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DEPARTMENT OF THE AIR FORCE 

USAF SCHOOL OF AEROSPACE MEDICINE (AFMC) 
WRIGHT-PATTERSON AFB OH 

 
 

 
31 March 2015 

 
MEMORANDUM FOR  AFMSA/SG3PB 
 ATTN:  MAJ DANIEL SHAW 
 USAF RADIOISOTOPE COMMITTEE SECRETARIAT 
 AIR FORCE MEDICAL SUPPORT AGENCY 
 7700 ARLINGTON BOULEVARD, SUITE 5158 
 FALLS CHURCH VA 22042-5158 
 
FROM:  USAFSAM/OEC 
 2510 Fifth Street 
 Wright-Patterson AFB OH 45433-7913 
 
SUBJECT:  Consultative Letter, AFRL-SA-WP-CL-2015-0012, Consolidated Site (CS) 024 

Verification Survey at Former McClellan AFB, Sacramento, California 
 
1.  INTRODUCTION: 
 

a.  Purpose:  At the request of the U.S. Air Force Radioisotope Committee Secretariat (RICS), 
the U.S. Air Force School of Aerospace Medicine, Consultative Services Division 
(USAFSAM/OEC), Radiation Health Consulting Branch performed an independent radiological 
verification survey of the CS 024 hazardous waste site, located on former McClellan AFB, 
California, on 29-31 July 2014.  The purpose of this verification survey was to provide an 
independent evaluation of the final radiological conditions at a decommissioned site.  
USAFSAM/OEC surveyed the CS 024 site to measure residual surface activity and determine if 
radiation levels complied with criteria agreed upon between representatives of the State of 
California and the U.S. Air Force for unrestricted release.  Radium-226 (Ra-226) was the sole 
radionuclide of concern.  Cabrera Services, Inc., under contract with URS Corporation, 
performed a Final Status Survey (FSS) and all radiological fieldwork previously in July 2014.  
This letter details the finding of this visit and is intended to assist the RICS with evaluating the 
contractor’s FSS report of this site.  Personnel utilized techniques and procedures taken from 
Nuclear Regulatory Guide 1575, Multi-Agency Radiation Survey and Site Investigation Manual 
(MARSSIM), Rev 1. 
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b.  Background:  Site CS 024 is an inactive disposal burn pit that became operative in 1953.  
Between 1953 and 1969, base personnel used the site for burning and burial of demolition debris 
and scrap material.  Workers frequently used the eastern half of the pit to burn Air Force 
generated wastes; workers used the western half to discard unburned waste material.  Cleanup 
personnel have detected a wide variety of contaminants at the site to include volatile organic 
compounds, polychlorinated biphenyls, dioxins/furans, and metals.  The spatial distribution of 
radioactive materials across the site, namely Ra-226, varies.  This is due to the variety of wastes 
burned and stored on the site. Site CS 024 is located in the far southern border of the McClellan 
Park boundary, parallel to a rail line that runs along the southeastern edge of the site.  At the time 
of this survey, the site had not yet undergone an FSS.  Cabrera Services began surveying the 
sides of the trench after USAFSAM/OEC personnel completed the verification survey.  Prior to 
this survey, Cabrera Services had previously completed cleanup operations on the trench floor.  
See Figure 1 below. 
 

 
Figure 1. View of CS 024 

 
c.  Survey Personnel: 
 

(1) Maj. Marcus Grant, Health Physicist, USAFSAM/OEC 
(2) SSgt Michael Ames, Lead Health Physics Technician, USAFSAM/OEC 

 
d.  Personnel Contacted: 

 
(1) Radiation Safety Officer, AFCEC/CIBW 
(2) Base Realignment and Closure Program Management/Western Region, AFCEC/CIBW 
(3) Radiation Project Manager, Cabrera Services, Inc. 
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e.  Equipment:  
 

(1) Ludlum Model 2221 with Scionix 76BRS76/2ME1-X 3x3 Sodium Iodide Detector, 
Meter SN 287511, Detector SN SAG420, Calibration date 16 Jun 2014  

(2) Ludlum Model 2221 with Scionix 76BRS76/2ME1-X 3x3 Sodium Iodide Detector, 
Meter SN 290803, Detector SN SAG427, Calibration date 3 Jun 2014 
 
2.  METHODOLOGY: 
 

a.  Overview:  The verification survey consisted of soil sample collection and gamma 
walkover measurements.  The goal of the walkover survey was to identify locations for soil 
sampling.  This verification survey required scanning at least 10% of the trench floor by the 
gamma walkover technique and soil sample collection totaling at least 10% of the number taken 
by Cabrera Services.  Prior to the survey, Cabrera Services identified 40 soil sampling locations; 
therefore, at least 4 soil samples are necessary to meet the 10% minimum requirement.  Survey 
personnel used the gamma walkover data to qualitatively assess the site in terms of mean count 
rate and standard deviation.  Minimum detectable concentration and the associated count rates 
were not calculated. 
 

b.  Soil Sampling:  Each sample was taken from an area of approximately 8 square inches to a 
depth of 6 inches.  The volume sampled was sufficient for laboratory analysis (approximately 1 
quart).  Field soil sampling procedures were in place to prevent cross contamination of samples.  
Personnel collected a background sample from uncontaminated soil in an adjacent area to the CS 
024 site.  The USAFSAM Radioanalytical Laboratory (OEA) at Wright-Patterson AFB, Ohio, 
analyzed soil samples by counting on a high purity germanium detector, using the appropriate in-
growth method to determine Ra-226 levels in soil.  Prior to the 28-day in-growth period, OEA 
sifted the soil samples for any rocks and large debris and then dried to remove any moisture 
potentially affecting analysis.  Attachment 1 contains laboratory analysis for the samples.  An 
“x” within Attachment 2 indicates the locations of soil samples. 

 
c.  Gamma Walkover Survey: Scionix Model 76BRS76/3M-E1-X 3x3-inch thallium-doped 

sodium iodide (NaI) detectors and Ludlum Model 2221 ratemeter/scalers were the primary 
radiation detection instruments utilized to perform the gamma walkover survey.  Survey 
personnel connected the instruments to a Trimble GeoXT handheld GPS unit via RS-232 serial 
cable.  The Trimble GeoXT logged observed count rates with corresponding GPS coordinates 
every second.  Survey personnel held the detectors at a height of 10 cm above the ground.  The 
scan speed was approximately 0.5 meters per second, with the scan lines spaced about 0.5 meters 
apart.  All field instruments were function checked at the start and end of each workday using a 
gamma-emitting check source.  Personnel tested each instrument to ensure a 10% tolerance 
during field checks.  Qualified staff calibrate the instruments annually.  Attachment 3 contains 
the annual calibration certificates for all instruments used during this survey.  Attachment 4 
contains the quality control logs used to document instrument performance with a check source 
both before and after use. 
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3.  RESULTS: 
 

a.  Gamma Walkover Survey:  The scan coverage exceeded the minimum scan requirement of 
10% of the trench floor.  Some areas were inaccessible using the walkover technique, notably in 
areas that presented a climbing hazard.  The team did not survey the sides of the trench.  
Personnel used the mean count rate as the background for the scanned area and did not survey a 
reference area.  USAFSAM/OEC personnel calculated the mean and standard deviation of the 
dataset based on the instrument and the particular area surveyed.  In some cases, 
USAFSAM/OEC also excluded data outside the background distribution (e.g., outlying data 
points, data generated due to software anomalies or equipment malfunctions).  Personnel then 
compiled the data using commercial geospatial mapping software.  The locations marked in 
green correspond to the lowest readings of the survey.  Given the data collected, green dots 
represent all measured activity points below 2 standard deviations (SD) above the mean value 
[less than 26981 counts per minute (cpm)].  Yellow dots correspond to data points between 2 and 
3 SD above the mean (between 26988 and 28649 cpm).  Red dots represent all data points above 
3 SD (greater than 28650 cpm). Survey personnel expect higher concentrations in areas marked 
in red.  The color scheme demonstrates a scale of instrument data based upon SDs from 
background radiation levels, where no regulatory values are implied.  A table of statistics 
compiled from the dataset can be found in Attachment 5. 
 

b.  Soil Sampling:  Survey personnel collected five soil samples from CS 024: four samples 
within the permitted site boundary and one sample outside of CS 024 in an area of soil to be used 
as backfill for the site.  The survey team used this backfill sample to compare to background 
radiation levels.  None of the samples collected exceeded the cleanup goal of 2.0 pCi/g.  Table 1 
below details both the gross and background subtracted soil results and the associated GPS 
coordinates for each sample.  When comparing results to the cleanup level of 2.0 pCi/g, utilize 
the gross (background included) results listed below.  The uncertainties listed are at the 95% 
confidence level (2 SD).  Laboratory staff determines concentrations of Ra-226 in the soil by 
gamma spectroscopy analysis of Ra-226 and the associated bismuth-214 / lead-213 daughters in 
secular equilibrium.  The Ra-226 concentrations in the table below are labeled as “Ra_D_214” 
within Attachment 1. 
 

Table 1.  Soil Sample Results for CS 024 

Client Sample ID GPS Coordinates 
(WGS1984, Decimal Degrees, N/E) 

Gross Ra-226 
Concentration (pCi/g)1 

Net Ra-226 
Concentration above 
Background (pCi/g) 

     GS-14-0010 38.642017258, -121.402916535 0.58 ± 0.04 N/A 
     GS-14-0011 38.641801046, -121.403217583 1.07 ± 0.05 0.31 ± 0.06 
     GS-14-0012 38.641697144, -121.403497604 0.76 ± 0.04 0.00 ± 0.06 
     GS-14-0013 38.641369635, -121.403706972 0.75 ± 0.04 N/A 
     GS-14-00142 38.640995840, -121.403987551 0.76 ± 0.04 N/A 

1 Ra-226 concentrations with associated uncertainties from soil sample results. 
2 Background sample for CS 024. 
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4.  DISCUSSION: 
 

a.  Gamma Walkover Survey:  An area outside the permitted area was surveyed using the 
gamma walkover technique to verify that contamination did not migrate outside of the controlled 
area.  The surface was primarily asphalt, whereas the bulk of the walkover data collected for the 
trench was dirt.  Consequently, the background counts observed in this location are different 
from the trench, approximately 6100 cpm less on average. 
 

b.  Soil Sampling:  The highest recorded soil sample result for CS 024 was 1.07 pCi/g for 
gross Ra-226.  Accordingly, gamma walkover scans also indicated an increase in gamma count 
rate near this sample.  The highest recorded count rate in this area was 30,666 cpm.  The mean 
count rate observed within the entire area of CS 024 (excluding data recorded within the asphalt 
area) was 23,616 cpm, with an SD of 1,836 cpm. 
 
5.  CONCLUSIONS AND RECOMMENDATIONS:   
 

a.  Based on the results of the laboratory analysis, none of the areas surveyed exceeded the 
cleanup goal of 2.0 pCi/g.  Laboratory analysis is the primary indicator of site conditions for 
regulatory decisions. 

 
b.  USAFSAM/OEC detected no areas of elevated radiological activity above background that 

would require additional investigative actions using the gamma walkover technique.  
 

c.  USAFSAM/OEC recommends the survey unit be considered for unrestricted free release of 
radiological controls, with the approval of the RICS. 
 

d.  If you have any questions regarding this report, please contact the ESOH Service Center at 
(888) 232-3764 (DSN 798-3764) or ESOH.Service.Center@us.af.mil.  
 
 
 
 

MATTHEW W. UELEN 
USAFSAM Health Physicist 

 
5 Attachments: 
1. Laboratory Soil Analysis 
2. Map of Gamma Walkover with Soil Sample Locations 
3. Instrument Calibration Sheets 
4. Radiation Meter Quality Control (QC) Log 
5. Statistical Summary of Instrument Data 

 
 
 
 
 

mailto:ESOH.Service.Center@us.af.mil


6 
 

Distribution A: Approved for public release; distribution is unlimited. Case Number: 88ABW-2015-1641, 31 Mar 2015 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment 1 
Laboratory Soil Analysis 
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Attachment 2 
Map of Gamma Walkover with Soil Sample Locations 
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Attachment 3 
Instrument Calibration Sheets 
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Attachment 4 
Radiation Meter Quality Control (QC) Log 
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Attachment 5 
Statistical Summary of Instrument Data 

 
Instrument Model Number: Ludlum 2221 / Scionix 76BRS76 3x3 NaI 
Instrument Serial Number: 287511 / SAG420 
Surface Type: Dirt/Soil 
Area: Trench 
 
 

 
 

Instrument Model Number: Ludlum 2221 / Scionix 76BRS76 3x3 NaI 
Instrument Serial Number: 290803 / SAG 427 
Surface Type: Dirt/Soil 
Area: Trench 
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Instrument Model Number: Ludlum 2221 / Scionix 76BRS76 3x3 NaI 
Instrument Serial Number: 284511 / SAG420 
Surface Type: Asphalt 
Area: Alongside trench to the Northeast 
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