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Sub jec t :  Technical Review Comments on "RTRAK Appl i cabi 1 i t y  
Measurements i n  Locat ions o f  Elevated Radionucl ide Concentrat ions" 

Dear M r .  Re is ing :  

The Un i ted  States Environmencai P ro tec t i on  Agency ( U  S, EPA) has reviewed t h e  above- 
referenced document as p a r t  of  I t s  overs igh t  a c t i i i t i e s  f o r  t h e  Fernald 
Envi ronmental Management Pro jec t  
an addendum t o  t h e  J u l y  1997 "RTRAK A p p l i c a b i l i t y  Study" repo r t  and was prepared by 
F luo r  Daniel Fernald f o r  the  U 8 Department o f  Energy ( U  S DOE) The document 
presents t h e  r e s u l t s  o f ' a  study t h a t  U S DOE conducted i n  the  Drum Ba l i ng  Area, 
which has v a r i a b l y  h igh  rad ionuc l ide  concent ra t ions  

The document, which i s dated September 1997, i s 

U.S. EPA's review o f  t h e  document focused on i t s  techn ica l  adequacy t o  support use 
o f  t he  r a d i a t i o n  t r a c k i n g  system (RTRAK) f o r  waste acceptance c r i t e r i a  screening. 
U . S .  EPA's review revealed several issues r e l a t e d  t o  q u a l i t y  c o n t r o l ,  t h e  sampling 
e r r o r  o f  RTRAK i n  a heterogeneous area, and data i n t e r p r e t a t i o n .  U . S .  E P A ' s  general 
and s p e c i f i c  review comments are enclosed. 

Please contac t  me a t  (312) 886-4591 i f  you have any questions 

S incere ly  , 

G& Jablonowski 
Remedial P ro jec t  Manager 
Federal F a c i l i t i e s  Section 
SFD Remedial Response Branch #2 

Enclosure 

c c :  Tom Schneider. OEPA-SWDO 
B i l l  Murphie. U . S .  DOE-HDQ 
John Bradburne, FERMCO 
Ter ry  Hagen. FERMCO 
Tom Walsh. FERMCO 

RecycledlRscyclable Prlnted with Veqetable Oil Eased Inks on 50% Recvcled Paper (2096 Postconsumer) 

I 



T 1255 

' ENCLOSURE 

TECHNICAL REVIEW COMMENTS ON 
"RTRAK APPLICABILITY MEASUREMENTS IN LOCATIONS 

OF ELEVATED RADIONUCLIDE CONCENTRATIONS" 

FEMALD ENVIRONMENTAL MANAGEMENT PROJECT 

(Six Pages) 

2 



TECHNICAL REVIEW COMMENTS ON 
"RTRAK APPLICABILITY MEASUREMENTS IN LOCATIONS 

OF ELEVATED RADIONUCLIDE CONCENTRATIONS" 

1 2 5 5  

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 

GENERAL COMMENTS 

Commenting Organization: U.S. EPA Commentor: Saric 

Original General Comment # :  1 
Comment: The text notes that in heterogeneously contaminated 

--bine # :  -NA--- - -- 
- .  - _ -  Section # :  Not appli-cable- (NA) Page-#: NA -- -- 

areas such as the Drum Baling Area ( D B A ) ,  repeated radiation 
tracking system (RTRAK) measurements would significantly 
contribute to the overall uncertainty associated with the 
results because each measurement would be taken at a 
slightly different location. The text also states that 
during normal operational use, the RTRAK takes a measurement 
at a single location only once, so an inability to precisely 
reproduce results does not affect the data generated. This 
discussion raises two general concerns. First, from a 
quality control standpoint, replicate measurements are an 
integral part of a sampling and analysis program because ' 

they are used to assess overall precision for the entire 
measurement system. Therefore, replicate measurements 
should be taken in a given area to fulfill this quality 
control objective. Second, the text on Page 24 concludes 
that "the precision of RTRAK uranium measurements at 
concentrations near the FRL [final remediation levellis not 
sufficient to allow single measurements to be used for that 
purpose." Although this conclusion is correct, multiple 
measurements should be taken for all isotopes of concern at 
varying concentrations, not just for uranium at 
concentrations near its FRL. The text should be revised to 
address these issues. 

Commenting Organization: U.S. EPA Commentor: Saric 
Section # :  NA Page # :  NA ' Line # :  NA 
Original General Comment # :  2 
Comment: The text discusses the variance of RTRAK measurements. 

However, what constitutes sampling error and how one 
determines sampling error are unclear. Sampling error is 
often defined as the difference between a population 
parameter and a sample statistic used to estimate that 
parameter. For practical purposes, sampling error is a 
reflection of source heterogeneity and of the incomplete 
information that a sample produces. The standard method f o r  
evaluating the sampling error associated with physical 
samples is to collect field replicate samples. The RTRAK 
instrument's field of view is the llsamplet' that the device 
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uses to measure concentrations. Thus, the multiple 
measurement runs made over the same area that are described 
in the document are the sort of field replicates that 
provide data for estimating the sampling error. This 
sampling error or source heterogeneity can be a significant 
contributor to the lack of precision of an analytical 
method. The document contains sufficient data to estimate 
the sampling error of the RTRAK in a heterogeneous area. As 
detailed in Original Specific Comments 2 and 6, this portion 
of the total analytical error should be estimated and 

-~ . - - .. . -- - - - - - - - - _ _  - discussed in- the text .-- - -~ -- - 

SPECIFIC COMMENTS 

Commenting Organization: U.S. EPA Commentor: Saric 
Section # :  NA Page # :  5 Line # :  21 
Original Specific Comment # :  1 
Comment: The text states that uranium-238 measurements taken in 

the DBA would be expected to have poorer precision than 
those taken at other locations. Based on information 
presented in Tables 2 and 3, higher concentrations of 
radium-226 and thorium-232 (in addition to uranium) were 
detected in the DBA than at other locations at the Fernald 
Environmental Management Project. Although these isotopes 
and their associated progeny would contribute to elevated 
noise in measuring uranium activities, overall precision 
would be proportional to the activity; that is, relative 
standard deviations would be the same. For example, radium- 
226 and thorium-232 activities in the DBA were about 9 and 5 
times higher, respectively, than those observed in the South 
Field (SF) and the Uranium in Soils Integration 
Demonstration (USID). However, the associated uranium-238 
activities were about 15 times greater in the DBA than in 
the SF and USID. Therefore, the overall relative precision 
would not be expected to be as poor as stated in the text. 
The text should be revised to address this issue. This 
comment also applies to the discussions of thorium-232 and 
radium-226 on Pages 8 and 10, respectively. 

Commenting Organization: U.S. EPA Commentor: Saric 
Section # :  NA Page # :  6 Line # :  5 
Original Specific Comment # :  2 
Comment: The text states that in normal operational use of the 

RTRAK (that is, with only one measurement run per area), 
data collected in heterogeneous areas are not affected by a 
failure to precisely reproduce the location of a given 
measurement. Although this statement is technically 
correct, it is also misleading. The results of a run are a 
series of measurements of fields of view. The exact field 
of view, which is a random variable involving global 
positioning system error, determines the measurement result. 
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In a highly heterogeneous area, a shift of only a few 
centimeters in the field of view may provide a different 
result. Therefore, the exact location of each measurement 
affects the result of that measurement. Without multiple 
runs, the sampling error cannot be estimated, but it always 
exists. The text should be revised to reflect the presence 
of sampling error in all cases. 

Commenting Organization: U . S .  EPA Commentor: Saric 
Section # :  NA Page # :  6 Line # :  30 

Comment: The text states that the percent standard deviations 
- -  __ _- - - - Original-Specific Comment # :  3 - -  ~ ~ - 

for the DBA are significantly smaller than those for other 
areas. The text should be revised to identify the 
statistical test used to reach this conclusion. 

Commenting Organization: U.S. EPA Commentor: Saric 
Section # :  NA Page # :  8 Line # :  2 
Original Specific Comment # :  4 
Comment: The text states that because the segment means and 

average segment deviations for uranium-238 are higher for 
the DBA than for the SF and U S I D ,  greater heterogeneity 
exists in the DBA. However, because the average segment 
percent standard deviations are lowest for the DBA, one 
could argue that :he SF and U S I D  exhibit greater 
heterogeneity. The text should be revised to discuss this 
possibility. 

Commenting Organization: U.S. EPA Commentor: Saric 
Section # :  NA Page # :  13 Line # :  21 
Original Specific Comment # :  5 
Comment: The text provides an explanation for the gross count 

data. However, this explanation is confusing and should be 
revised. A s  discussed in Original Specific Comment 4, it is 
not clear whether analyte concentrations in the DBA are more 
or less heterogeneous than those in the SF and U S I D .  For 
example, uranium-238, the largest contributor to gross 
activity, exhibits an average standard deviation of 
40 percent of the mean in the DBA. The average standard 
deviations for uranium-238 in the SF and U S I D  are about 
200' and 140 percent, respectively, of the means. Therefore, 
the DBA may not exhibit greater analyte heterogeneity. The 
text should be revised to clarify this issue. 

Commenting Organization: U . S .  EPA Commentor: Saric 
Section # :  NA Page # :  1 4  Line # :  25 
Original Specific Comment # :  6 
Comment: The text notes the existence of an Iladditional factor" 

in the measurement error related to heterogeneity. A s  
discussed in Original General Comment 2, this "additional 
factor" is the sampling error, which can be called the 
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source heteroge,neity or the source error. 
this error is the measured total variance 

The variance of 
less the variances 

from the other parts of the analytical process that are 
estimated in the equation on Line 4 of Page 14. The 
document should be revised to either include this estimated 
sampling error in Tables 5 through 7 or include a new table 
listing the estimated sampling error as a function of the 
acquisition time and radionuclide involved. The estimates 
of heterogeneity should be independent of the acquisition 
time but dependent on the radionuclide in question. Also, 

- - . - - the text should-be revised- to- discuss-the t-he -sampling-er-ror---- - -  - 
variations among the variables addressed in the document. 

Commenting Organization: U.S. EPA Commentor: Saric 
Section # : .  NA Page # :  14 Line # :  35 
Original Specific Comment # :  7 
Comment: The text states that source heterogeneity is not a true 

factor affecting RTRAK measurement precision in normal field 
use of the instrument. As discussed in Original General 
Comment 2, this statement may not be true because source 
heterogeneity is always present. Although it has not been 
determined how much source heterogeneity affects overall 
precision during normal field use of the RTRAK (that is, 
with one measurement run per area), the effect exists. The 
text should be revised to reflect the fact that source 
heterogeneity is a factor affecting the precision of RTRAK 
measurements. Where source heterogeneity is sufficient to 
complicate estimation of the radionuclide concentrations 
present, the U.S. Department of Energy should consider 
routine use of multiple RTRAK runs so that the source 
heterogeneity can be partitioned out of the variables 
involved and considered separately in decision-making. 

Commenting Organization: U.S. EPA Commentor: Saric 
Section # :  NA Page # :  19 Line # :  15 through 22 
Original Specific Comment # :  8 
Comment: The text discusses an accuracy check of measurements 

taken us'ing the RTRAK and high-purity germanium (HPGe) 
systems. The measurements were taken at a location defined 
as RBS 3-1. However, the nature and position of this 
location are not identified. As a result, the data 

. generated by the accuracy check do not allow a reviewer to 
assess system accuracy with regard to source heterogeneity. 
The performance and accuracy of the RTRAK and HPGe systems 
in heterogeneous areas are main concerns. Furthermore, 
because the DBA has no areas with higher analyte 
concentrations at moderate heterogeneities, it is not clear 
why a location in the DBA was not used to perform the 
accuracy check. The text should be revised to address these 
issues. 
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Commenting Organization: U.S. EPA Commentor: Saric 
Section # :  NA Page # :  19 Line # :  17 
Original Specific Comment # :  9 
Comment: The text states that two locations were selected for 

comparison of RTRAK and HPGe detector results. However, 
Table 9 shows four sets of RTRAK and HPGe detector 
measurements taken at only one location (RBS 3-1). The 
text and table should be revised to explain this apparent 
discrepancy and why the HPGe detector results are higher 

two data sets but lower in the last two data sets. In 
addition, the HPGe detector results should be compared with 
the corresponding RTRAK results using a Student's t-test or 
similar statistical method to evaluate whether this 
difference is significant, and the results of the comparison 
should be discussed in the text. 

__ ~ . _- than- t-he RTRAK-results for all radionuclides-in-the -first - -  - -  

Commenting Organization: U.S. EPA . Commentor: Saric 
Section # :  NA Page # :  19 Line # :  27 through 31 
Original Specific Comment # :  10 
Comment: The text states that the RTRAK measurement of thorium- 

232 activity is about 33 percent lower than the HPGe 
detector measurement at RBS 3-1 and that this deviation is 
acceptable. However, the relative percent deviation is 
greater than 33 percent. According to the calculations used 
for determining percent relative deviations, the thorium-232 
measurements demonstrate percent relative deviations of 
46.23 percent for the 2-second acquisition time and 44.08 
percent for the 8-second acquisition time. Therefore, the 
thorium-232 data for RBS 3-1 generated by the RTRAK and HPGe 
detector should be considered dissimilar, and the text 
should be revised to address this discrepancy. 

In addition, Line 27 should be revised to cite Table 9 
rather than Table 6 as the location of the accuracy check 
data. 

Commenting Organization: U . S .  EPA Commentor: Saric 
Section # :  NA Page # :  19 through 22 Line # :  NA 
Original Specific Comment # :  11 
Comment: The text states that the relatively large deviation 

(33 percent) between the RTRAK and HPGe detector 
measurements taken at the RBS 3-1 location probably results 
from the fact that at the a height of 1 meter, the HPGe 
detector has a larger field of view than the RTRAK; thus, 
the HPGe detector picked up gamma photons from thorium-232 
in higher-concentration areas that were not in the RTRAK's 
field of view. However, without information on the analyte 
heterogeneity in the RBS area, it is not possible to assess 
the validity of-this statement. If the HPGe detector 
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measured thorium-232 progeny photons from areas outside the 
field of view of the RTRAK, additional information should be 
provided to explain this occurrence. Furthermore, because 
information on analyte heterogeneity in high concentration 
areas is not provided, it is not possible to assess whether 
the existing RTRAK calibration is adequate when the system 
is used to measure elevated concentrations. 

The text should be revised to include additional HPGe 
detector data, physical sampling results, or both for the 
RBS -- area t o  izdjsat e ~ha_t__h_e_t_er_ogene~-ti~e~~rnay-_ e x i s t L _ A L s ~ , -  _ _ _  
the HPGe detector measurements used in the accuracy check 
were taken 1 meter above the ground surface. If the gamma 
photons that influenced the HPGe detector were outside the 
field of view of the RTRAK, the HPGe detector's height 
should be lowered for future measurements so that the two 
systems' viewing angles are similar. 

- 

Commenting Organization: U.S. EPA Commentor: Saric 
Section # :  NA Page # :  23 Line # :  NA 
Original Specific Commenc # :  12 
Comment: The equation on this page uses the standard normal 

deviate for the constant Ilk." However, the purpose of the 
equation is to determine the lower confidence limit on the 
limiting criterion--that is, the value that gives 95 percent 
confidence that the measured value is less than the 
criterion. This equation involves a sampling distribution 
and not a population distribution (that is, a distribution 
of all possible values). Therefore, this equation should 
use the appropriate value of Student's t for n-1 degrees of 
freedom instead of the normal deviate. The values of ''k" 
would then be 12.706 for 2 measurements, 3.182 for 4 
measurements, and 2.000 for 60 measurements. The text 
should be revised to use these values of Ilk. It 
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