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INDEPENDENT CONFIRMATORY SURVEY SUMMARY AND RESULTS
FOR THE U.S. NAVY SURFACE SHIP SUPPORT BARGE
BALLAST WING TANK 9 PORT
MOBILE, ALABAMA

1. INTRODUCTION

The United States Navy’s (USN) Surface Ship Support Barge (SSSB) is a non-powered vessel that
was used to support nuclear-powered aircraft carrier reactor refueling. The function of the SSSB was
to receive, hold, and prepare previously used reactor components designated for ship-out or reuse.
The SSSB provided the ability to perform maintenance functions like those performed in a typical
pressurized water reactor spent fuel pool, although the SSSB was not used for long-term spent fuel

storage.

The SSSB was originally a portion of the World War II era T-2 tanker (SS Cantigny). The Cantigny
was constructed in 1945 by the Sun Shipbuilding Company in Chester, Pennsylvania. Some of the
remainder of Cantigny was reused with a new and larger midsection and bow constructed by
Burmeister and Wain of Copenhagen, Denmark. The rebuilt Cantigny was operated until it was

scrapped in Spain in 1984.

The Cantigny’s mid-body section was converted to a nuclear support facility in 1964 by Newport
News Shipbuilding and was originally referred to as the Prototype Waterborne Expended Fuel
Container (PWEFC). The PWEFC was used in support of the first two CVN-65 (USS Enterprise)
refuelings. The PWEFC was extensively refurbished by Newport News Shipbuilding in the late
1980s. Much of the original hull and tank structure was replaced and new longitudinal bulkheads
were installed. In 1990, the PWEFC was upgraded to provide an additional 50 years of service
through repair and alteration. During the repair, the PWEFC was renamed the SSSB. The final
defueling operation that the SSSB supported was that of the USS Enterprise in 2016 after which the
SSSB was placed in inactive layup status. These nuclear fueling/defueling support operations
potentially resulted in portions of the SSSB becoming radiologically impacted. Any radioactive
material present is possessed under contractual authorization with the USN Nuclear Power

Program.

SSSB Confirmatory Survey Report 1 5360-SR-01-0
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The USN has commenced decommissioning of the SSSB and, although there is not a U.S. Nuclear
Regulatory Commission (NRC) license, NRC entered into an agreement with Naval Sea Systems
Command (NAVSEA) during September 2019, to provide technical support to the USN regarding
the dismantlement and disposal of the SSSB consistent with NRC requirements. NAVSEA awarded
a contract to decommission the vessel to Aptim Federal Services, LLC (Aptim) during 2020, and the
ship was towed from Newport News Shipyard located near Newport, Virginia, to an intermediate
port — the Colonna’s Shipyard also near Newport, Virginia — and then to the decommissioning site
at the Alabama Shipyard located on Pinto Island near Mobile, Alabama. Although Aptim initially
had limited access to the SSSB or operational records, a decommissioning work plan (DWP) was
prepared based on historical use, general historical statements, and an engineering evaluation of the
various areas and systems. The DWP was submitted to the NRC for staff review, consistent with the

terms of the interagency agreement (APTIM 2021a).

Because of the limited historical information regarding the radiological status of the SSSB, Aptim
performed radiological characterization activities following submittal of the DWP. The potential
radionuclides of concern (ROCs) presented in the DWP were further refined based on

characterization findings.

The decommissioning progressed to dismantle and disposition the entirety of the SSSB structure
and systems. Most material generated was anticipated to be dispositioned as low-level radiological
waste, while the remainder was intended to be cleared consistent with I&E Circular No. 81-07 and
Multi-Agency Radiation Survey and Assessment of Materials and Equipment Mannal MARSAME) (NRC
1981 and 2009). If radiological clearance criteria were satisfied, the material would be approved to be
released for unrestricted use or disposed of at either a hazardous landfill or a nonhazardous
industrial waste landfill. Additionally, after SSSB dismantlement is completed, an assessment will be

performed of the shipyard dockage and support areas where the work was performed.

Because some materials were planned for release without radiological restrictions, the NRC
requested that the Oak Ridge Institute for Science and Education (ORISE) perform confirmatory
survey activities of NRC-selected areas within the SSSB. Survey activities focused on the Ballast
Wing Tank 9 Port (Wing Tank 9P), which was targeted for unrestricted release. NRC will use the
confirmatory survey data for their evaluation of Aptim’s data relative to the project end-point

criteria.

SSSB Confirmatory Survey Report 2 5360-SR-01-0
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2. SITE DESCRIPTION

The dock and work area for the vessel’s decommissioning was located at the Alabama Shipyard on

Pinto Island near Mobile, Alabama, and is shown in Figure 2.1.

— :. SSSB Decommuissioning Site

" nto)kland

OAKDALE

Figure 2.1. Aerial Image Showing Alabama Shipyard and SSSB Decommissioning Site
(APTIM 2021a)

Figure 2.2 shows an image of the SSSB arriving at the decommissioning dock. The DWP provides
elevation views of major spaces and compartments and detailed descriptions of each of the SSSB’s
spaces, compartments (structural areas) and systems — this information is not repeated here given
confirmation activities focused on Wing Tank 9P targeted for unrestricted release. Figure 2.3
highlights (in red) the location of Wing Tank 9P. The tank has an approximate depth of 12 meters
(40 feet) and is 11 meters (36.5 feet) long and 3.8 meters (12.5 feet) wide. The tank is an open ballast
tank with approximately 990 square meters (10,700 square feet) of surface area, which includes the
walls and baffles (APTIM 2021b). Based on prior assessments and historical records, this tank was
decontaminated during vessel refurbishment in 1983/1984 and released by NAVSEA for

unrestricted use, and has not been used to store radioactive liquids subsequent to refurbishment.

SSSB Confirmatory Survey Report 3 5360-SR-01-0
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The status of the tank was listed as “no radiological controls”; however, because this tank may have

previously come into direct contact with radioactive materials and has not been released to current

regulatory standards, it was considered impacted (APTIM 2021b).

Figure 2.2. Image of SSSB Arriving at Decommissioning Dock Frontage, Pinto Island,
Alabama (Image reproduced from https://www.al.com/news/2021/06/navy-nuclear-
refueling-barge-arrives-in-mobile-to-be-scrapped.html)

SSSB Confirmatory Survey Report 4 5360-SR-01-0
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Figure 2.3. Location of Wing Tank 9 Port (APTIM 2021b)

3. DATA QUALITY OBJECTIVES

The data quality objectives (IDQOs) described herein are consistent with the Guidance on Systematic
Planning Using the Data Quality Objectives Process (EPA 2006) and provided a formalized method for
planning radiation surveys, improving survey efficiency and effectiveness, and ensuring that the type,
quality, and quantity of data collected were adequate for the intended decision applications. The

seven steps in the DQO process were as follows:

1. State the problem

Identify the decision/objective

Identify inputs to the decision/objective
Define the study boundaries

Develop a decision rule

Specify limits on decision errors

N kN

Optimize the design for obtaining data

SSSB Confirmatory Survey Report 5 5360-SR-01-0



OAK RIDGE INSTITUTE
gwf FOR SCIENCE AND EDUCATION

Confirmatory survey DQOs were originally presented in ORISE 2021 and are represented here for

completeness.

31 STATE THE PROBLEM

The first step in the DQO process defined the problem that necessitated the study. Aptim
committed in the DWP to perform survey and sampling activities in accordance with the Mu/ti-
Agency Radiation Survey and Site Investigation Mannal (MARSSIM) and MARSSIM Supplement,
MARSAME (NRC 2000 and 2009). Per the DWP, the approach consisted of “scan-only” surveys
using hand-held beta scintillation detectors. However, Section 11.3.2 of the DWP, “Portions of the
SSSB Planned for Unrestricted Release,” stated that unrestricted release surveys would consist of
instrument scans, direct measurement surveys, and wipe sampling and be performed in accordance
with the Materials Categorization, Survey, and Release Plan (MCSRP), which was included as
Attachment 6 to the DWP. Attachment 6 and APTIM 2021b provided a much more robust survey
process essentially following the MARSAME processes.

The objectives of the confirmatory survey activities were to provide independent data for NRC’s
evaluation of Aptim’s results for Wing Tank 9P intended for the unrestricted release pathway. Based

on this, the problem statement was as follows:

Independent confirmatory survey activities were necessary to generate independent
radiological data for NRC’s use in assessing and evaluating the accuracy and adequacy of the
release survey design, implementation, and results for demonstrating compliance with the

release criteria.

3.2 IDENTIFY THE DECISION/OBJECTIVE

The second step in the DQO process identified the principal study question (PSQ) and alternative
actions (AAs), and developed a decision statement (DS). This second step is done by specitying AAs
that could result from a “Yes” response to the PSQ and combining the PSQ and AAs into a DS.
The PSQ, AAs, and DS are presented in Table 3.1.

SSSB Confirmatory Survey Report 6 5360-SR-01-0
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Table 3.1. Independent Confirmatory Survey Decision Process

Principal Study Question Alternative Actions

Yes:

Compile confirmatory data and report results to NRC
for their decision making. Provide interpretation of
confirmatory field surveys and verify that: 1)
confirmatory surveys did not identify anomalous areas of
residual radioactivity, 2) quantitative field and analytical
data were less than the applicable unrestricted release
criteria, 3) survey units were classified in accordance with
MARSSIM/MARSAME guidance, and 4) Aptim and
confirmatory survey populations reach the same
conclusions.

No:

Compile confirmatory data and report results to NRC
for their decision making. Provide interpretation of
confirmatory field surveys and verify that: 1)
confirmatory surveys identified anomalous areas of
residual radioactivity, 2) quantitative field and analytical
data exceeded the unrestricted release criteria, 3) survey
units were not classified in accordance with
MARSSIM/MARSAME guidance, or 4) Aptim and
confirmatory survey poulations do not reach the same
conclusions.

PSQ: Are confirmatory survey results
comparable with Aptim’s data for the
areas investigated, and are confirmatory
survey results below applicable
unrestricted release criteria?

Decision Statement

The confirmatory survey data agreed/did not agree with Aptim data for areas investigated, the residual
surface activity levels and analytical results were/were not below the unrestricted release criteria,
survey units were/were not classified in accordance with MARSSIM/MARSAME guidance, and
Aptim and confirmatory survey populations did/did not reach the same conclusions.

33 IDENTIFY INPUTS TO THE DECISION/OBJECTIVE

The third step in the DQO process identified both the information needed and the sources of this
information, determined the basis for action levels, and identified sampling and analytical methods

that will meet data requirements. For this effort, information inputs include the following:

e Aptim’s survey packages. Note: Aptim’s data collection was in process at the time of the
ORISE survey

e Unrestricted release surface activity criteria, specified in U.S. Nuclear Regulatory
Commission, Control of Radioactively Contaminated Material, I&E Circular No. 81-07
(NRC 1981), that is further discussed in subsection 3.3.1

e ORISE IV surface scans and surface activity data

e ORISE removable activity and residue sample results

SSSB Confirmatory Survey Report 7 5360-SR-01-0
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3.31 Radionuclides of Concern and Contaminants of Concern

The SSSB was used to support refueling of U.S. Navy nuclear-powered surface ships. It originally
functioned analogously to a spent fuel pool at a commercial nuclear power reactor site. The
anticipated primary ROCs consisted of cobalt-60 (Co-60), iron-55 (Fe-55), nickel-63 (Ni-63),
carbon-14 (C-14), cesium-137 (Cs-137), and tritium (H-3) based on 2009 NAVSEA guidance for the
characterization of waste produced by the servicing of Navy Nuclear Propulsion powered vessels.
Further characterization investigations refined the ROC list to only Co-60, H-3, and Ni-63. Alpha-
emitting radionuclides have not been identified on the SSSB (APTIM 2021b).

The SSSB unrestricted release criteria for materials and equipment (M&E) is specified in U.S.
Nuclear Regulatory Commission, Control of Radioactively Contaminated Material, I&E Circular No.
81-07 (NRC 1981), as “no detectable activity” defined as less than 5,000 disintegrations per minute
(dpm)/100 square centimeters (cm?) total and 1,000 dpm/100 cm® removable beta-gamma activity.
Per the DWP, if alpha contamination was suspected during release activities, appropriate surveys
and/or laboratory measurements capable of detecting 100 dpm/100 cm? fixed and 20 dpm/100 cm®
removable alpha would be performed (APTIM 2021a). The proposed alpha release criteria were not
dose-based.

Table 3.2. Unrestricted Release Criteria for Structural Surfaces

YOG I&E Circular No. 81-07 (dpm/100 cm?)?
Total Removable
Cobalt-60 <5,000 <1,000
Trittum N/A <1,000
Nickel-63 N/A <1,000
Alpha-emitters <100 <20

A single detection above the release criteria precludes unrestricted release per the DWP.

34 DEFINE THE STUDY BOUNDARIES

The fourth step in the DQO process defined target populations and spatial boundaries, determined
the timeframe for collecting data and making decisions, addressed practical constraints, and
determined the smallest subpopulations, area, volume, and time for which separate decisions must
be made. IV survey activities took place in Wing Tank 9P. The primary objective of the
confirmatory survey was to scan as much area within the tank as possible and collect quantitative

data to support or refute the conclusions of Aptim’s results and future disposition decisions.

SSSB Confirmatory Survey Report 8 5360-SR-01-0



OAK RIDGE INSTITUTE
g‘wﬁ FOR SCIENCE AND EDUCATION

Temporal boundaries included the overall project schedule, time-dependent funding and access
constraints. Confirmatory survey activities were performed during the week of November 15-18,

2021. NRC prioritized Wing Tank 9P for confirmatory survey activities.

3.5 DEVELOP A DECISION RULE

The fifth step in the DQO process specified appropriate population parameters (e.g., mean,
median), developed action levels, confirmed detection limits are less than action levels, and

developed an “if...then...” decision rule statement.

The parameter of interest was Aptim’s and the confirmatory data measurements for comparison to
the pass/fail (i.e., not-to-exceed or “no detectable activity”) unrestricted release criteria and the
comparison of the datasets to one another. The method for assessing the datasets was a graphical
comparison. A statistical test was not performed as the two datasets differed in that the ORISE
dataset included gross beta surface activities and the Aptim dataset included net beta surface

activities.
The decision rule was stated as follows:

If Aptim’s and the confirmatory data are similar and show that survey results are less
than 5,000 dpm/100 cm?® total and 1,000 dpm/100 cm® removable beta-gamma
activity, then the M&E satisfy unrestricted release criteria; otherwise, perform further
evaluation(s) and provide technical comments/recommendations to NRC for their

evaluation and decision making.

3.6 SPECIFY LIMITS ON DECISION ERRORS

The sixth step in the DQO process examined the consequences of making an incorrect decision and
established bounds of decision errors. Decision errors are controlled during the survey design,

on-site field investigations, and during the data assessment.

3.6.1 Scan Surveys

Because the unrestricted release criteria were based on not-to-exceed criteria for surface radiation
activity levels, the most relevant decision errors were those associated with radiation scanning,.

NUREG-1507 (NRC 2020) describes scanning decision errors, which were defined here as the true

SSSB Confirmatory Survey Report 9 5360-SR-01-0
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positive proportion (correctly concluding that contamination was present) and false positive
proportion (incorrectly concluding that contamination was present). The false positive proportion is
often harder to assign, though the assigned statistic has considerable impact on survey design. That
is, if the release criteria are difficult to detect, stakeholders wish to locate as much contamination as
possible, and surveyors are instructed to investigate small anomalous responses, then a relatively
large true positive proportion is assigned. Alternatively, if the release criteria are easily detected and it

is not important for surveyors to pause often, then a large false positive proportion may be assigned.

For the SSSB confirmatory survey, it was assumed that the NRC required a high true confident
proportion and careful consideration of potential anomalies for SUs targeted for unrestricted release.
Therefore, the confirmation survey design was based on a high true positive proportion of 0.95, or
5% possibility of overlooking a small area of elevated activity. The design was also based on a false
positive proportion of 0.50, or 50% possibility that the surveyor investigated a potential anomaly

when there was no detectible contamination.

3.6.2 Paired Measurements

ORISE staff collected paired surface activity measurements at all of Aptim’s randomly selected
measurement locations within the tank. ORISE collected direct measurements at the same location;
however, smears were taken adjacent to the location to avoid sampling a location that had already
been sampled by the site. ORISE received Aptim’s data, which included net total beta surface
activity measurements. ORISE elected to present gross total beta surface activity measurements (i.e.,
more conservative). Both datasets were graphed in a quantile-quantile (Q-Q) plot for assessment and

are discussed in Section 6.2.

3.6.3 Minimum Detectable Concentrations

Field scanning and analytical minimum detectable concentrations (MDCs) were minimized by
following the procedures referenced in Sections 4 and 5, respectively. Any anomalies above
background identified while performing the surveys or subsequent data assessment were thoroughly

investigated. The @ priori detector scan MDCs for hand-held detectors are presented in Appendix D.

3.7 OPTIMIZE THE DESIGN FOR OBTAINING DATA

The seventh step in the DQO process was used to review DQO outputs, develop data collection

design alternatives, formulate mathematical expressions for each design, select the sample size to
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satisty DQOs, decide on the most resource-effective design of agreed alternatives, and document
requisite details. Sampling optimization took place during data collection in the field to allow for
volumetric paint sample collection/analysis as requested by NRC. Specific survey procedures are

presented in Section 4.

4. PROCEDURES

The ORISE survey team performed visual inspections, measurements, and sampling activities within
the accessible portions of Wing Tank 9P during the period of November 15-18, 2021. Survey
activities were conducted in accordance with the project-specific confirmatory survey plan, the Oak
Ridge Associated Universities (ORAU) Radiological and Environmental Survey Procedures Manual, and the
ORAU Environmental Services and Radiation Training Quality Program Manual (ORISE 2021, ORAU
2016, ORAU 2021a). Appendices C and D provide additional information regarding survey

instrumentation and related processes discussed within this section.

4.1 REFERENCE SYSTEM

ORISE referenced confirmatory measurement/sampling locations to the site’s reference system,
which was a grid system within the tank. Each grid was approximately 1 square meter in size.

Measurement and sampling locations were documented on detailed field forms and survey maps.

4.2 SURFACE SCANS

Surface scans of accessible structural surfaces were performed with Ludlum model 43-68 gas
proportional hand-held detectors coupled to Ludlum model 2221 ratemeter-scalers with audible
indicators. The detectors employed 0.8 milligram (mg) /cm” thick Mylar windows and were operated
in alpha-plus-beta mode. Alpha-only scans were not performed as alpha-contamination had not
been identified by the contractor or ORISE. Limited gamma scans were performed with Ludlum
model 44-10 thallium-doped sodium iodine 5.1 cm by 5.1 cm detectors coupled to Ludlum model
2221 ratemeter-scalers with audible indicators. The count rates from the scans were not digitally
logged as the logging units did not function in the tank. Instead, scan ranges were noted by the
surveyors and recorded on field forms. Due to time constraints, gamma scans were only performed

on the lowest level of the tank, which had the highest potential of contamination.
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Throughout the tank, scanning was limited to safely accessible portions of the tank. The distance
between the scaffolding to the tank wall prevented all areas of the tank wall from being scanned.
Therefore, high-density confirmatory scans were performed in accessible areas and focused on areas

with the highest potential for contamination on each level.

No locations of concern were noted during scans. Aptim’s surveyors scanned each of the 16
randomly selected grids and selected the location exhibiting the highest radiation level within each
grid. ORISE collected surface activity measurements from the same 100 cm” location selected by
Aptim’s surveyors. Additionally, ORISE selected other judgmental locations from each level based

on scan data.

4.3 MEASUREMENT/SAMPLING LOCATIONS

ORISE staff collected surface activity measurements and samples from the site’s 16 randomly

selected grids as well as from judgmentally selected locations throughout Wing Tank 9P.

4.3.1 Total and Removable Surface Activity Measurements

Alpha-plus-beta surface activity measurements (direct measurements) were performed with Ludlum
model 43-68 gas proportional hand-held detectors coupled to Ludlum model 2221 ratemeter-scalers
with audible indicators. The detectors employed 0.8 mg/cm® thick Mylar windows and were
operated in alpha-plus-beta mode. ORISE collected direct measurements at Aptim’s 16 randomly
selected measurement locations within the tank as well as at judgmental locations identified during
scanning. Dry smeat samples, for determining removable gross alpha/beta activity levels were
collected adjacent to each direct measurement location. Wet smears for assessing removable levels
of H-3 and Ni-63 were also collected from each of the site’s 16 random grids (adjacent to the direct
measurement location) and from the ORISE judgmental locations. One wet smear was required for
each target hard-to-detect analyte; therefore, two wet smears were collected for H-3 and Ni-63
analysis. For the random locations, ORISE collected smears adjacent to the 100 cm?” direct
measurement location selected by Aptim staff and marked the area where the ORISE smears were

collected.
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4.3.2 Volumetric Sampling

Aptim staff collected volumetric samples of paint from each the 16 randomly selected grids for
analysis (ORISE samples M0003 — M0018) and provided a split of each sample to ORISE for
confirmatory analysis as requested by the NRC. ORISE also collected 2 miscellaneous samples of
paint chips/debris (M0001 — M0002) from the lowest level of the tank.

5. SAMPLE ANALYSIS AND DATA INTERPRETATION

Samples and data collected on site were transferred to the ORISE facility for analysis and
interpretation. Sample custody was transferred to the Radiological and Environmental Analytical
Laboratory (REAL) in Oak Ridge, Tennessee. Sample analyses were performed in accordance with
the ORAU Radiological and Environmental Analytical Iaboratory Procedures Mannal (ORAU 2021b). Paint
samples were homogenized and a portion set aside before drying for other analyses prior to being
analyzed by gamma spectrometry for gamma-emitting fission and activation products and other
gamma-emitting naturally occurring radioactive material (such as uranium, radium, etc.) for
completeness. Paint samples also were analyzed for Ni-63 and H-3 by liquid scintillation counting.
Analytical results were reported in units of picocuries per gram (pCi/g) for the paint samples and

picocuries per sample (pCi/sample) for the Ni-63 and H-3 wet smears.

Dry smeats were analyzed for removable gross alpha/beta activity using a low-background gas
proportional counter. Gross measurement results were reported in units of dpm/smear which is
equivalent to dpm/100 cm® because an approximately 100 cm?® area was wiped at each sample
location. Wet smears were analyzed by liquid scintillation counting after chemical separation. Wet
smear results were reported as pCi/sample, which were converted into units of dpm/100 cm?®. All
scan results are presented as gross counts per minute (cpm). The ORISE total surface activity
measurements are presented as gross dpm/100 cm” Surface activity measurements were graphed in
a Q-Q plot for assessment. The Q-Q plot is a graphical tool for assessing the distribution of a
dataset. The Y-axis represents the surface activity measured in units of dpm/100 ecm®. The X-axis
represents the data quantiles about the mean value. Values less than the mean are represented in the
negative quantiles; values greater than the mean are represented in the positive quantiles. A normal
distribution that is not skewed by outliers (i.e., a background population) will appear as a straight

line, with the slope of the line subject to the degree of variability among the data population.
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6. FINDINGS AND RESULTS
The results of the confirmatory survey activities are discussed in the following subsections.

6.1 SURFACE SCANS

Alpha-plus-beta scans ranged from approximately 50 cpm to 400 cpm throughout all six levels of the
tank. Gamma scans ranged from approximately 700 to 1,700 cpm on the lowest level. Table B.1 in
Appendix B provides the scan ranges of each level within the Wing Tank 9P. Ten judgmental
locations throughout the tank were marked for direct measurements and smears. No elevated
radiation levels of concern were noted or expected to be above the release criteria; the judgmental
locations were selected because they were the highest locations observed during scans of the various

levels of the tank.

6.2 TOTAL AND REMOVABLE SURFACE ACTIVITY LEVELS

A total of 26 locations were assessed for total and removable surface activity; Aptim’s 16 randomly
selected locations and 10 judgmental locations. Figure A.1 in Appendix A provides a map showing
the locations of direct measurements and smears. Table B.2 in Appendix B provides the results of the
total surface and removable activities, which are summarized in Table 6.1. For conservatism,
background was not subtracted from the gross count befotre converting to dpm/100 cm®. All total
surface activity measurements and removable results were below the unrestricted release criteria for
structural surfaces. It is worth noting that the wet smear sample collected for Ni-63 analysis at
random location 5 in grid C5, had a Ni-63 concentration of 3.62 pCi/sample, which is greater than
the reported analytical MDC of 1.46 pCi/sample. There was a slight positive bias across this whole
batch because no values were below “0,” but the sample was still +3 cpm above the blank and +4
cpm above background after a few adjustments and a recount. The volumetric paint sample collected
from grid C5, 5360M0007, had a Ni-63 concentration of 2.5 pCi/g which is less than the reported
analytical MDC of 3.6 pCi/g (Table B.3). The uncertainty interval of the volumetric paint sample
does not include “0,” suggesting Ni-63 is present. Additionally, the volumetric paint sample collected
from grid C2, 5360M0003 had a Ni-63 concentration of 3.7 pCi/g, which is equal to the reported
analytical MDC of 3.7 pCi/g (Table B.3). Likewise, the uncertainty interval of this volumetric paint
sample did not include “0,” suggesting Ni-63 is present. Follow-up sampling and analysis may be

needed to confirm the presence of Ni-63 in these 2 grids.
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Table 6.1. Summary of Surface Activities

Parameter Range (dpm/100 cm?)
Total surface activi
(assuming all activity is frotrr}i Co-60) 990 to0 1,700
Removable alpha -0.70 to 1.63
Removable beta -2.87 to 5.58
Removable H-3 -0.4 to 12.2
Removable Ni-63 -0.1 to0 8.0

ORISE and Aptim’s total beta surface activity datasets are presented in Figure 6.1. Review of the
Q-Q plots indicates that Aptim’s data and ORISE confirmatory data were collected from two
different background populations. Differing populations appear as a step-function as best
represented by the ORISE data set in Figure 6.1, with the step occurring in the range of
approximately 1,200 to 1,500 dpm/100 cm® A similar, but less pronounced step is present in

the -200 to 0 dpm/100 cm® range of Aptim’s data set. The ORISE dataset is shifted higher than
Aptim’s dataset as a result of ORISE presenting gross beta surface activities and Aptim presenting

net beta surface activities; however the shape of each data set is similar.
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Figure 6.1. Q-Q Plot of ORISE and Aptim Beta Surface Activities
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6.3 RADIONUCLIDE CONCENTRATIONS IN VOLUMETRIC SAMPLES

Table B.3 in Appendix B provides the analytical results from 18 paint, paint/debris samples that
were collected and analyzed. All gamma spectroscopy results were less than the MDC for the
respective analyte except for potassium-40 (eight samples) and thorium-228 (one sample). All results
for H-3 and Ni-63 were below their respective MDCs except for one sample. Paint sample
5360M0003 collected in grid C2 had a Ni-63 concentration of 3.7 pCi/g, which is equal to the
reported analytical MDC. Table 6.2 summarizes the ROC concentrations for the volumetric

samples.

Table 6.2. Summary of Volumetric Sample Concentrations

ROC Range (pCi/g)
Co-60 -0.11 to0 0.22

H-3 -5.2t09.8
Ni-63 -2.0 to 3.7
Cs-137 -0.14 t0 0.12
U-238 -0.31 to 3.5
U-235 -0.22t0 1.2
Ra-226 -0.16 to 0.58

7. SUMMARY AND CONCLUSIONS

The ORISE survey team performed independent visual inspections, measurements, and sampling
activities within the accessible portions of Wing Tank 9P on the SSSB during the period of
November 15-18, 2021. The confirmatory activities consisted of limited gamma scans, alpha-plus-

beta scans, alpha-plus-beta direct measurements, smear sampling, and volumetric sampling.

In total, 26 locations were selected for direct measurements and smear collection to assess the total
surface and removable activity levels. Sixteen locations were at Aptim’s randomly selected locations
and the remaining 10 locations were judgmentally selected based on scan results. All surface activity
measurements for total and removable activity were less than the unrestricted, free release criteria of
5,000 dpm/100 cm” and 1,000 dpm/100 cm” (for Co-60, H-3, and Ni-63), respectively. Comparison
of the ORISE and Aptim total beta surface activity measurements indicate that both datasets have
similar shapes with both datasets show two different background populations. The shift in the
datasets, with the ORISE dataset being higher than the Aptim dataset, is because of ORISE

presenting gross surface beta activities and Aptim presenting net surface beta activities.
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Eighteen volumetric paint, paint/debris samples were collected from inside of Wing Tank 9P. All
analytical results were less than their respective MDCs except for potassium-40 (eight samples),
thorium-228 (one sample), and nickle-63 (one sample). The Ni-63 result was equal to the analytical
MDC.

Other notable results were from the wet smear sample collected at random location 5 in grid C5 with
a Ni-63 concentration of 3.62 pCi/sample, which is greater than the reported analytical MDC of 1.46
pCi/sample. The volumetric paint sample collected from grid C5 had a Ni-63 concentration of 2.5
pCi/g, which is less than the reported analytical MDC of 3.6 pCi/g (Table B.3). The uncertainty
interval of the volumetric paint sample did not include “0,” suggesting Ni-63 is present. Additionally,
the volumetric paint sample collected from grid C2 had a Ni-63 concentration of 3.7 pCi/g, which is
equal to the reported analytical MDC of 3.7 pCi/g (Table B.3). Likewise, the uncertainty interval of
this volumetric paint sample did not include “0,” suggesting Ni-63 is present. Follow-up sampling

and analysis may be needed to confirm the presence of Ni-63 in these 2 grids.

ORISE did not identify any anomalous issues that would preclude Aptim’s data for Wing Tank 9P
from demonstrating compliance with the unrestricted, free release criteria. Residual surface activity
levels reported by ORISE and Aptim, analytical results were below the unrestricted release criteria,
and survey units were classified in accordance with MARSSIM/MARSAME guidance; as such, the

M&E satisfy unrestricted release criteria.
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Table B.1. Scan Ranges for the Wing Tank 9 Port

S Scan Range (gross cpm)
Alpha-plus-Beta Gamma
1 (bottom) 60-400 700-1,700
2 50-300 NC
3 100-250 NC
4 50-400 NC
5 50-400 NC
6 (top) 50-400 NC
cpm = counts per minute
NC = not collected
SSSB Confirmatory Survey Report
B-1
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Table B.2. Wing Tank 9 Port Direct Measurement Locations, Surface Activity, and Removable

Levels
Total Beta Removable Activity
Location | Grid ID | Activity* Alpha | Beta H-3 Ni-63
dpm/100 cm? dpm/100 cm? | pCi/sample | dpm/100 cm? | pCi/sample® | dpm/100 cm?
Locations Adjacent to Site's Locations
1 C2 1,500 -0.70 -2.87 -1.1 2.4 1.19 2.6
2 Cc7 1,600 -0.70 0.75 0.7 1.6 0.71 1.6
3 C14 1,100 1.63 -2.87 0.3 0.7 0.47 1.0
4 C20 1,600 -0.70 1.96 21 -4.7 -0.05 -0.1
5 C5 1,100 -0.70 -0.46 -0.3 -0.7 3.62 8.0
6 C11 1,000 -0.70 5.58 0.8 1.8 0.79 1.8
7 H4 990 -0.70 -2.87 2.5 5.6 0.24 0.5
8 H10 1,400 -0.70 -0.46 0.5 1.1 0.68 1.5
9 M2 1,200 -0.70 -1.67 -1.6 -3.6 0.59 1.3
10 M7 1,100 -0.70 1.96 -11 -2.4 0.34 0.8
11 CC4 1,100 -0.70 -0.46 -0.2 -0.4 0.24 0.5
12 CC10 1,100 -0.70 3.16 5.5 12.2 0.49 1.1
13 HH2 1,100 -0.70 -0.46 2.0 4.4 1.09 24
14 HH7 1,200 -0.70 0.75 1.3 2.9 1.10 24
15 NN4 1,600 -0.70 -1.67 0.1 0.2 0.97 2.2
16 NN10 1,500 -0.70 1.96 0.8 1.8 0.45 1.0
Minimum 990 -0.70 -2.87 -2.1 -4.7 -0.05 -0.1
Maximum 1,600 1.63 5.58 5.5 12.2 3.62 8.0
Judgmental Locations Based on Scan Results

17 C3/4 1,600 -0.70 0.75 -0.1 -0.2 0.54 1.2
18 B7/8 1,600 -0.70 0.75 1.7 3.8 0.81 1.8
19 E6 1,400 -0.70 4.37 -11 2.4 0.84 1.9
20 B11 1,500 -0.70 1.96 -2.9 -6.4 1.36 3.0
21 DD2/3 1,600 -0.70 0.75 -1.5 -3.3 0.42 0.9
22 16 1,500 -0.70 -2.87 -0.8 -1.8 0.45 1.0
23 114/3 1,600 -0.70 1.96 -2.6 -5.8 0.15 0.3
24 KK10 1,700 -0.70 1.96 -2.8 -6.2 0.37 0.8
25 118 1,600 -0.70 -2.87 -0.4 -0.9 0.79 1.8
26 P6 1,600 -0.70 -0.46 -2.9 -6.4 0.87 1.9
Minimum 1,400 -0.70 -2.87 -2.9 -6.4 0.15 0.3
Maximum 1,700 -0.70 4.37 1.7 3.8 1.36 3.0

dpm/100 cm? = disintegrations per 100 square centimeters
pCi = picocuries

aAssuming all activity is from Co-60

PResults greater than the MDC are bolded
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Table B.3. Volumetric Sample Results (pCi/g)

5 i | @i Co-60 H-3 Ni-63 Cs-137 U-238 (by Th-234) U-235 Ra-226 (by Pb-214)
ample ri

P Conc.2 | TPUP | MDC | Conc. | TPU | MDC | Conc. | TPU | MDC | Conc. | TPU | MDC | Conc. TPU MDC | Conc. TPU MDC Conc. TPU MDC
5360M0001 NA 0.00 0.11 0.23 2.2 8.3 144 1.6 2.2 3.6 -0.11 0.12 0.24 0.2 1.1 2.7 0.78 0.37 0.96 0.29 0.20 0.50
5360M0002 NA -0.06 0.32 0.65 9.8 8.7 14.5 1.7 2.2 3.6 0.00 0.29 0.66 3.5 5.1 11.9 1.2 1.7 3.9 -0.06 0.68 1.65
5360M0003 c2 0.00 0.11 0.25 3.8 8.3 14.2 3.7 2.3 3.7 0.02 0.12 0.26 0.0 1.0 2.5 0.11 0.34 0.83 -0.03 0.18 0.44
5360M0004 c7 0.046 0.099 | 0.223 -0.4 8.2 14.3 1.1 2.2 3.7 -0.013 | 0.099 | 0.220 0.7 1.7 4.0 0.19 0.54 1.28 -0.09 0.21 0.53
5360M0005 Cl4 0.019 0.098 | 0.199 -1.8 7.7 13.7 1.3 2.2 3.7 -0.021 | 0.080 | 0.169 0.80 0.99 2.31 -0.16 0.32 0.73 -0.16 0.22 0.33
5360M0006 €20 0.000 0.044 | 0.199 2.8 8.4 144 1.9 2.3 3.8 -0.065 | 0.090 | 0.180 -0.03 0.84 2.04 0.05 0.28 0.67 0.05 0.16 0.38
5360M0007 G5 0.06 0.13 0.30 4.8 8.0 13.6 2.5 2.2 3.6 0.12 0.13 0.31 1.1 2.2 5.1 -0.22 0.72 1.68 0.04 0.29 0.71
5360M0008 C11 -0.03 0.11 0.23 -0.1 8.2 144 -0.7 2.1 3.6 -0.016 | 0.093 | 0.197 0.58 0.91 2.14 0.07 0.26 0.62 0.02 0.17 0.40
5360M0009 H4 -0.11 0.10 0.18 -1.1 8.2 144 -0.1 1.9 33 0.087 | 0.079 | 0.179 0.5 1.5 3.5 0.16 0.47 1.12 -0.08 0.19 0.47
5360M0010 H10 -0.03 0.10 0.19 2.4 8.4 14.5 0.3 2.4 4.0 0.003 | 0.083 | 0.177 1.37 0.83 213 0.23 0.34 0.8 0.15 0.16 0.36
5360M0011 M2 0.10 0.14 0.30 0.4 8.1 14.2 1.0 2.4 4.0 0.01 0.12 0.26 -0.2 1.4 34 0.17 0.51 1.20 -0.019 0.079 0.550
5360M0012 M7 0.03 0.16 0.34 0.7 7.3 12.7 0.2 2.1 3.7 0.08 0.14 0.32 1.6 2.3 5.4 0.57 0.76 1.81 0.58 0.27 0.68
5360M0013 CC4 0.023 0.078 | 0.177 0.6 8.0 13.9 0.7 2.3 3.9 -0.041 | 0.042 | 0.157 0.50 0.74 1.74 0.13 0.22 0.52 0.022 0.099 0.292
5360M0014 CC10 0.018 0.077 | 0.173 -5.2 8.1 14.7 -0.9 2.3 4.0 0.018 | 0.048 | 0.116 -0.31 0.68 1.67 0.14 0.21 0.52 0.08 0.13 0.32
5360M0015 HH2 -0.016 | 0.064 | 0.259 1.7 8.2 14.2 -2.0 2.2 3.9 -0.02 | 0.10 0.21 0.4 1.1 2.5 0.26 0.33 0.77 0.40 0.25 0.56
5360M0016 HH7 0.03 0.13 0.27 0.1 8.3 14.6 -0.5 2.3 3.9 0.07 0.11 0.26 -0.1 1.9 4.7 0.16 0.59 1.42 0.38 0.29 0.66
5360M0017 NN4 0.22 0.31 0.67 0.6 8.2 14.2 0.0 2.3 3.9 -0.14 | 0.29 0.59 -0.3 3.2 7.7 1.0 1.1 2.6 0.53 0.59 1.38
5360M0018 NN10 0.007 0.047 | 0.262 1.1 8.3 144 -1.8 2.3 3.9 -0.03 0.10 0.21 0.16 0.96 2.31 0.26 0.31 0.73 0.07 0.19 0.47

Minimum -0.11 — — -5.2 — — -2.0 - - -0.14 - - -0.31 - - -0.22 - - -0.16 - -
Maximum 0.22 - - 9.8 - - 3.7 - - 0.12 - - 3.5 - - 1.2 - - 0.58 - -

NA = not applicable

pCi/g = picocuties pet gram

Conc. = concentration

TPU = total propagated uncertainty

MDC = minimum detectable concentration

“Results greater than (or equal to) the MDC are bolded

bUncertainties are based on the total propagated uncertainty at the 95% confidence level
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C.1. SCANNING AND MEASUREMENT INSTRUMENT/
DETECTOR COMBINATIONS

The display of a specific product is not to be construed as an endorsement of the product or its
manufacturer by the author or their employer.

C.1.1 GamMma

Ludlum Nal[TI]] Scintillation Detector Model 44-10, Crystal: 5.1 cm X 5.1 cm
(Ludlum Measurements, Inc., Sweetwater, Texas)

Coupled to: Ludlum Ratemeter-scaler Model 2221

(Ludlum Measurements, Inc., Sweetwater, Texas)

C.1.2 ALPHA-PLUS-BETA

Ludlum Gas-flow Proportional Detector Model 43-68, 126 cm” physical area, 0.8 mg/cm” Mylar
windows

(Ludlum Measurements, Inc., Sweetwater, Texas)

coupled to: Ludlum Ratemeter-scaler Model 2221

(Ludlum Measurements, Inc., Sweetwater, Texas)

C.2. LABORATORY ANALYTICAL INSTRUMENTATION

Low-Background Gas Proportional Counter
Series 5 XLLB

(Canberra, Meriden, Connecticut)

Used in conjunction with:

Apex Alpha/Beta Software

Dell Workstation

(Canberra, Meriden, Connecticut)

High-Purity, Extended Range Intrinsic Detector
CANBERRA /Tennelec Model No: ERVDS30-25195
Canberra Lynx ® Multichannel Analyzer
Canberra Apex Gamma Software

(Canberra, Meriden, Connecticut)

Used in conjunction with:

Lead Shield Model G-11

(Nuclear Lead, Oak Ridge, Tennessee) and
Cryo-Cycle II Hybrid Cryostat

(Canberra, Meriden, Connecticut

Dell Workstation

(Canberra, Meriden, Connecticut)
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High-Purity, Intrinsic Detector
Ametek/ORTEC Model No. GMX45-76-CW-S
Canberra Lynx ® Multichannel Analyzer
Canberra Apex Gamma Software
(Canberra, Meriden, Connecticut)

Used in conjunction with:

Lead Shield Model UNK282

(Nuclear Lead, Oak Ridge, Tennessee) and
Cryo-Cycle II Hybrid Cryostat

(Canberra, Meriden, Connecticut

Dell Workstation

(Canberra, Meriden, Connecticut)

High-Purity, Intrinsic Detector

Ametek/ ORTEC Model No. CDG-SV-76/GEM-MX5970-S
Canberra Lynx ® Multichannel Analyzer
Canberra Apex Gamma Software
(Canberra, Meriden, Connecticut)

Used in conjunction with:

Lead Shield Model G-11

(Nuclear Lead, Oak Ridge, Tennessee) and
Cryo-Cycle II Hybrid Cryostat

(Canberra, Meriden, Connecticut

Dell Workstation

(Canberra, Meriden, Connecticut)

Liquid Scintillation Counter

Perkin Elmer Tricarb 5110TR

(Perkin Elmer, Waltham, Massachusetts)
Used in conjunction with:

Quantasmart Software

(Perkin Elmer, Waltham, Massachusetts)
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D.1. PROJECT HEALTH AND SAFETY

The Oak Ridge Institute for Science and Education (ORISE) performed all survey activities in
accordance with the Oak Ridge Associated Universities (ORAU) Radiation Protection Manual, the ORAU
Radiological and Environmental Survey Procedures Manunal, and the ORAU Health and Safety Manual
(ORAU 2020b, ORAU 2016, and ORAU 2020a). Prior to on-site activities, a Work-Specific Hazard
Checklist was completed for the project and discussed with field personnel. The planned activities
were thoroughly discussed with site personnel prior to implementation to identify hazards present.
Additionally, prior to performing work, a pre-job briefing and walk down of the survey areas were
completed with field personnel to identify hazards present and discuss safety concerns. Should
ORISE have identified a hazard not covered in ORAU 2016 or the project’s Work-Specific Hazard
Checklist for the planned survey and sampling procedures, work would not have been initiated or

continued until the hazard was addressed by an appropriate job hazard analysis and hazard controls.
D.2. CALIBRATION AND QUALITY ASSURANCE

Calibration of all field instrumentation was based on standards/sources traceable to National

Institute of Standards and Technology (NIST).

Field survey activities were conducted in accordance with procedures from the following

documents:

e  ORAU Radiological and Environmental Survey Procedures Mannal (ORAU 20106)
o  ORAU Environmental Services and Radiation Training Quality Program Manual (ORAU 2021a)
o  ORAU Radiological and Environmental Analytical 1aboratory Procedures Manual (ORAU 2021b)

The procedures contained in these manuals were developed to meet the requirements of
U.S. Department of Energy (DOE) Order 414.1D and U.S. Nuclear Regulatory Commission’s
(NRC’s) Quality Assurance Manual for the Office of Nuclear Material Safety and Safeguards, and contain

measures to assess processes during their performance.

Quality control procedures include

e Daily instrument background and check-source measurements to confirm that equipment

operation is within acceptable statistical fluctuations.
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e DParticipation in Mixed-Analyte Performance Evaluation Program and Intercomparison

Testing Program laboratory quality assurance programs.
e Training and certification of all individuals performing procedures.

e Periodic internal and external audits.
D.3. SURVEY PROCEDURES

D.3.1 SURFACE SCANS

Gamma scans were performed using Ludlum model 44-10 5.1-centimeter (cm) by 5.1-cm (2-inch by
2-inch) thallium-doped sodium iodide (Nal[T1]) detectors. Alpha-plus-beta scans were performed
using hand-held gas proportional detectors with a physical detector area of 126 cm®. Scans for
elevated radiation were performed by passing the detector slowly over the surface. The distance
between the detectors and surface was maintained at a minimum. Identification of elevated radiation
levels that could exceed the localized background were determined based on an increase in the
audible signal from the indicating instrument. The Nal gamma detector was used solely as a
qualitative means to identify elevated radiation levels in excess of background. However, for
reference, NUREG-1507, Table 6-6, provides Nal scintillation detector scan minimum detectable
concentrations (MDCs) for Common Radiological Contaminants (NRC 2020). For Co-60, the scan
MDC is 2.8 pCi/g. Identification of elevated radiation levels that could exceed the background are
determined based on an increase in the audible signal from the indicating instrument and

quantitatively investigated using other hand-held instruments.

Surface scan MDCs for the hand-held gas proportional detectors were estimated using the approach
described in NUREG-1507 (NRC 2020). The scan MDC is a function of many variables, including a
1-second observation interval; a specified level of performance at the first scanning state of 95%
true positive and 50% false positive rate, which yields a d' value of 1.64 NUREG-1507, Table 6-1);
and a surveyor efficiency of 0.75. For the structural surfaces, the primary radionuclide of concern is
Co-60. As such, the total efficiency for beta is 0.0925 based on the use of a Tc-99 calibration source

for detection of Co-60. The scan MDC was calculated using the following equation:
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d' x/Cp x (i/60) x (60/1)

\/— % €. % Probe Area
P 2%t %7700 cm?

Scan MDC =

Where:

d' = index of sensitivity

Cp = background (cpm)

I = observation interval (sec)
p = surveyor efficiency

€, = total efficiency

The scan MDC for surveys if assuming all activity is Co-60 is 1,400 disintegrations per minute
(dpm)/100 cm*based on the beta instrument background of 120 cpm for the hand-held gas

proportional detector.

D.3.2 SURFACE ACTIVITY MEASUREMENTS

Measurements of gross alpha and gross beta surface activity levels were performed using hand-held
gas proportional detectors coupled to portable ratemeter-scalers. Count rates, which were integrated
over 1 minute with the detector held in a static position, were converted to activity levels by dividing
the count rate by the total static efficiency and correcting for the physical area of the detector plus
background. The MDC for static surface activity measurements was calculated using the following

equation:

3+ (4.65VB
wpe - 3T (465VB)
TGE;or

Where:

B = background in time interval, T (1 min)
T = count time (min) used for field instruments
€0t = total efficiency = €; x €; (instrument efficiency X source efficiency)
G = geometry correction factor (1.206)
The static MDC if assuming all activity is Co-60 is 460 dpm/100 cm?, based on the beta instrument

background of 120 cpm.
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D.3.3 REMOVABLE ACTIVITY SAMPLING

Smear sampling for removable gross alpha and gross beta contamination were obtained from all
direct measurement locations. Smears for potential hard-to-detect radionuclide analysis were
obtained from all measurement locations. Removable activity samples were collected using
numbered filter paper disks. Moderate pressure was applied to the smear and approximately 100 cm?
of the surface was wiped. Dry smears for gross alpha and beta analysis were placed in labeled
envelopes. Smears for H-3 and Ni-63 analysis were first wetted with deionized water before the
surface was wiped. One wet smear was required for each target hard-to-detect analyte; therefore, two
wet smears were collected for H-3 and Ni-63 analysis at each direct measurement location. Wet
smears were placed in glass vials with deionized water. Locations and other pertinent data were

recorded and all samples were transferred under chain-of-custody.
D.4. RADIOLOGICAL ANALYSIS

D.4.1 GROSS ALPHA/BETA

Smears were counted on a low-background proportional counter for gross alpha and beta activity.
The minimum detectable activity achieved was 13 dpm/100 cm’ for alpha and 14 dpm/100 cm? for

beta.

D.4.2 GAMMA SPECTROSCOPY

Samples were analyzed as received and homogenized or crushed, as necessary, and a dry portion
sealed in a size-appropriate Marinelli beaker or container. The quantity placed in the beaker was
chosen to reproduce the calibrated counting geometry. Net material weights were determined, and
the samples were counted using intrinsic, high-purity, germanium detectors coupled to a pulse-
height analyzer system. Background and Compton stripping, peak search, peak identification, and
concentration calculations were performed using computer capabilities inherent in the analyzer
system. All total absorption peaks (TAPs) associated with the radionuclides of concern (ROCs) were
reviewed for consistency of activity. Spectra also were reviewed for other identifiable TAPs. TAPs
used for determining the activities of the radionuclides and the typical associated minimum

detectable concentrations (MDCs) for a 1-hour count time are presented in Table D.1.
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Table D.1. Typical MDCs Total Absorption Peak

Radionuclide TAP (MeV)> MDC (pCi/g)
Co-60 1.332 0.06
Cs-137 0.662 0.05

Ra-226 by Pb-214 0.351 0.08
U-238 by Th-234 0.063 0.75
U-235 0.143 0.24

aSpectra also were reviewed for other identifiable TAPs.
PMeV = mega electron volt
°picocurie per gram

D.4.3 H-3 ANALYSIS

Tritium (H-3) analysis for the paint samples was performed using a biological material oxidizer, and
counted by liquid scintillation. The biological material oxidizer combusts samples in a stream of
oxygen gas and passes the products (including carbon dioxide and water vapor), through a series of
catalysts. H-3 is carried by water and is captured in a trapping scintillation cocktail specific to water.
Smear samples were placed in liquid scintillation cocktail without sample preparation and counting
by liquid scintillation. The typical MDC for H-3 for a 60-minute count time using this procedure is

4.5 pCi/g.
D.4.4 NI-63 ANALYSIS

Paint and smear samples were spiked with a nickel (Ni) and cobalt carrier and digested with a
mixture of nitric and hydrochloric acids. Unwanted elements, such as iron and cobalt, were removed
via anion exchange chromatography. Nickel was then further separated from the potential
interfering elements using a nickel selective resin cartridge and buffered ammonium citrate. The
purified nickel was eluted off of the column with a dilute nitric acid solution. Ni-63 activity was
determined via liquid scintillation counting. The typical MDC for a 1-gram sample and 60-minute

count time using this procedure is 2.0 pCi/g.

D.4.5 DETECTION LIMITS

Detection limits, referred to as MDCs, were based on a 95% confidence level. Because of variations
in background levels, measurement efficiencies, and contributions from other radionuclides in

samples, the detection limits differed from sample to sample and instrument to instrument.
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