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INTRODUCTION:

In 1990 REA conducted a surface and subsurface radiaticn survey for gamma
exposure rate around the pond area of the Mclycorp Washington Pennsylvania
site. The results were submitted to Molycorp in a report dated December 27,
1990 which has been recently reviewed by the NRC in a report entitled 'NRC
Comments on Report Entitied, "A Sub-Surface Survey for Thorium Content at the
Molycorp Plant Site in Washington, Pennsylvania," and transmitted to Ms,
Barbara Dankmeyer, Molycorp Resident Manager, in a letter from Chad Gilenn,
NRC Project manager dated October 29, 1992,

In this survey the surface gamma radiation measurements were made at a
variety of places on site with particular attention to the pond area; 32 boreholes
were drilled and logged with a sodium iodide probe to measure exposure rate,
which is related to average concentratio of gamma emitters in soils.

The original intent of the summary was to measure the extent of the subsurface
concentration of radioactive materials and quantitatively assess the
concentrations and amounts of 232Th present, laterally and as a function of depth
in the area of the ponds. In order 10 be quantitative, an extensive calibration
program was undertaken to relate the ambient gamma background both on the
surface and in the boreholes to the 232Th content of the underlying soils.
whenever the gai:ma radiation measurements exceeded the background
gamma levels substantially it could be assumed that the material responsible for
that increase was 232Th and its daughters in equilibrium. This assumption was
quite reasonable based on the history of operation of the piant and previous
measurements of thorium in slag from the Molycorp operations. Information
presented later in this report shows that the assumption of equilibrium was
justified.

The calibration procedure is described in great detail in the 1990 report but a
brief summary will be given here. In a ground survey of external radiation in
1990, a set of external exposure measurements was made with a calibrated
pressurized ionization chamber (PIC) traceable to NIST. At each location where
absolute exposure rate measurements were made with the PIC measurements
were also made with a sodium iodide scintilliometer (mode! 19 Ludlum) and with a

1
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BACKGROUND RADIATION:

Gamma Exposure Rates for Unit 232Th, 238 and 40K Sources In Soil
NCRP-50, based on the work of Beck, showed that the exposure rate at 1 meter
above the soll for uniformly distributed natural emitters is 2.82 uRehr 1/pCieg !
232Th. Figure 1 shows graphically the exposuré rate in air one meter above the
ground for the major nuclides found in nature, the uranium series, thorium series,
and 49K under equilibrium conditions of uniform distribution in depth and lateral
extent at a concentration of 1 pCi/g in soll.

Fractional Gamma Exposure Rate in Surface Air Due to Natural Sources as
a Function of Depth

NCRP-94 and Beck (1972) show the contribution to the exposure rate at 1
meter above the soll due to gamima emitting sources at varicus depths in soil for
a typical natural emitter source composition. Although the gamma spectrum of
energies from a typical natural emitter composition has a slightly lower average
energy than that from 232Th and its daughter products, the graph shown in Figure
2 can be used 1o lllustrate a basic point about averaging. This graph has been
reproduced from Beck (1972) with permission of the author. About 90% of the
total exposure rate comes from radioactivity distributed in the top 20 centimeters
(about 8 inches) of soil.

Specific Actlvity of Thorium In Slag

Beck's work implies that underground most of the gamma ray exposure from
232Th and its daughters which reaches a detector in a borehole will originate from
within a sphere with a radius of approximately a foot, or alternatively with a
diameter of 2 or more feet. This means that, although gamma ray measurement
provide a reasonably local measure of the background, they average over a
relatively large volume compared to the volume of a soil sample such as those
taken from the cores from boreholes 29 and 32 (see page 12). Since the
concentration of 232Th in the slag pile is known to average 1250 pCi/g (see
Table 1) (AHP, 1975,) and since pieccs of slag are probably not uniformly
distributed underground, increased backgrounds underground must result from
combinations of thorium bearing slag mixed with other materials.



Moiycorp, Washington Pa

et ; P daughters
2.82uR/hr

Ra + daughters 3% + daughters
1.80 uR/h 1.82 pRh

Exposure rate at one meter above the ground for uniformiy distributed natural emitters
{at a concentration of 1 pCi/g} RSA, 12/29/92
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Table 1. Information About the Slag Pile

Volume.
Mass:

Density:

Concentration of Th;

or
or

Degree of Equilibrium

Total Activity:

2.494 x 105 #3
2.245 x 107 Ibs

90 Ibs/M3

114 £+ 02mgThig

1.14%
1250 pCi/g 232Th

232Th = 228Th (~100%)

12.7 Ci 232Th

* Applied Health Physics Report dated May 22, 1975



SURFACE & SUBSURFACE CALIBRATION PROCEDURES:

Summary of Procedures

The RSA 1990 Report describes in detall the PIC calibration and the results of
the pressurized ionization chamber (uR/hr) vs. in the response of the Nal
scintilometer and cpm in the Nal well logging crystal (probe). For convenience
the plot of the total ionization less that due to cosmic rays (i.e., due only to
gamma rays) measured in the pressurized ionization chamber vs. the
scintillometer readings are shown in Figure 3 (Figure 1 in the RSA Report, 1990).
The correlation is very good over the range of exposure rates measured
ind!zating that the scintillometer can be used for absolute gamma rays exposure
measurements. In Figure 4 the results of the same calibration procedure are
shown for the well logging probe inside PVC pipe in the configuration we used
in the underground logging of boreholes 1-32.

Because the calibration coefficient was obtained in an area where the
environmental radiation field is primarily due to thorium and its daughters
distributed as volumetric sources in the surrounding material, the calibration
factor derived is valid ! 232Th in a vuiumetric distribution We will show later in
this report that most of the radioactivity responsible for the increased gamma
background is from 232Th and its daughters in equilibrium.

Since the boreholes were cased with 2 inch diameter PVC pipe and the probe
lowered inside a 1 inch diameter PVC pipe the appropriate calibration factor is
given in Graph 5 of Figure 2 (RSA 1990), which is reproduced here as Figure 4.
The appropriate calibration and conversion factors are as foliows:

Summary of Calibration and Conversion Factors

12.6+0.3 uR/hr /1000 cpm directly measured, Fig. 4, Nal Probe

5.64 uR/Mr /pCilg from NCRP-5094, Beck, 72, adjusted for 4x, ko
in Appendix B

448 cpm / pCi/g inferred from the two above

0.728 true/indicated Nal Scintillometer, Fig. 3 (uR/hr)
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Figure 3 Least squares fit of the calibration factor
the Nal scintillometer gamma measuremernts.
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The calibration factor for 4 n geometry was obtained by multiplying the 2 =
calibration factor by two. We have alsc made a correction for solid angle which
did not appear in the RSA 1990 Report. (See Appendix C) The RSA 1980
Report did not give estimates of average 232Th content in the first foot and one
halt of surtace soil because a correction for the reduction in the expected
response assoclated with the solid angle subtended by the top of the hole had
not been made. This correction, athough approximate, should be reasonably
good for the shallow depth readings and we have included its derivation in this
document so that concentrations of 232Th in the first several feet below the
surface can be inferred from the results of gamma exposure rates established in
the well logging conducted for the RSA 1990 Report. This correction is shown in
the Appendix C.

Derivation of Exposure Rate Underground from 232Th From First Principles
The exposure rate produced in air in a borehole can also be derived from first
principles as follows: The dose rate to any medium can be calculated for a
radionuclide distributed uniformly in the medium at a concentration of C pCl/g
with f; fractional gamma's emitted per disintegration where E; is the energy of
gamma ray |as follows (Spiers 1968) :

pradmr=213C L1 E|

The mean energy of the gamma rays emitted by the 232Th series in equilibrium is
about 0.9 MeV, and the total gamma energy emitted per disintegration of the
232Th parent by members of the series in equilibrium is 2.49 MeV,(LfE|) a value
which has been extracted from ICRP-38. (ICRP 38, 1984.)

Since the rate of gamma energy emission equals the rate of absorption in an
infinite medium, the formula above gives the gamma dose rdte in an infinite
medium obtained from the expression above which is 5.304 uradeh '/pCieg-?
232Th. By well established theory, the dose rate in air in a cavity within any
medium is given by the ratio of the linear absorption coefficients in that medium
to that in air, Using mineral bone as a surrogate for soil, the conversion factor for
0.9 MeV gamma rays is 0.928 rad/R. (Spiers 1968.) The exprassion derived
above then gives 5.304/.928 = 5.72 uReh"1/ pCisg*1. This compares very
favorably with the 4 x calibration factor (5.64 uReh*1/ pCieg*1) derived from Beck.

10



In shon this calibration factor is valid with a high degree of accuracy to derive
average 232Th concentration in soll, since the Nal probe was calibrated to
measure uR/hr in air, the quantity determined during the downhole logging.

Underground Background Gamma Exposure Rates

An important question is, 'What is the app’opriate background to subtract both
underground and above ground from the increased gamma measured in each
environment?' Borehole 27 was in background soil and the 13 measurements
taken from the bottom of the hole to a foot and one half below the surface
averaged 1726 counts per minute, equivalent to 21.7 uR/hr using the calibration
estab''shing the relationship between count rate in the sodium iodide probe and
exposure rate. This is an underground background and in a 2 n geometry the
equivalent background would be one half this or 10.9 uR/hr. The background
gamma exposure rate underground in 4 inch diameter holes as well as the
increased exposure rate which would be due to 5 pCi/g of 232Th in soil are shown
in Figure 5. In virgin soil the background gamma exposure rate is 22 uR/hr, in
FeMo slag, 28 uR/hr, and the expnsure rate in each media if it contained an
average of 5 pCi/g 232Th above normal gamma background would be 50 and 56
whr respectively. The gamma exposure rate would be 162 uR/hr for 25 pCl/g
of 232 Th above background in virgin soil..

Estimation of 232Th Concentration from Underground Exposure Rate
Measurements

Therefore the calculation of average 232Th pCi/g in underground soil is obtained
with the formulas shown in Appendix B relating concentration to the measured
gamma exposure rate. The formula is summarized in simplified form below.

C = (Pky-21.7)/(5.64)*0.95'R = 0.187(Pky-21.7)/R

C = the concentration in pCi/lg

R = the geometric correction factor, = 1 well beiow the surface
Pky = exposure rate (uR/hr) measured underground

Because the intent of the 1990 report was to identify the horizontal and vertical

distribution of underground radioactivity and not to provide information to comply
with a subsequent agreement on decontamination of the sita, the underground

L
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UNDERGRD .S Chart 1

Figure 5: Underground Background Gamma Radiation

168.7 uR/hr: GmmWthSmoﬁocvgmzn
162.7 uR/hr: Gamma Background in Virgin Soll + 25 pCi/g Th-232

§5.9 uR/hr; Gamma Background in Non-thorium Siag + 5 pCl/g ™-232
49.9 uR/hr: Gamma Background in Virgin Soif + 5 pCi/g ™h-232

27.7 uRjhr; Gamma Background in Non-thorium Siag
21.7 uR/hr: Gamma Background in Virgin Soi

RSA, 12/30/92



HEVISED INFORMATION ON EXPOSURE RATE AND AVERAGE 292TH

CONTENT IN BOREHOLES

Effect've Soll Sampling Volume of <%<Th by Gamma Logging
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After 2 mean free paths in soil 13.5% of the primary flux is uncollided and after 3
mean free paths 5%. Therefore a significant part of the exposure comes from a
sphere with a radius between 2 and 3 mean free paths. To illustrate we take 2.5
mean free paths or 52 cm as the radius v:ithin which most of the exposu g at any
point at the center of a sphere of material originates. The spherical mass of soil
effectively sampled by the gamma probe is accordingly about (0.94) 1 metric ton.

Radiochemical Analysis of Slag and Core Samples

This section presents results of radiochemical and alpha spectrometric
measurements of the thorium isotopes in one sample of slag and in borehole
samples. In addition the uranium concentration was also measured by alpha
spectrometry in one aliquot of the same sample of slag. We believe but have not
yet been able to confirm that the sample of slag which RSA has analyzed and
was furmished by Molycorp came from the slag pile, which according to the repor
of Applied Health; Physics, May 22, 1975 has an average specific activity of 1250
pCi/g of 232Th. (See Table 1.)

The radiochemical methods used are those reported by Singh and Wrenn (1988)
using 2?9Th as a tracer (Wrenn, et al 1978), We had a great deal of difficulty in
obtaining complete dissolution of this slag. This was finally made possible by
heating finely ground samples in a mixture of concentrated nitric and hydrofluoric
acid. Thus the analysis of soil samples in which small particles of slag may have
been admixed is particularly difficult and time consuming, more so than we had
originally anticipated. This also suggests that the material is not readily
leachable into the environment.

The thorium was extracted from the samples, electrodeposited on platinum disks,
and counted in EG&G alpha spectrometers with solid state surface barrier
detectors. All spectra were stored in a 386 computer memory and will be kept on
file until the termination of this program of site evaluation and decontamination.
Hard coples of the spectral data have also been made and filed.

RSA also maintains a careful program to evaluate the analytical results of any
given sample. In alpha spectrometry there are many potential problems to which
attention must be carefully paid. For example: |f mass on the planchette
exceeds 100 ug 1 broadening of the spectrum occurs and it is difficult to

17



completely resolve alpha peaks from each other. In the case of the samples
here, we have used 229Th as a tracer (Wrenn, 1978). 229Th interferes slightly in
the 230Th region and therefore the non-Poisson error in the results for 230Th are
potentially larger than for 228Th and 232Th,

The radiochemical results from 11 of the samples collected underground in
boreholes 29 and 32 from the sample of slag are shown in Tables 2 and 3.
Figure 8 shows the alpha spectrum of the slag 1o which no tracer was added,
and the results for this sample are shown in Table 3 as slag aliquot 4. Taking
232Th as 100%, based strictly on the count rates in the regions of interest, the
relative 228Th content was 95.8 + 2.5% and the relative 230Th content of slag
was 6.5 + 0.5%. The absolute activity can only be established using tracer. Two
measurements of aliquots of the same sample in which the results differed by
approximately 20% are shown as thorium slag aliquot 1 (1018 pCi/g) and aliquot
2 (1224 pCi/g). The difference reflects variations in sample homogenaeity,
analytical variability, and non-Poisson error. Two analyses were made of
aliquots of the same sample of slag for uranium isotopes using alpha
spectrometry, once using a 232U tracer and once with a 233U tracer. The two
results showing about 54 and 68 pCi/g of 238U are reasonably consistent. This
suggests that the 238L1 is in equilibrium with the 230Th, The ratio of 230Th/232Th
determined by alpha spectrometry of the slag sample with tracer added Is higher
than that obtained when the tracer was not added. This is probably due to the
inability to obtain an exact correction for the 229Th tracer contribution to the 230Th
energy region, which varies with the mass deposited on the planchette.

The radiochemical results measured in thorium slag, around 1000-1200 pCi/g,
are consistent with the Applied Health Physics Report evaluation of the average
concentration of 232Ti, in the slag pile, 1250 pCi/g 232Th, (See Table 1.)

Table 2 also shows the results from alpha analyses of the core samples collected
from boreholes 29 and 32. Complete results from eleven samples are presenied,
two are partially complete results from two samples, showing 232Th only. Three
samples are being processed and are not yet complete. The resulte for 230Th
are subject to revision.

18
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These samplos all show equilibrium between 228Th and 232Th. The lowest
result obtained shows approximately 1 pCi/g of all three thorium isotopes, and
this most likely represents a background level, being consistent with typical
background concentrations in soil found elsewhere (NCRP-50, 1876).

Sample B32S3 is unusual in that it shows more 230Th than 232Th and possibly
derives from a material other than the FeCb slag based on all analyses of FeCb
slag we have seen 1o date (RSA 1992, AMP 1975, ORAU, 1985). Based upon
results from gamma spectrom etric analysis from 55 samples of surface soll taken
from the site (reported by ORAU 1985) which showed elevated concentrations of
232Th above background (range 10 to 1380 pCi/g) the ratio of 226Ra/232Th was
0.22, somewhat higher than our observed ratio of 230Th/232Th in one sample of
slag. BH 32 was also taken from the area exhibiting the highest background in
the north plant area. Further underground core samples may be required to
establish the extent of this material and its origin.

Figure 10 is a scatter plot of exposure rate (uR/hr) measured downhole (at the
depth where the soil sample was taken) as a function of 232Th concentration
(pCi/g, measured by alpha spectrometry) of the soil sample. The line on the
graph in Figure 10 is the calibration curve for the Nal probe (expressed
in jtRe hr '/pCisg ') derived from the work by Beck and reported in the RSA 1980
report. Several of the points show less thorium than the response curve would
predict and several show more. The variation is, in fact, quite large, but not
surprising given the fact that the soil volume sampled was very small compared
to the volume cf the region sampled by the Nal gamma probe.

For example if material with a specific activity of 1250 pCi/g were mixed with
background material at 1 pCi/g a very small piece or portion of the higher specific
activity material could influence the average concentration measured in the alpha
spectrometric analysis quite dramatically, depending on whether or not it was
included in the core sample and aliquot analyzed.

The artvantage of the down hole gamma measurements is that they integrate
the results over a larger volume of soi' than a single soil sample; the
results are also directly interpretable in terms of ability to produce external
exposure. Therefore RSA sees no reason to believe that the calibration factors

22
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developed in the RSA 1090 Report are not valid. However one needs 10
understand that they represent averages over much larger volumes of soil than
would be taken in any reasonable size single soil or sediment sample. Even the
volumes over which the downhole external gamma measurements integrate, are
small compared {0 the volumes of material which would contribute significantly to
any future exposures.

RELATIONSHIP OF ABOVE GROUND GAMMA EXPOSURE RATE TO
CONCENTRATION OF 232TH IN SURFACE SOILS:

The radius of material distributed in surface soil which contributes to external
exposure in air is much larger than that underground, primarily because the
mean free paths of gamma rays are much longer in air than in soil. Beck
(personal communication citing Artuso 1881, 1992)) indicates that 95% of the
exposure rate coming from a distributed natural source is due to radioactivity
within a radius of 10 meters. To a deg "1 of 20 cm a right circular eylinder of soil
with a density of 1.6 g/cc would weigh about 100 metric tons. Thus gamma ray
measurements in air at 1 meter above the surface effectively sample large
volumes of soil and average the resulting potential for exposure. In the Site
Characterization Plan and the RSA survey in 1990, a gamma grid of 20 feet
spacing (about 6.5 meters) was proposed or used. The exposure rate at each
measurement point, due to a disc source with a radius of 6.5 meters results from
the integrated average activity of 232Th in soil to a depth of 20 cm which has a
mass of about 40 metric tons. To properly assay the mean activity of 232Th in this
volume of material by soil sampling followed by laboratory analyses would
require a prohibitive number of samples and analyses. Therefore external
gamma survey measurements are an accurate and effective means of assessing
average soil concentration of 232Th, with an exposure rate at 1 meter above a
uniformly contaminated haif-space of 2.82 uRsh-1/pCreg-!,
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REPLY TO THE NRC'S GENERAL COMMENTS, DATED OCT. 29, 1962 :

Based on the comments in this NRC communication we believe the NRC has
not properly characterized the calibration procedure used by RSA in the 1990
report on underground radiation levels at the Molycorp Washington,
Pennsylvania site. The preceding report, has the intent of making those
procedures more understandable and clearer to the Staff. The preceding
sections should be read before reading these replies to the NRC comments.

The measurements made down boreholes were calibrated 10 measure exposure
rate, using a sodium iodide probe which was cross calibrated against a
pressurized ionization chamber, for which the calibration is traceable to NIST.
Thus the exposure rate (uR/hr) in each borehole is known as a function of depth.
The results in several boreholes are plotted in the accompanying report.

Since the borehole geometry is 4 n, the exposure rate in 2 x geometry (i.e. if the
overburden were removed down 10 the depth where the measurement was
made) is very close to one half that in the 4 n geometry. In short the exposure
rate measurements underground are relatable to the exposure rate which would
be established if the material were exposed,

The gamma measurements produce an average over a much larger volume of
soil than the volume of soll samples which were removed from the borehole;
about 90% of the exposure rate in planar geometry originates above a depth of
about 20 cm (derived from Beck, 1972) and the mean free path in soil of gamma
rays from the 232Th series is about 21 cm. Thus the exposure rate measured in
a borehole at a given depth can be thought of as averages from a spherical
source which has a mass about 1/2 to 1 metric ton with a diameter of 2.5 10 3
feet (see page 12).

Soil samples, on the other hand, are usually much smaller samples. In the
laboratory, for alpha spectrometric analyses, between 0.1 and 1 gram are
analyzed, usually about 0.1 gram. The largest core taken in the field was 2
inches in diameter. Even if all the material in a core sample six inches long were
analyzed, the volume would represent less than 1% of the volume “sampled” by
the gamma measurement. The in situ gamma measurement gives a much more
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representative measure of the average 232Th concentration than could any
reasonably sized core sample. Moreover 0.1 gram of sample analyzed
represents only 0.02% of the mass of the core sample taken. Since most
samples analyzed were about 0.1 gram, the soil aliquot analyzed represents less
than 1/1,000,000 the mass of soil effectively sampled by the gamma
measurements.

It is therefore not reasonable to expect that analyses of the core samples should
confirm the external gamma calibration. Also the statement by the NRC staff
that *“The resulting high degree of uncertainty in the derived 232Th would
propagate into the resulting doses to individuals calculated for times during
decontamination and decommissioning and following unrestricted release" is the
opposite of what is expected. Averages inferrad from gamma measurements
would have much less uncertainty and variability than would results from soil
samples. Thus, gamm> measurements are preferable over soll samples in order
1o minimize the uncertainties to asses the doses expected from radioact vity
which is not uniformly distributed in soil.

The NRC aiso states that, “Precise determination of the extent and quantity of
residual activity is a prerequisite 1o assessing doses to be used as basis for NRC
decommissioning decisions”. Although RSA agrees that the extent and quantity
of contamination should be established, we do not believe it would be reasonable
to require that the scale of variation to be investigated be on the order of inches
or feet, since both external and internal exposures which might be delivered
would be determined by radioactivity concentrations averaged over much greater
distances.

Since the slag pile is composed of material which has a mean specific activity of
1250 pCi/lg 232Th, and since some of this material is still distributed in small
pieces on site, we believe that averages which are more closely related tu
expected radiation doses rather than maximum specific activities which can be
found in small samples, should be used for both dose estimation and compliance
determinations.

We believe that it is appropriate that Molycorp use the quantitative determination
of average 232Th concentration underground determined with in situ gamma
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measurements as a basis 1o establish cleanup criteria, as a basis for the dose
assessment, and to demonstrate compliance.

Also referring to the downhole measurements, the NRC stated that, "additional
information would be required to damonstrate the accuracy of the calculated
concentrations. This demonstration should be based on direct measurement of
soll concentrations via sample analysis, portable survey meter, or some
combination of the methods." We point our that the measurement of count rate
underground in a Nal crystal with a scaler to record counts over preset time
intervals is equivalent to a survey meter. Therefore the calibration RSA
performed Is consistent with this recommendation of the NRC.

Molycorp did not agree to a cleanup level of § pCi/g in the July 8, 1992 meeting
with the NRC. In fact it was specifically emphasized in the technical briefing that
Molycorp intends to consider a modified Option 2 (25 pCi/g 232Th) for subsurface
levels. It was stated that surface radiation levels above background would not
exceed the equivalent of that produced by an average of 5 pCi/g 232Th in
equilibrium, or a total of 14.1 uR/hr above background measured 1 meter above
the surface averaged over a 10 meter grid spacing. The Molycorp proposals
were identified in the table entitied "Proposed Actions" which was given to the
NRC on July 8th during the briefing by Molycorp, and this table was
retransmitted by the NRC to Molycorp as an enclosure to their memorandum
dated July 31, 1992,

REPLY TO THE NRC'S SPECIFIC COMMENTS, DATED OCT. 29, 1922

1. The results of 11 of the 16 core soil samples taken underground are given in
the preceding report (RSA 12/30/92). The delay in its availability was occasioned
by the need to develop a new technique to completely dissolve the refractory
particles of slag. This was accomplished by heating pulverized samples in
combined, heated concentrated nitric and hydrofluoric acid.

2. The background count rate underground established in virgin soil was 1726
cpm and is discussed in detail in the preceding report. The 2000 cpm figure
plotted in the RSA 1990 Report was a rounded number used for the purposes of
the RSA 1990 Report. We agree that the results in borehole #28 do not represent
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natural soil background nor were they intended 10. They do, however, over the
first six feet of depth, represent background in slag which was produced from

other processes than the ones involving FeCb ore or concentrate which was
licensed by the NRC. A plit of exposure rate vs. depth in FeMo slag is given in
Figure 8. Thus it may well be an appropriate background abov? which to
measure compliance.

3. The NRC staff asks, "Why would cosmic rays not produce a response in a Nal
scintillation detector as they would in an ion chambar?® Cosmic rays are known
to produce less of a response in Nal count rate instruments than do gamma rays.
The reason can be illustrated as follows. A fast meson (mesons comprise most of
the cosmic ray flux at sea level) passing through an inch of Nal woula deposit
about 20 Me'/ of energy, but would be recorded by the PM tube and electronic
scaler as one event, A 0.2 MaV gamma ray would likewise be recorded as one
event. Thus MeV for MeV deposited in the crystal, the associated count rate
meter would respond 100 times morte strongly to the gamma rays than the
cosmic rays. A pressurized ion chamber on the other hand integrates charge,
and hence ion pairs produced in the sensitive volume, and therefore responds to
cosmniic rays almost equally with gamma rays per unit of deposited energy and
therefore also with respect 10 exposure and dose. A useful reference for this
subject area is NCRP-50.

4. The response to the request for identification of the water wells and their
relationship to the ORAU report will be provided by Molycorp staff as RSA was ,
not involved in the location or construction of these wells. RSA has not yet made |
any study of radioactivity in well water samples. However some information is
available from Molycorp. This information will be furnished in the report of the
results of the Site Characterization Study and possibly also during pond closure.

§. The contention of the NRC that the value 0.01% thorium would be used as a
criteria for excavation of radioactive contaminated material is the NRC's own
conclusion. It was not our intent in the RSA 1990 Report to suggest that 0.01%
be used as a level for decontamination. The NRC and Molycorp have
subsequently agreed on a process which involves extensive site characterization,
a dosimetric analysis and development of a site decommissioning plan. it would
accordingly be premature now to select levels of activity to which the
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decommissioning will be accomplished. The underground radiation exposure
rate measurements will be used to evaluate the average concentration of 232Th
and also in the dosimetric evaluations, including those involving assumed future
scenarios of exposure.

6. Inthis comment, the reviewer uses the numbtar 9.33 uR/hr, taken from page
33, as the natural background for the site. The text on page 33 does not claim
that 9.33 uR/hr, taken at location PIC18, is an adequate measure of natural
background for the site. This single PIC reading, taken on Molycorp property
immediately adjacent to the site, should not be interpreted as establishing
background. RSA did not include a program to measure the natural gamma
background in the vicinity of the site as part of the 1990 study. The text on page
33 simply points out that the 9.33 uR/nr reading does not result from a gamma
spectrum representative of thorium because it is due to naturally occurring
emitters, and is only panly due 1o thorium.

The statement that 31 uR/hr is roughly twice background is based on a natural
background exposure rate of 11 uR/hr reported in the ORA') 1985 report on the
site. RASA assumed that ORAU was reporting gamma background (since the
readings were taken with Nal instruments, which don't respond appreciably to
cosmic) so for the executive summary we added 4 uR/hr cosmic radiation to the
natural gamma to obtain 15 uR/hr. Twice 15 is 30 uR/hr, Therefore, the
conclusion as we stated it in the repont, based on our understanding of the
natural radiation background at the time, was correct. More recent work by RSA
at the Washington Pennsylvania site indicates that the natural background for
the area may be less than that reported by ORAU. “ppendix A gives the results
of 12 off-site PIC measurements made in the summer of 1992, which averaged
10.5 pR/hr gamma’s plus cosmic. Molycorp wiil include a rigorous study of the
natural radiation background for the plant site as part of the Site Characterization
Report.

As a matter of definition, RSA and Molycorp request the NRC to make a
distinction between natural external background and natural gamma background,
since the two are not the same. Natural background, as measured by the PIC,
includes both gammia and cosmic radiation. Twice external natural background,
therefore, is twice the measured exposure rate with a pressurized ionization



chamber. For external radiation when we use the term “twice natura!
background," we mean double gamma plus cosmic.

The reviewer also peinted out that in examining Site Map il in the RSA 1990
Repornt, it appeared to him or her that readings exceeded the natural background
by a factor of two or more over much of the site. The two reasons why these
conclusions are incorrect follow:

(a) The numbers reported on the map are based on a calibration factor that was
derived by measurements made ovar a distributed thorium source. The
calibration is accurate when used over soil contaminated with sufficient
amounts of thorium that the radiation being measured comes predominately
from thorium and its daughters. When the measurements are made over soil
that is not contaminated above normal background with thorium, the
spectrum is only partly due to thorium, and the gamma ray spectrum emitted
from the soil is softer (i.e., has a lower energy frequency distribution) than
that for Th. Using the calibration factor established for thorium contaminated
areas for measurements taken over uncontaminated soil has the effect of
overestimating the gamma background. The calibration factor used for the
Nal survey meter in the 1990 report (0.73 true/indicated) is valid for exposure
rates that exceed 20 uR/hr, but at the lower exposure rates and softer
gamma spectra, characteristic of natural background, the calibration factor is
closer to 0.6. Offsite, in clearly natural background areas, the true indicated
pamma exposure ratio is approximately 0.55. (See Appendix A.) For the
purposes of the 1990 report, RSA considered this overestimation 1o be a
second order effect, and therefore we did not include a correction for it. In
the Site Characterization Report, we will make a correction for this factor.

(b) Much of the Molycorp site is covered with fill. The fill includes ferro-
molybdenum slag and other materini from decades of indi- trial activity at the
site. Except for the FeCb slag buried in portions of the site, none of the fill is
licensed radioactive material. However, because the Washington
Pennsylvania area has an unusually low natural external gamma radiation
background (generally under 8 R/hr), this non-licensed, non-radioactive fill
will tend to raise the background just by dint of the fact that it was brought into
the area from somewhere else. Since the natural gamma background in
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downhole calibration was a valid one. RSA points out that use of external
gamma to assess average concentration of thorium in soil is a technique
recognized in both the scientific literature and the NCRP publications. Moreover
gamma measurements of this type average over reasonably large variations, and
are directly related to the potential for human exposure, being direct radiation
measurements. Use of gamma measurement to infer average 232Th
concentrations should produce less variability in estimation of doses than should
soil sampling. In this report we have laid out the rationale and additional
information for accepting the calibration factors derived in the RSA 1990 Report
and present additional information on the isotopic composition of thorium in the
slag pile and additional information on thorium isotopes found undergrounu in
boreholes 29 and 32.







Singh, N.P. and Wrenn, M.E., Determinations of Actinides in Biological and
Environmental Samples, The Science of the Total Environment, 70 ,1988 pp.
187-203

Wrenn, M.E., Singh, N.P., Ibrahim, S.A., and Cohen, N., Thorium-229 as an
isotopic tracer for the radiochemical determination of thorium isotopes in
biological samples, Anal. Chem. 50: 1712 (1978).
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PIC_OFF.AS

RSA, 12/29/92

Appendix A: Off-site PIC Readings, Molycorp, Washington Pa Plant
Pressurized lonizction Chambex Scintillometer
PIC Gamma
Location Total PIC - | Ludium Mode!
Number date fime @R minules seconds (R/hn  cosmic) 19 (RSA)
#10 8/24/92 4:15PM 2 1 54 10.08 668 12.60
#11 8/25/92 1209P4A 2 1 4 10.20 6.8C 12.62
#12 8/25/92 100PM 2 12 10 986 6.46 11.75
#13 8/25/92 2:15PM 2 1 1 16.73 7.33 13.00
#14 8/25/92 315PM 2 10 17 11.67 8.27 14.55
#15 8/25/92 4:15PM 2 1C 53 11.03 F 4 12.80
#16 8/25/92 44A5PM 3 17 2 10.3C 46.90 1218
17 8/25/92 S5.45PM 2 1 57 10.04 6.64 1225
#18 8/25/92 6:30PM 2 1 32 10.40 7.00 13.20
#19 B8/26/92 1000 AM 2 11 6 10.81 7.41 13.13
#20 8/26/92 11:30AM 2 12 13 9.82 6.42 11.83
#21 8/26/52 12:00PM 2 10 45 11.16 7.76 14.28
Average| 1C.51 7.1 1285
Standard Deviation|  0.574 0.574 0.87C







Appendix C

Correction for Deviation from dx Geometry Due to Opening at Top of Forehole

i ¢ = azmuthal angle from
(Lﬁ" gepherical coordinates
0 = solid angle

dQ = areal r’ =(2n rsin ¢)(rd¢)/ r’
= 2nsin ¢ do

' e
surface - o =the angle formed by the

y axis and the line frorm
the detector to the rim
of the,borehole

X =radius of porehole

Y =depth of detector in

=° borehole

Detector Is 1"~

ot wrigh <~ Borehole —»

Q= i2usin(¢m = —n[cos(8)] = 2x[1 - cos(an)]= 2n[1 ~y/Ix7+ y’]

4r=s80lid angle encompassing entire sphere
R= {ractional reduction in cpm due to absence
of radiation source from solid angle £

o AR=2 1-er’+r’]
20, x[ / =~£[l+l’/ml

R |
an 4n 2
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Appendix C (continued)

PlofomecﬁondRaducﬂonhNdComtRahDuﬂoGooMydTop
of Hole, as a Function of Depth, for a 4 Foot Diameter Borehole
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