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EXECUTIVE SUMMARY 
2 

3 This work plan describes the field work necessary to collect the data identified in 
4 RPP-RPT-38152, Data Quality Objectives Report Phase 2 Characterization/or Waste 
5 Ma11agement Area C Corrective Measures Study , and supports the Phase 2 Resource 
6 Conservatio11 a11d Recovery Act of 1976 (RCRA) facility investigation/corrective measures study 
1 (RFVCMS) work plan and sampling and analysis plan activities for the s ingle-shell tank (SST) 
s Waste Management Area (WMA) C (Figure 1- 1 ). As discussed in the Hanford Federal Facility 
9 Agreemem a11d Consent Order (HFFACO) Action Plan (Ecology et al . 1989), the Phase 2 

10 RFl/CMS work plan is prepared to present information on how the Phase 2 RFl/CMS processes 
11 will be conducted and eventually lead to proposed remedies for WMA C fulfilling HFFACO 
12 Milestone M-45-60 (Ecology and DOE 2007, Federal Facility Agreement and Consent Order 
13 Change Comro/ For,;, Change No. M-45-06-03, Modifications of Tank Farm Corrective 
14 Measures and Interim Measures Milestone) . This work plan also integrates with 
15 RPP-PLAN-37243, Phase 2 RCRA Facility Investigation/Corrective Measures Study Master 
16 Work Plan for Single-Shell Tank Waste Management Areas (Phll'>C _ Ma ... tcr Work Plan ), as 
11 described in HFFACO Milestone M-45-58 and Appendix I, section 2.3 (Ecology and DOE 
1s 2007). Th i'> WMA Ce RFI/CMS uses the framework establi shed in the Phase 2 Ma~ter Work 
19 PlanRPP PLAN 372<1]. 8i11,i;/e Shell fonl; PJ111se 2 Rt•.11111ffc Coll!,en 1t:J1im1 em.' RetWl't!f'.I' Au o/ 

20 I 976 .'i"twilif_;• b11•esfi,'<ttfim,/ Con-ec1i1 •e Metmtre:, 8111th ,\le.1/t'/" Wm·k P.'tm , which is the 
2 1 implementation plan for integrating the RCRA treatment, storage, and di sposal (TSO) unit 
22 closure process with the Comprehensive Environmental Response, Compensation, ancl Liability 
23 Act of 1980 (CERCLA) groundwater and '>oil operable unit remedial investigation/feasibility 
24 study (RI/FS) process inel~H:ling the grnllndwater program. The integration of these two 
25 regulation:, proce!'> ·e., will be implemented through management project teams as defined in 
26 DOE/RL-2007-20, Hanford Integrated Groundwater and Vadose 7.one Management Plan . 
21 Groundwater has been impacted by some waste releases in WMA C. However, evaluations of 
28 groundwater contamination and remediation are not in the scope of this Phase 2 work plan. 
29 Investigating groundwater contamination under WMA C is part of the 200-BP-5 groundwater 
30 operable unit RVFS conducted by DOE-RL. 
31 

32 For thi s work plan, site characterization will be performed at the 23 sites listed in Table ES- I and 
33 shown on Figure ES- I. These characterization activities include the following: 
34 

35 a. Soil collection and analysis through direct push technology. 
36 b. Tissue sampling for ecological risk assessment. 
37 c. Drywell and groundwater monitoring well geophysical logging. 
38 d. Surface geophysical exploration (SGE). 
39 

40 Table ES- I includes the sampling method, implementation design, and objective. Not shown in 
4 1 Table ES- I or in Figure ES- I is the development of a geophysical logging tool that can detect 
42 beta emitters, which is also included in this work plan. 
43 

44 Soil samples for chemical analysis will be collected using direct push technology at 18 of the 
45 23 selected sites, The number of sampling direct pushes ranges from one to three at each site for 
46 a total of up to 29 direct pushes. Furthermore, a demonstration of SGE with deep electrodes is 
47 also planned at site N. Following the demonstration, if SGE is successful at site N, a plan would 



Map 
Design. Group• 

A GJ 

B G2 

C G4 

D G4 

E G2 

F G2 

G G2 

H GS 

I GS 

J GJ 

K G2 

Table ES-1. Sample Plan WMA C Phase 2 Characterization for RFUCMS (3 sheets) 

Average 
Number of Number 

lfflesDi reel of Known or Suspected Access 
Location Deployment Pu he,; Samplest Event Objective A vailabiUty 

Spare inlet Direct push, slant 1-2 8 Tank over fill. Loss Characterize C- 10 I release and Fair 
241-C- J0I through spare inlet refine conceptual models I, 2, and 4 

241-C- I0I , Direct push, I 8 Tank release CharJcterize C- 10 I release and Good 
south side venical or slant refine conceptual models I and 2 

241-C-203 Direct push, slant 3 3: 0-15 ft Tank leak and/or tank Determine if C-200 actually leaked Fair 

15: >15 ft over fil I. Loss through and refine conceptual models I, 2, 
spare inlet and 4 

24 1-C-201 Direct push, slant 1-2/tank 8 200 series tank leaks Determine if C-200 actuall y leaked Fair 
24I-C-202 and refine conceptual models I, 2, 
241 -C-204 and 4 

Between Direct push, 1 8 Suspected release Assess 60Co and refine conceptual Fai r 
241-C-l06 venical models 1, 2, and 4 
and 
200-C-109 

Bldg C-80 1 Direct push, 1 8 Suspected release site Assess release of PUREX waste, Good 
chemical drain venical 137Cs and 99-y-c, and 60 Co and refi ne 

conceptual models I, 2, and 4 

Between Bldg Direct push, I 8 Suspected transfer line Assess release and 60Co and refine Good 
C-801 and venical release site conceptual models I, 2, and 4 
241-C-103 

Nonheast side Direct push, I 8 Surface release Surface exposures and assess 60Co Good 
ofE-91 venical and surface release conceptual 

Model 

Nonheast side Direct push. I 8 Surface release Surface exposures and assess 60Co Good 
of E-115 venical or slant and surface release conceptual 

model, refine conceptual models I, 
2, and 4 

241-C-104 Direct push, slant I 8 Tank release Assess suspected release and refine Fair 
conceptual models I, 2, and 4 

24 1-C-108 Direct push, I 8 Transfer line leak , hot Assess suspected release and refine Poor 
venical or slant dry well (09-02) conceptual models I, 2, and 4 

Ecology/ 
Stakeholder 

Interest 

High 

High 

Moderate to 
high 

Moderate, 
depending on 
C-203 results 

High 

Moderate 10 

high 

High 

High 

High 

High 

High 

-~ 
,::, 
('1> 

< 

I> 



Table ES-1. Sample Plan WMA C Phase 2 Characterization for RFI/CMS (3 sheets) 

Average 
Number of Number Ecology/ 

Map #ele!.Dirl!CI of Known or Suspected Access Stakeholder 
Design. Group" Location Deployment Pu~hes Samples' Event Objective Availability Interest 

L G2 241-C- 103 Drywell loggi ng 2~ 8 Potential transfer li ne Update logging data for 6()Co, mes, Fair Moderate 
and and direct push, ~ leak and lank over ti II urani um, and moisture and assess 
241-C-1 06 venical po1en1ial release and refine 

concep1ual models I, 2, and 4 

M G7 241-C-104, Drywell loggi ng NIA NIA Update logging data for 60Co, mes, Fai r 10 good Moderate 
108, 109, 110, uranium, and moistu re 
111, and 112 

N GS UPR-86, SGE NIA NIA Tes1 SGE, define plume al unplanned Good High 
UPR-82 and re leases (U PR)-82 and -86; refi ne 
UPR-81 concep1ual models I, 2, and 4 

0 G9 WMAC SGE NIA NIA 3-D vision of suspected re leases - Good High 
may lead to supplememal sample 
locations 

< 
p GI UPR-81 Balance of direct 3 8 Known release site Characterize release and refine Good High 

pushes _10 concep1ual models I, 2, and 4 
complete 
characterization 

Q G6 UPR-82 { l l .i ~!l; ,iceni l 8 Known release site Pt.it:HF-t!2t!Hl~! .~, ffi •• ,, •. • t!~Te- ,{ Ge&.!Poor due High 
dirt,<:! nu,he, 10 SGF· rewh·c dC[]lh with dee[] 1n ,hn1cr~1e 

~ clecuw.le,; delim• 11Iume al lJPR-82; COV(!f I> 
12lacemen101 re fi ne concepiual models 1, 2, and 4 
,iring, of decn 
s:lccrrode, for , f) 

SGF. n~r Ma12 
De,i~n. 'I ; 
@ Di rect push 
through cemer 
dcncnding on 
SGE rc,uh,hef 
~ 

R G2 241-C-30 1 Direct push 1 8 Unlined concrete catch Assess potential catch tank release Good Moderate 10 
Catch Tank vertical lank and refine conceptual models l , 2, high 

and4 
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Table ES-1. Sample Plan WMA C Phase 2 Characterization for RFI/CMS (3 sheets) 

Average 
NUJDberof NWDber 

Map Belesr>i reel of Known or Suspected 
Design. Group" Location Deployment Pushes Samples' Event Objective 

s G5 UPR-72 and Direct push I 8 Buried radioactive Assess presence of buried material 
C-8 Drain vertical material and French and potential releases 10 C-8 dr.lin 

drain from 241 CR and refine conceptual models 1, 2, 
Building are in this area and4 

T TBD TBD, based TBD, direct push TBD TBD Previously unknown TBD 
on SGEdata vertical and/or release sites 
for entire slant 
WMA 

u G3 C-1 JO Direct push, slant 1 8 Tank leak and/or tank Characterize C- 110 release and 
or vert ical over fill. Loss through conceptual models 1, 2, and 4 

spare inlet 

V G2 C-111 Direct push 1 8 Tank leak and/or tank Characterize C- 111 release and __. 
vertical overfill. Loss through l~ onceptual models 1, 2, and 

spare inlet 4 

w G9 ;!99 ~ii~ - Log groundwater NIA NIA Log wells 10 collect data on U, 60Co, 
299-E27-12, monitoring wells 137 Cs, and moisture 
299-E27-13. outside of 
299-E27-14, WMAC 
299-E27-15 

• Group refers to the expected work package associated with the characterization effort broadly defined as follows: 

G 1 = Direct push at UPR-81 (covered by existing work package). 

G2 = Vertical direct pushes at nine investigative sites around the 100-series SSTs. 

G3 = Slant direct pushes at three investigative sites around the 100-series SSTs. 

G4 = Slant direct push al the C-200 Series tanks. 

G5 = Outside the WMA, vertical direct push at the investigative sites. 

G6 = Vertical direct push through gunite at UPR-82. 

G7 = Drywell logging at select dry wells. 

GS= Three separate SGE areas at the following locations: UPR-81 , UPR-82, and UPR-86. 

G9 = Deploy SGE at WMA C taking into account the results from testing at site N. 

Access 
Availability 

Good 

TBD 

Fair 

Good 

Good 

Ecology/ 
Stakeholder 

Interest 

Moderate 10 

high 

Moderate 10 

high 

High 

High 

High 

• Sampling cle,ign derail\ for M:1p De,lgn . 0 are :1 pplic:1hle 10 the ingle direct push that ma y he unclcnaken for , am piing. Additiona l prohe hole, wi ll he plnced to , upport 
logginglelectrode place ment. 

' Valu e inrlude, one ,urfrtce ,amole. 

I• 

[ Formatlled: Indent: Lelt: o•, H111ging: 0.06" 

{ Formatted: Left, S~ce ~r: O pt 
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I. INTRODUCTION 

2 This work plan describes the field work necessary to collect the data identified in 
3 RPP-RPT-38152, Data Quality Objectives Report Phase 2 Characterization for Waste 
4 Managemellf Area C Corrective Measures Study, and supports the Phase 2 Resource 
5 Conservation and Recovery Act of /976 (RCRA) Facility Investigation/Corrective Measures 
6 Study (RFUCMS) work plan and sampling and analysis plan activities for the single-shell tank 
1 (SST) Waste Management Area (WMA) C (Figure 1-1 ). The content and structure of this work 
s plan follow the RCRA RFI/CMS work plan format established in OSWER Directive 9902.3-2A, 
9 RCRA Corrective Action Plan - Final, with modifications to concurrently satisfy the additional 

10 Comprehensive E11vironme11tal Res1,onse, Compen.wtion, and Liability Act of 1980 (CERCLA) 
11 requirements in accordance with Appendix I of the Hanford Federal Facility Agreement and 
12 Consent Order (HFFACO). 
13 

14 As discussed in the HFFACO Action Plan (Ecology et al. 1989), the Phase 2 RFI/CMS work 
15 plan is prepared to collect characterization data under the Phase 2 RFUCMS process that 
16 eventually leads to proposed remedies for WMA C. This document fulfills the requirements of 
11 HFFACO Milestone M-045-60 (Ecology and DOE 2007). This work plan also integrates with 
18 RPP-PLAN -37243, Phase 2 RCRA Fod lit y /111•estigatio11/Correctil•e Measure.1· Stud\' ,Waste r 
19 \Vork Plan {or Si11gle-Sltell Tank Waste Ma11age111e111 Areas (Hie-Phase 2 mMaster wWork pf lan1 
20 as described in HFFACO Milestone M-045-58 and Appendix I, section 2.3 (Ecology and 
2 1 DOE 2007). The RFI/CMS process uses the framework established in the Phase 2 Ma~tcr Work 
22 PlanRPP PLAN 3711 3, Si11gle Shell Ta11k Pht.•se 2 Re.w1wce ui11st•11·mim1 wul Ret w 1·e1:\ · Ac: u.f 
23 J 976 Fl:ldli1_1· J111 •es1ixmi01il Co1·Fec1i,·e MeBrnres S111dy Ahma Work Pim, , which is the 
24 implementation plan for integrating the RCRA treatment, storage, and disJX>Sal (TSO) unit 
25 closure process with the CERCLA groundwater and operable unit remedial 
26 investigation/feasibility study (RUFS) process including the groundwater program. The 
21 integration between mg_ vadose zone program and the groundwater program is described in 
28 Chapter 5 of the Phase 2 Master Work Plan (RPP PLAN 3724 3). 
29 

30 The U.S. Department of Energy (DOE), and State of Washington Department of Ecology 
3 1 (Ecology) recently concluded negotiations on HFFACO milestone changes for completing the 
32 Phase I RFI/CMS process with HFFACO Milestone M-45-55. These negotiations also included 
33 the development of a clear vision for the planning and execution of Phase 2 final RCRA 
34 RFUCMS process which also takes into account integration with other site groundwater and 
35 vadose zone cleanup efforts on the Hanford Central Plateau (Ecology and DOE 2007, Federal 
36 Facility Agreemelll and Consent Order Change Colltrol Fonn Change No. M-45-06-03, 
37 Modifications of Tank Farm Corrective Measures and Interim Measures Milestones). The 
3M modification (M-45-55, M-045-58 and M-045-60) and additional milestones (M-045-61 and 
39 M-45-62) will establish a framework for completion of corrective measures within WMA C 
40 (M-45-60 through M-045-62) and a Phase 2 Tank Farm Corrective Action Master Work Plan 
4 1 (M-45-58 and amended HFFACO Appendix I , Section 2.3) to define the overall corrective action 
42 completion approach and sequence for other tank farms or WMAs (Ecology and DOE 2007). 
43 Modifications to the M-45 series of HFFACO (Ecology et al. 1989) milestones for Tank Farm 
44 Corrective Measures and /11terim Measttre.J approved in December 2007 (Ecology and 
45 DOE 2007) contains modifications to M-45-55, M-45-58, and M-45-60, and added milestones 
46 M-45-61 and M-45-62. The modifications combined M-45-55-T04 with M-45-55 and M-45-55, 

1-1 
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1 I Section 2.3, was modified to describe the contents of RPP-PLAN-312 3, whid1-t-rutt provides 
2 the conceptual process and sequencing approach for all SST farms and selection criteria for 
3 implementing Phase 2 RCRA corrective action. 
4 

5 Where information regarding treatment, management, and disposal of radioactive source, 
6 byproduct material, ancVor special nuclear components of mixed waste (as defined by the Atomic 
1 Energy Act of /954) is incorporated into this document, it is not incorporated for the purpose of 
s regulating the radiation hazards of such components under the authority of the Revi sed Code of 
9 Washington (RCW) 70.105, " Hazardous Waste Management Act," and its implementing 

10 regulations, but is provided for information purposes only. 

II l.l PURPOSE, SCOPE, AND OBJECTIVES 

12 This work plan presents background information, exi sting contaminant distribution data, and the 
13 approach that will be used for characterization and corrective action decision-making for 
14 WMA C. The potentially applicable technologies and the need for treatability studies are 
15 discussed in Chapter 5. 
16 

11 This work plan addresses only WMA C and its surrounding vicinity as defined in 
1s RPP-RPT-38152. Wa\te Manage ment Area C, which is a RCRA WMA, includes the C Farm 
19 that consists of the following: 
20 

2 1 a. Twelve 100-series SSTs, each with 535,000-gal capacity. 
22 b. Four 200-series SSTs, each with 55,000-gal capacity. 
23 c. Waste transfer lines. 
24 d . Multiple drywells around each 100-series SST used as leak detection systems. 
25 e. Tank ancillary equipment, including diversion boxes, catch tanks, and related structures. 
26 f. Associated unplanned releases (UPR) to the soil. 
27 

2s This work plan contains SAPs for the Phase 2 corrective action process (Appendixes A and B). 
29 The soil SAP includes a quality assurance project plan and the sampling specifications for the 
30 characterization activities in the field (Appendix A). Previous characterization efforts 
3 1 (RPP-35484, Field /11vestig<1tio11 Report/or W<1ste M<1n<1geme111 Are<1.f C anti A-AX) and 
32 historical information (RPP-ENV-33418, Hanford C-Farm leak Assessment.r Report: 
33 241 -C-J0J , 241-C-J 10, 241 -C-I I/ , 24/ -C-/05, anti U11p/a11ned Waste Releases) associated with 
34 WMA C wa,;-werc used in the development of this work plan. Data-gathering activities included 
35 compiling and reviewing existing process-knowledge information. WMA C site characterization 
36 data also have been gathered and evaluated. This existing information and the new 
37 characterization data that will be acquired as part of this Phase 2 sampling approach for this work 
38 plan will be used in the Phase 2 RFI/CMS report for WMA C presently due to Ecology on 
39 December 31 , 20 IO (Ecology and DOE 2007). However, the length of time to collect the 
40 characterization data extends beyond the approved HFFACO Milestone M-45-61 date for the 
4 1 submiua l of the CMS report~ _aml-A revised CMS report submittal date is included as a part of 
42 recent ly concluded negotiations between DOE and Ecology I Ecology and DOE 2009, ffo 11{ord 
43 Federal Facilin· Ai:ree111e11t a11cl Co11se111 Order C!,anl(e Control For111 Cltt1111(e No. M-45-09-01, 
44 Milestone Moclifirntions to tl,e M-0-15-00 series for Si11gfc-SJ,elf Tank Rctriel'al and Closure of 
45 Si11gle-Sl,el/ Tanks, res11/ti11g fiwn the 2U07-2009 lla11ford 11egotiati1111s 011 cl,a11ges to tl,e 
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I lwr{ord Federal Facilit,· Agreement and Cu11se111 Order {H 1:1~\ CO. also k 11011111 as the Tri-Part y 
2 1\ gree111e11tJ{ .may need lo be renego1ia1ed . 
3 

4 The results from sampling and other characterization activities will be used to update the 
s contaminant distribution models as needed and to support the CMS decision-making process. 
6 This work plan focuses on identifying and gathering the characterization information that will be 
1 needed for evaluating the selection of the preferred remedy(ies) from the CMS alternatives. 
8 Results of the characterization activities will be used for evaluating risk to potential receptors 
9 and for the CMS alternative analyses. 

10 

11 To focus the activities needed for future remedy selection for WMA C, this Phase 2 RFI/CMS 
12 work plan has incorporated the following. 
13 

14 a. Information-gathering activities are continuing, including location and characterization of 
1s releases, throughout the RFI/CMS process. As characterization results become available, 
16 they will be compared with information concerning operational history and construction 
11 details. This approach will allow for any subsequent data collection needs to be adapted 
1s as needed. Data gathering requirements are tailored to accommodate the characteristics 
19 of the entire WMA C and integration with the groundwater program, tank closure, and 
20 adjacent operable units, as appropriate. 
2 1 

22 b. Potential corrective measures alternatives (CMA) are identified and described . Potential 
23 remedies associated with WMA C initially are identified in the work plan. Corrective 
24 measures alternatives analysis will be completed in the Phase 2 RFI/CMS report for 
2s WMA C (HFFACO Milestone M-45-61) using data collected from both Phase I and 2 
26 field characterization and risk evaluation activities. 
27 

2s Following approval of this work plan, the major elements (RFI/CMS steps) are requirements that 
29 are not expected to change; therefore, the work plan should not change. Specific work scope 
30 elements might require modification or refinement as the work progresses. Changes that do not 
31 affect the overall intent of the approved work plan or schedule can be made in the field and 
32 documented in the daily log books that are maintained in the field as stated in Section 12.4 of the 
33 HFFACO Action Plan (Ecology et al. 1989). Alternatively, and if agreed to by the 
34 U.S. Department of Energy, Office of River Protection (ORP) and the lead regulatory agency, 
Js unit managers' meetings or predecessor primary documents requiring ORP and lead regulatory 
36 agency approval also can be used to document changes. Changes to the project schedule that 
37 affect assigned HFFACO M-045 interim milestones will require approval through the HFFACO 
38 (Ecology et al. 1989) change control process . 
39 

40 Supporting characterization data acquired during the field investigation that will be used for 
4 1 corrective measures decision-making for WMA C will be presented in the Phase 2 RFI/CMS 
42 report. 

43 1.2 DATA QUALITY OBJECTIVES PROCESS FOR WMA C 

44 EPN240/B-06/001, G11ida11ce 011 Systematic Pla1111i11g Usi11g Data Quality Objectives Process, 
4S was used to identify the data needs described in this work plan. The primary participants in this 
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process were the Tank Operations Contractor (TOC), Ecology, and ORP. However, to ensure 
2 integration with other activities within the 200 East Area (RPP-PLAN-37243, Chapter 5), 
3 U.S. Environmental Protection Agency (EPA); U.S. Department of Energy, Richland Operations 
4 Office (RL); and Plateau Remediation Contractor also participated in the process but did not 
s attend every workshop. This DQO process established the assumptions and global issues 
6 associated with Phase 2 characterization activities at WMA C. The Tribal Nations and Oregon 
1 stakeholders were provided informational meetings and sent the data quality objectives (DQO) 
M and Revi sion O of thi s document for their review. The Phase 2 WMA C DQO summary report 
9 (RPP-RPT-38152) summarizes the outcome of the DQO process for WMA C during the Phase 2 

10 RFI/CMS process. 

II 1.3 DOCUMENT STRUCTURE 

12 This Phase 2 RR/CMS work plan is organized to present information as foll ows: 
13 

14 • Chapter l - Introduction 

15 • Chapter 2 - Background and Setting 

16 • Chapter 3 - Waste Managemelll Area C Site Characterization Efforts 

11 • Chapter 4 - Work Plan Rationale and Approach 

18 • Chapter S - RCRA Facility In vestigation/Corrective Measures Study Process 

19 • Chapter 6 - Schedule 

20 • Chapter 7 - Project Management and Program Integration 

21 • Chapter 8 - References 
22 

23 Appendix A contains the SAP for the Phase 2 characterization activities for soil s planned for the 
24 vadose zone in WMA C, while Appendix B contains the sampling and analysis instructions for 
25 collecting ti ssue samples from small mammals. The sampling and analysis tasks presented in 
26 this sampling and analysis instructions guide are specific to small mammal collection and 
21 analysis to obtain data for use in dietary exposure modeling in the ecological risk assessment for 
2s WMA C. Attachments I through 4 support Appendices A and B with the quality assurance 
29 program description (Attachment I), general health and safety plan (Attachment 2), information 
30 management overview (Attachment 3), and waste management plan (Attachment 4). 

31 l.4 QUALITY ASSURANCE 

32 The DOE document DOE/RL-96-68, / la11(on/ Analwirnl Services Oualit,· J\.1·s111wtcl! 
33 Requirelll<'ll/s Doc11111e111s (HASOARD)TOC clernment, Tf'.C PLN 02, Qmdi(~· Asmfflttee 
34 Prng,•·t.•111 DesaifHit111 (Q,1\PD). i!, fJFO¥iElecl in Auachment I of 1hi:. work plan . It establi shes the 
35 quality requirements for environmental data collection, including sampling and analysis, in 
36 support of the SST Resource Comervation and Recovery Act of 1976 (RCRA) Corrective Action 
37 Program (RCAP). The HASQARDThis QAPD applies specifically to field and laboratory 
38 activities associated with evaluating subsurface contaminant impacts involving 200 Areas SST 
39 WMAs releases to the environment. The QAPD complies wilh the reqHiremenlH of DOE. 0 
40 •I l ·I. IC, Qcwlity A.5stmmce: Title 10. Code 11/Fetferol Re,1(11!-t,tiell.',·, Purl 830. 120. "Q1:10li1y 
41 AssuFance RequiFements" (IO CI·R 830. 120), '·Qualily A!;s1:1rnnce Re(1uiF@meRts' ': The 
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HASQARD complie~ with the requirements of EPA/240/8-01/003, EPA Req11ireme11tsfor 
Quality Assurance Project Plans; 0013/Rb 96 68, Ht1r,ft.wd A11£1!_Wicttl &11•ice.1· Q11t1li,y 
A:,smw11ce Heq11if·ermmt:, D1:Jt·11mem.1· (HASQARD): aml ASM6 NQA I. Qrw!i:)' A.u11rn11ce 
Heq11freme111sfer !>l-11det1r F-RciJi1_~· Aw/irn1im1s, as applied . The HASQARDQA-PD also 
identifies technical procedural requirements that will describe field data collection and sampling 
and analysis requirements to be implemented during the investigation. Technical procedures will 
be identified in the SAP to address the requirements or the HASQARD (DOE/RL-96-68). The 
HASOARD purpo!,e of Attachment I is 10 provide]i a framework of the general requirements that 
apply to RCAP characterization and remedial efforts. 

The TOC yuality assurance document. TFC-PLN-02, 011a/i11• Asrnrw1ce Program De.1criptio11 
(QJ\PD), e~tablishe~ qunlit, a~,urance requirement-. not cove red in ,pecific field and laboratory 
ac ti vi tie~ . Thi~ document i~ provided in Attachment I or thi, work plan. The OAPD 
int:011)orate, the requirement, of ASME NOA- I .j004 011a/i11· A1·.1·111w1ce Rct111ireme111s {or 
Nttclear Facilit1· AfllJlirntiom !OA ), as required by the TOC contract with ORP. 
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4. WORK PLAN RATIONALE AND APPROACH 

2 The Phase 2 RCRA corrective action process is the RCRA-specified method by which UPRs to 
3 the environment are characterized and corrective action alternatives are evaluated and 
4 implemented if required to minimize potential risks to human health and the environment. 
5 Furthermore, this RCRA-specified method is consistent with the CERCLA method for 
6 characterization and remediation. HFF ACO (Section 7. I) lists and compares the major steps 
1 involved with cleanup of RCRA and CERCLA "past practices" and concludes they are 
8 functionally equivalent (see al.so Section 3.1.2 of RPP-PLAN-37243). Objectives and data needs 
9 must be identified before designing a data collection program to support the Phase 2 RFUCMS 

10 process. The data collected are used as a basis for making an informed risk management 
11 decision regarding the most appropriate corrective action(s) to implement. The data needs for 
12 field characterization efforts at WMA C were identified through a DQO process 
13 (RPP-RPT-38152) that was executed based on the requirements established in the HFFACO 
14 commitments (Ecology and DOE 2007). The data identified in the DQO process will be 
15 collected in accordance with HFFACO Milestone M-45-60 (i .e., this work plan), HFFACO 
16 Milestone M-45-00, and HFFACO Appendix I. 

17 4.1 RATIONALE 

1s Further understanding of subsurface conditions and contaminant migration processes is required 
19 to support decision-making on interim measures and corrective measures (Section 3.2.3). 
20 A comprehensive list of data needed to support these decisions was developed based on the 
21 current level of understanding in a DQO process (RPP-RPT-38152). However, it is generally 
22 recognized on both a technical and regulatory basis that present knowledge of existing 
23 contaminant concentrations, contaminant inventory, distribution of contaminants in the vadose 
24 zone from past releases, and uncertainties associated with contaminant migration processes is 
25 insufficient to support future decision-making for corrective actions. Therefore, there is a need 
26 to collect additional information through Phase 2 field and laboratory investigations, which will 
21 be supplemented by ongoing groundwater and vadose zone monitoring data, to support decisions 
28 on corrective actions and WMA closure. Groundwater monitoring data are collected on a regular 
29 basis as part of the RCRA groundwater monitoring program, while vadose monitoring -(HRR 
Jo leak detection monitoring and leak detection mitigation and monitoring) takes place during waste 
31 retrieval operations, 
32 

33 Characterization objectives and data needs for WMA C were developed during the DQO process 
34 (RPP-RPT-38152) carried out under the Phase 2 RWtMS-Mmaster W rk fplan 
35 (RPP-PLAN-37243) and this work plan. The development of this document and characterization 
36 activities for Phase 2 were supported by the DQO process. 
37 

38 The DQ0 process (EPA QA/G-4, Guidance on Systematic Planning Using the Data Quality 
39 Objectives Process) is a planning approach , based on the scientific method, 15 for defining the 
40 decisions that any data collected should satisfy. The EPA seven-step DQO process and several 

15 The scientific method involves the principles and processes regarded as characteristic of or needed for scientific 
investigation, including rules for concept formation, conduct of observations and experiments, and validation of 
hypotheses by observations or experiments. 
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4.4.1 Site Selection using Alternative l: Phase I Conceptual Model 

2 The Phase I conceptual model was used to select a number of sites to investigate. These sites 
3 consist of known or potential release sites that may have impacted the soils (Figure 4-2). To 
4 support tanks that may have been overfilled and potentially lost waste out the spare inlet ports, 
s sites A (C- 10 I) and J (C- 104) were chosen. 
6 

1 Sites B, C, D, R, U, and V were chosen to support possible tank leaks and/or overfill events that 
s lack existing drywell monitoring coverage. This includes southeast side of C-101 (Site 8), the 
9 C-200-series tanks (Sites C and D}, and C-801 (Site R). Sites B, C, D, U, and V are also being 

10 investigated to evaluate alternative conceptual model 2. For Sites U and V associated with 
11 tanks C-110 and C- 111 respectively, it should be recognized that a low probability of hitting the 
12 contamination exists, based on the historic gamma logging and spectral gamma logging as 
13 reported in in Section 5 of GJO-98-39-TARA. The report states, "There appears to be little 
14 contamination around tanks C-110 and C- 111 , both of which are assumed leakers." It goes on to 
,s say, "Historical logs near tank C- 111 showed no evidence of a past leak from this tank ." It does 
16 suggest that the contaminants may have migrated downward and did not extend laterally to reach 
11 the surrounding monitoring boreholes (i .e ., drywells). Therefore, the probability of hitting 
1s contamination under tank C- 111 is quite low. The basis for placing tank C- 111 as a " leaker" is a 
19 level decrease of 8.5 inches from 1965 through 1969 that would equal a total of 23,400 gal. In 
20 1989, the leak loss value assigned was a 5.5 kgal leak. New temperature data can document the 
2 1 tank evaporation over this time period to account for this decrease as noted in Tank 241 -C-I JI 
22 Leak Assessment Report, RPP-ASMT-39155, dated October 2008. If a slant probehole 
23 beginning at the west-southwest comer of the tank is not feasible, then thi s slant probehole 
24 should not be installed because of the low probability of hitting any contaminants. This point of 
25 entry would align with the point of release associated with an overfill at the spare inlet ports and 
26 would be following the direction of the assumed release under the tank (i .e., down stratigraphic 
21 dip and lateral spreading from the point of release}, exactly the same strategy and alignment used 
2s on the SX- 108 s lant borehole (see RPP-7884 for the rationale of placement). This strategy 
29 would support alternative conceptual model 2 of the work plan. 
30 

3 1 Although UPR-200-E-82 (Site Q) was investigated during Phase I , it will be further investigated 
32 as part of this work plan. At UPR-200-E-82, the highest concentration of 99Tc and nitrate was 
33 found at 80 ft bgs (RPP-35484, Field /11ve.rtigatio11 Report for Waste Management Areas C and 
34 A-AX). This limiting depth (80 ft bgs) was a result of the characterization limitations of the 
35 direct push technology deployed at that time using a slant probehole to collect the sample. This 
36 slant probehole at the time of deployment eliminated the possibility of going deeper in light of 
37 the gunite cap on top of this UPR. · A vertical push through the 
38 gunniLe cap had been propm,cd but not implementedt:enler or HH:1:.:, v. ill wo11ld allow I-Or 
39 chan-1t:lerit11tioH deeFJer in the :,oil col11mn IO uuaHti!j the ability 10 fiiul out how deep the ~ 
40 1111d 11itm1e he•; migrated. 1hu·, defining the deplh of "Tc llflG Ailrate at 1l1i·, location .. h However, 
41 d ue Lo radiological control requirements, u push 1hro11gh the t:enter of tl1e me:,:; Lhi·, t:annol be 
42 ttceompli•,hea . Instead, fo ur direct push holes wi ll be placed to a depth of approximate ly 200 ft , 
43 one on each side of the UPR, and multi -depth electrodes wi ll be placed. A three-dimensional 
44 SGE survey will be conducted to map the ex tenl of any e lectrica l anomaly result ing fro m thi s 
45 release. Since the time of the leak in December 1969 to sometime after 1991 , UPR-82 was 
46 covered in sand and gravel. Sometime after 1991 , the gunite cap was placed over it. This 
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alternative eftluent return route from the building C-801 tank C-103. Since one already existed, 
2 this installation could imply a problem existed in the old line, including a leaking pipeline. 

4 The other method is SGE, in which the resistivity of the underlying strata is measured, thereby 
5 providing an indirect indication of where pipelines, tanks, and other infrastructure may have 
6 leaked into the environment. Smee-Because waste fluids at tank farms contain nitrate that can 
1 reduce the electrical resistivity of the underlying strata, the resistivity measurements will be 
s made at site N (UPR-81 , UPR-82, and UPR-86) and compared against samples taken at these 
9 sites. Furthermore, samples collected at site P (UPR-81 ) will be used to compare analytical data 

10 against resistivity data. Using the results from the testing of SGE at site N, a plan would be 
11 developed to interrogate WMA C and surrounding environment using SGE. This is designated 
12 as Site 0 . dva nces that are realized in the application of SGE wi ll b~ considered in de e loping 
13 additional deployment. of th is charac teri zati on approad1 . 

14 4.4.S Site Selection for Surface Contamination 

15 UPR-200-E-9 I (Site H) was a large area of contaminated soil , located north and east of the 
16 C Farm. In 1981 contaminated soil was removed from thi s area and taken to another location 
11 (UPR-200-E-56) . The radiological posting was removed in 1981 . This release site is no longer 
18 marked or posted. This site was selected to verify the soils were removed. Waste site 200-E- I 15 
19 (Site I) is selected as a site with surficial contamination that was discovered in October 200 I . 

20 4.4.6 Site Selection for Geophysical Logging 

2 1 In addition to the list of sites that will be investigated, updated drywell spectral gamma 
22 monitoring of tanks C-103, C- 104, C-106, C- 108, C-109, C- 110 C- 111 , and C-112 (Site M) will 
23 be conducted to investigate changes that may have occurred since 2000 as it relates to 60Co 
24 migration . In addition to the drywells inside the WMA fenceline , the following groundwater 
25 wells would also be logged: 299-E27- 12, 299-E27- 13, 299-E27- 14, and 299-E27-15 (Site W). 
26 These wells were selected because they are the only groundwater wells near WMA C that have 
21 not been logged, except 299-E27-14 that was last logged in the 1990s. 

28 4.4.7 Groundwater Sampling Activities 

29 Groundwater sampling activities at the WMA C RCRA well s are conducted under the Soil and 
30 Groundwater Remediation Project. Groundwater samples are collected and analyzed in 
3 1 accordance with DOE/RL-2009-77, Interim Stallls Groundwater Quality Assessmefll Plan for the 
32 Single Shell Tank Waste Management Area - C. This monitoring plan supersedes the previous 
33 groundwater monitoring plan (PNNL-13024, as revised) to incorporate changes that have 
34 occurred at WMA C. The most significant change at WMA C is the recent exceedance of the 
35 critical mean by the indicator parameter specific conductance. Furthermore, the dangerous 
36 constituent cyanide has been found in groundwater beneath the WMA C, and no upgradient 
37 source for cyanide has been identified. The first round of groundwater sampling under the new 
38 groundwater plan is scheduled to occur late in the 2009 calendar year. The analytes in the first 
39 round of sampling were developed from RPP-23403 and Appendix lX of 40 CFR 264. The 
40 results from these groundwater sampling activities will be available to the preparers of the 
41 RFUCMS. No sampling of groundwater wi II be conducted as part of these characterization 
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efforts. lf any new RCRA groundwater monitoring wells are installed, the monitoring results 
2 from the new well would be used to further access the conceptual modes as they relate to 
3 groundwater flow. 

4 4.5 SITE CHARACTERIZATION 

5 For this work plan, site characterization will be performed at the 23 sites identified in Figure 4-2. 
6 The site characterization activities include the following: 

1 a. Soil collection and analysis through direct push technology (Section 4.5.1 ). 
8 b. Tissue sampling for ERA (Section 4.5.2). 
9 c. Drywell and groundwater monitoring well geophysical logging (Section 4.5.3). 

10 d. SGE (Section 4.5.4). 
II 

12 

13 

14 I 
15 

16 

The characterization options selected for implementation at WMA C for this work plan are 
provided in Table 4-1 . Table 4-1 includes the sampling method, implementation design, and 
objective. Not shown in Table 4-1 is the development of a geophysical logging tool that can 
detect beta emitters, whjch is also addressed in this work plan (Section 4.5 .5). 

11 Soil samples for chemical analysis will be collected using direct push technology at 18 of the 
1s 23 selected sites. The number of sampling direct pushes ranges from one to three at each site for 
19 a total of up to 29 direct pushes. Furthermore, a demonstration of SGE with deep electrodes is 
20 also planned at Site N. Site N includes the following unplanned release sites UPR-200-E-81 , 
21 UPR-200-E-82, UPR-200-E-86. At each of these UPRs, high-resolution, three-dimensional SGE 
22 with deep electrodes is scheduled to be demonstrated . The first demonstration has already 
23 occurred at UPR-200-E-8 I as part of revision O of this work plan. The demonstration ran from 
24 October 2008 to July 2009 at UPR-200-E-8 I with the results documented in RPP-RPT-41236. 
25 Soil samples for contaminant analysis were also collected at this UPR and will be available later 
26 in the calendar year to compare results from the SGE against the chemical analysis . The 
21 UPR-200-E-82 is the next scheduled waste site for SGE to be deployed. Thi ~. is scht!l.luleu for 
2s !he :;13ri11g of 20 I 0. Following the demonstration, if SGE is successful at Site N for resolving 
29 depth of contaminants with deep electrodes, a plan would be developed to deploy SGE to 
Jo encompass the WMA C DQO boundary. Additionally, new spectral gamma and moisture 
31 logging would be performed at tanks C-103, C-104, C-106, and C-108 through C-112. This 
32 work is contingent on available funding and on whether the direct push installation schedule is 
33 consistent with other schedule priorities. Additional characterization technology development 
34 (see Section 4.5.5) also is contingent on available funding . 
35 

36 The initial (Phase I) site-specific investigation conducted between FY 2004 through FY 2007 
37 entailed the installation of one vertical borehole near C-105 along with the application of direct 
38 push technology at UPR-82 (vertical and slant probeholes). To complement these data, direct 
39 pushes were conducted around UPR-86 and UPR-81 in FY 2008 (RPP-35169) that will provide 
<10 additional information about contamination in the south portion of C Farm. The sampling plan 
41 consists of vertical and slant probeholes using direct push technology near selected waste 
42 releases along with SGEs around UPR-81 , UPR-82, and UPR-86 and potentially WMA C. 
43 Spectral gamma and moisture logging around certain tanks with drywells that have detected 60Co 
44 will be logged as will the groundwater monitoring wells that have not been spectral gamma 
45 logged in the past. 
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Map 
Design Group• 

A G3 

B G2 

C G4 

D G4 

E G2 

F G2 

G G2 

H G5 

I G5 

J G3 

K G2 

Table 4-1. Sample Plan WMA C Phase 2 Characterization for RFI/CMS (3 sheets) 

Average 
Number of Number 
~Oirert or Known or Suspected 

Location Deployment PIL~hcs Samples~ Event Objective Accessibility 

Spare inlet Direct push, slant 1-2 8 Tank overfill. Loss Characterize C- 10 1 release and refine Fai r 
24 1-C- I0 I through spare inlet conceptual models I, 2, and 4 

24 1-C-101 , Direct push, I 8 Tank release Characterize C- 10 1 release and refine Good 
south side vertical or slant conceptual models I and 2 

24 1-C-203 Direct push, slant 3 3: 0- 15 ft Tank leak and/or tank Determine if C-200 actual ly leaked Fai r 

15: > 15 ft overfill. Loss through and refi ne conceptual models I , 2, 
spare inlet and 4 

24 1-C-201 Direct push, slant 1-2/tank 8 200 series tank leaks Determine if C-200 actually leaked Fai r 
241 -C-202 and re fine conceptual models I , 2, 
241--C-204 and 4 

Between Direct push, I 8 Suspected release Assess 61lc o and refine conceptual Fai r 
241-C-106 and vertical models I , 2, and 4 
200-C- 109 

Bldg C-801 Direct push, I 8 Suspected release si 1e Assess release of PUR EX waste, Good 
chemical drain vertical 137Cs and ~c. and 61lCo and refine 

conceptual models I, 2, and 4 

Between Bldg Direct push, I 8 Suspected transfer line Assess release and t,()Co and refine Good 
C-801 and vertical release sit e conceptual models I, 2, and 4 
24 1-C-103 

Northeast side Direct push, I 8 Surface re lease Surface exposures and assess 61lCo Good 
of E-9 1 venical and surface release conceptual Model 

Nonheast side Direct push, I 8 Surface release Surface exposures and assess 61lc o Good 
ofE-115 vertical or slant and surface release conceptual 

model, refine conceptual models I , 2, 
and 4 

241-C-104 Direct push, slant I 8 Tank release Assess suspected release and refine Fai r 
conceptual models I, 2, and 4 

24 1-C-108 Direct push, I 8 Transfer line leak , hot Assess suspected release and refine Poor 
ven ical or slant dry well (09-02) conceptual models I, 2, and 4 

Ecology/ 
Stakeholder 

Interest 

High 

High 

Moderate 10 
high 

Moderate, 
depending on 
C-203 results 

High 

Moderate 10 

high 

High 

High 

High 

High 

High 
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Table 4-1. Sample Plan WMA C Phase 2 Characterization for RFI/CMS (3 sheets) 

Average 
Number of Number Ecology/ 

Map Hfllesl)j rl'f l of Known or Suspected Stakeholder 
Design Group• Location Deployment Pushes Sampl~ Event Objective Accessi~l~ty lnte~es_t - { Formatted: Superscript 

L G2 241-C-103 and Drywell logging 2-+-leg 8 Potential transfer line Update logging data for 60Co, 137Cs, Fair Moderate 
241-C- 106 and direct push, tlfywd-6 leak and tank overfill urani um, and moisture and assess 

vertical potential release and refine 
conceptual models I, 2, and 4 

M G7 241-C-104, Drywell logging NIA NIA NIA Update logging data for 60Co, 137Cs, Fair 10 good Moderate 
108, 109, 110, uranium, and moisture 
111 , and 112 

N GS UPR-86, UPR- SG E NIA NIA ~ Test SGE: resolve depth with deep Good High 
82 and elect rodes; define plume at UPRs-8 1, 
UPR-81 -82 and -86; refine conceptual 

models I, 2, and 4 

0 G9 WMAC SGE NIA NIA .NL.a 3-D vision of suspected releases - Good High 
may lead 10 supplemental sample 
locations 

p GI UPR-81 Balance of direct 3 8 Known release site Characterize release and refine Good High 
pushes 10 complete conceptual models I , 2, and 4 
characterization 
for soil sampling 

I• 
Q G6 UPR-82 ! I l 4 ad jacent I 8 Known release site T,·,1 SGF: re,oJ\~ dC [!lh wi th cl~cp ~ Poor luc High 

direct [!ll , hc, lO ~k~trod,•,; dcline [!lume a1 UPR-82; 10 , hn1cre1e 
, uggon [! larem~lll Qri5ii.s l llidn called f ti r P.:eAt!lhlle ~ 
of ,iring, of deep ene1r.11 iAg lilt! ecn1e1 ef m11 ,.,. dAd lti 

d~c1rodc, for ,D ~ refi ne conceptual models I, 2, 
~GF. [!ilr Mn[! and 4 . Radiel.i~i,ml eeHt ftl l rn11e-,1'fl 
De, ign ; lu,• e Ft! 11lletl iii Ille ~liffeAI ll~ llFAaell. 

illDirect push 
through center, 
ge~ndi ng on SOE 
re,uh," .if IJ!lR 82 

R G2 241-C-301 Direct push I 8 Unlined concrete catch Assess potential catch tank release Good Moderate 10 

Catch Tank vertical tank and refi ne conceptual models I , 2, high 
and 4 
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Table 4-1. Sample Plan WMA C Phase 2 Characterization for RFJ/CMS (3 sheets) 

Anrag~ 
Number of Number 

Map llelesDirect ol Known or Suspected 
Dnip Group• Locadon Deploym~DC Pushes Sam~ E\lenl Objedivt 

s G5 UPR-72 and Direct push I 8 Buried radioactive Assess presence of buried material 
C-8 Drain venical material and French and potential releases 10 C-8 drain 

drain from 24 1 CR and refine concepiual models I , 2, 
Building are in this area and4 

T TBD TBD, based on TBD, direct push TBD TBD Previously unknown TBD 
SGE dala for venical and/or release sites 
entire WMA slant 

u G3 C- 110 Direct push, slant 1 8 Tanlc leak and/or tank Characterize C-110 release and con-
or veni al overfill. Loss through ceptual conceptual models I, 2, and 4 

spare inlet 

V G2 C- 111 Direc:1 push I 8 Tank leak and/or tank Characterize C-111 release and ...-
vertical overfill. Loss through ~ oncep1ual mode.ls 1, 2, and 4 

spare inlet 

w G9 ~OIJ I.J7 I, Log groundwater Li.A ..!.!.h. l~/A Log wells 10 collect data on U, 6()Co, 
299-E27-12, monitoring wells 137 Cs, and moisture 
299-E27-13, outside of 
299-E27-14. WMAC 
299-E27-15 

• Group refers 10 the expec:ted work package associated with the charac1eriza1ion effon broadly defined as follows : 
GI = Direct push at UPR-81 (covered by existing work package). 
G2 = Vertical direc:t pushes :u nine investigative sites around the 100-series SSTs. 
G3 = Slant direc:1 pushes at three investigative sites around the 100..series SSTs. 
G4 = Slant direct push at the C-200 Series 1anlcs. 
G5 = Outside the WMA, venical di rec:1 push at the investigative sites . 
G6 = Vertical direct push lhrough guni1e al UPR-82. 
G7 = Drywell logging at select dry wells. 
GS= Three separate SGE areas al the following locations: UPR-81 , UPR-82, and UPR-86. 
G9 = Deploy SGE at WMA C laking in10 accou1111he results from testing al site N. 

Ac:c:essi~ 

Good 

TBD 

Fair 

Good 

Good 

Ecology/ 
Stakdloldu 

late~ 

Moderate 10 
high 

Moderate 10 
high 

High 

High 

High 

~ ampltng de, ign det. ih for Sam pli ng Sire De, 1gna11on O are, pphc,1h l" I ll rhe , inglc Ii reel pu,h 1ha1 ma, lw undrnak ·n rnr "1mplinc . Alld11ional pmh~ hok, will he; pl;1ced 10 • 
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Table 4-1 shows the current understanding of access availability (i .e., October 2008) for each of 
2 the 23 sites. Specific sample locations will be selected based on defined site limitations (slope of 
3 the ground surface), and infrastructure constraints (see Figures 4-3 and 4-4). The actual sample 
4 locations will be established following the field survey with ground-penetrating radar (GPR) and 
5 other site preparation activities. This work plan calls for a sample to be taken at ground surface 
6 (i .e., 0 to I fl bgs). Although every allempl will be made to collect this sample, the gravel 
1 surface in tank farms may prevent taking a sample that contains environmentally sensitive media 
8 (i .e ., soil particles less than 2 mm in diameter). If this is the case, pictures of the sampling site 
9 showing the gravelly nature of the land surface and the reason as to why a sample will not be 

10 taken will be documented in borehole/site completion reports. 
II 

12 The GPR and e lectr ica l survey~ will define where subsurface connicts exist, which will help 
13 define acceptable sample locations. During the survey, aboveground conflicts will also be 
14 defined . 
15 

16 The request to twin soil samples from new groundwater well boreholes with soil samples from 
11 direct push is a reasonable technical request that was provided by the Nez Perce in review of 
1s Revision O of this work plan. Although soil samples from direct pushes have been acquired , they 
19 are spatially separated by tens of feet from soil samples associated with boreholes. These soil 
20 samples can be compared and have shown similarities in pH and moisture content. However, 
21 with the potential changes in soil properties that might occur over those distances a meaningful 
22 comparison related to the differences in techniques is problematic . It would be more beneficial 
21 to have direct push soil samples that were located a few feet (-2 ft) apart from soil samples from 
24 the new groundwater monitoring well(s) borehole to allow a more valid comparison. The soil 
25 samples from the direct pushes and the proposed new groundwater well(s) can be compared and 
26 similarities in analytical values can be demonstrated . This twinning exercise will also support 
21 the technical merits of using moisture as an indicator for soil sampling targets. If we are 
28 successful in placing two new groundwater wells within 100 ft of the WMA C boundary, we 
29 propose placing twin direct push probe holes with those wells. If we cannot place the new wells, 
o we will place the direct push probes holes to twin the geophysical logging of existing wells. 

31 Furthermore, this approach will also allow us to collect soil samples from new groundwater 
32 wells. The exact location will be dependent on waste retrieval activities associated with access 
33 to various locations. The preferred location as recommended by the Nez Perce and concurred 
34 with DOE-ORP and the contractor would be close to existing groundwater wells 299-E27-7 or 
35 299-E27- 14, which have shown groundwater impacts related to regional contamination as well 
36 as contamination associated with WMA C; however1 the location may be modified due to 
37 existing site conditions and waste retrieval operations. 
38 

39 A planning process will be conducted to address collection of vadose zone data during 
40 installation of a planned RCRA groundwater monitoring well similar to the one conducted for 
4 1 299-E27-22 (PNNL-13024). 
42 

43 
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For planning purposes. df>rill cutting samples will be collected in conjunction with the 
installation of a RCRA groundwater monitoring well that may be ,.!rilled near WMA C. From 
this well, near-continuous sediment samples from about 10 ft bgs to refusal will be collected. 
Drill cuttings and driven splitspoon samples will be collected from 10 ft bgs to near the total 
depth of the water table. Selected portions (21 samples) of the driven samples and cuttings will 
be analyzed for chemical and physical characteristics. From each stratigraphic unit, potential 
vertical locations for analyses will include stratigraphic contacts, weathered bedding structures, 
and lithologic facies changes. Splitspoon-driven soil samples will be taken every 10 ft starting at 
50 ft bgs for a total of 21 samples. inorganic chemicals, pH, moisture, and radionuclide suite of 
analyses will be performed on the samples for pla,rning purposes. 

12 Deployment of direct-push technology at the proposed locations in WMA C would be expected 
13 to continue to address a number of questions related to the concentration and distribution of 
14 contaminants, including the following: 

15 a. What contaminants are present that are routinely identified as contaminants of concern 
16 (COC) from a groundwater impact standpoint (e.g., 9'-'Tc, nitrate)? 

11 b. What are the contaminant concentrations of 137Cs and other COC in the upper 15 ft of the 
1s soils to provide soil data to support direct exposure and ecological risk assessment? 

19 c . What is the vertical extent of the COC in the backfill material? 

20 d. What is the horizontal extent of the COC across the areas of interest? 

21 e . What are the potential drivers (e.g., sediment moisture profile) in the upper portion of the 
22 vadose zone that could control the migration of contaminants? 

23 This option was selected because a probehole at these locations would provide source 
24 charncterization data over the majority of WMA C along with distribution of contaminants at the 
25 locations of interest from WMA C. Source characterization would: 

26 a . provide a basis for verifying estimating current location of COC inventories in the vadose 
21 zone 

28 b. support evaluation of the spatial correlations between concentrations of COC and existing 
29 gamma data 

30 c. support assessment of contaminant mobility, potential drivers (e.g. , moisture content), 
31 and the effects of releases on soil properties to support predictive numerical modeling 
32 efforts necessary to evaluate potential future groundwater impacts, the associated risks, 
33 corrective measures, and further characterization as warranted. 

34 

35 Source characterization efforts also would involve identifying what contaminants are present 
36 and, subsequently, identifying the potential COCs for corrective action and closure decisions as 
37 they relate to soil and groundwater contamination. 

38 4.S.1 Installation of Vertical/Slant Probeholes 

311 Several options were considered for collection of vadose zone data. The preferred option is 
40 installation of direct push probehole(s). The direct push technology has been capable of 
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obtaining a sample as deep as 240 ft bgs. lt has the capability of obtaining more than one sample 
2 per probehole and does not bring up cuttings that need to be disposed. Furthermore, it does not 
3 take up as much space as a conventional drilling rig, which allows it to be deployed at more 
4 locations within the WMA C. The direct push technology provides the same objective as drilling 
5 a deep borehole given the data collection objectives. Up to 27 direct push probeholes are 
6 planned for 16 sampling locations. While the approximate locations for each probehole are 
1 shown on Figures 4-2 through 4-4, the exact locations for each probehole are dependent on the 
s accessibility and subsurface interferences to the site, which will be determined after the results of 
9 a GPR survey become available. Vadose zone samples will be collected after the initial push is 

10 conducted and evaluated with soil moisture and gamma data. The precise sampling depths will 
11 be based on review of the geophysical logging data collected from the exploratory probehole. It 
12 is expected that the modified bismuth-germiAale ge rmanium oxide logging tool (Section 4.6) will 
13 reduce the risk of selecting the wrong horizon to sample because of the lower detection limits 
14 associated with thi s tool. 
15 

16 For planning purposes, it is assumed that all direct push probeholes will be vertical , except for 
11 the probeholes at Sites A, C, D, J, and pO\!>ibly Site U. At those sites, the probeholes would be 
1s slanted because the slope of the hill on the southwestern side of tanks C-101 , C-104, C- 110 
19 (Sites A, J, and U) and the northeaste rn side of the C-200-series tanks (Figure 2-2, cross-sections 
20 A and B) prohibit placing the direct push rig close to the outlet ports at these tanks. 
21 

22 The goal of slanted direct push probeholes is to find evidence of tank nuids that have leaked into 
23 the vadose zone. Therefore, at these sites, the target region for samples is within 10 ft of the tank 
24 bottom. The exact angle, 30, 45, or 60 degrees, of the probehole to intersect the target region 
25 will be determined by field conditions (e.g., where can the direct push rig set up to avoid existing 
26 infrastructure). Figures 4-5 and 4-6 delineate possible angles for the slant holes at the I 00-series 
21 tank and 200-series tanks, respectively. In these figures, the lines represent the probehole 
28 divided into 50-ft lengths with every 10-ft length marked. The slant boreholes at the 
29 C-200-series would also be extended to the southwest beyond the tanks to collect soil samples 
JO directly below pipelines running between the C-200-series and C- 100-series tanks. 

31 4.5.l.1 Direct Push Sampling Technique 

32 The direct push technology uses a dual-wall percussion system to obtain multiple samples in a 
33 single probehole location. Driving will be conducted with outer push tubing that is currently 
34 planned to be 6.67 cm (2.625 in.) OD x 4.76 cm ( 1.875 in.) ID and inner tubing that is 3. 17 cm 
35 (1.25 in.) OD x 2.7 cm ( 1.08 in .) ID. The dual-wall system with a "dummy" tip will be advanced 
36 to the predetermined sample depth . The tubing will be back-pulled 0.06 m (approximately 2 in .) 
37 to 0. 12 m (approximately 5 in .) to relieve pressure and materials from the drive shoe and tip. 
38 When sampling depth is achieved and the rods back-pulled for sampling, the removable tip will 
39 be removed by extracting the inner rods. On removal of the inner string of tubing, a sampler will 
40 be attached to the inner string and returned to the bottom of the outer casing/push tubing and 
41 positioned against the inner receiver face of the drive shoe. The inner and outer tubing strings 
42 are "locked' ' together by use of a proprietary method, and the entire assembly is advanced 
43 through the targeted sample interval. 
44 

45 
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Additionally, Sites F and G should be investigated before Sites Hand l. If contamination is not 
2 found at depth at Sites F and G, the depth of the direct push at Sites Hand I will stop at 15 bgs. 
3 Sites Hand I were located to address surficial contamination at UPR-200-E-91 and 200-E- l 15 , 
4 but depths of the direct pushes can be extended if it appears contaminants are moving down dip 
5 northeasterly. If contamination is found at depth at Sites F and G, then the depth of the direct 
6 pushes at Sites Hand I will be extended based on the information from Sites F and G. The 
7 purpose of extending the depth of these direct pushes is to provide information related to 
s contaminant movement down dip (alternative conceptual model 2). 

9 4.5.1.3 Ground-Scanning 

10 

I I 

12 

13 I 
14 

15 

16 

17 

18 

19 

20 

21 

Prior lo implementing direct push sampling and SGE activities, ground scans are conducted to 
verify drawings that show areas containing buried equipment, underground structures, and 
pipelines. Ground scans typically use GPR, which uses a transducer to transmit frequency 
modulfil_ Q electromagnetic energy into the ground. Interfaces in the ground, defined by 
contrasts in dielectric constants, magnetic susceptibility, and, lo some extent, electrical 
conductivity, reflect the transmitted energy. The GPR system measures the travel time between 
transmitted pulses and the arrival of reflected energy. The reflected energy provides the means 
for mapping subsurface features of interest. The display and interpretation of GPR data are 
similar to those used for seismic reflection data. When numerous adjacent profiles are collected, 
often in two orthogonal directions, a plan view map showing the location and depth of 
underground features can be generated. 

4.S.1.4 Direct Push Sampling Strategy 

22 For planning purposes, the following summarizes the sampling strategy (RPP-ENV-38838) at 
23 each vertical direct push site: 

24 a. At each site, a minimum of two direct push probeholes pushes will be completed. The 
25 initial probehole is logged for both gross gamma using the modified bismuth-germinate 
26 oxide tool (Section 4.6) and neutron moisture. Following logging, single deep or multi -
21 depth electrodes are installed for SGE. The second push is for soil sampling based on the 
2s data observed from the first push. An excepti on to thi s process will be appli ed at 
29 UPR-82, where fo ur pushes wi ll be made for the sole purpose of insta lling multi -depth 
30 e lectrodes in su Jrt of SGE at that location. Re"ultin rc"i!>tivitv data will he used 10 

31 determine whethl!r additional characterization action is appropriate at UPR-82. 

32 b. The depth of the first push would be to no greater than 200 ft bgs or refusal at all sites 
33 except H, I, and S. This target depth is based on the observation of 99Tc and nitrate at 
34 160 ft bgs al borehole C4297 and 60Co concentrations above 0.1 pCi/g between 150 and 
35 160 ft bgs al well 299-E27-4. The depth at Site S would be to 260 ft bgs or refusal based 
36 on 60Co above 0. 1 pCi/g al nearby well 299-E27- I 4. At Sites H and I, the depth of the 
37 direct push would be 15 ft unless data from Sites F and G indicate that the direct pushes 
38 at Sites Hand I should be deeper. 

39 c . Deep electrodes are placed near the base of the initial probehole and at a depth of 
40 approximately 50 rt bgs. Multi -depth electrodes have an electrode every 20 ft from the 
4 1 bollom to a depth of approx imately 40 ft bgs. 
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be analyzed for the chemicals and radionuclides listed in Tables 3-1 and 3-2, respectively, using 
the approach given in Section 3.5. This work plan calls for a sample to be taken at ground 
surface (i .e. , 0 to I ft bgs). Although every attempt will be made to collect this sample, the 
gravel surface in tank farms may prevent taking a sample that contains environmentally sensitive 
media (i .e ., soil particles less than 2 mm in diameter) . If thi s is the case, pictures of the sampling 
site showing the gravelly nature of the land surface and the reason as to why a sample will not be 
taken will be documented in borehole/site completion reports. 

4.5.2 Ti~ue Sampling 

Presently, WMA C is managed in a way to e liminate, to the extent possible, the intrusion of 
plants and animals into the facilities. However, WMA C may have an impact on animals located 
outside WMA C. Therefore, in addition to the soil samples taken to evaluate ecological risk 
(Section 4.5.1.4) , small mammal ti ssue sampling and analysis would be completed as a 
supplemental method for evaluating contaminant pathways and ri sks to wildlife receptors. 
Animals would be collected from around the perimeter of WMA C for tissue sampling. 
Appendix B provides the sampling and analysis instruction for collecting these samples. 

4.5.3 Geophysical Logging 

Based on concerns raised by stakeholders and Tribal Nations related to the presence and mobility 
of 60Co, spectral gamma as well as moisture logging would be done for the drywell s associated 
with tanks C- 103 and C- 106 ¼-Hh i111tl '!l.Jkllt!nl1al direct p1-t'.lte·,-t+Ht.'4t~"'(-+t-+l-lH-\-~~H11 

till', ill"t!il . In addition, past releases from transfer lines in this vicinity may have impacted the soil 
as well as ta nk overfill events. The purpose of the spectral gamma logging would be to update 
the data collected during the baseline spectral gamma analysis conducted in 1998 
(GJ0-98-39-TAR) and 2000 (GJ0-98-39-T ARA). In addition, spectral gamma analysis in 
drywell s around tanks C-104 and C-108 through C-1 12 would be performed to update the 
spectral gamma and moisture logging data to provide insight into changes that may have 
occurred since 2000. Figure 4-7 shows the locations of the drywells in WMA C. 

2s Furthermore, three RCRA groundwater monitoring wells have not been logged with the spectral 
29 gamma tool (299-E27- I 2, 299-E27-13, and 299-E27-15). Therefore, geophysical logging would 
30 also be conducted at these wells as well as at 299-E27-14, which was last logged in the 1990s. 
3 1 All other groundwater monitoring wells were logged within the last 5 to 6 years and those wells 
32 will not be logged. The spectral gamma tool deployed should measure 137Cs, 60Co, 235U, 238U, 
33 and other gamma emitters in the soils as well as calculate a region of interest to provide a 
34 minimum detection limit for the tool. As part of the spectral gamma logging, KUT logs are also 
35 generated which are used to evaluate the location for tops of the stratigraphic layers. 

36 4.5.4 Surface Geophysical Exploration 

37 One of the characterization options considered and selected during the DQ0 process was SGE. 
38 This method of indirect investigation is proposed around UPR-200-E-81 , UPR-200-E-82, and 
39 UPR-200-E-86. The SGE methodology and its results €00-!4-would be interpreted with the 
40 insight of the direct push results from around these waste sites. In addition, electrodes at depth 
4 1 have been installed at these sites and would provide a first-of-its-kind opportunity to determine a 

4-28 



RPP-PLAN-39114, Rev. IA 

three-dimensional version of SGE. If successful, the three-dimensional " vision" into the soils 
2 would aid in locating investigative direct pushes or boreholes to find waste with ionic strength, 
3 potentially W,,c and other mobile contaminants. Part of this work is to evaluate the relationship 
4 between electrical resistivity and waste fluid concentrations taken from probehole samples. 
s 
6 Figure 4-7. Drywell and RCRA Groundwater Monitoring Locations to be Logged 
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The task involves a three-dimensional resistivity survey surrounding UPRs -81 , -82, and -86. 
Buried electrodes have been placed at each of these sites (UPR-82 = one, UPR-81 = six (four 
locations with two dual electrodes), and UPR-86 = four). Four additional arrays of vertica l 
multi-de th e lectrodes are lanned for lacement ad ·acem to UPR-82. In addition, 
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1 I a ro imatel 300 surface electrodes would be placed at each UPR. The preliminary plan is to 
2 treat each of these UPRs individually. The region is rich with underground piping. Each of the 
3 sites was reported as the location of significant loss of waste to the environment. Direct push 
4 investigation in each UPR region as part of the near-term work plan (RPP-PLAN-3534 1) would 
5 be used to verify the sites identified waste signatures commensurate with the leak loss estimate 
6 for the individual site and contrasted to the SGE results for each individual site. The results 
1 would be reported in the RFl/CMS report that fulfill s HFFACO Milestone M-45-61. 

9 I 
10 

II 

12 

13 

14 I 
15 

16 

17 

18 

19 

20 

21 

22 

.-_ urvey-5. that entails approximately 300 surface survey electrodes, arranged for a fully three­
dimensional interrogation P.rare to be performed. Conceptually, this single string of electrodes 
would be placed so that each of the UPR locations is centered in the grid . Depth of interrogation 
is dependent on the size of the source and the resistivity contrast. The buried electrodes for each 
site would be included in the grid . At UPR-81 , the preliminary results from the direct push at 
thi s location show the highest concentration of nitrate ( 199 mg/g) was found at 42JQ.. 43 ft bgs. 
Therefore, the target depth for SGE at thi s location would be approximately 50 ft . The results 
from the deployment at the UPRs would be used to determine how SGE will be deployed over 
the entire WMA C. Using the results and lessons learned from the deployment of SGE at UPRs 
-81 , -82, and -86, this work plan will be updated or a supplemental work plan will be generated 
to describe the field activities to support the deployment of SGE over the WMA C DQO 
boundary. In anti c ipation, ~i ngle depth or : trin!!. or multi -depth ele ·trodes \\ ill be pla ·ed at each 
direct push locati on during logging hole decommi~sioning. 

23 During collection of the resistivity data, it will be necessary to deactivate cathodic protection and 
24 e lc ·trical leak detection systems in the region . Because of increased tripping hazards associated 
25 with the cables and perceived electrical hazards, access to the farm will be severely restricted 
26 during this activity . 

21 4.5.5 Develop New Characterization Technology 

2a At the present time, the only way to measure levels of ~ c contamination in the soil is to take 
29 samples to send to the laboratory for analysis. This methodology is labor intensive and provides 
30 samples only at chosen intervals (see Section 4.5.1.3). The development of a 99Tc sensor that 
31 can be deployed during the placement or decommissioning of direct push probeholes could 
32 quickly indicate where sampling intervals should be located and avoid costs associated with null 
33 sample results. Such a sensor would be based on robust, existing technology of silicon beta 
34 detectors, noting that very few long-lived beta-emining radionuclides exist in the Hanford 
35 sediments. The development of this sensor would be in two stages, a laboratory testing stage 
36 followed by deployment in the fie ld. The prototype W,-c sensor would first be built and tested in 
37 the laboratory. Ir testing of the laboratory prototype proved successful , then a ~c sensor that 
38 could log small-diameter probeholes would be built and field tested. 
39 

40 This work is contingent on available funding. lf ~ucce,,ful , d velopment of this ~ c sensor 
41 would provide cost-effective soil sampling related to the mobile contaminants of ~c and nitrate 
42 that impact groundwater by only sampling in direct push probeholes that the ~c sensor 
43 identified a.'i having ~c. The interest in this new technology was recognized through data needs 
44 workshops conducted for Phase 2 RFI/CMS processes and was shared with Ecology, who 
45 expressed an interest in deployment in WMA C. This new characteri1..ation technology, ~c 
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1 I sensor, couldwiU aid in the selection of soil samples in addition to the standard use of gross 
2 gamma and neutron moisture logging data that is conducted before soil sampling decision-
3 making (see Section 4.5J .4). However. due to the developmental nature of this technoloc, it is 
4 not apparent that the "'Tc sensor will be ready for field deployment in time to support site 
5 characterization activities at WMA C. 

6 4.6 OPTIMIZING SAMPLING 

1 Based on data needs identified in the DQO meetings, a number of options were considered for 
s the Phase 2 characterization effort at WMA C. These characterization options included using 
9 direct-push technology and nonintrusive geophysical techniques (e.g., SGE) and updating 

10 spectral gamma logging around tanks C- 103 and C-106 and C- 104, C-108, C-109, C- 110, C-111 , 
11 and C-11 2 as well as groundwater monitoring wells 299-E27- 12, 299-E27- 13, 299-E27- 14, and 
12 299-E27-15 . These options are based on characterization techniques and innovative technologies 
13 identified in RPP-PLAN-37243 and RPP-ENV-38838 for methods that have been successfully 
14 used on the Hanford Site. These options and potential deployment locations were evaluated in 
15 terms of the type of information that could be provided, as well as the technical risk associated 
16 with deployment during Phase 2. Although all of the options considered could provide valuable 
11 data that would serve to improve the understanding of subsurface contamination, a number of the 
1~ options were considered to be of lesser value or not feasible due to technical risk for the 
19 characterization effort to be implemented beginning in FY 2009. The accessibility of some of 
20 these sites is limited by waste retrieval operation equipment located on the surface and 
2 1 subsurface infrastructure interferences for WMA C. The li st of characterization options 
22 considered during the DQO process, along with the rationale for including or omitting each 
23 option from Phase 2 effort, is provided. 
24 

25 RPP-16608, Site Specific SST PhaJe I RFI/CMS Work Plan Addendum/or WMA.r A-AX, C, 
26 and U, evaluated sampling and analysis options and alternative field sampling technologies. 
21 That evaluation and the experience gained during implementation of the Phase I RFI field 
2s investigation has resulted in identifying the following sampling technologies for the initial Phase 
29 2 characterization efforts: direct push, SGE, and borehole logging. These technologies allow for 
30 investigations for the presence of contaminants in the vadose zone to be conducted using both 
31 indirect and direct evaluation techniques. Subsurface investigations will include geophysical 
32 logging using spectral gamma and moisture, SGE, and soil sampling using direct push 
33 technology. 
34 

35 Direct push technology is planned for use during the initial Phase 2 characterization of the 
36 vadose zone in WMA C. The advantage of this technology is ease in deployment, better option 
37 of evaluating lateral extent of contamination, no contaminated soi I cutting being brought to the 
38 surface, and lower costs. The direct push technology plans to use the dual string approach where 
39 multiple samples can be collected. The dual string (2.625 in. OD) approach can collect a 1.08 in. 
40 x 24 in. sample at multiple depths. In the 200 East Area, the direct push technology has 
4 1 demonstrated the ability to go to great depths (-200 ft) thus providing the opportunity to use its 
42 advantages, especially no contaminated soil cuttings being brought to the surface. This is an 
43 advantage over traditional drilling of a borehole that is more expensive, provides no ability to 
44 easily evaluate lateral extent of contamination, and brings contaminated soil cuttings to the 
45 surface. 
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Figure 3-1. Candidate Sample Locations and Surface Geophvsical Exploration 
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Figure 3-2. Aerial Map of Candidate Sample Locations and Surface Geophysical 
Exploration Interrogation Areas on Aerial Map 
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3.4 SAMPLE HANDLING AND SHIPPING 

Whenever possible, soil samples shall be maintained and shipped at 4 degrees Celsius. The 
samples shall be shipped to the laboratory as soon as possible to meet applicable holding times. 
However, it is recognized that some samples may have elevated levels of radioactivity. These 
samples must be stored and transported in shielded shipping containers that may not allow the 
samples to be maintained at 4 degrees Celsius. Also, fewer samples may be shipped to the 
laboratory in a shipment. The additional shipments may jeopardize sample holding times 
recommended in SW-846, Test Methods/or Evaluati11g Solid Wastes, Physical/Chemical 
Methods. To minimize impact on sample integrity, these highly radioactive samples shall not be 
exposed to high temperatures and they shall be shipped to the laboratory for analysis as soon as 
possible. Samples not meeting temperature or holding time requirements shall be discussed in 
the laboratory data report. The impact on subsequent use or interpretation of these data will be 
evaluated on a case-by-case basis by the Tank Operation Contractor. 
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Figure 3-3. Candidate Sample Locations and Infrastructure Constraints 

Radiological control technician(s) will measure contamination levels on the outside of each 
sample jar and dose rates on each sample jar. The radiological control technician(s) also will 
measure radiological activity on the outside of the sample container (through the container) and 
will document the highest contact radiological reading in millirem per hour. This information, 
along with other data, will be used to select proper packaging, marking, labeling, and shipping 
paperwork in accordance with U.S. Department of Transportation regulations (49 CFR, 
"Transportation") and to verify that the sample can be received by the analytical laboratory in 
accordance with the laboratory's acceptance criteria. 

3.S SAMPLE IDENTIFICATION 

A sample and data-tracking database will be used to track the samples from the point of 
collection through laboratory analysis process. The Hanford Environmental Information System 
(HEIS) database will be the repository for the laboratory analytical results. HEIS sample 
numbers will be issued to the sampling organization for this project in accordance with onsite 
organizational procedures. Each radiological/nonradiological and physical properties sample 
will be identified and labeled with a unique HEIS sample number. The sample location, depth, 
and corresponding HEIS numbers will be documented in the sampler' s field logbook. 
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Each sample container will be labeled with the following information using a waterproof marker 
on firmly affixed water-resistant labels: 

• Sample identification number 

• Sample collection date and time 

• Name or initials of person collecting the sample 

• Preservation method (if applicable) 

• Sample location (direct push hole number and depth of collection). 

A list of sample analyses is not required for sample labels because the li st could be quite large. 
The laboratory will consult the sampling and analysis work instruction document(s) for 
appropriate analyses and additional guidance for preparing the sample for analysis. 

3.6 SAMPLE CUSTODY 

A chain-of-custody form shall be used for each sample and will accompany each sample from 
sampling through analysis. At a minimum, the following sampling information shall be included 
on the chain-of-custody form: 

• Project name 

• Signature of the collector 

• Date and time of collection 

• Sample type (e.g., soil, etc .) 

• Requested analysis or provide a reference for sample analysis 

• Signatures of persons involved in the chain of possession 

• Date and time relinquished to the laboratory 

• Unique sample identification number assigned to the sample 

• Sample location (direct push hole number and depth of collection) 

• A notation of pertinent sampling information including unusual characteristics or sampling 
problems 

• A brief description of the sample matrix such as color or consistency if possible. 

Each sample will be shipped to the laboratories in an approved shipping container per approved 
procedure. A custody seal wi II be affixed to the lid of each sample container. 
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4.0 SAMPLE ANALYSIS REQUIREMENTS 

Note that in this SAP, the specified U. S. Environmental Protection Agency (EPA) SW-846, Test 
Methods f or Evaluating Solid Wm tes, Physical/Chemical Methods, analytical methods are shown 
without suffices indicating method revisions. For these methods, the most recent revi sions are 
preferred . 

4.1 OPTIMIZATION OF SAMPLE ANALYSIS 

Based on Phase I soil sampling results, it is expected that many of the soil samples that will be 
collected in Phase 2 are not contaminated. Therefore, sample analyses will be optimized so that 
the use of limited laboratory resources would weigh more heavily toward samples 1ha1 are 
contaminated. More specifically, a limited set of analyses will be performed on each sample to 
determine if the sample is contaminated. If a sample is determined 10 be so, more extensive 
analyses will be performed on the sample. This two-step optimization approach is described 
further in Section 4.1.2. 

In addition, organic contaminants are not expected lo be present in the WMA C vadose zone soil 
samples in significant amounts. Organic analyses will be performed on samples to be collected 
from 5 sites. Results will be used lo determine if certain organic analytes should be removed 
from the list of constituents-of-potential-concern (COPCs). The organics optimization approach 
is described in Section 4.1.1. A flow diagram for the overall optimization of sample analyses is 
provided in Figure 4-1 . 

4. 1.1 Organic Analyses Optimization 

Five of lhe twenty-seven sites identified for characterization have been selected to evaluate 
potential for organic contamination. The five candidate direct push sites are associated with 
UPR-81 (three locations) (site P) and on the northwest and northeast side of SST C- 103 
(2 locations) (site L). For these two sites, the waste information data system (WIDS) indicates 
that the release occurred in the waste transfer line near the 241-CR- I 5 I Diversion Box on 
October 15, 1969. The release is associated with the 241 -CR- 15 I Diversion Box, the 24 I-C-102 
tank and the PUREX 202-A Building. The source of the release was in an underground transfer 
line from the 202-A Building to the 24 I-C-102 tank via the 241 -CR- I 5 I diversion box. 
LAUR-93-3605, Analysis of the History of 241 -C Farm states: 

"An organic layer was noted in C-102 in 1969 and reported (Anderson, T. D. "Organics in 102-C 
Tank," letter to W. L. Godfrey, October 2, 1969) to be 36 kgal . This organic layer was 
subsequently transferred to C- 103 in a P-10 pumping ofC-102 in 1975. There is a recorded 
transfer of 111 kgal in '75-4, but the level change in C-102 indicated that only 25 kgal was 
transferred, with another 8 kgal in '78-3, for a total of 33 kgal. Presumably, this combined 
33 kgal transfer was largely the organic layer, and would have left 3 kgal in C- 102." 
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The event description in RPP-PLAN-39114 Rev. I Table 2-8 for row Date= 3- 1965 Waste 
Type = PUREX CWP2 is given below. 

"A liquid level rise in Tank 103-C, the cesium feed tank, was apparently caused by a failed line 
in the encasement between the 152-CR diversion box and Tank 102-C which permitted coating 
waste from the PUREX Plant to leak into the encasement and drain to Tanks IO 1-C, I 02-C, and 
I 03-C via the tank Pump pits. Coating waste has been routed through a spare line to Tank I 02-C 
and no further leaks have been detected. The coating waste solution accumulated in Tank 103-C 
did not significantly affect cesium loading capability as a cask was loaded normally following 
the incident. 

Note: Pipeline 8041 is inside a concrete encasement was used to route the PUREX CW to 
SST C- 102 (see drawing H-2-44501 , sheet 92). This encasement traverses from diversion 
box 241 -CR- I 52 along the west side of SSTs C-10 I, C-102, and C-103. In order for the PUREX 
CW to drain into SSTs C-101 , C- 102, and C- 103, the encasement containing the failed transfer 
pipeline must have partially filled with waste. The integrity of this encasement is unknown and 
may have leaked waste to the soil. Drawing H-2-2338, sheet 45 indicates pipeline 8041 is out of 
service. Pipeline 8041 connects from nozzle U-3 in the 24 I-CR- 152 diversion box and 
nozzle U-2 in pit 02C atop SST C- 102." 

Based upon this information it would appear that the potential exists that more than one release 
may have occurred in and around CR- 151 , CR- 152 and C-101/102/103 tanks from 1965 to 1969. 
While waste is referenced as PUREX coating waste in WIDS or PUREX cladding waste in 
RPP-PLAN-39114, the presence of organics is documented in tank C- 102 during this time frame. 
While these data are inconclusive that a release of organic contaminated wasted occurred, the 
rationale for selecting sites in the DQO was to identify areas of known or suspected releases 
having some potential for containing organic contamination. It was felt that sample locations 
"L" and "P" satisfied these criteria; these are located at each end of the encasement. 

Al these five locations, following the spectral gamma and neutron logging, samples will be 
collected and analyzed for the entire suite of analytes. Tributyl phosphate (TBP) will be used as 
the indicator organic for the occurrence of any organic contamination associated with tank waste. 
Tributyl phosphate is a known. tank waste contaminant because it was used extensively as a 
solvent in the reprocessing of spent nuclear fuel. Tributyl phosphate was chosen because it has 
the highest probability of being found . It is the only organic constituent other than acetone and 
2-Butanone found above detection limits in all tank residual samples and it is found at higher 
concentrations 75 to 73,000 µgig (mg/kg) which is 10 to 100,000 times higher than all other 
organics including polychlorinated biphenyls (PCB). It was presented during the DQO process 
that ifTBP is not found then it is unlikely that other organic (i .e ., volatile organic analysis 
[VOA], semi-volatile organic analysis [SVOA), diesel range organics/gasoline range organics, 
PCBs) contaminants related to tank waste would be found . The DQO team agreed to use this 
compound as an indicator for tank waste organics. 

Furthermore, if the data for the organic analytes from the pre-retrieval samples taken at the 
C-200 Tanks is examined, the Best Basis Inventory reports the following organic analytes were 
found above the MDL in the pre-retrieval samples: Butylbenzylphthalate, 1-Butanol , Acetone, 
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Aroclor 1254, 2-Butanone, Xylenes (total), Xylene (m & p), Trichloroethene, Xylene (o), 
Hexone, Methylenechloride, and Toluene. The mean concentrations for Butylbenzylphthalate, 
1-Butanol, and Acetone were 66.7 µgig, 16.8 µgig , and 1.01 µgig , respectively. The only PCB 
above MDL was Aroclor-1254 with a mean concentration of 0.46 µgig . 2-Butanone had a mean 
concentration of 0.29 µgig, with the rest of the non-detected organic analytes having a mean 
concentration of less than 0.1 µgig . Tri-butyl phosphate was found as a tentatively identified 
compound (TIC) in the pre-retrieval samples from tanks C-203 and C-204 with the highest 
concentration found at C-204 at greater than 200,000 µgig . Tri-butyl phosphate in the post­
retrieval samples for these tanks had results ranging from - 5,000 mg/kg (C-201) to 
~73 ,000 mg/kg (C-204). 

Other organic compounds found above detection limits in some, but not all tank residuals, are 
Butylbenzylphthalate (3.27 mg/kg (C-103)), Di-n-butylphthalate (6. 11 mg/kg C-103, 6.08 mg/kg 
C-204), Hexone (2.27E-02 mg/kg C-202), and Xylenes (Total) (2.0E-02 mg/kg C-203). 

If TBP is not detected in any of the samples then organics associated with tank waste will be 
e liminated from the li st of COPCs and samples taken at other locations in WMA C will not be 
analyzed for organics. IfTBP is detected in any of the samples then organics associated with 
tank waste will remain on the list of COPCs and these organic compounds will be analyzed as 
part of the Step 2 suite of analytes if a Step I tank waste indicator is met. Tributyl phosphate is 
selected as a specific tank waste contaminant. Other volatile and semi volatile compounds are 
rejected as either not being indicators of tank waste or are common laboratory contaminants. 

Samples taken from the five sites will be analyzed for pesticides and petroleum compounds. If 
pesticides are not present in any of the samples from these sites, then pesticides will be 
e liminated from the list of COPCs and other soil samples that will be taken from WMA C will 
not be analyzed for these compounds. If a pesticide is present in any of the samples from the 
five sites, then pesticides will remain on the list of COPCs for Step I analyses. 

Similarly, if gasoline-range organics and diesel-range organics are not present in any of the 
samples from the five sites, these petroleum organics will be eliminated from the list of COPCs. 
lf they are present in any of the samples, gasoline-range organics will remain on the list of 
COPCs for Step I analyses of near surface samples; diesel-range organics will be analyzed by 
gas chromatography/name ionization detection (GC/FID) only if gas chromatography/mass 
spectrometry (GC/MS) indicates that they are present in a sample. 

Polychlorinated biphenyls are of specific concern to direct contact and ecological risk and will be 
analyzed in near surface samples only. Three vadose zone samples will be collected in the 
region of Oto 15 ft bgs at the five direct push locations discussed above ( 15 samples) and 
analyzed for Aroclors and congeners. If polychlorinated biphenyls are not detected in any of the 
samples then they will be eliminated from the list of COPCs and will not be analyzed at other 
locations in WMA C. lf polychlorinated biphenyls are detected in any of the samples then they 
will remain on the list of COPCs and will be analyzed as part of the Step 2 suite of analytes 
following a detection of the Step I tank waste trigger constituents. Results from the initial 
five samples will be used in an attempt to establish a correlation between PCB Aroclors and 

4-5 



RPP-PLAN-38777 Rev. I t-

congeners. The correlation will be used to evaluate whether or not future analysis of PCB 
congeners is necessary. 

Note: The WMA C DQO identifies sites P and Las candidate sites where samples will be 
collected for organic optimization. Before sampling soils at other candidate sites, organic 
analyses on samples taken from sites P and L should be completed to evaluate if further organic 
analyses at the other sites are warranted. However, while preparing this SAP, tank farm schedule 
was modified to include retrieval of waste in the 244-CR Vault. The waste retrieval activity is 
expected to restrict access to site P. Furthermore, above ground infrastructure near 
tank 241 -C- I 03 may prevent early sampling at site L. Therefore, discussions with DOE and 
Ecology will be initiated during the Ecology review of this SAP to identify different sampling 
sites within WMA C boundary for organic optimization. 

4.1.2 Two-Step Sample Analyses Optimization 

In accordance with the WMA C DQO, sample analysis will be performed using a two-step 
approach to optimize cost-effectiveness. Step I will employ a method-based screening process 
to determine if the soil has been contaminated with tank waste. A select set of threshold 
indicator constituents will be used to indicate the presence of tanJc waste. The criteria for 
selecting these "threshold indicator constituents" are based on them being historically associated 
with tank waste, indicative of tank farm constituents released into the environment and drive 
human health risk, and were the most detected constituents in Phase I investigations. If any one 
of the tank waste indicator threshold is met, then samples at that location will be analyzed for the 
full suite of Step 2 analytes. The Step I analytes and their threshold values are as follows: 

23su 

239Pu 
137Cs 
<JOsr 

NO3 (as NO3) 

Cr (for 6Cr) 
'}<),re 

1291 

Cyanide (CN) 

TBP 

Detected at or above 1.39 pCi/g 

Detected at or above 0.0233 pCi/g 

Detected at or above 1.37 pCi/g 

Detected at or above 0.262 pCi/g 

Detected at or above 232 µgig 

Detected at or above 26.8 µgig 

Detected at the Method Detection Limit 

Detected at the Method Detection Limit 

Detected at the Method Detection Limit 

Detected at the Method Detection Limit. 

Uranium-238, 239Pu, 137Cs, <JOSr, NO3, and Cr are present at low level in Hanford background 
soil. The stated thresholds are met only if the contaminants are detected and the detected 
concentrations are at or above the stated values. Although elevated pH is an indicator of the 
passage of tank waste through soil, it may not represent all tanJc waste contamination pathways 
as have been indicated in the past (RPP-35484, Field lnvestigatio11 Report/or Waste 
M<1n<1gement Are<1s C <1nd A-AX). The stepped approach will also be further evaluated following 
the examination of the sample results from the first five direct pushes. The approach may be 
modified after consultation with Ecology. 
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The following methods will be performed on sam~es to f,et the above analytes: Inductively 
coupled plasma/mass spectrometry (ICP/MS) for 8U, 23 Pu, and ~c; inductively coupled 
plasma/atomic emissions spectrosc?f,y (ICP/AES) for Cr; ion chromatography (IC) for NO3; 

f.amma energy analysis (GEA) for 1 7Cs; separation/beta counting for 90Sr; separation/GEA for 
291; spectrophotometric for cyanide (CN); and SVOA by GC/MS for TBP. Alpha energy 

analysis (AEA) may be used as an alternative method for 239Pu. Cobalt-60 concentration will be 
obtained by GEA along with 137Cs. Cobalt-60 and ~c sample results will be used to assess the 
relationship of these radionuclides in the soil. 

The above thresholds may not be applicable to a screening of petroleum contaminants. 
Semi volatile organic analysis (EPA Method 8270) will be used to analyze for TBP in Step I . 
This method is also capable of analyzing for diesel-range organics. Results will be used to 
evaluate whether or not diesel-range organics are present in the soil in significant amounts that 
requires further analyses for this analyte by another analytical method such as GC/FID (EPA 
Method 8015). Gasoline-range organics will be analyzed by purge-and-trap GC/MS (EPA 
Method 8260) in Step I . 

Similarly, pesticide usage is not associated with tank waste generation and storage. Pesticide 
compounds will be analyzed by gas chromatography/electron capture detection (GC/ECD) (EPA 
Method 8081) in Step I . 

Petroleum and pesticide data will be used for an ecological risk assessment. Therefore, only 
samples taken in the near surface zone (i.e., in the top 15 ft) will be analyzed for these organics. 

In summary, sample analysis will be performed using a two-step approach. Step I analytes and 
methods are a subset of Step 2 analytes and methods. If a Step I threshold is met or exceeded, 
then all Step 2 methods (minus methods already performed in Step I) will be performed. Step 2 
analytical parameters for major constituent categories (inorganic chemicals, organic chemicals, 
and radionuclides) are discussed in Sections 4.2 through 4.4. 

4.2 INORGANIC ANALYTES 

Inorganic chemicals will be analyzed using the following methods: ICP/AES for cations, IC for 
anions and ammonia, cold vapor atomic absorption (CVAA) for mercury, spectrophotometric 
analysis for cyanide, ion selective electrode for sulfide, and pH. The ICP/AES and IC methods 
are capable of analyzing multiple constituents. Primary and secondary constituents for these 
methods are shown in Tables 4-1 and 4-2. 

Table 4-l. Primary Inorganic Constituents and Analytical Methods (2 Sheets) 

Constllumt Analytical Method Alternate Method 
Aluminum - Al 6010 (ICP/AES) 6020 (ICP/MS) 

Antimony Sb 6020 (trP/MS)fiQ IQ 11'-1~,,,.i;;s~ 60J.O__(ICP1AF.S.)60W {IGl2,IMS• 

Arsenic - As 6020 (ICP/M S)fiQUl 11'- IU A i;;i;~ (,O I_Q_(lrPJAr:<1 , nnn , •~~••• n , 

Barium - Ba 6010 (ICP/AES) 6020 (ICP/MS) 

Beryllium - Be 6010 (ICP/AES) 6020 (ICP/MS) 
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Table 4-1. Primary Inorganic Constituents and Analytical Methods (2 Sheets) { formatted Tule 

Constituent Analytical Method Alternate Method 
Cadmium Cd 6020 (ICP/MS)4'9 1Q ~l~ P.I,~ e!i• 60 10 (IC P/AES).6020 (IGP,IMS) 
Calcium._, - Ca 6010 (ICP/AF.S) 6020 (ICP/MS) 

Chromium - Cr 6010 (ICP/AES) 6020 (ICP/MS) 

Cobalt - Co 6020 (ICP/MS),Q IQ E"µ' Q e!i~ filJ Oc--!!C.~6();!() !IGP,lM S) 
Copper - Cu 60 10 (ICP/AES) 6020 (ICP/MS) 

Iron - Fe 6010 (ICP/AES) 6020 (ICP/MS) 

Lead - Pb 6010 (ICP/AES) 6020 (ICP/MS) 
Lithium~' - L 6010 {ICP/AES! 6020 (ICP/MS) 

Manianesc - Mn 60 IO (ICP/ AES) 6020 (ICP/MS) 
Magnesium·• - Mg 60 10 (ICP/AES) 6020 (ICP/MS) 
Mol)'.bdenum• - Mo 6010 lfCP/AES) 6020 (ICP/MS) 

Nickel Ni 6020 (ICP/MS)liQ IQ j l(:; ll l ~ e!i l (1!1LQLIC PL4Efil60W {IGP.i~4S) 
Phosl)horus"·' - P 60 10(1CP/AES) 6020 (ICP/MS) 
Potassium•• - K 60 10 (ICP/AES) 6020 (ICP/MS) 

Selenium - Se 60 10 (ICP/AES) 6020 (ICP/MS) 

Silver Ag 6020 ( ICP/MS)'Q IQ /1(:; lll Q lo!i j ~QI Q (IC PlA§fil@20 OGP.iMS) 
Sodium "" - Na 60 10 (ICP/AES) 6020 (ICP/MS) 

Strontium - Sr 6010 (ICP/AES) 6020 ( ICP/MS) 
Thallium Tl 6020 (ICP/MS) liQ IQ ! l(:; i;la !.!i l 60 10 IICP/A~Q;;w OGPIMS) 

Uranium u 6020 (ICP/MS)liQ IQ / 1(:; lll Q e!i j 60J_O OCe/AES.)60;!0 HGP,tMSl 
Vanadium V 6020 (ICP/MS)(!Q IQ \ l(:;i;II Q e!i • 60 10 (ICP/AF:S)t:Mn •~n,~ 

Zinc - Zn 6010 {ICP/AES) 6020 (ICP/MS) 

Mercury - Hg 7470, 7471 (CVAA) 6020 (ICP/MS) 

Fluoride - F 9056 (IC) 

Nitrite - No2• 9056 (IC) 

Nitrate - N03. 9056 (IC) 

Chloride - er 9056 (1C) 

Sulfate - so/ · 9056 (1C) 

Acetate~1 
- C2H10i· 9056 (IC) 

Formate~ - CH02· 9056 (1C) 

Glycolate"1 
- C2HJoJ· 9056(1C) 

Oxalateh' - C20 / · 9056 (IC) 
Cyanide - cN· 90 14 (spectrophocometric) IC/MS 
Ferrocyanide - Fe(CN),, •· Es1ima1ed from total cyanide. 
Sulfide - s '· 9215 (ion selective electrode) 9034 (titration) 
Ammonium - NH4 • EPA 300.7 (IC) 

pH 9045 
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I Table 4-1. Primary Inorganic Constituents and Analytical Methods (2 Sheets) 

I .._I ___ _ C_o_n_st_lt_u_en_t ____ ..__ ___ A_na_l.._y_tlc,;...,al...:..,;...,M.:.ce--'th.:.cocl--'--'---'----A_lt_em_a--'te_M--'-et_h_ocl __ ___J 

I Abbreviations: CVAA = cold vapor atomic absorption. IC = ion chromatography. ICP/AES = inductively coupled 
plasma/atomic emissions spectroscopy, ICP/MS= inductively coupled plasma/mass spectrometry, IC/MS=ion 
chromatography/mas.1 spectrometry 

·' C11 ldum 1 hthmm, mnl\ bdc:num 111 ,-1g11c ,i um1 odium, phthphorou, , and pot,1,,ium \\ Cfl! 1110\.Ctl from '-~l'o111.J:11 \- n .1 n,l1tUfllh 
10 I" unary al 1hc requ,•,1 ,11 Ecolo~y 1n hdp in the c, .. 1ua1 ion ol " hc1hcr or 1w11.,n~ ll1mh '"" ' p.is:,cd 1hrough 1he 
,,d11ncnt, . 

N<lk" •
1 
~ h ,\ ·ci.11c. formate. glycolate, and oxalale arc technically organic anions but arc included in this table 

.l 
because they can be analyzed by the same method as some inorganic anions. -~um. li1ki11111. 111ul•,t,~e,w111. "'"~"• ""'' · 
,,.,,li11111 . 11h1• 1•lrnro" ,. aud umo 0,i11111 "ere nhl ' ,fl l1um 0.,~011flurv epn 1i111en1 IH 11ii11111p,o HI th• ft!M'"' · 1 .. r I 'rn t .. gy hl hthl 
H>4~i1111 "' "t~1ke1 "' 11111 1,1+>1..-J:lu«J,, IM· e e,1° etl tkFm1 gh th• efl11nen1•, 

Table 4-2. Secondary Inorganic Constituents 

Constituent Constituent 

Method 6010 (ICP/AF,S) Method 9056 (IC) 

Boron - B Bromide - Br' 

Bismuth - Bi Phosphate - PO/ · 
Calcium - Ca 

Li1hium - Li 

Molybdenum - Mo 

Magnesium - Mg 

Sodium - Na 

Phosphorus - P 

POla.~sium - K 

Rhodium - Rh 

Sulfur - S 

Silicon - Si 

Tin - Sn 

Tantalum - Ta 

Tungsten - W 

Yttrium - Y 

Zirconium - Zr 

Cerium - Ce 

Europium - Eu 

Lanthanum - La 

Niobium - Nb 

Neodymium - Nd 

Palladium - Pd 

Pra.,eodymium - Pr 
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Table 4-2. Secondary Inorganic Constituents 

Constituent Constituent 

Method 6010 (ICP/AES) Method 9056 (IC) 

Rubidium - Rb 

Ruthenium - Ru 

Samarium - Sm 

Tellurium - Te 

Thorium - Th 

Titanium - Ti 

IC = ion chromatography 
ICP/AES = inductively coupled plasma/atomic emission spectroscopy 

Note that chromium and cyanide data will be used as conservative estimates of hexavalent 
chromium and ferrocyanide, respectively. If the estimates are overly conservative and 
calculations using the estimates result in unacceptably high risk, analysis for hexavalent 
chromium and ferrocyanide may be performed. 

4.3 ORGANIC ANAL YTES 

Organic chemicals will be analyzed by the following methods: GC/MS for volatile organic 
compounds (VOCs , extraction and GC/MS (or GC/FID) for semivolatile organic compounds 
(SVOC;i), and GC/ECD for PCBs. In addition, a number of samples will be analyzed by high 
resolution gas chromatography/high resolution mass spectrometry (HRGC/HRMS) for PCB 
congeners. 

For VOCs and SVOCs, primary and secondary constituents are shown in Tables 4-3, 4-4, and 
4-5. Analytical strategy for VOCs and SVOCs is summarized in the following. 

T he primary constituents will be analyzed to the quality control (QC) requirements specified in 
thi s SAP. This means they will be included in the calibration of the gas chromatographs and 
method detection limits (MDL) will be determined for each constituent. 

Detected organic constituents that are not part of the calibration mix (primary constituents) are 
T ICs. [fa TIC is determined to be real (i .e., not an artifact of analytical methods), it will be 
evaluated against a gas chromatographic library containing the secondary compounds of interest. 
This library of compounds (called the "Hanford library") is composed of constituents that have 
been identified as possibly being present in Hanford Site waste in the Regulatory DQO 
(PNNL- 12040, Regulatory Data Quality Objectives Supporting Tank Wa.ste Remediation System 
Privatization Project) but not identified as primary constituents. 

The "Hanford library" was developed by running single standards of the constituents on the 
laboratory' s GC/MS systems. The results of these analyses provide accurate retention time 
information and mass response factors for these compounds and permit a better evaluation of the 
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TIC. If a TIC is identified in the "Hanford library" of compounds, a semiquantitative estimate 
(based on an archjved one-point calibration) of its concentration is made. 

If the TIC is not found in the " Hanford library" of compounds, then the TIC will be evaluated 
against the standard National Institute of Standards and Technology (NIST) library of 
compounds. This library has over 100,000 compounds. However, because they are collected on 
different instrument<s from those used for the actual analysis, the retention times and response 
factors will be different. Before the analyst can name or identify the TIC, the analyst must be 
confident that the chromatogram and mass spectra match well enough to name the compound. If 
the analyst cannot confidently name the compound, it is identified as an unknown and no further 
action is required. When a TIC is identified in the NIST library, then the TIC will be evaluated 
in a similar manner as a "Hanford library" TIC. 

The TICs are identified using the reconstructed ion chromatogram. The reconstructed ion 
chromatogram is evaluated for TICs by identifying peaks that have not already been identified as 
target compounds according to the following criteria. The criteria discussed in the following are 
from revision three of Volume 4 of DOE/RL-96-68, Hanford Analytical Services Quality 
Assurance Req11iremenu Doc11ments (HASQARD). 

Table 4-3. Primary Volatile Organic Compound Parameters 

Constituent CAW Comments 

1.1, I -Trichloroethane 71-55-6 

I, 1,2,2-Tctrachlorocthcnc 127-18-4 

I, 1.2,2-Tctrachlorocthanc 79-34-5 

1, I .2-Trichloro- 1,2.2-trinuoroethanc 76-13- 1 

1, 1.2-Trichlorocthanc 79-00-5 

I, 1,2-Trichloroethylcnc 79-01 -6 

I, 1-Dichloroethenc 75-35-4 

1,2-Dichloroethane 107-06-2 

Chlorocthene(vinyl chloride) 75-01-4 

2-Butanonc(MEK) 78-93-3 

2-Nitropropane 79-46 -9 

2-Propanonc (Acetone) 67-64-1 

4-Mcthyl -2-penlanone (MIBK) 108-10-1 

Benzene 71 -43-2 

Carbon disulfide 75-15-0 

Carbon letrachloridc 56-23-5 

Chlorobenzene 108-90-7 

Chloroform 67-66-3 

Dichloromelhanc (methylene chloride) 75-09-2 

Ethyl Acelale 141-78-6 

Elhylbcnzene 100-41 -4 

4-11 
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Table 4-3. Primary Volatile Organic Compound Parameters 

Constituent CASI'! Comments 

Diet h y I el her 60-29-7 

lsobutanol 78-83- 1 

Methanol 67-56-1 

n-Butyl alcohol ( 1-butanol) 71 -36 -3 

Toluene 108-88-3 

lrans-1,3-dichloropropene 10061 -02-6 

Trichlorolluoromcthane 75-69-4 

Xylencs 1330-20-7 

o-Xylenc 95-47-6 

m-Xylene 108-38-3 May be analyzed as m- and p-ltylene 

p-Xylcnc 106-42-3 May be analyzed as m- and p-ltylene 

hi Cis- 1,2-
156-59-2 

dichloroc1 hcnebei~ 

-1-.a Trans -1 ,2-
15f)9 -60-5 

dichlor 1hene~ 

·' CAS- = Chemical Abstrnc t, Service . 

•b Corrected mhidentificd cons111uen1, lrom RPP-RPT-38152. Dau, Oua/i11• Ob;enil'es Report Phase 2 
Clwractt1rr ;a1im1 for \Vu,·re Mcmagemt•nt Area C H( R,\ Fl1.•ld lntt'"'' l!"'w n/Corrective M~a.wre.r Sttufr . 

Constituent CAS# Comments 
1.2.4-Trichlorobenzenc 120-82-1 

2,4-Dinilrotoluene 121 -14-2 

2,4,5 -Trichlorophenol 95-95-4 

2,4,6-Trichlorophenol 88-06-2 
2,6-Bis (lert -butyl)-4-methylphenol 128-37-0 

2-Chlorophenol 95-57-8 

2-Elhollyethanol 110-80-5 

2-Methylphenol (o-crcsol) 95-48-7 

4-Methylphenol (p-cresol) 106-44-5 

Accnaphlhcne 83-32-9 

Bu1ylbenzylph1hala1c 85-68-7 

Cresylic acid (cre~ol , mixed isomers) 1319-77-3 

Cyclohcxanone 108-94-1 

Di -n-butylphlhalate 84-74-2 

Di-n-oc1ylph1hala1e 117-84-0 

N-ni1roso-di-n-propyl11mine 621 -64-7 

Ethylene glycol 107-2 1-1 Analyzed separately by GC/FID 

Fluoranthcne 206-44-0 
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Table 4-4. Primary Semivolatlle Organic Parameters (2 sheets~ 

Constituent CASI Comments 

Hexachlorobuladiene 87-68-3 

Hexachloroelhanc 67-72-1 

m-Cresol (3-Melhylphenol) 108-39-4 

Naphlhalene 91-20-3 

Nilrobenzene 98-95-3 

n-Nilrosornorpholine 59-89-2 

o-Dichlorobenzene 95-50-1 

o-Nilrophenol 88-75-5 

p-Chloro-m-crcsol ( 4-Chloro-3-melh ylphenol) 59-50-7 

Pyrene 129-00-0 

Pyridine 110-86-1 

Tribu1yl phosphate 126-73-8 

Benzo(a) an1hracene 56-55-3 

Benzo(b)lluoranlhene 205-99-2 

Benzo(k)lluoranlhene 207-08-9 

Benzo(a)pyrene 50-32-8 

Chrysene 218-01 -9 

lnde no ( 1,2,3-cd) pyrenc 193-39-5 

Dibenz(a,h)anlhracene 53-70-3 

Dibutyl phosphale 
107-66-4 

May be analyzed by high-performance liquid 
chromatography 

Monobu1yl phosphate 
NOi available 

May be analyzed by high-performance liquid 
chrornalography 

Bis(2-ethylhexyl)phthalate 117-81 -7 

CAS = Chemical Service Abslrncl 

Table 4-S. Secondary Organic Constituents - "Hanford Library." (2 sheets) 

Method 8260 VOC CASI Method 8270 SVOC CAS 

cis-1,3-Dichloropropene 10061 -01 -5 p-Nilrochlorobenzene 100-00-5 

E1hylene dibromide ( 1,2, Dibromoc1hane) 106-93-4 1,4-Dinilrobcnzene 100-25-4 

Butane 106-97-8 1,4-Dichlorobenzene 106-46-7 

1,3-Butadicne 106-99-0 Phenol l08-95-2 

Acrolein (propenal) 107-02-8 Hexachlorobenzene 118-74-1 

3-Chloropropene (Allyl chloride) 107-05-1 N,N-Diphenylamine 122-39-4 

Propionilrile (Ethyl cyanide) 107-12-0 Penlachloronaphlhalene 1321 -64-8 

Acrylonilrile 107-13- 1 Hexachloronaphlahlene• 1335-87-1 

2-Pentanone 107-87-9 Tetrachloronaphlhalene 1335-88-2 

Me1hylcyclohexane 108-87-2 Oc1achloronaph1halene 2234-13-1 

n-Penlane 109-66-0 lsodrin• 465-73-6 

5-Methyl-2-hexanone 110- 12-3 Benzo[u]pyrene• 50-32-8 

2-Heptanone 110-43-0 Dibenz[a,h]anthracene• 53-70-3 
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Table 4-5. Secondary Organic Constituents - "Hanford Library." (2 sheets) 

Method 11260 VOC CAS# Method 11270 SVOC CAS 

n-Hexane 110-54-3 1,3-Dichlorobenzenc 541 -73-1 

Cyclohexane 110-82-7 3-Methyl-2-butanone 563-80-4 

n-Octane 111 -65-9 N-Nitroso-N,N-dimethylaminc 62-75-9 

4-Heptanone 123- 19-3 Hexalluoroacetone 684-16-2 

Acetic acid , n-butylester 123-86-4 Pcntachloronitrobenzcnc (PCNB) 82-68-8 

1.4-Dioxane 123-91 -1 Pentachlorophenol 87-86-5 

n-Heptanc 142-82-5 
2 -sec-Butyl-4,6-dinitrophenol 

88-85-7 
(Dinoseb) 

Cyclopentanc 287-92-3 1,1' -Biphenyl 92-52-4 

Ethyl alcohol 64-17-5 Acetophenone 98-86-2 

2-Propyl alcohol 67-63-0 Toxaphcnc* 8001 -35-2 

n-propyl alcohol ( 1-propanol) 71 -23-8 Nitric acid , propyl ester 627-13-4 

Bromomethanc 74-83-9 Aldrin* 309-00-2 

Chloroethanc 75-00-3 alpha-BHC* 3 19-84-6 

Acetonitrilc 75 -05-8 bcta-BHC* 3 19-85-7 

I, I Dichlorocthane 75 -34-3 gamma-BHC (Lindanc)* 58-89-9 

Dichlorolluromethanc 75-43-4 Dieldrin* 60-57-1 

Chlorodilluororncthanc 75 -45-6 Endrin* 72-20-8 

3-Methy-2-butanone* 563-80-4 1.1 -Dimethylhydrazinc 57-14-7 

Hcxalluoroacetone* 684-16-2 Methylhydrazine 60-34-4 

2-Butcnaldchydc (2-Butcnal) 4 170-30-3 n-Nitrosomethylethylaminc 10595-95-6 

Methyl isocyanate 624-83-9 n-Nitrosodi -n-butylamine 924-16-3 

n-Propionaldchyde 123-38-6 

3-Hcptanone 106-35-4 

Chloromcthanc 74-87-3 

n-Nonane 111 -84-2 

Styrene 100-42-5 

Tctrahydrofuran 109-99-9 

Cyclohcxcne 110-83-8 

2-Methyl-2-propencnitrilc 126-98-7 

2-Hexanonc 591 -78-6 

Tricthylamine 121-44-8 

Oxirane 75-21 -8 

2-Methyl-2-propanol 75-65-0 

Dichlorodi lluoromethane 75-71 -8 

1,2-Dichloro- I, I ,2,2-tctralluoroethane 76-14-2 

Hcptachlor 76-44-8 
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