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ABSTRACT

The U,.S. Department of Energy (DOE) Office of Remedial Action and
Waste Technology has as one of its goals the standardization of
field measurements made by remedial action contractors throughout
the country. In support of this goal, the Technical Msasurements
Center (TMC) was esteblished at the DOE Grand Junction, Colorado,
Projeocts Office, and tasked with developing and/or recommending
measurement methods for use in support of remedial action programs,
One part of this technical support is the provision of ecalibration
facilities for standardization of field measuzements. This report
presents results of a study conducted to assign callbration
parameters to 59 calibration 'pads’ maintained by the Department of
Energy at seven permanenti and threec temporary (remedial action)
sites across the United Siates. The pads are conorete cylinders,
roughly 5 feet in diameter and 2 fect high, and are enriched in
radium-226, thorium-232, and/or potassium~40. They are unsed to
calibrate those portable field instruments that are used by
remedial action contractors to make direct, in-situ measurements of
radium-226, thorium—232, and potassium—40.

Calibration parameters were assigned to the pads by combining the
results of two sets of measurements. First, physical samples
collected from the pads were assayed in the laboratory using a
high~resclution germanium detector, The samples were prepared by

crushing, drying, and sealing against loss of radon-222. Calibration

of the laboratory-measurement system provides traceability of the
rosults to nationally recognized standarda., Second, gamma-ray flux
emanating from the pads wes measured in the field wsing a high-
resolution germaninm detector. These results provids consistency
among the assignments, such that a ocalibretion pexformed on one set
of pads will be statistically identical to that perfozmed on
another set. Ancillary field measurements were made of secular
equilibrium in the pads, of moisture coatent ian the pads, and of
instrument performance, especially dead time., Results of these
apcillary measurements were used to correct the laboratery- and
field-measurement data. Both sets of data were then subjected to a
regression analysis from which the final calibration-pad assign-
ments were derived, These assignments, together with the raw data
and detailed explanation of the assignment prucess, are presented
in this report.

vii



1.0 EBXECUTIVE SUMMARY

1.1 PROBLEM DEFINITION AND APPROACH

The objective of this study was to assign calibration parameters
to 59 calibration pads located at Grand Junction, Colorado, and
at six secondary field sites and three uranium-mill-tailings
remedial action sites across the United States. These pads are
maintained by the U.S. Department of Energy (DOE) for purposes of
instrument and measurement calibration, Each of the 39 pads
included in this study is described in Table 1-1 with respeoct to
its designation, location, property serial (tag) number, size,
and primary source of enrichment (George and Knight, 1982),
Fundamental calibration parameters to be assigned to the pads are
concentrations by dry weight (specific activities) of radium-226,
thorium-232, and potassium—40., Secondary parameters assigned to
the pads are moisture content, radon~222 exhalation, and dry
bulk density. The secondary parameters mey be used to correct
instrument response to the fundamental parameters.

Parameters assigned to the pads must meet two requirements:
First, the values must be traceable to national standards, and,
second, the values must be consistent from pad to pad. The
consistency requirement ensures that calibration of a specific
instrument performed on one pad will be statistically the same as
a calibration of the same instrument performed on another pad.

In the past, calibration parameter assignments for certain pads
were determined directly from laboratory measurements of physical
samples collected from the pads. For the 'E' series of pads
listed in Table 1-1, assignments were made by Mathews and Kosanke
(1978). For the 'W' series of pads in Table 1-1 (the large pads
located at the Walker Field Airport, Grand Yunction), assigmments
were made by Ward (1978) and by Stromswold (1978). For the other
pads listed in the table, no prior pubiished assignments have
been made. In all cases, past assignments have been based solely
on laboratory measurements using gamma-ray spectroscopy. The
intent of this present study was to not only repeat the
laboratory measurements, but to obtain in-situ measurements of
gamma-ray count rates from each of the pads and to correlate both
sets of data in order to make 'best’ estimates of the needed
parameters, while balancing the sometimes conflicting goals of
traceability to standards and consistency of calibrations. The
scope of the study also included obtaining a set of separate,
independent measurements to test and verify the assignments,



Description of the Calibration Pads

Pad_

El
E2
4
E5
CE2
CE4
GE2
GE4
TE2
TE4

W1
w2
w3
w4
W5

H1

B3
14
A5

PK
PL
PH
PT
PB

CPK
CPL
Crtt
CPT
CPB

diameter by height,

magnitude’' activities,

Table 1-1.
Location ___Tag Number
Grand Jot., GJ0-10233 3.5 x 1.5
Colorado GI0-10254
GI0-10255
GY0-10256
Casper, GI0-10130
Wyoming GJ0-10131
Grants, New GI0—10132
Mexico GI0-10133
George West, GI0-10134
Texas G¥0-10135
Walker Field, GIJ0-3019 30 x 40 x
Grand Jot., G¥0-3019 1.5
Colorade GJ0-3019
GJ0-3019
GJ0-3019

Grand Fct.,
Colorado

: Grand Jﬂto)'

Colorado

Casper,
Wyoming

GJ0-12417 4.0 x 1.67
GJ0-12413
6GJ0-12414
GJ0—12415
GI0-12416

6J0-X11602 5.0 x 2.0
GJ0-X11609
GJ0-X11616
GI0-X11623
GJ0-X11630

GI0-X11603 5.0 x 2.0
GJ0-X11610
GJ0-X11617
GJ0-X11624
GF0-X11631

Size? (ft) Primary Enrichment’

Ra-226, 25 pCi/g ...
Ra-226, 80 pCi/g
Ra-226, 400 pCi/g
Ra-226, 900 pCi/g
Ra-226, 80 pCi/g
Ra-226, 400 pCi/g
Ra—226, 80 pCifg:
Ra—226, 400 pCi/g
Ra-226, 80 pCi/g
Ra—-226, 400 pCi/g

None, Normal Corncrete
E-40, 50 pCi/g
Th-232, 5 pCi/g
Ra-226, 12 pCilg
Ra-226, 8 pCi/g;
Th-232, 2 pCi/g:
K-40, 35 pli/g

None, Normal Comcrete
K—~40, 50 pCi/g
Ra-226, 160 pCi/g
Th-232, 70 pCi/g
Ra—-226, 100 pCi/g;
Th-232, 20 pCi/g;
K-40, 40 pCi/g

K-40, 50 pCifg

Ra—-226, 90 pCi/g
Ra—226, 400 pCi/g
Th-232, 30 pCi/g
None, Ottawa Sand

E-40, 50 pCil/g
Ra-226, 90 pCi/g
Ra-226, 400 pCi/g-
Th-232, 30 pCi/g
None, Ottawa Sand.

8Two dimensions indicate cylindrical configuration listed as

Three dimensions indicate rectangular
configuration listed as length by width by thickness.

brhe specific activities only indicate approzimate 'order-of
Assigned values are presented in Table 1-2,



Table 1-1. Description of the Calibration Pads (continued)
Pad Logation Tag Number  Size® (ft) Primary Enrichment?
GPK  Grants, New GJ0-X11604 5.0 x 2,0 K-40, 50 pCi/g
GPL Mexico GI0-X11611 Ra-226, 90 pCi/g
GPH GI0-X11618 Ra-226, 400 pCi/g
GPT GT0-X11625 Th-232, 30 pCi/g
GrB GJ0~-X11632 None, Ottawa Sand
TPE Goorge West, GJ0-X11605 5.0 x 2.0 K-40, 50 pCi/g
TPL  Texas - GJO-X11612° Ra-226, 90 pCi/g
TPH GI0-X11619 Ra-226, 400 pCi/g
TPT GY0-X11626 Th~232, 30 pCi/g
TPB GF0-X11633 None, Ottawa Sand
SPK  Spokane, GJO-X11606 5.0 x 2,0 EK-40, 50 pCi/g
SPL Washington GI0-X116113 Ra—-226, 90 pCi/g
SPH GJ0-X11620 Ra-226, 400 pCi/g
SPT 6J0-X11627 Th-232, 30 pCi/g
SPB GJT0-X11634 None, Ottawa Sand
RPE  Reno, Nevada GJO-X11607 5.0 x 2.0 K-40, 50 pCi/g
RPL, GJ0-X11614 Ra-226, 90 pCi/g
RPH G¥0-X11621 Ra-226, 400 pCi/g
RPT GTJ0-X11628 Th-232, 30 pCi/g
RPB G¥0-X11635 None, Ottawa Sand
MPK  Morgantown, 6J0-X11608 5.0 x 2.0 EK-40, 50 pCi/g
MPL West Virginia GY¥0-X11615 Ra-226, 90 pCi/g
MPH GY0-X11622 Ra—226, 400 pCi/g
MPT GJ0-X11629 Th-232, 30 pCi/g
MPB GF0-X11636 None, Ottawa Sand
NPL Niagara Falls, GJ0-X11637 5.0 x 2.0 Ra-226, 15 pCilg

New York o '
NPH Middlesex,  GJ0-X11639 Ra-226, 50 pCi/g
New Jersey o _
PPL  Salt Lake GJO-X11638 5.0 x 2.0 Ra-226, 15 pCi/g
PPH City, Utah GF0-X11640 Ra—-226, 50 pCi/g

8Two dimensions indicate oylindrical configuration listed as
diameter by height. Three dimensions indicate rectangular
configuration listed as length by width by thickness.

The specific activities only indicate approximate ’order—
of-magnitude’' activities., Assigned values are presented in Table
1-2.









@ A calibration factor for the detector was determined
using the corrected count-rate data and the parameter
assignments for the pads. Since all the pads were in-
cloded, the calibration coefficients were overdetermined
and a 'best’' calibration factor was determined through
regression analysis. .

e Using that calibration factor, count rates expected from
each pad were calculated from the assigned parameters, A
comparison was then made between the expected count rates
and the observed count rates for each pad., The uncer—
tainties in the exzpected and observed count rates were
also compared.

1.3 RESULTS AND CONCLUSIONS

Table 1-2 presents the calibration-pad parameter assignments,
expressed in dry-weight concentrations, for Ra—226, K-40, and
Th~232. These assignments are reasonable, based on the observa-
tions summarized in Table 1-3 and discussed below. However, the
uncertainties in the assignments are larger tham one would like
to see for calibration ’standards,’ especially for the radium
concentrations in the pads enriched in radium,

The uncertainties in the radium assignments are particularly
large because the measurements of radon exhalation made for this
study were very uncertain, However, eoven if the measurements
conld have been made with complete certainty, it is important to
note that the state of exhalation of & given pad changes with
meteorologic conditions, as demonstrated in measurements made on
the ‘W' pads at Walker Field (Stromswold, 1978; Novak, 1985)., A
fairly large uncertainty for the radium assignments is therefore
gqualitatively justified in the sense that the {(unknown} particu-
lar state of exhalation of a given pad will always have a direct
effect on the ‘calibration factors determined for specific instru-
ments. As is further discussed in Section 6.3, the radium
assignments agree with the laboratory values more closely than
what is indicated by the assignments’ uncertainties, Neverthe-
less, we conclude that the large uncertainties for the radium
assignments are justified for calibration purposes, even though
the radium-226 concentrations could be determined with smaller
gncertainties than the assigned values., It is apparent, and we
recommend, that further work be dome to measure the radon exhala-
tion from the pads, except from the Walker Field pads, and to
determine the variation in exhalation associated with each pad.



Table 1-2. Parsmeter Assignments for thé-CaIiBration Pads

__Assigned Concentration (pCi/g)?

Pad ___ . ____ _Ra-226 Th~232 K-40
E1 25.21 + 6.68 0.67 + 0,10 13,30+ 0.72
E2 . 80.34 + 14.12 © 0,79 + 0,10 13.83 + 0.98
B4 395.84 + 46.92 .~ 0.66 * 0.12 11.43 + 1.48
ES 871.45 + 97.72 0.75 + 0.12° 14,27 + 2,18
H1 0.84 + 0.90 - 0.67 + 0.10 10.95 + 0.62°
o0 _ 0.67 + 0.9 .~ 0.08 + 0.06 54,00 + 1,56
H3 .~ .161.83 + 20.40 ~0.66 + 0.08 11.31 + 0.86
H4 11,03 + 4.00 . 67.90 + 1.24 10.76 + 1.48
B 102.59 + 17.42 = 19.57 + 0.54 37.75 + 1.60
PK +1.16 + 0.78 0.04 + 0.06 50.96 + 1,50
PL - . 85.71 + 14.16 - 0.64 +0.10 15,78 + 1.02.
PH ~374.36 + 47.06 0.60 + 0.10 15,80 + 1.58
PT 6.63 + 3.06 ©31.28 + 0.86 . 14,92 + 1,08
PB - - 0.6 + 0.3 0.0 +0.3 0.0 +0.1
Wi 0.82 + 1.02 0.67 + 0.10 12.67 + 0.7
W2 1.92 + 1.54 0.87 + 0.12 45.58 + 1.8
w3 1,70 + 1.38 4.92 + 0.26 17.07 + 0.8
W4 12.07 + 5.64 1.04 + 0.12 17.56 + 0.9
s 8.36 + 3.52 1,91 + 0.16 34.68 + 1.4
NPL 15.83 + 5.32 0.64 + 0.10 10.92 + 0.72
PPL 15.08 + 5.54 0.62 + 0,10 10.84 + 0.66
NPH 44.20 + 9.72 0.73 + 0,10 11.13 + 0.82
PPH 49.34 + 10.78 0.63 + 0.10 10.97 + 0.86
GE2 83.13 + 15.42 0.70 + 0.10 12,93 + 1.02
GE4 396.66 + 49.70 0.80 + 0.12 12.20 + 1.48
GPK 0.58 + 0.82 0.01 + 0.06 51.53 + 1.46
GPL 87.78 + 14.32 0.50 + 0.10 15.58 + 1.02
GPH 375.74 + 45.14 0.61 + 0.10 15.93 + 1.62
GPT 6.57 + 3.14 30.23 + 0.80 14.94 + 1.02
GPB 0.0 + 0.3 0.0 +0.3 0.0 + 0.1
TE2 83.53 + 15,10 0.66 + 0.10 13.17 + 0.98
TE4 398.74 + 50.36 0.51 + 0,10 11.44 + 1.58
TPK 0.69 + 0.86 0.00 + 0,06 52.81 + 1.46
TPL 87.02 + 14,68 0.57 + 0.10 15.49 + 1.02
TPH 385.36 + 47.52 0.45 + 0,10 14.85 + 1.42
TPT 5.96 + 2.9 31.21 + 0,82 15,03 + 1.08
TPB 0.0 + 0.3 0.0 +0.3 0.0 + 0.1
MPK 0.22 + 0.56 0.02 + 0,06 52.45 + 1.46
MPL 89.88 + 14.42 0.56 + 0,10 15.88 + 1.02
MPH 384,23 + 47.08 0.50 + 0.10 16.11 + 1.48
HPT 7.01 + 3.14 32.03 + 0.76 15,78 + 1.08
3yncertainties are two sigmas (95 percent confidence level).




Table 1-2. Parameter Assignments for the Calibration Pads
(continued)

__Assigned Concentration (pr/g)___f_,“__w_,“
Pad Ra-226 L Th~232 L K—jgﬁ““_
MPB 0.0 + 0.3 0.0 + 0.3 0.0 + 0.1
RPK 0.69 + 0.86 0.04 + 0.06 52.01 + 1.60
RPL 85.01 + 17.76 0.62 + 0,10 16,12 + 1.02
RPH 373.97 + 46.02 0.53 + 0.10 15.76 + 1.52
RPT 6.40 + 3.02 31.60 + 0.74 15.40 + 1,08
RPB 0.0 + 0.3 0.0 +0.3 0.0 + 0.1
SPK 06.58 + 0.78 0.01 + 0.06 51.64 + 1.46
SPL 93.67 + 15.36 0.59 + 0.10 T 15.97 + 1.02
SPH 374,28 + 46.62 0.57 + 0.10 14.88 + 1.48
SPT 6.68 + 3.18 30.80 + 0.78 14.45 + 1,02
SPB 0.0 + 0.3 0.0 + 0.3 0.0 +0.1
CE2 81.45 + 14.42 0.79 + 0.12 13,63 + 0.98
CE4 409.93 + 50.90 0.66 + 0.10 12.29 + 1.58
CPK 0.76 + 0.90 0.04 + 0.06 51.36 + 1.46
CPL 91.77 + 15.20 0.54 + 0.10 15.44 + 1.02
CPH 360.65 + 43.82 0.55 + 0.10 0 14.99 + 1.58
CPT 6.07 + 2.92 30.18 + 0.78" © 14,13 +1.02
CPB 6.0 + 0.3 0.0 +0.3 0.0 + 0.1

hﬁﬂncer

ta1nt1es ARre two s1gmaq (95 percent conf;dence level)







The potassium assignments are in good agreement with laboratory
assays, the assignment being within 2 pCi(E-40)/g of the labora-
tory value in every case, We believe this order of precision,
and uncertainty, is as good as, or better than, the level of
accuracy and uncertainty which can be attained with commonly used
field instrumentation (spectrometers equipped with sodium iodide
detectors). We conclude therefore that the potassium assignments
are reasonably accurate and precise.

The thorium assignments are the most relatively certain of =ll
the assignments, though the laboratory measurements suffered due
to the difficulty in obsexving the 2615-keV photopeak for many of
the samples from the radium-enriched pads. On the other hand,
the 2615-keV photopeak was ecasily observable for the in-situ
measurements, and was measured relatively precisely. Ve conclude
that the thorium assignments are reasonably accurate and precise.

The assignments for the barrenm pads (PB, GPB, TPB, MPB, RFPB, SPB,
and CPB) are zero because we were unable to measure their
radioelement concentrations, even on samples in the laboratory.
Furthermore, we implicitly assumed the concentrations in the
barren pads to be zero by using them to determine background
count rates. In reality, the concentrations in these pads are
not zero, but are small enough to be negligible. The associated
uncertainties were assigned through subjective analyses and
informal discussions with laboratory personnel.

Measurements for verification of the assignments were disappoint-
ing, Measurements of background count rates werc apparently
contaminated, We suspect that the contamination resulted from a
neutron source carried on the truck containing the sodium iodide
detector system, The poor measurements of background essentially
invalidated many of the other measurements, except those of the
primary enriched element in each pad. Furthermore, we suspect
that the procedure used to set the gain of the system, and to
stabilize it, 'did not permit the system to perform as well as we
had hoped, and also contributed to some of the problems encoun-
tered in data analysis, The chief value of these data, there-
fore, was the determination that there are mo obvious 'flyers’ in
the assigned concentrations, at least for the principal enriched
element in each pad. Using the data obtained from the verifica-
tion measurements, we were able to verify the assigmments only to
within 12 percent for the potassium content of the potassium
pads, 12 percent for the apparent radium content of the radivom
pads, and 7.5 percent for the thorium content of the thorium
pads.,
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1.4 USING THE RESULTS FOR ROUTINE CALIBRATIONS

During the course of this study, correction factors were
determined for radon-222 exhalation and moisture content; they
are presented in Table 1-4. Measurements to derive these factors
were performed concurrently with those conducted for purposes of
assigning parsmeter concentrations. The factors therefore
reflect the conditions of the pads at those times. The same
conditions may not be present at any other time. However, it may
not be possible or practical to measure prevailing conditions, in
order to determine corrections, each time the pads are used for
calibration, On the other hand, both radon-222 exhalation and
moisture content directly influence field measurements of
radioelement concentrations, We therefore suggest two possible
approaches when using the calibration models,

1., 1Ignore the corrections while performing both calibration and
field measurements, If the exhalation and moisture
conditions in the field were coincidentally the same as those
in the set of calibration models used, then no error would
result in the field measurements of radiocelement
concentrations. If the conditions in the field were not the
same as those in the models, then an exrror would result in
the estimation of radioelement concentrations measured in the
field. The error inherent in these field estimates would be
related to the departure of conditions in the field from
those in the models at the time of calibration. Although
this method of accounting for moisture and exhalation may not
be wholly satisfactory, it is no worse than making an error
related to, for example, the total amount of moisture ox
exhalation.

2. Apply corrections while performing calibration based on con—
ditions in the models at that time, and apply analogous
corrections to the field measurements based on ambient condi-
tions in the field. This approach, though scientifically
attractive, may be impractical or technically ineffective if,
for example, the moisture content or radon exhalation, or
both, varies considerably over the field site.

In the case of either approach, it is beneficial to know or
estimate the moisture and exhalation conditions in the
calibration models. This is true of the first approach described
above because conditions in the field are not measured and are
therefore assumed to be the same as those in the models, whether
known or estimated. Use of the second approach dictates the need
to know moisture and exhelation conditions in the pads at the
time of calibration. Should it be impossible or impractical to
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measure prevailing conditions at the time of calibration, the
gorrection factors cited in Table 1-4 may be used. It is
important to note, however, that the uncertainties in those
factors are fairly large; and since these uncertainties propagate
into the final radiocelement concentrations inferred from the
field measurements, the user may wish to make every attempt to
obtain the necessary instruments and measure the moisture content
and radon—222 exhalation in the models at the time of
calibration, in order to determine more precise correctioms.

Table 1-4, Correction Factors Derived During This Study
for the Calibration Pads

Correction Factor?®

?f?ﬁmﬁ Radon—222 Exhalation o Moisture Content
El 1,364 + 0.185 1.068 + 0,008
E2 1,151 + 0.102 1.074 + 0.008
E4 1,105 + 0.065 1.086 + 0,010
E5 1.093 + 0.058 1.065 + 0,007
H1 1.022 + 0.574 1.110 + 0,013
H2 1.022 + 0.591 1.084 + 0.010
B3 1.063 + 0.067 1,106 + 0.012
H4 1.022 + 0,188 1.057 + 0,006
H5 0,980 + 0,092 1.082 + 0,009
PK 1,368 + 0,863 1.082 + 0.00%
PL 1.232 + 0.104 1.104 + 0.012
PH 1.282 + 0.074 1,103 + 0.012
PT 1.368 + 0.310 1.094 + 0.011
PB 1.000 + 0.000¢ 1.000 % 0.000°
w1 1.171 + 06.601 1.148 + 0,017
w2 1.171 + (0.431 1.144 + 0,016

Bncertainties sre one sigme (68 percent confidence level),
See Sections 4.2 and 4.3 for further details omn these factors.

PThe moisture correction factors cited here are those for
Ra-226. Correction factors for Th-232 and E-40 are nearly, but
not exactly, the same (see Section 4.2).

®It is assumed that the barren pads contain no measurable
radium; hence, no raden would be produced and the exhalation
correction factor is assumed to be unity, with zero uncertainty,
Similarly, it is assumed that the Ottawa sand used to construct
the pads contains negligible moisture; hence, the moisture
correction factor is also assumed to be unity, with zero
uncertainty.
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Table 1-4. Correction Factors Derived During This Study
for the Calibration Pads (continued)

Correction Factora-

Pad _Radon—222 Exhalation Moisture Content®
W3 ' 1.171 + 0.466 1.119 + 0,014
W4 ’ 1,171 + 0.272 1.143 + 0.016
W5 1,171 + 0.233 1.137 + 0,016
NPL 1.471 + 0,233 1,100 % 0,011
PPL 1,254 + 0,190 1.100 + 0.011
NPH 1.213 + 0,134 1,108 + 0.012
PPH 1.470 + 0.150 1.113 + 0,013
GE2 ' 1.175 + 0,105 ' 1.141 + 0,016
GE4 1.218 + 0.071 1.089 + 0,010
GPK 1.368 + 0.904 1.071 + 0,008
GPL 1.405 + 0.114 - 1.096 + 0,011
GPH 1.332 + 6.076 1.082 + 0.009
GPT 1.368 + 0.306 1.085 + 0.010
GPB 1.000 + 0.000° 1.000 + 0.000°
TE2 1,272 + 0.108 1.110 + 0.013
TE4 1.248 + 0.075 1.133 + 0.015
TPK 1.368 + 0,819 1.073 + 0.008
TPL - 1.384 + 0.119 1.092 + 0,010
TPH 1.466 + 0.083 1,091 + 0.010
TPT 1.368 + 0.317 1.091 + 0,010
TPB 1.000 + 0,000° 1,000 + 0.000°
MPK 1.368 + 1.499 1.072 + 0.008
MPL 1.413 + 0.110 1.085 + 0,010
MPH 1.387 + 0,080 ‘ 1.074 + 0,008
MPT 1.368 + 0,302 - 1.074 + 0.008
MPB 1.000 *+ 0.000° 1.000 * 0.000°
RPK 1,368 + 0.819 1.092 + 0,011
RPL 1.254 + 0.107 1.085 + 0,010
RPH 1.358 + 0,079 1.084 + 0,010

8Uncertainties are one sigma (68 percent confidence level),
See Sections 4.2 and 4.3 for further details on these factors.

The moisture correction factors cited here are those for
Ra—-226., Correction factors for Th-232 and K-40 are nearly, but
not exactly, the same (see Section 4.2). '

°It is assumed that the barren pads contain no measurable
radium; hence, no radon would be produced and the exhalation
correotion factor is assumed to be unity, with zero uncertainty.
Similarly, it is assumed that the Ottawa sand used to comstruct
the pads contains negligible moisture; hence, the moisture
correction factor is also assumed to be unity, with zero
uncertainty.
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Table 1-4. Correction Factors Derived During This Study
for the Calibration Pads (continued)

_Correction Factor®

Pad  Radon-222 Exhalation ________ Moisture Content’
RPT 1.368 + 0,309 1.071 + 0,008
RPB 1.000 + 0,000° 1.000 + 0.000°
SPK 1,368 + 0.886 1.071 + 0,008
SPL . 1.508 + 0,119 1,092 + 0.010
SPH 1.406 + 0.081 1.085 + 0,010
SPT 1.368 + 0,298 1.079 + 0,009
SPE 1.000 + 0.000° 1.000 + 0.,000°
CE2 1.238 + 0.107 1.080 + 0,009
CE4 1.268 + 0,074 1.097 + 0.011
CPK _ 1.368 + 0.781 1,074 + 0.008
CPL 1,477 + 0.117 1,08 + 0,010
CPH 1,307 + 0.078 1.088 + 0.010
CPT 1.368 + 0.316 1.092 + 0,010
CPB 1,000 + 0,000° 1.000 + 0.000°

pncertainties are one sigma (68 percent confidence level).
See Sections 4.2 and 4.3 for further details on these factors,

'he moisture correction factors cited here are those for
Ra-226. Correction factors for Th-232 and K-40 are nearly, but
not exactly, the same (see Section 4.2).

CTt is assumed that the barrem pads contain no measurable
radium; hence, no radon would be produced and the exhalation
correction factor is assumed to be unity, with zero uncertainty.
Similarly, it is assumed that the Ottawa sand used to construct
the pads contains negligible moisture; hence, the moisture
correction factor is also assumed to be unity, with zero
uncertainty.

2.0 BACKGROUND AND METHODOLOGY

2.1 CONCEPTS_ AND_ LIMITATIONS

For the purpose of assigning parameters to the pads, it was
assumed that the pads would be used only for calibrating
instruments responsive to gamma rays emanating from the pads.

The specific isotopes of interest are Ra—226, where the
instruments are responsive primarily to the daughters Bi-214 and
Pb-214; Th-232, where the instruments are responsive primarily to
the daughters T1-208 and Ac-228; and K-40, where the instruments
are responsive directly to K-40., It would be ideal if the
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instruments responded linearly to the dry-weight concentrations
of these isotopes; however, complicating faotors modify the
observed proportionality. Two main factors are moisture, which
affects all three isotopes, and Rn-222 exhalation, which affects
Ra-226. Moisture modifies the proportionality because it
attenuates gamma-ray count rates., Radon-222 exhalation modifies
the proportionality because it escapes from the pads and is a
daughter between Hs-226 and Bi-~214 in the Ra-226 deocay chain.
Another complicating faotor that must be considered for certain
instruments is the dead time of the measurement system.

The parameter assignments made in this study are the result of
three major steps, First, physical samples collected from the
pads were assayed in the laboratory to determine a ’'laboratory
assay' estimate of the concentratioms of Ra-226, Th-232, and E-40
in each pad. Second, in—situ measurements of gamma-ray count
rates at specific gamma—xay energies wers made, and the observed
count rates were corrected for instrument dead time, moistuve
content of each pad, and radon~222 exhalation from each pad.
Third, the two data sets were correlated to derive a 'best
estimate' of the concentrations of Ra-226, Th—232, and E-40 in
each pad. '

It is often suggested that these concentration assignments should
be based on laboratory data only. However, experience has shown
(Heistand and George, 1981; George and others, 1983) that
analyzing samples from the pads does not always produce a reli-
able estimate of the radioelement concentrations in the pads.
Experience has also shown that observed count rates obtained
using a specific instrument on & specific pad can be very repeat—
able. Thus, the ratios of concentrations in two or more pads can
be determined reasonably precisely through in-situ gamma-ray
measurements, while the absolute concentrations in each pad may
be relatively uncertain if they are determined from laboratory
measurements only, The method used in this study is therefore
justified by the fact that the assigned concentrations satisfy
two important criteria: they are consistent by virtue of the in-
sitn data collected and traceable to standards as a result of the
correlation between in-situ and laboratory data.

The method used in this study to assign concentrations does im-
poge certain limitations on the results. First, the assignments
are for calibration of gamma-ray measurements only, the objective
of the study being to assign concentrations for the three
isotopes of interest in terms of theixr (equivalent) gamma—ray
jintensities. Second and third, the assignments reflect a
specific state of moisture content and Rn-222 exhalation in the
pads, Corrections were made for these conditions with a view to
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