kg µg/kg 

Benzo(a)antnracene NO 62' NA 330 

bis (2·Etny1nexyl)pntnalate 4,100' 580' NA 330 

Fluorantnene NO J S• NA 330 

Pyrene 0 J ) · NA JJU 

PeaticidaalPCB µg/kg µg1kg - µgtkg µQ/kg 

Aroclor · 1254 1,600' 240' NA 33 

Aroctor -12-30 '20" 'oU· A JJ 

R&dionucl1de a UL.119 ~.,_1,g 0C11 g pC1/g 

gross aicna 250 J6 NA NA 

gross octa ·o . 3 NR NA 

Potassium-40 9. 5 · 3 NA NA 

Ces1um- 1J7 1 5· 07 4' NA NA 

JT-1-+a 
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Table 3-14 Analytical Results for the 108-F .French Drain (page 2 of 2) 

SamSMe Nt.anbet B0B0R4 B0B0R6 96"'- CROU 
UTL (al CRDL 

Depth lnrerv• 0-1 It 3 .6-4 .6 fl 

Radlonuclidea (cont'd) pCi/g pCl/g pCi/g pCi/g 

Europiurn· 152 0. 12 ND NA 1\.M 

Radium-226 0.41 0. 42 NA NA 

Thorium -228 0.55' 0.8 1' NA NR 

Thorium-232 0.50' 0.75' NA NA 

Uranium-233/234 0. 46 0.45 NA NA 

Uranium-238 0.47 0. 42 NA ~A 

Plutonium-238 220 ' 66' NA NA 

Plutonium-239/240 34 11 NA NA 

Americium· 241 3. 3 1. 2 NA NA 

Aniona mg/kg mg/kg mg/kg mg1kg 

Fluoride 0.60 0. 40 12 NR 

NO,, NO, 323 as 199 (C) ·R 

Sulfate 150 47 1,320 NA 

a . 95% confidence 1, m,t ot the 95th percentile o f me da ta distribution. 
b . Value repone~ 1s 11m1t o f aetecuon . 
C . Value for Nitrate on1 y. 
J . Estimated value. 
R = Value marked as re1ectea 1n valida tio n report . 
NA . Not analyzed . 
ND . Not detected . 
NA . Not reconeo . 

3T- 14b 
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Table 3-15 Analogous Site Comparison for 116-F-8 

MAXNUM CONC[NTRA T10N 1 18-0R-6 118 -D-6 9 6% UTL lbl CRQUCRDL 

VOLATILE ORGANICS µQ/kg µg/kg µg/kg µQ/kg 

Trichloroetnene 5 NA 10 

SEMI VOLATILE ORGANICS µg/kg µg/kg µg/kg µg/kg 

b is (2·EthylhexyIJpntnalate 5,500 NA 330 

Butylb enzylpnthalate 2.100 NA 330 

Di-n-butylphthalate 1,900' NA 330 

PESTICIDES/PCB µQ/kg µg/kg µg/kg µg/kg 

Dieldnn 2.1' NA 3.3 

RADIONUCUOES la l pC1/g pCi/g pCi/g pCi/g 

Potass,um-40 13.5' 12' NA 

a - Only rad1onuclides grea1er tnan 1 pCi/g were reported. 
b . 95% confidence limit of the 95th percentile of the data dIstnbut1on. 
J . Value is estImatec::L concentration less tnan contract required detectio n limit . 

- Not detected. 
NA • Not reported. 
Analogous site data taken from associate LFI reports. (DOE-AL 1993b ). (DOE-AL 1993c). (DOE- AL 1993d). 
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Table 3-16 Analytical Results for the 132-F-l Test Pit (page 1 of 3) 

Sample Numb., B0720 1 B0 7202 B072 0 3 B0 72 04 96% CRQU 
UTL(al CRDL 

Depth Interval Sample Duplica te S pli t Blank 

lnoroenict mg/kg mg/kg mg1kg mg/kg mg/kg mg/kg 

Aluminum 5,020 5,070 2,820 NA 15,600 200 

Arsenic 2.7' ND 0.77 NA 8.92 10 

Barium 35.1 39 .S 23.6 NA 171 200 

Beryllium ND ND 0.35 NA 1.77 s 

Calcium 5,520 5.780 4,490 NA 23,920 5,000 

Chromium 8.2 8.7 5. 5 NA 27.9 10 

Cobalt 6 6.2 5.4 NA 19.6 so 

Copper 12.8 12.3 10.4 NA 28.2 25 

Iron 12,200 12,200 7, 450 NA 39,160 100 

Lead 3. 8 4.1 2.5' NA 14.75 3 

Magnesium 3,680 3.720 2. 80 NA 8.760 5,000 

Manganese 221 240 154 NA 612 15 

Nickel 9 9.2 6 NA 25.3 40 

Potassium 618 676 494 NA 3,120 5,000 

Selenium 2. ,. d· ";Q R 5 (OJ 5 

Soelium 172 136 U2 NA 1,290 5,000 

Vanao,um 29.4 29 .6 14. 4 NA 111 so 

Zinc 30.3' 32. 7' :9.9 NA 79 20 

VO,atil• Oroanic a µg/kg µg/kg µg/kg µg/kg µg/kg µg/kg 

2-Butanone 4· ND ,(J ND NA 10 

4-M etnyl-2-pentanone J· ~D ND ND NA 10 

Acetone ";0 ,., :4 NO NA 10 

Methylene Chlonele D S· ,c, 4 · NA 10 

S«ni VO,aola Oroenica µg/kg µg/kg µgtkg µg/kg µg/kg µg/kg 

Benzo(a)anthracene 44' 79 ND NA NA 330 

Benzo(a)pyrene NO 7,, ND NA NA 330 

Benzo(b )ffuoranthene 40, 3e· ND NA NA 330 

Benzo(k)ffuorantnene ND '3U' l) NA NA 330 

bis(2·Ethylhexyl)phthalate 56' ND 380· NA NA 330 

Chrysene 48' '.,5· ";0 NA NA 330 

Fluorantnene 9, . 2':;· ~,a "q NA 330 

Phenantnrene 53· . ;u- ,.c NA NA 330 

Pyrene ~8- · t::;• . " NA NA 330 

Pes ticides /PCB µg/kg µO 1'0 ,Q.•g µg/kg µg/kg µg/kg 

gamma-Chlordane 2.5 J 7 ·-- A NA 1.7 

3T-l 6a 
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Table 3-16 Analytical Results for the 132-F-l Test Pit (page 2 of 3) 

Sample N16nb« B07201 B07202 B0 7203 B07 204 96% CRQU 

UTL l•I CRDL 

Depth lnte,v_. Sample D uplicate Split Blanl< 

Radonuclide• i:,Ci/g pCi/g pC1/g ; C,1g pC1/g pCi/g 

gross alpha 1.8" 3.8" 4.2' .,R NR NR 

gross beta 12' 19 35' NR NR NR 

Beryllium-7 ND ND 0 •• .a NR NR NR 

Carbon-14 ND ND -0.27' NR NR NR 

Potasslum-40 9.4 13 13' NR NR NR 

Manganese-54 ND ND 0.02' ,'I R NR NR 

Cobalt-58 ND ND 0.03' NR NR NR 

lron-59 D ND 0.09" ,R NR NR 

Cobalt-60 ND ND 0 03' \,.:I NR NR 

Zinc-65 ND ND Q.()7' \,R NR NR 

Strontium-90 ND ND 0.024" NR NR NR 

Zlrcornum-95 ND ND 0.04" 'IR NR NR 

Ruthenlum-103 ND ND 0.04" NR NR NR 

Ruthernum-106 ND ND 0 2" NR NR NR 

lridium-131 D D 0.6" 'IR NR NR 

Cesium-134 ND ND 0.03" R NR NR 

Cesium-137 ND ND 0.02" NR NR NR 

Barlum-140 ND ND 0.2" NR NR NR 

Cerium-141 D ND 0.07" 'JR NR NR 

Cerium-144 ND ND 0.2· \, R NR NR 

Europ,um-152 NiJ \ D ,\; r ,._:; NR NR 

Europ,um-154 'ID 'sD J.J9" \,fl NR NR 

Europ,um-155 D 'ID U.L5 .. '" NR NR 

Radium-226 0.36 0. 44 0.50' \R NR NR 

Thorium-228 0.61 0.57 0. 498' 'JR NR NR 

Thonum-232 0. 57 0.62 \,Q '·" NR NR 

Thonum -234 ND D 0 40" ·. R NR NR 

Urarnum- 233/234 0.73 ' 0 55• ',C \,R NR NR 

Urarnum-235 0. 13" U. 14" U.001 8" "" NR NR 

Uranium -238 u.21 · J. Hl" J.092" ' , rl NR NR 

Plutonium-238 -0.005• '10 , u '-R NR NR 

Plutonium-239/240 U.005" ND .;.:JUU5~ ' , rl NR NR 

Anion• mg/kg rng1 kg ,ng Kg rn g,Kg mg/kg mg/kg 

Fluoride ND • 2 4 'IR 12 NR 

NO,, NO, NR NR 'IR 199 (C ) NR 

3T-16b 
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Table 3-16 Analytical Results for the 132-F-1 Test Pit (page 3 of 3) 

Sample Ni..mber B07201 B07202 B07203 B07204 96% CROW 

UTL (ol CRDL 

Depth lnten,m Somple Duplicate Split Blank 

Anlona (con1·dI mg/kg mg/kg mg/kg rn g/kg mg/kg mg/kg 

Sulfate 0. 51 34 33 NR 580 NR 

a . 95% confidence limit of the 95th percentile of the data d1str1but1on. 
b - Value reported is limit of detection . 

C - Value reported is for Nitrate onty . 

J . Estimated value. 
R . Value marked as reiected in validation report . 
NA - Not analyzed. 

NO - Not detected. 
NR - Not reported. 

3T-l 6c 
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Descripti on Citation R&A• 

Atomic Energy Act of 1954, 42 U .S .C 2011 

as amendt.-d et seq . 

Radiation Prot..:dion 40 C FR Part 191 
Standards 

Standard , f.,r .JU C FR § 19 1 .03 A 
t\1anagi:1111.: nt and 

Ston.1g..: 

w 
'"""1 
' 

Nulk<11 R..:gulah,ry 10 CFR Pan 20 
Commi ::.sio 11 Stand ,..ird~ 
fnr Proh! l.'.' ti nn Ag~1 inst 
Radiation 

Radiation D ll!-~ 10 CFR R&A 
Standards §§20. 101 -

20 . 105 

. ' 

Requirements 

Authorizes DOE to set standards and restrictions governing 

fac ilities used for research , development , and utilization of atomic 
energy . 

Estab li shes standards for management and di sposal of high-kvcl 
and transuranic waste and spent nuclear fuel. 

Rc411ircs that management and storage of spent nu.:lcar fuel or 
high -lcvd or transuranic radioac tive wasl~s al all facilities for the 

di sposal of such fud or waste that arc operated by the DOE and 
that are not regulated by the Commission or Agreement States 
shall be conducted in such a manner as 10 provide reasonable 
assurance that the combined annual dose equivalent 10 any 

membe r o f the public in the general env ironment resulting from 
di sc harges of radioactive material and direct radiation from such 

management and storage shall not exceed 25 millirems 10 the 
whole body and 75 millirems lo any c ritical organ . 

Se ts specific radiation doses . levels , and conce ntrat ions for 
re stri ct~d and unrestricl \!d ar..:as . 

Remarks 

Applicable lo wastes disposed o f a lier 
November 18, 1985 . 

May be relevant and appropriate , as 
radioactive materials in the I 00 Arca ca n 
contribute radiation doses , lcvds , and 
concentrations which could exceed the 

limits; however , Hanford is not an 
NRC-licensed facility . 
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Description 

Safe Drinking Water Act 

Natinrnil Primary 
Drinking Water 

Rq~ulatio ns 

N a1i nnal S..: c(HJd..iry 

Drinking Wale r 

R..:gul a1ions 

Solicl \\'a,t r lli , JH"al Art. 
a, a1111 ·111lt·d hy th,· 

Ht·~ourt:e l 'u11\t·n ·a1io11 and 
lh--c o, 1·11 · ,\ t· t (HC IC\) 

G 1•H1 11J wa 1l!r 

Prt) ll!..: ti,H l 

Stand a rd s 

Citation 

42 U .S .C . 300f 

ct seq . 

40 CFR Pan 141 

40 C FR Pan 143 

42 U.SC . 690 1 

40 C FR §2o4 .92 
!WA C 173 -303 -6 

451' 

Al 
R&A• 

R&A 

R&A 

A 

Requirements 

Creates a comprehensive national framework to ensure the quality 

and safety of drinking water. 

Es1ahlishes maximum contaminant levels (MCL) and maximum 

contaminant level goals (MCLG) for organic , inorganic, and 

radi c>active constituents. The MCL for combined radium-226 and 

raJium-228 is 5 pCi/L. The MCL for gross alpha panicle activity 

(inc luding radium-226 but excluding rado n and uranium) is 

15 pC i/ L . The average annual concentration of beta panicle and 

ph,,1o n radioactivity from manmade radionuclides in drinking 

• waler shall not produce an annual dose equivalent to total body or 

a ny ontemal o rgan in excess o f 4 milliremlyear. 

Co 111rnls .: nntaminants in drinking water that primarily affect the 

ae , th e1ic qualities relating to the puhli c acceptance of drinking 

wall.: 1 

1:. :-- tah li ::-.hl.!s th..: basil'. framl!work for fi:d..:ral r.:gulation of solid and 
ha1a1drn1 s wa s1\.! . 

A la..: diI y ~hall not l'.Ontaminal \.! 111\.! uppcnno st aquifi!r und\.!rlying 

th i.: \'-'ast.: managi.:m.:nt ar\.!a bi.:yond thl! po int nf compliance . 

wh ic h is a vcnical surface loc ated at the hydraulically 

d,)\\'ll c? r.:1di \.! nl limit o f th.: wash: managl!mcnl ar\!a that li!Xt.:ru.b 

d,,u·n int<> the uppamost aquifer underlying the regulated area . 

The co n, entration of cenain chemicals shall not exceed 

bac kground levels . cenain spcc ilied maximum concentrations. o r 

alt e rnate concentration limits. whichever is higher . 

Remarks 

Applicable to public water systems. 

Potential chemicals and radionuclides of 

concern may migrate to the drinking water 

supply as a result of remedial activities. 

Although federal MCLGs are not 

enforceabk standards , they are potential 

ARARs under the Washington State Model 

Toxics Control Act when more stringent 

than other standards . See state ARARs. 

Although foderal secondary drinking water 

standards are not enforceable , they are 

po tential ARARs under the Washington 

State Model T o xics Control Act when 

mo re stringent than othl!r standards . Si:..: 

state ARARs . 

Groundwat.:r l'. Oll l..° \.!Olration li111i1s in thi s 
sedion do not exceed 40 CFR 141 . except 

for chromium whi ch has a limit o f SO 
µg / L. 

aThese are State of Washington regulatory citations which are equivalent to Title 40 Code of Federal Regulations, Parts 264 and 268 as stated in Washington 
Administrative Code I 73-303. 
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Des~ription 

Uranium Mill Tailings 
Radiation Control Act of 
1978 

Standa rds for Uranium 

and Thorium Mill 

Tailings 

L.ind Ckanup 

S1anJards 

lmp kmi.:111a ti trn 

•NOTE : A Applicahk. R&A 

Al 

Cilation R&A• 

Public Law 

95 -604 , as 

anti:mJcd 

40 CFR 192 

40 CFR R&A 

§§ 192 . 10 -

192 . 12 

40 C f-R R&A 

§§ 192.20 -

192 .23 

Rekvanl and Appropriate 

.. 

Requirements 

Es1ahlishcs standards for control , cleanup, and managcmcnl of 

radioac ti ve malcrials from inac livc uranium processing sites . 

R..:- ~uiri.! ~ rl!mi.:d ia l actions to providl.! r~asonabli:! assurancl! thal. as 

a resu h of residual radioactive materials from any designated 

processing site , !he conce n1ra1ion of radium-226 in land averaged 

over any area of I 00 square meters sha ll 1101 exceed !he 

hac kg ruund kvcl _by more than 5 pCi/g, averaged over lh.: firs! 15 

c m of soil below the surface , and 15 pCi/g , averaged over 

15 -cnHh ic k layers of soil more than 15 cm below !he surfaa . In 

any hahi1ahlc building, a reasonable effort sha ll he made during 

r..:-mi.: diali o n to achil.!ve an annual ave rage (or equivah:nt) rad o n 

de cay product concen1ra1io n (including background) no! 10 exceed 
0 .02 Working Level (WL) . In any case, the radon decay product 

c<> ncc nlralion (including background) shall n,,1 exceed 0 .03 WL 
;, 11d thi.: k:vd l)f gamma radiation shall no l ..;xci.:l!d 1hi.: hackgruund 

k vd hy mor~ than 20 mi c rorn...: nt i.!gi:ns pi.!r hour. 

Rc4uires 1ha1 when radi o nuclide s other than radium-226 and il s 

dec ay prndu.:1s are presenl in sufficient qu an1i1y and conc..:n1ra1iu n 

111 cons1i1UI< a signiticam radiation hazard from re sidual 

radioa ctive malerials , remedial action shall reduce oth..:r r..: sidual 

ra dinac1ivi1y 10 levels as low as r..:asonably achi<vahk (ALARA) . 
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De sc riptio n Citatio n R&A• Requ irements Remarks 

Model Toxics Control Act 70 . 105DRCW Requires remedial actio ns to attain a degree of 

(MTCA) cleanup protective o f hu man h.:alth and the 

c: nviro nm.:nt. 

C k anup RL:g ul a ti o ns WAC 173 -340 Estab li shes c k a nup level s and p rescrib.:s m.:thods to 

~ 
~ 
0 

('I) .... 
('I) .c ::s C .... -· e: ., 

('!) 

3 r::n 
(t) .... 
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en ('!) 

calc ulate cl.:anup le ve ls fo r soil s . g roundwater. 

surface wate r , and air . 

_, (j 
0 ::r ., 

('I) 

Gn1t 111d wa1i.: r C kanup WAC A Req ui r..:s that wh\!r..: th \! g roundwa h!r is a poh: ntia l Fed.:ra l maxi mu m contaminant level goa ls 

SrnnJa rd ~ 173 -340-720 so uree of drink ing wate r , c k a nup levds undu for drinking water (40 CFR Part 141) a nd 

M ethod B must be at least as stri ngent as federa l secondary d rinking wat.:r regul atio n 

concent ratio ns estab lished under app licable state and standards (40 CFR Part 143) are pote ntial 

fede ral laws , indud ing the fo llowing : ARARs under MTCA when they are mo re 

string ent than o the r standards . Method B 

(A) Maxi mu m contami na nt kvds estab lished und u c leanup leve ls a re le vels applicable to 

th e Sa k Drinking Wa ter A, 1 and puhli shed in 40 re media tion at Ha nford unle ss a 

CFR 14 1, as ame nded ; demo nstration can be made that method C 

(a lternate c leanup levds) is va lid . 

( BJ fvt a ximum conta min;1nt k vd goa ls r~)r 

noncarc inogen, estab lished und er the Sa fe D rink ing 

Water Act a nd p ub lished in 40 C FR 14 1. as 
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De sc ription 

Soil Cleanup Standards 

Al 
Citation R&A• 

WAC A 

173-340-740 

Requirements 

MTCA Method B concentration limits in milligrams 

per kilogram for potential contaminants in soils , 
sediments , and sludges are : 

Barium 5,600 

Cadmium 40 
Chromium (Ill) 80,000 
Chromium (VI) 400 
Copper 3.200 
Manganese 400 
Mercury 24 
Silver 400 
Zinc 24 ,000 
Ac~h.>n~ 8 ,000 
Benzene 34 .5 
Ca d,on disulfide 8.000 
Me1hyl ethyl ketone 48.000 
Me1hyl isobu1 yl ketone 4.000 
Methylene chlorid e 133 
Toluene 16 .000 
Anthracenc 24.000 
Be nzo(a)anthrace ne 0 . 137 
Bcnzo(b)fluoranthene 0 . 137 
Bcnzo(k)fluoranthe ne 0 . 137 
Brnzoic acid 320 .000 
Benzyl alcohol 24 .000 
Bis(2-ethylhexyl)ph1hala1e 71.4 

Chrysene 0.137 
Di-n-bu1ylph1halate 8 ,000 
Die1hyl phthala1c 64 ,000 
Fluoranthene 3 ,200 

N -nitrosodiphenylamine 104 
Pc ntach lornphe nol 8.33 
Pyrcne 2400 
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Desc ription 

Washinglon Stal e l)epartment 
of ll ea.llh 

Radia1i n11 Pn,t\! l'. linn -- Air 
Emi ~s i,>n~ 

Ne"· anJ M, ,d ili cd 

~tlll l \..' l! S 

Rad1ati 11n Pn>li: l'. ti l, 11 

Stan.Jard , 

R..idiati o n dus\! to 

individua ls in restricted 

a ri: as 

•NOTE : A Applicahk . R&A 

' • 

Al 

Citation R&A• Requirements Remarks 

RCW 43.70 

WAC 246-247 Establi shes procedures for monitoring, contro l , and 

reporting of airborne radio nuclide emissions . 

WAC 2-lD -2 47- A Requires the use of best available radionuclide 
070 control techno logy (BARCf) , 

WAC 246-221 Estahlishcs standards for prnuction against rad iation 

hazards . 

WAC 246-22 1- A Specifies dose limit s to individuals in restricted areas 

0 10 for hands and wrists , ankles and f',:et of I 8 . 75 
rem/quarter .and for skin of 7.5 rem/quarter. 

Rele vant and Apprnpriate 
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I Description 

Model Toxics Control Act 

C leanup Reg ulatio ns 

Solid Wasl t: Disposal Ac t, as 
amt:nded hy llC RA 

C ri1cria for C las sifi cat ion o f 

Soli d Wa ste Disposa l 

Fac il ities and Practices 

C\HTl! t.: l ivl! A ~t ion fo r Solid 
\\la ~II.'. rvt antigl.!mi: nt Unit s 

U.S. l> ~pa11 111 ,•nl o f En~r~y 
O n lt,n 

Rad 1at11111 Pn )li.!di ,m \)f th!! 

Pu hli l· and th ..: [ nvirn nm i.! nt 

Ra d i:11 11111 Dns~ l .1111it (A ll 

Pa1hwa ) ,) 

Ra dial Hm DtJS I! Lin1it 
(Drinking Water Pathway ) 

I Citation 

70 . 105DRCW 

WAC 173-340 

42 U S.C. 690 1 <I 

sey . 

40 C FR §257 J -4 

40 CFR 264 

Suhp art S , pmposed 

DOE 5400 .5 

DOI: .'> 4ll0 . .'>. 
Chapl e.- II , 
Si;dion I a 

DOE 5400.5. 

C hapter 11, 
Sec ti,,n Id 

I Requirements 

The State Department o f Eco logy is currently adapting the 

ca lc ulati ons in MTCA to be applicable to radioactive 

contaminants . These cleanup standards may become 

ava il able prior lo or during remediatio n . 

A fa , il i1y or practice shall no t contaminate an underground 

dri nking wa ter source heyo nd the solid waste boundary . 

Esta h ilishi:~ rl! q uir\! mi.!nt s for in vl!s ti ga tio n and corrective! 

act io n for rdeases of hazardo us waste fro m so lid waste 

m:inagi.= m..: nt units . 

E,1al> h, he, rauia ti ,, n p ro1ec 1ion standards fo r th e publ ic and 

t.!llVi l 1) 1lJ1h.: J1I . 

T hi: i.!\ pt>suri; o f th!! pu bli ~ h > ra d ia tio n sourci: s as a 

..: 1)11 ~..: q u..:nl.'~ o f all routin!! DOE a~ tivitil! s shall not causi: 1 in 

a y..:ar. an ..: ff..: c tiv..: dos..: !!quivak nt g r..:ah!r than 100 mri:111 

fnm1 ,.di ..:x p~lsuri: pa1hways. \!X('l! pt undi:r spl!~ifii:d 

.: in.: umstani.: ..: s. 

Provid..:s a l..: vd of protl! .: ti on fo r p..: rso ns i: o nsun1ing watl!r 

from a puhli..: drinking water supply operated by DOE so that 

pasnns consuming water fro m the supply shall not receiv.: 

an effectiv e dose .:quivalcnl g reater than 4 mrern per year. 

Combined radium-226 and radium-228 shall not exceed 5 x 

IO ' µCi /ml and gross alpha activity (including radium-226 

but e xcluding radon and uranium) shall not .:xceed 1.5 x IO ' 

µCilmL. 

I Remarks 

The courts o r the stale may .:stablish alternate 

bo undaries . 

P..: rtin..:nt if r-.:n1l!dial a i.: tiv iti-.: s are "routin-.: DOE 

ai.: tiviti l!s." 

Pertinent if raJionudide s may be rekased 

during rl!m-.:diation . 
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ll i!SC ri pt ion 

Residual Radionudides in So il 

.. 

Citation 

DOE 5400 .5 

C hapter IV . 

Section 4a 

Requirements 

Generic guid.:lines for radium-226 and radium-228 are : 

• 

• 

5 pCi /g averaged ove r !lie fir st 15 cm of soil hel,iw 

the surface; and 

15 pC i/g averaged over 15-cnHhick la ye rs of soil 

more than I 5 cm below the surface . 

G uidelines fo r residual concentralio ns of other rad ionudide s 

mu st be derived fro m the hasic dose limits by means of an 

environmental pathway analys is using specific property data 

where ava ilable . Procedures for these deviations are given in 

·· A Manual for lmplemenling Residual Radi oac tive Material 
Guidelines · (DO E/CH -8901) . Procedures for determinatio n 

of "hot spots, · "hol-spol cka nup limits . · and residual 

cnncentralion guidelines for mixtures are in DOE/C H-8901 . 

Residual radi oac tive materials ahove the guidelines must he 
co nlrolkd 10 the r~quired le vels in 5400 .5 . Chapter II and 

Chapter IV . 

Remarks 

Residual concentrations of radioactive material 

in soil are defined as those in excess o f 

bac kgro und concentratio ns averaged ove r an 

area of I 00 m' . 
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Description 

Archaeological and llistorical 

Preservation Act of 1974 

Eudangffl'<I s,-il>S Act uf 1973 

Fi , h and W,IJl ifc Sc ,v ,, c, 

Lisi o f End angacd and 

Threatened Wildlife and 

Planl s 

llisturic Sit e,; , ll11ildi11gs . ,u1d 

A11tiq11i1i es Art 

Wild aud Scenic !liners Act 

•NOTE: A Appli cable . R&A 

Citation 

16 U .S .C . 469 

16 U.S.C. 1531 el 
Se<j , 

.'i O C FR Pan s 17 , 

222 . 225 , 226 . 

227. 402. 424 

16 U .S.C . 46 1 

16 U .S .C 1271 

Relevant and Appropriate 

.. 

N Requirements 

R&A• 

A Requires action to recover and preserve artifacts in 

areas where activity may cause irreparable hann, loss , 

or destruction of significant artifacts . 

Prohibits federal agencies from jeopardizing threatened 
or endangered species o r adversely modifying habilat s 

essential to their survival. 

A Requires identiti.:alion o f activitie s that may aff<c1 

li sted species . Acti ons must not threaten the continued 

exislence o f a listed spec ie s o r destroy c ritical habitat. 

A Establishes requiremc nl s fu r preservatio n o f hi slo ric 

siles. buildings. o r objects o f national significanc.e 

Undesirable impact s to such re sources must be 

miligatcd . 

A Pr" hibits federal agenc ie s fro m re commending 

autho rization o f any wa1u resource project thal would 

have a direct and adverse effect on 1he values for 

which a rivl!r was d~ signati:d as a wild and sc l!nic ri vl!r 

or included as a study area . 
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Remarks 

s· -
Applicable when remedial action threatens 

significant scientific, prehistorical , historical , 

or archaeological data. 
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Description 

llabitat Buffer Zoue for llald 
Eagl~ Rul t:S 

Bald Eagk Prntcc tion Rule s 

R11;11latin~ th~ Taking or 
PoSSl-ssing of Canu, 

l:mlan!,!~ri:d . Thn:a1~n\!d. or 

Sensi ti ve Wildlife Species 

Cla s~ifi ca tion 

Citatio n 

RCW 77 . 12 .655 

WAC 232 - 12 -292 

RC W 77 . I 2 040 

WAC 232 - 12 -297 

•NOTE A Applicable. R&A Relevant and Appropriat e 

Al 
R&A• 

A 

A 

Requirements 

Presc ribes acti on to p rotect bald eagle habitat , 

such as ne~ting or roost sites , thro ugh the 
devdopment of a si te management ·plan . 

Prescribes acti o n to protect w ild life classified as 
endangered , thre.itened, or se nsitive. through 

develop ment o f a site management plan . 

Remarks 

Applicabk if the areas of remedial a~tivities 

includes bald eagle habitat. 

Applicable if wildlifo classified as 
endangered , threatened , or sensitive are 

present in areas impacted by remedial 
activitii:s . 
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Descrip1ion 

Floodplains/We1lands 
Environmenlal Review 

Pro1ec1ion and 
Enhancement of tl1 e 
Cuhura l Environmenl 

ll anforJ Reac h S1udy Act 

Citalion 

10 C FR Pa rt 1022 

Execu1i ve Order 

11 593 

PL I 00-605 

Requirements Remarks 

Re4uires federal agencies 10 avoid , 10 the extent possible, Pertinent if remedial activities take place in a 

ad ve rse effecls assoc ia1ed wilh !he development of a floodplain o r we1lands . 

11,,o<lplain o r lhe destruc1ion or loss of we1lands . 

Provides direction 10 federal agencies lo prese rve , reslore , Pertains to sites , structures, and objects of 

and maintain cultural resources . his1orical , archeological, or architectural 
significance. 

Prov ides for a comprehensive river conservation s1udy . This law was enacted November 4 , 1988 . 
p,.,hihi1s 1he construction o f any dam, channel , o r 

na v1ga1ion proje-t by a federal agency for 8 years after 
~nai: lm~nt . New federal and non-federal projects and 
aciiv i1ies a re required , to the ex1en1 practicabk , to minimize 
Jirecl and adverse effects on 1he values for which 1hc river 
i, under sludy and to uliliu exis1ing s1ruc1Ures . 
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DOE/RL-9pD .3333 .. 0095 
Draft A · 

4.0 SUMMARY AND CONCLUSIONS OF TI-IE 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-l 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 
concentrations in the top 15 ft of the soil are compared to Hanford Site Soil Background 
(DOE-RL 1993a). Constituent concentrations greater than background (inorganic only) are 
compared to risk-based benchmark concentrations. For both the human health and ecological 
evaluations, maximum constituent concentrations exceeding either of these criteria are 
retained for 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 selected 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 risks 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 HEALTII QUALITATIVE RISK ASSESSMENT 

The 100-FR-l 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. 
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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 inhalation, and ingestion exposure pathways 
represent much lower human health risks than does the external radiation pathway at the 
100-FR-1 Operable 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. 
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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. Uncertainty is introduced into the QRA because this assumption 
ignores the differences in radiation intensity provided for any 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-l 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 category is highly dependent on the appropriateness of the selected analogous waste site. 
This major source of uncertainty can 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: 

• 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-l 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 
conservativism 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 
associated with the site, but little, if any, data may exist concerning transfer of contaminants 
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 4-3 Shielding Effect of Clean-Fill Soil Cover on Occupational Scenario Site Risks 
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Table 4-3 Environmental Hazard Quotients Summary for Radionuclides by Waste Site 

Waste Site Dose Rate Exceeds Dose Rate Exceeds 
1 rad/day (EHQ of 1) 1 rad/day (EHQ of 1) 

0-6 feet 0-15 feet 

108-F French Drain No No 

116-F-1 Lewis Canal No No 

116-F-2 Basin Overflow Trench No No 

116-F-3 Fuel Storage Basin No No 
Trench 

116-F-4 Pluto Crib* Yes Yes 

116-F-5 Ball Washer Crib NDA No 

116-F-6 Liquid Waste Disposal No No 
Trench 

116-F-9 Animal Waste Leach No No 
Trench 

116-F-10 Dummy NDA No 
Decontamination French Drain 

116-F-11 Cushion Corridor No No 
French Drain 

116-F-14 Retention Basin No No 

Process Discharge Pipeline No No 

Basin Leak Ditch No No 

EM Bypass Ditch No No 

* = Based upon 116-F-4 borehole data, prior to the 100 Area Excavation Treatability Test (DOE-RL 1994c). 
NDA = No data available 
EHQ = environmental hazard quotient 
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Table 4-4 Environmental Hazard Quotients Summary for 
Nonradiological Contaminants Which Exceed Hanford Background by Waste Site 

Waste Site Dose Rate Exceeds Dose Rate Exceeds 
NOEL (EHQ of 1) NOEL (EHQ of 1) 

0-6 feet 0-15 feet 

108-F French Drain<•> 
(lead, selenium, zinc copper) Yes Yes 

116-F-1 Lewis Canal 
(arsenic, cadmium, lead, zinc) Yes Yes 

116-F-2 Basin Overflow Trench 
No Yes 

(cadmium, zinc) 

116-F-3 Fuel Storage Basin Trench 
Yes Yes 

(lead, zinc, mercury [0-15 ft only] , barium) 

I 16-F-4 Pluto Crib* Yes 
Yes 

(barium) 

116-F-5 Ball Washer Crib NOA NOA 

116-F-6 Liquid Waste Disposal Trench 
No Yes 

(zinc) 

116-F-9 Animal Waste Leach Trench 
No Yes 

(silver, zinc) 

116-F-10 Dummy Decontamination French 
NOA NOA 

Drain 

116-F-l l Cushion Corridor French Drain NOA NOA 

116-F-14 Retention Basin 
Yes Yes 

(cadmium, zinc) 

Process Discharge Pipelines NOA NOA 

Basin Leak Ditch NOA NOA 

EM Bypass Ditch NOA NOA 

* = Based upon 116-F-4 borehole data, prior to the 100 Area Excavation Treatability Test (DOE-RL 1994c). 
NOA = No data available 
EHQ = environmental hazard quotient 

NOEL = no observable effects level 
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Table 4-5 Comparison of Contaminants (Exceeding the EHQ) Between Sites 

WASTE SITE Ag As Cd Cu Ba Hg Se Pb Zn Radionuclide 

108 French Drain X X X X 

116-F-l Lewis Canal X X X X 

116-F-2 Basin Overflow X X 

116-F-3 Fuel Storage Basin X X X X 
Trench 

116-F-4 Pluto Crib* X X 

116-F-6 Liquid Waste X 
Disposal Trench 

116-F-9 Animal Waste X X 
Leach Trench 

116-F-14 Retention Basin X X 

• = Based upon I 16-F-4 borehole data, prior to the 100 Area Excavation Treatability Test (DOE-RL 1994c). 
EHQ = environmental hazard quotient 
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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 : 

' 

• the 100-FR-l QRA (WHC 1993) 

• an assessment of the waste site conceptual model 

• ·identification of any ARAR exceedance for vadose zone contaminants 

• an evaluation of site-specific contaminant impact on groundwater 

• 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 > lE-02), medium (ICR 
> lE-04 to lE-02), low (ICR lE-06 to lE-04), and very low (ICR < lE-06) risk categories 
based on results presented in Chapter 3 of the 100-FR-l 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 performed in the QRA. Sites that have an EHQ rating > I for 
radionuclides or nonradiological constituents, present potentially adverse ecological impact 
and are recommended to continue as IRM candidates. 
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The conceptual model for the waste site includes sources of contamination. types of 
contaminants, nature and extent of contamination in each affected media, known and 
potential routes of migration , known or potential human and environmental receptors , and the 
general understanding of the site structure/process. This information is included in Chapter 3 
of the 100-FR-1 Work Plan (DOE-RL 1992a) and has been revised using data obtained 
during the LFI. Table 5-1 presents sources of contamination, types of contaminants, nature 
and extent of contamination in each affected media, and the general understanding of the 
structure/process for each high-priority waste site. Figure 5-1 presents the known and 
potential routes of migration, known or potential human and environmental receptors for the 
operable unit. If the conceptual model of a site is incomplete, the site is recommended to 
remain as an IRM candidate while the data needed to complete the model are collected. 
After the data are available the site will be reevaluated for continued candidacy for an IRM. 
The additional data may be obtained through limited field sampling. 

5.1.3 Applicable or Relevant and Appropriate Requirements 

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 regulatory 
limits for soil contaminant concentrations are utilized since they are the standard approach 
and are conservative. Table 5-2 lists the Hanford Si te background 95 % UTL values for 
metallic constituents in soils and MTCA Method B guidelines for soil. Sites that have 
concentrations of contaminants which exceed this potential chemical-specific ARAR are 
recommended to continue as IRM candidates. 

5.1.4 Current Impact on Groundwater 

The probability of current impact on grou ndwater is evaluated for each site by 
comparing groundwater contaminant concentrations from monitoring wells located upgradient 
and downgradient of each specific site, where wells are available. Concentrations of 
chromium and strontium-90 in upgradient and downgradient wells are compared. 
Groundwater contaminant concentrations in a downgradient well that are higher than in an 
upgradient well indicate current impact to groundwater. Sites that are impacting groundwater 
are recommended to continue as IRM candidates . 

5.1.5 Potential for Natural Attenuation 

The potential for the contami nan ts at a site to be reduced by natural attenuation, i.e., 
radioactive decay by the year 2018 , may be a consideration at sites where radionuclides with 
half lives < 30 years are the primary contami nants and external exposure is the only 
pathway. Sites with excess risk attribu ted to radionucl ides with half lives < 30 years, i.e., 
cobalt-60, cesium-137, europium-152, and europi urn -1 54, have potential for natural reduction 
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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 HIGH-PRIORITY SITE IRM CANDIDA TE RECOMMEND A TIO NS 

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: 

• impact of IRM actions in relation to the 100 Area Environmental Impact 
Statement, e .g., disposition of the reactors 

• access control 

• relation to the IRM program plan recommendations 

• land use 

• point of compliance 

• time of compliance 

• feasibility 

• bias-for-action 

• threat to human health and the environment. 

The high-priority sites recommended to continue as !RM candidates are identified in 
the "IRM Candidate" column of the Table 5-3. The recommendations are discussed below. 

5.2.1 116-F-l 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 > I . 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. 
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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-l QRA (WHC 1993) did, however, calculate a medium 
human health risk for this site using the occasional-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 because the human health risk is medium , and the EHQ is > 1. No contaminants 
were found in the 116-F-3 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 20 18, i.e., radioactive decay, may not 
mitigate risk posed by the principle contaminants and associated exposure pathway. 

5.2.4 116-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 JOO Area Excavation Treatability Test Plan 
(DOE-RL 1994e). 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-4 7 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 contami nants and associated exposure pathway. 
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5.2.6 116-F-9 Animal Waste Leach Trench 

The 116-F-9 animal waste leach trench is recommended to continue as an IRM 
candidate because 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 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-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-FS-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 

The 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. It 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 atten uation 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 I 16-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 . 
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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 year 2018. The external exposure pathway is the major contributor to 
risk. No data were available in the O ft to 6 ft bis interval , therefore, no risk reduction from 
the shielding effect of clean-fill soils could be estimated. 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. It appears that 116-F-10 site is not currently 
impacting groundwater because the strontium-90 values in upgradient well l 99-F8-2 were 
higher than the values found in downgradient well 199-FS-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 yea r 20 I 8, i.e. , radioactive decay, will reduce 
the risk posed by the principle contam inants and associated exposure pathway. 

5.2.13 116-F-12 French Drain 

The 116-F-12 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 field sampling is 
recommended to resolve the uncertainties. Once the data are available , this site should be 
evaluated for continued consideration as an IRM cand idate. 
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5.2.14 116-F-13 Experimental Garden French Drain 

The 116-F-l 3 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 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. 

5.2.15 Process/Discharge Pipelines 

The process/discharge pipelines are 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 and analogous data for its evaluation, no data were 
available for comparison to MTCA Method B. Because 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-l 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 avai lable . this site should be evaluated for 
continued consideration as an IRM candidate. 
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The basin leak ditch (described in Sec tion 3. 7) and the EM bypass ditch (described in 
Section 3.2) are associated sites that were not prioriti zed. The 100-FR- l QRA (WHC 1993) 
did, however, calculate a medium human health risk for these si te ' s using the occasional-use 
scenario. Only sites listed in the 100-FR-l 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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Site Structure/Process Contaminant Source Contaminants of Nature and Extent 
Potential Concern of Contamination 

116-F-1 Lewis Canal Effluent disposal Received liquid wastes Methylene chloride, Soil contamination 
drainage trench, from F Reactor, 190-F toluene, acetone, at least 20 ft 
unlined - 914m x 12m buildings and bis(2-
x 3m deep decontamination ethylhexyl)phthalate, 

wastes from 189-F As, Pb, Zn, C-14, K-
buildings. Also 40, Sr-90, Ra-226, 
received 100 kg Th-228, Th-232, U-
sodium dichromate 233/234, U-238, Pu-
and 10,000 of sulfamic 239/240 
acid 

116-F-2 Bas in Effluent overflow Received reactor Ba, Cd, Cr, Zn, C-14, Soil contamination 
Ove rflow Trench trench, unlined - 91 m x cooling water from the K-40, Co-58, Co-60, at least 32 ft 

15m x 4.Sm retention basin during Sr-90, Cs-137, Eu-
reactor outages. Also 152, Eu-154, Eu-155, 
received 600 kg of Ra-226, 111-228, Th-
sodium dichromate 232, U-233 /234, U-

238, Pu-238, Pu-
239 /240, Am-241 

116-F-3 Fuel Storage Effluent disposal Received reactor Toluene, Soil contamination 
Basin Trench trench, unlined - 30m x effluent during fuel fluoranthene, pyrene, to 12 ft 

6m x 2.4m classing failure, and toxaphene, aroclor-
sludge from fuel 1254, Ba, Pb, Cr, Hg, 
storage basin, also Zn, K-40, Co-60, Cs-
received 4 kg of 137, Eu-152, Eu-154, 
sodium dichromate Ra-226, Th-228, lb-

232, U-233/234, U-
238, Pu-238, Pu-
239/240, Am-241 



Site Structure/Process Contaminant Source 

116-F-4 Pluto Crib Effluent disposal crib Received liquid 
3m x 3m x 3m effluent from the 105 F 

Reactor during outages 
due to fuel ruptures. 
Received .004 kg of 
sodium dichromate 

116-F-6 Liquid Waste Effluent Disposal Received cooling water 
Disposal Trench Trench, unlined - 90m while maintenance 

x 30m x 3m were performed on the 
effluent. Received 300 
kg of sulfamic acid 

Contaminants of 
Potential Concern 

Methylene chloride, 
acetone, toluene, 2-
butanone d1-n-, 
butylphthalate, bis(2-
ethylhexyl)phthalate, 
di-n-octylphthalate, 
K-40, Sr-90, Cs-137, 
Eu-152, Eu-154, Eu-
155, Ra-226, Th-228, 
Th-232, U-233/234, 
U-235, U-238, Pu-
238, Pu-239/240, Am-
241 

Methylene chloride, 
acetone, toluene, 
benzene, di-n-
butylphthalate, bis(2-
ethylhexyl)phthalate, 
K-40, Co-60, Sr-90, 
Cs-137, Eu-152, Eu-
154, Ra-226, Th-228, 
Th-232, U-233/234, 
U-238, Pu-238, Pu-
239/240, Am-241 

Nature and Extent 
of Contamination 

Soil contamination 
to at least 28.6 ft 

Soil contamination 
to 21 ft 
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Site Structure/Process Contaminant Source Contaminants of Nature and Extent 
Potential Concern of Contamination 

116-F-9 PNL Animal Waste water disposal Received waste water Methylene chloride, Soil contamination 
Waste Leach Trench trench, "Y" shaped from the cleaning of acetone, toluene, 2- to 25 ft 

trench with the long animal pens in the butanone, 4-methyl-2-
leg 120m x Sm x 3m, experimental animal pentanone, bis(2-
and the short leg 30m farm ethylhexyl)phthalate, 
x Sm x 3m alpha-chlordane, 

gamma-chlordane, K-
40, Sr-90, Cs-137, Ra-
226, Th-228, Th-232, 
U-233 /234, U-238 

116-F- 14 Retention Retention basin Held cooling wate r Methyle ne chloride, Soil contamination 
Bas in re inforced - 137m x effluent from F acetone, toluene, to 25 ft 

70m x 7.3m Reactor for chloroform, 2- Groundwater 
cooling/delay before butanone, 4-methyl-2- contamination 
release to the pentanone, di-n-
Columbia River, la rge butylphthalate, bis(2-
leaks of effluent to the ethylhexyl )phthalate, 
soil diethylphthalate, C-

14, Co-60, Sr-90, Cs-
137, Eu-152, Eu-154, 
Eu-155, Ra-226, Th-
228, Th-232, U-
233/234, U-238, Pu-
238, Pu-239/240, Am-
241 
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Site 

108-F French Drain 

116-f- -5 Rall Washer 
( 'rib 

116-F-8 Outfall 
Structure 

116-F-10 Dummy 
Dccontami nation 
French Drain 

Structure/Process 

Biology building french 
drain 

Liquid waste crib, 
unlinetl - 3m x 3m x 
3m 

Process effluent outfall 
structure 8m x 4m x 
8m 

Liquid waste french 
drain 1 m diameter, 3m 
deep 

Contaminant Source 

Received condensate 
from laboratory hoods 
in the 108-F Biology 
building 

Receive liquid waste 
containing nitric acid 
derived from the 
decontamination of 
boron stell balls. 

Received effluent from 
the 116-F-14 Retention 
Basin 

Received radioactive 
water rinses and spent 
nitric acid from the 
decontamination of 
fuel element spacers. 
Received 2000 kg of 
sodium dichromate, 
2000 kg of sodium 
oxalate, 2000 kg of 
sodium sulfamate 

Contaminants of Nature and Extent 
Potential Concern of Contamination 

Toluene, bis(2- Soil contamination 
ethylhexyl)phthalate, to at least 4.5 ft 
aroclor-1254, aroclor- possible 
1260, Cr, Cu, Pb, Zn, groundwater 
K-40, Cs-137, Eu-152, contamination 
Ra-226, Th-228, 171-
232, U-233/234, U-
238, Pu-238, Pu-
239/240, Am-241 

From historical data: low levels of soil 
Cs-137, Eu-154 contamination 

based solely on 
historical data 

Analogous data from Nature and vertical 
process/ discharge extent of 
pipelines Co-60, Cs- contamination is 
137, Eu-152, U-238 unknown 

Based solely on Soil contamination 
historical data: Co- to 20 ft based on 
60, Cs-134, Cs-137, historical data 
Eu-152, Eu-154, Eu-
155, U-238 



Site Structure/Process Contaminant Source Contaminants of Nature and Extent 
Potential Concern of Contamination 

-

116-F-11 Cushi o n Liquid waste french Received cushion Based solely upon Soil contamination 
Corridor French drain lm diameter, lm corridor contamination historical data from based on historical 
Drain deep wastes borehole 30 m away data. 

from 116-F-11: Co-
60, Cs-137, Eu-152, 
Eu-154 

11 6-F- 12 French Liquid waste french Received liquid pump Not sampled. Nature and vertical 
Drain drain 1 m diamete r x prime from the li ft Contaminants are extent of 

2m <.J eep station likely similar to those conta mination is 
foun<.l in the 11 6-F-14 unknown. 
Retentio n Basin . 

I lh-F- 13 Liquid waste fre nch Received effluent from Unknown Nature and ve rti cal 
Ex pe rime11t;tl {_j;mJe n drain, Im diamete r x radio-botany extend of 
Fre nch Drain lm <.J eep experiments conducted conta mination is 

in the 1705-F facilities unknown. No 
impact to 
groundwater is 
being observed. 

Process/ Discharge Pipe diameter 152cm, Transferred cooling Historical da ta: Co- Extensive history of 
Pipe lines both above and below water from the F 60, Cs-137, Eu-152, leakage suggests 

ground sections Reactor to the 116-F- U-238 soil and 
14 Retention Basin groundwate r 

contamination 



Site Structure /Process Contaminant Source Contaminants of Nature and Extent 
Potential Concern . of Contamination 

UN-100-F- l Unplanned relase 141-C Hog Barn Not sampled, Nature and vertical 
process sewer line contaminants are extent of 
overflowed into surface likely similar to those contamination is 
adjacent to building found in the 116-F-9 uknown 

Animal Waste Leach 
trench 

132-F-6 Lift Station Waste water pump Pumped reactor waste Not sampled, Nature and vertical 
Demolition Site station water from reactor suspected extent of 

building drains and contaminants include: contamination is 
sumps to effluent line H-3, C-14, Co-60, Sr- uknown 

90, Cs-137, Eu-152, 
Eu-154, and 
decontamination 
chemicals such as: 
sodium fluoride, 
oxalic acid, nitric acid 

PNL Outfall Outfall structure Received liquid waste Not sampled, Nature and vertical 
Structure spillway measured 30m from animal pens and contaminants are extent of 

long x 3m wide cooling water used at likely similar to those contamination is 
the 116-F- Aquatic found at the 116-F-9 unknown. 
Biology laboratory Animal Waste Leach 

Trench 
-· 
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Table 5-2 Hanford Site Background 95% , Upper Threshold Limits and Model 
Toxics Control Act Method B Guidelines for Inorganic Analytes 

Analyte• 95% UTLh(mg/ kg) MTCA Melhod B0 (mg/kg) 

Alkalinity 23,300 N/L 
Ammonia 28.2 N/L 
Antimony 15.7'1 32 
Arsenic 8.92 24 (.59)' 
Barium 171 5,600 

Beryllium 1.77 400 (0.23)° 
Cadmium 0.66d 40 
Chloride 763 N/L 
Chromium 27.9 4001 

Cobalt 19.6 N/L 

Copper 28.2 3,200 
Fluoride 12 4,800 
Lead 14.75 u 
Lithium 37.1 N/L 
Manganese 612 400 

Mercury l.25 24 
Molybdenum 1.4d 400 
Nickel 25 .3 1,600 
Nitrate 199 130,000 
Nitrite 21 ° 8,000 

Ortho-phosphate 16 N/L 
Selenium 5" 400 
Silicon 192 N/L 
Silver 2.7 400 
Sulfate l,320 N/L 

Thallium 3.7" 5.6 - 7.2g 
Titanium 3,570 N/L 
Vanadium 111 560 
Zinc 7') 24,000 
Zirc.onium 57.3 N/L 

Source: DOE-RL 1993a 
NL= Not listed in MTCA Human Health Risk Based Method B Formula -Val ues table for soil 
U = Unavailable 
• Analytes essentially non-toxic in soil a re not li sted (DOE-RL l9'J3h) . These include a luminum, 
calcium, iron, magnesium, potassium, sodium. 
b 95% confidence limit of the 95th perce ntil e ur th l.'. tbta di strihutiun 
0 Non-carcinogen risk-based concentration. no ca rcin og<: n ri sk <: XCl.'.pt as ~hown in rarenthesis 
d Limit of detection 
• Carcinogen risk-based co ncentrati on in rar<:nthl.'.si<. 
1 Hexavalent chromium 
' Range of risk-based rn ncentrat ions for thallium co mrounds 
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Waste Site 

116-F-1 Lewis Canal 

116-F-2 Basin Overflow Trench 

116-F-3 Fuel Storage Basin Trench 

116-F-4 Pluto Crib•• 

116-F-6 Liquid Waste Disposal Trench 

116-F-9 PNL Animal Waste Leach Trench 

Qualitative Risk 
Estimation 

Occasional-Use 
Scenario 

EHQ > 1 

Conceptual 
Model 

Exceeds 
ARAR 

No 

No :::1:1:J@ij@fi:::r:::::1: :::rnnxlil@H:: Adequate -------+-------+ 
: )J= ~i.'lJG@:(( Adequate No 

Medium** Yes** Adequate NA 

Adequate No 

Low Adequate No 

PoHible 
Current 

Impact on 
Groundwater 

Unknown 

Unknown 

Unknown 

Unknown 

No 

No 

116-F-14 -------------~-Retention Basin Adequate No -108-F French Drain 

116-F-5 Ball Washer Crib 

116-F-8 Outfall Structure 

116-F-10 Dummy Decontamination French 
Drain 

Low Adequate 

Very Low No Adequate 

No 

Unknown No 

Unknown * Unknown* 

Unknown No 

Potential for 
Natural 

Attenuation 
by 2018 

No 

No 

No 

NA 

No 

No 

No 

No 

Yes 

Unknown• 

Yes 

-

No Adequate 

I----------+ --------+---116-F-11 Cushion Conidor French Drain Low No Adequate Unknown Unknown Yes 

116-F-12 French Drain Medium * Unknown* No Unknown* 

116-F-13 Experimental Garden French Drain Med ium• Unknown* No Unknown* 

Process / Discharge Pipelines Very Low No Adequate Unknown Unknown Yes 

UN-100-F-1 Low* Unknown• No Unknown* 

132-F-6 Lift Station Demolition Site Very Low• Unknown* Unknown* Unknown* 

PNL Outfall Structure Low• Unknown• Unknown* Unknown* 

Not sampled, conceptual model is considered incomplete , risk is based upon analogous information 
Qualitative ri sk reduced/removed by removal of contaminated material as part of the 100 Alea Excavation Treatability Test (DOE-RL 1994b) 
(Qualitative Risk Estimation based upon LFI Borehole Data prior to Treatability Excavation) 
Not rated by the qualitative ecological risk assessment 

IRM 
Candidate 

yes/no 

Yes 

Yes 

Yes 

No** 

Yes 

Yes 

Yes 

Yes 

No 

Yes * 

Yes 

No 

Yes* 

Yes* 

No 

Yes* 

Yes* 

Yes* 

ARAR Applicable or Relevant and Appropriate Regulation , specifically the Washington state Model Toxics Control Act Method B concentration values for soils 
(DOE-AL 1992a) 

EHQ Environmental Hazard Quotient calculated by the qualitative ecological risk assessment (WHC 1993) 
NA Not Applicable 
Shaded areas indicate driving factors keeping site as IRM candidate 
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DORIAN AND RICHARDS (1978) SAMPLING RESULTS 
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.., 

eev ... Concenu•do,w CpCl/gl 
Somplo 
Nlnlb.r P-11 

''"Pu . .,,..,..,. '°Sr 'H Scaler c/m 
,.1Eu '°Co 1MEu 13"c, Ul'Ce -Eu u-

A 5 401 .24 . . . <200/10 . . . . 1.1x10·' . 
10 1.5x10' 8.6x10 ' 6 .1x10' <200/10 . . . . . 1.1 x10' 
15 . . 9.3x10 ' <200/10 . . . 1.4x10·• . . ~ 

i:.:i 
0.. 

B 5 401.2 . 1.1x10' <200/15 1x10' . . . 
10 . . 2.4x10' 2.6x 10' <200/20 1x1 0' 5.1x10' . . 1.9x10' . 1.1x1 0 ' 

o· 
= C: 

15 . . 9 .3x10' <200/10 . . . 5.5x10·• . (") -
C 5 399.56 . . 1.5x10° <200 4.6x10' . . . . 0: 

(t) 
10 . . 1.3x10° <200 . . 1.o x10·• . . 
18 . . <200 7.1x10' . . 4.5x10·' . (j 

0 

D 5 391.38 . 6.4x10' <200 6.3x10·' 1.3x10 ' 1.3x10' 1.3x10·• 9.5x10·' 
10 . . 5.7x10 ' <200 . . . . = r.,, ... 

:=..-
C: 

E 2-1/2 391 .2 . . 2.1x10 ' <200/20 8.4x10' . . 1.7x10·' 1.3x10·' 
7-1/2 . . 6 .3x 10 ' 4.6x10' <200/30 2.7x10° 5.7x10·' 3. 1x10' 4.9x10·' 1.4x10' 

(t) 

= ... 
c,, 

F 5 389.9 . . 5.6x 10 ' <200/20 2.3x10·' 1.8x10·• 9 .4x10' 1.4x10·' . 5.4x10' 
10 . 1.5x10° <200/10 . . . = 

(f) ti 

• I 
l.,.) 

G 3 389.53 5.3x10' 3.6x10° 7.7x10' 500 1.1x10' 2.1x10' 3.1x10' 2.2x10' 9. 1x10' 1.6x10' 
) 9.9x10 ' 2.9x10 ' 8x10' <200/20 8 .8x10' 1.3x10' 3.7x10 ' . 1.3x 10 ' 

10 . 7.9x 10' <200/15 . . . 1.1x10 • 9.3x10' 

H 5 388.05 <200/10 1.1x10' 1.7x10 ' . . . 
10 8.6x 10' 9 .2x10' <200/20 . 1.1x10·• 8.3x10' 
15 4.5x10' <200/10 . 1.8x1 0 ' 

I 5 389.05 . 7.9x10' <200/20 3.4x10' 1.1x10' 1.2x10·' . 
10 . 4.6x 10' <200/10 . . . 2.5x10·• 

C: 0 
O" CJ tT1 c,, ...._ 
C: ., :;o - i:,, 
...; ~-r' s:.; I 
(") • ~ l'1) 

(f) 00ut 
0 .~ 

<:Jo.I 
s:.; t..;N - t...>,J 

J 2-1/2 388.91 2.1xl 0 ' <200/25 9.5x10 ' . 1.3x10 • . 
5 . 3.4x10' <200/10 7.1x10 ' 6.7x10·' 1.2x10' . 6.0x10' . 

10 <200/10 . . . . . 
15 . . 1.4x10' 1.9x10' <200/10 . . . . . 2.0x10' 

- t.>,,l 
_, • l'1) c::) --

K 5 389.8 5.0x10·• 3.4x10' 1.6x10° <200/40 3.3x10° 8.6x10·• 9.2x10·• . 9.5x10·' 2.5x10·• 1.7x10·• 
15 . . <200/Bkg . . . . 8.1x10·• 1.ox10·• 

°' ..... .J I 

"1i 
I -

L 10 390.1 . . 2.1 x10·• 2. 3x10' <200/10 2.4x10·' 2.8x10° 6 .3x10·• . 8.1x10·• . 1.6x10·' t'"' 
(t) 

M 15 389 . . 1.9x10·• <200/Bkg . . . . . . ~ 
vi' 

N 2·1/2 389.83 . . 2.4x10' <200/1 0 1.6x10·• 6 .8x10·• . 2.3x10' 1.3x10 ' 
7-1/2 . . 2.1x10' 6.9x10·' <200/10 4x10·' 9.6x10' . . 3.0x10·' 8.2x10' 2.4x10' 

(j 
s:.; 

= •Below ana lytical detection limit Blank indicates not tested fo r o r data unavailable i:.:i -• · Isoto pe not decayed, no s ignificant change due to la rge Isoto pe ha ll-life. . · Eleva llon In feet ab o ve sea level for surface of bor ehole . 
Source: Adapted from Dorian and Richards 1978 (decayed to January 1993) . 
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Concentration (pCl/g) 
Sample Elev.' 
Numbc, De pth Material :i•pu n111"°Pu• '°Sr 'H P-11 l)lEu "'Co '~ •Eu ii.cs 1:ucs H,~Eu u• e1Ni• 

scaler 

AN 0 F 5 .6x l 0' 1.0xlO' 7.8xl0' 2.3x10' . 1.6x10·' 1.6x10' 
3.5 s . 1.2x10' 1.2xl0' 3.8x10' 6.7x10' 1.6x10' 2.9x10' 1.1x10·• 8.8x10' 1.8x10' 6.9x10 ' 

BN 3 F . 2.3x10 ' 6.3x10' 7.2x10' 1.4x10' 1.3x10' 5.4x10' 8.0xlO·' ~ 
~ 

3.5 s . 9 .0xlO' l .7x 10' 9.6x10 ' 2.3x10' 1.1x10' 6.6x10' 1.0x lO' 2.8x10' 3.7x10' 2.6x10' e: 
0 

C: N 3 F . 2.3x10 ' 5.4x 10' 1.8x10 ' 3. lxlO' 1.8x10' 6.8x10' 1.5xl0' ::s 
J .5 s 9.6x10' 4.5x10 ' 3 4x10' 3.9x10' 1.6x10' 1.4x10' 8.9x10' 3.9x10' 1.5x10' 7.4x10' 

DN 3 F . 3.3xl0 ' 3.6x10' 2. lxlO' 6.0xlO' 1.~xlO' 5.8xl0' 6 .5x10' 
J .5 5 l.2x10' 5 6x 10' 1.6x10' 2.7x10' 1.6x10' 9.7x10' 4.3x10 ' 1.1x10' 9 .3x10' 5.3x l0' 3.4x10' 

- C: -t"l 
0\ -I -· 'Tl C. 

I (I) 

AS 1 F 1.9x10 ' 2. lx 10 ' 1.0xlO' 1.3x10' 1.9x10' . 1.2x10' 1.6x1Q·' 
3.5 s 5.0xlO' 1.7x10 ' 7 3x 10' 5.7x10' 3.2x10' 6.4x10' 1.3xl0' 1.8x10 ' 4.0x10' 8.0xlO' 1.1x10' 3.3x10' 
4 5 3.4xl0 ' 1.4xl0 ' 2.8x 10' 2.4x1 0' 4.8x10' 2.6x10' 1.4x1 0' 3.4x10' 2.6x10' 

C:, 3.5 F . . 9 .3x 10 ' 1.2x10' 5.1x10° 3.1x10' 1.1x10' 3.5x10·• 1.3x10' 
4 s 5.9,10' 2.4xl0' 6 6, 10' 1.4x10' 5.9x10' 2.7x10' 1.8x10 ' 5.3x10' 2.5x10' 7.0x10' 

us 0 F 1.5x10 ' l .9x10' 3.5xl0' 4.4x10' 6.6x10' 1.3x10 • 2.4x10' 4.8x10' 
4 s 1.5x10' 2.5x 10' 3.3x10' 5.5x10' 2.1x10' 1.4x10' . 1.4x10° 8.1x10° 5. lxlO' 

s 413.0 3 0 F . 7.3x 10 ' <200/50 2.0x10' 3.0x10° 4.5x10' 1.2x10' 2.1x10' 3.lxlO·' 
2 F . l .1x10' <200/40 1.3x10' 1.9x10' 2.2x10° 4.0x10' 1.6x10° . 1.5x10' 
4 F 1. 1K10' <200/40 8.4x10' 1.3x10° 1.7xl0' . 7.4xl0' . 

4.5 F . 3.7x10 ' 9 .9 xl O 1.3 xlO' 1,000 5.9x10' 5.7x10' 2.4xl0' 9.0xlO' 3.4x10' 3.9x10' 9.6x10' 
5 s 5.4xl0 ' 1.9x10 ' ' 2.2x10' 15,000 2.4x1 0' 2.1x10' 8.9x10' 5 .3x10' 1.2x10' 8.4x10' 9 .8x10' 1.8x10' 

7.5 N . 9.5x1 0' 2.3,10' 4.6x10° BOO 2.7x10' 4.2x10' 5.0x10' 2.3x10' 1.3.10' 1.0xl O' 3.5x10' 
15 N . . 7.9, 10' <200/70 1.7x10' 7.3x10' . . 6.BxlO' . 

2.5x10' 

T 415 .6 3 0 F . 3.8x10' <200/40 1.6x10' 1.8x10° 3.1x10' 2.6x10' 2.8x10' 4 .4x10·' 

'.i;:n 
~o 
(I) ~ 

0 .......... 
(I) ;:,: 

0 ::s C: - (I) tJ t!:! 
0 ::s ,; /0 ::s ..... Pl Vl ~- r 
0:, -a-t 

r::i ::s •,, 
Vl r.,i -· ::s C: ~ ,....._ O" u 
"O Vl 

r::i C: t..>,J 
(1Q 

., t...N --, 
(I) r::i • - t"l c:::) 

(I) 

0 r.,i --, 
0 co N ___, -

3 F . 3. 1x10' 1.1x10' . <200 1.6x10' 1.2x10' 3.9x10° . 1.3x10° 4.9x1o·• 7.6x10' ~ 
5 F . . 2.3x10' <200/30 7.4x10' 9.0x10' 1.4xl0' . 1.7x10' . ..... 

!>.~ F . . 7.3x10' <200/30 4.6x10' 4.3,10' 8.4K10 ' 5.3,10' 1.0,10• 5.3,10 ' 5.5,10 ' 
6 s . 1.1K1 0' 2.0x,0° 2.6x10' 600 1.lx10' 1.2,10' 3.1x10' 7.3,10' 7.4,10' 3.2x10' 1.5x1U' 

..... 
::r 
(I) 

Cl N . 2.8, 10• 1.5x10' 400 7.6,10' 3.2,10' 1.8,10' . 5.9x10' 1.2x10' 
8.5 N . 3.9, 10·• 1.2x10 ' 1.2x10' <200/1 00 2.4,10' 1.3,10' 5.2x10' 1.8,10' 1.0,10• 1.6x10' 1.5x10' 
20 N . . 7.3x10 ' <200/20 5.9x10 ' 3.5x10 ' 1.0,10' 2.8K10' 7_4,10·• . 



~ 
C, 
0. .... 
0 -= -C: 

9' &. 
Concentration (pCl/g) 

Sample Elev.D 
Numb er Depth Material rn•pu n~,1~pu• "'Sr ' H P-11 ,!i1Eu ' 'Co '!i'Eu 'l'Cs 1ncs u!iEu u· OJNj • 

71 0. 
(1) -.i::. (j 

u 414.10 0 F . . <200/30 5.5x10° 5.5x10° 7.1x10' 1.0x10° 2.8x10·• 8 .8x10·' 2.0x10' 
2 F . 9.9x 10' <200 1.7x10° 1.7x10° 2. 4x10' 4.5x10·• . 1.9x10·• . 1.2x10' 
4 F . 3.2x10 ' <200/Bkg 9.7x10' 9.7x10' 1.3x10' 7.1x10' 2. 1x10-• 1.5x10-• 2.9x10·' 

4.5 F 3.2x10 ' 1.5x10 ' <200/10 2.6x 10° 2.6x10' 3.8x10' 7.6x10' 8.9x10-• 2.9x10·' 5.2x10' 8.5x10·' 
5 s 3.1x10° 8.6x10° 1.4x10° 800 1.3x10' 1.3x10' 8.3x10' 3.1x10' . 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.Bx10' 6 .1x10' 1,000 1.5x10' 1.5x10' 1.7x10 ' 2.9x10' . 1.6x10' 3.8x10' 4.2x10' 
15 N 7.9x10' <200/20 3.4x10 ' 3.4x10' 2.2x10' 5.5x10' . 1.5x10° . 

~ 
0 

= (1) V, .... .... tJ (1) ;:.: = C: 0 c. (1) tJ tr1 
0 = --:::s .... ""1 :;o pJ V, 

~ r t:,'j I 
C, :::s )> '-0 
V, t.,..) -· en ' :::s C: 00 

•Below a na lytical detec tion lunit . 
Blank indicates not tested for o r data unavailab le . 
' - Is otope activi ty not deca ye d, no s ignificant change has occ ured due to la rge iso tope half-li fe. 

...-... O"' N 
-0 V, 

~ C: 
(JQ ., 

• - Elevation In feet above sea level for s urta ce of b orehole 
F - Fill. 

(1) ;;;, 
N (") 

S - Sludge . 
N · Native soil bencat11 basin. 

(1) 
0 en ...., 

Source; Adapted from Do rian and A,cr,a rds 1978 (decayed to January 1993) . N 0 ._, -
C, .... -::r 
(1) 



Concenuedono (pCl/gl 
&ample Bev .• 

Nl#nber P-11 
139Pu J:.,J • UpU• .. ,, ' H Scaler c/m 

lHEu "'co , .. Eu 1:Mc. ,,,c. , .. Eu II' Mc 

E 5 41 2.55 1.2x10' 5.8x10' 2.2x10' 3,000 3.1x10' 5.2x10' 7.6x10' . 3.5x10' 3.1x10' 3.9x10·• . 
F 0 41 2.36 . 2.8x10·' 6x10' 1,000 2.6x10' 1.1x10' 6.6x10' 2.3x10' 9.2x10·' 1.1x10·' 

I 15 414 .03 1.5x10' <200/20 6.3x10' . . 4.7x10' 3.Sx,O·' 
22 -1/5 . 9.3x10' 200 1.7x10' 4.9x10' 3.4x10' . 1.6x10' 1.4x10·• 

25 2.1x10' 3.2x10' 1.2x l 0' 700 7. lx10' 1.1x10' 1.6x10' 1.8x10' 5.0x10' 1.2x10·' . 
30 4.5x10 • 1.9x10' <200/20 5.5x10' 3.4x10·' 5.2x10·' 9.5x10·' 2.3x10·' 

~ 
~ 
Q. o· 

J 25 41 5.03 3.6x10' 2.6xl 0' <200/80 3.9x10' 3.1x10' 7.8x1Q·' . 4.0x10' 3.2x10·' 1.4x10·' . = = 30 1.1x10° <200/40 5.9x10° 2.4x10° 1.0x10° 3.0x10° 4.1x10·• (") --· 
K 0 403 .29 . 2.5x10 ' 6 .1, 10' <200/60 1.1x10' 1.6x10° 2.0x10° . 8.1x10 ' 6.6x10·' 5.5x10·• Q. 

ro 
5 2.2x10' <200/10 l.1 x10 ' 3.5x10·' 7.3x10 2 1.4x10' . 

15 2.5xl 0' <200/10 2.0x10 ' . . . 1.5x10° 2.0,10·• 

L 0 411. ~2 4.7x10' 8 .6xl 0' 2.4x 10° 20,000 1.8x10' 4.1x10' 3.7x10' 6 .0x10' 1.5x10' 9.7x10 ' 
1/2 1.9x10° 2.5x10' 800 2.6x10' 6 .0x10' 4.7x10' 1.0x10' 4.5x10' 

,, (; 
ro o ..... = ro vi 

= =· ..... .... 

)> 
I 

-..) 

a 0 404.7 l .l xlO ' 7.7x IU" <200/25 1.5x10° 1.2x10 ' 1.4x10' 2.2x10 • 2.6x10 ' 4.0x10·' 4 .6x10' . 
10 l .6x 10 ' <200/15 . 8 .0x10 ' . 
20 l .1x10 ' <200/20 . 2.0x10' 

R 0 41 2.39 9.3x 10' <200/15 2.7x10 ' 3.1x10 ' . 1.8x10' . 
5 8.6x10 ' <200/20 . 4.9x10·2 . 

V 0 41 7.2 4.1xl 0 ' <200/20 2.9x l 0' 1.8x10 ' 3.9x10 ' 1.8x10' 3.1x10' 1.4x10 ' 3.0x10 ' 
10 . 1.7xl 0 ' <200/1 0 . . . 

w 0 415 .58 1.1 x10' 2.6x10° 1,000 1.4x10' 2.0x10' 3. 1x10' 2.4x10' 4.8x10° 1.4x10° 
12·1/2 2.1x10' 2.0x10' 4.2x 10' 1,500 5.0x10' 4.0x10' 9.7x10' 6 .1x10° 2.5x10° 5.2x10 ' . 

X 10 414 .79 1.2x10' 7.9x10 ' 4.6xl0 ' 800 2.6x10' 6.4x10' 3.7x10' . 6.8x10' 4.7x10' 3.5x10' . 
20 . 1.4x10' 4.4x10' <200/20 6 .3x10 ' 1.9x10 ' 8.9x10' 1.5x10·• 2.9x10' . 

0 = ro = = 0 
~~ 0 
C.:> 0 [T1 
V, = --... 

= 
-; ;;o en p) 

"'0 C: :::!"• r 
I 

ro O" )> '°~ ., V, 

§" C: Y1w-, ., 00....._ 
ro -, N · . .... C.:> :t:..N 
ro (") t..>,J ., ro c..N 
• en u.i ., 0 • ro c=, 
~ C.:> 

y 25 427 .09 3.8x10' 1.4x10' <200/20 4.2x10' 3.5x10·• 7.1x10 ' . 3.0x10' 5.6x10·' 1.3x10·' . ..... -
z 10 414 .43 . 1.6x10 ' <200 1.1x10' 6.2x10' . . . . 1.1 x10' 

.... 
"-0 ::r 

ro 
20 . 1.4x10' <200 7.6x10 ' 7.7x10' . 2.5x10' 1.2x10° . --AA 5 . 2.1x10' 1.3x10·• <200 7.6x10' 1.2, 10·• . 1.5x10' 1.2x10' 1.1x10·• 0\ 
10 . . 1.2x10 ' <200/1 5 6.3x10' 7.2x10' 2.4x10 ' 1.4x10 ' 2.3x10·' 1.9x10' 
15 . . 1.9x10-1 <200 . . . . 4.7x10 ' 9.3x10' 

I .,, 
I -"Below analytical detection limit. 
~ 

Blank Indicates not tested for or data unavailable. 
• - Elevation in feet above sea level for surface of borehole. 
• - Isotope activity not decayed, no significant change has occured due to large isotope half-life . 
Source: Dorian and Richards 1978 (decayed to January 1993). 
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'O 

~ 
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0 r.,, 

-, 0 0 
tJ Q2 "'S 

..... .., 
,:cl p) ..... ~· L' 0\ I 

I • '° 'Tj l,.) 
I I ..... CX) 
~ 1-J 

::0 
(t) -(t) 

:::l -
LEGEND 

:~t:::..: 
Ditch 

0 
::l 

t:0 
~ 
r.,, 

::i 

• Backhoe Sample 

~ Drilled Sample 

f 
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.. 

~ 
~ 
C. .... 
0 

= C: 
(') -.... C. 
('t) 

(i 
Concentr• don (pCl/gl 0 

= c,, 
Sampht Elev.' Depth 

Loc• do n lltl ,,.Pu ,.,, .. °f,u• ~6, 'H ,.,Eu ~co 1MEu l~c. "'c, , .. Eu .,. "c 
-;:;: c:: 
('t) 

A 408.15 10 . . 5.2E-01 1.8EOO 2. 0EOO 4.7EOO . 2.6EOO 1.2E-t00 8.8E-02 . = 
~ .... 

18 . . 2.8E-01 9. 7EOO 1.0EOO 1.9EOO . 1.8EOO 7.2E-02 = 
20 . . 1.2E·01 8.4E-01 8.0E-01 1.2EOO . 1.6EOO 2.1E-01 

U) 
c:: 
0-

B 405.75 10 . . 7.3E -03 . 6.3E-0 1 4. lE-02 3.4E-02 . 9.5E-02 2.1E-02 8.8E-02 . 
20 . . 1.4E-0 1 4.2E·01 6. lE-02 2.1E-01 . 1.6EOO 1.8E-02 

C 408.38 15 . 2.4E-01 8.6E-01 1.1E+02 7.8EOO 1.9E+01 . 1.6E+01 2.8EOO 

20 . 3. 4E-01 1.3EOO 2.5EOO 2.0E+02 8.8EOO 4.2E+01 . 4.0E+01 2.4EOO 1.9E-01 . 

c,, 
c:: 0 ., 
~ 0 
~ 0 m 
('t) ---...... ;;i::, 
U) ~ ;:::-, r 0 I 

25 . 3.6E-0 1 9.9E-0 1 7.1E+0 1 7.2EOO 1.1E+01 . 5.8EOO 4.7E-01 

30 . . 3.4E-0 1 1.8EOO 2.8E-02 1.8E-01 . 6.4E-01 1.3E-02 

)> t ~ --::r t..N 
('t) :c.,.J 

D 408.88 10 . . 2.2E-01 5.4EOO 5.9E +01 4.SE-01 5.8E+OO . 3.4E-01 1.SE-01 2.6E-01 . - t..N - (J,,.J 

20 6.4E-02 4.6E-01 8.8E-03 7.6E-02 4.2E-02 0\ 11 
I c::, '"11 

"Below analytical detection lim it. 
Blanks indicate not tested for or data unavailable. 
• - Elevation in feet above sea level for surface of borehole. 
• - Isotope activity no decayed, no signifi cant change has occured due t o large Isotope half-life. 

I 
N r-,..:) 
~ c::, 
~ 
c,, 

Source: Adapted from Dorian & Richards 1978 (decayed to January 1993). = 
0 
~ 
('t) ., 
::i 
0 
~ 
,-.i ., 
('t) 

= (') 

::r 
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~0 . 
- --- ,,c;., 

.p, . a "'.1. 
<>_... 

cri ,,..,,.. 
~ ,,..,,.. 

G - ,,..,,..,,..7,,..,,.. 3 
'C ,,-,,.. ;;--

[ j 
Basin Leak t"" 
O~ch 0 

(") 
~ ..... 

D 0 

= Vl 

~ 
...., 

128-F-2 0 tJ ., 
• 116-F-14 - 0 - 0 ~ )> 0\ -, 

:;i::, 

J 
I p.:, I "Tl :::::i r - I I 0 N )> \0 

Septic t::0 w • I 

~ 00 Tank D Vl N 

D = ffi 0 
< 
('1) 

::., 
-- --:~l~::.s~ 0 ... 

< 

-3 ., 
('1) 

Ditch = (") 

=-

I 
Source: Dorian and Richards 1978. 0 N 
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0 300 fHT 

-
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,I 

Concentr• dona (pCl/gl 
Semple Eev .• De pth 

loc• tione (hi P-11 
t• pu ,,.,,..,.,. .. ,., 'H Sc•• r c/m 

,uEu °"Co iwEu ,=-c. ,.,,c. '"Eu U" "C 

EM By paH Ditch :;a:, 
EE 410 .58 5 . . 5.4x10·2 <200/15 . 4.5x10·' . 1.1x10·• 2.ox10·• 2.ox10·2 

~ 
C. 

10 . . 2.5x10·• <200/10 8.4x1Q·• . . . . 1.ox10·• 
20 . . 2.4x10' 3.8x10·' <200/30 1.6x10·' 1.1x10·• . . . . 1.6x10·' 

-· 0 

= C: 
FF 410.09 5 . . . <200/1 0 . . . . . n 

15 . . . <200/10 . . . . . 
C. 
l't) 

GG 41003 5 . 1.7x10 ' <200/20 2.0x10° 1.4x10·' 3.7x10·• 1.9x1Q·• 1.6x10° 3.7x1 0·' 
7 1/2 9.3x10' 3.3x10' 200 2.3x10' 6 .1x10° 9.7x10' 7.3x10 ' 3.3x10° 4.2x10·' 1.7x10·• 

10 . 1.1x10 ' <200/20 . 4.9x10 ' . . . 1.0x10·• 

~ (j = 0 
C. = 

G 40cl.61 8 . 5.5E-01 3.6x10° 1,000 1.1x10' 2.0x10 ' 3.7x10' . 2.7x10' 1.3x10° 
0:, 

r.,, .... 
~ ;:.: 

10 . 2.SE-0 1 1.7x10° 2.0x 10' 1,000 1.5x10' 5.5x10° 3.4x10' . 1.6x10' 2.5x10° 1.4x10·' . r.,, C: 
12.5 . . 5.0x l0' 200 1.3x10' 1.0x10° 3.1x10° . 3.6x10° 2.7x10·• 
15 . . 3.5x10' <200/10 6 .7x10' 4.0x10 ' 1.4x10 ' . 4.5x10' 1.4x10·2 = l't) 

::i 
t'"" -r.,, l't) 

H 406.62 15 2.0x 10' 3.8x 10' <200/40 6 .6x10° 6.6x10·' 1.5x10° 1.4x10° 2.5x10' 5.7x70·' . 
20 2.6x10 ' <200/20 4.6x10° 9.2x10 ' 7.3x10 ' 6 .2x10' 1.5x10·' 

B• - in leak Di tch 

cc 39 1.1 1 1 . . 6.0x10 ' 200 1.9x10' 3.8x10° 3.9x10° 8.2x10' 3.5x10° 1.1x10·• 
tl.5 . 3.5x10' 8 .6x10 ' 3.5x10' 200 5.5x10' 1.0x10' 1.2x10' 2.9x10' 1.0x10' 6.2x10·' 1.7x10·' . 
15 . . 6.3x10 ' <200/10 . 7.5x10' . . . . 

DD 392.01 5 . . 1.7x10' 2.1x10' <200/30 4.2x10° 7.2x10' 7.3x10' . 8.1x10' . 1.9x10·' 
12.5 . . 7.3x 10' <200/10 . 5.1x10' . . . . 

BNW-1 2.5 . 6.1x10 ' 2.5x10° 1,000 1.3x10' 2.6x10 ' 2.3x10' 6 .9x10' 2.8x10' 1.8x10° 

BB 39 1.34 15 . . 2. 7x10 ' 2.9x 10' <200/10 4.0x10 ' 2.6x10 ' 6.6x10·' 1.2x10 ' 1.6x10' 3.0x10·' 1.4x10·' 

~ ::i a ~ 

t:l 
[JJ 0 
C: a m ..... C"' ...., 

--------n r.,, p.., id :::r C: ;::-, r-' ""I I 

~ ~ )> w . 
::i n ,,u7 
C. l't) 

~ z [JJ 

l't) 0 iL.'J 
~ - ·LN ., 

= t..N 
:ti - 'II 

'O :::r c:) 
l't) l't) 

Effluent Pipe line s 

M 402.87 5 7.9x10 ' <200/1 0 7.1x10·' . . . . 1.2x10·• . -· tTl :f"y 
::i 
l't) s: r.,, 

N 388.10 5 6.4x10 ' <200/20 . . . . . . 0:, . 
'-< 
'Cl 

0 406. 18 5 . 1.s x10·· <200/30 7.1x10·' 7.8x10 ·' . . . . 5.5x10·' . I),; 
r.,, 

10 4.2x10 ' <200/10 . 5.0x10·' . . . . r.,, 

20 2.0x10 ' <200/1 0 . . . . 1.8x10·' . 
t:l 

p 40 3.07 5 . 1.7x10' <200/20 . . . . . 1.1x10·' 3.8x10' . ;:.: 
n 

15 . . 7.3x10' 4.2x10·' <200/20 . . . 2.4x10·' . :::r 
20 . . 1.3x10·' <200 . . . . . . 

"Below analyt ica l detectio n limit. 
Blank Indica te s not teste d for or data unavai lable . 
• - Eleva tion in feet above sea level fo r s urface of b orehole. 
~soto pe ac tivity not de cayed, isotope half-Ille large enough no significant change in activity has occured 
Source : Adapted from Dorian and Richards 1978 (decayed to Janua ry 1993). 
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Elev.h Concentrations (pCi/g) 

Sample Depth 
Location (ft) 

13sPu 1391140Pu. 90Sr IS1Eu 60Co 154Eu 

A 408.15 5 * * * * 
10 * * * 
15 * 2.2E-0I 7.3E+0I * * * 
17.5 2.3E-01 l .6E-Ol * 
20 3.3EOO 1.3EOO * 

• 22 .5 * 2. IE-01 6.2E+0l 1.lE+0l 2.9E00 l.8EOO 
I 

25 l .3E+0l 2.0EOO 1.9EOO 

27 * 5.SE-02 l.9E+0I I.0EOO l .6E-Ol * 
B 405 .75 20· * 6.9E-02 3.2E+0I I .4EOO 7.9E-0I * 

F 412 .36 20 * * * 
25 * * 3.4EOO * * * 

30 * * 2.3EOO * 2.7E-02 * 

*Below analytical detection limit 
• - Isotope activity not decayed, isotope half-life large enough no significant change has occured. 
b - Elevation in feet above sea level for surface of borehole. 
Blank indicates not tested for. 
Source: Adapted from Miller and Wahlen 1987 (decayed to January 1993). 

137Cs 

* 

* 

* 
5.3E-01 

2.0EOO 

1.9E00 
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1ssEu 

* 

* 

* 

* 

* 
8.0E-02 

* 

* 
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Sourcu · Miller and Wahlen 1987. 
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' 

::i::, 
~ e: 
0 
::, 
C: 
n -· 0. 
(D 

co...,.ntrodono CpCl/gl 
Sample Elev.' Depth 

Locotion lhl 
i• pu 1:»'l"°J>u• .. ,., 'H 111 Eu "'co , ... Eu ,.>t c. u,c, . , .. Eu U" 

(j 
0 
::, 
Vl -

11 6-F-6 Liquid Waste Dispo sal Tren ch --C: 
(D 

6 -A 413.78 7-1/2 7.6E -0 1 6 .5E00 2.6E+01 7.6E+0 1 1.5E+01 1.5E+01 4.9E+01 3. 5E-01 1.9E-01 ::, -Vl 

15 . 2.0E -01 3.2E00 6 .7E00 1.1E00 1.4E00 6.4E00 1.5E-02 ::, 

27 3.0E00 8 .8E-01 1.4E-01 1.7E-01 1.5E-04 7.4E-01 2.9E-02 0 -
6-8 409.88 10 2. 0E 01 2.0E00 2.1E+01 3.2E+01 4.7E00 5.8E00 1.3E-03 1.7E+01 4.7E-01 

::r 
(D ., 

• 

17-1/2 1.7E-01 2.3E00 2.0E+01 2.7E00 3.7E0Q 1.5E+01 6.7E-02 

22 -1/2 1.5E00 4.6E-0 1 3.6E-02 6.0E-02 1.7E-04 2.1E-01 6.8E-03 

6-C 414.48 25 1.5E00 . . 1.0E-02 

28 2.4E00 . . . 
6-D 409.9 5 1.5E00 3.2E00 3.5E-01 3.1E-01 1.8E-04 7.4E00 8.6E-03 

(j tJ ::::. 0 O" 
tJ ITT Vl ---:., ""1 ;;1J p:, 

::, ;::ti r 
0. I ..., • ~ ., Y"'.;J-, 
(D ~ 
::, 

20 5.7E-01 5.2E00 1.6E+01 5.5E+0 1 5.1 E00 9. 4E00 2.1E-03 2.3E+01 9.1E-01 1.5E-01 

25 7.3E00 1.6E-01 1.3E-02 5.2E-02 8. 1E-02 . 
n ·L~ ::r t..N (D 
Vl LN 

• 
11 6-F-4 Pluto Crib ::, 'c=) -4-A 410.2 8 1.3E00 1.1E+02 2.0E+03 5.4E00 8.8E00 . 3.4E+01 1.4E-01 3.7E+03 3.3E+01 1.3E00 ::r r--.;;) 

(D 
~ 

12-1/2 3.3E-01 2.9E+01 4.2E+02 5.9E00 1.5E-01 8.1E00 . 7.4E+02 2.4EOO 
,-
0 
0 

20 . 7.2E-01 1.1E+01 2. 4E-01 . . 1.5E+01 2.9E-02 "Tl 
4-B 411 5 1.1E-01 5.0E-02 . . 4.0E-01 7.0E-03 • ., 

(D 
~ -"O 
:., 

IJQ 
(D 

,-

0 -, 
N -



,:::, 
~ 
0. o· 
::s 
C: 
I") -Concentredona (pCl/gl 

S emple Elev.• De pth 
-· 0. 
rt> 

Location (hi ,.,u , .... J40plf' '°S r 'H '" Eu '°Co ,wEu 1•ca ,uc. ... Eu U" 
(j 
0 
::s 

11 6-F-10 Pert Decontamination French Drain r.,, --10-A 41 3.98 15 . . . . . 1.3E-02 . C: 
rt> 

10-8 414 12-1/2 2.0E-01 7.3Et01 1.1Et 02 4.1Et01 8.1E00 1.3E-03 1.2E+01 9.3EOO 1.1E-01 
::s -r.,, 

17-1/2 4.JE·UI 1.1E-0 1 1.1Et02 6.5E+01 1.8E00 2.3E-01 5.0E+01 5.9E-02 ::s 
27 . 8.7E·0 I 4.6E -01 4.6E00 4.JE00 1.2E00 1.6E-04 2.8E+01 2.1E-02 0 -::r 

10-C 414.2 20 . 1.4E-01 1.8E-02 . . . 1.9E-02 rt> ., 
11 6-F -3 Fuel Storage Basin Trench 

J -A 414.3 18 J.6E-02 . . . . 
(j 0 
:!. 0 O"' 

tJ t22 r.,, 

3-B 414 20 7.3E-02 5.4E-02 7.1E-02 5. 3E-03 . . 1.0E-02 

11 6-F-5 Ball Washer Crib 

5 A 409.23 10 1.eE-02 . 1.4E-01 . 2.7E-02 1.SE-02 . 

~ 
...... :;,;:, r:>) 

::s ;:::-.r 
0. I 

• '° ,-..J l,.} 

~ 
I 

00 
::s l·J 

11 6-F-7 C11b I") 

::r 
rt> 

7-A 404.28 10 1.0E -01 3.8E-02 1.l E-0 1 . . . 2.2E-02 . r.,, 

116-F-11 Cushion Corridor French Drain ::s -
105-F-A 41 3.1 5 2.3E-01 1.SE-01 2.4E00 9.4E-02 3.1E-01 . 1.0E00 1.0E-03 

::r 
rt> .... 

132-F-6 Lift Station 0 
0 

132-A 25 . t.?E-01 1.3E00 1.2Et01 3.9E+01 1.3EOO 5.0E00 1.JE-03 4.2E00 4.6E-01 "Tl 

30 . . 5.4E-01 1.3E+01 4.4E-01 1.6EOO 4.6E-04 1.1E00 1.4E-01 • ., 
rt> 

•Below analytical det ect ion limit. ~ 

• - Isotope activity not decayed, isotope half-life large enough no significant change occurs. 
• - Elevation In feet ab ove sea level for surface of borehole. 
Blank Indicates not test ed for or data unavailable. 

-"O 
c; 

(JQ 
Note : Some data for sample locations C, D, and E were not available. rt> 
Source : Adapted fro m Dorian and Richards 1978 (decayed 10 January 1993) . N 
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