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This Phase I data quality objective (DQO) summary report supports the remedial 

investigation/feasibility study (RI/FS) and remedial action ~ccision-making processes for the 

200-PW -1 Organic Rich/Plutonium Rich Waste Group Operable Unit (OU). A RI of the 

20().PW -1 OU will be conducted under the Comprelie,uive Environmental Response, 

Compensation, and Liability Act of 1980. The 200-PW -1 OU consists of eight waste sites 

including cribs, trenches, and two unplanned release sites. Two waste sites in the 200-PW- l OU 

have tentatively been identified as representative sites in the Waste Site Grouping/or 200 Area 

Soil l,n,atigations report (DOE-RL 1997b) and the 200 Areas Remedial Investigation/Feasibility 

Study Implementation Plan - Environmental Restoration Program (hereinafter referred to as the 

hnplementation Plan) {DOE-RL 1999). 

Another RI/FS DQ0 (Phase II) will be performed for the 200-PW-1 OU waste sites that 

addresses the dispersed carbon tetrachloride plume Wlderlying a portion of the Hanford 200 West 

Aiea. The sampling requirements identified in the two DQO summary reports wi1l be combined 

in the sampling and analysis plan within the 200-PW-1 OU work plan. 

The waste sites in the 200-PW-1 OU received effluents from the Z Plant Complex, including the 

Plutonium Finishing Plant processes, which contained significant concentrations of chemicals. 

and radionuclides. Data collected during the RI will be used to determine if the waste sites arc 

contaminated above levels that will require remedial action, to support evaluation of remedial 

alternatives and/or closure strategies, and to verify or refine the preliminary conceptual 

contaminant distribution models. The data will be generated mainly through soil sampling and 

analysis. 

This DQO effort follows the concepts developed in the Implementation Plan (DOE-RL 1999) for 

using analogous site con~ant data to reduce the amount of characterization required to 

support RI/F'S decisio111. These concepts involv~ grouping sites with similar process histories, 

structures, and contamin~ta and then choosing one or more representative sites for 

comprehensive field investigation, including sampling during RI activities. Findings from the RI 
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at representative sites are then used to make remedial action decisions for all of the waste sites in 

the OU. Nonrcprcsentative sites for which field data have not been ( or will not be) collected are 

assumed to have contaminant characteristics similar to the representative sites that are 

characterized. A Record of Decision for the OU will be issued through the RI/FS process using 

the data collected during the RI. The analogous sites (i.e., those not sampled during the RI) will 

be addressed during the confirmatory sampling phase to ensure that the remedial action specified 

in the Record of Decision is appropriate and to provide design data as needed. Following 

remedial actions, verification samples will be collected to support site closeout. 

The Washington State Department of Ecology's document, Guidance on Sampling and Data 

Analysis (Ecology 199S), was used in developing the sampling design for the RI. Because the 

data will not be used to demonstrate compliance with a cleanup level, focused (biased) soil 

sampling of areas selected with the highest contamination potential was selected over an 

area-wide (unbiased) sample design. The concentrations of all contaminants in each soil sample 

will be compared directly with the cleanup levels. A statistical analysis of the sampling data is 

not appropriate for focused sampling schemes and, therefore, is not used in this report. The 

locations of samples exceeding the cleanup level will be used to delineate the areas of soil 

contamination that require a decision to be made on the need for remediation. 

The proposed sampling locations were selected with the goal of intersecting the areas of highest 

contamination and determining the vertical extent of contamination. The nature 

(e.g., ·contaminant type and concentration) and the vertical extent of the contamination are the 

major RI data needs. For ·sites that have not been adequately characterized, boreholes will be 

drilled to the groundwater table and soil samples will be collected at specified locations within 

the borehole. Geophysical logging of planned boreholes will also be performed. 

The contaminants of potential concern were identified through proces~ history information and 

previous data collection efforts. Analytical performance criteria were based on Model Toxics 

Control Act chemical compliance criteria (Washington Administrative Code 173-340) and other 

applicable or relevant and appropriate requirements. In the absence of applicable or relevant and 

appropriate requirements, other preliminary action levels were identified to determine analytical 
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perf onnance criteria. These levels provide the basis for identifying the laboratory or field 

screening detection limits required to support remedial action decisions. A modified version of 

the U.S. Environmental Protection Agency's DQ0 guidance (EPA 1994a) was used to identify 

project data quality needs, to evaluate sampling and analysis options, and to document project 

data quality decisions. 
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The purpose of data quality objective (DQO) Step 1 is to state the problem clearly and concisely 
and to ensure that the focus of the study is unambiguous. 

1.1 INTRODUCTION 

This Phase I summary report has been developed to support the remedial investigation/feasibility 
study (RI/FS) and remedial action decision-making processes for the 200-PW-l Organic 
Rich/Plutonium Rich Waste Group Operable Unit (OU). A RI of the 200-PW-l OU will be 
conducted under the Comprehensive Environment(# Response, Compensation, and Liability Act 
of 1980 (CERCLA). The 200-PW-1 OU consists of eight waste sites that include cribs, trenches, 
and two unplanned release (UPR) sites. Two waste sites in the 200-PW-l OU have tentatively 
been identified as representative sites in the Waste Site Grouping for 200 Areas Soil 
Investigations report (DOE-RL 1997b) and the 200 Areas Remedial Investigation/Feasibility 
Study Implementation Plan • Environmental Restoration Program (hereinafter referred to as the 
Implementation Plan) (DO~RL 1999). 

Another RI/FS DQ0 (Phase m will be performed for the 200-PW-l OU waste sites that 
addresses the dispersed carbon tetrachloride plume underlying a portion of the Hanford 200 West 
Area. The sampHng requirements identified in the two DQ0 summary reports will be combined 
in the sampling and analysis plan (SAP) within the 200-PW-l OU work plan. 

The waste sites in the 200-PW-l OU received effluents from the Z Plant Complex, including the 
Plutonium Finishing Plant (PFP) processes, which contained significant concentrations of 
chemicals and radionucJides. A map of the Hanford Site is provided in Figure 1-1 and depicts 
the 200 Areas and vicinity (i.e., the location of the 200-PW-1 OU). Figure 1-2 identifies the 
locations of the 200-PW-1 OU waste sites and the associated source facilities. 

This DQO summary report focuses on the development of sampling designs for the 
,epresentative (typical and worst-case) sites identified in the waste site grouping report 
(DOE-RL 1997b) and the Implementation Plan (DOE-RL 1999). This DQO summary report 
includes confirmation of the appropriate representative waste sites for implementation of the 
analogous site concept for this OU. 

The 216-Z-IA Tile Field is a typical waste site for the 200-PW-l OU. Waste sites in this OU 
received similar types of contaminants, but the estimated waste inventories vary significantly. 
The 216-Z-9 Trench site is the worst-case site for this OU. 
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Figure 1-1. Location orthe Hanford Site and 200-PW-1 Operable Unit Waste Sites. 
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Figure 1-2. 200-PW-1 Operable Unit Waste Sites Relative to Source Facllltles. 
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This DQO summary report focuses on the representative waste sites associated with the 
200-PW-l Organic Rich/Plutonium Rich Waste Group OU. The scope of this project includes 
the DQO process and development of a SAP for the two representative waste sites that will be 
incorporated into an RI/FS work plan. The DQ0 summary report and SAP will provide the basis 
for RI of the 200-PW-l OU using the analogous site concept. 

The Implementation Plan (DOE-RL 1999) presents a consistent approach to data collection 
activities associated with 200 Area assessment and remediation activities. The activities include 
all phases of sampling required to support the completion of the CERCLA process, which is 
outlined in Section 2.3 and depicted in Figure 2-2 Qf the Implementation Plan (DOE-RL 1999). 
Specific activities include the following: 

• Data collection at representative sites defined for the waste group-specific OU work plan, 
with an emphasis on verifying the conceptual contaminant distribution modcl(s). This will 
support preparation of a risk evaluation, focused feasibility study, and remedial action 
decision making. 

• Data collection after issuance of the Record of Decision (ROD) to confirm that the analogous 
sites in the specific waste group OU are represented by the conceptual contaminant 
distribution model(s). In addition, data collection activities will be included as part of the 
remedy selected for the waste group to provide site-specific information for preparation of 
the remedial design report/remedial action work plan (RDR/RA WP). 

• Verification sampling will be performed to determine that remedial objectives have been 
met. For the remove, treat, and dispose alternative, a RDR/RA WP will identify data 
collection requirements to verify that remedial action objectives have been met. For sites 
where wastes have been contained in place, an operating and maintenance (O&M) plan will 
be prepared to demonstrate adequacy of the remedial action. For example. an O&M plan 
would specify barrier performance monitoring activities. 

This DQ0 process supports the data collection that will enable the evaluation of remedial 
alternatives and selection of a preferred alternative through the RI/FS process. Additional DQO 
processes will be conducted to define the sampling requirements for the other phases of data 
collection . . The critical data needs of other GroundwaterNadose Zone (GWIVZ) core projects 
will be integrated in the 200-PW-1 RI/FS work plan/SAP and are not discussed in this DQO 
report. 

1.3 PROJECT OBJECTIVFS 

The objective of the DQO process for the 200-PW-l Organic Rich/Plutonium Rich Waste Group 
OU is to determine the environmental measurements necessary to support the RµFS process and 
remedial decision making, including refinement of the preliminary conceptual contaminant 

Remedial Invutigation DQO Swnmary Report-200-PW-l OU Phase 1 Repnsentatit11 Waste sues 
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distribution model. Additionally. the DQ0 process supports development of a SAP for the RI. 
which will be included as an appendix to the RI/FS work plan. 

Possible alternatives identified in the Implementation Plan (DOE-RL 1999) include the 
following: 

• No action alternative (no institutional controls) 
• Engineered multimedia barrier 
• Excavation and disposal of waste 
• Excavation, ex situ treatment, and geologic disposal ofTRU-contaminated soil 
• In situ vitrification of soil 
• In situ grouting or stabilization . 
• Monitored natural attenuation (with institutional controls). 

1.4 PROJECT ASSUMPTIONS 

Project assumptions for the RI_ include the fo11owing: 

• The DQ0 process wm be performed in accordance with BID-EE-01, Environmental 
Investigations Procedures, Procedure 1.2, "Data Quality Objectives," and Section 6.1 of the 
Implementation Plan (DOE-RL 1999). 

• The 200-PW-1 is a source OU and the investigations will focus on vadose zone soil 
contamination. 

• The Final Hanford Comprehensive Land Use Plan Environmental Impact Statement 
(DOE 1999) identifies land use in the near future (50 years) within the 200 Arca land-use 
boundary as industrial (exclusive) and centers mainly on waste management activities. 

• The Implementation Plan (DOE-RL 1999) outlines the assessment and remediation approach 
to be followed for the OU: 

Defines the regulatory framework 

Generally identifies the characterization approach 

Provides background information on 200 Arca site conditions, operational history, and 
secondary plans (e.g., quality assurance, heahh and safety, information management, and 
waste management) 

- Provides governing assumptions, including preliminary applicable or relevant and 
appropriate requirements (ARARs), land-use considerations, remedial action objectives, · 
and alternatives. 
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• The analogous site approach wm be used. Characterization will be limited to representative 
waste sites and the characterization will be used to reach remedial decisions for all waste 
sites within the OU. The DQO effort will focus on representative waste sites within the OU. 
Preliminary representative waste sites have been selected in the waste site grouping report 
(DOE-RL 1997b) and the Implementation Plan (DOE-RL 1999) that were considered to be 
representative of typical and worst-case conditions for the OU. Representative waste sites 
for the 200-PW-1 OU are as foUows: 

216-Z-9 Trench (worst-case site) 
216-Z-lA Tile Field (typical site). 

• Eight specific waste sites and two UPRs within the OU are listed in Appendix G of the 
Implementation Plan (DOE-RL 1999). Sites identified in the 200-PW-l OU are listed below: 

216-T-19 Crib 
216-Z-1&2 Cribs 
216-Z-lA Tile Field 
216-Z-3 Crib 

- · 216-Z-9 Trench 
216-Z-12 Crib 
216-Z-18 Crib 

- 241-Z-361 settling tank 
UPR-200-W-103 

- UPR-200-W-110. 

Sampling to characterize the non-representative waste sites is not included in the scope of the 
200-PW-1 work plan. 

• A review of the representative sites is a key component of the DQO process. The 
representative sites identified in the waste site grouping report (DOE-RL 1997b) and the 
Implementation Plan (DOE-RL 1999) have been revisited with the DQO scoping team 
members and key decision makers to ensure that the appropriate sites are chosen. The final 
selection of representative waste sites is considered flexible (i.e., different waste sites may be 
selected as representative sites, or additional representative sites may be added). 

• The representative waste sites in this OU are known to contain transuranic radionuclides at 
concentrations greater than 100 nCi/g, indicating that some of the soils would be classified as 
TRU-contaminated soils under U.S. Department of Energy (DOE) .Guide 435.1-1 IDA. 

• Existing characterization data from 200-PW-l waste sites and analogous data (i.e., borehole 
logging results from boreholes in the vicinity of the waste sites) will be used to support the 
DQO process and to prepare the RI/FS work plan. Based on historical site uses and current 
contaminant of potential concern (COPC) information, it is recognized that certain waste site 
contaminants of concern (COCs) will exceed action levels and that remediation will be 
required. 
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• A preliminary conceptual contaminant distribution imdel for the 200-PW-1 waste group in 
general has been developed in Waste Site Grouping/or 200Area Soil Investigations 
(DOE-RL 1997b). This preliminary conceptual contaminant distribution model provides an 
initial prediction of the nature and extent of the primary COCs. Models for the representative 
sites will be developed as part of the DQ0 effort and work plan preparation. 

• Remedial actions will likely be required to achieve ARARs, including the industrial soil 
cleanup standards of the Model Toxics Control Act {MfCA) (Washington Administrative 
Cock [WAC] 173-340) for chemical contaminants. The industrial standards are designated 
Method C in MfCA. The radiological dose limits will be detennincd in the future. For 
purposes of this DQO process, a dose limit range from 15 to 500 mrem/yr above natural 
background is applied for radionuclides in soil (refer to Global Issue #2 in Section 1.5.1 ). 
Because the waste sites in this OU arc contained within the exclusive land-use boundary for 
the 200 Areal, an industrial land-use scenario is assumed. 

• Potential data uses that need to be considered when developing DQOs include refinement of 
the preliminary conceptual contaminant distribution model; evaluation of remedial action 
alternatives, remedial action decisions, and risk assessment; and worker health and safety. 

• The environmental data collected will be used to support waste disposal. A subsequent DQO 
process will be conducted for designation of the wastes generated during RI/FS 
characterization sampling. 

• Wastes with mobile contaminants were disposed at these sites and may have impacted 
groundwater in the past. However, evaluation of groundwater contamination and 
remediation is not included in the scope of the work plan. 

• The RI (i.e., initial OU characterization) will validate, or provide the basis to refine, the 
conceptual contaminant distributian models for all of the waste sites in the OU through 
characterization of the representative waste sites. The conceptual contaminant distribution 
models and the conceptual exposure model will be used to develop and evaluate remedial 
action alternatives applicable to the OU in a FS/cJosure plan. The RI/PS will form the basis 
for selecting a prefen-ed remedial action in a proposed plan for the 200-PW-1 OU. 

• Supplemental sampling requirements that rcsuh from integration efforts with other projects 
are not addressed in this DQO_ summary report but will be incorporated in the SAP. which 
will be issued following the issuance of this DQ0 report. 

• Ecological DQOs, if established/needed, will be addressed under a 200 Area-wide 
investigation. Ecologically SCMitive COPCs will be evaluated through that process. 
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Project issues include the global issues that transcend the specific DQ0 project and the technical 
issues that are unique to the project. Both global and project technical issues have the potential 
to impact the sampling design or the DQOs for the project. 

1.5.1 Global Issues 

Two global issues were identified during a meeting between the U.S. Environmental Protection 
Agency (EPA) and the U.S. Department of Energy, Richland Operations Office (RL) on 
December 5, 2000. 

• Global Is.1ue #1-Thc 200-PW-1 OU waste sites have contributed to the carbon tetrachloride 
plume (vadose zone vapor and groundwater) that underlies a significant portion of the 
200 West Area. Because remediation of the plume exceeds the scope of the 200-PW-1 OU 
waste site remedial decisions (currently under the Groundwater Management Project), it.is a 
global issue for this project. To address this need, DOE and the Environmental Restoration 
Contractor (ERC) are developing a 200 Area-wide carbon tetrachloride remediation strategy 
under the Groundwater Management Project. The scope of this DQO process is, therefore, 
limited to the contiguous boundaries of the 200-PW-l OU waste sites. Consequently, 
characterization of the larger groundwater and vadose zone carbon tetrachloride plume and 
dense non-aqueous phase liquids (DNAPLs) is not considered to be an objective ofthis DQO 
process. The critical data needs of other GW/VZ core projects will be integrated in the 
200-PW-1 RI/FS work plan/SAP. 

• Global l§Ue #2 - The radiological dose limit for industrial land use is a global issue for this 
project, as the dose limit has not been established by decision makers. 1bc EPA is evaluating 
radiological limits that range from 15 to 500 mrem'yr above background. with an industrial 
scenario yet to be defined. This issue will be further defined in the FS process and 
documented in the ROD for the OU. 

• Global }§De #3 - During the external DQO briefing on February 28, 2001, EPA noted that 
RL may not have a consistent policy for handling TRU-contaminated materials on the 
Hanford Site. 'The EP A's concern is that several of the potential remedial alternatives for the 
200-PW-l OU waste sites would leave TRU-contaminated soil in place (with or without 
treatment). These ahematives appear to be inconsistent with the remedial practices for other 
Hanford TRU waste types that will~ shipped to t~e Waste Isolation Pilot Plant. 

This DQ0 summary report evaluates the ability of laboratory analytical methods for radionuclide 
COCs to meet the DQ0s (i.e., detection limits) to support the evaluation of either the upper 
(500 mremlyr) and lower (15 mrem/yr) limits. 
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• Characterization of the 200-PW-1 OU waste sites must consider radiological control 
requirements for possible TRU-contaminated soils at levels above the DOE definition for 
TRU of 100 nCi/g. 

• If contaminated soils are present above the TRU level in the 200-PW-1 OU waste sites, 
stringent health and safety restrictions will be imposed on wotkers and work practices. 
Analyses ofTRU-contaminated soils may require the use of an onsite laboratory. which 
could unfavorably impact analytical costs. detection limit, and analyte lists. The RI-related 
waste disposal options may also be affected. 

• The 200-ZP-2 Project will extend two wells (299-WlS-84 and 299-WlS-95) approximately 
30.5 m (100 ft) through the caliche formation near the 216-Z-9 Trench. Split-spoon sampling 
wil1 be performed for volatile organic analytcs {VOAs), metals, gross alpha and beta, 
plutonium (and several other radionuclides), and oil and grease, primarily for waste 
designation. It is possible that some of the data accumulated through this effort will meet the 
data quality needs for the 200-PW-1 RI/PS DQO process. The use of these data will be 
addressed in the SAP. 

• The enclosure structure located on top of the 216-Z-9 Trench is not designed to support loads 
greater than those imposed by several occupational workers. The structure cannot be used to 
support heavy sampling equipment (e.g., drilling equipment). Because of the high 
contamination levels within this trench, operations that could breach the enclosure roof were 
deemed unacceptable. This was considered in the development of sampling design 
aJtcmatives in Section 7.0. 

• Several of the waste constituents within the 200-PW-1 OU waste sites have degraded to 
complexing agents. This may have affected the mobility of other constituents and anaJytical 
methods may not exist. 'These are noted in Table 1-7, where applicable. 

• Ahhough the 241-Z-361 settling tank is an analogous site within the 200-PW-1 OU, a unique 
remediation path may be implemented because of perceived risks associated with this site. 
The Hanford Federal Facility Agreement and Cons.ent Order (Tri-Party Agreement) 
(Ecology et al. 1998) Milestone M-15-37B established the need to characteri7.e the tank 
contents and structural integrity. Fluor Hanford, Inc. (FH) fulfill~ this milestone, which is 
~ocumented in a letter from PH to RL entitled, Submittal of DocllPMntation in Fulfillment of 
Milt!stone M-15-37B, dated June 15, 2000 {FH 2000). In this letter, PH proposed a 
regulatory path forward that included three options: ( 1) a non-time criticaJ removal action, 
(2) interim remedial action, and (3) deferral to the 200-PW-1 OU. The analytcs reported in 
this characterization effort are consistent with the COCs in this DQO summary report 
including amcricium-241, neptunium-237. plutonium-238, .plutonium-239/240, strontium-90, 
technctium-99, uranium-235, silver, cadmium, chromium, mercury, nickel, lead, tributyl 
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phosphate (TBP), ammonia, chloride, fluoride, nitrate, polychlorinated biphcnyls (PCBs), 
phosphate, and sulfate. 

1.6 WASTE SITES AND OPERA TING HISTORY 

The 200-PW-1 OU in the Hanford Site's 200 West Area includes eight CERCLA past-practice 
(CPP) sites and two UPR sites that received mostly acidic aqueous wastes, organic process 
wastes, and laboratory wastes containing relatively large amounts of americium and plutonium, 
with a moderate amount of uranium and small amounts of fission products. Figures 1-1 and 1-2 
depict the Jocation of the study areas relative to the 200 West Arca. Waste discharged to the soil 
column in this OU was generated at the Z Plant Complex (which includes the PFP) from 1949 
through 1980. · 

1.6.1 Plant History 

The 231-Z Building was constructed in 1944 and served to further decontaminate the plutonium 
products from both T and B Plants before shipment offsite. In 1948, the 234-5 Z Building and 
ancillary facilities were constructed to replace the processes of the 231-Z Building. The rubber 
glove (RG) line was implemented in 1949. The remote mechanical operations (RMA-RMC) 
began in 1935 and continued until 1989. Throughout its lifetime, the Z Plant Complex received 
various types of processed (uranium and fission products removed) plutonium solutions from 
each of the 200 Area separations facilities. The major processes conducted in the Z Plant 
Complex included plutonium isolation and purification from the various solutions, production of 
metallic plutonium, and recovery of plutonium and americium from plutonium scrap solutions. 
Currently Z Plant's mission is the stabilization of plutonium-containing solids, solutions, and 
incinerator ashes and the deactivation of the facility. Several buildings were associated with the 
200-PW-l OU waste streams from Z Plant including the PFP and the RECUPLEX plutonium 
recovery process housed in 234-SZ, the Plutonium Reclamation Facility (PRF) in. 236-Z, the 
americium recovery facility in 242-Z, and the Analytical and Developmentl..aboratory. 

Liquid waste generated at Z Plant wurouted to an underground storage tank (e.g., 241-Z-361 
settling tank) through an underground transfer system. The storage tank was used to settle the 
heavier constituents from the liquid effluents, forming sludge. The liquid supematants in the 
tanks were ultimately discharged to the soil column via cribs, trenches, and tile fields. 

The "worst-case" representative site is the 216-Z-9 Trench. This trench operated from 1955 to 
1962. It received solvent and aqueous wastes from the RECUPLEX process. (The trench was 
the only waste site to receive solvent wastes during the RECUPLEX operation.) In 1976 and 
1977, the trench floor was· mined for plutonium using remotely operated equipment. Mining 
efforts recovered 58.1 kg (128 lb) of plutonium Data collected during mining operations 
suggest that approximately 38 to 48 kg (84 to 106 lb) of plutonium remain in the soil below the 
trench. An enclosure structure was buih to cover the trench before liquid discharges were 
initiated. The enclosure is reportedly not capable of supporting loads greater than the weight of 
two workers. A formaJ structural analysis has not been performed for the enclosure to date. 
Currently the FH Nuclear Materials Stabilization Projcc~ is responsible for the trench. 
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The "typical case" representative site is the 216-Z-IA Tile Field. The tile field operated from 
.1949 to 1969 and received effluent waste from the 234-SZ, 236-Z. l;llld 242-Z facility operations. 
The tile field was originalJy constructed to receive liquid waste overflow from the 216-2-1 and 
216-Z-2 Cribs; however, the cribs were bypassed and the waste was routed directly to the tile 
field. 

1.6.2 Process Information 

At the Z Plant Complex, the recovered purified plutonium was refined to one of several fonm 
depending upon the era and available process. At the start of Hanford operations, plutonium was 
refined in the 231-Z Building where it was converted to a nitrate paste prior to shipment offsite. 
Shortly thereafter, however, a more elaborate plant, the 234-SZ (i.e., PFP), was constructed with 
the capability to convert plutonium into metal, nitrate, or oxide forms. A number of process 
lines in the 234-SZ Building were used between 1949 and 1989. Initially batch inorganic 
chemical steps were used to refine and convert plutonium to the desired form, and elaborate 
mechanical extraction processes were developed later. The PFP was used to fabricate plutonium 
into weapons shapes and to reprocess scrap plutonium using solvent extraction techniques based 
on TBP mixed with carbon tetrachloride (RECUPLEX). Processes at the Z Plant Complex that 
generated the primary waste streams into the 200-PW-l OU waste sites included the following (it 
should be noted that 200-PW-l waste sites did not receive any waste from the 231-Z Building 
and its operations): · 

• Rubber &love <RO} line: Operation was then transferred to the newly constructed 
234-S Building in 1949 and operated until 1953, when it was abandoned for remote 
mechanical operations. Waste generated by this process included hydrofluoric, sulfuric, and 
nitric acids, as well as peroxide, plutonium, and other transuranic metals. 

• Remote mechanical "A" <RMA} line: The RMA line was constructed in 1949 and began 
operations in 1953. Thc RMA line operated until it was upgraded to remote mechanical 
C (RMC) operations. The process was the same as the RO line chemically; however, the 
plutonium was handled by remote mechanical means. Thus, the RMA produced the same 
waste .as the RO line. · 

• · Remote mechanical "C:' <RMC} line: The RMC line was constructed in 1957 and began 
operations in 1960. The RMC operated until 1973 and again from 1985 to 1989. The 
process was the same as the RO and RMA lines chemically; however, the plutonium was 
handled renx>tely by mechanical means, with additional mechanical upgrades to increase the 
safety of the Opel'ators. Thus, the RMC produced the same waste as the RO and RMA lines. 

• Plutonium Metal Fabrication: Weapons-grade plutonium metal was cut and milled into 
weapons shapes for quick assembly into nuclear weapons in the late 19S0s. Waste generated 
by this process included mixed lard oil and carbon tetrachloride, as well as other volatile 
organics used u cutting fluids. 

• BECJJPLEX: This plutonium recovery process operated in the 234-SZ Building from 1955 
to 1962, at which time the process was terminated after a criticality event (i.e., an 
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uncontrolled nuclear reaction) within the PFP. Waste generated by this process included 
hydroiodic, hydrofluoric, sulfuric, and nitric acids, as well as silver, carbon tetrachloride, 
TBP, plutonium, and other transuranic metals. 

• Americium recovery: An americium recovery process operated in the 242-Z Building 
between 1964 and 1976. The process was shut down in 1976 after an explosion occurred in 
one of the recovery .units. Waste generated by this process included hydrochloric, 
hydrofluoric, phosphoric, and nitric acids, as well as dibutyl butyl phosphonate (DBBP), 
carbon tetrachloride, TBP, plutonium, and other transuranic metals. 

• Plutonium Reclamation Facility CPRF): In 1964, a replacement plutonium scrap solution 
recovery facility, the PRF, was brought on line in the 236-Z Building. The PRF operated 
from 1964 to 1979 and from 1984 to 1987. Waste generated by this process included 
hydrofluoric, phosphoric, and nitric acids, as well as silver, hydroxyl amines, DBBP, carbon 
tetrachloride, TBP, uranium, plutonium, and other transuranic metals. 

Tables 1-1, 1-2, 1-3, and 1-4 identify the DQO scoping team members, DQO workshop team 
members, DQ0 integration team members, and key decision makers, respectively. The scoping 
team developed the DQ0 checklist and binder prior to the internal seven-step process. The DQO 
workshop team members participated in the seven-step DQO process. The key decision makers 
provided external review of the results of the seven-step process. 

Table 1-1. DQO Scoping Team Members. (2 Pages) 

Name Organization Area of Expertise (.Role) 

Janet Badden 
CHI Regulatocy Support/ 

Regulatory Environmental Science 

Roy Bauer CHI Environmmtal Engineering DQ0 Workbook/Facilitator 

Steve DeMers Bill RadiologicaJ Control Engineering Radiological Control Engineering 

Bruce Ford Bill Site Assessments 200 Asea Remedial Action Task 
Manager 

Lyle Ivey 
CHI Regulatory 

Statistician Support/Environmental Science 

John Ludowisc cm Environmental Engineering 200-PW•l Task Lead, Process 
Knowledge 

Jim Sharpe 
ClD Regulatory Support/ 

Cultural/Biological Issues Environmental Science 

Kevin Singleton CH2M Hill, Inc. Geosciences Technical Staff, Author 

Dave SL John CHI Sample/Data Management Sampling Data Management/Site 
Sampling History 

Wendy Thompson Bill Environmental Technologies Sampling/Field Analysis 

Rich Weiss CHI Sample/Data Management Radiochemical and Analytical, Data 
Management 
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Table 1-1. DQO Scoping Team Members. (2 Pages) 

Name 

Curt Wittrcich 

Michelle Yates 

BHJ = Bechtel Hanford, Inc. 
CHI= CH2M Hill Hanford, Inc. 

Orsanlzatlon 

cm Environmental Engineering 

cm Environmental Engineering 

Area of Expertise (Role) 

200 Arca Remedial Action Lead 

Process Chemistry, Technical Staff, 
Author 

Table 1-2. DQO Workshop Team Members. 

Name Orsanlzatlon . Area of Expertise (Role) 

Kim Anselm CHI Office Services Project Assistant/Document Control 

Janet Badden CID Regulatocy Support Rcsulatocy Compliance 

Roy Bauer CID Environmental Engineerin1 DQO Facilitator/Workbook 

Bruce ford BID P.nvironmental Leadl 200 Area Remedial Action Tut 
Managt.r 

John Ludowisc CHI Environmental Engineering CHI Project Lead 

Virginia Rohay cm Geosciences/Modeling Technical Staff 

Jim Sharpe cm Environmental Engineerin& Scoping - Cultural Resources 

Kev.in Singleton CH2M Hill, Inc. Geology 

Rob Sitzler Blll Radiological Control Engineering Environmental Radioloeical 
Engineering 

Wendy Thompson BID Environmental Technoloeies Sampling and Analysis Collection 

Rich Weiss ClD Sample/Data Management Analytical Laboratmy 

Curt Witlreic:h CID Environmental Engineering CHI 200 Area Project Lead 

Michelle Yates CHI F.nvir(XllDelltal Engineering Scoping - 200 Area Processea/ 
Chemistry 

'Thble 1-3. DQO lntep-atlon 'learn Members. 

Na.me Organlutlon Area of Expertlle (Role) 

Keith Hampton FH 241-Z-361 Settlin& Tank 

Virginia Rohay 200-ZP-1 and 200-ZP-2 TechniciJ Staff/Co«clination 

Craig Swanson 200-ZP-1 and 200-ZP-2 Technical Staff' 
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Tobie 1-4. DQO Key Decision Makers. 

Name Organization Area otExpertise (Role) 

Dennis Fau)k EPA EPA OU Manager 

Bryan Foley OOE DOE Project Manager 

Table 1-5 lists the key sources of existing documents and data collected from previous 
investigations that were reviewed by the DQO team. 

Tobie 1-5. Existing Documents and Data Sources 
for 200-PW-l Operable Unit. (3 Pages) 

Reference Summary 

200 Area.r Rtmemal Investigation/Feasibility Study 
Background geography, process, waste site, and COC 

Implementation Plan - Envirtmm4ntal Restoration 
Program, 00~98-28, Rev. 0 (DOE-RL 1999) 

knowledge, and strategy for the 200 Areas. 

200 Areas Waste Sites Handbook, 3 vols., Waste .site descriptions, releases, waste discharge 
RHO-CD-673 (Maxfield 1979) information, and management reports. 

1994 Conceptual M~l of the Carbon Tetrachloriu 
Provides data summaries and analytical results from 
limited field investigations conducted at 216-Z-IA and 

Contamination in the 200 West Area at the Hanford 
216-Z-9. Geological information and COPC, COC, 

Site, WHC-SD-EN-Tl-248, Rev. 0 (Rohay 1994) 
and carbon tetrach)c:ride information. 

Distribution of Plutonium and Americium BeMath the Provides data summaries and analytical results from 
216-Z-JA Crib: A Status Report, RHO-ST-17 limited field investigations at 216-Z-lA. Contains 
(Pricc _ct aJ . 1979) geological, COPC, and COC information. 

Report on Plutonium Mining Activities at 
Provides data swnmaries and analytical results of 
plutmium inventories before and after removal at 

216-Z-9 Enclosed Trench. RHO-ST-21 216-Z-9. Provides logistical data of mining activities 
(Ludowise 1978) 

and current condition of the trench. 

Nuclear Reactivity Evalwations of 216-Z-9 Enclosed Provides data swnmaries and anaJyticaJ results of 
Trench, ARH-291S (Smith 1973) plutmiwn invent<ries at 216-Z-9 before removal. 

Hanford Site Atlas, BIIl-01119, Rev. 1 (BID 1998) Site maps. 

WIDS reports for 200-PW-1: Summarizes site names, locations, types, status. site 

216-T-19 Crib, 216-Z-1&2 Cribs, 216-Z-lA Tile Field. 
and process descriptions, associated structures. cleanup 
activities, environmental monitoring description, access 

216-Z-3 Crib, 216-Z-9 Trench, 216-2-12 Crib, requirements, references, regulatory infunnation, and 
216-Z-18 Crib, 241-2-361 settling tank, waste infcnnation (e.g., type. category, physical state, 
UPR-200-W-103, UPR-200-W-110 description, and stabilizing activities). 

Performance Evaluation Report for Soil Vapor 
Provides data swnmaries and updated results of limited 

Extraction Operations at the Carbon Tttrachloruk 
Site, February 1992-September 1999, Bin-00720, 

field investigations for the 200 West Area with respect 

Rev. 4 (Rohay 2000) 
to carbon tetrachloride and selected VOAs. 
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Table 1-5. Existing Documents and Data Sources 
for 200-PW-1 Operable Unit. (3 Pages) 

Reference Summary 

Dcscripti011 ex work documents for the 216-Z-9 Trench. 
which are currently being developed by the ERC Information on COCs. Will aJso provide geological 
Oroundwater/Vadose Zone Integration Project (to be and vadosc zone information. 
published) 

Submittal of Documentation in Fulfillment of Milestone 
M-15-37B, Jetter FH-000279, to RL, dated June 15, lnfurmation on COCs. 
2000 (HI 2000) 

Hydro geologic Conceptual Matkl for tM Carbon 
Tetrachlorltk and Umniwn/Technetium Plwnu in the Gcoloaical and groundwater infonnation. 200 Wut Area: 1994 to 1999 Update, BID-01311, 
Rev. O_(B_HI 1999) 

DNA.PL lnwstigation Report, BHI-00431, Rev. 0 Geological information. 
(BHI 1995) 

241-Z-361 Sludge Characternation Dala Quality Historical waste site and COC disposal information for 
Objectives, HNF-4225, Rev. 0 (LMHC 1999) 241-Z-361 tank. 

216-Z-12 Transuranic Crib Characteri1,Jllion: Historical waste site, operational, geological, and COC Operational History and Distribution of Plutonium and 
Anwrlcium. RHO-ST-44 (Kasper 1982) 

disposal information. 

Evaluation of Scintillation Probe Profiles from 
200 Area C.rib M~nitoring Wells, ARH-ST-156 Geophysical logs and contaminant distribution data. 
(Pecht cul. 1977) 

Hanford Sile Groundwater Monitoring for Fiscal ¥ear 
Groundwater annuaJ report information. J998,PNNL-12086(PNNL 1999a) 

PNLA1LASJLO..AllCHV/200 East and West Database b geophysical log&inc. 

Z Plant Uquid Waste Disposal 11arowgh tlw Historical waste site, operational, gcol<>sicaJ, and COC 
241-Z Vault, ARH-CD-323 (ARH 1976) disposal inronnation. 

Hanford Sitewidt Groundwater Remediation Strategy, Groundwater and geological informatim. OOE/RL-94-9.5, Rev. 1 (OOE-RL 1997a) 

Hismcal account of process operatim1 information 
b Z Plant and ancillary facilities, and feed proceu 

History and Stabllhation of th6 Pllltoniwm Flnuhin1 modifications at REDOX, PUREX. and T and B Plants. 

Planl (PFP) Complex, Hanford Site, HNF-EP-0924 Provides infamation on trouble encountered, solutions 

(Gecber 1997) implanented, chemical uaed, an owniew of each 
proceuea' daily activities, buildin1 conaruction, 
functions, maintenance. and sarnplina, laboratory, and 
disposal activities. 

200 Areas Disposol Sites for Radioactive Liquid 
Waste site and COC information. Wastu, ARH-947 (CWTen 1972) 

Radionuclide Inventories of Liquid Waste Disposal Waste site and COC information. Sites on tlw Hanford Site, HNF-1744 (FH 1999) 
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Table 1-5. Existing Documents and Data Sources 
for 200-PW-1 Operable Unit. (3 Pages) 

Reference 

Waste Sile Grouping for 200 Areas Soil Investigations, 
DOFJRL-96-81, Rev. 0 (DOE-RL 1997b) 

Results of 1998 Spectral Gamma-Ray Monitoring of 
Boreholes at the 216-Z.JA TIie Field, 216-Z..9 Trench. 
and 216-Z.12 Crib, PNNL-11978 (PNNL 1999b) 

Proof-of-Principle Demonstration of a Passive NeUlron 
Tool/or Detection o/TRU-Contaminated Soil at the · 
216-Z.JA Tile Field, BHI-01436, Rev. 0 
(Bauer et aJ. 2000) 

Z Plant Source Aggregate Area Management St,u;Jy 
Reporl, DOE/RL-91-58, Rev. 0 (DOE-RL 1992) 

HEIS database 

Discussions with Mr. Thwman D. Cooper, PFP 
Chemist 

Discussions with Mr. David A. Dodd, PFP Chemist 

Site visit notes 

Drawings 

HEJS • Hanford Envircrunental Information System 
PUREX = Plutoni~Uranium Extraction (Facility) 
REOOX • Reductim-Oxidation (Facility) 
WIDS • Waste Information Data System 

Summary 

Summarizes site name, location, type status, site and 
process descriptions, known and suspected 
contaminatioo, p-eliminary contaminant distribution 
conceptual model, site conditioos that may affect COC 
fate and transport, COC mobility in Hanford Site soils, 
COC distributioo and transport to groundwater, and 
hazards associated with COCs. Soil porosity 
information for each waste site. 

Spectral gamma logging data in the 216-Z-l A Tile 
Field and around the 216-Z-9 Trench. 

Gross gamma logs and passive neutron results in two 
boreholes in the 216-Z-IA Tile Field, confirming 
TRU-contaminatcd soils in the tile field 

Soil and geological information, COPC information, 
process history, and geophysical logging. 

Well information and sampling data. 

Historical process and operation information and 
COPC listings. 

Historical process and operation information and 
COPC listings. 

Information on genmll site conditions. 

Construction "as-built" drawings of individual waste 
sites. 

Table 1-6 represents the complete, unconstrained set of COPCs that were, or could have been, 
discharged to the 200-PW-1 OU waste sites. The master COPC list was then evaluated against a 
set of exclusion rationale to dctennine the final list of project COCs. The COPCs that were 
excluded and the rationale for their exclusion are listed in Table 1-7. 
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Table 1-6. Sources of Contamination, COPCs, and Affected Media 
for the 200-PW-1 Operable Unit. (2 Pages) 

l_{nown or Suspected Source of Type of Contamination trom Each 
Affected Media Contamlnadoo (Process) Source (Genenl Contamination) 

The 200-PW-1 OU waste lites received These wastes contained inorganic Shallow soiJs (0 to 4.6 m 
plutonium-rich and organic-rich wastes anions and cations. acidic. and large [15 ft) bgs) and deep soils 
from the REO.UPLEX and PRF processes, amounts of organic waste with high (>4.6 m [>15 ft] bgs) 
PFP operations including RMA, RMC. and levels of plutonium and associated with the waste 
ama-iciwn recovery operations. and amecicium-241, moderate amounts sites and groundwater 
laboratory wastes, all from the Z Plant of uranium, and Jowa- amounts of · beneath the waste sites. 
Complex. fission products. 

RtulloactiH COPC1 

Americiwn-241 Curium-242 Plutonium-240 Strootium-90 
Americium-242 Curiwn-243 Plutonium-241 Technetimn-99 
Americium-243 Curiwn-244 Plutonium-242 Thorium-232 
Antimony-123 Curium-24S Protactiniwn-233 Tritiwn 
Antirnony-125 Lanthanum-140 Radium-224 Uranium-232 
Ceriwn-141 Lead-212 Radiwn-226 Uranium-233 
Cerium-144 Lcad-214 Radium-228 Uraniwn-234 
Ccsium-134 Neptuniwn-237 Ruthenium-I 03 Uraniwn-235 
Ces.ium-135 Neptunhun-239 Ruthenium- I 06 Uranium-236 
Cesium-137 Plutonium-238 Strontium-89 Uranium-238 
Cobalt-60 Plutonium-239 

Inorsank COPC1 

Aluminum Ammonium oxalate Calciwn nitrate Hydroxide 
Aluminum fluoride Ammonium fluorosilicate Chloride Lanthanum 
Aluminum nitrate Ammonium sulfate Fluoride Lanthanum fluoride 
Aluminum nitrate (mono Arsenic nitrate Gallium oxide Lanthanum hydroxide 

basic) Bismuth Hydrochloric acid Lanthanum nitrate 
Aluminum sulfate Cadmhun nitrate Hydrofluoric acid Lithium chloride 
Ammonia Calciwn Hydroiodic acid Magnesium 
Ammonium hydroxide Calcium carbonate (lime) Hydrosen Mapeaium oxide 
Ammonium lanthanum Calcium iodide Hydrogen pa-oxide Mercury 

. nitrate Calciwn fluoride 

lnorBank Chlmkal COPC1 

Nickel Plutonium dioxide Sodium bicarbonate Sodium sulfate 
Nitrate Plutonium nitrate Sodium carbonate Sulfate 
Nitric acid Plutonium peroxide Sodium chloride Sulfuric acid 
Peroxide Potusium permanganate Sodium fluaide Uranimn 
Phosphate Seleniwn Sodium hydroxide Uraniwn dioitide 
Phosphoric acid Silver Sodium nitrate Uranium trioxide 
Plutonium Sodium Sodium oxalate Uranyl nitrate 
Plutonium fluoride Sodium aluminate 
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Table 1-6. Sources of Contamination, COPCs, and Affected Media 
for the 200-PW-1 Operable Unit. (2 Pages) 

Known or Suspected Source of 
Contamination (Process) 

Type of Contamination from Each 
Soun:e (General Contamination) Affected Media 

Organic Chemical COPCs 

1, 1-dichloroethane Chlor-oform Methyl ethyl ketone 
(MEK) 

Oxalic acid 
(DCA) DBBP Phenol 

1,2-dichloroethane Dibutyl phosphate Methyl iso butyl ketone 
(MIBK) 

PCBs 
(DCA) Ethyl benzene Toluene 

Tetrachlocoethylenc (PCE) 
Trans--1,2-dichlorocthylene 
TBP 

1,1, I-trichloroethane Hydraulic fluids (greases) Methylene chloride 
Miscenancous cutting oils (TCA) Hydrogen dibutyl 

Benzene phosphate (lard and oehec oils) 
Monobutyl phosphate 
n-butyl benzene 
Normal paraffins 

Carbon tetrachloride Hydroxylamine Trichlaroethylene (TCE) 
Xylene Cis-1,2-dichloroethylene Hydroxylamine 

Chlorobenzene Hydrochloride 

Table 1-7. 200-PW-1 Operable Unit COPC Exclusions and Justlftcatlons. (3 Pages) 

COPCs Rationale for Exclmlon 

Radionucluhs 

Americium-242 
Constituent with atomic mass number greater than or equal to 242 that represents << 1 % of 
the actinide activity (baSt.d on ORIGIN2 modeling of Hanford reactor production). 

Amcricium-243 
Constituent with atomic mass number greater than or equal to 242 that represents<< 1 % of 
the actinide activity {based on ORJGIN2 modeling of Hanford reactor production). 

Antimony-123 Stable. 

Antimony-125 Short-lived radionuclide (half-life <3 years). 

Ceriwn-141 S~ort-lived radionuclide (half-life <3 years). 

Ceriwn-144 Short-lived radionuclide (haJf-life <3 years). 

Ccsium-134 Short-lived radionuclide (half-life <3 years). 

Cesium-13S Constituent generated at less than 5E-S times the Cs-137 activity. 

Curium-242 
Constituent with atomic mass number greater than or equal to 242 that represents << 1 % of 
the actinide activity (based on ORIGIN2 modeling of Hanford reactoc production). 

Curium-243 
Constituent with atomk mass number greater than or equal to 242 that represents « 1 % of 
the actinide activity (based on ORIGIN2 modeling of Hanf<rd reactor production). 

Curiwn-244 
Constituent with atomic mass number greater than or equal to 242 that represents less than 
1 % of the actinide activity. May be reported via amcriciwn isotopic analysis. 

Curiwn-245 
Constituent with atomic mass number greater than or equal to 242 that represents « 1 % of 
the actinide activity (baSt.d on ORJGIN2 modeling of Hanford reactor production). 

Lanthanum-140 Short-lived radionuclide (half-life <3 years). 

Neptunium-239 Short-lived radioouclide (half-life <3 years). 

Plutonium-241 Not detected by normal plutonium analysis. can infer from amaicium/plutoniwn results. 
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Table 1-7. 200-PW-1 Operable Unit COPC Exclusions and Justifications. (3 Pages) 

COPCs Rationale for Exclusion 

Plutoniwn.242 
Constituent with atomic mass number greater than or equaJ to 242 that represents « 1 % of 
the actinide activity (based on ORIOIN2 modeling of Hanford reactm production). 

Even though Pa-233 was detected during spectral gamma logging performed at boreholes in 
Protactinium-233 the representative sites referenced by Price et al. (1979), it is a daughtu product and can be 

calculated from Np-237. 

Radium-224 Value can be calculated from Th-232 if iresent 

Radium-226 GEA wilJ report if detectable quantities are present. 

Radium-228 GEA will report if detectable quantities are iresent. 

Rutheniwn-103 Short-lived radionuclide (half-life <3 years). 

Ruthenium-106 Shoo-lived radior11aclide (half-life <3 )Uri), 

Strontium-89 Shoo-lived radionuclide (half-life <3 years). 

Uranium-232 <2E-3 times the U-238 activity. 

Uranium-233 Measurement cannot resoive U-233 + U-234 isotopes, reported as U-234 m U-233/234. 

Uraniwn-236 Measurement cannot resolve U-235 + U-236 isotopes, reported as U-235. 

lno,ranics 

Aluminum 
This inorganic substance is unlikely to be present in toxic concentrations. Routine analyte 
reported by ICP analysis. 

Bismuth This inorganic substance is unlikely to be present in toxic concentrations. 

Calciwn 
This inorganic substance is wtlikely to be present in toxic concentrations. Routine analyte 
reported _by ICP anaJysis. . 

Carbonate(axb) This inorganic substance is unlikely to be present in toxic concentrations. 

GaJlium This inorganic substance is unlikely to be present in toxic concentrations. 

Hydrogen Gas. 

Hydroxide Assessed via pH determination. 

Iodine This inorganic substance is wllikely to be present in toxic concentrations. 

Iron 
This inorganic substance is unlikely to be present in toxic concentrations. Routine analyte 
~eel by ICP analysis. 

Lanthanwn !This inc:lr&anic: substance is unlikely to be present in toxic concenlratioos. 

Lithium 
This inorgank substance is wtliltely to be present in toxic concentrations. Routine analytc 
reported by ICP analysis. 

Magnesium 
!This incqaruc substance is unlilcdy to be present in toxic concentrations. Routine analyte 
reported by ICP analysis. 

Manganese 
This inorganic substance is unlikely to be present in toxic concentrations. Routine analyte 
reported by ICP analysis. 

Peroxide Has degraded. 
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Table 1-7. 200-PW-1 Operable Unit COPC Exclusions and Justifications. (3 Pages) 

COPCs Rationale ror Exclusion 

Potassium 
This inorganic substance is unlikely to be present in toxic concentrations. Routine analyte 
reported by ICP analysis. 

Silicon 
This inorganic substance is unlikely to be present in toxic or high concentrations due 
minimal use in Hanford 200 Area processes. 

Sodium 
This inorganic substance is unlikely to be present in toxic concentrations. Routine analyte 
reported by ICP analysis. 

Orfankl 

Dibutyl butyl 
DBBP was widely used as a solvent during the PRP americium recovery operations. No 
direct standard anaJytical p-occdurc available. Will degrade to phosphate and detected in phosphonate those analytical measurements. 

No direct standard analytical technique available. This compound is a degradation product 
DibutyJ phosphate ofTBP and is unlikely to be present in toxic or high concentrations. This compound will be 

detected as TBP (TIC). 

Hydroxylamine No direct standard analytical technique available. Hydroxylamine was used during the PRF 
processes. 

Hydroxylamine No direct standard analytical technique available. Hydroxylamine hydrochloride was used 
hydrochloride during the PRF processes. 

Miscellaneous cutting No direct standard analytical technique available. These compounds arc not likely to be 
oils Oard and othei- present in toxic or high concentrations. They may, however, be detected by the analyses 
oils) performed for the hydraulic fluids or the ncnnaJ paraffins. 

No direct standard analytical technique available. This compound is a degradation product 
Monobutyl phosphate of TBP and is unlikely to be present in toxic or high concentrations. This compound will be 

detected as TBP (TIC). 

Oxalate and oxalic acids were used during the plutonium isolation (RO, RMA, and RMC) 

Oxalate 
oprrations. No direct standard analytical technique available. Oxalate has dissolved to a 
complexing agent that could have affected the mobility of certain COCs. Unexpected 
mobj)ity of COCs will indicate the presence of complex.ants. 

OEA = gamma encrJY analysis 
ICP = inductively coupled piasma 
TIC = tentatively identified corq,ound 

Based on a review of process, operations, and waste discharge information from various sources 
(Table 1-5), the chemical behavior of the constituents was evaluated. Process knowledge 
indicates that the 200-PW-1 OU waste streams were predominantly liquid effluent discharges 
from the plutonium purification by solvent extraction processes performed at Z Plant. In general, 
the waste generated can be described as plutonium and organic-rich, discharged mainly from the 
RECLUPLBX and PRF processes. Additional waste streams from PFP operations included the 
RO line, remote mechanical (RMA and RMC) o~rations, the americium recovery process, and 
laboratory waste. This waste contained inorganic anions and cations, acids, and large amounts of 
organic waste with high levels of plutonium and americium-241, moderate amounts of uranium, 
and lower amounts of fission products. 

Remedial Investigation DQO Summary Report -200-PW-l OU Phase I Representative Waste Situ 
A-..:1 "11\1\1 

• AA 



Step 1 - State the Problem 
BHl-01477 

Rev.O 

The first step in the evaluation process involved extracting known toxic materials from the 
master COPC list for placement on the final COC list. Inorganic salts and acids represent a large 
group of constituents_in the waste sites being evaluated. Because laboratory analyses arc 
generally not ·acid- or compound-specific, the acids and inorganic salts were excluded from 
further consideration. Instead, the readily detected cations and anions (e.g., metals, fluorides, 
and nitrates) associated with the acids and inorganic salts serve as the target constituents for 
those compounds. Titis logic recognizes the small volumes of hazardous and radiological 
constituents released into large-vo1ume aqueous discharges. 

The analytical approach employed for this project gencrany· targets the significant risk drivers 
that arc representative of the waste constituents present. The general suite-type analytical 
techniques yield results on many metals and organic compounds, providing a cost-effective 
approach for the known toxic materials that could be present. 

The COPCs in the folJowing categories were excluded from further consideration: 

• Short-lived radionuclides with half-lives less than 3 years 

• Radionuclides that constitute less than 1 % of the fission product inventory and for which 
historical sampling indicates nondetection 

• Naturally occurring isotopes that were not created as a result of Hanford Site operations 

• Constituents with atomic mass numbers greater than 242 that represent less than 1 % of the 
actinide activities 

• Progeny radionuclidcs that build insignificant activities within 50 years and/or for which 
parent/progeny relationships exist that permit progeny estimation 

• Constitucn~ that ·would be neutralized and/or decomposed by facility processes 

• Chemicals in a gaseous state that cannot accumulate in soil media 

• Chemicals used in minor quantities relative to the bulk production chemicals consumed in 
the nonnal processes; these chemicals arc not likely to be present in toxic or high 
concentrations 

• Chemicals that are not persistent in the environment due to biological degradation or other 
natiµal mitigating features. 

Table 1-8 includes the final list ofCOCs for the 200-PW-1 OU waste sites, with the rationale for 
inclusion for each of the COCs. 
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Table 1-8. 200-PW-1 Operable Unit Final COC List. (4 Pages) 

Final COCs Rationale for Inclusion 

Radiological Constilwnts 

Known production from fission reaction and listed via tank farm integration 
Americium-241 (Agnew et al. 1997, Borsheim and Simpson 1991). Analytical results from 

sediment samples colJected within the 241-Z-361 tank (FH 2000). 

Cesium-137 Known fission product (GE 1944 [Sections A, B, and C], GE 1951b). 

Cobalt-60 Known fission product (GE 1944 [Sections A. B, and CJ, GE 1951b, 
WHC 1991). 

Hydrogcn-3 (tritium) Known fission product and listed via tank farm integration (Agnew et al. 1997, 
Borsheim and Simpson 1991). 

Known production from fission reaction and listed via tank farm integration 
Neptunium-237 (Agnew et al. 1997, Borsheim and Simpson 1991). Analytical resulta from 

sediment samples collected within the 241-Z-361 tank (FH 2000). 

Known production from fission reaction (GE 1944, Sections A, B, and C). 
Plutoniwn-238 Analytical results from sediment samples collected within the 241-Z-361 tank 

(Fl:12000). 

Known production from fission reaction (GE 1944, Sections A, B, and C). 
Plutonium-239 Analytical results from sediment samples collected within the 241-Z-361 tank 

(FH2000). 

Known production from fission reaction (GE 1944, Sections A, B, and C). 
Plutonium-240 Analytical results from sediment samples collected within the 241-Z-361 tank 

(FH2000). 

Known fission product (GE 1944 [Sections A, B, and C], GE 1951b). 
Strontium-90 Analyzed as total radioactive strootium. Analytical results from sediment 

samples collected within the 241-2-361 tank (FH 2000). 

Known fission product (GE 1944 [Sections A, B, and C], WHC 1991). 
Technetium-99 Analytical results from sediment samples collected within the 241-Z-361 tank 

(Fl:12000). 

Thorium-232 Known production from fission reaction (GE 1944 [Sections A, B, and C]~ 
FH 1999). 

Uraniwn-234 Known feed from fission reactioo (GE 1944, Sections A, B, and C). 

Uraniwn-235 
Known feed from fission reaction (GE 1944, Sections A. B, and C). Analytical 
results from sediment samples collected within the 241-Z-361 tank (FH 2000). 

Uraniwn-238 Known feed from fission reaction (GE 1944, Sections A, B, and C). 

Nonradiological Constihunt1 - Metals 

Arsenic 
Analytical results from sediment samples collected within the 241-Z-361 tank 
(FH2000). 

Analytical results from sediment samples collected at wells near 
Cadmiwn 200-PW-1 sites (Rohay 1994). Analytical results from sediment samples 

collected within the 241-Z-361 tank (FH 2000). 
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Table 1-8. 200-PW-l Operable Unit Final COC Ust. (4 Pages) 

Flnal COCs Rationale for Inclusion 

Analytical results from sediment samples collected at wells near 
Chromium 200-PW-1 sites (Rohay 1994). Analytical results from sediment samples 

collected within the 241-Z-361 tank (FH 2000). 

Chromium (VI) 
Analytical results from sediment samples cotlected at wells near 
200-PW-1 sites (Rohay 1994). 

Copper 
Analytical rcsulta from sediment samples collected at wells near 
200-PW-1 sites (Rohay 1994). 

Analytical results from sediment samples collected at wells near 
Lead 200-PW-1 sites (Rohay 1994). Analytical results from sediment samples 

collected within the 241-Z-361 tank (FH 2000). 

Mercury 
Analytical results from sediment samples coJlected within the 241-Z-361 tank 
(FH2000). 

Analytical resulta from sediment samples collect~ at wells near 
Nickel 200-PW-1 sites (Rohay 1994). Analytical results from sediment samples 

collected within the 241-Z-~1 tank (FH 2000). 

Selenium 
Analytical results from aedimcnt samples collected within the 241-Z-361 tank 
(FH2000). 

Analytical rcsulu from acdimmt samples collected at wells near 200-.PW-1 
Silver lites (Rohay 1994). Analytical results from sediment samples collected 

within the 241-Z-361 tank (FH 2000). 

Nonradiological Comtitrunu - Glnual Inorgank, 

Several compounds contamed ammoniwn. The most widely used included 
ammonium silica tlucride, whidi was used as a cleanin1 and decontamination 
compound based on the abiHty to disaolve metals and fission p-oducta 

Ammonia/ammonium (GE 1944 [Section C]. GE 1951b, HEW 1945). Also used in PRP processes 
(discuuions/publication1 by Thurman D. Cooper, PFP Cbemist). Analytical 
results from sediment samples collected within the 241-Z-361 tank 
(Fff 2000). 

Several compounds oontaincd chloride. The most widely used included 
Uthiwn chlcride. which wu used as a salting aaent. and h)'drochklric: acid, 
which wu used u a carrier during the americiwn recovery opentions 

Chloride (discussionl/publicati0111 by Thurman D. Cooper, PfP Cbtmist). Also, 
residual waste &om the bismuth-phosphate p-oc:ess (GE 1944 [Secdm CJ, 
GE 1951b, HEW 1945). Analytical raults from sediment wq>les collected 
within the 241-Z-361 tank (FH 2000). 

Sovtnl compounds c:ontaincd fluoride the most widely used included 
hydroflucric acid, a ltrippin1 solvent uaed in the RG, RMA, RECLUPLEX. 
PRP, and americium recovery operations (diaculsion/publications by 

Fluoride 
Thurman D. Coop«, PFP Cbanist). Lanthanum flumide (wluch was used 
during the concentration operations of the bismuth-phosphate p-oc:ess) was 
alto a large cmy-over waste product (OE 1944 (Section CJ, GE 19Slb. 
HEW 1945). Analytical results from sediment samples collected within the 
241-Z-361 tank (PH 2000). 
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Table 1-8. 200-PW-1 Operable Unit Final COC List. (4 Pages) 

FlnaJ COCs Rationale for Inclusion 

Several compounds contained nitrates/nitrites the most widely used included 
nitric acid. a stripping solvent used in the RO, RMA, REcLUPLEX. PRF, and 
americiwn recovery opel"ations (discussion/publications by Thurman D. 

Nitrate/nitrite 
Cooper, PFP Chemist). Nitric acid and various salts were aJso used 
throughout the bismuth-phosphate, Uranium Recovery Project, REDOX, and 
PUREX processes to isolate plutoniwn ti-om various fission products 
(GE 1944 [Section C], GE 1951a, GE 1951b, GE 1955). Analytical results 
from sediment samples collected within the 241-Z-361 tank (FH 2000). 

Several compounds contained phosphate. The most widely used included 
TBP and its derivatives and DBBP, which was used RF.cLUPLEX, PRF, and 

Phosphate americium recovery operations (discussion/publications by Thurman D. 
Cooper, PFP Chemist). Analytical results from sediment samples collected 
within the 241-Z-361 tank (Fll 2000). 

Several compounds contained sulfate. The most widely used included 
sulfuric acid, which was used as a pe.rsulfate-leaching step in the 

Sulfate 
RECLUPLEX, PRF, and americium recovery operations 
(discussion/publications by Thurman D. Cooper, PFP Chemist). Analytical 
results from sediment samples co1lected within the 241-2-361 tank 
(FH2000). 

Volatih Organics 

l, 1-dichloroethane _(DCA) 
Analytical results and measurements have illustrated that this contaminant is 
found throughout the vadose zone (Rohay 1994). 

1,2-dichloroethane (DCA) 
Analytical results and measurements have illustrated that this contaminant is 
found throughout the vadose zone (Rohay 1994). 

l, l, 1-trichloroethane (TCA) 
Analytical results and measurements have illustrated that this contaminant is 
found throughout the vadose zone (Rohay 1994). 

Acetone 
Analytical results and measurements have illustrated that this contaminant is 
found throughout the vadose wne (Rohay 1994). 

Benzene 
Analytical results and measurements have mustrated that this contaminant is 
found throughout the vadose zone (Rohay 1994). 

Carbon tetrachloride was widely used as a dilutant for TBP and DBBP in the 

carbon tetrachloride 
RECUPLEX. PRF, and amaicium-241 recovery processes. Analytical 
results and measurements have illustrated that this contaminant is prevalent 
throughout the vadose zone and has impacted groundwater (Rohay 1994). 

Cis-1,2-dichlCX"oethylcne 
Analytical results and measurements have illustrated that this contaminant is 
found throughout the vadose zone (Rohay 1994). 

Chlorobenzene 
Analytical results and measurements have illustrated that this contaminant is 
found throughout the vadose zone (Rohay 1994). 

Chloroform is a degradation product of carbon tetrachlcride. Analytical 
Chloroform · results and measurements have illustrated that this contaminant is prevalent 

throughout the vadose (Rohay 1994). 

Ethylbenzcne 
Analytical results and measurements have illustrated that this contaminant is 
found throughout the vadose zone (Rohay 1994). 
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Tobie 1-8. 200-PW-1 Operable Unit Final COC List. (4 Pages) 

JilnalCOC.. Rationale for Inclusion 

Hydraulic fluids (greucs) 
Several types of hydraulic Ouida were used dwing the milling and cutting of 
plutonium buttons and/or rods. 

McthyJ cthyJ ketone (MEK) Analytical result, and measurements have illustrated that this contaminant is 
prevalent throughout the vadose zone (Rohay 1994). 

Methyl iso butyl ketone (MIBK) AnaJytical results and mcasw-anents have illustrated that this contaminant is 
prevalent throughout the vadose zone (Rohay 1994). 

Methylene chloride Analytical results and measurements have illustrated that this contaminant is 
prevalent throughout the vadole zone (Rohay 1994). 

n-butyl benzene 
Analytical results and mcumcments have illustrated that this contaminant is 
found throughout the vadose zone (Rohay 1994). 

ToJucne 
AnaJytical results and mcasurc:ments have illustrated that this contaminant is 
found throughout the vadose zone (Rohay 1994). 

Tetrachlorocthylene (PCE) 
Analytical results and measurements have illustrated that this contaminant is 
found throughout the vadose zone (Rohay 1994). 

Trans-1,2-dichlorocthylene Analytical results and measurements have illustrated that this contaminant is 
found throughout the vadose zone (Robay 1994). 

TCE is a degradation product of carbon tetrachloride. Analytical results and 
Trichlorocthylene (TCE) measurements have illustrated that this contaminant is prevalent throughout 

the vadosc zone and has impacted groundwatez (Rohay 1994). 

Xylene 
Analytical results and measurementa have illustrated that this contaminant is 
found throughout the vadose zone (Rohay 1994). 

&mi-Volatiu Organics 

Normal paraffins (greases and Various types of normal paraffins were used as milling, cutting, and washing 
oils) solutions during the production of plutonium buttons/rods. 

Various types of normal paraffins wue used u millin&, cutting. and washina 
solutions during the production of plutonium buttons/rods. These solutions 

PCBs almost always contained PCBs (discussions/publications with David A. 
Dodd, PFP Oiemist). Analytical results &om sediment sample. collected 
within the 241-Z-361 tank (FH 2000). 

Phenol Analytical results and measurements have illustrated that this contaminant is 
found throughout the vadose zone (Rohay 1994). 

Extensive use in solvent extraction operation of RBCLUPl.EC. PRF, and 

TBP and derivatives (mono, bi) 
americium r~overy opera~ons (dilCUSSions/publications with David A. 
Dodd. PFP Cbemist). Analytical resulta from sediment samples coll~tcd 
within the 241-Z-361 tank (FH 2000), 

The final COC list for this DQO process was developed for the representative waste sites. 
Process knowledge indicates that this list is also appropriate for the analogous sites within the 
200-PW-l OU. It should be noted, however, .that the 216-T-19 Crib received unique T Plant 
second-cycle bismuth/phosphate wastes in addition to the Z Plant wastes. Screening the master 
list of COPCs for the 216-T-19 Crib would result in the addition of the following unique 
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contaminants to Table 1-8: carbon-14, europium-152, europium-154, europium-155, and 
nickel-63. Because these constituents are not associated with the representative sites, the 
samples collected during remedial characterization will not include these analytes. This unique 
condition will be addressed during the confirmatory sampling performed in the remedial design 
phase for the 216-T- l 9 Crib. 

Table 1-9·defines the ARARs and preliminary remediation goals (PRGs) for each COC. 

Table 1-9. List of Preliminary ARARs and PRGs. (2 Pages) 

COCs Preliminary ARARs PRGs 

Radionuclides Inside IM 200 Area Industrial IAnd-Us• BouruJary• 

1 S to 500 mrem/yr above 
background" via industrial land-use 
scenario while lD'lder OOE control; 

Shallow zone (0 to 4.6 m [O to 15 mrem/yr above background at the Contaminant-specific; RESRAD end of the exclusive-use period if 15 ft] bgs) 
DOE control is relinquished; 

modelingc 

4 mrem/yr above background to 
groundwater; or no additional 
groundwater degradation. 

4 mrem/yr above background to MCLs, state and Federal ambient 
water quality control aiteria; Deep zone (>4.6 m [>15 ft) bgs) groundwater. or no additional alternatively, site-specific groundwater degradation. 
modeling 

Nonrruliological Constilu•nts Insuh tM 200 .Area Indwlrial Land-UH Boundary 

Shallow zone (0 to 4.6 m (0 to MTCA Method C, and 100 times Chemical-specific 
15 ft) bgs) groundwater 

Deep zone (>4.6 m [>15 ft) bgs) 
100 times groundwater (in Alternatively, site-specific 
accordance with MTCA) modeling 

TRU Waste Ihftnition 

Radioactive waste containing more 
than 100 nCi of alpha-emitting 
transuranic isotopes per gram of 
waste, with half-lives greater than 
20 years except fa (I) high-level 
radioactive waste; (2) waste that the 
Secretary of Energy has determined, 

Any depth zone with the concurrence of the Contaminant-specific 
Administrator of the EPA, does not 
need the degree of isolati,on required 
bythe40CFR 191 disposal 
regulations; or (3) waste that the 
U.S. Nuclear Regulatory 
Commission has approved on a 
case-by-case basis in accordance 
with 10 CFR 61.4 
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Table 1-9. List of Preliminary ARARs and PRGs. (2 Pages) 

COCs I Preliminary ARARI I PRGs 

Grsat•r Than Class C Wast• 

Any depth zone I 10 CFR 61.55 I Contaminant-specific 

• Based on Final Har{ortl Comprtlwuive Land Use Plan Environnwntal Impact S1a1,mm1 (DOE 1999) (sec Fiiure 1-1). 
~ The 200 Area radionuclide cleanup standard f<S" the industrial land-use scenario has not been established. This will be 

agreed upon in the ROD. The EPA ia ament.ly evaluating cleanup standards that range from 15 to 500 nnmfyr above 
background. 

c RF.SRAD has been used for similar wucc sites and will be used u a ninirmm for direct exposure. If more appropriate 
models are developed, the models will be evaluated for use. 

' Wming definition of TRU waste u stiled In DOE Guide 43S.1. 
bp = below ground swface 
CFR s Code of F«l,ral R,gulallo,u 
MCL "" maximim <:ontaminllion level 
RESRAD = RFSidual RADioactivity dose model 

Table 1-10 lists the general exposure scenarios. 

Thble 1-10. General Exposure Scenarios. 

Scenario General Exposure Scenario DescripUon 
No. 

ID~!.lilr.ial lAD~-118' scenarjQ (iDliik lb; 200 Area llllld·YS bm!odarv)': 

The source of contamination in the ~PW-1 OU is the liquid effluent disposed to the waste aites. 
The near-term release mechanism is direct radiation exposure to occupational workers in the vicinity 
of the waste sites (although shidded by stabilizing cover). Ingestion and inhalation of IWface « 
subsurface soiJs in an occupational scenario does not represent a substantial exposure due to wute 
site surface stabilization and the limited soil ingestion and inhalation anticipated durin1 excavation 
activities jn an industrial seuin& (e.g .• use of dust control .measures limita exposures). Downward 
migration of mobile constituenll into the groundwater would not affect occupational wu-ken. u 
their drinldna water IOUl'Ce would not be the Wldertying aquifers. However. the protection of 
groundwater is a requirement and must be addressed by evaluating potential future impacts. 

1 The expoMll"e time is divided into time spent inside and outside an industrial facility: 

• BuiJdins occupancy. 8 hours/day x 0.6 (building occupancy factor), 5 da~week. 50 MUJJ/'tf, 
for 20 )al'I (of a 75-yar lifetime). 

• Outdoar exposure: 8 houn/day x 0.4 (outdoor exposure factor), S da~'Wef.k. 50 ~'ff, for 
20 years (of I 75-year lifetime). 

In addition, lhe building occupancy exposure mcludcs a factor of 0.4 to reduce the ingested dust 
component due to buildinJ ventilation system filtration. 

Biota that may be exposed to contaminants is this OU will be addressed w,der a -separate 
200 Area-wide evaluation . . Remedial actims to address hmnan health conctms will also serve to 
protect biota • . 

• The Fmal Ha,(ord Cc,,,ynhfflStw Landu,, nan EnYiroMtffllal Impact Stalffllffll (DOB 1999) (see Figl,IR J-J) identifaea 
the actual and ne.- future (50-yr) land use within the 200 Azea llnd-u1e boundary as industrial (exclusive) and would oenter 
mainly on waste management activities. 
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T able 1-11 provides the regulatory milestones and regulatory drivers associated with this project. 

Milestone 

M-13-26 

Table 1-11. Regulatory Milestones. 

Due Date 

June 29, 2001 

Regulatory Driver 

Tri-Party Agreement milestone to submit 200-PW-l Plutonium 
Rich/Organic Rich Waste Group work plan (Draft A) to EPA. 

T he project milestones and their drivers are listed in Table 1-12. 

Table 1-12. Project Milestones. 

Milestone Due Date Driver 

Internal DQO workshop January 15, 2001 

External DQ0 briefing February 15, 2001 
DQO schedule 

I ssue DQO summary report February 28, 2001 DQO documentation 

A s noted in the project assumptions, the DQ0 scoping team concurred on selection of 
representative waste sites for the 200-PW-1 OU. 

T able 1-13 combines the relevant background information into a concise statement of the 
roblem to be resolved for this DQO process. p 

Table 1-13. Preliminary Conceptual Contaminant Distribution Model Discussion 
and Concise Statement of the Problem. (3 Pages) 

Preliminary Conceptual Contaminant Distribution Moder: 

PlutoniWJHich and organic-rich waste streams associated with the plutonium recovery processes at the Z Plant 
Complex were discharged to the 200-PW-l OU waste sites. The Z Plant Complex was used to process plutonium 
nitrate solutions into plutonium oxide and pJutoniwn metal. These process streams contained recoverable 
quantities of plutonium that were reclaimed during REcLUPI..EX and PRF operations. This waste also contained 
inorganic anions and cations, acids, large amounts of Ol'ganic waste;high amounts of plutonium and 
amt.ricium-241, moderate amounts ofuraniwn, and lower amounts of fission products. Additional waste streams 
we.re generated from the amt.ricium recovery operatioos and the Z Plant laboratory. The REcWPLEX and PRF 
are primary sources of carbon tetrachla-ide in the 200-West Area. 

Waste streams discharged at the 200-PW -1 OU waste sites contained a variety of constituents, including carbon 
tetrachloride, americium, plutonium. and .uraniwn. The organic solutions, which contained carbon tetrachloride 
as DNAPL. constituted 4% to 8% of the total volume of liquid waste discharged. The predominant discharge was 
an acidic, high-salt (sodium nitrate) solution composed primarily of nitric acid, tluc.-ide, nitrate, and phosphate. 
containing plutonium and americium with an organic content of less than 1 % dissolved carbon tetrachloride. 
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Tobie 1-13. Preliminary Conceptual Contaminant Distribution Model Disctwlon 
and Concise Statement of the Problem. (3 Pages) 

Effluent and contaminants (carbon tetrachl<ride as DNAPL and in the dissolved aqueous form. 
plutooium-2391240, americium-241, and uranium) were discharged directly to the soil column at liquid waste 
receiving sites. The wetting front and contaminant& infiltrated the ioil column. Effluent and contaminant(s) 
migration is predominately vertical1y downward beneath the waste &ito. Lateral spreading is primarily associated 
with finer grained strata. Older, poorly sealed wens that perforate the Plio-pleistocene Unit and/or penetrate the 
water table may provide a localized vertical conduit for fluids along the outside well casing. Oastic dikes and 
discontinuoua sand- and gravel-filled randanly oriented feattrcs also provide preferential pathways for solution 
movement through the finer strata. Carbon tetrachloride migrates lhrougb the vadose zone unda' its own 
hydraulic gradient. As. DNAPL migrates downward, part of the Uqoid carbon tetrachloride will be held as 
residoal liquid (i.e., DNAPL, dissolved, and absorbed phases) in the soil pcres by capillary forces. In addition, 
some of the liquid carbon tetrachloride will be retained in the vadollc zone through mechanisms such as sorption 
to soil (adsorbed phase) and entrapment of DNAPI.Jdissolved liqwcla in dead-end pore spaces. Residual 
contamination of both phases will be left along the contaminant mip-ation path. Carbon tctrachlcride also 
volatilizes from the DNAPL and aqueous phase to form a vapcr phase in the soil pcre space. Vapor phase 
migration is by molecular diffusion and advection. Sediment density, stratification, and variability also influence 
fluid and vapor migration patterns. 

All carbon tetrachloride phases (except DNAPL) have been found throughout the vadose zone beneath the 
representative sites (Rohay 2000). The highest carbon tetrachloride concentration in sediment samples collected 
was 37.8 ppm and 6.6 ppm beneath 216-Z-9 Trench and 216-Z-lA TIie Field, respectively. At both locations, 
maximmn concentrations are associated with lhe interbedded unda ad lilts of the Hanfcrd formation lower fine 
unit, laminated silts of the PUo-pleistocene Unit, and/er the top of the calichc. Other volatile organic compounds 
detected include methylene chloride, chloride. trichloroethylene (TCE). tdnlchloroethylene (PCE). 
trana--1.2-DCE, 1,1-0CA, 1,2-0CA, cis-1,2-DCE; 1.1.1 TC.A. benzene, xylenes, and toluene (Rohay 2000). 

Plutmimn and americium are typically retained in the upper few meters of the soil column (WHC 1993) when 
released in a dissolved aqueous phase. Because of their large distribution coefficients (~s), they normally adsorb 
stronaJy to Hanford soils. At the 216-Z-lA Tile Field, these radionuclides were discharged as ~ontaminants 
with the DNAPL-compleunt mixture (TBP) and are found deep within the vadole zone. Contaminants such u 
tritium and nitrate with low ~s are not readily adsorbed on soil particles and migrate with the wetting fronL The 
maximum vertical extent of plutonium and americium contamination in 1979 wu interpreted to be located 
approximately 30 m (98 ft) below the bottom of the aib and 30 m (98 ft) above the 1978 water table 
{Price et al. 1979). Year 2000 depth-to-water measurements indica&ed lhat the surface of the wata- bu dropped 
3.4 m (11 ft). Spectral gamma paformed in the 19908 indicated that radiological contamination may extend to 
37 m (121 ft). The estimated lateral extent of radiological contamination is located within a 10-m (32.8-ft)-wide 
zone encompusin1 the perimeter of the aib (Price et al. 1979). The distribution of contaminants deep within the . 
vadose zone suggest that plutonium and americium mobility is highly enhanced in the presence of carbon 
tetndtloride. TBP and derivatives, acidic liquid waste effluents, and other complexants. The exact transpat 
mechanism of the obsa'ved plutoniumlam«iciwn is not known at this time. Further investigation is needed. 

More than half of the waste sites in the 200-PW-1 OU received small quantities of effluent relative to estimated 
soil pen volumes. The effluent volume discharged to the 216-Z-lA Tile Field is 12~ of the estimated soil pore 
volume. The 216-Z-9 Trench received 142% of its estimated soil pore volume. This information suggests that 
the wetting front has migrated through the vadose r.one benuth the 216-Z-9 Trench and hu reached the water 
table. The wetting front may not have reached groundwater It the 216-Z-lA Tile Field. 
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Table 1-13. Preliminary Conceptual Contaminant Distribution Model Dlscumon 
and Concise Statement or the Problem. (3 Pages) 

Only the disso]ved phase of carbon tetrachloride has been detected in groundwater. The plume of dissolved 
carbon tetrachla:ide extends over 11 km2 (4.4 mi2) in the unconfined aquifer underlying the 200 West Area. The 
area of highest concentrations (4,000 to 8,000 µg/L) in the past included the 216-Z-9 Trench. Carbon 
tetrachloride discharged to the trench may be providing a continuous source of contamination to groundwater. · 
Toe distribution of carbon tetrachloride vapor below the Pli~pleistocene layer suggests that these vapon may 
have volatilized from the dissolved groundwater plume throughout the 200-Wcst Area (Rohay 2000). Major 
nonradiological groundwater plumes in the vicinity of representative sites in addition to carbon tetrachloride 
include chlocoform, trichloroethylene, and nitrate. There are no major radiological plumes in the vicinity of 
repr-esentative sites (PNNI.. 2000). 

Toe pr-eliminary conceptual contaminant distribution models for 200-PW-l OU, the 216-Z-lA Tile Field, and the 
216-Z-9 Crib are shown in Figures 1-3, 1-4, and 1-5. respectively. 

DQO Approach: 

Toe DQ0 process for the 200-PW-l OU is being performed to determine if representative sites have been 
contaminated to levels that require remedial action. 

The outcome of the characterization being developed in this DQ0 process for the representative sites will be 
applied to the other analogous sites. A SAP will be devel~ after completion of the DQO pr-ocess, which will 
specify the sampling and analyses to be performed for characterization of the five representative sites. 

All of the waste sites associated with this OU are located within the 200 Area industrial land-use boundary line 
and will be evaluated oo the basis of future industrial uses. 

Problem Statement: 

The problem is to determine contaminant concentrations and soil physical parameters in the reprcscntative sites to 
support evaluation of remedial alternatives in the FS and to verify or refine the conceptual contaminant 
distribution models. 

• 1be preliminary conceptual contaminant distribution model will become the conceptual contaminant distribution model 
after acceptance of this DQO sunvnary report and will then be applied to the project work plan. 
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Figure 1-3. Conceptual Exposure Model for the ~PW-1 Operable Unit. · 
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Figure 1--4. Preliminary Conceptual Contaminant Distribution Model 
for the 216-Z-lA Tile Field. 
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Q) Ptutonlumlorganlc rich pnx::eu wastes were diac:hafged to the 216-Z-1A Tile Field between 1949 and 1969. The 
Ille field receiYed 6.2 x 1()11 L of high-alt acidic liquid waste that contained 57 kg plutonium, 3.4 kg americum, 
and apProxlmately 268,000 kg carbon tetrachloride. 

@ Effluent and contaminantl were released 10 the environment near the bottom of the tile 1leld through • herringbone 
arrangement of pipes Into the H1 aolll. . 

@ The wetting front and contaminants move vertically beneath the tile field. There la little or no lateral apreadlng 
unlesa it is auoclated with the PNo-Plelatocene Unit or fine-grained lenaea in the Hanford formation. However, 
• vapor phMe of carbon tetrachloride la present throughout the vadoee zone In the soun::e area. 

© Older boreholes, and poulbly elastic dlk•, may provide preferential pathways through the vadoN zone. 

© Constituents with large distribution coeffldenta, such americium and plutonium, sort> to sols wllh higher 
concentrations near tne dillcharae pipe at the bottom of the tie tleld. Thele constituents an, typically not n.deM'9cted...,,..,, 
deep within the vadoee zone. Beneath the tile field, radlonuclldes were detected to a depth of 30 10 37 m. The 
distribution of these contaminants deep within the vadose zone Indicate that plutonium and americium mobility 
is highly enhanced In the prnence of carbon tetrachloride, TBP and derivatives, acidic lquld waste, and other 
oomplexanta dlacharged. Ther concentrations generaly decreaae with depth. 

@) Carbon tetrachloride la~ throughout the vadoee zone beneath the 218-Z-1A Tile Field. M determined 
from sample and empirical data, carbon tetrachloride exist n I VlpOI' (6A), dlasolved aqueous ph8M in the 
effluent discharged (88), dissolved aqueous phase produced from soil vapor (6C), dissolved aqueous phase 
from DNAPL and the absorbed phase (80), and ONAPL and the adsorbed phase (6E). The Pf'8Mll08 cA DNAPL 
ha not been confinned In soil aamplel. 

(D The highest conoentratlon of carbon tetrachloride i. delected aasoclalad with Pti<H>leietocene Unit. 

@ The effluent volooie discharged (12% of the soil pore volume) to the tile fleld suggest that groundwater may not 
have been directly lmpactecfby the wetting front unless a preferential pathway Is preeent. Carbon tetrachloride 
in the groundwater may be 8180Clated with 10i1 vapor phaae, preferential movement, and adjacent facilities. 
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Figure 1-5. Prellmlnary Conceptual Contaminant Distribution Model 
for the 216-Z-9 Trench. 
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The purpose of DQO Step 2 is to defme all of the principal study questions (PSQs) that need to 
be resolved to address the problems identified in DQ0 Step 1 and the alternative actions (AAs) 
that would result from resolution of the PSQs. The PSQs and AAs are then combined into 
decision statements (DSs) that express a c~oice among AAs. Table 2-1 presents the task-specific 
PSQs, AA.s, and resulting DSs. This table also provides a qualitative assessment of the severity 
of the consequences of taking an incorrect AA. This assessment takes into consideration human 
health and the environment (flora/fauna) and political, economic, and legal ramifications. The 
severity of the consequences is expressed as low, moderate, or severe. 

Table 2-1. Summary ofDQO Step 2 lnformatloo. (2 Pages) 

PSQ- Severity or 
AA# 

Alternative Action Conaequeaea or Erroneou1 Action, 
Consequences 

PSQ #1 - Are the contaminant eoncentratlom TRU or p-eater th1n Clau C? 

Special remedial alternatives for the waste sites will 

Evaluate special remedial be unnecessarily developed during the FS. The 
1-1 remedial alternative will unnecessarily incorporate Low 

alternatives in a FS. costly and difficult proceues for handling TRU or 
greater than Clua C contaminated soil. 

The FS and usociated remedial action will not plan 
for special remedial alternatives necessary for 

Evaluate conventional handling TRU or greater than Class C contaminated 
1-2 remedial alternatives in a soila. These soils might be incorrectly managed Severe 

FS. and disposed. W orkera could be exposed to 
unacceptable levels of radioactively contaminated 
l()ila during remediation. 

DS #1 - Determine whether the co11bUJrimnt concentrations are TRU or greater than C1asa C and evaluate 
special remedial altemati!ca in a FS, or evaluate conventional remedial alternatives in a FS. 

PSQ #l -11 the IOU radloloticalJy coatambaated7 

2-1 Evaluate remedial The lite may be inappropriately remediated 
Low alternatives in a FS. resulting in unnecessary expenditure of funds. 

Evaluate the 1ite for The site may inappropriately be closed without 
2-2 closure with no remedial remedial action, incrcaaing risks of potential Severe 

action. exposure to worken and the environment. 

DS #J - Determine whether the l0il ii radiologkally contaminated and evaluate remedial alternative, in a FS, or 
evaluate the 1ite for closure wi1b no remedial action. 

PSQ #3 - II the aoU chemically contaminated? 

3-1 
Evaluate remedial The site may be inappropriately remediated 
alternatives in a FS. resulting in unnecessary expenditure of funds. 
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Table 2-1. Summary ofDQO Step 2 Information. (2 Pages) 

PSQ-
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Severity of 
AA# 

Alternative Action Consequences of Erroneous Actions 
Consequences 

Evaluate the site for The site may inappropriately be closed without 
3-2 closure with no remedial remedial action, increasing risks of potential Severe 

action. exposure: to workers and the environment. 

DS #3 - Determine whether the soil is chemically contaminated and evaluate remedial alternatives in a FS, or 
evaluate the site for closure with no remedial action. 
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3.0 STEP 3 - IDENTIFY THE INPUTS TO THE DECISION 

The purpose of DQ0 Step 3 is to identify the types of data needed to resolve each of the DSs 
identified in DQ0 Step 2. The data may already exist or may be derived from computational or 
survcyin&'sampling and analysis methods. Analytical perfonnance requirements (e.g., practical 
quantitation limit [PQL], precision, and accuracy) are also provided in this step for any new data 
that need to be collected. 

3.1 BASIS FOR SETTING THE PRELIMINARY ACTION LEVEL 

The preliminary action level is the threshold value that provides the criteria for choosing between 
AAs. Table 3-1 identifies the basis (i.e., regulatory threshold or risk-based) for establishing the 
preliminary action level for each of the COCs. The numerical value for the ·action level is 
defined in DQO Step 5. 

Table 3-1. Basis for Setting Preliminary Action Level. 

DS coc, Bull for Settln1 Preliminary Action Level Prelhnlnary 
# Action Levels 

TRU-contaminated soils DOE's definition for TRU waste (DOE 
100 nCi/g Ouide 4'35.1). 

1 
Greater than Cius C 10 aR 61 definition of pater than Class C 

>100 nCi/g1 

contaminated soils wute . 

.Radiolopcal lookup values for shallow zone soil, 
2 Radiological COCs bQed on RESRAD analyse• for the applicable Refer to Table 3-6 

scenario•• Deep zone lookup values TBD. 

3 Nonradiological COC. 
MTCA Mecbocl C cleanup levels with 

Refer to Table 3-6 contaminant-specific variations. 

• This lint applies to alpha emittin1 radionuclidcs with half-lives over 5 years in accordance with 10 CFR 61.SS. 
NIA • not applicable 
TBD • to be determined (usina a yldosc zone tnmport model co-ac1cction process) 

3.l INFORMATION REQUIRED TO RESOLVE DECISION STATEMENTS 

Table 3-2 specifies the information (data) required to resolve each of the DSs identified in 
Table 2-1 and identifies whether the data already exist For the data that are identified as 
existing, the source references for the data have been provided with a qualitative assessment as to 
whether or not the data are of sufficient quality to resolve the corresponding DS. 

Remtdial Investigation I)QO Summary Reporl- 200.PW-J OU Phase I Representative W"8lt Sites 
April 2001 3-1 



Table 3-2. Required Information and Reference Sources. (5 Pages) 

Are Available Data of Are Additional Data 

Required 
Sufficient Quality and Required to Support Do Data Quantity to Support 

DS# Information Exist? Source Reference RI/FS Process? 
RI/FS Process? 

Category (YIN) (YIN) 
(YIN) 

Z-9 Z-lA Z-9 Z-lA 

Soil TRU- Distribution of Plutonium and Americium Beneath the 

I 
contamination y 216-Z-JA Crib: A Status Report, RHO-ST-17 NIA y . NIA ya 
and greater than (Price et al 1979). Provides data summaries and results 
Class C status from limited field investigations at 216-Z-IA. 

-
Report on Plutonium Mining Activities at 216-Z-9 
Enclosed Trench, RHO-ST-21 (Ludowisc 1978). Provides y NIA y• NIA 
data summaries and results of plutonium inventories 
before and after mining efforts at 216-~9. 

Z Plant Sowrce Aggregate Area Management Study y y y• y• 
Report, DOE/RL 91-58, Rev. 0 (DOE-RL 1992). 

Results of 1998 Spectral Gamma-Ray Monitoring of 
Boreholes at the 216-Z-JA Tile Field, 216-Z-9 Trench, and NIA y NIA ya 
216-Z-12 Crib, PNNL-11978 (PNNL 1999b). 

Proof-of-Principle Demonstration of a Passive Neu1ron 
Tool/or Detection ofTRU-Omtaminated Soil at the 

NIA y NIA ya 
216-Z-JA. iile Field, Blil-01436, Rev. 0 
(Bauer et al. 2000). 

Waste Site Grouping for 200 Areas Sou lnvestigaticns, 
DOE/RL-96-81, Rev. 0 (DOE-RL 1997b). Provides y y y- ya 
existing information for the wastes sent to this OU. 

Nuclear Reactivity Evaluations o/116-Z-9 Enclosed 
Trench, ARH-2915 (Smith 1973). Provides data y NIA N NIA summaries and analytical results of plutonium inventories 
before removal at 216-Z-9. 
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DS# 

2 

Required 
lnformadoa 
Catepry 

Soil 
radiologic;al 
data 

Table 3-l. Required Information and Reference Sources. (S Pages) 
Are Anllable Data of 
Saflldeat Qullty and 

Do Data Quantity to Support 
Emt? Source Reference RI/FS Procell? 
(YIN) (YIN) 

Zr9 Z-IA 

1994 ColtUplUal Model ofllte Carbon Tdraclsloride 
Conla1rllMdon t,, die 200 Wat Ara, at tJre Hanford, 

y WHC-SD-EN-TI-248, Rev. 0 (Rohay 1994). Provides y y 
data IUl11IDlrics md n:suhs from limited field 
invcsti~DI at 216-Z-lA and 216-Z-9. 

Distrihlllion of Plldonium and Americiwn BenetllJs tJre 
2/6-Z.JA Crib: A StaJus Report. RHO-ST-17 NIA y 
(Price et al. 1979). Provides data summaries and resulta 
from limited field investigatiom at 216-Z-IA. 

Repo'1 on Plutoniwn Milling Activilia at 
216-Z.9 Enclos~ Trend,, RHO-ST-21 (Ludowise 1978). y NIA 
Provides data summaries and results of plutonium 
~ before and after removal at 216-Z-9. 

Z Plant Souru Aggregate Area Management Study y y 
Report, DOEIRL 91-58, Rev. 0 (OOE-IU.1992). 

Renda of 1998 Spectral Gamma-Ray Monitoring of 
Bordwlu at the 2/6-Z-U Tue F~u!. 216-Z-9 Trench, and y y 
216-Z-l1 Crib, PNNL-11978 (PNNL 1999b). 

Proof--0f PrbKiple Demonstration of a Passiw! Neutron 
Tool for Dmction of TRU-Contaminated Soil at tJre 

N/A y 
116-Z-JA ffleFkld,BID-01436,Rev. 0 
(Bauer ct al. 2000). 

Are AddUioul Data 
Required to Support 

RVFS Process? 
(YIN} 

Z-9 Z-lA 

ya,11 Y" 

NIA ya,• 

ya.c NIA. 

yaAc yaAc 

v- v-

NIA v-



Table 3-2. Required Information and Reference Sources. (S Pages) 

Are Available Data of Are Additional Data 
Sufficient Quality and Required to Support Required Do Data Quantity to Support 

DS# Information Exist? Source Reference RI/FS Process? 
RI/FS Process? 

Category (YIN) (YIN) 
(YIN) 

Z-9 Z-lA Z-9 Z-lA 

Waste Site Grouping for 200 Areas Soil Investigations, 
DOE/RL-96-81, Rev. 0 (DOE-RL 1997b). Provides N N ya ya 
existing infonnation for the wastes sent to the 200-PW-1 

Soil OU. 
2 radiological y 

data Nuclear Reactivity Evaluations of 216-Z-9 Enclosed 
Trench, ARH-2915 (Smith 1973). Provides data N" NIA ya NIA 
summaries and analytical results of plutonium inventories 
before removal at 216-Z-9. 

Performance Evaluation Report for Soil Vapor Extraction 
Operations at the Carbon Tetrachloride Site, February 
/992-September 1999, BHI-00720, Rev. 4 (Rohay 2000). 

N N y y 
Provides data summaries and updated results of limited 

Soil field investigations for the 200 West Arca with respect to 

3 nonradiological y carbon tetrachloride and selected VOAs. 

sample data 1994 ConcepttuJJ Model of the Carbon Tetrachloride 
Contamination in the 100 West Area at the Hanford, 
WHC-SD-EN-TI-248, Rev. 0 (Rohay 1994). Provides ~ ~ y y 
data summaries and results from limited field 
investigations at 216-Z-lA and 216-Z-9. 

Groundwater DNAPL Investigation Report, BIU-00431, Rev. 0 Groundwater data cannot be used to validate a vadose 
NIA y (Bm 1995). Provides DNAPL data for well WlS-32 zone preliminary conceptual contaminant distn'bution data 

drilled near the 216-Z-9 Trench. modcL 



Table 3--2. Required Information and Reference Sources. (5 Pages) 

Are Available Data of Are Additional Data 

Required Do Data 
Suffldent QuaHty and Required to Support 
Quantity to Support 

DS# Informadoa l:mt? Source Reference RI/FS Process? 
RI/F'S Process? 

Catepry (YIN) (YIN) 
(YIN) 

Z-9 Z-lA Z-9 7,1A 

llydrostroJlgropl,y and Recluvg• Distributions from 
Direct Mt4SI/TfflUmtf of Hydrtudic Colfdw:tivity Usbtg the 

Groundwater UFA Method, PNl,.9424 (PNL 1994). Presents results of Groundwater data cannot be used to validate a vadose 
NIA data 

y physical property analyses (saturation. hydraulic zone preliminary conceptual contamiNut distn"bution 
conductivity, pore volume, water ~ particle size, model 
mineralogy, and density) from samples collected at wells 
near 216-Zr9 and 216-ZlA in 1992 and 1993. 

Physical 
properties Hydrogeologic Mode/for the 200-Wat Groraulwater 

I, 2, moisture Aggregak Arm. WHC-SD-EN-11-0141 Rev. 0 

and3 
content, particle y (WHC 1992). Presents site-specific data for 200 West N N y y 
ai7.e Area that ca be med to calculate aoil density, hydraulic 
distnl>ution, and conductivity, and porosity. 
lithology 

Composite Analysis for Low-Level Wask Disposal in the 
200 Area Plakau oflh• Hanford Sile, PNNL-11800 N N y y 
(PNNL 1998). Provides 200 Area distnburion coefficients 

Distnllution 
for various waste stream types and Hanford soils. 

coefficients Gt!ocMmical Data Pack.agdfor lhd Hanford lmmobilizu 
Low-Activity Tank Wask Performance A.s.sa.sment 
(ILA W PA), PNNL-13037, Rev. 1 (Kaplan and N N y y 
Scme 2000). Provides 200 Area distnbutioa coefficients 
for various waste stream types and Hanford soils. 



Table 3-2. Required Information and Reference Sources. (5 Pages) 

Are Available Data of Are Additional Data 
Sufficient Quality and Required to Support Required Do Data Quantity to Support 

DS# Information Exist? Source Reference RI/FS Process? RI/FS Process? 
Category (YIN) (YIN) 

(YIN) 

'Zr9 'ZrlA 'Zr9 'ZrlA 

Manual for Implementing Residual Radioactive Material 

RESRAD input 
Guidelines Using RESJUD, Version 5.0, ANL-EAD-LD-2 

1 and2 y (ANL 1993). Input parameters are defined in this manual N N y y 
data 

that can be determined based on existing inf onnation or 
RESRAD defaults. 

Vadose 

1, 2, transport Subsurface Transport Over Multiple Phases (STOMP}, 

and3 (STOMP) code- y PNNL-12034 (PNNL 2000). Site configuration inputs N N y y 
based model needed to develop site-specific model. 
input data 

• Historical data indicated that these sites contain TRU-contaminatcd and radiologically contaminated soils. However, data gaps do exist, particularly in the deeper vadose 
zone. Therefore, additional data are needed to complete the vertical contaminant profile. 

• Data were not collected in a primary sampling location. The data were collected during soiUvapor extraction, therefore organic analyses are not considered accurate because 
of the effectiveness of the extraction system in reducing organic vapors from the vadosc zone. In addition, the quality of the data needs to be further investigated to validate 
sample results. 

• Data were collected in a primary sampling location; however, the data were only collected to a depth of 3.1 m (IO ft) below the trench surface, and only for Cd, Am-241, 
Cs.137, Pu-239/240, Sr-90, and soil gas vapor. Thus, additional data are needed. 

N/ A .. not applicable 
STOMP = Subsurface Transpon Over Multiple Phases 
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Step 3 - Identify the Inputs to the Decision 

3.l.1 Data Gap Analysis 

BHI-01477 
Rev.O 

The data in the reference source documents were evaluated for adequacy to support the RI/FS 
decision-making process (see Table 3·2). The data review indicated that there are no data gaps 
for TRU-contamination and radiological contamination in the upper regions of the vadosc zone 
(0 to 17 m [58 ft] depth for the 216-lA Tile Field and Oto 21 m [105 ft] for the 216-Z-9 Trench). 
However, TRU contamination and radiological contamination data gaps exist for both sites 
below those elevations. 

These sites were historically a concern from a radiological standpoint; consequently, little 
chemical characterization data exists. The data that do exist cover few of the contaminants in 
Table 1-8 and over limited depth intervals. 

Because the deeper portions of the vadose zone lack radionuclide data and because chemical 
constituent data are missing for the entire vadose zone, the RI/FS decision-making process was 
evaluated for sensitivity to these data gaps. The remove, treat, and dispose alternative is the 
most sensitive to the TRU contamination and radiological contamination concentrations in the 
shallow depth zones. The historical infonnation satisfies the data needs; however, the 
engineered multimedia barrier alternative requires contaminant information in the deep vadose 
zone to assess waste site conditions against barrier performance. Therefore, it was concluded 
that these data gaps must be filled to support evaluation for all of the remedial alternatives being 
considered. 

3.3 COMPUTATIONAL AND SURVEY/ANALYTICAL METHODS 

Table 3-3 identifies the DSs where existing data either do not exist or arc of insufficient quality 
to resolve the DSs. For these DSs, Table 3-3 presents computational and/or surveying/sampling 
methods that could be used to obtain the required data. 

Table 3-3. Infonuation Required to Resolve the Decision Statements.• (2 Pages) 

Remedial Computational Survey/Analytical 
DS# lnvestl1a&n Required Data 

Variable Metbocls Method, 

Alpha. beta, and gamma 
RESJlAD analytical 

Field ICl'eeDing with modclina method for · COC concentrations in 
human health dose radiological detection 

soila for evaluation auesament. equipment. 
against ARAR.s and 

1 and Concentrationa of PRGa. STOMP numerical Geophysical borehole 
2 ndiological COCa modelin& _,-ckage to logging with downhole 

Location data ( depth and 
develop modeb for radiological detectors. 

latenl extent of COC1 
within waste .site COlltamiNJrt traDlpOrt Soil suq:,ling and 

boundaries). 
through vadose zone to laboratory analysis. 
groundwater. 

Ranedial lnvutigalion DQO Summary Report- 200-PW•J OU Phtue I Repraentati~ Waste Sita 
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Table 3-3. Inf ormatioo Required to Resolve the Decision Statements.• (2 Pages) 

Remedial 
DS# Investigation Required Data 

Variable 

Nonradiological 
(e.g., inorganic metals 
and anions, and SVOCs) 
COC concentrations in 

Concentrations of soils for evaluation 

3 nonradiological against ARARs and 

COCs PRGs. 

Location data ( depth and 
lateral extent of COCs 
within waste site 
boundaries). 

1, 2, Soil physical 
Moisture content. bulk 
density, particle size 

and 3 properties 
distribution 

• Sec Table 3-S for additional information. 
SVOC = semi-volatile organic compound 

Computational Survey/Analytical 
Methods Methods 

Risk assessment. 

STOMP numerical 
modeling package to 
develop models for 

Soil sampling and 

contaminant transport 
laboratory analysis. 

through vadose zone to 
groundwater. 

Direct comparison to 
Soil sampling and existing models to 

determine conductivity. 
laboratory analysis. 

Table 3-4 presents details on the computational methods identified in Table 3-3. These details 
include the source and/or author of the computational method and information on how the 
method could be applied to this study. 

Table 3-4_. Details on Identified Computational Methods. 

Computational Source/ Satbfy 
DS# Method Author 

Application to Study Input 
Req't? 

I Argonne 
RESRAD will be used to estimate direct human 

and RESRAD National 
radiation exposure to account for radioactive decay. 

Yes 
2 Laboratory 

Pacific 
STOMP is a numerical modeling package for 

1, 2, Northwest 
development of models that can be used to estimate the 

and STOMP 
National 

migration of radiological and nonradiological Yes 
3 Laboratory 

contaminants to groundwater for indirect exposure 
estimates. 

Table 3-5 identifies each of the survey and/or analytical methods that may be used to provide the 
required information needed to resolve each of the DSs. The possible limitations associated with 
each of these methods are also provided. 

Remedial Investigation DQO Summary Report- 200-PW-J OU Phase I Representative Waste Situ 
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Table 3.5. Potentially Appropriate Survey and/or Analytical Methods. (2 Pages) 

Potentially 

Media Remediation Appropri1te Possible Limitations 
Variable Survey/ Analytical 

Method 

Field Scru11ing 

A closed-end rod is pushed into the soil to the 

Gross and Cone pcnctromctcr; 
desired depth. A small-diameter NaI or BOO 

Vadose detector (or other suitable detector) is used to log the 
zone soils 

isotopic gamma Nal or BOO detector gross gamma response with depth. The cone • 
emissions logging penetrometer may not be effective in cobbly or 

rocky soils or for deep penetration. 

A closed-end rod is pushed into the soil to the 
desired depth, where a removable tip is displaced 

Radiological and Cone penetromctcr 
and a small volume of soil is retrieved. Due to the 

chemical field and direct push 
small volume of soil retrieved, multiple sarq,lea 

screening sampling 
would be required to meet sample volume 
requirements for a large analyte list Cobbles, rocks, 
01' other features in the soil column easily stop the 
cone penetromcter and other direct-push methods. 

A small-diameter casing is pushed into the soil to the 
desired depth. A small-diameter Nal or BOO 

Gross and Direct push; Nal or detector (or other suitable detector) is used to log the 
isotopic gamma BOO det«tor gamma response with depth. Direct-push methods 
emissions Jouing (e.g., GeoProbe™) may be ineffective in cobbly or 

rocky soils or deeper than approximately 10 m 
(33 ft). 

Gamma-ray Jogging provides the concentration 
profile• of gamma-emitting ndionuclidcs such u 
Am-241, Pu-239, and many fission products in a 
~hole environment. It is considered by aome to 
be more accmate than aaq,lina and laboratory auay 
because the assay ii performed in situ with lea 

Gamma disturbance of the aample, there is hialJer vertical 
eminiom from spatial resolution, and the sarq,lc size ii nmch 
fission products, Borehole SOL with Jar&er. Thia method may also be more economical 
Am-241, HPOc detector than traditional sampling and analysia. Thia method 
Pu-239,and does not asseaa radionuclide& or daughter products 
Np-237 that do not emit gamma rays. Tbe pmma energies 

from Am-241, Pu-239, and Np-237 are at the low 
end of the spectrum, which raul1a in high numerical 
minimum detectable activities and pou1"ble matrix 
effects from other isotopes. Thia technique require• 
the use of a single cuing (installed by drilling or 
driving) in contact with the soil formation. 

Neutron 
omisliom .from Pauive neutron loggin& provides indication of the 
plutonium and Borehole passive . presence of neutron-emitting isotopes in soils. The 
6-omalpha- neutron logging passive neutron detection limit is approximately 
neutron soil 100 nCi/g in TRU-contaminated soil. 
interaction 

Remedial lnvutigatlon DQO Summary Report- 200-PW-J OU Pluue I Representative Wtute Sita 
April 2001 3-9 



Step 3 - Identify the Inputs to the Decision 
BHI-01477 

Rev.O 

Table 3-5. Potentially Appropriate Survey and/or Analytical Methods. (2 Pages) 

Potentially 

Media 
Remediation Appropriate 

Possible Limitations Variable Survey/ Analytical 
Method 

This technique uses source materials or generators to 
release neutrons into the soil formation. Passive 
detectors measure the response to the neutron flux as 

Active neutron 
Borehole 

a means of detecting specific transuranic 
emissions from 

passive/active 
constituents. Although neutron activation methods 

TRU-
neutron-logging have been developed, these methods arc not 

contaminated 
methods 

expected to be useful for this initial characterization 
soil effort. At present, these techniques are too 

expensive and time consuming and logistical 
problems are associated with the handling of intense 
sources or generators. 

N-N moisture Jogs can be used to determine cunent 
moisture content profiles of the subsurface through 
new or existing boreholes. lbe moisture profiles are 

Borehole neutron-
often directly correlated to contaminant 

Vertical 
concentrations, sediment grain size, composition, or 

moisture profile 
neutron moisture subsurface structural features. For this project, the 
logging moisture profile may be useful for helping determine 

the_ location of contamination and establish geologic 
conditions to support contaminant fate and transport 
modeling. It may also be correlated to reflections 
identified in ground-probing radar sUJVeys. 

Laboratory Sampl~s 

Highly contaminated samples require use of onsite 
laboratories, with associated impacts (e.g., high cost, 

All COCsand 
reduced analyte lists, matrix effects, degraded 

Vadosc 
physical Laboratory analysis 

detection limits, and long turnaround times). Lower 
zone soils contamination levels allow use of ofTsitc 

properties 
laboratories, avoiding these limitations. Physical 
property analysis will include bullc density, moisture 
content, and particle size distribution. 

™ GeoProbc is a registered trademark of GeoProbc .Systems, Salinas., Kansas. 
BOO • bismuth-genninate 
EMI - electromagnetic imaging 
GPR = ground-penetrating radar 
HPGc = high-purity germanium 
Nal • sodium iodide 
SGL • spectral gamma logging 

3.4 ANALYTICAL PERFORMANCE REQUIREMENTS 

Table 3-6 defines the analytical performance requirements for the data that need to be collected 
to resolve each of the DSs. These perfonnance requirements include the PQL and the precision 
and accuracy requirements for each of the COCs. 

Remedial Investigation DQO Summary Report- 200-PW-J OU Pha.re I Representative Waste Sites 
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COCs 

Americium-241 

Cesium-137 

Cobalc-60 

Nq,cunium-237 

Plullllrium-231 

Plutonium-239/240 

Stronlium-90 

Tc:ic:hnctium-99 

Thoriurn-232 

Tritium (H-3) 

Unnium-234 

Urviium-235 

Uranlurn-231 

Table 3-6. Analytical Performuce Requirements - Shallow and Deep Zone Soils. (5 Pages) 

PnllalauyAdlettLffer 
Tarpt Reiialrlll Qulld&adn Ulllita 

Nuao'Aulyda.l Water' Water' s.11-0elltr Sel-Odttr Predlloa Acnracy 
CASI 

15 50I GW Tedlnlov lAw llltli Low Hlsli Water Water __,.,,. snralya> l'ntectlNlv AdlYlty Activity Acdvlt)' AdMty 

(JICL'I) (pCl/1) IDCl/1) (pQ/L) (pCIIL) <,Cl/&) (pCl/1) 

l4"6-1~2 335 112,000 TDD Amcric:ium isolOpic - I 400 I 4,000 :t:20% 80-120% 
AEA 

I 0045-97-3 23.4 710 TDD OEA 15 200 0.1 2,000 :t:20% 80-120% 

IOI~ 4.IIO 164 TBD GEA 25 200 0.05 2.000 .i0% 80-120% 

13994-20-2 59.2 1,9110 TBD Neptunium-237 - AEA 1 NIA I 1.000 ~ 80-120% 

13911-16-J 47 15,700 TBD Plutonium isotopic- AEA 1 130 I I.JOO :t:20% 80-120% 

Pu-2391240 425 14,200 TBD Plut.onium isotopic- AEA I 130 I 1,300 :t:20% 80-120% 

Rad-Sr 2.410 I0,300 TBD Tocal radioactM 2 IO I IOO :i:20% 80-120% 
~um-OPC 

~echncaum-99- tiquid 14133-76-7 412,000 13,700,000 1BD ICattillatioa 15 400 15 4,000 :i:20% I0-120% 

TH-232 u 160 1BD Thorium Isotopic- AEA 
I 0.002m&'l- I 0.02mglkg *20% 80-120% 

(pCi) ICPMS (q) 

10028-17-1 66,900 2,230,000 TBD Tritium- liquid 400 400 400 400 :i:20% 80-120% 
scintillation 

13966-29-S 2,660 11.IOO TBD Urviium ilolopic- AF.A I 0.002m&'l- I 0.02mgtq :i:20% 80-120% 
(pCi) ICPMS (q) 

15117-96-1 IOI J,310 TBD 
Urviium ilOfOpic-AEA I 0.00lfflt'L I 0.02mglka :t:20% 80-120% 
(pCi) ICPMS (q) 

U-231 S04 16,IOO TBD - Urviium ilOCopic - AEA I 0.002~ I 0.02mglkg .i0% 80-120% (pCi} ICPMS (q) 

Predslo• Acnracy 
Soll SoU 

:i:lS% 65-135% 

:i:35% 65-IJS% 

:i:35% 65-135% 

tJS% 65-135% 

*35% 65-135% 

:i:35% 65-135% 

*35% 65-135% 

*35% 65-135% 

*35% 65-135% 

*35% 65-135% 

:i:35% 65-135% 

:t3S% 65~13S% 

:t3S% 65-135% 
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COCa 

M#llh 

Arsenic 

Cadmium 

Chromium (total) 

Chromium VI 

Copper 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Uranium (total) 

r,-,oJa 
Anrnoni&' 
ammonium 

Table 3-6. Analytical Performance Requirements - Shallow and Deep Zone Soils. (5 Pages) 

Prellmlury Action Leva' 
Tar1et Required Quaatltatlon Limits 

Name/Analytical Water" Water" SolJ-Otber Soll-OtMr Prttision Acc1ncy 
CAS# GW Taaolo&Y Lew Hl&h Low m,• Water Water 

M~B' MetboclC Protectloa1 Activity Activity Activity Activity 
(ms/k&) (matk&) 

(m&lk&) (pCI/L) (pCI/L) (pCi/1) (pCl/c) 

Metals- 6010- ICP 0.1 0.2 10 20 • • 
7440-38-2 1.67 219 0.00583 Metals - 601~ - JCP • • 

(trace) 
0.01 NIA 1 NIA 

Mctals-6010- ICP 0.005 0.01 0.5 I • • 
7440-,43-9 80 3,500 o.s' Metals-60lof-lCP • • 

(trace) 
0.00.S NIA o . .s NIA 

Metals-6010- ICP 0.01 0.01 I 2 • • 
7440-47-3 so,ooo• 3.SE6t td Metals - 6010- ICP • • 

(trace) 
0.01 NIA I NIA 

18540-29-9 400 17,500 8 Chromium (hex)- 7196 - 0.01 4 o . .s 200 • • colorimetric 

7440-50-8 2.960 130,000 59.2 Metals-6010-ICP 0.025 0.025 2.5 2 . .S • • 
Metals - 60 IO - ICP 0.1 0.2 10 20 • • 

7439-92-1 3531 1,rxn- I.S- Metals- 6010-
0.01 NIA I NIA • • 

JCP(trace) 

Mercury - 7470 - CV AA 0.000.S 0.00.S NIA NIA • • 
7439-97-6 24 1,050 0.2; 

Mercury· 7471-CVAA NIA NIA 0.2 0.2 • • 
7440-02-0 1,600" 70,ocn' 32 Metals- 6010- ICP 0.04 0.04 .. .. • • 
7782-49-2 400 17,500 ¥ Metals - 6010- JCP 0.1 0.2 10 20 • • 

Metals-6010-ICP 0.02 0.02 2 2 • • 
7<440-22-4 400 17,500 B Metals-6010-ICP 0.005 NIA o.s NIA • • (tnK:e) 

7440-<il-1 2-10" 10,SOO- 2' 
Uranium total - kinetic 

0.0001 0.02 I 0.2 ±20% 80-120% phosphorescence analysis 

7~1-7 Unlimited Unlimited 27,200 Anwnonia - 350.N" 0.05 800 0.5 8,000 • • 

Prcdslen 
SoU 

• 
• 
• 

• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

*35% 

• 

Accuracy 
Soil 

• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

6.S-135% 
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COCa 

Cllloridc 

fluoride 

Nitrate . 

Nitrite 

rNilnlehutrite 

PbolpbalC 

Sulfale 

Orrflllks 

I ,l-didl1oroc:dianc 

l,24dllolot1Jwc 

1,1,1-trichkndllnc 

2111openonc (acetone) 

ea-

Clltlantll:lndlloride 

~ 

Cllb-oform 

Ethyl bam:ne 

lfylnulic flrids (lteue) 

Table 3-6. Analytical Performance Requirements - Shallow and Deep Zone Solis. (5 Pages) 

Pnllmlaa,yAcdNL.ner 
Taraet A.qwlrelll Qtialldtatle• Uaita 

N•-Aulydcal Watar' w_,. ~ Soll--Otkr Precble• Amaracy 
CASI 

GW Tecbelou Low Hip Lew H11fl Wat• Water 
MelflNB" ~c l'ntecde .. Acthlty ACCMty Acdvlty Acdvtty 
(-.'lrl) (....., (-.,'kc) (pCIIL) (pCI/L) <,Ole) <,ell&) 

16817--00-' 2.S,()00' 2.S,()00' 2.5,000 Anions - 9056 - IC 0.2 .5 1 .5 • • 
16984-41-1 4,IOO . 210,000 96 Anions- 9056- IC 0.5 .5 .5 .5 • • 
1479MS-I 118,000 Unlinwtcd 4,400 Allionl - 9056 - IC 0.2.5 10 2.5 40 • • 
l4797~ 1,000 3,0,000 160 Aaionl- 9056- IC 0.2.5 1.5 1.5 20 • • 

NO,INC)z.N 121.ooo Unlimited 4,,4()() NOJNOJ-J.50.N' 0.07S s 0.7.5 10 • • 
I "265-44-2 NIA NIA None Anions - 9056- IC 0.5 IS s 40 ' ' 
14808-79-1 25,C'#:I' lS,()00" 25,000" Anions - 9056 - IC 0.5 15 5 40 • • 

75-34-3 1,000 J~,000 80 Volatile orpnics-1260- 0.01 0.01 0.01 0.01 • ' GCMS 

107.(16.2 II 1,440 0.0481 Vol,,tilc orpnics- 1260-
0..005 o.oos 0..005 o.oos • • GCMS 

71-SU 72,000 2,1.50,000 720 Volatile orpnics- l260- o.oos o.oos 0..005 0.005 • • GCMS 

67--64-1 1,000 3.50,000 IO Volatile orpnics - 1260- 0.02 0.02 0.02 0.02 • • OCMS 

71 ... 3-2 34..5 4,SJO 0.151 Volatile orpnics-1260- o.oos o.oos 0.00.5 0.005 ' ' GCMS 

.56-13-5 7.69 1,010 0.0337 Volatile orpnics - 1260- o.oos o.oos 0.005 0.005 ' • GCMS 

iOl-90-7 1,600 7,000 16 Volatile orpnics -12Ci0 - o.oos o.oos o.oos o.oos ' • GCMS 

67-66-3 16,t 21,500 0.717 Vol,,lilc orpnics-1260- 0.005 o.oos 0.005 o.oos ' ' OCMS 

10()..41-4 1,000 3.50,000 80 
Volatilc-orpnic:a-1260- o.oos o.oos 0.005 o.oos ' • GCMS 

IOOl-20-6 »r 'l<1l8 »r Oil and srcuc (toeal 2 NIA 200 NIA • • recoverable) - 41 J.N 

Preddo• ACCllr• C)' 

Soll s.u 

• • 
• • 
• • 
• • 
• • 
' .. 
• • 
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• • 

• • 
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Table 3-6. Analytical Performance Requirements - Shallow and Deep Zone Soils. (5 Pages) 

Prclhaln• ry Acdon Level' 
T• r1et Required Q•• atltatlo11 Urnlts 

Name/Analytical Water4 Water• Soll-Otlier Soll-Other Precision Accuracy coc. CAS# 
GW TechnolocY Low Hl&li Low Hl&h Water Water 

Metllo4 a• Mecho4C 
Protcction1 Activity Activity Activity Activity 

(msfq) (mlflq) (milk&) (pCI/L) (pCVL) (pCl/1) (pCl/1) 

2-butanane (MEK) 78-93-3 48,000 2,100,000 480 Volatile organics - 8260 - 0.01 0.01 o.oi 0.01 b l 

GCMS 

Methyl iso butyl ketone 108-1()..1 6,400 280,000 64 Volatile organics - 8260 - 0.01 0.01 0.01 0.01 • • 
(MIBK) GCMS 

Dichloromcthane 
75-09-2 133 17,SOO 0.583 

Volatile Organics - 8260 - 0.005 0.005 o.oos 0.005 l • 
(methylene chloride) GCMS 

n-butyl benzene 104-51-8 VOA TIC VOA TIC NIA Volatile Organics - 8260 ~ o.oos NIA 0.005 NIA NIA NIA 
GCMS 

Toluene 108-88-3 16,000 70,000 160 
Volatile organic., - 8260- 0.005 0.005 0.00.:5 o.oos • • 
GCMS 

T ctrachloroethylcne 127-18-4 19.6 2,570 0.0858 Volatile organic., - 8260 - 0.005 0.005 o.oos o.oos • l 

GCMS 

Cis/trana-J ,2~ichloro 
15~5 1,600 70,000 16 Volatile organics - 8260 - 0.005 0.005 0.005 o.oos • l 

ethylene GCMS 

Trichloroethylene 79--01-6 90.9 11,900 0.398 Vobtile organics - 8260 - 0.005 0.005 0.005 0.005 • • GCMS 

Xylene(tocal} 1330-20-7 160,000 7,000,000 1,600 Volatile organics - 8260- 0.00.:5 0.005 0.005 o.oos l • GCMS 

Normal paraft"m Non-haloscnated VOA -
8008-20-6 200'" 200'" 200- 801 SM - GC modified for 0.5 o.s s s • • hydrocarbons 

hydrocarbons 

Phenol 108-95-2 -48,000 2,100,000 960 Scmi-volatilel - 8270 - 0.01 0.1 033 3.3 • • 
GCMS 

PCBs 1336-36-3 0.13 S.19 0.00114" PCBs - 8082 - GC 0.0005 o.oos 0.0165 0.1 • • 
TBP 126-73-8 None None None Semi-volatiles - 8270 - 0.1 o.s 3.J s • • GCMS 

Total organic carbon roe NIA NIA None roe - 9060- cotrilustion I I 100 100 ±20% 80-120% 

Fu/ti Scr.1Ulf6 M-•,_.-

PH TBD TBD I TBD · TBD TBD TBD TBD TBD TBD 

Prccfslon 
Soll 

• 

• 

• 

NIA 

• 
l 

l 

• 

• 

• 

l 

• 
• 

±35% 

TBD 

Accuracy 
Soll 

• 
b 

• 
NIA 

• 
b 

l 

l 

• 

• 

• 
• 
• 

65-135% 
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Table 3-6. Analytical Performance Requirements- Shallow and Deep Zone Soils. (5 Pages) 

l'niblllury Acdo• Lcnr 
T ...... lleqldred QH• dtade• Umlts 

N1rM/Mlly1kal Water' Water' W-Otlilr S.11-0dier Precblo• A«-ncy Precblo• Acc•ncy coc. CASI 
GW Tecll• -17 Low Hip Low Hl&II Water Water Soil Sell 

Med!Mr MldledC 
Pretecde•' Activity Activity AdlvltJ AdlYlty 

(-.'Ill) (~ (llll'kl) (pCI/L) (pCI/L) (pCl/1) (pCl/1) 

S«l ,,,,,_,.,,,,,..,.. 

Moillure content NIA NIA NIA NIA 02216 NIA wt% NIA NIA NIA NIA 
Particle lia diltnbution NIA NIA NIA NIA 0422 NIA wt% NIA NIA NIA NIA 
Uthology NIA NIA NIA NIA BHl·EE-01, Procedure 7.0 NIA Dacriptive NIA NIA NIA NIA 

• The prdiminary action lcvd ii the regulatory or risk-based value usod to determine appropriate 11111ytical ~uimnents (e.&-, defecticn limits). R.emcdial action levels will be proposed in lhc fS, will be 
fmalmd in the ROD, and wiD drift n:malialion o(the silies. 

• 15 rtff:fWyr • nnl raidcntial. 500 ~-commercial industrial, GW • p-oundwatcr prolCdion l"ldionuclide values from the Washincton State Dcpar1mcnt or Health'• (WOOH'1) Hllll/ord Giudmtce 
far Rodiologbl C,-. (WDOH 1913). RadiGnuclidc va!IICI a,e calaalucd Uling paramctal from WOOH pidlncc. 

• The "I 00 times groundwuer'" nile docl not apply to raidual radionuclide c:ontlminant$. for nidionvclidea, groundwater profAletion is demonslralcd through technical evaluation using STOMP tode 
modding (PNNL 2000). 

• Waler valuca r« ~I quality c:onlrOI (c.~ equipment blanblrima) or drainablc liquid (if RCO\'fflll). 
• MTCA Medlod B 10tl values for direct apcllUIC. 
r MTCA Medlod C iDdutrial IOil .,._ far dlrec:t cxpmurc. 
1 MTCA Medlod B IOll valuel b ~ p1oection. 
' Precilloa and accuncy ~ • idenlified 111d cldlned in the .duu..:ed l!PA proceduaw. 
1 Baaecl Oil the Federal prinry drillldna-- llandanll (40 CFR 141). 
J All four-disit IIUld>Crl refer to T• M#lllotbJ,r EWUl#llllw SoUtl Watt ~ /rhl/t«b (EPA 1916). 
• Value based upon clwunsum (III) MTCA IOil coacentmions. 
1 Bued on EPA'1 Gtddace At.tNlfo,tM ,,.,.,.,_ upoan Lplabo Bw.«ic Mode/for uod ht aildra (EPA 1994b). 
• Baaecl upon MTCA Medaod A ftlU& 
• Baaed on IOOtiaa the,,___ i"'-Y ~ Wow Rlplatlo,u 1C1ioa lcvd (40 CFR 141). 
• Valueblled upoa11ictelorwmilanmlublellhsvaluo. 
' Blsod Oil I~ ~--IIIDdard. 
• From Mdltotll II{ AMlpl# tflP'_,.tlllll Wm, (EPA 1913). 
AEA • alpbaa-sy_,_ . 
CAS • CllanicaJ Abln::IScmce 
CVM • cold ffpcll' llamil. -..ptiuet 
0C • Pl~ 
OCMS • ... ~tpeCCIOllldl7 
OPC • ps propcll1iaial counter 
IC ., ior, dll m..-. aplly 
lCPMS • induc:tiwly couplod plasma mus spectrometer 
NIA ., not applicahle 
mo - to be ddeanincid 
roe - eoca1 orprric cabon 
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4.0 STEP 4 - DEFINE THE BOUNDARIES OF THE STUDY 

4.1 OBJECTIVE 

The primary objective of DQO Step 4 is for the DQO team to identify the spatial, temporal, and 
practical constraints on the sampling design and to consider the consequences. This objective (in 
tenns of the spatial, temporal, and practical constraints) ensures that the sampling design results 
in the collection of data that accurately reflect the true condition of the site and/or populations 
being studied. 

4.2 WORKSHEETS FOR STEP 4- DEFINE THE BOUNDARIES OF THE STUDY 

Table 4-1 defines the population of interest to clarify what the samples arc intended to represent. 
The characteristics that def me the population of interest arc also identified. 

Table 4-1. Characteristics that Define the Population of Interest. 

DS# Population or Interest Characteristics 

CrUn ud Sp,cljk Rete11tlo11 Trocl,u 

The set of all environmental Concentrations and activities of transuranic radionuclides, other 
J·, 2, wq,lea within the vadosc zone radionuclides, metals. anions, and limited VOA and semi-VOA 

and3 associated with the organic constituents; physical properties including moisture 
representative waste sites content, bulk density, lithology, and grain-size distn'bution. 

Table 4-2 defines the spatial boundaries of the decision and the domain or geographic.area (or 
volume) within which all decisions must apply (in some cases, this maybe defined by the OU). 
The domain is a region distinctly marked by some physical features (i.e., volume, length, width, 
and boundary). 

Table 4-2. Geographic Boundaries of the Investigation. 

DS# · Geoar•phk Boundaries or the lnveltfc•tlon 

1, 2, The geographic boundariet for the investigation are the boundaries oftbe individual representative 
and3 waste sites from the surface to poundwater. 

When appropriate, the population is divided into strata that have relatively homogeneous 
characteristics. The DQ0 team must systematically evaluate process knowledge, historical data, 
and plant configurations to present evidence of logic that supports alignment of the population 
into strata with homogeneous characteristics. Table 4-3 identifies the strata with homogeneous 
characteristics. 

Remedial /nw:stigatlon DQO Summary Report- 200-PW.J OU Phase I Representative Waste Sites 
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Table 4-3. Strata with Homogeneous Characteristics. (2 Pages) 

DS# 
Population of 

Strata Homogeneous Characteristic Logic 
Interest 

216-Z-JA. Tile Fielil 

Soils that are not expected to be contaminated 
Overburden over the as a result ofliquid discharges to the tile field. 

1, 2, and 3 contaminated tile field Note that this stratum is not significant from 
( depth varies) an RI/FS decision-making standpoint and will 

not be carried further in this study. 

Particulates and high distribution coefficient 
contaminants were sorbed and/or filtered out 

The set of all Highest contaminant of the liquid flow via the soils at the bottom of 

1, 2, and 3 
environmental concentration layer the excavated field. lbis zone is expected to 
samples within the (presumed to be 17 m contain the highest concentrations of 
vadosezone (58 ft]) contaminants and to have decreasing 
associated with the concentrations with depth. May also contain 
representative waste residual concentrations of mobile constituents. 
sites 

This zone is expected to contain low 

Low contaminant 
concentrations of mobile contaminants from 

concentration layer 
the source to the groundwater table. 

2 and3 (presumed to extend from 
Concentrations arc expected to remain fairly 

17 m to 63 m [58 ft to 
constant through the impacted zone because 

207.ft]) 
the majority of the contaminants have been 
flushed through the system, leaving residual 
concentrations. 

216-Z-9 Trench 

The set of all 
Particulates and high distnbution coefficient 

environmental 
contaminants were sorbed and/or filtered out 

samples within the 
Highest contaminant of the liquid flow via the soils at the bottom of 
concentration layer the excavated trench. This zone is expected to 

1, 2, and 3 vadose zone 
(presumed to be 32 m contain the highest concentrations of 

associated with the 
representative waste 

[105 ft]) contaminants and to have decreasing 
concentrations with depth. May also contain 

sites 
residual concentrations of mobile constituents. 

A moderate concentration layer was formed 
immediately beneath the expected high 

Moderate to low 
concentration layer. In this zone, finer 

contaminant concentration 
particulates and moderate distribution 

2 and3 Jaye..- (presumed to extend 
coefficient contaminants from the liquid waste 

from 32 m to 37 m {105 ft 
streams were filtered and sorbed. High 

to 121 ft]) volumes of disposed .liquids may have carried 
some immobile constituents into this zone, 
and residual concentrations of mobile 
constituents may also be prescnl 
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Table 4-3. Strata with Homogeneous Characteristics. (2 Pages) 

DS# 
Population of Strata Homoceneous Characteristic Lope Interest 

This zone is expected to have decreuing 
concentrations with depth as more immobile 
constituents filter and sorb out with the 
passing of the moisture front. However, 
concentration changes are not strictly 
depth-related. The Pu and CCI. appear to be 
associated with the fine grained Jayen. Also, 
the vapor vacuum extraction system bas 
removed more of the VOCs from the hip 
permeability layers.• 

This zone is expected to contain low 

Low contaminant concentrations of mobile contaminants m>m 

concentration layer the source to the groundwater table. 
Concentra_tions are expected to remain fairly 

2and3 (presumed to extend m>m constant through the impacted zone because 37 mto 67 m [121 ft to the majority of the contaminants have been 
220 ftD flushed through the system, leaving residual 

concentrations. 

• The wetted front may have reached growidwatcr for trench site. It ii not known if groundwater was impacted by the 
discharges in the tile field site. 

VOC • volatile organic compound 

The temporal boundaries of the decision are defmed in Table 4-4. 

Table 4-4. Temporal Boundaries of the Investigation. 

DS# Tlmelrame When to Collect Data 

Field Scrn1ti11g 

If pouible, avoid extreme bot/cold months and inclcmeot 
l, 2, NIA weather that that could potentially affect samplina operations 

and3 and saq,le contaminant i:oncentrationa during collection and 
bandlin&, 

Labort1tory St1111pla 

If p0111'ble, aYoid extreme hot/cold mootba m:I inclement 
1, 2, N/A weather that that could potentially affect umplina operatiom 
and3 and saq,le contaminant concentration, durins collection and 

handling. 

N/A • not applicable 

Remedial Investigation DQ0 Summary Report- 200-PW-J OU Pltase I Repruentativt1 Wast• Sita 
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Table 4-5 defines the scale of decision making for each OS. The scale of decision making is 
defined as the smallest, most appropriate subsets of the population (sub-population) for which 
decisions will be made based on the spatial or temporal boundaries of the area under 
investigation. 

Table 4-S. Scale of Decision Making. 

DS# 
Population or Geographic Temporal Boundary 

Interest Boundary Timeframe When to Collect Data 

If possible, avoid The set of all 
environmental Boundaries of the extreme hot/cold months 

samples within individual and inclement weather 
1, 2, that that could 
and 

the vadose zone representative waste 
NIA potentially affect associated with sites from the 

3 the surface to sampling operations and 

representative groundwater sample contaminant 
concentrations during waste sites 
collection and handling. 

• This layer applies uniquely to the 216-Z-9 Trench, as shown in Table 4-3. 
NIA= not applicable 

4.4 PRACTICAL CONSTRAINTS 

Strata 

Highest 
contaminant 
concentration 
layer 

Moderate-to-
low 
contaminant 
concentration 
layer• 

Low 
contaminant 
concentration 
layer 

Table 4-6 identifies the practical constraints that may impact the data collection effort. These 
constraints include physical barriers, difficult sample matrices, high radiation areas, or any other 
condition that will need to be taken into consideration in the design and scheduling of the 
sampling program. 

Table 4-6. Practical Constraints on Data Collection. (2 Pages) 

Significant contamination concentrations are present in both representative waste sites. Contamination controls 
will limit and hinder drilling and sample collection operations. 

The 216-Z-9 Trench is not accessible for conventional vertical drilling equipment. The limitations imposed by 
the enclosure structure are identified as a project technical issue in Section 1.5.2 and are described in 
Section 1.6.1. 1bis is discussed in greater detail in Section 7 .4.1. 

Remedial Investigation DQO Summary Report - 200..PW-l OU Phase I Representative Waste Sites 
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Borehole soil suq,ling equipment may not obtain sufficient volumes of sample media if the saq,led zone is 
0.6 m (2 ft) thick or less. Advancement of the borehole cuing may drag contamination down the bole. Drilling 
operations may volatilize the VOAs (including carbon tetrachloride) that are present. Thus, an inaccurate 
measurement may be obtained. 

The soils in the vadose zone may include cemented zones that could pose difficulties in sample collection. 

Health and safety constraints may be imposed during characterization sampling to ensure that u low as 
reasonably achievable issues are properly addressed when sampling potentially TRU-contaminatcd, greater than 
Class C, and other radiologically contaminated soils. 

Laboratory constraints are expected when analyzing soil samples with high contaminant concentrations. Soil 
saiq>les in this category would be analyzed in an onsite laboratory. Impacts are expected in cost, degndation of 
detection limits, and possible reduction in the analyte lists. If analytical turnaround times ue extended, the short 
hold times for certain organic constituents may be exceeded. In addition, soil physical property testing may not 
be possible in onsite laboratories. 

Extreme weather conditions may limit or shut down field screening operations. 
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The purpose ofDQO Step 5 is initially to define the statistical parameter of interest 
(i.e .• maximum, mean, or 95% upper confidence level [UCL]) that will be used for comparison to 
the action level. The statistical parameter of interest specifics the characteristic or attribute that a 
decision maker would like to know about the population. The preliminary action level for each 
of the COCs is also identified in DQO Step S. When this is established, a decision rule (DR) is 
developed for each DS in the fonn of an "IF ... THEN ..• " statement that incorporates the 
parameter of interest, the scale of decision making, the preliminary action level, and the A.As that 
would result from resolution of the decision. Note that the scale of decision making and AAs 
were identified earli~ in DQO Steps 4 and 2, respectively. 

5.1 INPUTS NEEDED TO DEVELOP DECISION RULES 

Tables S-1, 5-2. and 5-3 present the information needed to formulate the DRs that are presented 
in Section 5.2. This information includes the DSs and AAs identified in DQ0 Step 2, the scale 
of decision making identified in DQ0 Step 4, and the statistical parameters of interest and 
preliminary action levels for each of the COCs. 

Table 5-1. Decision Statements. 

DS# Dedlion Statement 

I Determine whether the contaminant conccntntions are TRU or greater than Cius C and evaluate 
special remedial alternatives m a FS, or evaluate conventional remedial alternatives in a FS. 

2 
Determine whether the IOil ii radiologically eontamioated and evaluate mnedja] alternatives in a FS 
or evaluate the site for clOSUR with no remedial action. 

3 
Determine whether the aoil is chemically contaminated and evaluate remedial alternatives in a FS or 
evaluate the site for closure with no remedial action. 

Table S-2. Inputs Needed to Develop Decfsioa Rules. (2 Pages) 

DS coc, Parameter of Scale of Decl1loa 
Preliminary Action Levell 

# lnterell Maldn1 

Transuranic 
100 nCi/g radionuclide, 

1 Greater than 
ClastC Soilauq,lin&; 

>100 nCi/g• 
ndionuclides maximum detected Vadose zone soils 

values RESRAD loola,lp valuet and 1BD 
throup other lli:>delmg; radionuclide 

2 Radionuclide, concentration• equating to dose limits 
from 1 S to 500 mrerwyr above 
background 
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Table 5-2. Inputs Needed to Develop Decision Rules. (2 Pages) 

DS COCs 
Parameter of Scale of Decision 

Preliminary Action Levels 
# Interest Making 

3 
Nonradiological MTCA and other regulatory levels 
constituents Soil sampling; (identified in Table 3-6) 

2 maximum detected Vadose zone soils 

and 
Soil physical values NIA 

3 
properties 

• This limit applies to alpha emitting radionuclides with half-lives over S years in accordance with 10 CFR 61 .SS. 
NIA - not applicable 
TBD = to be determined 

The AAs identified in DQO Step 2 are summarized in Table 5-3. 

Table S-3. Alternative Actions. 

PSQ AA# Alternative Actions 
# 

l Evaluate special remedial alternatives in a FS. 
I 

2 Evaluate conventional remedial alternatives in a FS. 

I Evaluate remedial alternatives in a FS. 
2 

2 Evaluate the site for closure with no remedial action. 

I Evaluate remedial alternatives in a FS. 
3 

2 Evaluate the site for closure with no remedial action. 

5.2 DECISION RULES 

The output ofDQO Step 5 and the previous DQO steps are combined into "IF ... THEN'' DRs that 
incorporate the parameter of interest, the scale of decision making, the action level, and the 
actions that would result from resolution of the decision. The DRs are listed in Table 5-4. 

Table 5-4. Decision Rules. (2 Pages) 

DR# Decision Rule 

If the true maximum (as estimated by the maximum detected sample values) activity of transuranic 

1 
radionuclides within the soil samples in each of the applicable strata" is greater than or equal to 
100 nCi/g or the greater than Class C definition, evaluate special remedial alternatives in a FS; 
otherwise, evaluate conventional remedial alternatives in a FS. 
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Table S-4. Decision RuJes. (2 Pages) 

DR# Dec:lslon Rule 

Ifthc true maximum (as estimated by the maximum detected sample values) activity ofradionuclides 

2 
within the soil samples in each of the applicable strata• results in a ndiological dose greater than or 
equal to 15 to 500 mrcrrvyr above background, evaluate remedial alternatives in a FS; otherwise, 
evaluate the site for closure with no remedial action. 

If the true maximum (as estimated by the maximum detected sample values) concentration of chemical 

3 
constituents within the soil samples in each of the applicable strata• is sreater than or equal to the 
pretimmary action levels in Table 3-6, evaluate remedial alternatives in a FS; otherwise, evaluate the 
site for closure with no remedial action. 

• The applicable strata include the highcsa contaminant concentration la)w(2J6-Z-JA and 216-Z-9), the moderate-to-low 
contaminant concentration layer (216-Z-9 only), and the low contaminant concentration layer (216-Z-I A and 216-Z-9). 
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6.0 STEP 6 - SPECIFY TOLERABLE LIMITS ON DECISION ERRORS 

Because analytical data can only estimate the true condition of the site under investigation, 
decisions that are· made based on measurement data could potcntiaJly be in error (i.e., decision 
error). For this reason, the primary objective of DQO Step 6 is to detennine which DSs (if any) 
require a statistically based sample design. For those DSs requiring a statistically based sample 
design, DQO Step 6 defines tolerable limits on the probability of making a decision error. 

6.1 STATISTICAL VERSUS NON-STATISTICAL SAMPLING DESIGN 

Table 6-1 provides a summary of the information uscf to support the selection between a 
statistical versus a non-statistical sampling design (~(~•ch DS. The factors that were taken into• 
consideration in making this selection included the tiniefhunc over which each DS applies, the 
qualitative consequences of an inadequate sampling design, and the accessibility of the site if 
resampling is required. 

Table 6-1. Statistical Venus Non-Statistical Sampling Design. 

Time- QuaUtative Comequenc esof Reaamplla1 Access After Proposed Samplln1 
DS# frame Inadequate Samplln1 Des Ian Remedial lnvesti1atlon .Deslp (Statistical/ 

(Yean) (Low/Moderate/Severe ) (Accesslble/lnaccessible) Non-Statistical) 

t, 2, NIA Low Accessible Non-statistical 
and 3' 

1, 2, NIA Severe Accessible Statistical 
and31 

• As shown in Table 2-1, AA11-1, 2-1, and 3-1 have low consequences of error; AAs 1-2, 2-2, and 3-2 have severe 
consequences of error. 

NIA• not applicable 

The second row of Table 6-1 indicates that a statistical sampling design would be proposed for 
this DQ0 process because of the severe consequences of an inadequate sampling design. This 
assessment is based on strict adherence to the DQ0 process without considering the status of the 
200-PW-1 OU representative waste sites. The contamination status of these lites is well 
documented and they arc known to contain TRU-conwnioated, radiologically contaminatrd, and 
chemically contaminated soils. There is DQ risk that these sites will be erroneously categorized 
or considered for no action temcdiation alternatives. Therefore, A.As 1-1, 2-1, and 3-1 
(Table 2-1) associated with the "severe" error consequence do not apply. The "low" severity 
consequence associated with Ah 1-1, 2-1, and 3-1 (Table 2-1) will be used to determine the 
sampling design requirements. The proposed sampling design is, theieforc,judgmental (as 
indicated in the first row of Table 6-1). 
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A biased ( or focused) sampling approach that targets the maximum potential contamination 
within a waste site is considered appropriate for the waste sites in the 200-PW-1 OU. 
Contaminant distributions are expected to follow relatively predictable patterns based on process 
knowledge and historical data. · 

For the DSs to be resolved using a non-statistical design, there is no need to define the "gray 
region" or the tolerable limits on decision error because these only apply to statistical designs. 
The nature of the waste sites to be investigated in the RI supports the use of focused sampling, as 
identified in Washington State Department of Ecology Toxics Cleanup Program Guidance on 
Sampling and Data Analysis Methods (Ecology 1995). This guidance document defines 
"focused sampling" as selective sampling of areas where potential or suspected soil 
contamination can reliably be expected to be found if a release of a hazardous substance has 
occurred. The trench and tile field structures to be investigated had released contaminants in a 
point-source or line-source manner. The contaminants that were released in such a manner have 
been shown to impact the soil immediately beneath the waste site with minimal lateral spread 
(Smith 1973 and PNNL 1998). Therefore, focusing the RI sampling throughout the site will 
ensure sample collection in the area of greatest impact associated with the discharge. 
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7.0 STEP 7 - OPTIMIZE THE DESIGN 

7.1 PURPOSE 

The purpose ofDQO Step 7 is to identify the most resource-effective design for generating data 
to support decisions while maintaining the desired ~ . .of precision and accuracy. When 
determining an optimal design, the following activities should be performed: 

• Review the DQ0 outputs from the previous DQO steps and the existing environmental data. 

• Develop general data collection design alternatives. 

• Select the sampling design (e.g .• techniques, locatiops, or numbers/volumes) that most cost 
effectively satisfies the project's goals. 

• Document the operational details and theoretical usmnptions of the selected design. 

7.2 WORKSHEETS FOR STEP 7 - OPTIMIZE THE DESIGN 

Table 7-1 identifies infonnation in relation to determining the data collection design. 

Table 7-1. Determine Data Collection Design. 

DS# Statistical N on--Statistlcal Rationale 

Judp,eo~ data collection design ii applicable to . 
mvatiption u preliminary data suggeat that the highest 
lovels of contamination are located relative to releuc 
points or the bottom of waste sites. Relative si%.e of 

Non-statistical waste 1itc1 presents • point-source-type dispoul. 
l, 2, and3 NIA sampling design 

focusing the area of inveatigation on the clistn'bution of 
contaminants with depth. Comequenccs of erroneous 
deciaioos are not severe. Characterization ~lin& 
raulta will be verified by confirmatory umplin& of 
aaaJosous aitea dming the confirmatory and remedial 
desip pbue. 

NIA• not applicable 

Table 7-2 is used to develop general data collection design alternatives. If the data collection 
design for _a given decision will be non-statistical, determine what type of non-statistical design 
is appropriate (i.e .• haphazard or judgmental). 
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Table 7-2. Determine Non-Statistical Sampling Design. 

DR# Haphazard Judgmental 

l , 2, and3 None Professional judgmental sampling design is indicated. 

The data collection design alternatives for this project are described in Table 7-3 . 

Table 7-3. Methods for Collection of Data at Depth. (2 Pages) 

Method Description 

Excavation with backhoe or excavator. This technique provides grab samples taken 
directly from the soil column (approximate 0.3-m [I-ft} intervals) or from the 

Trenching or test pit excavator bucket. Because this technique creates a trench, direct inspection of the 
sampling exposed soil column is possible. This method is not well suited for soils contaminated 

with alpha-emitting radionuclides because of the potential for spread of contamination 
at levels that cannot be readily detected with hand held survey instruments. 

A closed-end rod is pushed into the soil to the desired depth where a removable tip is 
displaced and a small volume of soil is retrieved. Due to the small volume of soil 

Cone penetrometer or 
retrieved, multiple samples would be required to meet sample volume requirements for 
a large analyte list. Cobbles, rocks, or other features in the soil column easily stop the 

direct-push sampling cone penetrometer and other direct-push methods. 1be resulting hole can be 
geophysically logged, providing information on gamma-emitting radionuclides and 
moisture content. 

Grab samples may be collected from the auger fitting during drilling, or split tube 
samples may be collected with the aid of hollow-stem auger .. flights." To achieve 
laboratory analysis sample volume needs for large analytical lists, a 0.6-m (2-ft) core 

Auger drilling and sample from a 13-cm (5-in.)-diameter sampler is typically needed. Running a sample 
sampling tube down the hollow center of the flight retrieves split tube samples. This method is 

not well suited for drilling in soils contaminated with alpha-emitting radionuclides 
because of contamination control limitations. The auger split-spoon samples are 
typically 6 cm (2.5 in.) in diameter. 

This slow drilling method is particularly useful in highly contaminated areas because 
potential contamination releases can be more easily controlled. This drilling method 
allows collection of grab samples from the drive barrel or split~spoon. To achieve 

Cable tool drilling and . adequate laboratory analysis sample volumes for large analytical lists, a 0.6-m 
sampling (2-ft)-long core sample from a 13-cm (5-in.)-diamctcr sampler is typically needed. 

DOE-owned, .controlled cable tool rigs are available onsite for use in highly 
contaminated areas. In alpha-contaminated soils, significant contamination controls 
are required. 

The diesel hammer is a dual-string, reverse-air-circulation drilling method. The 
potential impacts of this drilling method include degraded sample quality and 

Diesel hammer drilling increased contaminant release potential. Because of the introduction of air to the 
sample media, affects on analytical results for volatile organics and increased potential 
for dust result from this technique. 
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Table 7-3. Methods for Collection of Data at Depth. (2 Pages) 

Method Description 

Sonic drilling can quickly advance either well cuings or sample tubes. Samples are 
retrieved similar to split-spoon sample collection during a cable tool operation. To 
achieve adequate laboratory analysis sample volumes, a 0.6-m (2-ft)-lon& core sample 

Sonic drilling and 
is typically needed &om a 13-cm (5-in.)-diameter wq,ler. Sonic dri1Jiaa is mu:h 
faster than cable tool drilling but the technique generates a lipificant amount of heat, 

sampling which can alter samples (e.g., boerate volatile organics from the sampled aoila) and the 
aurroundma ~ In alpba_-cq~~ted soils, significant contamination 
controls are reqwrid and may be difficult to implement because of the nature of the 
equipment and operations. 

' 

Air rotary drilliq ii much faster than other drillin& techniquea. <lnb aaq,lca IDd 
split-spoon samplea may be taken using this method. In addition, most rotary drill rip 

Air rotary drilling and can be configured to collect core samples. To achieve adequate laboratory analysis 
sampling sample volumes. a 0.6-m (2-ft)-long core ~le is typically needed from a 13-an 

(5-in.)-diameter aaq>ler. This technique may introduce air into the soil, potentially 
altering the sample quality and formation mo~turc levels. 

A pile driver set upon drive casing can be used with or without a liner to collect soil 
Pile driver direct-push 1&1Jl)les until refusal depth is reached. The use of crane and pile driver allows drive 
sampling casing to be pushed into the soil formation at a stand-off distance ftom the dritlini 

location. 

The design optio~ are evaluated based on cost and abiJity to meet the DQO constraints. The 
results of the trade-off analyses should lead to one of two outcomes: (1) the selection of a design 
that most efficiently meets all of the DQO constraints, or (2) the modification of one or more 
outputs from DQ0 Steps I through 6 and the selection of a design that meets the new constraints. 

The key features of the selected design are then documented, including (for example) the 
following: 

• Descriptions of sample locations, strata, inaccessible areas, and maps (if beneficial) 

• Directions for selecting sample locations (if the selection is not necessary or appropriate at 
this time) 

. ' 

• Order in which samples should be collected (if important) 

• Stopping rules 

• Special sample collection methods 

• Special analytical methods. 
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In Section 3.2.1, it was concluded that the identified radionuclide and the chemical constituent 
data gaps must be filled to support evaluation of the engineered multimedia barrier alternative. 
Table 7-4 summarizes the characterization goals and drivers for the 200-PW-1 OU sampling 
designs. 

Table 7-4. Characterization Goals and Drivers. 

Characteriz.ation Goals Waste Site Sampling Area Driver 

Detennine the types and Support evaluation of 
concentrations of radiological 

all remedial alternatives and chemical constituents with 
in the RI/FS process depth at worst-case locations 

216-Z..9 Trench, Vadose zone under the Low-cost expansion of Geophysically log available 216-Z..IA Tile Field waste site footprint 
boreholes 

the radiological 
database 

Analyze soils for physical Support Rl/FS 
properties modeling efforts 

7.4 SAMPLING DESIGN 

7.4.1 Preferred Sampling Design 

The most cost-effective sampling design for most RI/FS-type DQO projects is one that follows 
the "focused sampling" methodology (Ecology 1995). This methodology applies when 
contamination can be reliably expected to be found if a release of a hazardous substance has 
occurred. This approach is viable only ifreliable information can be used to focus sampling 
efforts on the appropriate locations. This is clearly the case for the two 200-PW-1 OU 
representative waste sites. The locations of the sites are well known, and there is a significant 
historical database that can be used to guide sampling efforts to locations with the highest 
contaminant concentrations. 

Three sampling alternatives were initially developed for the 216-Z-lA Tile Field. The first 
alternative was for drilling through the worst-case contamination location in the tile field, from 
the surface to the groundwater. The second alternative evaluated the possible extension of 
borehole 299-W18-174 from the 39.7-m (130-ft) elevation to groundwater as a lower-cost 
alternative. However, a review of the as-built drawing for the borehole revealed that the 
diameter of borehole 299-Wl8-174 is 10.2 cm (4 in.), which is too small for borehole extension. 
Therefore, two sampling design alternatives are proposed for the 216-Z-lA Tile Field. 

The 216-Z-9 Trench is an engineered structure with an enclosure made of steel framework and 
concrete roof panels. The enclosure structure is not designed to support loads greater than the 
weight of a few occupational workers. Because of the high plutonium and americium 
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concentrations in the trench, an accidental collapse of the enclosure structure would be 
unacceptable from a worker risk and contamination-control standpoint; therefore, special drilling 
alternatives are identified for this site. The sample design alternatives are presented in Table 7-5 
and are evaluated in Section 7.4.2. 

Table 7-5. Sil~pliD& Deslp A.ltenatlves. (8 Pages) 

Sample Collection Key Featura or Dalp Buis for SampUna Dalp 
MethodoloCY. 

216-Z-U TUe.Fieltl Alter11otllle I - Boni.ok Drilling II, Jllcbrlt),. of Well 299-_WI ~159 

Borehole Install one vadole borehole in cloae 1be 299-:W18-1S9 borehole spectral gamma 
characterization proximity to the 299-WU-JS~ Jogging results indicate tbat the aoila in the 

borehole, wbic:h ii near the center of vicinity or tbia borehole have higher 
the tile field. Refer to Figures 7-1 contammation levels than any other borehole 
and 7-2. that WU loaed. The borehole will be drilled 

Soil saiq,les wl be collected in 
from the mrface to the water table for borehoJc 

specific strata at the following aoilsaq,lin&-

intervals: 

• Highest contaminant concentration The radiological contamination concentrations 
layer (H1): in this region are above the TRU defmition 

- Collect one sample at 3.7 m 
(PNNL 1998). 

(12 ft). The 3.7-m (12-ft) sample is within the sand 

- Collect ·one sample at the onset of 
layer of the most highly contaminated region 
of the tile field (PNNL 1999b ). The sand is 

native aoils beneath the tile field more likely to yield a sample than the gravel 
gravel bed, presumed to be at layer beneath it 
7 .6 m (25 ft). 

- Collect samplea at 10.7 m and 
The 7.6-m (25-ft) region ii expected to contain 
TRU-contaarinat-=d soila, but at significantly 

13.7 m (35 ft and 45 ft). lower concentratiooa than the 3.7-m (12-ft) 
depth. 

The two deeper aaiq,lCI will coq,Jetc a 
vertical contaminant concentration profile 
within this highly COOWlmiDlt:ed laya-. 

None of the aamplcl collected within tbo H1 
layer will be analyr.cd for radiological COCa 
becaUIC there is DO radiological data gap in this 
depth interval 

• Low contaminant concentration sand Hiatorical data show TRU contwmmation to a 
layer(Hi): depth ofappoxhxaticly 17.7 m (S8 ft). Thia 

- Collect one suq>le at the onset of 
region is expected to delineate the abift to low 
radiological cooc:emrationa. The ~le will this formation, presumed to be · 
~ malyzed .for all COCa to obtain 

17m(SS ft). contarniNut ('.ODCffltratiom at this change in 
lithology. 
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Table 7-5. Sampling Design Alternatives. (8 Pages) 

Sample Collection Key Features or Design Basis for Sampling Design Methodology 

• Low contaminant concentration One sample in this layer will be used to 
gravel layer (H3) : determine the concentration changes from the 

- · Collect one sample at the onset of 
H2 layer above. The sample will be analyzed 

this formation, presumed to be 
for all COCs. 

26.5 m (87 ft) . 

• Low contaminant concentration The sample in this layer will be used to 
Plio-pleistocene layer: determine the changes from the H3 layer 

- Collect one sample at the onset of 
above. The sample will therefore be analyzed 

this formation, presumed to be 
for all COCs. 

37.2 m(122 ft). 

• Low contaminant concentration The Ringold E Formation consists of gravels 
Ringold E Formation (RE.): and sand. The sample in this layer will be used 

- Collect one sample at the onset of 
to determine the changes from the 
Plio-pleistoccne layer above. The sample will 

this formation, presumed to be be analyzed for all COCs to obtain 
47 m (138 ft). contaminant concentrations at this change in 

lithology. 

• Low contaminant concentration One sample will be used to determine the 
Ringold E Formation (RE): concentrations just above the water table. The 

- Collect one sample just above the 
sample will be analyzed for all COCs. 

water table (approximately 63 m 
[207 ft)). 

- Collect bulk density and Soil physical properties (e.g., moisture content, 
grain-size distribution samples at grain-size distnbution, and bulk density) will 
major changes in lithology. be used to support modeling. 
Collect moisture samples with the 
other physical property samples. 
Specific intervals to be defined in 
SAP. 

Borehole Geophysically log the borehole. Log the vertical distribution of radiological 
geophysical logging contaminants to confirm analytical data and 

refine preliminary conceptual contaminant 
distribution model. 

Perfonn neutron moisture logging to support 
contaminant transport modeling. 

216-Z-JA Tile Field Alternative II - No Further Characterir.atlon Alternative 

No action Determine whether the existing A void unnecessary cost and worker exposure 
characterization data identifies the TRU for collection of soil samples. 
and greater than Class C decision as the 
RI/FS decision-making risk driver. 
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Table 7-5. Sampling Design Alternatives. (8 Pages) 

Sample Collection Key Features of Deslp Buis for Samplln1 Dellen 
Methodolol)' 

116-Z-9 Tre11c/t Altemtltiw HI- Co11t'119tlo1111l DrUling Tiro11gll tlle Tr111clr 

Borehole Stabilize the soila atqp the . . The c:oocrcte roof structure above the 
characterization 216-Z-9 Trench.by~ abotCRie . .. ,~J~Z..9 Trench prevents direct accesa for 

through the ven, rilcn' in the~. ~- ~ . ..,_. To obwn acceaa, ~ concrete roof 
roof. Spray fixative coatina over all ·i'~ ~--.. milt be r,moved ind a aoil ~ 
internal surflCCI within the coclc>lure;' ; ;; •lied mto crencb to give acceu to 
Dismantle and dilpole the enclosure • ·-· conventional drillina equipment. To support 
structure. IDltl1l a IOil nq, over die• ... -
trench to provide ~ for . {_ 

__ ~tioa, the CMtlminated IOiJ at the top 
i~b1reDCh would ·be'ltlbilit.ed with 

conventional drilling 1hrough the lbotcrete. AD internal sumcea of the 
trench. .. _.enclosure would be sprayed wi_th a fDtative. 

Figure 7-3 shows a plan view of the 
Tbe enclosure would be dismantled and 
diaposc:d. A soil ruq, would be matalled into 

216-Z-9 Trench. Figure 7-41how1 the trench, providing ICCCII for borehole 
section views of the 216-Z-9 Trench 
and enclosure structure. 

drilling. Because of the contaminants and 
:,conceatratiom within the trench, dilmantliq 
and disposin& the enelolur1 would likely cost 
tcvenl million dollan. Rough 

•,-,;, ----of-magnitude drillins and analytica1 
. . COl(a ue atimateci to be nearly $1,000,000. 

Inatall one vadose borehole within the Soil wq,Jea will be uacd to dctennine type 
trench boundariea at the location with and concentration of COCa beneath the trench 
the highest cnotaminatioa potential. ill the vadose zone. Smq,ling provides data 
Location will be bued upon proceu for remedial action deciaioo making, to 
knowledge of the trench construction. confirm the preliminary cooceptua1 
Borehole will be drilled to the water contaminant dutn'bution model, and to support 
table. cnntarnioant transport modelin&. 

Soil samples -will be collected in 
specific strata at the following 
intervals: 

• Soils within the cn'b structure: Extreme contaminatioa expected in dm rcpon. 
- Collect one sample at 

Thia uq,le will only be a-1yzed for cbemkal 
comtituents becaUle the TI.U/ndiolo&icaJ 

approximately S.5 m(l8 ft). ltatua ii known. 

• Highest coratirniMnl concentration TRU contamination levela are expected 
layer (H,): tbroup layer H1 bued on hiatorica1 data 

- Collect one sample at 
(Smith 1973). This sample will only be 
analyr.cd for chemical comtitucntl becauae the 

approximately 7.6 m (2S ft). TRU/radioloaical atatua ia known. 

• Highest contaminant concentration TRU contamination leve1a may be present 
layer (Hz): throup layer Hi based oa historical data 

- CoDect one sample at the onset of 
(Smith 1973). Thia sample will be analyr.cd 
for all COCa to confirm the vertical extent of 

thia layer, prcaumcd to be 20 m the TRU contamination and to fill the chemical 
(69 ft). constituent data gap. 
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Table 7-5. Sampling Design Alternatives. (8 Pages) 

Sample C ollection 
Key Features of Design Basis for Sampling Design Methodology 

• Moderate-to-low contaminant This region is expected to mark the onset of 
concentration fine-grained Plio- moderate radiological concentrations. Analyze 
pleistocene layer: for all COCs to obtain contaminant 

- Collect one sample at the onset of 
concentrations at this change in lithology. 

the Plio-pleistocene layer, 
presumed to be at 32 m ( 105 ft)'. 

• Low contaminant concentration The Ringold E Formation consists of gravel 
Ringold E Formation (Rt:): and sand and is expected to mark the onset of 

- Collect one sample at the onset of 
low radiological concentrations. The sample 
in this layer will be used to determine the 

the RE layer, presumed to be at changes from the Plio-pleistocene layer above 
37 m(l21 ft). 

and will be analyzed for all COCs to obtain 
contaminant concentrations at this change in 
lithology. 

• Low contaminant concentration Because the Ringold E Formation is very deep, 
Ringold E Formation (RE): one sample is collected at the midpoint to 

- Collect one sample at the 
avoid a large spatial data gap. Analyze for all 

midpoint of the Rt: layer at 52 m 
COCs. 

(170 ft). 

• Low contaminant concentration One sample will be used to determine the 
Ringold E Formation (RE): concentrations just above the water table. 

- Collect one sample just above the 
Analyze for all COCs. 

water table (approximately 67 m 
[220 ft]). 

• Collect bulk density and grain-size Soil physical properties ( e.g., moisture content, 
distribution samples at major grain-size distribution, and bulk density) will 
changes in lithology. Moisture be used to support contaminant transport 
samples will be collected with the modeling. 
other physical samples. Specific 
intervals will be defined in the SAP. 

Borehole Perform borehole geophysical logging Logging will provide a continuous profile that 
geophysical logging from the surface to groundwater. confinns the vertical distribution of transuranic 

contaminants. 

Perform neutron moisture logging from Collect soil moisture data to support 
surface to groundwater. contaminant transport modeling. 
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Table 7-5. Sampling Design Alternatives. (8 Pages) 

Sample Collection Key Featura of Deslen Bash for S1mplln1 Deslp 
Metbodolou 

216-Z-9 Tre11ch Altnllotive IY - .411gle Drliling 

Borehole Drill two qle boreholes adjacent to Uae of angle drill rig allows collection of soil 
characterization the tmlcb to capture~•~~ • bom ~tb the trench without 

soils beneath the trench. ;IJ . ''',. · ·' . icceai proviaiom. Two boreholes are 

Beca fthe ana1ed drillina .. ,. ;,t·Y>- ';,...ato optimize the collection of 1a1Dples 
useo ·., · """" . llaeatb the trench. 

geometry. it ia not p0111'ble to co~ ~- · 
wq,les from the soila immediately,,, • . Jlefc:r to Figure 7-5 for conceptual angle 
bcncatb the iraacla. Drill P~i;,L;'-~ !'ft··~•• configurations at 
will be cholen 10 ,_;,,,_ the~~. ': f~i-9-Trcnch. 
of ~les under the footprint of the - · .· 

· Drill boreholes to allow soil sampling with trench. However. practical factors, 
such as access requirements nnist be depth and to support geophysical logging. 

factored into aelectioa of drilling . . . -~ 
locations: " 

• Highest contaminant concentration TRU contamination levels may be present 
layers CH1 and Hl): through both layers H1 and H2 based on 

- Borehole A: Collect one samplei,; :bilamical data (Smith 1973). This 1a111ple will 
be analyzed for all COCa to confirm the 

at the onset of this layer, vertical extent oftbe TRU cnnllrnination and 
presumed to be 20 m (69 ft). lo fill the chemical constituent data gap. 

• Moderate-to-low contaminant Thia region is expected to mark the onset of 
concentration fine-grained Plio- moderate radiological concentrations. Analyze 
pleistocene layer: for all COCa to obtain COJIWlUJWlt 

- Borehole A: Co1lect one sample 
concentrations at this change in lithol<>&Y, 

at the onset of the Plio-pleistocene 
layer. presumed to be at 32 m 
(105 ft). 

- Borehole B: Collect one sample 
at the onset of the Plio-pleiatocene 
layer, presumed to be at 32 m 
(105 ft). 

• Low cnntamimul concentration The Ringold E Formation comists of pavcl 
Ringold E Fonnation (Rg): and aaod and ii expected to ~ the onset of 

- Borehole A: Collect one sample 
low radiolopcal cooc:entratiom. One sample 
in tbia layer will be used to determino the 

at the onset of the Ra layer. cbaqea &om die Plio-pleiatocene layer above. 
presumed to be at 37 m (121 tl). The suq,le will be aoal)7.Cd for all COCa to 

- Borehole B: Collect one sample obtain contamimnt concentrationa at this 
at tbe onset oftbe Ra layer, change in litbolol)'. 
presumed to be at 37 m (121 ft). 

• Low rontamiNnl concentration · Becme the Ringold B Formation ia very deep, 
Ringold E Fonnation (Ra): one wq,le is collected at the midpoint to 

- Borehole B: Collect one AJq>le 
avoid a Jarse spatial data pp. 

at the midpoint oftbe Re layer at 
52 m (170 ft). 
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Table 7-5. Sampling Design Alternatives. (8 Pages) 

Sample Collection 
Key Features of Design Basis for Sampling Design 

Methodology 

• Low contaminant concentration One sample will be used to determine the 
Ringold E Formation(~: concentrations just above the water table. The 

- Borehole B: Collect one sample 
sample wiJl be analyzed for all COCs. 

just above the water table 
(approximately 67 m [220 ft]). 

- Collect bulk density and grain• Soil physical properties ( e.g., moisture content, 
size distribution samples at major grain-size distribution, and bulk density) will 
changes in lithology. Collect be used to support contaminant transport 
moisture samples with the o~her modeling. 
physical property samples. 
Specific intervals to be defined in 
SAP. 

Borehole Perform borehole geophysical logging Logging will provide a continuous profile that 
geophysical logging in both boreholes. confirms the vertical distribution of transuranic 

contaminants. 

Perform neutron moisture logging in Collect soi.I moisture data to support 
both boreholes. contaminant transport modeling. 

216-Z-9 Trench Alternative Y- Drive Casing Sampling Through an Enclosure Riser with Pile Driver 

Drive casing Install drive casing with pile driver Pile driver may be used to remotely install 
sampling through an existing riser, or through a drive casing through a riser in the enclosure 

new one. Sample using a liner inside roof without putting a vertical load on the 
casing. trench roof. A substantial contamination 

Withdraw casing liner with pile driver 
control system and sleeving will be required 

and crane. Sampling locations to be 
during operation. 

determined after casing liner has been Use of liner inside the casing will maximize 
retrieved. soil retention during retrieval of the liner. 

Remove outer drive casing after This operation would require significant 
geophysical logging. coordination with PHMC and DOE and may 

Soil samples wilJ be collected in 
require a structural analysis of enclosure roof 

specific strata at the following intervals 
and/or creation of new access riser. 

until refusal: 

• Soils within the crib structure: Extreme contamination expected in this region. 

- Collect one sample at 
This sample will only be analyzed for chemical 
constituents because the TRU/radiological 

approximately 5.5 m ( 18 ft). status is known. 

• Highest contaminant concentration TRU contamination levels are expected 
1ayer(H1): through layer H1 based on historical data 

- Collect one sample at 
(Smith 1973). This sample will only be 
analyzed for chemical constituents because the 

approximately 7.6 m (25 ft). TRU/radiological status is known. 

Remedial Investigation DQO Summary Report- 200-PW-/ OU Phase I Representative Waste Sites 
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Sample Collection 
MetbodoJoC)' 

Geophysical 
logging in drive 
casing 

Table 7-5. Sampling Desigll Alternatives. (8 Pages) 

Key Features of Design Basis for S1mplln1 Desl&n 

Perform borehole 1eopbyaical 1oqiJi· ' · :J.oaina will provide a continuOU1 profile that 
in drive casing. · · tonfinns the vertical distnbution of transuranic 

contaminants. 

Perform neutron mo~iui-e loging in Collect soil moilture data to support 
drive casing. ·., •, . contaminant transport modeling. 

216-Z-9 Troclt Alt•mtlllP• VI - GeoProbdCo_n• PadroMd# P,uJ, Rods/or Geopl,yncal Loulng 
TAro11,11 1111 E11clos11n JUur 

Sample soils 
through GeoProbe 
rods 

Sample vapors 
through GeoProbe/ 

• cone penetrometer 
rods 

Geophysical 
logging in 
GeoProbc/cone 
penetrometer roda 

Install an outer support pipe through . . An outer support pipe ii required to provide 
enclosure riser. . . _ : i. __ ;,"!: ~; ). -~ support for GeoProbe rods over the 

· · · ., ·,. · "'" · , _. .,_., 1ts.\-m(20-ft) air pp from the enclosure roorto 
lmtall portable GooProbe mlit 1eop . _ · . · -~ 1rcnch Ooor. 
encloaun roof: , s-1 . .- '·\" · . ;-- . - - - • . . ,t:'. ~ ,i._._;t '(,: -r - . . . ~ ~ . . 

. . , ,.,-~y•.:~"-.c1 . opeatloareqairel"iipiftcant 
Push rodl diroagh avaiW>&e. nNlf- · - .t; · coordination with PHMC and DOE, a 
refusal. · ,.• . · atructarahnaJym of'tbe enclOIU?e roof, 

-.:..1 __ __._-~:.........,la..,.. --~ may 
·.-r~···'i·, !'!' ....-.-~-.-- .._...., 

Sa1J1>le through upper trench and 
collect continuous soil sample or 
discrete samples with GeoProbe rods 
until refusal. 

Sample carbon tetrachJoride vapon at 
specifaed depth intervals until refusal. 

Perform borehole geophysical Joaina 
in OeoProbe/cone penetrometer rods. 

Perform neutron moisture Jouina in 
GcioProbc/coao.~cr~ _.-qd,. . : 

require a new acceu riser. 

A substantial contuninltion control system 
will be required durina operation. 

GeoProbe rods can be pushed for continuous 
S8Jl1)linl or can be installed and retrieved for 
discrete AIJ1)ling. 

Uae GeoProbe rods outfitted with vapor 
wq,ling ports. 

Louinl will provide • continuous profile that 
confirms the vertical diltnl>udon of transurmic 
confarniNw 

Collect soil moiature data to support 
~rowmr tramport modeling. 
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Sample Collection Key Features of Design Basis for Sampling Design Methodology 

216-Z-9 Trench Alternative VII- No Further Characterization Alternative 

No action Determine whether the existing A void unnecessary cost and worker exposure 
characterization data identifies the TRU for collection of soil samples. 
and greater than Class C decision as the 
RI/FS decision-making risk driver. 

PHMC = Project Hanford Management Contractor 

7.4.2 Evaluation of Alternative Sampling Designs 

7.4.2.1 Alternative I - Borehole Drilling in Vicinity of Well 299-Wl8-159. The Alternative I 
sampling design for the 216-2-1 A Tile Field follows the focused sampling concept 
(Ecology 1995). The sampling intervals shown in Table 7-5 provide a useful vertical profile of 
contaminants through the waste site. It was determined that sufficient radiological data exist in 
the highest contamination concentration interval (H1). Therefore, the COC list was revised to 
eliminate the radiological constituents in the H1 layer. Because this alternative fills the data gaps 
and enables confirmation of historical radiological data, it is the recommended alternative. 

7.4.2.2 Alternative II- No Further Characterization. Alternative II applies to the 
216-2-1 A Tile Field. It is based on the observation that the TRU-contarninated and greater than 
Class C status of the site could be the RI/FS risk driver for this site and that further 
characterization efforts may not affect the outcome of remedial decision making. This 
alternative offers potential cost savings and as low as reasonably achievable (ALARA) benefits; 
however, it does not provide waste inventory data that would support selection of certain 
remedial actions (notably the engineered multimedia barrier). Therefore, this alternative is not 
recommended for further evaluation. 

7.4.2.3 Alternative Ill - Conventional Drilling Through the Trench. This alternative 
provides a vertical profile of COCs to verify the preliminary conceptual contaminant distribution 
model. The disadvantages of this alternative are the high costs with little gain to the RI/FS 
process, as the expense associated with this alternative only adds data from the region 
immediately beneath the waste site, which is not a particularly sensitive data gap. In addition, 
this alternative would require extreme contamination-control measures. For these reasons, 
Alternative III is not recommended for further evaluation. 

7.4.2.4 Alternative IV - Angle Drilling. Alternative IV involves collecting samples under the 
trench without the need for decommissioning the existing structure. Angle drilling does not 
provide an optimized vertical contaminant profile but does provide good characterization in the 
lower portion of the vadose zone. The cost of this alternative is expected to be significantly less 
than the cost of Alternative III. 
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Figure 7-1. Plan View of the 216-Z-lA me Field. 
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Figure 7-2. Conceptual Diagram of Borehole in the 216-Z-lA Tile Field. 
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Figure 7-3. Pio View of the 216-Z-9 Trench • 
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Figure 7-4. Section View of the 216-Z-9 Trench. 
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Figure 7-5. Conceptual Diagram of the Ang]e Drilling Boreholes. 
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7.4.2.5 Because this alternative fills identified data gaps beneath the waste site without a major 
project preparation activity and is a proven technology, Alternative IV is the proposed alternative 
for the 216-Z~9 Trench. 

7.4.2.6 Alternative V - Drive Casing Sampling Through an Enclosure Riser with Pile 
Driver. Alternative V would require substantial contamination controls and coordination with 
DOE, FH, and the ERC. The advantage of this alternative is that it is a relatively low-cost 
approach for sampling the upper trench zone and it also avoids placing stress on the trench roof. 
The disadvantages include the potential need for a new opening in the trench enclosure and the 
possible loss of sample media during casing extraction. This alternative may be evaluated 
further for collection of samples in the upper region of the trench. 

7.4.2.7 Alternative VI - GeoProbe/Cone Peoetrorneter Push Rods for Geophysical Logging 
Through an Enclosure Riser. Alternative VI is similar to Alternative IV but would place loads 
on the enclosure roof that may be unacceptable; consequently, a structural analysis would be 
required for the enclosure roof. Modifications may be required to the enclosure prior to 
implementation. In addition, a guard pipe would need to be installed to provide lateral support 
for the GeoProbe rods in the 6.1-m (20-ft) unsupported zone between the bottom of the 
GeoProbe unit and the onset of trench soil. For these .reasons, Alternative VI is not considered 
further. 

7.4.2.8 Alternative VII - No-Further Characterization Alternative. Alternative VII applies 
to the 216-Z-9 Trench and is based on the observation that the TRU and greater than Class C 
status of the site could be the RI/FS risk driver for this site. and that further characterization 
efforts may not affect the outcome ofremedial decision making. This alternative offers potential 
cost savings and ALARA benefits; however, this alternative does not provide waste inventory 
data that would support selection of certain remedial actions (notably the engineered multimedia 
barrier). Therefore, Alternative VII is not recommended for further evaluation. 

7.4.3 Proposed Sampling Designs 

The proposed sampling designs incorporate a single borehole through the most highly 
contaminated portion of the 216-Z-IA Tile Field and two angle boreholes under the 
216-Z-9 Trench. These designs provide safe, reliable, and cost-effective sampling methods that 
satisfy the identified data needs. The sampling designs for these two sites are integrated because 
the chemical contamination data from the upper 18.3 m ( 60 ft) of the 216-Z-1 A Tile Field will be 
used to fill a data gap in the upper region of the 216-Z-9 Trench. This is necessary because the 
angle-drilling concept applied to the 216-Z-9 Trench does not permit the collection of soil 
samples from the upper 18.3 m (60 ft) of the site (see Figure 7-5). 

The process history for these two sites was evaluated to determine the degree of similarity in the 
waste streams before the 216-Z-1 A Tile Field chemical data could be applied to the 
216-Z-9 Trench. The review of historical data and an interview with Z Plant operating 
personnel 1 indicated that the waste streams differed between the two sites, principally in waste 

1 M. L. Yates, personal interview on February 27, 2001, with Mr. Thurman Cooper, PFP Chemist. 
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discharge concentrations. The same chemicals were released to both sites; however, the 
216-Z-9 Trench received the more highly concentrated discharge waste streams. The only 
known exception is that cadmium-nitrate was deliberately released to the 216-Z-9 Trench for 
criticality control near the end of the trench's operating life. Cadmium concentrations were 
reported in samples from·the 216-Z-9 Trench (Smith 1973). 

. . : . : : . ~; · 1! ~"'b, . • .... .... 
Because the chemical dischargea: lP--~~~,~~e chemistry (with the exception of 
the cadmium-nitrate), the use of.tbo:a(~~lA c .· .. :· . ,: _ -- litmi tfie upper regions of the site is 
considered to be appropriate but may~,at lower co~ than in the 216-Z-9 Trench. . 
The chemical analytical data obtained from both sites.wiU,bo analyzed. Extrapolations maybe 
necessary with the 216-Z-lA data fot\118 '1 the uppermoJt region of the 216-Z-9 Trench . 

. ,,,' .. . '. ti : . ,' ·... -

The sampling designs proposed for the. 216-Z~ 1 A Tiv:·'1:tf~d 216-Z-9 Trench are presented in 
Table 7-6. . 

Sample Collection 
MethodolO&Y 

Table 7-6. Proposed Samplin& D~slps. (4 Pages) 
... ··•! 

. . . . . . 
Key Features of Dalen Basis for SampUnc Deslp 

Borehole Inatall one vadose borehole in close The 299-W 18-159 borehole spectral gamma 
characterization proximity to tbe 299-WI 8-159 · leamJ n:aultll indicate that the soila in the 

borehole, which ii near the center of . vicinity of this borehole have higher 
the tile field. Refer to Figures 7-1 contamination levels than any other borehole 
and 7-2. that wu logged. The borehole will be drilled 

Soil uq,kt will be collcc1ed in 
specific atrata at the followm1 
intervals: 

, • . from. tbe surface to the water table for borehole 

• Highest contaminant concentration 
layer(H,): 

- Collect one aaq,lc at 3. 7 m 
(12 ft). 

- Collect one sample at the onset of. 
native soila beneath the tile field 
gravel bed, presumed to be at 
7 .6 m (25 ft). 

- Collectsaq,leut 10.7 m and 
13.7 m (35 ft and 45 ft). 

soil aamplina. 

1be radiological contamination concentrations 
in this region are above the TRU definition 
(PNNL 1998). 

1be 3.7-m (12-ft) sample ii wi1bin the sand 
layer oftbe most highly coataminated region 
of the tile field (PNNL 1999b ). The sand is 
more likely to yield a sample than the pave] 
layer beneath it. 

Tbe 7.6-m (25-ft) rcsioa ii expected to contain 
TR.U-cc,ntaminated soils, but at significantly 
lower concentratiom·tban the 3.7 m (12 ft) 
depth. . 

The two deeper saq,les will COJq>lete I 
vertical contaminant· concentration profile 
within this highly contaminated layer. 

None of the samples collected within the H1 
layer: will be analymd for radiological COCa 
because there iJ no radiolosical data pp in thia 
depth interval. 
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Table 7-6. Proposed Sampling Designs. (4 Pages) 

Samp)e CoJJection Key Features of Design Basis for Sampling Design 
Methodology 

• Low contaminant concentration sand Historical data shows TRU contamination to a 
layer (H2): depth of approximately 17.7 m (58 ft). This 

- Collect one sample at the onset of 
region is expected to delineate the shift to low 
radiological concentrations. The sample will 

this fonnation, presumed to be only be analyzed for the chemical COCs to fill 
17 m(58 ft). that data gap. 

• Low contaminant concentration One sample in this layer will be used to 
gravel layer (H3): determine the concentration changes from the 

- Collect one sample at the onset of 
H2 layer above. The sample will be analyzed 
for all COCs to obtain contaminant 

this formation, presumed to be concentrations at this change in lithology. 
26.5 m (87 ft). 

• Low contaminant concentration Plio- The sample in this layer will be used to 
pleistocene layer: determine the changes from the H3 layer 

- Collect one sample at the onset of 
above. 1bc sample will be analyzed for all 
COCs to obtain contaminant concentrations at 

this fonnation, presumed to be this change in lithology. 
37.2 m (122 ft). 

• Low contaminant concentration The Ringold E Formation consists of gravels 
Ringold E Formation (RE): and sand. The sample in this layer will be used 

- Collect one sample at the onset of 
to determine the changes from the Plio-
pleistocene layer above. The sample will be 

this fonnation, presumed to be analyzed for all COCs to obtain contaminant 
47 m (138 ft). concentrations at this change in lithology. 

• Low contaminant concentration One sample will be used to determine the 
Ringold E Formation (RE): concentrations just above the water table. The 

- Collect one sample just above the 
sample will be analyzed for all COCs. 

water table (approximately 63 m 
(207 ft)) . 

- Collect bullc density and Soil physical properties (e.g., moisture content, 
gnin-sizc distribution samples at grain-size distnbution, and bulk density) will 
major changes in lithology. be used to support modeling. 
Collect moisture samples with the 
other physical property samples. 
Specific intervals to be defined in 
SAP. 

Geophysically log the borehole. Log the vertical distribution of radiological 
contaminants to confirm analytical data and 
refine preliminary conceptual contaminant 
distribution model. 

Perform neutron moisture logging to support 
contaminant transport modeling. 
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Sample Collection 
MetbodoloC)' 

Table 7-6. Proposed Samplin& Designs. (4 Pages) 

Key Features ofDeslp Buts for Samplin1 Design 

116-Z-9 Trfflcl, Altemati'le lIJ -A11glc Drllllnl 

Borehole 
characterization 

Drill two angle borchol~ adjacent to l),e of angle drill rig allows collection of soil 
the trench to capture uq,la 6oln·tlail-~ii --~ ff · ii: tu 1iom .beneath the trench without 
soils beneath the trench. · ·~i.,lj •..,Wac:eu provisions. Two boreholes are 

B ftbe .... ft,__. An'ttc...t ;,~ ')t"t':i ~•--nme the collection of samples ccause o ...- .. ,..,.. · , .. : · 
geometry, it ia DOt ~le io collect .. _' .• I• 1 di 1bc trcneb. 

samples from~ so~~1;-·•· .. ~ ~ lLCif J~ Fipe 7-5 for c~eptual angle 
beneath the tradL. . . . . . . ,_,.. · · -·· _ IMircbole configurations at 
will be chosen to .... -.~;- '.'.' ii ~9 Trench. 
of samples under the footprint of the 
trench. However, practical fac:ton,­
such as access requirements must be 
factored into ldcetioa of drilliq 
locations. 

, Prill borehole, to allow soil sampling with 
depth and to support geophysical loggina. 

• Highest contaminant concentration TRU contamination levels may be present 
layers (H1 and Hz): tbroap both layen H, ·and H2 based on 

B -1.-le A. . ;..~ii- · · ( '\"' lli11111 ical data (Smith 1973 ). Thiuample will 
- 0•- • -~ ·oaeaamp e beamlyzedforallCOCatoconfumthe 

at the onset of this layer, vertical extent of the TRU contamination and 
presumed to be 20 m (69 ft). to fill the chemical constituent data gap. 

• Moderate-to-low contaminant Tlaia region ia expected to mark the onset of 
concentration fine-grained moderate radiological concentrations. Analyze 
Plio-pleistocene layer: . fear all COCa to obtain contamimot 

- Borehole A: Collect one sample 
at the onset of the Plio-P,leis~. 
layer, presumed to be at 32 m 
(]OS ft). 

- Borehole B: Collect one wq,le 
at the onset of the Plio-pleistocene 
layer, presumed to be at 32 m 
(105 ft). 

c:ClllCODtrationa at this change in lithology. 

• Low contaminant concentration 
Rmsattt'E tcirma6on CR«>:. 

Became the Ringold E Formation ii very deep, 
. I ·. f 1)1ie ~ ii COllecled tt the midpoint to 

- Borehole B: Collect one wq,le 
at the midpoint of the~ layer, at 
52 m (170 ft). 

avoid a large spatial data gap. 
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Table 7-6. Proposed Sampling Designs. (4 Pages) 

Sample Collection 
Key Features of Design Basis for Sampling Design Methodology 

• Low contaminant concentration One sample will be used to determine the 
Ringold E Formation (RE): concentrations just above the water table. The 

- Borehole B: Collect one sample 
sample will be analyzed for all COCs. 

just above the water table 
(approximately 67 m (220 ft]). 

- Collect bulk density and Soil physical properties (e.g., moisture content, 
grain-size distribution samples at grain-size distribution, and bulk density) will 
major changes in lithology. be: used to support contaminant transport 
Collect moisture samples with the modeling. 
other physical property samples. 
Specific intervals to be defined in 
SAP. 

Geophysical Perfonn borehole geophysical logging Logging will provide a continuous profile that 
logging in both boreholes. confinns the vertical distnbution of transuranic 

contaminants. 

Pcrfonn neutron moisture logging in Collect soil moisture: data to support 
both boreholes. . contaminant transport modeling. 

7.5 POTENTIAL SAMPLE DESIGN LIMITATIONS 

Potential sample design limitations are as follows: . 

• The 216-Z-9 Trench is not accessible for installation of conventional drilling equipment. 
Alternate drilling methods/approaches (e.g., angle drilling) must be used to protect the 
concrete enclosure roof from unacceptable loads. 

• Contamination levels in both waste sites are significant and will require employment of 
substantial contamination controls to ensure the health and safety of workers and protection 
of the environment and equipment. Such controls may restrict the movement of workers. 
Samples with high contamination levels may be reduced in volume to permit shipment to 
laboratories. However, this may hinder the ability of the laboratories to meet quality 
assurance/quality control requirements. 

• Drilling impediments (e.g., boulders) may be encountered and/or insufficient sample 
volumes may be retrieved from the split-spoon samplers. The list of analytes will be 
prioritized in the SAP to account for insufficient sample volume. 

• Drilling will generate excessive heat and may volatilize the VOAs that are present within the 
soil. This may affect the accuracy of the VOA measurements. 

• Because the potential exists for significant concentrations of radiological COCs, samples 
may need to be analyzed in an onsite laboratory. In this case, expected impacts include high 
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analytical costs, degradation of detection limits, reduced analyte lists, and long tumarowid 
times. The presence ofTRU-contaminated soil would also significantly impact waste 
handling and management. Sample volumes may be reduced if the radiation levels for the 
samples are too high. 

• Analysis of VOA contaminants impo~ sample l!914::-~e limitations. To overcome these 
limits, prior planning and coordination are recommended to avoid violating the hold-time 
limits. 

• The sampling intervals developed in this DQ0 swmnuy report may be adjusted in the SAP 
to accowit for refinements to the uimpling dcsip,. 
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