
SSSB 
Survey Results 

MARSAME Survey Package 
SSSB-006 

Wing Tank 9 Starboard 

Revision 0 

February 8, 2022

Prepared by: ______________________________________________ 
Michael A. Carr, CHP 
Project Radiation Safety Officer

Approved by: _____________________________________________ 
Rick Greene, CHP 
Project Certified Health Physicist 



Surface Ship Support Barge (SSSB) Dismantlement and Disposal Rev. 0 
Contract Number N00024-20-C-4139  February 2022 
Survey Results – MARSAME Survey Package SSSB-006, Wing Tank 9S  501513

i 

Record of Revisions 

Revision No. Description of Revision Date 

0 Survey Results – MARSAME Survey Package SSSB-006 February 8, 2022 



Surface Ship Support Barge (SSSB) Dismantlement and Disposal Rev. 0 
Contract Number N00024-20-C-4139  February 2022 
Survey Results – MARSAME Survey Package SSSB-006, Wing Tank 9S  501513

1 

1.0 Objective 

The objective of this survey data package is to justify the unrestricted release of the Surface Ship 

Support Barge (SSSB) Wing Tank 9 Starboard (9S) with no additional controls. 

2.0 Background 

Wing Tank 9S is part of the SSSB ballast system, located between Frames 47 and 50 of the 

vessel. Water for filling the ballast tanks was normally taken from a dockside supply of fresh 

water via the port or starboard saltwater circulating system shore connection. Tank 9S is 

accessed by a single 48-inch-diameter hatch located on the aft, starboard weather deck. The No. 

9 tanks are separated from the Wet Pit by the No. 8 tanks and are physically isolated from the 

contaminated drain collecting systems. Diagrams showing the location of Wing Tank 9S and its 

access point are provided on Figure 2-1 through Figure 2-4. 

Wing Tank 9S is a permit-required confined space. The tank is approximately 40.5 feet deep by 

12.5 feet wide with a series of vertical ladders and small platforms for entry into the tank. There 

are several baffles of various sizes and height/depth throughout the tank to minimize the 

movement of ballast water within the tank. In order to provide full access throughout the sections 

of the tank, small areas of the larger baffling were cut and removed. 

The tank has a cutout or isolation valve with a reach rod for operation of the valve from the 

upper deck. The handwheel for operating the cutout valve is located on the starboard weather 

deck, aft of Frame 50. 

The access ladder, platforms, and the temporary ventilation trunk are shown in Photograph 2-1. 

The internal support structure within the tank is shown in Photograph 2-2. 
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Figure 2-1  
Location of Ballast Wing Tank 9S 

Figure 2-2  
3-D Diagram of Wing Tank 9S 
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Figure 2-3  
3-D Diagram of Wing Tank 9S 
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Figure 2-4  
Wing Tank 9S Access 
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Photograph 2-1 
Access Ladder, Platforms, and Ventilation Trunk 
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Photograph 2-2 
Internal Support Structure 
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3.0 Initial Assessment 

3.1 Categorization 

Based on prior assessments and the historical records, Tank 9S is considered an impacted area. 

This tank was decontaminated during vessel refurbishment in 1983/1984 and released by the 

Naval Sea Systems Command (NAVSEA) for unrestricted use and has not been used to store 

radioactive liquids subsequent to refurbishment. According to the Facility System Status Report 

(FSSR) (NAVSEA, 2015), the status of Tank 9S was listed as “No radiological controls” and it 

stated that the tank was used to store ballast water. However, since this tank had previously come 

into direct contact with radioactive materials and had not been released to current regulatory 

standards, it is considered impacted. 

3.2 Classification 

Considering the tank was previously decontaminated and refurbished, the potential for residual 

radioactivity at detectable levels is low as defined in the SSSB project Materials Categorization, 

Survey, and Release Plan (MCSRP) (Aptim Federal Services, LLC [APTIM], 2021a). Tank 9S is 

classified as a Multi-Agency Radiation Survey and Assessment of Materials and Equipment 

(MARSAME) (U.S. Nuclear Regulatory Commission [NRC], 2009) Class 2 survey unit. 

3.3 Disposition Options 

The disposition option being considered for the Tank 9S materials and equipment (M&E) is 

release for unrestricted use. 

4.0 Decision Inputs 

The decision inputs for the surveys included the radiological contaminants of potential concern 

(RCOPC), the parameters of interest (total direct and removable activity and sample analyses), 

and the action or decision levels as specified within the following sections. This allowed the 

decision rules to be evaluated and the proper determinations made for the unrestricted release of 

the tank with no additional controls. 

4.1 Null Hypothesis 

The null hypothesis for the surveys was based on MARSAME Scenario A. Scenario “A” states 

that the contamination levels within the M&E survey unit are equal to or exceed the action levels 

(AL). If the activity levels on the M&E are determined to be equal to or exceed an AL, the null 

hypothesis is accepted and the M&E may not be free released. If all measurements are below the 
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ALs, then the null hypothesis is rejected and the M&E may be released with no radiological 

controls.

4.2 Radionuclides of Potential Concern 

The RCOPCs were listed in Table 4-1 of the Decommissioning Work Plan (APTIM, 2021b) and 

have since been revised based on characterization surveys and sampling (APTIM, 2021c) as 

summarized in Table 4-1 below. 

Table 4-1  
Radionuclides of Potential Concern 

Radionuclide Radiation Emitted Field Detectability 

Tritium (H-3) Low-energy beta HTD 

Cobalt-60 (Co-60) Beta-Gamma Yes 

Nickel-63 (Ni-63) Low-energy beta HTD 

The primary detectable RCOPCs is Co-60 which is an activation/corrosion product. In addition, 

the hard-to-detect (HTD) radionuclides of concern were evaluated using the results of removable 

contamination smears as analyzed in a liquid scintillation counter. 

4.3 Action Levels 

For the SSSB project, the ALs are based on no detectable activity per NRC I&E Notice 81-07 

(NRC, 1981) expressed as: 

 No detectable total surface beta activity during scans or static measurements with a 
minimum detectable concentration (MDC) not greater than 5,000 dpm/100 cm2 as 
measured by a thin-window (0.8 milligrams per square centimeter [mg/cm2]) gas flow 
proportional counter or detector of approximate equivalent sensitivity. 

 Removable contamination less than 1,000 dpm/100 cm2. 

 No detectable Co-60 activity in paint samples with a minimum detectable activity 
(MDA) less than or equal to 3.0 picocuries per gram (pCi/g). 

4.4 Decision Rules 

The specific decision rules are as follows: 

 If any surface beta activity is discernable above background during scans or static 
measurements with an MDC not greater than 5,000 dpm/100 cm2 as measured by a 
thin-window (0.8 mg/cm2) gas flow proportional counter or detector of approximate 
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equivalent sensitivity, the null hypothesis cannot be rejected and the M&E may not be 
released for unrestricted use. 

 If any removable contamination is detected above 1,000 dpm/100 cm2, the null 
hypothesis cannot be rejected and the M&E may not be released for unrestricted use. 

 If Co-60 activity is detected in paint samples with an MDA less than or equal to 3.0 
pCi/g, then the null hypothesis cannot be rejected and the M&E may not be released 
for unrestricted use. 

If the decision rules are all rejected (i.e., all measurements and surface scans are below the 

applicable ALs), the M&E may be released for unrestricted use. If any decision rule is not 

rejected, the M&E will not be released for unrestricted use. 

5.0 Survey Design 

5.1 Survey Unit 

Wing Tank 9S is an individual open tank with an area of approximately 990 square meters. As a 

result, the tank was considered a single Class 2 survey unit. 

5.2 Survey Boundaries 

The survey unit was limited to the interior surfaces of the tank and its contents. The vessel 

exterior is considered non-impacted and was not included in the survey. 

5.3 Design 

The survey included the following requirements in accordance with the MCSRP and 

MARSAME Survey Package SSSB-006 (APTIM, 2021d): 

 At least 25% cumulative beta scan of accessible structural surfaces (tank interior 
walls, deck, baffles, and overhead). 

 Minimum of 15 direct static measurements for beta activity taken on a systematic grid 
with a random starting point on the deck, walls, overheads, and internal walls. 

 Smears for gross beta analysis at each direct static measurement location. 

 Smears for H-3 and Ni-63 at each direct static measurement location. 

 Volumetric paint samples for isotopic analysis at each direct static location. 

 Additional measurements as required by the Radiological Control Supervisor (RCS) 
and approved by the Project Radiation Safety Officer (PRSO). 
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All measurement locations were marked and documented. 

5.4 Survey Map 

The tank shell was gridded using a one-square-meter grid starting at an established reference 

point. There were an estimated 480 square meters for the tank shell (floor, walls, and ceiling) 

excluding the internal structure such as the forward/aft stiffeners, bulkhead stiffeners, baffles and 

platform. A systematic grid with a random starting location was generated using a triangular grid 

to locate the 16 direct measurement and sampling locations. The tank structures, including the 

stiffeners, baffles and platforms, were inventoried, numbered, and 25% randomly selected for 

survey. 

A copy of the Tank 9S survey map showing the one-square-meter grid overlay, grids scanned, 

and the systematic measurement/sample locations as well as the internal structures surveyed is 

included as Attachment 1. 

6.0 Survey Results 

The following sections summarize the data from the surveys performed within Tank 9S. A data 

tracking/cover sheet was used to provide survey instructions and to ensure the required survey 

data were collected. A copy of the MARSAME survey data tracking/cover sheet is provided as 

Attachment 2. 

6.1 Background Assessment 

Background measurements were collected prior to and during the performance of the surveys 

throughout the tank using a background plate covering the detector to measure the ambient 

background. The average background as measured within the tank was applied during all activity 

calculations. 

Based on the background measurements, the detection sensitivities were validated to ensure they 

met the data quality objectives and the measured detection sensitivities are provided as part of 

the survey documentation. 

6.2 Beta Surface Scans 

Beta surface scans were performed using a Ludlum Model 2360 with Model 43-93 scintillation 

detector while listening to the instrument’s audible response to identify any elevated 

measurement areas using a scan speed not exceeding two detector widths per second. The scan 

data were recorded by documenting the maximum observed scan result for each square meter 
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surveyed. A total of 137 randomly selected grids out of 480 on the tank shell (i.e., floor, walls, 

and ceiling) were scanned for an approximately 28.5% scan coverage. Additionally, a minimum 

of 25% of the forward/aft stiffeners, bulkhead stiffeners, and the baffle and platform surfaces 

were randomly selected and scanned. A total of nine out of 35 forward/aft stiffeners (25.7%), 

three of six bulkhead stiffeners (50%), one of four baffle sides (25%), and one of four platform 

surfaces (25%) were surveyed. This was performed to ensure the 25% scan requirement was met. 

Each beta scan measurement was converted to surface activity using the average tank 

background and instrument efficiencies using the following equation: 

������� �������� =
(�� −  ��)

��� ��
�

100�

Where: RS = Maximum observed count rate (counts per minute [cpm]) per grid 

or component 

RB = Average ambient background count rate (cpm) in the tank 

i = Instrument efficiency (2) 

S = Surface efficiency (25%) 

A = Detector surface area (cm2) 

All scan measurements were less than the MDCs, which ranged from approximately 3,154 to 

4,531 dpm/100 cm2, using a maximum scan speed of two detector widths per second which was 

less than the 5,000 dpm/100 cm2 requirement. 

The beta scan results are summarized in Attachment 3. 

6.3 Direct Beta Measurements 

Each measurement location consisted of a one-minute scalar count for total surface beta activity 

using the Ludlum Model 2360 with a Model 43-93 scintillation detector. A total of 16 systematic 

grid measurements for direct beta surface activity were performed. The approximate direct beta 

measurement locations were recorded as part of the survey documentation. 

The direct measurements for total beta surface activity were recorded in cpm and converted to 

surface activity using the same equation provided in Section 6.2 above. All direct beta 

measurements were less than the critical value (see Section 7.4.1) based on the average measured 
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background. This indicated that all 16 measurements were indistinguishable from background 

with MDCs ranging from approximately 713 to 799 dpm/100 cm2. 

The direct beta measurements are summarized in Attachment 4. 

6.4 Removable Beta Surface Activity 

Smears for removable beta surface activity were collected at each of the 16 direct measurement 

locations and analyzed on-site. The removable beta surface activity results were recorded in cpm 

and converted to surface activity using the following equation: 

������� �������� =
(�� −  ��)

���
�

100�

Where:  RS  =  Sample count rate (cpm) 

RB = Ambient background count rate (cpm) 

i = Instrument efficiency (4) 

A = Size of area smeared (~100 cm2) 

All smear results for removable beta surface activity were less than the MDA of 93 

dpm/100 cm2. 

The removable beta surface activity measurements are summarized in Attachment 5. 

6.5 Removable Low-Energy Beta Surface Activity 

Smears for removable low-energy beta (LEB) surface activity were collected at each of the 16 

direct measurement locations for both H-3 and Ni-63 and shipped for off-site laboratory analysis. 

All measurements were less than the AL of 1,000 dpm/100 cm2. 

The LEB smear results are summarized in Attachment 6 and a copy of the off-site laboratory 

analytical report(s) is provided in Attachment 7. 

6.6 Paint Samples 

A paint sample was collected from a 12-inch by 12-inch area at each of the 16 direct 

measurement locations and shipped for off-site laboratory analysis for the RCOPCs as defined in 

the updated RCOPC list. All sample results were reported as less than the MDAs, specifically for 

Co-60 with an MDA not exceeding 3.0 pCi/g. No detectable activity was identified in any of the 

16 paint samples, including Co-60, Ni-63, H-3, and C-14. 
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The volumetric isotopic results are summarized in Attachment 8 and a copy of the off-site 

laboratory analytical reports is provided as Attachment 9. 

6.7 Supplemental Data 

No supplemental data were collected during the surveys because no elevated readings were 

identified during surface scans. 

7.0 Quality Assurance 

7.1 Daily Instrument Source Checks 

Upon instrument receipt, each instrument was inspected and set up to establish baseline 

instrument response criteria and control charts in accordance with standard operating procedure. 

All instruments and detectors were subsequently inspected, verified to have current calibration, 

and source checked daily when in use to verify proper operation. 

7.2 Decision Errors 

 Type I: During scanning, the consequence of making a Type I decision error is 
clearing the M&E for re-use or recycle when the activity levels exceed the release 
criteria. A Type I decision error rate of 5% was selected for the scanning survey. 

 Type II: The consequence of this decision error may include the need to perform an 
investigation to determine the reason for the elevated reading, or the added time and 
expense of decontamination and resurvey activities. For this reason, a Type II 
decision error rate of 5% was selected for the scanning. 

7.3 Measurement Uncertainty 

As specified in the MCSRP, all measurements include uncertainty and must be considered when 

the measurement results are used in the decision-making process. However, considering the ALs 

as established for the SSSB were no detectable activity for direct beta surface activity and no 

detectable activity greater than 1,000 dpm/100 cm2 for removable beta, the measurement 

uncertainty was not determined or evaluated with the exception of the values as reported by the 

off-site laboratory and as summarized in Attachments 6 through 9. 

7.4 Detection Capability 

The measurement detection capability was assessed by two measurement values: the critical 

value and the MDC. The critical value is the minimum measured value for a specified probability 

that a positive (non-zero) amount of activity is actually present (i.e., distinguishable from 
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background). The MDC, on the other hand, is the minimum detectable activity or concentration 

for a measurement that can be measured with confidence. 

7.4.1 Fixed-Point Measurements 

For static fixed-point measurements, the critical value is determined using Equation 1 in 

Table 7.5 of MARSAME: 

S� = �������
��
��
�1 +

��
��
�

Where: SC = critical value, counts 

NB = average background counts 

tB = background count time (10 minutes) 

ts = sample count time (one minute) 

Z1- = Type 1 decision error (set as 1.645) 

A net count for a fixed-point measurement that exceeds the Sc value will indicate the presence of 

residual radioactivity. The MDC can then be determined as follows: 

��� =

S� +
����
�

2 + �����
����
�

4 + S� + ��
��
��
�1 +

��
��
�

�� �� ��
�

100 ���

Where: SC = critical value, counts 

NB = average background counts 

tB = background count time 

ts = sample count time 

Z1- = Type 2 decision error (set as 1.645) 

εi = instrument 2π efficiency 

εs = surface efficiency 

A = detector area 

Based on the instrumentation utilized (Ludlum Model 2360 with Model 43-93 scintillation 

probe) and the counting parameters that were established for the surveys, the maximum MDC for 

the fixed beta measurements was 799 dpm/100 cm2. This was based on the established sample 
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count time of one minute, ambient background count time of 10 minutes, average ambient 

background count rate of 72.2 cpm, instrument efficiency (2) of 16.0%, surface efficiency of 

25%, and a detector area of 100 cm2. 

7.4.2 Scan Sensitivity 

The minimum detectable count rate (MDCR) was determined for the Ludlum Model 43-93 

detector using Equation 6-9 in MARSSIM: 

���� = ����� �
60

�
�

Where: MDCR = minimum detectable count rate in cpm 

 bi = average number of background counts in the observation interval 

 i = observation interval (0.5 seconds for a maximum scan speed of 

two detector widths per second) 

 d’ = detectability index from Table 6.1 of NUREG-1507; a value of 

1.38 was selected, which represents a true-positive detection rate 

of 95% and a false-positive detection rate of 60%. 

The scan MDC was determined using Equation 6-10 in MARSSIM: 

���� ��� =  
����

�� �� ��
����� ����

100 ���

Where: MDCR = minimum detectable count rate (cpm)  

p = efficiency of a less-than-ideal surveyor, range of 0.5 to 0.75 from 

NUREG-1507; a value of 0.5 was chosen as a conservative value 

A = detector area (100 cm2 for 43-93 detector) 

εi = instrument 2π efficiency 

εs = surface efficiency 

Based on the instrumentation utilized (Ludlum Model 2360 with a Model 43-93 scintillation 

detector) and the counting parameters that were established for the survey(s), the maximum 

calculated beta scan sensitivity was approximately 4,531 dpm/100 cm2. This was based on an 

established scan speed not to exceed two detector widths per second (~5.4 inches/second), 
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average ambient background count rate of 72.2 cpm, instrument efficiency (2) of 16%, and a 

surface efficiency of 25%. 

7.5 Duplicate / Replicate Measurements 

Duplicate measurements and smear samples were collected at a minimum rate of 5% (i.e., one 

for every 20 measurements or samples). This included surface scans and measurements for total 

direct beta surface activity, removable LEB activity, and removable beta activity. 

7.5.1 Beta Surface Scans 

A total of 16 additional one-square-meter grids were scanned as presented in Attachment 3. 

Considering the total surface area of the tank is approximately 990 square meters (see Section 

5.1) and an estimated scan coverage was 25% (~247 square meters), this constituted an 

approximate 6.5% survey for quality control (QC) for beta surface scans. The QC scan 

measurement results are provided as part of Attachment 3 and were all less than the MDA, 

consistent with the initial beta surface scan results. 

7.5.2 Direct Beta Measurements 

One additional direct beta measurement was collected for QC purposes, as presented in 

Attachment 4. This resulted in an approximate 6.3% QC for direct beta measurements (i.e., one 

for 16 total measurements). The QC measurement was less than the MDA and consistent with 

the systematic measurement results. Although the direct beta result for the QC measurement was 

greater than the critical value, it was still less than the MDA. Additionally, the original direct 

measurement was less than the critical value and all other indicators (smears and paint samples) 

were less than MDAs/MDCs. Based on this evaluation, it was determined that the QC 

measurement was a statistical outlier and there is no activity above background present. 

7.5.3 Removable Beta Surface Activity 

One additional smear for removable beta surface activity was collected for QC purposes, as 

presented in Attachment 5. This resulted in an approximate 6.3% QC for removable beta activity 

(i.e., one for 16 total smears). The QC measurement was less than the MDA and consistent with 

the systematic smear results. 

7.5.4 Removable Low-Energy Beta Surface Activity 

One additional smear each for removable LEB surface activity (H-3 and Ni-63) was collected for 

QC purposes, as presented in Attachment 6. This resulted in an approximate 6.3% QC for LEB 
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surface activity (i.e., one for 16 smears each for H-3 and Ni-63). The QC measurement results 

were less than the MDAs and consistent with the systematic smear results. 

In addition to the QC smears collected during the survey, the off-site laboratory performed a 

laboratory duplicate analysis on one of the smears. The laboratory duplicate results were all less 

than MDAs and consistent with the systematic smear results. 

7.5.5 Paint Samples 

No duplicate paint samples were collected during the survey; however, the off-site laboratory 

performed a laboratory duplicate analysis on one of the samples. This constituted an approximate 

6.3% QC (i.e., one for 16 total samples). The laboratory duplicate analysis results are presented 

in Attachment 8 and were all less than the MDAs. 

8.0 Data Evaluation 

The survey and sampling data were determined to meet the minimum survey design 

requirements as stipulated in MARSAME Survey Package SSSB-006, Wing Tank 9S. All survey 

data were then evaluated against the applicable ALs and decision rules as specified in 

Section 4.4. These results are summarized as follows based on the survey results presented in 

Section 6.0: 

 All beta surface scan results were less than the scan MDC with the MDC not to 
exceed 5,000 cpm/100 cm2. 

 All direct beta measurements were below the MDC and the Critical Value (Lc) with 
the MDC not to exceed 5,000 cpm/100 cm2. 

 All gross beta and LEB smear results were less than 1,000 dpm/100 cm2. 

 All paint sample results were less than the MDA with a Co-60 MDA less than 3.0 
pCi/g. 

9.0 Decision/Conclusion 

Based upon the survey results and the data evaluation (i.e., all measurements were less than the 

specified ALs), the Null Hypothesis has been rejected and Tank 9S may be released for 

unrestricted release with no additional radiological controls. 
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SURVEY AND SAMPLE LOCATION MAP 
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The total number of beta scans was 137, which included the 121 randomly selected grids and the 
16 grids where direct measurements were collected. 



Surface Ship Support Barge (SSSB) Dismantlement and Disposal Rev. 0 
Contract Number N00024-20-C-4139  February 2022 
Survey Results – MARSAME Survey Package SSSB-006, Wing Tank 9S  501513

ATTACHMENT 2 
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