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Final Status Survey Supporting Free Release of Radiosynthesis Laboratories 

4th and 5th Floor of Building 118D 

Pfizer Global Research and Development Groton Laboratories 
 

1 INTRODUCTION 
Cabrera Services, Inc. (Cabrera) was contracted to decommission the radiosynthesis laboratories on the 
4th floor of Building 118D at the Pfizer Global Research and Development Laboratories in Groton, 
Connecticut.  The decommissioning and decontamination (D&D) work included ductwork removal on the 
5th floor associated with the radiosynthesis laboratories.  Following D&D a final status survey (FSS) was 
performed to support free release of the radiosynthesis laboratories.  The purpose of this report is to 
document the results of the FSS on the 4th and 5th floors of Building 118D. 

2 SITE DESCRIPTION 
The 4th floor of Building 118 included two large laboratories (410 and 412) and five smaller laboratories 
(405, 406, 408, 408A, and 408B).  These laboratories were used to synthesize compounds labeled with 
radioisotopes.  The majority of the work was performed in laboratory hoods, and the ductwork for the 
hoods was located on the 5th floor.  During decommissioning the hoods and associated ductwork were 
removed and disposed of as radioactive waste.  Likewise, floor tiles were removed from laboratories 410 
and 412, followed by scabbling of concrete on the 4th and 5th floors to remove contamination. 

3 SURVEY DESIGN 
The FSS was designed using guidance provided in the Multi-Agency Radiation Survey and Site 
Investigation Manual (MARSSIM).  

3.1 Radionuclides of Concern 

The radionuclides of concern for Building 118D were tritium (H-3) and carbon-14 (C-14).  Other 
radionuclides permitted by the Pfizer NRC license for use in the radiosynthesis laboratories have short 
half-lives and had decayed to levels below the free release limits.  Offsite laboratory analyses of samples 
verified the absence of radionuclides other than H-3 and C-14.   

The free release limits used for the FSS were 5,000 disintegrations per minute per 100 square centimeters 
(dpm/100 cm2) of total beta activity and 1,000 dpm/100 cm2 for removable beta activity averaged over an 
entire survey unit.  The maximum allowable total beta activity for a single measurement was set at three 
times the average limit, 15,000 dpm/100 cm2. 

3.2 Classification and Survey Unit Identification 

Decommissioning activities included a significant amount of remediation in laboratories 410 and 412 on 
the 4th floor, and in areas where rainwater leaked into exhaust ductwork on the 5th floor.  The floors in 
laboratories 410 and 412 and the remediated portions of the floor on the 5th floor were considered Class 1 
areas because remediation had been performed in these areas.  The remaining floors and walls on the 4th 
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floor and the sections of the floor on the 5th floor that did not require remediation were considered Class 2 
areas. 

Table 1 describes the survey units identified during the FSS.  Three Class 1 survey units were identified.  
The floor in laboratory 410 was identified as survey unit 1 (SU 1), the floor in laboratory 412 was 
identified as SU 2, and the scabbled portions of the 5th floor were identified as SU 5.  Two Class 2 survey 
units were identified.  The remaining floors on the 4th floor (laboratories 405, 406, 408, 408A, and 408B) 
combined with the walls in all seven laboratories were identified as SU 3.  The portions of the 5th floor 
that were not remediated were identified as SU 4. 

Table 1  - Survey Unit Identification 

Survey 
Unit 

Class Floor Areas Wall Areas 

SU 1 1 Laboratory 410 None 

SU 2 1 Laboratory 412 None 

SU 3 2 Laboratories 405, 406, 408, 408A, 408B Laboratories 405, 406, 408, 408A, 408B, 
410, 412 

SU 4 2 5th Floor (unremediated areas) None 

SU 5 1 5th Floor (remediated areas) None 

 

3.3 Types of Measurements 

The FSS was performed using a combination of scan measurements, static measurements, and smears to 
measure the radionuclides of concern.  A list of instruments, radiation sources, calibration certificates, 
total efficiency calculations, and daily quality control checks are provided in Attachment A. 

3.3.1 Surface Scan Measurements 

Scan surveys were performed on horizontal surfaces using gas proportional detectors.  A Ludlum Model 
43-37 floor monitor was used to perform scan surveys.  Surface scanning was only effective for 
measuring C-14.  Scanning was performed over 100% of all Class 1 areas and more than 50% of all 
Class 2 areas by moving the detector at a speed of one detector width per second.  The audio output of the 
instruments was monitored by the operator, and areas of elevated activity were flagged for additional 
investigation using bias measurements.  The scan minimum detectable concentrations (MDCs) are 
provided in Table 2.  The scan MDC is based on the efficiency for C-14, a surveyor efficiency of 0.5, a 
sensitivity coefficient of 1.38, and reported to two significant figures. 
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Table 2 - Scan MDCs 

Detector Probe Area 
(cm2) 

Probe Width 
(cm) 

Background 
(cpm) 

Observation 
Interval (sec) 

MDCR 
(cpm) 

Scan MDC 
(dpm/100 cm2) 

43-37 582 15 1160 1 364 1,500 

MDCR = minimum detectable count rate 

 

3.3.2 Static Measurements 

Static measurements were performed to provide an estimate of total beta activity.  A Ludlum Model  
44-110 windowless gas proportional counter was used to perform static measurements during the FSS.  
Static measurements were effective for measuring H-3 and C-14, as well as any beta emitting 
radionuclides present.  The MDC for static measurements is provided in Table 3.  The MDC is based on 
the highest material-specific background (concrete, see Attachment C), and is reported with two 
significant digits. 

Table 3 - Static MDC 

Detector Background 
(cpm) 

Background 
Count Time 

Sample 
Count Time 

Total 
Efficiency 

Probe Area 
(cm2) 

MDC  
(dpm/100 cm2) 

44-110 520 1 minute 1 minute 0.0862 126 1,000 

 

3.3.3 Smears 

Removable activity was measured using smears.  The smear was a filter designed to dissolve in liquid 
scintillation cocktail.  Moderate pressure was used to sample an area of 100 cm2.  The smear was placed 
in a scintillation vial.  Liquid scintillation cocktail was added and the sample was agitated to dissolve the 
filter.  The sample was allowed to dark adapt for at least 10 minutes to reduce chemoluminescence.  This 
time also allowed any particulate matter on the smear to settle to the bottom of the vial to reduce 
interferences during counting.  The smears were counted for one minute using a liquid scintillation 
counter. 

3.3.4 Dose Rate Measurements 

Dose rate measurements were performed using a Bicron tissue equivalent dose rate meter.  Dose rate 
measurements were performed in each of the five survey units.  The dose rate measurements included 
surveying the entire survey unit for sources of activity.  The dose rate measurements were used to identify 
sources of radiation other than the radionuclides of concern that could interfere with the other final status 
survey measurements. 

3.4 Measurement Locations and Number of Measurements 

The measurement locations and number of measurements were assigned based on MARSSIM guidance.  
The minimum number of measurements per survey unit was calculated as 29 measurements assuming 
Type I and Type II decision error rates of 0.05 and a relative shift of 1.0.  Scan surveys in Class 1 areas 
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were not able to measure H-3, so the number of measurement locations was increased in Class 1 areas to 
account for this issue.  The measurement locations were assigned using a sample density of one 
measurement location per square meter in Class 1 areas.  Measurement locations were assigned using a 
random-start triangular grid.  Figures 1 through 5 in Attachment B show the measurement locations for 
SU 1 through SU 5, respectively. 

4 SURVEY RESULTS 
The results of the FSS measurements are provided in Attachment C.  The results include the counts 
recorded for each measurement, material-specific background count rates for individual detectors, and the 
conversion to units of dpm/100 cm2. 

4.1 Surface Scan Surveys 

Surface scan surveys were performed over 100% of Class 1 area horizontal surfaces and approximately 
25% of Class 2 area horizontal and vertical surfaces.  Scan surveys in Class 2 areas focused on areas 
where radionuclides were used, such as floors in front of hoods and sinks, with fewer measurements 
performed on walls. 

Surface scan survey results were recorded for each one minute scan survey and evaluated to identify areas 
of elevated activity.  A total of 267 scan measurements were recorded.  Note that the scans on the 5th floor 
were all recorded for SU 4 because SU 5 is located within SU 4 and the SU 4 scans covered both survey 
units.  Based on the results of the scan surveys, four bias measurement locations were identified.  Three 
bias locations were identified in SU 3 (3-30B, 3-31B, and 3-32B) and one bias location was identified in 
SU 2 (2-62B).  The locations of the bias measurements are shown on the figures in Attachment B.   

One scan survey inside a hood cabinet in laboratory 408B (scan survey SU 3-59) reported a result 
exceeding the release limit of 5,000 dpm/100 cm2.  The investigation of this small area of elevated 
activity showed the maximum activity was less than 15,000 dpm/100 cm2.  

4.2 Static Measurement Results 

Static measurement results were recorded at each measurement location.  A total of 243 static 
measurements were performed in the five survey units.  SU 3 and SU 4 had the fewest number of 
measurements, the minimum 29 systematic measurements required for this survey.  A total of 29 results 
exceeded the average limit of 5,000 dpm/100 cm2.  The maximum reported result was 13,500 dpm/100 
cm2 in SU 5.  The statistical tests performed during data evaluation (Section 5.3) were used to determine 
if the number of results exceeding the limit were inconsistent with a decision the area was acceptable for 
free release. 

4.3 Smear Results 

Smears were collected from all systematic locations.  A total of 240 smears were collected and analyzed 
as part of the FSS.  No smears were collected from the three bias locations identified in SU 3 because the 
total activity reported for these locations was below the average limit of 5,000 dpm/100 cm2.  One smear 
in SU 3 reported a combined activity from H-3 and C-14 of 1,200 dpm/100 cm2, which exceeded the 
average limit for removable activity.  A small section of wallboard was removed based on this 
measurement result.  The result was maintained in the data set to ensure there were sufficient data points 
to evaluate this survey unit. 
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4.4 Dose Rate Measurement Results 

None of the dose rate measurements identified sources of radioactivity.  A single reading representative of 
each survey unit was recorded, and the results are provided in Attachment F. 

5 DATA EVALUATION 
Exploratory data analysis and data quality assessment activities were performed to evaluate the data 
collected during the FSS.  These activities included calculating summary statistics, performing a graphical 
data review, and performing statistical tests to support decisions concerning free release of the 
laboratories.  The results of the data evaluation are provided in Attachment D (static measurements) and 
Attachment E (smears). 

The data collected during the FSS was divided into 15 data sets.  A data set was constructed for each of 
the five survey units for total beta activity based on static measurements, H-3 activity based on liquid 
scintillation counting of smears, and C-14 activity based on liquid scintillation counting of smears.   

5.1 Summary Statistics 

Summary statistics were calculated for each data set.  Summary statistics included the mean, median, 
standard deviation, minimum, and maximum values.  In addition, the data set was divided into 
percentiles, and the 95% upper confidence limit (UCL) was calculated using the ProUCL software 
developed by the Environmental Protection Agency.  The summary statistics for each data set are 
provided in Attachment D for static measurements and Attachment E for smears. 

5.2 Graphical Data Review 

A histogram and a Q-Q plot (also known as a normal probability plot) were constructed for each data set 
using ProUCL.  The histogram provides an overview of the shape of the data distribution and assist in 
identifying outlying values.  The Q-Q plot appears as a straight line if the data are normally distributed.  
Deviations from a straight line may indicate the presence of outlying values or multiple distributions 
within the data set.  In general the graphical review identified a limited number of outliers with higher 
activity than expected in all survey units.  SU 5 indicated the potential presence of a second distribution 
of contamination slightly elevated above background, but below the release limits.  The histograms and 
Q-Q plots for each data set are provided in Attachment D for static measurements and Attachment E for 
smears. 

5.3 Statistical Tests 

Each data set was evaluated using the Sign Test described in MARSSIM.  The test statistic is the number 
of systematic results that exceed the release limit.  If this number becomes too large, the null hypothesis 
the survey unit is contaminated is not rejected.  All of the survey units passed the Sign Test, so the null 
hypothesis was rejected for each survey unit.  Table 4 lists the results of the Sign test for each survey unit. 
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Table 4 - Sign Test Results 

Survey Unit Number of 
Measurements 

Test Statistic Critical Value Pass/Fail 

SU 1 Static 63 9 24 Pass 

SU 1 H-3 63 0 24 Pass 

SU 1 C-14 63 0 24 Pass 

SU 2 Static 62 14 24 Pass 

SU 2 H-3 62 0 24 Pass 

SU 2 C-14 62 0 24 Pass 

SU 3 Static 29 3 10 Pass 

SU 3 H-3 29 0 10 Pass 

SU 3 C-14 29 0 10 Pass 

SU 4 Static 29 4 10 Pass 

SU 4 H-3 29 0 10 Pass 

SU 4 C-14 29 0 10 Pass 

SU 5 Static 62 9 24 Pass 

SU 5 H-3 62 0 24 Pass 

SU 5 C-14 62 0 24 Pass 

 

6 CONCLUSIONS 
The survey units all passed the Sign Test demonstrating the average, or median, activity in each survey 
unit is less than the average release limit of 5,000 dpm/100 cm2 for total beta activity and less than 1,000 
dpm/100 cm2 for removable activity.  No single result exceeded the maximum allowable limit of three 
times the average limit.  The minimum required number of measurements was collected in each survey 
unit.  Based on the results of the FSS, the radiosynthesis laboratories on the 4th floor of Building 118D 
and areas on the 5th floor associated with removed ductwork are acceptable for free release. 
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