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This on scene coordinator report has been compl d as a requirement of
DOE/RL-2008-22,4 Section 5.5.2, which requires 1at an on scene coordinator report be
developed after the completion of removal action tivities and placed in the
Administrative Record. Removal action activitie: ave been completed in Zone A and
have not been completed in Zone B. Because DOE/RL-2008-22 addresses Removal
Action Objectives for the northern portion of e . Controlled Area, which comprises
Zones A and B, and contamination remains in Zone B, this report documents the current
condition of Zones A and B. This document will  used to support future remedial

actions and eventual deletion of the waste site fro the National Priorities List.

4 DOE/RL-2008-22, 2008, Removal Action Work Plan forthe N hem Part of the BC Controlled Area
(UPR-200-E-83) Located Within the 200 UR 1 Operable Unit, Rev. 0, U.S. Department of Energy, Richiand

Onerations Office Richland Washinatan Availahle at-
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Metric Conversion Chart

Into Metric Units

Out of Metric Units

If You Know Multiply By To Get If You Know Multiply By To Get
Length Length
Inches 25.4 millimeters Millimeters 0.039 inches
Inches 2.54 centimeters Centimeters 0.394 inches
Feet 0.305 meters Meters 3.281 feet
Yards 0914 meters Meters 1.094 yards
Miles 1.609 kilometers Kilometers 0.621 miles
Area Area
Sq. inches 6.452 sq. centimeters Sq. centimeters 0.155 sq. inches
Sq. feet 0.093 sq. meters Sq. meters 10.76 sq. feet
Sq. yards 0.0836 sq. meters Sq. meters 1.196 sq. yards
Sq. miles 2.6 sq. kilometers Sq. kilometers 04 sq. miles
Acres 0.405 hectares Hectares 247 acres
Mass (weight) Mass (weight)
Ounces 28.35 grams Grams 0.035 ounces
Pounds 0.454 kilograms Kilograms 2.205 pounds
Ton 0.907 metric ton Metric ton 1.102 ton
Volume Volume
Teaspoons 5 milliliters Milliliters 0.033 fluid ounces
Tablespoons 15 milliliters Liters 2.1 pints
Fluid ounces 30 milliliters Liters 1.057 quarts
Cups 0.24 'ers Liters 0.264 gallons
Pints 0.47 liters Cubic meters 35315 cubic feet
Quarts 0.95 ers Cubic meters 1.308 cubic yards
Gallons 38 liters
Cubic feet 0.028 cubic meters
Cubic yards 0.765 cubic meters
Temperature Temperature
Fahrenheit subtract 32,  Celsius Celsius multiply by Fahrenheit
then 9/5, then add
multiply by 32
5/9
Radioactivity Radioactivity
Picocuries 37 millibecquerel Millibecquerel 0.027 picocuries
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1 Introduction

ments the contaminated soil removal activities performed during the

period of September 2009 through July 2011 in the BC Controlled Area (BCCA) on the Hanford Site.

The BCCA is a 3,480 ha (8,600 ac’
Hanford Site, as shown in Figure 1

aste site located immediately south of the 200 East Area on the
The BCCA is reported in the Hanford Waste Information Data

Systems as an unplanned release site (UPR-200-E-83). During the discovery, characterization, and early

remediation periods, the BCCA we
requirements have been establishec
time of remediation, the waste site
more appropriately pertain to the E

The Comprehensive Environmental

irt of the 200-UR-1 Operable Unit (OU). Therefore, regulatory

- this removal action under the 200-UR-1 OU. However, during the
 moved into the 200-OA-1 OU, a new OU with characteristics that
A.

sponse, Compensation and Liability Act of 1980 (CERCLA)

removal activities were performed as part of the removal actions identified in DOE/RL-2008-21, Action

Memorandum for the Non-Time-Cr
(UPR-200-E-83) (Action Memoran
July of 2008 but suspended in Sept
was not completed. This report pro
Agreement and Consent Order ([Tr
the removal action is completed or
Release Waste Group OU has been

1.1 Location of Hazards

al Removal Action for the Northern Part of the BC Controlled Area
n). Prior to September 2009, removal activities were initiated in

ver 2008 as a result of funding priorities, and the removal action

3s the status of the removal action in the Hanford Federal Facility
arty Agreement] Ecology et al., 1989) administrative record until
nal remedial decision for the BCCA and the 200-UR-1 Unplanned
de.

WMP-18647, Historical Site Assessment of the Surface Radioactive Contamination at BC Controlled

Area, contains detailed information

the BCCA and a narrative of the contamination sources. As stated

in WMP-18647, the BC Cribs and Trenches, located north of the BCCA, are known to be the source of

the BCCA contamination, as the co

mination in the BCCA was the result of animal intrusion and wind

dispersion from the BC Cribs and Trenches. The BC Cribs and Trenches waste sites are part of the

200-BC-1 OU, separate from the 2(
based on past historical informatiot
northern region of the BCCA is loc
west. Animal intrusion and wind di
resulted in shallow soil contaminat;

1,500 ha (3,800 ac).

Within the northern part of the BC(
cesium-137 and strontium-90 is refi
identified in the Action Memorand
human health and the environment,
remediation goals (PRGs). The rem
contains some areas of detectable a
are generally considered to be of lo
Zones A and B radiological contam

JA-1 OU. The BCCA waste site was divided into separate regions
d analytical sampling events, as discussed in WMP-18647. The
I north of the sand dunes that cross the controlled area from east to
rsion of contaminants originating in the BC Cribs and Trenches
within the northern part of the BCCA, an area of approximately

the region that has the highest levels of contamination from

d to as Zone A. Zone A i1s approximately 57 ha (140 ac) and was
DOE/RL-2008-21) as the area that presents the greatest risk to

h continuous radiological contamination over the preliminary

ler of the northern part of the BCCA, referred to as Zone B,

mnts of contamination in an irregular pattern; however, these areas
risk. Figure 1-2 shows the diagram of the BCCA identifying the
ion areas within the northern BCCA.
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200 East Area Core Zone Boundary

— 200 East Fenceline

Northern BC
Controlled

Area 3
: *2* Southern BC
. Controlled
Area

Zone B

] Zone N_/- 1 mile
7] ZoneB Kpprc:oxlmamel;'J

CHPUBS1108_2011-101_DD_1-2

Figure 1-2. Diagram of the BC Controlled Area

Sampling in 1999 showed strontium-90 surface soil concentrations ranging from 0.32 to 3,420 pCi/g
across the northern part of the BCCA. Cesium-137 surface soil concentrations range from 0.35 to

2,290 pCi/g across the area. Thus, the surface soil concentrations of cesium-137 and strontium-90—the
two radionuclides likely to deliver the greatest dose to a recipient—vary widely across the northern part
of the BCCA. According to WMP-18647, soil depth profiles of activity were expected to vary. Analytical
data from calendar years 2005 and 2007 showed that the bulk of activity in areas with contamination
caused by biological transport mechanisms (i.e., spread from animals) is primarily in the top 15 cm (6 in.)
of the surface layer of soil, but is deeper in some areas.

For areas contaminated as a result of nonbiological transport mechanisms (i.e., windblown
contamination), primarily in Zone B, the radionuclides are probably in the top 2.5 cm (1 in.) of the surface
layer of soil, with the exception of strontium-90, which is distributed about 15 cm (6 in.) deep, based on
sample results. The top 2.5 cm (1 in.) layer is expected to contain about 40 percent of the strontium-90.
Depth profiles are discussed in greater detail in Section 3.5 of WMP-18647. No chemical contaminants of
concern (COCs) had been identified during the BCCA characterization. Table 1-1 summarizes the results
of the characterization efforts through 2007 for the known radionuclide COCs for the northern BCCA.
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Table 1-1. Summary of 200-UR-1 OU BC Cont

REV. 0

d Area Radioactive Contamination

Average and Maximum Detected Values for Radionuclides above 1 pCi/g in BC Controlled Area Zone A

Cs-137 Sr-90
Number of Detected Values 30 29
Average 164.5 pCv/g 303.2 pCi/g
Maximum 1,820 pCi/g 4,700 pCi/g

OU = operable unit

As aerial surveys of surface contamination previously ¢
resolution to confidently identify and delineate spots of
Department of Energy (DOE) requested the National N
Office Remote Sensing Laboratory (RSL) to provide a 1
collected by the Aerial Measuring System Radiation an¢
Version V, using an array of twelve 5 x 10 x40 cm (2 >

ucted on the BCCA did not provide enough
tamination characteristic of Zone B, the U.S.
ar Security Administration, Nevada Site
altitude survey of the BCCA. The data were
wvironmental Data Acquisition and Recorder,
< 16 in.) sodium iodide detectors flown

onboard a twin-engine Bell 412 helicopter. The data were geo-referenced using a Differential Global

Positioning System (GPS). Gamma-energy spectra were
survey parameters for an altitude of 15 m (50 ft) above |
(75 ft) were decided upon to maximize the man-made r:
footprint of the helicopter radiation acquisition system.

The surveys were performed in September 2009 to dete:
throughout the entire BCCA, and the results were report
of the Hanford BC Controlled Area and West Lake Arec

llected every second during the survey. Aerial
ind level and parallel line spacing of 23 m
tion sensitivity and reduce the effective

1¢ the nature and extent of contamination
in SGW-45563, An Aerial Radiological Survey
esented as Appendix A of this document. The

surveys updated the previous radiological surveys of the BCCA and provided a 100 percent gamma scan

of the survey areas as per the Multi-Agency Radiation ¢
(IMARSSIM] NUREG-1575) scoping and characteriza
survey were used by the BCCA Soil Removal Project t«
with radiological hot spots.

Gross counts of cesium-137 activity, as calculated fromr

ey and Site Investigation Manual
survey objectives. Maps generated from the
termine the location and activity associated

¢ aerial data, are presented as count per second

(cps) intervals superimposed on imagery of the surveyed areas, as shown in Figure 1-3. The gross count

and exposure rate results were comparable to the 1996 s

rey results. The BCCA deposition footprint was

more complex than previously mapped due to the enhanced spatial resolution and detectability.

A final remedial decision for the 200-OA-1 OU has not
hazardous substances in the northern part of the BCC/
environment to the extent that a removal action? is wan
documented. This removal action minimizes the potent
northern part of the BCCA that could adversely impact

1 “Hazardous substances” means those substances defined |
radioactive and chemical substances.

2 “Remove” or “removal” as defined by CERCLA, Section 10
hazardous substances from the environment; actions if a thre
to monitor, assess, and evaluate the release (or threat of rele
material; or other actions that may be necessary to prevent, r

:n made. However, CERCLA radioactive

esent a potential threat to human health and the
ed before a final remedial decision is

or a release of hazardous substances from the
nan health and the environment, is protective

ERCLA, Section 101(14), and include both

), refers to the cleanup or removal of released
frelease of hazardous substances occurs; actions

} of hazardous substances; the disposal of removed
nize, or mitigate damage to public health or welfare

or the environment, which may otherwise result from a release or threat of release. If a planning period of at least

6 months exists before onsite actions must be initiated, the re
engineering evaluation/cost analysis is conducted.

1-4
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DOE/RL-2011-101, REV. 0

of site personnel and the environment, and contributes to the efficient performance of any anticipated
long-term remedial actions, including any future soil remediation.

BCCA
Cesium 137 CPS

Amea / i
fin Datali

Legend

— Fence Cesium 137
Structure Counts Per Second
Type 60

7] BUILDING 60

{1 No HFC Data 130
[ OTHER . 280
== STRUCTURE 600

[ TANK 1,300
2,800
0 5001,000 2000 3,000 NOTE: Orthophoto: 2009 NAIP natural
NORTH = sy Meters color, one meter resolution. 6,000

Source: Brooke Martinez C\GIS_Projects\BCCA\Projects\Cs_137_cps.mxd
Figure 1-3. 2009 Helicopter Survey Map Showing Nature and Extent of Cesium-137 Contamination
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1.2 Regulatory Documents

DOE/RL-2007-51, Engineering Evaluation/Cost Analys ' the Northern Part of the BC Controlled
Area (UPR-200-E-83) (EE/CA), evaluated a removal ac  for the shallow contamination present in the
northern part of the BCCA. A 30-day public commenta  eview period on the draft EE/CA
(DOE/RL-2007-51) was held from February 25,2008 tt  gh March 26, 2008. The comments and
responses are contained in the Tri-Party Agreement (Ecc  y, et al.,, 1989) Administrative Record.

The Action Memorandum (DOE/RL-2008-21) implemented the remove, treat, and dispose alternative in
the EE/CA (DOE/RL-2007-51) for removal of shallow, 1 iologically contaminated soil for the selected
areas in the northern part of the BCCA that are above PRGs for the 200-UR-1 OU, and now the
200-OA-1 OU.

The removal action includes the removal of soil to apprc  nately 15.2 cm (6 in.) or to the depth required
to meet PRGs, to the extent practical, from Zone A and 1 n select areas of elevated contamination in
Zone B.

Table 1-2 summarizes the removal action goals for the r:  onuclide COCs identified in the Action
Memorandum (DOE/RL-2008-21). These goals are based on the 200-UR-1 OU PRGs identified in
DOE/RL-2004-39, 200-UR-1 Unplanned Release Waste Group Operable Unit Remedial
Investigation/Feasibility Study Work Plan and Engineer.  Evaluation/Cost Analysis, and
DOE/RL-2006-50, 200-UR-1 Unplanned Release Waste Group Operable Unit Sampling and Analysis
Plan (200-UR-1 SAP).

Table 1-2. Summary of Radionuclide Soil Removal Action Cleanup Levels

Hanford Overall Removal Action
Site Background® RDL® Cleanup Levels*
Constituent (pCi'g) (pCi/g) (pCi/g)
Cs-137 1.05 0.1 124
Sr-90 0.178 1 9.0

Note: The removal action cleanup levels are the same values specific  n DOE/RL-2006-50, 200-UR-1 Unplanned Release
Waste Group Operable Unit Sampling and Analysis Plan.

a. Background values are based on DOE/RL-96-12, Hanford Site Bc ~ -ound: Part 2, Soil Background for Radionuclides,
Table 5-1, lognormal distribution 90 percent.

b. The RDL is based on the current approved laboratory contractor R . The RDL is consistent with the practical quantification
limits defined in WAC 173-340-200.

c. Listed values represent the most restrictive soil removal action cle: 3 levels, as identified in DOE/RL-2006-50. Values
represented are for screening purposes. Site-specific evaluation and modeling will be performed to determine whether remedial
action objectives have been attained in DOE/RL-2004-39, 200-UR-1 Unplanned Release Waste Group Operable Unit Remedial
Investigation/Feasibility Study Work Plan and Engineering Evaluat  ost Analysis.

RDL = required detection limit

Final remedial action goals (cleanup levels) for the BCC  will be established in future 200-OA-1 QU
remedial decision documents.

DOE/RL-2008-22, Removal Action Work Plan for the Northern Part of the BC Controlled Area
(UPR-200-E-83) Located Within the 200-UR-1 Operable Unit (RAWP), identified the schedule for the
removal action in fiscal year (FY) 2008 for the BCCA. )E/RL-2008-22 proposed that a total volume of
approximately 181,000 m’ (237,000 yd’) of contaminated soil, estimated to weigh 327,000 tons, be
removed over a period of roughly 4 years to accomplish  : following:

1-6
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e Reduce the areas of contamination at the Hanford Site by removing the principal threat at the BCCA,
Hanford’s largest surface waste site

e Support the Hanford cleanup r  ion by providing the Environmental Restoration Disposal Facility
(ERDF) with contaminated soi  meet its operating requirements

¢ Contribute to the long-term cle: 1p goal for the Hanford Site 200 Area

The 200-UR-1 SAP (DOE/RL-2006-50) was appended specifically to address PRGs for the BCCA, in
Appendix A — BC Controlled Area st Removal Action Verification Sampling and Analysis Plan.
The 200-UR-1 SAP (DOE/RL-2006-50), Appendix A, presented the following details of the cleanup
verification strategy:

e Closure of Zone A will be acco.  lished via a combination of radiological surveys and soil sampling.
Zone A is a documented surface contamination area with extensive areas exceeding established
derived concentration guideline  vels (DCGLs).

e Because BCCA Zone A has widespread contamination, the surveys will be performed by a mobile
radiological survey system that nsists of sodium iodide detectors, and a GPS. The surveys will be
conducted in the roving mode, yielding continuous survey data.

The sodium iodide detectors effecti y monitor the presence of gamma-emitting isotopes—the principal
one being cesium-137. The detectec :sium-137 activity will be used as a surrogate isotope to determine
the residual strontium-90 activity present, based on the ratio of strontium-90/cesium-137 observed in
characterization efforts. Characteriz on activities performed under the provisions of the 200-UR-1 SAP
(DOE/RL-2006-50) revealed a range of ratios of strontium-90 to cesium-137 activity in the northern
BCCA. From this range of values, the 84™ percentile ratio of 4:1 was selected for initial calculations of
DCGLs. The DCGLs for cesium-137 and strontium-90 were developed using this ratio and adjusted to
account for an institutional control period of 30 years, as presented in Table A.3-3 of the 200-UR-1 SAP
(DOE/RL-2006-50). This approach, allowed in MARSSIM, simplifies the closeout survey methodology
and reduces costs.

Through the data quality objectives  cess, it was determined that the radiological surveys would suffice
for closure of the northern portion of the BCCA, given the 15 mrem/yr above-background remedial action
objective, the ecological protection  ta concentration guidelines (BCG), and institutional controls of the
area for at least 30 years. Cesium-1. ind strontium-90 have half-lives of approximately 30 years; thus,
the institutional control period prov: ; one half-life of radiological decay, which effectively doubles the
established DCGLs.

The minimum detectable concentrati s (MDCs) shown in Table 1-3 are the MDC levels for the sodium
iodide detectors that will be used to support closeout verification. At the MDC value, and given the

4:1 ratio of strontium-90/cesium-137, the estimated surrogate activity for cesium-137 is 1.9 pCi/g.
Assuming the ratio of 4:1 for strontit  -90/cesium-137, measured cesium-137 values greater than the
surrogate DCGL result in residual strontium-90 concentrations greater than the adjusted DCGL for
strontium-90. The derivation of the surrogate DCGL values was developed with appropriate
methodology.

The surrogate DCGL for verification surveys, which accounts for the 4:1 strontium-90/cesium-137 ratio,
effectively reduces the PRG for cesi  -137 from 12.4 to 1.9 pCi/g, plus background of 1.05 pCi/g, or
2.9 pCi/g.
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Table 1-3. Cleanup Levels and DCGLs for BC C trolled Area Closeout Verification

4 x4 x

16 in. 2 x2in,

15 mrem/yr Surrogate DCGL Sodium Sodium

Hanford Site Cleanup for Verification Todide Todide

Background® BCG Level DCGLs’ Survey® MDC MDC

cocC (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
Cs-137 1.05 21 6.2 12.4 1.9 0.75 1.1
Sr-90 0.178 23 45 9.0 7.6 NA NA

a. Background values based on DOE/RL-96-12, Hanford Site Backgr ~ 1: Part 2, Soil Background for Radionuclides,
Table 5-1, with lognormal distribution of 90 percent.

b. The DCGLs are adjusted for institutional controls.

c. Calculated based on NUREG-1575, Multi-Agency Radiation Surve:  d Site Investigation Manual (MARSSIM),
Section 4.3.2).

BCG = biota concentration guidelines

COC = contaminants of concern

DCGL = derived concentration guideline level
NA = not applicable

MDC = minimum detectable concentrations
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2 Chronological Narrative of the Removal Action

This chapter provides a chronological narrative of the removal activities performed to excavate and
dispose of contaminated soil in the BCCA.

2.1 Field Implementation Chronology

The 2010 BCCA removal activity during FY 2010 and FY 2011 resulted in the removal of approximately
463,000 tons of contamination soil from Zone A and 20,000 tons of contaminated soil from Zone B of the
BCCA, which were disposed in the ERDF. Figure 2-1 shows the excavation area of focus planned for the
2010 removal. Planning and mobilization for the excavation work was initiated in August 2010.

1- acre removal done in FY 2008

BC Controlled Area
Planned FY 2008 Excavation Area
(10 acre in Zone A)

Planned 140 acre removal of Zone A FY 2010

CHPUBS1108_2011-101_DD_2-4
Figure 2-1. Planned FY 2010 BC Controlled Area Excavation Area of 140 Acres

Once personnel and equipment were mobilized, crews initiated removal of contaminated soil in a
depression area south of the 216-B-28 trench. Simultaneously, a shallow load-out trench approximately

6 % 46 m (19.96 x 150.92 ft) long was established in this area. The purpose of the trench was to safely
support loading of 25 ton super dump trucks, which could not be directly loaded at the point of excavation
due to the sandy and undulating geology of Zone A.

As shown in Figures 2-2 and 2-3, excavation of contaminated material in Zone A was performed with
John Deere and Hitachi 350- and 450-sized excavators pulling a 15 to 20 cm (6 to 8 in.) lift of material;
the contaminated material was then loaded into a Cat 769 Rock Truck for transport to the load-out trench.
Once at the load-out trench, material would be mixed and thoroughly wetted before being loaded into
super dump trucks by a 350 excavator, as shown in Figure 2-4.
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Figure 2-3. Rock Truck Unloading in Load-Out Trench
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Figure 2-4. 350 Excavator Filling a Super Dump Truck at Load-Out Trench

During July 2010, it was decided to begin stockpiling contaminated material from the Zone A excavation
onto an adjacent contaminated area of Zone B for future shipment to the ERDF to increase efficiency,
mitigate loss of production during ERDF closures, and reduce subcontractor costs and duration. During
those times that the load-out trench became fully loaded, rock trucks would haul material from Zone A to
the stockpile area and unload. Material was stockpiled from July 2010 through February 2011. During
this time, the load-out trench was cleaned out, and all super dump truck loading was then transferred to
the stockpile for the duration of the project.

Super dump trucks could be used because the nature of contamination was low level and the haul route to
the ERDF had been previously established. Once loaded, super dump trucks would cross a calibrated
scale (to ensure the shipment was below the maximum 25 ton payload), pass through a radiological
survey tent, be automatically tarped, and then traverse a gravel back road to the ERDF and onto a disposal
ramp for dumping.

The direct haul method of waste disposition via super dump trucks allowed for increased safety and
efficiency:

1. No container transfer area construction was required.

2. Waste boxes did not have to be rolled on and off at every evolution of the ERDF container
transportation process, which decreased labor efforts and hazards.

3. Waste quantities per load were increased: 24 to 25 tons per super dump truck in comparison to
18 to 20 tons per ERDF container.

4. Decreased labor was required at the ERDF, as the trucks dumped directly into the landfill without
any staging.

5. Automatic tarping systems reduced labor efforts and lowered elevated work hazards.
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The excavation depths were guided by radiological control technicians (RCTs) who monitored residual
contamination after each 15 to 20 cm (6 to 8 in.) lift of material was removed until survey measurements
were below radiological posting criteria. This observational approach resulted in the removal of
contaminated surface soils from the BCCA Zone A over an area of approximately 140 ac. The excavated
area was shallow enough that the remaining footprint followed the natural contour of the existing surface
formations. It was reseeded with native grass seed mixtures after conclusion of the FY 2010

removal activities.

The following monthly activity review documents the scope of work performed in FY 2009 through
FY 2011.

211 Pre-excavation Mobilization and Startup

August 2009: Mobilization for the BCCA began on August 10, 2009. Equipment, supplies, and
boundaries were established. Improvements were begun on back haul roads for the intended transfer route
of to the ERDF. CH2M HILL Plateau Remediation Company (CHPRC) and ERDF staff began
discussions regarding the use of super dump trucks as a new technology at the ERDF. A super dump truck
was brought onto the ERDF site for all interested parties to evaluate.

September 2009: On September 1, 2009, the subcontractor began clearing, compacting, and gravelling a
site in the borrow pit that would be used by more permanent support facilities. On September 3, 2009,
CHPRC and ERDF staff met to finalize a list of action items required prior to startup of super dump truck
disposal at the ERDF. The first four super dump trucks arrived onsite and dry-runs were completed.
However, lack of ERDF container availability delayed the start of excavation. On September 22, 2009,
RSL began their aerial survey of the BCCA. Surveying took place September 22 to 29, 2009.
Mobilization was completed and the worksite logistics were in place, as shown in Figure 2-5.

Primary RBA Exit
| RBAEntrance |

Waste Site UPR-200-£-83 BC Controlled Area (BCCA Remedial Project)

Figure 2-5. BC Controlled Area Removal Action Worksite Map
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2.1.2 Excavation and Soil Disposal

October 2009: Excavation commenced on October 5, 2009. Approximately 4 ac at the north end of
Zone A were surveyed and down-posted from a contamination area to a soil contamination area/
radiological buffer area. Clearing an area of this size allowed for increased traffic safety and enhanced
excavation efficiency. Final driver training and revision to ERDF practices were completed the morning
of October 7, 2009, followed by final approval and signature of the pre-startup review by the ERDF
management. October 8, 2009, six super dump truck loads of material were hauled to and disposed of at
the ERDF. With the use of three super dump trucks in service, 6 ac were excavated, as shown in

Figure 2-6, and 3,800 tons were shipped to the ERDF.

Figure 2-6. BC Controlled Area Removal Action October 2009

November 2009: Excavation of contaminated soil in Zone A continued with the use of three super dump
trucks in service. A survey tent was erected and scaffolding was being constructed. The lack of the
additional super dump trucks impacted the completion schedule. On November 30, 2009, CHPRC
provided DOE Richland Operations Office (DOE-RL) preliminary data from the helicopter aerial survey
conducted from late September 2009 to early October 2009. As shown in Figure 2-7, 2 ac were excavated
this month, and 7,600 tons were shipped to the ERDF.

December 2009: Excavation of contaminated soil in Zone A continued with the use of three super dump
trucks in service. Work was impacted for a total of 4 days in December 2009, due to extreme cold
weather, as indicated by Figure 2-8. Contract award for the procurement of six more super dump trucks
was issued on December 10, 2009. The lack of the additional super dump trucks impacted the completion
schedule. In Zone A, 1 ac was excavated this month, and 5,500 tons were shipped to the ERDF.
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Figure 2-8. Removal of Frozen Soil from the Bed of a Super Dump Truck
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January 2010: Excavation of contaminated soil in Zone A continued with the use of three super dump
trucks in service. A draft report from the helicopter aerial survey was provided to DOE-RL for review.
The lack of the additional super dump trucks impacted the completion schedule. In Zone A, 1 ac was
excavated this month, as shown in Figure 2-9, and 13,730 tons were shipped to the ERDF.

Figure 2-9. BC Controlled Area Removal Action January 2010

February 2010: Excavation of contaminated soil in Zone A continued with the use of six super dump
trucks in service. Work in Zone B was initiated with hot spot excavation conducted over approximately
2 ac. On February 11, 2010, CHPRC notified DOE-RL (via correspondence) of a contract change
condition associated with the waste characterization of the southern half (Zone C) of BCCA (roughly
10.5 km’ [6.52 mi’]), based on the survey. The presence of elevated radiologically contaminated soil in
Zone C was not anticipated and will require remediation. CHPRC received the final report of the aerial
survey from the subcontractor on February 19, 2010. In Zone A, 3 ac were excavated this month, and
19,715 tons were shipped to the ERDF.

March 2010: Excavation of contaminated soil in Zone A continued with the use of seven super dump
trucks in service. Work in Zone B continued; activities included radiological down-posting, MARSSIM
confirmatory surveys, and hot spot remediation. Hot spot excavation was continued on an area of
approximately 5 ac in Zone B, and approximately 680 ac of Zone B were down-posted this month.
Cultural resource surveys were completed for Zone C. A total of 3.5 ac of Zone A were excavated this
month, as shown in Figure 2-10, and 27,630 tons were shipped to the ERDF.
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Figure 2-10. BC Controlled Area Removal Action March 2010

April 2010: Excavation of contaminated soil in Zone A continued with the use of seven super dump
trucks in service. On April 1, 2010, CHPRC submitted a Request for Equitable Adjustment corresponding
to a nominal increase in depth of contamination to DOE-RL. On April 15, 2010, CHPRC provided
DOE-RL the final (cleared) report of the aerial survey. On April 21, 2010, CHPRC presented a briefing of
the aerial survey results to DOE-RL and the regulators to support determinations of the nature and extent
of potential remediation. Work in Zone B continued; activities included radiological down-posting,
MARSSIM confirmatory surveys, and hot spot remediation. Approximately 2 ac equivalent of soil
volume was removed from Zone B, and approximately 850 ac of Zone B were down-posted this month.
As shown in Figure 2-11, 4.5 ac of Zone A were excavated this month, and 22,178 tons were shipped to
the ERDF.

Figure 2-11. BC Controlled Area Removal Action April 2010
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May 2010: Excavation of contaminated soil in Zone A continued with the use of seven super dump trucks
in service. A draft report from the helicopter aerial survey was provided to DOE-RL for review. Hot spot
excavation was continued on an area of approximately 8 ac in Zone B, and approximately 1,000 ac of
Zone B were down-posted through May 2010. Excavation of vegetated areas of Zones A and B was
temporarily discontinued while a field work mitigation plan to protect migratory birds’ habitat and
nesting, in compliance with the Migratory Bird Treaty Act of 1918, was completed. On May 20, 2010,
DOE-RL approved the mitigation plan, which outlined an avoidance strategy that allowed field work to
resume. As an outcome of an April 21, 2010, report briefing of the September 2009 aerial survey of the
BCCA, DOE-RL contacted the Washington State Department of Ecology (Ecology) requesting a meeting
with the U.S. Environmental Protection Agency and CHPRC to discuss a proposed regulatory approach
(and rationale) for the contaminated soil cleanup (removal action) work that, along with CERCLA and
other regulatory documents, will be required for Zone C. In Zone A, 3 ac were excavated this month, as
shown in Figure 2-12, and 17,552 tons were shipped to the ERDF.

Figure 2-12. BC Controlled Area Removal Action May 2010

June 2010: Excavation of contaminated soil in Zone A continued with the use of seven super dump
trucks in service. The migratory bird avoidance strategy was implemented in Zones A and B, resulting in
approximately 5 ac of Zone A and 5 ac of Zone B being deemed areas where excavation activities would
not adversely impact migratory birds. Approximately 1,100 ac of Zone B were down-posted through
June 2010. An ecological field survey of Zone C was completed on June 30. In Zone A, 4 ac were
excavated this month, as shown in Figure 2-13, and 25,340 tons were shipped to the ERDF.
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Figure 2-13. BC Controlled Area Removal Action June 2010

July 2010: Excavation of contaminated soil in Zone A continued with the use of seven super dump trucks
in service. The migratory bird avoidance strategy was implemented in Zones A and B, resulting in
approximately 5 ac of Zone A and 5 ac of Zone B being deemed areas where excavation activities would
not adversely impact migratory birds. Removal of elevated hot spots in an area of 4 to 5 ac on the western
side of the BCCA was completed. Hot spot excavation was continued on an area of approximately 10 ac
in Zone B, and approximately 1,300 ac were down-posted through July. In order to recover schedule lost
to the lack of super dump trucks at the project’s conception, constraints during the migratory bird nesting
season, and shutdowns due to weather, two changes in operation were made:

1. Due to the nontransferable nature of the contamination at BCCA, excavators were placed on the
contaminated material, while all rock trucks and water trucks remained on clean material, reducing
logistical constraints on equipment.

2. Location and controls were selected to allow the subcontractor to begin stockpiling large quantities of
contaminated material, alleviating the constraints on material transport to the ERDF.

The 30-day review of the Zone C cultural resources review report by the State Historic Preservation
Offices, the Tribes, and others, which DOE-RL transmitted on June 14, 2010, was completed, and no
comments were received. In Zone A, 5.5 ac were excavated this month, and 19,704 tons were shipped to
the ERDF.

August 2010: Excavation of contaminated soil in Zone A continued with the use of seven super dump
trucks in service. With guidance from consulting ornithologists (and given the general end of the nesting
season as described in the ecological review for Zone A), a large area of 50 to 60 ac was grubbed of
vegetation with a team of graders to maintain field operations in anticipation of the coming high fire
danger. Zone B hot spot removal was concluded with excavation over an area of approximately 15 ac, and
approximately 1,500 ac were down-posted through August. Zone B resources were shifted to focus on
completing remediation of Zone A. Optimum excavation rates in Zone A were realized with three
excavators in the field, supported by three rock trucks hauling to the load-out trench and stockpile, as well
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as six supporting water trucks controlling dust suppression. One excavator remained to continue loading
super dump trucks from the load-out trench. In Zone A, 7 ac were excavated this month, as shown in
Figure 2-14, and 30,016 tons were shipped to the ERDF.

Figure 2-14. BC Controlled Area Removal Action August 2010

September 2010: Excavation of contaminated soil in Zone A continued with the use of seven super dump
trucks in service. Through system review, it was determined that the pedigree of the data acquisition
system required to accurately quantify residual contaminant quantities was not found in the onsite Gator
Utility Vehicles mounted system,™ which had been used in the previous removal action. Therefore, a new
detector, crystal, and vehicle was procured, characterized, and tested offsite at DOE’s RSL in Las

Vegas, Nevada. The detector and acquisition system will be used to make real-time volumetric
measurements in pCi/g of cesium-137; the measurements will be used as cleanup verification data under
CERCLA closure. The mobile detector will also be used in characterizing large parcels of land, locating
contamination, and assisting in radiological down-posting. On September 21, 2010, CHPRC submitted to
DOE-RL a change proposal that identified additional American Recovery and Reinvestment Act of 2009
funded work for removing approximately 1,131,000 tons of additional soil in Zone B. Radiological
characterization of a number of scattered hot spots in Zone C continued. In Zone A, 12 ac were excavated
this month, as shown in Figure 2-15, and 31,964 tons were shipped to the ERDF.

October 2010: Excavation of contaminated soil in Zone A continued with the use of seven super dump
trucks in service. On October 12, 2010, DOE-RL was provided a pre-decisional draft Tri-Party
Agreement (Ecology, et al., 1989) Change Notice (TPA-CN), which proposed the addition of an appendix
to the previously approved 200-UR-1 SAP (DOE/RL-2004-39) to address post-removal action
verification sampling for hot spot contamination areas in the BCCA North. The draft TPA-CN was
provided by DOE-RL to Ecology for their review at this time. However, it was later determined that, due
to the non-time critical nature of this removal action, hot spot removal verification criteria would be
established in a sampling and analysis plan under development addressing the 200-OA-1 OU, and the
TPA-CN would be cancelled.

In Zone A, 15 ac were excavated this month, as shown in Figure 2-16, and 26,292 tons were shipped to
the ERDF.

™ Gator Utility Vehicles is a trademark of John Deere & Company, Moline, lllinois.
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Figure 2-15. BC Controlled Area Removal Action September 2010

Figure 2-16. BC Controlled Area Removal Action October 2010

November 2010: Excavation of contaminated soil in Zone A continued with the use of seven super dump
trucks in service. CHPRC and RSL staff conducted the final field performance testing of a Kubota utility
vehicle mounted with a large crystal sodium iodide (gamma) detector. The testing involved performing a
side-by-side survey of the remediated portion of Zone A using the Kubota and an equivalent mobile
vehicle and detection system (the “Kiwi”) owned by RSL. The results of this test will be used for both
verifying cleanup of cesium-137 and validating performance of the Kubota. Ecology continued review of
the draft change notice addressing post remediation cleanup verification of Zone B hot spots. In Zone A,
13 ac were excavated this month, and 20,552 tons were shipped to the ERDF.
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December 2010: Excavation of contaminated soil in Zone A continued with the use of seven super dump
trucks in service. A draft report from the helicopter aerial survey was provided to DOE-RL for review.
The lack of the additional super dump trucks impacted the completion schedule. In Zone A, 15 ac were
excavated this month, as shown in Figure 2-17, and 21,969 tons were shipped to the ERDF.

Figure 2-17. BC Controlled Area Removal Action December 2010

January 2011: Excavation of contaminated soil in Zone A continued with the use of nine super dump
trucks in service. In Zone A, 14 ac were excavated this month, as shown in Figure 2-18, and 24,803 tons
were shipped to the ERDF. CERCLA post-soil removal verification measurements were continued with
the large crystal sodium iodide (gamma) detector mounted on the Kubota utility vehicle. A vendor was
selected for interim stabilization/revegetation of Zone A. The vendor mobilized materials and equipment
to the site and began performing revegetation of the remediated portion of Zone A on January 28, 2011.
The work was aligned with the draft Hanford Site-wide guidance plan on revegetation.

February 2011: Excavation of contaminated soil in Zone A continued with the use of eight super dump
trucks in service. In Zone A, 13 ac were excavated this month, culminating in the completion of removal
of 140 ac of Zone A, as shown in Figure 2-19; 19,294 tons were shipped to the ERDF. Residual hot spots
identified during the Kubota surveys continued to be remediated. CERCLA post-soil removal verification
measurements using a large crystal sodium iodide (gamma) detector mounted on a Kubota utility vehicle
continued. Survey measurements were completed for approximately 80 percent of the area. Seeding of the
initial 100 ac was completed.

March 2011: Removal of contaminated soil from the stockpile continued with the use of nine super
dump trucks in service. As indicated by Figure 2-20, 29,740 tons were shipped to the ERDF. CERCLA
post-soil removal verification measurements using a large crystal sodium iodide (gamma) detector
mounted on a Kubota utility vehicle were completed for 100 percent of the area, while individual hot
spots continued to be remediated and surveyed. The seeding of 140 ac was completed.
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Figure 2-19. BC Controlled Area Removal Action February 2011
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Figure 2-20. BC Controlled Area Removal Action March 2011

April 2011: Removal of contaminated soil from the stockpile continued with the use of nine super dump
trucks in service. As indicated by Figure 2-21, 31,658 tons were shipped to the ERDF. Final
down-posting surveys to release the land area from radiological controls were started on April 4, 2011.
Residual contamination detected during any down-posting surveys that approached the posting criteria of
10 CFR 835, “Occupational Radiation Protection,” was remediated and re-surveyed.

Figure 2-21. BC Controlled Area Removal Action April 2011

May 2011: Removal of contaminated soil from the stockpile continued with the use of ten super dump
trucks in service. A total of 38,531 tons were shipped to the ERDF. Final down-posting surveys to release
the land area from radiological controls continued. Residual contamination detected during any
down-posting surveys that approached 10 CFR 835 posting criteria was remediated and re-surveyed.
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June 2011: Removal of contaminated soil from the stockpile continued with the use of ten super dump
trucks in service. As indicated by Figure 2-22, 32,400 tons were shipped to the ERDF. Final
down-posting surveys to release the land area from radiological controls continued. Residual
contamination detected during any down-posting surveys that approached 10 CFR 835 posting criteria
was remediated in accordance with the RAWP (DOE/RL-2008-22).

Figure 2-22. BC Controlled Area Removal Action June 2011

July 2011: Removal of contaminated soil from the stockpile was completed on July 14, 2011, with the
use of ten super dump trucks in service. As shown in Figure 2-23, 16 ac of Zone A were excavated this
month, and 13,249 tons were shipped to the ERDF. Final down-posting surveys to release the land area
from radiological controls were completed. The subcontractor demobilized all facilities and equipment
from the site.
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Monthly excavation and removal rates for October 2009 through July 2011 are shown in Table 2-1.

Table 2-1. Summ: of 200-UR-1 OU BC Controlled Area Soil Removal

Month Tons to ERDF* Acres of Removal
October 09 3,881 6
November 09 7,562 2
December 09 5,526 1
January 10 13,730 1
February 10 19,715 4
March 10 27,630 5
April 10 22,178 7
May 10 17,552 4
June 10 25,340 6
July 10 19,704 6
August 10 30,016 10
September 10 31,964 17
October 10 26,292 15
November 10 20,552 13
December 10 21,969 16
January 11 24,803 14
February 11 19,294 13
March 11 29,740 -
April 11 31,658 -
May 11 38,531 -
June 11 32,400 -
July 11 13,249 -

Total 483,286 140

* One super dump truck averages 24 tonspe  1d to ERDF.

2.2 Zone A Removal Action rveys

A series of radiological surveys we mducted to support post-soil removal verification surveys and
sampling of Zone A. Table 2-2 pre: a summary of the Zone A survey and sampling design.
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Table 2-2. Key Features of Zone AS ey and Sampling Design
Sampling
Collection Key Features Basis for Sample
Methodology of Design Sampling Design Frequency Instruments Analytes
Pre-Excavation Confirmation of 2007 diological Survey Results
Radiological ~ Survey before Confirm Co  uoussurvey 2X2in.or3 x3in. Cs-137
survey soil removal in  radiological int ofthe 2007  sodium iodide
two of the contamination survey grids detectors
perimeter grids  status since the
surveyed in 2007 survey
2007

Zone A Soil Removal—Remove and Dispose of Zone A Radio.

cally Contaminated Soil

Post-Excavation Radi« rical Survey
KiwyKubota  Radiological Radiological Co  woussurvey 4 x4x16in.sodium Cs-137
radiological survey of all status of soil usi 2007 survey  iodide detector
survey® grids after soil surface after soil grids

removal lifts;
identify hot spots

removal

Zone A Hot Spot Removal—Remove and Dispose of Residual
removal)

t Spots in Zone A (radiological contaminated soil

Verification Radiol¢ :al Survey

Radiological ~ Radiological Verify attainment 10 survey of 2x2in.or3 x3in. Cs-137
survey survey of hot of Cs-137 DCGLs  ex:  ted hot spots or4 x4 x 16 in.

spot locations sodium iodide

after soil detectors

removal
Radiological Static 100 cm® Confirm the 95% confide e Static 100 cm’ beta Cs-137
survey beta absence of su.  rofselected  measurements and Sr-90

measurements radiological loc s’

of hot spot contamination less

than 10 CFR 835
levels®

locations after
soil removal

a. 10 CFR 835, “Occupational Radiation Protection.”

b. Based on Visual Sampling Plan, using NUREG 1575, Muiti Ager
(MARSSIM) methodology to calculate the number of survey points

DCGL = derived concentration guideline level

Radiation Survey and Site Investigation Manual

h a 95% confidence level.

Excavation in Zone A was planned for total excavation
depth required to reach PRGs. After the initial 6 in. rem
surveys for gamma radiation, typically with a sodium io

contamination levels below radiological posting require

by verification surveys and correlation to PRGs in accol
(DOE/RL-2006-50).
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40 ac to a minimum depth of 6 in. or until the
1, continued remediation was guided by field
e and 4393 Rate Meter Dual Scintillation
Detectors (or equivalent). Removal of contaminated soils was conducted to a depth necessary to result in
its in accordance with 10 CFR 835, followed

ice with the 200-UR-1 SAP
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Cleanup verification surveys of the  initial 70 ac were conducted in accordance with DOE/RL-2006-50,
Appendix A, BC Controlled Areal  -Removal Action Verification Sampling and Analysis Plan, using a
mobile vehicle mounted with aradi  gical survey system equipped with sodium iodide detectors, visual
read-out controller, and GPS. During the survey of the first 70 ac, two mobile detection systems were
used: the “Kiwi” owned and operat ' NStech personnel out of DOE’s RSL, and the Kubota owned and
operated by CHPRC personnel. Eac stem is similar in detection capability, with each able to meet the
minimum detectable activity requir the 200-UR-1 SAP (DOE/RL-2006-50), Appendix A. The Kiwi

vehicle and RSL staff were used to in a 100 percent survey of 70 remediated ac and build a data set
made up of cesium-137 concentrati yased on a 6 m? (19.69 ft) field of view. The team from RSL was
also contracted to analyze a paralle iset obtained by a 100 percent survey of the area with the Kubota
survey system and build a parallel ¢ et of cesium-137 concentrations based on a 2 m” (21.53 ft*) field
of view. The parallel surveys were ucted as a final validation of capabilities for the Kubota, which

was used to verify cleanup of the re ider of BCCA.

As remediation excavations continu cross Zone A, the Kubota continued verification surveys until
100 percent of the 140 ac were surv . Areas above the cleanup criteria were remediated as localized
spots of contamination and re-surve by the Kubota. Results of the verification surveys are further
discussed in Section 2.5.

2.3 Zone B Spot Characterization and Removal Action Surveys

The following sections discuss the s rey design, excavation guidance surveys, and removal action final
status surveys used within Zone B.

2.31 Survey Design

A series of radiological surveys were conducted to support a post-soil removal verification decision on
Zone B contamination spots. Table 2-3 presents a summary of the spot contamination area survey design.

Table 2-3. Key Features of Spot Contamination Radiological Survey Design

Survey Key Features Basis for Sample
Methodology of Design Sampling Design Frequency Instruments Analytes

Nature and Extent Survey

Helicopter Determine nature and Locate radiological  100% survey Array of 4 x 4 Cs-137
fly-over extent of hot spots to guide (census) x 16 in. sodium
radiological contamination and soil removal iodide detectors
survey 1dentify spot operations
contamination in
entire BCCA

Excavation Guidance Survey

Hand-held Confirm presence of ~ Confirm the results  Survey 12 random  Static 100 cm® Cs-137
radiological radiological hot spot  of the helicopter locations in hot beta and Sr-90
survey locations survey spot area measurements
Define hot spot Walk-around 2 x2in. or Cs-137
boundaries surveys to define 3 x 3 in. sodium
perimeter of hot iodide detectors
spot
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Table 2-3. Key Features of Spot Contamin

n Radiological Survey Design

Survey Key Features Basis for Sample
Methodology of Design Sampling Design Frequency Instruments Analytes
Final Status S vey
Hand held or Radiological survey Verify attainment 100% survey 2x2imm.or3x3in. Cs-137
mobile hot spot locations of Cs-137 DCGLs  of excavated or4d x4 x16in.
radiological after soil removal hot spots sodium iodide
survey detectors
Hand-held Static 100 cm’ beta Verify that gross 95% 4393 Rate Meter Cs-137
radiological measurements of beta measurements  confidence Dual Scintillation and Sr-90
survey spots post soil are less than survey of detectors or
removal 10 CFR 835 levels® selected equivalent and
cations® 2x2in.or3 x3in.
or4d x4 x16in.
sodium iodide
detectors
Confirmatory Survey—Confirm Clc  Zones Between Hot Spots
Hand-held Confirm the absence  Confirm the Survey Static 100 cm’beta ~ Cs-137
radiological of radiological results of the 12ra om measurements and Sr-90
survey contamination in helicopter survey  locations in hot
noncontaminated spot area
areas

a. 10 CFR 835, “Occupational Radiation Protection.”

b. Based on Visual Sampling Plan, using NUREG 1575, Multi Agenc
(MARSSIM) methodology to calculate the number of survey points 1

BCCA = BC Controlled Area

DCGL = derived concentration guideline level

diation Survey and Site Investigation Manual
a 95% confidence level.

Figure 2-24 depicts contaminated areas or spots identifie

sy either the 2009 helicopter fly-over survey or

nature and extent survey. Contamination is represented in counts of gamma energy from cesium-137

contributions per second. The lightest blue shade of 60 ¢
showing levels at 130 cps or greater were investigated w
excavation guidance survey process.

2.3.2 Excavation Guidance Surveys

Following analysis of the aerial survey conducted in Sej
identified during the survey was initiated and a systema
was developed.

There are two classes of survey units for the BCCA spor
contaminated hot spot survey units, set as a Class I area
larger than 2,000 m? (0.49 ac). The second is the noncor
Class HII area, with survey unit sizes less than 0.647 kmy'

Zone B contains firebreak roads established to protect re
most densely contaminated portions of Zone B. Contam
very sparse, based on the 2009 aerial survey. Therefore,
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represents background levels. All areas
field instrumentation as the first step in the

nber of 2009, field validation of the hot spots
approach for remediating the 3,600 ac Zone B

ntamination area, the first being the

ler MARSSIM, with survey unit sizes no
ainated area survey units, called a MARSSIM
25 mi?), which are shown in Figure 2-25.

hly 1,200 ac of old growth sage habitat and the
ion outside of the firebreak roads appeared
vas determined appropriate to classify the land
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outside the firebreak roads as Class III. The approach for characterization of these units was to study the
aerial survey and determine whether the survey unit contained spots of contamination.

If contamination was identified in the aerial survey, then the characterization process proceeded as
follows:

1. Obtain coordinates of all identified hot spots inside the 0.647 km® (0.25 mi®) survey unit
2. Confirm the presence or absence of contamination through field surveys with hand-held devices
3. Determine the extent of contamination and post contamination area boundaries

Cesium 137 cps

CHPUBS1108 2011-101 DD 2-24
Figure 2-24. BC Controlled Area September 2009 Aerial Survey—Cesium-137 Contamination

Once it was determined that there were no contaminated spots in a survey unit, or that spots had been
identified and posted correctly, then a confirmatory survey was conducted of the non-contaminated
survey unit. Confirmatory surveys were conducted in accordance with DOE/RL-2006-50, Appendix B,
BC Controlled Area Post-Removal Action Verification Sampling and Analysis Plan for Spot

2-21




DOE/RL-2011-101, REV. 0

Contamination Areas. When confirmatory surveys provided evidence of contaminated areas, those areas
were investigated in accordance with the steps above, and the confirmatory survey process was re-started.

Cesium 137 cps

[]-e0
[]60
[ 130

CHIREESI 108 2011-10T_O0 225

Figure 2-25. BC Controlled Area September 2009 Zone B Subunits

23.3 Removal Action Final Status Surveys

Contaminated spots in Zone B requiring removal were excavated using the same process as that for

Zone A. The initial excavations were surveyed for residual contamination by both sodium iodide and
4393 Rate Meter Dual Scintillation Detectors (or equivalent), which provided results that would guide
continued excavation depths. Once contamination was removed below radiological posting requirements,
final status surveys were performed on the remediated hot spots. These surveys are also performed with
both sodium iodide and 4393 Rate Meter Dual Scintillation Detectors (or equivalent). The sodium iodide
survey provided 100 percent coverage of the excavated soil area. Twelve random survey locations per
remediated spot were selected and measured by the rate meter detector to meet down-posting
requirements.

The areas remediated in Zone B were not driven by the Kubota and, therefore, no verification survey has
been completed in accordance with DOE/RL-2006-50, Appendix A. Though contaminants have been
removed below radiological posting criteria, an evaluation of the residual contaminant concentrations in
remediated hot spots in Zone B has not been completed.
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A radiological survey of the excavated area that used two  jarate mobile gamma analysis (MGA)
systems—the Kiwi and the Kubota systems—was conduc . in November 2010 over approximately 70 ac
of Zone A as an interim cleanup verification effort. MGA  rveys were concluded on the remaining 70 ac
in March of 2011.

The radiological survey process used in the BCCA is cor :ent with the guidance provided by the
Ecology Memorandum (Price, 2008), “MARSSIM proto« ; for direct radiation measurements, to
demonstrate consistency with chapter 173-340 requireme¢  for compliance monitoring,” The
memorandum documents how specific direct measureme  are consistent with monitoring requirements
in WAC 173-340-740(7)(e) and discusses the use of MARSSIM site survey and investigative process as
applied to the BCCA work activities. The following secti 5 describe the process used for completing
that survey and provide a summary of survey results.

2.5.1.1 Description of the Radiological Survey Proc:

The MGA system provides Gamma Energy Analysis dat i surface soils to a depth of around 15 cm

(6 in.). The Kiwi MGA system consisted of a bank of eig 10 x 10 x 41 cm (4 x 4 x 16 in.) sodium
iodide detectors attached to Gamma Spectral System har  ire. A GPS provided spatial coordinates in
conjunction with the collected gamma spectral data. The  1ipment was mounted on a Ford F250 pickup,
which allowed surveys of large areas of terrain. The MGA system was operated by driving the vehicle at
a predetermined speed, nominally 2 m/sec (6 ft/sec) across the area of interest. As the vehicle progressed,
spectral data and GPS coordinates were saved at a regular rate that was predetermined depending on the
type of survey (i.e., scoping, characterization, or closure  vey) being performed.

The Kiwi MGA system determined the presence of gamma emitters in surface soils by integrating
collected signal data into 512 channels. The sodium iodide detector was mounted approximately 46 cm
(18 in.) above the ground surface to minimize effects rel: 1 to uneven terrain. At that detector height, the
field of view (area scanned per data point) was about 1 n i ft) wide and 2 m (7 ft) long per data point, at
a scan speed of 2 m/sec (7 ft/sec). Minimum detectable activity for the system was approximately

0.75 pCv/g for cesium-137 in the field of view.

Activity per energy channel was integrated between save  Hints, with counts per second recorded for each
of the 512 energy channels. At the end of the area scan, « 1 points consisted of the energy spectral data
as well as the GPS coordinates for the points where data  re saved. Quantitative analysis of the spectral
data was performed and plotted for specific gamma emit ; of interest such as cesium-137 or for total
gamma energy at each saved location, depending on the scope of the survey performed.

Results of the scan were plotted on a map of the area usi  the GPS coordinates collected during the
survey process. A detailed description of the calibration | analysis methods for both the Kiwi and
Kubota MGA systems was provided by the RSL in SGW-50939, Kubota and Kiwi Ground Surveys of the
BC Controlled Area Hanford Nuclear Reservation, prese :d as Appendix B of this document.

2.5.1.2 Results of the Verification Survey

Figure 2-27 displays the radiological survey map for the st 70 ac excavated in Zone A, which was
surveyed in the BCCA as of December 1, 2010. The rad  gical survey map displays cesium-137
contamination calculated from the survey data collected  m the Kiwi system. The calculated
cesium-137 concentrations were grouped into ranges (three ranges below the 2.9 pCi/g PRG for
cesium-137, and three ranges above the PRG) for easier  ntification on the survey map. This
information was reported by the RSL in SGW-50939, p1  nted as Appendix B of this document.
Information on COC strontium-90 contamination was not available from the MGA survey analysis
software, but it is correlated from cesium-137 results in ~ ordance with the 200-UR-1 SAP
(DOE/RL-2006-50).
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HANFORD BCCA EXCAVATED AREA ‘
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Figure 2-27. BC Controlled Area Zone A Verification Survey Map 70 Acres—Kiwi

Map creaind oo Cosember 19, 3610

Figure 2-28 displays the radiological survey map for the first 70 ac of Zone A, which was surveyed using
the Kubota system in December 1, 2010. The two maps collected by the two systems, Kiwi and Kubota,
show small areas of contamination above the cleanup criteria of 2.9 pCi/g, identified by the orange, black,
or magenta markings.

Studying the point data collected during the Kubota surveys allowed a correlation to be made between the
areas above the cleanup criteria of 2.9 pCi/g and areas with man-made, or net counts, of cesium-137
greater than 4,400 cps, as shown in Figure 2-28. Further explanation on the conversion from contaminant
activity to volumetric contaminant concentrations is found in SGW-50939, presented as Appendix B of
this document.
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HANFORD B
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Figure 2-28. BC Controiied Area Zone A Verification Survey Maps 70 Acres—Kubota
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:ar 2011, the remaining 70 ac of Zone A were surveyed by the
mpleted. Given that the cleanup criteria were approached at

on was conducted on areas greater than 2,500 cps. This lower level
ould be no need for occupational radiation protection postings,

p criteria. Investigative surveys determined that the radiological

posting criteria, which is based on surface activity, was slightly more limiting than the volumetric cleanup
criteria. Unlike the cleanup criteria, which factors in a 30-year decay period for institutional control, the

radiological posting criteria apply tc

e as-left condition. In other words, if an area satisfied cleanup

criteria but exceeded DOE radiological posting criteria, those controls would have to be maintained or

additional remediation performed. T

actual number of locations between 2,500 and 4,400 cps were

limited to less than a dozen small hot spots. An example of a survey from remediated areas of localized

contamination, which were used as

I-in’ surveys to be used in a consolidated final survey map, is

shown in Figure 2-29. These efforts culminated in the final verification survey map for 100 percent of

Zone A with no residual contamina

2.5.1.3 Results of the Radiologi

Radiological posting requirements s
radiological methods establish mini

1 greater than 2500 cps, shown in Figure 2-30.

Down-Posting Survey

orth in 10 CFR 835 and implemented through CHPRC
m safe activity levels for radiological contamination. Following the

100 percent scanning survey of Zone A by the Kubota with sodium iodide detection of gamma activity, a
down-posting survey plan based on MARSSIM guidance for survey unit size and unit evaluation survey
point frequency was followed. Initial field surveys were conducted by technicians at locations (gathered

from the Kubota survey) that had the

ighest potential to exceed posting criteria. This evaluation led to

the decision to include judgmental survey points at points with the highest activity detected with the

Kubota system, along with the statis

The plan resulted in 140 ac of Zone
(2.47 ac), depending on the potentia
12 random survey locations were es

1l survey locations gained from a MARSSIM design.

sroken into 84 survey units either 2,000 m*(0.49 ac) or 10,000 m?
ir activity based on the Kubota survey. In each survey unit,
lished with Visual Sample Plan, and 4 judgmental locations were

selected based on the four highest points from the Kubota survey, for a total of 16 survey points per

survey unit. Locations that exceedec

CFR 835 posting criteria were remediated and re-surveyed. This

process helped lead to the successful remediation and down-posting of 140 ac.

25.2 Zone B Removal

A total of approximately 20,000 ton:
of 2010. This resulted in the remova

f contaminated soil was removed from the BCCA during the spring
f approximately 15 ac of contaminated spots. Because the original

funding was limited to accomplishing the removal of 15 ac of contaminated soil, soil removal in Zone B

was suspended after the completion
ensure that residual levels were belo
Kubota MGA will be required.

Contaminated spots have been inves
firebreak roads. This resulted in the
Contamination Area postings to no |
CERCLA waste site boundary, land
defined from a radiological standpo
numeric labels (e.g., ZB-2-6), the st

this scope. Remediated spots were surveyed post remediation to
yosting requirements. Follow-on verification surveys with the

ited and accurately posted in the majority of the area outside the
vn-posting of more than 1,680 ac from Contamination Area or Soil
ological postings. Though the result was not reconfiguration of a
nagement area has been reduced and site hazards more precisely
Contaminated spots are represented in Figure 2-31 by alpha

s for which represent actual radiological postings in the field.
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Figure 2-29. BC Controlled Area Hot Spot Removal Survey—Kubota
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Figure 2-30. BC Controlled Area Hot Spot Removal Survey—Kubota
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Figure 2-31. BC Controlled Area Zone B Hot Spots
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3 Resources Committed to the Removal Action

This chapter summarizes the budgetary resources committed to the FY 2010 to FY 2011 contaminated
soil excavation activities conducted in the BCCA. The scope of the FY 2010 to FY 2011 excavation
activities was planned and budgeted for complete removal of 201,500 tons of contaminated soil. BCCA
soil mass was estimated at a rate of 1,300 tons per ac ata 15 cm (6 in.) depth. From the 140 ac Zone A,
182,000 tons were planned for removal; 19,500 tons were planned for removal from 15 contaminated ac
of Zone B. This work scope was co  leted on September 10, 2010. During the early stages of removal,
field surveys, excavation depths, ar  nass shipped values were used to refine the plan for the Zone A
removal action, where mass was re-calculated using a nominal 0.43 m (17 in.) excavation depth.

Tasks performed within the committed resources include the following:

e Mobilizing equipment and pers: 1el

e Upgrading and maintaining gravel roadways up to 4,206 m (13,800 ft) long and 7 m (24 ft) wide
e Identifying the area withinthe ] CA, Zone A, for contaminated soil excavation

e Excavating contaminated soil in is area to levels below PRGs, nominally depth of 0.43 m (17 in.),
and disposing of the contaminated soil at the ERDF

e Establishing equipment and protocols for conducting cleanup verification surveys aligned with
Ecology’s Memorandum (Price, 2008)

e Conducting cleanup verification surveys of the remediated area and compiling the data
e Applying soil fixatives to the excavated area
Scope exclusions from the committed resources include the following:

e Final remediation of the BCCA
o Completion of regulatory documents for the 200-UR-1 OU

Table 3-1 provides the calculated costs for the FY 2010 through FY 2011 BCCA excavation activities.
These cost estimates were develope from actual contractor invoices, ERDF billing, and estimated labor
hours. Table 3-1 includes the remove, treat, and dispose costs for the selected alternative in the Action
Memorandum (DOE/RL-2008-21) 1 the removal of contaminated soil from Zone A and from select
areas of elevated contamination in Zone B (approximately 293,000 tons of contaminated soil).

Table 3-1. BC Controlled Area Removal Project Calculated Total Cost Summary

Scope: Costs (8)
Calculated Costs for FY 2009 to FY 2010 Removal Activities $16,036,896.25
Calculated Costs for FY 2010 to FY 2011 Removal Activities $18,158,577.92
Calculated Costs for FY 2009 to Septt  =r 2011 Materials and Other Subcontracts $284,298.21
Total Calculated Removal Activities Costs FY 2009 to September 2011 $34,479,772.38

Tables 3-2, 3-3, and 3-4 illustrate c:  1lated costs according to fiscal year, including material purchases
and miscellaneous subcontracts.
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Table 3-2. BC Controlled Area Removal Project Calculated Cost Summary FY 2009 to FY 2010
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FE&C Invoiced $7,« 169.31
ERDF Total Tons 266,839
Total Cost $7,625,700
Actual Rate $28.58
BCCA Tons 224,798 $6,424,256.23
Labor Labor
RCTs Total Hours 28,1434 RCTs
Total Cost $1,408,300 FTE 16
Actual Rate $50.04 Total Hours 33,280
BCCA
Hours 33,280 $1,665,336.24
Environmental Engineer
Total Hours 2,566 Environmental Engineer
Total Cost $162,000 FTE 1
Actual Rate $63.13 Total Hours 2,080
BCCA
Hours 2,080 $131,317.23
Plant Engineer Field Engineer
Total Hours 1,313.5 FTE 0.25
Total Cost $71,300 Total Hours 520
Actual Rate $54.28 Plant Engineer (shipper)
BCCA
Hours 2,600 $141,134.37 FTE 1
Total Hours 2,080
Health Physicist
Total Hours 2,005
Total Cost $128,300 Health Physicist
Actual Rate $63.99 FTE 0.5
BCCA
Hours 1,040 3,549.63 Total Hours 1,040
1st Line Supervisor .
Total Hours 3,715 1st Line Supervisor
Total Cost $248,500 FTE 1
Actual Rate $66.89 Total Hours 2080
BCCA
Hours 2,080 $ 113324
Labor Subtotal $2, ,470.71
Total FY 2009 through 2010 $16,036,896.25

FE&C
BCCA
ERDF

Federal Engineers and Constructors
BC Controlled Area

Environmental Restoration Disposal Facility

FTE = full time employee

RCT = radiological control technician
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Table 3-3. BC Controll  Area Removal Project Calculated Cost Summary FY 2011

i FE&C Invoiced $6,898,122.25
| Actual Rate $38.00
1 BCCA Tons 258,488 $9,822,544.00
} Labor Labor
1 RCTs Total Hours 140.9 RCTs
1 Total Cost $ 300 FTE 16
‘ Actual Rate $50.04 Total Hours 24,320
BCCA Hours o320 $1,216,972.80
’ Environmental Engineer
Total Hours 301 Environmental Engineer
Total Cost ),600 FTE 1
Actual Rate $68.55 Total Hours 1,520
BCCA Hours 1,520 $104,199.67
. Plant Engineer Field Engineer
Total Hours 163 FTE 0.25
Total Cost $9.600 Total Hours 380
Actual Rate $58.90 Plant Engineer
BCCA Hours 1,900 $111,901.84 FTE 1
Total Hours 1,520
Health Physicist
Total Hours 133
Total Cost $9,000 Health Physicist
Actual Rate $67.67 FTE 0.5
BCCA Hours 760 $51,428.57 Total Hours 760
1st Line Supervisor
Total Hours 167.5 1st Line Supervisor
Total Cost $12,800 FTE 1
Actual Rate $76.42 Total Hours 1,520
BCCA Hours 1,520 $116,155.22
Labor Su  ital $1,600,658.10

Total FY 2011 through September: 2010 $18,158,577.92

FE&C = Federal Engineers and Constr s FTE = full time employee
BCCA = BC Controlled Area RCT = radiological control technician
ERDF = Environmental Restoration Di  sal Facility
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Table 3-4. BC Controlled Area Removal Project C  ilated Materials and Other Subcontracts,

Cost Summary FY 2011
FY 2009 to FY 2011
Materials Description Cost
Utility vehicle (Kubota) for GPS-A  led
Gamma Spectrometry Equipment $18,520.00
GPS-Assisted Gamma Spectrometry
Equipment $76,760.00
Design/Build and Mount Radiologic
Survey Equipment on Mobile Platfo $30,159.93
TOTAL $125,439.93
Other Subcontracts Description Cost
BCCA Ecological Reviews $39,502.29
BCCA Cultural Review $99,519.74
Electrical Utilities Support for BCC N $16,997.15
| Provide Aviation Point of Contact{  aeral
* survey $2,839.10
TOTAL $158,858.28
i Total through September 30, 2010 $284,298.21
; GPS = Global Positioning System
} BCCA = BC Controlled Area
|
|
|
|
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4 Difficulties Encountered

Difficulties encountered that impacted the BCCA removal action included the following:

The lack of roll-on/roll-off containers delayed project startup.

Procurement of an efficient nur r of direct haul super dump trucks delayed production rates
through the first 4 months of th-  roject.

Excavation was temporarily suspended to prevent the spread of contaminated soil during periods of
high wind on numerous occasio

Excavation was temporarily su:  1ded on several occasions due to snow and ice conditions too
hazardous for safe working con  ons.

Excavation was temporarily impacted during the migratory bird-nesting season.
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5 Conclusion

Overall, the PRGs for the BCCA removal action have been met in Zone A, which has been surveyed by
the mobile system, and surveyed and down-posted by R( ;. A total of 493,000 tons of contaminated soil
was removed from the BCCA during the period from At st 2009 through July 2011. This is 147 percent
of the contaminated soil estimated in the removal action. I'he remainder of the contaminated soil has not
been removed from Zone B and thus contamination rem: s within the BCCA in excess of the PRGs.

Contaminated spots in Zone B have been investigated and accurately posted in the majority of the area
outside the firebreak roads. This resulted in the down-posting of more than 1,500 ac from Contamination
Area or Soil Contamination Area postings to no radiological postings.

A number of suspect areas of contamination in Zone C, i tified by the 2009 aerial survey, were
investigated using field radiological instruments, which ¢  firmed that these areas contained soil
contamination at levels requiring radiological posting. No removal actions were performed in Zone C.

Radiological surveys with the mobile survey systems der  1strate that for the FY 2009 to FY 2011
excavation, the removal eliminated the direct contact exp  1re pathway for cesium-137, thereby
preventing future releases of radiological contamination from this COC.

This on scene coordinator report documents the status of  : removal action in the administrative record
until the removal action is completed or a remedial decis  for the BCCA is made.
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ABSTRACT

CH2M Hill Plateau Remediation C« )any, a prime contractor to the U.S. Department of Energy-
Richland Office ( )E-RL), request the National Nuclear Security Administration (NNSA),
Nevada Site Office (NSO) Remote ! 1sing Laboratory (RSL) to provide an aerial radiological
survey of the BC Controlled Area (BCCA) located on the DOE-RL Hanford Site in Southeastern
Washington State. Animal intrusions and subsequent wind dispersion of contaminants has resulted in
shallow soil contamina n within the northern part of the BC Controlled Area, an area of
approximately 1,500 hectares (3,707 acres).

The data were collected by the Aerial Measuring System (AMS) Radiation and Environmental Data
Acquisition and Recorder, Version v REDAR-V) using an array of twelve 2" x 4" x 16" (5 x 10 x
40 cm) sodium iodide detectors flown onboard a twin-engine Bell 412 helicopter. The data were
geo-referenced using a Differential  bal Positioning System (DGPS). Gamma-energy spectra
were collected every second during  survey. The surveys were performed in September 2009.
The purpose of the survey was tou] te the previous radiological surveys of the BCCA and West
Lake area. The aerial survey param rs for an altitude of 15 meters (50 feet) AGL and parallel line
spacing of 23 meters (75 feet) were  :ided upon to maximize the man-made radiation sensitivity
and reduce the effective footprint of the helicopter radiation acquisition system.

Gross Counts, inferred exposure rates, man-made activity, Cesium-137 activity and Americium-241
activity, as calculated from the aeric  ata are presented in the form of contoured isopleth maps
superimposed on imagery of the sur  7ed areas. In addition, the point data results for the man-
made, Cesium-137 and Americium- | are provided as requested to facilitate ground-based
characterization efforts. One of the survey objectives was to conduct a 100% gamma scan of the
survey areas as per the MARSSIM ¢ ping survey objectives. The survey flight results are provided
to document the ¢ 1duct of the survey to meet this objective.

The gross count and exposure rate res: s were comparable to the 1996 survey results. The BCCA
deposition footprint was more comj x than previously mapped due to the enhanced spatial
resolution and detectability.
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Trenches complex consists of six cribs—engineered soil waste disposal sites—and 20 trenches that
were used in the 1950s to absorb more than 30 million  lons of contaminated waste from the
chemical separations plant at the 200-areas. Before the  bs and Trenches were capped with a sand
and gravel intrusion barrier in 1969, badgers, rabbits, a  mice had burrowed into them and eaten
the cesium and strontium salts and then spread radioact y to surrounding areas through biological
processes. These animal intrusions and subsequent win¢ ispersion of contaminants has resulted in
shallow soil contamination within the northern part of t BCCA, an area of approximately 1,500
hectares (3,707 acres).

The BCCA was divided into separate regions based on  ;t historical information and recent
analytical sampling events. The northern part of the Bt A is located north of the sand dunes that
cross the controlled area from east to west. Within the  thern part of the BCCA is a region
(referred to as “Zone A”), which has the highest levels  contamination from Cesium-137 (Cs-137)
and Strontium-90 (Sr-90). Zone A is approximately 57 ctares (141 acres). The remainder of the
northern part of the BCCA contains some areas of cont: ination in an irregular pattern; however,
these are generally considered to be of lower risk to human health and the environment. This region
is referred to as “Zone B”. The southernmost section of the BCCA, designated as “Zone C”, is
approximately 8 square miles and had a few spots of co imination.

2.1 Aerial Survey Objectives

The aerial survey parameters for an altitude of 15 meters (50 feet) AGL and parallel line spacing of
23 meters (75 feet) were negotiated with CH2M Hill to  iximize the man-made radiation sensitivity
and reduce the effective footprint of the helicopter radi: n ac 1isition system to meet data quality
objectives for characterization of the BC Controlled At for pending remediation activities.

Data Quality Objectives include:

¢ Provide multiple data points for the planned grid areas within the sites. The grid sizes are
expected to range from 1,000 m” to 10,000 m>. e effective footprint for the helicopter
detection system is approximately 730 m* at 50° 15t ters) AGL.

e Conduct a 100% gamma scan survey of the proj  area as required by the Multi-Agency
Radiation Survey and Site Investigation Manual [TARSSIM) for scoping a survey. The line
spacing for the survey was reduced to 75’ from*  normal 100’ to provide overlap between
adjacent survey lines to approach the 100% goa  closely as practicable.

¢ Ensure that the Minimum Detectable Activity (A 'A) of the acquisition system is a fraction
of the range of action levels or clean-up levels u er negotiation. The calculated MDA for
Cs-137 at the 50’ altitude was approximately 0.« i/g using default assumptions for a wide
area distribution and exponential distribution in 1. The lowest action level for Cs-137 is
currently estimated at 2.9 pCi/g dependant ona  al Cs-137 to Sr-90 ratio.
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¢ Provide Geographical Information Systems (GIS) shape files for the contoured data and point
data with sufficient metadata to allow customer manipulation of the GIS products for use in
operations and other documentation.

e Conduct a survey of the West Lake and Gable Mountain Pond areas. NOTE: Due to the lack
of information regarding the distribution pathways for contamination at these sites, the
default assumptions for wide area distribution and exponential distribution in the soil were
not used to convert the net Cs-137 counts to pCi/g levels for this report.

- o == e i i e S e S e D e S ————
P

—— 200 East Fenceline

[ zone A\_/— L 1mie

- BC Controlled
[[] zones Area Site Boundary Approximately

Figure 1. Map of BCCA and 200 East Area
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2.2 1996 Aerial Survey

At the request of the U.S. DOE NNSA an aerial radiolo  al survey of the HNR located northwest
of Richland, Washington was conducted from February = to March 21, 1996, that covered a
1,450-square-kilometer (560-square-mile) area. Additio | fli ts were conducted along the banks
of the Columbia River extending from the Priest Rapids am in the northwest to Kennewick in the
southeast. The survey was performed by the RSL, whichis ¢ ‘ently maintained and operated by
NSTec.

The purpose of the survey was to measure and map the  ural and man-made gamma radiation
emanating from the area within and surrounding the sitc >o1 daries. This survey was the fifth of its
type at HNR and was conducted as a routine part of an:  going DOE research and environmental
monitoring program.

The area was surveyed by flying at a constant ground s  d of 80 knots (41 meters per second), at

a nominal altitude of 61 meters (200 feet) AGL, and alc ¢ ar el set of flight lines spaced

122 meters (400 feet) apart, totaling approximately 12,¢  flight line kilometers (~8,000 miles). The
flight lines were flown in either a southerly or northerly rection. All data were scaled to overlay
USGS topographic survey maps or selected aerial photographs fay 1996) of the HNR site and the
Columbia River shoreline. The results of the 1996 surve sver the 200 East area and BCCA are
shown in Figure 2.

Excluding the man-made gamma footprint from the US Ecc gy facility, the man-made gamma
footprint south of the BC Cribs and Trenches derived fr | previous aerial surveys was used to
establish the historical BCCA boundaries that continue e in effect for this survey and project. The
HNR Radiological Control (RadCon) and project persor 1 had conducted limited characterization
surveys within the BCCA, but had not reduced the bour ries efore this survey.

The numbers within Figure 2 are references to each oft  primary man-made gamma footprints
from the various facilities. The net spectra results for ea  of these numbered areas are available in
the 1996 report. The work scope for this 2009 survey in  1ded producing net spectra results for the
BCCA and US Ecology sites for comparison to the 199¢ :t spectra results.
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HANFORD SITE AERIAL SURVEY

March 1996
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Figure 2. Man-made Gross Count Results from 1996 Survey

A-16




DOE/RL-2011-101, REV. 0

SGW-45563 REV. 0
FEBRUARY 2010

3. Survey Procedure

3.1 Aerial Survey

During the planning for the BCCA survey, the customer expressed concerns about the helicopter
flying 50° AGL over active facilities and other work areas. To accommodate the work schedules and
air space issues, the survey flight lines were set to fly in an east-west orientation to avoid overflight
of the 200 East facilities. In addition, the survey schedule was adjusted to fly the north section of the
survey area over the U.S. Ecology facility and project work areas on Friday and Saturday during
normal off days. The entire BCCA flight line set-up is shown in Figure 3. The figure shows every
tenth survey line because the large number (224 lines) and tight spacing of lines would cover all
landmarks in the BCCA image. Figure 5 shows the planned survey lines over the West Lake site and
the Gable Mountain Pond site. The Gable Mountain Pond site, Figure 4, was added to the work
scope due to the 1996 survey result showing an elevated man-made anomaly ~ 1 mile from the West
Lake site.

Hanford Site Radiological Aerial Survey 2009
BCCA Area

Figure 3. BCCA Planned Survey Lines
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{ Altitude =50 fi.
s ol <)1) = 75 1T

Total Lines = 35

! Flight Time = 0.8 hrs.

TITEW

Figure 4. West Lake/Gable Mountain Pond Planned Survey Lines with 1996 Data

The use of GIS software to display AMS survey results has grown tremendously over recent years.
However, the inclusion of map and image layers under the AMS results has shown the continued
value of survey “perimeter” flights. The objective of the flight is to fly directly over a series of roads,
power lines, pipelines, etc. at survey altitude to provide the first overlay on an image or map to be
used to present data results. If the perimeter lines do not match the map or image projection, all
subsequent data will not be positioned correctly. An example of the helicopter perimeter lines
overlaid on a simple map projection of the HNR is provided in Figure 5. This map is acceptable for
the accurate display of the survey data.
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The data set collected every second  ring the flight consists of positional and altitudc data,
atmospheric information, and gamma-ray energy spectra. The first flight of each survey was the
previously discussed perimeter flight.

Another test line flown at the starta  end of each survey flight was the water line. This flight
consisted of selecting a section of the Columbia River with sufficient width to eliminate the
terrestrial count rate contribution to the detectors. From these data, the air attenuation coefficient and
an initial background count rate froi cosmic radiation and the aircraft itself are determined. These
values are used to adjust the measurements for minor fluctuations in altitude during subsequent
flights. The river area selected was ' st of the US-395 Bridge connecting Pasco to Kennewick. It
was approximately 3 miles southwest of the Tri-Cities airport which was the base of operations for
the surveys.

3.2 Aerial Survey Equipment

The aerial survey was conducted using the AMS helicopter. The detection system consists of a Bell-

412 helicopter, a Radiation and Envi nmental Data Acquisition and Recorder, Version V (REDAR-
V) system, a Trimble DGPS and twc irge detector pods externally mounted on each side of the

‘ helicopter. Each pod contained six 2" x 4" x 16” thallium-activated sodium-iodine, Nal(T/), gamma

ray detectors.

3.2.1 Data Recording

The preamplifier signal from each detector was calibrated using naturally occurring Potassium-40
(K-40) and Americium-241 (Am-24 gamma check sources. Normalized outputs from 12 large
detectors were combined in a summ ; amplifier, and the signal was adjusted in the analog-to-digital
converter so that the calibration pho! eaks appeared in preselected channels in the REDAR-V
multichannel analyzer. The data from the multichannel analyzer were used to produce second-by-
second records containing the numt  »f gamma rays detected at each specific gamma-ray energy.
Each record, therefore, constitutes a  :cific gamma-ray spectrum. As every radioactive material,
natural or man-made, has its own ur  ie set of gamma rays, spectra can be used to identify and
separate sources of detected gamma  liation.

The REDAR-V, which produces the gamma-ray spectra described above, is a multi-processor data
acquisition and real-time analysis sy m custom-designed by the RSL to operate in the severe
environments associated with platforms such as helicopters, fixed-wing aircraft, and various ground-
based vehicles. The system displays radiation and positional information in real time to the operator
via video displays and multiple digit readouts. Archival gamma-ray spectra, aircraft position,
meteorological parameters, real-time¢ lock, and other data reference information are recorded at one-
second intervals on digital data storage devices for post-flight analyses.
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3.2.2 Helicopter Positioning

The helicopter’s position was measured by using two systems: a Trimble DGPS (utilizing Wide
Area Augmentation System [WAAS] differential correc  ns) and a radar altimeter (RA). The DGPS
provides continuous position information using a const  tion of 24 satellites. The DGPS has a
horizontal positional accuracy (1 sigma) of +1 meter (3 =t). The RA determines the helicopter’s
altitude by measuring the round-trip propagation time of a signal reflected off the ground. The
manufacturer’s nominal accuracy of the RA is quoted as 2 feet or 2%, whichever is greater.

3.2.3 Data Processing

For each flight, aerial survey data were downloaded for  Jcessing from an Iomega zip drive into the
PC-based Radiation and Environmental Data Analysis Computer (REDAC) system. This system
provided onsite preliminary analysis of the aerial data « a flight-by-flight basis and monitored pre-
and post-flight quality assurance checks.

4. Analysis Procedures

4.1 Aerial Data Analysis

The aerial radiation data have contributions from the nz  ally occurring radionuclides, man-made
radionuclides, airborne radon, cosmic rays, and radioac ‘e materials present in the aircraft. Contour
maps were produced by processing the aerial data using <traction methods discussed in this section.
More detailed mathematical steps are discussed in the f  vious survey report.

4.1.1 Terrestrial Exposure Rate

The terrestrial exposure rate was derived from the integral counting rate in the gamma energy
spectrum range between 38 and 3,026 keV. This count rate, measured in counts per second (cps) at
survey altitude, is converted to exposure rate (ER) in pl 1 at 1 meter AGL by using the following
equation:

| (D

where

GC = gross count rate at survey altitude (cps)

og/
I

background count rate at survey altitude (cps)
A = Distance above ground level from RA (feet)

@]
i

gamma ray air attenuation coefficient (feet™)
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The background count rate (B), determined initially from the tcst line altitude profile and adjusted on
a flight-by-flight basis, consists of ¢  mic rays, the aircraft system, and airborne radon. The air
attenuation coefficient, C, also determined from the test line data, was 0.001761 feet™ (0.005778
meter'). The conversion factor (2, i cps/uR/h) for 50 feet (16 meters) AGL was determined from
documented calibration test lines located in Clark County, Nevada. The calibration range used was
to relate the count rate observed at «  erent altitudes with different detector arrays to the exposure
rate measured at 1 meter (3 feet) A(  using a pressurized ionization chamber. The conversion factor
assumes a uniformly distributed rad ion source: 1) covering an area that is a large when compared
to the field of view of the detector s em (a circle with a diameter roughly twice the altitude of the
aircraft), and 2) having a gamma-r: :nergy distribution similar to that of the natural background of
the calibration test line.

4.1.2 Man-Made Gross Count

The aerial data were also used to de  mine the location of man-made radionuclides. The man-made
gross count (MMGC) is the portion  the gross count that is directly attributed to the gamma rays
from man-made radionuclides. In g zral, evidence of man-made radionuclides can be found from
increases in the gross count rate. H  ever, slight variations in the gross count do not always
indicate the presence of a man-made anomaly, since these variations can result from geological
fluctuations or changes in the groun :overage (e.g., river, dense vegetation, buildings).

In order to increase the sensitivity to detect man-made anomalies, an MMGC algorithm has been
developed that uses spectral energy extraction techniques to detect man-made activity. This
algorithm takes advantage of the fact that while background radiation levels often vary by a factor of
two or more within a survey area, b ground spectral shapes remain essentially constant. More
specifically, the ratio of natural components in any two regions (windows) of the energy spectrum
will remain nearly constant.

Although this procedure can be app 1 to any region of the gamma energy spectrum, for general
man-made activity, common practice is to place all counts from 38 to 1,394 keV into the man-made
window (low energy sum), where m ! of the long-lived, man-made radionuclides emit radiation,
and to place all counts above 1,394 to 3,026 keV into the natural window (high energy sum), where
mostly the naturally occurring radio  clides emit radiation. The MMGC rate can be expressed
analytically in terms of the integrate >ount rates in specific gamma energy spectral windows (keV):

1394 3026
M 'C=) S(E)-K,,  D.S(E) )
E=38 E=1394

where K 1s measured over an are: 1at only contains gamma radiation from naturally occurring
radionuclides as
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This MMGC algorithm is sensitive to low levels of man iade radiation even in the presence of large
variations in the natural background. When man-made  ioactivity has been identified, a detailed
analysis of the gamma energy spectrum is conducted to  certain which radionuclides are present.

4.1.3 Cesium-Specific Isotope Extraction Algorithm

The Cs-137 isotope has a primary a photopeak at 662 k= The variable natural background also
contributes to that photopeak. A spectrum-based algori: 1 can remove the variable background
contribution in a second-by-second operation. The resu 1g data has a statistical distribution of
counts centered around a net value of zero in regions of ckground-only. If a statistically
significant source is present, its activity will show up as  excursion above the statistical bounds
associated with the natural background activity.

The form and function of the Cs-137 extraction algorith s set for the specific extraction of the Cs-
137 source contribution. The source energy window (re  n of interest or ROI) is set to 594 through
730 keV. The background energy windows are set to 5. hrough 594 keV for background 1 and
730 through 798 keV for background 2. The three-win¢  algorithm is very useful in extracting
photopeak counts where the shape of the Compton-scat  :ontributions from other isotopes is
changing significantly.

4.1.4 Cesium-Specific Volumetric Activity Conversion Algorithm

Conversion of airborne count rate information to soil vc¢  netric activity involves a number of
parameters. These include detector type, number, and ¢  figuration; flight altitude and speed;
isotope of interest; specific extraction algorithm; specific distribution of isotope in soil; soil density
and moisture.

For estimation purposes, AMS utilizes a sensitivity estit tion program written by an RSL scientist.
Provided with detector configuration, aircraft speed, and isotope of interest, the program estimates
sensitivity conversion numbers for point source and infi e spatial extent distributions including
surface, uniform soil depth, and exponentially distribute 30il depth. Resource materials from
numerous technical references as well as a number of assumptions are embodied in the software.

For the Hanford survey, the value of 0.004 pCi per gran er 1 net photopeak count of Cs-137 was
utilized to create the initial Cs-137 3-window extractior Ci/g map products.
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For a detailed description of the analysis techniques uscd to convert from spcctra gross counts to an
initial isotope-specific volumetric activity (pCi/g) estimate, Appendix B is provided.

4.1.5 Americium-Specific Isotope Extraction Algorithm

Although the project had identified Cs-137 as the only significant gamma emitter within the BCCA
and West Lake survey areas, data analysis for americium was requested. The HR was the primary
location for plutonium production s; 2 the 1940’s. Since plutonium is a very weak gamma-ray
emitter, the only practical way to determine the areas of plutonium activity in the environment by
using gamma-ray spectroscopy is to measure a radionuclide closely associated with plutonium that
can be easily detected by its gamma radiation emissions. The most abundant gamma ray related to
plutonium is the 59.5-kiloelectronvc  (keV) gamma ray from the decay of Am-241, which is a
daughter product of plutonium-241. though the plutonium used in nuclear weapons is primarily
Pu-239, the plutonium also contains ces of Pu-240 and Pu-241. The helicopter detector
configuration using external pods is  signed to maximize sensitivity to the Am-241 gamma energy
for plutonium deposition surveys.

The source energy window (region of interest or ROI) is set to 50 through 70 keV. The background
energy windows are set to 38 throug 50 keV for background 1 and 70 through 82 keV for
background 2. The three-window al  ithm is very useful in extracting low-energy photopeak counts
where the shape of the Compton-sc:  r contributions from other isotopes is changing significantly.

Simple examples of 2-window and 3-window isotope extractions are shown:

-o,ooo" 16 000
o ' g gk
3
o E ‘
0 —
(]

0 EN 2,000 2500
ENERGY (ko) ENERGY (kaV)
2-péeicree 3-Wdow

COUNTS
»

4.1.6 Gamma Spectral Analysis
The MMGC algorithm is very gene!  and is sensitive to changes in the low-energy portion of the
spectrum. It does not identify the cause of the change. The changes can be caused by:

¢ A man-made isotope in the s vey region

¢ Scattered gamma rays from: ural radionuclides

e Change in the isotope ratios i m where the ratio of low-energy to high energy spectral
windows was measured.
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Normally, the number of counts for a given energy in a 1-second spectrum are too small to make an
identification of a specific isotope possible. To increase & number of counts and improve the
statistics, a number of adjacent 1-second spectra are combined to produce a single spectrum for a
larger area.

5. Results

5.1 Gross Count Point Data, Contour Dz | and Exposure Rate Contour
Maps (BCCA)

Many components contribute to forming the total measured gamma-ray energy sbectrum. The term
"natural background radiation" is generally considered { >omprise the natural terrestrial
radionuclides, airborne radon gas and its daughter products, and cosmic rays. The man-made
radionuclides (such as Am-241 and Cs-137), produced ¢ >ugh human actions, are generally the
components of the radiation field of most interest. The final contribution of spectrum counts to the
system represents radioisotopes present in the measuring equipment and all sources of "noise" in the
final spectrum—including electrical noise in the electronics.

Naturally Occurring Radioisotopes. Long-lived radic iclides present in the earth's crust are
usually the largest source of natural background radiati . Naturally occurring, gamma ray-emitting
isotopes found in the soil and bedrock consist mainly of radionuclides from the Uranium-238 (U-
238) and Thorium-232 (Th-232) decay chains and frorr  -40. The most prominent natural isotopes
usually seen in aerial gamma-ray spectra are K-40 (0.1 zrcent of natural potassium), thallium-208
(T1-208) and Actinium-228 (Ac-228) (daughters in the '~ -232 chain), and lead-214 (Pb-214) and
bismuth-214 (Bi-214) (daughters in the U-238 chain). T naturally occurring isotopes typically
contribute 1-10 pR/h to the background radiation field he HNR.

Radon and its Daughters. Radon is a noble gas and a zmber of both the uranium and thorium
decay chains. After being created in the soil from its parent radium, radon can diffuse through the
soil and become airborne. While the isotopes of radon 1z relatively short half lives, their daughter
may become attached to dust particles in the atmosphere and contribute to the airborne radiation
field until the dust eventually settles to the ground. During a rain shower, much of the airborne
particles are washed out of the air and deposited on the ground thus temporarily increasing the
amount of terrestrial radiation that is detected.

w

The contribution of radon and its daughters to the back und radiation field depends on several
factors including the concentration of uranium and thor n isotopes in the soil, the permeability of
the soil, and the meteorological conditions at the time o: 1easurement. Typically, the amount of
airborne radiation from radon and its daughters contribi s 1-10 percent of the natural background
radiation level seen in RSL aerial surveys.
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Cosmic Radiation. Cosmic rays entering the earth's atmosphere are the third sourcc of natural
background radiation. High-energy ¢  nic rays (principally protons, alpha particles, and some
heavier nuclei) interact with atoms i1 ¢ upper atmosphere to produce showers of secondary
radiation. The secondary radiation consists mainly of electrons, gamma rays, neutrons, and mesons.
The Nal detectors used in the aerial surveys are sensitive to these secondary gamma rays and x-rays
and to gamma rays produced when the electrons and mesons decelerate (producing bremsstrahlung
radiation) and annihilate at or near the earth's surface. The contribution of cosmic rays to the
background radiation field varies with elevation above mean sea level. In the continental United
States, values range from 3.3 uR/h at sea level to 12 pR/h at an elevation of 3000 meters (9800 feet).
The count rate measured in the Nal d :ctors and attributable to cosmic rays will change very little
through changes in the aircraft’s altitude or elevation.

Figure 6 represents the gross count point data produced in the total energy spectrum of the
acquisition system during the survey. 1e gross counts represent the summation of all counts
recorded by the 12 detectors carried by the helicopter. The point data represents each 1-second result
recorded by the helicopter acquisition system. The figure contains ~40,000 data points compiled
from all the separate flights over the CA. Figure 7 represents the same data results that have been
contoured to display area average gross count rates expected between the point data results. Data
points were contoured by a triangulat  irregular network (TIN) software algorithm which utilizes
measured point values and locations  1er than gridded data.
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Figure 6. BCCA Total Energy Spectra Gross Count Point Data Results
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Hanford Site Radiological Aerial Survey 2009
BCCA Area
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Figure 7. BCCA Total Energy Spectra Gross Count Contoured Data

Figure 8 displays the terrestrial-only gamma exposure rate inferred from the aerial data in the form
of a color-fill contour map superimposed on a projected image of a portion of the HNR. Processing
of the aerial measurement data removes cosmic ray, radon and aircraft contributions. The map
shows high levels of radiation at the locations identified as the BCCA and U.S. Ecology facility.
Over most of the survey area, the inferred exposure rates averaged 11 pR/h or less (terrestrial plus
cosmic) and were typical for the natural background at the HNR. The background exposure rates are
in good agreement with previous 1996 survey data.”

NOTE: The gamma-ray spectral composition in regions of man-made activity is significantly
different from the composition observed in regions of natural background activity. Therefore, the
exposure rates are estimates that are useful for relative comparisons and not as absolute values. A
single exposure rate conversion, (2,055 cps/uR/h) for 50 feet (16 meters) AGL, was used to convert
observed gross counts to the inferred exposure rate contours presented in Figures 8 and 11. This
conversion is strictly valid only for naturally occurring radionuclides. Since this conversion is based
on the higher average gamma ray energy for naturally occurring isotopes than the man-made isotope
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energies observed in the BCCA survey areas, the inferred exposure rates within the man-made
footprints overestimate the actual exposure rates that would be observed by portable instruments at
1 meter AGL.

Hanford Site Radiological Aerial Survey 2009

BCCA Area

at an altitude of 15 meters (50 feet AGL).
For total extemal exposure rate a cosmic
confribution of 3.7 yR/hr should be added.

Figure 8. BCCA Inferred Gamma Exposure Rates
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5.2 Gross Count Point Data, Contoured Data and Exposure Rate Maps
(West Lake and Gable Mountain Pond)

Figure 9 represents the gross count point data produced in the total energy spectrum of the
acquisition system during the survey of West Lake and South of West Lake sites. The gross counts
represent the summation of all counts recorded by the 12 detectors carried by the helicopter. The
point data represents each 1-second result recorded by the helicopter acquisition system. The figure
contains ~2,000 data points compiled from one flight over each site. Figure 10 represents the same
data results that have been contoured to display area average gross count rates expected between the
point data results.
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Figure 9. West Lake and Gable Mountain Pond Total Energy Spectra Gross Count Point Data
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Hanford Site Radiologigal Aerial Survey 2009
West Lake Area

Figure 10. West Lake and Gable Mountain Pond Total Energy Spectra Gross Count Contour Data
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Figure 11 displays the terrestrial-only gamma exposure rate inferred from the aerial data in the form
of a color-fill contour map superimposed on a projected image of the West Lake area of the HNR.
Processing of the aerial measurement data removes cosmic ray, radon and aircraft contributions. The
map shows high activity at the same location identified in the 1996 survey. Over most of the survey
area, the inferred exposure rates average 11 uR/h or less and are typical for the natural background at
the HNR. The background exposure rates are in good agreement with previous 1996 survey data.”
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Figure 11. West Lake and Gable Mountain Pond Inferred Gamma Exposure Rates
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5.3 Man-Made Gross Count Point Data Map (BCCA)

The MMGC algorithm (discussed in the Section 4.1.2) was used to study the aerial data for man-
made radionuclides in the survey area. The MMGC map (Figure 12) shows the activity that is
attributable to gamma radiation from man-made radioisotopes with the variable natural background
component removed. Figure 12 shows the results as point data in place of the normal contour data
map at the customer’s request.
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Figure 12. BCCA Man-Made Gross Count Point Data
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5.4 Cesium-137 Extracted Isotope Counts Point Data and Contoured
Data Maps (BCCA)
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Figure 13. BCCA Cesium-137 Net Counts Point Data Results
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Hanford Site Radiological Aerial Survey 2009
BCCA Area

Figure 14. BCCA Cesium-137 Net Counts Contoured Data Results
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5.5 Cesium-137 Volumetric Activity (pCi/g) Point Data and Contoured
Data Maps (BCCA)
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Figure 15. BCCA Cesium-137 Volumetric Activity (pCi/g) Point Data Results
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Hanferd Site Radiological Aerial Survey 2009
BCCA Area

Figure 16. BCCA Cesium-137 Volumetric Activity (pCi/g) Contoured Data Results
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5.6 Man-Made Gross Count Point Data Map (West Lake and Gable
Mountain Pond)

The MMGC algorithm (discussed in the Section 4.1.2) was used to study the aerial data for man-
made radionuclides in the survey area. The MMGC map (Figure 17) shows the activity that is
attributable to gamma radiation from man-made radioisotopes with the variable natural background
component removed. The figure shows the results as point data rather than contour data at the
customer’s request.
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Figure 17. West Lake Man-Made Gross Count Map
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5.7 Cesium-137 Extracted Isotope Counts Point Data and Contoured
Data Maps (West Lake and Gable Mountain Pond)
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Figure 18. West Lake Cesium-137 Net Counts Point Data Results
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Hanford Site Radiologigal Aerial Survey 2009
West Lake'Area

Figure 19. West Lake Cesium-137 Net Counts Contoured Data Results
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5.8 Am-241 Extracted Isotope Point Data and Contoured Data Maps
(BCCA)
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Figure 20. BCCA Am-241 Isotope Extraction Point Data Results
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Hanford Site Radiological Aerial Survey 2009
BCCA Area

Figure 21. BCCA Am-241 Isotope Extraction Contoured Data Results
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5.9 Am-241 Extracted Isotope Point Data and Contoured Data Maps
(West Lake and Gable Mountain Pond)
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Figure 22. West Lake and Gable Mountain Pond Am-241 Isotope Extraction Point Data Results
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Hanford Site Radiological Aerial Survey 2009
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Figure 23. West Lake and Gable Mountain Pond Am-241 Isotope Extraction Contoured Data Results
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5.10 BCCA Survey Area Flight Line Results

As discussed previously, one of the survey objectives was to provide a 100% gamma scan of the
survey as close as practicable. Figure 24 shows all the flight lines over the survey area that was used

for the data analysis. With a75-foot line spacing, the AMS pilots executed the survey with acceptable
precision.

Hanford Site Radiological Aerial Survey 2009

BCCA Area

Figure 24. BCCA Flight Line Results
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5.11 West Lake and Gable Mountain Pond Survey Area Flight Line
Results

Hafnford: Site Radiolaogigal Aerial Survey 2009
West Lak@Area

Figure 25. Example of Flight Line Precision over the West Lake and Gable Mountain Survey Areas

5.12 Gamma Spectral Analysis Results

Figure 26 shows the areas where the 1-second data results were combined for the net spectra
analysis. Figures 27 and 28 show the “net” spectra results for portions of the survey area. The Cs-
137 contour levels were used to determine the peak and background areas. The peak regions consist
of the combined spectra contained within the boxes around each ground zero. The background
region combined the spectra from the box outside the BCCA deposition footprint but within the
survey area. This background spectrum represents the same geology as the ground zeros but also has
some man-made activity present as well. This technique produces a net spectrum that has very little
contribution from naturally occurring radionuclides and enhances any remaining peaks representing
man-made radionuclides in the survey area.
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Hanford-BCCA Cesium

Figure 26. Gamma Spectra Analysis Locations
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Figure 27. CA High Activity Area Net Spectrum
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Figure 28. U.S. Ecology Site Net Spectrum
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6. Discussion of Results

6.1 Comparison of Previous Survey Results to 2009 Survey Results

The aerial survey results depicted in Figure 2 from the 1996 survey are typical for the previous aerial
surveys conducted at the HR. The previous survey objectives were limited to defining the man-made
gamma footprints from all the facilities and operations within the HR. Due to the size of the
reservation, the survey altitude and line spacing were designed for a reasonable deployment time.
For the 1996 survey, the survey altitude was 200° AGL and the line spacing was set at 400°. The
man-made gamma footprint depicted for the BCCA in 1996 is consistent with previous surveys.
Similar to the Figure 29 example, the BCCA footprint has three count-rate ranges and relatively
smooth boundaries between contour levels. In addition, the man-made gamma footprint from the
adjacent US Ecology facility extends well beyond the facility boundaries. This is a result of a
relatively small area of very high radioactivity detected on adjacent survey lines due to the higher
altitude of the aircraft. For the 2009 survey, the project had identified Cs-137 as the only
radionuclide of concern. With the reduction of altitude to 50° AGL and line spacing of 75°, the raw
data could be processed to include only the photopeak counts from Cs-137. The results are in Figure
14. Features to note include the complexity of the Cs-137 footprint within the BCCA and the
absence of a competing man-made gamma footprint from the U.S. Ecology facility. The BCCA
Cs-137 footprint is more complex than the typical example illustrated in Figure 29.

Aerial 200 Feet Aerial 50 Feet KIvyl 2.5 Feet

Figure 29. Example of Aerial Data Results From the NTS Due to Altitude
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6.2 Point Data Comparisons to Contour | Data

As noted above, the 2009 survey results produced a BCCA Cs-137 footprint of similar dimensions to
the 1996 survey but the complexity within the footprint e to the increased resolution and
sensitivity are striking. Historically, large area radioact  material deposition on soil was the result
of a single event or a process that released airborne mat  al over a lengthy time period. Aerial
survey results would produce maps similar to the Figure 29 example where the source of the release
would produce the highest levels of radioactivity with d osition radiating outward or occurring
downwind from the source. The source of the radioactive deposition for the BCCA has been
documented as animal intrusions into the cribs and tren s with dispersal due to subsequent
defecation or urination. Since the animals’ movements  uld be random within the BCCA, the
pattern of dispersal is more complex. In addition, all species have different size home ranges and
may have traveled significant distances from the source of the ra oactive salts within the cribs after
ingestion.

At the start of the survey, the primary GIS product expe 'd to be used was the Cs-137 contoured
data in counts per second and converted to a preliminary pCi/g map. However, as draft products
were being developed, the project personnel expressed at interest in the point data produced by
the acquisition system. The GIS point data files have a  nber of attributes that are expected to
improve site characterization efforts. In a comparison ¢  igures 13 and 14, the point data results in
Figure 13 show potential Cs-137 activity in small, widi  sc tered areas outside the original Zone A
and B areas. Due to the random nature of the animal m ments within the site, these small “points”
may require investigation by ground teams in the future. The GIS shape file contains specific latitude
and longitude information for each data point. Ground teams can greatly improve their performance
using this information to find the location. The point data products have been included in this report
due to the value to the customer.

NOTE: The term point data is somewhat of a misnome1 nce each GIS data point actually represents
an effective detection footprint circle of 100 foot (~30 : ters) diameter.

6.3 Gross Counts and Exposure Rate Maps

The 2009 survey produced a gross map with results co  irable to the 1996 survey results. As
expected, the 2009 map has better detail of the higher § s count areas within the BCCA (Figure 7).
The exposure rate map product in Figure 8 was normal  d-to the same exposure rate levels as
presented in the 1996 report. The calculated terrestrial exposure rates between the two surveys are
essentially identical. The value of these two products is  r ground teams to know where to expect
changes in count rate or exposure rate on non-spectral | table instruments. This can be invaluable
where teams are investigating potential Cs-137 anomalies where terrestrial background levels are
changing.
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6.4 Man-Made Gross Cou Point Data Maps

The man-made gross count point data maps (Figures 12 and 17) provide better spatial resolution of
the man-made activity than the 199¢ irvey results. The results show that the original deposition has
remained stable with no significant: zration due to water or wind erosion. The data for both the
BCCA and West Lake were not pres  ted as contoured products since subsequent analysis has
confirmed that all of the man-made ivity in both survey areas is due to Cs-137 with the exception
of the US Ecology facility. As such, 2 contoured data for the man-made products will be essentially
identical to the Cs-137 contoured data provided.

6.5 Cesium-137 Extracted sotope Counts and Volumetric Activity Maps

As discussed in Section 4.1.4 previo ly, the conversion of cesium photopeak counts to a soil
volumetric activity (pCi/g) can be c: alated with an existing software code used by AMS. For an
initial scoping survey of a site, such  the BCCA, the map products produced should be used for
remediation planning purposes only. eliminary field investigations of cesium point data anomalies
suggest that the initial deposition of : cesium salts by animals has not weathered sufficiently to
meet the modeling assumptions in the software. Due to the apparent numerous point sources
comprising the helicopter data results over the BCCA cesium footprint, subsequent conversions of
cesium photopeak counts to a final v 1metric activity map product should be delayed. Once
remediation has been completed and ¢ final cesium activity is expected to be low-level and
uniformly distributed within the BCCA, a final data set conversion of cesium counts to volumetric
activity can be completed for projec 1d regulatory review.

6.6 Americium-241 Extrac d Isotope Counts and Contoured Data Maps

As discussed in Section 4.1.5, the ac | data was analyzed for Am-241. Due to the history of the
operations at the HR and the inclusion of Am-241 as a possible radionuclide of concern within the
BCCA and West Lake sites, map pro  cts for Am-241 point data and contoured data were produced.
Other than an obvious Am-241 foot; related to the US Ecology facility, only one small area
within the BCCA produced a contou  area above the 3-sigma threshold. The anomaly had not been
verified or investigated at the time 0 s report preparation.

6.7 Gamma Spectral Analysis Results

The net spectra results for both the BCCA and the adjacent U.S. Ecology site are very similar to the
1996 net spectra results. There does  t appear to be any significant changes in the radioactive
source term at either site.
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Appendix B

Cesium Three-Window Data Extraction

B.1 Gross Count Activity, Survey Line of Interest (LOI) Gable Mountain Pond
Area '

In addition to contributions from man-made activity, gross count activity observed by an aerial
radiological measurement system is affected by a number of parameters. Some of these are altitude,
aircraft speed, area geology, area topology, man made objects, detector configuration (size, shape,
number of detectors), etc. A typical total count rate data subset taken from the 2009 Hanford data set
is shown in Figure B-1. The example line of interest (LOI) was chosen from the Gable Mountain
Pond data set. Unlike the BCCA, which has extensive spatial distribution of cesium, the activity in
the chosen LOI is more isolated and ovides a better data set for illustration purposes.
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Figure B-1. Observ. Total Gross Count Rate From Line of Interest
The gross count data shows apprecia : variability throughout the entire LOI. Background and
manmade activity regions are not we Jdefined. The specific purpose of the Hanford survey was to

separate, identify, and quantify specific contributions from the specific isotope cesium-137 (Cs-137).
It is obvious that gross count data does not accomplish this task very well.
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B.2 Isotope Extraction of Cesium by 3-Win »w Algorithm

Systems and procedures that utilize full gamma spectral formation (not just gross count rate
information) provide superior isotope extraction capability. Each specific radioactive isotope,
whether natural or man-made, has distinct spectral properties. Exploiting these properties enables
one to provide isotope specific processed data products. The cesium-only data set for the chosen
LOI, processed by spectral extraction techniques, is sh¢ 1 in Figure B-2.
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Figure B-2. Processed Cesium-137 Data Extraction

Note that the spectral extraction technique effectively s  arates the cesium data from the background
data, providing a peak to background deviation ratio of 24.8.

The data of Figure B-2 was analyzed using a three window spectral energy extraction technique. A
central window “A” (energy range of 594 to 730 keV) bounds the 662 KeV cesium photopeak. A
background window “B1” (energy range of 526 to 594 V is selected below the cesium photopeak
and a background window “B2” (energy range of 730 to 798 KeV) is selected above the cesium
photopeak. For typical background spectra, the ratio of counts in “A” to the sum of the counts in
“B1” and “B2” is relatively constant. Mathematically:
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K (typical per-flight extraction coefficient) = A/ (B1 + B2) (B-1)

Where K is the average value from ¢ 'pical background region; or the most likely value (from
distribution analysis) taken in regions where non-cesium contributors dominate.

Using the survey-specific K value,t  cesium extraction equation for a given flight on a point by-
point basis then becomes:

CS =A®)-K*(BI1() +B2(i)) (B-2)

For reference, the K value for Figure B-2 was 1.128.

B.3 Additional Improvement of Detectability by Filtering

Figure B-3 shows additional detecta ity improvement is possible when a spatial filter is applied to
the 3-window spectral extraction data.
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Figure B-3. Additional Improvement of Detectability by Spatial Filtering
Spatial filtering additionally improves the peak to deviation ratio from a factor of 20.8 to a factor of

31.7, a significant improvement. The spatial filter applies weights of one-quarter, half, and one-
quarter to the three time-ordered poi:  recorded before, during, and after the point of interest. This
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cesium data was processed utilizing both
filter.

The minimum detectability for a data set is usually expressed as a multiple of sigma (the standard

deviation) determined from the data set. The term “det
for which a contour or point data map is generated. A ¢
used for radiation counting statistics is 3-sigma. At the
approximately 3 false positive points for every 1000 ba
improves detectability for elevated man-made radioact;
produces more false positives. For example, 2 sigma =
sigma = 317 false positives per 1000 measurements. T

able” is strongly dependent on the purpose
imon multiple of the standard deviation
iigma level, one will observe

rround points. A lower sigma level

y above the background activity but also
false positives per 1000 measurements, 1
choice of the multiple is obviously

dependent on the number of individual possible false positives deemed acceptable for examination

and resolution.

B.5 Spectral Data from Suspect Region of LOI

Figure B-4 shows the gross spectrum for the “suspect” region of the LOIL
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Figure B-4. Gross Spectrum fro
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The gross spectrum of the suspect re  »n had a spectral live time of 7.55 seconds. The cesium
photopeak (662 KeV) is visible in th  zross spectrum but is only slightly larger than the adjacent
natural bismuth-214 (Bi-214) photopeak (609 KeV). For reference, the three spectral window
regions previously described are noted on the figure.

B.6 Spectral Data from “Background” Region of LOI

Figure B-5 shows the spectrum obtained from the nominal background region of the LOIL. Visually,
the spectrum does not look significa y different from Figure B-4. However, only the background
bismuth photopeak is contributing ¢ nts to the 600-700 keV energy range.
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Figure B-5. Background Spectrum from LOI
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B.7 Net Spectrum = Suspect Spectrum Less jackground Spectrum

Figure B-6 confirms the presence of Cs-137 in the susg  area. The net spectrum was obtained by
subtracting the live time-normalized background specti  from the spectrum from the suspect area.
The distinct spectrum for Cs-137 is now quite obvious  pite a very low count rate at the peak
energy. It should be noted that the 3-window algorithm can statistically recognize cesium levels
appreciably lower than levels which would produce a satisfactory visual spectrum.

2501
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~ C$-137 (652 KEV)
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Figure B-6. Net Spectrum from Suspect Area

B.8 Conversion of Photopeak Extracted Count Rates to Volumetric Soil
Activity (Picocuries per Gram)

Conversion of airborne count rate information to volun ic soil activity involves a number of
parameters. These include detector type, number, and . figuration; flight altitude and speed;
isotope of interest; specific extraction algorithm; speci;  distribution of isotope in soil; soil density
and moisture.

For estimation purposes, RSL utilizes a sensitivity estii  ion program written by Dr. Richard
Maurer of the RSL. Provided with detector configurat:  aircraft speed, and isotope of interest, the
program estimates sensitivity conversion numbers for; 1t source and infinite spatial extent
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weathering, ground cover, and a myriad of other items. Any initial estimates of volumetric
concentration generated by this software have relatively large uncertainties.

B.9 Point Source Calibration Data Flown at Desert Rock

The applications covered by the Maurer code are too far extensive to be completely validated by
actual measurements. However, some specific measurements have been made which are applicable
to the Hanford survey data analysis. Aerial surveys have been conducted under controlled
conditions at the Desert Rock Airstrip near the Nevada Test Site. One survey was flown at 50 feet
AGL. Seven parallel lines were flown at 50-foot line spacing with the center line being directly over
a 27 millicurie Cs-137 source. Figure B-7 shows the total cesium count (not just photopeak) contour
map produced from this survey. The survey objective was to fly sufficient line lengths and enough
lines to approximate the full footprint of the detector. While the along track distance was sufficient;
the outermost lines did not quite cover the full footprint.

4501

OVERFLIGHT AT DESERT ROCK AIRSTRIP.
50 FOOT AGL, 50 FOOT LINE SPACING.
CESIUM POINT SOURCE (27 MILLICURIE).
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LT GRN 9000 - 10000
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YELLOW 11000 - 14000
ORANGE 14000 - 20000

PINK 20000 - 32000
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RED 57000 - 119000
-450 + t + t + t —+ -
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Xin Feet - B412 ADCO (12 - 2x4x16), Cs-137 Source

Figure B-7. Contour Map of Cesium Point Source Overflight
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B.10 Notes on Detection Syst a Footprint

It is standard practice to refer to the Fu Width at Half Maximum (FWHM) spatial response to a
point source as the footprint of the d :ction system. From inverse square calculations, the FWHM
is nominally twice the detection system altitude. For the contour plot of Figure 7, the extent of the
red contour is approximately 100 feet and contains all values from the peak value down to half the
peak, complying nominally with the  nition of detector footprint. Note, however, that the total
effect of the point source reaches we  :yond the 100 foot footprint, covering ~600 feet from 2700
feet to 3300 feet along the flight patt  his spatial property can greatly disturb the ability to see
small discreet sources in the presence of a large source.

B.11 Maurer Estimate and Desert Rock Data (Point Source)

As a first approximation (the maxim 1 recorded data point may not have been exactly over the
sealed source), the field measured pi ! source sensitivity is just the point source strength divided by
the net peak single point count. From data used to produce Figure B-7, with appropriate background
corrections, and correction from gro esium counts to photopeak cesium counts (required for the
Maurer software code), the computa n yields a point source photopeak sensitivity of:

Point source sensitivity = '.0/((120169 — 8363) * 0.179) = 0. 00135 mCi/cps

ompare to Maurer value of 0.0013)

where
27.0 = cesium point source stre th in millicuries
120169 = peak observed counts per second
8363 = observed nominal background counts per second
0.179 = (Cesium photopeak cps Cesium total cps)

The Maurer estimate and actual mea rements are in good agreement

B.12 Maurer Estimate and Desert Rock Data (Infinite Surface)

Because the Desert Rock survey was  own at nominal constant speed and nominal constant line
spacing, the infinite surface sensitivi can be estimated from the measured point source response.
That is, the sum of all the spatially d ibuted contributions from a single point source is
mathematically the same as the cont  1tion would be at a single center point if identical sources
were placed at each actual flown poi
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The first order infinite surface sensitivity for the helicc  r 12 detector system is then:

Surface sensitivity =27.0 / ((1352623 — 85 71) * 0.179 * 464)) = 0.000653
(Compare to Table 1 value of 0.000584)

where
1352623 = cps sum of the 100 measured points withir ¢ contour footprint
854871 = cps sum of nominal background of the 10( easured points

0.179 = ratio of peak to counts for cesium
464 = nominal square meters per point in the cor 1 (100 foot x 50 foot)

The Maurer estimate and actual measurements are in reasonable agreement. Because the measured
data did not quite capture all of the footprint counts (a denominator factor in the conversion
calculations), one would expect the experimental value  be somewhat higher than reality.

B.13 Conversion of Distributed and Volumetric Activity at Hanford

Since the calculations done with point source data fromr esert Rock determine point and surface
coefficients which agree reasonably well with our curre  software, the calculations for distributed
activity and soils predictions should also agree well with ground data measurements. In fact, if all
the assumptions made in the computation agree with the actual field measurements and soil sample
analysis results, there will normally be acceptable agreement. Unfortunately, such conditions do not
always occur. Soil depth and source area uncertainties : the dominant contributors to
aerial/ground disagreements. While the aerial systems her very repeatable data, they do not have
sufficient information to fully delineate spatial extent a  depth for ground measurements.

For example, consider a soil volumetric measurement. 'cesium is actually present only in the top
one inch of soil, a collection of soil to a one inch depth is appropriate for determining soil
concentration. If one homogenized the sample, determi  d the cesium activity and the gram weight
of the sample, an accurate pCi/gram value would be obtained. Conversely, if the total amount of
cesium activity in the top inch of the soil column is the me but the soil sampling method collects to
a depth of ten inches, the calculated pCi/gram analysis result for the 10-inch sample is a factor of ten
less than the earlier measurement.

A second source of error has to do with depositions v are not uniform within the detector
footprint. The aerial measurement averages the activ ser an area which is typically much larger
than the area from which a surface or soil measurement made. Preliminary field measurements
within the BCCA by ground teams have documented n 1erous “hot spots” of Cs-137 within the
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point data and contoured footprints of the helicopter system. It appcars that the initial dcposition of
cesium activity by animals has not s1 iciently weathered to produce a more uniform deposition as
modeled by the RSL software code. The apparent discreet nature of the cesium deposition thus far
measured severely limits the use of t  preliminary Maurer volumetric constants.

As discussed, initial volumetric activity map products should only be used as aids for remediation
planning efforts. Once an area has been remediated and only uniform low-level dispersed activity is
expected, subsequent surveys by airborne, Kiwi, and other standoff radiation systems may produce
net spectral photopeak counts that can be converted to a volumetric activity (pCi/g) map product.
Any volumetric values derived from these instruments must be converted from measured count rate
information. They do not directly measure pCi/g since they have no information about depth
distribution.
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compatible shapefiles for use by the customer. The shape files allow the customer to retrieve
specific data point informati  for comparison and “hot spot” clean-up as necessary.
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1.0 Introduction

11 K System

Aerial Measurement Syster . MS) scientists at the U.S. Department of Energy/National
Nuclear Security Agency’s Remote Sensing Laboratory (RSL) in Las Vegas, Nevada,
determined that the helicopter radiation detection system equipment, survey techniques, and
data analysis protocols used for aerial surveys, could be used for a survey vehicle. As such,
the aerial detection system w installed in an appropriate vehicle and nicknamed the
“Kiwi” (flightless bird) (Figure 1). The development and use of the RSL Kiwi coincided
with the approval and imple ntation of the guidance provided by the Multi-Agency
Radiation Survey and Site I stigation Manual (MARSSIM).

The Kiwi system uses detec  : and a data collection system developed for the RSL-Nellis
(RSL-N) radiological mapp:  helicopter mission, but mounted on a Ford F-250 crew-cab
pickup truck. Eight 4" x 4" : 3" sodium iodide (Nal) detector logs are housed in four pods
mounted on an angle-iron frame attached to the rear of the vehicle. The detector frame is
adjustable to allow the bottc  >f the detector pods to be placed from 8 to 36 inches above
the ground. Signals from th¢  tectors feed into a Radiation and Environmental Data
Acquisition Recorder, Versi  V (REDAR V) data-recording system mounted inside the rear
of the truck cab. The eight ¢ ctor logs are routed to four Analog-to-Digital Converters
(ADC:s). In addition to the REDAR V system, a second electronics rack cabinet houses

power supplies and other support electronic equipment.

In addition to seating two pe le, the front-half of the cab houses the Global Positioning
System (GPS) steering indic i used by the vehicle driver to maintain proper survey line
spacing, and the keyboard and display system used by the electronics technician to operate
and monitor the REDAR system. An AgNav™ positioning/steering system was recently
installed in the Kiwi. This sy :m allows the driver and technician to create survey plans in
real time. This can be invalu e for surveys with daily changes in planned survey areas
inside or outside the original site boundaries.

The Kiwi detectors produce ltage pulses which are proportional to the energy of the
incident gamma-rays. These resulting voltage pulses are processed by the REDAR system,
Version V. Four complete, 1ma-ray energy spectra are recorded during each second of a
survey operation. The spect  energy range spans from O to 4,000 kiloelectronvolt (keV).
Each full gamma spectrum permits the identification of other gamma-emitting radioisotopes
present in the environment,  addition to the target contaminants. This allows a more
accurate determination of the amounts of anthropogenic radioisotopes present compared
with background levels, even if background levels change spatially over the survey area.
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Figure 2. Kubota with SAM 940 System. The detector box is seen mounted on the hydraulic lift
mounted on the rear of the vehicle. A GPS antenna is mounted on top of the lift frame.

1.3  High Purity Germanium In-situ System

Measurements were performed with a high-purity germanium (HPGe) detector in support of
the Hanford surveys. The measurements were collected with the HPGe in the in situ
configuration: detector pointed toward the ground, with the detector end-cap one meter
above the ground (Figure 3). The detector used for these measurements was an ORTEC®
Detective-EX100: a mechanically cooled, p-type, co-axial detector with a crystal length of
50mm, diameter of 65mm, and a nominal efficiency of 40% relative to a 3" x 3" Nal
detector.

The efficiency of the HPGe detector had been previously determined by use of radioactive
button sources. Spectra were collected with the sources at a distance of one meter from the
end of the detector, and at several angles relative to the axis of the detector. The spectra
were analyzed, and the count rates in the peaks corresponding to the gamma-rays emitted by
the sources were compared to the gamma-rays emitted by the source:

® ORTEC is a trademark of ORTEC, Oak Ridge, Tennessee.
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where N is the measured net counts in the gamma-ray peak, 7 is the spectrum duration, A is
the source activity in Bequerels, and p is the probability per decay of emitting the gamma-
ray.

Figure 3. The Ortec Detective HPGe detector used for in-situ measurements with the Kiwi and
Kubota survey vehicles in the background.
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2.0 KIWl and Kubc Survey Results

2.1 irvey Site Desc: tion

The Hanford Nuclear Reservation (HNR) lies within the Pasco Basin of the Columbia
Plateau in south central Washington State and covers an area of 1,450-square-kilometers
(560-square-miles). This area is a semi-arid, shrub-steppe region with a normal annual
rainfall of 16 cm (6.3-inche The Columbia River flows through the northern part of the
reservation and forms part of the site's eastern boundary. The Yakima River runs along the
southern boundary and joins the Columbia River below the city of Richland, Washington,
located at the site's southeastern boundary. Rattlesnake Mountain, Yakima Ridge, and
Umtanum Ridge form the southwestern and western boundaries. The Saddle Mountains
form the northern boundary. The nearest population center is the Tri-Cities area (Richland,
Pasco and Kennewick, Washington), located directly downstream from the site.

Since the facility began operation in 1944, activities at the HNR have centered on the nine
graphite-moderated plutonium production reactors located along the southern bank of the
Columbia River. All nine of the reactors have been shutdown. Located in the center of the
reservation are two large chemical separation areas (200-East and 200-West), where
plutonium and uranium were extracted from irradiated uranium fuel elements. Large
quantities of liquid and solid radioactive wastes are stored in underground tank farms and
burial sites located within and around the 200-Areas.

The BC Controlled Area (BCCA) is the focus of a contaminated soil clean-up project. The
BC complex consists of six cribs—engineered soil waste disposal sites—and 20 trenches
that were used in the 1950’s to absorb more than 30 million gallons of contaminated waste
from the chemical separations plant at the 200-areas. Before the cribs and trenches were
capped with a sand and gravel intrusion barrier in 1969, badgers, rabbits and mice had
burrowed into them, eaten1 cesium and strontium salts, and then spread radioactivity to
surrounding areas through {  r droppings. These animal intrusions and subsequent wind
dispersion of contaminants ; resulted in shallow soil contamination within the northern
part of the BCCA, an area of approximately 1,500 hectares (3,707 acres).

The BCCA was divided intc  parate regions based on past historical information and recent
surveys. The northern part of the BCCA is located north of the sand dunes that cross the
controlled area from east to west. Within the northern part of the BCCA is a region
designated as “Zone A”, wl  has the highest levels of contamination from cesium-137 and
strontium-90. Zone A is af  ximately 57 hectares (141 acres). The remainder of the
northern part of the BCCA  tains some areas of contamination in an irregular pattern;
however, these are generally considered to be of lower risk to human health and the
environment. This region is referred to as “Zone B”. See Figure 4.
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Figure 4. The BC Controlled Area on the Hanford Nuclear Reservation

RSL-N performed a helicopter survey of the BCCA in September 2009. The purpose of that
survey was to update the previous radiological surveys of the BCCA. The aerial survey
parameters: an altitude of 15 meters (50 feet) above ground level (AGL) and parallel line
spacing of 23 meters (75 feet) were chosen to maximize the man-made radiation sensitivity
and reduce the effective footprint of the helicopter radiation acquisition system. The BCCA
deposition footprint was more complex than mapped after previous aerial surveys, primarily
in 1996, due to the enhanced spatial resolution and sensitivity of the 2009 survey. The
survey results confirmed that the soil contamination levels in Zone A exceeded the project’s
clean-up levels. See Figure 5.
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Hanford Site Radiological Aerial Survey 2009
BCCA Area

Figure 5. 2'5.(3’9'Aerial Survey R'eS-TJtS
Since September 2009, the project has excavated approximately 70 acres within the original
Zone A and adjacent Zone B soil contamination areas. The project has been using hand-held
Nal detection equipment to field screen the areas to determine compliance with the clean-up
level of 2.9 pCi/g for Cs-137. The Kiwi and Kubota vehicles were tasked to perform an
initial verification survey of the excavated areas.

2.2 Data Analysis Algorithms
2.2.1  Gross Count Method

To obtain a gross count (GC) contour, the count data that were collected by the AMS
equipment were first integrated between 38 and 3,026 keV:

3026

Co =2 c(E) 2
E=38
where
Cg = gross count rate (counts per second [cps]),
E = photon energy (keV), and
c(E) = count rate in the energy spectrum at energy E (cps).
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The system records gamma rays with energies up to 4,000 keV; however, there are very few

gamma rays above 3,000 keV.

Since GC contours are meant only to depict net
cosmic radiation and airborne radon will be sub
rate will be converted to an exposure rate Eg by

Ce
EG = -
St

estrial radiation levels, counts from
ted. Furthermore, the terrestrial count
rlying a conversion factor Sy

3)

Measured count rates were leveled by comparing with count rates from an established test

area and were normalized to detector live time!.
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Figure 6. Nal Gamma Ray Spectrum

The conversion from gross count to an exposurt
source is spread uniformly over the width of the

strating MMGC Energy Regions

te is based on the assumption that the
tector footprint, or field of view. Because

of this assumption, the exposure rate is underestimated over sources that are small with

respect to the size of the footprint. For example
produce measured count rates at the detector eq
large-area source. These issues and calculations

1 “Live time” is the amount of time over which the detec
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GC data include contributions from natural sources of radiation. Consequently, these data
include variations in terrestrial background radiation levels. Contours resulting from these
variations in natural radiation often match specific surface features, such as tree lines,
boundaries of cultivated land, and bodies of water, because of the different attenuation
characteristics of the different materials. Exposure rate contours offer a sensitive means of
identifying anomalous, potentially anthropogenic changes in the radiation environment, in
addition to detailing variatic in the natural background radiation emissions.

222 Man-Made Gross Count Method

The man-made gross count GC) method is used to differentiate between anthropogenic
radiation and naturally occurring radiation in a survey. The MMGC method also referred to
here as the MMGC filter, relies on the fact that most gamma-ray emissions from long-lived,
anthropogenic sources of radioactivity occur in the energy region below about 1,400 keV. In
areas where only natural sources of gamma radiation are present, the ratio of the counts
appearing below 1,400 keV tc 10se appearing above 1,400 keV remains relatively constant.
This relationship is true even if natural background radiation levels vary by a factor of 10
across the survey area. If this ratio changes spatially, it is most likely because of a
contribution from anthropog ic gamma radiation.

The MMGC algorithmis a1 s of identifying regions in the survey area where the shape
of the energy spectrum devi s significantly from the shape of the background, or reference
spectrum. The MMGC algo m is very sensitive to small changes in the abundance of
anthropogenic isotopes, while being very insensitive to large changes in the abundance of
natural isotopes.

The MMGC algorithm is ve  zeneral and is sensitive to changes in the low-energy portion
of the spectrum. It does not  ntify the cause of the change. The changes can be caused by:
* A man-made isotope ir ie survey region
e Scattered gamma rays . m natural radionuclides

e Change in the isotope 1  os from where the ratio of low-energy to high energy spectral
windows was measured.

Figure 6 shows two typical .  gamma-ray spectra. Superimposed on a background
spectrum is a spectrum obta with Co-60 present. Counts from an anthropogenic
radioisotope, such as Co-60 almost entirely in the low-energy region below 1,400 keV.

This condition is true for m¢  nthropogenic radioisotopes of concern, which causes the
ratio of counts in the low-energy range to counts in the high-energy range to change.

The normal ratio of counts i low-energy region to counts in the high-energy region for
a survey area is calculated fi Jata obtained in an area that contains only natural sources
9
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naturally occurring radioisotopes. In such cases, the MMGC algorithm may generate a set
of “false positive” anomalies on the MMGC contour map. A background-subtracted gamma
energy spectrum in this case will only show natural radioisotopes or a smoothly varying
background with no discern  : peaks.

22,21 Gamma Spectral alysls

The MMGC algorithm is ve  general and is sensitive to any change in the low-energy
portion of the spectrum. It d ; not exactly identify the causes of the change—whether (1) a
true anthropogenic is pei resent in this region, (2) the increased low-energy gamma
rays are caused by naturally occurring isotopes whose gamma rays underwent more inelastic
scatterings before reaching (  detectors (for example, a change from a grassy meadow to a
dense wooded area), or (3) t isotopic composition of the spectrum in this region of the
survey is significantly different from where Kpspf was determined (for example, granite
versus limestone). Once a region appears in the anthropogenic contours, the energy
spectrum is searched for individual isotopes. An analysis of the gamma-ray spectrum is used
to identify the isotopes that are present in the spectrum and caused the MMGC deviation.

Generally, the large backgra d field (from the naturally occurring isotopes) is not of
interest—only the portion of the spectrum attributable to the anthropogenic isotopes is.
Unfortunately, the number of counts at any given energy in a single one-second
measurement is so small as to  ake the identification of a particular isotope very difficult.
To increase the number of counts in the spectrum being analyzed (and thus produce better
statistics), the spectra from neighboring measurements are combined to produce a single
spectrum showing the radia  measured over some larger area.

To determine net spectra at  dentified anomaly, each area of interest is divided into
“peak” and “background” r ms. The contour levels used to define these regions are
usually MMGC levels. The  k and background boundaries may be defined by other
means (e.g., GC contour lev ). The peak region of the spectrum consists of the spectra
contained in the area bound )y the chosen contour level. The background region consists
of the spectra contained out : the chosen contour level. This partitioning generally
guarantees that the backgro  spectrum is representative of the geology near the anomaly,
but there will be some conti  tion of anthropogenic radioactivity in the background region.

This technique produces an spectrum that has very little contribution from the naturally
occurring radioisotopes in the region and makes the identification of the remaining isotopes
fairly easy. The technique has one major drawback, in that it does not necessarily produce a
true indication of the strengl >f the isotopes seen in the net spectrum. That is, comparing
the intensity of an isotope in one net spectrum with the intensity of that same isotope in
another spectrum may not be ! aningful.

11
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Numerous techniques can be used to scale thet  ground spectra when creating the net
gamma-ray spectra. One technique that willbe 1 involves computing the ratio of the live
times of the peak and background regions and v g the results to normalize the data. This
technique therefore creates a net spectrum by st acting the background spectrum,
normalized by the ratio of the peak live timeto  background live time, from the peak
spectrum:

Con(E)=tp (i - (E) ©)

Bkg

Where:
cnelE) = counts in the net energy spectrur  the energy E (cps)

Cp.alE) = counts in the peak energy spectru it the energy E (cps)

Tp,,, = total spectrum live time composed of all peak-region spectra (s)
TB,qg = total spectrum live time from all"  kground-region spectra (s)
cpe(E) = counts in the background energy  ctrum at energy E (cps).

This method of normalization is relatively straii.  orward to implement. If there is an
excess of naturally occurring radioisotopes, the  spectrum will preserve the high-energy
photopeaks of these isotopes.

2.2.2.2 Spectral Distortions

If the survey contains areas of very high activity e count rate in the detectors may become
high enough to distort the spectra. This distortion results from having insufficient time
between the electrical pulses generated by the a;  lifiers on the photomultiplier tubes. When
these pulses reach the data collector, one pulse is superimposed on the tail of another pulse,
and the data collector determines a voltage fort  combined pulse that is no longer
characteristic of the individual pulses. At mode.  count rates, this distortion may appear as
a broadening of the photopeak widths and possi  as a shift in a photopeak’s apparent
energy. At very high count rates, these effects become more severe, and it may be nearly
impossible to recognize any pattern to the photc  iks present in the spectrum. If the count
rate in the 8-detector array is high and produces ;torted spectra, then the analysis
continues using the spectra collected by the single detector.

2.23 Isotope Extraction Algorithms

The algorithms employed in the search for parti  ar isotopes are very similar to the MMGC
algorithm. The major difference is that instead « sing the full gamma-ray energy
spectrum, they use only a few small portions of it. Two such algorithms are the 2-window
algorithm and the 3-window algorithm.

12
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2.2.3.1 The 2-Window A rithm

The 2-window algorithm is implest of several window algorithms in use. It employs a
narrow window centered on  energy of the specific photopeak of the isotope of concern.
The algorithm assumes that »ackground counts in the photopeak window are
proportional to the counts re led in a background window located at higher energies. The
background window may at 1e photopeak window or may be separated from it in the
energy spectrum. Note that orm of the equation for C; is identical in form to the
equation for MMGC previo defined:

CZ:[ic(E)—BZL}—K{ZAc(E)—BZH} %)
E=E,

E=E,
with
E,
Z o (E)— By,
K,="%" ®
Zcref(E)—BZH
E=E,
where
C, = countrate fro; the 2-window algorithm (cps),
c¢(E) = countrate in! gamma-ray energy spectrum at the energy E (cps),

Ep = limiting enery ; of the windows (E; < E; < E3< E4) (keV),

K, = ratio of thecou in the photopeak window to the counts in the background
window in the reference region of the survey area,

¢, {E) = count rateint  reference gamma-ray energy spectrum at energy E (cps),

B,, = average back und counts in the 2-window low-energy window (cps), and

B,, = average backs und counts in the 2-window high-energy window (cps).
The proportionality factor, K>, is determined in a region of the survey that does not contain
any of the specific isotopes yncern so that the photopeak window contains only
background counts and, the e, can be simply related to the number of counts in the
background window. If the :ipal source of background gamma rays in the photopeak
window is from scattered g a rays from photopeaks at higher energies, this is a good

assumption. If there are other isotopes with photopeaks in or near the photopeak and
background windows, this:  rithm fails.

13
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not be found, or if the compositions of
ference region and the rest of the survey

area, then a simple multiplicative factor will not relate the counts in the photopeak window
to the counts in the background window. To solve this problem, the 3-window algorithm

employs a background window on each side of
background windows generally abut the photopt
assumes that for any spectrum, the number of b:
is linearly related to the counts in the two backg

C, = { ic(E) - BaP:l - K{[f

»hotopeak window. (The two

window in energy.) This algorithm
round counts in the photopeak window
1d windows.

E)- BJLJ + ( Z o(E)- B3HH 9)

E=E, E=E, E=E,
with
E,
Zcref(E) - B,
K,=— e = (10)
Dy (E)=By + Yc, (I -By,
E=E, E=E,
where
Cs; = count rate from the 3-window alg  hm,
E, = limiting energies of the windows < E; < E3< Ey),
Bsp = average background counts in the  window photopeak window (cps),
B3, = average background counts in the  window low-energy window (cps),
B3y = average background counts in the  window high-energy window (cps), and
K3 = ratio of the counts in the primary window to the counts in the two background

windows in a reference region of |

The 3-window algorithm is also very useful in e
where the shape of the Compton-scattering cont
significantly.

2.2.3.3 Ceslum-Specific isotope Extraction

The Cs-137 isotope has a primary a photopeak :
also contributes to that photopeak. A spectrum-
.background contribution in a second-by-second
statistical distribution of counts centered arounc

14
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background-only. If a statit ally significant source is present, its activity will show up as
an excursion above the stati  :al bounds associated with the natural background activity.

The form and function of the Cs-137 extraction algorithm is set for the specific extraction of
the Cs-137 source contribut 1. The source energy window (region of interest or ROI) is set
to 594 through 730 keV. The background energy windows are set to 526 through 594 keV
for background 1 and 730tl  ugh 798 keV for background 2. The three-window algorithm
is very useful in extracting | topeak counts where the shape of the Compton-scatter
contributions from other isc es is changing significantly.

224 Methods to Estir = Soll Concentrations

The instruments used in this survey measure gamma-ray emissions, which directly
correspond to exposure leve  However, many radiation-protection regulations are written
in terms of soil activity leve -ather than exposure levels, because soil activity levels are
more commonly measured. il activity levels of concern are generally determined on the
basis of human or ecologic: ealth risks, which, in turn, are directly related to exposures.
These exposure estimates are computed from the soil activity level data on the basis of a
number of assumptions.

The exposure data gathered ring the pilot study aerial survey was used to estimate what
soil activity levels would re 1 in these measured exposures through a similar, inverted
process. By making assump  ns about the distribution of the radioisotopes in the soil, soil
activity levels that would pi  ide equivalent measured exposures can be computed.

The conversion from amea ed count rate to soil activity depends on several factors,
including the distance from : source to the detector, the types and thicknesses of the
materials between the source and detector, the size of the detector, and the distribution of the
isotopes in the soil. For this  rvey, all of these factors are known with the exception of the
source distribution in the sc  Figure 7 gives typical conversion factors and minimum
detectable activities (MDA:  or six possible distributions. All of the distributions vary only
as a function of the depth it e soil. The graph uses RSL derived curves from data collected
during the testing and evalv  on of the Kiwi and Kubota systems. The soil sample depth is
in centimeters. The curves resent different exponential distributions of cesium activity.
For example, “0.15 exp” represents exponential activity which decreases by a factor of “e”
(2.71828) for every 0.15 cn [ soil depth.
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Figure 7. Soil Depth Conversion Chart for 8-detector Kiwi System

2.2.4.1 Cesium-Specific Volumetric Activity Conversion Algorithm

Conversion of count rate information to soil volumetric activity involves a number of
parameters. These include detector type, number, and configuration; vehicle speed; isotope
of interest; specific extraction algorithm; specific distribution of isotope in soil; soil density
and moisture.

For estimation purposes, AMS utilizes a computer code written by an RSL scientist to
derive the system sensitivity. The code uses a simulation of the detection system response
function and typical natural background spectrum. Provided with detector configuration,
aircraft speed, and isotope of interest, the program estimates sensitivity conversion numbers
for point source and infinite spatial extent distributions including surface, uniform soil
depth, and exponentially distributed soil depth. .

For the Kiwi survey, the value of 0.0025 pCi/gram per 1 net photopeak count of Cs-137 was
utilized to create the initial Cs-137 3-window extraction pCi/g map products. The value of
0.01875 pCi/g per 1-cps Cs-137 net photopeak was used for the Kubota data due to a factor
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of 7.5 relative sensitivity :en the 8 detector Kiwi array and 1 detector Kubota system.
The assumed soil sample 1 was 15 cm as per the BCCA project technical staff. (See
Figure 7).

2242 HPGe- ecl : 1etric Activity Conversion Equations

ponentially distributed in the soil

Ta

z s N

£(@)e™*

> “Hala A5 D msdsdz
4r(r, +r,)

N=TA,B°] ]

where
N = net counts in phot eak
T = count time

A = source activity (I n3)
S = gamma-ray yiel *decay)
M, = gamma-ray atten n coefficient in air
/s = gamma-ray atten n coefficient in soil
£(6 = effective area of the detector
ra = h/cos@
ry = ZcosO

s = (h+z) sinbcos@

A = soil depth decay c« tant (cm'l) = 1/(15 cm) for Hanford
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3.0 Kiwi Results
3.1  Kiwi Gros Count Point Data Maps
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The contribution of radon ¢  its decay products to the background radiation field depends
on several factors including the concentration of uranium and thorium isotopes in the soil,
the permeability of the soil, and the meteorological conditions at the time of measurement.
Typically, the amount of ai  me radiation from radon and its decay products contributes
1-10 percent of the natural  'kground radiation level seen in vehicle-based surveys.

Cosmic Radiation. Cosmic rays entering the earth's atmosphere are the third source of
natural background radiatic High-energy cosmic rays (principally protons, alpha particles,
and some heavier nuclei) interact with atoms in the upper atmosphere to produce showers of
secondary radiation. The s¢ ndary radiation consists mainly of electrons, gamma rays,
neutrons, and mesons. The Nal detectors used in the aerial surveys are sensitive to these
secondary gamma rays and x-rays and to gamma rays produced when the electrons and
mesons decelerate (producing bremsstrahlung radiation) and annihilate at or near the earth's
surface. The contribution of cosmic rays to the background radiation field varies with
elevation above mean sea level. In the continental United States, values range from 3.3 pR/h
at sea level to 12 pR/h at an elevation of 3000 meters (9800 feet).

Figure 8 represents the gross count point data produced in the total energy spectrum of the
acquisition system duringt  survey. The map products generated from the data collected
during BCCA survey repre  t the gross count point data produced by summing the full-
energy spectra recorded by : eight detectors carried by the Kiwi. The point data represent
each 1-second result recorded by the Kiwi acquisition system.

After the previous aerial surveys conducted in 2009, the primary map product was the Cs-
137 activity contoured data  cps and converted to a preliminary pCi/g map. However, as
draft products were being ¢ :loped, the project personnel expressed great interest in the
point data produced by the uisition system. The point data files have a number of
attributes that improve site  racterization and remediation efforts. The shape file, a
standard data file format us by GIS software contains specific latitude and longitude
information for each datap  t. Ground teams can greatly improve their performance using
this information to find the location of elevated count rates. The point data map products
have been included in this report as requested by the customer. The Kiwi gross counts map
product in Figure 8 consists [ 68,994 data points collected and processed. NOTE: The
term point data is somewhat of a misnomer since each GIS data point actually represents an
effective detection footprin  rcle of ~8 meters diameter for the Kiwi detector
configuration.
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Figure 8. Kiwi Gross Counts — All eight Nal detector logs have been summed for this map

3.2 Kiwi Man-Made Gross Count Point Data Map (BCCA)

The MMGC algorithm (discussed in Section 2) was used to study the Kiwi data for man-
made radionuclides in the survey area. The MMGC map (Figure 9) shows the activity that
is attributable to gamma radiation from man-made radioisotopes with the variable natural
background component removed. The results are displayed as point data in place of the
normal contour data map at the customer’s request.
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Figure 9. Kiwi Man-made gross count results over the survey area

3.3 Kiwi Cesium-137 Volumetric Activity (pCi/g) Point Data Maps

The results of the Cs-137 extraction for the eight summed detectors and the left, left-center,
right-center and right pods (two detectors each) are presented in Figures 10-14. The
conversion of extracted Cs-137 counts to pCi/g levels assumed that the remaining activity in
the soil would be widely distributed relative to the Kiwi detector footprint. If that
assumption is reasonable, the map products for the eight summed detectors and the two
detectors per pod results should be similar on a point-by-point comparison. The five maps
are very similar with less than 1% of the total data points showing a different activity level
between the summed detectors and individual pod maps. There are no individual “hot spots”
above the clean-up level that were not detected by at least two of the individual detector
pods on the Kiwi.
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Figure 10. Calculated Cs-137 volumetric activity using data from all eight detector logs
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Figure 11. Calculated Cs-137 volumetric activity using data from the left Kiwi pod (two detector logs)
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Figure 12. Calculated Cs-137 volumetric activity using data from the left center Kiwi pod (two detector logs)
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Figure 13. Calculated Cs-137 volumetric activity using data from the right center Kiwi pod (two detector logs)
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Figure 14. Calculated Cs-137 volumetric activity using data from the right Kiwi pod (two detector logs)

4.0 Kubota Results
41 Kubota 3-Window Cesium Counts Zone B

The work scope included surveys by both vehicles over a non-excavated area within the
BCCA project to create a soil contamination reference area. The criteria for a reference area
included:
® One or more areas of uniform soil contamination activity with a minimum size of
1,000 ft* to allow for multiple vehicle measurements. This would verify the
detector counts to pCi/g conversions on the vehicle systems, especially after
repairs, detector replacements or modifications to hardware or software.

® The uniform contamination areas would be measured by the in-situ HPGe system
to derive the pCi/g activity levels.
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® Soil samples could taken to confirm the activity levels in pCi/g for Cs-137,
document the contamination depth thru the soil column and provide additional Cs-
137/Sr-90 ratios.

Project personnel designated an area in Zone B as a candidate reference area. The Kiwi and
. Kubota conducted surveys « r sections of this site. The site had not been excavated and
was approximately 0.5 miles (0.8 kilometers) from the Zone A excavated area. The site had
numerous old-growth clusters of sagebrush and rabbit-brush that prevented a full survey to
be conducted. The Kubota survey results are presented in Figure 15 as an example of the
Cs-137 activity levels in the site. Any areas of elevated activity were much smaller than
required with distinctive “h  spot” variability. The Kiwi results were the same.

Based on the initial survey results from this site, the Zone B candidate reference area was
abandoned for further study. Subsequent discussions between the RSL scientists and BCCA
project technicians and scientists confirmed that the soil contamination patterns discovered
in Zone B were prevalenttl ughout the BCCA site and the reference area effort would not
be successful.
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Figure 15. Kubota results for candidate reference area in Zone B. Cs-137 hot spots are clearly visible
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4.2 Kubota Gross Count Point Data Maps (BCCA)

The Kubota system used one Nal detector versus the Kiwi 8-detector system. However, as
discussed in Section 3.1, the Kubota system would be equally affected by the naturally
occurring terrestrial radionuclides, radon and its decay products and the cosmic radiation
contributions since the detector material and volumes are identical. The raw gross count
results were not always consistent between survey drives due to hardware and software
features of the SAM 940 system. Two data sets were normalized to adjacent drive results to
produce the map product in Figure 16. The quality assurance technique of driving the test
line at the start and end of each survey allows for the adjustments made to the data sets.

The Kubota gross counts map product in Figure 16 consists of 123,365 data points collected
and processed. NOTE: The term point data is somewhat of a misnomer since each GIS data
point actually represents an effective detection footprint circle of ~7 meters diameter for the
Kubota detector configuration.

HANFORD BCCA EXCAVATED AREA
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Figure 16. Kubota gross count results for the survey area
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4.3 Man-Made Gross Count Point Data Map (BCCA)

The MMGC algorithm (discussed in Section 2) was used to study the Kubota data for man-
made radionuclides in the survey area. The MMGC map (Figure 17) shows the activity that
is attributable to gamma radiation from man-made radioisotopes with the variable natural
background component removed. The results are displayed as point data in place of the
normal contour data map at the customer’s request.
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Figure 17. Kubota man-made gross count results for the survey area

44 Kubota Gamma Spectral Analysis Results

The MMGC algorithm is very general and is sensitive to changes in the low-energy portion of
the spectrum, but it does not identify the cause of the change. The changes can be caused by:
* A man-made isotope in the survey region
® Scattered gamma rays from natural radionuclides

* Change in the isotope ratios from where the ratio of low-energy to high energy spectral
windows was measured.
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In a typical radiation bacl nd area, the numbers of counts for a given energy ina 1-
second spectrum are too ! to make an identification of a specific isotope possible. To
increase the number of c« and improve the statistics, a number of spatially adjacent 1-
second spectra are combi o produce a single spectrum for a larger area. This process is
useful during scoping sut to identify or confirm the presence of specific radionuclides
in the survey area. Durin; rrification survey, this process is used to confirm that all man-
made anomalies are due « o previously identified radionuclides. An example of the
process is shown in the fi ing Figures 18 - 21.

4.4.1 Examples of Net Spectra Gamma Analysis

Figure 18 illustrates the prc s of combining 1-second data points into background and
area-of-interest (AQI) spectra for analysis. The figure contains two background areas and
three AOIs as an example « he net spectra analysis.

Figure 19 contains the two  :kground and three AOI spectra results from the areas selected
in Figure 18. The five spec  have a similar pattern thru the entire energy range from
approximately 40 keVto3 ) keV. The AOI spectra generally have fewer counts per
energy channel due to the ¢  ller size area used for the compilation of the 1-second data
points.

The results in Figure 20 and 21 show the power of the net spectra analysis to remove the
background contributions i  1the AOI spectra to aid in the identification of the man-made
radionuclide. The expande  ew in Figure 20 shows that the energy peaks for the three
AOIs reside at approximate 660 keV which is consistent with Cs-137. This process
confirms that all the elevated man-made gross count areas are the result of Cs-137 activity,
which is the primary gamn  2mitting man-made radionuclide in the BCCA site.
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Figure 18. Net Spectra Analysis Areas. Two background areas and three areas of interest have been
selected.

. Sample Spectra from Hanford Kubota Surveys
10 T 7 i) T T T
AOI

;5; 10'
Q
&
a8
e
-
=2
<]
o
[ =1
$ 10’
=

10“ 1 1 1 1 1

0 500 1000 1500 2000 2500 3000
Energy (keV)

Figure 19. Gross Spectra (Backgrounds and AOIs)
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Sampte Net Spectra from Hanford Kubota Surveys
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Figure 20. * spectra of areas of interest from Figure 19
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Figure 21. Expanded view of net spectra of AOIs from Figure 20
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4.4.2 Kubota Cesium-137 Volumetric Activity (pCi/g) Point Data Maps

The analysis procedures used for the Kubota data were identical to those used for the
Kiwi data. The total number of data points processed was almost double due to the
slower speed and tighter line spacing used for the Kubota system. The summed data
product in Figure 22 is consistent with the equivalent Kiwi map products.
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Figure 22. Kubota Cs-137 volumetric activity results for the survey area
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5.0 High Purity Germanium In-situ Measurement Resulits

The HPGe In-situ measurements were 20 minutes in duration except for two of 60 minute
duration. Although the calibration and volumetric activity conversions for this system were
conducted under procedures unique to an in-situ system, the Cs-137 results are similar to the
vehicle system results except for one location. That one location over the clean-up level was
first identified by the Kiwi and Kubota systems after the man- made gross count analysis
was completed. The MMGC analysis and CS-137 conversion indicated that the “hot spot”
was buried contamination. The HPGe was used to evaluate the Cs-137 peak and Compton
scatter to estimate the depth. The in-situ measurement indicated a location above the clean-
up level as expected. The average depth of the “hot spot” activity was greater than the 15-
cm criteria used for the default pCi/g calculations. The project decided to include the
location for removal although it was deeper than the other “hot spot” locations at less than
the 15-cm criteria (Figure 23).
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Figure 23. HPGe Cs-137 Results
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6.0 Kubota Survey Results After Hot Spot Removal

During the week of January 10® 2011, 5 of the identified red spots (2.9 to 6.0 pCi/g) and 4
of the yellow spots (2.0 to 2.9 pCi/g) provided to the customer in a preliminary 2010 Kiwi
survey data set were excavated. The size and depth of excavations varied from hotspot to
hotspot, with the depths typically 12 to 18 inches (30 to 45 cm). The equipment used has a
nominal depth of 12 inches (30 cm) per excavation pass through the soil column. Portable
Nal detectors were used during the hotspot removal to provide an indication of when
excavation was complete. On January 12" and 18", the Hanford Kubota with the
4”x4”x16” Nal detector log re-surveyed these hotspots. Several passes were made over
each hotspot hole following standard 3 to 4 mph survey protocol.

Figures 24 and 25 are the results of the removal activities. Figure 24 shows the locations of
the limited surveys and the path of the Kubota between locations. Figure 25 is the revised
map product with the “hot spot” removal data results replacing the previous Kubota survey
results.

HANFORD BCCA EXCAVATED AREA (POST HOT SPOT REMOVAL)
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Figure 24. Kubota Cs-137 Hot Spot Removal Surveys
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Figure 25. Kubota Cs-137 Consolidated Results (Jan. 18, 2011)

7.0 Data Management

The map products used for this report are just one of data presentation formats of the data
produced during the various phases of this project. As discussed in Section 6 of this report,
the excavation process continues at the BCCA site. To utilize the Kiwi and Kubota data
effectively, the project has tasked RSL and their own HNR GIS staff to use shape files as
the primary method to plan and review excavation and “hot spot” removal activities. As
discussed, the image files produced for this survey report are documentation of the analysis
procedures used and the consolidated results. The shape files contain the point data results
and location information crucial for continuing operations. RSL will continue to produce
shape files, create map products and store all survey data in support of this project.
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Appenc (A
Kiwi Survey Parameters

BCCA

67 Acres . 082 m’)

October 20

28 inches ( cm)

4 knots (21 ers per second)

8 feet (2.4 meters)

Trimble DC S (WAAS corrections) differential
Circular

Eight 4" x  x 16" Nal(T/) detectors
ADCO0=2 detectors

ADC1=2 detector

ADC2=2 detectors

ADC3= 2 Nal detectors

REDAR-V

0.0025 pCi/g per 1-cps Cs-137 net photopeak
Not Applic e

Ford F-250 - “Kiwi”

Joe Ginanni

Karen Mc(C |
Elaine Hav ns

Craig Lyons
Colin Okac
Thane Her  cks
Sonia Bon

Mike Lukens
Mike LeR¢
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Survey Date:
Survey Altitude:
Aircraft Speed:
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Line Direction:

Detector Configuration:
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Conversion Factors:
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Vehicle:
Federal Team Lead

Project Management:
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Appendix B
Irvey Parameters

BCCA

67 Acres (271,082 m’)
October-November 2010

14 inches (35 cm)

2 knots (1 meter per second)

5 feet (1.5 meters)

DGPS

Circular

One 4" x 4" x 16" Nal(T!) detector

SAM 940

0.01875 pCi/g per 1-cps Cs-137 net photopeak
Not Applicable

Kubota ATV ~ “Crawler”

N/A

Randy Hermann — CH2MHill

John Stamper- CH2MHill
Thane Hendricks-RSL
Jez Stampahar-RSL

N/A
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