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METRIC CONVERSION CHART 

Into Metric Units Out of Metric Units 

lfYouKnow Multiply By To Get If You Know Multiply By To Get 

Length Length 

inches 25.4 millimeters millimeters 0.039 inches 

inches 2.54 centimeters centimeters 0.394 inches 

feet 0.305 meters meters 3.281 feet 

yards 0.914 meters meters 1.094 yards 

miles t.609 kilometers kilometers 0.621 miles 

Area Area 

sq. inches 6.452 sq. centimeters sq. centimeters 0.155 sq. inches 

sq. feet 0.093 sq. meters sq. meters 10.76 sq. feet 

sq. yards 0.836 sq. meters sq. meters 1.196 sq. yards 

sq. miles 2.6 sq. kilometers sq. kilometers 0.4 sq. miles 

acres 0.405 hectares hectares 2.47 acres 

Mass (weleht) Mass (weight) 

ounces 28.35 grams grams 0.035 ounces 

pounds 0.454 kilograms kilograms 2.205 pounds 

ton 0.901 metric ton metric ton 1.102 ton 

Volume Volume 

teaspoons 5 milliliters milliliters 0.033 fluid ounces 

tablespoons 15 milliliters liters 2.1 pints 

fluid ounces 30 milliliters liters 1.057 qu3rts 

cups 0.24 Liters liters 0.264 gallons 

pints 0.47 Liters cubic meters 35.315 cubic feet 

quarts 0.95 Liters cubic meters 1.308 cubic yards 

gallons 3.8 Liters 

cubic feet 0.028 cubic meters 

cubic yards 0.765 cubic meters 

Temperature Temperature 

Fahrenheit subtract 32, Celsius · Celsius multiply by Fahrenheit 
then 9/S, then add 
multiply by 32 
S/9 

Radioactivity Radioactivity 

picocuries 37 millibecquereJ millibecquerels 0.027 picocuries 
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1.0 INTRODUCTION 

This remedial investigation (RI) report for the 200-TW-1 Scavenged Tanlc Waste Group 
Operable Unit (OU), the 200-TW-2 Tank Waste Group OU, and the 2()().PW-5 Fission-Product 
Rich Process Waste Group OU focuses on characterization activities associated with 
representative waste sites in these OUs: 

• 216-B-46 Crib (200-TW-l OU) 
• 216-T-26 Crib (200-TW-1 OU) 
• 216-B-5 Reverse Well (200-TW-2 OU) 
• 216-B-7A Crib (200-TW-2 OU) 
• 216-B-38 Trench (200-TW-2 OU) 
• 216-B-S7 Crib (200-PW-5 OU). 

Modifications to the M-013 series of the Hanford Federal Facility Agreement and Consent 
Order (Tri-Party Agreement) (Ecology et al. 1989) milestones for past-practice waste site 
investigations approved in April 2002 (Tri-Party Agreement Change Number M-13-02-01) 
incJuded an approach to investigate one or more OUs in a single RI/feasibility study (FS) 
process. This reduces the number of work plans, RI reports, and FSs needed for the 200 Areas 
waste sites. The revised approach allows the collection of data necessary to adequately 
characterize the waste sites in more than one OU and to evaluate effective remedial alternatives 
for groups of OUs. DOE/RL-2000-38, 200-TW-J Scavenged Waste Group Operable Unit and 
200-TW-2 Tank Waste Group Operable Unit RIIFS Work Plan (hereinafter referred to as the 
Work Plan), was approved by the Washington State Department of Ecology (Ecology) and the 
U.S. Environmental Protection Agency (EPA) in May 2001, in fulfillment of 
Milestones M-013-23 and M-013-24. A single report will be prepared in fulfilhnent of Tri-Party 
Agreement Milestone M-15-41B for submittal of RI reports for these OUs. In addition, in 
accordance with the recently revised approach, waste sites in the 200-PW-S Fission-Product Rich 
Process Waste Group OU are being included in this RI report. The 200-PW-S OU consists of 
cribs, French drains, and unplanned releases (UPR) that received similar types of wastes and 
quantities of effluents as the 200-TW-2 OU. 

The characterization and remediation of waste sites at the Hanford Site are addressed in the 
Tri-Party Agreement (Ecology et al. 1989). This agreement addresses the integration of cleanup 
programs under the Cc_mprehensive Environmental Response, Compensation and Liability Act of 
1980 (CERCI.A) and Resource Conservation and Recovery Act of 1976 (RCRA) to provide a 
standard approach to direct cleanup activities in a consistent manner and to ensure that applicable 
regulatory requirements are met. Details of this integration for the 200 Areas are presented in 
DOE/RL.98-28, 200 Areas Remedial Investigation/Feasibility Study Implementation Plan -
Environmental Restoration Program (hereinafter referred to as the Implementation Plan) and in 
DOF.IRL-2000-38. 

The 200-TW-1, 200-TW-2, and 200-PW-S OUs are located near the center of the Hanford Site in 
south-central Washington State (Figure 1-1). The 200-TW-1 OU consists of35 CERCLA 
past-practice (CPP) waste sites and 1 associated UPR site as defined in the Implementation Plan) 
(DOE/RL-98-28). The 200-TW-2 OU consists of27 RCRA past-practice (RPP) waste sites and 
I UPR site. The 200-PW-S OU consists of seven CPP waste sites and two UPR sites. The waste 
sites for these three OUs are shown in Figures 1-1 through 1-5. 
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The 200-TW-1 waste sites received scavenged waste from the Uranium Recovery Project (URP) 
and the ferrocyanide processes at the 221/224-U Plant, which recovered the uranium from the 
metal waste streams at the B and T Plants. The scavenged waste discharges contributed perhaps 
the largest liquid fraction of contaminants to the ground in the 200 Areas. The 200-TW-2 waste 
sites received tank waste from first- and second-cycle decontamination processes associated with 
the bismuth-phosphate process at the B and T Plants. The tank wastes contained inorganic 
anions and cations as we11 as low levels ofradionuclides. The 200-PW-5 waste sites received 
fission product-rich wastes generated during the fuel-rod enrichment cycle and were released 
when the fuel elements were decladded or dissolved in sodium hydroxide or nitric acid. The 
sites in this group generally received more than 20 Ci of fission products ( e.g., cesium-137 or 
strontium-90) and contained smaller quantities of plutonium, uranium, and organic wastes than 
those in the plutonium, uranium, or organic-rich groups. Most of the waste streams in this group 
were low salt neutral/basic, although the 216-B-50 and 216-B-57 Cribs contained some inorganic 
compounds. 

Remedial investigation activities were conducted from June to October 2001 on one 
representative site for the 200-TW-1 OU (216-T-26) and two representative sites for the 
200-TW-2 OU (216-B-7A and 216-B-38) in accordance with DOE/RL-98-28 and 
DOE/RL-2000-38. These activities included installing and geophysically logging drive casings 
and boreholes. Data collection activities were conducted previously at the other two 200-TW-1 
and 200-TW-2 representative sites (216-B-46 and 216-B-5); therefore, no additional data 
collection activities were conducted at these sites. The data from the 216-B-46 Crib and the 
216-B-S Reverse Well are summarized in this RI report for completeness. Data collection 
activities also were conducted for the 216-B-57 Crib as part of the 200-BP-l OU RI. This crib is 
one of the representative waste sites for the 200-PW-5 OU. No RI activities have been 
conducted at the other 200-PW-5 representative waste site (216-S-9 Crib). However, the 
216-S-9 Crib is considered analogous to the 216-B-38 Trench in terms of construction and 
contaminant inventory and is bounded by the 216-B-7A Crib. The details of this are provided in 
Appendix A. The 216-B-57 Crib data are summarized in this report. The data from the 
representative sites will support the evaluation ofremedial alternatives for these three OUs in the 
FS. 

1.1 PURPOSE 

The purpose of this RI report is to present and evaluate the data generated during the RI and 
other characterization activities to determine if sufficient data have been collected to support risk 
assessment and remedial decision making, estimate risk at the representative sites based on data 
collected during the RI and other existing data, detennine the need to proceed with an FS, and 
identify those constituents and site-specific considerations that need to be addressed ~n the FS. 
The RI report also provides the data to support the evaluation of alternatives in the FS with 
regard to meeting potential applicable or relevant and appropriate requirements (ARAR), risk 
reduction, and potential significant data gaps, if any. 
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1.2 SUPPORTING DOCUMENTS AND 
REMEDIAL 11''VESTIGATION BASIS 

Supporting documents that provided the basis for the RI and this RI report are as follows. 

• DOFJRL-96-81, Waste Site Grouping/or the 200 Areas Soil Investigations - provides the 
final prioritized waste site groups, identifies representative sites for worst•case and 
typical conditions for each waste group, and provides preliminary conceptual 
contaminant distribution models for the waste groups. 

• DOE/RL-98-28, 200 Areas Remedial Investigation/Feasibility Study Implementation 
Plan - Environmental Restoration Program - outlines a strategy to streamline the 
characterization and remediation of waste sites in the 200 Areas, including CPP sites, 
RPP sites, and RCRA treatment, storage, and/or disposal (TSO) units; outlines the 
framework for implementing assessment activities and evaluating remedial alternatives in 
the 200 Areas to ensure consistency in documentation, level of characterization, and 
decision making; establishes a regulatory framework to integrate the requirements of 
RCRA and CERCLA into one standard approach for cleanup activities in the 200 Areas; 
and lists potential ARARs, identifies preliminary remedial action objectives (RAO), and 
presents a discussion of potentially feasible remedial technologies that may be used in the 
200Areas. 

• DOE/RL-2000-38, 200-TW-l Scavenged Waste Group Operable Unit and 
200-TW-2 Tank Waste Group Operable Unit RJIFS Work Plan - provides direction for 
characterizing chemical, radiological, and physical conditions in soils at the four selected 
waste sites in the 200.TW-1 and 200-TW-2 OUs, and identifies prcliminaryRAOs that 
are likely to be considered for remediation of the OU. 

• BHI-01356, Remedial Investigation Data Quality Objectives Summary Report for the 
200-TW-l Scavenged Waste Group and the 200-TW-2 Tank Waste Group Operable 

· Units - presents existing information, develops a strategy for data collection and quality, 
and includes an evaluation of the existing information. Based on this evaluation, data at 
the 216-B-5 Reverse Well and the 216-B-46 Crib were determined to be sufficient to 
support the RI/FS process; therefore, no additional data collection activities were 
identified for these sites. 

• BHl-01606, 200-TW-J Operable Unit Borehole Summary Report, and BHI-01607, 
Borehole Summary Report for Boreholes C3103 and C3104, and Drive Casing C3340, 
C3341, C3342, C3343, and C3344, in the 216-B-38 Trench and 216-B-7A Crib, 
200-TW-2 Tank Waste Group Operable Unit - describe the data collection activities 
conducted in 2001 and present the data from geop~ysical logging of the newly drilled 
boreholes and drive casings (these data also are summarized in Chapter 2.0 of this 
RI report). 

• RHO-ST-37, 216-B-5 Reverse Well Characterization Study-provides data on the nature 
and extent of contaminants at the waste site. 

• DOE/RL-92-70, Phase I Remedial Investigation Report for 200·BP-J Operable Unit­
provides data on the 216-B-46 Crib and other analogous waste sites for the 
200-TW-1 OU and on the 216-B-57 Crib waste site in 200-PW-5. 
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• GJO-2002-322-T~ Hanford 200Areas Spectral Gamma Baseline Characterization 
Project, 216-B-35 to 216-B-42 Trenches Waste Site Summary Report-provides data on 
gamma-emitting radionuclide contamination in boreholes adjacent to the 
216-B-38 Trench. 

1.3 DATAEVALUATIONMETIIODOLOGY 

The data evaluation methodology used in this RI report considers applicable regulatory 
requirements, the data quality objective (DQO) process conducted for the Work Plan 
(DOFJR.L-2000-38), land-use uncertainties, risk assessment methodology, other OUs, and 
site-specific conditions. This evaluation process ultimately supports use of the data in the FS. 
This RI report does not make recommendations based on the data; its purpose is to provide 
sufficient evaluation of different aspects of the data to support the FS development and 
evaluation of remedial alternatives and selection of a preferred remedy (or remedies) in the 
proposed plan and record of decision (ROD). 

The data evaluation process was preceded by collection and validation of the data, and a data 
quality assessment (DQA) was performed. The data were collected under the Work Plan 
(DOFJRL-2000-38) based on the DQOs established for these OUs (BHI-01356). In accordance 
with the quality assurance/quality control (QA/QC) procedures specified in the Work Plan 
(DOE/RL-2000-38), at least 10 percent of all data were validated. A detailed description of the 
data validation effort is presented in Appendix B. 

The data evaluation process consists of the following: 

• Data screening for nondetected constituents 

• Data screening against background constituents 

• Human health risk assessment determinations for nonradiological constituents 

• Evaluation of ecological risk using indicator concentrations 

• Human health dose and risk evaluation for radiological constituents 

• Comparison to Washington Administrative Code (WAC) 173-340-745, "Soil Cleanup 
Standards for Industrial Properties," and other human health regulatory standards 

• Evaluation of impacts to groundwater through fate and transport modeling. 

Details of this evaluation are provided in Chapter 5.0. 

1.3.1 Initial Data Screening 

The entire data set initially was screened, and nondetected constituents were eliminated from 
further consideration. Because of the limited number of samples, 9S percent upper confidence 
limits were not calculated; maximum concentrations for specific horizons were used for 
comparisons and evaluation. The data were compared to the 90th percentile of the background 
concentrations from DOE/RL-92-24, Hanford Site Background: Part 1, Soil Background/or 
Inorganics; DOE/RL-96-12. Hanford Site Background: Part 2. Soil Background for 
Radionuc/ides; and Ecology Publication No. 94-115, Natural Background Soil Metals 
Concentrations in Washington State. If the maximum detected value was less than the 
90th percentile background value, the constituent was eliminated as a contaminant of concern 
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(COC). If background data were not available for a constituent, the constituent was retained for 
further evaluation, as described in Sections 1.3.2 and 1.3.3 . 

. 
1.3.2 Human Health Risk Evaluation 

The Tri•Parties (U.S. Department of Energy [DOE], EPA, and Ecology) recently undertook the 
task of developing a risk framework to support risk assessments in the Central Plateau. This 
included a series of workshops with representatives from DOE, EPA, Ecology, the Hanford 
Advisory Board (HAB), the Tribal Nations, the State of Oregon, and other interested 
stakeholders. The workshops focused on the different programs involved in activities in the 
Central Plateau and the need for a consistent application of risk assessment assumptions and 
goals. The results of the risk framework are documented in letter HAB 132, "Exposure 
Scenarios Task Force on the 200 Aiea," in the Tri•Parties response to "Consensus Advice #132: 
Exposure Scenarios Task Force on the 200 Aiea" (Klein ct al. 2002), and in Report of the 
Exposure Scenarios Task Force (HAB 2002). The following items summarize the risk 
framework description from the Tri•Parties' response to the HAB. 

1. The Core Zone (200 Aieas including B Pond [main pond] and S Ponds) will have an 
industrial scenario for the foreseeable future. 

2. The Core Zone will be remediated and closed, allowing for "other uses" consistent with 
an industrial scenario (environmental industries) that will maintain active human 
presence in this area, which in turn will enhance the ability to maintain the institutional 
knowledge of waste left in place for future generations. Exposure scenarios used for this 
zone should include a reasonable maximum exposure to a worker/day user, to possible 
Native American users, and to intruders. 

3. The DOE will follow the required regulatory processes for groundwater remediation 
(including public participation) to establish the points of compliance and RA Os. It is 
anticipated that groundwater contamination under the Core Zone will preclude beneficial 
use for the foreseeable future, which is at least the period of waste management and 
institutional controls (150 yr). It is assumed that the tritium and iodine•l29 plumes 
beyond the Core Zone boundary will exceed the drinking water standards for the period 
of the next 150 to 300 yr (less for the tritium plume). It is expected that other 
groundwater contaminants will remain below, or be restored to, drinking water levels 
outside the Core Zone. 

4. No drilling for water use or otherwise will be atJowed in the Core Zone. An intruder 
scenario will be calculated for in assessing the risk to human health and environment. 

S. Waste sites outside the Core Zone but within the Central Plateau (200 North Arca, Gable 
Mountain Pond, B/C Crib Controlled Aiea) will be remediated and closed based on an 
evaluation of multiple land-use scenarios to optimize land use, institutional control cost, 
and long-term stewardship. 

6. An industrial land-use scenario wiU set cleanup levels on the Central Plateau. Other 
scenarios ( e.g., residential, recreational) may be used for comparison purposes to support 

· decision making, especially for: 

- The post.institutional controls period (>150 yr) 
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Sites near the core zone perimeter to analyze opportunities to "shrink the site" 
Early (precedent.setting) closure/remediation decisions. 

7. This framework does not deal with the tank retrieval decision. 

The risk evaluation for the 200-TW-l, 200-TW-2, and 200-PW•5 OUs is based on these 
guidelines as well as EPA; DOE/RL-91--45, Hanford Site Risk Assessment Methodology 
(HSRAM); and state risk assessment guidance. Radiological constituents are addressed through 
a dose evaluation, as described in Section 1.3.3, which then is converted to a risk value. 
Hypothetical human health risks are calculated for industrial-exposure scenarios using inputs 
developed from other Hanford Site OUs, site-specific data, and guidance documents. 

The DOE worked for several years with cooperating agencies and stakeholders to define 
land-use goals for the Hanford Site and develop future land-use plans (The Future/or Hanford: 
Uses and Cleanup, The Final Report of the Hanford Future Site Uses Working Group, 
[Drummond 1992]). The cooperating agencies and stakeholders included the National Park 
Service, Tribal Nation, states of Washington and Oregon, local county and city governments, 
economic and business development interests, environmental groups, and agricultural interests. 
These efforts were initially reported by Drummond (1992) and culminated in DOFJEIS-0222-F, 
Final Hanford Comprehensive land-Use Plan Environmental Impact Statement (CLUP-EJS) 
and the associated "Hanford Comprehensive Land•Use Plan Environmental Impact Statement, 
Hanford Site, Richland, Washington; Record of Decision (ROD)" (64 FR 61615), which were 
issued in 1999. 

Drummond (1992) identified nine general recommendations, as follows: 

• Protect the Colwnbia River . 
• Deal realistically and forcefully with groundwater contamination 
• Use the Central Plateau wisely for waste management 
• Do no harm during cleanup or with new development 
• Cleanup of areas of high future use value is important 
• Clean up to the level necessary to enable the future-use option to occur 
• Transport waste safely and be prepared 
• Capture economic development opportunities locally 
• Involve the public in future decisions about the Hanford Site. 

Specific to the Central Plateau, the findings and recommendations from the Future Site Uses 
Working Group include the following. 

• The Central Plateau is unique. 

• Some type of government presence or oversight should be assumed for the foreseeable 
future. · 

• Waste from other Hanford Site locations should be concentrated in the 200 Areas. 

• Waste management, storage, and disposal activities should be concentrated within the 
200 Areas whenever feasible to minimize the amount of land devoted to these activities, 
and adverse impacts to clean areas also should be minimized. 

• Wastes generated in or coming to the 200 Areas from the rest of the S itc will not 
necessarily be permanently disposed of in the 200 Area. Off-site shipments are occuning 
and may continue. New technologies may be applied to waste.in the future. 
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• Waste and contaminants within the 200 Areas should be treated and managed to prevent 
migration from the 200 Areas to other areas or off the Hanford Site. 

• Access to the "exclusive" areas, including "exclusive buffers," will be restricted to 
personnel who are properly trained and monitored. 

The working group identified a single cleanup scenario for the Central Plateau. This scenario 
assumes that future uses of the surface, subsurface, and groundwater in and immediately 
surrounding the 200 East and 200 West Areas will be "exclusive." . 
Consistent with the Future Site Uses Working Group report (Drummond 1992), the core zone 
(which includes the 200 East and 200 West Areas) has been designated as industrial-exclusive in 
the CLUP-EIS. All of the 200-TW-1, 200-TW-2, and 200-PW-S OU waste sites are located 
within this core zone. The industrial exposure scenario is used to evaluate each representative 
site. 

By Presidential proclamation, an area surrounding the Central Plateau was designated as the 
Hanford Reach National Monument, an area set aside by the Federal Government to be protected 
because of its unique and diverse ecological and cultural resources. In a memorandum dated 
June 9, 2000, from the President to the Secretary of Energy, the President directed the Secretary 
to protect these important values where practical on the Central Plateau (Clinton 2000, "Hanford 
Reach National Monument,.). 

Risks from nonradiological noncarcinogens are evaluated by calculating hazard quotients (HQ) 
for individual constituents and a hazard index (HI) for cumulative risk. Risks from 
nonradiological carcinogens and radionuclidcs are evaluated by calculating incremental cancer 
risks for individual constituents and a cumulative cancer risk. Risks also are evaluated by 
comparison to risk-based standards, such as the WAC-173-340-745 soil cleanup levels. 
Radionuclides also are evaluated for dose rates through time. 

1.3.3 Modeling Approach 

Modeling conducted as a part of this RI report consisted of estimating dose from direct exposure 
to soils at Oto 4.6 m (0 to 15 ft) below ground surface (bgs) using the RESiduaJ RADioactivity 
(RESRAD) model {ANL, 1998, RESRA.D for Windows). The direct exposure modeling is meant 
to evaluate dose in relation to direct exposure standards for the public and workers. The dose 
also was converted to a risk value for comparison to accepted CERCLA risk ranges. Input 
parameters were developed based on previous Hanford Site RESRAD modeling activities, 
200 Areas.specific geologic and hydro geologic infonnation sources, and data collected as part of 
this RI report. 

Protection of groundwater was evaluated for nonradiological constituents based on existing 
regulatory requirements (i.e., W AC-173-340-747, "Deriving Soil Concentrations for Ground 
Water Protection," protection of groundwater standards). Fate and transport modeling for 
nonradiological constituents was conducted for those constituents with no WAC 173•340-747 
standard or if the standard is exceeded and additional evaluation is warranted. Protection of 
groundwater was evaluated for radiological constituents through fate and transport modeling 
using the Subsurface Transport Over Multiple Phases (STOMP) code developed by the Pacific 
Northwest National Laboratory (PNNL) (PNNL-11217, STOMP Subsurface Transport Over 
Multiple Phases Theory Guide). 
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Additional infonnation is provided in Chapters 4.0 and 5.0. 

1.3.4 Ecological Risk Evaluation 

DOE/RL-2001-54, Central Plateau Ecological Evaluation Report, was prepared to support 
ecological evaluations under the Rl/FS process for Central Plateau waste sites. 
DOE/RL-2001-54 completes a screening-level ecological risk assessment for the Central Plateau 
in accordance with the eight-step EPA ecological risk assessment process presented in 
EP N540/R-97/006, Ecological Risk Assessment Guidance for Superfund: Process for 
Designing and Conducting Ecological Risk Assessments (see Figure 1-1 in DOE/RL-2001-54). 

The document contains a compilation and evaluation of ecological sampling data that have been 
collected over many years from undisturbed and disturbed habitats in the Central Plateau. The 
document presents descriptions of the habitats in the Central Plateau, including sensitive habitats 
and the plants and animals that inhabit them. Potential species of concern are identified, 
including threatened and endangered species and new-to-science species. A detailed survey of 
the Central Plateau, performed in 2000 and 2001, is incorporated into DOE/RL-2001-54; it 
provides a current, detailed description of the ecological setting of the Central Plateau and 
augments the ecological information presented in this RI report. 

DOEfRL.2001-S4 helps answer questions about the ecological resources in the Central Plateau 
that it is important to preserve and protect. The document also identifies ecological data needs 
that can be addressed in future ecological sampling activities on the Central Plateau. 

The screening-level ecological risk assessment in DOE/RL-2001-54 is meant to be a 
conservative evaluation of risk to ecological receptors unique to the Central Plateau from 
stressors; in this case, introduction of contaminants and habitat elimination. The screening-level 
ecological risk assessment identifies pathways for ecological receptors to be exposed to the 
contamination and evaluates potential risk from those exposures. 

Chapter 2.0 ofDOE/RL-2001-54 describes the physical and ecological setting of the Central 
Plateau and identifies important aspects of the ecology and the condition of the waste sites to 
consider during the ecological risk assessment. For instance, while most waste sites are in a 
disturbed habitat with little vegetation to support wildlife, the nearby shrub-steppe offers a more 
habitable location for wildlife and needs protection in this region because of encroachment and 
elimination of this habitat in other parts of eastern Washington. Individual species whose 
populations are limited and are designated as sensitive species also must be protected. Recent 
surveys of the biological diversity on the Hanford Site have identified a number of 
new-to-science species, and the protection status of these species has not :yet been determined. 
More information is needed to help with this determination. Regarding the waste sites, most of 
the waste in the waste sites has been stabilized, thereby limiting ecological access. The decisions 
to stabilize and remediate waste sites must balance the potential disruption to the ecosystem both 
at and adjacent to the waste sites as welt as from distant locations (e.g., borrow source sites). 

The conceptual site model in DOE/RL-2001-54, Chapter 3.0, provides an understanding of the 
ecological resources and the ways that receptors may be exposed. It shows where chemicals and 
radionuclides from the waste sites are likely to come into contact with receptors in the 
environment. The exposure pathways that are expected to be complete at most waste sites 
include the following: 
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• Direct contact with, or ingestion of, soil by invertebrates (e.g., beetles, ants) and 
. burrowing mammals 

• Uptake of contaminants in soil by vegetation 

• Bioaccumulation through ingestion of food items (e.g., food chain effects) consumed by 
wildlife that may forage at the waste sites. 

DOF/RL-200 I-54, Chapter 4.0, discusses the toxicity values that are available for contaminants 
believed to be present in the Central Plateau. Contaminants were identified from preliminary 
sampling data available from a subset of waste sites. These contaminants then were screened, 
primarily with respect to the likelihood of being present in the environment (i.e., half-life and 
persistence). A literature search was perfonned for bird and mammalian toxicity values. 
Toxicity values are not available for some contaminants. A risk management decision will be 
needed to determine how contaminants that do not have toxicity values will be handled during 
the risk assessment for each OU. 

DOF/RL-2001-S4, Chapter 5.0, presents the exposure parameters used for estimating the 
exposure in a quantitative manner. In a screening-level ecological risk assessment, most 
exposure parameters are set conservatively at 100 percent. The only organism-specific factor 
necessary will be body weight, and these data are available in the literature. This section further 
evaluated the exposure pathways and constructed a food chain exposure model for wildlife 
specific to the Central Plateau. The wildlife is shown in the food chain and habitat model in 
DOF.nU;200 l-54. 

DOE/RL-2001-S4, Chapter 6.0, is the screening-level risk calculation for the Central Plateau. 
The state and the DOE provide contaminant-specific numerical values (WAC 173-340-900, 
"Tables," Table 749-3, "Ecological Indicator Soil Concentrations (mg/kg) for Protection of 
Terrestrial Plants and Animals," and biota concentration guides (BCG] from 
DOF.ISTD-1153-2002, A Graded Approach for Evaluating Radiation Doses to Aquatic and 
Terrestrial Biota) for potential risks. These are conservative numbers designed to address all 

· possibilities without leaving potential risks out of consideration. Data are available for a subset 
of the Central Plateau waste sites. These maximum concentrations of contaminants detected at 
the waste sites were compared with the state and DOE screening-level values. For chemicals, 
12 metals, pentachlorophenol, and 4-dinitrophenol were detected at a maximum concentration 
above the screening level. The high number of metals presenting a risk requires closer 
examination. Site-specific bioavailability data would be helpful for understanding whether this 
is a reflection of the conservative nature of the screening assessment or an actual risk to the 
ecosystems at the waste sites. For radionuclides, cesium-137, radium-226, radium-228, and 
strontium-90 were above acceptable limits in the soil samples. It is important to recognize the 
limitations and uncertainty associated with risks identified by screening-level assessments. The 
risk calculations are useful for detennining relative ris~ between waste sites, not site-specific 
risk. The information should be considered carefully along with biological evidence from the 
waste site area to detennine if a hazard exists. Data are available for hundreds of wastes sites in 
the Central Plateau (see DOE/Rl,2001-54, Appendix q. These data include soil from the waste 
site, vegetation, and soil invertebrates. As each OU quantifies their risk using the exposure 
models available, these data will be useful in verifying the mathematical estimates. 

The screening-level ecological risk assessment in DOE/RL-2001-54 leads to the problem 
fonnulation stage of a baseline ecological risk assessment. During problem formulation, the risk 
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managers and others consider the toxicity e'valuation, conceptual model exposure pathways, and 
assessment endpoints to support cleanup decisions. As a result, they are then able to better 
define the initial risks and determine direction for the DQO process, if it is needed. The DQO 
will then accomplish the following. 

• Establish the· level of effort needed to assess ecological risk at a particular site or OU. 

• Identify relevant and available data. 

• Design a conceptual model of the ecological threats at a site and the measures to assess 
those threats. 

• Select methods and models to be used in the various components of the risk assessment. 

• Develop assumptions to fill data gaps for toxicity and exposure assessments based on 
logic and scientific principles. 

• Interpret the ecological significance of observed or predicted effects. 

Data collected during the RI directly support the ecological evaluation. Contaminant data from 
the soil sampling conducted in the RI are compared against WAC 173-340-900, Table 749-3, 
ecological soil indicator concentrations as the beginning step of the OU-specific screening-level 
evaluation of ecological risk from nonradiological constituents. 

The international community has been involved for more than 20 years in evaluating the effects 
of ionizing radiation on plants and animals. The International Atomic Energy Agency (IAEA) 
issued a study in 1992, IAEA Technical Report Series No. 332, Effects of Ionizing Radiation on 
Plants and Animals at Levels Implied by Current Radiation Protection Standards, endorsing the 
1977 and 1990 International Commission on Radiological Protection reports Recommendations 
of the International Commission on Radiological Protection (ICRP Publication 26 and ICRP 
Publication 60, respectively) and stating that chronic radiation dose rates below 0.1 rad/d will not 
harm plant and animal populations and that radiation standards for human protection also will 
protect populations of nonhuman biota. The report implies that dose limits of 0.1 rad/d for 
animals and 1 rad/d for plants will protect populations, but additional evaluation of effects may 
be needed if sensitive species are present. 

Effects of Ionizing Radiation on Te"estrial Plants and Animals: A Workshop Report 
(ORNL/rM-13141) presents infonnation from a Doe-sponsored workshop held in 1995. The 
workshop was attended by 12 experts in radioecology and ecological risk assessment. The goal 
of the workshop was to evaluate the adequacy of current approaches to radiological protection, 
as exemplified by the IAEA report. The attendees reviewed DOE's perspective and 
responsibilities, rationales underlying the IAEA conclusions, and a summary of ecological data 
from the former Soviet Union. The consensus of the workshop participants was that the 
0.1 rad/d limit for animals and the 1 rad/d limit for plants recommended by the IAEA are 
adequately supported by the available scientific information. However, they concluded that 
guidance on implementing the limits is needed and that the existing data support application of 
the recommended limits for populations of terrestrial and aquatic organisms to representative 
rather than maximally exposed individuals . 

. In response to the workshop findings, DOE produced DOE/STD-1153-2002, which provides a 
graded approach to ecological risk assessment for radionuclides and screening level BCGs. For 
radiological constituents, no promulgated screening or cleanup levels are available. The BCGs 
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from DOFJSTD-1153-2002 are used in this evaluation of radiological constituents. Additional 
details are provided in Chapter 5.0. 

1.3.5 Analogous Site Approach 

The representative waste sites evaluated in this RI report were identified as being representative 
of sites within their respective OUs in DOE/RL-98-28; therefore, data collected from these sites 
and the resulting contaminant distribution models are anticipated to be representative of the 
remaining (or analogous) waste sites within the OUs. Confirmatory investigations of limited 
scope, rather than full characterization efforts, can be performed at the analogous waste sites, 
thereby optimizing investigations in support of RI/FS decision making. 

This analogous approach was enhanced in June 2002 with Tri-Party Agreement change packages 
M-1S-02-01 and M-13-02-01, which consolidated the 200-PW-5 OU into the 200-TW-1 and 
200-TW-2 Work Plan (DOE/RL-2000-38). This change added the two representative sites and 
seven analogous waste sites from the 200-PW-5 OU into DOE/Rl.,-2000-38. One of the 
200-PW-5 representative sites, the 216-B-57 Crib, previously was investigated. To ensure that 
the analogous waste sites would be aligned with the proper representative sites, each of the 
consolidated OU waste sites was evaluated against the 200-TW-l, 200-TW-2, and 200-PW-5 OU 
representative sites based on the waste site type, historical use, contaminant inventory, effiuent 
volume discharged, and available site data. Based on this evaluation, some of the consolidated 
OU waste sites aligned well with the contaminant distribution models developed for the 
200-TW-1, 200-TW-2, and 200-PW-S OU representative waste sites; however, some sites did 
not align well with these models. The waste sites that did not align with an appropriate 
representative site in the 200-TW-1, 200-TW-2, or 200-PW-5 OUs then were evaluated against 
and aligned with contaminant distribution models (for sites that have already been characterized) 
or conceptual contaminant distribution models (for sites that are at the work plan stage) 
developed for representative sites in other OUs (see Appendix A). Based on the consolidation of 
the work plans and other RI/FS activities, the analogous waste site approach has been broadened 
to use information from representative sites within any of the 200 Area OUs, as appropriate. 

The analogous sites will be evaluated through the analogous site approach during the FS. 
Figure 1-2 shows the process for evaluating the analogous sites against the representative sites 
for the RI/FS process out through the confirmatory and design sampling processes and for 
applying risk assessment results from the representative sites to the analogous sites. Important 
considerations in determining the appropriate representative site for an analogous waste site 
include the following: 

• Waste site configuration and construction (e.g., pond, trench, surface structure) 

• Volume of cffiuent received in relation to the available pore volume for the waste site 

• Types and amounts of contaminants received; contaminant inventory 

• Method of discharge and purpose of waste site 

• Expected distribution of contamination based on method of discharge and purpose of 
waste site 

• Geological setting 
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• Neighboring waste sites, structures, or utilities 

• Potential for hydrologic and contaminant impacts to groundwater. 

The available information from each waste site will be evaluated in the FS against information 
from the representative sites. In cases where characterization data are available from an 
analogous waste site, the data wilt be evaluated for sufficiency to support a site-specific 
evaluation of risk. If the data are sufiici~nt, a risk estimate for the analogous site will be 
calculated and then win be used to support the evaluation and selection of the appropriate 
remedial action for that waste site. If the data from a particular waste site are insufficient to 
support a risk estimate, the available data and information will be used to support the comparison 
and assignment to an appropriate representative site. In most cases, little or no characterization 
data are available from the analogous sites. In these instances, existing information from the 
Waste Information Data System (WIDS) database, discharge information, and general process 
information will be used to make assignments. In the case of200-TW-1 and 200-TW-2, 
sufficient data exist for many of the analogous waste sites to calculate site-specific risks and to 
evaluate site-specific remedial actions. This will be conducted as part of the FS. 

The characterization data from representative sites are intended to provide sufficient information 
for selection of remedies for the waste group. However, site-specific data also may be needed to 
verify that the selected remedial alternative is appropriate. Following the decision in the ROD, 
additional sampling will be conducted as needed to confinn the selected remedy for the 
analogous waste sites and to collect data to support remedial design. Following remedial action, 
an additional data collection activity will be conducted as needed to verify achievement of 
cleanup goals. · 

The risk analysis and data from the representative sites are used to support the risk evaluation 
and remedial decisions for those analogous sites without data to support a site-specific risk 
estimate. The use of the risk assessment from the representative sites presents some risk 
management decisions for the decision makers. If an analogous site is well represented by the 
representative site (i.e., the evaluation criteria of waste stream, size and construction, geology, 
waste inventory, and effluent volume received are similar or equal to the representative site), 
then the decision to apply the representative site risk and preferred alternative pose minimal risk 
and minimal consequences for an incorrect decision. Similarly, if the representative site bounds 
the contamination problem at an analogous site, the application of the representative site risk and 
remedial action pose minimal consequences from a human health and ecological risk standpoint, 
but may impact costs significantly through the potential application of an uMecessary remedy. 
In this situation, no or limited confinnatory sampling may be needed to confirm the nature of the 
contamination, the risk, and the appropriate remedial action. Design data may be needed 
depending on the preferred alternative. 

If an analogous site is not bound by the representative site because contamination may be greater 
at that analogous site, then application of the representative site risk estimate and preferred 
alternative poses the greatest decision risk and resulting consequences. In this case, mandatory 
confirmatory sampling would be conducted to ensure sclection of the appropriate alternative. 
based on a better understanding of the nature and risk of the analogous site. This last scenario is 
unlikely for most sites because the analogous site approach tends to target the worst-case waste 
sites and the worst contamination locations in those sites in an effort to bound all the 
contamination circumstances associated with a waste group. 
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Based on the results of the RI and previous characterization efforts at these OUs, the preliminary 
conceptual contaminant distribution models and the conceptual exposure model were revised to 
reflect the current understanding of the representative waste sites (details are provided in 
Section 3.2). Revised models were developed for cribs and trenches, which are the main two 
types of waste sites within these three OUs. The models will be used in the FS to support the 
evaluation of remedial alternatives and the selection of a preferred alternative (or alternatives if 
site conditions warrant different actions). 

A proposed plan and ROD will be written, identifying the proposed remedy (or remedies) for all 
waste sites in the OUs. The ROD will include criteria for any post-ROD confirmation sampling 
and analysis needed to verify that all remaining (or analogous) sites in the OU meet the 
conceptual model for the waste group. If a waste site fails to meet the contaminant distribution 
model and the selected remedy is not appropriate, the site will be removed from the OU and 
reassigned to another OU; however, this is not C?(pected to be a common occurrence. The 
analogous site approach focuses on the typical and worst-case sites as representative sites; . 
therefore, data from the representative sites should bound the analogous sites. In addition, the 
ability to use data and information from representative sites outside the OU helps reduce the 
potential to reassign waste sites between OUs. A separate DQO process will be conducted to 
identify data needs and quality requirements to support the confirmatory sampling design. 
A permit modification also will be prepared to incorporate the corrective action of the RPP sites 
into the Hanford Site RCRA Permit (WA7890008967, Hanford Facility RCRA Permit). 

1.4 BACKGROUND 

This section briefly describes the waste site construction, history, and waste generating 
pr~esses. The waste sites are described in more detail in DOE/RL-2000-38. 

1.4.1 21~8-46 Crib 

The 216-B-46 Crib is an inactive liquid waste disposal site that received effluent from the 
U Plant via the 241-BY TanJc between September and December 19S5. The crib is constructed 
of four large-diameter vertical concrete pipes, set below grade in a square pattern with the 
centers spaced 4.6 m (1S ft) apart in a 9- by 9- by 4.6 m (3~ by 30- by 1S-ft) deep excavation 
(DOE/RL-88-30, Hanford Site Waste Management Units Report). The crib was fed by a central 
pipe that branched into a chevron pattern that in tum fed each vertical pipe. The vertical pipes 
are 1.2 m (4 ft) in diameter and 1.2 m (4 ft) long, placed 2 m (7 ft) below grade and set on a 
1.5 m (5 ft) thick bed of gravel (PNL-6456, Hazard Ranking System Evaluation of CERCLA 
Inactive Waste Sites at Hanford). 

The crib received approximately 6,700,000 L (1,800,000 gal) of uranium recovery process 
bismuth/phosphate waste that also bad been scavenged (fission products removed through 
precipitation). Inorganic compounds in the liquids disposed to the crib included ferrocyanide, 
nitrate, phosphate, sodium, and sulfate-based compounds. Radionuclides sent to the crib include 
cesium-137, strontium-90, ruthenium-106, and plutonium and uranium isotopes (RHO-CD-673, 
200Areas Waste Sites Handbook; WIDS,· WHC-EP-0141-2, Westinghouse Hanford Ccmpany 
Ef]luent Discharges and Solid Waste Management Report/or Calendar Year 1989, 
2001600 Area). The crib also contains organic constituents such as mono-, di-, and tributyl 
phosphates. The site was interim stabilized with 0.6 m (2 ft) of clean soil in 1991. 
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1.4.2 216-T-26 Crib 

The 216-T-26 Crib is an inactive liquid waste disposal site that received T Plant and U Plant 
effiuents from August 19S5 to November 1956. The 216-T-26 Crib is the northernmost crib of 
the 216-T-26, 216-T-27, and 216-T-28 Crib series. This crib has the same basic construction as 
the 216-B-46 Crib. A 36 cm (14 in.) steel inlet pipe reduces to a 25 cm (10 in.) pipe located 
approximately 3 m (9 ft) below grade. The smaller section of pipe branches into four 20 cm 
(8 in.) steel pipes that feed the large-diameter vertical concrete pipes, which are approximately 
1.2 m ( 4 ft) long and 1.2 m ( 4 ft) in diameter. The piping lies within in a 9 by 9 by 4.6 m (30- by 
30- by 15-ft)-deep excavation. The base of the crib was placed at 4.6 m (15 ft) bgs, and the 
excavation was filled with approximately 2.4 rn (8 ft) of gravel followed by approximately 2.4 m 
(8 ft) of earthen backfill. 

The 216-T-26 Crib received approximately 12,000,000 L (3,200,000 gal) ofliquid waste that 
originated at the T Plant as metal waste and first-cycle waste that had been recovered through the 
URP and scavenged at the U Plant. The waste was transferred back to the TY Tank Fann to 
allow the sludge to settle; the liquid effiuent then was discharged to the crib 
(WHC-SD-EN-TI-014, Hydro geologic Model of the 200 West Groundwater Aggregate Area; 
PNL-6456). Waste disposed of at this unit includes ferrocyanide complexes, fluoride, nitrate, 
nitrite, phosphate, sodium, sodium aturninate, sodium hydroxide, sodium silicate, sulfate, 
cesiurn-137, ruthenium-I 06, strontium-90, plutonium, and uranium. 

The crib was deactivated in 1956 by decommissioning the line leading to the 216-T-26 and 
216-T-28 Cribs between the TY Tank Farm and the roadway. In 1975, stabilization activities 
performed for the 216-T-26, 216-T-27, and 216-T-28 Cribs included scraping off the top 15 cm 
(6 in.) of soil and replacing the excavated material with clean fill to the original grade (WIDS). 
This unit was surface stabilized again in May 1990 (WIDS). 

1.4.3 216-B-5 Reverse Well 

The 216-B-5 Reverse Well is an inactive injection well. The well was drilled to a depth of92 m 
(302 ft) and perforated from 74 to 92 m (243 to 302 ft) in 1944. Effluent and contaminants were 
disposed ofto the well from 1945 to 1947. The waste stream was routed to the 216-B-7A and 
216-B-7B Cribs in 1947. Therefore, the types of contaminants expected in the subsurface arc 
similar in nature to those detected during characterization of the 216-B-7A and 216-B-7B Cribs. 

Waste streams discharged to the well contain americium-241, cesium-137, plutonium-239/240, 
strontium-90, and nitrate. The well received approximately 31, I 00,000 L (8,100,000 gal) of 
effluent. The waste stream was injected directly into the aquifer. 

1.4.4 216-B-7A Crib 

The 216-B-7A Crib is an inactive crib that received effiuent between 1946 and 1967. When the 
crib was active, it was connected to the 216-B-7B Crib by an 8 cm (3 in.) steel inlet pipe about 
6 m (20 ft) to the northwest. The cribs received effiuent simultaneously. 

The 216-B-7A Crib is a 4 by4 by 1.2 m (12-by 12 by4-fl) hollow (i.e., not gravel-filJed) 
wooden structure made of 15 by 15 cm (6- by 6-in.) timbers. The crib was placed in a 4.2 by 
4.2 by4.2 m (14- by 14- by 14-ft) deep excavation. Contaminated soil from UPR-200-E-144, as 
well as clean soil, was placed over the site; thus the depth to the bottom of the crib has varied 

1-14 



DOFJRI.r2002-42 REV 0 

since construction. Data gathered during the RI and from available drawings indicate that the 
bottom of the crib is about 7 to 7.6 m (23 to 25 ft) bgs. The crib also has a history of subsidence. 

Waste streams discharged to the crib contained cesium•l37, ruthenium•106, strontium•90, 
uranium isotopes, plutonium isotopes, and americium•24 l (potentially at transuranic [TRU] 
levels). An estimated 21,800,000 L (5,750.000 gal) are estimated to have reached the 
216·B•7A Crib or roughly half the total volume discharged to both the 216-B•7A and 216·B•7B 
Cribs. 

1.4.5 2l~B.J8 Trench 

The 216-B·38 Trench was active in 1954 and received 1,430,000 L (380,000 gal) of effiuent. 
The ditch was open. unlined, 77 m (250 ft) long. 3 m (10 ft) wide, and 3 m (10 ft) deep. 
However, data collected during the RI suggest that the bottom of the trench is about 4.3 m 
(14 ft) bgs. In October 1982, the trench was backfilled and stabilized with 0.6 m (2 ft) of clean 
top soil. Waste streams discharged to the crib contained fluoride. nitrate, nitrite, phosphate, 
sodium aluminate, sodium hydroxide, sodium silicate, sulfate•based compounds, cesium-137, 
strontium-90, ruthenium-106, uranium, and plutonium. 
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Figure 1-1. Location of the Hanford Site and the 200-TW-1. 200-TW-2, and 200-PW-5 
Operable Urut Waste Sites. 
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Figure 1-2. Location of200-TW-1, 200-TW-2, and 200-PW-5 Operable Unit Waste Sites in the 
200 East Area. 
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Figure 1-3. Location of the 200-TW-1 Operable Unit Waste Sites South of the 200 East Area. 
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Figure 1-4 . Location oftbe 200-TW-1 and 200-TW-2 Operable Unit Waste Sites in the 
200 West Area. 
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Figure 1-5. Location of the 200-PW-5 Operable Unit Waste Sites in the 200 West Area. 
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2.0 INVESTIGATION APPROACH AND ACTIVITIES 

This chapter summarizes the data collection activities perfonned during the 200-TW-1 and 
200-TW-2 RI. These activities are described in detail in BHI-01606 and BHl-01607. The RI 
was conducted in accordance with the Work Plan (DOE/RL-2000-38). Data were collected to 
characterize the nature and vertical extent of chemical and radiological contamination and the 
physical conditions in the vadose zone underlying the historical boundaries of three 
representative sites: the 216-T-26 Crib. the 216-B-7A Crib, and the 216-B-38 Trench. In 
addition, radionuclide logging system (RLS) data were coilected to assess the lateral extent of 
gamma-emitting radionuclide contamination in and adjacent to waste sites. The scope of the RI 
included drilling (cable tool and direct push), conducting surface and borehole geophysical 
surveys. and sampling and analysis of soil. 

This RI report also summarizes previous characterization efforts for the 216-B--46 Crib, 
216-B-S Reverse Well, and 216-B-S7 Crib. The 216-B--46 and 216-B-57 Cribs were 
characterized in 1991 and 1992 according to DOEIRI.,88-32, Remedial Investigation/Feasibility 
Study Work Plan/or the 200-BP-1 Operable Unit, Hanford Site, Richland, Washington. 
DOEJRL-92-70 summarizes the data collection cff orts and results, which arc provided here by 
reference. The scope of the 200-BP-1 RI efforts included drilling, conducting borehole 
geophysical surveys, and sampling and analysis of soils. Characterization of the 
216-B-S Reverse Well is documented in RHO-ST-3.7. The scope of this effort included drilling, 
borehole geophysical surveys, and sampling and analysis of soil. Table 2-1 provides an 
overview of the data collection activities perfonned at the representative sites in this RI report. 
Other than RI.S logging, no additional characterization efforts were perfonned at these sites 
under the 200-TW-1 and 200-TW-2 RI, because the existing data are considered sufficient for 
making remedial decisions. 

Section 2.1 describes data collection activities applicable to the 200-TW-1 and 200-TW-2 RI at 
the 216-T-26 Crib, 216-B-7A Crib, and 216-B-38 Trench as guided by the Work Plan 
(DOE/RL-2000-38). Sections 2.2, 2.3, and 2.4, respectively, briefly describe data collection · 
efforts presented in existing reports (mainly DOFJRL-92-70 and RHO-ST-37) applicable to the 
216-B--46 Crib, 216-B-5 Reverse Well, and 216-B-57 Crib. 

2.1 200-T\\'-l AND 200-T\V-2 OPERABLE UNIT 
REMEDIAL INVESTIGATION DRILLING 

Three boreholes (C3102, C3103, and C3104) were drilled and sampled during the 200-TW-1 and 
200-TW-2 RI. Boreholes were drilled through the 216-T-26 Crib and 216-B-38 Trench from the 
ground surface to the water table at depths of approximately 69 m (226 ft) and 80 m (263 ft), 
respectively. Drilling at the 216-B-7A Crib tenninated within a significantly thick silt horizon at 
a depth of 68 m (222.S ft), approximately 7 m (23 ft) above the surface of the water table. 
Boreholes were drilled to better define stratigraphy and to assess the nature and vertical extent of 
chemical and radiological contamination, as well as the physical properties of the soil beneath 
these waste sites. 

Boreholes were drilled using a cable-tool drill rig. The diesel hammer drill rig also was used to 
augment drining and sampling at the 216-B-7 A Crib. The boreholes were advanced to total 
depth using drive barrels and split-spoon samplers. Split-spoon samplers were used as the 
primary sampling device for collecting chemical, radiological, and physical property samples; 
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however, the drive barrel occasionally was used to colJect moisture samples. The three 
boreholes were decommissioned with bentonite and cement after reaching total depth, in 
accordance with WAC 173-160, "Minimum Standards for Construction and Maintenance of 
Wells." 

Five direct-push holes were installed at the 216-B-38 Trench using an environmental diesel 
hammer drill rig. The five direct-push holes were placed along the center axis of the trench and 
pushed to a depth of approximately 18.3 m (60 ft). The pushes were used in conjunction with the 
RLS to identify the area of highest gamma-emitting radionuclide contamination and the lateral 
extent of this contamination within the trench and to support placement of a deep vadose zone 
borehole. The five pushes were decommissioned with bcntonite and cement after reaching total 
depth. Drive casing and abandonment activities were performed in accordance with 
WAC 173-160. Borehole and direct push boring locations near these waste sites are shown in 
Figures 2-1 and 2-2. Sampling and geophysical logging associated with drilling are described in 
Sections 2.1.1 and 2.1.2 and in the borehole summary reports (BHI-01606 and BHI-01607). 

2.1.l 200-TW-l and 200-TW-2 Operable Unit 
Remedial Investigation Sampling and Analysis 

Soil samples collected from boreholes were screened in the field before sample collection for 
indications of contamination and to assist with determining discrete sample locations or depths. 
Samples were screened for volatile organic contamination, beta-gamma activity, and alpha 
activity. Radiological activity greater than two times background was used as a screening 
indicator of contamination. Field screening data can be found in BHI-01606 and BHI-01607. 

Soil samples were collected for chemical and radiological analysis and determination of physical 
properties. Sample collection was guided by the sample schedule in the Work Plan 
(DOFJRL-2000-38), Appendix A (Tables A-4 through A-6). The sampling approach generally 
required a greater sample frequency near the bottom of the waste site, which is the area of 
highest suspected contamination. Several samples could not be collected or, in some cases, 
sample analysis was limited, because of poor sample recovery. Sample analyses perfonned for 
each sample at each of the three boreholes are presented in Table 2-2. Sample cotJection was 
always attempted at depths of 4.6 and 7.6 m (1S and 2S ft) bgs. Sample frequency generally was 
reduced to 7.6 to 15.2 m (25- to 50-ft) intervals below a depth of7.6 m (25 ft) in boreholes and 
included a sample from the capillary fringe zone at the water table. Between 12 and 15 soil 
samples were collected beneath each representative site. 

Soil samples generally were analyzed for tributyl phosphate, metals, herbicides, diesel range 
organic compounds, general chemistry parameters, and radionuclides. Several samples also were 
analyzed for volatile organic compounds (VOC) to support the dispersed carbon tetrachloride 
investigation for the 200-PW-t OU. Samples were analyzed selectively for field bulk density 
and moisture content. Soil descriptions were made according to BHI-EE-0 I, Environmental 
Investigations Procedures, Procedure 7.0, "Geologic Logging," to better define stratigraphic 
relationships in the OUs. · 

The waste site bottom samples from each borehole were analyzed for an expanded list of 
compounds, to satisfy waste designation requirements that were identified as part of BHl-01492, 
Data Quality Objectives Summary Report/or 200-TW-l and 200-TW-2 Waste Designation. In 
addition, several samples were analyzed for a select list of toxicity characteristic leaching 
potential (TCLP) metals to assist with the waste designation. 
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2.1.2 200-TW~l and 200-TIV-l Operable Unit 
Remedial Investigation Geophysical Logging 

Borehole geophysical logging was perfonned in 12 boreholes and 5 direct push holes during the 
200-TW-l and 200-TW-2 RI. Spectral gamma surveys were conducted in accordance with the 
Work Plan (DOFJR.L-2000-38) at each of the new boreholes and drive casings and at existing 
monitoring well/borings near the waste sites. In addition to the wells/borings identified in the 
Work Plan, several additional well/borings near the waste site were logged as part of the 
200 Area geophysical logging program performed by MACTEC-ERS. The following 
summarizes the logging activities at each of the three waste sites: 

• 216.T-26 Crib 

- Boreholes C3102, 299-Wll-70, and 299-Wll-82 

• 216-B-7A Crib 

- Boreholes C3103, 299-E33-18, 299-E-33-19, 299-E33-20, 299-E33-58, 299-EJJ .. 59, 
299-E33-60, and 299-E33-75 

• 216-B-38 Trench 

- Boreholes C3104, 299-E33-289, and 299-E33-290 
- Direct push holes C3340, C334 l, C3342, C3343, and C3344. 

Neutron-neutron moisture surveys were conducted in each new borehole and in the drive casings. 
Logging was performed to determine the vertical and lateral extent of gamma-emitting 
radiological ·contamination and volumetric moisture content within the sediment profile. 
Detailed reports of logging operations are provided in BHI-01606 and BHI-01607. The reports 
include summaries of the calibration requirements, processing data, log plots, and results. 

2.2 OTHER200-TW-1 AND 200-T\V-2 OPERABLE 
UNIT ACTIVITIES 

2.2.1 Surface Geophysical Surveys 

Surface geophysical surveys were conducted before excavation at each site using 
ground-penetrating radar. The surveys were performed to verify the location of waste sites and 
to identify potential underground hazards. Several sample locations were adjusted based on the 
survey findings. Surface geophysical survey reports are found in the project file and in the 
borehole summary reports (BHI-01606, BHI-01607). 

2.2.2 Air Monitoring 

Air monitoring during RI activities was conducted in accordance with the Environmental 
Program ALA.RA CT Demonstration for Drilling (WDOH 2001) to verify that contamination did 
not migrate from the waste site. Existing near-facility stations (Nl61, N967, N973, N975, N976, 
and N987) were used for monitoring. Data from these stations will be included in the annual 
Sitewide near-field environmental monitoring report. 
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2.2.3 Geodetic Survey 

All boreholes were geodeticatly surveyed in accordance with BHI-EE-01, Procedure 1.6, 
"Survey Requirements and Techniques." Data were recorded in NA VD88, North American 
Vertical Datum of 1988 and Washington State Plane (South Zone) NAD83, North American 
Datum of 1983, with the 1991 adjustment for horizontal coordinates. Survey data are presented 
in the borehole summary reports (BHI-01606, BHI-01607). 

2.2.4 216-8-46 Crib Characterization 

Three boreholes (299-E33-299, 299-E33-310, and 299-E33-31 l) were drilled through the 
216-B-46 Crib with a cable tool rig in 1991 and 1992. The boreholes were placed in a triangular 
array and drilled to depths between 9 rn (29.5 ft) and 10.7 rn (35 ft) bgs in the crib. The 
boreholes were decommissioned after drilling to total depth in accordance with WAC 173-160. 

Four samples were collected from each borehole and analyzed for CERCLA target compound 
list (TCL) and target analyte list (TAL) constituents, major anions, bismuth, cyanide (free, 
complex, and total). and selected radioisotopes. Physical property samples were not collected 
from this site; however, the data arc available from nearby waste sites (e.g., 216-B-43 Trench). 
Analytical results are presented in DOE/RL-92-70. The subject boreholes also were logged with 
the RLS and neutron moisture tools. In addition, boreholes 299-E33-4 and 299-E33-23, which 
are located adjacent to the waste site, were logged with the RLS and neutron moisture tool in 
2001. The locations of boreholes near the crib are shown in Figure 2-1. 

2.2.5 216-B-5 Reverse \Veil Characterization 

Four boreholes (299-E28-7, 299-E28-23, 299-E28-24, and 299-E28-2S) were drilled and 
sampled during late 1970 to determine the distribution of gamma-emitting contaminants near the 
216-B-5 Reverse Well. The boreholes also were logged with the RLS in 2001. These wells are 
located within 19 m (62 ft) of the reverse well and are shown in Figure 2-3. 

Fifteen soil samples were collected at borehole 299-E28-23 (RHO-ST-37). The samples were 
collected in the vadose zone from near the surface to a depth of86.6 m (284 ft) bgs. Also, 23 
saturated sediment samples were collected from the water table 86.6 m (284 ft) bgs in 1980 to a 
depth of 100.7 m (330.4 ft) (the top of the basalt). Soils were analyzed for americium-241, 
plutonium-239/240, strontium-90. and cesium-137. A similar sampling scheme was employed at 
boreholes 299-E28-7, 299-E28-24, and 299-E28-25. Analytical results are presented in 
RHO-ST-37. 

l.3 200-PW-S OPERABLE UNIT 
CHARACTERIZATION 

Three boreholes (299-E33-304, 299-E33-305. and 299-E33-306) were drilled through the 
216-B-57 Crib in 1991. The boreholes were drilled to depths between 15.2 and 71 m (SO and 
233 ft) with a cable tool drill rig. The boreholes were decommissioned after drilling according to 
WAC 173-160. 

Twenty-three samples were collected from the boreholes and analyzed for CERCLA TLC and 
TAL constituents, major anions, bismuth, cyanide (free, complex, and total), and radioisotopes. 
Several of these samples also were used in column leach test experiments. In addition, 
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89 physical property samples were collected continuously with a spilt-spoon sampler from 
borehole 299-E33-304. Samples were analyzed for bulk density, moisture content, grain size, 
moisture retention, saturated and unsaturated conductivity, specific gravity, calcium carbonate, 
and porosity. Analytical results are presented in DOE/R.L-92-70. The subject boreholes were 
logged with the RLS and neutron moisture tool. The locations of boreholes near the crib are 
shown in Figure 2-1. 
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Figure 2-1 . Borehole Location Map for the 200 East Area 
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Figure 2-2. Borehole Location Map for 216-T-26 Crib. 
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Figure 2-3 . Borehole Location Map for the 216-B-5 Reverse Well. 

I 
I I 

- --- -

I .. 
i, 

i 
I I 

, ,-

' :-1 
;' :,J 
' J. r.' 
I I _, 

'. . 

• ,/,/ 8&l 200:rw-1 Sites 

=:J 20CHW-2 Sites 

• Groundwater Monitoring Well 
orllottthole 

• 289-E28-10 

6 ----._ -' 
. .. 

~/ 
I 
I 

120 

IWI 
I~ 

tlOO ~--1.li--

2-8 

f 

216-8-9 

I 
-1 

·--' 
__ , 

. ,, 
I\ 



DOF/RL-2002-42 REV 0 

Table 2-1. Summary of Operable Unit Data Collection Activities. 

Number 
Number of E:1tent of of Number of Number of Number of 

Data 
Boreholes Vadose Direct- Chemical Physical Boreholes Source 

Drilled Investigation Push Samples Property Logged 
Holes 

200-T\V-1 Operable Unit 

216-T-26 Cnb 1 226 ft 0 JO 6 3 New 

216-B-46 Cn'b 3•125 227 ft 0 12•,104 0'167 4•124 Existing 

200-T\V-2 Operable Unit 

216-B-7A Cnb 1 222.5 fl 0 14 5 6 New 

216-B-S 4 287 fl 0 51~ Grain sizec 4 Existing 
Reverse Well 

216-B-38 1 263 ft s 12 4 8 New 
Trench 

200-PW-S Operable Unit 

216-B-57 Cnb 3 233 ft 0 23 89 I NA Existing 
-Summary mcludes data from 216-B-43, 216-B-44 216-8-45, 216-8-46, 216-B-47, 216-B-48, 216-B-49, and 

216-B-SO Cnbs as reported in DOE/RL-92-70, 1993, Phase I Remedial Investigation Report/or 
200-BP-l Operable Unit, Vols. 1 and 2, Rev. 0, U.S. Department of Energy, Richland Operations Office, 
Richland, Washington. 

"Fifty-one samples were collected from the vadose zone. Additional sediment samples were coUected from 
the aquifer. 

~e number of samples collected was not reported. 

N/ A • not analyzed. 
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Table 2-2. SummaryofSoil Analytical 
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Table 2-2. Summary of Soil Analytical 
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3.0 REMEDIAL INVESTIGATION RESULTS 

This chapter describes the hydrogeologic framework in the 200-TW-1, 200-TW-2, and 
200-PW-S OUs and the nature and vertical extent of contamination at six representative waste 
sites. The information in this chapter is based on data collected (e.g., geologic logs, depth to 
water, soil chemistry) during the 200-TW-1 and 200 TW-2 RI and on existing information 
contained in DOEIRL-92-70, RHO-ST-37, and site geologic logs. 

3.1 IIYDROGEOLOGIC FRAMEWORK 

This section briefly describes the hydrogeologic framework in the 200-TW-l, 200-TW-2, and 
200-PW-S OUs and incorporates site-specific data gathered during the RI with historical data. 
Additional information on the hydrogeologic setting of these areas can be found in the 
implementation plan (DOE/RL-98-28); DOE/RL--92-05, B Plant Source Aggregate Area 
Management Study Report; and DOE/R.1,91-61, T Plant Source Aggregate Area Management 
Study Report. Figure 3-1 is the generalized stratigraphic column for the OUs. Stratigraphic 
relationships near the representative waste sites (216-B-5 Reverse Well, 216-B-7A Crib, 
216-B-38 Trench, 216-B-46 Crib, 216-B-57 Crib, and 216-T-26 Crib) are shown in Figures 3-2 
through 3-6. 

3.1.1 Topography 

The 200-TW-l, 200-TW-2, and 200-PW-5 OU waste sites are located in the 200 East and 
200 West Areas on the 200 Areas Plateau. The 200 Areas Plateau is the common reference used 
to describe the broad, flat area forming a local topographic high around the 200 Areas at the 
Hanford Site (Figure 3-7). The plateau was formed approximately 13,000 years ago during the 
cataclysmic Missoula floods. The northern boundary of the 200 Areas Plateau is defined by an 
erosional channel that runs cast-southeast before turning south just east of the 200 East Area. 
The northern half of the 200 East Area lies within this flood channel. A secondary flood channel 
running southward off the main channel bisects the 200 West Area (Figure 3-7). 

Waste sites in the 200 West Area are situated in a relatively flat area in a secondary flood 
channel. Surface elevations range from approximately 205 m (673 ft) to 217 m (712 ft) (datum 
is from NA VOSS), and the surface slopes gently to the west. Waste site surface elevations in the 
200 East Area and vicinity range from approximately 189 m (620 ft) (NA VD88) in the northern 
portion of the 200 Areas to 230 m (755 ft) at waste sites just south of the 200 East Area. The 
200 East Area surface slopes gently to the northeast. 

3. 1 .1 Geology 

The 200-TW-l, 200-TW-2, and 200-PW-S OUs are located in the Pasco Basin on the Columbia 
Plateau (Figure 3-8). They arc underlain by basalt of the Colwnbia River Basalt Group and a 
sequence of suprabasalt sediments. From oldest to youngest, major geologic units ofinterest are 
the Elephant Mountain Basalt Member, the Ringold Formation, the Plio4 Pleistocene unit, the 
Hanford formation/Plio-Pleistocene unit(?), the Hanford formation, Holocene age deposits, and 
backfill. 
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Elephant Mountain Member. The Elephant Mountain Member is bedrock beneath the OUs. 
Bedrock consists of a medium- to fine-grained tholeiitic basalt (DOFJR W-0164, Consultation 
Draft Site Characterization Plan). Depth to basalt varies at the representative sites. In the 
200-TW-1 OU, depth to basalt is approximately 152 m (S00 ft) at the 216-T-26 Crib and 69.8 m 
(229 ft) at the 216-B-46 Crib. In the 200-TW-2 OU, depth to basalt is approximately 79.0 m 
(258 ft) at the 216-B-7A Crib, 85 m (276 ft) at the 216-B-38 Trench, and 104 m (340 ft) at the 
216-B-5 Reverse Well. In the 200-PW-S OU at the 216-B-S7 Crib, the depth to basalt is 72 m 
(236 ft). Depth to basalt increases to the south. 

Ringold Formation. DOE/RL-92-70 indicates that the basalt is overlain by the Ringold 
Formation in the east, south, and central sections of the 200 East Area. In the 200 West Area, 
the basalt is completely overlain by the Ringold Formation. The Ringold Formation consists of 
an interstratified sequence of unconsolidated clay, silt, sand, and granule-to-cobble gravel 
deposited by the ancestral Columbia River. These alluvial sediments consist of four major units; 
these are (from oldest to youngest) the fluvial gravel and sand of unit A, the buried soil horizons 
and lake deposits of the lower mud sequence, the fluvial sand and gravel of unit E, and the 
lacustrinc mud of the upper Ringold. Units A and E consist of a silty-sandy gravel with 
secondary lenses and interbeds of gravely sand, sand, and muddy sands to silt and clay. The 
lower mud unit consists mainly of silt and clay. The upper Ringold consists of silty over-bank 
deposits and fluvial sand. 

PJio-Pleistocene units. Overlying the Ringold Formation in the 200 West Area is a locally 
derived subunit called the Plio-Pleistocene unit. This unit is interpreted to be a weathered 
(WHC-SD-EN-TI-290, Geologic Setting of the Low-Level Burial Ground; PNL-7336, 
Geohydrology of the 218-W-5 Burial Ground, 200 West Area, Hanford Site) and eolian facies 
(Slate 1996, ''Buried Carbonate Paleosols Developed in Pliocene-Pleistocene Deposits of the 
Pasco Basin, South-Central Washington, U.S.A.") that consists of poorly sorted, locally derived, 
interbedded reworked loess, sit~ sand, and basaltic gravel. The subunit consists of a layer of 
interbedded carbonate-poor to carbonate-rich paleosol. The upper silty eolian facies was 
previously interpreted to be early Pleistocene loess and has been referred to as the early Palouse 
soil (PNL-7336). Generally, it is well-sorted quartz-rich/basalt-poor.silty sand to sandy silt 
(BHl-00270, Pre-Operational Baseline and Site Characterization Report for the Environmental 
Restoration Disposal Facility). 

A recently identified unit of uncertain origin, referred to as the Hanford formation/ 
Plio-Pleistocene unit (?), is present in the 200 East Area overlying the basalt beneath the 
216-B-7A Crib, 216-B-38 Trench, and 216-B-46 Crib. The Hanford formation/Plio-Pleistocene 
unit(?) may be equivalent or partially equivalent to the Plio-Pleistocene unit, or it may represent 
the earliest ice age flood deposits, overlain by a locally thick sequence of fine-grained, nonflood 
deposits of the lower Hanford formation (HNF-5507, Subsurface Conditions Description/or the 
B-BX-BY Waste Management Area). The continuity of the Hanford formation/Plio-Pleistocene 
unit (?) across the 200 East Area has not been evaluated. 

The Hanford formation/Plio~Pleistocene unit(?) is made up of two facies. The lower facies 
overlies basalt and is described in HNF-5507 as loose, unconsolidated sandy gravel to gravelly 
sand. These gravels contain SO to 70 percent basalt and are similar to and often indistinguishable 
from Hanford formation flood gravel in the absence of the second facies. The second facies 
consists of an olive brown to olive gray, well-sorted calcareous eolian/overbank silt with 
laminations and pedogenic structures. However. this facies also has been observed to be massive 
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and void of any sedimentary or pedogenic structures. Where the Ringold Formation and 
Hanford formation/Plio-Pleistocene unit(?) are not present, Hanford formation sediments overlie 
the basalt in the 200 East Area. 

Hanford formation. The Hanford formation overlies the PJio-PJeistocene unit in the 200 West 
Area. In the 200 East Area, it _overlies the Hanford formation/Plio-Pleistocene unit (?) at the 
216-B-7A Crib, the 216-B-38 Trench, the 216-B-46 Crib, and the 216-B-57 Trench. At the 
216-B-5 Reverse Well, the Hanford formation overlies the Ringold Formation. 

The Hanford formation consists of unconsolidated gravel, sand, and silts deposited by 
cataclysmic floodwaters (DOE/RL-92-70). These deposits consist of gravel.dominated (HI and 
H3) and sand.dominated facies (H2). The gravel-dominated facies consist of cross-stratified, 
coarse-grained sands and granule to boulder gravel. The gravel is uncemented and matrix poor. 
The sand facies consists of well-stratified fine- to coarse-grained sand and granule gravel. Silt in 
these facies is variable and may be intcrbedded with the sand. Where the silt content is low, an 
open-framework texture is common. An upper and lower gravel unit and a middle sand facics 
are present in the study area. 

Holocene-Aged Deposits and Backfill. Holocene-aged deposits and material used for backfill 
overlie the Hanford formation. Holocene-aged deposits are dominated by eolian sheets of sand 
that form a thin veneer across the Site, except in localized areas. The soils consist of very fine­
to medium-grained sand to occasionally silty sand. 

Fill material was placed in and over representative waste sites during construction of cribs and 
trenches for contamination control. The fill consists of silty-sandy gravel, silty sand to sandy 
silt, or both. The silt horizon consists of at least 40 percent silt and often has a "flour 
appearance0 at the surface. The thickness of the back.fill is up to 25 ft (7.6 m) at representative 
sites. 

3.1.3 Hydrostratigrapby 

Hydrostratigraphic units of concern in the 200-TW-t and 200-TW-2 OUs arc separated into six 
zones: the Elephant Mountain Basalt member {confining horizon), the Ringold Formation 
{water-bearing zone and lower part of the vadose zone at the 216--B-S Reverse Well), 
Plio-Pleistocene unit {vadose zone), Hanford formation/Plio-Pleistocene unit{?) (water-bearing 
zone and lower part of the vadose zone), Hanford formation (vadose zone). and backfill {vadose 
z~ne) (Figure 3-1). 

Vadose Zone. The vadose zone is the area between the ground surface and water table. In the 
southern section of the 200 East Area, the vadose zone is approximately 103.7 m (340 ft) thick. 
At the 216-B-5 Reverse Well, the vadose zone is 87.S m (287 ft) thick and thins to the north 
toward the 216-B-46 Crib. The vadose zone is dominated by the Hanford formation and the 
Hanford formation/Plio-Pleistocene unit(?) at representative sites in the 200 East Area, although 
a small section of the Ringold Formation may be present at the 216-B-5 Reverse Well. The 
thickness of the vadose zone is 69.S to 87.S m (228 to 287 ft) at representative sites in the 
200 East Area. 

In the 200 West Area, the vadose zone thickness ranges from 40.2 to 102.7 m (132 to 337 ft) . 
Sediments in the vadose zone are the Ringold Formation, the Plio-Pleistocene unit, and the 
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Hanford fonnation. The thickness of the vadose zone at the 216-T-26 Crib is approximately 
68.9 m (226 ft). 

Moisture content in the 200 Areas vadose zone typically ranges between 2 and IO percent under 
ambient conditions (DOEJRL.98-28), but historically has ranged widely from 10 percent to 
saturation (perched water) at liquid waste receiving sites. With the reduction of artificial 
recharge in the 200 Areas in 1995, the downward flux ofliquid in the vadose zone beneath waste 
sites has been decreasing. Moisture content in the vadose zone is expected to remain elevated 
over preoperational conditions for some time near waste sites. Before 1995, liquid waste sites 
provided a significant driving force for contaminant transport. In the absence of artificial 
recharge, recharge from natural precipitation becomes the dominant driving force for moving 
contamination remaining in the vadose zone to groundwater. 

Data collected with the neutron-moisture logging tool indicate that volumetric moisture content 
beneath representative sites ranges between 1.0 and 19.0 percent. Over most of the log interval, 
the moisture content was less than 4 percent. Zones of higher moisture are associated with · 
elevated levels of contamination within 12.2 m (40 ft) of the surface, fine-grained textures, 
fonnation contacts, and other lithologic features, such as elastic dikes and brecciated and altered 
zones. A slight increase in moisture content (approximately 1 to 4 percent) is noted within 6.1 m 
(20 ft) of the water table at each site. This reflects the decline of the water table surface across 
the 200 Areas. . 

The area of highest moisture was detected beneath the 216·B• 7 A Crib within the Hanford 
fonnation/Plio-Pleistocene silt(?} at a depth of 66.5 m (218 ft) . Soil samples from this zone 
were very wet, because milliliters of water drained out of samples by gravity after collection. 
Monitoring of this zone during a 24-h period showed that a hydraulic head did not develop in the 
well; therefore, this zone is not considered a perching horizon. Possible sources of moisture in 
this zone may be from the 216-B-7 A Crib, other waste sites, and/or potential leaking water lines. 

A limited number of soil samples were collected to detennine moisture content by American 
Society of Testing and Materials (ASTM) Method D2216, Standard Test Method/or Laboratory 
Determination of Water (Moisture) Content of Soil and Rock by Mass; grain-size distribution by 
ASTM Method D422, Standard Test Method for Particle.Size Analysis of Soils; and bulk density 
by BHI-EE-05, Field Screening Procedures, Section 3.9, "Determination of Soil Bulk Density 
Using a Split-Spoon Sampler." One sample was to be collected from each geologic unit for each 
of the three boreholes. Physical property samples were not collected in several intervals, because 
of high radiological contamination or insufficient volume. Laboratory moisture content ranged 
between 1.4 and 22.5 percent ( equivalent to 3.88 and 34.17 volumetric moisture percent). Bulk 
densities ranged between 1.4 and 2.06. The physical property testing data collected during the 
RI are summarized in Table 3-1. The laboratory results are presented in Appendix C. 

Unconfined Aquifer. The unconfined aquifer beneath the 200 West Area occurs within the 
Ringold Formation Unit E. Beneath representative sites in the 200 East Area, it occurs within 
the Hanford formation/Plio-Pleistocene unit (?) and in the Ringold Fonnation. Current sources 
of recharge to the aquifer in the 200 Areas include rain, snowmelt, septic system, leaking water 
lines, and irrigation from private land west of the Hanford Site. Past-practice sources of artificial 
recharge on the Hanford Site consisted mainly of effiuent discharges to the ground from liquid 
waste receiving sites (e.g., ponds, cribs, trenches). Recharge between 1944 and reductions in 
discharges in 1995 has resulted in an increase of the water table elevation across the Site. Since 
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termination of most of the artificial recharge onsite in 1995, the elevation of the water table has 
been and is currently declining. 

The elevation of the water table varies across the 200 West Area (Figure 3·9). At OU waste 
sites, water table elevations are between 136 and 140 m (446 and 459 ft). Groundwater flows 
from west to east. March/ April 2000 and March 2001 depth to water measurements in 
PNNI.r13788, Hanford Site Groundwater Monitoring/or Fiscal Year 2001, indicate that the 
surface of the water table is declining at a rate of0.35 m/yr (1.1 ft/yr). The decline is the result 
of cessation of most discharges to the ground. The saturated thickness of the unconfined aquifer 
is 38.4 m (126 ft) beneath the 216•T-26 Crib, and it is bound by the Ringold lower mud unit. 
Depth to water at the 216-T-26 Crib is approximately 69 m (226 ft). 

Depth to water beneath representative sites in the 200 East Area ranges between 69.S and 87.5 m 
(228 and 287 ft) and increases to the south. The elevation of the water table surface across the 
200 East Area is bound completely by the 122 and 124 m (400· and 407-ft) contour intervals 
(Figure 3-9). Groundwater flow is to the northwest toward Gable Mountain and through 
Gable Gap, and to the southeast and east toward the Columbia River. The divide between the 
two flow regimes is not clearly discernable because the water table is very flat. Based on the 
March/April 2000 and March 2001 depth to water measurements in PNNL-13788, the surface of 
the water table is declining at a rate of0.14 m/yr (0.46 ft/yr) in the 200 East Area The saturated 
thickness of the unconfined aquifer is less than 1 m (3 ft) at the 216•B-46 Crib and 16 m (53 ft) 
to the south at the 216.B-5 Reverse Well. The base of the unconfined aquifer is basalt of the 
Elephant Mountain Member. 

3.2 OPERABLE UNIT CONTAMINATION 

Contaminants of potential concern (COPC) were preliminarily identified in the DQO process 
(BHI•Ol356) based on process information, information from the 200·BP-1 RI (DOE/RL-92•70), 
and other existing information. The COPCs were screened in the DQO process using a set of 
criteria based on the nature of the contaminants, their longevity, and the likelihood of their 
presence in the environment today (BHI-01356). This screened list of CO PCs was used to 
identify sampling requirements for the RI. This RI report takes the data from the RI and further 
evaluates it as discussed in this section. The data from the 200·BP-1 RI and from RHO-ST-37 
were judged in the DQO process to be of sufficient quality to support the decision process for 
these OUs. Because the investigation reported in RHO-ST-37 did not evaluate nonradiological 
constituents, the data from the 216.B•7A Crib are used to evaluate the 216-B-5 Reverse Well for 
these constituents. The effluent originally sent to the 216-B-5 Reverse Well was redirected to 
the 216-B-7A and 216•B•7B Cribs, so the data from the 216-B-7A Crib were judged in the DQO 
process to be analogous to the data for the 216-B-S Reverse Well. 

This section describes the data evaluation process used to assess the nature and extent of 
. contamination at representative sites in the 200-TW-t, 200-TW-2, and 200-PW-S OUs. 

Appendix C lists the entire data set from the 200-TW-1 and 200•TW-2 RI. The process is used 
to identify constituents in the soil column that are naturally occurring and contamination that · 
may present significant risk to human health and the environment. Contaminants are identified 
by subjecting constituents to a step-wise screening process. The extent of contamination is 
determined by the distribution of contaminants remaining after the screening process is applied. 
Contaminants with no detections above detection limits were eliminated from consideration. 
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The initial step in the process involves comparing the data to the Hanford Site background 
threshold concentrations at the 90th percentile in DOE/RL-92-24 and DOE/RL-96-12. Ecology 
Publication No. 94-115 also was used for background concentrations where no site-specific 
background concentrations were available. Comparison to background threshold concentrations 
was conducted to eliminate sample detects that represent naturally occurring constituents. 
Contaminants with concentrations above background concentrations and contaminants with no 
available background concentrations were retained for further evaluation. 

To further focus the list of constituents exceeding background concentrations, constituents were 
subjected to a screening process against existing regulatory standards. Nonradiological 
constituents with concentrations above background were compared to WAC 173-340-745 
Method C soil cleanup levels as presented in Ecology Publication No. 94-145, Cleanup Levels 
and Risk Calculations under the Model Toxics Control Act Cleanup Regulations (CLARC). 
These constituents also were compared to soil concentrations considered protective of 
groundwater. Soil concentrations protective of groundwater were calculated based on WAC 
173-340-747, using Method B groundwater standards under WAC 173-340-720, "Ground Water 
Cleanup Standards." Concentrations exceeding background concentrations, WAC 173-340-745 
Method C soil cleanup levels, or concentrations protective of groundwater arc regarded as 
evidence of contamination and potential risk, unless information is available that would justify 
eliminating contaminants from the screening process. 

Promulgated soil-based cleanup levels have not been developed for radionuclides. Therefore, 
radionuclides detected above background are retained for further evaluation in Chapters 4.0 and 
-S.O of this report. Table 3-2 summarizes the maximum contaminant concentrations and 
compares them to background concentrations. Tables 3-3 through 3-S document the screening 
process for this section and identify contaminants in the subsurface at representative sites in the 
respective OUs that exceed background and regulatory levels. 

A considerable amount of information is presented in the 200-BP-1 RI report (DOE/RL-92-70) 
to identify contaminants at the 216-B-46 and 216-B-57 Cribs. Because the screening process has 
changed since that report was issued in 1993, the data were reevaluated in this report to refine the 
list of contaminants. The nature and extent of contamination at representative sites in the 
200-TW-l, 200-TW-2, and 200-PW-5 OUs are discussed in Sections 3.2.1, 3.2.2, and 3.2.3, 
respectively. 

3.2.1 Nature and Extent of Contamination at the 
200-TW-1 Operable Unit Representative Sites 

This section describes the nature and extent of contamination at the 216-B-46 and 
216-T-26 Cribs in the 200-TW-1 OU. . 

Nature and Extent of Contamination at 216-B-46 Crib. Twelve soil samples were collected 
beneath the 216-B-46 Crib during the 200-BP-1 remedial investigation (DOE/RL-92-70). 
Samples were collected to a maximum depth of 10.7 m (35 ft) in three boreholes. Because no 
samples were collected greater than 10. 7 m (3S ft) bgs, analogous site data from the 
216-B-49 Crib (i.e., borehole 299-E33-302) were used to assess deep soil contamination in the 
vadose zone. The 216-B-49 Crib also was characterized during the 200-BP-1 remedial 
investigation. The 216-B-49 Crib received approximately the same cffiuent and contaminant 
load as the 216-B-46 Crib and is within the same physical setting. Table 3-6 compares the 
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effiuent volume and contaminant load for the 216-B-46 and 216-B-49 Cribs. This table shows 
that the 216-B-49 Crib is analogous to the 216·B•46 Crib and provides analogous data to 
evaluate deeper contamination. 

The following 19 constituents exceeded the screening in the soil column beneath the 
216-B-46 Crib (fable 3-3): 

• antimony-125 • total uranium 
• cesium-137 • bismuth 
• cobalt-60 • cadmium 
• plutonium-238 • sodium 
• plutonium-239 • cyanide 
• plutonium-239/240 • nitrate 
• radium-226 • nitrite 
• strontium-90 • phosphate 
• technetium-99 • sulfate 
• tritium 

The distribution of contaminants with depth at the 216-B-46 Crib is shown in Figure 3-10 with 
correlation to stratigraphy. Contamination is present throughout the vadose zone beneath the 
crib. Only low levels of contamination are present from the surface to a depth of 5.5 m (18 ft). 
The majority of contaminants and the highest concentrations were detected from 5.5 to 14.9 m 
(18 to 49 ft) bgs. Figure 3-10 provides vertical profiles of the detected contaminants that show 
significant contamination from 5.5 to 14.9 m (18 to 49 ft) bgs and decreasing concentrations with 
depth. The maximum concentrations of many of the contaminants were associated with the 
approximate bottom of the crib at a depth of about 5.5 m (18 ft) bgs. Cesiurn-137 and 
strontium-90 were the dominant radionuclides present, with maximum concentrations of364,000 
(decayed to 280,000 in 2004) and 353,000 (decayed to 260,000 in 2004) pCi/g. respectively. 

Cobalt-60, radiurn-226, technetium•99, and total uranium were distributed more widely across 
the vadose zone and were detected at depths greater than 14.9 m (49 ft) bgs. With the exception 
oftechnetium•99, concentrations were less than 5 pCi/g at depths greater than ·14.9 m (49 ft) bgs. 
Technetium-99 concentrations ranged from 65 to 160 pCi/g at depths greater than 14.9 m 
(49 ft) bgs. The distribution of these contaminants deep in the vadose zone is associated with the 
mobility of these contaminants in contrast to cesium-137, plutonium-239/240, and strontium•90, 
which are much less mobile and remain in vadose zone soils close to the point of release to the 
environment. 

Bismuth, cadmium, and sodium were the only metals detected that exceeded the initial screening. 
Bismuth was detected in one sample at a concentration of 31.3 mg/kg at a depth of 58 m 
(190.5 ft) bgs. Sodium was distributed throughout the vadose zone starting at a depth of about 
5.5 m (18 ft) and had a maximum concentration of 4,360 mg/kg. Neither constituent has a 
cleanup level identified through WAC l 73•340-745. Sodium was detected above the Hanford 
Site background; no background has been established for bismuth. Cadmium was detected at a 
maximum concentration of2 mg/kg at a depth of0.9 to 1.8 m (3 to 6 ft) bgs and was not detected 
below 3.7 m (12 ft). 

Cyanide, nitrate, nitrite, phosphate, and sulfate were detected in significant concentrations 
beneath the crib. Nitrate and sulfate were detected near the surface and also in the deeper portion 
of the vadose zone at maximum concentrations of 5,470 mg/kg as nitrate and 1,080 mg/kg, 
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respectively. Nitrite and phosphate were distributed at depths less than 14.9 m (49 ft} bgs at 
maximum concentrations of 12.2 mg/kg (as nitrate) and 86.7 mg/kg, respectively. Cyanide was 
detected from about 5.S m (18 fl) bgs to a depth of58.5 m (193 fl) with a maximum 
concentration of 12.0 mg/kg. 

Cesium-137 was detected with the RLS from the surface to a depth of27.4 m (90 ft) with 
significantly elevated levels from 4.9 to 17.4 m (16 to 57 ft) bgs. The RLS data indicate that the 
maximum estimated concentration was about 1,400,000 pCi/g at a depth of7.6 m (25 ft) in 
well 299-E33-4. A true maximum concentration was not detennined, because the tool saturated 
or exceeded the dead time in this zone. Very little cesium was detected in near-surface 
sediments and at depths greater than 22 m (72 ft} bgs. The data suggest that the deeper 
contamination may be attributed to the drag down of contamination during drilling. The RLS 
data from well 299-E33-4 indicate that cesium-137 contamination extends laterally from the crib 
several meters to the west. 

Based on the data generated for the 216-B-46 Crib during the 200-BP-1 RI, on the screening 
process conducted in this RI, and on recent geophysical logging of nearby boreholes, the 
contaminant distribution model presented in the 200-TW•l and 200-TW-2 Work Plan 
(DOE/RL-2000-38) was revised. The new contaminant distribution model for the 216-B-46 Crib 
is shown in Figure 3-11. The contaminant distribution model agrees quite well with the 
conceptual contaminant distribution model in the Work Plan. The zone of major contamination 
was predicted to be about 9 m (30 fl} thick. This is consistent with the sampling and logging 
data. However, the lesser zone of contamination extended deeper in the borehole than originally 
expected (58 m [190 ft] versus 39.5 m (130 ft)). Some spreading of contaminants was predicted 
at the Hanford fonnation sand/Hanford fonnation gravel interface. Logging in adjacent 
boreholes seems to uphold this assumption. Logging of these boreholes at different times 
indicates that the contamination does not seem to be moving. 

3.2.l.1 Current Impacts to Groundwater nt the 216-B-46 Crib. The effiuent volume 
discharged to the 216-B-46 Crib was roughly 70 percent of the rough-estimated soil column pore 
volume beneath the waste site. This information suggests that the volume of effiuent released 
may not have been sufficient to reach the aquifer during operations of the waste site from 
September to December 1955. Additional assessment of potential impact to groundwater is 
constrained at this site because soil data only were collected to a depth of 10.7 m (35 ft) bgs. 
However, as stated previously, the 216-B-49 Crib was used to evaluate deep contamination in the 
lower vadose zone. 

Mobile contaminants, such as technetium, nitrate, and cobalt-60, were detected in deep vadose 
zone soil samples beneath the 216-B-49 Crib (i.e., near the top of the water table), suggesting the 
likelihood of historical impacts to groundwater at the waste site. The status of groundwater near 
the crib is shown in Figures 3·12 and 3-13. The maps indicate four major groundwater plumes 
associated with mobile constituents (nitrate, iodine-129, technetium-99, and uranium) near the 
crib. Future impacts to groundwater at this crib are evaluated in Chapter 4.0. 

3.2.t.2 Nature and Extent of Contamination at 216-T-26 Crib. Ten soil samples were 
collected beneath the 216-T-26 Crib during the RI. Soil samples were collected from near the 
surface to a depth of 69.2 m (227 ft) bgs in borehole CJ 102 and were analyzed for select 
radionuclides, inorganics (metals), general chemistry anions, semivolatile compounds, and 
diesel-range organic compounds. A majority of samples also were analyzed for carbon 
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tetrachloride to assess the presence of carbon tetrachloride in the vadose zone for the 
200-PW-1 OU RI. 

The following 26 constituents exceeded the initial screening criteria in the soil column beneath 
the 216-T-26 Crib: 

• . americium-241 • total uranium 

• cesium-137 • uraniwn-233/234 

• cobalt-60 • uranium-235 

• europiwn-154 • uranium-238 

• europium-155 • bismuth 

• plutonium-238 • sodium 
• plutonium-239/240 • ammonia 
• potassium-40 • cyanide 
• radium-226 • fluoride 

• radium-228 • nitrate 

• strontium-90 • nitrite 

• technetium-99 • phosphate 

• tritium • sulfate 

The distribution of contaminants with depth at the 216-T-26 Crib is shown in Figure 3-14 with 
correlation to stratigraphy and geophysical log data. Radiological contamination was not 
detected in the soil samples from the surface to a depth of 5.5 rn {I 8 ft) bgs. The main zone of 
radiological contamination extends from 5.5 to 11 m (18 to 36.5 ft) bgs. The predominant 
radionuclides in this zone are contaminants that generally are assumed to be immobile or only 
slightly mobile, such as americium-241, cesium-137, europium-154, curopium-155, 
plutonium-238, plutonium-239/240, and strontium-90. The maximum cesium-137 concentration 
was 47,900 pCi/g in the 5.5 to 6.3 m (18- to 20.S-ft) sample; the 10.4 to 11 m (34- to 36.S-ft) 
sample had 21,200 pCi/g of cesium-137. Cesium-137 was not detected in the samples below this 
level. The maximum concentrations of the other contaminants occurred in the 10.4 to 11 m 
(34- to 36.5-ft) sample interval with only slightly elevated-above-detection-limit concentrations 
for the remainder of the borehole. This zone is associated with the effiuent releas~ point at the 
waste-site bottom (i.e., contact between the backfill and the gravel-dominated sequence of the 
Hanford formation). The maximum concentration for strontium-90 was 49.100 pCi/g. The 
max~mum concentration for plutonium-239/240 was 6,320 pCi/g (see Table C-1). 

More mobile radiological contaminants, such as cobalt-60, technetium-99, tritium, and uranium 
isotopes, were detected in soil samples to a depth of28.8 m (94.5 ft), which is the approximate 
top of the Plio-Pleistocene unit. Only technetium-99 and tritium were detected at depths greater 
than 28.8 m (94.S ft) deep; however, concentrations of these contaminants were less than 4 pCi/g 
each in this zone (see Table C-1). 

Bismuth and sodium were the only metals that exceeded the initial screening. Maximum 
concentrations were 198 mg/kg and 1,510 mg/kg, respectively, in the 10.4 to 11 m (34- to 
36.S-ft) sample (see Tables 3-2, 3-3, and C-2). Neither constituent has a cleanup level identified 
through WAC 173-340-745. Sodium was detected above the Hanford Site background; no 
background has been established for bismuth. 
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For the general chemistry constituents, ammonia, cyanide, fluoride, nitrate, nitrite, phosphate, 
and sulfate exceeded the initial screening (Table 3-3). Phosphate was detected at concentrations 
above background throughout most of the borehole (Table C-3); the maximum concentration of 
213 mg/kg was detected in the 28 to 28.8 m (92- to 94.5-ft) sample. Maximum concentrations 
for ammonia (94.9 mg/kg), cyanide (7.9 mg/kg), and nitrite (47.7 mg/kg as nitrite) were detected 
from depths of20.5 to 28.8 m (67.3 to 94.5 ft). Fluoride was detected from S.S to 28.7 m (18 to 
94 ft) bgs at a maximum concentration of 168 mg/kg. Phosphate, sulfate, and nitrate were 
detected at maximum concentrations of213 mg/kg, 250 mg/kg. and 3,070 mg/kg as nitrate, 
respectively, at 28.8 m (94.5 ft) bgs. 

Cesium-137 was detected with the RLS from near the surface to a depth of 39 m (128 ft) bgs. 
Log data indicate that most of the cesium-137 was detected from S.S to 27.7 m (18 to 91 ft) bgs 
and is distributed deeper in the vadose zone toward the south end of the site. The maximum 
concentration detected is estimated to be greater than 3,000 pCi/g. Contamination extends 
laterally beyond the 216-T-26 Crib boundary to the south and may intersect contamination 
associated with the 216-T-27 Crib. The contaminant profile suggests that little contamination is 
spreading to the north. The lateral and vertical extents of cesium-13 7 contamination detected in 
boreholes C3102, 299-Wl 1-70, and 299-Wl 1-82 with the RLS arc shown in Figure 3-15. 

Based on the data generated for this crib during the 200-TW-1 and 200-TW-2 RJ, on the 
screening process conducted in this RI, and on recent geophysical logging of nearby boreholes, 
the conceptual contaminant distribution model presented in the 200-TW-1 and 200-TW-2 Work 
Plan (DOE/RL-2000-38) was revised. The new contaminant distribution model for the 
216-T-26 Crib is shown in Figure 3-16. The conceptual contaminant distribution model in the 
Work Plan indicated a high zone of contamination from the crib bottom to approximately 31.3 m 
(103 ft); the sampling and geophysical logging showed this zone extending to 18.3 m (60 ft) with 
significantly reduced contamination below this depth. Deeper contaminants mainly were the 
mobile contaminants. The predicted enhanced mobility of the cesium-137 was not evident in the 
sampling and logging data. No cobalt-60 was identified as had been anticipated in the Work 
Plan. The models are very similar in overall understanding of the distribution of contaminants, 
however, with the more immobile contaminants, such as cesium-137, strontium-90, and 
plutonium, being located with a few meters of the bottom of the waste site, and lower 
concentrations of more mobile contaminants deeper in the vadose. 

3.2.1.3 Current Impact to Groundwater at the 216-T-26 Crib. The effluent volume 
discharged to the 216-T-26 Crib was greater than the estimated soil column pore volume beneath 
the crib. This information suggests that the volume of effluent released was sufficient to reach 
the aquifer during operations of the waste site from 1955 to 1956. PNNL-13788 indicates that 
mobile contaminants (nitrate, carbon tetrachloride, trichloroethylene, technetium-99, tritium, and 
iodine-129) exceed groundwater protection standards near the crib. Nitrate, tritium, and 
iodine-129 may be associated with waste disposal practices at the crib as well as at other waste 
sites in the 200 West Area. Immobile contaminants, such as cesium, were not detected in the 
aquifer. The status of groundwater near the crib is shown in Figures 3-17 and 3-18. Future 
impacts to groundwater at this crib are evaluated in Chapter 4.0. 
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3.2.2 Nature and Extent of Contamination at 
200-TW-2 Operable Unit Representative Sites 

This section describes the nature and extent of contamination at the 216-B-5 Reverse Well, the 
216-B-7A Crib, and the 216-B-38 Trench in the 200-TW-2 OU. 

3.2.2.1 Nature and Extent of Contamination at 216-B-5 Reverse \Veil. This section 
describes the nature and extent of contamination in soils adjacent to the 216-B-5 Reverse Well. 
The distributions of cesium-137, plutonium-239/240, and strontium-90 are shown in 
Figures 3-19, 3-20, and 3-21, respectively (adapted from RHO-ST-37). The figures have been 
updated with current depth to water data and stratigraphic interpretations. Figure 3-19 shows the 
correlation between cesium-137 data from RHO-ST-37 and RLS data collected in 2001. 
Analytical results are presented in RHO-ST-37. During the DQO (BHl-01356), the DOE, EPA, 
and Ecology agreed that the nonradiologicat data from the 216-B-7A Crib would be used to 
evaluate nonradiological impacts at the 216-B-5 Reverse Well. The 216-B-5 Reverse Well waste 
stream was diverted to the 216-B-7A Crib when the 216-B-5 Reverse Well was taken out of 
service. 

3.2.l.l Well 299-E28-23. Wcll 299-E28-23, located about 1.8 m (6 ft) from the 
216-B-5 Reverse Well, ·had the highest levels of contamination detected near the reverse well. 
RHO-ST-37 reports that cesium-137, strontium-90, plutonium-239/240, and americium-241 
were detected in the soil samples collected. 

Cesium-137 was detected in the vadose zone in concentrations ranging between 0.11 and 
1,800 pCi/g. These concentrations were associated with the perforated interval in the reverse 
well from 74 to 86.6 m (243 to 284 ft) bgs in the vadose zone. Concentrations generally 
increased with depth from near the top of the perforated zone to the 1980 water table at a depth 
of 86.6 m (284 ft). The maximum concentration of 1,800 pCi/g was at the water table. 

Ccsium-137 also was detected across the saturated thickness (26.5 m [87 ft]) of the aquifer. 
Within the aquifer, 11,400 to Sl,300 pCi/g were detected from depths of86 to 93.3 m (282 to 
306 ft) bgs. Concentrations ranged from 124 to 1,800 pCi/g between 93.3 m (306 ft) bgs and the 
top of the basalt at a depth of 100 m (330 ft) bgs. The decrease in contamination is associated 
with the termination of the perforated zone in the reverse well at a depth of92 m (302 ft) bgs 
within the aquifer. The maximum activity in the vadose zone, based on the current depth to 
water of286 ft (87 m), is S 1,300 pCi/g. The maximum concentration is proximal to the 
groundwater/vadose zone interface. 

Plutonium-239/240 was detected in the vadose zone in concentrations ranging between 
0.00154 and 26.S pCi/g. Concentrations increased with depth to the top of the 1980 water table. 
Concentrations in the aquifer ranged between 32.9 and 75,000 pCi/g and generally decreased 
with depth to the bottom of the well. The maximum activity in the vadose zone, based on the 
current depth to water of 87 m (286 ft) bgs, is 70,200 pCi/g. The maximum concentration is 
proximal to the groundwater/vadose zone interface. 

Americium was detected in the vadose zone in concentrations ranging from 0.00236 to 
0.175 pCi/g. Concentrations generally increased with depth from near the top of the perforated 
zone at 243 ft (74 m) bgs to the 1980 water table at 86.6 m (284 ft) bgs. The maximum 
concentration at the water table was 0.175 pCi/g. Concentrations in the aquifer ranged between 
0.589 and 2,540 pCi/g and generally decreased with depth to the bottom of the well. The 
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maximum activity in the vadose zone, based on the current depth to water of 87 m (286 ft), is 
11330 pCi/g. 

Strontium-90 was detected in the vadose zone in two samples. Concentrations were 145 and 
209 pCi/g. Concentration in the aquifer ranged between 84.1 and 60,300 pCi/g and generally 
decreased with depth to the bottom of the well (Figure 3-21). The maximum activity in the 
vadose zone, based on the current depth to water of 87 m (286 ft), is 60,300 pCi/g. 

3.2.2.3 Wells 299-E28-7, 299-E28-24, and 299-E28-25. Lower levels of cesium-1371 

americium-241, strontium-90, and plutonium-238/239 were detected in wells adjacent to the 
216-B-5 Reverse Well. Similar to well 299-E28-231 low levels of contamination were detected 
in the vadose zone relative to the 1980 water table. Higher concentrations were detected in the 
aquifer. The concentrations of contaminants in the vadose zone were typically less than 1,000 
pCi/g. Concentrations in the aquifer were up to 16,000 pCi/g. The maximum activity at the 
groundwater/vadose zone interface, based on the current depth to water in these wells of 87 m 
(286 ft), is 170 pCi/g. 

3.2.2.4 Radionuclide Logging System Logging at the 216-B-5 Reverse \Vell. Wells 
299-E28-7, 299-£28-23, 299-E28-24, and 299-E28-25 were geophysically logged with the 
spectral-gamma tool in 2001. ·Cesium-137 was the only gamma-emitting radionuclide detected 
in these wells. In well 299-E28-7, cesium-137 only was detected sporadically at the minimum 
detection level of the logging tool. In well 299-E28-23, cesium-137 was detected starting at 
about 76.2 m (250 ft) and extending to the water table (logging was discontinued before the 
saturated zone because of waste management issues). The cesium-137 detected in this zone is 
associated with the perforated interval in the 216-B-5 Reverse Well. The log was saturated (i.e., 
dead time exceeds 40 percent) from 86 m (282 ft) (approximate depth of 1980 water table) to the 
end of the log run at 87.5 m (287 ft) bgs. In this zone, the activity exceeds 1,000 pCi/g. In well 
299-E28-24, cesium-137 was detected from 82.3 to 87.5 m (270 to 287 ft) bgs, with a maximum 
concentration of3,000 pCi/g at 83 m (272 ft) bgs. In we11299-E28-25, cesium-137 was detected 
from 76.9 to 87.7 m (252.2 to 287.5 ft) bgs with a maximum concentration of398 pCi/g at 77.6 
m (254.5 ft) bgs. The cesium-137 distribution below 61 m (200 ft) bgs, including correlation to 
the soil data, is shown in Figure 3-19. The contaminant distribution model for the 216-B-S 
Reverse Well is shown in Figure 3-22. No changes were made to the model that was presented 
in the Work Plan (DOE/RL-2000-38). Nitrate was the only nonradiological contaminant 
detected at the 216-B-7A Crib in the deeper zones at an appreciable concentration (Figure 3-23). 

3.2.2.5 Current Impact to Groundwater at 216-B-S Reverse Well. Effiuent and 
contaminants were discharged immediately above and directly into the aquifer at the 
216-B-5 Reverse Well. Contaminants detected in aquifer sediments, groundwater samples, or 
both include americium-241, cesium-137, plutonium-239/240, strontium-90, iodine-129, 
uranium, tritium, and nitrate. The status of groundwater near the crib is shown in Figures 3-12 
and 3-13. 

3.2.2.6 Nature and Extent of Contamination at the 216-B-7A Crib. Fourteen soil samples 
were collected beneath the 216-B-7A Crib. Soil samples were collected from the surface to a 
depth of67.5 m (221.5 ft) in borehole C3103 and were analyzed for radionuctides, inorganics 
(metals), general chemistry anions, herbicides, volatile and semi volatile organics, and diesel 
range organic compounds. 
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The following 22 constituents exceeded the initial screening in the soil column beneath the 
216-B-7A Crib: 

• americium-241 • uranium-233/234 
• carbon-14 • uranium-235 
• ccsium-137 • uranium-238 
• europium-154 • bismuth 
• plutonium-238 • iron 
• plutonium-239/240 • manganese 
• potassium-40 • sodium 
• strontium-90 • ammonia 
• technetium-99 • fluoride 
• tritium • nitrate 
• total uranium • phosphate 

The distribution of contaminants with depth at the 216-B-7 A Crib is shown in Figure 3-23 with 
correlation to stratigraphy. field screening data. and geophysical log data. Radiological 
contaminants were detected the length of the borehole starting at 0.76 m (2.5 ft) bgs. Low levels 
of cesium-137 and strontium-90 were found from 0.76 to 5.6 m (2.5 ft to 18.5 ft) bgs. A portion 
of this zone likely is associated with UPR 200-E-144, where contaminated soils associated with 
the unplanned release were consolidated over the 216-B-7 A Crib in 1992. The maximum 
activity in this zone was 42.5 pCi/g of cesium-137; however. most of the concentrations were 
below 10 pCi/g. 

The main zone of radiological contamination extends from 5.6 to 11.4 m (18.S to 37.S ft) bgs. 
The maximum concentrations of all the radionuclides detected were found in this zone. The 
main radionuclides in the zone are americium-241 (S.690 pCi/g), cesium-137 (1S3.000 pCi/g). 
plutonium-239/240 (153,000 pCi/g), and strontium-90 (S.710,000 pCi/g). The concentration of 
plutonium-239-240 exceeds the regulatory definition of TRU waste without even counting the 
other TRU radionuclides. Contaminants were detected associated with the backfill material, the 
gravel-dominated sequence of the Hanford formation, and the upper portion of the 
sand-dominated sequence of the Hanford formation. From 11.4 to 67.S m (37.5 to 221.S ft) bgs, 
radionuclide concentrations were less than 1.0 pCi/g with few exceptions ( e.g .• strontium-90 was 
39.S pCi/g and cesiwn-137 was 5.06 pCi/g at 15.4 m [50.S ft] bgs). In the upper 15.4 m (50.5 ft) 
of the soil column, contamination correlates to increases in silt and moisture contents. At depths 
greater than 1S.4 m (50.5 ft) bgs. tritium was the only radionuclide present above background, 
with a maximum concentration in this zone of less than 0.3 pCi/g. 

Bismuth, iron, and sodium exceeded the initial screening at the 216-B-7A Crib (Table 3-4). 
Bismuth, iron, and sodium were analyzed for and were detected associated with the bottom of 
the crib at depths from 6.9 to 7.6 m (22.5 to 25 ft) bgs. Maximum concentrations were 
3,300 mg/kg for bismuth; 34,900 mg/kg for iron; and 1,310 mg/kg for sodium. 

Ammonia. fluoride, nitrate, and phosphate exceeded the initial screening at the 216-B-7A Crib 
(fable 3-4). Nitrate and phosphate were distributed throughout the soil column from 0.76 to 
67.5 m (2.5 ft to 221.5 ft) at maximum concentrations of 493 {as nitrate) and 105 mg/kg, 
respectively. Fluoride was detected from depths of 5.6 to 67.5 m (18.5 to 221.5 ft) bgs with a 
maximum concentration of205 mg/kg. Ammonium was detected in one sample (21.3 mg/kg as 
ammonia) above the background concentration near the surface. 
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Cesium-137 was detected continuously with the RLS from the surface to a depth of 17 m (56 ft) 
bgs, with the highest zone of contamination from 5.5 to 11 m (18 to 36 ft) bgs. The maximum 
activity in this zone is approximately 300,000 pCi/g at a depth of7 m (23 ft). Concentrations 
decreased with depth from 13.7 m (45 ft) bgs to the bottom of the borehole. Adjacent to the crib, 
lower levels of cesium-13 7 were detected, with contamination extending to a depth of about 
30 m (100 ft) and a lateral extent greater than 21.3 m (70 ft). Cesium-137 concentrations 
measured in boreholes adjacent to the crib (wells 299-E33-19, 299-E33-20, 299-E33-58, 
299-E33-60, and 299-E33-75) ranged from less than 2 pCi/g to 7,600 pCi/g. The lateral and 
vertical extents of cesium-137 contamination detected adjacent to the 216-B-7A Crib with the 
Rl.S are shown in Figures 3-24 and 3-25. 

Based on the data generated for the 216-B-7A Crib during the 200-TW-1 and 200-TW-2 RI, on 
.the screening process conducted in this RI, and on recent geophysical logging of nearby 
boreholes, the conceptual contaminant distribution model presented in the 200-TW-1 and 
200-TW-2 Work Plan (DOE/RL-2000-38) was revised. The new contaminant distribution model 
for the 216-B-7 A Crib is shown in Figure 3-26. These two models agreed very well. A major 
zone of contamination was found at the base of the crib. This zone extended to 11.4 m (37.5 ft) 
bgs. Concentrations dropped significantly below this depth to IS.4 m (50.S ft) bgs. Below this 
depth, contamination consisted mainly of lower levels of mobile constituents. The data and 
logging do not indicate significantly enhanced mobility of the cesium-137 as was anticipated. 
The geophysical data indicate some spreading at the interface of the Hanford formation sands 
and gravels. The anticipated lateral spreading at the Hanford formation/Plio-Pleistocene unit 
was not evident in the geophysical logging data. 

3.2.2.7 Current Impact to Groundwater at 216-B-7A Crib. The effluent volume discharged 
to the 216-B-7A Crib is about 75 times greater than the rough-estimated soil column pore 
volume. This information indicates that the volume of effiuent released was sufficient to reach 
the aquifer during operations of the waste site from 1946 to 1967. PNNL-13788 indicates that 
mobile contaminants (nitrate, uranium, technetium-99, and iodine-129) exceed groundwater 
standards near the crib. Immobile contaminants were not detected in the aquifer. Impact to 
groundwater is attributed to the 216-B-7 A Crib, as well as to other waste sites in the 200 East 
Area. The status of groundwater near the crib is shown in Figures 3-12 and 3-13. Future 
impacts to groundwater at this crib are evaluated in Chapter 4.0. 

3.2.2.8 Nature and Extent of Contamination at the 216-B-38 Trench. Twelve soil samples 
were collected beneath the 216-B-38 Trench. Soil samples were coltectcd from the surface to a 
depth of80.9 m (265.5 ft) in borehole C3104 and were analyzed for radionuclides, inorganics 
(metals), general chemistry anions, and herbicides. 
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The following 19 constituents exceeded the initial screening in the soil column beneath the 
216-B-38 Trench: 

• amcricium-241 • uranium-233/234 
• cesium-137 • uranium-238 
• cobalt-60 • ammonia 
• pfutonium-238 • fluoride 
• plutonium-239/240 • nitrate 
• potassium-40 • nitrite 
• strontium-90 • phosphate 
• technetium-99 • sulfate 
• tritium • sodium 
• total uranium 

The distribution of contaminants with depth at the 216-B-38 Trench is shown in Figure 3-27 with 
correlation to stratigraphy, field screening data, and geophysical log data. Radiological 
contaminants were detected between 1. 1 and 61 m (3.5 and 200 ft) bgs. Cesium-137 was 
detected at low levels from 1.1 to 3.8 m (3.5 to 12.S ft) bgs with a maximum activity of 
1.82 pCi/g. 

The major zone of radiological contamination extends from 4.4 to 12 m (14.5 to 40 ft) bgs. The 
maximum concentrations of cesium-137 (226,000 pCi/g), plutonium-238 (7.85 pCi/g), 
plutonium-239/240 (159 pCi/g), potassium-40 (273 pCi/g), strontium-90 (2,050 pCi/g), and 
uranium (32.5 µgig) were detected in this zone. Contaminants in this zone were detected within 
the gravel-dominated sequence of the Hanford formation and the upper portion of the · 
sand-dominated sequence of the Hanford formation. From 12 to 61 m (40 to 200 ft) bgs, . 
radionuclide concentrations were less than 2.0 pCi/g, with the exception of tritium. Tritium was 
detected at a maximum concentration of28.7 pCi/g at a depth of 16.6 m (54.5 ft) and decreased 
to less than 1 pCi/g at the groundwater/vadose zone interface. · 

Sodium, the only metal that exceeded the initial screening, was detected from 4 .4 to 6.3 m 
(14.5 to 20.S ft) bgs (i.e., the bottom of the trench) at a maximum concentration of 848 mg/kg. 

Ammonia, fluoride;nitrate, nitrite, phosphate, and sulfate exceeded the initial screening at the 
trench. Nitrate and nitrite were distributed deep in the vadose zone to a maximum depth of61 m 
(200 ft) bgs. Ammonium, fluoride, and phosphate were not detected deeper than 16.6 m (54.S ft) 
bgs. Maximum concentrations were 65.2 mg/kg for ammonia (as ammonia), 33.4 mg/kg for 
fluoride, 3,180 mg/kg for nitrate (as nitrate), 41.2 mg/kg for nitrite (as nitrite), and 149 mg/kg for 
phosphate. Sulfate was detected throughout the borehole with a maximum concentration of 
248 mg/kg in the 2.9 to 3.7 m (9.5 to 12 fl) sample. · 

The distribution ofcesium-137 also was assessed with the RLS. Logs from one borehole and 
five direct-push holes installed along the axis of the 216-B-38 Trench indicate that the vertical 
extent of cesium-137 contamination is about 18.3 m (60 ft). However, most of the contamination 
is located at approximately 13.7 m (45 ft) bgs. Cesium-137 contamination extends more than 38 
m (125 ft) from the east end of the ditch (i.e., half of the ditch) and 6.1 to 7.6 m (20 to 25 ft) on 
either side of the ditch. The extent of cesiurn-137 contamination detected adjacent to the trench 
with the RLS is shown in Figure 3-28. 
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Based on the data generated for this crib during the 200-TW-1 and 200-TW-2 RI, on the 
screening process conducted in this RI, and on recent geophysical logging of nearby boreholes, 
the conceptual contaminant distribution model presented in the 200-TW-l and 200-TW-2 Work 
Plan (DOE/RL-2000-38) was revised. The new contaminant distribution model for the 
216-B-38 Trench is shown in Figure 3-29. The conceptual contaminant distribution model in the 
Work Plan did not indicate the head end of the ditch, because the historical information was not 
sufficient to determine the discharge point in the trench. The geophysical logging conducted 
during the RI clarified the head end and provided information on the distribution of 
contamination along the length of the trench. Only about two-thirds of the trench is 
contaminated. Geophysical logging of two nearby wells also allowed some understanding of the 
lateral distribution of contaminants perpendicular to the length of the trench. The major zone of 
contamination predicted in the Work Plan was similar to that found during the RI (9 m [30 ft] in 
the Work Plan versus 7.6 m [25 ft] based on the RI data). Below this zone, contaminant 
concentrations decreased significantly. 

J.2.2.9 Current Impact to Groundwater at the 216-B-38 Trench. The cffiuent volume 
discharged to the 216-B-38 Crib was less than a third of the associated soil column pore volume 
(DOFJRL-96-81 ). This information suggests that the volume of effluent released was not 
sufficient to reach the aquifer during operations of the waste site in 1954. PNNL-13788 
indicates that mobile contaminants (nitrate, technetium-99, and iodine-129) exceed groundwater 
protection standards near the cn"b. However, plume geometry, soil pore volwne estimates, and 
actual soil concentrations suggest that the trench has not impacted groundwater even though 
some limited quantities of these types of contaminants may have been disposed to the crib. The 
status of the groundwater near the crib is shown in Figures 3-12 and 3-13. Future impacts to· 
groundwater at this trench are evaluated in Chapter 4.0. 

3.2.3 Nature and Extent of Contamination at the 
200-PW-S Operable Unit (216-B-57 Crib) 

The 216-B-57 Crib was characterized during the 200-BP-1 OU RI, and the results are presented 
in DOE/RL-92-70. Twenty-four soil samples were collected from three boreholes 
(299-E33-304, 299-E33-305, and 299-E33-306) within the crib. Soils were analyzed for 
radionuclides, inorganics (metals), general chemistry anions, semivolatile and volatile organics, 
pesticides, and polychlorinated biphenyls. Soil samples were collected from near the surface to a 
depth of71 m (235.5 ft) bgs in borehole 299-E33-304 and to 15 m (SO ft) bgs in boreholes 
299-E33-305 and 299-E33-306. 

The following 10 constituents exceeded the initial screening in the soil column beneath the 
216-B-57 Crib: 

• cesium-13 7 • technetium-99 
• plutonium-238 • tritium 
• plutonium-239 • nitrate 
• radium-226 • nitrite 
• strontium-90 • phosphate 

The distribution of contaminants with depth beneath the 216-B-57 Crib is shown in Figure 3-30 
with correlation to stratigraphy. Depths are reported from the original ground surface and do not 
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consider the 7.9 m (26-ft) thick engineered cap that has been placed over the site as a treatability 
test and remedial action. 

Radiological contamination was detected from near the surface to a depth of71.7 m 
(235.5 ft) bgs beneath the crib. The major zone of radiological contamination extends from 
4.6 to 10.1 m (15 to 33 ft) bgs and is associated with the bottom of the waste site and the gravel­
and sand-dominated sequences of the Hanford formation. The maximum concentrations of 
cesium-137 (67,000 [50,000 decayed to 2004] pCi/g). strontium-90 (67 [50 decayed to 2004] 
pCi/g), plutonium-239 (0.01 pCi/g), technetium-99 (60 pCi/g), and tritium (16 [12.5 decayed to 
2004] pCi/g) were detected in this zone. Very low levels (less than 2 pCi/g) of contamination 
were detected from Oto 4.6 m (0 to 15 ft) bgs and at depths greater than 10 m (33 ft) bgs with the 
exception of cesium-13 7. The maximum vertical extent of contamination at levels greater than 
1 pCi/g is 15.4 m (50.S ft) (i.e., cesium-137 at 68.4 [52 decayed to 2004] pCi/g). Tcchnetium-99 
and radium-226 were the only radionuclides present at depths greater than 25.6 m (84.5 ft) bgs; 
concentrations were less than 1 pCi/g. 

Nitrate, nitrite, and phosphate were detected at concentrations above initial screening levels. 
Nitrate is present from near the surface to a depth 25.6 m (84 ft) with the maximum 
concentration of2,120 mg/kg as nitrate at a depth of 5.2 m (17 ft) bgs. Nitrite and phosphate 
were detected at depths less than 17 ft (5.2 m) bgs. Maximum concentrations were 8.3 (as 
nitrite) and 2. 7 mg/kg, respectively. 

Based on the data generated for the 2 l 6-B•57 Crib during the 200-BP• l RI and on the screening 
process conducted in this RI, a contaminant distribution model was generated and is shown in 
Figure 3-31. 

Current Impact to Groundwater at 216-B-S7 Crib. Four major groundwater plumes (nitrate, 
iodinc-129, technetium-99, and uranium) are near the crib. These plumes are widespread in the 
area, and identifying a specific source is difficult. The plume geom~try and the soil 
characterization data indicate a lower potential for impacts from the 216-B-57 Crib. The data 
collected during the 200-BP-1 RI indicate little contamination is present below 25.8 m 
(84.5 ft) bgs (DOEIRL-92-70). 
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Figure 3-1. Stratigraphic Column for the 200 Areas. 
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Figure 3-2. Cross-Section Location Map for the 200-TW-1 Operable Unit 
Representative Site in the 200 West Area. 
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Figure 3-3. Cross-Section Location Map for 200-TW-l, 200-TW-2, and 200-PW-5 
Operable Unit Representative Sites in 200 East Area. 
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Figure 3-4. North-South Geologic Cross Section through the 216-T-26 Crib. 
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Figure 3-7. Topographic Map of the Hanford Site. 
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Figure 3-9. 200 Areas Water Table Map . 
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Figure 3-10. Vertical Profile of the Contamination 
at the 216-B-46 Crib with Correlation to 
Stratigraphy andGeophysical Log Data. 
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Figure 3-11. 216-B-46 Crib Contaminant Distribution Model. 
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Figure 3-12. onradio1ogical Groundwater Plumes Near the 200 East Area 
(adapted from PNNL-13788). 
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Figure 3- 13 . Radiological Groundwater Plumes Near the 200 East Area 
(adapted from PNNL-13788). 
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Figure 3-14. Vertical Profile of the Contamination 
at the 2 I 6-T-26 Crib with Correlation to 
Stratigraphy and Geophysical Log Data. 
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Figure 3-15. Vertical and Lateral Extent ofCesium-137 at 216-T-26 Crib ­
Radionuclide Logging System Data. 
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Figure 3-16. 216-T-26 Crib Contaminant Distribution Model. 
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Figure 3-17. Nonradiological Groundwater Plumes Near the 200 West Area 
(adapted from PNNL-13788). 
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~igure 3-18. Radiological Groundwater Plumes Near the 200 West Area 
( adapted from PNNL- 13 788). 
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Figure 3-22. 216-B-5 Reverse Well Contaminant Distribution Model. 
216-8-5 

Reverse Well 

Contamination 
H1 -High 

16 -Med -Low 

H2 
H1 Upper Gravel 

2 Dominated 
Sequence 

H2 Sand Dominated 
Sequence 

RUA Ringold Unit A 

~ 
Contaminant 
P athwi;ra to 
Subsu ace 

V Oep1h to Water 
Table 

After RHO-ST-37 

Depth In Feet 

High .. ., newa~ organic llquld Wasta wkh high quanllllee of plutonium 
239/240. CNlum-137, and alrontlum-QO - ctact-«ga/:1 to the 218-8.,')61 Nltllng 
tank. Contaminants preclpttatedlaenled out In the tank. 

Waatewater ovarftowad from the 216-8-381 NIiiing tank and Into the 218-IHi 
rev ... well through a 5 cm (2-lnch) dlametw - • lnlaN at.., lni.t pipe about 
3.8 m (1211) bga. The rev••• w911 rac:91ved approxlmataly 30,800,000 l (8.1 
mlMlon gal} of liquid wnte. In add"lon, atudlea Indicate that the-8 receive 4.3 
kgof Pu. 

Waste w•a rel-•ed to the vadoae zone and the Wit• table through a pwfonrtad 
@ HCtlon of the rev•• well extending 74 m • 92 m (242 fl • 302 ft) bga. When the 

-11 wu ac:ttvaly receiving WHte, "penetrated 3 m (10 ft) Into the aquifer. 

© 

® 
© 
0 

Contaminant detac:t.cl In tha aubaurfaee Include: ceslum-137, strontlum-90, 
plutonlum-23111240, al)d alTB'lcium-241 . The highest actlvhlea wwe d«ected 
near the well perforatlona. Actlvhlea generelly decrNM away from the well. 

Ceelum-137 preferentially aorba Into al" 1en-Interncted by pwforated caalng. 

Plutonlum-23111240 may occur In phosphate baaed mineral phe-

The vedoM zone and groundwater h .. been Impacted by operation of the 
21~8-5 reY«N well. 

RHO-ST-37, 216-B-5 Reverse Well Characterization Study, Rockwell Hanford Operations, Richland, Washington. 
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Figure 3-23. Vertical Profile of the Contamination at the 
216-B-?A Crib with Correlation to Stratigraphy, 

Field Screening, and Ckophysical Log Data. 
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Figure 3•24. North•South Cross Section of Vertical and Lateral Extent ofCesium•137 
at the 216-B-?A Crib-Radionuclide Logging System Data. 

South 
299-E33-60 

~i°3 299-E33-58 

I 

North 

299-E33-75 

I 
216-B•7A o,---rr-::::::::;:=::;z:==.!!2!.:=~==-----,:---:--r--,-

216-B-78 

' I 
0 

·••aCllli ·-20 

Ht 

40 

IO 

H2 

... __ 
., 

l ·-I '°° --
l ,20 

I 
1140 .. ,., 

ID"1'1 ,., 

--
220 HFM'V(?) 

...... ,., 

H1 Henbd lonNUon C.,..,.. 

H2 HenlotdbmallonS.lld 

HFPP\J (?) Hanbd ~_... Una(?) 

SCALE 

a 10 .30 60 feet 

3-45 

' I 

'"°"' ao 

, .. ,,,. ... _::- H1 

\ .. ·. ,~~- 40 ........ ...._ 
., 

H2 

........ IO 

toO 

no 

, ... 

,., 

HF IPPV(?) Z20 

240 

R~I I.owing SY'fem ~• 
wth low Counl Rat• TOOl The Maximum 
C:-nnt!On C.i.ct.d With tt,e Hlgll 
<:o,rc Rate TOOi II 300,000 pQlg al 
2J •in~ CJ 103 

WalVTalH 

i .. 
J 
l 
I 
1 



DOE/RL-2002-42 REV 0 

Figure 3-25. East-West Cross Section of Vertical and Lateral Extent ofCesium-137 
at 216-B-7A Crib-Radionuclide Logging System Data. 
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Figure 3-26. 216-B-7A Crib Contaminant Distribution Model. 
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Figure 3-27. Vertical Profile of Contamination at the 
216-B-38 Trench with Correlation to Stratigraphy, 

Field Screening, and Geophysical Log Data. 
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Figure 3·28. Vertical and Lateral Extent ofCesium•l37 at 216--B·38 Trench -­
Radionuclide Logging System Data. 
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Figure 3-29. 216-B-38 Trench Contaminant Distribution Model. 
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Figure 3-30. Vertical Profile of Contamination at the 
216-B-S7 Crib with Correlation to Stratigraphy. 
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Figure 3-31. 216-B-57 Crib Contaminant 
Distnoution Model. 
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Table 3-1. Physical Property Testing Data. 

% Moisture % Volumetric Grain Sfze 
Depth ((t) 

(weight) Bulk Density Moisture Distribution 
Sample No. 

216-T-26 Crib 

10 2.6 1.49 3.88 -
29 4 1.49 S.91 B12676 

76 3.3 1.72 S.69 Bl26n 
92 18.S 1.57 29.10 B12678 

119 15.1 1.61 24.36 B12DR4 

147.S 2.7 1.99 5.38 B12DR5 

216-B-38 Trench 

3 3.4 1.4 4.77 B12CB7 

18 4.1• 1.98 8.13 -
97.S 1.4 l.69 2.37 Dl2CD8 

261 4.6• 1.91 8.80 -
216-B-7A Crfb 

2.S 4.9 2.01 9.9 B12BR7 

22.S 10• 2.06 20.64 -
25 18* 1.88 33.91 -

91.S 2.7 1.61 4.36 Bl2BR8 

220 22.S 1.56 35.17 B12BR9 
•Moisture content not analyzed by ASTM Method 1226 due to high rad1olog1cal 

contamination or insufficient volume. Number shown represents moisture value from 
chemical data analysi5. 

- Sample unable to be collected due to high radiological contamination or insufficient 
volume. 
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Table 3·2. Maxirnwn Concentration Detected. (3 Pages) 

Hanford Site Screening 

Ana!yte Background Level(WAC 216-T-26 216-B--46 216-B-38 216-B-7A 216-B-57 
173-340-745 or Crib Crib Trench Crib Crib Concentrations 15 mrem/yr) 

Radionuclides (pCl/g) 

Amcriciwn-241 - 335 227 NA 43.9 S,690 NA 
Antimony-125 - NC NA 50.4 NA NA NA 
Carbon-14 - 33,100 ND NA ND 6.3 NA 

364,000 67,000 

Ccsium-137 I.OS 23.4 47,900 
(280,000 

226,000 153,000 (50,000 
decayed to decayed to 

2004) 2004) 

4.03 (0.8 
Cobalt-60 0.00842 4.9 0.074 decayed to 0.056 ND ND 

2004) 

Europium-152 - 11.4 ND ND ND ND NA 

Europium-154 0.0334 10.3 61.9 ND ND 200 NA 

Europium-155 0.0539 426 85.1 ND ND ND NA 
Neptunium-237 - 59.2 ND NA ND ND NA 
Nielcel-63 - 3,070,000 ND NA ND ND NA 

6.94(6.3 0.012 
(0.0091 Plutonium-238 0.00378 47 35.2 decayed to 7.85 140 decayed to 2004) 2004) 

Plutonium-239 0.0248 NC NA 0.93 NA NA 0.01 

Plutonium-239/240 0.0248 42S 6,320 227 159 153,000 0.00325 

Potassium-40 16.6 76.4 18.2 16.5 273 572 17.2 

Radium-226 0.815 7.03 0.89 2.69 0.594 0.682 1.13 

Radium-228 1.32\ 8.15 1.48 NA 0.974 1.07 NA 

353,000 67 (SO Total radioactive (260,000 
strontium 0.178 2,410 49,100 decayed to 2,050 S,710,000 decayed to 

2004) 2004) 

Technetium-99 - 412,000 4.87 160 1.9 32.9 60 

53(27 16 (2..5 
Tritium - 66,900 2,650 decayed to 28.7 0.328 decayed to 

2004) 2004) 

1.17 (0.014 0.875 
(0.0096 Thorium-228 1.32 7.73 1.07 decayed to 1.26 1.28 decayed to 2004) 2004) 

Thorium-230 1.1 NC 0.74 NA 0.665 0.936 NA 
Thorium-232 1.32 4.8 0.87 NA 0.621 0.86 NA 
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Table 3-2. Maximum Concentration Detected. (3 Pages) 

Hanford Site 
Screening 

Anatytc Background 
Level(WAC 216-T-26 216-B..46 216-B-38 216-B-7A 216-B-57 

173-340-745 or Crib Crib Trench Crib Crib Concentrations 
15 mrem/yr) 

Total uranium 
3.21 10,SOO 61.l 44.l 32.5 346 2.53 

(mg/k~) 

Uranium-233/234 1.1 2660 18.t NA 9 117 NA 
Uranium-235/236 0. 109 101 0.26 NA ND 0.586 NA 

Uranium-238 1.06 504 21.t NA 6.35 108 NA 

lnoreanlc Metals (m •Ike) 
Aluminum 11,800 NC 9,540 7.720 7.830 9630 7610 
Antimony . 1,400 NA S.1 NA NA ND 
Arsenic 20 87.S NA 3.8 NA NA 3.2 
Barium 132 245 000 NA 70.7 NA NA 88.6 
Beryllium I.SI 280 000 NA 0.5 NA NA 0 .45 

Bismuth - NC 198 31.3 ND 3 300 ND 
Cadmium o.s1• 3,500 0.67 2 0.1 0.01 1.6 
Calcium 17,200 NC 9,590 10,400 9 610 11.900 9,450 

C1ttomium cnn 18.5 5 250000 93.6 29.5 14.S 142 11.3 
Hcxavalcnt 

10,500 4.2 NA 0.49 17.8 NA 
chromium -
Cobalt 15.7 NC NA 9.4 NA NA 8.6 

ICotiocr 22 130,000 18.t 44 18.8 29.S 42.7 

Iron 32 600 NC 24900 23,500 19,800 34,900 14,700 
Lead l0.2 1.000 13.7 15.9 8 349 12.7 

Masmcsium 7,060 NC 5,460 5,tSO 4 580 6,460 4 710 

Manl!anese 512 490 000 318 334 317 1.650 451 
Mercurv 0.33 1.050 0.18 0.29 0.089 0.42 ND 
Nickel 19.1 70,000 SI 25.6 22 66.6 11 
Potassium 2.150 NC 1.720 1 860 I 140 1.900 ),290 

Selenium 17.500 NA 0.46 NA NA ND 
Silver 0.73 17.500 o.s 0.3 ND 3.1 2.3 
Sodium 690 NC 1 510 4 360 848 1.310 382 
Thallium - 245 NA 0.6 NA NA 0.44 

Vanadium 85.1 24,500 65.1 56.) 63.9 88.4 24.2 

Zinc 67.8 1050,000 45 52.3 54.9 127 36.8 
General lnoreanlcs (m2fk1?) 

Ammonia 9 .23 Unlimited 94.9 NA 65.2 21.3 NA 
Chloride 100 NC 46 79.2 41.1 24.8 12.3 

Cvanide - 70,000 7.9 12 0.42 0.80 ND 
Fluoride 2.81 NC 168 6.7 33.4 205 3.7 

Nitrate (as 
52 350,000 693 1,235 718 111 479 Nitrogen) 

Nitrite (as Nitrogen) - 350,000 14.4 3.7 12.5 ND 2.S 
Phosphate 0.785 NC 213 86.7 149 105 2.7 
Sulfate 237 NC 250 1,080 248 185 139 
Total Organic 
Carbon - · NC 281 2,410 2,160 3,850 6,750 
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Table 3-2. Maximum Concentration Detected. (3 Pages) 

Hanford Site Screening 

Anatyte Background 
Level(WAC 216-T-26 216-B-46 216-D-38 216-B-7A 216-B-57 

173-340-745 or Crib · Crib Trench Crlb Crib 
Concentrations 

15 mrem/yr) 

Volatlte Ortanlcs (u1•fk2\ 
Acetone - 350000 35 ND NA 13 26 
Methvlene Otloride - 17,500 27 100 NA 17 110 

Toluene - 700,000 6 ND NA ND 13 
Xvlenes (total) - 7 000000 s ND NA ND ND 

Semi-Volatile Ortanlcs (uelkS?) 

Aroclor-1254 - 70,000 NA ND NA NA 770 

Bcnzoic Acid - UnJimited NA 41 NA NA 160 

Bis(l-cthyl-he,cyl} - 9,380,000 59.05 99 NA ND 2,700 
phthlate 

Butylbenzylphthalat - Unlimited ND ND NA ND 1,400 
e - 18,000 ND ND NA ND .co l\..llly::,c;DC -
Dicthvl ether - NC NA NA NA ·NA 40 
Di-n-butvlPhthalate - Unlimited ND 3 100 NA ND 3.000 
Di-n~ctvlohthalatc - Unlimited ND ND NA ND 270 
Pent.:lchloroohenol - 109.000 NO ND NA ND 93 
Phenol - Unlimited 110 ND NA ND ND 
Pvrene - Unlimited ND ND NA ND 49 
Tnbutvl phosohate - NC 90.99 19.3 NA ND NA 

• State wide background concentration (Ecology 1994). 

" The background concentration is based on Thorium-232, which is in secular equilibrium with Radium-228. 
- • No background concentration available 
NA - Not analyzed. 
NC• No criterion 
ND - Not detected 
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Table 3-3. 200-TW-1 Operable Unit Initial Screening. (3 Pages) 
S<rttnlnc uni• 216-IJ..46 Crib ' l16-T-26 Crib 

Dlrttt ' 
E:rposnre Groundwoter E1<ffd1 Enttds 

Enttds Protection Mnlmum Dfrttt Groundwattt I Enetds Dlrttt 
Contaminant or Con~rn Batkground Strttnlnc uni 

Scnenlnc uvtl Conttntratlon E1~1 E:rporure Protttlion 
llfnlnmm Enttds I 

E:rposun 
Groundwater 

(WAC 173-340- B1<kcro11nd' Conttntritlon Dukground' Prolttlfon ScT<entnc 
745 or 15 

(WAC 173-340• Scrttnlnz: Strttnlnc Scrttnlnc Lnel 
Loni 

mrem)' 747)1 Level L .. et 

Radlonudldts (pCl/c) 

Antimony-125 - NC • 50.4 Yu NC • NA NA NA • 
Amcricium-241 - 335 • NA - NA • 227 - No • 
Cubon-14 - 33,100 • NA - NA • ND - No • 
Ccsium-137 I.OS 23.4 • 280,000 ( decayed Yts Yes • 47,900 Ye, ' Yes • to 2004) 

Cobalt-60 0.00842 4.90 • 0.8 ( dettyed to 
Yes No • 0.074 Yes No • 2004) 

Europium-152 - 11.4 • ND NA No • ND - No • 
Europium-I S4 0.0334 10.3 • ND No No • 61.9 Yes Yes • 
Europium-155 0.0539 426 • ND No No • 8S.I Yes No • 
N,ptuniwn-237 - 59.2 . NA NA NA • ND - No • 
Niclcel-63 - 3,070,000 • NA NA NA • ND - No • 
Plutollium-238 0.00378 47.0 • 6.3 ( decayed to 

Yu No • 35.2 Yes ' No • 2004) ; 

Plutonium-239 0.0248 NC • 0.93 Yu NC • NA NA NA • 
Plutoniwn-239n40 0.0248 425 • 227 Yu No • 6,320 Yes Yes • 
Potassium-40 16.6 76.4 • 16.5 No No • 18.2 Yes No • 
ludium-226 0.815 7.03 • 2.69 Yes No • 0.89 Yes No • 
RJdium-228 1.32 8.15 • NA NA NA • 1.48 Yes No • 
Toll! RJdloactlvc Strontium 0.178 2,410 • 260,000 (dettytd Yes Yes • 49,100 Yes ' Yes • 

102004) 

Technetium-99 - 412,000 • 160 Yes No • 4.87 - ! No • 
Tritium - 66,900 • 27 (dceaytd to Yes No • 2,650 - No • 2004) 

Total unnium (mg/kg) 3.21 (2.27 pCi/g) 10,500 2.3 44.1 Yes No Yes 61.1 Yes No Yes 

Thorium-228 1.32 7.73 • 0.014 (dettyed to No No • 1.07 No I No No 
2004) 

Thoriwn-230 1.10 NC • NA NA NA • 0.74 No NC No 

Tboriwn-232 1.32 4.8 • NA NA NA • 0.87 No No No 

Uranium-233/234 1.10 2,660 • NA NA' NA • IS.I Yes No • 
Uranium-235 0.109 IOI • NA NA' NA • 0.26 Yes No • 
Uranium-238 1.06 504 • NA NA NA NA 21.1 Yes No • 
laorc•nlc llfetals (mi/kc) 

Aluminum 11,800 I NC I 45.2 7,720 No NC No' 9,540 No NC No 
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Table 3-3. 200-TW-1 Operable Unit Initial Screening. (3 Pages) 

Scrttnlng unit 216-B-16Crlb 216-T-26 Crlb 

Dlrttl 
Groundwattr Etcttds Ercetds 

Erposure Protttllon J\fnfmum Dlrttl Groundwater Erceed1 Dlrttt Eutetlt 
Contaminant or Coneern Baekvound Seretnln1 L<,v,I 

Scrttnlnc Level Coneentrollon Ertttds Erposure Prottetlon !lfn:lmam Ertttd1 Erposnre 
Groundwater 

(WAC 173-340- (WAC 173-340- Baekcround' Serttnln1 St rttnlnc 
Coneentrallon Backcround' 

Strttnlnc uni 
Protection Scrttnlnc 

745 ., 15 
741)' uvtl Level Levtl 

mrem)' 

Antimony - 1,400 5.42 5.1 - No Yes NA NA NA NA 

Arsenic 20 17.5 340 3.8 No No No NA · NA NA NA 

Barium 132 245,000 923 70.7 No No No NA NA NA NA 

Beryllium 1.51 280,000 63.2 0.5 No No No NA NA NA NA 

Bis=tb - NC NC 31.3 Yes NC NC 198 - NC NC 

Cadmium 0.81 3.500 0.69 2.0 Yes No Yes 0.67 No No No 

C.leium 17,200 NC NC 10,400 No NC NC 9,590 No NC NC 

Chromiunl (Ill) 18.5 5,250,000 2,000 29.5 Yes No No 93.6 Yes No Yes 

Chromium, bexavaltnt - 10,500 18.4 NA NA NA NA 4.2 No No No 

Cobalt 15.7 NC NC 9.4 No NC NC NA NA NA NA 

~ 22 130,000 263 « Yes No No 18,J No No No 

Imn 32,600 NC 1,320 23,500 No NC No' 24,900 No NC No' 

Ltad 10.2 1,000 3,000 15.9 Yu No No 13.7 Yes ' No No 

Magnesium 7,060 NC NC 5,150 No NC NC 5,460 No NC NC 

Manganese 512 490,000 50.2 334 No No No' 318 No I No No' 

Merrury 0.33 J,OSO 2.09 0.29 No No No 0.18 No No No 

Nickel 19.1 70,000 130 25.6 Yes No No 51 Yes : No No 

Pot11sinm 2,150 NC NC 1,860 No NC NC 1,720 No NC NC 

Selenium - 17,500 5.2 0.46 - No No NA NA NA NA 

Silver 0.73 17,500 13.6 0.3 No No No 0.5 No No No 

Sodium 690 NC NC 4,360 Yts NC NC 1,510 Yes NC NC 

Thallium - 245 38 0.6 - No No NA NA NA NA 

VIMdlum BS.I 24,500 2,240 56.1 No No No 65.7 No No No 

Zinc 67.8 J,OS0,000 5,910 S2.3 No No No •S No No No 

Gtntrof lno,c1nlts {mg/kg) 

Armxmla 9.23 Unlimited NC NA NA NA NA 94.9 Yes No NC 

Oiloride JOO NC NC 79.2 No NC NC 46 No NC NC 

Cy.rude - 70,000 0.80 12 - No Yes 7.9 - No YH 

Fluoride 2.81 NC 16 6.7 Yts NC No 168 Yes ' NC Ye, 

Nitrate (as Nitmgm) 52 350,000 40 1,235 Yes No Yes 693 Yes ' No Ye, 

Nitrite (11 Nitmgm) - JS0,000 4 3.7 - No No 14.4 - No Yes 

Phosphate 0.785 NC NC 86.7 Ye, NC NC 213 Yes NC NC 

Sulrate 237 NC 1,000 1,080 Ye, NC Yes 250 Ye, NC No 

Vola!lle Orc•nks (Pctl<C) 

Acetone - JS0,000 3,210 ND - No No 35 - No No 

3-63/3-64 



DOE/RL-2002-42 REV 0 
Table3-3. 200-TW-1 Operable Unit Initial Screening. (3 Pages) 

Suttnlnc uvtlt 216-B-46 Crib , 216-T-26 Crib 

Dlrttl Croundwatrr Ertttdt Enttdt E1posure Protttflon Jllntmum Dlrttt Croundwator Enttds Dlrrc:t Excttd1 
Contaminant of Conttm Bttkground Sc:rotnlng uvtl Strttnlng uvtl Contentraflon E1rttd1 E1p<>snre Protrc:flon ll(n:fmum E1tttd1 E1po1ure Croundwatrr 

(WAC 173-340- (WAC 173-340- Batkground' 
Scrttnlnc Strttnlnc Contentratlon Background' Scrttnlng Levtl Protrc:tlon Screenlnc 

745 or 15 Ltvtl 
rnnm)' 747)' uvtl Ltvtl 

Methylene chloride - 17,500 254 100 - No No 27 - No No 

Toluene - 700,000 7;270 ND - No No 6 - ' No No 
Xylene, (total) - 7,000,000 91,400 ND - No No s - No No 

Stml-volatne Organlct (µcJlcg) 

Aroclor-1254 - 70,000 990 ND - No No NA - No No 

Denzoic acid - Unlimited 257,000 41 - No No NA - No No 
Dis(l-ehtyl-bexyl) phthalate - 9,380,000 14,000 99 - No No 59.05 - No No 
Dutylbenzylphthalate - Unlimited 893,000 ND - No No ND - No No 

Cbrysene - 18,000 96 ND - No No ND - No No 
Diethyl ether - NC NC NC - NC NC NA - NC NC . 
Di-n-butylpbthalate - Unlimited 56,500 3,100 - No No ND - No No 

Dl-n-octy!phthalale - Unlimited 532,000,000 ND - No No ND - No No 
Pentacblorophenol - 109,000 IIS,000 ND - No No ND - No No 
Phenol - Unlimited 43,900 ND - No No 110 - No No 
Pym,e - Unlimited 655,000 ND - No No ND - i No No 
To1,utyl pb05phate - NC NC 19.3 - NC NC 90.99 - NC NC . . . . W1$hington Admirustnnve Code 173-340-745 "Soil Oeamrp Standards for Industrial Properties, Method C for nonnd1olog,c1! conllmlnants. For nd1onuchdes. the screening level JS the concentnnon of !he nd1onuchde that would result 1n 
a IS mrer,ryr dose under 111 industrial exposure scenario; these nlues were cakula!ed using RESRAD. 

• WAC 173-340-7-'7 "Deriving Soil Concmtntions for Ground Water Protection." These standards are for nonradiological contaminant, and are based on WAC 173-340-720, "Ground Water Cleanup Standards," Method B. Protection of 
groundwater for ndionuclides is evaluated through the R.ESRAD and STOMP modeling as pr<!Ollted in Olapten 4.0 and 5.0 , 

• Background from DOE/JtL.92-24, Hanford Site Soil Background; DOEIRL-96-12, Hanford Site Background: Part 2, Son Backg,ound Values for~dioacrive Analytes; or Ecology Publication 94-115, 1994, Natunl Background Soil Metals 
Concentrttions in Washington State. . 

• Groundwattt pn,lection for ndionuclides is determined through modeling ming RESRAD and STOMP u discussed in 01apten 4.0 and 5.0. 
• TI,e groundMter protection standud It less than the baclcgrom,d concmmrlon; therrfore, the bad:g,ound concenmlion ~mes the scremi:ag level for groundwater pn,teclion. 
- • no background conceniration available for the Hanford Site or Imm lhe Washington Sute Department of Ecology (see footnote••• above). 
NA • not analyzed 
NC• no criterion available 
ND • not detected. 
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Table 3-4. 200-TW-2 Operable Unit Initial Screening. (3 Pages) 

Strttnlnc uvtlt 216-B-5 Rntne Well 2l6-B-7A Crib 216-D-JS Trtnth 

Dlred Groundwater Euttdt Ertttdt Erceed, Ertttd1 E:rposare Protoctlon !lfnlmum Dfrtd Ertttdt !lfnfmum Dlrtd Croundwattr Mnlmum Dfrttt Erttedl 
Contamfn1nt1 or Conttm B1tkcround Strttnfnc Euttd, CroundWl!tr E'rtttdt Ertttdt Croandw1ter 

uvtl{WAC Strttnlnc l.evtl Concentra!lon Batkcround' 
Esposure l'rottttlon Conttntra!lon B1tkiroand' 

Espo,ure Prolttllon Conttulrallon 
Bttkcround' 

Esposure 
ProlttHon (WAC 173-340- Strttnlnc Strttnlnc Strtt11fnc Strttnlnc 

173-340-745 or 747)" Ltvol Strttnlnc Ltvtl uvtl Lnel Levtl Strttnlnc Lntl 
l5mrtm)' 

R1dlonutlldtt {pCUc) 

Americium-241 - 335 . 1,330 Yts - . S,690 - Yes . 43.9 - No . 
c•rbon-14 - NC . NA NA NA NA 6.3 - NC . NA NA NA NA 

Cnium-137 I.OS 33,100 • 51,300 Yts - . 153,000 Yes Yes . 226,000 Yts Yes . 
Cob•lt-60 0.00!142 4.9 . NA NA NA NA NA NA NA NA 0.056 Yes No . 
Europium-I 52 - 11.4 • NA NA NA NA ND - No • ND - No • 
Europium-154 0.0334 10.3 • NA NA NA NA 200 Yes Yes • ND No No No 

Europium-155 0.0539 426 • NA NA NA · NA ND No No . ND No No No 

N<ptunium-237 - 59.2 . NA NA NA NA ND - No • ND - No . 
Nicl<el-63 - 3,070,000 . NA NA NA NA ND - No . ND - No 

Pllllmlium-238 0.00378 47.0 . NA NA NA NA 140 Yes Ve, • 7.85 Yet No . 
Plutoniwn-239/240 0.0248 425 . 70,200 Ve, - . IS3,000 Yes Yes . · 159 Yts No . 
Potusium-40 16.6 764 . NA NA NA NA 5n Yes No . 273 Ye, No . 
R.adium-226 0.81S 7.03 . NA NA NA NA 0.682 No No . .0.594 No No No 

R.adium-228 1.32 8.15 • NA NA NA NA 1.07 No No . 0.974 No No No 
Toal Radioactive 

0.178 2,410 • 60,300 Ye, - • S,710,000 Yes Yes • 2,050 Yes No • Strontium 

Teclmerium-99 - 412,000 . NA NA NA NA 32.9 - No . 1.9 - No . 
Tilorium-228 1.32 7.73 . NA NA NA NA · 1.28 No No • 1.26 No No No 

Thorium-230 I .I NC . NA NA NA NA 0.936 No No . 0.665 No No No 

Thorium-232 1.32 4.8 • .NA NA NA NA 0.86 No No . 0.621 No No No 

Tritium - 66,900 . NA NA NA NA 0.328 - No . 28.7 Yts No . 
Toal uranium (mg/kg) 3.21 10,SOO 3.2 NA NA NA NA 346 Yes No . 32.5 Yts No Yes 

Unnium-233/234 1.10 2,660 • NA NA NA NA 117 Yes - • 9.0 Yes No 

Ur•nium-235 0.109 101 . NA NA NA NA 0.586 Yes - • ND No No No 

Ur•nium-238 1.06 504 • NA NA NA NA 108 Yes - . 6.35 Yes No . 
lnorz:1nle !lfetal, (mcflcc) 

Alumilllmt 11,800 NC 45.2 NA NA NA NA 9,630 No NC No' 7,830 No NC No' 

Dismuth - NC NC NA NA NA NA 3,300 - NC NC ND - NC NC 

Cadmium 0.81 3,500 0.69 NA NA NA NA 0.07 No No No 0.1 No No No 

Calcium 17,200 NC NC NA NA NA NA 11,900 No No No 9,610 No No No 

Chromium (Ill) 18.S 5,250,000 2,000 NA NA NA NA 142 Yes No No 14.S No No No 

Chromium, henv• lent - 10,500 18.• NA NA NA NA 17.8 - No No 0.49 - No No 

Copper 22 130,000 263 NA NA NA NA 29.5 Yes No No 18.8 No No No 

lmn 32,600 NC 1,320 NA NA NA NA 34,900 Yes NC Yes 19,800 No No No 
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Table 3-4. 200-TW-2 Operable Unit Initial Screening. (3 Pages) 
S<rtt11lng Ltvtls 116-B-5 Rtnrst Wtll lli>-B-7A Crib ll 6-D-38 Trtneh 

Dlrttt Cround,..,.ttr E,;ttd, Enttds EntN!I E1tttd1 E:rpo1are Prottttlon !lfnlmum Dlrtct Enttds !lfnfmum Dlrttt Cround,nttr !lfnlmum Dlrttt Enttds 
Cont1min1nts or Conttm Bukground Strttnlng Euttds Ground.,1ttr Enteds E:r<ttds Cround.,1ttr 

Ltvtl(WAC Serttnlng Ltnl Concentration Background' E:rposure Protttlfon Conctnlrstlon Bukground' Erporure Protertlon Conctntrstlon Background' Erposure Protttllon 
l 73-340-745 or (WAC 173-340- Scrttnlnc Serttnlnc Ltvtl Scrttnlng Scrttnfng Sm,tnfng Strtenlng Levtl 

15mnm)' 747)' Ltvtl Ltvtl Level w •el 

Letd 10.2 1,000 3,000 NA NA NA NA 349 y., No No 8 No No No 

Magnesium 7,060 NC NC NA NA NA NA 6,460 No No No 4,580 No No No 

Manganese Sil 490,000 S0.2 NA NA NA NA 1,650 Yes No y., 317 No No No' 

M=,y 0.33 1,050 2.09 NA NA NA NA 0.42 Yes No No 0.089 No No No 

Nickel 19.1 70,000 130 NA NA NA NA 66.6 Yts No No 22 Yes No No 

Potassium 2,150 NC NC NA NA NA NA 1,900 No No No 1,140 No No No 

Silver 0.73 17,500 13.6 NA NA NA NA 3.1 Yes No No ND No No No 

Sodium 690 NC NC NA NA NA NA 1,310 Yes NC NC 848 Yts NC NC 

Vanadium 85.1 24,500 2,240 NA NA NA NA 88.4 Yes No No 63.9 No No No 

Zinc 67.8 1,0S0,000 S,970 NA NA NA NA 127 Yes No No S4.9 No No No 

Ctntrsl lnorcanln (mCll<c) 
Ammonia 9.23 Unlimited NC NA NA NA NA 21.3 Yes No NC 6S.2 Yes No NC 

Chloride 100 NC NC NA NA NA NA 24.8 No No No ' 41.1 No No No 

Cyanide - 70,000 0.80 NA NA NA NA 0.80 - No No • 0.42 - No No 

Fluoride 2.81 NC 16 NA NA NA NA 205 Yes NC Yes ! 33.4 Yes NC Yes 
Nitrate (as Nitrogeo) S2 350,000 40 NA NA NA NA 111 Yes No y., , 718 Yes No Yes 

Nitrite (as Nitrogen) - 350,000 4 NA NA NA NA ND - No No 12.S - No y., 
Phosphate 0.785 NC NC NA NA NA NA 105 Yes NC NC 149 y., NC NC 
Sulfate 237 NC 1,000 NA NA NA NA 185 No No No 248 Yes NC No 

Volatile Org1nln (pClkc) 
Acetone - 350,000 3,210 NA NA NA NA 13 - No No NA NA NA NA 
Methylene chloride - 17,500 254 NA NA NA NA 17 - No No NA NA NA NA 

Toluene - 700,000 7,270 NA NA NA NA ND - No No NA NA NA NA 
Xylenes (total) - 7,000,000 91,400 NA NA NA NA ND - No No NA NA NA NA 
Stml-vol1Ult Org1nltt (Jlc'kg)-

Arotlor-1254 - 70,000 990 NA NA NA NA NA NA NA NA NA NA NA NA 
Derw,ic1cid - Unlimited 257,000 NA NA NA NA NA NA NA NA , NA NA NA NA 
Dis(2-dhyl-hexyl) phthalate - 9,380,000 14,000 NA NA NA NA ND - No No , NA NA NA NA 
Butylbenzylphthalate - Unlimited 893,000 NA NA NA NA ND - No No NA NA NA NA 

Chrysene - 18,000 96 NA NA NA NA ND - No No NA NA NA NA 

Diethyl ether - NC NC NA NA NA NA NA NA NA NA NA NA NA NA 

Di•n-butylphthabte - Unlimited 56,500 NA NA NA NA ND - No No NA NA NA NA 

Di-n-oclylphthalate - Unlimited 532,000,000 NA NA NA NA ND - No No NA NA NA NA 
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Table 3-4. 200-TW-2 Operable Unit Initial Screming. (3 Pages) 
Scmnlnc unit 216-B-5 Reverse Writ 216-B-7A Crib 216-B-38 Trmch 

Direct Groundwater Euttds E1cttds Ezcttds E1cttds 
Erporure Protection !llntmam Direct E1cttd1 Mnlmum Direct Groandw• trr ~f•rlmum Dint! 

E1ettd1 
Contaminants or Concern Backcround Scrttnlnc Erettds Groundwater Euttds Euttdr Groundwater 

unl(WAC Stretnlnc uni Concentration Background' E1poture Protection Concentntloa Bttqround' Erposare Protection Concentntloa Bttqround' Erposare 
Prottttlon 

173-3411-745 or 
(WAC 173-340- Scrttnlnc Scretnlnc Lenl Scrttnlnc Scrttnlnc Scroenlnc 

Scmnlnc Levrl 
15mNm)' 

747)" Lffel Lewi uvrl Levrl 

PentJchlon,phenol - 109,000 115,000 NA NA NA NA ND - No No NA NA NA NA 

Phmol - Unlimited 43,900 NA NA NA NA ND - No No NA NA NA NA 

Pym,e - Unlimited ,655,000 NA NA NA NA ND - No No NA NA NA NA 

Tnbutyl pho!phat,, - NC NC NA NA NA NA ND - No No NA NA NA NA . '' . Washington Adminirtnnve Code 173-340-745 "Soil Cleanup Standards for lndusuial Prop<rttet., Method C for nonnd1olog1cal contam1nants. For nd,onuchdes, the sereentng level lf the concentnllonofthe r•d,onucbde that would result 1n a IS mttl'IY)'f 
dote under an industrial expo,ure scenario; the!e values were c•lculated using RESRAD. : 

• WAC 173-340-747 "Deriving Soil Concentrations for Ground Water Prot,,ction." These standlrds are for nonradiologtcal contaminants and are~ OD WAC 173-340-720, "Ground Water Cleanup Standards," Method B. Ptotectioa or groundwater for 
ndionuclide, is eval111ted 1hrough the R.ESRAD and STOMP modeling u pme,,ted ill Chaptm 4.0 and 5.0 

• Backgiound from DOEJRL.92-24, Hanford Site Soil Background; DOE/RL-96-12, Hanford Site Background: Part 2, Soil Background Values for Radioactive Analytes; or Ecoloey l'llblication 94-115, 1994, Natural Baclcground Soil Metals Concentntiom in 
Wuhingtcn State. · 

• GroundMter pn,t,,ction for ndionuclide1 is determined throu;h modeling using RESRAD and STOMP as discussed ill Chaptm 4.0 and 5.0. 
• The groundwater protection standard is less than the background coacen1ntion; therefore, the bactground concentntion becomes the 1crttnin1 level for groundwarer pn,i,,ction. 
- • no baclr:ground concentration available for the 11,nford Site or from the Washingma State Department of Ecology (see rootnore "c" above). 
NA•notanalyzed · 
NC • no criterion available 
ND • not de1eeted. 

3-71/3-72 



DOE/RL-2002-42 REV 0 

Table 3-5. 200-PW-5 Operable Unit Initial Screening. (3 Pages) 
Screening Levels 116-B-S7 Crib 

Direct 
Exposure Groundwater Exceeds Exceeds 

Contaminants or Scrernlng Protection Maximum Euetds Direct Groundwater 

Concern Background uvel(WAC Scrrrnlng Concentration Backgroun~ Exposure Protection 
173-340-745 Levtl(WAC Screening Screening 

ort5 173-340-747)' Level Level 
mrtm)" . 

Radionuclldes (pCl/e) 

Cesium-137 1.05 23.4 d 67,000 Yes Yes ' 
Cobalt-60 0.00&42 4.9 d ND No No No 

Plutonium-238 0.00378 47.0 ' 0.012 Yes No • 
Plutonium-239 425 ' 0.01 - No ' -
Potassium-40 16.6 76.4 ' 17.2 Yes No ' 
Radium-226 0.815 7.03 Ill 1.13 No No No 

Total radioactive 0.178 2,410 Ill 67 Yes No • strontium 

Technetium-99 412,000 Ill 60 Yes d - -
Thorium-228 1.32 7.73 Ill 0.0096 No No No 

Tritium 66,900 d 16 Yes • - -
Uranium (total) 

3.21 10,SOO 61.1 2.53 No No No (mg/kg) 

Inorganic Metals (mg/kg) 

Aluminum 11,800 NC 4S.2 7,610 No No No 

Antimony - 1,400 S.42 ND - No No 

Arsenic 20 81.5 340 3.2 No No No 

Barium 132 24S,000 923 88.6 No No No 

Beryllium 1.51 280,000 63.2 0.45 No No No 

Bismuth - NC NC ND No No No 

Cadmium 0.81 3,500 0.69 1.6 Yes No Yes 

Calcium 17,200 NC NC 9,450 No No No 

Olromium (Ill) 18.5 S,250,000 2,000 11.3 No No No 

Cobalt 15.7 NC NC 8.6 No No No 

Copper 22 130,000 263 42.7 Yes No No 

Iron 32,600 NC 1,320 14,700 No No No 

Lead 10.2 1,000 3,000 12.7 Yes No No 

Magnesium 7,060 NC NC 4,710 No No No 

Manganese 512 490,000 S0.2 457 No No No 

Mercury 0.33 1,050 2.09 ND No No No 

Nickel 19.1 70,000 130 11 No No No 

Potassium 2,150 NC NC 1,290 No No No 

Selenium - 17,500 S.2 ND No No No 
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Table 3-5. 200-PW-S Operable Unit Initial Screening.' (3 Pages) 

Scrernlng uvds . 216-B-57 Crib 

Direct 
E1posurt Groundwater Euttds E1creds 

Conumlnants of 
Screening Protection l\lnlmum E1c:ttds Dlrtc:t Groundwater 

Concern 
Background Levd(WAC Scrunlng Conc:rntratlon Backgrouncr Esposure Prottctlon 

173-340-745 Level(WAC Screening Sc:rrtnlng 
or IS 173-340-747)" Levd Lenl 

mre°!t 

Silver 0.73 17,SOO 13.6 2.3 Yes No No 

Sodium 690 NC NC 382 No No No 

Thallium - 245 38 0.44 - No No 

Vanadium 8S.l 24,500 2,240 24.2 No No No 

Zinc 67.8 1,050,000 5,970 36.8 No No No 

General ChemJstry (mg/kg) 

Chloride 100 NC NC 12.3 No No No 

Cyanide - 70,000 0.80 ND No No No 

Fluoride 2.81 NC 16 3.7 Yes NC No 

Nitrate (as 52 350,000 40 479 Yes No Yes nitrogen) 

Nitrite (as 
2.81 350,000 4 2.5 No No No nitrogen) 

Phosphate 0.79 NC NC 12 Yes NC NC 

Sulfate 237 NC 1,000 139 No No No 

Volatile Organics (µg,/kg) 

Acetone· - 350,000 3,210 26 - No No 

Methylene 
chloride - 17.SOO 254 110 - No No 

Toluene - 700,000 7,270 13 - No No 

Xylenes (total) - 7,000,000 91,400 ND - No No 

Semi-volatile Orianlcs (µg/kg) 

Aroclor-1254 - 70,000 990 770 - No No 

Bcnzoic acid - Unlimited 257,000 160 - No No 

Bis(2-ethyl-
bcxyl) phthalate - 9,380,000 14,000 2,700 - No No 

Butylbenzylphtha 
late - Unlimited 893,000 1,400 - No No 

Chrysene - 18,000 96 40 - No No 

Diethyl ether - NC NC 40 - NC NC 

Di-n- · Unlimited 56,500 3,000 No No butylphthalate - -
Di-n-

Unlimited 532,000,000 270 No No octylphthalate - --
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Table 3-5. 200-PW-5 Operable Unit Initial Screening. (3 Pages) 

Screcnlnc Ltvrls · 216-B-57 Crib 

Dlrttt 
Exposure Groundwater E1ceeds Exceeds 

Contaminants of 
Scrreoln&: Protrctlon Maximum Exceeds Direct Groundwater 

Concern Background Ltvrl(WAC Scrrrnln&: Concentration Background" E1posure Protection 
173-340-745 Level(WAC Screenlne Scncnlne 

or IS l73-340-747t Levrl Level 
mrem)" 

Pcntacbloro- 109,000 115,000 93 No No 
phenol - -
Phenol - Unlimited 43,900 ND - No No 

Pyrcnc - Unlimited 655,000 49 - No No 
• Washington Administrative Code 173-340-745 "Soil Cleanup Standards (or lndustnal Properties," Method C for 

nonradiological contaminants. For radionuclides, the screening level is the concentration of the radionuclide that would result 
in a IS mrem/yr dose under an industrial exposure scen:irio; these values were calculated using RESRAD. 

• WAC 173-34 0-74 7 "Deriving Soil Concentrations for Ground Water Protection." These standards are for 
nonradiological contaminants and arc based on WAC 173-340-720, "Ground Water Cleanup Standards." Method B. 
Protection of groundwater for radionuclidcs is evaluated through the RESRAD and STOMP modeling as presented in 
Chapters 4.0 and 5.0 

c Background from DOFJRL-92-24, Hanford Site Soil Background; DOE/RL.96-12, Hanford Site Background: Part 2, 
Soil Background Yaluesfor Radioactive Ana/yte.s; or Ecology Publication 94-115, 1994, Natural Background Soil Metals 
Concentrations In Washington State. 

• Groundwater protection for radionuclides is determined through modeling using RESRAD and STOMP as discussed in 
Chapters 4.0 and 5.0. 

• The groundwater protection standard is less than the background concentration; therefore, the background 
concentration becomes the screening level for groundwater protection. 

- • no background concentration available for the Hanford Site or from the Washington State Department of Ecology 
(see footnote "c" above). 

NA - not anal)'2ed 
NC .. no criterion available 
ND - not detected. 

Table 3-6. Comparison of the 216-B46 and 216-B49 Cribs. 
Total Total Americium- Ceslum-137 Strontlum-90 Ferro-

Site Uranium Plutonium 
241 (Cl) (CJ) (Cl) 

cyanide 
(kg) (E) (kg) 

216-B-46 1.90E+o2 2.00E+ol - 8.89E+ol 6.31E+o2 4,000 

216-B-49 3.20E+o2 1.S0E+ol - 1.82E+o2 1.14E+o3 4,000 

Nitrate 
Effluent 

(kg) 
Volume 

(m') 

1,200,000 6700 

1,500,000 6700 
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4.0 VADOSE ZONE CONTAMINANT FATE AND TRANSPORT MODELING 

4.1 INTRODUCTION AND PURPOSE 

The 200 Areas Remediation Project conducted vadose zone modeling to determine the fate and 
transport of contaminants identified for representative sites of the 200-TW-l and 
200-TW-2 OUs. The representative waste sites modeled in the 200-TW-1 were the 
216-T-26 and 216-B-46 Cribs. The representative waste sites modeled in the 200-TW-2 OU 
were the 216-B-7A Crib and the 216-B-38 Trench. The 216-B-57 Crib in the 200-PW-5 OU was 
not modeled because this site was extensively evaluated in the 200-BP-1 OU RI/FS process and 
because a Hanford barrier has been constructed over the site. The 216-B-S Reverse Well was not 
modeled because contaminants were injected directly into the aquifer and into the vadose zone 
near the aquifer. 

The modeling was conducted to identify those contaminants identified during the RI that pose 
future risk to groundwater. The modeling evaluates whether the contaminants migrating from 
the waste sites will reach groundwater before decaying or attenuating, and estimates potential 
future concentrations in groundwater. The modeling results also may assist in determining the 
remediation strategy and establishing criteria for cleanup. · 

4.2 MODELING METHODOLOGY 

The modeling effort used the STOMP version 2.0 finite difference code developed by PNNL to 
conduct the simulations. Description of the STOMP code is found in PNNI, 11217, STOMP 
Subsurface Transport Over Multiple Phases Theory Guide; PNNL-12034, STOMP Subsurface 
Transport Over Multiple Phases User'3 Guide; and PNNL-11216, STOMP Subsurface Tran.sport 
Over Mu/Jiple Phases Application Guide. Quantitative predictions of hydrogeologic flow and 
contaminant transport are generated from the numerical solution of nonlinear partial differential 
equations that describe subsurface environment flow and transport phenomena. The STOMP 
code capabilities include (among others) the simulation of saturated and unsaturated flow 
regimes, transport of radioactive elements and nondecaying contaminants, and transport of 
aqueous phase and nonaqueous phase organic compounds. A complete description of STOMP 
capabilities and the actual equations and the partial diffex:ential approximations are contained 
within the Theory Guide (PNNL-11217) and the User's Guide (PNNL-12034). 

The models constructed to simulate the 200-TW-1 and 200-TW-2 OU representative waste sites 
are two-dimensional vertical cross-section representations of the actual physical systems. For 
the 216-B-38 Trench, the horizontal grid consisted of 65 nonuniform cells with increasing 
resolution toward the center of the domain. The vertical grid consisted of 131 0.6 and 0.7 m 
(2 and 2.3 ft) cells. For the 216-B-46 Crib, the horizontal grid consisted of 30 uniform cells 3 m 
(10 ft) in length. The vertical grid consisted of 103 0.6 and 0.7 m (2 and 2.3 fl) cells. For the 
216-B-7 A Crib, the horizontal grid consisted of SO uniform cells 2 m (6.6 fl) in length. The 
vertical grid consisted of 93 0. 7 and 0.8 m (2.3 and 2.6 ft) cells with three additional cells of 1.4, 
2.1, and 5.8 m (4.6, 6.9, and 19 ft) deeper in the aquifer. For the 216-T-26 Crib, the horizontal 
grid consisted of70 uniform cells of 3 m (10 ft) in length. The vertical grid consisted of 110 
uniform 0.6 m (2 ft) cells, with two additional cells of 1.2 and S.8 m (3.9 and 19 ft) deeper in the 
aquifer. 

4-1 
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Model conceptualizations and input parameters were developed on the basis of historical 
infonnation and data collected during the RI. The representative waste sites located in the 
200 East Area possess simple horizontal hydrogeologic layers. The geology observed in the 
characterization boreholes instatJed within the waste sites did not indicate the presence of 
significant impermeable layers or fine-grained units that would result in greatly enhanced lateral 
spreading of the contaminants. The silty Hanford formation/Plio-Pleistocene (?) unit is present 
beneath the 216-B-7A Crib. However, hydraulic testing of soil samples indicated that its vertical 
hydraulic conductivity is on the same order of magnitude as that of the other geologic units 
present in the vadose zone. Therefore, for this analysis, assuming contaminant transport occurs 
primarily vertically provides an adequate estimation of the contaminant fate and transport and 
impact to the aquifer. In the 200 West Area, several fine units, as well as the caliche layer 
associated with the Plio-Pleistoccne unit, slope southward in the vadose zone. Therefore, the 
216-T-26 Crib model includes the effects of the sloping layers on lateral spreading in the 
evaluation. 

Once the conceptual contaminant distribution models had been translated into numerical form, 
the model domains were established in hydraulic steady state to provide initial conditions for the 
onset of waste site operations. Hydraulic steady state refers to the condition that soil moisture 
content and soil moisture movement remain constant through time. Conducting the steady-state 
modeling provides initial conditions for the transient simulations. 

A period representing the operational life of the facility to the present was simulated to provide 
initial hydraulic conditions and contaminant distributions for the fate and transport modeling. 
Toe volume of wastewater discharged into the facilities created artificially high moisture 
contents and elevated water tables below the facilities. Including the operational history of the 
facilities allowed the model to account for the enhanced drainage and recharge expected to occur 
even after wastewater disposal to the facilities ceased. 

Including the operational history of the facilities also allowed the models to consider the 
contaminant concentration data collected during the RI phase in a manner compatible with the 
mathematics of the numerical model. The mobile contaminants (i.e., those with low distribution 
coefficients [Kcts)) would be expected to reach groundwater shortly after discharge began and to 
remain more widespread, whereas those adsorbing to the soil (i.e., those with high kc,s) should be 
retained in the vadose zone above the water table. To determine the spatial distribution of the 
contaminants in the vadose zone, the contaminants were input to the model as unit inventories. 
The resulting distribution of contaminants from the model of the operational period then was 
scaled to match the sampling results collected during the remedial investigation. The sampling 
results provided the magnitude of the concentrations in the vadose zone, and the model results 
provided the basis for the spatial distribution. The models then simulated the movement and 
concentration of these contaminants for 1,000 yr into the future. Figures showing the 
comparison of the model input contaminant distributions and the measured data are presented in 
AppendixD. 

The scaling of the modeled concentration results also provides a basis for .estimating the 
inventory of contaminants discharged at the facilities. Toe transport and distribution of mobile 
contaminants is not as affected by adsorption in the vadose zone. The modeled results scaled to 
the sampling data provide a reasonable estimate of the pore water concentrations, and hence the 
source concentration necessary to create them. The inventory estimates for the contaminants 
with greater adsorbing characteristics become more problematic. The quantity of contaminants 
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and the magnitud_e of the concentrations remaining in the vadose zone are highly dependent on 
the contaminant adsorption characteristics. The model uses a constant linear representation (the 
contaminant kd) to describe the adsorption characteristics. In the actual vadose zone, the 
contaminant distribution coefficient may vary spatial1y and temporally because of changing 
chemical conditions. Therefore, while the inventory estimates for the mobile constituents may 
be somewhat reliable, those for the adsorbing contaminants may not be reliable. 

4.3 REPRESENTATIVE SITE INFORMATION 
AND HYDRAULIC PROPERTIES GEOLOGY 

Boreholes installed during the RI and boreholes and wells installed during the operational life of 
the facilities provided information to identify the geologic units present and to construct the 
cross-sections at each representative waste site. The geologic units and fonnations identified at 
the 216-B-46 Crib, the 216-T-26 Crib. the 216-B-7A Crib, and the 216-B-38 Trench are 
discussed in detail in Chapter 3.0. Figures 3-2 through 3-6 show the vertical cross sections 
developed to describe the geology near these waste sites and serve as the framework for the 
model. 

4.4 SOIL HYDRAULIC PROPERTIES AND 
CONTAI\.UNANT SOIL INTERACTION 
CHARACTERISTICS 

Soil hydraulic properties for the different geologic units were developed from the existing 
database of moisture retention and unsaturated hydraulic conductivity data available at the 
Hanford Site (WHC-EP-0883, Variability and Scaling of Hydraulic Properties for 200 Area 
Soils, Hanford Site). In general, soil hydraulic properties describe the amount of water that the 
soil is capable of containing, the capillary pressure at which the soil retains a certain quantity of 
water, and the rate at which water is capable of moving through the soil. Capillary pressure 
refers to the suction exerted by the soil to hold water in place. Measurable properties of interest 
are the soil bulk density, soil saturated moisture content (or porosity), moisture content as a 
function of capillary pressure, and hydraulic conductivity as a function of soil moisture. 

Moisture retention characteristic curves may be derived that describe the data in tenns of an 
analytical equation. The characteristic curves allow the relationship to be expressed for the 
entire continuum of values, which is a necessity of modeling. Moisture content often is 
expressed in tcnns of the saturation, which is the amount of water contained by the soil relative 
to the amount that the soil could contain: 

where: 

s =(0,.,- 0,1 
"' 0 -0 

I r 

Sw = degree of water saturation of the porous media (dimensionless) 
0w = moisture content of the soil (dimensionless) 
0s = saturated moisture content of the soil (dimensionless) 
0r:::: residual moisture content of the soil (dimensionless). 

4-3 
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The residual moisture content refers to the absolute minimum amount of water retained by the 
soil regardless of the amount of applied pressure. The residual moisture content is not really 
measurable, but is determined through the curve-fitting process. 

The van Genuchten equation frequently is applied to express the saturation in terms of the soil 
capillary pressure and three fitted variables: 

where: 

p -P s. = {1 +{a[ w •1tr.. for P
6 

-P. > 0 i.e., unsaturated conditions 
p.,g 

S. = 1 for P
6 

- P. SO i.e., saturated conditions 

P1 = absolute pressure of the gas phase present (Pa, usually atmospheric pressure when the 
gas phase is air) 

P.., = absolute pressure of the water phase present (Pa) 

P1 -P...,= capillary pressure of the soil on the water phase present (Pa) 

Pw-= density of water (kg/m3
) 

g-= acceleration of gravity {m/s2) 
I 

a (1/m), n, and m are curve fit parameters, m = 1 - 1/n 

S,_. is defined as before. 

The Mualem equation describes hydraulic conductivity as a function of saturation: 

k,_ = (S.)112 {l-(l-[S.,]11.,r}2 

and 

K ==krw • K,., 

where: 

K = soil permeability (cm2
) or hydraulic conductivity (cm/s) 

k.w = relative permeability or hydraulic conductivity 
Ka,= saturated permeability (cm1

) or saturated hydraulic conductivity (cm/s) 
Sw and m are defined as before. 

The characterization effort conducted at the 200-TW-1 and 200-TW-2 OU representative sites 
produced detailed descriptions of the local geology (BHI-01606, BHl-01607) (Figures 3-4, 3-5 
and 3-6). Unsaturated hydraulic data were collected for much of the Hanford Site; these data are 
summarized in WHC-EP-0883. WHC-EP-0883 included the development of statistical 
distributions for six general soil types. The characterization effort conducted at the 200-TW-1 
and 200-TW-2 OU representative sites identified more than the six soil types described by 
WHC-EP-0883. so the statistical distributions served as the basis for determining the hydraulic 
properties used in this report Soil hydraulic properties used in the models were kept within two 
standard deviations of the mean presented in WHC-EP-0883, unless an appropriate soil type 
match was not available. In those cases, properties were determined from the closest soil type 
available and were extrapolated according to the expected characteristics of the soil type. 

4-4 
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Table 4-1 presents the soil hydraulic properties and fitted curve parameters for the geologic units 
identified at the 200-TW-1 and 200-TW-2 OU representative sites. 

4.5 CONT Al\lINANfS 

Contaminant data collected from the investigation boreholes provided infonnation identifying 
the contaminants present and describing the distribution of the contaminants at the waste sites. 
The contaminants modeled at the 200-TW-1 OU representative sites include arnericium-241, 
europium-154/155, cesium-137, cobalt-60, cyanide, nitrate, nitrite, plutonium-238/239/240, 
radium-226, strontium-90, sulfate, technetium-99, tritium, and uranium-233/234/235/238. The 
contaminants modeled at the 200-TW-2 OU representative sites include americium-241, 
carbon-14, cesium-137, cobalt-60, europiurn-154, fluoride, nitrate, plutonium-238/239/240, 
potassium-40, radium-228, strontium-90, technetium-99, tritium, and uranium-233/234/235/238. 
Figures 3-10. 3-14, 3-23, and 3-27 contain one-dimensional contaminant distribution profiles 
summarizing the findings of the investigations for the 216-B-46 Crib, the 216-T-26 Crib, the 
216-B-7A Crib, and the 216-B-38 Trench, respectively. 

Distribution coefficient estimates for the contaminants initially were derived from the "Best 
Estimate" lists in PNNL-11800, Compo~ite Analysis for Low-Level Waste Disposal in the 200 
Area Plateau of the Hanford Site, for Zone G Category for the 200-TW-l OU representative sites 
and for Zone E Category for the 200-TW-2 OU representative sites. Zone G represents tank 
waste-type liquids with organic chelating or complexing agents, located near the disposal facility 
inlet or ground surface where the liquid phase is greatly affected by the chemical composition of 
the contaminant liquid source. Zone E represents tank waste-type liquids and waste associated 
with small tanks, lines, pits, and boxes, located away .from the disposal facility where the 
excessive acidic or basic nature of the waste has been neutratiz~ by the buffering capacity of the 
soil. In addition to the waste type and chemistry, distribution coefficient values are affected by 
the characteristics of the contaminant and how they interact with the subsurface environment. 
To account for these varying characteristics that are difficult to quantify, the modeling included a 
simulation period representing the time from waste disposal to the RI/FS data collection effort. 
Contaminant curves produced by the modeling were compared to the data collected during the 
remedial investigation. In those cases where the "Best Estimate" distribution coefficient resulted 
in a contaminant distribution profile inconsistent with the data. the distribution coefficient was 
revised to be more consistent with the data. Distribution coefficients used in the modeling are 
shown in Table 4-2. 

4.6 RESULTS OF FATE AND TRANSPORT 
MODELING 

4.6.t 216-T-26 Crib 

The results of the fate and transport modeling of unsaturated zone contamination during the 
period representing 1955 to 2000 show the effects of the sloping fine-grained geologic units on 
the lateral transport of the contaminants (Figure 4•1). The contaminants extend substantially in 
the direction of the slope of the geologic units of the vadose zone, but the highest concentrations 
still appear to occur directly beneath the facility. The greatest amount of transport occurs 
beneath the facility, because as the contaminants move laterally away from the facility, the 
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hydraµlic pressure head lessens, thus lessening the downward hydraulic gradient. The actual 
downward path of the contaminants may be deflected by the geologic layering, and the lateral 
transport certainly aITects the location and the extent of contamination in the vadose zone. 
However, using the vertical cross-sectional model to evaluate the impacts to groundwater 
appears to provide an adequate prediction of the expected maximum concentrations in 
groundwater in the future. 

Based on the results of the 216-T-26 Crib modeling, cyanide, nitrate, nitrite, technetiwn-99, and 
uranium-233/234/238 are predicted to reach the groundwater with concentrations exceeding their 
respective maximum contaminant levels (MCL). Tritium reaches the groundwater, but at 
concentrations below the MCL. None of the other contaminants reach the groundwater at 
measurable concentrations during the 1,000-yr simulation period. Figures 4-2 through 4-4 
present breakthrough curves for the mobile contaminants. The other radionuclide contaminants 
are rather immobile in the environment, so none travel much beyond their current location. 
Cesium-137, the europium isotopes, plutonium-238, and strontium-90 have relatively short 
half-lives and decay below detectable limits before they would be expected to reach the water 
table at measurable concentrations. They are not expected to be present anywhere in the vadose 
zone in appreciable quantity in 1,000 yr. Americium-241 and plutonium-239/240 are expected 
to remain in the environment, but these radionuclides tend to bind to soil particles and remain 
fixed, even though their relatively long half-lives result in long residency in the vadose zone. 

Cyanide, nitrate, nitrite, and technetium-99 are predicted to reach the groundwater at 
concentrations exceeding their MCI.s within about 1 SO yr from the present {yr 2000). The 
concentrations of the mobile con.taminants attenuate below the MCLs within 200 yr, except 
cyanide, which attenuates below its MCL in about 250 yr. In fact, the modeling results 
representing the operational period of the facility to the present indicate that high concentrations 
of the mobile contaminants would have arrived in the groundwater shortly after discharge began 
at that facility and would remain fairly evenly distributed throughout the vadose zone. However, 
the sampling results showed nitrate (as nitrate) at concentrations below 10 mg/kg from SO to 60 
m (164 to 197 ft) bgs, compared to 660 mg/kg at a depth of 45 m (148 ft) and 3,070 mg/kg at a 
depth of about 30 m (98 ft) bgs. Elevated levels of nitrate have been measured in the 
groundwater around this facility for several years. On the basis of the modeling, the vadose zone 
sampling data, and the Jong-term groundwater monitoring data, the nitrate in the vadose zone 
now is not expected to increase the concentrations currently observed in groundwater, but may 
be an artifact of the nitrate that caused the high concentrations currently observed. 

The uranium isotopes peak in concentration after about 600 yr. The concentrations of the 
uranium-233/234 and uranium-238 isotopes remain above the MCLs after 1,000 yr, but the 
concentrations are decreasing at the end of the simulation period. The plutonium-239 
concentration exceeds the MCL in about 800 yr, and the concentration is increasing at the end of 
the simulation period. 

4.6.2 216-B-46 Crib 

The results of the 216-B-46 Crib modeling indicate that all of the mobile contaminants, except 
tritium and nitrite, are expected to reach the groundwater with concentrations exceeding their 
MCu. The list of mobile contaminants at the 216-B-46 Crib includes uranium-238, cobalt--60, 
and radium-226, which usually experience some sorption during transport in the environment. 
The maximum predicted concentrations of cyanide and nitrite (as nitrite) (0.0.54 and 0.35 mg/L, 
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respectively) are ~ither close to or below the MC~ for those contaminants (0.2 and 1.6 mg/Las 
nitrogen [7.1 mg/Las nitrate], respectively). The other less mobile contaminants (cesium-137, 
strontium-90, plutonium-239, and uranium-238) also reach the groundwater, but at · 
concentrations that are essentially undetectable (less than 1.0 E-06 pCi/L). None of the other 
contaminants of concern reach the groundwater with concentrations exceeding their MCLs 
during the 1,000-yr simulation period. Uranium-238 appears to first break through almost 
immediately, although the peak concentration does not occur until the end of the simulation 
period, when the concentration appears to be stabilizing. Figures 4-5 through 4-8 present 
breakthrough curves for the mobile contaminants. Cesium-137, plutonium-238, and 
strontium-90 have relatively short half-lives and decay below detectable limits before they would 
be expected to reach the water table in any appreciable·quantity. They are not expected to be 
present anywhere in the vadose zone in appreciable quantity in 1,000 yr. Americiurn-241 is 
expected to remain in the environment, but is not expected to travel much beyond its current 
location. This radionuclide tends to bind to soil particles and remain fixed, even though its 

· relatively long half-life results in long residency in the vadose zone. Except for the contaminants 
known to be mobile in the environment, none of the contaminants associated with the 216-B-46 
Crib discharges have been detected in the groundwater. Part of the reason for the high resulting 
concentrations in groundwater is that the aquifer is thin around the 216-B-46 Crib, and the water 
table is declining. The saturated thickness observed in this area may not be naturally occurring, 
but may be a consequence of the past liquid discharges. As the water table continues to decline, 
contaminants may be stranded in the vadose zone where the artificial aquifer used to be, and may 
not actually pose a threat to groundwater during the 1,000-yr simulation time. 

Cyanide, cobalt-60, nitrate, and technetiurn-99 are predicted to reach the groundwater with 
concentrations exceeding their MCLs almost immediately. In fact, the modeling results 
representing the operational period of the facility to the present indicate that high concentrations 
of cyanide, cobalt-60, nitrate, and technetium-99 would have arrived in the groundwater shortly 
after discharge began at that facility and would remain throughout the vadose zone. The 
contaminant concentrations attenuate below the MCLs within 200 yr. The sampling results 
showed cyanide occurring at levels mostly below the detection limit, with only two results above 
the detection limit (3.18 and 1.5 mg/kg). Elevated levels of nitrate (generally greater than 
·3,000 mg/kg as nitrate) and technetium-99 (generally greater than 100 pCi/g) were measured 
consistently and continually from about 8 m (26 ft) bgs to the water table. Elevated levels of 
cyanide, nitrate, and technetium-99 have been measured in the groundwater around this facility 
for several years. The cyanide, cobalt-60~ nitrate, and technetium-99 in the vadose zone now are 
not expected to increase the concentrations currently observed in groundwater, but appear to be 
an artifact of the discharges that caused the high concentrations cl.llTCntly observed. 

4.6.3 216-B-7A Crib 

Based on the results of the 216-B•7A Crib modeling, fluoride, nitrate, and uraniurn-233/234/238 
are predicted to reach the groundwater with concentrations exceeding their MCLs. The 
maximum predicted concentration oftechnetium-99 (230 pCi/L) is below the MCL (900 pCi/L). 
Tritium is predicted to reach the groundwater, but at a resulting concentration below the MCL. 
None of the other contaminants reach the groundwater at measurable concentrations during the 
1,000-yr simulation period. Figures 4-9 through 4-12 present breakthrough curves for the mobile 
contaminants. The other radionuclide contaminants are rather immobile in the environment, so 
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none travel much beyond their current location. Cesium-137, europium-154, and plutonium~238 
' have relatively short half~lives and decay to below detectable limits long before they would be 

expected to reach the water table. They are not expected to be present anywhere in the vadose 
zone in appreciable quantities in 1,000 yr. Americium-241, potassium-40, and 
plutonium-239/240 are expected to remain in the environment, but are not expected to travel 
much beyond their current location. The concentrations predicted to occur in groundwater are 
below detection. These radionuclides tend to bind to soil particles and remain fixed, even though 
their relatively long half-lives result in long residency in the vadose zone. Except for the 
contaminants known to be mobile in the environment, strontium-90, and the uranium isotopes, 
which tend to be somewhat variable in their mobility, none of the contaminants associated with 
the 216-B-7A Crib discharges have been detected in the groundwater. None of these 
contaminants are expected to pose a threat to groundwater during the 1,000-yr simulation time. 

Nitrate and technetium-99 reach the groundwater with concentrations exceeding their MCLs 
almost immediately, while the uranium isotopes (uranium-233/234/238) require more than 
I 00 yr to reach the water table. The modeling results representing the operational period of the 
facility to the present indicate that high concentrations of nitrate and technetium-99 would have 
arrived in the groundwater shortly after discharge began at that facility and would remain 
throughout the vadosc zone. Relatively low levels of nitrate (generally less than 150 mg/kg as 
nitrate) were measured consistently from just below ground surface to a depth of 30 rn (98 ft) 
bgs. The two deepest "soil samples collected (46 and 68 m [ISi and 223 ft] bgs) exhibited the 
highest concentrations (493 and 263 mg/kg, respectively. The sampling results showed 
technetium-99 occurring at levels mostly below the detection limit, with only three results above 
the detection limit (32.9, 4.27, and 1.56 pCi/g), collected between S.S and 8.4 m (18 and 27.5 ft) 
bgs. The elevated levels of the uranium isotopes (117 pCi/g ofuranium-233/234 and 108 pCi/g 
ofuranium-238) appear to be contained at about 9 to 10 m (29.5 to 33 ft) bgs. The model results 
predict the peak strontium-90 groundwater concentration to occur about 270 yr into the future, 
but then to decay below the drinking water standard in about 480 yr. The stronium-90 soil 
concentration data showed almost all oflhe strontium-90 contained within the top 18 rn (S9 ft) of 
the vadose zone, so the exceptionally low distribution coefficient necessary to result in 
strontium-90 reaching the groundwater does not appear to be applicable to this waste site. 
Elevated levels of nitrate, technetium-99, and uranium have been measured in the groundwater 
around this facility for several years. The amounts of nitrate and technetium-99 in the vadose 
zone now are not expected to increase the concentrations currently observed in groundwater, but 
may be an artifact of the discharges that caused the high concentrations currently observed. 

4.6.4 216-B-38 Trench 

Based on the results of the 216-B-38 Trench modeling, nitrate, nitrite, and uranium-233/234/238 
are predicted to reach the groundwater with concentrations exceeding their MCLs. The other 
mobile contaminants (fluoride, technetium-99, and tritium) are predicted to reach the 
groundwater, but at resulting concentrations below their respective MCLs. Potassium-40 and 
strontium-90 are not predicted to reach the groundwater. None of the other contaminants are 
predicted to reach the groundwater at measurable concentrations during the 1,000-yr simulation 
period Figures 4-13 through 4-15 present breakthrough curves for the mobile contaminants. 
The other radionuclide contaminants are rather immobile in the environment, so none travel 
much beyond their current location. Cesium-137 and plutonium-238 have relatively short 

4-8 



DO~2002-42 REV 0 

haJf.Jives and decay below detectable limits before they would be expected to reach the water 
table. They are n·ot expected to be present anywhere in the vadose zone in appreciable quantities 
within 1,000 yr. Americium•241 and potassium--40 are expected to remain in the environment, 
but are not expected to travel much beyond their current location. These radionuclides tend to 
bind to soil particles and remain fixed, even though their relatively long half.fives result in iong 
residency in the vadose zone. Except for the contaminants known to be mobile in the 
environment and the uranium isotopes, which tend to be somewhat variable in their mobility, 
none of the contaminants associated with the 216· B·38 Trench discharges have been detected in 
the groundwater. None of these contaminants are expected to pose a threat to groundwater 
during the 1,000•yr simulation time. 

In the model simulation, nitrate and nitrite reach the groundwater with concentrations exceeding 
their MCLs almost immediately. The modeling results representing the operational period of the 
facility to the present indicate that high concentrations of nitrate and nitrite would have arrived in 
the groundwater shortly after discharge began at that facility and would remain throughout the 
vadosc zone. Elevated levels of nitrate (generally greater than 2,000 mg/kg as nitrate) were 
measured between 15 and 46 m (49 and 1S1 ft) bgs. with the concentration decreasing to 58 and 
1.S mg/kg as nitrate in the two deepest samples (60 and 81 m [197 and 266 ft] bgs, respectively). 
The soil sampling results showed technetium•99 occurring at levels mostly below the detection 
limit. Only three results were above the detection limit, and all three of those measured less than 
2 pCi/g. Elevated levels of nitrate and tcchnetium-99 have been measured in the groundwater 
around this facility for several years. The amounts of nitrate, nitrite, and technetium•99 in the 
vadose zone now are not expected to increase the concentrations currently observed in 
groundwater. The nitrate and nitrite appear to be artifacts of the discharges that caused the high 
concentrations currently observed, but the technetium•99 levels do not appear to be indicative of 
the levels necessary to cause the plume currently observed. 

Additional vadose zone modeling pertinent to the 216·B·38 Trench evaluated the effectiveness 
of surface barriers in reducing the risk from previous tank farm leaks. That modeling included 
nitrate, technetium•99, and uranium•238 in evaluating the possible effects of tank leakage and 
water line leaks intermingling with the contaminants disposed ofto the trench. The vadose zone 
models are similar in construction, but include some differences because of different approaches 
and purposes for the RI/FS evaluation of the 200 Areas Remediation Project. The representative 
waste site approach resulted in the collection of precise site~specific hydrogcologic and 
contaminant data at the waste sites to be included in the models. The purpose of the RI/FS 
modeling is to establish or evaluate the need for remedial measures at all of the waste sites 
within the 200-TW•l and 200•TW-2 OUs by evaluating the impacts of the representative waste 
sites on the aquifer. 

The results of both modeling efforts indicated similar conclusions: nitrate and technetium-99 
would appear in the aquifer soon after discharge to the trench began, and the uranium isotopes 
would not arrive at the water table for several hundred years. if at all. PNNL-13949, 2002 Initial 
Assessments/or B-BX-BY Field-Investigation Report (FIR): Numerical Simulations. modeling 
indicated that the nitrate and technetium-99 concentrations would peak around 2020 to 2030. 
The results of the RI/FS model show the peaks occurring somewhat sooner; the differences are 
attributable to different recharge assumptions and surface barrier effects. PNNL-13949 
modeling indicated that the uranium isotopes would not reach the water table during the l,O0O•yr 
simulation period, which is different from the results of this model. However, that modeling 



DOFJRL-2002-42 REV 0 

included the effects of a surface barrier installed in either 2010 or 2040 that reduced infiltration 
to 0.1 mml}'T for 5,000 }'T and to 3.5 mm/yr, thereafter. The current modeling included no barrier 
and a recharge rate of 14.4 mm/yr, which is considered representative of stabilized backfill at the 
surface. The modeling conducted for this RI report is meant to describe existing conditions. 
Additional modeling to evaluate the effectiveness of potential remedial actions will be 
considered in the FS. 

4.7 CONCLUSIONS 

Toe results of the modeling indicate that the known mobile contaminants (cyanide, cobalt-60, 
nitrate, nitrite, sulfate, technetium-99, and uranium isotopes) already observed in the 
groundwater are expected to continue to impact groundwater, but are not expected to increase 
concentrations already observed in the aquifer. The effects of the mobile contaminants 
remaining in the vadose zone are not expected to exacerbate existing groundwater conditions, but 
appear to be artifacts of the discharges that caused the existing groundwater plumes. 

The modeling indicates that certain of the other long-lived contaminants (plutonium-239 and 
radium-226) also may reach the groundwater at concentrations exceeding their MCu in the 
future. The soil concentration data showed almost all of the low-mobility but long-lived 
contaminants contained near the bottom of the waste sites and within the top 18 m (59 ft) of the 
vadose zone. The soil sampling data collected at the 216-B-46 Crib, the only representative 
waste site where radium-226 was identified as a contaminant of concern, indicated the presence 
ofradiwn to a depth of almost 30 m (98 ft), but at a concentration ofless than 1 pCi/g. 
One pCi/g is very close to Hanford Site background levels, and radium-226 has not been 
detected in groundwater monitoring wells located within 200 m (656 ft) of the crib. 

The Tank Waste Remediation System and the Immobilized Low-Activity Waste programs 
assigned distribution coefficients of 10 mIJg and 40 ml/g, respectively, to the plutoniwn 
isotopes (PNNL-11800). The model and soil contaminant distribution match indicated that a 
distribution coefficient greater than the Category G "Best Estimate" of 3 mUg and greater than 
the S mUg used in the current model appears to be more representative of the contaminant 
mobility. The exceptionally low distribution coefficients ("Best Estimate" Category 0) for the 
low-mobility but long-lived contaminants necessary to result in their reaching the groundwater 
do not appear to be applicable to the waste site modeling. Contaminants with distribution 
coefficients consistent with their actual distribution near the bottom of the waste sites are more 
likely to remain in place as they decay rather than travel to the groundwater. 

4-10 
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Figure 4-2. Contaminant Breakthrough Curves in Groundwater for Hydrogen-3 and 
· Technetium-99 at the 216-T-26 Crib. 
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Figure 4-3. Contaminant Breakthrough Curves in Groundwater for Uranium-233/234, 
. Uranium-235, and Uranium-238 at the 216-T-26 Crib. 
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Figure 4~. Contaminant Breakthrough Curves in Groundwater for Nitrate, Nitrite, 
and Cyanide at the 216-T-26 Crib. 
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Figure 4-S. Contaminant Breakthrough Curves in Groundwater for Nitrate, Nitrite, 
. and Sulfate at the 216-B-46 Crib. 
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Figure 4--6. Gontaminant Breakthrough Curves in Groundwater for Cyanide, Hydrogen-3, 
and Technetium-99 at the 216-B-46 Crib. 
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Figure 4-7. Contaminant Breakthrough Curves in Groundwater for Plutoniurn-238, 
. Plutoniurn-239/240, and Radium-226 at the 216-B--46 Crib. 
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Figure 4•8. Contaminant Breakthrough Curves in Groundwater for Cobalt.60, Uranium-238, 
· and Cesium-137 at ihe 216•B-46 Crib. 
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Figure 4:9. Contaminant Breakthrough <;urves in Groundwater for Hydrogen-3, 
Technetium-99, and Potassium-40 at the 216-B-7 A Crib. 
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Figure 4-10: Contaminant Breakthrough C~es in Groundwater for Nitrate, Fluoride, 
and Plutonium-239/240 at the 216-B-7A Crib. 
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Figure 4-11. Contaminant Breakthrough Curves in Groundwater for Uranium-233/234, 
. Uranium-235, and Uranium-238 at the 216-B-7A Crib. 
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Figure 4-1~. Contaminant Breakthrough Curves in Groundwater for Plutonium-238, 
Plutonium-239/240, and Strontium-90 at the 216-B-7A Crib. 
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Figure 4-_13. Contaminant Breakthrough Curves in Groundwater for Hydrogen•3, 
Technetium-99, Uraniwn-233/234, and Uranium-238 at the 216·B•38 Trench. 
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Figure 4-14. Contaminant Breakthrough Curves in Groundwater for Nitrate, Nitrite, and 
Fluoride at the 216-B-38 Trench. 
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Figure 4-15 .. Contaminant Breakthrough Curves in Groundwater forUranium-233/234, 
Uranium-238, and Stronium-90 at the 216-B-38 Trench. 
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Table 4-1. Modeling Soil Properties. (2 pages) 

Vertical Vertical Horizontal 

Alpha Moisture Moisture Saturated Saturated · Saturated 
Material Description n m Content Content Hydraulic Hydraulic Hydraulic (11cm) 

(Saturated) (Residual) Conductivft) Conductlvft) Conductivity 
(emfs) (m/day) (m/day) 

PPU Sandy Gravel 0.020 1.419 0.295 0.269 0.015 l.87E...Ol 1.62E+o2 t.62E+03 

Ringold/PPU Silty 0.009 1.851 0.460 0.435 0.067 2.40E--04 2.07E-Ol 2.07E+OO Sand 

Backfill (B-38) 0.021 1.374 0.272 0.138 0.010 S.60E.-04 4.84E-01 4.84E+o0 

Silt 0.005 2.067 0.516 0.424 0.041 1.SOE...05 1.30E...02 1.30E-Ol 

!Cobble Gravel 0.118 2.440 0.590 0.249 0.000 2.13E+Ol 1.84E+04 I.84E+05 

!Hanford Sandy Gravel 0.083 1.660 0.398 0.166 0.023 1.25E-01 1.08E+o2 1.08E+o3 

!Hanford Silty Sandy 0.06S 1.726 0.426 0.236 0.037 4.00E...02 3.46£+01 3.46E+o2 ~o Sandy Gravel 

!Hanford Silty Sandy 0.047 l.791 0.455 0.307 0.050 1.25E--02 1.08E+ol 1.08E+02 !Gravel 

!Hanford Silty Gravel 0.035 1.835 0.474 0.354 0.060 5.00E-03 4.32E+OO 4.32E+Ol 

IHanf ord Sandy Gravel 
0.055 l.827 0.448 0.219 0.032 2.00E-02 l.73E+ol 1.73E+o2 ~o Gravelly Sand 

!Backfill Gravelly 
Sand to Silty Sandy 
!Gravel 

0.032 1.400 0.507 0.262 0.030 7.50E-03 6.48E+oo 6.48E+OI 

!Hanford Gravelly 0.027 1.994 0.498 0.272 0.040 3.00E-03 2.59E+o0 2.59E+Ol !Sand 

tHanford Slightly 0.076 1.907 0.544 0.320 0.023 2.25E-03 l.94E+OO 1.94E+OI !Gravelly Sand 

!Hanford/Backfill 
!slightly Silty Gravelly 0.024 1.982 0.501 0.301 0.046 2.0SE-03 l.79E+oo 1.79E+Ol 
ISand 

Hanford Gravelly 0.019 1.958 0.50S 0.360 0.059 2.25E-04 1.94E-Ol l.94E+OO Silty Sand 

Hanford Sand 0.104 2.150 0.575 0.346 0.027 1.25E--03 1.08E+OO l.08E+ol 

Hanford Slightly Silty 0.073 2.074 0.479 0.380 0.044 1.00E-03 8.64E-Ol 8.64E+OO Sand 

Silty to Slightly Silty 0.042 1.999 0.440 0.414 0.061 6.75E-04 5.83£-01 5.83E+oo Sand 

Hanford Silty Sand 0.011 ].923 0.286 0.448 0.078 3.50E-04 3.02E-Ol 3.02E+o0 

!Hanford Sandy Silt to 0.009 1.971 0.363 0.440 0.066 l.2SE-04 1.0SE-01 1.0SE+-00 ISHry Sand 

!cemented Sand 0.017 1.771 0.575 0.320 0.079 . 6.25E-OS 5.40E-02 5.40E-01 

mianford Sandy Silt 0.008 1.995 0.401 0.436 0.059 3.75E-OS 3.24E-02 3.24E-Ol 

!Ringold Sandy Gravel 0.009 1.621 0.516 0.077 0.010 3.SOE...03 3.02E+OO 3.02E+Ol 
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Table 4-1. Modeling Soil Properties. (2 pages) 

Vertical Vertical Horizontal 

Alpha 
Moisture Moisture Saturated Saturated Saturated 

Material Description n m Content Content llydraullc Hydraulic Hydraulic (I/cm) 
(Saturated) (Residual) Conductlvlt, Conductlvlty Conductivlty 

(emfs) (m/day) (m/day) 

!Ringold Silty Sandy 0.010 1.772 0.514 0.262 0.044 1.7SE-03 1.StE+OO 1.SlE+-01 
Ptavcl 

;Ringold Silty Gravel 0.010 t.822 O.St3 0.324 o.oss 8.7SE-04 7.56E-Ol 7.S6E+OO 

;Ringold Gnvelly 0.021 1.845 O.S56 0.304 0.066 2.S0E-04 2.16E-01 2.16E+O0 Sand to Sand 

Ringold Gnvelly Silt 0.012 2.043 O.S14 0.373 0.041 7.00E-05 6.0SE-02 6.0SE-01 ~o Gravelly Sandy Silt 

Clastic Dike 0.008 1.99S 0.401 0.436 0.059 1.44E.o3 l.24E+oo 1.24E-Ol 
PPU • Plio-Pleistocene unit 
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Table 4•2. Comparisons of Modeled~ Values to Published Values. (3 pages) 

216-T-26 Crib 

Cont:nninHt 
Zone G Category Best Model Match to Soll Contaminant Value Used In 

Estimate Data Model 

Distribution Coefficient (mllg) 

Am-241 3 10• 10 

Cs-137 10 10• 10 

Eu-154 3 10• 10 

Eu-lSS 3 10• 10 

H-3 0 1 0 

Pu-238 3 10• 10 

Pu-239/240 3 10• JO 

Sr-90 s s s 
Tc-99 0 I 0 

U-233/234 0.4 2 0.6 

U-235 0.4 2 0.6 

U-238 0.4 2 0.6 

Cyanide 0 1 0 

Nitrate 0 l 0 

Nitrite 0 1 0 

•10 mU2 was the la~est distribution coefficient value used to match contuninant data at 216-T-26 Cnl>. 

216-B-46 Crib 

Contaminant 
Zone G Cat~ory Best Model Match to Soll ContamJnant Value Used In 

Estimate Data Model 

Distribution Coefficient (mlJg) 

Cs-137 10 s• s 
Co-60 0 0.4 0.4 

~1-3 0 s• 0 

iPu-238 3 s• s 
l'u-239/240 3 s• s 
R.a-226 5 0.4 0.4 

Sr-90 s s• s 
Tc-99 0 0.4 0 

U (total) 0.4 s• 0.6 

Cyanide 0 0.4 0 

Nitrate 0 0.4 0 

Nitrite 0 s• 0 

Sulfate 0.4 0 

•s ml/g was the 2!'eatest distnl>ution coefficient value used to match contaminant data at 216-B-46 Crib. 
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Table 4-2. Comparisons of Modeled K., Values to Published Values. (3 pages) 

l16-B-7A Crib 

ContamJnant 
Zone F Category Bt st Model Match to Soil Contaminant Value Ust d In 

Estimate Data Model 

Distribution Coefficient (mUg) 

~-241 300 20 20 

C-14 NIA 1so• 6 

Cs-137 500 20 20 

Eu-154 350 20 20 

H-3 0 3 0 

K--40 NIA 20 5.5 

Pu-238 20 20 20 

Pu-239/240 20 20 20 

Sr-90 0.5 150• 5.5 
Tc-99 0 20 o· 
U-233/234 0.3 20 0.6 

U-23S 0.3 20 0.6 

~-238 0.3 20 0.6 

IF}uoride 0 1 0 

~itntc 0 1 0 
• 150 mI.Jg was the greatest distn'bution coefficient value used to match conbminant data at 2 J 6-B-7A Crib. 

'216-B-38 Trench 

Contaminant 
7.ooe F Category Best Model Match to Son Contaminant Value Used In 

Estimate Data Model 

Distribution Coefficient (mUg) 

Am-241 300 s.s• 5.5 

Cs-137 500 s.s• s.s 
H-3 0 0.5 0 

K--40 NIA s.5• s.s 
Pu-238 20 s.s• s.s 
Sr-90 0.5 5.s• s.s 
Tc-99 0 0.25 0 

U-233!234 0.3 2 0.6 

U-238 0.3 2 0.6 

fluoride 0 s.s• 0 

Nitrate 0 O.lS 0 

Nitrite 0 0.25 0 

•s.s ml/g was the ffeatesr distn'bution coefficient value used to m:itch contaminant data at 216-B-38 Trench. 
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5.0 RISK EVALUATION 

5.1 INTRODUCTION 

This chapter provides the results of the human health baseline risk assessment, which includes 
the human health risk assessment for nonradionuclides and the RESRAD modeling for 
radionuclides (ANIJEAD4i User's Manual/or RESRAD, Version 6). This evaluation consists 
of a discussion of the conceptual site model (Section 5.2), human health risk assessment for 
nonradionuclide contaminants (Section 5.3), RESRAD modeling to assess the dose and risk from 
radionuclides (Section 5.4), and a conclusion of the results (Section 5.5). The risk evaluation 
was prepared in accordance with Section 5.0 of the HSRAM (DOE/R.L-91-45) and provides a 
characterization of site risks to determine if remedial actions are warranted and to support 
evaluation ofremedial alternatives in the FS. 

1bis chapter also includes the ecological risk screening of the 200-TW-1, 200-TW-2, and 
200-PW-5 OU contaminants against screening concentrations in WAC 173-340-900. Table 
749-3. for nonradionuclides and in DOE-STD-1153-2002 for radionuclides. This latter 
document was prepared for the DOE by the Biota Dose Assessment Committee (BDAC) and 
presents screening levels (BCG) for radionuclides as well as a methodology for conducting 
ecological risk assessments for radionuclides. DOE/RL-2001-54 contains additional details on 
the BDAC document. 

5.2 CONCEPTUAL SITE MODEL 

This conceptual site model provides a current understanding of the sources of contamination, 
physical and ecological setting, and current and future land use and identifies potentially 
complete human and cco logical exposure pathways for the 200-TW-1, 200-TW .-2, and 
200-PW-S OUs. Information generated during the development of the RI/FS has been 
incorporated into this conceptual site model to identify potential exposure scenarios. 

S.2.1 Physical Setting 

The topography and hydrogeologic framework are described in Chapter 3.0. Meteorology is 
describe in this subsection. Additional discussions are provided in PNNL-13788; PNNL-13910, 
Hanford Site Environmental Report/or Calendar Year 2001; and PNNL-6415, Hanford Site 
National Environmental Policy Act (NEPA) Characterization. 

The Hanford Site lies east of the Cascade Mountains and has a semiarid climate created by the 
rainshadow effect of the mountains. Climatological data are monitored at the Hanford 
Meteorological Station and other locations throughout the Hanford Site. From 1945 through 
2001, the recorded maximum temperature was 45 °C (113 °F), and the recorded minimum 
temperature was-30.6 °C (-23 °F) (PNNL~6415). The two extremes occurred during the months 
of August and February, respectively. The monthly average temperature ranged from a low of -
0.24 °C (31.7 °F) in January to a high of 24.6 °C (76.3 °F) in July. The annual average relative 
humidity is 54 percent (PNNL-6415). · 

Most precipitation occurs during late autumn and winter with more than half of the annual 
amount occurring from November through February (PNNL-6415). Normal annual precipitation 
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is I 7.7 cm {6.98 in.). For this reason, the Hanford Site is considered to be an arid land/desert 
because it typicaliy receives Jess than 25.5 cm (10 in.) of precipitation a year. 

The prevailing wind direction is from the northwest during all months of the year at the Hanford 
Monitoring Station (PNNL-641S). Monthly average wind speeds are lowest during the winter 
months and average about 3 mis {6 to 7 mi/h). The highest average wind occurs during the 
summer and is about 4 mis (8 to 9 mi/h). The record wind gust was 35.7 mis (80 mi/h) in 1972. 

Sources of contamination are the waste sites that received 200 Areas scavenged and tank wastes. 
The waste sites are described in greater detail in Chapters 1.0 and 3.0 

5.2.2 Ecological Setting 

This section describes the ecological setting of the 200-TW-1, 200.TW-2, and 200-PW-S OUs. 
The ecological setting encompasses the terrestrial habitats and wildlife in the OUs. The 
availability and quality of habitats determines the wildlife types that may be present in the OUs. 

Environmental monitoring has been an ongoing activity since the early days of the Hanford Site. 
The monitoring efforts continue today, and a significant body of infonnation exists about the 
ecology of the Central Plateau. The latest data collection efforts that focused on the Central 
Plateau and the 200 Areas were conducted in 2000 and 2001. Information about the ecological 
setting is presented in more detail in DOF/RL-2001-54. 

5.2.2.1 Terrestrial Habitat 

The Central Plateau is characterized by native shrub-steppe habitat interspersed with large areas 
of disturbed ground, dominated by annual grasses and herba~eous plants, especially in the 
industrialized 200 Areas and outlying waste sites. Baseline vegetation surveys identify three 
simplified habitat associations: sagebrush/shrub-steppe, grass and herbaceous plants, and 
disturbed. A detailed discussion of the survey results that support the infonnation presented in 
this section is provided in DOE/RL-2001-54. Figures showing location and relative abundance 
of plant and animal species are provided in DOFJRL-2001-54. 

5.2.2.1.1 Sagebrush/Shrub-Steppe Group 

In the native shrub-steppe, the most prevalent shrub is big sagebrush (sagebrush) 
(Artemisia tridentata); the understory is dominated by the native perennial, Sandberg's bluegrass 
(Poa sandbergi,), and the introduced annual, cheatgrass (Bromus tectorum). Other shrubs 
present in the 200 Areas include rabbitbrush (Chrysothamnus spp.), spiny hopsage (Grayia 
.spinosa), and antelope bitterbrush (Purshia tridentata). 

Sagebrush/shrub-steppe habitat associations are dominant outside the fenccline, covering about 
two-thirds of the Central Plateau. Patches of big sagebrush habitat arc located within the 
200 East Area and 200 West Arca fencelines. 

5.2.2.1.2 Grasses and Herbaceous Plants Group 

Native bunchgrasses present include Indian ricegrass (Oryzopsis hymenoides), sand dropseed 
(Sporobolus cryptandnis), and needle-and-thread grass (Stipa comata). Common herbaceous 
species include turpentine cymopteris (Cymopteris terebinthinus}, globemallow (Sphaeralcea 
munroana), balsamroot (Balsamorhiza careyana), rnilkvetch (Astragalus spp.), yarrow 
(Achi/lea millefolium), and daisy (Erigeron spp.). These habitats often are associated with 
disturbed areas and represent a Jower quality habitat than the sagebrush/shrub-steppe. 
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S.2.2.l.3 Distur~ed Areas Group 

Large areas of disturbed ground dominated by annual grasses and herbaceous plants are present 
in the 200 East and 200 West Areas. Disturbed and nonvegetated (gravel or asphalt) areas in the 
200 Areas have minima) vegetative cover ( <l O percent) (WHC-SD-EN• TI·216, Vegetation 
Communities Associated with the J0D·Area and 200-Area Facililies on the Hanford Site) and are 
primarily the result of either mechanical disturbance (e.g., from road clearing or facility 
construction) or range fire. At the Hanford Site, the ground surface is covered with a fragile thin 
crust (cryptogamic crust), consisting of mosses, lichen, algae, and bacteria, that protects the soil 
beneath. By preventing erosion, the cryptogamic crust helps to build the soil below and retains 
moisture and provides nutrients. This aspect of the soil is crucial to the existence of desert Jife. 
Once disturbed, decades (or centuries if the soil has been removed) may pass before a plant 
community returns to a state comparable to its original condition. The principal colonizers of 
disturbed sites are non•native annual species such as Russian thistle (Sa/so/a kal,). Jim Hill 
mustard (Sisymbrium altissimum), and chcatgrass. 

Mechanical disturbance typically entails a loss of soil structure and disruption of nutrient 
cycling, which have a significant effect on the plant species that recolonize a site. Many waste 
sites have been backfilled with clean soil and planted with crested (Agropyron cristatum) or 
Siberian wheatgrass (Agropyron sibericum) to stabilize the surface soil, control soil moisture, or 
displace more invasive deep•rooted species like Russian thistle (PNNL-6415, Hanford Site 
National Environmental Policy Act [NEPA] Characterization). Most waste sites are treated, as 
necessary, with herbicide to prevent the uptake of underground contamination by deep•rooted 
plants. There are varying levels of disturbance at these sites. Some waste sites are highly 
disturbed and have only a gravel cover, while other sites have light vegetative cover of grasses 
and herbaceous plants, yet other sites have had vegetation present for some time and are 
supporting the growth of shrubs. Fire is a major source of disturbed habitat at the Hanford Site; 
although the 200.CW-5 OU waste sites have not recently been impacted by fire. 

5.2.2.2 Wildlife 

The largest mammal frequenting the Central Plateau is the mule deer (Odocoileus hemionus). 
While mule deer are much more common along the Colwnbia River, the few that forage 
throughout the Central Plateau comprise a distinct group called the Central Population 
(PNNL-11472, Hanford Site Environmental Report for Calendar Year 1996). A large elk herd 
(Cervus canadensis) currently resides on the Fitzner•Eberhardt Arid Lands Ecology Reserve. 
Occasionally a few elk have been seen just south of the 200 Areas; recently the herd on the 
Reserve has been thinned, thus the elk currently are not expected to continue expanding their 
range. 

Other mammals common to the Central Plateau are badgers (Taxidea taxus), coyotes 
(Canis /atrans). Great Basin pocket mice, northern pocket gophers, and deer mice. Jackrabbits 
(Lepus ca/ifomicus) are present in low numbers. Pocket gophers and mice (especially Great 
Basin pocket mice and deer mice) are abundant in the Central Plateau and the 200 Areas, 
predominantly conswne vegetation~ and can excavate large amounts of soil as they construct 
their burrows (Hakonson et al. I 982). Mammals associated with buildings and facilities include 
Nuttall's cottontails (Sylvilagus nuttallii), house mice (Mus muscu(us), Norway rats (Rattus 
norvegicus), and various bat species. 
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Common bird species in the Central Plateau include western meadowlarks, homed larks, and 
western kingbirds (Tyranus vertica/is). Species associated with the industrialized portions of the 
200 Areas include rock doves (Columba /ivia), starlings (Stumus vulgaris), black-billed magpies 
(Pica pica). and ravens ( Corvus corax). Burrowing owls (Athene cunicularia) commonly nest in 
the Central Plateau in abandoned badger or coyote holes. Loggerhead shrikes 
(Lanius /udovicianus) and sage sparrows (Amphispiza bell:) are common nesting species in 
habitats dominated by sagebrush. Long-billed curlews (Numenius americanus) have been 
observed nesting on inactive 200 Areas waste sites. More recent characterizations of the 
200 Areas have identified western meadowlarks as being the most widely distributed bird 
species, followed by horned larks and mourning doves (Zenaida macroura). Other conspicuous 
birds include terrestrial game birds (e.g., California quail [Callipep/a californica], chukar 
[Alectoris chulcar], ring-necked pheasant [Phasianus colchicus]), passerine species, and raptors 
( e.g., red-tailed hawk [Buteo jamaicensis ], northern harrier ( Circus cyaneus ]). 

Reptiles found in the Central Plateau include gopher snakes (Pituophis melanoleucus) and 
side-blotched lizards (Uta stansburiana). Rattlesnakes (Crotalus viridis) also have been 
observed. Observations of reptiles were not widespread, with only 23 observations of 
side-blotched lizards at 316 sites surveyed in the 2001 survey (DOE/R.L-2001-54). 

1bree of the most common groups of insects found at the Hanford Site include darkling beetles, 
grasshoppers, and ants. Darkling beetles are a dominant part of the insect community in the 
200 Areas, where they occur with very little seasonal restriction but exhibit dramatic changes in 
abundance from year to year (PNL-2253, Ecology of the 200 Area Plateau Waste Management 
Environs: A Status Report). Grasshoppers are herbivorous insects common in the Central 
Plateau. Their abundance cycles from year to year, with increased population size from May to 
July. 

S.2.2.3 Sensitive Habitat 

Sensitive habitats include those "identified by DOE/RL-96-32, Hanford Site Biological Resources 
Management Plan, as rare or wetlands (or riparian) habitat. Wetlands are protected by the 
Federal and state governments. 

S.2.2.3.l Rare Habitat Jn the Central Plateau -Basalt Outcrops 

Rare habitats arc those important for plant, fish, and wildlife species that have a low availability 
(DOE/RL-96-32). Within the Central Plateau, the only identified rare habitat areas (rated as 
Level IV in DOE/RL-96·32) are located in proximity to the basalt ridges of Gable Butte and 
Gable Mountain. These basalt outcrops have limited availability, are associated with rare plant 
communities, and are easily disturbed. There are no waste sites in close vicinity to these rare 
habitats. 

Wildlife likely to occur in these habitats are birds, such as the prairie falcon, rock wren, poorwill, 
and chukar; small mammals, such as the yellow-bellied mannot and wood rat; and reptiles, such 
as rattlesnakes, gopher snakes, and homed lizards. 
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S.2.2.3.2 Wetla~ds (Riparian) Habitat in the <;entral Plateau 

Wetlands, or riparian, habitat are transitional lands between terrestrial and aquatic ecosystems 
where the water table usually is close to the surface but not always. Wetlands offer water and 
protection for wildlife in an arid environment. 

In 1995, all contaminated effluent discharges to liquid waste sites were ceased. Within the 
Central Plateau, manmade ponds and ditches, including the B Pond Complex located near the 
200 East Area, once were present and were sources of riparian habitat. All riparian habitat 
within the f enceline have been eliminated with the exception of a small riparian area that was 
identified in the 200 East Arca during the 2001 survey. This may be a seasonal wetland; the 
value of this small riparian area has not been evaluated. No wetland habitat was located in the 
200 West Arca. 

Vernal pools, such as those on Gable Butte and Gable Mountain, are temporary and are 
considered seasonally flooded wetlands. Approximately 20 vernal pools were located on the 
eastern end ofUmtanum Ridge, near the central part of Gable Butte, and on the eastern end of 
Gable Mountain. None of these pools are in close proximity to waste sites in the Central Plateau 
(TNC 1999). 

S.2.2.4 Sensitive Species 

Sensitive species include threatened and endangered species, which are protected by Federal and 
state laws. Washington State defines sensitive species as any wildlife species native to the State 
of Washington that is vulnerable or declining and is likely to become endangered or threatened 
throughout a significant portion of its range within the state without cooperative management or 
removal of threats (Washington Administrative Code WAC 232-12-297, "Endangered, 
Threatened, and Sensitive Wildlife Species Classification,•• Section 2.6). 

S.2.2.4.1 Threatened and Endangered Species 

Two Federally protected species have been observed at the Hanford Site, the Aleutian Canada 
Goose and the Bald Eagle (Haliaeetus leucocepha/us). Both are dependent on the river corridor 
and rarely are seen in the Central Plateau. As migratory birds, these species are protected under 
the Migratory Bird Treaty Act of 1918. 

No plants, invertebrates, amphibians, reptiles, or mammals on the Federal or State of 
Washington threatened and endangered species lists are known to exist in the Central Plateau. 

5.2.2.4.l Rare Plants 

Rare plant species are vascular plant species listed by the Washington Natural Heritage Program 
(WNHP, 1998, Washington Rare Plant Species by County) as endangered, threatened, or 
sensitive in the State of Washington. The Nature Conservancy survey discovered 112 
populations of28 rare plant ta,ca on the Hanford Site (TNC 1999). Although rare plants were 
found dispersed throughout the Site, the highest densities occurred on the east end ofUmtanum 
Ridge, the basalt•derived sands near Gable Mountain, the White Bluffs, Rattlesnake Mountain, 
and the Yakima Ridge. 

5.2.2.4.3 Mammals or Concern 

The state has classified the pygmy rabbit (Brachy/agus idahoensis) as a candidate endangered 
species. None have been observed to date in the Central Plateau. The pygmy rabbit is dependent 
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on sagebrush, pri~arily big sagebrush (Artemisia_tridentata), and usually is found in areas where 
big sagebrush grows in very dense stands. 

5.2.2.5 New-to-Science Species 

The Nature Conservancy conducted a biodiversity survey of plants, mammals, reptiles and 
amphibians, birds, and insects at the Hanford Site between 1994 and 1998 (TNC 1999). This 
survey found two species and one variety of plants and 41 species and two subspecies ofinsects 
that had not been known to science. A listing of the new plant and insect species may be viewed 
at http://www.pnl.gov/ecology/ecosystem/Species/Species.html. 

U.S. Fish and Wildlife and the State of Washington have not yet detennined the protective status 
of these new-to-science species (i.e., are they considered threatened or endangered). The 
habitat-based management plan at the Hanford Site will offer protection to most of these species. 

Eriogonum codium (Umtanum desert buckwheat). The only known population of Eriogonum 
codium consists of approximately 5,200 plants on Umtanum Ridge in Benton County at the 
western edge of the Site. 

Lesquerella tup/ashensis {White Bluffs bladderpod). Lesquere/la tuplashensis is a short-lived 
perennial that grows on the upper edge of the White Bluffs of the Columbia River in Franklin 
County. 

Astragalus coniunctus var.rickardii (Basalt milkvetch). Basalt milkvetch typically is associated 
with bunchgrass areas within big sagebrush-steppe communities. It has been found on the top 
and north end of Rattlesnake Mountain at the Hanford Site (TNC 1999). The other known 
population of A conjunctus var. ric!Ulrdii in Benton County is a small population from the 
Chandler Butte portion of the Horse Heaven Hills. 

Insects were dispersed throughout the Hanford Site, with the new species found in shrub-steppe, 
areas around the basalt talus, springs, and upland areas. The size, diversity, and relatively 
undisturbed nature of the Hanford Site shrub-steppe habitat has provided for a large and diverse 
insect population, of which the new-to-science species are a part. Habitat protection will be key 
to preserving the insect diversity at the Hanford Site. 

With the exception of some of the insects, none of these new-to-science species is expected to be 
located near the 200-TW-1, 200-TW-2, or 200-PW-S OU waste sites. The presence of the 
insects near the waste sites is limited because of the disturbed habitat associated with the waste 
sites. 

S.2.2.6 Summary 

Tirrough ecological monitoring and sampling activities that have been conducted on the Hanford 
Site, a very comprehensive set of information is available on the habitat and species that 
currently exist in the Central Plateau. Given the cU1TCnt understanding of the habitat and wildlife 
in the Central Plateau, the following three concerns are important for consideration when making 
decisions on the remediation of waste sites in the Central Plateau. 

• The shrub-steppe habitat at the Hanford Site is one of the largest pieces of shrub-steppe 
in a region where this habitat is declining. Protection of shrub-steppe habitat at the 
Hanford Site is critical for the regional ecology. The shrub-steppe habitat also provides 
for the most diverse community of plants and animals in the upland arid environment. 
More diverse communities have greater stability and productivity {Tilman ct al. 1996, 
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"Productivity and Sustainability Influenced by Biodiversity in Grassland 
Ecosystems,°and Tilman 1999, "The Ecological Consequences of Changes in 
Biodiversity: A Search for General Principles"). It follows that more stable and 
productive ecosystems would be better able to cope with environment stresses, such as 
contamination. Also, reducing the area of any ecosystem reduces the number of species 
in that system (Wilson 1989, "Threats to Biodiversity'l 

• Individual species whose populations are limited and ·are designated as sensitive species 
must be protected. New-to-science species should be afforded similar protection until 
further study can be perfonned. 

• The waste sites are disturbed habitats covered with gravel, or grasses, and other small 
plants. Two aspects of the disturbed habitat must be kept in mind: plant succession is 
slow in the arid environment; and disturbed areas, such as the waste sites, offer little 
habitat for animals. 

The disturbed areas of the waste sites and fire-damaged terrain offer a lower quality habitat and 
have less community di:-versity. The most common organisms are ants, beetles, and mice. Ants 
tunnel underground and will move soil up to the surface. , 

S.2.3 Characterization of Land Use 

As discussed in Section 1.3, the land.use boundary around the 200 East and 200 West Areas has 
been designated as industrial-exclusive in the CLUP EIS (DOE/EIS-0222-F). All of the waste 
sites associated with the 200-TW-1, 200-TW-2, and 200-PW-5 OUs arc located within this 
industrial-exclusive land-use boundary. 

Based on DOFJEIS-0222-F and the associated 65 FR 61615, industrial-exclusive land use is 
defined as "preserving DOE control of the continuing remediation activities and use of the 
existing compatible infrastructure required to support activities such as dangerous waste, 
radioactive waste, and mixed waste treatment, storage, and disposal facilities" 
(DOE/EIS-0222-F). The waste sites meet the definition of an industrial property under 
WAC 173-340-200, "Definitions," by meeting the following criteria: 

1. The 200-TW-l, 200-TW-2, and 200-PW-S OUs do not serve as current residential areas. 

2. The OUs have no potential to serve as future residential areas. 

3. Access to the industrial property by the general public is not allowed or is greatly limited 
and controlled for safety or security considerations. 

4. Food is not grown or raised on the property. 

S.2.4 Conceptual Exposure Model for Human 
Exposure 

An exposure pathway is the means by which a contaminant moves from a source to a receptor 
(a potentially exposed individual or organism). A complete exposure pathway has the following 
five elements: 

• A contaminant source 

• A mechanism for contaminant release 
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• An enviropmental transport medium 

• An exposure point (i.e .• a location where people or wildlife can come into contact with 
the contaminants) 

• A feasible route of exposure (e.g., ingestion, dennal contact, direct exposure, or 
inhalation). 

Exposure can occur when contaminants migrate from their source to an exposure point or when a 
receptor moves into direct contact with contaminants or contaminated media close to the source. 
An exposure pathway is complete if a means is available for the receptor to be exposed through 
ingestion, inhalation, direct exposure, or dermal absorption at a location where site-related 
contaminants are present. No exposure (and therefore no risk) exists unless the exposure 
pathway is complete. This is an important determination in the risk assessment process. 

The conceptual exposure model for potential current and future human exposures is presented in 
Figure S-1. The conceptual site exposure model has been formulated according to EPA 
guidance, WAC 173-340 guidance, and the HSRAM (DOFJRL-91-45). Using this guidance, 
professional judgment, and current understanding of site conditions, the conceptual model 
identified contaminant sources, release mechanisms, routes of migration, potential exposure 
points. potential routes of exposure, and potential population groups associated with the 
200-TW-l, 200-TW-2, and 200-PW-5 OUs. . 

S.2.S Potential Human Exposure Pathways 

On the basis of the current understanding of Jand-use conditions, the most plausible exposure 
settings considered for characterizing human health risks are described in this section. 

As shown in Figure S-1, surface and subsurface liquid discharge from the 200 East and 200 West 
Area facilities (primarily B. T, and U Plants and the Reduction-Oxidation Plant [REDOX) [or S 
Plant]) are the primary source and release mechanisms at the200-TW-1, 200-TW-2, and 
200-PW-5 OUs. Liquid effiuents (i.e., first- and second-cycle waste effluents from the tank 
farms, effluents from the tributyl phosphate processes and from the URP process, and other 
process condensates) from the 200 East and 200 West Area source facilities were distributed to 
the waste sites via pipes or trucks. Populations that are potentially exposed to shallow-zone soils 
0 to 4.6 m (Oto 15 ft) bgs from the waste sites, under reasonably anticipated site use conditions, 
include current and future industrial workers. Potential routes ofhwnan exposure associated 
with shallow-zone soil include direct-contact routes (incidental soil ingestion, direct exposure, 
and dermal contact), and inhalation of dust and VOCs during excavation activities. 

Soil samples collected from the 2 l 6•B-46 and 216-T-26 Cribs were evaluated for the 
216-TW-1 OU; soil samples collected from 216-B-7B Crib and 216-B-38 Trench were evaluated 
for the 216-TW-2 OU; and soil samples collected from the 216-B-57 Crib were evaluated for the 
216•PW-5 OU. The point of compliance for shallow-zone soils is evaluated using samples 
collected at depths between O and 4.6 m (0 and 15 ft) bgs. These depths represent a reasonable 
estimate of the depth of soil that could be excavated and distributed in the shallow zone as a 
result of development activities [WAC 173-340-740(6)(d}]. 

Local groundwater is not a current source of drinking water at the 200-TW-1, 200-TW-2, and 
200-PW-5 OUs. In addition, local groundwater is not anticipated to become a future source of 
drinking water. Under current conditions, no complete human exposure pathways to 
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groundwater exis~ for these OUs. Risks associated with current contamination in the 
groundwater were not evaluated in this RI. The risks for the Central Plateau are discussed in 
P~ 13788 and will continue to be evaluated through the ongoing groundwater program at the 
Hanford Site for the groundwater OUs. The potential for contaminants to migrate from the soil 
to groundwater was evaluated for the representative sites in the 200-TW-1 and 200-TW-2 OUs 
and for the 216-B-57 Crib by comparing soil concentrations to the WAC 173-340-747 
groundwater protection standards for the nonradiological constituents, followed by fate and 
transport modeling for selected sites and contaminants. For radiological constituents, fate and 
transport modeling were used to evaluate this potential (see Chapter 4.0). 

5.3 HUMAN HEALTH EVALUATION FOR 
NONRADIOLOGICAL CONSTITUENTS 

The human health risk assessment for nonradiological constituents consists of the following 
components: 

• · Human Health Risk Assessment Guidance. Lists the guidance documents used 

• Contaminants of Potential Concern for Human Health. Identifies the nonradiological 
contaminants considered to be most important to the evaluation of human health risk 

• Human Exposure Assessment. Identifies the pathways by which potential human 
exposures could occur; describes how they are evaluated; and evaluates the magnitude, 
frequency, and duration of these exposures 

• Toxicity Assessment for Human Health. Summarizes the toxicity of the selected 
contaminants and the relationshlp between magnitude of exposure and the occurrence of 
adverse health effects 

• Human Health Risk Characterization. Integrates information from the exposure and 
toxicity assessments to characterize the risks to human health from potential exposure to 
contaminants in environmental media 

• Identification of M2jor Uncertainties and Assumptions. Summarizes the basic 
assumptions used in the risk assessment, as well as limitations of data and methodology. 

S.3.1 Human Health Guidance 

The procedures used for the human health evaluation are consistent with those described in the 
following guidance documents: 

• DOE/Rlr91-45, Hanford Site Risk Assessment Methodology 

• EP NS40/l-89/002, Risk Assessment Guidance for Superfund (RA GS), Volume I -
Human Heallh Evaluation Manual; Part A (Interim Final) 

• OSWER Directive 928S.6-03. Risk Assessment Guidance for Superfund. Vol. I Human 
Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure 
Factors, (Interim Final) 

• EPN600/P-95/002Fa, Exposure Factors Handbook 
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• EP N540/R/_99/00S, Risk Assessment Guidance for Superfund, Volume/: Human Heallh 
Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) 
Interim 

• EP N600/P-92/003C, Proposed Guidelines for Carcinogen Risk Assessment 

• EPA PB-963373, Supplemental Guidance to RA GS: Calculating the Concentration 
Term. 

5.3.2 Contaminants of Potential Concern for Human 
Health 

Contaminants of potential concern are those contaminants that should be carried through the 
human health risk quantification process. An initial screening ofCOPCs was conducted for the 
200-TW-l, 200-TW-2, and 200-PW-5 OUs during the DQO process (BHI-01356). 

5.3.2.1 Data Used for Contaminants of Potential Concern Selection. Data evaluated for this 
risk assessment include shallow-zone soil samples collected from the 200-TW-1 OU area during 
1991 and 2001 RI activities, from the 200-TW-2 OU area during the 2001 RJ activities, and from 
the 200-PW-5 OU area during 1991 RI activities. Table 5-1 summarizes the soil samples, depth 
intervals, and sample collection dates. 

All nonradiological constituents detected at least once were included in the risk assessment. The 
following summarizes the major attributes of data included in the risk assessment 

• Estimated values flagged with a "B" (inorganics only) or "J" qualifier were treated as 
detected concentrations. 

• Data qualified as rejected (flagged .. R, were not used in the risk assessment. 

• Only the parent sample result was included in the analysis when field duplicate or split 
samples were collected. 

Maximum concentrations in the Oto 4.6 m (0- to 15-ft) zone were used as the estimated exposure 
point concentrations for calculating risks associated with direct exposure to contaminants. All 
nonradiological contaminants were detected in surface soil samples from each exposure area at 
least once, and their summary statistics are presented in Table 5-2. Thirty-five nonradiological 
and 10 radiological constituents were detected in shallow-zone soil at least once from the 
216-B-46 Crib (200•TW-1 OU). Ten nonradiological and nine radiological constituents were 
detected in shallow-zone soil at least once from the 216-T-26 Crib (200-TW-l OU). 
Twenty-four nonradiological and 14 radiological constituents were detected in shallow-zone soil 
at least once from the 216-B-38 Trench (200-TW-2 OU). Fourteen nonradiological and 13 
radiological constituents were detected in shallow-zone soil at least once from the 
216-B-7 A Crib (20().. TW-2 OU). Twenty-eight nonradiological and eight radiological 
constituents were detected in shallow-zone soil at least once from the 216-B-S7 Cri~ (200-PW-5 
OU). 

During the RI activities, soil samples were analyzed for general chemical parameters. Although 
measurable concentrations of these constituents were reported, some will not be evaluated in this 
risk assessment. General contaminant parameters not included are chloride, pH, phosphate. 
sulfide, and total organic carbon. 

5-10 
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These parameters are discussed in Section 3.2.1.4 and are evaluated for protection of 
groundwater in Tables 3-3 through 3-5. 

5.3.2.2 Criteria for Selection of Nonradiological Contaminants of Potential Concern in 
Shallow-Zone Soil Samples. Criteria considered in identifying COPCs for shallow-zone soil 
from the 216-B-46 Crib, 216-T-26 Crib, 216-B-7A Crib, 216-B-38 Trench, and 216-B-57 Crib 
are as follows: 

• Essential nutrients 
• Background screening 
• Comparison to WAC 173-340-745 Method C cleanup levels 
• Availability of toxicity factors for use in calculating health risks. 

A flowchart of the screening process used for the nonradioactive contaminants is presented in 
Figure S-2. 

5.3.2.3 Essential Nutrients. Essential nutrients arc those contaminants considered essential for 
human nutrition. Recommended daily allowances are developed for essential nutrients to 
estimate safe and adequate daily dietary intakes (NAS 1989, Recommended Daily Allowances). 
Because calcium, magnesium, potassium, and sodium are considered to be essential nutrients and 
have no available toxicity factors, they were excluded from further consideration as COPCs. 

5.3.2.4 Background Screening. The first criterion for identifying a contaminant as being of 
potential concern was its presence at a concentration higher than naturally occurring levels. 
Sitewide soil background levels for metals have been established for the Hanford Site. The 
statewide soil background level was used as the background level for cadmium. Sitewide and 
statewide soil background levels are not available for antimony, bismu~ boron, selenium, 
thallium, and uranium; if these metals were detected, they were compared to the 
WAC 173-340-745 Method C soil cleanup values. Because background criteria have not been 
developed for VOCs and semivolatile organic compounds (SVOC) in soils at the Hanford Site, 
any constituent detected in these fractions was carried forward into the next step of the screening 
evaluation. 

Shallow-Zone Soil. Shallow-zone soil sample results Oto 4.6 m (0 to 15 ft) bgs from each area . 
of interest {i.e., 216-B-46 Crib, 216-T-26 Crib, 216-B-7A Crib, 216-B-38 Trench, and 
216-B-57 Crib) were aggregated, and the maximum concentration of each metal detected in 
shallow-zone soil was compared to the 90th percentile background value. Summaries of metals 
compared to background values for each area of interest are presented in Table S-3. 

• For the 216-B-46 Crib, the following metals did not have available background levels or 
exceeded the 90th percentile background values: antimony, thallium, and uranium. 

• For the 216-T -26 Crib and 216-B-38 Trench, uranium did not have an available 
background level. 

• For the 216-B-7A Crib, the following metals did not have available background levels or 
exceeded the 90th percentile background values: lead and uranium. 

• For the 216-B-57 Crib, silver exceeded the background level. 

5.3.2,S Comparison to Waslzlngton Administrative Code 173-340-745 Method C Soil 
Cleanup Values. The next criterion for identifying a contaminant as one of potential concern 

S-11 
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was its presence at a concentration higher than WAC 173-340-745 cleanup levels. This 
comparison was perfonned in accordance with WAC 173-340-745. 

Soil samples collected from these OUs meet the industrial classification; therefore, contaminant 
concentrations in shallow-zone soil are compared to the WAC 173-340-745 Method C direct 
exposure cleanup levels. Method C cleanup levels are developed assuming industrial-site use, 
which assumes that the primary exposure is to adult workers. Contaminants in shallow-zone soil 
that exceed the WAC-173-340-745 Method C soil cleanup levels for direct exposure were 
carried forward into the risk assessment. 

Method C Comparison. Maximum shallow-zone soil sample results from each of the 
representative waste sites were compared to the Method C cleanup levels for direct contact 
exposure. This comparison is presented in Table 5-4. None of the constituents were present at 
concentrations greater than the Method C soil cleanup levels; therefore, no nonradiological 
contaminants were carried forward into the risk assessment. · 

5.4 RESRAD MODELING 

Toe RESRAD modeling (ANIJEAD-4) was performed to evaluate the potential impacts from 
direct contact to current and future industrial workers from radiological constituents present in 
the shallow-zone of the 200-TW-l, 200-TW-2, and 200-PW-5 OUs. The results of the modeling 
are discussed in Section 5.4.4. This qualitative assessment provides information to support 
decision making for the OU through the RI/FS process. 

To determine the cumulative radionuclide doses, RES RAD Version 6.1 analysis was performed 
for the site-specific exposure pathways. The following exposure pathways are explained in the 
conceptual exposure model provided in Section S.2 of this report: 

• Direct exposure from external gamma radiation 
• Inhalation 
• Soil ingestion. 

The RESRAD model allows the use of site-specific parameters that were gathered during the RI 
activities. Site-specific data from the RI used as input parameters include, but are not limited to, 
depth of contamination, geological layers, soil density, and volumetric moisture. A detailed 
discussion of the site-specific input parameters is provided in Section S.4.2. 

5.4.J Criteria for Selection of Radiological 
Contaminants of Potential Concern In 
Shallow-Zone Soil Samples 

Data evaluated include shallow-zone soil samples collected from the 200-TW-1 and 200-TW-2 
OU representative sites and 2001 R1 activities and surface soil samples from the 200-PW-5 OU 
representative site collected during the 1991 200-BP-l OU RI. The soil samples included in the 
200-TW-l, 200-TW-2, and 200-PW-5 OUs, depth interval, and sample collection date are 
summarized in Table 5-1. 

AU radiological constituents detected at least once were included in the RESRAD modeling 
analysis. As discussed previously, analytical data from the shallow zone (0 to 4.6 rn [Oto 15 ft] 
bgs) were considered in the RESRAD model. The following major data attributes are included 
in the radiological evaluation. 
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• Estimated values flagged with a "J" qualifier were treated as detected concentrations. 

• Data qualified as rejected (flagged "R") were not used in the risk assessment. 

• Only the parent sample result was included in the analysis when field duplicate or split 
samples were collected. 

Maximum concentrations of detected radionuclides in the Oto 4.6 m (0- to 1S-ft) depth range 
were used as estimated exposure point concentrations. All radiological constituents were 
detected in shallow-zone soil samples from each exposure area at least once, and their summary 
statistics are presented in Table 5-5. 

5.4.2 RESldual RADioactivity Assumptions and Input 
Parameters 

Site-specific data were used where available as input parameters to the RESRAD model 
(ANIJEAD-4). In additfon, exposure assumptions from WAC 173-340-745 Method C and 
default RESRAD assumptions were used as inputs to the model. The input parameters, rationale 
for use, and reference for the source of the infonnation are presented in Table S-6. The 
conditions established to run the RESRAD models simulate the current conditions found at the 
waste sites based on the results of the Rl activities. Radionuclides that were detected above 
background were used in the RESRAD models without subtracting out background 
concentrations. Radionuclides that were not detected above background were not included in the 
RESRAD runs. 

An industrial~cxposure scenario was used for the waste sites located inside the 200 Areas 
exclusive land-use boundary (as defined in the CLUP EIS [DOE/EIS-0222-F)). The industrial 
scenario assumes that no groun~water from the waste site will be used for drinking or irrigation 
purposes. 

For the 216-B-46 and 216-B-57 Cribs, a single scenario was modeled, using the radiological 
exposure point concentrations provided in Table S-5. Only minor contamination was located in 
the Oto 4.6 m (0 o 1S ft) zone at these sites. The major zones of contamination are lower 
because of the depth of the cribs. For the 216-T-26 Crib, no RES RAD model was run because 
no contamination exists in the Oto 4.6 m (0 to 1 S ft) bgs. 

For the 200-TW-2 OU, a no-cover scenario was considered to represent the worst case 
conditions. In addition, a scenario was run that included a layer of clean cover over the 
contaminated zone. Two waste sites were considered, the 216-B-7 A Crib and the 216-B-38 
Trench. The cover was assumed to be made up of backfill and stabilization material with · 
physical properties similar to those of the contaminated zone. The two sites were modeled with 
cover thicknesses of 0.3 to 3 m (1 and 10 ft), respectively. An unplanned release was 
consolidated on top of the 216-B-7A Crib. Therefore, a minor zone of contamination exists 
about 0.3 m ( 1 ft) bgs. The major zone of contamination is greater than 4.6 m (1 S ft) bgs. 

5-13 
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5.4.3 Screenin2 of Radiological Constituents 

Criteria considered in identifying COPCs for shallow-zone soil from the 216-B-46 Crib, 
216-T-26 Crib, 216-B-7 A Crib. 216-B-38 Trench, and 216-B-S7 Crib are as follows. 

• Maximum detected concentrations of radiological constituents from each exposure area 
were compared to naturally occurring levels. 

• Sitewide soil background levels for some radiological isotopes have been established for 
the Hanford Site. 

• Sitewide soil background levels are not available for americium-241, carbon-14, 
radium-226, radium-228, thorium-228, and thorium-230. Therefore, if these isotopes 
were detected, they were included in the RESRAD evaluation. 

• Gross alpha and gross beta were not included in the RESRAD evaluation. 

Summaries of concentrations of each isotope compared to background values for each area of 
interest are presented in Table 5-7. 

• For the 216-B-46 Crib. the following isotopes did not have available background levels 
or exceeded the 90th percentile background values: plutonium-238, radium-226, 
strontium-228. and thorium-228. 

• For the 216-T-26 Crib, no isotopes exceeded the 90th percentile background values in the 
0 to 4:6 m {0- to 15-ft) zone. 

• For the 216•B-38 Trench, the following isotopes did not have available background 
levels or exceeded the 90th percentile background values; americium-241, cesium-137, 
plutonium-238, plutonium-239/240, and total beta radiostrontium. 

• For the 216-B-7 A Crib, the following isotopes did not have available background levels 
or exceeded the 90th percenti1e background values; carbon-14, cesium-137, and total beta 
radiostrontium. 

• For the 216-B-57 Crib, the following isotopes did not have available background levels 
or exceeded the 90th percentile background values: cesium-137, plutonium-238. 
radium-226, and strontium-90. 

S.4.4 RESidual RADioactivltyResults 

Each waste site except the 216-T-26 Crib was modeled separately, and calculation times were 
carried out to 1,000 yr. The 216-T-26 Crib did not have any radionuclides in the Oto 4.6 m 
(0- to 15-ft) zone that exceeded background. The RESRAD modeling results are summarized in 
Tables 5-8 through 5-15 and are shown in Figures S-3 through 5-16. In a11 cases, the primary 
pathway associated with the total dose and risk was from direct exposure to the shallow-zone 
soils. 

5.4.4.1 200-TW-1 Operable Unit 

216-8-46 Crib. The results of the RESRAD dose estimate for the shallow-zone soil with no 
cover are presented in Table S-8 and Figure 5-3. The maximum total dose of 1.9 mrem/yr occurs 
at year O; the dose at 150 yr is 1.7 mrem/yr; and the dose decreases to 0.9 mrem/yr at 1,000 yr. 
The total dose from this exposure area does not exceed the target dose level of 15 mrem/yr for 
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the industrial scenario. The primary radionuclide associated with total dose is radium-226 during 
the 1,000-yr period. 

The results of the RESRAD risk estimate for the shallow-zone soil with no cover are presented in 
Table 5-9 and Figure 5-4. The maximum risk of 4.3 x 10·5 occurs at year 0; the risk at 150 yr is 
3.8 x 10"5

; and the risk decreases to 2.0 x IO~ at 1,000 yr. The primary risk contributor is 
radium-226 during the 1,000..yr period. 

5.4.4.:Z 200-TW-:Z Operable Unit 

216-B-?A Crib - No Cover. The results of the RESRAD dose estimate for the shallow-zone 
soil with no cover are presented in Table 5-10 and Figure 5-7. The maximum total dose of 
15.1 mrem/yr occurs at year 0; the dose at 150 yr is 0.5 mrem/yr; and the dose decreases to 
0 mrem/yr at I~O0O yr. The total dose from this exposure area does not exceed the target dose 
level of 15 mrem/yr for the industrial scenario except at year 0. The primary radionuclide 
associated with total dose is cesium-137. 

The results of the RESRAD risk estimates for the shallow-zone soil with no cover are presented 
in Table 5-11 and Figure 5-8. The maximum risk of2.5 x 10_. occurs at year 0; the risk at 150 yr 
is 7.7 x 10~; and the risk decreases to 2.3 x 10·14 at 1,000 yr. The primary risk contributor is 
cesium-137. 

:Z16-B-7A Crib- With Cover. The results of the RESRAD dose estimate for the shallow-zone 
soil with 0.3 m (1 ft) of cover are presented in Table 5-10 and Figure S-9. The total dose is 
0.08 mrem/yr at year O; the dose at 150 yr is 0.04 mrem/yr; and the dose decreases to O mrem/yr 
at 1,000 yr. The total dose from this exposure area does not exceed the target dose level of 
15 mrem/yr for the industrial scenario at any time. The primary radionuclide associated with 
total dose is cesiwn-137. 

The results of the RESRAD risk estimate for the sha1Jow-zone soil with 0.3 m (l ft) of cover are 
presented in Table S-11 and Figure 5-10. The total risk is 1.6 x 10-6 at year 0~ the risk at 150 yr 
is 8.3 x 10-7

; and the risk decreases to 2.3 x 10·14 at yr 1,000. The primary risk contributor is 
cesium-137. 

216-B-38 Trench- No Cover. The results of the RESRAD dose estimate for the shallow-zone 
soil with no cover are presented in Table 5-12 and Figure S-11. The maximum total dose of 
128,300 mrem/yr occurs at year 0; the dose at 150 yr is 4,009 mrem/yr; and the dose decreases to 
1.2 mrem/yr at 1,000 yr. The total dose from this exposure area exceeds the target dose level of 
1 S mremlyr for the industrial scenario until after 300 yr have passed. The primary radionuclide 
associated with the total dose is cesium-137. 

The results of the RESRAD risk estimate for the shallow-zone soil with no cover are presented in 
Table 5-13 and Figure 5-12. The maximum risk is greater than 1 x 10·2 from Oto past 150 yr. 
The risk decreases to 3.99 x 10-6 at 1,000 yr. The primary risk contributor is cesium-137 for past 
S00 yr; plutonium-238 is the primary risk contributor at 1,000 yr. 

216.B-38 Trench - \Vith Cover. The results of the RESRAD dose estimate for the 
shallow-zone soil with 10 ft of cover arc presented in Table 5-12 and Figure 5-13. The total dose 
decreases from 3.45 x 10·13 mrem/yr at year Oto 6.3 x 10·17 mrem/yr at 1,000 yr. The total dose 
from this exposure area does not exceed the target dose level of 15 mrem/yr for the industrial 
scenario at any time. The primary radionuclide associated with the total dose is cesium-137, 
except at I ,000 yr, where plutonium-238 is the primary risk contributor. 

S-1S 
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The results of the RES RAD risk estimate for the shallow-zone soil with l O ft of cover are 
presented in Table S-13 and Figure 5-14. The total risk decreases from 6.73 x 10·13 at year Oto 
1.57 x 10·21 at yr 1,000. The primary risk contributor is cesium-137, except at 1,000 yr, where 
plutonium-238 is the primary risk contributor. · 

5.4.4.3 200.P\V-S Operable Unit 

216-B-S7 Crib-No Cover. The results of the RESRAD dose estimate for the shallow-zone soil 
with no cover are presented in Table 5-14 and Figure 5-15. The maximum total dose of 
26.1 mrem/yr occurs at year O; the dose at 150 yr is 2. 73 mrem/yr; and the dose decreases to 
1.04 mrem/yr at 1,000 yr. The total dose from this exposure area exceeds the target dose level of 
15 mrem/yr for the industrial scenario until after 30 yr have passed. The primary radionuclide 
associated with the total dose is cesium-137 to 150 yr, and then the primary risk contributor 
becomes radium-226. · · 

The results of the RESRAD risk estimate for the shallow-zone soil with no cover are presented in 
Tabie 5-1 S and Figure 5-16. The total risk decreases from a maximum of 4.41 x 1 o""' at year Oto 
a minimum of2.31 x 10-s at 1,000 yr. The primary risk contributor is cesium-137 to 30 yr, and 
then radium-226 becomes the primary risk contributor. 

5.4.5 Protection of Groundwater Modeling 

The RESRAD model also was used to obtain risk and dose estimates for protection of the 
groundwater pathway. The results obtained from the RESRAD model for the groundwater 
protection model are limited to screening purposes only. Additional modeling for the protection 
of groundwater evaluation was conducted using the STOMP code (PNNL-12034) as described in 
Chapter 4.0. 

The concentrations used in the RESRAD modeling for protection of groundwater are listed in 
Table 5-16. The other inputs used in the model are listed in Tab~e 5-6. The results of the 
RESRAD dose estimates and risk estimates for the groundwater protection pathway for the 
200-TW-1 OU are presented in Tables 5-17 and 5-18, respectively. The results of the RESRAD 
dose estimates and risk estimates for the 200-TW-2 OU are presented in Tables 5-19 and 5-20, 
respectively. As shown, no radiological constituents at the 200-TW-1 OU representative sites 
impact the groundwater pathway during the 1,000-yr evaluation period. For the 200-TW-2 OU 
representative sites, technetium-99 reaches groundwater in the later years; however, 
concentrations do not exceed acceptable risk and dose levels. 

5.4.6 Uncertainty Analysis 

Several sources of uncertainty affect the overall estimates of excess )if etime cancer risk and 
noncancer hazard as presented in this risk assessment. The sources generally are associated with 
sampling and analysis, exposure assumptions, toxicity values, and risk characterization, and are 
summarized in Table 5-21. 

5.4.6.1 Uncertainty Associated with Sampling and Analysis 

. Uncertainties associated with sampling and analysis include the inherent variability (standard 
error) in the analysis, representativeness of the samples, sampling errors, and heterogeneity of 
the sample matrix. White the quality assurance/quality control program used in conducting the 
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sampling and analysis serves to reduce errors, it cannot eliminate all errors associated with 
sampling and analysis. 

5.4.6.2 Uncertainty Associated with Exposure Assessment 

Future soil exposure point concentrations (EPC) were assumed to be equal to existing soil 
concentrations. This assumption does not account for fate and transport processes likely to occur 
in the future; risk estimates are likely to be overestimated for future exposure scenarios. 

The estimation of exposure requires many assumptions to describe potential exposure situations. 
There are uncertainties regarding the likelihood of exposure, frequency of contact with 
contaminated media, the concentration of contaminants at exposure points, and the time period 
of c:xposure. These tend to simplify and approximate actual site conditions. In general, these 
assumptions are intended to be conservative and yield an overestimate of the true risk or hazard. 

The WAC 173-340-745 default exposure assumptions were conservatively used to estimate the 
future unrestricted land-use and current and future industrial land-use scenarios. It is unlikely 
that a worker will remain at the same job for a full work year over a 20-year exposure duration. 
The default exposure assumptions for the industrial land-use scenarios likely overestimate risk at 
the site. 

S.4.6.3 Uncertainty Associated with Toxicity Assessment 

The toxicological database also was a source of uncertainty. The EPA has outlined some of the 
sources of uncertainty in the risk assessment guidance for the Superfund (EPA/540/1·89/002). 
These sources may include or result from the extrapolation from high to low doses and from 
animals to humans; the species, gender, age, and strain differences in a toxin's uptake, 
metabolism, organ distribution, and target site susceptibility; and the human population's 
variability with respect to diet, environment, activity patterns, and cultural factors. 

S.4.6.4 Uncertainty Associated with RJsk Characterization 

In the risk characterization, the assumption was made that the total risk of developing cancer 
from exposure to site contaminants is the sum of the risk attributed to each individual 
contaminant. This approach, in accordance with EPA guidance, did not account for the 
possibility that constituents act synergistically or antagonistically. 

5.5 ECOLOGICAL RISK SCREENING 

DOE/RL-2001-54 presents the screening-level ecological risk assessment for the Central Plateau. 
Tables 5-3, 5-4, and 5-1 provide the OU-specific screening of contaminants against ecological 
screening levels, including WAC 173-340-900, Table 749-3, and the BCGs from 
DOE/STD-1153-2002. For the nonradionuclides, only wildlife screening levels were considered, 
because the waste sites are in an industrial area. 

DOE's graded approach for evaluating radiation doses to biota is a three-step process that is 
designed to guide a user from an initial, conservative general screening to a more rigorous 
analysis using site-specific infonnation, if needed. The three-step process is as follows. 

1. Assemble radionuclide concentration data and knowledge of sources, receptors, and 
routes of exposure for the area to be evaluated. 

5-17 
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2. Apply an easy-to-use general screening methodology that provides limiting radionuclide 
concentration values (i.e., BCGs) in soil, sediment, and water. 

3. If needed, conduct an analysis through site•specific screening, site•specific analysis, or an 
actual site-specific biota dose assessment conducted within.an ecological risk framework, 
similar to that recommended by EP Af630/R-95/002F, Guidelines for Ecological Risk 
Assessment. 

Any steps within the graded approach may be used at any time, but the general screening 
methodology usually will be the simplest, most cost-effective, and least time-consuming. 

The BCGs contained in DOFJSTD-11 S3-2002 are tabled soil concentrations judged to be 
protective of the most sensitive terrestrial organisms, assuming a dose of 0.1 rad/day.1 Each 
radionuclide-specific BCG represents the limiting radionuclide concentration in environmental 
media that would not exceed DOE's established or recommended dose standards for biota. 
Therefore, soil concentrations less than the BCGs are not considered to pose a threat to terrestrial 
receptors. 

The following summarizes the screening results and identifies contaminants that will be 
evaluated further for potential ecological impacts during the FS. 

• For the 200-TW-1 OU, no contaminants were identified above the ecological screening 
levels for nonradionuclides or radionuclides. 

• For the 200-TW-2 OU, cesium•137 and strontium•90 concentrations exceeded the 
screening levels. No nonradionuclide contaminants exceeded the screening levels. 

• For the 200•PW-5 OU, cesium-137 and strontium-90 concentrations exceeded the 
screening levels. No nonradionuclide contaminants exceeded the screening levels. 

1 Terrestrial plant species arc assumed to be protected at sites containing a dose ofup to 1 rad/day 
(DOE/STD-11.S3·2002). 

5-18 
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Figure 5-:3. RESidual RADioactivity Analysis for the 200-TW • l Operable Unit, 
216-B-46 Crib - All Radionuclides, All Pathways Dose Estimate 
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Figure 54. RESiduat RADioactivity Analysis for the 210-TW-1 Operable Unit, 
216-B-46 Crib -All Radionuclides, AU Pathways Risk Estimate 
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l:igure S-5. RESidual RADioactivity Analysis for the 200-TW-2 Operable Unit, 
216-B-7 A Crib - All Radionuclides, AU Pathways Dose Estimate 

14 

12 

10 

f'. 
! 
E 

• 
4 

2 

0 
1 

-&-­
+-

,. 
14 

12 

10 

f' • 
E 

• 
' 
2 

0 

...__ 

1 

(No Cover, Direct Contact Scenario). 

DOSE: Alt Nuelldtt s-ed, Component Pathways 

~ 

--.. 
:--,.~ ... ,., 

"" '~ 

l\ 
\ 

'\. 

i\ 

' 
~~ 

-
10 100 

v •• ,. 

-e--... .,.,...._,.., ... ,..._ .. _ ....... ----............ - ....... .... _... --- -....... + ...... .._ __ _..._"'"_ 
ll'l'W2 .. ,ADUI..-,_ _,,.,._ MJ9 

00S!: M NuclldH Summ.d, AA Patlwlrp S1,1mmed 

-- :-,.. r-.. ....... 
:-, 

"" " ~I\ 
\ 

t\. 
'\ 

'\ 

~ -
10 100 

5-24 · 

1000 

1000 



DOE/RL-2002-42 REV 0 

Figure 5-6. RESidual RADioactivity Analysis for the 200-TW-2 Operable Unit, 
216-B-7 A Crib - All Radionuclides, All Pathways Risk Estimate 
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Figure 5.:1. RESidual RADioactivity Analysis for the 200-TW-2 Operable Unit, 
216-B-7 A Crib - All Radionuclides, All Pathways Dose Estimate 

(1-ft Cover, Direct Contact Scenario). 
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Figure S.;8, RESidual RADioactivity Analysis for the 200-TW-2 Operable Uni~ 
· 216-B-7 A Crib - All Radionuclides. All Pathways Risk Estimate 
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Figure 579. RESidual RADioactivity Analysis for the 200-TW-2 Operable Unit, 
216-B-38 Trench- All Radionuclides, All Pathways Dose Estimate 
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Figure 5•10. RESidual RADioactivity Analysis for the 200.TW•2 Operable Unit, 
2 l 6·B·38 Trench - All RadionucJides, All Pathways Risk Estimate (No Cover, 
Direct Contact Scenario). (Note: Risks> 1.0 are more correctly represented at> I x l 0·2) 
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Figure 5-11. RESidual RADioactivity Analysis for the 200-TW-2 Operable Unit, 
216-B-38 Trench-All Radionuclides, All Pathways Dose Estimate 

(10-ft Cover, Direct Contact Scenario}. 

DOSE: All Nuclldff Summed, Component P•t11wayw 

3.50!•13 

3.00E•t:S 

2.501!,U 

-i--. .. " ~~ 
' l"-t~ 

" i\ 
., 2.00E,13 r 

~ 

\ 
I! 
E 1.50!•13 

\ 

1.00E,13 

1.00E,14 

'\ 

' &,_ 
0.00E+01 - --~ 1 10 100 1000 

YHl'I -e---- ..,. .... _ ... ~ ... - ,.__ ----- ...,.._.,.._ .._ ___ -----.. +--- •-- -.,..._.,.._ 

3 .SOE,13 

UOE,ts 
~l ~- ,..,., 

' 
2.SOE,13 ~-

' \ t 2.00E,13 

E 1.SOE-13 

\ 
~ 

1.00E,13 
i\ 

' ~ - - ~ -- ..... 
O.CIOE+01 

1 10 100 1000 

Yell'I 

~-· +c..u, -e-- ..,..._ -9-- ..... _ 

ttwJ•llllllA ,. ____ Nat ----

5-30 



DOE/R.L-2002-42 REV 0 

Figure 5-12. RESidual RADioactivity Analysis for the 200-TW-2 Operable Unit, 
216-B-38 Trench-All Radionuclides, All Pathways Risk Estimate 
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Figure 5-13. RESidual RADioactivity Analysis for the 200-PW-5 Operable Unit, 
2 l 66 B-57 Crib - AU Radionuclides, All Pathways Dose Estimate 
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Figure 5-14. RESidual RADioactivity Analysis for the 200-PW-5 Operable Unit, 
216-B-S7 Crib - All Radionuclides, All Pathways Risk Estimate 
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Table 5-1. Summary of the Shallow-Zone Soil Samples 
Used in the Risk Assessment for the 200-TW-1, 

200-TW-2, and 200-PW-S Operable Units. 
Sample Number Sample Depth (ft) Cotlectlon Date 

:200-TW-t OU,216-T-26 Crib 

B12.SY3 10-12.S June 2.S. 2001 

D12682 ()..6 June 19. 2001 

200-TW-1 OU,216-D-46 Crib 

B01.SPJ 3-6 December 10, 1991 

B0I.SP7 8 . .S-11 December 11. 1991 

B0lSNI 3-6 December 2, 1991 

B015N5 8-10.5 December2. 1991 

B015N7 15-17.5 December 3, 1991 

B015Q7 3.S-6 January 7, 1992 

B015Q9 9-12 January 7, 1992 

200-TW-2 OU, 216-B-38 Trench 

B12684 0-0.S July 18, 2001 

B12C6l 14.5-15.S August 2, 2001 

B12C67 3.5-S August 1, 2001 

B12C68 9.5-12 August 2, 2001 

200-T\V-2 OU, 2l6-B-7A Crib 

B12683 0-0.5 June 19, 2001 

D12MH4 12.5-15 August 23, 2001 

Dl2MHS 2.S-5 August 22, 2001 

B12MH6 5.$-8 August 22, 2001 

D12MH7 10-12.5 August 22, 2001 

200-PW-5 OU, 216-B-57 Crib 

BOOX37 l.6-2.9 June 25, 1991 

B00X57 1.S-9.S June27, 1991 

BOOX99 2-S August 30, 1991 

BOOXBl 9-12 September 1, 1991 

BOOXC3 2-4.S September 1, 1991 

B00XC5 9-12 September 1, 199 J 

BOOX61 15-17 July I, 1991 
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Table 5-2. Summary Statistics for Shallow-Zone Soil Samples for the 200-TW-1, 200-TW-2, and 200-PW-5 Operable Units. (5 pages) 

Constituent N1me Constituent Units Number of Number of Frrquency of Minimum Mnfmum J\flnfmum Maximum Exposure Point 
Ous Samples Dttttts Detect Nondeted Nondetec:t Result Result Conrentratfon 

200-TW-1 OU, 216-B-46 Crib 

Chloride GENCH mg/lcg 3 3 100% - - 2.4 79.2 79.2 

Fluoride GENCH mg/kg ~ 3 1004'/t - - 1.6 1.7 1.7 

Nitrate GENCII mg/kg 7 7 100% - - 39.5 135 135 

Nitrate Nitrite GENCJI mg/kg 7 7 100% - - 10.S 46.9 46.9 

Phosphate GENCH mg/kg 7 s 71% t.3 1.3 1.3 2.8 2.8 
Sulfate GENCII mg/kg 7 7 100% - - 7.6 477 477 

4,4'-DDT HERB mg/kg 7 J 14% 0.032 0.084 0.034 0.034 0.034 

Aroclor-1254 HERD mg/kg 7 J 14% 0.32 0.84 0.34 0.34 0.34 

Gamma-DHC HERD mg/leg 7 1 14% 0.016 0.042 0.017 0.017 0.017 
(Lindane) 

Heptachlor HERD mg/kg 7 2 29% 0.016 0.042 0.016 0.017 0.017 

Aluminum METAL mg/kg 7 1 100% - - 3.220 4,720 4,720 

Antimony METAL mg/kg 7 l 14% 3.95 8.9 5.1 5.7 S.1 

Arsenic METAL mg/leg 7 7 1004'/o - - 1.0 2.7 2.7 

Barium METAL mg/kg 7 7 1004'/4 - - 44.1 70.7 70.7 

Beryllium METAL mg/lcg 7 7 100% - - 0.21 0.44 0.44 

Cadmium METAL mg/kg 7 1 29% 0 . .59 1.3 1.1 1.5 1.5 
Calcium METAL mg/leg 7 1 100% - - S,070 7,750 7,750 

Chromium METAL mg/kg 7 1 1004'/o - - 4.0 8.5 8 . .5 

Cobalt METAL mg/kg 7 s 71% 7.1 8.7 5.5 9.4 9.4 

Copper METAL mg/leg 7 7 100% - - 7.0 17.8 17.8 

Iron METAL mg/kg 7 7 l OOo/o - - 9..530 16,500 16,SOO 

Ltad METAL mg/kg 7 1 100% - - 2.S S.1 5.1 

Magnesium METAL mg/kg 7 7 100% - - 2,480 3,400 3,400 

Manganese METAL mg/kg 7 7 lOOo/o - - 174 267 267 

Memny METAL mg/kg 7 l 14% o.oso o.oso 0.060 0.060 0.060 



Table 5-2. Summary Statistics for Shallow-Zone Soi1 Samples for the 200.TW-1, 200-TW-2, and 200.PW-5 Operable Units. (5 pages) 

Constltutnt Name Constltutnt 
Units Number of Number of Frequenty of Minimum l\fulmum Minimum l\fnlmum Eiposure Point 

Cius s,mp1e<s Dettds Dttttt Nonde1ect Nondeted ResuU Rtsult Conctntratlon 

Nickel METAL mg/leg 7 7 100% - - 4.S 10.8 10.8 

Potassium METAL mg/lcg 7 7 100% - - 720 1,250 1,250 

Sodium METAL mg/leg 7 s 71% 132 132 186 450 450 

Thallium METAL mg/kg 7 1 14% 0.38 0.42 0.60 0.60 0.60 

Total uranium METAL mg/Jcg 6 2 33% 0.30 0.70 0.84 1.7 1.7 

Vanadium METAL mg/kg 7 7 100% - - 18.7 30.3 30.3 

Zinc METAL mg/leg 7 s 71% 20.1 21.9 21 39.1 39.1 

4,6-Dinitro-2-mcthylp svoc mg/leg 7 t 14% 1.6 1.8 1.7 1.7 1.7 
hcnol 

Benzoicadd svoc mg/leg 1 l 14% 1.6 1.8 0.041 0.041 0.041 

B is(2-cthylhc,tyl) svoc mg/leg 7 5 71% 0.35 0.35 0.042 0.17 0.17 
phthalatc 

Di-n-butylphthalate svoc mg/Jcg 7 4 .S7% 0.33 0.35 0.040 0.096 0.096 

200-TIV-l OU, %16-T-26 Crib 

Odoride GENOI mg/kg t 1 100% - - 3.23 3.23 3.23 

Nitnte GENOI mg/leg t t 100% - - 10.2 10.2 10.2 

Phosphate GENOI mg/leg l 1 100% - - 2.9 2.9 2.9 

Sulfate GENCH mg/leg l 1 100% - - 1.5 7.5 1.S 

Cadmium METAL mg/kg t 1 100% - - 0.46 0.46 0.46 

Chromium METAL mg/leg I I 100% - - 10.8 10.8 10.8 

Copper METAL mg/kg l l JOO% - - 14 14 14 

Lead METAL rng/lcg 1 1 100% - - 10.1 10.1 JO.I 

Nickel METAL mg/kg t 1 100% - - 13 13 13 

Total unnium METAL mg/kg l 1 100°/4 - - 1.8 1.8 t.8 

Phenol svoc mg/leg 1 1 100% - - O.JJ 0.11 0.11 



Table 5-2. Summary Statistics for Shallow-Zone Soil Samples for the 200-TW-l, 200-TW-2, and 200-PW-5 Operable Units. (5 pages) 

Constituent Name Constftutnt Units Numbtror Numbtro Frtqutney or Minimum Mnlmum l\ffnfmum Maximum Exposure Point 
Class Samples Detects Dttect Nondrted Nondettd Result Result Concentration 

:Z0O-TW-2 OU, 2l~B-38 Crib 

Ammonia GENCH mg/kg 3 2 67% 0.53 0.53 2.4 3.2 3.2 

Chloride GENCH mg/kg 3 l 67°/4 0.11 0.11 5.0 6.9 6.9 

Fluoride GENOI mg/leg 3 1 33% 2.7 S.2 7.4 7.4 7.4 

Nitrate GENCII mg/kg 3 3 100% - - 4S.3 208 208 

Nitrogen in Nitrite and GENCII mg/kg 3 3 100% - - 23 59 59 
Nitrate 

pH GENClt mg/kg 3 3 100% - - 8.7 8.9 8.9 

Phosphate GENCH mg/leg 3 2 67% 0.27 0.27 1.6 8.2 8.2 

Sulfate GENCII . mg/leg 3 3 100% - - 51 248 248 

Total organic carbon GENCH mg/leg 3 3 100% - - 274 1.SI0 1,510 

Aluminum METAL mg/leg I I 100% - - 7,600 7,600 7,600 

Cadmjum METAL mg/leg 3 2 67% 0.021 0.021 0.060 0.10 0.10 

Calcium METAL mg/kg I 1 100% - - 9,610 9,610 9,610 

Chromium METAL mg/leg 3 3 100% - - 7.1 11.6 11.6 

Copper METAL mg/leg 3 3 100% - ~ 12.2 1S.l lS.1 

Iron METAL mg/kg 1 l 100% - - 18,100 18,100 18,100 

Lead METAL mg/kg 3 3 100% - - 4.S 8.0 8.0 

Magnesium METAL mg/kg 1 1 100% - - 3,820 3,820 3,820 

Manganese METAL mg/leg 1 1 100% - - 287 287 287 

Mercury METAL mg/leg 3 I 33% 0.020 0.020 0.089 0.089 0.089 

Niclc:e! METAL mg/kg 3 3 100% - - 6.3 12.1 12.1 

Potassium METAL mg/leg 1 I 100% - - 1,140 1,140 1,140 

Sodium METAL mg/kg 1 1 100% - - SSl 551 SSI 
Total uranium METAL mg/kg 3 3 100% - - 1.6 11 11 

Vanadium METAL m&')cg 1 l 100% - - SS.\ 55.l 55.1 

Zinc METAL mg/kg l l 100% - - 43.9 43.9 43.9 



Table 5-2. Summary Statistics for Shallow-Zone Soil Samples for the 200-TW-l, 200-TW-2, and 200-PW .5 Operable Units. (5 pages) 

Constituent Ntmt 
Constltutnt 

Units Numbtrof Numbero Frtqu,ncy o( Minimum Muimum Minimum Mnlmum El'posure Point 
Cllss Samples Dttttts Dttett Nondttttt Nondtttd Rtsult Result Conttntratlon 

200-TW-2 OU,2l6-B-7A Crib 

Ammonia GENCII m&']cg 4 I 25% 2.4 2.S 21.3 21 .3 21 .3 

Chloride GENCII mg/leg 4 4 JOO% - - 6.S 12.8 12.8 

Nitrate G'ENCll mg/kg 4 4 100% - - 65.3 193 193 

Nitrogen in Nitrite and GENCH mg/leg 4 4 100°/4 - - 15.6 46.2 46.2 
Nitrate 

pH OENCU mg/kg 4 4 100% - - 8.3 9.0 9.0 

Phosphate GENCII mg/kg 4 4 100% - - 3.0 7.3 7.3 
Sulfate GENCH mg/kg 4 4 100% - - 38.3 185 18.5 

Total organic carbon GENCII mg/kg 4 4 JOO% - - 900 3,850 3,850 

Cadmium METAL mg/kg 4 2 500/4 0.030 0.030 0.060 0.070 0.070 

Chromium METAL mg/leg 4 4 JOO% - - 12.4 13.S 13.S 

Copper METAL mg/kg 4 4 100% - - 12.8 15 ts 
Lead METAL mg/leg 4 4 100% - - S.9 23.3 23.3 

Niclcel METAL mg/kg 4 4 JOO% - - 10.1 13.7 13.7 

Total uranium METAL mg/leg 4 4 I 00% - - 0.93 0.995 0.99S 

200-PW-5 OU, 216-B-57 Crib 

Aluminum METAL mg/kg s s 100% - - 2,590 3,410 3,410 

Arsenic METAL mg/kg 7 7 100% - - l.S 2.2 2.2 

Barium METAL mg/kg l 1 100% - - 40.6 40.6 40.6 

Beryllium METAL tng/lcg 7 7 100% - - 0.24 0.35 0.35 

Cadmium METAL mg/kg l l 100°/o - - 0.72 0.72 0.72 

Calcium METAL mg/kg 4 4 100% - - 5,090 6,984 6,984 

Chromium METAL mg/kg 3 3 100% - - 1.2 8.0 8.0 

Cobalt METAL mg/leg 7 7 100% - - 4.6 6.8 6.8 

Copper METAL mg/kg 3 3 100% - - 9.1 11.2 11.2 

Iron METAL mg/leg 2 2 100% - - 7,500 8,800 8,800 



Table 5-2. Summary Statistics for Shatrow-Zone Soil Samples for the 200-TW-l, 200-TW-2, and 200-PW-5 Operable Units. (S pages) 

Constituent Name Constituent 
Units 

Number or Numbtror Frtqutnty or Minimum l\tnlmum Minimum l\tnfmum Exposure Point 
CJJss Simples Drtttts Dtfttt Nondttrd Nondttttt Result Rtsult Concentration 

Lead METAL mg/leg s s 100% - - 2.0 s.s s.s 
Magnesium METAL mg/leg s 5 100% - - 2,000 2,400 2,400 

Manganese METAL mg/lcg s 5 100% - - 162 188.S 188.S 

Nickel METAL mg/leg 7 7 100% - - 2.S 8.3 8.3 

Potassium METAL mg/leg 7 7 100% - - 593 932 932 

Silver METAL mg/Jcg I 1 100% - - 2.2 2.2 2.2 

Sodium METAL mg/leg s s 100% - - 89.2 184 184 

Uranium METAL mg/leg 2 2 100% - - 1.1 l.S 1.8 

Vanadium METAL mg/leg 2 2 100% - - 14.4 15.8 15.8 

Zinc METAL mg/leg s s 1004'/o - - 17.2 24.7 24.7 

Bis(2-ethylhexyt) svoc mg/lcg 2 2 1004'/o - - 0.047 0.17 0.17 
phthalate 

Chrysene svoc mg/leg 1 J J00°/4 - - 0.040 0.040 0.040 

Di-n-butylphthalate svoc mg/leg 1 1 100-/o - - 2.4 2.4 2.4 

Pyrene svoc mg/kg 1 1 1004'/o - - 0.049 0.049 0.049 

4-Methyl-2-Pentanone voe mg/leg J 1 100% - - 0.00S0 0 .00S0 0.0050 

Acetone voe mg/leg 1 1 100% - - 0.022 0.022 0.022 

Methylenechloride voe mg/Jcg t I 100°/4 - - 0.017 0.017 0.017 

Toluene voe mg/leg 3 3 100% - - 0.0010 0.0030 0.0030 

• not applicable. 
GENCH • genenl chemistry. 
SVOC • semivotatile organic compound. 
VOC • volatile organic compound. 



Table 5-3. Comparison of Maximum Shatt ow-Zone Soil Concentrations to Background Concentrations and to Ecological Screening 
Levels for Nonradionuclides. (3 pages) · 

90th Ptrctntile DoHl\fnlmum WAC 

Constltutnt Name Constltutnt Units Mnlmum Batkground Concentration 173-340-900 
COEC? Justification 

Class Rttult Ented Table749-3 Concentration Background? Wildlife* 

200-TW-1 OU, 216-B-46 Crib 

Aluminum METAL mg/leg 4,720 11,800 No - No Below Background 

Antimony METAL mg/leg 5.7 NA No - No . Not a 749-3 wildlife 
concern 

Arsenic METAL mg/kg 2.7 6.5 No 7 No Below Background 

Barium METAL mg/kg 70.7 132 No 102 No Below Background 

Beryllium METAL mg/kg 0.44 I.S No - No Below Daclcground 

Cadmium METAL mg/leg 1.5 1.0 Yes 14 No Delow749-3 

Chromium METAL mg/leg 8.5 18.5 No 67 No Below Background 

Cobalt METAL mg/leg 9.4 15.7 No - No Below Background 

Copper METAL mg/leg 17.8 22.0 No 217 No Below Background 

Iron METAL mg/kg 16,500 32,600 No - No Below Background 

Lead METAL mg/leg S.1 10.2 No 118 No Below Background 

Manganese METAL mg/leg 267 512 No 1500 No Below Background 

Mercury METAL mg/kg 0.06 0.33 No 5.S No Below Background 

Nickel METAL mg/kg 10.8 19.l No 980 No Below Background 

Thallium METAL mg/kg 0.6 0.3 to 0.6 No - No Below Background 

!Total uranium METAL mg/kg 1.7 NA No - No Below Background 

Vanadium METAL mg/leg 30.3 85.1 No - No Below Background 

Zinc METAL mg/kg 39.l 67.8 No 360 No Below Background 

200-TW-1 OU, 216-T-26 Crib 

Cadmium METAL mg/leg 0.46 J.O No 14 No Delow Background 

Olromium METAL mg/kg J0.8 ]8.5 No 67 No Below Background 
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Table 5-3. Comparison of Maximum Shallow-Zone Soil Concentrations to Background Concentrations and to Ecological Screening 
Levels for Nonradionuctides. (3 pages) 

90th Percentite Does Marlmum WAC 

Constituent Name Constituent 
Units 

l\111lmum 
Background 

Concentration 173-340-900 
COEC? Justlncatlon Class Result Eneed Table749•3 

Concentration Badcground? Wildli(e* 

Copper METAL mg/leg 14 22 No 217 No Below Background 

Lead METAL mg/leg 10.1 10.2 No 118 No Below Background 

Nickel METAL mg/leg 13 19.1 No 980 No Below Background 

Total uranium METAL mg/leg 1.8 NA No - No Below Background 

20O-TW-l OU, 216-B-38 Trench 

Aluminum METAL mg/leg 7,600 11,800 No - No Below Background 

Cadmium METAL mg/leg 0.10 1.0 No 14 No Below Background 

Chromium METAL mg/leg 11.6 18.5 No 67 No Below Background 

Copper METAL mg/leg 1S.1 22 No 217 No Below Background 

Iron METAL mg/leg 18,100 32,600 No - No Delow Background 

Lead METAL mg/kg 8.0 10.2 No 118 No Below Background 

Manganese METAL mg/leg 287 512 No 1500 No Below Background 

Mercury METAL mg/kg 0.089 0.33 No 5.S No Below Background 

Nickel METAL mg/leg 12.l 19.l No 980 No Below Background 

Total uranium METAL mg/leg 11.3 NA No - No Delow Background 

Vanadium METAL mg/leg 55.1 85.1 No - No Below Background 

Zinc METAL mg/leg 43.9 67.8 No 360 No Below Background 

200-TW-? OU, 2J6-D-7A Crib 

Cadmium METAL mg/leg 0.070 1.0 No 14 No Below Background 

Chromium METAL mg/leg 14 18.5 No 67 No Below Background 

Copper METAL mg/kg 15 22 No 217 No Below Background 

Lead METAL mg/leg 23.3 10.2 Yes 118 No De1ow749-3 

Nickel METAL mg/leg 13.7 19.1 No 980 No Below Background 

Uranium METAL mg/kg 0.995 NA No - No Below Background 

t, 
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Table 5-3. Comparison of Maximum Shallow-Zone Soil Concentrations to Background Concentrations and to Ecological Screening 
Levels for Nonradionuclides. {3 pages) 

90th Ptrttntlle Dots Ma:rfmum WAC 

Constituent Name Constituent · Units l\fnfmum Background Concentration 173-340-900 COEC? Justification aus Rtsutt Enttd Table 749-3 Conctntratlon 
Background? Wildlife• 

200-PW-5 OU, 216-B-57 Crib 

Aluminum METAL mg/leg 3,410 11,800 No - No Below Background 

Arsenic METAL mg/kg 2.2 6.5 No 7 No Below Background 

Barium METAL mg/kg 40.6 132 No 102 No Below Background 

Beryllium METAL mg/kg 0.35 1.S No - No Below Background 

Cadmium METAL mg/kg 0.72 1.0 No 14 No Below Background 

Chromium METAL mg/leg 8.0 18.5 No 67 No Below Background 

Cobalt METAL mg/kg 6.8 15.7 No - No Below Background 

Copper METAL mg/kg l 1.2 22 No 217 No Below Background 

fron METAL mg/Jcg 8,800 32,600 No - No Below Background 

uad METAL mg/kg 5.5 10.2 No 118 No Below Background 

Manganese METAL mg/leg 188.5 512 No 1500 No Below Background 

Nickel METAL mg/kg 8.3 19.1 No 980 No Below Background 

Silver METAL mg/kg 2.2 0.73 Yts - No Below Background 

Uranium METAL mg/kg 1.8 NA No - No Below Background 

Vanadium METAL mg/kg 15.8 85.1 No - No Below Background 

Zinc METAL mg/kg 24.7 67.8 No 360 No Below Background 

•w AC 173-340-900, .. Tables," Table 749-3, "Ecological Indicator Soil Concentrations (mg/leg) for Protection of Terrestrial Plants and Animals," 
Washington Adminfrtra~ Cod~, as amended. 

• Means no scrttning concentration for wildlife recepton in WAC 173-340-900, "Tables," Table 749-3, .. Ecological Indicator Soil 
Concentrations (mg/kg) for Protection ofTmestrial Plants and Animals," Washington Administrative Code, as amended. 

COEC • contaminant of ecological concern. 



Table 5-4. Comparison of Shallow-Zone Soil Exposure Point Concentrations to Washington Administrative Code 173-340-745 
Method C Soil Cleanup Levels.• (2 pages) 

Constituent Mnfmum MtthodC JsEPC> MTCATable 
Constituent Name aan Units 

Result Soll CUL MTCACSoll 749-3 Wildlife COEC? Justification 
CUL? 

200-TW-1 OU, 216-B-46 Crib 

4,4'.DDT HERB/ mg/kg 0.034 386 No 0.75 No Be!ow749-3 

Aroclor-1254 HERB/ mg/kg 0.34 70 No 0.65 No Delow749-3 

Gamma-BHC (Lindane) HERB/ mg/leg 0.017 101 No 6 No Below749-3 

lleptachlor HERB! mg/kg 0.017 29 No 0.4 No Dclow749-3 

Antimony METAL mg/leg S.1 1.400 No - No See Table 5-3 

Cadmium METAL mg/leg 1.S 3,500 No 14 No See Table 5-3 

Thallium METAL mg/lcg 0.6 280 No - No See Table S-3 

4,6-Dinitro-2-mcthylphenol svoc mg/leg 1.7 - No - No No Wildlife screening level; organics 
generally higher 

Oenzoic acid svoc mg/kg 0.041 1.40E+-07 No - No No Wildlife screening level; orgtnies 
generally higher 

nis(2-ethylhexyl) phthalate SVOC mg/leg 0.17 9,31S No - No No Wildlife screening level; organics 
generally higher 

Di-n-butylphthalate svoc mg/leg 0.096 350,000 No - No No Wildlife screening level; organics 
genenlly higher 

200-TW-l OU, 116-T-26 Crib 

Phenol svoc. mg/kg 0.11 2.I0E+-06 No - No No Wildlife screening level; organic, 
generally higher 

200-TW-l OU, 216-B-7A Crib 

Lead METAL mg/Kg 23.3 150 No 118 No See Table 5.3 

Uranium METAL mg/Kg 0.995 10,500 No - No See Table S-3 



Table S-4. Comparison of Shallow-Zone Soil Exposure Point Concentrations to Washington Administrative Code 173:.340.745 
Method C Soil Cleanup Levels.• (2 pages) 

Constituent l\faxlmum l\ftthod C lsEPC> MTCATable Constituent Name 
Ous 

Units 
Rrsult Soil CUL 

MTCACSoll 749.3 WIidiife C0EC? Justification 
CUL? 

200.PW-5 OU, 216.B-57 Crib 

Dis(2-cthylhexyl) phthalate svoc mg/lcg 0.17 9,375 No - No No Wildlife screening level; organics 
generally higher 

Olrysene svoc mg/leg 0.040 18 No - No No Wildlife screening level; organics 
generally higher 

Di-n-butylphthalate svoc mg/1cg 2.4 350,000 No - No No Wildlife screening level; organics 
generally higher 

Pyrene svoc mg/leg 0.049 105,000 No - No No Wildlife screening level; organics 
generally higher 

4-Methyl-2-Pentanone voe mg/lcg 0.0050 280,000 No - No No Wildlife screening level; organics 
generally higher 

Acetone voe mg/1cg 0.022 350,000 No - No No Wildlife screening level; organics 
general1y higher 

Methylene Chloride voe mg/leg 0.017 17,500 No - No No Wildlife screening level; organics 
generally higher 

Toluene voe mg/kg 0.0030 700,000 No - No No Wildlife screening level; organics 
generally higher 

Silver METAL mg/lcg 2.2 17,500 No - No See Table 5-3 

Uranium METAL mg/kg 1.8 24,500 No - No See Table 5-3 
• WAC 173-340-745, "Soil Cleanup Standards for Industrial Properties." Washington Administrative Code, as amended. 

• Means no screening conctntration for wildlife receptors in WAC 173-340..900, "Tables," Table 749-3, ''Ecological Indicator Soil Concentrations 
(mg/kg) for Protection ofTerTeStrial Plants and Animals," WasMngton Administrative Code, as amended .• 

C0EC .. contaminant of ecological concern. 
CUL • cleanup level. 
EPC • exposure point concentration • maximum concentration. 
SVOC • semi-volatile organic compound. 
voe • volatile organic compound. 



Table 5-5. Summary Statistics for Shallow-Zone Soils for the 200-TW-1, 200-TW-2, and 200-PW-5 Operable Units - Radionuctides. 
(3 pages) · 

Constltutnt Name Constituent Numbtror Numbtror Frtqutncy 
Units 

Minimum Maximum Minimum Maximum Etposure Point 
Class S1mplts Deteds ofDetttt Nondtftd Nondtttd RHult Result Conctntratfon 

200-TW-l OU, 216-B-46 Crib 

Cesium-137 RAD 7 5 67% pCi/g · 0.030 0.030 0.080 0.26 0.26 

Plutonium-23 8 RAD 7 2 33% pCi/g 0.020 0.030 0.040 0.070 0.070 

Plutonium-239 RAD 7 2 33% pCi!g 0.010 0.010 0.010 0.020 0.020 

Potassium-40 RAD 7 7 100% pCi/g - - 12 14 14 

Radium-226 RAD 7 7 100% pCi/g - - 0.68 0.95 0.95 

Strontium-90 RAD 7 6 83% pCi/g 0.040 0.040 0.080 . 2.90 2.90 

Thorium-228 RAD 7 7 100% pCi/g - - 0.48 0.79 0.79 

Total uranium RAD 6 2 40% pCi/g 0.3 0.7 0.84 1.7 1.7 

100-TW-l OU, 216-T-26 Crib 

Potassium-40 RAD 1 1 100% pCi/g - - 8.S 8.5 8.S . 

Radium-226 RAD 1 1 100% pCi/g - - 0.37 0.37 0.37 

Radium-228 RAD t 1 100% pCi/g - - 0.34 0.34 0.34 

Thorium-228 RAD 1 l 100% pCi/g - - 0.94 0.94 0.94 

Thorium-230 RAD 1 1 100% pCi/g - - 0.74 0.74 0.74 

Thorium-232 RAD 1 I JOO% pCi/g - - 0.74 0.74 0.74 

Uranium-233/234 RAD 1 1 100% pCi/g - - 0.46 0.46 0.46 

Uranium-238 RAD I I 100% pCi/g - - 0.34 0.34 0.34 

200-TW-2 OU, 216-B-38 Trench 

Americium-241 RAD 3 1 33% pCi/g 0.022 0.035 43.9 43.9 43.9 

Cesium-137 RAD 3 2 67% pCi/g 0.036 0.036 1.82 226,000 226,000 

Plutonium-238 RAD 1 1 JOO% pCi!g - - 7.85 7.85 7.85 

Plutonium-239/240 RAD 2 1 SO% pCi/g 0.029 0.029 106 106 106 

Potassium-40 RAD 3 2 67% pCi/g 87 87 14 14.S 14.5 

Radium-226 RAD 3 1 33% pCi/g 0.12 62 0.594 0.594 0.594 



Table 5-5. Summary Statistics for Shallow-Zone Soils for the 200-TW-l, 200-TW-2, and 200-PW-5 Operable Units - Radionuclides. 
(3 pages) 

Constituent N1me Con1tltuent Number of Number of Frequency 
Units 

Minimum Mnlmum Minimum Mnlrnum E:rposure Point 
aass Samples Detttts ofDttttt Nondeted Nondeted Result Result Concentration 

Radium-228 RAD 3 2 67% pCi/g 45 45 0.695 0.974 0.974 

Thorium-228 RAD 3 2 67% pCi/g 6.4 6.4 0.431 0.839 0.839 

Thorium-230 RAD 2 2 100°/4 pCi/g - - 0.587 0.621 0.621 

Thorium-232 RAD 3 2 67% pCi/g 9.7 9.7 0.587 0.621 0.621 

Total beta radiostrontium RAD 2 1 50% pCi/g 0.18 0.18 1390 1390 1390 

Total uranium RAD 3 3 100% Mg/g 1.6 11.3 11.3 

Uranium-233/234 RAD 3 2 67% pCi/g 8.2 8.2 0.448 0.667 0.667 

Uraniun,.238 RAD 3 2 67% pCi/g 5.8 5.8 0.544 0.667 0.667 

200-nv-l OU, ll~B-7A Crib 

Carbon-14 RAD 4 1 25% pCi/g 2.22 3.72 6.3 6.3 6.3 

Cesium-137 RAD 4 4 100% pCi/g - - 1.52 42.S 42.5 

Powsium-40 RAD 4 4 100% pCi/g - - 2.27 14.5 14.5 · 

Radium-226 RAD 4 4 100% pCi/g - - 0.094 0.584 0.584 

Radium-228 RAD 4 4 100% pCi/g - - 0.132 0.763 0.763 

Thorium-228 RAD 4 3 15% pCi/g 0.676 0.676 0.54 0.884 0.884 

Thorium-230 RAD 4 3 75% pCi/g 0.352 0.352 0.414 0.729 0.729 

Thorium-232 RAD 4 3 15% pCi/g 0.302 0.302 0.265 0.644 0.644 

Total beta radiostrontium RAD 4 4 100% pCi/g - - 0.689 13.S 13.S 

Total uranium RAD 4 4 100°/o Mg/g - - 0.93 0.995 0.995 

Uranium-233/234 RAD 4 4 100% pCi/g - - 0.463 0.474 0.474 

Uranium-23S RAD 4 4 JOO% pCi/g - - 0.016 0.029 0.029 

Uranium-238 RAD 4 4 100°/o pCi/g - - 0.458 0.46.S 0.465 

200-PW-5 OU, ll~B-57 Crib 

Cesium-137 RAD 7 7 100% pCilg - - O.JS so.s so.s 
Plutonium-23 8 RAD l 1 100% pCi/g - - O.ot 0.01 0.01 

Potassium-40 RAD 7 7 100% pCi/g - - 11.6 12.6 12.6 



Table 5-5. Summary Statistics for Shallow-Zone Soils for the 200-TW-1, 200-TW-2, and 200-PW-5 Operable Units - Radionuclides. 
(3 pages) 

Constituent Name Constrtuent Number or Number or Frequency 
Units 

Minimum M1:rfmum Minimum l\f11fmum E1posure Point 
Cius Samples Detects o(Dtted Nonddttt Nondetttt Result Result Concentration 

R.adium-226 RAD s s 100°/4 pCi/g - - 0.66 1.13 1.13 

Strontium-90 RAD s s tOOo/. pCi/g - - o.os 67 67 

IThorium-228 RAD 7 7 100°/4 pCi/g - - 0.5 o.n 0.77 
- • not applicable. 



Table s-·6. RESidual RADioactivity Input Parameters. (5 pages) 
200-TW-l :Z0O-TW-2 200-PW-5 

Dts~rlptlon l'aramtttr Unlh 216-B-46 216-T-26 216-B-7A 216-B-38 216-B-57 Ratlonalc and Citation 

Crfb Crfb Crib Trench Crib 

Exposure - - External Gamma: Active Dasedon200-1W-1 andT,W-2 
PathMys Inhalation: Active worlc plan conceptual exposure 

Plant Ingestion: Suppressed modtls (DOE/RL.2000-38) and 

Meat Ingestion: Suppressed 
refinc~nt of the model as part 
of this RI. 

Mille Ingestion: Suppressed 
Aquatic Foods: Suppressed 
Drinking Water. Suppressed 

Soil Ingestjon: Active 
Radon: Suppressed 

ROtJ-CZ AreaofCZ mz 529 83 14 235 , 529 Site-specific areas from WIDS. 

Thickness of CZ (No Cover) M 4.6 4.6 4.6 4.6 4.6 Assumes that site is 
contaminated at maximum 
concentration from surface to 
4.6 m (15 ft) bgs. 

Thickness of CZ (Cover) M - - 4.3 1.5 6.1 R~ents actual thic:lcness of 
contamination based on Rl 
results. 

Length Pan Itel to Aquifer M 33 13 52 77 33 Site-specific. 
Flow 

Radiation Dose Limit mrem/ 15 IS 15 IS 15 -
(Industrial Scenario) yr 

Elapsed Time Since Waste yr 0 0 0 0 0 Enviro~ntal samples were 
Placement collected in 1999 and 2000. 

Exposure Point EPCs pCi/g chemical- chcmic:aJ- cbcmic:al- chemical- chemical- See Table 5-16. 
Conccntn.tiom specific spccific spccific specific spccific 

R013-Cover and Cover depth (No Cover) M 0 0 0 0 0 Assumes that site is 
CZ Hydrological contaminated at maxinrum 
Data concentration from surface to 

4.6 m (IS ft) bgs. 



Table 5-6. RESidual RADioactivity Input Parameters. (5 pages) 
200-TW-t 200-TW-l 200-PW-~ 

De1criptfon Parameter Units 216-8-46 216-T-26 216-B-7A %16-8-38 216-B-57 Rationale and Citation 
Crib Crfb Crib Trench Crib 

Cover depth (cover) M - - 0.3 3 - Represents actual conditions of 
cover based on RI results. 

Cover material demity g/cm> 1.81 l.S 2.01 1.4 1.5 Site-specific. 

Cover erosion rate M/yr 0.001 0.001 0.001 0.001 0.001 RESRAD Default 

Density of CZ g/cm, t.S 2.16 1.95 1.98 1.S Site-specific values based on RI 
rtSUlts. 

CZ erosion rate M/yr 0.001 0.001 0.001 0.001 0.001 RESRAD Default. 

CZ Total Porosity unitless 0.43 0.183 0.25 . 0.25 0.43 Site-specific values based on 

' physical property samples from 
• RI and WHC-EP-0883 . 

CZ Fidd Capacity unitless 1.0E-34 l.0E-34 I.0E-34 I.0E-34 ME-34 Site-specific values based on 
physical property samples from 
RI and WHC-EP-0883. 

CZ Hydraulic conductivity M/yr 6570 21900 21900 21900 6570 WHC-SD-EN-SE--004. 

CZ b parameter tmitless 4.0S 4.0S 4.0S 4.0S 4.05 RESRAD Table E:2; 
Environmental Restoration 
Contractor (ERC) 
(CCN070578). 

Humidity in air g/cm1 8 8 8 8 8 RESRAD ~fault. 

Evapotranspiration Unitless 0.91 0.91 0.91 0.91 0.91 WDOH/320-015. 
coefficient 

Precipitation M/yr 0.16 0.16 0.16 0.16 0.16 Based on 16 cm(6.3 in.) 
average annual rainfall 
(DOFJRL-92-19). 

Runoff coefficient unitless 0.2 0.2 0.2 0.2 0.2 RESRAD Default 

Watershed area for nearby Mz l .OOE+o6 I.OOE+o6 1.00E+o6 1.00E+o6 - RESRAD Default 
stream or pond 

Accuracy for water/soil mitless 0.001 0.001 0.001 0.001 - RESRAD Default 
computations 



VI 
I 

VI 
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Dtstriptlon 

R0l4-Saturated 
Zone (SZ) 
llydrotogic Data 

ROIS-
Uncontaminated 
and Unsaturated 
Strata Hydrologic 
Data 

Table 5-6. RESidual RADioactivity Input Parameters. (5 pages) 
200-TW-1 200-TW-2 200-PW-S 

P2nmtttr Units 21~B-46 ?l~T-26 21~B-7A :Zl~B-38 :Zl~B-57 
Crib Crib Crib Trtnch Crib 

Density ofSZ g/cm3 1.9 1.9 1.9 1.9 -
SZ total porosity unitless 0 .27 0.27 0.27 0.27 -

SZ effective porosity unidess 0.23 0.23 0.23 0.23 -

SZ field capacity unitless 1.0E--34 1.0E-34 1.0E-34 l.0E-34 -

SZ hydraulic conductivity m/yr 2207500 5520 2207500 2207500 -
SZbpanmeter unitless 4.05 4.05 4.05 4.05 -
Water table drop rate m/yr 0.001 0.001 0.001 0.001 -
Well pump intalce depth m 4.6 4.6 4.6 4.6 -
below water table 

Nondispersion (ND) or - ND ND ND ND -
l"IUSs-balance 

Well pumping rate M'/yr 250 250 250 250 -
Numbct of'unsatuntcd - 1 1 1 1 -
strata 

Thicl:ness of unsaturated M S4.3 S0.6 60 62 -
strata 

Soil Density g/cm3 1.61 1.45 1.61 1.69 -
Total porosity unidess 0.39 0.39 0.39 0.36 -

Effective porosity unitless OJ9 0.39 0.39 0.36 -

Rationale and Cit•Hon 

Site-specific values based on RJ 

Site-specific values based on 
physical property samples from 
RI and WUC-EP-0883. 

Site-specific values based on 
physical property samples from 
RI and WHC-EP-0883. 

Site-specific values based on 
physical propmy samples from 
RI and WHC-EP-0883. 

WHC-SD-EN-SE-004. 

RESRAD Table E:2: 
CCN070578. 

RESRAD default 

Typical RCRA well screen 
length. 

RESRAD default. 

RESRAD default 

Site-specific. 

Site-specific. 

Site-specific values based on RJ. 

Site-specific values based on 
physical property samples from 
RI and WHC-EP-0883. 

Site-specific values based on 
physical property samples from 
RI and WHC-EP-0883. 

0 
0 

~ 
0 
0 
N 
~ 
N 

~ 
0 
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Desrriptlon 

R016-
Distn1rution 
Coefficients for 
Individual 
Radionuclides 

ROl7 - Inhalation 
and Extemal 
Gamma 

Table 5-6. RESiduat RADioactivity Input Parameters. (5 pages) 
200-TW-t 200-TW-2 200-PW-S 

Paramtttr Units 216-B-46 216-T-26 216-B-7A 216-B-38 216-B-57 
Crib Crfb Crib Trtnth Crib 

Field capacity unitless 1.0E-34 I.OE-34 I.OE-34 1.0E-34 -

Soil-specific b parameter unitless 4.05 4.05 4.05 ~.OS -
Hydraulic conductivity m/yr 2207500 SS20 2207500 2207500 -
Distn'bution coefficients ml/g Am-241: 3 Am-241: 300 -
(Kd) for CZ and SZ C-14: 0 C-14: 0 

Co-60: 0 Co-60: 50 
Cs-137: 10 Cs-137: 500 
Eu-152/154/155: 3 Eu-152/154/155: 350 
Tritium (H-3): 0 Tritium (11-3): 0 
Ni-63: S Ni-63: SO 
Np-237: S Np-237: 0.8 
Pu-238/239/240: 3 Pu-238/239/240: 20 
R.a-226/228: S R.a-226/228: S 
Sr-90: S Sr-90: O.S 
Tc-99: 0 Tc-99: 0 
Th-232: 3 Th-232: 50 
U-233/234/235/238: 0.4 · U-233/234/235/238: 0.3 

Inhalation rate Ml/yr 7300 7300 7300 7300 7300 

Mass loading for inhalation g/ml 0.0001 0.0001 0.0001 0.0001 0.0001 

Dilution length for airborne M l 3 3 3 3 
dust 

E,cposure duration yr 30 30 30 30 30 

Inhalation shielding factor Unitle,s 0.4 0.4 0.4 0.4 0.4 

External gamma shielding Unitless 0.8 0.8 0.8 0.8 0.8 
factor 

Rationale and Citation 

Site-specific values based on 
physical property samples from 
RI and WJJC-EP-0883. 

RESRAD Table E:2; 
CCN070S78. 

WHC-SD-EN-SE-004. 

PNNL-11800. 

0 

WDOll/320-015. 

WDOH/320-015. 

RESRAD Default. 

WAC 173-340. 

RESRAD Default 

WDOH/320-015. 



Table 5-6. RESidual RADioactivity Input Parameters. (S pages) 
200-TW-1 200-TW-2 20O-PW-S 

Dtstrlption Parameter Units 216-B-46 216-T-26 216-B-7A 216-B-38 216-B-57 Rationale and Cft•tfon 

Crib Crib Crib Trench Crib 

fndoor time fraction Unitless 0.137 0.137 0.137 0.137 0.137 200 Arca Industrial scenario; 
(Industrial Scenario) on-site 2,000 h/yr (indoon 

60-/4). 

Outdoor time fraction Unitless 0.091 0.091 0.091 0.091 0.091 200 Arca Industrial scenario; 
(Industrial Sctnario) on-site 2000 h'yr ( outdoors 

40%). 

Shape (actor Unitless I 1 1 I 1 RESRAD Default 
ANUEAD~, User's Manual/or RESIUD, VO'tion 6. 
CCN070S73, "Estimation of the Soil-Specific Exponential Parameter(s}." 
DOE/RL-2000-38, 100-TW-1 ScffllfflgM Waste Group Operable Unit and 100-llV-2 Tank Warte Group Operable Unit RIIFS Work Plan. 
DOE/RL-92-19, 200 East Groundwater Aggrtgate Area Managemmt Study Report. 
PNNL-11800, C.Omposite Analysis/or Low-level Waste Disposal in the 100 Area Plateau of the Hanford Site. 
Resource Corrurvation and Rtcovey Act of 1976. 
\V AC 173-340, "Model Toxics Control Act - Cleanup." 
Waste Information Data System Report, Hanford Site database. 
WDOH/320.015, Hanford Guidance/or Radiological Qeanup. 
WHCEP-0883, Variability and Scaling of Hydraulic Proputies for 200 Area Soils. 
WIIC-SD-EN-SE-004, Site Characterization Rq,ort Resulu Of Detailed Evaluation of Suitability of Site Proposed For Disp<>sal of 100 Arta Treated Ejflumt. 

• not applicable. 
CZ • contaminated zone. 
RCRA - Resource Conservation and Recowry Act of 1976 
RESRAD • RESidua1 RADioactivity. 
RJ • remedial investigation. 
WlDS • Waste Information Data System. 
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Table 5-7. Comparison of Maximum Shallow-Zone Soil Concentrations to Background and to Ecological Screening 

Values for Radionuclides. (3 pages) 

Numbrror Numbu Frequency Mulmum 90" Prnrntne Eueeds Biota 
Constituent Name Samplts ofDrteds or Rttult Background Background Concentration COEC? Justification 

Drttttlon Conttntratlon ? Calde 

%00-TW-l OU, 2t6-B-46 Cn"b 

Cesium-137 6 4 6r/4 0.26 1.1 No 20 No Below background 

Plutonium-23 8 6 2 33% 0.07 0.0038 Yes 5400 No DelowBCG 

Plutonium-239 6 2 33% 0.02 0.025 No 6,000 No Below background 

Potassium-40 6 6 100% 14 17 No NA No Below background 

Radium-226 6 6 100% 0.95 0.81S Yes 3.0 No BclowBCG 

Strontium-90 6 5 83% 2.9 0.18 Yrs 20.0 No BelowBCG 

Thorium-228 6 6 100% 0.79 1.3 No 2200 No Below background 

Total Uranium 6 2 40% 1.7 3.21 No NA No Below background 

%00-TW-1 OU, 216-T-26 Crib 

Potassium-40 1 1 100% 8.S 17 No NA No Below background 

R.adium-226 1 1 100% 0.37 0.815 No 3.0 No Below background 

Radium-228 l I 100% 0.34 1.3 No 2.0 No Below background 

Thorium-228 1 1 100% 0.94 1.3 No 2200 No Below background 

Thorium-230 1 1 100% 0.74 1.1 No 2700 No Below background 

Thoriu~232 1 1 100% 0.74 1.3 No 2000 No Below background 

Uranium-233/234 1 1 100% 0.46 t.1 No 5000 No Below background 

Uranium-238 l 1 lOOo/4 0.34 1.1 No 2000 No Below background 

200-TW-2 OU, 216-B-38 Trench 

Arnericium--241 3 1 33% 43.9 NA No 4,000 No OelowBCG 

Cesium-137 3 2 67% 226,000 1.l Yes 20 Yts -
Plutonium-238 1 1 10()0/4 7.8S 0.0038 Yts 5400 No DelowBCG 

Plutonium-239/240 2 1 SO% 106 0.02S Yes 6,000 No DelowBCG 

Potassium-40 3 2 67% 14.S 17 No NA No Below baclcground 

Radium-226 3 1 33% 0.594 0.815 No 3.0 No Below background 



Table 5-7. Comparison of Maximum Shallow-Zone Soil Concentrations to Background and to Ecological Screening 
Values for Radionuclides. (3 pages) 

Numbtror Number Frequency Mnlmum 90" Percentllt Enttds Biota 
Constituent Name 

Samples of Detects or Result Background Background Concentration COEC? Justification 
Dettttlon Conttntrttfon ? Culdt 

Radium-228 3 2 67% 0.974 1.3 No 2.0 No Be1ow background 

Thorimn-228 3 2 67% 0.839 1.3 No 2200 No Be1ow background 

Thorium-230 2 2 100°/o 0.621 1.1 No 2700 No Below background 

Thorium-232 . 3 2 67% 0.621 1.3 No 2000 No Below background 

Total beta 2 1 SO% 1,390 0.18 Yts 20 Yes -
radiostrontium 

Total uranium 3 3 100°/o 11.3 3.21 YH NA No Isotopic below 
(µgig) background 

Uranium-233/234 3 2 67% 0.667 I .1 No 5000 No Below background 

Uranium-238 3 2 67% 0.667 1.1 No 2000 No Below background 

. 200-TW-2 OU, 21~B-7A Crib 

Carbon-14 4 I 25% 6.3 NA No 19000000 No Be1owDCG 

Cesium-137 4 4 100°/o 42.5 1.1 Yts 20 Yes -
Potassium-40 4 4 100°/o 14.S 17 No NA No Below background 

Radium-226 4 4 100°/4 0.584 0.815 No 3.0 No Below background 

Judium-228 4 4 100°/o 0.763 1.3 No 2.0 No Below background 

Thorium-228 4 3 75% 0.884 1.3 No 2200 No Below background 

Thorium-230 4 3 15% 0.729 1.1 No 2700 No 8c1ow background 

Thorium-232 4 3 15% 0.644 1.3 No 2000 No Be1ow background 

Total beta 4 4 100°/4 13.S 0.18 Yts 20 No Be1owDCG 
radiostrontium 

Total uranium 4 4 100% 0.995 3.21 No NA No 8e1ow background 
(µgig) 

Uranium-233/234 4 4 100°/o 0.474 1.1 No 5000 No Be1ow background 

Uranium-235 4 4 100% 0.029 0.11 No 3000 No 8e1ow backgr01md 

Uranium-238 4 4 100°/4 0.46.S 1.1 No 2000 No Below background 



Table 5•7. Comparison of Maximum Shallow•Zone Soil Concentrations to Background and to Ecological Screening 
Values for Radionuclides. (3 pages) 

Number or Numbtt 
Frequtncy 

Mnlmum 90" Percentile E:rcttds Biota 
Constltutnt Name 

Samples ofDdttts or Rnu!t 
Bac:kground Background Concentration COEC? Justification 

Detection Concentration ? Golde 

100-PW-5 OU, 116-B-57 Crib 

Cesium-137 6 6 100°/4 so.s 1.1 Yes 20 YH -
Plutonium-238 1 1 100°/4 0.01 0.0038 Yes 5400 No BelowDCG 

Potassium-40 6 6 100°/4 12.6 17 No NA No Below background 

Radium-226 s s 100°/4 1.13 0.815 Yes 3.0 No BclowDCG 

Strontiurn-90 4 4 l 00'/4 67 0.18 Yes 20 Yes -
Thorium-228 6 6 100°/4 0.77 1.3 No 2200 No Below background 

• Not applicable. 
DCG • biota concentration guides. 
COEC • contaminant of ecological concern. 
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Table 5-8. Summary of RESidual RADioactivity Modeling for Radionuclide 
· Total Dose Rates for.the 216-B-46 Crib. 

Scenario 
Total Dose Time Primary Percentage or 

.Primary Pathway • (mremlyr) (years) Radlonuc1lde Total Dose 

216-B-46 

No Cover, 1.9 0 Radium-226 99.3% Ground 
Direct 1.9 1 Radium-226 99.4% Ground 
Contact 

1.9 3 Radium-226 99.4% Ground 

1.9 10 Radium-226 99 . .5% Ground 

1.9 30 Radiurn-226 99.7% Ground 

1.8 100 R.adiurn-226 99.9% Ground 

1.7 150 Radiurn-226 100% Ground 

1.6 239 Radium-226 100% Ground 

1.3 467 Radium-226 100% Ground 

0.9 1,000 Radium-226 100% Ground 

Table 5-9. Summary of RESidual RADioactivity Modeling for Radionuclide Risk 
for the 216-B-46 Crib. 

Scenario Total Risk Time Primary Percenta,e or Primary Pathway (years) Radlonucllde Total RJsk 

216-B-46 

No Cover, 4.28E-OS 0 Radium-226 99.2% Ground 
Direct 4.27E-OS 1 
Contact 

Radium-226 99.2% Ground 

4.27E-OS 3 Radium-226 99.2% Ground 

4.24E-OS 10 Radium-226 99.2% Ground 

4.18E-OS 30 Radium-226 99.1% Ground 

3.97E-OS 100 Radium-226 99.1% Ground 

3.82E-OS 150 Radium-226 99.lo/o Ground 

3.S7E-OS 239 Radium-226 99.lo/o Ground 

3.00E-05 467 Radium-226 99.2% Ground 

2.0E-06 1,000 Radium-226 99.2% Ground 

5-56 
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Table 5-10. Summary ofRESidual RADioactivity Modeling for Radionuclide Total 
Dose Rates for the 216-B-7 A Crib. 

Scenario Total Dose Time Primary Percentaie or Primary Pathway (mrem!yr) (years) Radionuclide Total Dose 

216--B-7A 

15.1 0 Cesium-137 99.8% Grolllld 

14.8 1 Cesium-137 99.8% Ground 

14.1 3 Cesium-137 99.8% Ground 

12.0 10 Cesium-137 99.8% Ground 
No Cover, 1.6 30 Cesium-137 99.8% Grolllld 
Direct 

Cesium-137 Ground Contact 1.5 100 99.8% 

0.47 150 Cesium-137 99.9% Ground 

0.06 239 Cesium-137 99.9% Ground 

0.00 467 Cesium-137 99.9% Ground 

0.00 1,000 Cesium-137 100% Ground 

0.08 0 Cesium-137 100% Ground 

0.08 1 Cesium-137 100% Ground 

0.08 3 Cesium-137 100% Ground 

0.07 10 Cesium-137 100% Ground 
1-ft Cover, 
Direct 

0.07 30 Cesium-137 100% Ground 

Contact o.os 100 Cesium-137 99.9% Ground 

0.04 150 Cesium-137 99.9% Ground 

0.02 239 Cesium-137 99.9% Growtd 

0.00 467 Cesium-137 100% Ground 

0.00 1,000 Cesium-137 100% Ground 

S-51 
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Table 5-11. Summary of RESidual RADioactivity Modeling for Radionuclide Risk 
for the 216-B-7A Crib. 

Scenario Tota1 RJsk Time Primary Percentage or 
Primary Pathway (years) Radionuclide Tota1 RJsk 

216-B-7A 

2.48E-04 0 Ccsium-137 99.8% Ground 

2.42E-04 1 Ccsium-137 99.8% Ground 

2.31E-04 3 Ccsium-137 99.8% Ground 

l.97E-04 10 Ccsium-137 99.8% Ground 
No Cover, 
Direct 

l.24E-04 30 Ccsium-137 99.8% Ground 

Contact 2.46E-OS 100 Ccsium-137 99.8% Grolllld 

7.73E-06 ISO Ccsium-137 99.9% Ground 

9.89E-07 239 Ccsium-137 99.9°/4 Ground 

5.09E-09 467 Ccsium-t37 99.9% Ground 

2.28E-l4 1,000 Ccsium-137 100% Ground 

l.61E-06 0 Ccsium-137 100% Ground 

1.60E-06 1 Ccsium-137 100% Ground 

1.59E-06 3 Ccsium-137 100% Ground 

1.S4E-06 10 Ccsium-137 100% Ground 
1-ft Cover, 1.42E-06 30 Ccsium-137 99.9°/4 Ground 
Direct 
Contact 1.0SE-06 100 Ccsium-137 99.9% Ground 

8.30E-07 ISO • Ccsium-137 99.9°/o Grolllld 

4.97E-07 239 Cesium-137 99.9% Ground 

5.09E-09 467 Cesium-137 100% Ground 

2.28E-l4 1,000 Ccsium-137 100% Ground 

5-58 
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Table S-12. Summary ofRESidual RADioactivity Modeling for Radionuclide Total 
Dose Rates for the 216-B-38 Trench. 

Scenario Total Dose Time Prlrru1ry Percentage or Primary Pathway 
(mrcm/yr) (years) ludionuclide Total Dose 

216-B-38 

128,300 0 Cesiwn-137 100% Ground 

125,300 l Cesium.137 100% Ground 

119,700 3 Ccsium-137 JOO% Ground 

101,800 10 Ccsium-137 100°/o Ground 
No Cover, 64,140 30 
Direct 

Cesium-137 100% Ground 

Contact 12,720 100 Ccsium-137 99.9% Ground 

4,009 150 Cesium-137 99.9% Ground 

514 239 Ccsium-137 99.7% Ground 

4.1 467 Cesium-137 63.9% Ground 

1.22 1,000 Ccsium-137 86.2% Ground 

3.4SE.J3 0 Ccsium-137 100% Ground 

3.41E-13 1 Cesiurn-137 100% Ground 

3.35E-13 3 Cesium.137 100°/o Ground 

10-ft 
3.1JE.J3 10 Cesium-137 100% Ground 

Cover, 2.57E-13 30 Cesium-137 100°/o Ground 
Direct l.29E-13 100 Cesium-137 100°/o Ground 
Contact 

7.91E-14 150 Cesium-137 )00% Ground 

3.30E-14 239 Cesium-137 100% Ground 

3.SJE-15 467 Ccsiurn-137 100% Ground 

6.27E-t7 1,000 Plutonium-238 69.1% Ground 

5-59 
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Table 5-13. Summary ofRESidual RADioactivity Modeling for Radionuclide Risk 
for the 216-B-38 Trench. 

Scenario Total Risk 
Time Primary Percentage of 

Primary Pathway (years) Radionuclide Total RJsk 

216-B-38 

>IE-02 0 Ccsium-137 100% Ground 

>lE-02 l Ccsium-137 100% Ground 

>IE-02 3 Ccsium-137 100% Ground 

>lE-02 10 Ccsium-137 100% Ground 
No Cover, >IE-02 30 Ccsium-137 100% Ground 
Direct 
Contact >lE-02 100 Cesium-137 100% Ground 

>IE-02 150 Cesium-137 100% Ground 

8.40E-03 239 Ccsium-137 99.9% Ground 

4.93E-05 467 Ccsium-137 87.7% Ground 

3.99E-06 1,000 Plutonium-239 63.5% Ground 

6.73E-18 0 Ccsium-137 100% Ground 

6.67£-18 1 Cesium-137 100% Ground 

6.54E-18 3 Ccsium-137 100% Ground 

10-ft 6.lOE-18 10 Ccsium-137 100% Ground 

Cover, S.02£.18 30 Ccsium-137 100% Ground 
Direct 2.SlE-18 100 Cesium-137 100% Ground 
Contact 

1.SSE-18 150 Cesium-137 100% Ground 

6.45E-19 239 Ccsium-137 100% Ground 

6.89E-20 467 Cesium-137 100% Ground 

l.57E-2J J,000 Plutonium-238 75.6% Ground 

S-60 
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. . 
Table 5-14. Summary ofRESidual RADioactivity Modeling for Radionuclide Total 

Dose Rates for the 216-B-57 Crib. 
Scenario Total Dose Time Prlm:ary Percentage or Primary Pathway 

(mrem/yr) (years) Radionuclide Total Dose 

216-B-57 

26.l 0 Cesium-137 90.6% Ground 

25.6 1 Cesium-137 90.4% Ground 

24.S 3 Cesiurn-137 90.1% Ground 

21.2 10 Cesium-137 88.7% Ground 
No Cover, 14.l 30 Cesium-137 83.8% Ground 
Direct 
Contlct 4.43 100 Cesium-137 53.0% Ground 

2.73 150 Radium-226 72.7% Ground 

1.95 239 R.adium-226 95.1% Ground 

1.56 467 R.adiwn-226 100% Ground 

1.04 1,000 R.adium-226 100% Ground 

Table S-1S. Summary ofRESidual RADioactivity Modeling for Radionuclide Risk 
for the 216-B-57 Crib. 

Scenario Total Risk Time Primary Percentage or Primary Pathway 
(years) Judlonudide Total Risk 

216-B-57 

4.41E-04 0 Ccsium-137 87.8% Ground 

4.32E-04 1 Ccsiurn-137 87.6% Ground 

4.lSE-04 3 Ccsium-137 87.1% Ground 

3.60E-04 10 Ccsium-137 85.4% Ground 
No Cover, 2.44E-04 30 Ccsium-137 79.3% Ground 
Direct 
Contact 8.47E-0.5 100 R.adium-226 53.7% Ground 

S.64E-OS 150 Radium-226 77.7% Ground 

4.29E-OS 239 R.adium-226 95.5% Ground 

3.47E-OS 467 R.adium-226 99.1% Ground 

2.31E-05 1,000 R.adium-226 99.2% Ground 

5-61 
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. . 
Table 5-16. Radionuclide Concentrations Used in RESRAD Modeling to 

Evaluate Protection of Groundwater. 

Radionuclide 216-B46 216-T-26 216-B-7A 216-B-38 

IAmercium-241 5.50E+Ol l.40E+03 1.40E+ol 

iCcsium-137 2.lOE-t-04 S.20E-t-04 3.80E+04 

1£w-opium-154 1.7SE+Ol 3.30E+Ol 

!Europium-I 55 2.00E+Ol 

IHydrogen-3 8.60E+O0 

Plutonium-238 l.60E+0O 9.00E+OO 2.20E+Ol 2.30E+OO 

Plutonium-239/240 2.00E+OJ 4.20E+04 

!Radium-226 1.20E+OO 

:Strontium-90 8.00E+04 5.00E+o3 2.00E+o6 6.00E+o2 

Technetium-99 6.00E+OO 4.00E-01 

'Uranium-233 6.00E+OO 2.00E+Ol 3.S0E+OO 

Uranium-235 1.00E-01 

Uranium-23& 8.00E+OO l.85E+01 1.SOE+OO 

5-62 
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Table 5-17. Summary of RESidual RADioactivity Modeling Doses 
for Protection of Groundwater at the 200-TW-l Operable Unit. 

Scenario Total Dose Time Primary Percentage or 
(mrem/yr) (years) Radionuclide Total Dose 

216-B-46 Crib 

0 0 NIA N/A 

0 1 NIA NIA 
Cl 

0 3 NIA NIA -~ 
0 10 NIA NIA 

£ 0 30 NIA NIA 
t - 0 100 NIA N/A ; 

"'O 0 ISO NIA NIA i::: 

-~ 0 239 NIA NIA 

0 467 NIA NIA 

0 1000 NIA NIA 

216-T-26 Crib 

0 0 NIA NIA 

0 1 NIA NIA 
e 

0 3 NIA NIA 0 ·.: 
~ 0 10 NIA NIA -J: 0 30 NIA NIA 
t - 0 100 NIA NIA ; 

""' 0 ISO NIA NIA '§ 

<S 0 239 NIA NIA 

0 467 NIA NIA 

0 l000 NIA NIA 

NI A • not applicable 
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Table 5-18. Summary of RESidual RADioactivity Modeling Risks 
for Protection of Groundwater at the 200-TW-1 Operable Unit. 

Scenario Total Risk Time Primary Percentage of 
(years) Radionuclide Tota) Risk 

216-B-46 Crib 

0 0 NIA NIA 
0 I NIA NIA 

Cl 
0 3 NIA NIA 0 

·&: 

~ 0 10 NIA NIA 
£ 0 30 NIA NIA 

j 0 100 NIA N/A 

'E 0 
:, ISO NIA NIA 
e 0 239 NIA NIA c:, 

0 467 NIA NIA 

0 1000 NIA NIA 

216-T-16 Crib 

0 0 NIA NIA 
0 I N/A NIA 

c= 
0 3 NIA NIA 0 ·.:: 

~ 0 10 NIA NIA -st 0 30 N/A NIA t - 0 100 NIA NIA ; 
'0 0 · 150 NIA NIA A 
:::, 
0 

0 239 NIA NIA .. c:, 
0 467 . NIA NIA 
0 1000 N/A NIA 

NIA• not applicable 
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Table 5•19. Summary ofRESidual RADioactivity Modeling Doses 
for Protection of Groundwater at the 200•TW•2 Operable Unit. 

Sc:enarlo Total Dose I Time Primary Perc:entagc of 
(mremlyr) (yean) Radionuclide Total Dose 

216·B-7A Crib 

0 0 NIA NIA 

0 1 NIA NIA 
C 

0 3 NIA NIA 0 -~ 
0 10 NIA NIA .. 

J: 0 30 NIA NIA 
t - 0 100 NIA NIA ; 

-0 
0 150 NIA NIA j 0 239 NIA NIA 

l.64E-2 467 Tecbnctium•99 100% 

l.6SE-5 1000 Tecbnetium-99 100% 

%16-B-38 Trench 

0 0 NIA NIA 

0 I NIA NIA 
a 

0 3 NIA NIA 0 ·,e 

·i 0 10 NIA NIA 

0 30 NIA NIA ... u - 0 100 NIA NIA ; 
"O 0 ISO NIA NIA r:::: s 0 239 NIA NIA 

2.7SE-3 467 Tcchnetium-99 100% 

S.76E-6 1000 Tcchnctium-99 100% 

NIA• not applicable 
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Table 5-20. Summary of RESidual RADioactivity Modeling Risks 
for Protection of Groundwater at the 200-TW-2 Operable Unit. 

Scenario Total RJsk Time Primary Percentage of 
(years) Radionuclide Total RJsk 

216-B-7A 

0 0 NIA NIA 
0 1 NIA NIA 

C: 
0 3 NIA NIA 0 

'&; 

~ 0 10 NIA NIA -J: 0 30 NIA NIA 
!! 

0 100 NIA NIA 

j 0 150 NIA NIA 
0 239 NIA NIA 

l.23E-6 461 Tecbnctium-99 100% 

7.67E-10 1000 Technetium-99 100¾ 

216-B-38 

0 0 NIA . NIA 
0 1 NIA NIA 

c:I 
0 3 NIA NIA 0 

'&; 

I 0 IO NIA NIA 
0 30 NIA NIA 

. £ 
0 100 NIA NIA ; 

§ 0 150 NIA NIA 
(5 0 239 NIA NIA 

1.32E-7 467 Tecbnctium-99 100% 

2.76E-IO 1000 Tcchnetium-99 100% 

NIA• not applicable 
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Table 5-21. Uncertainties Associated with Human Health Risk Estimations. (2 Pages) 
Effects of 

Uncertainty Factor (UF) Uncertainty Comment 

J. Uncertainty In Environmental S:amplln: and Analysis 

Estimates of chemical May underestimate or Sampling mon, sample reprtscntativeness, and variability in 
concentrations overestimate risk chemical analyses will affect chemical concentrations. 

Available analytical data may not accurately reflect site 
conditions. Chemical concentrations may change as a result of 
migration or degradation. 

JI. Uncertainty In Fate and Transport 

Source concentrations assumed May undmstimate or Did not account for environmental Cate, transport. or transfer, 
constant over time overestimate risk which may alter contaminant concentrations. 

Ill. Exposure Assessment 

Exposure assumptions May under- or Assumptions regarding media intake, population 
overestimate risk characteristics, and exposure patterns may not characterize 

exposures. 

Use ofapplied dose to estimare May over-or Assumes that the absorption of the chemical is the same as it 
risks underestimate risks was in the study that derived the toxicity value. Assumes that 

absorption Is equivalent across species (animal to humans). 
Absorption may vary with age and species. 

Population characteristics May over- or Assumes weight, lifespan, and ingestion rate, arc potentially 
underestimate risks representative for a potentially exposed population. 

Intake May undctestimatc Assumes all intake of COPCs is from the exposure medium 
risks being evaluated (no relative source contn"bution~ 

IV. Toxicity Assessment 

Slope Factor May overestimate Slope factors are uppcrbound UCLs derived from a Jineariud 
risks model. Considered unlikely to underestimate risk. 

Toxicity values derived from May over-or Extrapolation from animal to humaru may induce error 
animal studies underestimate risks because of differences in phannacokinetics, target organs, and 

population variability. 

Toxicity values derived primarily May over-or Assumes linearity at low doses. Tends to have conservative 
trom high doses (most exposures underestimate risks exposure assumptions. 
arc at low doses) 

Toxicity values May over-or Not all values represent the same degree of certainty. All arc 
underestimate risks subject to change, as new evidence becomes available. 

Toxicity data not available for all Risks could not be Potential negative effects of exposure to these constituents are 
constituents estimated not quantifiable. 

Surrogate toxicity values May over- or Assumes toxicity of structurally similar compound is 
underestimate risk! equivalent. 

Toxicity values derived 6-om May over-or Assumes that the dose-response observed from short-tcnn 
short-term tests to predict chronic underestimate risks exposure to high concentrations is similar to exposure to low 
exposures conccn!Tation environmental exposures. 

Toxicity values derived from May over- or Human populations may have a wide range of sensitivities to a 
homogeneous animal populations underestimate risks chemical. 
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Table 5-21. Uncertainties Associated with Human Health Risk Estimations. (2 Pages) 

Uncertainty Factor (Uf) 

V. Risk Estimation 

Estimation of risks across 
exposure routes 

cumulative risk estimates 

cancer risk estimaics (no 
threshold assumed) 

Cancer risk estimate (low dose) 
linearity 

Effects or 
Vncerulnty 

May under- or 
overestimate risk 

May under- or _ 
overestimate risk 

May overestimate 
risks 

May overestimate 
risks 

Comment 

Some exposure routes have greater uncertainty associated with 
their risk estimates than others. 

Assumes additivity of risks from multiple chemicals; may 
ha~ synergistic or antagonistic effects. 

Possibility that some thresholds do exist. 

Response at low doses is not known. 

5-68 



DOEJRL..2002-42 REV 0 

6.0 CONCLUSIONS, SUMMARY, AND PATH FOR\\'ARD 

The 200-TW-1 and 200-PW-S OUs consist ofCERCLA past-practice waste sites and will be 
remcdiated under the CERCLA process. The 200-TW-2 OU consists of RCRA past-practice 
waste sites; therefore, while the CERCLA process will be used to fulfill the RCRA corrective 
action requirements, additional documentation to support the RCRA pennit will be required. 
Tasks to be completed following the RI include preparing an FS, a proposed plan and proposed 
permit modification, and an ROD and-permit modification as described in the Implementation 
Plan (DOE/RL-98-28). 

6.1 GENERAL CONCLUSIONS 

The purpose of this RI report was to determine if sufficient data have been collected to support 
risk assessment and remedial decision making, to estimate risks at the representative sites based 
on the data coJJected during the RI and other existing data, to determine the need to proceed with 
an FS, and to detennine those constituents and site-specific considerations that need to be 
addressed in the FS. The first purpose was met; the data collected are considered to be of 
sufficient quantity and quality to support the risk assessment activities and to proceed to the FS 
to support evaluation of remedial alternatives and identify preferred remedial actions. The 
second purpose was achieved by the estimation of risk for human health in Chapter S.O. 
A screening of potential ecological risk was included in Chapter S.O. An evaluation of protection 
of groundwater indicated that contaminants currently in the vadose zone likely will impact 
groundwater in the future; however, the contaminants are not expected to increase groundwater 
concentrations above current levels. These risk evaluations indicate the need for an FS to 
evaluate remedial alternatives. Those constituents and site-specific considerations that the FS 
needs to address are presented in Table 6-1. Further ecological risk evaluation will be needed in 
the FS for the radiological constituents; nonradiological constituents were not detected above 
levels of concern for wildlife in the Oto 4.6 m (0 to 15 ft) zone. These waste sites arc highly 
disturbed and many were constructed deeply; therefore, the availability of habitat on these sites 
is very low and is of very poor quality. 

6.2 SUMMARY 

One representative site, the 216-T-26 Crib, was evaluated for the 200-TW-l OU during the 
recent RI activities. A second 200-TW-1 OU representative site, the 216-B-46 Crib, was 
evaluated as part of the 200-BP-1 OU RI. Both sites are evaluated in this report. Two 
representative sites, the 216-B-7A Crib and the 216-B-38 Trench, were evaluated for the 
200-TW-2 OU during the recent RI activities. A third 200-TW-2 OU representative site, the 
216-B-5 Reverse We11, was evaluated previously (RHO-ST-37). A representative site for the 
200-PW-5 OU (the 216-B-57 Crib) was evaluated as part of the 200-BP-l OU RI. This site was 
selected for implementation of a trcatability test of the Hanford barrier. The barrier was 
constructed over the 216-B-57 Crib in 1997 and continues to be monitored and evaluated 
annually. 

The evaluation of the representative sites involved site characterization, a baseline human health 
risk evaluation, an ecological screening of site-specific contaminants that augments the Central 
Plateau screening-level ecological risk assessment in DOEIRI..r2001-S4, fate and transport 
modeling, and a refinement of the contaminant distribution models. COCs were identified for 
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each of the sites following a data evaluation process that is based on HSRAM (DOE/RL-91-45), 
regulatory guidance, and professional judgment. Contaminants that were identified as COCs for 
the waste sites will be carried forward into the FS for evaluation ofremedial alternatives as 
identified in Table 6-1. The COCs and the contaminant distribution and exposure models are 
summarized in Sections 6.1.1 and 6.1.2. 

6.2.1 Contaminants of Concern and Site Risks 

Nonradioactive constituents analyzed in the RI were screened based on detection (constituents 
with no detections were eliminated), comparison to background, and comparison to regulatory 
requirements. Radiological constituents were screened based on detection and background. 
Radiological dose and cancer risk to receptors were evaluated using RESRAD (ANIJEAD-4). 
Contaminants with the potential to impact groundwater were evaluated using the STOMP code 
(PNNL-12034). The COCs, relative risks, and radiological dose rates for each waste site are 
summarized in Table 6-1. Based on the results of the data evaluation, Table 6-1 identifies those 
COCs that must be considered for remedial action in the FS. Table 6-2 identifies those COCs 
that were consistently identified in the 200-TW-l, 200-TW-2, and 200-PW-S OUs and that are 
the most likely contaminants for future sampling efforts (i.e., confinnatory sampling, design 
sampling, verification sampling). · 

Numerous Sitewide activities are aimed at monitoring environmental impacts. A qualitative 
discussion of ecological impacts, including summaries of Sitewide activities, was included in this 
document. 

6.2.2 Contaminant Distribution Models and Exposure 
Models . 

The conceptual contaminant distribution models and the conceptual exposure model developed 
for the 200-TW-1 and 200-TW-2 OUs in the Work Plan (DOFJRL-2000-38) were refined based 
on the data obtained during the RI and other data collection activities. The contaminant 
distribution models are presented in Section 3.2, but generally can be described as follows. 

• Contamination associated with less mobile COCs (mainly cesiurn-137) is confined near 
the waste site bottom. 

• Contamination associated with moderately mobile COCs (such as strontium-90) is found 
deeper in the vadose zone and, depending on the thickness of that zone, may be found 
throughout the vadose zone. 

• Highly mobile COCs (such as nitrate, tritium, or technetium) have passed through the 
vadose zone and arc not present or are present only at low concentrations. 

The exposure pathway model for the 2004 T\1/-1, 200-TW-2, and 200-PW-S OUs is presented in 
Section 1.4.2, and is generally summarized as follows. 

• Potentially contaminated media include sediments, shallow-zone soils, deep zone soils, 
biota, and groundwater. 

• Potential receptors are mainly current and future workers, based on the current land-use 
assumptions, and terrestrial biota. 
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• Exposure pathways include ingestion, dermal contact, inhalation, and exposure to 
external radiation. 

6.3 PATH FORWARD 

6.3.1 Feasibility Study 

The FS will follow CERCLA guidance and the strategy in the Implementation Plan 
(DOE/RL-98-28). Although some refinement is expected during the FS, Appendix D of 
DOE/RL-98-28 satisfies the requirements for the screening phase (steps 1 through 6} of the FS 
process. The preliminary RAOs, preliminary remediation goals, general response actions, and 
the screening-level analysis of alternatives are incorporated by reference into the RI/FS 
documents. As a result of the work completed in the Implementation Plan, the FS report will 
focus on the final phase of the FS, which consists ofrefining and analyzing in detail a limited 
number of alternatives identified in the screening phase. Remedial action alternatives considered 
applicable in the Implementation Plan to the 200-TW-1, 200-TW-2, and 200-PW-5 OUs include 
the following: 

• No action 
• Institutional controls/monitored natural attenuation 
• Engineered surface barriers 
• Excavation and disposal with or without ex situ treatment 
• In situ grouting or stabilization 
• In situ vitrification. 

For the 200-TW•2 OU, one additional alternative (excavation, ex situ treatment, and geologic 
disposal ofTRU waste) was identified in the Implementation Plan because of the potential for 
this OU to contain TRU waste. During the RI, plutoniurn-239/240 was found at the base of the 
21 ~B-7 A Crib at a concentration of l 53,000 pCi/g, which exceeds the definition for TRU waste 
(see Section 3.2.2.6). 

An initial activity of the FS will be the detailed evaluation of available information for the 
remaining analogous waste sites in the OU. Data will be compiled to evaluate the applicability 
to the analogous sites of the contaminant distribution models and relative risks developed in the 
RI report for the representative sites. Sites that are detennined not to be analogous to the 
representative sites will be evaluated against representative sites from other OUs; they also may 
be reassigned to a more appropriate OU. The sites that are determined to be analogous to one or 
more of the representative sites will be evaluated for appropriate remedial measures through the 
FS process. Additional data needs may be identified during the FS process and during the DQO 
process to support the confirmatory sampJing for these analogous sites. 

6.3.l Proposed Plan and Proposed RCRA Permit 
Modification 

The decision-making process for the waste sites within the 200-TW-t , 200. TW-2, and 
200-PW-5 OUs will be based on the use of a proposed plan and an ROD. During the RJ/FS 
process, a number of options for development of proposed plans and RODs will be evaluated. 
Remedial decisions may proceed on an OU-by-OU basis, but alternative site groupings may be 
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considered for waste sites in the Central Plateau. Several alternatives are under consideration, 
some of which may be used for the waste sites addressed in this RI report. 

Three alternatives to the OU-by-OU remediation approach have been identified to provide 
flexibility in the decision-making process, facilitate early action, and remediate and close 
specific areas or zones. Examples of these alternatives are presented below. 

High-Risk Waste Sites Identified for Early Action 

This alternative accelerates the start of remedial actions and closure of waste sites that present an 
ongoing or expected future threat to groundwater. Some high-risk sites already have been 
identified for early actions within the B/C Cribs and Trenches Area and near U Plant, the 
Plutonium-Uranium Extraction (PUREX) Plant, and the Plutonium Finishing Plant. Many of the 
B/C Cribs and Trenches are in the 200-TW-1 OU. 

Regional Site Closure 

Waste site remedial decision-making may be realigned under a regional closure strategy that 
aligns wastes sites into groups defined by geographical zones. For example, the 200-TW-1 OU 
waste sites in the B/C Cribs and Trenches Area may be considered for an accelerated closure 
with sites from the 200-LW-1 and 200-UR-1 OUs located in that area via proposed plans and 
RODs. 

Waste Site Grouping by Characteristics or Hazards 

A third example of remedial decision-making strategies would be based on a specific 
characteristic or hazard that mandates additional requirements such as supplemental potential 
ARARs or more robust remedial alternatives. At least one waste site in the 200-TW-2 OU (the 
216-B-7A and 216-B-7B Cribs) contains concentrations of transuranic radionuclides in excess of 
the 100 nCi/g concentration limit for designation as TRU waste. Waste sites containing 
concentrations ofTRU radionuclides above 100 nCi/g may require selective removal actions or 
more protective barrier designs to prevent intrusion based on this particular hazard. Such 
alternatives may not be required for other waste sites within the 200-TW-l, 200-TW-2, and 
200-PW-S OUs where only low levels of these radionuclidcs are present. Grouping 200-TW-2 
OU waste sites with other suspect TRU-contaminated soil sites (and possibly burial grounds) . 
could streamline the decision-making process and tailor the requirements and alternatives to 
these specific hazards. 

Following the completion of the FS, a proposed plan will be prepared that identifies a preferred 
remedial alternative for each of the waste sites. In addition to identifying preferred alternatives, 
the proposed plan will perfonn the following: 

• Provide a summary of the completed RI/FS 

• Provide criteria by which analogous waste sites within the OUs will be evaluated after the 
ROD to confinn that the contaminant distribution model for the site is consistent with the 
preferred alternative 

• Identify perfonnance standards and potential ARARs for the OUs or other site groupings. 

After the public review process is complete, the lead regulatory agency for these OUs will decide 
on the remedial actions to be taken and will document those decisions in an ROD. If alternative 
decision-making strategics are employed, lead agency realignments may be considered in 
consultations between the EPA and Ecology. 
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6.4 POST-RECORD-OF-DECISION ACTIVITIES 
AND ANALOGOUS SITE APPROACH 

The ROD for these OUs will cover all the sites in the OUs, not just the representative sites 
characterized under the RI. This analogous site approach is described in more detail in the 
Implementation Plan (DOE/RL-98-28) and in Section 1.3. The basic approach is that the 
Yepresentative sites contain types, concentrations, and distributions of contaminants similar to 
those at the other sites in the OU, because the sites are grouped on the basis of similar site 
histories and processes. The sites, therefore, share similar risks and a similar need for remedial 
action. The data collected for the representative sites will be considered to be analogous to the 
remaining sites (Section 1.3). 

After the ROD has been issued, a remedial design report and remedial action work plan will be 
prepared to detail the scope of the remedial action. As part of this activity, DQOs will be 
established, and sampling and analysis plans will be prepared to direct confirmatory/remedial 
design and verification sampling and analysis efforts. A preliminary list of contaminants for the 
confirmatory sampling is identified in Table 6-2, based on the results of the RI. The actual 
confirmatory sampling design will be developed through the DQO process. Before the start of 
remediation, confmnation/remedial design sampling will be performed to ensure that sufficient 
characterization data are available to confinn that the selected remedy is appropriate for the 
waste sites within the ROD, to collect data necessary for the remedial design, and to support final 
cumulative risk assessment for the entire 200 Areas National Priority List site (40 CFR 300, 
"National Oil and Hazardous Substances Pollution Contingency Plan," Appendix B, "National 
Priority List .. ). Verification sampling will be perfonned after the remedial action is complete to 
determine if ROD requirements have been met and if the remedy was protective of human health 
and the environment. Additional guidance for confirmatory and verification sampling is 
provided in Sectiori 6.2 of DOE/RL--98-28. 

The remedial design report/remedial action work plan will include an integrated schedule of 
remediation activities for waste sites and releases covered by the ROD or RODs. The available 
options for remedy implementation throughout the 200 Areas will be explored during the course 
of the RI/FS process and may be reflected in the remedial action work plan. Following the 
completion of the remediation effort, closeout activities will be performed as discussed in 
Section 2.4 of DOE/RL-98-28. 
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Table 6-1. Contaminants of Concern, Risk, and Dose Summary. (2 pages) 
Nonradlologtcal Jbdlologful 

COCsthlt COCsThat COCs that May EnttdedWAC Extttded COCsThat Total J\fnfmum 

Site 173-:340-745 Soll Groundwater Excttded WAC Excess Ufetlme 
lmpttt 

Total l\fu:fmum Primary RJsk Groundwater 
Cfttnup Protection l 73-340-900, Cancer Risk from Dose Rsttfllmt' Contributor Above WAC 173-Standards for Standards under Table749-3 Radlologf nl 

340-720 Industrial WAC 173-340- Concentrations• coc,c 
Properties 747• Standuds 

2J6-B-46Cn1> No contaminants Antimony, No contaminants 4.3 x 10·' for no 1.9 ~m/yr@ 0 yr Radium-226 Cobalt-60, 
exceeded WAC Cadmium. exceeded the Table cover. for no cover Tcchnetium-99, 
173-340-745 Cyanide. Nitrate. 749-3 wildlife scenario. Radium-226. 
Method B soil Total Uranium stfflduds Uranium-238 
cleanup standards 

216-T-26 Cno No contaminants Chromium {III), No contaminants Not applicable; no Not applicable; no Not applicable; no Tcchnetium-99, 
exceeded WAC Cyanide, Fluoride, exceeded the Table contamination from contamination from contamination Uranium-233/234/ 
173-340-745 Nitrate, Nitrite, 749-3 wt1dlife Oto 4.6 m (0 to 1.S 0 to 4.6 m (0 to 15 from 0 to 4.6 m (0 238 
Method B soil Totil Uranium standards ft) ft) to JS ft) 
cleanup standards 

216-B-7A Cnb No contaminants Iron, Mangant>Se, No contaminants 2.S x 10_. at O yr (or l S mremlyr@ 0 yr Ccsium-137 Uranium-233/234/ 
exceeded WAC Fluoride, Nitrate, e,cceeded the Table no cover scenario; for no cover 238 
173-340-745 Total Uranium 749-3 wildlife 1.6 x 10°' at O yr for scenario l; 
Method B soil stsndards 1 ft COVCT scenario. 0.1 mrcmlyr@ 0 yr 
cleanup standards for 1 ft cover 

scenario. 
216-D-38 No contaminants Fluoride. Nitrate. No contaminants > 1 x 10·2 at O yr for 128,300 mrem'yr Cesium-137 Uranium-233/234/ 
Trench exceeded WAC Nitrite, Total exceeded the Table no cover scenario; @ 0 yr for no cover 238 

173-340-745 Uranium 749-3 wildli(e 6.7 X 10-11 at 0 yr scenario; 3.5 :it 10-u 
Method B soil standards for I 0 ft cover mrtm/yr@ 0 yr for 
cleanup standards scenario. 10 ft cover 

scenario. 

216-D-5 See results for See results for Not applicable; no Not applicable; no Not applicable; no Not applicable; no Contaminants 
Reverse Well 216-B-7A Cn1> 216-B-7A Cno contamination from contamination from contamination from contamination injected at or near 

0 to 4.6 m(0 to 15 0to4.6m(0to 15 0 to 4.6 m (0 to 1 S from 0 to 4.6 m (0 water table 
ft) ft) ft) to ts ft) 



Table 6-1. Contaminants of Concern, Risk, and Dose Summary. (2 pages) 
Nonradtologfc•J Radfologic1I 

COCs thtt COCsThat COCs thtt May 
Ertttdtd WAC Extttdtd COCsTh1t Total Mnlmum 
173-340-745 Soil Groundwater ExtttdedWAC EJ"Cess Lifetime 

Impad 
Site Total l\fufmum Primary RJsk Groundwater Cleanup Protection 173-340-900, Cancer Risk from Dose lbtefTimtc Contributor Above WAC 173. 

Sttndards for Standards under Ttble749-J R1dfoloclr1J 340-720 lndustrt11 WAC 173-340• Conttntratlonsi. coc,c 
Propertfts 747• 

Stsndardt 

216-D-57 Crib No contaminants Modeling not No contaminants 4.4 x 10• for no 26.1 mmnlyr@ 0 Cesium-137 until Hanford Barrier 
excffiiedWAC conducted; site is ~ceeded tbe Table cover scenario. yean for no cover 100 yr, currently exists 
173-340-745 bounded by other 749-3 wildlife scenario. radium-226 after over waste site; 
Method B soil representative standards that for no cover without barrier, 
cleanup standards sites scenario. similar 

contaminants to 
other 
rrpresentative sites 
could be expected 
to impact 
groundwater 

• WAC 173-340-747, .. Deriving Soil Concentrations for Ground Water Protection," Washington Adminutralfve Cod~, as amended. 
"WAC 173-340-900, "'Tables," Table 749-3, "Ecological Indicator Soil Concentrations (mg,1cg) for Protection of Terrestrial Plants and Animals," Washington 

Administratl~ Code, as amended. 
'No cover-contaminated zone fromO to IS ft bgs with no cover; clean covn- above contaminated zone, contaminated zone from bottom of the cover to 15 ft 

bgs • bttow ground surface. 
COC • contaminant of concern. 
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Table 6-2. Preliminary List of Contaminants for Confinnatory Sampling 
Phase at the 200•TW-l, 200-TW-2, and 200-PW-5 Operable Units. 

Radioactive Constituents 

Americium-24 I Technetium-99 

Cesium-137 Tritium 

Plutonium-238" Uranium-233/234 

Plutonium-239/240" Uranium-235/23 6 

Strontium-90 Uranium-238 

Chemicat Constituents - Meta ts 

Bismuth Tota! uranium 

Sodium 

Chemical Constituents- General Chemistry Anions 

Ammonia Nitrite 

Cyanide~ Phosph3te 

Fluoride Sulfate 

Nitrate . . 
"Analyzed only when amencium-241 ts detected . 
"200-TW-1 Operable Un.it waste sites only. 
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APPENDIX A 

200-TW-1, 200-TW-2, AND 200-PW-S OPERABLE UNIT CONSOLIDATION 

Table A-1. 200-TW-l/200-TW-2/200-PW-S Operable Unit Consolidation Logic Waste Site Summary. (7 pages) 

SHeCode Site Names Site Type Site Classlfiratlon Reduslficatlon Table 
Status Status Status Assignment• 

200-T\V-l Operable Unit Waste Sites .. 

200-E-14 200-E-14, 216-DC-20I Siphon Storage Tank Inactive Accepted No 
Tank. 216-B-201, Inactive 
Miscellaneous Underground 
Stonge Tank (IMUSl) 

200-E-49 200-E-49, Borrow Pit Nonh of Depression/ Pit Inactive Rejected Table A-2 
BC Cn"bs and Trenche, (non-specific) 

200-E-l 14 200-E-114, Pipeline From 241• Tank Farm Inactive Accepted No 
BY Taruc Fann to 241-C Taruc Process Piping 
Fann and BC Cnl>s Trenches 

216-B-14 216-B-14,216-BC-I Cnl> Crib Inactive Accepted No 

216-13-15 216-B-15, 216-DC-2 Cn1> Cn'b Inactive Accepted No 
216-D-16 216-B-16, 216-BC-3 Cn'b Cn1> Inactive Accepted No 
216-B-17 216-D-17, 216-BC-4 Cn"b Cn"b lnJttive Accepted No 
216-D-18 216-B-18, 216-BC-5 Cn"b Cn"b Inactive Accepted No 

216-B-19 216-D-19, 216-BC-6 Cno Cnb Inactive Accepted No 
216-8-20 216-B-20, 216-BC-7 Tttnch, Trench Inactive Accepted No 

216-D-20 Trench 

216-B-21 216-B-21, 216-BC-8 Trench. Trench Inactive Accepted No 
216-B-21 Trtncb 

216-B-22 216-B-22, 216-DC-9 Trench, Trench Inactive Accepted No 
216-B-22 Trench 

216-B-23 216-B-23, 216-BC-J0 Trench, Trench Inactive Accepted No 
216-B-23 Trench 

A-1 
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Table A-1. 200-TW-1/200-TW-2/200-PW-S Operable Unit Consolidation Logic Waste Site Summary. (7 pages} 

Site Code S(teNames Site Type 
Site Oasstncatlon Rttlasslflcatlon Table 

Status Status St:atus Asslgnmtnt• 

216-B-24 216-B-24, 216-BC-l I Trench, Trench Inactive Acctpted No 
216-D-24 Trench 

216-B-25 2J6-B-2S, 216-DC-12 Trench, Trench Inactive Accepted No 
216-D-25 Trench 

216-B-26 216-B-26, 216-DC-13 Trench, Trench Inactive Accepted No 
2 t 6-B-26 Trench 

216-B-27 216-D-27, 216-DC-14 Trench, Trench Inactive Accepted No 
216-B-27 Trench 

216-B-28 216-D-28, 216-BClS Trench, Trench Inactive Acctpted No 
216-B-28 Trench -

216-D-29 216-B-29, 216-BC-J6Trencb Trench Inactive Accepted No 
216-8-30 216-B-30, 216-BC-17 Tteru:h, Trench Inactive Acctpted No 

216-B-30 Trench 

216-D-31 216-D-31, 216-DC-18 Trench, Trench Inactive Accepted No 
216-B-JJ Trench 

216-B-32 216-B-32, 216-BC-19 Trench, Trench Inactive Accepted No 
216-B-32 Trench 

216-D-33 216-B-33, 2 I 6-BC-20 Trench, Trench Inactive Accepted No 
216-D-33 Trench 

216-8-34 216-D-34, 216-BC-21 Trench Trench Inactive Accepted No 

216-8-42 216-B-42, 241-BX-8 Grave, Tm!Ch Inactive · Accepted No 
216-BX-8 Trenth, 216-B-42 
Trench 

216-B-43 216-D-43, 216-DY-1 Cn'b, CnlJ Inactive Accepted No 
216-BY-1 Cavern 

216-B-44 216-D-44, 216-BY-2 CnlJ, CnlJ Jmctive Accepted No 
216-BY-2Cavcm 

216-B-45 216-B-4S, 216-BY-3 CnlJ, Cn1, Inactive Acctpted No 
216-BY-3 Cavern 
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Table A-1. 200-TW-J/200-TW-2/200-PW-S Operable Unit Consolidation Logic Waste Site Summary. (7 pages) 

Site Code SlteNamtt Site Type Site Ctassiflutlon Rttlnsiflcatlon Table 
Status Status Status Assignment• 

216-B-46 216-B-46, 216-BY-4 Cn"b, Cn"b Inactive Accepted TableA-3 
216-BY-4 Cavern 

21 6-B-47 216-B-47, 216-BY-S Cn'b, Cn"b Inactive Accepted No 
216-BY-S Cavern 

216-B-48 216-B-48, 216-BY-6 Cn"b, Cn"b Inactive Accepted No · 
216-BY-6 Cavern 

216-D-49 216-B-49, 216-BY-7 Cnb, Cn"b Inactive Accepted No 
216-BY-7 Cavern 

216-B-51 216-B-St, 216-BY-9 Cnb Fr~bDrain Inactive Accepted No 
21 6-B-52 216-B-52, 216-B-52 Trench, Trench Inactive Accepted No 

216-DC-22 

21 6-BY-201 216-BY-201, 241-BY Flush Settling Tank Inactive Accepted No 
Tank. 216-BY-47, Supernatant 
Disposal Flush Tank, IMUST, 

216-T-18 216-T-18, TcstCn"b for221-U Cn"b Inactive Accepted No 
Building, Scavenged TBP 
Waste, 216-T-17, 241-T-17 Crib 

216-T-26 216-T-26, 216-TY-1 Cavern, Cn"b Inactive Accepted Tabte A-3 
216-TY-1 Cn"b, 241-TX-1 
Cavem,216-TX-l Cnb 

UPR-200-E-9 UPR-200-E-9, Liquid Overflow Unplanned Inactive Accepted No 
at 216-BY-201, UN-200-E-9 Release 

200-TW-2 OU Waste Sites*• 

200-E-45 200-E-45, Ill Shaft. Health Depression/ Pit Inactive Accepted No 
Instrument Shaft. Contaminated (non-specific) 
Pump Run-in Caisson 

200-W-48 200-W-48, 241-TX 90-Day Storage Pad Inactive Accepted Rejected TabfeA-2 
Waste Accumulation Area (<90day) 

200-W-S2 200-W-52, 216-T-7 Cn'b, 241-T- Cn1, Inactive Accepted No 
3Cnb 

A-3 
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Table A-1. 200-TW-l/200-TW-2/200-PW-5 Operable Unit Consolidation Logic Waste Site Summary. (7 pages) 

Site Code Site Ntmes Site Type Site Classific1tlon Rttlassmcatlon Table 
Status Status Status Assignment• 

216-B-5 216-B-5, 241-B-361 Reverse Injection/ Reverse: Inactive Accepted TableA-3 
Well, 241-B,361 Dry Well, 241- Well 
B-5 Dry Well, 299-E28-29 

216-B,7A&D 216-B-7A&B, 241-D-201 Cnl>, Cnb Inactive Accepted Table A-3 
216-B-7 Cnb, 216-B-7A Sump, 
216-B-7B Sump, 241-D-t and 2 
Cnbs, 216-B-7A & D 

216-B-8 216-B-8, 241-B-3 Cnb, 216-B-8, Cnb Inactive Accepted No 
216-B-STF. 

216-B-9 216-D-9, 241-B-361 Crib, Cn'b Inactive Accepted No 
S-6 Cnb and Tile Field. 
216-D-361 Cnl,, 2 I 6-D-9TF 

216-D-35 216-B-35,241-BX-1 Gnve, Trench Inactive Accepted No 
216-BX-l Trench, 
216-B-35 Trcnch · 

216-B-36 216-8-36, 241-BX-2 Grave, Trench Inactive Accepted No 
216-BX-1 Trench. 
2l6-B-36Trench 

216-D-37 216-B-37, 241-BX-3 Grave, Trench Inactive Accepted No 
216-BX-3 Trench, 
216-B-37 TmtCh 

216-B-38 216-B-38, 241-BX-4 Grave, Trench Inactive Accepted Table A-3 
216-BX-4 Trench, 
216-B-38 Trench 

216-B-39 216-B-39, 241-BX-5 Grtve, Trench Inactive Accepted No 
216-BX-5 Trench, 
216-D-39 Trench 

216-D-40 216-8-40, 241-BX-6 Grave, Trench Inactive Accepted No 
241-DX-6Trench, 216-B-40 
Tttneh, 216-BX-6 Trench 

A-4 
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Table A-1. 200-TW-l/200-TW-21200-PW-5 Operable Unit Consolidation Logic Waste Site Summary. (7 pages) 

Sitt Code SlteNamrs Site Type Site C1ustficiltlon Rttbsstncatlon Table 
Status Status Sfatu1 Assfgnmtnt• 

216-B-41 216-13-41, 241-BX-7 Grave, Trench Inactive Accepted No 
216-BX-7 Trench, 
216-B-41 Trench 

216-T-3 216-T-3, 241-T-361-A Reverse Injection/ Reverse Inactive Accepted No 
Well. 361-T Reverse Well Well 

216-T-5 216-T-5. 216-T-5 Grave, 216-T- Tttncb Inactive Accepted No 
12, 216-T-5 Trench, 241-T-S 
Tmich 

216-T-6 216-T-6, 241-T-361 Cn'b Inactive Accepted No 
(1&2 Cnl>s), 216-T-5, 
361 -T-1&2 Cribs 

216-T-7 216-T-7, 2t6-T-7TF, 216-T-7 Drain/Tile Field Inactive Accepted No 
Tile Fie!~ 241-T-3 Tite Field 

216-T-14 216-T-14, 241-T-t Trench, 216- Trench Inactive Accepted No 
T-1 Grave. 216-T-13 

216-T-15 216-T-15, 241-T-2 Trench. 241• Trench Inactive Accepted No 
T-2 Grave. 216-T-14, 216-T-JS 
Cn'b 

216-T-16 216-T-16, 241-T-3 Trench, 241• Trench Inactive Accepted No 
T-3 Grave, 216-T-15, 216-T-16 
Cn'b 

216-T-17 216-T-17, 241-T-4 Trench. 216- Trench Inactive Accepted No 
T-4 Grave, 216-T-16 

216-T-21 216-T-21. 241-TX-1 Trench, Trench Inactive Accepted No 
2 t 6-TX- t Grave, 216-TX-3 

21 6-T-22 216-T-22, 241-TX-2 Tm1eh, Trench Inactive Accepted No 
216-TX-2 Grave, 216-TX-4 

21 6-T-23 216-T-23, 241-TX-3 Trench. Trench Inactive Accepted No 
216-TX-3 Grave, 216-TX-5. 
241-TX-3 Grave 

A-5 
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. Table A-1. 200-TW-1/200-TW-2/200-PW-S Operable Unit ConsoJidation Logic Waste Site Summary. (7 pages) 

Site Code Site Names Site Type Site Oasstncatfon Rttllssffiutlon Table 
Starns Status Status Attlgnment• 

216-T-24 216-T-24. 241-TX-4 Trench. Trench Inactive Accepted No 
216-TX-4 Grave. 216-TX-6 

216-T-25 216-T-25, 241-TX-S Trtnth, Trench Inactive Accepted No 
2J6-TX-S Grave. 216-TX-7 

216-T-32 216-T-32, 241-T #1 & 2 Cn'bs, Cnl, Inactive Accepted No 
2J6-T-6 

241-B-361 241-B-361, 24 t-B-361 &ttling Settling Tank Inactive Accepted No 
Tank. IMUST, Inictive 
Miscellaneous Underground 
Storage TanJc 

241-T-361 24 t-T-361, 241-T-361 &ruing Settling TanJc Inactive Accepted No 
Taruc. 361-T-Tantc. IMUST 

UPR-200-E-7 UPR-200-E-7, UN-200-E-7, Unplanned Inactive Accepted No 
Cave-In Near 219-B-9 Release 
(241-B-361 Crib) 

100-PW-S OU Waste Sites 

216-B-ltA&B 216-B-1 lA&D, 216-B-t l Cn"b. FttrtCbDrain Inactive Accepted . TableA-3 
242-B-1 Cnl>, 216-B-IIA & B, 
216-B-ttB 

216-B-50 216-B-50, 216-DY-8 Crib, Cn1, Inactive Accepted TableA-3 
216-BY-8 Cavern 

216-8-57 216-B-57, 216-B-57 Enelosed Cn1, Inactive Accepted Table A-3 
Trench, Hanford Prototype 
Barrier 

216-B-62 216-B-62, 216-B-62 Enetoscd Cn1, Inactive Accepted Table A-3 
Trench. 216-B-62 Cn1, 

216-C-6 216-C-6, 241-CX Cn"b Cn1, Inactive Accepted Table A-3 

216-S-9 216-S-9 Cn1, Inactive Accepted Table A-3 

216-S-21. 216-S-21, 216-SX-1, 216-SX-1 Crib Inactive Accepted Table A-3 
Cavern or Crib 
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Table A-1. 200-TW-l/200-TW-2/200-PW-5 Operable Unit Consolidation Logic Waste Site Summary. (7 pages) 

Site Code SfteNaims Site Type 
Site Classffiratlon Redassificatfon Table 

Status Status Stitus Asslgnmtnt* 

UPR-200-W-108 UPR-200-W-108, Linc teak at Unplanned Inactive Accepted Table A-4 
216-S-9 Cnb, UN-216-W-18, Release 
UN-200-W-108 

UPR-200-W-109 UPR-200-W-109. Waste Line Unplanned Inactive Accepted Table A-4 
Leak near 218-W-9, UN-216-W- Release 
19, UN-200-W-109 

Notes: 
• Specific uble assignments for each waste site are based on the rnost applicable contaminant distnoution model. 
•• 200-lW-1 and 200-T\V-2 accepted waste sites have no table listing because they were approved in the nv1mv2 Work Plan (DOE/RL-

2000-38). . 
DOE/RL-2000-38, 2001, 200-TW-I Scavenged Waste Group Operabfe Unit anti 200-TW-1 Tanl Waste Group Operabfe Unit RIIFS Work 

Plan, Rev. 0, U.S. l)(partmentorEncrgy, Richland Operations Office, Richland, Washington. 
IMUST • Inactive Miscellaneous Underground Stonge Tank. 
UPR • unplanned release. 
UN• unplanned release. 
1DP • tnbuty! phosphate. 
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Table A-2. 200-TW-l/1/PW-5 Operable Unit Consolidation Logic Rejected Waste Sites. 

Optrable 
Site Code Site Na.ms Site Type Site Status Clustntatlon Redasslfiutfon 

Unit Status Status 

200-TW-l 200-E-49 200-E-49, Borrow Pit North ofBC Cnbs and Depression/Pit Inactive Rejected 
Trenches (nonspecific) 

200-lW-2 200-W-48 200-W-48, 241-TX 90-Day Waste Accumulation Storage Pad Inactive Accepted Rejected 
Atta (<90day) 

Notes: 
200-E-49 is a borrow pit where no waste was disposed. 
200-W-48 is a 90-day storage pad not addttssed by RL-TP A-90-0001, Tri-Party Agrttment Handbook Managemmt Procedures, Guideline Number TP A-MP-I 4, 

"Maintenance of the Waste Information Data System (WJOS). 
Ecology, EPA, and DOE, 1989, Hanford Fetleral Facility Agreemmt and C.On.rent Order, 2 vols., as amended, Washington State Department ofEcotogy, 

U.S. Environmental Protection Agency, and U.S. Department of Energy, Olympia, Washington. 
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Table A-3. 200 TW-lfl/PW-5 Operable Unit Consolidation Logic Waste Sites Confonning to the Work Plan Contaminant Distnllution Models. (2 pages) 
CHtall'llnut hvtftt9,Y 

Rqrntal1tlw Attlftlff c ... Sol Pert C\•rst- c ... r ....... tfu• 
Wut1Sk1 ·- TotalU Ttblh A.11t-l•t C• ll7 cci. :"fflntt NPII N11Cr10, TIIP 

Sffter WuttSflt 
TJp. 

R1ffe1aft Sl1<Sln Arn ,, .. , ''°'"' (tffl•ttt v ...... 
•••Dara (I•- !1<&l (s) (0) (C1} 

Sr-to(O) 
(ls) 

tya,-Jdc OH 
!1<&l ('q) !I<&) (I<&) 

TSO N• IM .. L} trcndfd £Ht.llttd 
.. ..,., ('q) ('q) 

216-IMA.ot.D 0,1, o-xtorizotion Is dacnl>ed In t!ri1 RI llq,ort .fm1.Cmx 200 T1nt Fomw'B Plar< (!lim..fl ~t!,onum fluoridct- 1946- WontC .. Yes/71 Yes ~•I I.IOE.ol 4.JO<Ol - 4.llE~I 2JOE40l - - - lE+06 - - -
rorthis""Pff'ffltathrtsite. Mostoflhe l.lm Eut 1967 The ~,. r<Mwd liquid - io<fudin1 2nd c,<lt ond «R 516 
COl'ltlff'aftatkM ft In a 20-ft mnc M:tt the (12ftll2h dnlnogs and pn,cn1 wostct rr.m 221-D ••4224-B B•ildinp via 
bo.- of the cn"II. 0) """1lowofl'1-D-:Z01,:Z02.:ZOl, and204 T..ic F'""S<fllm1 

Tan ta. The ...,_ wu a combination of cffluet1ts orilffl1dn1 horn 
1M 221-0 ond 224-B 9,.1,1;,,p. 

200-.PW-S OU A•1·•• Watt, Sltn 

216-8- Frmch Onia 1nwntory Md rcltuc tntehanirml we similar 2.,min 200 T""t Fomt'II P1m1 (Bi•"""' P'O'Pluot,Jlu,"""""' th,ori<1tt- I 9SI • T)oplal Ycs/17S No T)'pt(•t l.40E401 4.00E400 - 2.llE401 2.0tE+oo - - - - - - -
11MB 10dle2t~-7A.ot.B0.1>. ~It diamettt I 9ffl Eut 19'-f. The site lfft'1Vfd pr0ttS1 C01'1dcnU-. t'l,,nl 1hr: 14?-8 

°""""'ton!fflddttptrlolOdle...iooe ton, E--. Tht pn,c<11 mponlrd ctaddins ond flntcy<le....,. 
...., ThtFmicbdninJ.,.""1X>f<)'findm (lhlOft) in lhe2'J,8 T .. t Fmn iorrdutc 11,oolume ol_,,. lndle ,-,ta. / 

wllotc .,,. .,. boned 10 ft below ....,.i 
-•(l>P} 

216-B-ll T,...h Cluonc1rrizotion h .,_ In t!ris RI llfl""I 77m•lirru 200 Tmt Fom,'11 l'lanl (Bl'"""' ~-fluoride~ 1"4. l)opkol No y., ,.,,, ... , 4.20£401 1.20£400 - UIE402 9.27E400 - - - 120000 - - -
rortllls.....,..tat!>otile. M01tof111c lm E11t This lml<h IIC!iffly ,...;.,.d l4 I ,BX/BY ,.,,t wule (firll q<lc 
cont11fflfflatioft it bl 1 :ZS.ft ia,,e below the (lSOthtOft, NpcTNite &-om 221 ·B) 11ored in N lffll'-•hc.U tanb. 
-oflhem"II. !Oft) 

206-PW-5 OtJ A• 1i.p .. W11tt Sltn 

216-S-9 O,"b 'ThcCOflDmiftaftt~ofd'itffle 91ffu9.lm1 200 UOOX: 196!-1969. The titer«<Md UOOXp,oens T)'pic1I Yw.l No w ..... 3.27E401 6.SOE401 - 2.90£402 9.63E+Elll - - - - - - -
ohoul41>esimilar lD216-B-llTm,ct,unat ··'"' W<fl tondfflslte fi-om the D-2 P..fm¥ff Tmt. At'tff the 1itt..,.. cfoled c,,. 
ortllocon-•lklo ls npooted ID bo 20 ft+- (lOOft>lOfl> !he...,..,.... moulcd IOdle 116-S-ll O,'b, 
IOft-flllwbonomorheril>,hip 1'ft) 
,_thc .. ,.,.lobltlnh_...._ Tho 

"'""'""" It , ttghllyllfg!,cr ond • ....... amounto(d!lunt ___ _.,,, ... 

cn'b,., die lr._t 10 '""""'""' h ...... 
0... h21~[l..JI T"""'"- CGnseuctioo of 
dlism"II h similar 00216-B-ll Tm,cll. The ... top., f,• 216-S-9 Crib It ditr .... , floo 
!he ptosYofdle ll6-B-ll0."llln die 200 
&stAna.Frorn1~"""ffl'°')' 
modpoln~ tMsslto-.ldbt-bytho 
216-A-7A.IB 0,1>. 

216-B-S7 0,1, Osnctmnti«t is~ 111 itii, kl lttpOft 61m•4-'m 200 Tont Fom,'11 Pim (Bfmw, pho,pl,otdlm,flonum fluoride ond Sr- T,iriol Ya/1' y., -rn,;c,1 l .90E.OI t.17E.Ot - 2.26£402 t.llE+EOO - - - - - - -
lor,,,1t.....,..1oll•ulte. M01tofthc •-43m"'io Eut 90 ...i C.-137 Wa,. ---~ t961-t97l. Thune 
---lslnon 11-ll"'""btlowlho (200ft a Uh R<fflcd nndmnle 11am 1M "In Tonk Solidlllta1loo (ITS) 12" Uni! 
bortomoffhrni'IL TbiJ•~"'•JJo 10ft) in 241-IIYT""t Farm. m 1onlr """_.tionualcd • -•st" ' chonclaizod In die 200-BP-I RI llq,ort llumB Pim flltln<ludod "°""' Bm,vflpl,oopl,-urn 
(OOE/IU,92-70~ -mlS,-90ondCt-ll7pro<fttlnlmd....,. -.11 .. 11oo ..,...t1oo .. 

100-PW-S OU A• 1topw1 \Vaflt Sftn 

216-B-SO Cr,l, ..... ...,,udd!lucnt-... oim .... ll.lm 1 22.lw 200 Tont fonwD l'brlt (Dim.."' phospl,otellon- fluoride ond Sr- T)oplal y- No ~· 2.90E.Ot 2.l9E.Ot - ! .tlE+OI l.l9E+EOO - - - lSOO - - -
216-8-S, 0,1,. ••Jm Eut 90 ond C• t l7 Wu• Fnc1fonol1Dtlon~ 1965-1974 The ,ite 

(7Sfta ,Sft. ....t...ilnfflmcdl•-lc¥tlpn)<ffl'°"""'--IMITSII• 
14ft) unit lo 111e l'1-BY T1nt r ...... m ""',.,,,. ..,......, m...i 

..,_ ft-om 8 Ptant 1h11 included stored bi1TN1m 
pho,pl,alOllm1_,,. 11aorfdc ond 5,-A)() ood C• ll7 p,o<ffllns ond 
wutt hc1fonaNntkwl .,._dortl. 

216-T-2, 0,1) Cl,•nc1rriz•ticlo h cl<tml>ed "'1M 200-TW-1 9m19m1 200 Tont Famfl•""" (Blaftlfll pho1pl11tellant1,.,.,,,, lluoriclt~ 19!S• WontCHt' Ycs/11 y., T)'Pl<al 1.SOE402 ! .90E+OI - 7..!6E+Ol 2.llE.ol - 6000 - 1E+06 - - -
ml 2 RI llq,ort (OOE/IU,1002~2) Rw If•• '6m(l0tl• ....... 19S6 Thtcn"llr<M"<d 11nt..,.1o tc•-g,d ...,.,._,...,. 
,rprnmm1 .. ,;,._ Mootoflheffll- lOft. l!ft) llort,221-Tvio., und...,...,,.iplpdlM ml die ll6-TY-201 Fhrsh 
lsln1!6..!•ft-btlowlhe-o(dle Tonk aft« CU<Odinl llwouS,, Ille 241-TY-IOI, 2'1 -TY-IOl, ond 
crib. IU.S data lndk_,. t!,ot ....-,tton 241 .. TY•104 ta,b, h 1ltof'fC'ffl"td k'n'ffla,ed BIPO,tol'ffl'II 
odjo«r< ID 1M m'b '"'Y .,...., ID• d,pd, o( nnctl0ft ..., .. l'roffl "In l'l•nt" ond "In T,nt Fonn• 11<1i,cost,,1 
•-90n. "l'ffld'""' 
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Table A-3. 200 TW-1/2/PW-S OU Consolidation Logic Waste Sites Conforming to the Work Plan Contaminant Distribution Models. (2 pages) 

Rtpm•,.. Acttpttd c, .. S.Uhn Cli1rac--
Cllt 

todff WuttSftt W11ttSltt R1t .. n1l1 Sitt Sia Artt '1aatPrwns (dft• tM Vthtll'lt ·- (law• Tet• IU 
s11,., 

N1,n1 T)?< ffl) n'"4td 1adD1t1 tory) (ti) 
TSD r .. ,.,,,. 

100,-pw., cu A .. "'ron Witt, S1t" 

116-S-21 Oib '" ... ...,ond-nsinl•r.,116-T-26 U .Zm11$.lm zoo Tlftkf'omvllEOOX: IUH!l'IOT!ieml>_cand_hft T,,,1<11 Y<SIZJ ""' 'l)plCII •.16E+OO 
P,1>, Tht ...,-... d;,,,.,1,udco ohould be J: 6.7'nt West tllr 241 -SX-•Ol Coodmm Facility, locsWd iluide dlt 141-SX Tonk 
!similar II fflOll'I of !he conta~ should~ (50h $Olis • .,,,. ThiolM'Wiftspn>«Utdcandenll...,rr.mdltl41-SXTri 
'1i1, ...... lht-llbllhltllrwd<M,.,.,., 12ft) •-olT--The SX tub priffWily m<Md wutt rrom RfDOX 

q,tnli<>nL 

IO,ltff zae-'TW-1 .... lff-TW-1 OU Rfl"'W9r•d .. s~ .. 

116-B•J Rlh'l:neWtff ~ ...... tsd<ocril>cd fn RJIO-ST-)7. 20erna:92m zoo B Pb,.(Biml,1hp~--~ 1'45-IM7. The - Ya Ya Wont -
~rn....1 - fnj&nd dirmly i,,,o 01t oquirc,-. (S-h, I )()?ft) &st ,....,,. .. n mri-..d _ .... tdy )0,600,000 film (801.000 CUc 

pllons)ofBP'bntondZl•-B-,.oolulian&. The...,,. 
.... no....tlnlOOlt.....,._ft_ ... l41-B-l61 ...,i;,,l""lt. 

--dlt ..-,i<ulltn. 
216-B ... 6 cr,i, o-,,c,,ri....., lsdelatbed lo 1"l1Rl lttport 9mx9nu, zoo T•nk - 19!!. Thotlte.-;..d ....-!td Uolnfum T)i,ICII No Ya T)'pkll l .90E+G2 

(l)()EIRL-ZOOU2) A,, dtls ..,....,,...i,.. site. Um -~~(UU)-•--211.U~ilcfo,., 
Monofdlt...,-1,lo• )O.ftJOMK!ow (30ft130h Tht_u,ndtd_.,,flt241-BYTritf,nnm,bb<fon, 
11,e,,.._o!.,.ctfb. llft) ""'"1 ll,c!wJtd., lht cril,. Thi...,. - oripolly-

phoap!ll"11.o111aum ftuorido ...,.. _,,,, rrom JZl ,B. 

DOE/R.L-92-70, 1993, Plwe I Rand1al l..w,tfgatic,n Rtp0rt /IJf' 1()1)..BP-I °""able Unit, Vob. 1 and 2, Rev. 0, U.S. Dcp1rtment of Entrgy, Richland Openbons Olfoce, Rithl•nd, Washing1on. 
RIIO-ST-37, 1980, 216-B-5 Revene Wen Chuactmution Study, Roclcwell Hanford Openrions, Richland, Washington. 
bp • below ground surl'•ce 
ITS • ir>-lfflk solidi ficalion 
REDOX • Reduction oxidation (S Plan1) 
RLS • Judiologic Jogcinc sy,,m,. 
URP • unnium tte0•ny procns 

Tttolh A•l41 C• IJT 
(I) (0) (O} 

- - UOE+OI 

•.21E+Gl - UlE+GI 

2.00E+GI - U9E+OI 

DOE/RL-2002-42 REV 0 

Ce11t1mf1nt IHnttry 

r ..... nn-
Sr-90(0) ca. ,11 ... Nkntt IIP!l ~•1Cr,O, TBP 

(q) 
C1<I) (lie) 

(ti) (ti) (qi (ti) 

- - - - - - - -

2.JSE+OI - - - 400000 - - -

6.31E+02 - •000 - IE+G6 - - -
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Table A-4. 200 TW-1/2/PW-5 Consolidation Logic Waste Sites Aligned with Other OU Contaminant Distribution Models: 

Cant1mln1nt orConrtm 
RrprflHf'lffl'f Atttpttd W1t11 Sttt •.•.. ,. SlttSbt Ana P1utPn<ffl CIM s.n '"" tli1ndfflffll CHt ToblU Tetalh ..... w Co-137 Sr.ff ca. r ...... lftHH 

S1tt1r Wartt T)iN (tfflffllt v,t•"'- 1rD1t1 """'··•'l') (l<J) (ll (Cl) (Cl) (Cl) (le) ~•ldt (le) 
TSl)(()U Sit• .. ,., ntttdt4 tw-alHttd (kl) 

N-

Jl6-B-12/ Cn'I, m-e C'Cfttaninanl distriNtioll model for dill 41.lm , IUIII 200 !Mnium R«Offl7 nd B Plent .,..,cma: IUJ-1973. The Tit>kal Ya/21 No wen1c .. l .lOE+04 J.74E~ - lf.16E~l HJE~l - - -
lOC).PW-l """""'"ri"" ti• It d,..loped In d,c lOO-PW-2/- (l!OthlOft) W1 ri• ls, cucldin& -ood bo• deticn O.t rtttivtd proteU 

14 ltllf'S Worlc P1en (l)()fJIU,JOOl-M~ The lite <ffld.,,..te1'roml1l•U,U4-U,udlll-0Te,b, TbcWUII 
is, m'\ "'-pound_,,.,_ 1....-,.d. WU low•lt.fl~I tobtsic:Cfflllffllfttl'ff'fflOnfum nitrate. 

...,hml(1'rom 11,c unntum,.._,,.procm [\/RJ'J 
condm111t). ond oc!,tt rodiootucfldcs. 

~,W~S OU C••• fldated Aatlittewt W1t1t Sl:tft 

116-11-Q Crib tn,, 116-8-IJCriblll_"l_lbr U2mxlm 200 Bl'llot(Sr-!IOondCS-ll7W-Fn<1ionofinrioo WentCHt Yn/14 No Typical J .7SE+OO 7.75£.()J I.OJ& I.Jl E~l 7.46<EDI - - -~•-oha. 111r 1n-..,....i.m- (lOOft>IOft) l!.ul ~'ESf): 1973-1991 Thccn'b""<MdBP11ftl 01 - -·--o(~- prc><ascordm- l "l'IIC<d th< ll6-B- llCn'b. 

namcbm-1~- .. --... 
~lea unnhmlllld phrtfflh•m-
~1><""1«!, ond .....,....,._,ldftOlbc • 
_,.lyl,,_iel• h il1t th< ll6-B-llCn'b. 

116-C-4 Cn'b 1Tb, 116-S· ll Cn'b It, boundq-tion r« 6.tnulnu 100 is,,,,1-Waru (REDOX ud l'\JltEXn:pcrin'elllll nN~ ms- 'l),pical YHII No T)plol S.00£.42 I .OOE.01 - • ~6'E-02 l l!!+EO - - -~•-•i1c. The 1n ... ..,.'""- Om Ent 1964 TI,om1>-...i-.iw UDOX lftd =- I 
\.olca,,a .. --ot-ble ...... (10ft, 10 h p,'l)Cfll cond- ftom 101-C ($<,,w-) ond 241,CX 
ft"t:ltn c!lemi...,. bued on pn,ttSt tnowlcd,c.. 16ft) ...,tt,._,,..,.... 
llown<T ks1~-di1<""1<d,ml 
l")Ull<I W1,.,_,ldn«bc...,.ctella, ftll •d,c 
16-B-ll Cn'b. 

200-E· III/ - '171• 200-E· lll c_,,,c_ Jmlor!r 200 tTtnltF"'"'n.~..,_.,plp<tlno.., u,edlO T)'pic•I UNKN No IJNl()I - - - - - - - -
lOC).IS-1 pjp;n1 Oi""''buti°" Model - ..... ...,_.In"" lOC).IS- (9ft""'1) W1 "'"'rer-,o 1'rom 141-ER-lll IO ,,,.141-C Tri F""' ud 

1 DQO (CP-IJ1'6)ml!U'fS WorlcPJ., ~ 2-R y,.11. The plpollnc ,._...i llqvfd •m-t 
:o<>£1Rl,2002· "~ The_, model ~11•2<1-ER-UIOi......,Bo.oodle,..tll,,,.._ Snmt 
]Mtrlta I INrtow wrticll nteftt of ~-• IIOJ11111 b<ft ffllllmlnffld !tom pip<Hn, Inks. - !S M,-.lally occvmd durint 
pm«n opmnont. Lnb .. dlcJ'fflN!Y-, 0,,.,.. ...... --. 

:?00-PW .. 5 OU CNttftdatNII ~-~ Wattt Sltn 

UPJl.lOO- I.Jnpl>nned 'tl,Js 1.q>lamod ....... 1itt I, -•led ,.;o, I IJNICN 200 REDOX: 1969. Durin1!1tcde-lwolhll6-S-tCn'bwu!e lJNl(N - No UNlCN - - - - - - - -
W-IOI lid- ~ -;::,. "'Z:"11°!'!:1:. e: ~~~ W<N me ,o11,e ..,.JJ6-S-2lc,,l,,-1'd ,,_...., 

imc-,lrffll comint l\<lm I brat It hjuMOOII o(h-
., ,,,. plpollr,. con__,, &mbv!M>tl modd. lm'b IIMs. '171<ff It na "'Y ot dotormlnlnr "°" ""'• th< me 
Ccn-!ian Is expect<d to be ..... "" poml or Im b<co klJanacr !,ow"""~_. -dil<lwpd 10 tJ,e ........ ~ .The ......... ~ .. "' -"'"""'"" 

l'ntn, the D-2 ll«mff T,nt I• die 201-S lk,ildln1, 

IUPR-200- ~•-ed m,;, w,pltmed ,.,._.;,. II _led w;it, 1 UNICN 200 ~X:1969. Aftor..,.i,t,,11!,o lnttlal bod<ledponioosof UNICN - No tJNl(N - - - - - - - -
IW-109 Rt- oipoliM lhlln...,.,,,..,om.-lO!hlll'-S-9 West "'-116-S-?l Oiltllno (also- u UPR-l00-W0 JOI~• 

0,1,. BecNte llllt ,1,. 11 I pipolme, k l1 ISlfpd pm:1UN lfll tndk1ttd 9'IOM" lellr: In the lfflf: 11 some point 
"" t!w pipolmctffl_ di_!ian m,dd, ~.,__,.,,,.101-SOu,'ld~ Thc titowas 
io,.11m1ttllion ii ..,«tfd IO bc nar 11,o poim of ~-~ "1111 pm«n cord,,,_ 1'rom ,,,_ D-l R«dwr 
lr<lc.-. :ront hi !111 lOJ-S IMldm1, 

CP· IJl96,lOOl.-•l -,.,tlo•Dot• Qul"1 06J-S--,,1.--100-IS-l•oi100-ST· /~U,,,,,, DnftA.U.S. ~o(Eno!IY,Rtd,lwHIOpno-•Ofllco.Rld,llftd,Wultinp,n. 
DOE/IU,2002-60, 200l, Lnoo-.11~/ 17o<o, c-,,.._.,.. ,.,_, ,,_ ~ 0,,,.bl• Ll,Qr IUl1'S W..t l'fn IINI 1.CIIA TSO !/loll s-,t;,., l'fa,r; lftcludot: l00-PW0 l 1ftd lOC).PW-4 Opnoble U.l!S, R ... I, U.S. Dq,onmmt of Effrsy, Rkhlad Opcnt;on1 Ofllco. Rldnnd, Wlshinp,n. 
DOE/IU,2002-14, 2002, Tlftb/Uocsll'i<s/Bou s/$,ptle T,nb ,nd Dnin f"idcl w .... O.U, Opnobll U!ri!S !Uln Wert Plan 111d RCRA TSO U!tl! S-1m1 ., .. , i.e...,.., lOC).IS-1 and 200-ST-1 Oponbl< Uni!S, Dnft A. U.S. O.,,,,,,-or£nnsy, 1Uchlond Or,enrioos Of'!!tt, Ridll>nd, Wuhln.,,,._ 
llEDOX • 1'Alu<tion omdltion (S P1ont} 
UNX.N • wnknown. 
IJRP • _...,n,e-,.....,._ 
WESF • Waste Eacapsalatiol'I and Storasc faci1it7. 
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Sltntt 
(\I) 

-

-

-

-

-

-

NPQ N1,Cr,O, :Tl!P(l<I 
(lq:) Cl<ll 

- - -

- - -

- - --

- - -

- - -

- - -
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Table A-5. 200-TW-1/200-TW-2/200-PW-5 Operable Unit Consolidation Logic: Waste Sites 
Not Aligned with the 200-TW-1/200-TW-2/200-PW-S Operable Unit or Other Operable Unit 

Containment Distribution Models. 

Note: No waste sites were identified that fell into this category. No new contaminant 
distribution models were required for these operable units. 
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Maxim Technologies. Inc. 
Data Summary 
PHYS SOG H1420 

Moisture 
Sample Content('/.) 

B12BR4 15.1 
B12BR5 2.7 
812874 2.6 
B12878 4.0 
B12877 3.3 
812878 18.5 

Gravel> 4.75 mm 
4.75 mm > Sand> 0.075 mm 
Slit and Clay < 0.075 mm 

% Gravel 
0.2 
12.8 
NR 

64.5 
0.0 
0.0 

B•l 

%Sand 
18.0 
39.0 
NR 
32.5 
83.3 
3.4 

/ 

% Slit and 
Clay 
83.8 
-ia.2 
NR 
3.0 
6.7 
s.e.e 

(l•\!t·) 

(14ZZ) 

(1•10'4' _l 
' 1•1,0) 

(t-l.7- t 

(~,, -
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Moistur~. Qontent, ASTM D2216 

MAXIM Technolgles, Jnc. 
1908 lnnerbelt Business Center Drive 
-Sl Louts, MO 63114-5700 
314-426-0880 

• ProJed Number: 9905093 

Performed By: B. Undenbusch 

Maxtm 
Sample cnent Sample container Container 
Number Name Number Weight 

B12BRS 1 11.ee 
B12BRSOUP 2 12.06 

B12BR4 3 12.08 
B12878 4 11.89 
812877 5 11.88 
B12876 6 11.84 
812874 7 11.98 

B-2 

Ctrent: Thermo Nutech 

Date: 7/20/01 

Flle: mc7-20 

VVel Dry MOISlUr8 

Sample+ Sample+ Content 
Contarner contarner (%) 

45.74 .«.BS 2.7 
4'9.55 48.60 2.6 
52.52 47.21 15.1 
52.23 45.89 18.5 
"19.20 47.99 3.3 
76.01 73.SS 4.0 
75.59 73.99 2.6 
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U.S. li£V1! OP£HING IN INCHES I U.S.IIE\llN\MIEM I HYOflOMf:TIJII 

I 4 I 2,.. 1114 112 11 • ,10141' 20 IO 40 IO ICI 100140!00 
100 I I II I I II I I -N. I I I I I 
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' ii r.. r-,.. I 
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I I 
I Ii ' 

I 

eo h ' ' I I I 

I t ' I 

75 ' I I 

' ~ I I 

70 
I ~ I ' 
I ii I ' 

;: 
I M I I 

~ ~ I k 
I I ' ~ 

I ii • I I 
I ii ii ' I 

• H 
Ill I I I 

i eo 
I I I 

I I I I 
I ' I I 

1: I ' I 
I I I . ' ' I ' I I ' ,s ' ' ' ' I I I 

,0 
I : I 

j 
) I I 

25 
I I I 

I ' 
20 

I I I , I 

I • • I I 
I I • I ' 15 
I I I 
I I I 

10 
I I I 
I I • e • I • 

0 
I I • 

100 10 . 1 . 0.1 0.01 0.001 

GRAIN SIZE ~ Mlt.1.JMEl£RS 

I COBBLES I GRAVEL lmnel SAND I SILT OR CLAY I c:oarN I ... medun I tine 

Specimen ldentlficaUor, Clasalficatlon u PL Pl cc Cu 

• 0108001~1 o.o Soll 
8128M 

Specimen ldentlf\caUon 0100 080 030 010 'toGravel 'toSand V,Sllt I %Clay 
~ . 0108001-001 0.0 1.52 0.2 11S.O 13.1 

! . -: 
• 
I EJ Maxim Teehnologles, Inc. 

GRAIN SIZE DISTRIBUTION 
I 1908 lnnerbelt Business Center Drive Project Eber11ne . 
! Logo St. Loula, Ml11our1 8311-4 

Telephone: 314-426-0880 Location: 
I Fax: 31~26-4212 Number: 9905093 ' . 

B-3 
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• U.l. ltEVt Ol'EHIHO IN f,ICHQ I U.&. IIEVl NUMIEl'S I ~ 

I • • I U ~ 114 VZw I • • I ,a 14 1t 2D IO 40 IQ IO 100 140 200 
100 I I II I 

~ II ii I I I I I I i I 
I ~ I 
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I i I I 

' I I 

90 I ~ I I ' ~ 
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89 ' I : I\ I I 

' ' ' eo ' ' II. ' ' ~ \ I 
I ii I ' 

79 ' • I I ' 
~ '\ : ' 

10 ' I ' 
I i • \ I I 

;: 
I • I I I 

' ~ ~ ' I ' I i • I I 

~ ~ ~ ~· ' I ' • 95 
~ Ill I • I I 

I eo 
I ' r--... I 

I I 
I I ;: I ' I I 

I i • I • 
I ' ' I ' 

35 ' • I I 

I I ' I t I I 

30 ' I I 

I I ' :s I i I . 
• : I 

20 
I I I 

I ' ~ I ' ' • •• I I 

1S 
I ~ I I 

' ' I 

10 
I I I I 
I I I I ' I 
I I • I I 

0 
I I ' 

100 10 1 . 0.1 0.01 0.001 

GRAIN SIZE IN MIU.MElER8 

I COBBLES I GRAVEL I co,,.. I 
SAND I SILT OR CLAY . l CIOtl'N I fine IMdlurn I fine 

Specimen Identification Claa11lficatlon LL PL Pl Cc Cu 

• 0101001.002 0,0 SoD 
B12BR6 

I 

l Specimen Identification 0100 060 030 010 -,,.Gravel %Sand 'YoSllt I %Clay 

' • Cl108001.oo2 0.0 25A 0.7-'T 12.11 ,a.o .S.2 • 
! . . . 
: 
1 

I Maxim Technologlea, Inc. GRAIN SIZE DISTRIBUTION 

I Logo 
1908 lnnerbelt Buslnese Center Drive Project Ebertlne 
SL Louis, MIHou71 «33114 

i Tel6phonl: 314• 26--0880 Loeatlcn: 

. Fax: 314-426--4212 Number: 9905093 
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U ... IIEVE 0PEHIHQ II INCHU I U.1. IIE'il NUM8EllS I HYOROMETER 

·• .. 
' 

1 ~ 1 SH 1.0311 I • • 110 14 11 20 so 40 IO ec 100 140 200 

100 I I I\ I • I II I I I I I I I I I 

I " I 

115 
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' I I 
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I • I . : . I 

30 
I ' I t 

,\ I 
I • I t 
I • .. I 

211 
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. t 
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I ' I ' 10 

' ' ' ~ ..... 
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' • - I 

I! 

' ' I ---. ~ 
I 

D 
I I 

100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MIWMETERS 

I COBBLES I GRAVEL 

lcoe~I SANO I SILTO~CLAY I coaru I ftne fflldll.m I lne 

Soecfmen ldentiftcatiOn Classlficatlon Ll PL Pl Cc Cu 

• 0108001-003 0.0 son -1.2i 28.27 

B12171 

! Specimen Identification 0100 060 030 010 ,-.Gravel %Sand %Slit I o/,Clay 
! • 0108001.003 0.0 37.S 13.773 2.983 0.524 64.S 32.5 3.0 

! . -
i' 

' 
.. 

I Maxim Technologles, Inc. GRAIN SIZE DISTRIBUTION 

I Logo 
1908 lnnerbelt Business Center Drive Project Eberline 
St. Loult, Mlasourt 83114 

I Telephone: 314-426-0880 location: 

- Fax: 31~26-4212 Number. g905093 
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U.1. IIEVEOl'tNIHG IN~ I U.S. lllVE NUMIERS I MYO!tOMtm\ 

• <4 I Zu , 1H vz"" a • I 10 14 11 20 IO 40 IO IO 100140 200 
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I ' ' • 

0 
I ' I 

100 10 ' 0.1 0 ,01 0.001 

. CRAIN SIZE 1H M~ 

I COBBLES I GRAVEL I crJarM I 
SANO [ SILT OR CLAY I a,.- I tine rneclMn I llnl 

Specimen ldenllfteation Classlflcallon LL PL Pl cc Cu 

• 0108001,004 o.o Soll 1.51 ,.01 
e121n 

,. 

I Specimen ldentiftcatlon 0100 060 030 010 %Gravel %Sand %Slit I %Clay 
~ . 0108001,004 o.o 4.71 0.Al 0.27 0.107 0.0 93.3 1.7 

' . -
~ a 
1 

! Maxim Technclogle1, Inc. · GRAIN SIZE DISTRIBUTION 

I 1908 lnnerbelt 8u1lnesa Center Ortve Project Eberline 
Logo St Louis, Mlnourl 6311-4 

i Telephone: 314-42~0 Location: 
Fax: 314-i26-4212 Number. 9905093 • 
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Specimen Identification Classification LL PL Pl Cc Cu 

• 0101001-GOIS 0.0 Soll 
B12171 

5 Specimen ldentlftcatlon 0100 060 030 . 010 o/oGravel ¾Sand 'loSDt I o/oClay 
! • 0108001-005 0.0 ,US 0.0 3A 98.tS 

! . --. 
ii 

I Maxim Technologies, Inc. GRAIN SIZE DISTRIBUTION 

I 1908 lnnerbelt Buslneas Center Drive Project Eberline 
logo St Louis, Missouri 6311~ 

i Telephone: 31~26-0880 Lccatlon: 
Fax: 314-426-4212 Number. 9905093 • 
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Moisture Content, ASTM D2216 

MAXIM Technolgles, Inc. 
1908 lnnerbelt Business Center Drive 
Sl Louis, MO 63114-5700 
314-426-0880 

9905093 Project Number. 

Performed By: B. Undenbuseh 

Maxim 
Sample cnent Sample Container Container 
Number Name Number Weight 

B12BR7 1 12.04 

B-9 

Cllent Thermo Nutech 

Cate: B/30/01 

• File: 'mc8-30 

wet Ory Moisture 
Sample+ Sample+ Content 
Container Container (%) 

68.27 55.00 4.'9 

I 

I 

I 
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Moisture Content, ASTM D2216 

.MAXIM Technolgles, Inc. 
1908 lnnerbelt Business Center Drtve 
Sl Louis, MO 63114-5700 
314-426-0880 

Project Number: 9905093 

Performed By: B. Undenbusch 

Maxim 
Sample C6ent Sample Container Container 
Number Name Number Weight 

B12CB8 1 12.04 

B-10 

Client Thermo Nutech 

Cate: 8/16/01 

File: mc8-16 

Wet Dry M01sture 
Sainpfe+ Sample+ Content 
Container Container (%) 

51.10 50.24 1.4 
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· Moisture Content, ASTM D2216 

MAXIM Technolgles, Inc. 
1908 lnnerbelt Business Center Drive 
St Louis, MO 63114--5700 
314-426-0880 

Project Number: 8905093 

Performed By: B. llndenbusch 

Maxim 
Sample Client Sample Container Container 
Number Name Number Weight 

812C87 1 11.54 

B-11 

Client Thermo Nutech 

Date: 8/10/01 

FRe: fflC8.10 

vvet . ury Moisture 
Sample+ Sample+ Content 
Container Container (%) 

411B.65 46.67 3.4 

t 

I 

I . 

I 
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Specimen ldentlflcatlon Classlflcatlon LL PL Pl Cc cu 

• 0108001.(JO'f 0.0 Solt 
B12CB7 

I . 
! Specimen Identification 0100 060 030 010 %Gravel %Sand %Slit I ~..AClaY 

~ • 0108001~1 0.0 37.S S.987 0.527 '13.7 "3.S 12.9 

! 
: 
:l 

• 

l Maxim Technologies, Inc. GRAIN SIZE DISTRIBUTION 

! M~ 
1908 Jnnerbe lt Business Center Ortve Project Eber11ne Services 
Sl Loula, Misaout1 e3114 

i Telephone: 314-42~880 Location: . 
Fax: 314-426-4212 

Number. 9905093 II 

B-12 
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B12CBI 
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I Specimen Identification 0100 060 
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= 
C . 
~ Maxim Technologies, Inc. 
! l&.W 1908 lnnerbelt Business Center Ortve 
~ St Loult, MIIIOUl1 63114 . 
! • ...... " • Telephone: 314--112~880 
! Fax: 314--112~212 
II 

030 010 o/,Gravel %Sand %Slit I -foClay 

0.428 O.OH 0.2 11.2 ••• 

GRAIN SIZE DISTRIBUTION 
Project Eber11ne Servlcea 

Location: 

Number. 9905093 
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I . COBBLES I GRAVEL 
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SANO I SILT OR CLAY ] ColrM I tlM medium I tlM 

-
Specimen Identification Classification LL PL Pl Cc 1 cu 
• 0108002.001 o.o Soll . 

B12BR7 . . -
-
-

I Specimen Identification 0100 060 030 010 'loGravel %Sand %Slit I P_/oCIBY 

!• 0101002-001 o.o 11 o.us a.on ,., II.I 21.0 

~ 
;_ 

~ 
' I 

I Maxim Technologles, Inc. GRAIN SIZE DISTRIBUTION 

E ~ 
1908 lnnerbelt Business Center Drive Project Eber1lne Services 
Sl Loul1, Missouri 63114 .. 
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APPENDIXC 

DATA EVALUATION AND DATA SUMMARY TABLES 

Cl.O DATA VALIDATION AND QUALITY CONTROL 

Data validation was performed and field quality control samples were collected in accordance 
with DOFJRL-2000-38, 200-TJV-l Scavenged Waste Group Operable Unit and 200-TW-2 Tank 
Waste Group Operable Unit RIIFS Work Plan, Appendix A, "Quality Assurance Project Plan,U 
Section A.2. 

Cl.I DATA VALIDATION 

Two sample delivery groups, consisting of eight samples, were validated by an independent 
contractor. The selected sample delivery groups, H1409 and W03587, contained two samples 
from the 216-T-26 Crib and six samples from the 216-B-7A Crib, respectively. These two 
sample sets represent the samples collected from the locations at and directly below the original 
crib bottoms, which contained the highest contamination for each of the two respective waste 
sites. The chemical and radiological analytical data packages were validated according to 
BHI-01435, Data Validation Procedure for Chemical Analysis, and BHI-01433, Data Validation 
Procedure for Radiochemical Analysis, Level C methods. 

Several minor deficiencies were found as a result of the data validation that resulted in samples 
being flagged with a J (estimate) qualifier. Data qualifiers were added primarily on the basis of 
exceeding holding times, sample preservation (i.e., cooler temperature greater than 4°C upon 
receipt at laboratory), laboratory blank contamination problems, laboratory matrix spike and 
surrogate recovery problems, or because matrix spike analyses were not performed. All of the 
qualifiers added as a result of the validation process are reflected in the Tables C-1 through C-19 
and will be entered into the Hanford Environmental Information System database. 

Cl.2 QUALITY CONTROL 

Quality control samples were collected to evaluate the potential of cross-contamination and 
laboratory performance in accordance with DOE/R.L-2000 .. 38, Appendix A. Five trip blanks and 
one equipment rinsate blank were collected for the 200-TW-l Operable Unit (OU) field 
activities. Two equipment rinsate blanks were collected for the 200-TW-2 OU field activities. 

The trip blanks were analyzed only for volatile organic compounds (VOC). Methylene chloride 
and acetone were the only compounds detected in the trip blank submitted for analysis. 
However, these compounds also were detected in laboratory blanks and are likely the result of 
laboratory cross-contamination. 

The equipment blank for the 200-TW-1 OU was analyzed for volatile organics, tributyl 
phosphate, anions (except cyanide), metals (excluding hexavalent chromium and mercury). and 
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gross alpha and gross beta. Methylene chloride was the only VOC detected in the equipment 
blank submitted for analysis. Methylene chloride was also detected in the laboratory blank and 
is likely the result oflaboratory cross-contamination. 

Two metal constituents and six anions were detected in the equipment blanks. Chromium and 
copper were the only metals detected at concentrations of 3.9 and 4.7 µg/L, respectively. 
Ammonia, chloride, nitrate, sulfate, nitrate/nitrite as nitrogen, and total organic carbon were 
detected in the equipment blank. Concentrations ranged from 0.03S mg/L for nitrate/nitrite as 
nitrogen to 1.1 mg/L for total organic compound (TOC). Gross beta also was detected at a 
concentration of3.58 pCi/L. · 

Two equipment blanks for the 200-TW-2 OU were analyzed for VOCs and semivolatile organic 
compounds (SVOCs), anions (except cyanide), metals (excluding hexavalent chromium and 
mercury), and gross alpha and gross beta. Methylene chloride was the only VOC detected in the 
equipment blanks submitted for analysis. Methylene chloride was also detected in the laboratory 
blank and is likely the result oflaboratory cross-contamination. Two SVOCs were detected in 
the equipment blanks. Bis(2-cthylhcxyl)phthalatc and tributyl phosphate were detected in one of 
the two equipment rinsate blanks at concentrations of 4 µg/L. The detection is the result of 
laboratory cross-contamination associated with low-level contamination from the matrix spike 
compounds. Tributyl phosphate also was detected in one equipment blank at a concentration of 
0.6 µg/L. . 

Five metal constituents and four anions were detected in the equipment blanks. Cadmium, 
chromium, copper, nickel and silver were detected in.one equipment blank at concentrations 
from 0.45 to 4.0 µg/L. Chloride, nitrate, sulfate, and nitrate/nitrite were detected in the 
equipment blanks. Concentrations ranged from 0.1 to 0.4 mg/L. No radiological contamination 
was detected. 

Cl.O REFERENCES 

BHI-0143S, Data Validation Procedure/or Chemical Analysis, Rev. 0, Bechtel Hanford, Inc., 
ruchland, Washington. 

BHI-01433, Data Validation Procedure/or Radiochemical Analysis, Rev. 0, Bechtel Hanford, 
Inc., Richland, Washington. 

DOE/RL-2000-38, 200-TW-J Scavenged Waste Group Operable Unit and 200-TW-2 Tank Waste 
Group Operable Unit RIIFS Work Plan, Draft A, U.S. Department of Energy, Richland 
Operations Office, Richland, Washington. 
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Intervals (fr) 

0-0.50 

10-12.50 

18-20.50 

22-24.50 

27.50-30 

34-36.50 

67.30-69.80 

67.30-<>9.80 
Duplicate 

92-94.50 

147.S0-148.50 

197.50-198.80 
Split 

197 .50-198 .80 

226-227 

HEIS 
Numbu 

B12682 

Bl2.SY3 

B125Y2 

Bt2SX3 

Bl2SY4 

BJ25X2 

Bt25XS 

B12.SX6 

B125Y9 

B125X7 

B12DW3 

Il12CR8 

Bt2C15 

Table C-1. 216-T-26 Borehole - Radionuclide Analytical Data (3 sheets) 

Amtrkh1m-
Carbon-14 Ctslum-137 Cob•lt-60 

Europium- Europium-
241 

(pCL'g) (pCL'g) (pCL'g) 
152 154 

Date (pCVg) (pCL'g) (pCl/g) 

CASNumber 

14596-10-2 14762-75-S 10045-97-3 10193-40-0 14683-23-9 15585-10-l 

6/19/2001 - - - - - -
6125/2001 -0.03 U -1.02 U 0.088U 0.048U 0.11 U 0.14 U 

6/26/2001 2.04 -1.79 U 47,900 0.22U 17U 1.8 U 

6/2612001 0.07U -t.64 U 318 0.062 U 0.99U 0.18U 

6127/2001 -0.01 U 1.23 UJ 0.54 0.041 U 0.097U 0.12 U 

6127/2001 221 -0.96 UJ 21,200 o.ssu 20U 61.9 

7/2/2001 o.oou -0.36U 0.061U 0.068U 0.12U 0.22U 

7/2/2001 0.03U -t.97U 0.049U 0.054 U 0.12U 0.17U 

1nnoo1 O.lOU 2.86U 0.03SU 0.074 0.079U 0.12U 

7/9/2001 o.oou -0.30U 0.03SU 0.037U 0.084 U 0.11 U 

7/13/2001 -0.00U 0.0.SU 0.01 U 0.01 U -0.03 U -0.08 U 

7/13/2001 o.oou usu O.o31U 0.041 U 0.073 U 0.14U 

7/18/2001 O.OJU -0.81 U 0.064 U 0.084 U 0.097U 0.2SU 

Europium- Ntpfunlum-
155 237 

(pCl/g) (pCL'g) 

14391-16-3 13994-20-2 

- -
0.11 U o.oou 
7.2U o.oou 
0.6U o.oou 

0.07SU 0.03U 

8.S.l 2.17U 

0.095U 0.04U 

0.11 U o.oou 
0.11 U O.OOU 

0.082U 0.01 U 

-0.02 U 0.01 U 

0.073U 0.06U 

0.097U 0.02U 



Table C-1. 216-T-26 Borehole - Radionuclide Analytical Data. (3 sheets) 

Nkktl-63 
Plutonium- Plutonium. Potassium. Radium- Radium- Technetium-

238 239/240 40 226 228 99 
IIEIS (pCl/g) 

(pCi/g) (pCi/g) (pCl/g) (pCi/g) (pCl/g) (pCl/g) lntrrvals (Ct) D2tr Number 
CASNamMr 

13981-37-8 13981-16-J PU-239/240 13966-00-2 13982-63-J 15262-20-1 14t3J.76-7 

0-0.50 D12682 6/19/2001 - - - - - - -
J0-12.SO B12SY3 6/25/2001 0.22U 0.03U -0.03 U 8.S 0.37 0.34 0.12U 

18-20.SO Bl2.SY2 6126/2001 -4.79U 0.23U 44.5 10.4 o.oou o.oou 0.80U 

22-24.SO Bl2.SX3 6126/2001 -0.76U -0.03 U 0.491 8.93 o.oou 0.57 0.16U 

27.S0-30 B12.SY4 6127/2001 0.49U O.OOUJ 0.09U 4.98 0.2 0.25 -0.01 U 

34-36.SO Bl2SX2 6127/2001 -I.SOU 35.21 6,320 17 9.1 U ltU 0.91 U 

67.30-69.80 Bl2.SX5 7/2/2001 l.06U -0.03 U -0.03 U 12.6 0.42 0.66 1.681 

67.30-69.80 B12SX6 7/2/2001 0.30U -0.03 U 0.03U 9.6.S 0.44 0.57 J.611 Duplicate 

92-94.50 B125Y9 7fln.001 O.ISU -0.06U 0.0JU 18.2 0.89 1.48 4.87 J 

147.50-148 . .SO B12.SX7 7/9/2001 O.ISU 0.03U 0.06U 8.08 0.3.S 0.41 2.361 

197.50-198.80 B12BW3 7/13/2001 2.8.SU o.oou o.oou 0.40U 0.81 0.27U 
Split -

197.50-198.80 Bl2CR8 7/13/2001 1.02U 0.08U o.oou 12.6 0.3 0.46 0.78U 

226-227 B12C1S 7/18/2001 0.28U o.oou o.oou 11 0.28 0.54 -0.09U 

Thorium-
228 

(pCl/g) 

14274-82-9 

-
0.94 

2.l8U 

0.56 

0.4SU 

4.09U 

0.75 

I.OS 

1.07 

0.94 

0.59 

0.58 

0.78 

Thorium-
230 

(pCi/g) 

14269-63-7 

-
0.141 

0.73U 

0.14 U 

O.l&U 

O.S8U 

0.501 

0.141 

O.S9J 

0.03U 

0.3 

0.67 J 

o.oou 

0 
0 

~ 
0 
0 
N 
.!,. 
N 

~ 
0 
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Table C-1. 216-T-26 Borehole-Radionuclide Analytical Data. (3 sheets) 

Thorium- Total beta 
Tritlum Uranium Unnlum- Uranlum-135 231 radlostrontlum 233/234 

HEIS (pCl/g) (pCl/g) 
(pCl/g) (µg/kg) 

(pCl/g) 
(pCl/g) 

Intervals (ft) Date Number . CASNumbtr 

TJl-232 SR-RAD 10028-17-8 7440-61-1 U-233/234 15117-96-1 

0-0.50 812682 6/l9/200t - - - - - -
10.0-12.50 Bt2SY3 6/2S/2001 0.741 o.oou -0.16U 1,760 0.461 0.090 

18-20.50 Bt2SY2 6/26/2001 0.970 1,500 -2.41 0 8,780 2.54 o.oou 
22-24.50 Bl2SX3 6/26/2001 0.63J 43.2 -0.llU 10,500 3.11 0.261 

27.S0-30 Bl2SY4 6/27/2001 0.37 J 0.03U 0.03U 1,7201 0.36J 0.060 

34-36.SO B12SX2 6/27/2001 1.74U 49,100 0.47U 61,IOOJ 18.t 1.22 U 

67.30-69.80 BI2SXS 7/2/2001 0.71J -0.04 0 3521 3,410 1.09 0.06U 

67.30-69.80 D12SX6 7/2/2001 1.26 -0.02 U 2601 3,730 I 0.18U Duplicate 

92-94.SO D12SY9 7/2/2001 0.87 J -0.03U 2,650 9,470 3.27 0.16U 

147.50-148.SO BJ25X7 719/2001 0.431 0.090 -0.03 U 1,830 0.301 o.oou 
t 97.50-198.80 

DI2DW3 7/13/2001 0.52 0.040 0.61 U 1,150 0.38 O.OOU 
Split 

197.50-198.80 Dl2CR8 7/13/2001 0.511 0.02U -0.01 U 710 0.37 J o.oou 
226-227 DJ2Cl5 7/18/2001 0.26U 0.03U 3.841 1,160 0.16U o.oou 

• Not 11111yted. 
B • The moeialed QC Sfflllle blank hu I result paler than rwo times the minimum dctcciable aetivicy (MDA). 
CAS • Oimrical Abstnct Service, ttgisll'y ~-
HEIS • Hanford En¥ironmental lnfom-.ti011 Sys1em. 
J • concentrltion is estimated. 
U • Analyted ror but no( dettcted above 1he mininun detectable tctfvity In the n~le. The value rq,ortrd as the result. 
UJ • Analyml ror but not detected above lhe rrinimum detectable activity in the umple. The value rtp0r1ed is an nti~te. 

,. 

Uranium-
238 

(pCl/g) 

U-238 

-
0.341 

4.58 

3.16 

0.661 

21.1 

1.43 

0.82J 

2.6S 

0.371 

0.36 

0.261 

0.18 U 



Table C-2. 216-T-26 BorehoJe-Inorganic (Metals) Analytical Data. (2 sheets) 

Aluminum Bismuth Cadmium Caldum Chromium Copptr Huavaltnt 
Iron Lud Chromium 

lnttrvals (ft) m:rs Date 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

(mg/kg) 
(mg/kg) (mg/kg) 

Number 
CASNumbtr 

7429-90-5 744°"'9-9 7440--43-9 7440-70-2 7440-47-3 7440-S0-8 18~0-29-9 7439-89-6 7439-92-1 

0-0.50 B12682 6/19/2001 - - - - - - - - -
10-12.50 Bt2SY3 6125/2001 - - 0.46 - 10.8 14 - - 10.t 

18-20.50 Bt2SY2 612612001 7,580 S.7U 0.44 U 9,230 16.5 13.S 0.41 U 23.300 4.6 

22-24.50 B12SX3 6/2612001 5,910 - 0.67 9,590 15.4 13.7 0.41 U 24,900 S.6 

27.50-30 Dl2SY4 6127/2001 S,900 8.2 0.44U 7,980 8.9 12.9 0.87 J 20,200 s.o 
34-36.50 B12SX2 6127/2001 9,540 198 J 0.46U 8,130 J 27.3 11.9 4.201 19,200 11.6 

n 67.30-69.80 DJ2SX5 7/2/2001 - - 0.46U - 16.S 13.4 0.97 - 8.4 
I 

°' 67.30-69.80 D125X6 7/2/2001 0.47 13.6 10.6 0.42U 10.4 
Duplicate - - - -
92-94.50 Bt2SY9 7/2/2001 - - 0.49U - 24.2 18.1 1.60 - 13.7 

147.50-148.SO B125X7 7/9/2001 - - 0.43 U - 37.8 17.3 0.41 U - 7.8 

197.50-198.80 Bl2DW3 7/13/2001 0.17U 88.9 16.4 0.239 4.0B 
Split - - - -

197.S0-198.80 Dl2CR.8 7/13/2001 - - O.OJU - 42 . 11.6 0.41 U - 3.0 

226-227 B12C15 7/18/2001 - - 0.07 - 93.6 11.8 0.64 - 3.1 



Table C-2. 216-T-26 Borehole-Inorganic (Metals) Analytical Data. (2 sheets) 

l\hcnnfum 

lnttTVlls (ft} 
IIEIS Date 

(mg/kg) 

Numbtr 

7439-95-4 

0-0 . .50 D12682 6/19/2001 -
10-12.SO Bl25Y3 6125/2001 -
18-20.SO Bl25Y2 6126/2001 4,320 

22-24.50 B125X3 6126/2001 4,100 

27.S0-30 B12SY4 6127/2001 4,080 

34-36.50 Bl2.5X2 6127/2001 S,460 

67.30-69.80 D125XS 7/2/2001 -
67.30-69.80 B12SX6 7n.J2001 Duplicate -

92-94.50 B12.5Y9 7n.J2001 -
147 • .50-148.SO B12.5X7 7/9/2001 -
197.50-198.80 B12DW3 7/13/2001 

Split -
197.50-198.80 Bl2CR8 7/13/2001 -

226-227 B12C1S 7/18/2001 -
• Not wlyztd. 

CAS • Olemical .4bstract Sffvicet rtgistry number. 
JIEIS • Hanrord Environmental Information S)'5tem. 

Mangantst 

(mg/kg) 

7439-96-5 

-
-

282 

298 

272 

318 

-
-
-
-
-
-
-

U • Anllyud for but not detected. Value reported It the quantiaitioo limiL 
l • Value Is an estimate. 

Mtrcury 

(mg/kg) 

7439-97-6 

-
0.02U 

0.02U 

0.02U 

0.02U 

0.181 

0.02U 

0.02U 

0.02U 

0.02U 

0.0072U 

O.OlU 

0.02U 

Molybdtnum Nfcktl Potassium Sllvu Sodium 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

CASNumbu 

7439-98-7 7440-02-0 9nn440 7440-22-4 7440-23-5 

- - - - -
- 13 - 0.3U -

t.2U 14 1,070 o.s 1,170 

1.2 U 12 796 0.37U 994 

10.3 U 91 771 0.29U 832 

10.6U 38 1,720 0.3 U 1,510 

- 13 - 0.3U -
- 12 - 0.29U -
- 21 - 0.36 -
- 22 - 0.34U -
- 45 - 0.94U -
- 24 - O.lU -
- St - 0.1 U -

Vanadium 

(mg/kg) 

7440-62-2 

-
-

65.3 

65.7 

52.3 

39.8 

-
-
-
-
-
-
-

Zinc 

(mg/kg) 

7440-66-6 

-
-
45 

43.7 

38.4 

39.9 

-
-

-
-
-
-
-

0 
0 

~ 
0 

s 
J:. 
N 

G; 
< 
0 
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lnt,"alt (rt) 

0-0.50 

10-12.S0 

18-20.SO 

22-24.50 

27.50-30 

34-36.SO 

67.30-69.80 

67.30-69.80 
Duplicate 

92-94.S0 

147.50-148.SO 

197 .SO-198.80 
Split 

t 97.50-t 98.80 

226-227 

Table C-3. 216-T-26 Borehole - General Chemistry Analytical Data. (2 sheets) 
Ammonia Chloride Cyanide Fluoride Nitrate Nitrite 

HEISNumbtr Date 
(mg/kg) (mg/kg) (mg/kg} (mg/kg) (mg/kg) (mg/kg) 

CASNumbtr 

7664-41-7 I 6887-00-' 57-U-5 1698.i-48-8 14797-SS-8 14797-'5-0 

B12682 6/19/2001 - - - - - -
nt25Y3 6/25/2001 - 3.2 - 2.6U 10.2 1.29U 

Bl25Y2 6/26/2001 4.9U 6.S 0.34U 25.7 255 1.28U 

Bl25X3 6/26/2001 4.9U 2.2 0.31 U 28.9 69 1.28U 

Bt25Y4 6/27/2001 S.3UJ 2.6 0.41 UJ 9.S 33.4 1.32U 

D125X2 6/27/2001 S.3U 3.6 0.43 U 168 12.l 1.34 U 

Bl25X5 7/2/2001 25.8 13.8 0.9 14 1,030 21.2 

Bl25X6 7/2/2001 24.8 11.2 1.99 13 U 803 17.1 

B12SY9 7/2/2001 94.9 46 7.9 85.S 3,070 47.7 

Bl2SX7 7/9/2001 5.1 U 8.6 o.«u 2.7 659 1.28 U 

B12DW3 7/13/2001 1.3 2.4 0.13 U 0.17D 0.368 20.SU 

B12CR8 7/13/2001 S.1 U 4 0.49U 2.6U 2.lS l.28U 

B12C1S 7/18/2001 S.2U 6.3 0.4 U 2.6U S.56 1.32 U 



Table C-3. 216-T-26 Borehole-General Chemistry Analytical Data. (2 sheets) 
Nitrogen fn 

pll Nitrite and PhoJJ)hate Sulfate 
Nltrtte (mg/leg) (mg/kg) Mtssuremtnl 

Intervals (ft) HEISNumber Date (mt/kt) 
(pH) 

CASNumber 

N01+NOrN 14265-44-l 14808-79-8 pH 

0-0.S0 D12682 6/19/2001 - - - -
10-12.SO D125Y3 6/2S/2001 - 2.9 1.S -
18-20.S0 D12SY2 6/26/2001 62.7 1.3U 106 8.9 

22-24.S0 D125X3 6/26/2001 16.7 4.8 29.4 9.9 

27.50-30 B12SY4 6127/2001 6.7 2.S 1 22 9.6 
34-36.50 Il125X2 6/27/2001 3.41 13.1 11.2 8.8 

67.30-69.80 Bl2SX5 71212001 225 59.S 83.1 10.1 

67.30-69.80 B12SX6 7/2/2001 216 SS.2 91 10.1 Duplicate 

92-94.S0 Bl2SY9 71212001 672 213 250 9.49 

147.S0-148.50 Bl2SX7 7/9/2001 151 1.3 U 28.7 8.3 

197.S0-198.80 Dl2DW3 7/13/2001 0.72 2.6D 9.4B 9.3 
Split 

197 .50-198. 80 D12CR8 7/13/2001 0.35 2.2 17 9 

226-227 B12C1S 7/18/2001 1.3 1JU 16.9 9.2 

•Notenalyml. 
B • Estirrated rault. Result i1 less lhan reporting limit. 
CAS • Chemical Abstrld Services ttgi511)1 number. 
HEIS • Hanrord Ermronmmtal ln(ormarion System. 
J • Value Is an estirrmtc. 
U • Analyzed for but ooc detected. Value n:poned Is the quanti12tion limit 
UJ • Analyzed for but not detected above the rninimJrn ddcctable activity in the Hff1)1e. The value reported Is an estimate. 

Total Organic 
Carbon 
(mt/kg) 

TOC 

-
-

281 

191 

1881 

132U 

137U 

226 

132 

204U 

622 

141 U 

204 

0 
0 

~ 
0 
c:, 
N 

h 
~ 
0 



Q -0 

IIEIS Interval (fC) 
Number 

Date 

0-0.S0 B12682 6/19/2001 

10-12.50 B12SY3 6/2512001 

18-20.50 D12SY2 6/26/2001 

22-24.50 B12SX3 6/26/2001 

27.50-30 Bl2SY4 6127/2001 

34-36.50 B12SX2 6/2712001 

67.30-69.80 B12SXS 712./2001 

67.30-69.80 Bl25X6 712./2001 Duplicate 

92-94.50 Bl25Y9 7/2/2001 

147.50-148.S0 D12SX7 7/912001 

197 .S0-198 .80 Dl2BW3 7/13/2001 Split 

197.50-198.80 Dl2CR8 7/13/2001 

226-227 B12C15 7/1812001 

- • Not analyttd. 
CAS • Oemic-al Abstract SeMm !Tgistty number. 
DB • 4-{2,4-Dithlorophmoxy)butsnoic aeid. 
HEIS • Hanford Environmental Information System. 
T • 2,4,S-Trichlorophmoxyacctic acid. 
TP • 2{2,4,5-Trichlorophenoxy)propionic acid. 

Table C-4. 216-T-26 Borehole - Herbicide Analytical Data. 

2,4-Dkhloro- 2-sec: R utyl-4,6-
2,4,S-T 2,4.S-TP 2,4-DB 

phenoxyuttlc add 
dinltro-

(µg/kg) (µg/kg) (pg/kg) pbeno1(DNBP) 
(µg/kg) 

(pg/kg) 

CASNumbfr 

93-76-5 93-72-1 94-82-6 94-75-7 88-85-7 

18U 18U 180U 3SU 18U 

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

U • Analyi.ed ror but not detected. Value reponed is the quantitat!on limit 

Dahlpon Dkamba Dkhloroprop 

(µg/kg) (pg/kg) (µg/kg) 

75-99-0 1918--00-9 120-36-S 

180U 70U 180U 

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



Table C-5. 216-T-26 Borehole-Volatile Organic Compound Analytical Data (4 sheets) 

1,1,1- 1,1,2,2- 1,1,?- 1,1- J,1- 1,2· 1,2-Dichloro-
1,2-

Trfchtoro- Tetnichloro- Trkbloro- Dkhloro- Dkhloro- Dkhtoro- Dkhloro-
t1hant tth2ne tth2ne ethane ethtnt tth2ne 

etbene {Total) 
propane 

Interval (ft) HEIS 
D2te (µg/kg) 

Number (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) 

CASNumbtr 

71-55-6 79-34-5 79-00-5 75-34-3 75-35-4 107..06-2 540-59-0 78-87-5 

0-0.50 D12682 6/19/2001 - - - - - - - -
10-12.50 Dl25Y3 6/25/2001 - - - - - - - -
18-20.50 Bl2.5Y2 6/26/2001 - - - - - - - -
22-24 . .50 Bl2.5X3 6/26/2001 s.oou 5.00U s.oou 5.00U s.oou s.oou s.oou .s.oou 
27 . .50-30 Bl25Y4 6/27/2001 - - - - - - - -

(') 34-36.50 Bl25X2 6/27/2001 - - - - - - - -
I -- 67 .30-69.80 B125XS 7/2/2001 6.00U 6.00U 6.00U 6.00U 6.00U 6.00U 6.00U 6.00U 

67.30-69.80 
B125X6 7/2/2001 5.00U 5.00U 5.00U 5.00U 5.00U s.oou s.oou s.oou Duplicate 

92-94.50 Bl25Y9 7/2/2001 6.00U 6.00U 6.00U 6.00U 6.00U 6.00U 6.00U 6.00U 

147.50-143.50 B12SX7 7/9/2001 5.00U 5.00U 5.00U 5.00U 5.00U 5.00U 5.00U .5.00U 

197.50-198.80 
B12BW3 7/13/2001 0.45U 0.4SU 0.44U 0.39U 1.30U 0.44U 0.8SU 0.21 U 

Split 

l97.S0-198.80 Bl2CR8 7/13/2001 5.00U 5.00U 5.00U s.oou s.oou s.oou s.oou s.oou 
226-227 Dl2C1S 7/18/2001 s.oou s.oou 5.00U s.oou 5.00U S.OOU s.oou s.oou 



n • -"' 

fnttnrat (rt) 

0-0.S0 

10.12.50 

18-20.50 

22-24.50 

27.50-30 

34-36.50 

67.30-69.80 

67.30-69.80 
Duplicate 

92-94..50 

147.50-148.50 

197.50-198.80 
Split 

197 .S0-198 .80 

226-227 

Table C-5. 216-T-26 Borehole-Volatile Organic Compound Analytical Data. (4 sheets} 

4-l\fethyl-2- Bromo-
2-Dutanone 2-Hennone Atetone Benzene dkhtoro- Bromororm Penta none 

mdh1ne 
REIS Date 

(µg/kg) (µg/kg) 
(µg/kg) 

(µg/kg) (µg/kg) (µg/kg) 

Number (µg/kg) 

CASNumber 

78-93-3 591-78-6 I 08-10.1 67-64-1 71-43-% 75-27-4 75-25-2 

D12682 6/19/2001 - - - - - - -
Bl2.SY3 6125/2001 - - - - - - -
B125Y2 6126/2001 - - - - - - -
B125X3 6/2612001 10.00 U 10.00U 10.00U 10.00U s.oou s.oou s.oou 
Bl2SY4 6127/2001 - - - - - - -
B125X2 6127/2001 - - - - - - -
D125XS 7/2/2001 11.00U 11.00U 11.00U 11.00U 6.00U 6.00U 6.00U 

BJ25X6 71212.001 10.00U 10.00U 10.00U 10.00U S.OOU s.oou 5.00U 

B12SY9 7/2/2001 12.00U 12.00U 12.00U 12.00U 6.00U 6.00U 6.00U 

B125X7 7/9'2001 10.00U 10.00U 10.00U 10.00U 5.00U s.oou s.oou 

B12BW3 7/13'2001 6.80U l.70U 1.30U 35.00B 0.38U 0.46U 0.63U 

Bl2CR8 7/13/2001 10.00U 10.00U 10.00U S.001 5.00U 5.00U 5.00U 

Dt2C15 7/18/2001 10.00U 10.00U 10.00U 18 5.00U 5.00U 5.00U 

Bromo- Cnbon 
meth1ne Disulfide 

(µg/1cg) (µgl1cg) 

74-83-9 75-15--0 

- -
- -
- -

10.00U s.oou 
- -
- -

11.00U 6.00U 

10.00U s.oou 

12.00U 6.00U 

10.00U 5.00U 

0.61 U 0.47U 

10.00U 5.00U 

10.00U 5.00U 



Table C-5. 216-T-26 Borehole- Volatile Organic Compound Analytical Data. (4 sheets) 

Carbon Chloro- Chloro- Cbloro- ds-1,3- Dibromo-

Tetrachloride ben:rene ethane Chloroform methane Dlchloro- chloro-

IIEIS {µg/kg) propene methane 
lnterval(R) 

Number Date {µg/kg} {µg/kg) (µg/kg} (µg/kg} 
(µg/kg) (µg/kg) 

CASNumbn 

56-23-5 108-90-7 75-00-3 67-66-J 74-87-3 10061-ffl-S 12448-1 

0-0.50 812682 6/19/2001 - - - - . - - -
10-12.S0 B12SY3 6/25/2001 - - - - - - -
18-20.50 Bl2SY2 6/26/2001 - - - - - - -
22-24.50 D125X3 6/26/2001 s.oou s.oou 10.00U s.oou 10.00U s.oou s.oou 
27.50-30 B12SY4 6/27/2001 - - - - - - -

Q -
34-36.S0 B12SX2 6/27/2001 - - - - - - -

67.30-69.80 Bl2SXS 7/2n.001 6.00U 6.()()U 11.00U 6.00U 11.00U 6.00U 6.00U w 
67.30-69.80 

Bl2SX6 7/2n.001 5.00U 5.00U 10.00U s.oou 10.00U s.oou 5.00U 
Duplicate 

92-94.S0 D125Y9 7/2/2001 6.00U 6.00U 12.00U 6.00U 12.00U 6.00U 6.00U 

147.50-148.S0 Bl25X7 7/9/2001 5.00U s.oou 10.00U 5.00U 1O.00U 5.00U 5.00U 

197.50-198.80 
D12BW3 7/13/2001 0.67U 0.3SU 2.20U 0.2SU 0.79U 0.53U 0.39U 

Split 

197.50-198.80 Dl2CR8 7/13/2001 s.oou s.oou 10.00U s.oou 10.00U s.oou s.oou 
226-227 D12C1S 7/18/2001 s.oou s.oou 10.00U s.oou 10.00U S.OOU s.oou 

Ethyl-
benune 

(µg/kg) 

10041-C 

-
-
-

s.oou 
-
-

6.00U 

s.oou 
6.00U 

s.oou 
0.91 U 

s.oou 
s.oou 

0 
0 

~ 
0 
0 
N 
~ 
N 

~ 
< 
0 



Table C-5. 216-T-26 Borehole- Volatile Organic Compound Analytical Data. (4 sheets) 

MtthyJrne- Tefrac:hloro- trans-1,3-
Trkhtoro- Vlnyl Xylenes 

d1Jorlde 
Styrene ethene Toluene Dlthloro- rthtne Chloride (Total) 

REIS (µg/kg) (µg/kg) propene 
lnttrval (ff) 

Number 
Date (µg/kg) (µg/1cg) 

(µg/kg) 
(µglkg) (µg/kg) (µglkg) 

CASNumber 

75-09-2 100-42-5 127-18-4 108-88-3 10061-02-6 79-01-6 75-01-4 1330-20-7 

0.0.50 D12682 6/19/2001 - - - - - - - -
10-12.50 Bl2SY3 6125/2001 - - - - - - - -
18-20.50 B125Y2 6/26/2001 - - - - - - - -
22-24.SO B125X3 6/2612001 11.00D 5.00U 5.00U 5.00U 5.00U 5.00U 10.00U 5.00U 

27.50-30 Bl2SY4 6/27/2001 - - - - - - - -
(j 

34-36.SO B125X2 6/27/200\ - - - - - - - -
I - 67.30-69.80 B125:XS 7/W.001 24.00B 6.00U 6.00U 6.00U 6.00U 6.00U 11.00U 6.00U 

.,:. 
67.30-69.80 

Dt25X6 7/W.001 13.00B 5.00U 5.00U s.oou s.oou 5.00U 10.00U 5.00U Duplicate 

92-94.50 Bl25Y9 7/W.001 15.00B 6.00U 6.00U 6.00U 6.00U 6.00U 12.00U 6.00U 

147.50-148.50 B12SX7 7/9/2001 14.00 B s.oou 5.00U S.OOU s.oou 5.00U 10.00U 5.00U 

197.50-198.80 Bl2DW3 7/13/2001 27.00B 0.38U 0.37U 0.641 0.32U 0.32U 0.81 U I.IOU 
Split 

197.50-198.80 B12CR8 7/13/2001 14.00B s.oou s.oou s.oou s.oou s.oou 10.00U s.oou 
226-227 Bl2C15 7/18/2001 16.00D s.oou s.oou s.oou s.oou s.oou 10.00U s 

• Not analyzed. 
B • The associated QC Slff1'le bl111k has a result graler than two rimes lhe minimum detectable level (MDL). 
CAS • Chemlc:al Abstract Services regiSIJY number. 
HEIS • Hanford Envil'Ol'lmental !llf'onnation Syslffl\. 
J • Conce,,ntion is estimated. 
MDL • Minillllm detectJble level 
QC • Qua!ily control. 
U • Analyzed far but noc de,ected above the minimim detectable activliy In the Simple. The value rq,ot1td u the mult. 



Table C-6. 216-T-26 Boreho!e-Semivolatite Organic Compound Analytical Data. (8 sheets) 
1,2,.f. 1,2-Dfthloro- 1,3-Dfthloro- 1,4-Dlthloro- 2,2-0s:ybfs 2,4,5-Trfthloro- 2,4,6-

Trkhloro- Trkhloro-
benrtne benzene benzene benzene (1-<hloropropane) phenol phenol 

. Interval (ft) REIS Date (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) 
Number {µg/kg} (µg/kg) 

CASNumber 

120-82-t 95-50-1 541-73-1 106-46-7 108-60-1 95-95-4 88-M-l 

0-0.S0 D12682 6/19/2001 - - - - - - -
10-12.S0 Dt25Y3 6125/2001 660.00U 660.00U 660.00U 660.00U 660.00U 1,700.00U 660.00U 

18-20.SO Bt2SY2 6126/2001 340.00U 340.00U 340.00U 340.00U 340.00U 840.00U 340.00U 

22-24.S0 Bt25X3 612612001 340.00U 340.00U 340.00U 340.00U 340.00U 8S0.OOU 340.00U 

27.50-30 Bt2SY4 6/27/2001 350.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 860.00UJ 350.00UJ 

34-36.S0 Dt25X2 6127/2001 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 860.00UJ 340.00UJ 
(') 
I 67.30-69.80 Dt2SXS 7/2/2001 350.00U 350.00U 350.00U 350.00U 350.00U 890.00U 350.00U -VI 67.30-69.80 Bl2SX6 7/2/2001 350.00U 350.00U 350.00U 350.00U 350.00U 860.00U 350.00U Duplicate 

92-94.SO B125Y9 7/2/2001 380.00U 380.00U 380.00U 380.00U 380.00U 860.00U 380.00U 

147.50-148.50 Dl25X7 7/9/2001 340.00U 340.00U 340.00U 340.00U 340.00U 850.00U 340.00U 

197.50-198.80 Dl2BW3 7/13/2001 Split - - - - - - -
197 .50-198.80 Dl2CR8 7/13/2001 340.00U 340.00U 340.00U 340.00U 340.00U 850.00U 340.00U 

226-227 B12CIS 7/18/2001 350.00U 350.00U 350.00U 350.00U 350.00U 870.00U 350.00U 



Table C-6. 216-T-26 Borchote-Semivolatile Organic Compound Analytical Data. (8 sheets) 
2,4-Dtrhloro- 2,4-Dlmethyl- 2,4-Dfnltro- 2,4-Dlnltro- 2,6-Dfnltro- 2-Chloro- 2-Chloro-

phtnol phtnol phtnol tolutne tolutne naphthaltne phtnol 

I nttrval (ft) HEISNumbtr Date (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) 

CASNumbtr 

120-83-2 105-67-9 51-28-5 121-14-2 606-20-2 91-58-7 95-57-8 

0-0.50 D12682 6/19/2001 - - - - - - -
10-12.50 Dl25Y3 6/25/2001 660.00U 660.00U 1,700.00U 660.00U 660.00U 660.00U 660.00U 

18-20.50 B125Y2 6/26/2001 340.00U 340.00U 840.00U 340.00U 340.00U 340.00U 340.00U 

22-24.50 B125X3 6/26/2001 340.00U 340.00U 850.00U 340.00U 340.00U 340.00U 340.00U 

27.S0-30 B125Y4 6/27/2001 350.00UJ 350.00UJ 860.00UJ 350.00UJ 350.00UJ 3S0.00UJ 350.00UJ 

34-36.SO B12SX2 6/27/2001 340.00UJ 340.00UJ 860.00UJ 340.00UJ 340.00UJ 340.00 UJ 340.00UJ 

67.30-69.80 B12SX5 7/2/2001 350.00U 350.00U 890.00U 350.00U 350.00U 350.00U 350.00U 

67.30-69.80 
D125X6 7/2/2001 350.00U 350.00U 860.00U 350.00U 350.00U 350.00U 350.00U Duplicate 

92-94.50 B125Y9 7/2/2001 380.00U 380.00U 950.00U 380.00U 380.00U 380.00U 380.00U 

147.50-148.50 Bl2SX7 7/9/2001 340.00U 340.00U 8S0.00U 340.00U 340.00U 340.00U 340.00U 

197 .50-198.80 
Dl2BW3 7/13/2001 Split - - - - - - -

197.50-198.80 Bl2CR8 7/13/2001 340.00U 340.00U 850.00U 340.00U 340.00U 340.00U 340.00 U 
226-227 D12C15 7/18/2001 350.00U 350.00U 870.00U 350.00U 3S0.00U 350.00U 350.00U 



Table C-6. 216-T-26 Borehole- Semivolatite Organic Compound Analytical Data. (8 sheets) 

2-Methyl-
2-1\f ethyl-

?-Nitro- 2-Nftro- 3~-Dlchloro- 3-Nitro-
4,6-Dinitro- 4-Bromo-

naphthalene 
phenol 

anilfne phenol benzfdlne anmne 2-metbyl- phenyl-
(cresol, o-) phenol phenyl ether 

Interval (rt) DEIS Date (µg/Jcg) {µg/kg) {µg/kg) (µg/lcg) (µg/lcg) 
Number (µg/lcg) (µg/kg) (µg/kg) 

CASNumbtr 

91-57-6 95-48-7 88-74-4 88-75-5 91-94-1 99-09-2 !534-52-1 101-SS-3 

0-0.50 D12682 6/19/2001 - - - - ·- - - -
10-12.50 Bl25Y3 6/25/2001 660.00U 660.00U 1,700.00U 660.00U 660.00U 1,700.00 U 1,700.00U 660.00U 

18-20.50 Bt25Y2 6/26/2001 340.00U 340.00U 840.00U 340.00U 340.00U 840.00U 840.00U 340.00U 

22-24.50 B12SX3 6/26/2001 340.00U 340.00U 850.00U 340.00U 340.00U 850.00U 850.00U 340.00U 

27.50-30 Bt2SY4 6/27/2001 350.00UJ 350.00UJ 860.00UJ 350.00UJ 350.00UJ 860.00UJ 860.00UJ 350.00UJ 

34-36.S0 B12SX2 6/27/2001 340.00UJ 340.00UJ 860.00UJ 340.00UJ 340.00UJ 860.00UJ 860.00UJ 340.00UJ 

67.30-69.80 Bt2SXS 7/2/2001 350.00U 350.00U 890.00U 350.00U 350.00U 890.00U 890.00U 350.00U 

67.30-69.80 B125X6 7/2/2001 350.00U 350.00U 860.00U 350.00U 350.00U 860.00U 860.00U 350.00U Duplicate 

92-94.50 Bt25Y9 7/2/2001 380.00U 380.00U 950.00U 380.00U 380.00U 950.00U 950.00U 380.00U 

147.S0-148.S0 Bt2SX7 719/2001 340.00U 340.00U 850.00U 340.00U 340.00U 850.00U 850.00U 340.00U 

197.50-198.80 
Dl2BW3 7/13/2001 Split - - - - - - - -

197.50-l 98.80 B12CR8 7/13/2001 340.00U 340.00U 850.00U 340.00U 340.00U 850.00U 850.00U 340.00U 

226-227 B12C15 7/18/2001 350.00U 350.00U 870.00U 350.00U 350.00U 870.00U 870.00U 350.00U 



Table C-6. 216-T-26 Borehole-Semivolatile Organic Compound Analytical Data. (8 sheets) 
4-Ch1oro- 4-Ch1oro- 4-Chloro- 4-!\ltthyl-

4-Nltro- 4-Nltro- Attn1ph-J.methyl- ani1ine phtnyl- phtnol anlline phenol 
Arenaphthene 

thyltne 
DEIS 

phenol phtnyl tthtr (rrtsol, p-) (µg/kg) 
lnttrval (rt) Numbtr Date (µglkg) 

(µg/kg) 
(µg/kg) (µg/kg) 

(µglkg) (µg/kg) (µg/kg) 

CASNumMr 

59-50-7 106-47.S 7005-72-3 106-44-5 100-01--6 100-02-7 83-32-9 208-96-8 

0-0.50 D12682 6/19/2001 - - - - - - - -
10-12.50 Bl25Y3 6/25/2001 660.00U 660.00U 660.00U 660.00U 1,700.00U 1,700.00 U 660.00U 660.00U 

18-20.50 B125Y2 6/26/2001 340.00U 340.00U 340.00U 340.00U 840.00U 840.00U 340.00U 340.00U 

22-24.50 Bl25X3 6/26/2001 340.00U 340.00U 340.00U 340.00U 850.00U 850.00U .340.00U 340.00U 

27.50-30 Dl2SY4 6/27/2001 350.00UJ 350.00UJ 350.00UJ 350.00UJ 860.00UJ 860.00UJ 350.00UJ 350.00UJ 

(") 
34-36.50 B125X2 6/27/2001 340.00UJ 340.00UJ 340.00UJ 340.00UJ 860.00UJ 860.00UJ 340.00UJ 340.00UJ 

I - 67.30-69.80 B125X5 7/2/2001 350.00U 350.00U 350.00U 350.00U 890.00U 890.00U 350.00U 350.00U 
00 

67.30-69.80 Bl25X6 7/2/2001 350.00U 350.00U 350.00U 350.00U 860.00U 860.00U 350.00U 350.00U · Duplicate 

92-94.50 B125Y9 7/2/2001 380.00U 380.00U 380.00U 380.00U 950.00U 950.00U 380.00U 380.00U 

147.50-148.50 D125X7 7/9/2001 340.00U 340.00U 340.00U 340.00U 850.00U 850.00U 340.00U 340.00U · 

197.50-198.80 
B12BW3 7/13/2001 

Split - - - - - - - -
197.50-198.80 B12CR8 7/13/2001 340.00U 340.00U 340.00U 340.00U 850.00U 850.00U 340.00U 340.00U 

226-227 B12C1S 7/18/2001 350.00U 350.00U 350.00U 350.00U 870.00U 870.00U 350.00U 350.00U 



Table C-6. 216-T-26 Borehole- Semivolatile Organic Compound Analytical Data. (8 sheets) 

Benzo(a) Benzo(a) Benzo(b) Benro(ghl) Btnzo{k) 
Bls(?-chloro- Bfs(2-th1oro-Anthracene ethoty) anthracene pynne fluonnthene perylene Ouoranthene methane ethyl) ether 

Interval (rt) IIEIS Date 
(µg/kg) 

(µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) 
Numbtr (µg/kg) 

CASNumber 

120-12-7 56-SS.3 50-32-8 205-99-2 191-24-2 207--08-9 111-91-t tll-44-4 

0-0.50 D12682 6/19/2001 - - - - - - - -
10-12.SO B125Y3 6/25/2001 660.00U 660.00U 660.00U 660.00U 660.00U 660.00U 660.00U 660.00U 

18-20.50 D125Y2 6/26/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

22-24.SO D125X3 6/26/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

27.50-30 Bl25Y4 6/27/2001 350.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 

34-36.50 BJ2SX2 6127/2001 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 

67.30-69.80 Dl25XS 7/2/2001 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 

67.30-69.80 Bl25X6 7/2/2001 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 
Duplicate 

92-94.50 B125Y9 7/2/2001 380.00U 380.00U 380.00U 380.00U 380.00U 380.00U 380.00U 380.00U 

147.5'0-148.50 B125X7 719n.001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

197.50-198.80 Bl2B\V3 7/13/2001 -Split - - - - - - -
197.S0-198.80 Bl2CR8 7/13/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

226-227 B12C15 7/18n.001 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 



Table C-6. 216-T-26 Borehole - Semivolatile Organic Compound Analytical Data. (8 sheets) 
Bfs(2-ethyl-

Buf}·lbtneyl Dl•n-butyl• Dl-n-odyl- Dibtnzl a,hl Dibtnzo- Diethyl-
htJYl) Carbatole Chrysme 

phthtlate phthalale phthalate phthalate anthraune f'uran phthalate 

Interval (ft) 
JIEIS Date (µg/kg) 

(µg/kg) (µg/kg) 
(µg/kg) (µg/kg) (µg/kg) • (µg/kg) (µg/kg) 

Number (µg/kg) 

CASNumbtr 

117-81-7 85-68-7 86-74-8 218-01-9 84-74-l 117-84-0 53•70-3 132~.C-9 84-66-2 

0-0.50 812682 6/19/2001 - - - - - - - - -
10-12.50 B12SY3 6125/2001 660.00U 660.00U 660.00U 660.00U 660.00U 660.00U 660.00U 660.00U 660.00U 

18-20.SO BJ2SY2 6126/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

22-24.SO 8l25X3 612612001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

27.50-30 B12SY4 6127/2001 350.00UJ 350.00UJ 3S0.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 

34-36.50 Bl2SX2 6/27/2001 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 

67.30-69.80 B12SX5 7/2/2001 350.00U 3S0.00U 3S0.00U 3S0.00U 350.00U 350.00U 350.00U 3S0.00U 350.00U 

67.30-69.80 B12SX6 71212001 3S0.00U 3S0.00U 350.00U 350.00U 3S0.00U 350.00U 350.00U 350.00U 350.00U Duplicate 

92-94 . .SO Bl2.SY9 7/2/2001 380.00U 380.00U 380.00U 380.00U 380.00U 380.00U 380.00U 380.00U 380.00U 

147.50-148.50 B12SX1 7/9/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

197.50-198.80 
B12BW3 7/13/2001 

Split - - - - - - - - -
197.50-198.80 D12CR8 7/13/2001 30.00J 340.00U 340.00 U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

226-227 Bl2CIS 7/18/2001 59.0S J 350.00U 350.00U 350.00U 350.00U 3S0.00U 350.00U 350.00U 350.00U 



Table C-6. 216-T-26 Borehole- Sernivolatile Organic Compound Analytical Data. (8 sheets) 

Dimcth)1 Fluor- Hnuhtoro. lltnchloro- Hnachtoro- IJnachloro- lndeno 

phthalate anthtne Jluorene 
btnztne butadiene cytlopenta- ethane (1,2,3-<d) Isophorone 

IIEIS (µg/kg) dlene pyrtne (µg/kg) 
Interval (rt) 

Number 
Date (µg/lcg) (µg/kg) (µg/kg) (µg/kg) 

(µg/kg) 
(µg/kg) 

(µg/kg) 

CASNumbtr 

131-11-3 206-44-0 86-73-7 118-74-1 87-68-3 77-47-4 67-72-1 193-39-5 78-59-1 

0-0.SO D12682 6/19/2001 - - - - - - - - -
10-12.50 Dl25Y3 6/25/2001 660.00U 660.00U 660.00U 660.00U 660.00U 660.00U 660.00U 660.00U 660.00U 

18-20.50 Dl25Y2 6/26/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

22-24.50 B125X3 6/26/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

27.50-30 B12SY4 6/27/2001 350.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 350.00UJ 

2 
34-36.50 Bl2SX2 6/27/2001 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 340.00UJ 

67.30-69.80 B125XS 7/2/2001 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U - 67.30-69.80 
Bl25X6 7/212001 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U Duplicate 

92-94.50 B125Y9 7/2/2001 380.00U 380.00U 380.00U 380.00U 380.00U 380.00U 380.00U 380.00U 380.00U 

147.50-148.SO nt25X7 7/912001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

197.50-198.80 D12BW3 7/13/2001 
Split - - - - - - - - -

197.50-198.80 B12CR8 7/13/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

226-227 B12C15 7/18/2001 350.00U 350.00 U 350.00U 350.00U 350.00 U 350.00U 350.00U 350.00U 350.00U 



Table C-6~ 216-T-26 Borehole - Semivolatile Organic Compound Analytical Data. (8 sheets) 
N-Nltroso. 
dJ..n-dfpro-

HEIS 
pylamfne 

Interval (rt) 
Numbu 

Dale (µglkg) 

621-64-7 

0-0.50 B12682 6/19/2001 -
10-12.SO D12SY3 6/25/2001 660.00U 

18-20.50 DJ25Y2 6/26/2001 340.00U 

22-24.S0 Dl25X3 6/2612001 340.00U 

27.50-30 Dt2SY4 6127/2001 350.00UJ 

34-36.50 B125X2 6/27/2001 340.00UJ 

67.30-69.80 Dl25X5 7/2/2001 350.00U 

67.30-69 .80 
B12SX6 712/2001 350.00U Duplicate 

92-94.50 Bl25Y9 712/2001 380.00U 

147.50-148.50 D125X7 7/9/2001 340.00U 

197.50-198.80 Bl2DW3 7/13/2001 
Split -

197.50-198.80 B12CR8 7/13/2001 340.00U 

226-227 B12C1S 7/18/2001 350.00U 

- • Not analyted. 
CAS • Ocmical AMtnct Services~ numbef. 
HEIS • Hanford Ellvironmmtal Information System. 
l • Concennrion i1 estin-.ted. 

N-Nitroso-
Nitro- Ptnlathloro-

dfphtnyl- Naphthalene bennne phtnol amine (µg/kg) 
(µglkg) 

(µgllcg) (µtlJcg) 

CASNumbtr 

86-30-6 91-20-3 98-9S-3 87-86-! 

- - - -
660.00U 660.00U 660.00U J,700.00U 

340.00U 340.00U 340.00U 840.00U 

340.00U 340.00U 340.00U 850.00U 

350.00UJ 350.00UJ 350.00UJ 860.00UJ 

340.00UJ 340.00UJ 340.00UJ 860.00UJ 

350.00U 350.00U 350.00U 890.00U 

350.00U 350.00U 350.00U 860.00U 

380.00U 380.00U 380.00U 950.00U 

340.00U 340.00U 340.00U 850.00U 

- - - -
340.00U 340.00U 340.00U 850.00U 

350.00U 350.00U 350.00U 870.00U 

U • Analyzied for but not detected above the minimum detectable activity in the sample. The value reported as the rtSUIL 
UJ • Analyzed for but noc detected above die mini~m dctcc111ble acrivity in lhe Uffllle. The value reported is an ntim1te. 

Phtnan• 
thrtne Phenol 

(µtlJcg) 
(µg/kg) 

85-01-8 108-95-2 

- -
660.00U 110.00J 

340.00U 340.00U 

340.00U 340.00U 

350.00UJ 350.00UJ 

340.00UJ 340.00UJ 

350.00U 350.00U 

350.00U 350.00U 

380.00U 380.00U 

340.00U 340.00U 

- -
340.00U 340.00U 

350.00U 350.00U 

Trlbutyl Pyrene 
Phosphate 

(µg/kg) 
(µglkg) 

129--00-0 126-73-8 

- -
660.00U 660.00U 

340.00U 340.00U 

340.00U 340.00U 

350.00UJ 350.00UJ 

340.00UJ 340.00UJ 

3.50.00U 90.99 J 

350.00U 89.041 

380.00U 380.00U 

340.00U 340.00U 

- 340.00U 

340.00U 340.00U 

350.00U 350.00U 



------ - ----~-----------------------------

Table C-7. 216-T-26 Borehole- Diesel Range 
Organic Analytical Data. 

S•mple HEIS Interval 
Number Date 

(ft) 

0-0.50 812682 6/19/2001 

10-12.SO B125Y3 6/25/2001 

18-20.SO B125Y2 6126/2001 

22-24.SO Dl25X3 612612001 

27.50-30 Dl2SY4 6127/2001 

34-36.SO Dl25X2 6127/2001 

67.30-69.80 811.SXS 712/2001 

67.30-69.80 Bl2SX6 7/2/2001 Duplicate 

92-94.S0 BtlSY9 7/2/2001 

147.50-148.50 Bl2SX7 7/9/2001 

197.50-198.80 Dl2BW3 7/13/2001 Split 

197.50-198.80 Bl2CR8 7/13/2001 

226-227 B12CIS 7/18/2001 

• NOi -lyzed. 
CAS • Chtmka1 Abslnct Sm-ices rtjlstry number. 
REIS • Hanford Environmental lnfommlion System. 

Diesel OIi 
(mg/kg) 

CASNumbtr 

68334-30-5 

-
l1.9U 

11 .6 U 

11.9U 

12.7U1 

12.8 UJ 

12.6U 

l2.2U 

13.2U 

l2.2U 

3.JU 

12.3 U 

12.6U 

U • Analyzed for but not detected tbove the mininrm detectable. 
activity in lhe san"4)1e. The value reported as lhe result 
UJ • Analyud ror but not detected aboYe lhe minimmt dctecuble. 
IC1ivlty In the &an"4)1e. The value rei,oned Is an estinwte. 



Table C-8. 216-B-38 Borehole - Radionuclide Analytical Results. (3 sheets) 
Amerklum-

Carbon-14 CHlum-137 Cobtlt-60 
Europium- Europium- Europium- Neptunium-

241 152 154 155 237 Simple 
HEIS (pCl/g) 

(pCl/g) (pCl/g) (pCl/g) 
(pCl/g) (pCl/g) (pCl/g) (pCl/g) lnte"•I Number Date 

(ft) CASNumber 

14596-10-2 14762-75-S 10045-97-3 10198-40-0 14683-23-9 15585-I0-1 14391-16-3 13994-20-2 

0-0.50 812684 7/18/2001 - - - - - - - -
3.50-5 D12C67 8/1/2001 0.035U 0.766U 1.82 0.066U O.ISU 0.22U O.J2U 0.046U 

9.50-12 Bl2C68 8/2/2001 0.022U -0.971 U 0.036U 0.Q3SU 0.079U 0.12U o.osu OU 
14.50-15.50 B12C63 8/2/2001 43.9 3.02U 226,000 4.8U 180U 15U 86U 3.61 U 

18-20.50 Dl2C64 8/2/2001 24.1 2.83U 226,000 l2U 250U 23U 120U OU 

22.50-25 812D88 8/3/2001 7.43 -0.564 U 17,900 0.3SU 12U 1.1 U 5.1 U OU 

29-31.50 B12DB9 8/3/2001 6.72 .16U 95,700 5.2U 220U 22U IOOU -0.543 U 

37.50-40 D12C88 8/S/2001 1.37 3.66U 31,600 0.77U 36U 2.SU 17U 0.568U 

37.S0-40 
B12DCO 8/5/2001 0.5621 0.629U 25,800 0.43U 17U t.3 U 9.SU -0.284 U 

Split 

52-54.50 Bl2C69 8/6/2001 0.007U -1.17 U 0.102 0.056 0.07U 0.1 U 0.088U OU 

52-54.50 
B12C70 8/6/2001 0.018U 2.11 U 0.11 0.039 U 0.074U O.IU 0.12U OU Duplicate 

97.S0-100 B12C71 Bn/2001 -0.019U 2.53U 0.047U 0.054 U 0.1 U O.JSU 0.093U 0 .047U 

147.50-150 B12C72 8/8/2001 0.038U 0.978U 0.028U 0.036U 0.061 U 0.09SU 0.068U -0.128 U 

197.50-200 Bl2C73 8/9/2001 0.2351 0.707U 0.165 0.047 J 0.092U 0.14U 0.12U -0.062 U 

264-265.50 B12C74 8/10/2001 0.037U -0.857U .0621 0.029U 0.071 U 0.1 U 0.091 U OU 



Table C-8. 216-B-38 Borehole - Radionuclide Analytical Results. (3 sheets) 

Nkkel-63 Plutonium- Phltonlum- Potassfum-40 Ridlum-116 Rtdfum-llS 238 239/240 Sample REIS (pCf/i) (pCl/g) (pCl/g) (pCUg) (pCUg) (pCl/g) 
Interval Number D1te 

(rt) CASNumber 

13981-37-8 13981-16-3 PU-239/240 13966-00-2 13982-63-3 15262-20-t 

0-0.50 B12684 7/18/2001 - - - - - -
3.50-5 Bl2C67 8/1/20()1 0.31 U OU 0.029U 14 0.594 0.695 

9.50-12 nt2C68 8/2/2001 0.S\7U OU OU 14.S 0.12U 0.974 

14.50-1 s.so B12C63 8/2/2001 -45.4 U 1.8S 106 87U 62U 4SU 

18-20.S0 B12C64 8/2/2001 3.01 U 3.36 159 273 86U 54U 

22.50.25 Bl2OB8 8/3/2001 2.91 U 3.66U 64.6 19.3 4.4 U 1.7U 

2 
VI 

29-31.S0 B12OB9 8/3/2001 -15.6 U 3.48 4.64 93U 8SU 40U 

37.50-40 B12C88 8/5/2001 -J.05 U 0.657 J 0.776J 34.2 12U 4.6U 

37.S0-40 
Bl2DCO 8/51200\ -0.29&U 0.324 U 0.883 J 32.9 6.7U 2.59 Split 

52-54.S0 Bl2C69 8/6/2001 0.814 U 0.0Sl U 0.051 U 15.4 0.438 0.741 

52-54.50 Bl2C70 8/6/2001 0.932U -0.038 U OU_ 16.8 0.479 0.827 Duplicate 

97.50-100 B12C71 sn12001 0.844 U OU -0.04SU 14.3 0.575 0.751 

147.50-150 Bl2C72 8/8/2001 -0.581 U -O.0S2U OU 16.l 0.089U 0.61 

197.50-200 B12C73 8/9/2001 -0.347U OU OU 16 0.489 0.687 

264-265.50 DJ2C74 8/10/2001 OU OU 0.028U 11.2 0.447 0.626 

Ttthnetlum-99 

(pCUg) 

14133-76-7 

-
-0.1 U 

-0.04 U 

0.20U 

0.007U 

-0.209U 

-0.07U 

0.128 U 

0.037U 

1.91 

1.931 

0.184 U 

0.8881 

-0.043 U 

0.094U 

Thorlum.128 

(pCUg) 

14274-82-9 

-
0.431 

0.839 

6.44 U 

1.41 U 

-1.74 U 

-0.171 U 

-0.989U 

-0.258U 

1.26 

1.84 

0.933 

0.777 

0.778 

0.774 

t, 
0 

~ 
t,.,) 
0 

~ 
Ji. 
N 

~ 
< 
0 

- I 



Table C-8. 216-B-38 Borehole- Radionuclide Analytical Results. (3 sheets) 

Thorfum-230 'lborium-?32 Total Beta Tritium Tot:al Uranium-
Radlostrontlum Uranium 133/234 

Sample 
DEIS (pCt/g) (pCl/g) 

(pCl/g) 
(pCl/g) 

(pCl/g) lntenal Date (µg/kg) 
(ft) 

Numbtr 

CASNumber 

14269-63-7 Til-232 SR-RAD 100%8-17-8 7440-61-1 U-233/234 

0-0.50 812684 7/18/2001 - - - - - - . 
3.S0-S B12C67 8/1/2001 0.621 J 0.6211 0.175U -0.0S1 U 1,600 0.667 J 

9.S0-12 Bl2C68 812/2001 0.5871 0.587 J -0.06U -0.008 U 1,690 0.448 J 

14.50-15.50 B12C63 81212001 -6.44 U 9.6SU 1.390 -0.043 U 11,300 B 8.ISU 

18-20.SO nt2C64 8/212001 -3.26U 0.93U 2,050 -0.009U 32.SOO 9 

22.50-2.S 812D88 8/3/2001 OU 2.06U 288 0.043U 19,100 · 8.52 U 

29-31.50 B12D89 8/3/2001 -0.854 U O.S25U S0.9 2.21 J 14,800 5.16 

37.50-40 B12C88 8/5/2001 0.329U OU 0.129U 15.3 J 7,740 2.72 

37.50-40 . D12DCO 8/S/2001 -0.321 U 0.193 U 0.164 U 14.2 J 8,090 2.73 Split 

52-54.S0 B12C69 8/6/2001 0.4961 0.382J 0.033U 28.71 2,900 0.7541 

52-54.S0 B12C70 8/6/2001 0.8941 0.988] -0.032U 291 3,500 1.08 
Duplicate 

97.50-100 B12C71 sn12001 0.6321 0.3661 -0.182 U 2.861 934 O.S12 J 

147.S0-150 Bt2C72 8/8/2001 OU 0.443 J -0.0S1 U 1.9J 901 0.2721 

197.S0-200 B12C73 8/9/2001 0.068U 0.4051 -0.0070 0.087U 862 0.4821 

264-265.S0 B12C74 8/10/2001 0.665 J 0.5581 -0.018 U 0.2041 790 0.262 J 

• Not anal)'ttd. 
B • Estimated result Result Is less than reporting limit 
CAS • et,emital Abstract Services iqistry i,u~. 

HEIS • Hanford Environmental 1nrormat1011 System. 
J • conctnntion i1 estimated. 
U • .Analyzed for but not detected above the minimum detectable activity In the sample. The value reported u the result 

Uranlum-235 

(pCl/g) 

15117-96-1 

-
OU 

OU 

OU 

OU 

OU 

0.48U 

0.137 U 

0.602U 

0.07U 

O.ISl U 

-0.00SU 

O.OSSU 

0.061 U 

OU 

Uranium-238 

(pCl/g) 

U-238 

-
0.6671 

0.544 J 

5.82U 

5.63U 

7.31 U 

6.3S 

2.83 

2.48 

0.782 J 

1.23 

0.456] 

0.431 J 

0.381 

0.314 J 

C, 
0 

~ 
~ 
0 0 . 
N 
~ 
N 

~ 
0 

- _______ j 



Table C-9. 216-B-38 Borehole- Inorganic (Metals) Analytical Data. (2 sheets) 

Aluminum Bftmuth Cadmium Caldum Chromium Copper 
Hnavaltnt 

Iron Lead Magnesium 
Sample IIEIS (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) Chromium (mg/kg) (mg/kg) (mg/kg) 
Interval Numbe Date (mg/kg) 

(ft) r CASNumbtr 

7419-90-5 744o.69-9 7440,.43.9 7440..70..l 744047-3 7441)..50-3 18540-29-9 7439-89-6 7439-92-1 7439-95-4 

0-0.S0 B12684 7/18/2001 - - - - - - - - - -
3.50-S B12C67 8/1/2001 - - 0.06 - 11.6 12.9 0.42U - 6.8 -
9.50-12 B12C68 8/2/2001 - - 0.1 - 11.S 15.1 0.43 U - 8 -

14.50-1S.50 812C63 8/2/2001 7,600 2.2U 0.021 U 9,610 7.1 12.20 0.08U 18,100 4.5B 3,820 

18-20.50 Dt2C64 8/2/2001 7,830 2.2U 0.021 U 8,030 10 13.00 0.08U 19,800 5.9D 4,580 

22.S0-25 
Bl2DB 8/3/2001 0.18U 11.1 11.7 0.08U 4.2B 

8 - - - - -
29-31.S0 

Bl2DB 
8/3/2001 0.18U 9.2 9.9 0.08U 3.9B 9 - - - - -

37.50-40 B12C88 8/5/2001 - - 0.18U - 8 11.4 0.08U - 3.4U -
37 . .SC>-10 Bl2DC 

8/5/2001 0.18U 8 11.8 0.08U 3.JU Split 0 - - - - -
52-S4 . .S0 812C69 8/6/2001 - - 0.07 - 8.4 8.8 0.49 - 3.4 -
52-54.50 B12C70 8/6/2001 0.09 12.7 13.4 0.62 ' 3.1 
Duplicate - - - - -
97.50-100 B12C71 8/7/2001 - - 0.03U - 18 12.1 0.41 U - 3.6 -
147.S0-1S0 B12C72 8/8/2001 - - O.0lU - 14.5 9.4 0.41 U - 2.9 -
197.50-200 D12C73 8/912001 - - 0.03U - 14.4 10.4 0.41 U - 2.7 -
264-265.S0 B12C74 8/10/2001 - - 0.03U - 14 18.8 0.42 U - 3.1 -
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Table C-9. 216-B-38 Borehole- Inorganic (Metals) Analytical Data. (2 sheets) 

J\fangant1e Mtrtury Molybdtnum Nkkt1 Potassium Silver Sodium 
s,mp1t lIEIS (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/leg) (mg/kg) (mg/kg) 
Jnttrvat 

Number 
Date 

CASNumbtr (rt) 
7439-96-5 7-t39-97-6 7439-98-7 7440-02-0 7440-09-07 7440-22-4 7440-23-5 

0-0.5 Bt2684 7/18/2001 - - - - - - -
3.50.S Bl2C67 8/1/2001 - 0.02U - 12.1 - 0.05U -

9.50-12 D12C68 8/2/2001 - 0.02U - 10.7 - o.osu -
14.50-15.50 Dt2C63 8f2/2001 2&7 0.0&9B 0.92U 6.3 1,140 0.11 U 551 

18-20.50 BJ2C64 8/2/2001 317 o.o3s n 0.91 U 6.6 J,120 0.1 U 848 

22.50.2.5 B12DB8 8/3/2001 - 0.02SB - u - 0.9SU -
29-31.50 D12DB9 8/3/2001 - 0.025U - 9.9 - 0.96U -
37.50-40 B12C88 8/.5/2001 - 0.025U - 5.8 - 0.9SU -
37.50-40 

B12DCO 8/.5/2001 0.025U 5.6 0.95U 
Split - - - -

52-54.50 B12C69 8/6/2001 - 0.02U - 8 - o.osu -
52-54.50 D12C70 8/6/2001 0.01 U 15.4 O.OSU 
Duplicate - - - -
97.50-100 B12C71 sn12001 - 0.02U - 22 - o.osu -
147.50-150 B12C72 8/8/2001 - 0.02U - 13.3 - o.osu -
197.50-200 B12C73 8/9/2001 - 0.02U - 14.5 - o.osu -
264-265.50 B12C74 8/10/2001 - 0.02U - 12.1 - o.osu -

• Not analyzed, 
B • Estimated result. Result Is less than rq,onin1 IIITiL 
CAS • Chemical Abslrlct Scmca registry numbel'. 
HEIS • Hanford Environmental Information System. 
U • Analyzed for but !IOI dettcted above the rrini!Tllm detectable activity in the sample. The value reported u the result. 

Vanadium Zinc 
(mg/kg) (mg/kg) 

7440-62-2 7440-66-6 

- -
- -
- -

5S.1 43.9 

63.9 54.9 

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
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Table C-10. 216-B-38 Borehole - General Chemistry Analytical Data. 
Nitrogen Total 

Ammonia Chloride Cyanide F1uorfde . Nitrate Nitrite 
In Nitrite 

pH Phosphate Sulfate organle 
and 

Sample (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
Nitrate 

(pH) (mg/kg) (mg/kg) carbon 

Interval 
IIEIS 

Date (mg/kg) 
(mg/kg) 

Number 
(ft) 

CASNumber 

7664.41•7 16887-00-6 57.12.5 16984-18·8 14797.5s.s 14797~5-0 NOz+ PII 1426544-2 14808-79-8 TOC 
NOrN 

0-0.50 D12684 7/18/2001 - - - - - - - - - - -
3.50-S Bl2C67 8/1/2001 3.2 s.o 0.43U S.2U 94.4 2.62U 23.1 8.7 8.2 SI.I 274 

9.50-12 B12C68 8/2/2001 2.4 6.9 0.44U 2.7U 208 1.34 U 59.1 8.8 1.6 248 1,060 

14.50-15.50 D12C63 8/2/2001 0.53U 0.11 U 0.13 U 7.4B 45.3 t.lU 39.S 8.9 0 .266U 114B 1,510 

1s.20.so Bl2C64 8/2/2001 0.52U O.l0U 0.13U 14.2B 12.3 1.lU 6.1 9.6 27.1 B 3SB 988 

22.50-25 B12DB8 8/3/2001 O.S2U 0.I0U 0.42 20B lS.3 t.lU 8.4 9.4 34.l B 49.1 B 1,380 

29-31.50 Bl2DB9 8/3/2001 0.52U 11.7B 0.31 33.4D 31.8 1.IU 25.3 9.6 67.4B 151 B 2,760 

37.50-40 B12C88 8/5/2001 29.3 24.6B 0.13U 32.9B 139 1.1 u 110 9.S 137B 69.8D 1,610 

37.50-40 
B12DCO 8/5/2001 26 20.5B 0.13 U 28.9B 118 1.1 u 146 8.8 106B 60.6B 1,550 

Split 

52-54.50 Bl2C69 8/6/2001 65.2 25.6 0.50U 12.9U 2,090 34.3 464 9.6 149 106 889 

52-54.S0 
B12C70 8/6/2001 123 26.4 0.48U 12.9U 2,140 34.7 486 9.S 121 110 1S1 Duplicate 

97.50-100 Bl2C71 sn12001 3.7 31 0.47U 6.4 U 1,880 35.2 449 9.3 6.4 U 131 166 

147.50-150 D12C72 8/8/2001 2.3U 41.1 0.47U 6.4U 3,180 41.2 753 8.3 6.4U 48.2 133 

197.S0-200 D12C73 8/9/2001 2.4U 6.6 0.41 U 2.6U 57.6 2.56U 17.8 8.8 2.6U 38.1 191 

264·265.50 B12C74 8/10/2001 2.5U 2.8 0.45U 1.3 U 1.48 1.31 U 0.2U 8.9 1.3U 13.5 127 

• Not ana l)'ffll. 
B • Estinated rnu1t Result is less than rq,ortin1 limit 
CAS • Chemical AbslrlCt Semcff registry numbff. 
HEIS • Hanford Environmental tnronnatlon System. 
U • An1lyml ror but not detected above the minimum det«table activity In the sample. The nlue reponed as the result 
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Tab1e C-11. 216-B-38 Borehole - Herbicide Ana1ytical Data. 

2,4~T 
Sample IIEIS {µg/k&) 
lnttrn1 

Number Date 
(ft) 

93--76-5 

0-0.50 D12684 7/18/2001 17.00U 

3.50-S Bl2C67 8/1/2001 -
9.50-12 D12C68 8/2/2001 -

14.SO-lS.50 BJ2C63 8/2/2001 -
18-20.S0 D12C64 8/2/2001 -
22.50-25 B12OD8 8/3/2001 -
29-31.50 Dl2DB9 8/312001 -
37.50-40 B12C88 8/5/2001 -
37.50-40 Dl2DCO 8/5/2001 Split -
52-54.50 Bl2C69 8/612001 -
52-54.50 D12C70 8/6/2001 Duplicate -

97.S0-100 BJ2C7l snrzoo1 -
147.S0-150 BJ2C72 8/8/2001 -
197.50-200 B12C73 8/9fZ001 -
264-265.S0 B12C74 8/IMOOI -

- • Noc analyzed. 
CAS • Chemical Abstract Smicct registry number. 
DB • H2,4-Dic:hlorophenoxy)butanoic 1dd. 
lfEfS • Hanford Environmental Information S)'StCTI\, 
T • 2,4.,_ Trichlorophenoxytc:ttic acid. 
TP • 2,(2,4,5,Trichlorophenolty)propionlc acid. 

2,4- 2-sttButyl-4,6-
2,4~TP 2,4-DB DkhtorophenH dlnltrophtnol 
(µ&flcg) (µg/Jcg) yacttlc add (D!'lBP) 

(µglkc) (pg/leg) 

CASNumbtr 

93-71-1 94-81-6 94-7S-7 88-85-7 

17.00U 170.00U 35.00U 17.00U 

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

U • Analyud for but nol detected lbove the minimum detectable activity In the sample. The value reported u the ttSUll 

Dalapon Dlcamba 
(µg/kg) (µg/kg) 

'75-99-0 1918-00-9 

170.00U 69.00U 

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

Dlchloroprop 
(µg/Jcg) 

120-36-S 

170.00U 

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

0 
0 

~ 
• I 
N 
0 
0 
N 
Ji. 
N 

Gi 
< 
0 



(1 

' w -

Sample 
Interval 

(rt) 

0-0.50 

2.SO-S 

5.50-8 

10-12 . .SO 

12.50-15 

18.50-21 

22.50-25 

2S-27.50 

30-32.50 

35-37.SO 

48-50.50 

48-S0.50 
Split 

72.S0-75 

72.50-7S 
Duplicate 

97.50-100 

147.S0-150 

219-221.50 

IIEIS 
Numbtr 

812683 

B12MHS 

B12MII6 

Bl2Mil7 

Bl2MH4 

Dl2C89 

B12DCI · 

BI2MIA 

Dl2MLS 

D12ML6 

B12ML7 

Dl2C91 

D12MH8 

Dl2MH9 

B12MJO 

Dl2MJ1 

D12MJ2 

Table C-12. 216-B-7A Borehole-Radionuclide Analytical Data. (3 sheets) 

Amtrfdum- Carbo~14 Cestum-137 Cobalt-60 Europium- Europium-
241 152 1S4 

Date (pCUg) 
(pCl/g) (pCl/g) (pCl/g) 

(pCl/g) (pCUg) 

CASNumbtr 

14596-10-2 14762-75-5 10045-97-3 10198--40-0 14683-23-9 1558S.10-l 

6/19/2001 - - - - - -
8/22/2001 OU 2.85U 6.67 0.042U 0.15U 0.14U 

8/22/2001 0.018U 6.3 J 42.5 0.019U 0.15 U 0.068U 

8/22/2001 -0.017U 2.22U 1.52 o.oosu 0.017U O.otSU 

8/23/2001 0.0340 3.72U 4.54 0.04SU 0.11 U 0.13 U 

8/23/2001 S,690 1.4 U 102,000 6.1 U llOU 200 

8/24/2001 2,620 0.361 U 153,000 12U 210U 44U 

8/2612001 770 3.ISU 67,300 3.SU 390U 98U 

8/27/2001 21.8 1.86U 6,190 0.92U ISU 3.1 U 

8/27/2001 0.133 U l.67U 5,910 0.99U 22U 3.4U 

8/28/2001 0.0764 -0.0247UJ 5.06 0.0111 U 0.0224U 0.0177U 

8/28/2001 ·0.023U 0.609U 4.28 0.0S8 U O.J8U 0.2U 

9/21/2001 0.142 U 0 1.440 0.0130 0.0160 0.0290 0.0560 

9/21/2001 0.091 U -1.79U 0.009U o.osu 0.021 U 0.033 U 

9/21/2001 OU l.28U 0.014 U 0.018 U 0.0360 o.ossu 
9/25/2001 OU 2.SU 0.0070 0.0090 0.017U 0.03U 

9/26/2001 .0.026 U -0.746U O.OS3U 0,063U 0.11 U 0.21 U 

Europium-
155 

(pCUg) 

14391-16-3 

-
0.13U 

O.lSU 

0.018U 

0.09U 

200U 

180U 

490U 

14U 

8.9U 

-0.0-125 U 

O.J6U 

0.046U 

0.025U 

0.041 U 

0.037U 

0.0990 

Ntptunlum-
237 

(pCl/g) 

13994-20-1 

-
OU 

OU 

OU 

0.037U 

24.30 

-17.9U 

3.71 U 

OU 

-0.065 U 

OU 

0.063 U 

0.0290 

OU 

OU 

0.0250 

0.027U 

t:1 
0 

f 
0 
0 
N 
1. 
N 

~ 
0 



Table C 12. 216-B-7 A Borehole - Radionuclide Analytical Data. (3 sheets) 

NlcktJ.(i3 Plutonfum- Plutonfum- Potuslum- Radium- R•dlum-

Sample 238 239/240 40 226 228 

Interval HEIS · Date 
(pCl/g) 

(pClfc) (pClfg) (pCl/g) (pCL'g) (pCL'g) 
Number 

(ft) CASNumber 

13981-37-8 13981-16-3 PU-139/240 13966-00-2 13982-(iJ-3 15262-20-1 

0-0 . .50 D12683 6/19/2001 - - - - - -
2 . .50-5 D12MH.5 8/22/2001 -1.25 U OU OU 10.8 0.396 0.654 

5.50-8 nt2MH6 8/22/2001 -0.101 U OU 0.172U 14.5 0 . .584 0.763 

10-12.50 B12MH7 8/22/2001 OU -0.025U 0.02.5U 2.27 0.0941 0.1321 

12.50-IS Bt2MU4 8/23/2001 -1.16 U 0.126 U OU 12.2 0.544 0.646 

18.50-21 B12C89 8/23/2001 -17SU 481 U 1.53,000 236 49U 31 U 

22.50-25 B12DC1 8/24/2001 -t36U 755U TT,300 244 93U 62U 

25-27.50 Bl2ML4 8/26/2001 585U 140 25,800 572 170U 200U 

30-32.50 Bl2ML5 8/27/2001 6.4U 4.12U 1,360 16.4 6.3U .5.8U 

35-37 • .50 B12ML6 8/27/2001 -0.54SU OU 1.56 20U 8.9U .5.1 U 

48-50.50 D12ML7 8/28/2001 -0.129U OU 0.4.51 NA 0.515 0.971 

48-50.50 B12C91 8/28/2001 -0.078U 0.009U 0.138 J 10.8 0.302 0.706 
Split 

72.50-75 B12MU8 9/21/2001 -1.47U OU OU 14 0.40.5 0.632 

72 . .50-75 D12MH9 9/21/2001 -0.333 U -0.039U OU 16.6 0.03U 0.706 
Duplicate 

97.50-100 B12MJO 9/21/2001 -1.21 U OU OU 15.3 0.429 0.681 

147 . .50-150 B12MJ1 9/2.5/2001 0.252U OU OU 1.5.2 0.349 0 . .519 

219-221.50 Dt2MJ2 9/26/2001 -0.639U 0.061 U 0.02U 15..5 0.682 1.07 

Ttthneflum-
99 

(pCl/g) 

14133-76-7 

-
0.071 U 

-0.048 U 

-0.076U 

-0.15 U 

32.9 

4.211 

1.561 

0.098U 

-0.034 U 

-0.441 UJ 

-0.074 U 

0.093 U 

0.18.5 U 

0.184 U 

0.15SU 

0.591 U 

Thorium-
228 

(pCl/g) 

14274-82-9 

-
0.676U 

0.687 

0.884 

0.54 

OU 

6.24U 

6.78U 

0.767U 

0.564 

0.693 

1.14 

0.481 U 

0.731 

0.701 

0.446 

1.28 

0 
0 

~ 
0 
0 
N 
J:,. 
N 

~ 
0 
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Table C-12. 216-B-7A Borehole-Radionuclide Analytical Data. (3 sheets) 

Thorium- Thorium- Total Bda 
Trltlum Uranium Uranium-

Sample 130 231 Radlortrontlum 
(pCL'g) (µg/lcg) 

233/234 

Interval IIEIS Date (pCl/g) (pCllg) (pCl/g) (pCllg) 

(rt) 
Number 

CASNumber 

14269-63-7 m-232 SR-RAD 10028-17-8 744~1-l U-233/234 

0-0.S0 B12683 6/19/2001 - - - - - -
2.S0-S B12MIIS 8/22/2001 0.352 U 0.302 U 0.6891 0.058U 930 0.474 J 

5.50-8 B12MH6 8/22/2001 0.414 J 0.644 J 2.66 0.027U 995 0.467 J 

10-12.50 B12MH7 8/22/2001 0.7291 0.265 J 9.44 -0.011 U 939 0.47 J 

12.50-15 B12MH4 8/23/2001 0.685 J 0.381 J 13.5 0.051 U 964 0.463 J 

18.50-21 B12C89 8/23/2001 -11.2 U S.61 U 940,000 tl.6U 51,300 B -40U 

22.50-2S Bl2DC1 8/24/2001 68.l U -6.19U 2,340,000 3.6S U 147,000B 19.5 U 

25-27.50 D12MlA 8/26/2001 16.SU OU 5,710,000 0.872U 139,000B 46.9U 

30-32.50 Bl2MLS 8/27/2001 -3.99U 0.38U 128,000 0.l2U 346,000 117 

35-37.50 Dl2ML6 8/27/2001 0.397U 0.861 98.3 0.328 J 24,200 8.11 

48-50.50 DJ2ML7 8/28/2001 0.Sl6 0.562 39.5 1.68 UJ 2,020 0.884 

48-50.50 Bl2C91 8/28/2001 0.332 U 0.10S J 18.8 0.038U 1,060 0.673 I Split 

72.S0-7S B12MJJ8 9/21/2001 0.11 U 0.439 J -0.043 U 0.2881 2,390 0.9281 

72.50-75 Bl2Mil9 9/21/2001 0.182 U 0.773 J -0.0250 0.3131 2,590 1.04 Duplicate 

97.50-100 Bl2MJ0 9/21/2001 0.308 U 0.411 J 0.079U 0.308 J 1,210 0.4251 

147.50-150 B12MJI 9/25/2001 -0.047U 0.357 J -0.078U 0.221 J 1,250 0.441 

219-221.SO B12MJ1 9/16/2001 0.9361 0.720 J 0.025U 0.053 U 1,800 0.407 J 

• Not analyzed. 
D • The 11SSOCiated QC sa"l'le blanl: has I mult greater than two times the minimum detectable activity (MDA). 
CAS • Chemical Abstract Services registry number. 
IIEIS • Hanford £Jlvlrt1C1nicntal Information Systtm. 
J • Concentration is estimated. 
U • Analyzed f« but not de1ected •hove the IT'inil!'llm de1«11ble tcrivity !11 the sample. The ntuc reported as the resulL 
UJ • An1lyttd for but not cktected above lhe mininvm ~bte activity in lhe umple. The value reported Is 111 estimate. 

Uranium-
235 

(pCl/g) 

15ll7-96-l 

-
0.016 J 

0.0291 

0.023 J 

0.023 J 

OU 

OU 

OU 

3.77U 

0.5861 

0.0698 

OU 

OU 

0.023 U 

0.047U 

OU 
0.052 U 

Uranlam-
238 

(pCl/g) 

U-238 

-
0.464 J 

0.458 J 

0.465 I 

0.4631 

60U 

19.SU 

26.SU 

108 

7.5 

0.789 

0.607 J 

0.9431 

0.812 J 

0.5031 

O.SJ 

0.6861 

0 
0 

! 
0 

s 
j,. 
N 

~ 
<: 
0 
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Sample 
lnttrval 

(rt) 

0-0.50 

2.50-5 

S.50-8 

10-12.50 

12.50-15 

18.50-21 

22.50-25 

2S-27.SO 

30-32.SO 

3S-31.SO 

48-50.50 

48-50.SO 
SpJit 

72.50-75 

72.50-75 
Duplicate 

97.SO-IOO 

147.50-150 

219-221.50 

Table C-13. 216-B-7A Borehole- Inorganic (Metals) Analytical Data. (3 sheets) 

Alumlnum Bismuth Cadmium Ca1dum Chromium Copper 

JIEIS 
Date 

(mg/leg) (mg/kg) (mg/leg) (mg/kg) (mg/leg) (mg/1cg) 

Number 
CASNumbtr 

7429-90-5 7440-4S9-9 7440-43-9 7440-70-? 7440-47-3 7440-50-8 

812683 6/19/2001 - - - - - -
B12MH5 8/22/2001 - - 0.03U - 12.9 12.8 

B12MH6 8/22/2001 - - O.OJU - 13.5 13.7 

B12M1l7 8/22/2001 - - 0.06 - 14.0 13.7 

BI2MH4 8/23/2001 - - 0.07 - 12.4 15 

B12C89 8/23/2001 - - 0.2UJ - 1421 13.61 

D12DCI 8/24/2001 9,6301 3.3001 0.022 UJ 11,9001 73.21 20.51 

B12MU 8/26/2001 - - 0.21 UJ - 46.21 23.41 

Bl2MLS 8/27/2001 - - 0.2UJ - 27.4 J 16.61 

B12ML6 8/27/2001 - - 0.19 UJ - 12.4 J 151 

B12ML7 8/28/2001 - - 0.2U - 9.3 11.l 

Dl2C91 8/28/2001 - - 0.07 - 12.1 13.5 

Dl2MH8 9/21/2001 - - 0.6SU - 9.4 12.1 

D12MH9 9/21/2001 - - 0.65U - 8.4 8.9 

Bl2MJO 9/21/2001 - - 0.62U - 16.9 9.8 

Dl2MJl 9/25/2001 - - 0.61 U - 22.2 9.8 

B12MJ2 9/26/2001 - - 0.81 U - 44.2 29.S 

Hnavaltnt 
Chromium 

(mg/kg) 

18540-29-9 

-
0.425 U 

0.44 U 

0.42U 

0.42U 

15.11 

17.8 J 

NA 

NA 

0.08U 

0.08U 

0.41 U 

0.96 

0.97 

I.I 

1.3 

3.8 

0 
0 

-~ 
~ 
0 
0 
N 
.!. 
N 

~ 
0 



Table C-13. 216-B-7A Borehole- Inorganic (Metals) Analytical Data. (3 sheets) 

Iron uad l\fagntsfum l\fangantse l\fertury Molybdenum 
Samp1e 

HEIS (mg/kg) ' (mg/kg) (mg/1.:g) (mg/kg) (mg/1cg) (mg/kg) Interval Date 
Numbtr CASNumbtr (rt) 

7439-89-6 7439-92-1 7439-95-4 7439-96-5 7439-97-6 7439-98-7 

0-0.50 812683 6/19/2001 - - - - - -
2.50-5 Dl2MHS 8/22/2001 - S.9 - - 0.02U -
5.50-8 D12MH6 8/22/2001 - 6.9 - - O.otU -

10-12.50 B12MH7 8/22/2001 - 23.3 - - 0.02U -
12.50-lS D12MH4 8/23/2001 - 10 - - 0.02U -
18.50-21 Dl2C89 8/23/2001 - 3491 - - 0.121 -
22.50-25 BJ2DCI 8/24/2001 34,900] 3081 6,460 J J,6501 0.421 0.97UJ 

25-27.SO B12MIA 8/2612001 - 2851 - - 0.13 J -
30-32.50 Bl2MLS 8/27/2001 - 16.S J - - 0.051 J -
3S-37.SO nt2ML6 8/27/2001 - S.6 J - - 0.027U -
48-50.50 Dl21'.fL7 8/28/2001 - 3.7U - - 0.028U -
48-50.SO Dl2C91 8/28/2001 3 0.02U Split - - - -
72.50-75 Bl2MH8 9/2112001 - 5.3 - - 0.05 -
72.50-75 Bl2MH9 9/21/2001 6.l 0.03 Duplicate - - - -

97.50-100 Il12MJO 9/21/2001 - 2.2U - - 0.02 -
147.50-150 B12MJ1 9/25/2001 - 2.2U - - 0.02U -
219-221.50 B12MJ2 9/26/2001 - 11.3 - - 0.04 -



Table C-13. 216-B-?A Borehole-Inorganic (Metals} Analytical Data. (3 sheets) 

Simple 
REIS Inte"•I Date 

Number 
(ft) 

0-0.:SO D12683 6/19/2001 

2.50-S B12MHS 8/22/2001 

S.50-8 DJ2MH6 8/22/2001 

10-12.50 Bl2M117 8/22/2001 

12.50-IS DJ2MH4 8/23/2001 

18.S0-21 Bl2C89 8/23/2001 

22.50-25 Bt2DC1 8/24/2001 

25-27.SO Bl2MIA 8/2612001 

30-32.50 Bl2MLS 8/27/2001 

35-37.50 D12ML6 8/27/2001 

48-50.50 Dl2ML7 8/28/2001 

48-50.SO B12C91 8/28/2001 Split 

72.50-75 DJ2MH8 9/21/2001 

12.50.15 D12MH9 9/21/2001 Duplicate 

97.50-100 B12MJO 9/2112001 

147.50-150 Bl2MJ1 9/25/2001 

219-221.50 812MJ2 9/2612001 

• Not anafyted. 
CAS • Chemic.I Abstract Services registry number. 
HEIS • Hanford Environmental lnfonnation System. 
J • Concmtnlion is estimated. 
NA • Not Applicable. · 

Nlcktl Potassium SDvtr Sodium 

(mg/kg) (mg/kg) {mg/lcg) (mg/kg) 

CASNumber 

7440-02-0 9nn440 7440-22-4 7440-23-5 

- - - -
10.9 - o.osu -
13.7 - o.osu -
11.7 - o.osu -
10.1 - o.osu -

22.7 J - 3.11 -
66.61 J.9001 1.90J 1.3101 

39.6J - 1.1 UJ -
J3.9J - 1.1 UJ -
lOJ - 1 UJ -
JO.I - 1.J u -
8.S - o.osu -
8.9 - 0.99U -
8 - 0.98U -

13.3 - 0.94U -
17.2 - 0.94U -
36.4 - 1.2 U -

U • Analyzed for but IIOl detteled above the mlninum detectable activity In the sample, The value reported u the resulL 

Vanadium 

(mg/kg) 

7440-62-2 

-
-
-
-
-
-

88.4J 

-
-
-
-
-
-
-
-
-
-

ZJnc 

(mg/leg) 

7440-66-6 

-
-
-
-
-
-

127 J 

-
-
-
-
-
-
-
-
-
-



Table C-14. 216-B-7A Borehole - General Chemistry Analytical Data. (2 sheets) 

Ammonia Chloride Cyanide Fluoride Nitnte Nitrite 
Sample lnttrval HEIS Date 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

err> Numbtr CASNnmber 

7664-41-7 16887..00-6 57-12-5 169~-48-8 14797-55-8 14797-6S-O 

0-0.50 Bl2683 6119/2001 - - - - - -
2.50-5 B12MHS 8/22/2001 2.SU 6.5 0.451 U 2.66U 110 2.66U 

5.50-8 Dl2MH6 8/22/2001 21.3 9.04 0.476U 2.7SU (93 2.7SU 

10-12.50 D12MH7 8/22/2001 2.5U 11.1 0.37U 5.3U 77.3 2.65U 

12.S0-15 Dl2MH4 8/23/2001 2.4 U 12.8 0.44U S.3U 65.3 2.6SU 

18.50-21 B12C89 8/23/2001 2.9U 7.4 0.80J 23.6 22.9J 2.3UJ 

22.50-25 Dl2DC1 8/24/2001 0.61 n 9.9 0.31 J 38.8 21.21 0.22 UJ 

25-27.50 D12MU 8/2612001 1.7B 7.6 0.15 UR. 38.6 22.1 J 2.4UJ 

30-32.SO B12MLS S121noo1 t.88 6.3 0.561 70 11.5 J 2.3 UJ 

35-37.SO D12ML6 8/27/2001 S.3 7.4 0.38 J 205 28.51 2.3UJ 

48-50.SO Bl2ML7 8/28/2001 5.3 S.4 0.471 28.8 5.41 2.3 UJ 

48-50.50 
Bl2C9l sns12001 2.5U 2.8 0.40U 23.4 21.3 l.29U Split 

72.50-75 B12MJl8 9/21/2001 2.4U 3 0.44 U 11.6 8.51 l.30U 

72.50-75 
Dl2MH9 9/21/2001 2.6U 2.9 0.42U 11.8 7.57 1.30U Duplicate 

97.50-100 Il12MJO 9/21/2001 2.7U 8.S 0.38U S.1 U 133 2.53U 

147.50-150 Dl2M11 9/25/2001 3.1 12.2 0.38U 5.1 U 493 2.56U 

219~221.50 BJ2MJ2 9/26/2001 2.7U 24.8 o.ssu 101 263 3.20U 



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

Tab le C-14. 216-B-7 A Borehole - General Chemistry Analytical Data. (2 sheets) 
Nitrogen In Nitrite pll Phosph1te Sulfate and Nitrate Meuurement (mg/kg) (mg/kg) Sample Interval JIEIS (mg/kg) 

(ft) Numbtr 
Date 

CASNumber 

N01+NOJ-N 14265-44-2 14808-79-8 

0-0.S0 D12683 6/19/2001 - - -
2.50-S Bl2MHS 8/22/2001 24.9 7.33 4S.9. 

S.S0-8 B12MH6 8/22/2001 46.2 3.1 18S 

10-12.SO Bl2M117 8/22/2001 19.4 3.3 61.S 

12.SO-lS D12MH4 8/23/2001 15.6 3 38.3 

18.50-21 Bt2C89 8/23/2001 30.1 22.41 40 

22.50-25 Dl2DC1 8/24/2001 0.04U 28.21 48.2 

25-27.S0 Bl2MIA 8/26/2001 24.9 66.S J lS 

30-32.50 Bl2ML5 8/27/2001 14.8 30.41 . 35.4 

35-37.50 B12ML6 8/27/2001 33.4 105 J 42.9 
48-50.50 812ML7 8/28/2001 10.2 12.7 J 20.4 

48-50.S0 B12C91 8/28/2001 s.s 4.S 11 Split 

72.50-75 Dl2MH8 9/21/2001 2.1 2.3 6.1 

72.50-75 B12MH9 9/21/2001 1.6 2.S 6 Duplicate 

97.S0-100 Bl2MJ0 9121noo1 25.2 2.SU 14.2 

147.50-1S0 Bl2MJI 9/25/2001 114 2.6U 14.6 

219-221.50 Bl2MJ2 9/2612001 62.2 17.8 121 
• Not ,nalyzed. 

B • The associated QC uff11le blank ha a result p-eater lhan two timet the minimum detectable activity (MDA). 
CAS • Chemical Abstract Semen registry number. 
HEtS • Hanford E•wi1onmcntal Information Systcm. 
J • Concentration iJ estimated. 
U • Analyffll (OJ but not detec1ed above the mlnlmnn dei«table lc1ivl1y In the llff11le.. The nlue rq)0tted u the resulL 
UJ • Analyted ror but not Mtectcd above the minim.mi detectable activity fn die Jaff11le. The nlue repon~ is an estimate. 
UR • The data are lllll'ttOYfflble. 

(pH) 

pH 

-
9.04 

8.31 

8.7 

8.7 

8.51 
8.61 

8.6J 

9.61 

9.S I 
10.1 J 

10.4 

10.2 

10.4 

9.9 

6.8 

10.2 

Toti) Organic 
Carbon 
(mg/kg) 

TOC 

-
1,050 

3,850 

1,370 

900 

1,5901 

847 J 

541 J 

6681 

771J 
2,680 J 

189U 

225 

163 

157 

143 

273 



Table C-15. 216-B-7A Borehole- Herbicide Analytical Data. 

2,4,S.T 
Sample (µg/lcg) HEJS Interval Number Date 

(CC) 

93-76-5 

0-0.50 812683 6/19/2001 17U 

2.S0-5 n12~ms 8/22/2001 -
S.50-8 B12Mlt6 8/22/2001 -

10-12.50 B12Mlt7 8/22/2001 -
12.SO-lS Bl2MH4 8/23/2001 -
18.S0-21 Dt2C89 8/23/2001 -
22.S0-25 D12DCI 8/24/2001 -
25-27.S0 B12MU 8/26/2001 -
30-32.S0 D12MLS 8/27/2001 -
35-37.S0 B12ML6 8/27/2001 -
48-50.50 D12ML7 8/28/2001 -
48-50.50 B12C91 8/28/2001 

Split -
72.50-75 Dl2Mll8 9/21/2001 -
72.50-75 B12MH9 9/21/2001 
Duplicate -
97.50-100 D12MJ0 9/21/2001 -
147.50-150 Dl2MJJ 9/25/2001 -
219-221.50 B12MJ2 9/26/2001 -

• Not -lyzed. 
DB • 4-{2,4-Dichlorophenoxy)butanoic acid. 
CAS • Chemical Abs1nct Services rqistry !llffl'lber. 
IIEIS • Hanford Environmmbl Information System. 
T • 2,4J-Trichlorophenoxya«tic acid. 
TP • 2-{2,4,S-Trichlorophcnoxy)propionic acid. 

2,4,5-TP 2,4-DB 
2,4-Dlthloro- 2-sttButyl-4,6-

(µg/lcg) (µg/Jcg) 
phtnOl'}'Uetlc add dinltrophtnol 

(µg/kg) (DNBP) (µg/lcg) 

CASNumbtr 

93-72-1 94--8?-{; 94.75-7 88-85-7 

17U 170U 3SU l7U 

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

Dalapon Dlcamba Dlchloroprop 
(µg/lcg) (µg/Jcg) (µg/kg) 

15-99-0 1918-00-9 120-36-5 

170U 69U 170U 

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



Table C-16. 216-B-7A Borehole- Volatile Organic Compound Analytical Data. (5 sheets) 
1.1.1- 1.1.2.2- 1,1.2- J,1- 1.1- 1.2-

Trfc:hlorodhane Tdnc:htorottbane Trf chtorotth2ne Dkhlorotthlne Dkhloroethtne Dlc:hlorotthant 
Sample HEIS Date (µg/kg) (µg/kg) (µg/lcg) (µg/kg) (µg/lcg) (µg/kg) 

Jnftrval (rt) Numbtr 
CASNumbtr 

71-55-6 79-34-5 79-00-5 75-34~3 75-35-4 107-06-2 

0-0.50 B12683 6/19/2001 - - - - - -
2.50-5 B12MH5 8/22/2001 - - - - - -
5.S0-8 Dl2Ml16 8/22/2001 - - - - - -

10-12.SO B12MH7 8/22/2001 - - - - - -
12.50-15 B12MH4 8/23/2001 - - - - - -
JS.S0-21 D12C89 8/23/2001 - - - - - -
22.50-25 Dl2DCl 8/24/2001 - - - - - -
25-21.S0 B12MU 8126/2001 - - - - - -
30-32.50 B12ML5 8/27/2001 - - - - - -
35-37.50 Bl2ML6 8/27/2001 - - - - - -
48-50.50 D12ML7 8/2812001 - - - - - -
48-50.S0 B12C91 8/28/2001 

Split - - - - - -
72.50-75 B12MH8 9/21/2001 6.00U 6.00U 6.00U 6.00U 6.00U 6.00U 

72.50-75 D12MH9 9/21/2001 s.oou s.oou s.oou s.oou s.oou s.oou 
Duplicate 

97.S0-100 B12MJ0 9/21/2001 6.00U 6.00U 6.00U 6.00U 6.00U 6.00U 

147.50-150 B12MJI 9/25/2001 6.00U 6.00U 6.00U 6.00U 6.00U 6.00U 

219-221.SO D12MJ2 9/26/2001 7.00U 7.00U 7.00U 7.00U 7.00U 7.00U 



Table C-16. 216-B-7A Borehole- VolatiJe Organic Compound Analytical Data (5 sheets) 
1)-Dirhlorotfhtnt 1.2- 2-Butanone 2-Hennone 4-l\ltthyl-2- Acetone Btnttne (Tota1) Dlthloropropane Ptntanone 

Sample REIS 
Datt (µg/kg) (µg/kg) 

(µg/kg) (µg/kg) 
(µg/kg) (µg/kg) (µg/kg) 

Interval (ft) Num~r 
CASNumber 

540-59-0 78-87-5 78-93-3 591-78-6 108-10-1 67-64-1 71-43-2 

0-0.50 D12683 6/1912001 - - - - - - -
2.50-S B12MH5 8/2212001 - - - - - - -
S.S0-8 B12M116 8/2212001 - - - - - - -
10-12 . .S B12MH7 8/2212001 - - - - - - -

12.50-15 D12MH4 8/23/2001 - - - - - - -
18.S0-21 B12C89 8/2312001 - - - - - - -
22.50-25 Bl2DC1 8/24/2001 - - - - - - -
25-27.S0 Bl2MIA 8/2612001 - - - - - - -
30-32.50 Bl2ML5 8/27/2001 - ·- - - - - -
35-37.50 812ML6 8/2712001 - - - - - - -
48-50.50 B12ML7 8/2812001 - - - - - - -
48-50.50 D12C91 8/28/2001 Split - - - - - - -
72.50-75 Dt2MH8 9121/2001 6.00U 6.00U ll.OOU 11.00U 11.00U 6.00J 6.00U 

72.50-7.S B12MH9 9/2112001 s.oou 5.00U 10.00U 10.00U 10.00U 4.00] s.oou 
Duplicate 

97.50-100 B12MJO 9/2112001 6.00U 6.00U 11.00U 11.00U 11 .00U 5.00J 6.00U 

147 . .S0-IS0 D12MJI 9125'2001 6.00U 6.00U 11.00U 11.00U 11.00U 8.00J 6.00U 

219-221.50 D12MJ2 9/2612001 7.00U 7.oou 14.00U 14.00U 14.00U 13.00ID 7.00U 



Table C-16. 216-B-7A Borehole-Volatile Organic Compound Analytical Data. (5 sheets) 
Bromodf-

Bromoform Bromometh:ane 
Carbon Carbon 

Chlorobennne Chloroerhane chlorometbane Disulfide Tetr1thlorfde 
Sample HF.IS Date (µg/lcg) (µgll<g) (µg/kg) 

(µg/kg) (pg/leg) 
(µg/kg) (µg/lcg) 

Interval (0) Number 
CASNumbtr 

75-17-4 75-lS-2 74~3-9 75-15-0 56-23-5 108-90-7 75-00-3 

0-0.50 812683 6/19/2001 - - - - - - -
2.SO-S Bl2MHS 8/22/2001 - - - - - - -
5.50-8 B12MH6 8/22/2001 - - - - - - -

10-12.50 B12MH7 8/22/2001 - - - - - - -
12.50-15 BJ2MH4 8/23/2001 - - - - - - -
18.50-21 Dl2C89 8/23/2001 - - - - - - -
22.50-25 B12DC1 8/24/2001 - - - - - - -
25-21.50 Dl2MIA 8/26/2001 - - - - - - -
30-32.50 B12ML5 8/27/2001 - - - - - - -
35-37.50 B12ML6 8/27/2001 - - - - - - - ~ -
48-50.50 D12ML7 8/28/2001 - - - - - - - < 

0 

48-50.50 
B12C91 8/28/2001 

Split - - - - - - -
72.S0-7S B12MHS 9/2112001 6.00U 6.00U 11.00U 6.00U 6.00U 6.00U . 11.00U 

72.50-75 
Bl2MH9 9/21/2001 s.oou s.oou 10.00U s.oou s.oou s.oou 10.00U 

Duplicate 

97.S0-100 Dt2MJO 9/21/2001 6.00U 6.00U tl.OOU 6.00U 6.00U 6.00U 11.00U 

147.50-150 D12MJl 9/25/2001 6.00U 6.00U 11.00U 6.00U 6.00U 6.00U 11.00U 

219-221.50 B12MJ2 9/26/2001 7.00U 7.00U 14.00U 7.00U 7.00U 7.00U 14.00U 



Table C-16. 216-B-7A Borehole- Volatile Organic Compound Analytical Data. (S sheets) 

Chloroform Chloro- ds-1,J- Dibromo- Eth)·I- He:rachloro- Methyl- Stynne mtthant Dlch1oroproptnt thloromethane ben:ttne ethane entth1orlde 
Sample 

REIS (µg/kg) (µg/Jcg) 
Interval 

Number 
Date (µg/Jcg) (µg/kg) (µg/kg) (µg/kg) (µg/Jcg) (µg/kg) 

(Ct) CASNumber 

67-66-J 74-87-3 10061--01-S 124-48-1 100-41-4 67-72-1 7S--09-2 100-42-S 

0-0 . .SO D12683 6/19/2001 - - - - - - - -
2.S0-5 B12MH.S 8/2212001 - - - - - - - -
.S.50-8 Bl2MH6 8/22/2001 - - - - - - - -

J0-12.50 B12Mll7 8/22/2001 - - - - - - - -
12.50-1.S Bt2MI14 8/23/2001 - - - - - - - -
18.50-21 Bt2C89 8/23/2001 - - - - - - - -
22.50-25 Dl20Ct 8/24/2001 - - - - - - - -
2.S-27.50 B12MlA 8/2612001 - - - - - - - -
30-32.50 Dt2MLS 8/27/2001 - - - - - - - -
35-37.50 D12ML6 8/27/2001 - - - - - - - -
48-SO.SO Dl2ML7 8/28/2001 . - - - - - - - -
48-50.50 D12C91 8/28/2001 

Split - - - - - - - -
72.50-75 Dt2MH8 9/21/2001 6.00U 11.00U 6.00U 6.00U 6.00U 350.00U 16.00B 6.00U 

12.S0-75 Dl2M1l9 9/21/2001 s.oou JO.OOU s.oou 5.00U .s.oou 350.00U 14.00B s.oou 
Duplicate 

97.50-100 Bt2MJO 9/21/2001 6.00U 11.00U 6.00U 6.00U 6.00U 340.00U 17.00B 6.00U 

147.SO-JSO D12MJI 9/25/2001 6.00U 11.00U 6.00U 6.00U 6.00U 340.00U 15.00B 6.00U 

219-221.SO Bl2MJ2 9/26/2001 7.00U 14.00U 7.00U 7.00U 7.00U 430.00U 17.00B 7.00U 



Table C-16. 216-B-7A Borehole-Volatile Organic Compound Analytical Data. (S sheets) 

Tetrachtoroethene 

Sample IIEIS 
Date Interval (n) Number 

0-0.50 D12683 6/19/2001 

2.S0-S Bl2MH5 8/22/2001 

S.50-8 Dt2M116 8/22/2001 

10-12.50 B12MH7 8/22/2001 

12.50-lS Dl2Mll4 8/23/2001 

18.50-21 BI2C89 8/23/2001 

22.50-2S Bt2DC1 8/24/2001 

25-27.50 B12MU 8/26/2001 

30-32.50 B12ML5 8/27/2001 

35-37.50 B12ML6 8/27/2001 

48-50.50 D12ML7 8/2812001 

48-50.50 B12C91 8/28/2001 
Split 

72.S0-1S D12MH8 9/21/2001 

72.50-75 D12Mll9 9/21/2001 Duplicate 

97.50-100 B12MJO 9/21/2001 

147.50-150 B12MJI 9/25/2001 

219-221.50 Dl2MJ2 9/26/2001 

• Not analyzed. 
CAS • Olemlcal Abstract Servitts "'!istry number. 
1 IElS • JlanrOl'd Environmei,tal Information System. 

(µg/kg) 

127-18-4 

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

6.00U 

s.oou 
6.00U 

6.00U 

7.00U 

Toluene trans-1,3-
Trlchtorotthtnt Dldi1oropropene 

(pg/kg) 
(µg/kg) 

(µg/kg) . 

CASNum~r 

108-88-3 10061-02-6 79-01-6 

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

6.00U 6.00U 6.00U 

5.00U s.oou s.oou 
6.00U 6.00U 6.00U 

6.00U 6.00U 6.00U 

7.00U 7.00U 7.00U 

U • Analymf for but not detected aboYe !he minimum deteetable activity In lhe sample. The vahle rq,orted u lhe mull 

Vinyl Chloride 
(µg/kg) 

75-01-4 

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

11.00U 

IO.OOU . 
11.00U 

11.00U 

14.00U 

X)·lenes (total) 
(µg/lcg) 

1330-20-7 

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

6.00U 

s.oou 
6.00U 

6.00U 

7.00U 



Table C-17. 216-B-7 A Borehole - Semi volatile Organic Compound Analytical Data. (8 sheets) 

l ,2,,4. Trfchloro- J,2-Dkhloro- J ,3-Dfchloro- J,4-Dlchloro- 2,2-O:rybis 
2,4,5-Trfchloro- 2,4.6-

bennne bennne benzene btnzene (J-chloro-
phenol 

Trfchloro-

Intervals HEIS Date (µg/lcg) (µg/lcg) (µe,'kg) (µglki) 
propane) 

(µg/kg) 
phenol 

(ft) Number (µg/lq~) (µ~) 
CASNumber 

120-82-1 9S-S0-l 541-73-1 106-46-7 108~0-1 9S-9S-4 88--06-2 

0-0.S0 D12683 6/J9n.OOI - - - - - - -
2.50-5 B12MHS 8/22/2001 - - - - - - -
S.S0-8 B12MH6 sn.212001 - - - - - - -

10.12.50 B12MH7 8/22/2001 - - - - - - -
12.50.lS B12Mll4 8/23'2001 - - - - - - -
18.50.21 D12C89 8/23/2001 - - - - - - -
22.50-25 D12DCI 8/24n.001 - - - - - - -
2S-21.S0 Dl2MlA 8/2612001 - - - - - - -
2S-21.S0 B12MLS 8/27/2001 - - - - - - -
25-27.50 Dt2ML6 sn.112001 - - - - - - -
37.50-40 B12C89 8/23/2001 - - - - - - -
48-50.50 B\2C9t 8/28/2001 - - - - - - -
48-50.SO D12ML7 8/28/2001 - - - - - - -
12.S0-15 B12MH8 9/21/2001 350.00U 350.00U 350.00U 350.00U 350.00U 860.00U 350.00U 

12.50-15 B12MU9 9/21/2001 350.00U 350.00U 350.00U 350.00U 350.00U 860.00U 350.00U 

97.S0-100 Bl2MJO 9/21/2001 340.00U 340.00U 340.00U 340.00U 340.00U 840.00U 340.00U 

147.50-150 D12MJI 9125/2001 340.00U 340.00U 340.00U 340.00U 340.00U 850.00U 340.00U 

219-221.50 B12MJ2 9/2612001 430.00U 430.00U 430.00U 430.00U 430.00U 1,100.00 U 430.00U 



Table C-17. 216-B-7A Borehole-Semivolatile Organic Compound Analytical Data. (8 sheets) 

1,4-Dlth1oro- l,4-Dlmethyt- 2,4-Dlnltro- 2,4-Dlnltro- 2,6-Dlnltro- 2.chloro- 2-Ch1oro-
phenol. phenol phenol toluene toluene ntphthtltnt phenol 

Jnterv1Js HEIS Date (µg/lcg) (µg/kg) (µg/lcg) (µg/lcg) (µg/lcg) (µg/kg) (µglkg) 
(ft) Number 

CASNumMr 
120-83-2 l0~7-9 51-28-5 121-14-2 606-20-1 91-58-7 95-57-8 

0-0.50 D12683 6/19/2001 - - - - - - -
2.50-S Bl2MHS 8/22n001 - - - - - - -
S.50-8 B'2MH6 8/22n001 - - - - - - -

10-12.S0 B12MH7 8/22/2001 - - - - - - -
12.50-tS Dl2MH4 8/23/2001 - - - - - - -
18.50-21 Bl2C89 8/23/2001 - - - - - - -
22.50-25 DJ2DC1 8/24/2001 - - - - - - -
25-27.50 B12MIA 8/26/2001 - - - - - - -
25-21.S0 B12MLS 8/27/2001 - - - - - - -
25-27.50 B12ML6 8/27/2001 - - - - - - -
37.50-40 Dl2C89 8/23/2001 - - - - - - -
48-S0.S0 Bl2C91 8/28/2001 - - - - - - -
48-S0.S0 D12ML7 8/28/2001 - - - - - - -
72.50-75 Bl2Mll8 9/21/2001 350.00U 350.00U 860.00U 350.00U 350.00U 350.00U 350.00U 

72.50-75 Dl2MH9 9/21/2001 350.00U 350.00U 860.00U 350.00U 350.00U 350.00U 350.00U 

97.50-100 Dl2MJO 9/21/2001 340.00U 340.00U 840.00U 340.00U 340.00U 340.00U 340.00U 

147.S0-150 B12MJ1 9/25/2001 340.00U 340.00U 850.00U 340.00U 340.00U 340.00U 340.00U 

219-22!.SO B12MJ2 9/26/2001 430.00U 430.00U 1,100.00U 430.00U 430.00U 430.00U 430.00U 



Table C-17. 216-B-7A Borehole-Semivo1atile Organic Compound Analytical Data. (8 sheets) 

l•Mttbyl- 1-Methyl• 
l•Nltro- 3,3•Dkh1oro- 4,6--Dinttro-1-

4-Bromo-

naphthalene 
phenol 2-Nltroanlllne 

phenol benrfdlne 
3-Nltroaniline 

meth)1phtnol 
phenyl-

Intervals IIEIS Date (µg/kg) 
(enrol, o-) (µg/kg) 

(µg/lcg) (µg/kg) 
(µg/kg) 

(µg/lcg) 
phenyl ether 

(ft) Number (µg/kg) (µe,'kg) 

CASNumbtr 

91-57~ 95-48-7 8S.74-4 8S-7S-5 91-9,t-l 99..09-2 534-5%-1 101-SS-J 

0-0.50 Bl2683 6/19/2001 - - - - - - - -
2.SO-S D12MHS 8/22/2001 - - - - - - - -
5.50-8 B12MH6 8/22/2001 - - - - - - - -

10-12.so Bl2MH7 8/22/2001 - - - - - - - -
12.50-15 B121',lli4 8/23/2001 - - - - - - - -
18.50-21 D12C89 8/23/2001 - - - - - - - -
22.S0-25 B12DC1 8/24/2001 - - - - - - - -
2s.21.so B12MIA 8/26/2001 - - - - - - - -
2s.21.so B12MLS 8/27~001 - - - - - - - -
25-27.50 D12ML6 8/27/2001 - - - - - - - -
37.50-40 B12C89 8/23/2001 - - - - - - - -
48-50.S0 D12C91 8/28/2001 - - - - - - - -
48-S0.S0 D12ML7 8/28/2001 - - - - - - - -
72.50-75 B12MH8 9/21/2001 350.00U 350.00U 860.00U 350.00U 350.00U 860.00U 860.00U 350.00U 

12.S0-1S n12r,.m9 9/21/2001 350.00U 350.00U 860.00U 350.00U 350.00U 860.00U 860.00U 350.00 U 

97.50-100 B12MJO 9/21/2001 340.00U 340.00U 840.00U 340.00U 340.00U 840.00U 840.00U 340.00U 

147.50-150 B12MJ1 9/25/2001 340.00U 340.00U 850.00U 340.00U 340.00U 850.00U 850.00U 340.00U 

219-221.SO B12MJ2 9/26/2001 430.00U 430.00U 1,100.00 U 430.00U 430.00U l,100.00U 1,100.00U 430.00U 



Table C-17. 216-B-7 A Borehole - Semivolatite Organic Compound Analytical Data. (8 sheets) 

4-Chloro-3-
4-Chloro-

4.('bloro- 4-Mtthy1- 4-Nltro- 4-Nitro- Acrna-methyl- phenyl- phenol Ac:ena-
annlne aniline phrnol phthene phthylrne 

Intenals" HEIS phenol phenytdber (c:resot, p-) 

(rt) Number Date (µg/lcg) (µg/Jc&) 
(µg/lcg) (µg/lcg) 

(µg/lcg) (µglkg) (µg/lcg) (µg/lcg) 

CASNumber 

59-50-1 106-47-8 7005-71-3 106-44-S 100-01-6 100-G2-7 83-32-9 208-96-8 

0-0.50 D12683 6/19/2001 - - - - - - - -
2.50-5 B12MIIS 8/22/2001 - - - - - - - -
5.50-8 B12MH6 8/22/2001 - - - - - - - -

10-12.50 B12MH7 8/22/2001 - - - - - - - -
12.S0-lS B12MH4 8/23/2001 - - - - - - - -
18.50-21 B12C89 8/23/2001 - - - - - - - -
22.50-25 B12DCI 8/24/2001 - - - - - - - -
25-27.S0 B12ML4 8/26/2001 - - - - - - - -
2S-21.S0 Bl2MLS 8/27/2001 - - - - - - - -
25-27.50 B12ML6 8/27/2001 - - - - - - - -
37.50-40 Bl2C89 8/23/2001 - - - - - - - -
48-50.50 B12C91 8/28/2001 - - - - - - - -
48-50.50 Bt2ML7 8/28/2001 - - - - - - - -
72.50-75 B12MH8 9/21/2001 350.00U 350.00U 350.00U 350.00U 860.00U 860.00U 350.00U 350.00U 

72.50-75 B12MH9 9/21/2001 350.00U 350.00U 350.00U 350.00U 860.00U 860.00U 350.00U 350.00U 

97.50-100 D\2~O0 9/21/2001 340.00U 340.00U 340.00U 340.00U 840.00U 840.00U 340.00U 340.00U 

147.50-150 D12MJ1 9/25/2001 340.00U 340.00U 340.00U 340.00U 850.00U 850.00U 340.00U 340.00U 

219-221.50 D12MJ2 9/26/2001 430.00U 430.00U 430.00U 430.00U 1.100.oou 1.100.oou 430.00U 430.00U 



Table C-17. 216-B-7 A Borehole - SemivolatHe Organic Compound Analytical Data. (8 sheets) 

Benzo(•)- Btnzo(a)- Benzo(b)- Btnzo(ghl)- Btnzo(k)-
Bfs(2-

Anthrac,nt Cblorottho:ry) 1nthrattne pyrtnt Ouoranthene perylene nuoranthene 
Intervals JIEIS (µg/Jcg) mdhane 

(ft) Number 
Date (µg/kg) (µg/kg) (µg/lcg) (µg/J<g) (µg/kg) 

(µg/kg) 

CASNumbtr 

120-12-7 56-SS-3 S0-32-8 205-99-2 191-24-2 207-08-9 111-91-1 

0-0.SO D12683 6/1912001 - ·- - - - - -
2.50-S D12M115 8122/2001 - - - - - - -
S.S0-8 B12M116 8122/2001 - - - - - - -

10-12.SO B12M117 8/22/2001 - - - - - - -
12.50-lS D12MH4 8/2312001 - - - - - - -
18 . .50-21 Bl2C89 8/23/2001 - - - - - - -
22.S0-25 B12DC1 8/24/2001 - - - -- - - -
25-21.S0 B12ML4 8/2612001 - - - - - - -
25-21.SO B12ML5 8/27/2001 - - - - - - -
25-21.S0 D12ML6 8/27/2001 - - - - - - -
37.50-40 D12C89 8/23/2001 - - - - - - -
48-50.S0 B12C9l 8/28/2001 - - - - - - -
48-50.SO D12ML7 8/28/2001 - - - - - - -
72.50-75 D12MllB 9/21/2001 350.00U 350.00 U 350.00U 350.00U 350.00U 350.00U 350.00U 

72.50-75 Bl2M119 9/21/2001 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 

97.50-100 D12MJO 9/21/2001 340.00U 340.00U 340.00U 340.00U 340:oou 340.00U 340.00U 

147.50-150 Bl2M11 9/25/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

219-221 .50 Bt2MJ2 9126/2001 430.00U 430.00U 430.00U 430.00U 430.00U 430.00U 430.00U 

Bls(?~hloro-
ethyl) ether 

(µg/kg) 

lll-44-4 

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

350.00U 

350.00U 

340.00U 

340.00U 

430.00U 

0 
0 

~ 
I 

N 
0 
0 
N 
.b. 
N 

~ 
0 



Q 
VI 
0 

lntuvats 
(rt) 

0-0.50 

2.50-5 

5.50-8 

10-12.50 

12.50-15 

18.50-21 

22.50-25 

25-27.S0 

25-27.50 

25-27.S0 

37.50-40 

48-50.50 

48-S0.50 

72.50-75 

12.S0-15 

97.50-100 

147.50-150 

219-221.50 

Table C-17. 216-B-7 A Borehole - Semivolatile Organic Compound Analytical Data. (8 sheets) 
Bls(2· Butylbtnzyl Dl-n-butyl- Dl-n-ottyl- Dibtnz(1,hJ Dibtnto- Pitthyl-

tthylhnyl) phthalatt Carbazole Chrynne 
phthalate phth11ate anthntene ruran phthalatt 

IIEIS Date 
phth1late 

(µtfkg) 
(µgllcg) (µg/kg) 

(µg/lcg) (µg/kg) (µg/kg) (µg/kg) (µg/1.g) 
Number (µ~i) 

CASNumbtr 
117-81-7 8~8-7 86-74-8 218-01-9 84-74-2 117-84-0 53-70-3 t324i-9 84-66-2 

812683 6/19/2001 - - - - - - - - -. 
D12MHS 8/22/2001 - - - - - - - - -
B12MH6 8/22/2001 - - - - - - - - -
Bl2MH7 8/22/2001 - - - - - - - - -
B12MH4 8/23/2001 - - - - - - - - -
Dl2C89 8/23/2001 - - - - - - - - -
Bt20Cl 8124!2001 - - - - - - - - -
Bl2MIA 8/2612001 - - - - - - - - -
Bt2MLS 8/27/2001 - - - - - - - - -
B12ML6 8/27/2001 - - - - - - - - -
B12C89 8/23/2001 - - - - - - - - -
B12C91 8/2S/2001 - - - - - - - - -
B12ML7 8/28/2001 - - - - - - - - -
B12MH8 9!21!2001 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 

B12MH9 9/21/2001 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 

B12MJ0 9/21/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

Bl2MJl 9/25/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

B12MJ2 9/26/2001 430.00U 430.00U 430.00U 430.00U 430.00U 430.00U 430.00U 430.00U 430.00U 



Table C-17. 216-8-7 A Borehole - Semivolatile Organic Compound Analytical Data. (8 sheets} 

Dimethyl Fluor- Unarbloro- llenchloro- Hnachloro-
Unachloro- lndeno 

phthalate anthene 
Fluorene 

benzene but1diene 
eye I open ta- ethane (l,2,3-ro) lsophorone 

Intervals · HEIS (µgll..-g) (µg/lcg) 
(µg/lcg) 

(µg/kg) (µg/lcg) 
dlene 

(µg/kg) 
pyrene (µg/lcg) 

(ft) Numbtr 
Date (µg/lcg) (µg/lcg) 

CASNumber 

131-11-3 206-44-0 86-73-7 118-74-1 87-68-J 77-47-4 67-72-1 193-39-5 78-59-l 

0-0.50 D12683 6/19/2001 - - - - - - - - -
2.50-5 Bl2MHS 8/22/2001 - - - - - - - - -
S.50-8 Bt2MH6 8/22/2001 - - - - - - - - -

10-12.50 812MH7 8/22/2001 - - - - - - - - -
12.50-lS Bt2MH4 8/23/2001 - - - - - - - - -
18.50-21 B12C89 8/23/2001 - - - - - - - - -
22.50-25 Dt2DCI 8/24/2001 - - - - - - - - -
25-27 . .50 B12MIA 8/2612001 - - - - - - - - -
25-27.50 Bt2MLS 8/27/2001 - - - - - - - - -
25-27.50 Bt2ML6 8/27/2001 - - - - - - - - -
37.50-40 Bt2C89 8/23/2001 - - - - - - - - -
48-50.50 B12C91 8/28/2001 - - - - - - - - -
48-50 . .50 B12ML7 8/28/2001 - - - • - - - - - -
72.50-75 B12MH8 9/21/2001 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 

72.50-75 Bl2MH9 9/21/2001 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 350.00U 

97.50-100 D12MJO 9/21/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

147.50-150 B12MJJ 9/2S/2001 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 340.00U 

219-221.50 Bl2MJ2 9/2612001 430.00U 430.00U 430.00U 430.00U 430.00U 430.00U 430.00U 430.00U 430.00U 
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Table C-17. 216.B-7 A Borehole - Semivolatile Organic Compound Analytical Data. (8 sheets) 

N-rmroso-dl• N-Nltrosodl• n-dlprop)·l• 
phenyllmfne 

Intervals HEIS amine 
(ft) Number Date (µg/lcg) (µg/kg) 

611-64-7 86-30-6 
0-0.50 B12683 6/19/2001 - -
2.S0-S Bl2MIIS 8/22/2001 - -
5.S0-8 B12MH6 8/22/2001 - -

10-12.50 Bl2MH7 8/22/2001 - -
12.50-15 Bl2MH4 8/23/2001 - -
18.50-21 B12C89 8'23/2001 - -
22.50-25 B120Cl 8/24/2001 - -
25-27.50 B12MIA 8/26/2001 - -
25-27.50 Bl2ML5 8/27/2001 - -
25-27.50 B12ML6 8/27/2001 - -
37.S0-40 B12C89 8/23/2001 - -
48-50.50 B12C91 8/28/2001 - -
48-S0.50 Dl2ML7 8/28/2001 - -
12.S0-15 B12MH8 9/21/2001 350.00U 350.00U 

12.S0-1S B12MH9 9/21/2001 350.00U 350.00U 

97.50-100 B12MJO 9/21/2001 340.00U 340.00U 

147.50-150 Bl2MJl 9/2S/2001 340.00U 340.00U 

219-221.SO B12MJ2 9/26/2001 430.00U 430.00U 

- • Not analyzed. 
CAS • Chemical Abstnct Services registry number. 
HEIS • Hanford Environmental Information System. 

Nitro- Pentachloro- Phenan-N1phth21tne benzene phenol threne 
(µg/kg) 

(µg/kg) (µg/kg) (µg/kg) 

CASNumber 
91-20-J 98-95-J 87-86-5 SS-0t-8 

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

350.00U 350.00U 860.00U 350.00U 

350.00U 350.00U 860.00U 350.00U 

340.00U 340.00U 840.00U 340.00U 

340.00 U 340.00U 850.00U 340.00U 

430.00U 430.00U 1.100.oou 430.00U 

U • Analyzed for but not detected above the minimum detectable activity in the sample. The value reported as the rrnilt. 

Phenol 
(µg/kg) 

t08-9S-l 

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

350.00U 

350.00U 

340.00U 

340.00U 

430.00U 

Pyrene 
(µg/kg) 

129-00-0 

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

350.00U 

350.00U 

340.00U 

340.00U 

430.00U 

Tributyl 
phosphate 

(µg/kg) 

126-73-8 

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

350.00U 

350.00U 

340.00U 

340.00 U 

430.00U 

t, 
0 

~ 
I 

t,..) 
0 
0 
N 
~ 
t,..) 

~ 
0 



Table C-18. 216-B-7A Borehole - Diesel Range Organic Analytical Data. 

Samp1e 
Interval HEIS Datt 

(ft) 
Numbtr 

0-0.50 D12683 6/19/2001 

2.50-S BJ2MllS 8/22/2001 

S.S0-8 BJ2MH6 8/22/2001 

10-12.SO Bl2Mll7 8/22/2001 

12.SO-lS B12Mll4 8/23/2001 

18.S0-21 Bl2C89 8/23/2001 

22.S0-25 B12DC1 8/24/2001 

25-21.SO B12MIA 8/26/2001 

30-32.S0 B12ML5 8/27/2001 

35-37.S0 B12ML6 8/27/2001 

48-SO.SO B12ML7 8/28/2001 

48-50.50 Bl2C'91 8/28/2001 Split 

12.S0-1S D12Mll8 9/21/2001 

12.S0-15 Bt2Mll9 9/21/2001 Duplicate 

97.S0-100 B12MJ0 9/21/2001 

147.SO-JS0 Bl2MJI 9/25/2001 

219-221.S0 B12MJ2 9/26/2001 

• Not -lyttd. 
CAS • Oemkal Abstract Services ftfistry number. 
IIEIS • Hanford Environmcn12l lnfonnatiori System. 

Dltstl on Total Petroleum Hydrocarbon, -

(mg/leg} 
Motor Oil (hiih bo!Ung) 

(mg/kg) 

CASNumbtr 

68334-30-5 TPIUOILII 

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

12U -
12U -
12U -
120 -
120 120 

U • AMfyttd for but not det«1ed above die minilft.lm dnectable activity m the sample. The value reported u the 
rnult. 



Table C-19. Summary of TCLP Results for the 216-B-7 A Crib Borehole. 
Mnfmum Conttntntlon or 

Constituent Sample Number 
Contaminants ror the Toifdty TCLP Concentration 

Chandtrfstlc (mg/L) 
(mg/I..)' 

B12C89 0.07%B 
Lead D12DC1 5.0 0.023B 

D12MIA 0.0461 D 

C1u'omium Dl2C89 5.0 0.0238 B 

"WAC 173-303.000. 
B • The usociatrd QC sa~le blank has I result greate'r than two times the minil'M'R dc(ettablc level (MOL). 
MOL • minimum detectable Tewl. 
QC • qu11i1y control. 
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MODELING 

Figure D-1. 216-B-46 Crib Contaminant Profile Data and Matching Model Input for 
Cesium-137, Total Beta Radiostrontium, Cobalt-60, and Plutonium-238. 
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Figure D-2. 216-B-46 Crib Contaminant Profile Data and Matching Model Input for Total 
Uranium, Technetium-99, Radium-226, and Plutonium-239/240. 
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Figure D-3. 216-B-46 Crib Contaminant Profile Data and Matching Model Input for Cyanide, 
Nitrate, Nitrite, and Sulfate. 
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Figure D-4. 216-B-46 Crib Contaminant Profile Data and Matching Model Input for Tritium. 
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Figure D-5. 216-T-26 Crib Contaminant Profile Data and Matching Model Input for Tritium, 
Total Beta Radiostrontium, Americium-241, and Cesium-137. 
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Figure D-6. 216-T-26 Crib Contaminant Profile Data and Matching Model Input for 
Technetium-99, Uranium-233/234, Uranium-235, and Uranium-238. 

20 

.r: 30 
0. 
Q) 

C 40 

50 

60. . 

7 0 

50 

60 

D 

C 

C onlamtnant proru. match obtained 
u11ng 1ource ,-i.aae contaminant 
wltt\K•• t .OmUg 

2 4 6 e 10 
Technetium-99 (pCVg) 

[] 

Contaminant profile match obtained 
using source rwleaH contaminant 
with K,• 2.D mUg 

j_o_:::.j 

;i 30 
0. 
Q) 

C 40 

50 

60 

Contaminant prome match oblaried 
using source rwle• H contaminant 
wlthK,• 2 .0 mug 

10 ............. .....,_ ........................................................... i....&...11 

5 10 15 20 25 30 
Uranfum-233/234 (pCVg) 

Contaminant profile match oblahed 
u• lng 1ourc• rwleue contaminant 
with K.• 2.0 mug 

10 20 30 
Uranlum-238 (pCl/g) 

D-6 



DOE/RL-2002-42 REV 0 

Figure D-7. 216-T-26 Crib Contaminant Profile Data and Matching Model Input for Europium-
154, Europium-155, Plutoniurn-238, and Plutonium-239/240. 
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Figure D-8. Crib Contaminant Profile Data and Matching Input for Cyanide, Nitrate, and Nitrite. 
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Figure D-9. 216-B-7A Crib Contaminant Profile Data and Matching Model Input for Carbon-14, 
Cesium-137, Plutonium-238, and Plutonium-239/240. 
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Figure D-10. 216-B-7A Crib Contaminant Profile Data and Matching Model Input for 
Tcchnctium-99, Total Beta Radiostrontiurn, Fluoride, and Nitrate. 
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Figure D-11. 216-B-7A Crib Contaminant Profile Data and Matching Model Input for Tritium, 
Uranium-233/234, Uranium-235, and Uranium-238. 
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Figure D-12. 216-B-7A Crib Contaminant Profile Data and Matching Model Input for 
Arnericiwn-241. Europium-154. and Potassium-40. 
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Figure D-13. 216-B-38 Trench Contaminant Profile Data and Matching Model Input for 
Tcchnetiurn-99, Tritium, Uranium-233/234, and Uranium-238. 
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Figure D-14. 216-B-38 Trench Contaminant Profile Data and Matching Model Input for 
Fluoride, Nitrate, Nitrite, and Potassium-40. 
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Figure D•lS. 216·B-38 Trench Contaminant Profile Data and Matching Model Input for Total 
Beta Radiostrontiurn. Cesium-137, Americium•241, and Plutonium-238. 
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