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POTENTIAL RADIONUCLIDE EMISSIONS FROM STACKS ON THE HANFORD SITE, PART 2: 

DOSE ASSESSMENT METHODOLOGY USING PORTABLE LOW-RESOLUTION GAMMA SPECTROSCOPY* 

J. M. Barnett 
Westinghouse Hanford Company 

P. 0. Box 1970, Tl-30 
Richland, WA 99352 

Abstract 
In September 1992, the Westinghouse Hanford Company began developing an in 

situ measurement method to assess gamma radiation emanating from high-efficiency 
particulate air filters using portable low-resolution gamma spectroscopy. The 
purpose of the new method was to assess radioactive exhaust stack air emissions 
from empirical data rather than from theoretical models and to determine the 
potential unabated dose to an offsite theoretical maximally exposed individual. 
In accordance with Title 40, Code of Federal Regulations, Part 61, Subpart H, 
"National Emi ssion Standards for Hazardous Air Pollutants", stacks that have the 
potential to emit > 1 /iSv y (0.1 mrem y ) to the maximally exposed individual 
are considered "major" and must meet the continuous monitoring requirements. 
After the method was tested and verified, the U.S. Environmental Protection 
Agency, Region 10, approved its use in June 1993. Of the 125 stacks operated by 
the Westinghouse Hanford Company, 22 were targeted for evaluation by this method,' 
and 15 were assessed. (The method could not be applied at seven stacks because 
of excessive background radiation or because no gamma emitting particles appear 
in the emission stream.) The most significant result from this study was the 
redesignation of the T Plant main stack. The stack was assessed as being 
"minor", and it now only requires periodic confirmatory measurements and meets 
federally imposed sampling requirements. 

I. Introduction 
In September 1992, the U.S. Environmental Protection Agency (EPA), 

Region 10, concurred with a Westinghouse Hanford Company (WHC) proposal to 
develop a test method to measure radioactive particulate emissions [particularly 
gamma emitters from high-efficiency particulate air (HEPA) filters] in stack 
exhauster systems across the Hanford Site. Its intended purpose was to show the 
compliance status of potential unabated stack emissions and the estimated dose 
to the offsite maximally exposed individual (MEI) through the use of empirical 
data. A nondestructive assessment, in situ method was developed, tested, and 
implemented using portable low-resolution gamma spectroscopy instrumentation 

Work conducted for the U.S. Department of Energy under contract number 
DE-AC06-87RL10930. 
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(Microspec-1**) to evaluate gamma emissions from operating HEPA filters. This 
method has become commonly.known as the nondestructive assessment (NDA) method. 
Guidance for the developed method comes from Title 40, Code of Federal 
Regulations (CFR), Part 61, Subpart H < 1 ) and Appendix B, Method 114 < 2 ). 

On May 19, 1993, the Microspec-1 was taken to the B Plant and used to 
measure gamma emissions from the 296-B-13 stack HEPA filters to test the NDA 
method and to provide concrete results to the Region 10 EPA office. This 
location was chosen because it is readily accessible, and gamma counting may be 
performed without difficulty. Data acquired from the experiment was used to 
determine an offsite effective dose equivalent (EDE) to the MEI over a 1-y period 
assuming no filtration of the exhausted air. The results were presented, and a 
demonstration of the NDA method was given on June 10, 1993 to the EPA, Region 10. 
The method was accepted as an alternative to the other approved EPA methods for 
determining potential offsite doses, and implementation began across the Hanford 
Site where applicable. 

The NDA method provides a technical basis for empirically measuring 
potential emissions, and it uses low-resolution portable gamma spectroscopy to 
collect in situ spectra from HEPA filters. By calibrating the instrument to the 
same geometry as that observed in the field, data acquired from field 
measurements may be decay corrected for filter lifetime to determine the 
potential annualized activity release to the atmosphere. Several assumptions 
made regarding the activity calculation make the reported value conservative: 
(1) filters otherwise considered to have zero activity are assigned the minimum 
detectable activity (MDA); (2) the total activity is placed on the filter at the 
time of installation; and (3) alpha and beta emissions are established based on 
known relationships to the gamma emitters. Dose conversions from the activity 
determination are made from EPA-approved dose conversion factors. Stacks with 
resultant dose estimates less than 1 juSv y"1 (0.1 mrem y"1) to the offsite MEI are 
considered "minor" and do not require continuous monitoring for radionuclide 
emissions. High radiation near or emitted from HEPA filters limits the 
application of this method. 

II. Objective and Scope 
The objective of this test method is to identify gamma emitting 

radionuclides collected on HEPA filters, in a quantitative manner, over a 
discrete time period at the Hanford Site facilities managed by WHC using portable 
gamma spectrometry. Portable gamma spectrometry may also be used qualitatively 
to confirm the presence of gamma radiation. These data, in conjunction with 
process and plant history records, are used to determine an empirical potential 
unabated source term that has the potential for release to the atmosphere. As 
a result of determining the unabated source term, a dose to the MEI may be 
calculated, which will determine if the emissions from the stack are greater than 
the EPA threshold of 1 /iSv y"1. Alpha and beta emitting radionuclides may not 

Microspec-1 is-a registered trademark of Bubble Technology 
Industries, Inc., Chalk River, Ontario, Canada. 
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be measured using the NDA method but are established using known facility ratios. 
Volatile nuclides and other nonradioactive materials are also beyond the scope 
of this method. 

HI. Test Method 

The Microspec-1 is used, and data may be collected with or without a lead 
sleeve [i.e., a collimated shield over the Nal(Tl) detector]. Before each field 
use, the instrument is calibrated to the in-field HEPA filter geometry under 
controlled conditions. A background spectrum is collected at the test site, and 
several HEPA filter spectra are collected. The setup, results, and offsite dose 
calculations are discussed for the method. 

Sampling was initially conducted on 9 of the 84 WHC stacks registered with 
the Washington State Department of Health(3). All 84 stack assessments were 
completed by December 17, 1993c4). Beginning in 1994, unregistered WHC stacks 
were evaluated for potential emissions greater than the EPA threshold of 
1 ySv y ; all reporting was completed by August 31, 1994. 

Instrument Calibration 

In the laboratory, the spectrometer is energy calibrated using the two 
peaks obtained'from a Na check source placed in a representative HEPA filter 
geometry. Na is preferred for an energy calibration because it has both a 
low-energy.. (511 keV) and a high-energy (1274.5 keV) gamma emission. National 
Institute of Standards and Technology (NIST) traceable radioactive check sources 
are placed in the center of the calibration HEPA filter. Because of the distance 
from the detector to the source, the point source is approximated for 
calibration, even though the activity in a HEPA filter to be monitored is widely 
deposited. For all measurements of the same geometry, the detector head is 
placed up to the" clean HEPA filter or housing at a location similar to where the 
actual measurement will be taken. After the energy calibration, a region of 
interest (ROI) is established for each isotope expected to be found during 
measurement for the given HEPA filter geometry using NIST traceable gamma check 
sources implanted in the clean HEPA filter. Typical isotopes include 5 4Mn, 6 0Co, 
and 1 3 7Cs. The absolute efficiency is given by Equation 1. 

counts 
t(l -DT) 

counts 
t(l-DT) background „ •, nn I-CLI (1) 

A0e -XAt X 100 [%] 
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77 = absolute efficiency in percent 
counts = gross counts in region of interest 

t = count time of source, background (min. 
DT = instrument dead time i.e., fractional 

respond 
A„ = initial check source activity (dpm) 

decay constant of check source (y ) I 
At 

) time instrument does not 

= time elapsed since check source manufacture date. 

Data Collection 
Before sampling begins, background measurements are collected. The 

background spectrum is collected within 10 to 20 m of outdoor systems; for indoor 
systems, the background spectrum is collected within the room or facility. The 
minimum detectable activity for a particular ROI is given by Equation 2 . 

4.66. 
MDA \ 

counts 
. t ( 1 " - P r ) \ background 

2.22T| IpCi] 
(2) 

where: 
MDA 

4.66 

2.22 = 

minimum detectable activity for given ROI 
the value used to determine the instrument reading with a 
difference from background that is large enough to be 
statistically significant at the 99% confidence level 

the conversion from counts per minute to picocuries. 

Each stack evaluation is governed by an individual WHC test plan. In the 
field, in situ measurements are made of the gamma radiation emanating from the 
HEPA filters and prefiIters. Instrument data are logged, and the resultant 
spectra are recorded electronically. The instrument is placed near the HEPA 
filter in the same geometry as during calibration. This method eliminates the 
risk of radiation dose from HEPA filter changeout and the resultant disruption 
of the exhaust system. Count times vary between three and five minutes during 
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which a gamma.spectrum is collected. For the specific ROI(s), the collected 
counts (corresponding to a gamma ray) are converted to a particular activity. 
Stacks that cause excessive instrument dead time («> 70%) cannot be assessed 
using this method. 

Measured activities are decay corrected and annualized. The HEPA filter 
activity is given by Equation 3. In systems that have them, prefiIters are 
included in the analysis for the total activity calculation. Each resultant 
value is compared to the MDA. If the value is below the MDA, the MDA is assigned 
as a measure of conservativism. Additionally, activity estimates are made for 
alpha and beta emitters from ratios derived from the gamma emissions. Dose 
conversions from the activity determination are made from EPA-approved dose 
conversion factors. Summing the reported annual isotopic emissions and the 
derived average annual potential emissions from the HEPA filters results in the 
annual total potential emissions. Stacks with resultant dose estimates less than 
1 /xSv y"1 to the offsite MEI are considered minor stacks needing only periodic 
confirmatory measurements. 

ltmpx 

counts 
t(l-DT) 

counts 
t(l-DT) . background 

2 ,21r\e -A.C *HBPA 
ipCi] (3) 

where: 

MHEPA 
MHEPA 

= activity of i th HEPA filter (pCi) 
= time elapsed from HEPA filter installation to measurement 

date (y). 

Potential Dose Calculation 
The Hanford Site employs the CAP-88 dose model ( 6 ) to demonstrate compliance 

with 40 CFR 61.92. This model calculates a unit dose factor for each 
radionuclide discharged from the Hanford Site by discharge area to predict an EDE 
for the offsite MEI. The EDE is multiplied by the activity of each isotope, and 
the results are summed to produce the offsite potential dose to the MEI as shown 
in Equation 4 ( 7' a >. 
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&totai = E{EDEU) xAU)) [mxem y" 1 ] (4) 

where: 
H = potential unabated dose to the MEI 

EDE(i^ = effective dose equivalent for each radioisotope, 
i = each applicable radioisotope 

IV. Results 
Calibration of the Microspec-1 2 x 2 Nal(Tl) well detector has consistently 

yielded for the Cs ROI an intrinsic efficiency ranging from 11% to 16%. The 
calculated detector resolution using 1 3 7Cs for a typical HEPA filter geometry is 
8.5%. 

Although the background radiation may vary with location, the Hanford Site 
typically has a natural background on the order of 10 to 15 ptR hr"1. Using the 
in-field background data collected, the average MDA is about 100 nCi. MDA values 
range from about 50 nCi to 200 nCi. 

Of the 84 registered WHC stacks, 14 were considered for NDA; however, only 
9 were evaluated using the NDA method. Although one stack was readily 
accessible, the background and HEPA filter radiation emanating from the area 
rendered the instrument useless because of the excessive instrument dead time. 
Four of the available stacks could not be assessed with this method because the 
source term was solely alpha contamination. Figure 1 compares the results of the 
NDA assessment with the back calculation method (i.e., 3,000" x emitted dose, 
where n is the number of HEPA filter stages) for the registered stacks. Without 
using the NDA method, all nine stacks assessed would have been subject to full 
compliance with the NESHAP requirements, which would have subjected them to 
upgrades. 

A significant result was obtained for the T Plant main stack. This is a 
60 m (200 ft) stack and had been considered a "major" source of potential 
radioactive emissions. It had been designated in 1991 by the EPA, Region 10, as 
requiring upgrades to meet all of the NESHAP and Clean Air Act requirements. 
However, the empirical results using the NDA method showed conclusively that the 
potential emissions were not only below the 1 juSv y*1 EPA threshold but also five 
orders of magnitude below the theoretical estimated potential. As a result, a 
petition for redesignation was submitted to the EPA, Region 10 c 9 ), and the EPA, 
Region 10, accepted the proposal in a letter transmitted January 3, 1994. All 
actions for this stack are now considered complete, and it only requires periodic 
confirmatory measurements as specified in 40 CFR 61.93. 

6 
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Figure 1 Comparison of the empirical results obtained from portable gamma 
spectrometry versus the theoretical back calculation model . 

There were 41 WHC unregistered stacks assessed for potential emissions in 
1994. Eight stacks were considered for NDA, and six of the unregistered stacks 
were assessed for potential unabated emissions using the NDA method. None of the 
NDA sampled stacks were above the EPA threshold. Two stacks could not be 
assessed because the background radiation interfered with the gamma radiation 
coming from the HEPA filter system. 

V. Discussion and Conclusions 
The data confirm the ability to measure in situ environmental, low-level 

concentrations of gamma radiation emanating from HEPA filters using portable 
low-resolution gamma spectrometry. Increasing the count time decreases the 
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instrument dead time, resulting in better counting statistics. Using the 
collimated shield reduces the instrument dead time and also increases the data 
reliability. Using a point source within the HEPA filter to calibrate the 
instrument and establish the ROI is sufficient and enables specific and 
repeatable geometries; this is important considering the many stack geometries 
on the Hanford Site. Results have shown NDA to be as much as nine orders of 
magnitude below the theoretical back calculation model. 

Conservative measures were used to calculate the potential unabated dose 
to the MEI. The first of these includes assigning the HDA to a filter that 
shows an activity less than the MDA. This assignment may represent greater than 
25% of the actual measured activity; indeed in some cases it is 100% of the 
measured activity. The second conservative influence involves back-calculating 
the deposited activity to the date of the HEPA filter installation. This assumes 
all the activity accumulates on the HEPA filter the day it is installed instead 
of accumulating over time, as actually occurs. Third, the prefilter contribution 
to the potential dose is derived from empirical data. Fourth, although no alpha 
or beta activity is measured by this method, alpha and beta contributions are 
established based on known ratios of these emitters to the measured gamma emitter 
(e.g., 1 3 7 C s ) . The alpha and beta components may account for as much as 70% of 
the potential unabated dose to the MEI. 

This method clearly demonstrates the ability to use NDA for ascertaining 
the collected gamma-emitting isotopes on HEPA filters. Guidance for the method 
development comes from 40 CFR 61, Appendix B, Method 114, the intent of which was 
followed as much as possible. However, unlike Method 114, which requires taking 
a sample from the HEPA filter and sending it to a laboratory for analysis, the 
method developed uses nondestructive, in situ sampling. Advantages include 
reduced exposure and dose to personnel, time savings over laboratory analysis, 
and cost savings gained from reduced labor time and analytical laboratory 
analyses. However, the variety of systems at the Hanford Site prevent applying 
this method universally, among other reasons, because of difficulties encountered 
with higher radiation areas, limited access into radiation zones, and restricted 
proximity to the HEPA filters. 
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