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EVALUATION OF THE PRESENCE OF RADIUM AND FISSION
PRODUCTS AT THE HEMATITE SITE

2



HEM-05-178
Attachment A

TABLE OF CONTENTS

1 Questions ................................. 1
2 Definitions ..
3 Characteristics of the Natural Decay Chains ........ ........................ 2

3.1 Thorium-232 Decay Chain ................................ 2
3.2 Uranium-238 Decay Chain ................................. 2
3.3 Uranium-235 Decay Chain .......................... 3
3.4 Distribution of Isotopes in Processed Uranium .3

4 Evaluation Tests .. 3
4.1 Potential Tests for the Presence of Ore Materials .3
4.2 Potential Tests for the Presence of Fission Products .5

5 Radiological Results from the Remedial Investigation . . 5
5.1 Important Aspects of Thorium Decay Chain .......... ..................... 5
5.2 Important Aspects of Uranium Decay Chains ........... ..................... 5
5;3 238U Decay Chain Results ................................ 6
5.4 232Th Decay Chain Results ................................ 6
5.5 Identification of Suspect Samples ................................ 6

6 Evaluation of Radiological Analysis of Suspect Samples ....................................... 7
7 Evaluation of Analytical Data for "Fission Products" ..................................... . 7
8 Conclusions ........................................ 8

i



HEM-05-178
Attachment A

Evaluation of the Potential Presence of Radium and
Fission Products at the Hematite Site

1.0 QUESTIONS
During discussions with both federal and state regulators the following two questions
have been raised with respect to the historical knowledge related to previous operations
conducted on the Hematite site. In both cases the information obtained during the
preparation of the Historical Site Assessment has not indicated that either of the
following two operations was ever conducted. An assessment was made of the site
characterization data to determine if there was any indication of the presence of
unanticipated radionuclides on the site that would respond to the questions.

* Does the RI radiological characterization data provide any information as to
whether "ore body" material was used at the site during early operations? The
issue is the possible presence of the radium isotopes (primarily 2 6Ra) in
concentrations greater than what would be present in nature. The question arises
because other Malinckrodt sites in the St. Louis area have this situation with their
soil contamination.

* Does the RI radiological characterization data provide any information as to
whether "fission products" are present at the site? The presence of such
radioisotopes might indicate that certain operations (such as Service Center
operations) were conducted during site operations.

If such radionuclides were present it would be necessary to incorporate provisions in the
Decommissioning Plan, such as Derived Concentration Guideline Levels (DCGLs), to
provide for the demonstration that the site meets the criteria for license termination in
accordance with applicable regulations.

Certain radionuclides are not included in this analysis. This includes 99Tc, 241Am,
239Pu and 237Np. These specific radionuclides were designated as potential
radionuclides of concern because it is known that they were present in the processed
enriched urairiurn feed to the plant during operation.

2.0 DEFINITIONS
The following definitions are used in this report:

* "Fission Products" - This term designates radioactive isotopes that are not part of
the normally occurring decay chains for uranium and thorium. Some of the
radioisotopes are naturally occurring (i.e. 7Be) but most are man-made
radioisotopes. Their presence on the site could indicate that operations had been
conducted in the past involving the presence of these radioisotopes that are not
otherwise present in the uranium and thorium fuel cycles. An example of such
operations would be "Service Center" operations where services are provided to
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operating nuclear power plants and could involve receiving contaminated tooling
from the nuclear power plants that would introduce "fission products" to the site.

* "Ore Materials" - Ore body materials that contain concentrations of naturally
occurring uranium and thorium at levels above normal background concentrations
in soil and rock. Such ore materials will contain the progeny (i. e. 226Ra, 228Ra,
etc.) associated with the naturally occurring 238u, 235U and 232Th decay chain
series. Normally such ore materials are the tailings that exist after the ore body
has been processed to extract certain mineral content such as uranium, thorium,
tantalum. zirconium, etc. The decay chain progeny may or may not be in
equilibrium with their respective parent radionuclides in these ore tailings
depending on their processing history.

* "Processed Uranium" - Uranium that has been chemically purified as a step in the
fuel fabrication process. This removes all of the decay chain progeny from the
uranium and the process of in-growth of the progeny begins anew from the date of
chemical separation.

.

3.0 CHARACTERISTICS OF THE NATURAL DECAY CHAINS

3.1. Thorium-232 Decay Chain
The Th-232 decay chain scheme (4n Series) is given in Appendix A. Once Th-232 is
chemically purified it will return to secular equilibrium as shown in the curves of Figure
4-1. Within about 30 years the entire chain has returned to secular equilibrium. Since
historical site knowledge indicates that the potential uses of thorium on the site occurred
prior to 1974 all of the thorium decay chain would be expected to be in secular
equilibrium at this time regardless as to whether the thorium was brought to the site as
chemically purified thorium or as ore material. Note that the TI-208 concentration is less
than 1 at secular equilibrium. This is because the branching fraction for the decay to Tl-
208 is 36%.

3.2. Uranium-238 Decay Chain
The U-238 decay chain scheme (4n+2 Series) is given in Appendix A. Once U-238 is
chemically purified it will return to secular equilibrium as shown in the curves of Figure
4-2. This figure shows that the first two progeny of U-238 (Th-234 and Pa-234m) come
back into secular equilibrium within approximately 30 days. The curves however are
based on the premise that only U-238 is present at time zero. For natural uranium the U-
234 activity will be equal to the U-238 activity. However when uranium is enriched to
increase the concentration of U-235 the U-234 concentration is also increased. Figure 4-
3 shows the in growth of the progeny after U-234 after the uranium (natural or enriched)
is chemically purified. From these curves it is obvious that it takes over 10 thousand
years for the progeny after U-234 to return to secular equilibrium. The primary reason
for this long time frame is the long half life of Th-230 (77,000 years). The primary
radionuclide of concern in this decay chain is Ra-226 with a half life of 1,600 years.
Figure 4-4 shows the in growth of the daughters after Ra-226. From this figure it is clear
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that all of the progeny after Ra-226 return to secular equilibrium with the Ra-226 within
about 30 days after separation.

3.3. Uranium-235 Decay Chain
The U-235 decay chain scheme (4n+3 Series) is given in Appendix A. Once U-235 is
chemically purified it will return to secular equilibrium as shown in the curves of Figure
4-5. This figure shows that the only the first progeny of U-235 (Th-23 1) returns to
secular equilibrium within a matter of days. All of the following progeny take a long
time to grow back in and will not return to secular equilibrium for a matter of tens of
thousands of years.

3.4. Distribution of Isotopes in Processed Uranium
The principle feed material to the Hematite facility was processed enriched uranium.
Once the uranium is chemically purified and, in the case of enriched uranium, passes
though the enrichment processes all of the progeny have been removed. The process of
in growth as described above then begins anew. Also as noted previously, the enrichment
process results in the increase in the concentrations of U-234 and U-235 relative to the U-
238 concentration. Tables 4-1 and 4-2 provide information on the relative concentrations
of the uranium isotopes and the progeny for several times after chemical separation.
Table 4-1 is for uranium enriched to 3% U-235 and Table 4-2 is for uranium enriched to
90% U-235. In both tables the values are normalized to a relative concentration of 100%
for U-234. This isotope was chosen for the normalization base because it is the highest
contributor to the radioactivity in enriched uranium. These tables clearly show that only
a few of the progeny return to secular equilibrium even up to 1,000 years.

4.0 EVALUATION TESTS

4.1. Potential Tests for the Presence of Ore Materials
The information in Section 4 provides a base to review the characterization data to
determine if there iis any indication that ore material was ever used on the site. The
following table summarizes the tests that can be used. The discussion is based on the
background concentrations of Th-232, U-238 and U-234 is about 1 pCi/g and the U-235
concentration is about 0.02 pCi/g.

Test # Concentration Test If only processed If ore material was
material was present ever present

1 Th-232 = Ac-228 = Pb-212 = All concentrations All concentrations
Bi-212 will be equal will be equal

2 Th-232 = 0.36 TI-208 The TI-208 has a The Tl-208 has a
branching fraction of branching fraction of
36% 36%

3 U-238 = Th-234 = Pa-234m All concentrations All concentrations
I will be equal will be equal
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4 U-234 > U-238 Enriched uranium Ore material will have
will have a higher the U-234 equal to the
concentration of U- U-238
234

5 Pb-214 and Bi-214 These will be in These will be elevated
equilibrium with the above the background
background concentration of
concentration of about 1 pCi/g
about 1 pCi/g even if
the U-238 is elevated

6 U-235 = Th-231 These concentrations These concentrations
will be equal will be equal

7 Th-230 Concentration will be This will be elevated
in equilibrium with above the background
the background concentration of
concentration of about 1 pCi/g
about 1 pCi/g even if
the U-238 is elevated

8 U-235 = Th-227 The Th-227 The Th-227
concentration will be concentration will be
about equal to 0.02 elevated
pCi/g even if the U-
235 is elevated

9 Ratios of Pb-214 and Bi-214 The ratio will be one It would be expected
to Th-234 (U-238) for background that the ratio would

concentrations of be greater than one if
uranium. there was high Ra-

226 on the site.

Test #1, 2, 3 and 6 are not useful to distinguish between the two possibilities.

Test #4 - this test is not very useful because all background soil samples will have a U-
234 = U-238 result. So it would not be definitive that the uranium was from ore material.

Test #5 -4 If the concentrations of Pb-214 and Bi-214 are elevated above anticipated
background concentrations of about 1 pCi/g it would be indicative of the presence of ore
materials at some point.

Test #7 a limited amount of data is available but this will be better answered by the
proposed Th alpha spec data for the suspect samples

Test #8 - This test is potentially useful.

Test #9 - This test is potentially useful.
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4.2. Potential Tests for the Presence of Fission Products
Since most fission product radionuclides are not present in nature it is adequate to
evaluate their concentration against the detection limit for the measurement protocol. In
certain cases where the radioisotopes are present in nature, either due to production in
nature (i.e. 7Be), natural occurrence (i.e.40K), or man made activities (i.e. 137Cs from
fallout) it is appropriate to consider their concentrations in relation to reported levels in
nature.

5.0 RADIOLOGICAL RESULTS FROM THE REMEDIAL INVESTIGATION
During the Remedial Investigation conducted at the Hematite site both surface and
subsurface soil samples were collected across the site. In order to investigate the
questions discussed in Section 2, all soil sample data was evaluated without regard to
location or depth. No effort was made to restrict the samples that were included in the
evaluation. The data is presented in graphs for which the specific sample results have
been ordered from low to high. Thus the graphs do not provide any information with
respect to location or depth of the result. However such information is not necessary for
the evaluation since the tests described in Section 5 relate only to the magnitude of either
the result or a ratio of results for the sample.

5.1. Important Aspects of Thorium Decay Chain
* This decay chain achieves secular equilibrium in a short time frame of

approximately 30 years.
* Ra-228 is the longest lived isotope (TY2 = 5.8 years) of all the progeny.
* All of the progeny follow the Ra-228 in-growth pattern (Figure 4.1).

If high concentrations of Ra-228 were present at the site due to the presence of ore
materials in the '50s and '60s, the progeny would now be in secular equilibrium with the
Th-232 parent. Thus the use of the isotopes in this decay chain cannot be used as
indicators of whether ore material had ever been present at the site.

5.2. Important Aspects of Uranium Decay Chains

* Once chemically purified, uranium will not reestablish secular equilibrium for a
long time (>1000 years).

o Tables 4-1 and 4-2 present calculations based on the approach of LEU and
HEU to secular equilibrium after chemical purification.

o Given the short time since plant startup in the 1950s there would not have
been any significant return to secular equilibrium for either the U-238 or
U-235 decay chains.

o These factors can be used to determine if any "ore body" materials have
ever been present at the site.

* The first two progeny (Pa-234m and Th-234) after the U-238 parent return to
secular equilibrium with U-238 in about 100 days (Figure 4-2).

o It would be expected to find the first two progeny in equilibrium with U-
238 concentrations the site regardless of whether the U-238 represents ore
material or contamination from site operations using enriched uranium.
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o Due to the long half life of Ra-226 secular equilibrium with chemically
purified U-238 will not be reestablished for a long time.

o All progeny subsequent to Ra-226 will follow the Ra-226 concentration
since secular equilibrium for this portion of the decay chain is
reestablished within 30 days.

* The first progeny (Th-23 1) of U-235 reestablishes secular equilibrium within
about two days after chemical purification of the uranium. All of the other
progeny in the U-235 decay chain will not reestablish secular equilibrium for
thousands of years after chemical separation. Thus if any of these later progeny
are at concentrations greater than anticipated in the natural background it would
be an indication of the presence of ore materials at the site at some time in the
past.

As long as the Ra-226 (from the U-238 decay chain) and Ra-223 (from the U-235 decay
chain) and their respective progeny are present in concentrations consistent with natural
background levels then it is an indication that only processed uranium was used at the
site.

5.3. 238U Decay Chain Results
Figure 4-6 provides graphical results for the characterization data for isotopes in the U-
238 decay chain. From these it is clear that some of the Pa-234m and Th-234
concentrations are elevated above natural background concentrations. In contrast the
concentrations of Pb-214 and Bi-214 are consistent with what would be anticipated with
the natural background concentrations. These later two graphs have the shape of what
would be expected for a normal distribution associated with radiological results. If any
samples were consistent with the presence of ore material it would be those samples at
the right hand end of the chart with the highest concentrations. The ten highest results for
both the Pb-214 and Bi-214 curves were selected as possible indicator samples.

5.4. 232Th Decay Chain Results
Figure 4-7 provides graphical results for the characterization data for isotopes in the Th-
232 decay chain. Only the graphs for the two progeny near the end of the decay chain
(Pb-212 and Bi-212) are included. Most of these sample results are consistent with
concentrations that would be expected in the natural background, some of the sample
results (at the right hand side of the graph, are clearly elevated. Although the Th-232
decay chain would have already returned to secular equilibrium and would not in itself be
a conclusive marker for the presence of ore material rather than thorium it was felt that
samples high in Th-232 or its progeny might indicate samples that include ore materials if
the sample were also high in Ra-226 from the U-238 chain. The ten highest results for
both the Pb-212 and Bi-212 curves were selected as possible indicator samples.

5.5. Identification of Suspect Samples

Table 4-3 shows the forty samples identified in Sections 6.3 and 6.4. From this set of
forty samples, nine samples were selected for additional radiological analysis. The
analytical results for these samples are discussed in the Section 7.
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6.0 EVALUATION OF RADIOLOGICAL ANALYSIS OF SUSPECT SAMPLES
Sufficient material had been retained by the analytical laboratory to permit the additional
analysis for Ra-226 for the nine samples that were selected. For each sample the analysis
included gamma spectrometry, uranium alpha spectrometry, thorium alpha spectrometry
and Ra-226 analysis. The primary indicator for the presence of Ore Material would be
the difference between the top and bottom progeny in the U-238 decay chain. If there
was ore material present it would be expected that the bottom progeny (Ra-226, Pb-212
and Bi-214) would be elevated above the expected background levels. It is clear from the
graphs presented in Figure 4-8 that even though some of the samples have high
concentrations of uranium, the concentrations of the progeny below Th-230 are consistent
with concentrations that would be anticipated in the natural background. The sample
numbers in these figures are the same as the numbers given in Table 4-3. It can be
concluded that the analytical results for these nine suspect samples does not indicate the
presence of ore materials at the Hematite site.

7.0 EVALUATION OF ANALYTICAL DATA FOR "FISSION PRODUCTS"
All of the characterization samples taken were analyzed by gamma spectrometry which
will indicate all gamma emission peaks and attempt to identify the radionuclides present
based on the energy of the peaks. This process is subject to some uncertainty because of
overlapping energies of peaks and the fact that multiple radionuclides may emit gamma
rays within the width of measured peaks. Table 4-4 identifies all of the radioisotopes,
other than those associated with transuranics and the uranium and thorium decay chains,
reported as part of the characterization results.

The graphs in Figure 4-9 present the analytical data for each of the "fission product"
radionuclides identified by gamma spectrometry measurements. For each chart the
average minimum detectable level (MDL) is also shown. It is clear that most of the
results are less than the MDL and therefore should be considered "non-detects". In
general the graphs take the form of normal distributions around zero. There are some
exceptions that warranted further consideration. As an example, the chart for Cd-109
indicates that some specific sample results are greater than the MDL and could therefore
considered as detectable activity. However since Cd-109 has a short half-life of 564 days
it is unlikely to a result of site operations based on operational knowledge. A request was
made of the analytical laboratory to review those samples that seemed to indicate positive
results for certain fission product measurements. Attachment K-1 provides the document
that was prepared as a result of that review.

Based on the review of all of the characterization data for the "fission product"
radionuclides it is apparent that the accumulated information indicates that these
radionuclides are not present at the site due to licensed activities. Two radionuclides are
present due to their natural occurrence (K-40, Be-7), and one is present due to fallout
activity (Cs-137). The recommendation was made to remove all radionuclides from the
analytical library for reporting purposes except for the following:

* K-40 and Be-7 as markers of natural radioactivity
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* Cs-137 and Co-60 as markers of fission product radionuclides. Although not
presently detected, they will continue to be reported. If elevated activities are
noted their presence would be investigated.

* All radionuclides associated with the U-238, U-235 and Th-232 decay chain.
* The transuranic radionuclides (Am-241, Np-237, and Pu-239/240.

8.0 CONCLUSIONS
Based on the review conducted the conclusion is reached that based on the
characterization data there is no indication that ore materials were ever handled at the
Hematite site and therefore the radium isotopes and their progeny are not radioactive
constituents of concern. Further there is no evidence that any of the other "fission
product" radionuclides were identified to be radioactive constituents of concern. The
continued analytical measurements (primarily by gamma spectrometry) of samples that
will be taken during decommissioning activities will be sufficient to either validate these
conclusions or identify the need to reevaluate the information.
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Table 4-1: Calculations of radioactivib based on an initial mixture of processed uranium at 3% enrichment.
Time U-238 Th-234 Pa- U-234 Th-230 Ra-226 Rn-222 Po-218 Pb-214 Bi-214

(years) 234m

3 28% 27% 27% 100% 0.003% 0.000002% 0.000002% 0.000002% 0.000002% 0.000002%
51 28% 27% 27% 100% 0.047% 0.00051% 0.00051% 0.00051% 0.00051% 0.00052%
75 28% 27% 27% 100% 0.069% 0.0011% 0.0011% 0.0011% 0.0011% 0.0011%

1,000 28% 27% 27% 100% 0.91% 0.17% 0.17% 0.17% 0.17% 0.17%
25,000 28% 27% 27% 95% 20% 18% 18% 18% 18% 18%
Time U-235 Th-231 Pa-231 Ac-227 Th-227 Ra-227 Rn-219 Po-215 Pb-211 Bi-211

(years)
3 5.5% 5.5% 0.00033% 0.00002% 0.00001% 0.00001% 0.00001% 0.00001% 0.00001% 0.00001%
51 5.5% -5.5% 0.0056% 0.0028% 0.0028% 0.0028% 0.0028% 0.0028% 0.0028% 0.0028%
75 5.5% 5.5% 0.0083% 0.0051% 0.0051% 0.0051% 0.0051% 0.0051% 0.0051% 0.0051%

1,000 5.5% 5.5% 0.11% 0.11% 0.11% 0.11% 0.11% 0.11% 0.11% 0.11%
25,000 5.5% 5.5% 2.2% 2.2% 2.2% 2.2% 2.2% 2.2% 2.2% 2.2%

Table 4-2: Calculations of radioactivity based on an initial mixture of processed uranium at 90% enrichment.
Time U-238 Th- Pa- U-234 Th-230 Ra-226 Rn-222 Po-218 Pb-214 Bi-214

(years) 234 234m
3 0.056% 0.055% 0.055% 100% 0.0028% 0.000002% 0.000002% 0.000002% 0.000002% 0.000002%
51 0.056% 0.055% 0.055% 100% 0.047% 0.00051% 0.00051% 0.00051% 0.00051% 0.00052%
75 0.056% 0.055% 0.055% 100% 0.069% 0.0011% 0.0011% 0.0011% 0.0011% 0.0011%

1,000 0.056% 0.055% 0.055% 100% 0.91% 0.17% 0.17% 0.17% 0.17% 0.17%
25,000 0.056% 0.055% 0.055% 93% 20% 18% 18% 18% 18% 18%
Time U-235 Th- Pa-231 Ac-227 Th-227 Ra-227 Rn-219 Po-215 Pb-211 Bi-211

(years) 231
3 3.2% 3.2% 0.00020% 0.00001% 0.00001% 0.00001% 0.00001% | 0.00001% 0.00001% 0.00001%
51 3.2% 3.2% 0.0033% 0.0017% 0.0017% 0.0017% 0.0017% 0.0017% 0.0017% 0.0017%
75 3.2% 3.2% 0.0049% 0.0030% 0.0030% 0.0030% 0.0030% 0.0030% 0.0030% 0.0030%

1,000 3.2% 3.2% 0.065% 0.063%0/ 0.063% 0.063% 0.063% 0.063% 0.063% 1 0.063%
25,000 3.2% 3.2% 1.3% 1.3% 1.3% 1.3% 1.3% 1.3% 1.3% 1.3%

10



HEM-05-178
Attachment A

Table 4-3: SusDect SamDles Identified for Evaluation of the Presence of Ore Material

Sample Concentration
Identification Radioisotope (pCi/g) Sample Number

BD-16-15-SL BI-212 3.4_____ _

BP-08-00-SL BI-214 - 1.28 1
BP-08-00-SL PB-214 1.59
BP-08-00-SL PB-212 41.2
BP-10-00-SL PB-214 1.43
BP-12-00-SL PB-214 1.44 2

DM-01-00-SL PB-214 1.38
DM-01-00-SL BI-212 37 3
DM-01-00-SL PB-212 29.7
DM-03-05-SL-FD BI-214 1.51
DP-CA-SS BI-214 1.59
EP-01-00-SL PB-214 1.45
EP-02-00-SL BI-212 3.39
EP-02-00-SL PB-212 1.69
EP-04-00-SL PB-212 3.42 4
EP-04-00-SL-FD PB-212 5.03
EP-09-00-SL BI-214 1.39
EP-13-03-SL PB-214 1.36
EP-14-25-SL BI-212 3.26 _

EP-18-29-SL BI-214 1.29
NB-04-00-SL BI-214 1.71 5

NB-04-00-SL PB-214 1.97
NB-04-00-SL PB-212 1.92
NB-07-00-SL-FD PB-214 1.39
NB-07-00-SL-FD PB-212 1.67
NB-08-00-SL BI-214 1.32
NB-15-00-SL PB-214 1.38
NB-30-05-SL BI-212 3.3
NB-36-05-SL BI-212 3.18 6
NB-36-15-SL BI-214 1.53
NB-56-13-SL BI-214 1.28
NB-67-05-SL BI-212 3.16
NB-83-05-SL BI-212 3.16 7

PL-03-00-SL PB-214 1.36
PL-04-13-SL BI-212 4.1 8

RR-01-00-SL PB-212 2.27
SW-02-00-SL BI-214 1.32
SW-02-00-SL PB-212 2.14
SW-02-01-SL BI-212 4.4 9

SW-02-01-SL PB-212 2.33 9

Note: Shaded rows indicate those samples selected for further analysis.
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Table 44: Radionucides Identified by Gamma Spectro etry
Radioisotope Potential Source Half Life

Ag-11m Unknown, not a FP T1/ =250 days
A1-26 Unknown, not a FP TI/2=710,000 years
Be-7 Cosmogenic radionuclide T1 2 =53 days
Cd-109 Unknown, not a FP T1,2 =564 days
Ce-139 Unknown, not a FP T1,2 =138 days
Ce-144 FP T1,/2 284 days
Co-56 Unknown, not a FP T1/2 =78.7 days
Co-57 Unknown, not a FP T1/2 =271 days
Co-58 Unknown, not a FP T1,2 =70.8 days
Co-60 Unknown, not a FP T1 2 =5.27 years
Cr-51 Unknown, not a FP T1/2=27.7 days
Cs-134 FP Tl,2=2.06 years
Cs-137 FP, also present in Tl,2=30.1 years

environment from weapons
fallout

Eu-152 Unknown, not a FP T/2 =13.6years
Eu-154 FP T1/ =8.8years
Eu-155 FP T1,2 =4.96years
Fe-55 Not a FP, is produced in T1,2 =2.7years

reactors from neutron
activation

I-131 FP T1/2 =8days
Mn-54 Not a FP, is produced in T,2 =312.7 days

reactors from neutron
activation

Na-22 Unknown, not a FP T1/2 =2.6 years
Nb-94 Unknown, not a FP T1/2 =20,3000 years
Nb-95 FP T,2 =35 days
Ru-106 FP T 12=368 days
Sb-124 FP T1,2=60.2 days
Sb-125 FP T1,2=2.77 years
Sc-46 Unknown, not'a FP Tin2=83.8 days
Zn-65 Unknown, not a FP T/2 =244 days
Note: FP = fission product
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Figure 4-1
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Figure 4-2
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Figure 4-3
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Figure 4-4
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Figure 4-5
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Figure 4-6 Gamma Spectrometry Results for the U-238 Decay Chain
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Figure 4-7 Results for the Th-232 Decay Chain
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Figure 4-8 Analytical Results for Nine Suspect Samples (U-238 Decay Chain)
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Figure 4-9: Fission Product Analytical Results for Characterization Data
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ATTACHMENT B

REVIEW OF GAMMA SPECTROMETRY RESULTS



ScienceApplications
:3 International Corporation

_- 4 0 An Employee-Owned Company

Date: 4/21/2005

To: Steve Passig

Cc: Martin Swanson

From: Steven Howard

RE: Gamma Spectroscopy Library and RCOPC Assessment
Westinghouse/Hematite Remedial Investigation

Purpose:

The initial Westinghouse Hematite site characterization and background soil results
contain data for several radionuclides that have no basis for being present at the
facility, and have half-lives that rule out current existence. Provided below is an
evaluation of these gamma spectroscopy results, primarily addressing false positive
(Type-I error) results due to spectral interferences and the standard system report
template. The objective is to provide technical justification for removing these
radionuclides from future consideration as Refined Contaminates of Potential Concern
(RCOPC) and recommendation for a revised gamma library.

Basis of Review:

Characterization samples were submitted to Paragon Laboratories for gamma
spectroscopy - this method allows for quantification of multiple nuclides
simultaneously, without chemical separation. As with other commercial laboratories,
a broad isotopic gamma library was utilized when conducting the analyses. In
gamma spectroscopy, the instrument's software compares detected/observed
gamma rays with the known energy listed in the library, enabling the "identification"
or quantification of nuclides present in the sample.

However, due to the lack of chemical separation, ALL nuclides within the sample will
contribute their respective disintegration(s) to the spectrum. The software will
attempt to identify and quantify all the isotopes that are listed in the gamma library
r the Paragon library contained over 40 isotopes. If two isotopes have the same or
similar gamma emission energies, the system will likely report a false positive for
one or both of the nuclides. This is especially true when a sample comes from a site
containing elevated levels of thorium, radium or uranium. These anthropogenic
nuclides may lead one to falsely conclude that the site is contaminated with
unrelated radioactivity or believe that there is an excessive amount of naturally
occurring radioactive material (NORM).

Often laboratories will address these issues with data qualifiers and/or in the case
narrative. However, when data are processed or transmitted electronically, often the
results are imported without qualifiers and accompanying documentation from the
case narrative(s).

There are algorithms available in most spectroscopy software that can adjust for
spectral interference and correct one or both isotopes accordingly. However, the
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variance In background, gamma-ray yield, number of emissions per isotope, gamma-
ray energies, contaminant levels, detector sensitivity, and other variables prohibit
the ability to consistently and accurately rely on the correction by the software
without data verification. In some cases, the spectroscopist or the software will flag
the sample data with qualifiers, in this case 'SI', to note that there was spectral
interference in the respective energy region.

Another situation that can occur when using a broad scope gamma library is the
"forced reporting" of isotopic concentrations when there was no identified peak. The
system selects the energy region where the listed isotope's gamma-ray (primary key
line) would be detected. If there are insufficient counts to statistically determine
that a peak is present, then the software will simply report the activity observed in
that area. Due to a standard library (for all clients) with a tandem report, an isotopic
concentration will still be reported, though not detected/identified. Though the data
can be flagged, in this case 'TI', as being tentatively identified, count statistics and
the addition of other activity result in "positive" values, just above minimum
detectable concentrations. Further complicating matters, these isotopes' gamma
lines/energies often have high abundance or yields, which drive down the detection
limit. As with the spectral interference example, the values can be falsely carried
into the reporting process and be considered as potential contaminants.

False Positives - Spectral Interference (SI):

The following table lists the nuclides that were frequently reported as positive as a
result of spectral interference. The naturally occurring and/or known site RCOPC
that would cause the spectral interference is provided to substantiate the removal of
the Isotope from consideration.

TYPE I Error Primary Gamma RCOPC or Primary Routine Historical
Radionuclide Ray Energy NORM Isotope Energy of Lab Basis for

(keV) at % yield interfering Interferer Qualifier Site
(keV) Presence?

Cd-109 88.04 © 3.6% Pb-212, 214 87.2* SI No
(U series)*

Eu-155 86.5 @ 30.9% Pb-212, 214 87.2* SI No
(U series)*

Eu-155 105.3 @ Ac-228 105.0 SI No
__ _ l20.67%
Mn-54 834.8 © Ac-228 835.6 SI No

99.98%
Nb-95 765.8 @ 99.8% Pa-234m (U 766 SI No

daughter) I

* Between approximately 70-90 keV excess X-rays, especially In higher activity level
samples, negatively impacts detector resolution.
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No Peak Identification and/or Short Half-life with No Source Material

The table below provides a listing of the nuclides that were NOT identified but
generated frequent false positives. The associated half-life is also provided along
with a determination if potential source material is present at the site.

TYPE I Error Primary Gamma Lab Isotope Half Source Historical Basis
Radionuclide Ray Energy Qualifier Life Material for Site

(key) at % yield Present? Presence?
Co-56 846.8 @ 100% TI (no peak) 77 days No No
Co-57 122 © 85.6% TI (no peak) 271 days No No
Co-58 810.78 @ 99% TI (no peak) 71 days No No
Cr-51 320.08 @ 10% TI (no peak) 28 days No No
Cs-134 604.7 @ 97% TI (no peak) 747 days No No

795.9 @ 86% TI (no peak) 747 days No No
Ag-110m 657.8 @ 94% TI (no peak) 250 days No No
Al-26* 1808.6 @ 99% TI (no peak) 717k years No No
Be-7 477.6 @ 105% TI (no peak) 53 days Yes** Yes**
Eu-152 121.8 @ 28.6% TI (no peak) 13.5 years No No

344.29 © 26.5% TI (no peak) 13.5 years No No
1408.0 @ 21.0% TI (no peak) 13.5 years No No

Eu-154 123 @ 40% TI (no peak) 8.8 years No No
1274.5 © 35% TI (no peak) 8.8 years No No

Fe-59 1099.3 © 56.5% TI (no peak) 45 days No No
1291.6 © 43.2% TI (no peak) 45 days No No

Na-22 1274.5 © 99.9% TI (no peak) 2.6 years No No
Ru-106 511.9 @ 20.6% TI (no peak) 374 days No No
Sb-124 602.7 @ 97.9% TI (no peak) 60 days No No
Sc-46 889.3 @ 99.9% TI (no peak) 84 days No No

1120.5 @ 99.9% TI (no peak) 84 days No No
Zn-65 1115.5 @ 50.6% TI (no peak) 244 days No No

positive.
**

High yield of line results in a low MDC for isotope, increases likelihood of false

Naturally occurring radioactive material.
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Recommended Library Modification:

Provided below is the library used during the remedial investigation at the Hematite
site. Included are the recommended modifications for consideration in future
analyses to avoid these Type-I errors. Using the information provided above, along
with eliminating isotopes that were reported with no detectable concentrations -
shaded isotopes should be removed.

Radionuclide Comment
Actinium-228
Aluminum-26 ,No peak identification, TI, no source material
Americium-241 ,,
,Antimony-124: Not detected
CAntimonY-125 - Not detected
Beryllium-7 Not detected, recommend maintaining as NORM marker.
Bismuth-212 Maintain as confirmation of other RCPOCs
Bismuth-214 Maintain as confirmation of other RCPOCs
,:C m Spectral Interference, no source material
Cerium-139 Not detected
Cerium-144 -i Not detected
Cesiur-134 No peak identification, TI, no source material
Cesium-137 Maintain as appropriate indicator of fission products.
Chromium-Si , No peak identification, TI, no source material
Cobalt-56 No peak identification, TI, no source material

. ..-57 - .m-No peak identification, TI, no source material
Cobalt-58 - No peak identification, TI, no source material
Cobalt-60 Maintain as appropriate indicator of fission products.
hEuoPium-152 No Peak identification, TI, no source material

Europium-154 5 .IN peak identification, TI, no source material
Euroeium-7155 Spectral Interference, no source material
Iodine-131 Not detected
Iron-59 ' No peak identification, TI, no source material
Lead-212 Maintain as confirmation of other RCPOCs
Lead-214 Maintain as confirmation of other RCPOCs
Manganese- 54 Spectral Interference, no source material
Neetunium-237

Niobum-94. Not detected, no source material
Niobium-95- '-N Spectral Interference, no source material
Potassium-40 Not detected, recommend maintaining as NORM marker.
Protactinium-234 ____

Rirteii~m-06 lNo peak identification, TI, no source material
iV "46 t 'No peak Identification, TI, no source material

$ilver-1JO i i ' -No peak identification, TI, no source material
Sodum- No peak identification, TI, no source material
Thallivrri-208 Not detected
Thorium-227
Thorium-234
Uranium-235
Zinc-65 -No peak identification, TI, no source material
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ATTACHMENT C

DRAFT SUMMARY OF POTENTIAL ECOLOGICAL RISK FROM
RADIONUCLIDES" 2

Ecological risks from radionuclides in surface water and sediments can be dismissed as
unlikely, even when exposure is estimated with maximum concentrations. Similarly,
potential ecological risks from radionuclides in groundwater can also be dismissed as
unlikely. No exceedances of screening values occurred when the terrestrial and aquatic risk
scenarios were rerun with maximum groundwater concentrations of radionuclides used in
place of observed surface water values. On the other hand, radionuclide risks to terrestrial
animals could not be dismissed when exposure was estimated at the maximum
concentrations in soil. Risks from radionuclides to terrestrial animals could be dismissed
when exposure was estimated at the mean soil concentrations. Use of the mean is considered
potentially more appropriate for assessing risks to radionuclides (DOE 2002). In summary,
then, risks to ecological receptors from radionuclides can be dismissed as unlikely.

Sumnmay paragraph obtained from Screening Level Ecological Risk Assessment for the Westinghouse
Hematite Site, Final Draft for Regulatory Review, Rev.6, Section 5.0, Risk Characterization, October 2005. The
draft report is currently under review by Missouri Department of Natural Resources prior to being
finalized.
2 The Screening Level Ecological Risk Assessment was prepared utilizing the Ecological Risk Assessment
Guidance for Superfund: Process for Designing and Conducting Ecological Risk Assessments, Interim
Final, U.S. Environmental Protection Agency, June 1997. EPA- 540-R-97-006, OSWER 9285.7-25
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