
• 

2. ECN Category (mark one) 

Supplemental 

Direct Revision 

Change ECN 

Temporary 

Standby 

Supersedure 

CancelNoid 

0 
@ 

0 
0 
0 
0 
0 

12a. Modification Work 

Q Yes (fill out Blk. 12b) 

@ No (NA Blks. 12b, 
12c, 12d) 

13a. Description of Change 

ENGINEERING CHANGE NOTICE 

3. Originator's Name, Organization, MSIN, and Telephone No. 

J.C. Henderson, Tank Farm Vadose Zone, 

H0-22, 372-9234 

s1 CooS 

Page 1 of _b__ 

• 1. ECN .••.. -64.8 34.0 
Proj. 
ECN 

4. USQ Required? 5. Date 

OYes @No 7/6 / 99 

6. Project Title/No./Work Order No. 

Preliminary Site-Specific Work 

Plan Addendum for WMA S-SX 

7. Bldg./Sys./Fac. No. 8. Approval Designator 

TWRS Vadose Zone N/A 
9. Document Numbers Changed by this ECN (indudes 

sheet no. and rev.) 
10. Related ECN No(s). 11 . Related PO No. 

HNF-4380, Rev . oA N/A N/A 

12b. Work Package No. 12c. Modification Work Completed 12d. Restored to Original Condition (Temp. 
or Standby ECNs only) · 

N/ A N/A NIA 
Design Authority/Co_g. Engineer Signature & Design Authority/Co_g . Engineer Signature & 

Da~ Da~ 

13b. Design Baseline Document? 0 Yes @ No 

Document revised based on review 

Ecology. 

and resolution of comments from Washington Department of 

14a. Justification (mark one) 14b. Justification Details 

Criteria Change 

Design Improvement 

@ 
0 
0 
0 
0 
0 

Changes required to . incorporate comments on Rev O received from 

Washington State Department of Ecology. 

Environmental 

Facility Deactivation 

As-Found 

Facilitate Const. 

Const. Error/Omission Q 
Design Error/Omission 0 

RELEASE ST AMP 15. Distribution (include name, MSIN, and no. of copies) 
Central Files B1-C7 

Vadose Zone Project Files H0 -22 

DOE/RL Reading Room H2-5..,_3 _____________ _ 

n t:;. Olson H0-12 

I. Yasek H0-12 

Borneman H2-53 

J.C. Henderson H0 - 22 

D.L. Nichols B2-05 

T . Knepp H0 - 22 

A-7900-013-2 (10/97) 

RECEIVED 

JUL 1 5 1999 
DOE-RL/0\S 

JL~ :.2199r 
DATE: 1 HANFORD ~ . 

STA: 's RELEASE ID . . 

' ~® 



1. ECN (use no. from pg. 1) 

ENGINEERING CHANGE NOTICE 
Page 2 of 2 648340 

Design Verification 17. Cost Impact 18. Schedule Impact (days) 
Required ENGINEERING CONSTRUCTION 

QYes Additional 0 $ Additional 0 $ Improvement Q 

@ No Savings 0 $ Savings 0 $ Delay 0 
19. Change Impact Review: Indicate the related documents (other than the en~neerin8 documents identified on Side 1) that will be affected by 

the change described in Block 13. Enter the affected document number in lock 2 . -

SOD/DD • SeismidStress Analysis • Tank Calibration Manual • 
Functional Design Criteria • Stress/Design Report • Health Physics Procedure • 
Operating Specification • Interface Control Drawing • Spares Multiple Unit Listing • 
Criticality Specification • Calibration Procedure • Test Procedures/Specification • 
Conceptual Design Report • Installation Procedure • Component Index • 
Equipment Spec. • Maintenance Procedure • ASME Coded Item • 
Const. Spec. • Engineering Procedure • Human Factor Consideration • 
Procurement Spec. • Operating Instruction • Computer Software • 
Vendor Information • Operating Procedure • Electric Circu it Schedule • 
OM Manual • Operational Safety Requirement • ICRS Procedure • 
FSAR/SAR • · IEFD Drawing • Process Control Manual/Plan • 
Safety Equipment List • Cell Arrangement Drawing • Process Flow Chart • 
Radiation Work Permit • Essential Material Specification • Purchase Requisition • 
Environmental Impact Statement • Fae. Proc. Samp. Schedule • Tickler File • 
Environmental Report • Inspection Plan • • 
Environmental Permit • Inventory Adjustment Request • • 

"" Other Affected Documents: (NOTE: Documents listed below will not be revised by th is ECN.) Signatures below indicate that the signing 
organization has been notified of other affected documents listed below. 

Document Number/Revision Document Number/Revision Document Number/Revision 

N/A 

21 . Approvals 
Signature Date Signature Date 

Design Authority/ Design Agent 

1L~L<J'i. Cog. Eng. u~ ~ PE 

Cog. Mgr. A,J ~ ? Li.l2 ~ QA 

QA Safety 

Safety Design 

Environ . Environ. 

Other · Other 

Ql;PARTMl;NT QF l;t:ll;B~Y 

Signature or a Control Number that tracks the 
Approval Signature 

8QQITIQNAL. 

A-7900-013-3 (10/97) 



HNF-4380, Rev. 1 

Preliminary Site-Specific SST Phase 1 RFI/CMS 
Work Plan Addendum for WMA S-SX 

J.C. Henderson 

Lockheed Martin Hanford Corporation 

Richland, WA 99352 
U.S. Department of Energy Contract DE-AC06-96RL 13200 

EDT/ECN: 648340 UC: 2010 

Org Code: 73100 Charge Code: 106501CA40 
B&R Code: EW3130010 Total Pages: _..2,:1,fr 2. 7 5 

k,.J 

Key Words: Vadose Zone, RFI/CMS Work Plan, WMA s-sx 

Abstract: This Preliminary Site-Specific Waste Management Area s-sx Phase 

1 RFI/CMS Work Plan Addendum addresses vadose zone and groundwater 

characterization activities in and near the WMA S-SX. Vadose zone 

characterization activities associated with decommissioning borehole 

41-09-39, installation of a new borehole in the SX Tank Farm near 

SX-115, and installation of three RCRA groundwater monitoring wells are 

described. 

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

Printed in the United States of America. To obtain copies of this document, contact: Document Control Services, 
P.O. Box 950, Mailstop H6-08, Richland WA 99352, Phone (509) 372-2420; Fax (509) 376-4989. 

JU 12 1999 
DATE: 

STA: (.) 
10: 

® 
Release Approval Date Release Stamp 

Approved For Public Release 

A-6400-073.1 (10/97) 



.. 

I 
(1) Document Number 

RECORD OF REVISION HNF-4380 
Page _1_ 

Title 

.!:'reliminary Site-Specific SST Phase 1 RFI/CMS Work Plan Addendum for WMA S - SX 

Change Control Record 

Authorized for Release 
(3) Revision (4) Description of Change - Replace , Add , and Delete Pages 

(5) Cog. Engr. (6) Cog. Mgr. Date 

(7) 
0 Initially released 4 /2 6 / 99 on EDT 621750 

/OA Incorporated per ECN -64 8339 - Replaced page C-5 

"" 
;::J 71 

RS 
Complete revision per ECN -64 8340 CJ i~fJ AJ~ 7 / ~, ~, , 

A-7320-005 (10/97) 



• 
HNF-4380, Rev. 1 

PRELIMINARY SITE­
SPECIFIC SST PHASE 1 
RFI/CMS WORK PLAN 
ADDENDUM FOR WMA S-SX 

July 1999 

Prepared for 
U.S. Department of Energy 

Prepared by 
Lockheed Martin Hanford Corporation 



HNF-4380, Rev. 1 

CONTENTS 

1.0 INTRODUCTION ............. ........... .................. ..... ............................................................ 1-1 
1.1 BACKGROUND ..................................................................................................... 1-1 
1.2 SCOPE OF ACTIVITIES .... ...... ............. .......... .' ...................................................... 1-6 
1.3 PURPOSE AND OBJECTIVE ................................................................................ 1-7 
1.4 BASIS FOR SELECTION OF FIELD ACTIVITIES ........................................... 1-10 
1.5 ORGANIZATION OF THE PRELIMINARY ADDENDUM ........... .... ............... 1-12 

2.0 BACKGROUND AND SETTING .................................................................................. 2-1 
2.1 SITE DESCRIPTION .............................................................................................. 2-1 

2.1.1 Location ....................................................................................................... 2-1 
2.1.2 History of Operations ............................................. .... ........ ... .. .......... ...... ... . 2-4 
2.1.3 Description of the Leak Detection System .................................................. 2-4 
2.1.4 Relationship to Other Facilities ................................................................... 2-6 

2.2 PHYSICAL'SETI1NG ............................................................................................ 2-6 
2.2.1 Topography .................................................................................................. 2-6 
2.2.2 Geology ....................... ... ........ .. ... ... .. .. ........... ... ...... ............... ........ ... ......... ... 2-8 
2.2.3 Hydrogeology ............................................................................................ 2-19 
2.2.4 Surface Water Hydrology .......................................................................... 2-24 
2.2.5 Meteorology ................................. ........... ........... : ....................................... 2-24 
2.2.6 Environmental Resources ............. ...... .... ............... ..... ............................... 2-25 
2.2. 7 Human Resources ..................................................................................... . 2-26 

3.0 INITIAL CONDITIONS AND CORRECTIVE ACTION REQUIREMENTS AND 
OBJECTIVES .................................................................................................................. 3-1 
3.1 KNOWN AND SUSPECTED CONTAMINATION .............................................. 3-1 

3.1.1 Sources ................... ...... .............. .. .. ........ ....... ... .. .. ......... ... ......... .............. ... .. 3-1 
3.1.2 Releases to Sediment ................................................................................... 3-4 
3.1.3 Groundwater ............................................... ............... .... ................. ...... ..... 3-11 
3.1.4 Surface Water and River Sediment.. ............. ..... ...... ........... ....................... 3-16 

3.2 POTENTIAL CORRECTIVE ACTION REQUIREMENTS .................... ............ 3-16 
3.3 POTENTIAL IMPACTS TO PUBLIC HEALTH 

AND THE ENVIRONMENT ................................................................................ 3-18 
3. 3 .1 Conceptual Exposure Pathway Model.. ......... ... ............... :' ......................... 3-18 

3.4 PRELIMINARY CORRE.CTIVE ACTION OBJECTIVES 
AND CORRECTIVE ACTION ALTERNATIVES ................................. ............ 3-23 

4.0 RATIONALE AND APPROACH .... .. ..................... .................. ................... ...... ......... .. .. 4-l 
4.1 RATIONALE .......................................... ................................................................. 4-1 

4.1. l Data Quality Objectives Process .. ........................................................... ..... 4-2 
4.2 DATA NEEDS ....................................................................................... ............ ...... 4-3 
4.3 APPROACH ............................................. .. ........... ......... ..... .. ........ .......................... 4-4 

4.3 .1 Characterization Options ........... .... ... ...... .... ...... ........ .................... ..... .......... 4-8 
4.3.2 Proposed Specific Tank SX-115 Borehole Location ................................. 4-16 
4.3.3 Investigative Sampling and Analysis and Data Validation .... .... ... ............ 4-21 

lll 



HNF-4380, Rev. 1 

CONTENTS (cont'd) 

5.0 RCRA FACILITY INVESTIGATION/CORRECTIVE MEASURES STUDY TASKS 
AND PROCESS ........................................................ ........ ............ ..................... ............. 5-1 
5.1 RCRA FACILITY INVESTIGATION TASKS ...................................................... 5-1 

5 .1.1 Preliminary Field Investigation ....................... .. .. ..... .. ........ ....... .... .............. 5-1 

6.0 SCHEDULE ............ ........................ ...... .. ........... .................... .. ............... .. .. ... ..... .... ..... .... 6-1 

7.0 PROJECT MANAGEMENT ........ .... ........ ..... ............................ .... .. .......... .. ... .... .. ... ...... .. 7-1 
7.1 PROJECT ORGANIZATION AND RESPONSIBILITIES .......... ...................... .... 7-1 

7 .1.1 General Management. ........... .. .. .. .......... ......... ..... ............... .............. .. .......... 7-1 
7.1.2 Meetings ............ .......................................... ....... ............... .. ............. .. .... ..... 7-1 
7 .1.3 Cost Control. ......... ....... ... ............... .... .. ........ ... ..... .... ...... ..... ... .... .... ............. . 7-1 
7.1.4 Schedule Control ............ ..... .. ... .. .. ................ ... .. ........ ... ....... ........ .. ...... .... ... . 7-1 
7.1.5 Work Control ............. .... .............. ........ .. ....... .. .... .... ............ ....... .. ...... .......... 7-2 
7.1 .6 Records Management .................................... ..... .. ...... ........ .. ...... .. ... ............ 7-3 
7.1.7 Progress and Final Reports .......... ........ .... ....................... .......... ................... 7-3 
7.1 .8 Quality Assurance ....... ..... ..... .. .. .. ... ........ ........ .. ... .... ... ... ... ... ..................... .... 7-3 
7.1.9 Health and Safety .... ....... ......................... ... ... .................... ... ... .... ............. .... 7-3 
7.1.10 Interface of Regulatory Agencies and the U.S. Department of Energy ....... 7-3 

7.2 DOCUMENTATION AND RECORDS .......... ............. .. ..... ............. .................. .... 7-4 

8.0 REFERENCES .... ... ..... ........... ... ... ... .... ....... ...... .. ... .. .. ..... .... ..... ......... ..... ... ......... ..... ... .. .... 8-1 

9.0 GLOSSARY ......... ... ................. .................... ...... ... ... ....... .. ...... ... ... ... ..... .. .. .... ... .. ....... ..... . 9-1 

APPENDICES 

A Sampling and Analysis Plan for the Preliminary Site-Specific SST Phase 1 
RFI/CMS Work Plan Addendum for WMA S-SX ........ .. ..... ...... ......... ........ ....... ..... ....... . A-i 

B Health and Safety Plan for the Preliminary Site-Specific SST Phase 1 RFI/CMS .......... B-i 
Work Plan for WMA S-SX 

C Quality Assurance Project Plan (QAPjP) for the Preliminary Site-Specific 
SST Phase 1 RFI/CMS Work Plan Addendum for WMA S-SX ..... ....... ........ ... ..... .. ..... .. C-i 

D Data Management Plan for the Preliminary Site-Specific SST Phase 1 RFI/CMS ...... ... D-i 
Work Plan Addendum for the WMA S-SX 

E DQO Summary for the Preliminary Site-Specific SST Phase 1 .. ..... ..... .. .. ..... ...... .. .... .. ... E-i 
RFI/CMS Work Plan Addendum for WMA S-SX 

F Tank Farm Vadose Zone Project Steering Group Recommendations .. ... ...... ........ .. ......... F-i 

lV 



HNF-4380, Rev. l 

FIGURES 

1.1 Location Map of Single-Shell Tank WMA S-SX 
and Surrounding Facilities in the 200 West Area ............................................................ 1-3 

1.2 Documents Required by the Tri-Party Agreement 
and Decision Points for Corrective Actions and Closure .............................................. .. 1-5 

1.3 Proposed Tri-Party Agreement Milestones for Corrective Actions ................................ 1-6 
1.4 Steering Group Recommended Objectives, Data Needs and Data Type ... ... ... ............... 1-9 
1.5 DQO Objectives and Data Needs .................................................................................. 1-11 
2.1 Location Map of Single-Shell Tank WMA S-SX and Surrounding Facilities 

in the 200 West Area ....................................................................................................... 2-2 
2.2 General Configuration of Tanks in WMA S-SX ........................... .......... .. ...................... 2-3 
2.3 SX Tank Farm SSTs and Associated Drywells ................ ...................... ......................... 2-5 
2.4 S-SX WMA and Surrounding Facilities ... ... ... ... .......... .. .... ....... .... ........ .... ........ .. .......... .. . 2-7 
2.5 Geologic Cross-Section of the Hanford Site .... .. ............................................................. 2-8 
2.6 Geographic Setting and General Structural Geology of the ~asco Basin 

and Hanford Site ........................................... ..... ..... .... . ; .... ... .. .......................................... 2-9 
2. 7 Conceptual Hydrogeologic Column for the Hanford Site ... .................. ...... ... .. .. .... ....... 2-10 
2.8 East-to-West Geologic Cross-Section Through SX Tank Farm ..... ......... ........ ....... ... .... 2-13 
2.9 Northwest-to-Southeast Geologic Cross-Section Through SX Tank Farm .... .. ... ....... .. 2-15 
2.10 Structural Contour Map (Surface Elevation) for the Top of the Carbonate 

for the SX Tank Farm and Vicinity ................ ... ... ... ................ ...... ........ .... .. .................. 2-18 
2.11 200 West Area Water Table Map, June 1998 ... ......................... ................................... . 2-20 
3 .1 Correlation Plot of Cesium-13 7 Concentrations 

in Boreholes Surrounding Tank SX-114 ......................................................................... 3-5 
3.2 Tank 241-SX-115 Subsurface Cesium-137 Contamination .... .......... ............ .... .............. 3-7 
3 .3 Correlation Plot of Cesiurn-13 7 Concentrations 

in Boreholes Surrounding Tank SX-115 ..... ...... ............ ................. ... .. .......... .... ... ... ...... .. 3-8 
3.4 Correlation of Log Data for Boreholes 41-09-39 and 41-09-04 ............ .... .... .. ... : ............ 3-9 
3.5 Spatial and Temporal Correlation of Observed Technetiurn-99 

in Groundwater and Possible Contaminant Source Areas 
in WMA S-SX (1986-1997) ...................... .. .................................................................. 3-13 

3.6 Technetium-99, Chromium, and Nitrate Concentrations vs. 
Time in the WMA S-SX Monitoring Well Network .... .... ....................... ... ...... ..... .. ...... 3-14 

3.7 Gross Beta Time Series Plots in Selected Wel1s for WMA S-SX ................................. 3-17 
3.8 Preliminary WMA S-SX Vadose Zone Conceptual Model ..... ... .......... .. ........ ........ .. .... 3-19 
4.1 Borehole Location Options to Meet Different Characterization Objectives .. ....... .. ........ 4-7 
4.2 Options Considered for Locating a New Borehole ...... ... ........ ...... ...... ... .. ...... ............... 4-12 
4.3 Tank 241-SX-l 15 Borehole Location Options ........ .. ........... ..... ... .......... ........... .. .......... 4-18 
5.1 Proposed Locations for the New Borehole and RCRA Groundwater Monitoring 

Wells ................................................................................................................................ 5-4 
6.1 Preliminary Characterization Schedule ......................................................................... .. 6-2 · 

V 



HNF-4380, Rev. 1 

TABLES 

2.1 RCRA Well Information for WMA S-SX ....... ............... ............... ................................ 2-21 
3.1 Estimated Past Leak Losses from the S-SX SSTs from 

V ariou.s References .................................................................................................... ...... 3-3 
3.2 SX Tank Leak Volumes and Dates .................. .. ........ ......... .................................... .... .. .. 3-4 
3.3 Groundwater Results for Borehole 41-09-39 .......... ...... .. ..................................... ..... .... 3-15 
4.1 Data Objectives, Associated Data Needs, Quantity, and Quality .................................... 4-5 
4.2 S-SX Preliminary Characterization Options ................................................................... 4-9 
4.3 Options Considered for New Borehole Locations ......................................................... 4-13 
4.4 Questions and Hypothesis Addressed at Different Tank SX-115 

Borehole Locations ......................................................................................................... 4-19 

VI 



amsl 
ARAR 
bgs 
CAR 
CERCLA 

CMS 
CoC 
CZT 
DOE 
DQO 
DST 
DWR 
Ecology 
EPA 
GIS 
GWNZ 
HLW 
HPGe 
HWMA 
ICM 
ILAW 
LMHC 
MCL 
Nal 
PNNL 
Preliminary Addendum 

QA/QC 
QAPjP 
QRA 
RCRA 
RCW 
REDOX 
RFI/CMS 
SAP 
SOLS 
SST 
TBC 
Tri-Party Agreement 
TSD 
T\VRS 
WAC 
WMA 
W1v1FS 

HNF-4380, Rev. 1 

ACRONYMS AND ABBREVIATIONS 

above mean sea level 
applicable or relevant and appropriate requirement 
below ground surface 
corrective action requirements 
Comprehensive Environmental Response, Compensation, and 
Liability Act 
corrective measures study 
contaminant of concern 
cadmium zinc telluride 
U.S. Department of Energy 
data quality objective 
double-shell tank 
Dangerous Waste Regulations 
Washington State Department of Ecology 
U.S. Environmental Protection Agency 
graphical information system 
groundwater/vadose zone 
high-level waste 
high-purity germanium 
Hazardous Waste Management Act 
interim corrective measures 
immobilized low-activity waste 
Lockheed Martin Hanford Corporation 
maximum contaminant level 
sodium iodide 
Pacific Northwest National Laboratory 
Preliminary Site-Specific WMA S-SX Phase 1 RFI/CMS Work 
Plan Addendum 
quality assurance/quality control 
quality assurance project plan 
qualitative risk assessment 
Resource Conservation and Recovery Act 
Revised Code of Washington 
reduction-oxidation 
RCRA Facility Investigation/Corrective Measures Study 
sampling and analysis plan 
spectral gamma logging system 
single-shell tank 
to be considered 
Hanford Federal Facility Agreement and Consent Order 
treatment, storage, and/or disposal 
Tank Waste Remediation System 
Washington Administrative Code 
waste management area 
Waste Management Federal Services 

vu 



HNF-4380, Rev. 1 

This page intentionally left blank 

Vlll 



• 

HNF-4380, Rev. 1 

1.0 INTRODUCTION 

This Preliminary Site-Specific Waste Management Area (WMA) S-SX Phase 1 Resource 
Conservation and Recovery Act (RCRA) Facility Investigation/Corrective Measures Study 
(RFI/CMS) Work Plan Addendum (Preliminary Addendum) is prepared to enable initial field 
characterization efforts in and near WMA S-SX to commence in fiscal year 1999. This 
Preliminary Addendum is necessary to identify and plan initial characterization efforts as part of 
a RCRA Facility Investigation (RFI). The initial field characterization efforts include the 
collection of vadose zone and groundwater data from the following: 

• Installation of a new borehole 
• Decommissioning of borehole 41-09-39 
• Vadose zone data from the installation of three proposed RCRA groundwater monitoring 

wells. 

Documented in this Preliminary Addendum are the decisions made during negotiations between 
the Washington State Department of Ecology (Ecology) and U.S. Department of Energy (DOE) 
and a data quality objectives (DQO) process, the tasks, project responsibilities, and schedule. 

1.1 BACKGROUND 

Under the Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) 
(Ecology et al. 1996) signed by Ecology, the U.S. Environmental Protection Agency (EPA), and 
DOE, more than 2,000 inactive waste disposal and unplanned release sites on the Hanford Site 
have been grouped into a number of treatment, storage, and/or disposal (TSD) units, WMAs, and 
operable units. Included in the WMAs are 149 single-shell tanks (SST) that are dangerous waste 
management units regulated under Washington's Hazardous Waste Management Act (HWMA) 
(Chapter 70.105 Revised Code of Washington [RCW]) and its implementing requirements 
(Washington's Dangerous Waste Regulations [DWR] in Chapter 173-303 Washington 
Administrative Code [WAC]). 

The SSTs currently are operating under interim status pending closure. The tank farms will be 
closed as TSD units under the HWMA and Major Milestone series M-45-00 of the Tri-Party 
Agreement (Ecology et al. 1996). The 149 SSTs are grouped into 12 SST farms, which are in 
turn grouped into 7 WMAs for purposes of HWMA groundwater assessment and monitoring. 
To date, tank leaks and past practice releases of tank waste including dangerous waste and 
dangerous waste constituents have resulted in groundwater contamination documented at four of 
the seven SST WMAs (i.e., \VMA S-SX, B-BX-BY, T, and TX-TY). 

The investigation activities outlined in this Preliminary Addendum will t,e managed by the Tank 
Farm Vadose Zone Project as an integrated function of the Hanford Site GroundwaterNadose 
Zone (GWNZ) Integration Project. This Preliminary Addendum for WMA S-SX is a Tri-Party 
Agreement secondary document submitted to Ecology for review and approval pursuant to 
proposed Milestone M-45-52-T0l (DOE 1999a). 
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The WMA Sand SX Tank Farms are regulated under RCRA interim status regulations (40 Code 
of Federal Regulations [CFR] 265, Subpart F) (Figure 1.1). The Sand SX Tank Farms comprise 
the WMA S-SX, which was placed in assessment groundwater monitoring (40 CFR 265.93 [d]) 
in August 1996 because of elevated specific conductance and technetium-99, a non-RCRA 
co-contaminant, in downgradient monitoring wells (Caggiano 1996). Technetium-99 and nitrate 
are the only constituents to have exceeded drinking water standards. The drinking water 
exceedances in the RCRA-compliant monitoring wells are currently limited to one well 
(299-W22-46), which is located at the southeast comer of the SX tank farm (see Section 3.1.3). 

In fiscal year 1995, spectral gamma logging (i.e., collection of baseline gamma-specific 
radioisotope information in the upper vadose zone) was completed at the SX Tank Fann. 
Spectral gamma logging was completed at the S Tank Fann in fiscal year 1996. This program 
builds on a previous program in which gross gamma data were collected as a means of leak 
detection from the SSTs. Both programs used the network of drywells installed around each tank 
in each SST farm. In July 1996, the final report on spectral gamma logging at the SX Tank Fann 
(DOE-GJPO 1996) indicated contaminants cesium-137, cobalt-60, europium-152, and 
europium-154 at a maximwn depth of 43 m (140 ft) below ground surface (bgs) near tank 
SX-102 and contaminants at depths of 39.6m (130 ft) bgs near tanks SX-108 and SX-109. The 
network of drywells installed around each tank was intended for leak detection and was generally 
installed between depths of 22.8 m and 42.7 m (75 to 140 ft) bgs, thus the maximum detection 
depth is limited by the drywell depth. 

In 1996, an independent panel was formed to evaluate issues associated with vadose zone 
contamination in the tank farms. Following a review of available data, the panel recommended a 
series of measures to improve characterization of the vadose zone and recommended installation 
of new boreholes in the SX Tank Fann to address issues associated with contaminant migration 
through preferential pathways ( e.g., boreholes) and through the formation (DOE-RL 1997). 
Two new drywells were installed (drywells 41-12-01 and 41-09-39), and in 1997, 
drywell 41-09-3.9 was extended from 39.6 m (130 ft) to below the water table at a depth of 69 m 
(225 ft) bgs (Myers et al. 1998). · Spectral gamma surveying determined that drag down of 
contaminants in the initial drywell (41-12-01) was occurring during drilling and that the drag 
down could be reduced by modifying the drilling techniques. Improved drilling techniques were 
adopted for drywell 41-09-39, which minimized drag down. The extension of drywell 41-09-39 
indicated that from 40 to 41 m ( 131 to 134 ft), the concentration of cesiurn-13 7 decreases by over 
four orders of magnitude and that the maximum concentration oftechnetium-99, in the interval 
from 39.6 m (130 ft) to the water table, is observed at a depth of 40.6 m (133 ft). Additionally, 
in 1996, an analysis of SX Tank Fann leak histories determined that past tank leaks from four of 
the SX Tank Fann SSTs (SX-108, -109, -111, and-112) could be much larger than previously 
estimated (Agnew and Corbin 1998). 

A groundwater assessment monitoring report that focused on contaminants in the underlying 
unconfined aquifer was completed (Johnson and Chou 1998). Major findings summarized in the 
report are as follows. 
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Figure 1.1. Location Map of Single-Shell Tank WMA S-SX 
and Surrounding Facilities in the 200 West Area 
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• Distribution patterns for radionuclides and RCRA/dangerous waste constituents indicate 
WMA S-SX has contributed to groundwater contamination as observed in downgradient 
monitoring wells. Multiple source locations in the WMA are needed to explain spatial 
and temporal groundwater contamination patterns. 

• Drinking water standards for nitrate and technetium-99 were exceeded in three wells. 
In RCRA-compliant wells located at the southeastern comer (299-W22-46) and south 
(299-W23-15) of the SX Tank Farm, technetium-99, the constituent with the highest 
concentration, was at four to five times the EPA interim drinking water standard of 
900 pCi/L. Technetium-99 also was found at just above the drinking water standard in an 
older noncompliant well (299-W23-1) inside the S Tank Farm. 

• Based on data available at the time of the groundwater assessment, technetium-99, 
nitrate, and chromium concentrations in downgradient well 299-W22-46 (the well with 
the highest concentrations at the time of the groundwater assessment) appeared to be 
declining after reaching maximum concentrations in May 1997. Technetium-99 and 
nitrate have remained above maximum contaminant levels (MCLs) since 
September 1998; however, chromium has not exceeded the MCLs. 

• Cesium-13 7 and strontium-90, constituents of concern in SST waste, were not detected in 
any of the RCRA-compliant wells in the WMA monitoring network, including the well 
with the highest current technetium-99 concentrations (299-W22-46). 

• Low but detectable strontium-99 and cesium-137 were found in one well (299-W23-7) 
located inside and between the Sand SX Tank Farms. Additional investigation may be 
needed to determine if the low-level contamination is borehole related or more broadly 
distributed in the aquifer. 

Based on the results of the groundwater assessment, on July 10, 1998, Ecology requested that 
DOE develop and submit a corrective action plan outside of the existing Tri-Party Agreement for 
the four WMAs with documented leaks (i.e., WMA S-SX, B-BX-BY, T-, and TX-TY). Between 
September 1998 and January 1999, Ecology and DOE negotiated the proposed Tri-Party 
Agreement Change Control Form Number M-45-98-03 (DOE 1999a), which addresses the initial 
-sequence of SST W1v1A investigations under corrective action and identifies the need for vadose 
zone and groundwater investigations and the need to integrate vadose zone and groundwater 
activities (Figure 1.2). 

Pursuant to the proposed Tri-Party Agreement Change Control Form Number M-45-98-03 
(DOE 1999a), the RCRA Corrective Action process is used to establish the framework within 
which vadose zone investigations are planned and carried out to support decisions including the 
following: 

• Appropriate interim measures 
• Appropriate interim corrective measures (ICM) 
• SST waste retrieval 
• Tank farm and WMA closure. 
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Figure 1.2. Documents Required by the Tri-Party Agreement and Decision Points for Corrective Actions and Closure 
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The initial sequence of investigations includes initiation of preliminary characterization efforts in 
fiscal year 1999 in WMA S-SX based on this Preliminary Addendum and characterization of the 
remainder ofWMA S-SX followed by characterization ofWMAs B-BX-BY, T, and TX-TY 
(Figure 1.3). All of these efforts will be based on a Phase 1 RFI/CMS Work Plan (proposed 
Milestone M-45-51) and site-specific WMA RFI/CMS Work Plan addenda (proposed 
Milestones M-45-52, M-45-53, and M-45-54). Following the completion of field activities for 
each of the WMAs, Field Investigation Reports will be prepared (proposed Milestones 
M-45-55-T0l , M-45-55-T02, and M-45-55-T03). These reports will be the basis of the Phase 1 
RFI Report, which will be submitted to Ecology (M-45-55) to support decisions on the 
implementation of additional interim measures (proposed Milestone M-45-56), corrective 
measures based on a Corrective Measures Study (CMS) (proposed Milestone M-45-58), 
additional field investigations (i.e., Phase 2), and/or tank waste retrieval and tank farm closure 
(DOE 1999a). 

Figure 1.3. Proposed Tri-Party Agreement Milestones for Corrective Actions 
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Negotiations between DOE and Ecology resulted in a plan in which preliminary characterization 
data will be collected beginning in fiscal year 1999 from WMA S-SX. In April 1999, DOE must 
submit a work plan addendum to "enable initial field work and borehole installation to 
commence in Fiscal Year 1999" (DOE 1999a). The work plan a1so must address the following: 

"locations and methods for sampling and analysis to meet work plan objectives ... 
requirements for groundwater sampling from initial vadose zone boreholes and vadose 
zone sampling from planned groundwater monitoring wells" (DOE 1999a). 
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DOE and Ecology decided to proceed with initial characterization efforts in WMA S-SX 
because, of the four WMAs, more information is available for WMA S-SX based on recent 
investigations and existing DOE plans including decommissioning of borehole 41-09-39 during 
fiscal year 1999 (LMHC 1998). Within WMA S-SX the most information is available regarding 
past releases within the SX Tanlc Farm (DOE-GJPO 1996, Agnew and Corbin 1998, Johnson and 
Chou 1998, Myers et al. 1998, and Jones et al. 1998). In addition, much more work has been 
done in the SX Tank Farm in evaluating historical data compared to any other tank farm. This, 
coupled with the work of the SX expert panel and recent investigations, allowed Ecology and 
DOE to proceed with initial characterization efforts before development of the Phase 1 RFI/CMS 
Work Plan (M-45-51 ). The rationale was that a better understanding of critical data needs was 
available to begin characterization work in the SX Tank Farm. Therefore, the initial field 
investigations at WMA S-SX addressed in this Preliminary Addendum are as follows: 

• Decommissioning of borehole 41-09-39 within the SX Tank Farm 

• Installation of a new borehole in the SX Tank Farm 

• Integration with the Hanford Groundwater Program to collect vadose zone data for the 
installation of three RCRA groundwater monitoring wells downgradient of the SX Tank 
Farm. 

1.3 PURPOSE AND OBJECTIVE 

The negotiations between DOE and Ecology established the objectives of the characterization 
effort for the WMAs to include the following: · 

• Generation of GWNZ characterization data/information necessary to: 

"(i) define the sources, nature, and extent of vadose zone and aquifer contamination, 
(ii) identify actual and potential receptors (via air, land, surface water, and groundwater 
pathways), (iii) determine the need for additional interim measure or interim corrective 
measures" (DOE 1999a) 

• Support tank waste retrieval and tank farm closure of SST TSDs under HWMA and 
RCRA (DOE 1999a). 

The negotiations also resulted in an agreement to develop a work plan addendum for interim 
characterization efforts at WMA S-SX based on "objectives developed through a data quality 
objectives process" (DOE 1999a). The DQO process was completed from February through 
April 1999 (Appendix E). The DQO process included participation by Ecology and DOE (the 
decision makers), Tribal Nations, Oregon Department of Energy, the Hanford Site Vadose Zone/ 
Groundwater Integration Project, Site experts, and a Tank Farm Vadose Zone Project Steering 
Group. Meetings held as part of the DQO process involved varying levels of involvement by all 
participants except Ecology and DOE. Early meetings addressing the definition of the problem, 
review of existing data, and input required to support decisions and sampling and analysis 
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alternatives were attended by a broad range of participants. Later meetings were held between 
the decision makers with input from Site contractors and other DQO process participants. 

The Tank Farm Vadose Zone Project created a Steering Group to provide input during and after 
the DQO process. The Steering Group consisted of Kevin Lindsey (D.B. Stevens and 
Associates), Vern Johnson (Pacific Northwest National Laboratory [PNNL]), Kent Reynolds 
(Waste Management Federal Services [WMFS]), Glendon Gee (PNNL), Louis Kovach 
(independent consultant), Charlie Cole (PNNL), and Jeff Serne (PNNL). 

Because the characterization activities for fiscal year 1999 will be initiated before completion of 
the Phase 1 RFI/CMS DQO and Work Plan, the Steering Group recommended that the effort 
must: 

• Be attainable within fiscal year 1999 
• Contribute to near-term water resource protection 
• Not be required to answer all outstanding vadose zone characterization questions. 

Wilh these general objectives, the group concluded that the specific objective for the fiscal year 
1999 characterization effort should be "determining the mobility status of the source of 
groundwater contamination" (Appendix F). The group recommended various data needs 
including data from contaminated and noncontaminated areas within and near the SX Tank Farm 
and data resulting from analysis of sediment samples collected using intrusive and nonintrustive 
techniques from existing and new boreholes and/or CPT deployments (Figure 1.4). The group 
suggested a range of radiological, chemical, and physical property analysis. 

The Steering Group indicated that many of the data needs could be satisfied from existing 
boreholes ( either extending the boreholes or from sidewall sampling) and the planned RCRA 
monitoring well installation. However, the group also suggested that CPT deployment and a new 
borehole may be required in fiscal year 1999 or as part of a subsequent WMA S-SX 
characterization effort. Among the locations for a new borehole indicated as having potential to 
contribute valuable data are near tank SX-115 and near tanks SX-108 and -109. 

The DQO process resulted in identification of activities to collect vadose zone data to support the 
objectives outlined above. The process included meetings between the decision makers (DOE 
and Ecology) and others to complete a review of existing data, define the problem, identify and 
prioritize decisions, identify the input required to make decisions, and boundaries for the 
decisions. The meetings also addressed decision rules and uncertainty and sampling and analysis 
alternatives. Because the Preliminary Addendum precedes completion of the Phase 1 RFI/CMS 
Work Plan DQO process, the focus of the DQO process for the Preliminary Addendum was on 
sampling and analysis alternatives. These alternatives and the decisions made by Ecology and 
DOE based on the alternatives are documented in Chapter 4.0. 
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Figure 1.4. Steering Group Recommended Objectives, Data Needs, and Data Type 
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The specific objectives of the investigation efforts identified in this Preliminary Addendum are 
as follows. 

• Collect data to support an improved understanding of the nature and extent of 
contaminants in the vadose zone (and upper portion of the unconfined aquifer) from 
nominally 3 m (10 ft) bgs to the vadose zone/groundwater interface. 

• Collect data to support an improved understanding of vadose zone parameters affecting 
contaminant fate and transport required to perform risk assessments. 

1.4 BASIS FOR SELECTION OF FIELD ACTIVITIES 

As indicated previously, Ecology and DOE determined that characteriL'.:ation activities should be: 
(1) initiated in fiscal year 1999, (2) focused on WMA S-SX, (3) data collection that would 
support decisions on additional interim measures or ICM, tank waste retrieval, and tank farm 
closure, and ( 4) characterization activities that would include installation of a new borehole and 
vadose zone data from new RCRA groundwater monitoring wells. These decisions, and the 
decision by DOE to proceed with the decommissioning of borehole 41-09-39, were the starting 
point for the DQO process. Based on input from Ecology and DOE, and input from the DQO 
participants, the initial characterization activities in support of the objectives and data needs 
identified for the SX Tank Farm are illustrated in Figure 1.5. The following summarize the 
decisions reached by Ecology and DOE based on the DQO process: 

• Decommissioning of borehole 41-09-39-This borehole was installed as a temporary 
borehole during two separate drilling campaigns, one beginning in December 1996 in 
which the borehole was driven to 40.1 m ( 131.5 ft) with a closed-end steel casing and one 
beginning in September 1997 in which the borehole was deepened to 69 m (225.3 ft). 
Following the completion of groundwater sampling activities conducted as part of the 
Hanford Groundwater Program, decommissioning activities will be started that will 
include a tracer test, borehole geophysical logging, sidewall sediment sampling of 
selected intervals, and removal of temporary materials and prop.er sealing of the hole in 
accordance with WAC requirements. 

• Installation of a new exploratory borehole southwest of tank SX-115 - The DQO process 
resulted in the identification of several potential locations for the proposed new borehole 
(e.g., near tanks SX-108 and SX-115). A location southwest of tank SX-108 was a 
candidate for the initial field investigation, but it was determined during the DQO that 
resolution of technical and schedule uncertainties would put at risk the ability to initiate 
borehole installation field work in July 1999. For this reason, DOE and Ecology selected 
an alternative borehole location southwest of tank SX-115 for incorporation into this 
Preliminary Addendum. This location, like the location near tank SX-108, is near a past 
tank leak. The new borehole will be installed using a drive and drill dual-wall reverse air 
circulation rotary drilling technique while driving conductor casing with staged 
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Figure 1.5. DQO Objectives and Data Needs 
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(telescoping) casings to reduce the likelihood of cross contamination from penetrating 
through highly contaminated zones. Collection of split-spoon driven samples and drill 
cutting samples will be attempted from about 3 m (10 ft) bgs to just below the water 
table. The water table is expected to be encountered at a depth of 64 m (210 ft) bgs. 
Selected portions of the samples will be analyzed for chemical, radiological, and physical 
characteristics. A suite of geophysical surveys will be performed, and groundwater 
samples will be collected for chemical and radiological analysis. The new borehole is 
being installed as a temporary borehole and will require decommissioning. 
Decommissioning plans will not be developed until the results of the borehole installation 
have been evaluated. 

• Collection ofvadose zone characterization data from three proposed RCRA groundwater 
monitoring wells - Vadose zone samples will be collected during the installation of three 
proposed RCRA groundwater monitoring wells planned in support of the ongoing RCRA 
groundwater monitoring effort. The three RCRA groundwater monitoring wells are to 
replace existing RCRA groundwater monitoring wells because groundwater levels in the 
WMA S-SX area are declining by up to 0.6 m (2 ft) per year, and some of the existing 
monitoring wells are going dry. The southern-most proposed monitoring well is 
tentatively located about 50 m (164 ft) southeast of tank SX-113 . From this well, the 
collection of continuous driven samples from about 6 m (20 ft) bgs to refusal (anticipated 
to be near the top of the Ringold Formation) will be attempted. Continuous drill cuttings 
will be collected from refusal to the water table. The other two RCRA groundwater 
monitoring wells are located east of WMA S-SX. Continuous drill cuttings will be 
collected and described from these two wells. Selected portions of the split-spoon driven 
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samples and cuttings will be analyzed for physical, hydraulic, and chemical properties. 
A detailed description of the work associated with the installation of these monitoring 
wells is being developed by the Hanford Groundwater Program. Only details associated 
with the collection and analysis of driven samples and cuttings are provided in this work 
plan addendum. 

1.5 ORGANIZATION OF THE PRELIMINARY ADDENDUM 

Eight chapters and six app~ndices are included in this Preliminary Addendum. The addendum is 
structured to provide information necessary to initiate the field investigation in fiscal year 1999. 
The chapters include the following: 

• Chapter 1.0: Introduction to the Preliminary Addendum that provides an overview of the 
issues and technical approach detailed in the remainder of the addendum 

• Chapter 2.0: Overview of the physical and environmental setting ofWMA S-SX 

• Chapter 3.0: Summary of the available data on potential contaminant exposure pathways 
that will be used to develop a conceptual exposure pathway model for WMA S-SX 
needed to assess compliance with Federal and state environmental standards, 
requirements, criteria, or limitations that may be considered potential corrective action 
requirements (CAR), and potential impacts to human health and the environment 

• Chapter 4.0: Presentation of the rationale and approach for the initial field investigations 

• Chapter 5.0: Presentation of the tasks and activities necessary to conduct initial field 
investigations 

• Chapter 6.0: The schedule for the initial site-specific investigations focused on vadose 
zone-related aspects of WMA S-SX in accordance with the tasks and activities discussed 
in Chapter 5.0 

• Chapter 7.0: Description of the project management tasks necessary to implement the 
initial field investigation activities, including responsibilities, organizational structure, 
and project tracking and reporting procedures 

• Chapter 8.0: References used to develop the Preliminary Addendum. 

Appendices to this Preliminary Addendum include supporting plans and information necessary to 
define, conduct, and control the initial field characterization activities. The appendices include 
the following: 

• A- Sampling and Analysis Plan 
• B - Health and Safety Plan 
• C - Quality Assurance Project Plan 
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• D - Data Management Plan 
• E - Data Quality Objectives Summary 
• F - Steering Group Report on Initial Field Characterization Data Needs. 
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2.0 BACKGROUND AND SETTING 

The 241-S and 241-SX tank farms SSTs are RCRA TSD units located in the southern portion of 
200 West. Waste in the SSTs consists of liquid, sludges, and saltcake (i.e., crystallized salts). 
Over the years, much of the liquid stored in the SSTs has been evaporated or pumped to 
double-shell tanks (DSTs). 

The 241-S and 241-SX tank farms comprise the Waste Management Area (WMA) S-SX and are 
interim status, TSD units pending closure that must be operated, permitted, and maintained in 
compliance with RCRA and Washington State's dangerous waste program regulations 
(WAC 173-303) and Tri-Party Agreement Milestone M-45-00 and proposed Milestones M-45-
51, M-45-52, and M-45-52-TOI (Ecology et al. 1996; DOE 1999a). WMA S-SX historically 
received hazardous or dangerous waste, but SSTs in WMA S-SX are out of service (i.e., no 
additional waste has been added) and will be closed in accordance with the state ' s dangerous 
waste program, as specified in WAC 173-303-610. A SST closure work plan has been prepared 
but is scheduled for rewriting and resubmittal to Ecology (DOE 1996b ). Sampling and analysis 
plans (SAP) are not included in the plan (DOE 1996b ). Post-closure permit applications would 
be required to support the closure plans submitted to Ecology. Post-closure permit applications 
may be required if dangerous waste is left in place ( e.g., closure as a landfill) or if modified 
closure is required (Ecology 1998). The procedures are consistent with the Tri-Party Agreement 
Action Plan (Ecology et al. 1996). 

2.i SITE DESCRIPTION 

Information and data regarding the 241-S and 241-SX tank farm facility description were 
obtained from the Historical Tank Content Estimate for the Southwest Quadrant of the Hanford 
200 West Area (WHC 1994). The location, history of operations, facility characteristics and 
identification, waste-generating processes, interaction with other facilities, and RCRA 
considerations are discussed in the following subsections. 

2.1.1 Location 

The 241-S and 241-SX tank farms are located in the southern portion of the 200 West Area, near 
the Reduction-Oxidation (REDOX) Plant (Figure 2.1 ). The 241-SX tank farm contains 15 SSTs, 
each with a 3,785,000-L (1,000,000-gal) capacity. The 241-S tank farm contains 12 SSTs, each 
with a 2,869,030-L (758,000-gal) capacity. These SSTs are 23 m (75 ft) in diameter. 
The 241-S tank farm SSTs are approximately 11.4 m (37.25 ft) tall from base to dome, and the 
241-SX tank farm SSTs are approximately 13.4 m (44 ft) tall from base to dome. The sediment 
cover from the apex of the dome to ground surface is approximately 2.46 m (8.083 ft) at the 
241-S tank farm and 1.8 m (6 ft) at the 241-SX tank farm, respectively. All of these tanks have a 
dish.shaped bottom (Figure 2.2). The 241-SX tank farm SSTs were the frrst SSTs designed for 
self-boiling (self-concentrating) waste; however, the 241-S tank farm SSTs received self-boiling 
waste. The 241-S and 241-SX SSTs were constructed with cascade overflow lines in a 
three-tank series that allowed gravity flow of liquid waste between the tanks. The following 
tanks comprise the three-tank series for the 241-S tank farm: tanks S-101 , -102, -103; tanks 
S-104, -105, -106; tanks S-107, -108, -109; and tanks S-110, -111, -112. At the 24-1-SX tank 
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Figure 2.1. Location Map of Single-Shell Tank WMA S-SX 
and Surrounding Facilities in the 200 West Area 
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Figure 2.2. General Configuration of Tanks in WMA S-SX 
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farm, the three-tank series is comprised of the following tanks: SX-101, -102, -103; 
tanks SX-104, -105, -106, tanks SX-107, -108, -109, tanks SX-110, -111, -112; and tanks 
SX-113, -114, -115. The last tank in a three-tank cascade series was configured to overflow to a 
crib as necessary. Figure 2-3 shows SX Tank Farm SSTs and associated drywells. 

2.1.2 History of Operations 

The tanks in the 241-S and 241-SX tank farms received REDOX Plant waste, which was 
self-boiling or self-concentrating through evaporation of liquid. The 241-S tank farm was built 
between 1950 and 1951. The 241-SX tank farm was built between 1953 and 1954. 

The 241-S tank farm operation began in 1951. The tanks were filled with liquids by 1953; 
however, the waste began self-boiling in the summer of 1952. A surfar,e condenser was installed 
in 1953 to concentrate the waste and provide more tank space. The vapor condensate was 
disposed of in nearby cribs. Liquid levels in the tanks fluctuated during the next 20 years, and 
then the tanks filled rapidly with solids. The change can be attributed to the startup of the 
242-S evaporator/crystalizer because the tanks were used as receivers for evaporator waste 
products. When the tanks were filled with solids, little could be done with technology that had 
been developed to increase the service lives of the tanks. The tanks were removed from service 
in the late 1970s or early 1980s. 

The 241-SX tank farm operation began in 1954 with the first six tanks. The last nine tanks 
began operation in late 1955. The first six tanks received REDOX Plant waste and first-cycle 
condensate; the other nine tanks received REDOX high-level boiling waste. The first six tanks 
were full ofliquid by early 1954. Tank 241-SX-106 served as a slurry receiver and as a 
temporary storage repository for laboratory waste and, therefore, did not fill as quickly as the 
other tanks. Most of the last nine tanks were filled with liquid during 1955, and the waste 
self-concentrated during the next few years. During the 1960s and 1970s, the last nine tanks 
developed leaks and were removed from service. Tanks 241-SX-101 through SX-106 are 
one-half to two~thirds full of solids (mostly saltcake) and contain some sludge. All of the tanks 
were removed from service by 1980 (i.e., no new additions of waste) and have been interim 
isolated or partially interim isolated. 

2.1.3 Description of the Leak Detection System 

The 241-SX tank farm has 98 leak detection wells currently used for leak detection monitoring 
that were drilled from 1954 to 1978. Laterals that are currently inaccessible also exist under 
10 tanks as shown in Figure 2-3 . Two additional drywells were drilled and installed in 1996 and 
1997. These drywells were 41-09-3 9, which was extended to groundwater in 1997, and 
drywell 41-12-01 . The 241-SX tank farm layout showing drywell and lateral locations in 
reference to tanks is shown in Figure 2.3 . 
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2.1.4 Relationship to Other Facilities 

Various cribs, trenches, french drains, and the U Pond that comprise associated facilities are 
located in the vicinity of WMA S-SX. Waste discharged to or stored at these facilities may have 
had an effect on the groundwater contamination at WMA S-SX. These sites are not RCRA units 
and, therefore, are not part of the Hanford Site Groundwater Program; these units are monitored 
under the Sitewide groundwater monitoring program (PNNL 1998). These facilities consist of 
216-S-1, 216-S-2, and 216-S-3 cribs, 216-S-4 french drain, 216-S-8 trench, 216-S-21 crib, 
216-S-25 crib, 216-SX-2 crib, 241-S-15 l diversion box, 241-SX-302 catch tank, and U Pond. 
Figure 2.4 shows the location of these facilities ( except the U Pond, which is located west of 
WMA S-SX) with respect to WMA S-SX. A summary of the operation, vadose zone 
contamination, and groundwater contamination history for each of these facilities is described in 
DOE/Grand Junction Project Office (DOE-GJPO) (1996), Jones et al. ! 998, and other 
documents. 

2.2 PHYSICAL SETTING 

The following sections describe the topography, geology, hydrogeology, surface water 
hydrology, meteorology, environmental resources, and human resources associated at the WMA 
S-SX. This discussion includes a brief overview of the larger setting, which provides the 
framework for the site-specific conditions. 

2.2.1 Topography 

A generalized east-west cross-section defining the H;anford Site's structure and topography is 
shown in Figure 2.5. The Tank Waste Remediation System (TWRS) sites are located in the 
200 West and 200 East Areas on and near a broad, flat area of the Hanford Site commonly 
referred to as the Central Plateau. The Central Plateau is located within the Pasco Basin, which 
is a topographic and structural depression in the southwest corner of the Columbia Basin. The 
basin is characterized by generally low-relief hills with deeply incised river drainage 
(Figure 2.6). The Hanford Site is an area of generally low relief, ranging from 120 m (390 ft) 
above mean sea level (amsl) at the Columbia River to 230 m (750 ft) amsl in the vicinity of the 
TWRS sites. WMA S-SX is located in the 200 West Area . 

. Geologic processes that have formed the Hanford Sit-e's topography over thousands of years 
include landslides, floods, and volcanic activity. Landslides are not a common occurrence in the 
200 Areas because of flat topography, the deep water table, and the absence of any actively 
eroding streams. The nearest potential flooding source to the TWRS sites is Cold Creek, located 
in the southwest portion of the Hanford Site. Studies of the probable maximum flood show that 
Cold Creek' s flooding effect would be limited to the southwestern corner of the 200 West Area 
(Cushing 1994). The most likely source of volcanic activity that could impact the TWRS sites 
would be in the Cascade Mountain Range, more than 100 km ( 60 mi) west of the Hanford Site. 
The 1980 eruption of Mount St. Helens is an example of such a volcanic event, causing ashfall at 
the Site but no other effects. 
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Figure 2.4. S-SX WMA and Surrounding Facilities 
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Figure 2.5. Geologic Cross-Section of the Hanford Site 
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The 200 Areas are situated between the Gable Mountain anticline and Cold Creek syncline. 
The Gable Mountain anticline is of particular importance to the groundwater flow. Portions of 
this anticline have been uplifted to a point where basalt is above the current water table. Basalt 
has a low hydraulic conductivity and acts as a barrier to horizontal groundwater flow in the 
unconfined aquifer. 

In Figure 2. 7, the relationship between the various stratigraphic units and hydrogeologic units of 
the suprabasalt sediments in the Central Plateau is shown. Basalt flows more than 3,000-m 
(10,000-ft) thick, called the Columbia River Basalt Group, lie beneath the Hanford Site. 
The suprabasalt sediments are a sedimentary sequence up to 230-m (750-ft) thick overlying the 
Columbia River Basalt Group and include the Ringold Formation, Plio-Pleistocene Unit, 
Early-Palouse sediment, and Hanford formation (DOE 1993b). 
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Figure 2.6. Geographic Setting and General Structural Geology 
of the Pasco Basin and Hanford Site 
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Figure 2.7. Conceptual Hydrologic Column for the Hanford Site 
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Price and Fecht (1976) originally compiled the geology of the 241-SX Tank Farm after the dry 
well boreholes were completed in the early 1970s. The major stratigraphic units of the 
suprabasalt sediments present beneath the SX Tank Farm are the Ringold Lower Mud, Ringold 
Unit E, Plio-Pleistocene (including Early Palouse), and the Hanford formation (in ascending 
order). The sources of data on the geology of the suprabasalt sediments include Lindsey and 
Law (1993), Lindsey (1992), Connelly et al. (1992), Issacson (1982), and Price and Fecht (1976). 
In general, Price and Fecht (1976) represent on of the most complete synthesis of existing data 
on SX Tank Farm geology and Myers et al. (1998) offer an update based on additional 
information gained from the drilling and sampling of borehole 41-09-39. The vadose zone 
stratigraphy of the 241-S and 241-SX tank farms is illustrated in an east-to-west cross-section 
(Figure 2.8) through the central portion of the 241-SX tank farm, and a northwest-southeast 
cross-section (Figure 2.9) through the 241-SX tank farm. 

2.2.2.1 Ringold Formation 

The Ringold Formation ~sup to 185-m (600-ft) thick in the deepest part of the Cold Creek 
syncline, south of the 200 West Area. The Ringold Formation consists of clay, silt, fine- to 
coarse-grained sand, and gravel. The Ringold Formation is delineated by several different types 
of sediments associated with fluvial (river-related) sands and gravel, floodplain and lake 
deposits, and alluvial fan deposits (DOE 1993b). The vadose zone portion of the Ringold 
Formation thins from east to west approximately 16 m (50 ft) to about Om (0 ft) and consists 
primarily of a slightly silty coarse- to medium-grained sandy gravel (Ringold Unit E) and Taylor 
Flat (upper Ringold). 

In the WMA S-SX, Slate (1996) interpreted the surface of the Ringold Formation as a 
trough-like trending northwest-southeast parallel to the Cold Creek syncline and plunging to the 
southeast. This trough contains two smaller troughs, one of which trends directly under the 
241-S and 241-SX tank farms, and one south of200 West Area. Both smaller troughs appear to 
merge further southeast. Slate (1996) interpreted the trough as a paleo-Cold Creek drainage 
developed in the slow subsiding Cold Creek depression. Under the SX tank farm, the presence 
of a limb of the trough results in the surface of the Ringold Formation dipping to the southwest. 

2.2.2.2 Plio-Pleistocene Unit and Earlv Palouse Sediment 

The Plio-Pleistocene Unit is up to 13-m (40-ft) thick and consists of massive, brown yellow, and 
compact, silt and minor fine-grained sand and clay. Slate (1996) includes a gravel facies, which 
occurs south of the 200 West Area in the Plio-Pleistocene Unit. Granule-sized grains consisting 
primarily of basalt commonly occur in the unit. The unit is differentiated from overlying graded 
rhythmites (i.e., the Hanford formation) by greater calcium carbonate content, massive structure 
in core. and high natural gamma response in geophysical logs of the early Palouse sediment 
(DOE 1988). 

The facies relationship in the Plio-Pleistocene Unit have been interpreted by Slate (1996) as 
indicating deposition along a northwest-to-southwest trending stream channel. The gravel facies 
is restricted to the central portion of the trough. The eastern edge of the gravel facies occurs 
along the southwest boundary of the 200 West Area. The SMA S-SX lies above the finest 
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The subject tanks were operated in a self-boiling mode to reduce tank waste volumes. This 
involved condensing the water vapor, driven off as tritiated steam, from ex.it ports at the top of 
the tanks. The condensate was discharged to upgradient cribs; no high salt tank waste supernate 
was discharged to adjacent disposal facilities. 

The vadose zone conceptual model for this Preliminary Addendum focuses on those 
contamination sources in the vicinity of SX-241-108 and -109 SSTs where sample and logging 

. activities will occur in conjunction with the decommissioning of borehole 41-09-39, southern 
portion of the 241-SX tank farm and primarily in the vicinity of the 241-SX-114 and - 115 SSTs 
where the new borehole is planned, and south and east of the WMA S-SX in the vicinity of the 
planned RCRA groundwater wells. As discussed in Section 3.1 and illustrated in Figure 3.5, one 
hypothesis for the observed contaminants in the RCRA groundwater monitoring wells (i.e., wells 
299-W23-15. 299-W23-6, and 299-W22-46) is that contaminants from the 241-SX-114 and -115 
tank leaks have migrated downward through the vadose zone and then traveled in a southeasterly 
direction consistent with the local groundwater flow direction. Releases from these tanks could 
represent a significant present contamination source in the vadose zone. The three tanks have 
released a total of approximately 277,000 L (73 ,200 gal) based on estimates documented in 
Hanlon (1999) (refer to Section 3.1 for additional details). An WMA S-SX-wide discussion of 
the contaminant inventory and volume will be provided in the proposed Site-Specific Phase 1 
RFI/CMS work plan addendum for WMA S-SX being prepared pursuant to proposed Tri-Party 
Agreement Milestone M-45-52 (DOE 1999a); however, it is certain that the leaks from these 
three tanks contained several radioisotopes and chemicals commonly found in tank waste 
( e.g., cesium-13 7, technetium-99, sodium, and nitrate). Thus, contaminants (i.e., technetium-99 
and nitrate) that are remnants of these past leaks may be still present in the vadose zone, 
especially southwest within the Plio-Pleistocene Unit. 

3 .3 .1.2 Geologic Conceptual Model 

Price arid Fecht (1976) originally compiled the geology of the 241-SX tank farm after the dry 
well boreholes were completed in the early 1970s. The major stratigraphic units of the 
suprabasalt sediments present beneath the 241-SX tank farm are the Ringold Lower Mud, 
Ringold Unit E, Plio-Pleistocene (including Early Palouse), and the Hanford formation (in 
ascending order) (see Chapter 2.0). The sources of data used in evaluating valid conceptual 
model(s) for the 24 1-SX tank farm geology include Johnson and Chou (1999), Ward et al. 
(1997), Lindsey and Law (1993), Lindsey (1992), Connelly et al. (1992), and Price and Fecht 
(1976). Potential structural control or influence on contaminant migration in the vadose zone is 
of particular interest. A structural contact map of the carbonate zone within the Plio-Pleistocene 
Unit was presented in Figure 2.10. The carbonate surface is interpreted to dip toward the 
southwest beneath most of the tanks in the southern portion of the tank farm including tanks 
SX-108, -109, -111 , -112, -114, and-115 . Thus, the location of the new borehole southwest of 
SX-115 is well-suited to provide information on the potential effects of geologic structure on 
c01:,aminant flow given the past tank leaks that have occurred up-dip of the new borehole 
loe1tion. 

Cla.)tic dikes, illustrated conceptually in Figure 3.8, are lenses or tabular bodies, relatively 
narrow at 18 to 3 8 cm (7 to 15 in.) (F echt and Weekes 1996), with textural characteristics similar 
to the host sediment ( clay and sand). They are included in the geologic conceptual model 
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however the limited data suggest that these features have little impact on vadose zone moisture 
and contaminant flux (Jones et al. 1998) and thus would not be significant with respect to 
groundwater contamination. Their localized effect on contaminant movement over the scale of a 
few meters is an unknown and could account for some observations of relatively immobile 
contaminants (e.g., cesium-137) deeper in the vadose zone than would be expected under 
nonpreferential flow conditions. Discussion of such features and associated data needs and 
investigation plans are deferred to the Site-Specific Phas.e 1 RFI/CMS work plan addendum for 
WMA S-SX being prepared pursuant to proposed Tri-Party Agreement Milestone M-45-52 
(DOE 1999a). The geologic cross-sections provided in Section 2.2 represents the preliminary 
working geologic conceptual model for this Preliminary Work Plan. 

3.3.1.3 Hydrologic Properties 

Hydrologic parameter values will be refined as the Corrective Action process continues. 
Preliminary values will be provided in the Site-Specific Phase 1 RFI/CMS Work Plan 
Addendum for WMA S-SX being prepared pursuant to proposed Tri-Party Agreement Milestone 
M-45-52 (DOE 1999a). 

3 .3 .1.4 Receptors 

Receptors are organisms that have the potential for exposure to the released contaminants and 
include both biota and humans. 

A likely point of exposure for terrestrial biota is in the plant root zone where flora could absorb 
buried contaminants. Terrestrial animals (especially burrowing animals) may be exposed by 
direct con.tact, inhalation, and ingestion of contaminated sediment, water, plants, and animals. 

Because of the absence of nearby residences, the most likely potential for current human 
exposure to the WMA S-SX contaminants is to onsite workers. Most, if not essentially all , of the 
contamination is now beneath the ground surface; therefore, the workers with the greatest 
potential for exposure are those who will be involved in collecting environmental samples and 
conducting corrective action activities for this project. · 

The remnants of the past leaks (i.e., contaminants that are still in the vadose zone) form a source 
term within the vadose zone. The current mechanism of contaminant release from this source 
term is through infiltration of meteoric water and from other water sources ( e.g., leaky water 
lines), which creates a driving force that results in downward and lateral spreading of 
contaminants in the vadose zone that may ultimately reach the underlying groundwater. 
The long-lived mobile contaminants (e.g., technetium-99) in this groundwater eventually 
discharges into the Columbia River where it can contaminate the sediments and has the potential 
to impose adverse impacts upon local biota. The conceptual exposure pathway model will be 
refined and tested during the RFI as additional data provide a better understanding of the WMA. 

3-22 



HNF-4380, Rev. 1 

3.4 PRELIMINARY CORRECTIVE ACTION OBJECTIVES AND CORRECTIVE 
ACTION ALTERNATIVES 

This Preliminary Addendum is prepared to enable initial field characterization efforts in and near 
the WMA S-SX to commence in fiscal year 1999 under the RCRA corrective action process 
(DOE 1999a). As such, both interim and final preliminary corrective action objectives, general 
response actions, corrective technologies and process options, and a range of preliminary 
corrective action alternatives for each group of prioritized facilities within the WMA S-SX must 
be considered and evaluated. It is anticipated that these evaluations would be provided in the 
Site-Specific Phase 1 RFI/CMS Work Plan Addendwn for WMA S-SX or Phase 1 RFI/CMS 
work plan, being prepared pursuant to proposed Tri-Party Agreement Milestones M-45-52 and 
M-45-51, respectively (DOE 1999a). They would be based on available site data, use of the 
qualitative risk assessment (QRA), and the conceptual exposure pathway model. It is also 
anticipated that general interim actions would be identified and would represent broad classes of 
corrective actions that may be appropriate to achieve the corrective action objectives. Corrective 
action objectives may change or be refined as additional site data are gathered and evaluated 
during the field investigation and implementation of interim measures or ICMs. 
Recommendations would be made as to the range of preliminary corrective action alternatives 
that will be considered and more fully developed in a CMS that will be addressed as part of the 
Site-Specific Phase 1 RFI/CMS Work Plan Addendwn for WMA S-SX. 
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4.0 RATIONALE AND APPROACH 

The RFI/CMS process is the method by which risks from releases to the environment are 
characterized and corrective action alternatives are evaluated and implemented, if required to 
minimize potential risks to human health and the environment. Objectives and data needs must 
be identified before designing a data collection program to support the RFI/CMS process. The 
data collected are used as a basis for making an informed risk management decision regarding 
the most appropriate corrective action(s) to implement. The data needs for preliminary field 
characterization efforts at WMA S-SX were identified through a DQO process that was executed 
based on the requirements established in the proposed Tri-Party Agreement commitments 
identified in Change Control Form Number M-45-98-03 (DOE 1999a). 

The proposed commitments were negotiated in response to evidence that past tank leaks have 
resulted in groundwater contamination at WMA S-SX and several other SST WMAs (i.e., WMA 
B-BX-BY, WMA T, and WMA TX-TY). Through Change Control Form Number M-45-98-03, 
the parties have agreed to use the RCRA corrective action process, including the preparation of 
RFI/CMS work plans, to guide data collection, decision making, and initial corrective actions at 
these WMAs. In addition, the RCRA corrective action process will be used to provide a 
framework within which groundwater and vadose zone investigations will be planned and carried 
out to support decisions on interim measures, corrective measures, SST waste retrieval, and SST 
farm closure. 

A central part of the corrective action strategy agreed to by the parties in Change Control Form 
Number M-45-98-03 is the preparation of a series of RFI/CMS work plan addenda for the SST 
WMAs (DOE 1999a). A RFI/CMS work plan containing work elements common to all WMAs 
will be submitted to Ecology in August 1999 under proposed Milestone M-45-51 (DOE 1999a). 
This will be followed by WMA-specific work plan addenda to the RFI/CMS work plan that 
describe the detailed work elements for each SST WMA. The site-specific addendum for WMA 
S-SX will be submitted to Ecology in October 1999 under proposed Milestone M-45-52 
(DOE 1999a). 

Before preparation of the RFI/CMS work plan and the site-specific addendum for WMA S-SX, 
proposed Target Date Milestone M-45-52-T0 1 (DOE 1999a) requires the submission of this 
preliminary site-specific work plan addendum for WMA S-SX to Ecology in April 1999. 
The purpose of this Preliminary Addendum is to support initial field characterization work to 
commence in fiscal year 1999. It is anticipated that additional data beyond that collected through 
the initial fiscal year 1999 efforts will be needed to support full implementation of the corrective 
action process at WMA S-SX. The additional data needs will be identified and collected in 
accordance with the RFI/CMS work plan (proposed Milestone M-45-51) and the site-specific 
WMA S-SX addendum (proposed Milestone M-45-52) to be developed in the future. 

4.1 RA TIO NALE 

An understanding of subsurface conditions and contaminant migration processes is required to 
support decision making on ICMs, SST waste retrieval, and tank farm closure. A comprehensive 
list of data needs to support these decisions has not yet been developed. However, it is generally 
recognized on both a technical and regulatory basis that uncertainties regarding existing 
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contaminant inventory, distribution from past leaks, and uncertainties associated with 
contaminant migration processes are of primary importance to future decision making. The need 
to reduce these uncertainties through field and laboratory investigations serves as the basis for 
initiating preliminary characterization activities through this Preliminary Addendum before 
completing the Phase 1 RFI/CMS work plan. The data collected through the preliminary 
characterization effort combined with additional Phase 1 data will be used to: 

• Quantify the risk posed by migration of past tank releases to the groundwater ifno ICMs 
are implemented 

• Determine whether specific ICMs would effectively contribute to the mitigation of 
contaminant migration to groundwater to levels that would not pose unacceptable risk to 
human health and the environment before tank farm closure. Risk assessments conducted 
in support of retrieval and closure decisions will be performed in the future and will 
include the potential contribution or reduction in risk as a result ofICMs. 

Additional objectives and data needs for WMA S-SX will be developed during the DQO 
processes that will be carried out for the Phase 1 RFVCMS work plan and the site-specific 
Phase 1 RFI/CMS work plan addendum for WMA S-SX. Because these two documents are 
scheduled to be completed after the initiation of field characterization activities identified in this 
Preliminary Addendum. A separate DQO process was conducted to support the development of 
this document. 

4.1.1 Data Quality Objectives Process 

The DQO process is a planning tool to aid in the determination of the type, quantity, and quality 
of data needed to characterize a contaminated site or area. There are a number of possible 
approaches to implementing the DQO process. The planning process used to identify-data 
collection activities in this Preliminary Addendum is described in this section. 

Before initiating meetings to discuss preliminary characterization activities to be conducted in 
the fiscal year 1999 timeframe, the Lockheed Martin Hanford Company (LMHC) technical team 
conducted a review of existing information that included published and unpublished reports, 
_interpretations of historical and recent geophysical survey data, and information from previous 
DQO meetings. Subsurface data needs have been the subject of numerous meetings in recent 
years, some of which culminated in data collection (Myers et al. 1998), and others that did not. 

A series ofDQO meetings with a large group of participants was held in February and April, 
1999 that focused specifically on the data needs for the fiscal year 1999 preliminary field 
characterization efforts at WMA S-SX. These meetings served to identify: (1) existing data and 
what is currently known about the WMA S-SX, (2) options for data collection during the 
decommissioning of borehole 41-09-39, (3) options for data collection from planned RCRA 
groundwater monitoring wells, and (4) options for additional characterization activities. 
The DQO meetings included representatives from Ecology, DOE, Yakama and Nez Perce Tribal 
Nations, Hanford Site contractors, Hanford Site Vadose Zone/Groundwater Integration Project, 
Oregon Department of Energy, and a Tank Farm Vadose Zone Steering Group made up of Site 
subject matter experts. Minutes from the meetings, including a list of participants, are provided 
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in Appendix E. Identification of the Vadose Zone Steering Group members along with a letter 
report outlining the Groups recommendations for characterization is provided in Appendix F. 

Meetings held as a part of the DQO process involved varying levels of involvement by all 
participants except Ecology and DOE. Early meetings addressing the definition of the problem, 
review of existing data, input required to support decisions, and sampling and analysis 
alternatives were attended by a broad range of participants. Later meetings were held between 
the decision makers, with input from Site contractors and other DQO participants as required. 
The early DQO meetings provided a foundation of existing information and identification of 
characterization options for consideration by the decision makers. 

Through the DQO process, it was determined that the primary goal of the WMA S-SX 
preliminary field investigation is to initiate vadose zone characterization activities during fiscal 
year 1999 that will support the iterative process of improving the understanding of inventory 
(i .e. , nature and extent of past releases) and contaminant migration processes (fate and transport) 
necessary to support risk assessments. Additional characterization data are needed to support 
near-term corrective measures decisions and SST waste retrieval and tank farm closure 
decisions. The preliminary characterization effort will not answer all questions but will provide 
data that, when combined with characterization data to be collected in the future, will improve 
the ability to make informed corrective measures, waste retrieval, and tank farm closure 
decisions. 

4.2 DATA NEEDS 

To prioritize data needs for inclusion in the fiscal year 1999 effort, a review of the available 
information on the current state of knowledge of WMA S-SX subsurface contamination was 
conducted by the LMHC technical team (e.g., Johnson and Chou 1998; Jones et al. 1998), and 
other data and analysis projects, and summarized in the DQO meetings. Current understandings 
of the nature and extent of contamination at WMA S-SX is based largely on order-of-magnitude 
estimates of past leak volumes and inventories and on historical information on the distribution 
of gamma-emitting radionuclides measured to a depth of 33 to 45. 7 m (100 to 150 ft) in drywells 
located around the tanks. Historical drywell and lateral gross gamma data was collected from 
1974 to 1994; however, analysis of the gross gamma data has only recently been conducted. 
Spectral gamma information has recently been collected in the drywells to provide greater 
insight into the distribution and movement of specific gamma contaminants ( e.g., cesium-13 7) 
(DOE/GJPO 1996). However, there is limited data on the distribution of non-gamma-emitting 
mobile tank waste contaminants ( e.g., technetium-99, iodine-129, plutonium-23 8, and nitrate). 
While there is emerging data on the distribution and movement of tank waste contamination in 
the groundwater, the data is not sufficient to indicate specific sources of contaminant releases 
within the tank farms responsible for specific groundwater contamination data. 

During the DQO process, it was determined that the primary focus of the fiscal year 1999 data 
collection effort at WMA S-SX should be directed toward improving the understanding of 
contaminant transport pathways and distribution to support testing and refining a site-specific 
conceptual model for tank leaks and contaminant migration processes. A number of 
characterization technologies, including screening techniques such as those recommended by the 
TWRS Vadose Zone Steering Group, were considered (see Appendix F). Because the current 
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understanding of the distribution ofradionuclides in the leak-contaminated vadose zone is 
limited and is based primarily on indirect evidence, the focus of the fiscal year 1999 data 
collection program at WMA S-SX will be on sampling the vadose zone soils in areas of known 
tank leaks and analyzing the samples for a range of contaminants of interest. Additional data 
needs identified for the fiscal year 1999 characterization efforts are to better determine 
site-specific geologic and soil hydrogeologic properties. The objectives, data needs, quantity, 
and quality for the preliminary characterization effort are summarized in Table 4.1 . 

4.3 APPROACH 

The purpose of characterizing the vadose zone is to provide data and information to begin to 
understand the location and transport pathways of contamination in the subsurface to support 
evaluation of potential corrective actions to reduce impacts to the groundwater from 
contamination currently in the vadose zone that resulted from past leaks and spills. Corrective 
actions are intended to reduce or minimize groundwater impacts before taking final closure 
action. To assess future potential groundwater impacts from past releases and evaluate potential 
corrective actions, the contaminant sources, location, distribution, transport pathways, and 
migration processes must be understood. No single characterization effort (e.g., single borehole) 
will provide sufficient data to address all of these issues in WMA S-SX. Information obtained 
from vadose zone characterization activities will be used to develop conceptual and numeric 
models to predict potential groundwater concentrations. This data and information will also 
support future decisions regarding SST waste retrieval, and tank closure, and tank farm closure. 

Characterizing vadose zone contamination sources involves targeting characterization activities 
at or near the locations where the tanks are believed to have leaked. Boreholes A and B in 
Figure 4.1 are provided as examples of source characterization. Data from these locations would 
then provide a basis for estimating contaminant inventories and processes that would control the 
migration of contaminants. Existing data such as historic gamma and spectral gamma logging 
data can. be used to target sampling locations most likely impacted by leaks. Source 
characterization involves identifying what contaminants are present and subsequently the 
potential contaminants of concern (CoC) for corrective action, retrieval, and closure decisions. 
The CoCs are generally those constituents in the tank waste that are mobile, persistent, and 
present at levels that could adversely impact potential receptors. One of the goals of 
characterizing tank leaks near the source is to evaluate the correlations between concentrations of 
CoCs and existing gamma data, and potentially evaluating relationship between the CoCs in the 
soil and the concentrations of CoCs present in the tanks at the time the leak was believed to 
occur. If correlations between the CoCs and available gamma data can be established, there is a 
potential that the wealth of existing gross gamma and spectral gamma data can be used to better 
understand the location and distribution of CoCs in the vadose zone. Source characterization 
would also include assessing contaminant mobility, potential drivers (e.g., moisture content), and 
the effects of tank leaks on soil properties to support predictive modeling efforts necessary to 
evaluate potential future groundwater impacts. 

4-4 



Environmental 
Me,lia 

Data 01.Jjectives ti) 

Table 4.1. Data Objectives, Associated Data Needs, Quantity, and Quality 

Data Needs Data Quantity Data Quality 

----·-- ·-·----+------------- t------------1-----------------------t----------l 
Vadose Zone Improve Understanding of 

Nature and Extent of 
Contamination 

Improve Understanding of 
Contaminant Fate and 
Transport Mechanisms <s> 

Contaminant Concentrations 

I lydrostratigaphic parameter 
values (i.e., porosity, 
unsaturated K vs. moisture 
content (gravimetric), 
saturated K, bulk density, 
moisture retention, matric 
potential) 

Moisture Content and Soil 
Temperature (geophysical) 

Cation Exchange Capacity 

Soil quality (contaminant 
chemistry and pH) 

New hurd10le: Geophysical survey of entin: depth. 
Chem/rad sample analysis dependant on contaminant 
distribution (see criteria for sample analysis in Appendix A) 

Borehole 41-09-39: Geophysical survey of entire depth, 
Chem/rad sample analysis dependant on contaminant 
distribution (see sample criteria flow chart in Appendix A) 

RCRA groundwater wells: NIA 

RCRA well No. 3: one analysis per lithologic unit 

New borehole and borehole 41-09-39: dependent on 
contaminant distribution . See criteria in Appendix A 

RCRA groundwater wells No. I and 2: NIA 

Moisture Content: 
New borehole and borehole 41-09-39: all samples 
RCRA groundwater well No. 3: one analysis per lithologic 
unit 
RCRA groundwater wells No. I and 2: NIA 

Temperature: 
New borehole and 41-09-39: geophysical survey of entire 

. depth 

New borehole: scc criteria for sample analysis in 
Appendix A 

Borehole 41-09-39: see sample criteria flow chart in 
Appendix A 

RCRA groundwater wells : NIA 

RCRA wells: (pl I only). 

New borehole and borehole 41-09-39: dependent on 
contaminant distribution results (see critcria in Appendix A) 

Field and laboratory 
screening/specified 
laboratory analysis 

Specified laboratory 
analysis (Note b) 

Specified laboratory 
analysis and field 
surveys (Noted, e) 

Specified laboratory 
analysis (Note b) 

Specified laboratory 
analysis 

....... 



Table 4.1. Dala Objecli\'es, Associated Data Needs, Quanlity, and Quality (cont'd) 

Environmental Data Objectives (Fl Data Needs Data Quantity Data Quality 
Media 

Lithologic unit thickness Geologic log of each well Note a 

Particle size distribution New borehole and RCRA groundwater well No 3: One Specified laboratory 
analysis per lithologic unit. procedure 

Borehole 41-09-39 dependent on contaminant distribution (Note b) 
(see Appendix A for criteria) 

RCRA groundwater wells No. I and 2: NIA 

Contaminant mobility New borehole and borehole 41-09-39: dependant on Screening and 
(i .e., solubility, Kd) contaminant distribution see Appendix A for criteria. specified laboratory 

RCRA groundwater wells: NIA 
analysis 

Lithologic unit areal extent Geologic log of each well and boring Note a 

Lithologic features Geologic log of each well and boring Note a 

Mineralogy New borehole and 41-09-39: See criteria in Appendix A. Specified laboratory 

RCRA groundwater wells No. I, 2 and 3: NIA 
analysis 

Groundwater Improve Understanding of Contaminant concentration New borehole: one sample at the groundwater vadose zone f-ield and laboratory 
Nature and Extent of interface and 1.5 m below the interface. screening/validated 
Contamination 

RCRA groundwater wells: Sample and analysis per 
laboratory 

l lanford Groundwater Program. 

Improve Understanding of Velocity One tracer test with injection into groundwater at 41-09-39 Note c 
Contaminant Pate and 
Transport Mechanisms•81 

Notes: 
I Detern1incd by a qualilkd geologist 
b Analysis performed by a qualified laboratory using appropriate ASTM procedures or others as approved. 
C Experimental procedure and test of opportunity performed under guidance of PNNL. 
d Geophysical survey and survey analysis performed by a qualified geophysicist with approved equipment and procedures. 
C Geophysical surveying of RCRA groundwater wells provides background conditions. 
r Long-term data uses (i.e., those needed for subsequent phases of the WMA S-SX RF I/CMS investigations) also include those for human health risk assessment and 

the support of retrieval and closure. 
8 Required data types for the contaminant fate and transport data use also includes those listed for the nature and extent of contamination data use. 



HNF-4380, Rev. 1 

Figure 4.1. Borehole Location Options to Meet Different Characterization Objectives 

Ground Surface 

Plio-Pleistoccne Layer 

Not to Scale 

I 
Characterization Objective Borehole Location Option 

Source Characterization - collection and analysis of samples at or near AandB 
tank leak locations in highly contaminated regions 

--
Transport Pathways and Contaminant Distribution - collection and CandD 
analysis ofvadose zone samples in areas removed from the source 
a~d in the projected contaminant pathway. 

Confirm Groundwater Contamination Sources - collection and analysis E 
of groundwater samples downgradient of tank leaks in an attempt to 
establish a tie between tank releases and groundwater contamination. 
Collection of vadose zone physical property data from an 
uncontaminated area. 

00Cl)rod\mhcllfi\an181fog-4-1.cdr 
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Characterization of transport pathways and contaminant distribution involves targeting 
characterization activities in areas that are removed from the source and are in the projected 
pathway of contaminants as they migrate away from the source. Boreholes C and D in 
Figure 4.1 are provided as examples of characterizing pathways and the distribution of 
contamination. Characterization of transport pathways and contaminant distribution can be 
accomplished by targeting contaminant plumes in the vadose zone or in groundwater. 
Evaluating contaminant plumes in the vadose zone can be used to assess lateral spread or 
migration along geologic controlled pathways. Targeting specific locations in groundwater can 
be used to better refine sources of observed groundwater contamination. Borehole E in 
Figure 4.1 is provided as an example of using groundwater data to identify, confirm, or infer 
vadose zone sources. Establishing a tie between vadose zone sources and groundwater 
contamination would allow location-specific corrective actions to be evaluated. The difficulty in 
characterizing transport pathways and contaminant distribution is the uncertainty associated with 
intercepting a specific contaminant plume. Borehole E can also be used as a means to refine 
vadose zone geologic and hydrologic properties in an area that is uncontaminated. 

4.3.1 Characterization Options 

A number of characterization options were considered for the preliminary characterization effort 
in the WMA S-SX. These characterization options included vadose zone sampling from RCRA 
groundwater monitoring wells, installing new boreholes, decommissioning and/or extending 
existing boreholes, using cone penetrometer (both vertically from the surface and horizontally 
from the existing caissons), and using electrical resistance tomography (ERT). These options 
and potential deployment locations were evaluated in terms of the type of information that could 
be provided, as well as the technical and schedule risk associated with deployment during fiscal 
year 1999. Although all of the options considered would provide valuable data that would serve 
to improve the understanding of subsurface contamination, a number of the options were 
considered to be of lesser value or not feasible from a technical and/or schedule risk for the 
preliminary characterization effort to be implemented in fiscal year 1999. The list of options 
considered for characterization _activities during the DQO process, in addition to the sampling 
efforts of 41-09-39 and the proposed RCRA groundwater monitoring wells, is provided in 
Table 4.2. 

Based on the evaluation of options presented in Table 4.2 and an evaluation of technical and 
schedule risks, the cone penetrometer, ERT, and caissons were dropped as candidate 
characterization technologies for the preliminary characterization effort. These technologies will 
be pursued for future characterization activities ( e.g., current plans include demonstration of the 
cone penetrometer). 

The decommissioning of borehole 41-09-39, characterization associated with the new RCRA 
groundwater monitoring wells, and the new borehole are discussed in the following sections. 
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Table 4.2. S-SX Preliminary Characterization Options'.2 
Slant 

Vertical Cone Slant Vertical 
Vertical 

Question/I lypothesis Borehole 
Borehole Penelro- Borehole Borehole Borehole Beneath Beneath al SX-

SX-l087 at SX-l086 meter5 

SX-1153
•
7 1154

·
7 at SX-l097 

Where is the Tc-99 (shallow) + ✓ ✓ ✓ ✓ ✓ 
Where is the Tc-99 (deep) + ✓ - ✓ ✓ ✓ 
I lorizontal extent of contamination ✓ ✓ + ✓ ✓ ✓ 
lnnuence of geologic structures ✓ ✓ + ✓ ✓ ✓ 
Is the Kd model adequate + ✓ + ✓ ✓ ✓ 
Where are the leak locations ✓ ✓ ✓ ✓ ✓ -
Whatis th~-driving potential (moisture content) + + ✓ + + + 

Solidified waste is present in the sediments near the leak + ✓ - ✓ - -
location 

Umbrella effect of the tanks on recharge + ✓ ✓ + ✓ ✓ 
Desiccation + ✓ ✓ ✓ ✓ ✓ 
Depth ofSX-115 plume (vertical extent) - - ✓ ✓ ✓ -
Depth of SX- I08 plume ( vertical extent) ✓ ✓ ✓ - - -
Ancillary equipment leaks ✓ ✓ + ✓ ✓ ✓ 
Correlation of contamination to sediment size ✓ ✓ ✓ ✓ ✓ ✓ 
Do. contaminants move together + ✓ ✓ ✓ ✓ ✓ 
Contaminants affecting moisture prnpcrties + ✓ ✓ ✓ ✓ ✓ 
Role of the Plio Pleistocene in contaminant migration + + ✓ +. + ✓ 
Colloids are significant in contaminant migration ✓ ✓ - ✓ ✓ ✓ 
Groundwater contamination ✓ ✓ - ✓ ✓ ✓ 

Notes: 
1 Options are in addition to decommissio11ing 41-09-39 and new RCRA groundwater wells. 
2 Evaluation Scale - Provides little or no information; ✓ provides some information; + potentially provides substantive information. 
3 The slant well at SX-115 is assumed to go from the NE toward the SW. 
4 The vertical well at SX-115 is assumed to be at the SW. 

ERT6 Caissons' 

- ✓ 

- -
✓ ✓ 
- -
- -
✓ + 

✓ ✓ 

- ✓ 

+ + 

✓ + 

✓ -
✓ -
✓ -
- -
- -
- ✓ 

- -
- ✓ 
- -

s The cone penetrumeter deployment is assumed to include multiple pushes (approximately 20 pushes that reach 30 m ( I 00 ft) depth and 2 that reach the Plio 
Pleistocene Unit. 

6 Assumed that the ERT array will work through the steel casing and approximately 20 arrays are installed. 
7 All boreholes are assumed to go to groundwater. 
8 The caisson approach uses the cone penetrometers with rods to collect samples and are pushed with a slight downward angle to reach a vertical depth 

approximately 6.1 m (20 fl) below the base of the tanks. 
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4.3.1.1 Decommissioning of Borehole 41-09-39 

One of the characterization options considered and selected during the DQO process was the 
collection of sediment samples from the upper portion of borehole 41-09-39 during 
decommissioning. Samples have been previously collected and analyzed from the lower portion 
of the borehole and as a result sample collection focused on the upper portion of the borehole 
that was installed as a closed end drive borehole. Data obtained from the decommissioning of 
borehole 41-09-39 will provide information on the transport pathways and contaminant 
distribution at a location near the source of a tank leak. Based on the assessments of historical 
gamma data, the gamma contamination at borehole 41-09-39 is from a postulated gamma plume 
associated with a leak from tank SX-108. Because of the borehole's location (see Figure 2.3), 
the data collected during the decommissioning are expected to begin to address a number of 
questions related to source characterization, including the following: 

• What contaminants are present that are routinely identified as CoCs from a groundwater 
impact standpoint (e.g., technetium-99, nitrates)? 

• What are the concentration/inventory correlations between the CoCs and cesium-137 in 
soil samples and with the tank contents? 

• Are the contaminants thought to be more mobile than cesium-137 (e.g., technetium-99) 
co-located with the cesium-137 in the soil samples or have the contaminants migrated 
faster and deeper than the cesium-13 7? 

• What are the mechanisms that effect the mobility of the CoCs (e.g., water leachable 
fraction) given the unique tank leak characteristics at tanks SX-108 and SX-109? 

• What are the potential drivers (e.g., sediment moisture profile) in the upper portion of 
borehole 41-09-39 that could control the migration of contaminants? Note: The 
upper portion of the borehole was not sampled during the initial borehole installation. 

Additional issues will be evaluated with samples obtained during decommissioning of 
borehole 41-09-39 depending upon the success of the sidewall sampling methodology being 
developed for the decommissioning effort. At locations where sufficient sample recovery and 
representative samples are obtained, gamma-energy analysis will be conducted in the laboratory 
over the length of the sample in an attempt to address borehole effects or dragdown. 

Uncertainties associated with the sidewall sampling methodology were identified during the 
DQO meetings. It was agreed that even if the sidewall sampling device was not able to collect a 
sample (e.g., formation collapse or interference from cobbles) that composite samples could be 
collected by other methods. One method proposed for collection of a composite sample in the 
event the sidewall sampler were to fail would be to use a scraper to collapse a portion of the 
exposed formation and then use a split spoon sampler to collect a composite sample. This 
backup method of sample collection would reduce the value of the samples primarily from the 
standpoint of addressing the questions of borehole effects or dragdown previously identified, but 
would still be valuable in addressing some key questions such as what contaminants are present 
and at what concentrations. 
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4.3 .1.2 RCRA Monitoring Well Characterization 

The DQO addressed collection of vadose zone data during installation of the planned RCRA 
groundwater monitoring wells. The installation of RCRA groundwater monitoring wells near the 
WMA S-SX provides the opportunity to collect vadose zone sediment samples from a location 
near the tank farms in a clean or uncontaminated area. The potential benefit of using sediment 
samples from the RCRA wells is to develop a site-specific representative set of physical property 
data for the WMA. This representative set of physical property data would then be used in 
developing and refining conceptual models and in future contaminant fate and transport 
modeling activities. This is a cost-effective approach to collecting physical property data and 
eliminates the difficulty of trying to obtain physical property data from contaminated sediment 
samples obtained from within the tank farm. 

4.3.1.3 Installation of a New Borehole 

In addition to data collection from the decommissioning of borehole 49-09-39, several options 
were considered for installation of a new borehole in the SX Tank Farm as identified in 
Table 4.2. 

Borehole Location 

Potential locations for a new borehole were identified based on historical knowledge of the 
WMA S-SX, such as leak history, previous vadose zone characterization efforts, historical 
logging data, recent spectral gamma logging data, and RCRA groundwater assessment findings. 
Two primary areas considered for the preliminary characterization effort were the area near tank 
SX-108 and the area near tank SX-115. Based on the information provided in Chapter 3.0, the 
area under tank SX-108 and between tanks SX-108, -109, -111, and-112 is of interest because it 
is impacted by one of the largest leaks (in terms of inventory and potentially volume based on 
leak volume uncertainty) in WMA S-SX (from 132,000 to 678,000 L [35 ,000 to 203,000 gal] 
from SX-108 alone based on the source of the leak estimate). The area surrounding tank SX-115 
is of interest because of the large 190,000 L (50,000 gal) leak that occurred from the tank and the 
observed groundwater contamination in the RCRA groundwater monitoring wells located on the 
southern end of the 241-SX tank farm near tank SX-115 . This leak occurred over a relatively 
short duration and is better understood than other tank leaks within the WMA S-SX. 
Approximately 60% of the leak inventory (cesium-137) has been accounted for in previous 
characterization efforts (Raymond and Shdo 1966). The area around SX-115 is also supported 
by the Vadose Zone Steering Group (Appendix F). 

Seven of the options considered in the DQO process are illustrated in Figure 4.2. Each of these 
options were evaluated as candidates for the preliminary characterization effort. Each of the 
options was identified because samples from these locations would potentially provide data to 
address source characterization (i.e., nature of contamination), location and distribution 
(i.e., extent of contamination), and transport pathways and processes (i.e., contaminant fate and 
transport). A description and the purpose of each of the options are provided in Table 4.3. 
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Table 4.3. Options Considered for New Borehole Locations 

Location 
Description Purpose Number 

I Slant borehole extending The primary purpose of this borehole would be to characterize the source 
underneath tank SX-108 from a associated with the tank SX-108 leak. This borehole would provide data 
northwest to a southeast direction from the most highly impacted location in the WMA S-SX. This highly 
targeted at the area of highest impacted location likely has the largest alteration of soil properties. This 
gamma contamination. location is believed to be the largest source of contamination in the WMA 

and represents one of the largest data gaps in terms of source 
characterization. 

2 Vertical borehole on the The purpose of this borehole would be to characterize the source associated 
northwest side of tank SX-108. with the tank SX-108 leak. The area northwest of the tank corresponds to 

observations of horizontal spread of gamma contamination as shown in the 
recent spectral gamma logging results and, based on historical logging of 
the laterals under the tank. is the area where tank SX-108 is believed to 
have leaked. 

3 Vertical borehole· on the The purpose of this borehole would be to characterize the source associated 
southwest side of tank SX- I 08. with the tank SX-108 leak. The area southwest of the tank corresponds to 

the area where the highest observed gamma contamination in any of the 
vertical boreholes has been documented and corresponds to the 
observations of horizontal spread of gamma contamination based on 
drywell logging data 

4 Vertical borehole southwest of The purpose of this borehole would be to characterize the transport 
tank SX-108 near pathways and distribution of the postulated contamination plume from tank 
borehole 41-11-10 within the SX-108 (and potentially tank SX-111). Thi: location near 
postulated plume of gamma borehole 41-1 I- IO was selected based on evaluation of spectral gamma 
contamination from the logging results and observed instability in borehole 41-11-10 historical 
tank SX-108 leak. gross gamma logs. This location also is structurally down dip 

(i.e., subsurface geologic structures slope to the S-SW) from the tank and 
provides the opportunity to evaluate geologic controls on contaminant 
migration. Borehole 4 I -11-10 shows a gamma peak at 21 m (70 ft) bgs 
that is stable and a peak at 25 m (82 ft) bgs that is migrating laterally. This 
indicates that cesium-137 is moving horizontally at the 25-m (82-ft) level, 
which is not consistent with conceptual models for cesium-137 migration 
in the subsurface assuming undisturbed conditions. 

5 · Vertical borehole on the northeast The purpose of this borehole would be to characterize the source associated 
side of tank SX-115. with the tank SX-115 leak. The northeast side of the tank corresponds to 

observations of horizontal spreading of gamma contamination from the 
northeast quadrant of the tank footprint (Raymond and Shdo 1966). 

6 I Vertical borehole on the The purpose of this borehole would be to characterize the pathways and 
southwest side of tank SX-115. potential distribution of contamination at a location near the source 

associated with the tank SX-115 leak. The southwest side of the tank 
corresponds to observations of horizontal spreading of gamma 
contamination from the southwest quadrant of the tank footprint (Raymond 
and Shdo 1966). 

6a Vertical borehole on the The purpose of this borehole would be to characterize the pathways and 
southwest side of tank SX-115 potential distribution of contamination at a location down dip from the 
outside of the fenceline. SX-115 leak. 

7 Vertical borehole outside the tank The purpose of this borehole would be to characterize the pathways and 
farm fenceline in a region to the potential distribution of contamination from the tank SX-115 leak. 
south of tank SX-1 I 5 as near the Location of this borehole would be outside of the fence and provide the 
fence as possible. opportunity to refine the source of groundwater contamination observed in 

the RCRA groundwater monitoring wells and potentially establish a tie 
between tank farm releases and groundwater contamination levels. 
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Additional considerations in evaluating the seven options included potential schedule and 
programmatic risk (i.e., risk to the program if the preliminary characterization effort were 
unsuccessful) associated with a fiscal year 1999 deployment. The rationale was that those 
characterization activities with significant schedule risk could be deferred to follow-up 
characterization activities that would be defined in a site-specific work plan for WMA S-SX in 
October 1999. This approach would also allow the Tank Farm Vadose Zone Project to reduce 
technical uncertainties associated with deployment in the tank farms by performing development 
and demonstration testing outside of the tank farms. 

Each of these seven options would potentially provide data to address a nwnber of different 
questions and data gaps. In terms of source characterization, the potential value of information 
provided by characterizing the source at tank SX-108, and in particular the slant borehole under 
tank SX-108 (location nwnber 1 in Table 4.1 ), is a primary characterization target. However, 
there are a nwnber of technical and schedule uncertainties associated with attempting to install a 
slant borehole beneath tank SX-108 during fiscal year 1999. 

Technical uncertainties are based primarily on anticipated gamma activity levels beneath the 
tank. Borehole construction methods would require driving a closed-end casing through the 
highly contaminated region requiring sampling of the highly contaminated region using a 
sidewall sampler as the casing was removed during borehole decommissioning. 

The uncertainties associated with the slant borehole include the following: 

• Personnel safety issues (radiological) associated with sampling highly contaminated 
zones 

• Performance of the sidewall sampler on a slant hole 

• Construction of the slant hole at the angle and size necessary to get under the tank and 
permit sidewall sampling_ 

• . Potential schedule impact with performing the necessary tank farm safety docwnentation 
reviews and changes. 

In addition to these technical uncertainties, a number of other constraints influenced the 
evaluation of borehole installation near SX-108. Above and below surface infrastructure and 
ancillary equipment would limit access to potential borehole locations near SX-108 and air 
permitting requirements could potentially delay initiation of field work beyond July 1999. 

Given these uncertainties and constraints, it was decided that the slant borehole would be 
deferred to follow-up characterization efforts. The current planning basis is to pursue installation 
of the slant borehole under tank SX-108 as the next characterization effort in WMA S-SX, 
pending the outcome of the DQO for site-specific characterization. Given that the slant borehole . 
beneath tank SX-108 is a potential primary target for future characterization effort, it was 
decided that the two vertical boreholes near tank SX-108 (location nwnbers 2 and 3 in Table 4.1 
and Figure 4.2) should be deferred until the data from the slant borehole could be evaluated and 
the need for additional source characterization at tank SX-108 was established. 
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A new vertical borehole near borehole 41-11-10 (location number 4 in Table 4.1) potentially 
would provide data near the leading edge of the postulated gamma contamination plume 

· resulting from the leak at tank SX-108. Because of the other tank leaks in the area 
(tanks SX-108, -109, -111, and-112), it is likely that some level of commingling of leaks from 
different tanks has occurred. Much of the information that would be gained from placing a new 
borehole in this area would be similar to the information that will be gained from the extension 
and decommissioning of borehole 41-09-39. Both of these locations are in the path of the 
postulated gamma plume from tank SX-108 in the same general direction (southwest) from the 
tank. The horizontal distance between the borehole 41-11-10 and borehole 41-09-39 is 
approximately 11 m (35 ft). Based on this information, a decision to install a new borehole near 
borehole 41-11-·10 should be deferred until the data from decommissioning of borehole 41-09-39 
are available and the need for additional characterization in this area is established. 

The two vertical boreholes located near tank SX-115 (location numbers 5 and 6 in Table 4.1) 
would potentially provide data to characterize the source associated with the leak at SX-115. 
Boreholes at either of these locations could be placed directly in, or in the likely path of, 
contaminants identified in previous characterization of the soils at tank SX-115 (Raymond and 
Shdo 1966). 

A vertical borehole located outside of the tank farm near tank SX-115 tank (location number 7 in 
Table 4.1) would potentially provide data to assess potential ties between the tank SX-115 leak 
and the contamination observed in the RCRA groundwater monitoring wells. This location also · 
would potentially provide data to characterize the pathway and distribution of mobile 
contaminants resulting from the tank SX-115 leak. This location is consistent with one of the 
potential groundwater contamination sources identified in the RCRA assessment (Johnson and 
Chou 1998). One of the limitations oflocating the borehole at this location is that data are not 
available to target the location of the borehole to intercept an area of known contamination. It is 
possible that limited vadose zone contamination would be encountered in a borehole located in 
this area. A borehole located southwest of tank SX-115 would be located near a past tank leak. 
The proposed borehole is down dip of past tank leaks, thus, potentially enabling data collection 
that may further the understanding of the pathways and distribution of contamination in the 
vadose zone, and it is accessible within the required time frame. 

Based on the evaluation of borehole location options the preliminary characterization activity 
proposed in WMA S-SX is to install a vertical borehole near tank SX-115 extended to 
groundwater. This is consistent with recommendations for the location of a new borehole to 
groundwater made by the Tank Farm Vadose Zone Project Steering Group (Appendix F). 

The options for locations around tank SX-115 and the rationale for the proposed location are 
described in Section 4.2.2. Sample collection from the new borehole will include continuous 
driven samples collected during construction of the borehole, coupled with an air-assisted 
drilling technique selected to specifically address sample representativeness and data quality. 
This drill-and-drive technique would use reverse circulation air-assisted drilling methods that 
hav~ not been used in the tank farms . This drilling method provides for optimum sample quality 
(see Appendix A for discussion on this drilling method and the sampling techniques). Three 
regions around tank SX-115 have been tentatively identified for placement of the new borehole. 
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These regions and the issues associated with selecting one of the regions, are discussed in 
Section 4.2.2. 

Similar to the slant borehole, there are a number of uncertainties associated with installation of a 
vertical borehole within the tank farm using air rotary drilling methods. However, unlike the 
slant borehole, the uncertainties associated with the vertical borehole are believed to be 
manageable within the preliminary characterization time frame. These uncertainties are mainly 
associated with not having deployed this drilling technique in the tank farms. These 
uncertainties are currently being worked through the permitting process (e.g., Notice of 
Construction) and the tank farms authorization basis and are not expected to constrain 
installation of a borehole near tank SX-115. 

4.3.1.4 Other Activities 

In addition to the new borehole, borehole decommissioning, and RCRA monitoring well data 
collection efforts, a number of demonstrations are being pursued to reduce the technical 
uncertainties and to provide a basis for future deployment in the tank farms. Cone penetrometer 
demonstrations are being planned that include demonstrations in the 200 East and West Areas 
and possible deployment in a tank farm. The cone penetrometer is a potentially valuable tool for 
performing screening level characterization and for defining the lateral extent of contamination 
in the upper part of the vadose zone. A slant well demonstration is also being planned that 
would be similar in terms of features and approach to sediment sampling as the borehole planned 
at tank SX-108. 

4.3.2 Proposed Specific Tank SX-115 Borehole Location 

The specific location of the proposed new borehole near tank SX-115 is based on tank leak 
history information. Based on this information, criteria have been developed for the selection of 
the specific location from among three potential sites near the tank. 

4.3 .2.1 Leak History 

Waste in tank SX-115 , which was put into service in 1958, began boiling in 1959. In 1964, the 
aged waste was pumped out of the tank and condensate was added to dissolve sodium nitrate 
from the residual solids. In March 1965, tank SX-115 was determined to have leaked about 
189,250 L (50,000 gal), and 10 test wells were drilled around the tank in August 1965 (Raymond 
and Shdo 1966). Data from the test wells and data from existing drywells and laterals were used 
to define and characterize the contaminated area under the tank. Approximately 40,000 Ci of 
cesium-13 7 were lost to the soil column during this leak. Three separate areas of contamination 
were found. One contamination area was located completely under the tank; the other two areas 
were closer to the edge of the tank, with the contaminated zones primarily under the tank. 
The data are the latest available for soil samples in the tank SX-115 leak area. 

The 189,250-L (50,000-gal) leak volume estimate was based on liquid-level measurements in the 
tank, and the leak occurred over a relatively short period time. The liquid-level measurements 
are thought to be the most reliable leak-volume indicator (particularly with liquids in the tank). 
The Raymond and Shdo ( 1966) data suggest that the cesium-13 7 sorbed on the soil, as is 
expected for the liquid waste type present in the tank. The nature of the liquids leaked from · 

4-16 



HNF-4380, Rev. 1 

tank SX-115 were substantially different than those from tank SX-108. The liquids that leaked 
from tank SX-115 would be more characteristic of a typical liquid waste ( e.g., without the effects 
of high temperature, density, and salt content). Little is known about the mobile long-lived 
radionuclides (i.e., technetium-99) or moisture profiles around tank SX-115. The waste 
concentrations in the tank SX-115 leak were approximately one order of magnitude lower than 
the tank SX-108 leak. This indicates that alteration of the sediments as a result of the tank 
SX-115 leak would not be expected to the same degree as near tank SX-108. 

It is reasonable to assume tank SX-115 lost its containment integrity (failed) while storing the 
self-boiling REDOX Plant waste because low levels of gamma activity were detected in the 
laterals before the 1965 leak had occurred (WHC 1992c). The initial leak could have self-sealed, 
as was reported for other boiling-waste tanks in the 241-SX tank farm (Raymond and Shdo 1966; 
Womack and Larkin 1971; WHC 1992c ). Experiments have shown thc1t high levels of dissolved 
solids in the tank supernatant liquid from the REDOX process would tend to plug tank leaks 
(Nelson and Knoll 1958). If a tank leak had self-sealed and condensate was added to the tank to 
recover sodium nitrate, self-sealed leaks would be expected to re-open because the soluble salts 
(i.e., the salt plug) would be expected to re-dissolve. As the sodium nitrate solution leaked from 
the steel liner, the sodium nitrate would be expected to transport any concentrated waste outside 
of the steel liner into.the soil column. This leak scenario is consistent with reported data. 

4.3.2.2 Borehole Location Options Near Tank SX-115 

The specific location of the borehole in relation to tank SX-115 has not yet been established. 
The opportunities for gathering information and the trade-offs between the specific locations 
have been evaluated to optimize the data and information provided by the borehole. 

Three regions around tank SX-115 have been identified as potential targets for locating a new 
characterization borehole, as identified in Figure 4.3. These locations are southwest of tank 
SX-115 inside the tank farm (Area 6), south-southwest of tank SX-115 outside of the tank farm 
fence line (Area 6a), and southeast of tank SX-115 outside of the tank farm fence line (Area 7). 
An evaluation of the questions and the hypothesis that could be evaluated with data obtained 
from the three locations are summarized in Table 4.4 and are discussed in greater detail in the 
following paragraphs. Based on this evaluation and meetings held with DOE and Ecology 
(Appendix E), Area 6 has been selected as a primary location for the new borehole. 

The recent spectral gamma logging in the boreholes surrounding tank SX-115 indicated low 
levels of cesium contamination (see Figure 3.3). As shown in Figure 4.3, this is because plume 
location, as described by Raymond and Shdo (1966), is between drywells 41-15-07 and 41-15-09 
that were used for spectral gamma logging. 

A location southwest of tank SX-115, both inside and outside the tank farm, provides the 
opportunity to test a variety of hypotheses of the movement of contaminants and moisture, as 
well as the role of the geologic sy~tem in controlling that movement. Questions and hypothesis 
addressed at different tank SX-115 borehole locations are presented in Table 4.4. Area 6a is 
located in the vicinity of an identified water line leak (Johnson and Chou 1998) that has been 
postulated as providing a mobilizing force to move contaminants through the vadose zone to the 
groundwater. 
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Figure 4.3. Tank 241-SX-115 Borehole Location Options 
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Table 4.4. Questions and Hypothesis Addressed at Different Tank SX-115 Borehole Locations 

SW of SE of 
S-SWof 

TankSX-115 Tank SX-115 
Questions/Hypothesis Outside Outside 

Tank SX-115 
Inside Fence 

Fence Line Fence Line 
Line (Area 6) (Area 6a) (Area 7) 

What is the recharge distribution (moisture profile) in an area 
X X X analogous to the tank farm? 

What are the concentrations of potentially mobile contaminants (Tc 
and NO3) in the vadose zone due to leak plume and down dip X X 
direction? 

What is the moisture content in area of water line leak? X 

Deploy desired drilling method for future characterization. X X X 

Can dragdown be assessed using microsphcrcs? X X X 

What arc the contaminant concentrations in groundwater samples 
X X 

taken close to a tank known to have leaked a large volume? 

What arc the contaminant concentrations in groundwater samples 
taken close to a tank known to have leaked a large volume in a X 
downgradient groundwater location? 

Additional data can be used to refine the understanding of the 
X X X 

geology (slope of Plio-Pleistocene unit and carbonate zone). 

What are the concentrations of CoCs in vadose zone samples taken 
from an area with known gamma contamination based on historical X 
data? 

A borehole in Area 6 or 6a would enhance understanding of the physical geologic properties and 
the fate and transport of contaminants needed to support risk assessment. The advantage to 
Area 6 over Area 6a is a higher probability of collecting vadose zone samples that contain 
contaminants from the tank leak. One issue that will affect final siting of the borehole is the 
anticipated concentrations of gamma contamination. In support of the requirements of the 
Notice of Construction (DOE/RL 1999) the proposed drilling method (air rotary) will be limited 
based on the cesium concentrations in the sediment and the number of planned boreholes to be 
installed on an annual basis. The following information can be developed and the hypotheses 
tested by a borehole located southwest of tank SX-115. 

• Moisture distribution - the site is the equivalent of a tank farm surface, essentially devoid 
of significant vegetation. The vertical distribution of moisture in the vadose zone near 
the region of enhanced recharge, from both artificial and natural sources, can be 
determined. 

• A hypothesis has been offered that the top of the Plio-Pleistocene Unit or the 
carbonate-rich zone may control the movement of moisture and associated contaminants 
with depth (Jones et al. 1998). The surface of this unit has been postulated to dip 
(i.e., slope) to the southwest. A borehole located southwest of tank SX-115 will provide 
a much needed data point to further describe this surface and its role in controlling 
contaminant migration. The data from this site, used with the data from the fiscal year 
1999 RCRA groundwater wells, would provide additional information on the distribution 
of this surface. 
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• A hypothesis has been offered that mobile contaminants ( e.g., tritium, nitrate, and 
technetium) will move vertically until a hydraulic barrier causes them to move laterally 
(Jones et al 1998). This lateral movement would likely be preferential along the sloping 
Plio-Pleistocene Unit-Hanford formation contact. The Plio-Pleistocene Unit is 
finer-grained than the Hanford unit and also contains carbonate-rich zones both of which 
may be important factors in this hypothesis. Vertical movement would likely be 
enhanced if the sediments became saturated due to either the waste itself or through the 
addition of moisture from other sources. 

• Johnson and Chou (1998) postulated that an observed cottonwood tree adjacent to a 
visible pipeline was evidence that significant moisture was entering the vadose zone. 
They further hypothesized that this moisture could lead to a significant increase in the 
migration rate of mobile contaminants. A borehole at this location would provide 
samples for moisture content analyses that could be compared with equivalent horizons to 
be sampled and analyzed in the fiscal year 1999 RCRA groundwater wells to be drilled 
adjacent to 241-SX tank farm. The cottonwood tree has been removed. For additional 
discussion, see Johnson and Chou (1999). 

• A borehole extended to the groundwater at this location would provide a sampling 
opportunity in close proximity to a tank known to have released a significant inventory of 
contaminants to the vadose zone. 

A borehole located southeast of tank SX-115 in Area 7 would provide some of the same 
information as would a borehole located southwest of the tank. Enhancement of the 
understanding of the fate and transport of tank waste would be limited to basic geologic and 
hydraulic parameter determination by a borehole at this location. Information that would be 
included from this borehole is listed below: 

• Moisture distribution - the site is the equivalent of a tank farm surface, essentially devoid 
of significant Vegetation. The moisture distribution near the region of enhanced natural 
recharge under tank farm surface conditions can be determined. 

• A hypothesis has been offered that the top of the Plio-Pleistocene Unit or carbonate-rich 
zone may control the movement of moisture and associated contaminants with depth. 
This unit has been postulated to dip to the south-southwest (see Chapter 2.0). A borehole 
located southeast of tank SX-115 will provide a data point to further describe this surface 
and its role in controlling contaminant migration. The data from this site, used with data 
from the fiscal year 1999 RCRA groundwater wells, would provide additional 
information on the distribution of this surface. 

• A borehole extended to the groundwater at this location would provide a sampling 
opportunity in close proximity to a tank known to have released a significant inventory of 
contaminants to the vadose zone. There is uncertainty as to the degree of horizontal 
migration of mobile contaminants and whether a borehole in this direction would 
intercept a contaminant plume from the tank SX-115 leak. 
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• A borehole at this location could be used to test the possible source of groundwater 
contamination, as shown in Johnson and Chou (1999). 

4.3.3 Investigative Sampling and Analysis and Data Validation 

Data will be collected during borehole 41-09-39 decommissioning by sampling and analyzing 
sediment from the driven portion of the borehole (40 m [130 ft]) to ground surface) as the casing 
is withdrawn and by conducting geophysical surveying as described in Appendix A. Sediment 
samples will be collected using a sidewall-sampling tool at 16 intervals in the borehole. 
All samples will be field screened for radiation and organic vapors, sealed, refrigerated, and 
shipped for analysis. Laboratory analyses will be performed on the sediment samples for 
radiological and geochemical constituents, as described in the SAP presented in Appendix A. 
Limited analysis for physical parameters ( e.g., moisture retention and hydraulic conductivity) 
may also be performed on sediments that show visible evidence of being altered by the tank leak 
chemistry ( e.g. , cementation, discoloration). 

For the new vertical borehole near tank SX-115, a combination of driven sediment samples 
collected ahead of the driven casing using standard split-spoon sampling techniques and drill 
cuttings will be collected to provide nearly continuous coverage of the vadose zone. Sample 
lengths will be reduced if necessary when penetrating known hot zones to reduce worker 
exposures. All samples will be field screened for radiation and organic vapors, containerized, 
and retained for possible analysis. Geophysical logging will be conducted to monitor for 
dragdown ( e.g. , evidence of gamma contamination moving down the borehole as the casing is 
advanced). Sample intervals will be selected for analysis above the tank base elevation. Below 
the tank base elevation, samples will be selected for analysis based on the geophysical logs from 
the completed borehole and as needed to fill in gaps consistent with the overall objective of 
identifying the distribution of radiological and chemical species with depth. Laboratory analyses 
will be performed on the sediment samples for radiological, and geochemical constituents and 
parameters, as described in the SAP (Appendix A). Additionally, physical and hydrological 
analyses will be performed on selected samples if there is visible evidence that the waste has 
altered the sediments. Specific data quality and analysis methods were not extensively discussed 
in the DQO process. The approach used in developing the SAP relied on using standard · 
laboratory methods and a "best practices" approach, utilizing lessons learned from the sampling 
and analysis of the borehole 41-09-39 extension. Groundwater from the uppermost part of the 
unconfined aquifer will also be sampled and analyzed for radiological and chemical constituents, 
as described in the SAP (Appendix A). 

For the planned RCRA groundwater monitoring wells, data will be collected to refine the 
geologic conceptual model and develop site-specific physical property data for the vadose zone. 
Sample collection and planned analyses are described in Chapter 5.0 and Appendix A. 

Data from the new borehole and decommissioning of borehole 41-09-39 will be validated in 
accordance with Section C.8.0 of the quality assurance project plan (QAPjP) in Appendix C. 
The quality assurance/quality control (QNQC) requirements for the data collected from borehole 
41-09-3 9 and the new borehole were developed for the preliminary characterization activity 
using a "best practices" approach. 
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