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Executive Summary

This report presents the results of an investigation of partial areas within three landfills
(i.e., 218-W-4C, 218-E-10, 218-E-12B), as well as the entire area of the 218-W-6
Landfill. These four landfill areas are located with the 200 West and 200 East Areas of
the Hanford Site. The collective footprint of these four areas is about 65 hectares

(160 acres).

The purpose of this investigation is to evaluate and determine whether dangerous waste
and/or other mixed waste was placed in four landfill areas. Earlier assessments of process
knowledge indicate that these areas have not been used for waste disposal. However, to
gain additional confidence in the history of these areas, plans for additional investigation
were described and approved in 200-SW-1 Nonradioactive Landfills Group Operable
Unit and 200-SW-2 Radioactive Landfills Group Operable Unit Remedial
Investigation/Feasibility Study Work Plan (DOE/RL-2004-60, Rev. 0).

This investigation reviewed and evaluated multiple lines of evidence to assess whether
the four landfill areas were develop or used. The lines of evidence included the

following:

e The Solid Waste Information and Tracking System information
e Engineering design drawings

e Historical aerial photographs

e Physical walk downs of the areas

e Aerial radiation surveys

e Surface geophysical investigations

The results of this investigation support a conclusion that the four landfill areas have not

been used in the past for purposes of solid waste disposal.

Removal of these four landfill areas from further remedial investigation could be
accomplished using RL-TPA-90-0001, 2007, Tri-Party Agreement Handbook
Management Procedures, Guideline Number TPA-MP-14 Procedure, “Maintenance of
the Waste Information Data System (WIDS)” to reclassify these unused areas as rejected
waste sites. This process would allow for documentation of the conclusions reached in

this report.
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1 Introduction

1.1 Background

The 200-SW-2 Operable Unit (OU) currently includes 25 solid waste landfills that are located in the
200 West and 200 East Areas of the Hanford Site. Figures 1-1, 1-2, and 1-3 are maps showing the
location of the Hanford Site and the locations of the 200-SW-2 landfills within the 200 West and 200 East

Areas, respectively.
L]
» Seattie /\A\s{m.

Washington
Hanford Site

200-East
Area

Figure 1-1. Location of the Hanford Site
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Figure 1-3. Location of 200-SW-2 Operable Unit Landfills in the 200 East Area
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From the mid-1940s to 2004, radioactive solid waste was disposed in the pre-planned and designed burial
trenches within most of these landfill areas. A detailed description of the background and operational
history of each of these landfills is included in DOE/RL-2004-60, 200-SW-1 Nonradioactive Landfills
Group Operable Unit and 200-SW-2 Radioactive Landfills Group Operable Unit Remedial
Investigation/Feasibility Study Work Plan (hereinafter referred to as the remedial investigation/feasibility
study [RI/FS] work plan). The RI/FS work plan was approved and published in 2008.

The focus of this report is on four landfills known as the 218-W-4C, 218-W-6, 218-E-10, and 218-E-12B
Low-Level Burial Grounds. Each of these sites are currently identified as Resource Conservation and
Recovery Act (RCRA) treatment, storage, and/or disposal (TSD) units. The 218-W-6 landfill has been
moved from the 200-SW-2 OU into the 200-OA-1 OU. This move was based on the understanding of the
Washington State Department of Ecology (Ecology), the U.S. Environmental Protection Agency, and the
U.S. Department of Energy (DOE) (collectively referred to as the Tri-Parties) that this landfill has never
been used. (Ecology et al., 1989, Revise Tri-Party Agreement Appendix C to Align Operable Unit
Assignments with Proposed Central Plateau Decisions, C-09-07).

The sampling and analysis plan (SAP) that is included in Appendix A of the RI/FS work plan identifies a
number of investigations that were planned for the 200-SW-2 OU. One of these investigations involves an
additional evaluation the unused areas of four different landfills areas. Section A.3.1.1.3 of the SAP
includes the following text:

“Portions of three of the RCRA TSD unit landyfills within the 200-SW-2 OU never have received
buried waste. Annexes of the 218-W-4C and 218-E-10 Burial Grounds, as well as unused
portions of the 218-E-12B Burial Ground, were intended to be used for future disposal of waste;
however, no waste disposals are known to have taken place in these areas. In addition, the
218-W-6 Burial Ground is not known to have received waste.

Visual inspection and surface geophysical surveys of unused portions and annexes of landfills
will be performed, coupled with review of aerial photographs, to locate disturbed soil within
these areas that may indicate the presence of buried waste. Other historical information also may
be reviewed to determine if waste has been buried at these sites.

After field surveys are completed, these areas of unused landfills will be administratively
reclassified in the Waste Information Data System database. Those steps required to reclassify
these areas are described in Chapter 5.0 of the RI/FS work plan.”

Most landfill areas included in this investigation were annexed in the mid-1980s for future/potential
growth.

1.2 Purpose and Objectives

The purpose of this investigation is to evaluate and determine whether dangerous waste and/or other
mixed waste was placed in four landfill areas within sites 218-W-4C, 218-W-6, 218-E-10, and
218-E-12B. Earlier assessment of process knowledge indicated that these areas have not been used for
waste disposal. However, to gain additional confidence in the history of these areas, plans for additional
investigation were described and approved in the RI/FS work plan. The unused areas addressed by this
investigation comprise approximately 60 hectares (150 acres) of the approximate 225 hectares (556 acres)
within the Low Level Burial Grounds landfill disposal unit.
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2 Investigation Methods Overview

The multiple lines of evidence were used to complete this investigation are listed below, and followed by
summary level descriptions of each activity.

e The Solid Waste Information and Tracking System (SWITS) database
e Engineering design drawings

e Historical aerial photographs

e Physical walk downs of the areas

e Aerial radiation surveys

* Geophysical investigations

e Personnel interviews

Solid Waste Information and Tracking System Database

The SWITS database serves as the information repository for buried solid waste at the Hanford Site.
SWITS include a wide range of data fields including waste generator, waste container type, waste
disposal locations/coordinates, waste volumes, contaminant inventory, etc. The SWITS database was
queried October 27, 2009, for the presence of any buried waste information associated with the footprint
of each of the respective unused landfill areas.

Engineering Design Drawings

Similar to other structures on the Hanford Site, engineering drawings exist for landfill facilities.

The 200 Area facilities are documented on drawings beginning with an H-2 prefix. Drawings for landfills
provide specific location coordinates for the facility boundaries and locations of buried waste trenches
and other features. Engineering drawings reviewed for this investigation included the following (provided
in Appendix A):

¢ 218-W-4C Landfill Annex (southeastern addition to 218-W-4C)— drawing H-2-37437, Dry Waste
Burial Ground 218-W-4C; drawing H-2-821555, Sheet 8, Subsidence Drawing Burial Ground
218-W-4C

e 218-W-6 Landfill — drawing H-2-99933, Sheet 1 and Sheet 2, Dry Waste Burial Ground 218-W-6

e 218-E-10 Landfill Annex (northern addition to 218-E-10)- drawing H-2-92004, Industrial Burial
Ground 218-E-10 Site—Plan and Details (site plan); drawing H-2-821555, Sheet 4, Subsidence
Drawing Burial Ground 218-E-10; drawing H-2-96660, Sheet 1, East Area Dry Waste Burial Ground

® 218-E-12B Landfill (area west of Trench 37) — drawing H-2-33276, Sheets 5 and Sheet 6, Dry Waste
Burial Ground 218-E-12B; drawing H-2-96660, Sheet 2, East Area Dry Waste Burial Ground:
drawing H-2-821555,Sheet 5 and Sheet 6, Subsidence Drawing Burial Ground 218-E-12B

Historical Aerial Photographs

Aerial photographs that depict each of the areas of interest were reviewed for signs or indication of buried

waste activity. The photographs selected for review cover a multi-decade period, typically spanning 30 or
more years.




SGW-48278, REV. 0

Physical Surface Walk-Downs of Sites

The DOE, Ecology and contractor representatives participated in field inspections of each of the areas of
interest. All sites were reviewed to determine if there were an feature on the ground surface that could
suggest that burial of waste had occurred.

Aerial Radiation Surveys

Imagery from airborne radiation surveys were reviewed for any indications that could suggest the burial
of waste within the areas of interest.

Surface Geophysical Investigations

Surface geophysical investigations were conducted on each of the sites from 1973 to 1974 to assess the
areas for subsurface anomalies. The deployed technologies included ground penetrating radar; Frequency
Domain Electromagnetic Induction (using a Geonics EM31 Terrain Conductivity Meter') and total
magnetic field/vertical magnetic gradient (using a Geometrics G-858G Magnetometer/Gradiometer?).

Personnel Interviews

Interviews were held with key individuals with first-hand and historic process knowledge of the specific
landfill locations. Discussions were held to assess the general history of these areas and/or to help
possibly explain the origin of any unique surface features.

3 Investigation Results for Each Landfill Area

The following subsections provide a summary of the investigation results for each of the respective
landfill areas of interest. The summary-level narrative for each landfill area references additional detail
and/or supporting information that is included in appendices to this report. The appendices include the
following information:

e Appendix A — Engineering Drawings

e Appendix B — Historic Aerial Photos

e Appendix C — Aerial Radiation Survey Images

¢ Appendix D — Surface Geophysical Investigation
3.1 218-W-4C Annex

Conclusions Based on Reviews of SWITS

SWITS does not include any record of buried waste within the 218-W-4C Annex area.

Conclusions Based on Reviews of Engineering Drawings

Engineering design drawings reviewed for the 218-W-4C Annex indicated that there were no buried
waste trenches designed, constructed, or used within this area. Appendix A, Figures A-1 series, includes
images of the drawings reviewed for this investigation.

1 Geonics EM31 is a trademark of Geonics Limited, Mississauga, Ontario, Canada.

2 Geometrics G-858G Magnetometer/Gradiometer is a trademark of Geometrics, Inc., San Jose, California.
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Conclusions Based on Reviews of Historical Aerial Photographs

Aerial photos reviewed for the 218-W-4C Annex support the determination that this area was not used for
burial of solid waste. Images of aerial photographs ranging from 1950s to 1990s were reviewed for this
investigation; examples are included in Appendix B, Figure B-1 series.

Conclusions Based on Inspection of Site Surfaces by Physical Walk-Downs

A site physical walk-down was conducted on October 26, 2007 and again with DOE and Ecology staff on
August 6, 2008. Both inspections identified miscellaneous debris on the surface of the 218-W-4C Annex.
Surface debris included three piles of soil/asphalt/concrete, sections of a weather tower, polyvinyl
chloride piping with sampling tubes (likely from an abandoned soil vapor sampling experiment), a wood
pallet, and a metal plate.

Conclusions Based on Review of the Aerial Radiation Surveys

The review of aerial radiation survey results from 1973 to 1974 did not reveal any sources of
contamination that originated from the 218-W-4C Annex area. Appendix C provides images of the
radiation survey results that include the 218-W-4C Annex area.

Conclusions Based on Surface Geophysical Investigations

Surface geophysical investigations did not identify the presence of any buried waste or trench-like
features at this site. Appendix D provides further detail on the geophysical investigation for this site.

Conclusions Based on Personnel Interviews

Discussions with experienced field operations staff did not result in any information that suggests that
waste has been buried in the 218-W-4C Annex area.

3.2 218-W-6 Annex

Conclusions Based on Reviews of SWITS

SWITS does not include any record of buried waste within the 218-W-6 site.

Conclusions Based on Reviews of Engineering Design Drawings

Engineering design drawings reviewed for the 218-W-6 indicated that there were no buried waste
trenches designed, constructed, or used within this area. Appendix A, Figures A-2 series, includes images
of the drawings reviewed for this investigation.

Conclusions Based on Reviews of Historical Aerial Photographs

Aerial photos reviewed for the 218-W-6 site support the determination that this area was not used for
burial of solid waste. Images of aerial photographs ranging from 1950s to 1990s were reviewed for this
investigation; examples are included in Appendix B, Figure B-2 series.

Conclusions Based on Inspection of Site Surfaces by Physical Walk-Downs

A site walk-down was conducted on October 26, 2007 and again with DOE and Ecology staff on

August 6, 2008. The walk-downs did identify miscellaneous debris on the surface of the 218-W-6 site.
Observed surface debris included two sections of wire rope, and several pieces of plywood. In addition,
for purposes of fire protection, most of the area was scraped previously of vegetation. The scraped debris
(comprised of soil and sagebrush) has been mounded into about seven tall piles.
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Conclusions Based on Review of the Aerial Radiation Surveys

The review of aerial radiation survey results from prior years did not reveal any sources of contamination
that originated from the 218-W-6 area. Appendix C provides images of the radiation survey results that
include the 218-W-6 site.

Conclusions Based on Surface Geophysical Investigations

Surface geophysical investigations did not identify the presence of any buried waste or trench-like
features at this site. Appendix D provides further detail on the geophysical investigation for this site.

Conclusions Based on Personnel Interviews

Discussions with experienced field operations staff did not result in any information that suggests that
waste has been buried in the 218-W-6 area.

3.3 218-E-10 Annex

Conclusions Based on Reviews of SWITS

SWITS does not include any record of buried waste within the 218-E-10 Annex area.

Conclusions Based on Reviews of Engineering Design Drawings

Engineering drawings reviewed for the 218-E-10 Annex indicated that there were no buried waste
trenches designed, constructed, or used within this area. Appendix A, Figures A-3 series, include images
of the drawings reviewed for this investigation.

Conclusions Based on Reviews of Historical Aerial Photoeraphs

Aerial photos reviewed for the 218-E-10 Annex support the determination that this area was not used for
burial of solid waste. Images of aerial photographs ranging from 1950s to 1990s were reviewed for this
investigation; examples are included in Appendix B, Figure B-3 series.

Conclusions Based on Inspection of Site Surfaces via Physical Walk-downs

A site walk-down was conducted on October 26, 2007 and again with DOE and Ecology staff on

August 6, 2008. The walk-downs did identify miscellaneous debris on the surface of the 218-E-10 Annex
area. Observed surface debris included a small area (<1 m” [<11 ft’]) section of concrete slag (likely from
construction of a nearby well), and seven approximately 0.5 m (1.6 ft)-long sections of metal piping
laying on the surface or and partially inserted into the surface soil. a steel bar, and a steel wheel.

Conclusions Based on Review of the Aerial Radiation Surveys

The review of aerial radiation survey results from prior years did not reveal any sources of contamination
that originated from the 218-E-10 Annex area. Appendix C provides images of the radiation survey
results that include the 218-E-10 area.

Conclusions Based on Surface Geophvsical Investigations

Surface geophysical investigations did not identify the presence of any buried materials or trench-like
features at this site with the exception of an anomaly that is approximately 10 x 20 m (33 x 65 ft) in area
centered about N137700 and E572990. Ground-penetrating radar data indicate that this area likely
contains shallow, scattered material from 0.3 to 1.0 m (1 to 3.3 ft) below the surface. Appendix D
provides further details about the geophysical investigation for this site.
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Conclusions Based on Personnel Interviews

Discussions with experienced field operations staff did not result in any information that suggests that
waste has been buried in the 218-E-10 Annex area.

3.4 218-E-12B (Area West of Trench 37)

Conclusions Based on Reviews of SWITS

SWITS does not include any record of buried waste within the western portion of the 218-E-12B site.

Conclusions Based on Reviews of Engineering Design Drawings

Engineering design drawings reviewed for the 218-E-12B landfill indicated that there were no buried
waste trenches designed, constructed, or used west of Trench 37. Images of the drawings reviewed for
this investigation are included in Appendix A, Figures A-4 series.

Conclusions Based on Reviews of Historical Aerial Photographs

Aerial photos reviewed for the western region of the 218-E-12B site support the determination that this
area was not used for burial of solid waste. Images of aerial photographs ranging from 1950s to 1990s
were reviewed for this investigation; examples are included in Appendix B, Figure B-4 series.

Conclusions Based on Inspection of Site Surfaces by Physical Walk-Downs

A site walk-down was conducted on October 26, 2007 and again with DOE and Ecology staff on

August 6, 2008. The walk-downs did identify miscellaneous debris on the surface of the 218-E-10 Annex
area. Observed surface debris included a small area (<1 m® [11 ft*]) section of concrete slag and a steel
cable.

Conclusions Based on Review of the Aerial Radiation Surveys

The review of aerial radiation survey results from prior years did not reveal any sources of contamination
that originated from the 218-E-12B area. Appendix C provides images of the radiation survey results that
include the 218-E-12B area.

Conclusions Based on Surface Geophysical Investigations

Surface geophysical investigations did not identify the presence of any buried waste or trench-like
features at this site. Appendix D provides further detail on the geophysical investigation for this site.

Conclusions Based on Personnel Interviews

Discussions with experienced field operations staff did not result in any information that suggests that
waste has been buried in the western region of the 218-E-12B site.

4 Conclusions

Based on the investigations summarized in the previous sections of this report, there is no evidence of
solid waste being buried in the the 218-W-4C Annex, the entire 218-W-6, and the western portion of the
218-E-12B Landfill. Furthermore, the decision to move the 218-W-6 landfill from the 200-SW-2 OU into
the 200-OA-1 OU was based on the understanding of the Tri-Parties that this landfill has never been used.

There is one exception to the otherwise benign character of the 218-E-10 Annex as described in
Section 3.4. This subsurface anomaly can be seen as a surface expression on the 1954 aerial photograph.



SGW-48278, REV. 0

Operations of the 218-E-10 landfill (southern portion) did not begin until 1955. The northern portion of
218-E-10 (the 218-E-10 Annex) is documented as never having been used for waste disposal.

Removal of these four landfill areas from further remedial investigation could be accomplished using
RL-TPA-90-0001, 2007, Tri-Party Agreement Handbook Management Procedures, Guideline Number
TPA-MP-14 Procedure, “Maintenance of the Waste Information Data System (WIDS)” to reclassify these
unused areas as rejected waste sites. This process would allow for documentation of the conclusions
reached in this report.
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Appendix A

Engineering Drawings

The following pages include images of the engineering design drawings that were reviewed as part of this
investigation.
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Figures A-1. Engineering Drawing H-2-37437 of the 218-W-4C Landfill
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Figure A-2. Engineering Drawing H-2-821555 of the 218-W-4C Landfill
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Figure A-3. Engineering Drawing H-2-99933 of the 218-W-6 Landfill
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Figure A-4. Engineering Drawing H-2-99933 of the 218-W-6 Landfill
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Figures A-5. Engineering Drawing H-2-92004 of the 218-E-10 Landfill
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Figure A-6. Engineering Drawing H-2-821555 of the 218-E-10 Landfill
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Figures A-7. Engineering Drawing H-2-96660 of the 218-E-10 Landfill
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Figure A-8. Engineering Drawing H-2-33276 of the 218-E-12B Landfill
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Figure A-9. Engineering Dmﬂng H-2-33276 of the 218-E-12B Landfill
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Figure A-10. Engineering Drawing H-2-821555 of the 218-E-12B Landfill
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Figure A-11. Engineering Drawing H-2-821555 of the 218-E-12B Landfill
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Figure A-12. Engineering Drawing H-2-96660 of the 218-E-12B Landfil
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Appendix B

Historical Aerial Photos

The following pages include examples of the historical aerial photographs that were reviewed as part of this investigation.
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Figure B-1 Series -- Photographic Chronology Documenting Unused Area of
218-W-4C
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e < e

‘L‘ | Unusad Portion of Landfill 218-W-4C
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Figure B-3. Aerial Photo, Dated 1962, of 218-W-4C (boundaries are approximate)
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Figure B-4. Aerial Photo, Dated 1973, of 218-W-4C (boundaries are approximate)
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Unusad Portion of Land8II 218 WA4C

Figure B-6. Aerial Photo, Dated 1980, of 218-W-4C (boundaries are approximate)
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Unusad Portion of Landfll 218-W-4C

Unused Portion of Landfll 213-W-4C [N

Figure B-8. Aerial Photo, Dated 2006, of 218-W-4C (boundaries are approximate)
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Figure B-2 Series. Photographic Chronology Documenting Unused Landfill 218-W-6
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Figure B-10. Aerial Photo, Dated 1971, of 218-W-6 (boundaries are approximate)
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Figure B-12. Aerial Photo, Dated 1980, of 218-W-6 (boundaries are approximate)
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Figure B-14. Aerial Photo, Dated 2006, of 218-W-6 (boundaries are approximate)
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Figure B-3 Series. Photographic Chronology Documenting Unused Areas of Hanford
Landfills
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Unusad Portion of 218-E-10 =
R — = Unusad Portions of 218-E-12B

Figure B-17. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1969 (boundaries are approximate)




SGW-48278, REV. 0

aq 2

797

Unusad Portions of 218-E-12B ivir %)
7

y " ; y - ""“'-—L
Unusad Portions of 218-E-12B

‘ nged Postion of %}S-E-IO

Figure B-19. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1982 (boundaries are approximate)
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| Unused Portion of 218-E-10
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| Activetenches
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Figure B-20. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1988 (boundaries are approximate)
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Unusad Portion of 218-E-10

Topsoil removal for
use in other projects.

Upus=d Postion of 218-E-12B

Figure B-21. Aerial Photos of 218-E-10 (top) and 218-E-12B (bottom), Dated 1996
(boundaries are approximate)
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Appendix C

Aerial Radiation Survey Images

The following pages include images of aerial radiation survey results that were reviewed as part of this
investigation.
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C1 200 West Area -- Aerial Radiation Measurement System Results

A\ K

Figure C-2. 200 East Isopleth Map of Total Gamma Ray Count Between 50 keV and 3 MeV (EGG-1183-1661)
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Figure C-3. 200 East Concentration and Gamma Exposure Rate Isopleths for %7 Cs (EGG-1183-1661)

Figure C-4. 200 East Isopleth Map of Total Gamma Ray Count Between 50 keV and 3 MeV (EGG-1183-1661)

C2 Reference

EGG-1183-1661, 1975, An Aerial Radiological Survey of the U.S. Energy Research and Development
Administration’s Hanford Reservation (Survey Period: 1973-1974), EG&G Energy
Measurements, Inc., Las Vegas, Nevada.
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Appendix D

Surface Geophysical Investigations
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D1 Introduction

This document summarizes the results of geophysical investigations conducted at four unused burial
ground areas located within the 200 East and 200 West Areas of the Hanford Site. The geophysical
investigations were performed by Washington Closure Hanford (WCH) for Fluor Hanford, Inc., (Fluor
Hanford) during July, August, and September 2008. The geophysical techniques used in the
investigations were ground-penetrating radar (GPR), electromagnetic induction (EMI), and total magnetic
field (magnetic) methods.

D1.1 Scope and Objectives

The following burial grounds were investigated:
e 218-E-10 Annex

e 218-E-12B (Western Portion)

e 218-W-4C Annex

e 218-W-6

The geophysical surveys were reconnaissance-type surveys that were aimed at verifying the unused status
of the landfill areas. However, if large, i.e., dump truck size, anomalies or those consistent with a
55-gallon drum were interpreted from the data, then determination of the following characteristics were to
be attempted:

e Locations of buried anomalies
e Characteristics of detected anomalies (metallic versus non-metallic)

e Depth of soil cover above the anomaly

D1.2 Background

Characterization of waste placed in 200 Areas burial grounds is being performed to evaluate waste site
conditions and to evaluate remediation alternatives to support cleanup/closure under the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980. The waste sites addressed in this
report are included in the 200-SW-2 Radioactive Landfills Operable Unit.

An initial phase of geophysical investigations was performed at eight burial grounds waste sites in 2005
and documented in D&D-28379, Geophysical Investigations Summary Report: 200 Area Burial Grounds:
218-C-9, 218-E-24, 218-E-5, 218-E-54, 218-E-8, 218-W-14, 218-W-24, and 218-W-11. Data from these
previous investigations indicated that three of the eight burial grounds investigated (218-E-2A, 218-E-8,
218-W-11) may have areas where the burial trenches extend beyond the areas initially surveyed.

A second phase of geophysical investigations was conducted during June 2006. This activity is
documented in D&D-30708, Geophysical Investigations Summary Report: 200 Areas Burial Grounds:
218-E-1, 218-E-24, 218-E-8, 218-E-124, 218-W-1, 218-W-2, 218-W-3, and 218-W-11. The second phase
of geophysical investigations was directed at resolving the potential discrepancies at the 218-E-2A,
218-E-8, and 218-W-11 landfills and also included geophysical investigations at five other, older and
inactive landfills (218-E-1, 218-E-12A, 218-W-1, 218-W-2, and 218-W-3).

D-1
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A third pphase of geophysical investigations was performed in 2009 and documented in SGW-43771,
Geophysical Investigations Summary Report — 200 Area burial Grounds: 218-E-2, 218-E-4, 218-E-9 and
218-W-4A. This effort included the remainder of the 200-SW-2 OU landfills that operated prior to 1970.

Large areas of 218-W-4C, 218-E-10, and 218-E-12B were once intended for future buried waste, but are
believed to have never been used. Additionally, the entire 218-W-6 landfill area is believed to never have
been used. These potentially unused landfill areas account for approximately 60 ha (150 ac). The current
investigation, as described in this report, was designed to determine the unused status of these large areas.

D1.3 Geologic Setting

The depth of investigation for the geophysical instruments used in this work was generally limited to
approximately 3 to 4 m (10 to 13 ft). Therefore, only the shallowest aspects of site geology are pertinent
to this investigation. Those aspects of the site geology are the Hanford formation and the surficial
sediments.

The Hanford formation is the shallowest geologic formation recognized at the Hanford Site and consists
of deposits of poorly sorted gravels and coarse sands indicative of a high-energy depositional
environment. The surficial sediments overlying the Hanford formation are primarily eolian loess
interspersed with lenses of sand and mixed gravels.

WHC-SD-EN-EE-004, Revised Stratigraphy for the Ringold Formation, Hanford Site, South-Central
Washington presents a comprehensive summary of the geology of the Hanford Site.

D2 Methodology
D2.1 Survey Grid Parameters

Fluor Hanford provided site drawings to WCH to develop base grids at each site. Using the drawings,
WCH determined Washington State Plane coordinates (NAD83, North American Datum of 1983, as
revised) to create base grids with 30 m (98 ft) nodes, extending to or beyond the documented site
boundaries. The grid nodes were intentionally chosen to be at state plane coordinates ending at the nearest
even 10 m (33 ft) increment. The state plane coordinates were given to Fluor Hanford civil survey
personnel who used global positioning system (GPS) instrumentation to stake the base grids in the field.
Survey reports for each of the four survey areas are included in Attachment D1. WCH personnel then
marked data collection lines at 6 m intervals between the 30 m (98 ft) nodes, using fluorescent pin flags.

Operators used the fluorescent pin flags to “dead-reckon” data collection along and in between the
marked lines. Data positioning along the lines was accomplished by careful pacing or by marking 30 m
(98 ft) fiducials, depending on the instrument. In areas of significant sagebrush, real-time GPS guidance
was used to maintain profile spacing.

The geophysical data plots are presented in Washington State Plane Meters.

D2.2 Geophysical Methods

The geophysical techniques used in the investigations were the EMI, total magnetic field, and GPR
methods. These methods were selected because they are cost effective and nonintrusive and have been
successful in similar waste characterization projects conducted at the Hanford Site.

D-2
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D2.2.1 Frequency-Domain Electromagnetic Induction

The Geonics EM31 Terrain Conductivity Meter? is a frequency domain EMI instrument that is designed
to measure the apparent electrical conductivity of soil and to detect ferrous and nonferrous metal objects
to a depth of approximately 3 to 4 m (10 to 13 ft) (in ideal situations). The EM31 meter consists of a
transmitter coil and receiver coil at either end of a 4 m (13 ft)-long boom. The transmitter generates
pulses of electromagnetic (EM) energy (the primary field) at regular intervals, which are transmitted into
the ground, where they induce eddy currents in electrically conductive material (soil and/or metal
objects). The induced eddy currents generate their own EM field (the secondary field), which transmits
back toward the instrument. The receiver coil on the EM31 meter measures and records the strength of the
secondary field both in phase and out of phase with the primary field transmitter. The in-phase component
of the measurement is most strongly influenced by the presence of metallic objects in the subsurface,
while the out-of-phase component (quadrature component) is directly related to the electrical conductivity
of the surrounding soil.

The in-phase component reading is given in parts per thousands of the amplitude of the secondary signal
to the primary signal. The out-of-phase component reading is given in units of electrical conductivity
(millisiemens per meter [mS/m]), which is the apparent conductivity of the soil near the instrument,
assuming homogeneous conditions. This assumption becomes less valid in the presence of metal or other
significant conductivity changes. However, the contrasts in conductivities are used generally for
interpretation, not the absolute values, so the validity of the assumption usually is irrelevant.

The EM31 meter is an ideal instrument for waste site characterization because of the relative speed and
ease with which it can cover an area. The normal mode of operation is to mark out regularly spaced data
collection lines and then walk down the lines with the instrument held at hip height, collecting data at
regularly spaced intervals. Both the in-phase and out-of-phase (terrain conductivity) measurements are
collected and plotted for analysis. The instrument is most useful for locating large concentrations of
buried metallic objects and for detecting subtle shifts in background soil properties. While the EM31
meter is capable of detecting drum-size metallic objects to a depth of 3 to 4 m (10 to 13 ft) in ideal
situations, the lateral resolution of the position of detected objects is about 1 m (3 ft).

Conditions that limit the detection capability of the EM31 meter include high-background soil
conductivities and proximity to cultural interference such as buildings and fences. High soil conductivities
have the effect of limiting the depth of investigation of the instrument, because they significantly
attenuate the propagation of the primary and secondary fields. (This same phenomenon limits GPR depth
of investigation in areas of high soil conductivity.) Large, metallic surface cultural features can effectively
swamp the signal of the EM31 meter out to a distance of approximately 5 to 7 m (16 to 23 ft). Sites with a
significant number of buried utilities also may generate data that are difficult to interpret.

D2.2.1.1 EM31 Data-Collection Procedures

Geonics, 1994, EM31 Terrain Conductivity Operating Manual discusses data collection procedures in
detail. The EM31 meter has the following specific key data collection and processing attributes:

e Perform functional checks as outlined in the manufacturer-supplied operator’s manual. A functional
check was performed each day at a specific location having a geophysically quiet background. These
checks were documented and recorded electronically.

1 Geonics EM31 is a trademark of Geonics Limited, Mississauga, Ontario, Canada.
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¢ Collect the data along profiles that are spaced a predetermined distance apart. The data are then
typically collected along the individual profiles at evenly spaced distances, either discretely or at
constant time intervals, while walking at a constant rate.

¢ Estimate visually, pace the location of data points, and/or use GPS guidance to collect between
surveyed grid points.

D2.2.1.2 EM31 Data-Processing Procedures

The EM31 meter has the following specific data processing parameters:
e Edit the data for mislabeled lines, view in raw form along each profile, and convert to X YZ.dat files.

* Contour the data with the grid nodes at near the actual data points (with close-spaced data) using
Golden Software’s Surfer? or equivalent.

D2.2.2 Total Magnetic Field / Vertical Magnetic Gradient

A magnetometer measures the intensity of the earth’s magnetic field. The presence of ferrous material,
manufactured or natural, creates local variations in the strength of the earth’s overall magnetic field.
These variations are proportional to several factors, including the mass of the ferrous material and the
distance between the ferrous material and the detector. The distance is significant, because it changes the
response by a factor of one over the distance cubed. The primary measurement is the total magnetic field
(TMF) intensity. The TMF is a summation of all of the magnetic variables around the sensor. When the
ferromagnetic sources are close to the detector, large variations in the TMF can occur. Therefore, it often
is difficult to differentiate individual anomalies based on the TMF alone.

To improve the resolution of a magnetic survey, the vertical magnetic gradient also can be measured. This
is accomplished by making two simultanecous TMF measurements at each data point, using two sensors
scparated by a fixed vertical distance. The difference between the two measurements is the vertical
magnetic gradient (hereinafter referred to in this document as the magnetic gradient). The response to
ferrous material falls off at a rate of one over the distance to the fourth power. Because of this, the
magnetic gradient measurement should help differentiate individual anomalies and waste boundaries
better than the TMF alone. Both the TMF and the magnetic gradient values typically are displayed on
contour maps for analysis.

2 Surfer is a trademark of Golden Software, Inc., Golden, Colorado.
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A Geometrics G-858G Magnetometer/Gradiometer3 consists of two cesium vapor magnetometers.

The magnetometers are mounted vertically on a pole with a 0.75 m (2.5 ft) separation. This configuration
is used to collect vertical gradient data. Each magnetometer independently records the total field magnetic
intensity. The gradient measurement is the difference in the total field measurements between the two
sensors. In essence, a single recording location consists of three values: a total field measurement from
the upper sensor, a total field measurement from the lower sensor, and the magnetic gradient value.

Three types of errors occasionally occur during data collection with the G-858G magnetometer/
gradiometer. The first type of error is a consequence of the cesium sensors being insensitive to magnetic
fields in certain orientations, creating “dead zones.” To reduce this error, each sensor was oriented to a
position that would minimize dead-zone readings. The second type of erroneous reading occurs when a
recording is taken too close to a magnetically sensitive ferrous feature. This can result in a “null” reading.
The bottom sensor typically is more sensitive to null readings, because it usually is the closest to
magnetically sensitive ferrous objects. The third type of error is caused by poor connections between the
sensors and the control unit.

Geometrics equipment provides some safeguards against these errors: an audio warning and a visual
warning. The audio warning often is ineffective in noisy areas. Monitoring the data visually also has its
limitations because of sun glare on the control unit screen. When erroneous readings are identified in the
field, those data points typically are edited and re-collected. If they are not identified in the field, they can
be noted during the data-reduction phase and can be edited at that time. If a null reading is recorded on
either sensor, the gradient data are erroneous and also must be edited. The editing during data reduction
typically has minimal effect on the results because of the close spacing of the individual data points.

D2.2.2.1 Magnetic Data-Collection Procedures

The document 25309-OM, G-858 MagMapper, Rev. D, discusses data collection procedures in detail.
The G-858G magnetometer/gradiometer has the following specific key data collection attributes:

e The cesium vapor magnetic sensors need to warm up before data collection begins at each site.
The warming up of the sensors is monitored on the control unit.

¢ Functional checks were performed as outlined in the manufacturer-supplied operator’s manual.
Functional checks were performed each day at a specific location (the same location used for the
EM31 functional checks) having a geophysically quiet background. These checks were documented
and recorded electronically.

e Data typically are collected along profiles spaced a specified distance apart. The data are collected
along the individual profiles at evenly spaced distances, either discretely or at constant time intervals,
while walking at a constant rate. GPS guidance was used for the western half of the 218-W-4C Annex
due to the “old growth” sagebrush.

D2.2.2.2 Magnetic Data Processing Procedures

Specific data-processing procedures are as follows:

e Download the magnetic field data to a laptop computer via Geometrics software, MagMap20004.

3 Geometrics G-858G Magnetometer/Gradiometer is a trademark of Geometrics, Inc., San Jose, California.

4 Geometrics MagMap2000 is a trademark of Geometrics, Inc., San Jose, California.
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e Edit the data with all null readings (sensor null readings) removed from the data.

¢ Convert the data files to XYZ.dat format, which is compatible to Golden Software’s Surfer or
equivalent.

¢ Contour the data using “standard” contour packages such as Surfer software. Two types of contour
maps were the foundation for interpretation.

e Magnetic field apparent vertical gradient: The absolute value of the difference between the top and
bottom sensor reading. This value primarily represents discrete, shallow anomalies.

* Top sensor residual: Statistics were run for top sensor readings (the top sensor is less affected than the
bottom sensor by small ground surface debris) and the mean value determined. This value (about
54,600 nanoteslas [nT]) was then subtracted from the total sensor reading to produce values more
conducive to contouring in order to better show subtle anomalies.

D2.2.3 Ground-Penetrating Radar

Ground-penetrating radar uses a transducer to transmit frequency modulation (FM) EM energy into the
ground. Interfaces in the ground (defined by contrasts in dielectric constants, magnetic susceptibility, and,
to some extent, electrical conductivity) reflect the transmitted energy. The GPR system then measures the
travel time between transmitted pulses and the arrival of reflected energy. Buried objects (such as pipes,
barrels, foundations, wires) can cause all or a portion of the transmitted energy to be reflected back
toward a receiving antenna. Geologic features such as cross-bedding, lateral and vertical changes in soil
properties, and rock interfaces also can cause reflections of a portion of the EM energy.

The diclectric constant and magnetic susceptibility of the medium primarily controls the velocity of the
EM energy. For calculating depth, values of EM velocities are determined by measurement, experience in
an area, ties to known buried reflectors, and knowledge of the subsurface medium.

The effective depth of investigation is a function of the transmitted power, receiver sensitivity, frequency
of the antenna, and attenuation of the transmitted energy from the geologic medium. The maximum depth
of investigation may vary significantly because of changing soil conditions. High attenuation and,
therefore, smaller penetration depths of the EM energy typically occur where the soil conductivity is
greater than 10 mS/m and/or in areas with numerous reflective interfaces. Depth of investigation also is
affected by highly conductive material, such as metal drums or pipes, which essentially reflects all the
energy. The method cannot “see” directly below areas of highly reflective material, because all of the
energy is reflected.

The reflected energy provides the means for mapping the subsurface features of interest, whether
synthetic or geologic. Display and interpretation of GPR data are similar to that of seismic reflection data
(i.e., data displayed as horizontal distance versus time depicting pseudo cross-sections of the earth). When
numerous adjacent profiles are collected, often in two orthogonal directions, a plan-view map showing the
location and depth of the detected features can be generated.
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D2.2.3.1 Ground-Penetrating Radar Data Collection Procedures

Generic data collection procedures are discussed in detail in Geophysical Survey Systems, 1993, SIR-104
User’s Manual. The subsurface interface radar, or SIR-10A5, has the following specific key data
collection and processing attributes:

e Select the antenna best suited to meet the survey objectives.
e Set the filters, gains, and other data-collection parameters best suited for the local soil conditions.

e Pull the antenna along a series of parallel profiles within the established survey grid, then collect data
along profiles in the orthogonal direction, specifically when mapping unknown linear features in
various orientations.

¢ Record the data on the system hard drive.
¢ Conduct post-processing of data if warranted, and print records for interpretation.

e Interpret data using all available historical records, drawings, maps of surface features, and other
geophysical data sets.

For these investigations, GPR data were collected by pulling the antenna by hand.

D2.2.3.2 Ground-Penetrating Radar Data-Processing Procedures

Data processing of the GPR data consisted of reviewing of unfiltered data as well as application of
various horizontal filters (as necessary). The horizontal filters, when used, had the effect of removing
coherent noise so that anomalies were more visible in the records. Such noise can often be attributed to
other sources (e.g., interference from internal electronic noise from field equipment, or reflections from
objectes above the ground surface). When filters were used on records, unfiltered data also were used to
give multiple images of the data for interpretation.

D2.3 Approach to Data Collection

Typically, profiles would be oriented perpendicular to the strike of known trenches. However, since the
survey areas are believed to have been unused, there were no preferred directions for profile orientation.
Therefore, the magnetic data profiles were collected along true north-south lines, spaced 3 m (9.8 ft)
apart. The EM31 data were collected along true north-south and east-west orientations, with 6 m (19.6 ft)
profile spacing. These profile spacings and orientations offer the best possibility of detecting anomalies
that would be caused by significant trench or pit contents regardless of anomaly orientation. For the
magnetic field data, recordings were at a constant time interval of 0.3 s, yielding data-point recordings
approximately every 0.3 m (1 ft). In the EM31 data, recordings were taken at 0.5 s intervals along each
profile, yielding data-point readings approximately every 0.5 m (1.6 ft). Data were downloaded from the
field instruments daily and reviewed regularly.

Preliminary plots of the EM31 data and magnetic field data were used to screen areas that would warrant
more detailed characterization using GPR. Only two areas required the more detailed GPR investigation,
one at 218-E-10 Annex, and one at the 218-W-4C Annex.

5 SIR-10A is a trademark of Geophysical Survey Systems, Inc., North Salem, New Hampshire.
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The site investigation summaries (Attachment D2) discuss the details of the data collection at each burial
ground.

D3 Results

Figures D1 through D6 display summary-level interpretations of the geophysical data. These
interpretation maps represent an integration of all of the geophysical data and other site information and
engineering drawings, as available.

Attachment D2 presents plots of the EMI and magnetic data collected, along with details of the
investigation at each site. Additionally, Attachment D2 presents surface feature base maps and overlays
between data sets and surface features. The large volume of GPR paper records makes presentation of
these data impractical; they will be retained in the 200-SW-2 Operable Unit Project File for reference.

D3.1 Geophysical Data Interpretation

The following paragraphs discuss some aspects of interpreting the different types of geophysical data
collected in this investigation.

EMI data interpretation typically involves looking for horizontal contrasts in readings of the two
components recorded. Absolute amplitude and the rate of change in amplitude also may be analyzed.
These observations are used to identify anomalous locations. Anomalies then are used to infer the location
of buried objects and/or debris. Comparing the presence of in-phase versus terrain conductivity
(quadrature-phase) anomalies gives additional information. The in-phase component is significantly more
sensitive to large, discrete metallic objects than the quadrature phase. The quadrature phase, in gencral, is
more sensitive to long, extended targets such as pipelines and to the overall terrain conductivity.

Magnetic field data are interpreted by identifying contrasts (anomalies) in readings that are indicative of
buried ferrous (iron-containing) metal objects. The locations of the anomalies are used to infer the
location of buried objects or debris. The apparent vertical gradient readings of the total magnetic field are
very useful for discretely identifying shallow anomalies. The top sensor total field readings are useful for
looking deeper and identifying larger anomalous areas. For simplicity of data plotting, the absolute value
of the vertical field often is used to minimize the dipole effect produced by some anomalies. For the total
field plots, the average total ficld value (typically ~54,600 nT for these surveys) is subtracted from the
individual values in order to accommodate detailed contour maps.

D-8




|
!

137750

—t—

137720
137600 |
P ‘ I
§ 137660
£ s
@ 137 —
2 37630 !
£ ‘ |
§ 137600 1
z ,
t
137570 .
1
13?540i 1
197510 e
§ R g
1N
w wn wn
METERS
| .
0 40 80
Washington State Plane South
NADS3

PR —————————— S | S e e
|

v E10-G

—— a—ad

’ 2
E10C E10-De

- -

-

€E10A

w0 |
E10-B & [ ) == it

ERRRERR D

n uy

- . . A ®

572660
572690
572720
572750
572780
572810

72840
573110
573140
573170
573200
573230

Easting (meters)

LEGEND
@ Point Anomaly - Magnetic Data
@ Point Anomaly - Electromagnetic Data
Area Anomaly - Magnetic Data
Area Anomaly - Electromagnetic Dala
Geophysical Interpretation Map
218-E-10 Annex
200 East Area
September 2008

Figure D1. Geophysical Interpretation Map, 218-E-10 Annex, 200 East Area, September 2008

0 A3 '8.28%-M9OS



oL-a

572972

|
[w

572975
729

= e _.,, —F==
- ——————
131717 |
131714
13711 I
g 13770&{
E 1armos “
; mrm;
125 137609 |
137696~
137683 | i)
137690
137687 ‘
EEE
e & B &
METERS
T
Washington State Plane South
NAD83

,,,,,

(e

FlREERLELE

n w uy

573011

Easting (meters)

LEGEND

~_ Area of mulliple refleclors/targels
Typical of debris

Single reflectortarget
Depth in Decimeters

573014
573017 -
573020

GPR Interpretation Map
218-E-10 Annex
200 East Area
September 2008

Figure D2. Ground-Penetrating Radar Interpretation Map, 218-E-10 Annex Detail Area, 200 East Area, September 2008

0 A3Y '8/287-M9OS




137750 i

SGW-48278, REV 0

................... . 5 R
137720 | | I
137600 | |

[ #E12D 1
137660 * . MK
: E12:E i (14
137630 1 e .
} ‘
ya7600-| | '
t | ¢
137570 1 | ¢
l 1]
|
137540 + '
' *E12:G 1]}
__ 137510 \ | I 4
g 137480 + E12< o +
! 1
£ 1aras0 | | 4
St} i
1
Z 1374201 + It
[ 1 1{
137390 :
1373601 + o E12H
137330 |
137300 1
1 E12A, 128
137270 | | _—
S )
137240 | [ H ow 'l
Iz o oo M=/
137210 1 b
137180 . 4 ‘ i
- - - . |
137150 | i I/ [
137120 . e b L.
| e~ M :
137080 ( . =
o o
$§ 8 8 8§ 8 %5 3% 8 3 3¢ 8 8 8
£ & ¢ X £ ¥ ¥ ¥ & ¥ X ¥ X ¥ §F ¥
m |hli"; Ilh'} B w w 2] w w wn wn w n wn wn wn w
Easting (meters) ) )
Geophysical Interpretation Map
- LEGEND 218-E-12B (Western Portion)
Point Anomaly - Magnetic Data

Lo N w . e 200 East Area

ing NAD83 & Point Anomaly - Electromagnetic Data

September 2008

Figure D3. Geophysical Interpretation Map, 218-E-12B (Western Portion),
200 East Area, September 2008



Northing (meters)

===

0

Washinglon Stale Plane South
NAD83

135200

SGW-48278, REV 0

135140J

135110+

:

135020

566340
5668370~
566400

!

METERS

20 40

135170—? \. "
s &)

& Wa-A
- ‘ o
W4-C
wag*®
|
A
— - —
8 ; 8 8 2 3
3 8 g g g
Easting (meters)
LEGEND

# Poinl Anomaly - Magnelic Data
4 Point Anomaly - Electromagnetic Data

Geophysical Interpretation Map
218-W-4C Annex
200 West Area
September 2008

Figure D4. Geophysical Interpretation Map, 218-W-4C Annex,
200 West Area, September 2008

D-12




v
B
P
1=
=
=
(=]
=z
METERS
0 1
Washington State Plane South
NADS3

SGW-48278, REV 0

135146 = = s
135145

135144 —

135143

135142 | P, \ 3/
135141 ads ?

135140 L2738/ L
135139 —|

135138

566473
566474
566475
566476
566477
566478
566479
566480

Easting (meters)

LEGEND

— Area of mulliple refleclors/largels
_ Typical of debris

3 Single reflector/target
Depth in Decimeters

GPR Interpretation Map
218-W-4C Annex
200 West Area
September 2008

Figure D5. Ground-Penetrating Radar Interpretation Map, 218-W-4C Annex Detail Area,

200 West Area, September 2008

D-13



¥i-a

Northing (meters)

1376501

pr——r—r—a—a—g X e — L e ——— ey 3 p———— ey HE o e o [
137620 * e bl | .
& . . ,
137500 ‘ '. oL B
Akt X WE-A,
137560 |\, .
|5 X B
137530 x:-;z o
137500 i L Y w &
137470 N He &
‘ | wes . wee i
137440 — - g
| » < . WB-(! Ws-D ‘“.F
137410 [ T .
137380 s S . o
‘ * s aWEH ‘ %
137350 | L
| % MNES g
137320 " N
| 3 £ = . -‘D
137280 +
137260 S A g
mm‘; M |
137200
| | | O IE— I [ o | ]
REEEREREEEEEEER R R EEEE R R R ]
m § § % & 2 % % 8 % % % 8§ % ¥ § &8 %8 § 8 § 8§
Easling (meters, 5 3
' ) Geophysical Interpretation Map
METERS LEGEND 218-W-6
[ —
o 4« i e 200 West Area
s # Point Anomly - Electomagnotc Deta September 2008

Figure D6. Geophysical Interpretation Map, 218-W-6, 200 West Area, September 2008




SGW-48278, REV 0

GPR data are interpreted by locating anomalies on the paper data records and then determining their depth
and spatial location. The location and depth of the anomalies are hand plotted onto a map of the site by
the interpreter. A representative number of these anomalies are then digitized in computer-aided drafting
and design software to be plotted on the interpretation map. Because of the large number of anomalies
often interpreted in GPR data, the discretion of the interpreter is used to decide which anomalies are
transferred to the computer-aided drafting and design drawing to indicate the important information about
the site.

D3.2 General Discussion of Results

The geophysical surveys were reconnaissance-type surveys that were aimed at verifying the unused status
of the landfill areas. Geophysical methods, profile spacing, and profile orientation were selected to
support this goal. At all four sites, the EM, and magnetic field data generally exhibit very low amplitude
character. To illustrate the predominately quiet/anomaly free nature of the survey areas, the anomalies
that do dominate most of the magnetic field/vertical gradient data are associated with T-posts and metal
survey pin flags, or can be correlated with visible surface features such as well casings. In the event that
unexplained anomalous areas were identified within the survey boundaries, additional characterization
was attempted using ground-penetrating radar and/or more detailed visual field checking for correlations.

D3.2.1 Reliability/Accuracy of the Results

The quality of the geophysical data depends on factors such as soil conditions, topography, accessibility
to the area, and amount of site disturbance by past human activity. Although EMI, magnetic, and GPR
instruments are capable of recording accurate and precise quantitative measurements, the final results of
the investigation are based on the subjective interpretation and understanding of the data. In most cases,
the interpreter is able to assess many factors that affect the reliability of the results and can provide a level
of confidence in the reliability of the results.

Given the reconnaissance nature of the surveys, interpretations were performed with the intent of
determining the boundaries of a given anomaly and representative information about its content and
depth. The interpretation figures do not show all detected anomalies. Locations of objects detected in the
data (i.e., position in the horizontal plane) have a nominal accuracy of +/-1.0 m (3 ft). Where depth to the
top of the anomaly is presented, its accuracy is nominally +/-0.3 m (1 ft).

D3.3 218-E-10 Annex

Numerous small, discrete magnetic anomalies are scattered throughout the data, but most of these appear
to be associated with basalt cobbles/boulders observed on the surface and occasionally attributed to
miscellaneous small pieces of metal scattered throughout the survey area (Figure D1). The EMI apparent
ground conductivity and in-phase data also indicate an overall quiet background for the entire site.

The notable exception to the otherwise benign character of the site is a subsurface anomaly, centered at
about N137700 and E572990. GPR data were collected around this area for further characterization.
The GPR data indicate this area likely contains shallow, scattered anomalous debris from 0.3 to 1.0 m
(1 to 3 ft) below the surface over an area 10 to 20 m (33 to 66 ft) across (Figure D2).

D3.4 218-E-12B (Western Portion)

Numerous small, discrete magnetic anomalies are scattered throughout the data, but most of these appear
to be associated with basalt cobbles/boulders observed on the surface and occasionally to miscellaneous
small pieces of metal scattered throughout the survey area (Figure D3). The EMI apparent ground
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conductivity and in-phase data also indicate an overall quiet background for the entire site. No buried
drum or trench-like features were observed in the data.

D3.5 218-W-4C Annex

Several small, discrete magnetic anomalies are scattered throughout the data, but most correlate with
visible surface features/debris (Figure D4). The EMI apparent ground conductivity and in-phase data also
indicate an overall quiet background for the entire site.

The notable exception to the otherwise benign character of the site is an anomalous area, observed in both
the magnetic and EM data, centered at about N135140 and E566480. GPR data were collected around this
area for further characterization. The GPR data indicate this arca contains a few shallow, scattered pieces
of debris, from 0.3 to 1.0 m (1 to 3 ft) below the surface, confined laterally within a few meters

(Figure DS).

No buried drum or trench-like features were observed in the data.

D3.6 218-W-6

Numerous small, discrete magnetic anomalies are scattered throughout the data, but many of these appear
to be associated with basalt cobbles/boulders observed on the surface and to miscellaneous small pieces
of metal, wire rope, etc. scattered throughout the survey area (Figure D6). The “anomalous” signature
along the southwestern edge of the survey area is from a railroad track and the large anomaly, centered at
about N137510 and E567195 is the drill pad/rig location. The EMI apparent ground conductivity and
in-phase data also indicate an overall quiet background for the entire site. The southern portion of the
survey arca appears to have the highest amount of surface/near surface metallic debris.

No buried drum or trench-like features were observed in the data.

D4 Software Problem Reporting and Validation and Verification Information

WCH currently maintains a quality management system that is compliant with the quality standards
described in International Standard ISO 9001:1994, Quality Management Systems—Requirements.

This quality management system also is designed to meet similar quality system requirements specified in
corresponding ANSI/ASME NQA-1, Quality Assurance Requirements for Nuclear Facility Applications,
Basic Requirements sections. Furthermore, the WCH Quality Management System also is designed to
comply with the 10 quality assurance criteria specified in the DOE Order 414.1C, Quality Assurance,
implementation of 10 CFR 830, “Nuclear Safety Management,” Subpart A, “Quality Assurance
Requirements.”

In accordance with the statement of work, the following sections discuss the process that was in place for
reporting problems that could have been encountered with software. In addition, the section presents the
method used to document the validation and verification of software used to perform calculations. Note
that no errors or problems were observed with the software used for this project. No nonconformance
reports were generated.

D4.1 Software Problem and Error Reporting

A WCH-approved internal work process describes identifying, controlling, documenting, and
dispositioning nonconforming items or items of indeterminate quality discovered during WCH personnel
performance of on-site work activities. This process applies to all WCH activities and personnel.
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The primary objective of this process is to prevent the unintended use or further use of products that fail
to pass required inspections. Four broad phases used to control a nonconforming item are: (1) identifying
and documenting nonconforming items, (2) segregation, (3) dispositioning and implementation of
disposition instructions, and (4) closing nonconformance reports.

D4.2 Validation and Verification Information
D4.2.1 Software Information

Title: Surfer® Version: 8.08, October 31, 2007

Manufacturer: Golden Software, Inc., Golden, Colorado

Function: Surface Mapping System

Operating System: Microsoft Windows XP 2002 Professional, Version: 5.17
Calculations Calculates and outputs a contoured grid from regularly spaced
Performed: data values

D4.2.2 Validation and Verification

Validation is the process of confirming the appropriateness of using software for the purpose to which it
is being applied. Verification is the process of confirming the correctness of the output of the software.
To verify that the software used on this project produced correct results, input parameters and conditions
similar to those used in the project were generated.

To demonstrate proper contour calculation and placement, a regular grid of arbitrary numbers was created
and subsequently processed by the software. The numbers were posted on a map, and the contour
intervals were superimposed over the numbers. The contour placement then was examined. The analysis
indicated that the software performs correctly under conditions similar to those used on this project.
Attachment D3 presents the entire data file and a brief summary of the test and its outcome.

6 Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

7 Windows XP 2002 Professional is a trademark of Microsoft Corporation, Redmond, Washington.
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Attachment D1

Geophysical Grid Staking Survey Data Reports

Information is provided on the primary grid node staking that was used for location control.
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218-E-12B (Western Portion) Geophysical Grid
Staking Survey Data Report
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Recquest No.

SURVEY DATA REPORT 0;2.4|u
Project No. Title: File No.

218-E-12B Geuphy:.lcal (md Stdkmg 2EWA-061
Job No. Prepared L3y Date i
MEIIINF123470 - 0010-CAI0 | N.P. Fastabend 8721/08 ,7@_ M 1 of w

DESCRIPTION OF WORK pisTriBUTIOY | PLOT | DWG
Staked 30 meter grid at coordinates provided over west portion of 218-E- 128 Survey File OR
Burial Ground. Set 3/8" x 1 1/2" x 48" Wood [.ath with painted orange tops or | B.A. Atkinson !
paint mark on asphalt road and marked with coordinates. G.T. Rerlin 1
Horizontal Coordinate System: WCSK3S/91 (Meters) S, Lo 4 A
Equipment Uscd: Trimble GPS 5800 RTK LI Mitchell 1
SURVEY RESULTS AND COMMENTS
See Attached Grid Sketeh and Coordinate List
|
NOTE: ‘This Survey was performed under the supervision of a Licensed Professional Land Surveyer
registered in the State of Washingion.
BN W-246 (09/04)
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960 574660 137450 218-W-12B
961 574860 137420 218-W-12B
962 574660 137390 218-W-128

963 5746680 137360 Unable to Set 218-W-12B
964 574660 137330 Unable to Set 218-W-12B
865 574660 137300 Unableto Set 218-W-12B
066 574660 137270 Unable to Set 218-W-12B
867 574660 137240 Unableto Set 218-W-128B
968 574660 137210 Unable to Set 218-W-12B
969 574660 137180 Unableto Set 218-W-12B
970 574660 137150 Unableto Set 218-W-12B
971 574660 137120 Unable to Set 218-W-128
972 574660 137090 Unableto Set 218-W-12B
973 574660 137060 218-wW-128
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SGW-48278, REV 0

Request No.
SURVEY DATA REPORT 084.410
Project No. T ritte: l File No.
218-W-4C Geophysical Grid Staking : 2ZEWA-061
Job No. Prepared By Date Re r 7 Page
| MEITINF123470 - 0010-CAI0 | N.P. Fastabend | 7725008 {':m?’ s ‘ér 1 dfi
DESCRIPTION OF WORK DISTRIBI ? SDR | PLOT DWG
Staked 30 meter grid at coordinates provided over section of 218-W-4C Burial | Survey File OR
Ground. Sct 3/8" x | 1/2" x 48" Wood Lath with painted orange tops and B.A. Atkinson I
marked with coordinates. G.T. Berlin 1
Horizontal Coordinate System: WCS838/91 (Meters) §.W. Cammany !
T.JI. Mitchell |

Equipment Used: Trimble GPS 5800 RTK

SURVEY RESULTS AND COMMENTS

See Attached Grid Sketch and Coordinate List

NOTE: This Survey was performed under the supervision of a Licensed Professional Land Surveyor
registered in the State of Washington.

E-NW-246 (09/04)
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Site Investigation Details, Data Plots, and Overlays
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Terms
DGPS differential global positioning system
EM electromagnetic
EMI electromagnetic induction
GPR ground penetrating radar
GPS global positioning system
BC personal computer
WCH Washington Closure Hanford
WIDS Waste Information Data System
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D2-1 Site Investigation Details, Data Plots, and Overlays

Information is provided on the ground-penetrating radar (GPR), electromagnetic induction (EMI), and
magnetic data collected, along with details of the investigation, for each “burial ground” discussed in this
document. This attachment also presents an overlay of the geophysical results with mapped surface
features for each site investigation.

D2-2 218-E-10 Annex Geophysical Investigation Summary and Data Plots

Site Name

218-E-10 Annex

Location

200 East Area

Approximate Size

210 m (689 ft) x 615 m (2,017 ft) (about 14 ha [35 ac])

Burial Ground

No documented use

Information
Terrain Generally flat
Vegetation/Ground | Bunch grass, Russian thistle, other grasses and weeds
Cover
Hydrological Surface dry at time of data collection
Properties
Limitations/ None
Obstacles
Overall Assessment | EMI, magnetic methods, and GPR effective at meeting project objectives
for Geophysical
Investigation
s - 2 Equipment
GPR SIR-10A T GPR system with 200 MHz antenna
EMI Frequency domain EMI: Geonics EM312 Ground Conductivity Meter and data logger.
Trimble DGPS for navigation and positioning.
Total Magnetic G-858/G Cesium Vapor Magnetometer/Gradiometer®

Field

Data Collection and Processing Parameters

1 SIR-10A (GPR system) is a registered trademark of Geophysical Survey Systems, Inc., North Salem, New

Hampshire.

2 Geonics EM31 is a trademark of Geonics Limited, Mississauga, Ontario, Canada.

3 -858/G Cesium Vapor Magnetometer/Gradiometer is a trademark of Geometrics, Inc., San Jose, California.
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Grid Location Fluor personnel staked grid nodes at 30 m (98 ft) centers using a Trimble GPS 5800 RTK#
Control and Data | system and coordinates supplied by WCH, based on WIDS documentation. The 30 m (98
Collection Lines ft) node base grid was 270 m (886 ft) north-south, 660 m (2,165 ft) east-west; data
collection lines were flagged at 6 m (19 ft) intervals in the east-west direction along grid
nodes.

SIR-10A Data were collected at specific sites with the antenna pulled by hand. Marks were placed in
the data as the instrument passed position marks tied to the base grid nodes, painted on the
ground at 2 m (6 ft) intervals. Data were stacked (two signals), recording window 108 ns,
gains and filters set in field to match soil conditions. Hard copy plots of data were printed
in the office on a thermal printer for interpretation.

EM31 Data were collected at hip height in the vertical dipole mode with samples recorded every
0.5 seconds (nominal 0.5 m [1.6 ft] data spacing along line). Data were collected on 6 m
(19 ft) line spacing in both the north-south and east-west directions.

For the east-west profiles, DGPS was used for navigation and positioning. Data were
downloaded from the field PC and written to a .xyz data file. The data was then reviewed
using standard spreadsheets such as Excel®.

For north-south lines, data positioning relied on survey marks/pin flags. Data were
downloaded from the data logger to a PC using DAT31.exe and then converted to
DAT31W8 format. Corrections of position errors during data collection (if any) were made.

Data were gridded and plotted using Surfer”. Grid cell size for data plots is nominally 6 m
(19 ft) (cross line) x 2 m (6 ft) (down line) and the nearest neighbor algorithm was used for
contouring,.

G-858/G Data were collected with sensors 0.5 and 1.25 m (1.6 and 4 ft) above the ground in
continuous sampling mode with samples recorded every 0.3 seconds (nominal 0.3 m [1 ft ]
data spacing), and fiducial positioning marks placed every 30 m (98 ft), on lines spaced 3 m
(10 ft) apart. Data were collected in north-south direction with the sensors oriented
east-west at a 45-degree angle to the horizon. Data were downloaded from the field
instrument, filtered for spikes and dropouts (if any), corrected for position errors (if any),
and written to a .xyz file using MagMapper2000.exe®. Data were gridded and plotted using
Surfer. Grid cell size for the data plots is nominally 3 m (10 ft) (cross line) x 1 m (3 ft)
(down line) and the nearest neighbor algorithm was used for contouring. Profile spacing,
contour thresholds, and intervals were aggressively chosen in order to maximize the ability
to detect anomalies that could be attributed to drum size or even smaller objects.

Equipment
Functional Check
Location

4 GPS 5800 RTK is a trademark of Trimble Navigation Limited, Sunnyvale, California.

5 Excel is a trademark of Microsoft Corporation, Redmond, Washington.

6 DAT31.exe and DAT31W are trademarks of Geonics Limited, Mississauga, Ontario, Canada.
7 Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

8 MagMapper2000.exe is a trademark of Geometrics, Inc., San Jose, California.
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Data Discussion/
Interpretation

Refer to data plots D2-1 through D2-11 and Tab
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. LS 2 3
= e s

le D2-1 during the following discussion:
To illustrate the predominately quiet and anomaly-free nature of the survey area, the
anomalies that dominate most of the magnetic field/vertical gradient data are associated
with T-posts and metal survey pin flags or can be correlated with visible surface features
such as well casings. T-posts support a small chain surrounding the 218-E-10 Annex and
the pin flags were placed at 6 m (19 ft) intervals along N137540, N137600, N137660, and
N137720. Numerous small, discrete magnetic anomalies are also scattered throughout the
data, but most of these appear to be associated with basalt cobbles/boulders observed on the
surface and occasionally to miscellaneous small pieces of metal scattered throughout the
survey area.

The EMI apparent ground conductivity and in-phase data also indicate an overall quiet
background for the entire site.

The notable exception to the otherwise benign character of the site is an anomalous area
that might represent significant buried debris, centered at about N137700 and E572990.
GPR data were collected around this area for further characterization. The GPR data
indicate this area likely contains shallow, scattered debris buried from 0.3 to 1.0 m (1 to 3
ft) below the surface over an area 10 to 20 m (33 to 66 ft) across.

Lessons Learned

Given the objective of characterizing the site with the intent not to miss a pickup size area
of debris or a minimum target size equal to a 55-gallon drum, the profile spacing for the
magnetic field data is appropriate. It might be argued that EMI data collected only in one
direction, still spaced at 6 m (19 ft) intervals, would be adequate. However, having EM data
collected in two directions greatly improves the possibility of detecting an unknown liquid
or non-ferrous material filled trench, if they were present.

Table D2-1. Summary of Results from 218-E-10 Annex

E10-A 572681.17 137576.19 Single low-amplitude magnetic target
E10-B 572786.72 137543.58 Multiple low-amplitude m;gnetic targets
E10-C 573037.54 137687.07 Single low-amplitude magnetic target
E10-D 573172.73 137678.18 Single low-amplitude ma;neﬁc target
E10-E 573148.42 137532.31 Single low-amplitude magnetic target
E10-F 573149.01 137524.01 Single low-amplitude magnetic target
E10-G 572990.00 13770000 | Area magnetic and EM target

Note: Target IDs are posted on the Geophysical Interpretation Map Coordinates in Washington State Plane Meters/'NADS3
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Figure D2-1. Geophysical Interpretation Map, 218-E-10 Annex, 200 East Area, September 2008
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Figure D2-3. Surface Features Base Map, 218-E-10 Annex, 200 East Area, September 2008
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Figure D2-5. Vertical Magnetic Gradient (G-858/G) Data, 218-E-10 Annex, 200 East Area, September 2008
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Figure D2-6. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data, North-South
Profiles, 218-E-10 Annex, 200 East Area, September 2008
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Figure D2-7. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data, East-West Profiles, 218-E-10 Annex,

200 East Area, September 2008
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Figure D2-8. Electromagnetic Induction (EM31) In-Phase Data, North-South Profiles,
218-E-10 Annex, 200 East Area, September 2008
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Figure D2-9. Electromagnetic Induction (EM31) In-Phase Data, East-West Profiles,
218-E-10 Annex, 200 East Area, September 2008
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Figure D2-10. Overlay: Vertical Magnetic Gradient Data and Surface Features,

218-E-10 Annex, 200 East Area, September 2008
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Figure D2-11. Overlay: Electromagnetic Induction In-Phase Data and Surface Features,
218-E-10 Annex, 200 East Area, September 2008
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D2-3 218-E-12B (Western Portion) Geophysical Investigation Summary and Data Plots

Site Name

218-E-12B (Western Portion)

Location

200 East Area

Approximate Size

Trapezoid with an angled s;)ugern base, measuring roughly 460 m (1,509 ft) across
by 650 m (2,132 ft) north-south (about 24 ha [60 ac])

Burial Ground Information

No documented use

Terrain

Generally flat

Vegetation/Ground Cever

Bunch grass, Russian thistle, other grasses and weeds

Hydrological Properties

Surface dry at time of data collection

Limitations/Obstacles

None

Overall Assessment for
Geophysical Investigation

EMI and magnetic methods effective at meeting project objectives

T

— et e

T i — =

EMI

Frequency domain EMI: Geonics EM31 Ground Conductivity Meter with a data
logger. Trimble DGPS for navigation and positioning.

Total Magnetic Field

G-858/G Cesium Vapor Magnetometer/Gradiometer

- oy o) PN L AT _."i.,.r‘»- . Llel g

’ 0 M ! y . :
A 7] e -

- 3 s i dido L[| S P RASS R W

Grid Location Control and
Data Collection Lines

Fluor personnel staked grid nodes at 30 m (98 ft) centers using a Trimble GPS
5800 RTK system and coordinates supplied by WCH, based on WIDS
documentation. The 30 m (98 ft) node base grid was 690 m (2,263 ft) north-south,
480 m (1,574 ft) east-west data collection lines were flagged at 6 m (19 ft) intervals
in the east-west and north-south direction along grid nodes.

EM31

Data were collected at hip height in the vertical dipole mode with samples recorded
every 0.5 seconds (nominal 0.5 m [1.6 ft] data spacing along line). Data were
collected on 6 m (19 ft) line spacing in both the north-south and east-west
directions.

For both the east-west and north-south lines, data were downloaded from the data
logger to a PC using DAT31.exe. and converted to DAT31W format. The data
were then reviewed using standard spreadsheets such as Excel, and corrections of
position errors during data collection (if any) were made.

Data were gridded and plotted using Surfer. Grid cell size for data plots is
nominally 6 m (19 ft) (cross line) x 2 m (6 ft) (down line) and the nearest neighbor
algorithm was used for contouring.
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G-858/G Data were collected with sensors 0.5 and 1.25 m (1.6 and 4 ft) above the ground in
continuous sampling mode with samples recorded every 0.3 seconds (nominal

0.3 m [1 ft] data spacing), and fiducial positioning marks placed every 30 m (98 ft),
on lines spaced 3 m (10 ft) apart. Data were collected in north-south direction with
the sensors oriented east-west at a 45-degree angle to the horizon. Data were
downloaded from the field instrument, filtered for spikes and dropouts (if any),
corrected for position errors (if any), and written to a .xyz file using Geometrics,
Inc., MagMapper2000.exe. Data were gridded and plotted using Surfer. Grid cell
size for the data plots is nominally 3 m (10 ft) (cross line) x 1 m (3 ft) (down line)
and the nearest neighbor algorithm was used for contouring. Profile spacing,
contour thresholds and intervals were aggressively chosen in order to maximize the
ability to detect anomalies that could be attributed to drum size or even smaller
objects.

Equipment Functional
Check Location

— - -

, ~ Results

Data Discussion/ Refer to data plots D2-12 through D2-21 and Table D2-2 during the following
Interpretation discussion:

To illustrate the predominately quiet and anomaly-free nature of the survey area,
the anomalies that dominate most of the magnetic field/vertical gradient data are
associated with T-posts and metal survey pin flags or can be correlated with visible
surface features. T-posts support a small chain surrounding the 218-E-12BB
(Western Portion) and the pin flags were placed at 6 m (19 ft) intervals along
N137120, N137180, N137240, N137300, N137360, N137420, N137480, N137540, |
N137600, N137660, N137720, and also along north-south node lines spaced
typically 60 m (197 ft) apart. Numerous small, discrete magnetic anomalies are also
scattered throughout the data, but most of these appear to be associated with basalt
cobbles/boulders observed on the surface and occasionally to miscellaneous small
pieces of metal scattered throughout the survey area.

The EMI apparent ground conductivity and in-phase data also indicate an overall
quiet background for the entire site.

No buried drum or trench-like features were observed in the data.

Lessons Learned Given the objective of characterizing the site with the intent not to miss a pickup
size area of debris or a minimum target size equal to a 55-gallon drum, the profile
spacing for the magnetic field data is appropriate. It might be argued that EMI data
collected only in one direction, still spaced at 6 m (19 ft) intervals, would be
adequate. But, having EM data collected in two directions greatly improves the
possibility of detecting an unknown liquid or non-ferrous material filled trench, if
they were present.
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Table D2-2. Summary of Results from 218-E-12B (Western Portion)

El12-A 574263.7 137277.6 Multiple low amplitude magnetic targets
E12-B 574275.7 137275.6 Multiple low-amplitude magnetic targets
El12-C 574251.8 137472.1 Single low-amplitude magnetic target
El12-D 574332.6 137669.6 Single low-amplitude magnetic target
E12-E 574464.2 137655.6 7 Single Iow-amﬁliu;d;;agneﬁ;: target
E12-F 574557 1‘37642.7 Single low-amplitude magnetic target
E12-G 574549 13752; Single low-amplitude 1:|1agnelic target
El12-H 574364.5 1373534 Single low-amplitude magnetic target

Note: Target IDs are posted on the Geophysical Interpretation Map Coordinates in Washington State Plane Meters/NADS83.
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Figure D2-12. Geophysical Interpretation Map, 218-E-12B (Western Portion),
200 East Area, September 2008
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Figure D2-13. Surface Features Base Map, 218-E-12B (Western Portion),
200 East Area, September 2008

D-75




SGW-48278, REV 0

137750 !
4 - - T T -
137720 ! o) s”-sfsr’“k'-\? -
RS oy
. o 2le 1
137690 e - 5 T
Pl
137660 & o i Ls B =
LR SN
i %
137630 — :
5 1 =
137600 2 [ 38
at
137570 o
>y =
137540 | - =D
| L 4 e
137510=-J ——

§ 1anas0 e —~ 4
= 137420 2 = s
£ i %
B 13m0 f =
z i 7 =
N o
137360 e f,_/ e
> Cf
137330—#—-- . ’ ‘ i
o f
137300 : - 2 -

(]

| 5&57]
¢

(u-/"\

137270 4 = = *
L]
137240 4 = = . |
| . - | - :@

137210 - X = : g
137180 : . . = =
(€]
LEGEND - p)

v

S

137150 - 1 7 i g
. |_- Fence j“i» 5 7' |
‘ ‘ . u(
T 538888888558 ¢e8q
& & & D
B & B g - R N EE B g E B g g
m Easting (meters)
Residual Magnetic Field (G858/G)
Top Sensor Residual (-54600 nT 5
Meters Contour Interval: 25 n(T ) 218-E-12B (Western Portion)
0 30 60 90 Contour Threshold: 75 nT 200 East Area
VWerNoRios Bl Faibo ot September 2008

Figure D2-14. Residual Magnetic Field (G-858/G) Data, 218-E-12B (Western Portion),
200 East Area, September 2008
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Figure D2-15. Vertical Magnetic Gradient (G-858/G) Data, 218-E-12B (Western Portion),
200 East Area, September 2008
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