
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the University of California for the U.S. Department of  
Energy under contract W-7405-ENG-36. By acceptance of this article, the publisher recognizes that the U.S. Government retains a nonexclusive, royalty- 
free license to publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. Government purposes. Los Alamos National 
Laboratory requests that the publisher identify this article as work performed under the auspices of the U.S. Department of Energy. Los Alamos National Laboratory 
strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the  
viewpoint of a publication or guarantee its technical correctness. 

FORM 836 (10/96) 
 

LA-UR-01-5728 
Approved for public release;  
distribution is unlimited. 

Title: 
SYSTEMATIC BIAS ESTIMATES OF THE 
SNAP™ ANALYTICAL TECHNIQUE IN 
MEASUREMENT TRIALS OF KNOWN PU 
STANDARDS IN MOCKUP DRUMS AT 
LOS ALAMOS NATIONAL LABORATORY 
 
 
 
 
 

Author(s): Steven C. Myers, Kathleen Gruetzmacher,   
Roland Bustos and Scott Ferran 
 
 
 
 

Submitted to:  
 
 
 
http://lib-www.lanl.gov/la-pubs/00796493.pdf 

 



 1 

SYSTEMATIC BIAS ESTIMATES OF THE SNAP ANALYTICAL TECHNIQUE IN 
MEASUREMENT TRIALS OF KNOWN PU STANDARDS IN MOCKUP DRUMS AT 

LOS ALAMOS NATIONAL LABORATORY 
 

Steven C. Myers, Eberline Services, Los Alamos, New Mexico, 87544, smyers@becorp.com 
Kathleen Gruetzmacher, Los Alamos National Laboratory, Los Alamos, New Mexico, 87545, 

kgruetzmacher@lanl.gov 
Roland Bustos, Los Alamos National Laboratory, Los Alamos, New Mexico, 87545, 

rbustos@lanl.gov 
Scott Ferran, Eberline Services, Los Alamos, New Mexico, 87544, sferran@becorp.com 

 
ABSTRACT 

 
A study was conducted at the Los Alamos National Laboratory (LANL) to evaluate the 

performance of the SNAP (Spectral Nondestructive Assay Platform) analytical software for 
measurements of known plutonium standards in twenty-five 55-gallon certification drums.  The 
trials were designed to test the accuracy and precision of SNAPTM measurements as well as to 
probe the lower limit of detection for Pu-239.  The overall measurement bias of the SNAP 
analysis process was –8.8% with a standard deviation of 27.8%.  As expected, the measurement 
precision varied inversely with total Pu-239 mass.  The lower limit of detection for Pu-239 was 
estimated as nominally 10 to 15 nCi/g in drums with approximately 35 to 65 kg matrix (15-min 
count time).   
 

Two contributors to the negative bias were determined after the known values of the Pu 
standards were revealed to the analysis team.  The wrong angular response correction for the 
detector/shielding configuration was used in the assay. This caused a –6.4% bias in all the results.  
A second source of systematic bias was caused by inadequate modeling of the attenuation losses 
suffered by source gamma-rays as they traveled through the source matrix.  Although the source 
matrix is just a small amount of diatomaceous earth, the total attenuation losses appear to be 
12.6% of 129.3 keV gamma-rays and 8.3% of 413.7 keV gamma-rays.   
 
 

INTRODUCTION 

 

The lower concentration limit for wastes designated for disposal at the Waste Isolation Pilot 

Plant (WIPP) is 100 α nCi/g of designated transuranic (TRU) radionuclides.  It has been 

previously demonstrated that some fraction of wastes at LANL that were originally designated as 

TRU contain less than 100 α nCi/g of TRU contaminants (1, 2).  This is probably true for all 

Department of Energy (DOE) sites that generate TRU waste.  Most TRU waste assay systems that 

are designed to meet the WIPP criteria place a premium on maximizing the accuracy and 

precision of the measurement method.  However, wastes whose TRU concentrations hover near 
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the 100 α nCi/g lower limit often have total quantities of plutonium and other transuranics that 

are below the detection limits of the certified measurement methods that are in place.  In simpler 

terms, in order to maximize the accuracy and precision of the methods, the measurement 

sensitivity of many systems is not optimal.   

 

The SNAPTM gamma spectroscopy analytical software from Eberline Services supports an 

analytical technique using portable high-purity germanium (HPGe) detectors that can detect TRU 

concentrations below 100 α nCi/g in relatively short count times.  The SNAPTM software 

incorporates the raw data acquired from portable HPGe detectors and applies it to a physical 

model of the item to be assayed.  With SNAPTM all the elements normally associated with a 

system’s calibration factor are mathematically calculated to produce a method-specific 

‘calibration’ each time: the item-to-detector geometry, the matrix attenuation losses of gamma-

rays headed towards the detector, attenuation losses from other shields in the gamma-ray path 

(e.g., drum wall, Cd sheet), the HPGe intrinsic efficiency, and the gamma-ray emission 

probability per decay.   

 

This mathematical modeling approach using portable detectors allows the analyst unlimited 

flexibility to make a priori decisions regarding the measurement protocol (e.g., item-to-detector 

distance and position, count time, etc.) to ensure measurement results will meet pre-defined 

expectations (e.g., < 100 nCi/g sensitivity).  The approach does have modest limitations relative 

to the accuracy that can be achieved compared to state-of-the-art equipment such as the 

tomographic gamma scanner (TGS).  It also has the potential to be ‘fooled’ if accurate 

information is not available about the physical properties of the item to be assayed (e.g., matrix 

material, mass, etc).  However, when this information is not available, transmission measurement 

data can be incorporated as a substitute method to perform matrix attenuation corrections.  
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Therefore, even unknown matrices can usually be assayed with confidence.  Although it was clear 

prior to this study that the SNAPTM protocol could detect common transuranics below 100 α 

nCi/g, two outstanding questions remained: 1) to what level of accuracy and precision can sub-

TRU concentrations be assayed with the SNAP approach, and 2) what is the SNAP technique’s 

actual lower limit of detection for common waste matrices in 55-gal drums?   

 

METHODS 

 

It was decided at the outset that to lend validity to this study the measurement trials would 

be directed by an unbiased third party.  A staff member from LANL’s Nonproliferation and 

International Security (NIS-5) group (the Safeguards Assay group) was chosen to determine the 

experimental protocol and oversee all measurement trials.  We agreed that all measurements 

would be performed ‘blind’ and that the trials would be conducted in accordance with methods 

used in the DOE nondestructive assay (NDA) Performance Demonstration Program (PDP).  In 

addition to the oversight of the technical director from NIS-5, additional staff from LANL’s E-ET 

group (Environmental Technologies) assisted with drum loading and accountability issues.   

 

  All measurements were performed with a portable 28% relative efficiency HPGe detector 

(60 mm diameter) that was mounted on a height adjustable cart.  A portable digital signal 

processor and laptop computer were placed on another cart adjacent to the detector.  While the 

detector crystal was shielded on the sides with 5.08 cm (2 in) of lead, it was not collimated inside 

the lead collar.  Instead, the front face of the detector crystal was flush with the edge of the lead 

collar.  In this manner the full front surface area of the crystal is visible to the entire volume of 

the drum being measured during the entire count.  This lack of collimation increases the total 

fraction of gamma-rays emitted from the drum that can be seen by the detector.  See figure 1 for 

details. 
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Fig. 1. Detector and shielding configuration 

 

The 55-gallon drums were placed on a continuously rotating turntable at a distance of 61 

cm (24 in) from the detector.  The detector was positioned across from the geometric center of the 

drum during the count for the entire 900 sec measurement (see figure 2).  All drums were 

measured four separate times to provide an indication of the measurements precision of the SNAP 

process, and those four results were averaged together to determine the overall measurement 

accuracy. The drums were loaded and sealed in one facility and then brought to the NDA 

technicians in another satellite facility for measurements.   
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Fig. 2.  Portable HPGe detector placed across from geometric center of PDP drum 

 

Two types of drums were used in these trials: 1) standard PDP drums (combustible, metal, 

and glass matrices) and 2) specially fabricated “Test” drums from the NIS-5 group.  Two major 

qualities differed between the PDP drums and the “Test” drums: 1) the matrix of the PDP drums 

was provided to the SNAP analyst prior to the measurements, but the actual matrix of the “test” 

drums was not, and 2) the fill height of matrix in the “Test” drums was also not revealed prior to 

the measurements (however, the measurement protocol allowed for the NDA technicians to 

conduct transmission measurements of the “Test” drums during the trials).  In all other respects 

the LANL “Test” drums physically resembled the standard PDP drums (e.g., drum size, source 

tube positions, etc).  The matrices of the “Test” drums included wood, polyethylene beads, and 

two different ‘mixed’ matrices.  One mixed matrix contained (by mass) 51% paper, 5% glass, 
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22% aluminum, 6% copper, and 17% iron.  The other mixed matrix drum (which was half-full) 

included an estimated 60% paper, 20% aluminum, and 20% iron. 

 

LANL’s E-ET group provided a full suite of PDP sources for this study.  The combination 

of PDP sources for each measurement as well as their position inside the matrix were randomly 

determined by the technical director of the study.  The total number of individual measurements 

within the different Pu mass categories were systematically controlled such that many more 

counts were made of low TRU concentrations (near or below 100 α nCi/g).   Physical information 

about the PDP sources was provided to the SNAP analyst prior to the measurements, although the 

NDA team was not able to perform measurements on bare sources during the trials.   

 

To determine the minimum detectable activity (MDA) of the measurements we used the 

following equation:   

LD = 4.65σ + 3,         (Eq 1) 

where σ is the standard deviation of the expected background counts in the continuum of 

the 129.3 keV region over a channel equivalent of the full-width at half maximum times two (4).  

The LD provides us with a theoretical net counts (over a 15 minute count time) that is imported 

into SNAPTM and used to calculate an MDA given the physical conditions of the measurement 

(i.e., 55-gallon drum at 24 inch distance with a known matrix of a known mass).   
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RESULTS 

 

The SNAP results vs. the known values in PDP drums are presented in Table 1 and the 

SNAP results vs. the known values in “Test” drums are presented in Table 2.  In both cases the 

average Pu-239 mass calculated by SNAP shows a small negative bias (-5.87% for PDP drums 

and –10.90% for “Test” drums).  The overall negative bias for both types of drums is –8.77%.  

The larger bias in the “Test” drums is not surprising given that their matrices were not known and 

their fill height was often just 50%.   Although there were a couple of outlier results in each 

group, most of the PDP results fell within 20% of the known and most of the “Test” results within 

30%.   

 

Table I:  SNAP Results for Pu-239 Vs. Known Values in PDP Drums 

Matrix 
Net Wt 

(kg) 
Declared 
239Pu (g) 

Reported 
239Pu (g) 

Percent 
Difference 

Concentration 
(α nCi/g)1 

Combustibles 40.4 13.226 10.692 -19.16% 29,015 
Combustibles 41.3 6.668 5.512 -17.35% 14,309 
Metals 57.2 0.758 0.669 -11.76% 1,174 
Combustibles 38.6 7.102 7.556 6.40% 16,307 
Metals 57.6 1.045 0.817 -21.82% 1,608 
Glass 88.5 0.274 0.219 -20.06% 274 
Combustibles 37.7 0.027 0.021 -22.81% 63 
Glass 88.0 0.027 0.050 85.80% 27 
Combustibles 39.9 0.085 0.073 -14.68% 189 
Metals 56.7 0.056 0.044 -20.24% 88 
Metals 58.1 0.085 0.078 -8.90% 130 

   
Average 
Bias = -5.87% 

 

1 Assumes Pu-239 accounts for 70% of all alpha activity in source. 
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Table II:  SNAP Results for Pu-239 Vs. Known Values in “Test” Drums 

Matrix 
Net Wt 

(kg) 
Declared 
239Pu (g) 

Reported 
239Pu (g) 

Percent 
Difference 

Concentration 
(α nCi/g)1 

Mixed 74.4 0.274 0.325 18.47% 326 
1/2 Poly 67.2 0.745 0.905 21.51% 983 
1/2 Poly 65.8 0.361 0.138 -61.77% 486 
Mixed 74.4 0.126 0.133 4.87% 150 
Wood 47.6 0.029 0.034 16.34% 54 
Wood 47.6 0.156 0.127 -18.72% 290 
Wood 47.6 0.287 0.272 -5.17% 534 
1/2 wood 31.3 0.287 0.265 -7.69% 812 
1/2 mixed 45.4 0.562 0.382 -31.99% 1,097 
1/2 mixed 44.5 0.029 0.017 -41.31% 58 
1/2 wood 32.7 0.056 0.043 -22.80% 152 
MIXED 65.8 0.058 0.042 -28.33% 78 
MIXED 65.3 0.085 0.089 4.94% 115 
MIXED 64.4 0.029 0.030 4.80% 40 

   
Average 
Bias = -10.90% 

 

1 Assumes Pu-239 accounts for 70% of all alpha activity in source. 

 

The outlier results are worth identifying.  In one PDP drum a highly positive bias (+85.8%) 

was seen in the glass matrix drum with a 27 mg source.  This source was placed in the vertical 

center of the drum in the outermost tube where very little matrix was present to attenuate its 

gamma-ray signal.  Another outlier was the “Test” drum that was half-full with 65.8 kg of poly 

beads.  The SNAP result was low by –61.8%.  This source was placed in the center-bottom of the 

drum – a ‘worst-case’ position.  Finally, relatively poor results were also obtained on both 

measurements of another “Test” drum that was half-full of a 45 kg mixed matrix.  This was the 

one test drum on which the measurement team was unable to perform a transmission 

measurement (the drum was reconfigured before the opportunity to get a transmission 

measurement was available).  The first measurement on the drum yielded a result that was –

32.0% low while the second measurement result was –41.3% low.  However, using a half-full 

drum model instead of a full drum model, the re-analysis of those drums resulted in biases of       
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–0.8% and –4.8%, respectively.   Figure 3 displays a graphical representation of the reported Pu-

239 mass vs. the known mass for all twenty-five drums. 
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Fig. 3. Reported Pu-239 Mass Vs. the Known Pu-239 Mass 

 

As expected, the measurement precision of repeated trials exhibited an inverse relationship 

with the known Pu-239 mass (see figure 4).    It was originally intended that all drums would be 

counted 4 times each; however, four drums were actually measured five times and two drums 

were measured just three times.  Regardless, the average assay value and percent precision was 

reported for all drums. 
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Fig. 4. Measurement Precision Vs. Known Pu-239 Mass 

 

To evaluate the limit of detection for Pu-239 in these drums we evaluated the continuum 

counts in the 129.3 keV region in 12 background spectra.  The standard deviation of the 

continuum counts in the background spectra was calculated to be somewhat less than the 

theoretical standard deviation of a single measurement (σ = 12.8 vs. σ = 17.3).  To remain 

conservative we used the higher theoretical SD in our detection limit calculations.  The Pu-239 

calculated detection limits for selected drums (mass and concentration) are presented in Table III.  

Detection limits for a uniform distribution of contaminants as well as a worst case point source 

are presented.  In all cases the minimum detectable concentrations (MDCs) of Pu-239 for a 900 



 11 

sec count are well below the 100 α nCi/g TRU cutoff.  The activity fraction of Pu-239 in weapons 

grade Pu is typically about 70% of the total alpha activity concentration. 

 

Table III:  Minimum Detection Limits for Pu-239 in Selected Drums 

Drum 
Matrix 

Matrix Mass 
(kg) 

Uniform 
MDA (mg) 

Worst-Case 
MDA (mg) 

Uniform 
MDC (nCi/g) 

Worst-Case 
MDC (nCi/g) 

Combustibles 37.65 7.9 12.5 13.1 20.6 

Metals 56.70 10.4 21.2 11.4 23.2 

Mixed 65.77 12.2 30.7 11.5 29.0 

 

 

3.1 Evaluation of Systematic Bias 

 

Because we observed a persistent negative bias in our results we looked carefully for 

possible causal factors.  The SNAPTM modeling technique incorporates an angular response 

correction for the HPGe detector as part of its analysis algorithm.  We used a 28% HPGe detector 

inside a tightly fit lead shield for our actual measurements in these trials.  However, the angular 

response correction that was used for the analyses was derived from empirical data of a 45% 

HPGe detector inside a more loosely fitting lead collar.  The angular response fit for the actual 

detector/shielding combination used in these measurements was obtained after the analyses were 

completed.  The improper angular response correction that was used in the analyses was 

determined to cause a -6.4% bias in the SNAP results on these measurements.  Figure 5 depicts 

the normalized angular response fits for the correction that was actually used (original) as well as 

the fit for the correction that should have been used (proper).  The maximum off-center angle of 

any point in the drum with respect to the detector is also depicted in Figure 5 (i.e., 35.3 degrees). 
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Fig. 5.  Comparison of Original Curve Fit vs. Proper Curve Fit for Angular Response 

 

Another potential source of the negative bias was the calculated attenuation loss of gamma-

rays as they travel through the source matrix and wall encapsulation.  The NDA team was not 

able to measure bare sources in this study, and consequently relied solely on technical 

descriptions of the sources to evaluate the attenuation losses of gamma-rays.  After this study was 

complete a similar NDA team from Eberline Services had the opportunity to measure virtually 

identical PDP sources at the Argonne National Laboratory.  The measured attenuation loss in the 

source matrix (diatomaceous earth) at ANL was significantly higher than the SNAPTM model 

assumed for the PDP drums at LANL.  On average, it appears the SNAP assumptions used at 

LANL were underestimating the total attenuation losses of 129.3 keV gamma-rays and 413.7 keV 
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gamma-rays in the source by approximately 12.6% and 8.3%, respectively.  Clearly, this 

represents another significant source of negative bias in this study. 

 

DISCUSSION 

 

In most cases, the accuracy and precision results of the SNAPTM analytical technique were 

good enough that they would have received a passing score if they had been performed as part of 

a real PDP cycle.  Just four of the 25 reported Pu-239 results deviated by more than ±30% from 

the known value.  Three of those were in “Test” drums (which did not conform to PDP drum 

specifications), while the fourth result was for a glass matrix PDP drum.  Two of the poor results 

were for the same “Test” drum which was just one-half full, but was modeled as full because a 

transmission measurement could not be performed to determine the fill height.  Our re-analysis of 

that drum shows the SNAPTM results would have been improved if the NDA team had modeled it 

as one-half full (less than a 5% error in each case).  These results reveal the importance of 

knowing the drum’s fill height when using this type of modeling technique. 

 

The worst result was for a “Test” drum that was one-half full of 65.8 kg of poly beads 

(effective density = 0.63 g/cc) with the lone source placed in the center-bottom position.  The 

SNAPTM result was low by a factor of 2.6 from the real value (-61.8%).  This drum was 

specifically designed to evaluate a worst-case scenario by the technical director of the study.  The 

other relatively inaccurate result was obtained for a glass PDP drum loaded with a low-mass 27 

mg source that was placed in the vertical center of the outer tube.  That particular positioning of a 

source will ensure the maximum gamma-ray signal per unit of activity and generally result in an 

overestimate of the total activity.  As expected, the SNAPTM technique significantly 

overestimated the Pu-239 mass (by 85.8%). 
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With regard to the precision of these measurements, 23 out of the 25 results would have 

been adequate to pass the PDP requirement of 15%.  Two of the precision results were above the 

PDP acceptance criteria for drums that were loaded with very low-mass sources (27 mg).  The 

TRU concentrations in those two drums were less than 50 nCi/g, significantly less than the lowest 

quantities normally used in an actual PDP test.  Even so, two other drums with the same low-

mass sources had precision results that were lower than 15% with just a 15-minute count time 

(7.1% and 11.5%).  Overall, the precision results were much as would be expected in that 

precision was seen to vary inversely with the total Pu-239 mass in a generally consistent pattern.  

The precision of sub-TRU level counts could also be improved by extending the count time.  Two 

drums in this study with 27 mg source loadings were also accidentally measured four times each 

for 3600 seconds.  The precision of those results were 5.6% (45 kg wood matrix) and 9.9% (45 kg 

mixed matrix), both better than the average precision of 15% for the group of four 27 mg drums 

that were measured for the standard 900 second count time. 

 

The minimum detectable activities (MDAs) calculated in this study for Pu-239 are typically 

better than other common gamma-ray assay techniques (i.e., TGS or SGS).  The reported MDAs 

should be considered estimates for two reasons:  1) an MDA is a function of many assay specific 

parameters and will vary from item to item, and 2) none of the Pu-239 sources used in this study 

were actually below our detection limit and so the detection limit evaluation was based upon 

theoretical calculations.  All the same, it is clear the SNAPTM technique used in this study would 

be capable of discriminating LLW from TRU waste within the bounds of the measurement 

specific uncertainty.  There are a couple of technical reasons for the relatively low MDAs 

achievable with this technique.  One is that the detector remains uncollimated the entire count 

time; therefore, all gamma-rays escaping any part of the drum towards the detector will have the 

opportunity to create a count in the full-energy photopeak.   
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Another reason for lower MDCs is that the SNAPTM process allows the analyst the liberty 

to choose which gamma-rays to base their assay result upon.  Although the 413.7 keV gamma is 

the clear choice to base an assay value upon when it’s present, it has an emission probability that 

is more than a factor of four lower than the 129.3 keV gamma.  Furthermore, the intrinsic 

efficiency of the HPGe detector is typically a factor of two better at 129 keV than at 414 keV.  

Therefore, in low- and medium-density matrices (where attenuation losses are not extreme) the 

129 keV gamma is much easier to detect than the 414 keV gamma and will provide significantly 

lower detection limits.  Although there is a somewhat higher uncertainty associated with values 

based upon the 129 keV gamma, the total of the MDC plus the uncertainty usually favors the use 

of the 129 keV gamma-ray when assaying sub-TRU levels of Pu-239.     

 

The SNAPTM software provides a total uncertainty estimate with it’s analytical result that is 

designed to identify the 2σ upper bound on the activity/mass result (i.e., the 95% upper limit).  

Other than the half-full drums modeled as full drums, only once did the actual activity of the PDP 

sources not fall within the upper bound estimate of the SNAPTM software (see Table IV).  The 

one exception to this was for the worst-case “Test” drum in which the actual activity was 

modestly higher than the SNAPTM 95% upper limit.  This would be expected given that the source 

location for that drum was essentially in the worst possible position, as opposed to the 95% 

worst-case location.  It appears the calculated SNAPTM total uncertainty is a reasonable upper 

bound for activity/mass/concentration estimates for this technique.  

 

The two negative sources of systematic bias uncovered in this study deserve some 

discussion.  The fact that the angular response correction from a different detector/shielding 

configuration was used during the analysis process points out the importance of using the 

appropriate ‘calibration’ responses in this type of analysis.  Correcting for the angular response of 

the detector is a somewhat simple, yet important, parameter in these kinds of modeling 



 16 

techniques.  A further refinement in the SNAPTM technique in the future would be to have the 

angular response correction be a function of the energy of the gamma-ray in addition to being a 

function of the angle of the incident photon. 

 

Table IV: Calculated SNAPTM 2σ Upper Limits Vs. Actual Values 

Matrix Net Wt (kg) 
SNAP Reported 

239Pu (g) 
Reported 239Pu 
+2σ Error (g) 

Known 239Pu 
(g) 

Combustibles 40.4 10.692 14.124 13.226 
Combustibles 41.3 5.512 7.303 6.668 
Metals 57.2 0.669 0.913 0.758 
Combustibles 38.6 7.556 9.913 7.102 
Metals 57.6 0.817 1.117 1.045 
Glass 88.5 0.219 0.345 0.274 
Combustibles 37.7 0.021 0.030 0.027 
Glass 88.0 0.050 0.108 0.027 
Combustibles 39.9 0.073 0.106 0.085 
Metals 56.7 0.044 0.078 0.056 
Metals 58.1 0.078 0.116 0.085 
Mixed 74.4 0.325 0.555 0.274 
1/2 Poly 67.2 0.905 2.134 0.745 
1/2 Poly 65.8 0.138 0.275 0.361 
Mixed 74.4 0.133 0.198 0.126 
Wood 47.6 0.034 0.054 0.029 
Wood 47.6 0.127 0.182 0.156 
Wood 47.6 0.272 0.379 0.287 
1/2 wood 31.3 0.265 0.347 0.287 
1/2 mixed 45.4 0.382 0.523a 0.562 
1/2 mixed 44.5 0.017 0.028a 0.029 
1/2 wood 32.7 0.043 0.062 0.056 
MIXED 65.8 0.042 0.077 0.058 
MIXED 65.3 0.089 0.163 0.085 
MIXED 64.4 0.030 0.055 0.029 
a  Half-full drums modeled as full drums 

 

  The negative bias caused by inaccurately estimating the attenuation losses of gamma-rays 

through the source matrix is less of a concern.  This is because real wastes do not usually come 

with the challenge of ascertaining gamma-ray attenuation losses through a source wall and matrix 

in addition to losses through a drum wall and matrix.  The opportunity to measure and evaluate 

bare sources is normally available to participants in real PDP testing, but was unavailable in this 
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study because of local restrictions on handling the sources.  If we incorporate both corrections of 

the negative bias into the SNAPTM modeling of these drums we would have an estimated positive 

bias in the results on the order of 10%. 
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