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ABSTRACT

A low radioactivity calibration facility ha. been constructed at the
Nevada Test Site (NTS). Tnls facility has four calibration models of natural
stone that are 3 ft in diameter and 6 ft long, with a 12 in. cored borehole in
the center of each model and a lead-shielded run pipe below cach model. These
models have been analyzed by laboratory nutural gamma ray spectroscopy (NGRS)
and neutron activation analysis (NAA) for their K, U, and Th content. Also,
42 other elements were analyzed in the NAA. The 222Rn emanation data were
collected.

Callbrating the spectral gamma tool in this low radloactivity cwmlibration
facility allows the spectral gamma log to accurately aid in the recognition
and mapping of subsurface stratlgraphic units and alteration features
assoclated with unusual concentrations of these radiocactive elemcnts, such as
clay-rich zones.

INTRODUCTION

The spectral gamma logging tool measures natural gamma radiation in bore-
hoies obtained from the elements potassium (K), uranium (U,, end thorium (Th).
K is determined from the 1.46 MeV gamma ray of 40K, which constitutes 0.1%
of natural K and has a 1.3 billion year half-life. Moasurements are more
complicated for U and Th; both elements are determined from nuclides thut are
members uf complex decay series (Friedlander et al., 1955). U is determined
from the 1.76 MeV line of 2143i and Th from the 2.61 MeV gamma of 209T).

In addition to thes: gamma rays, a multltude of generaily less intense gamma
rays. tahulated in Erdtmann a.d Soyka (1979), are associated with the U and Th
dozay geries, causing mutual interferencues amonyg the three radioelemeonts.
These interferences muwt be vubtracted out. The spectral gumma logging tool
has a8 NuI(Tl) detector and measures gamma rays in three enerpgy windows as
%iven in Table I. Nal(Tl) detectors generally have a resolution of approxi-
mately 9%, and consequently some ypanma rayd outsida the enecgy window rangews
are counted. These enargy window ranges are llsted as the fringe windows in
Table I.
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The data recorded in the energy windows (see Table II) comes from three
principal sources: (1) contribution of photo peaks from the decay of nuclei
for which the energy window was designed tn detect, (2) contribution of photo
peaks (falling at least partially in the window) from the decay of other
radionuclides, and (3) contribution from Compton scattered photons (for K and
U this is usually the largest). As an example of the complexity of the data
recorded, the potassium energy window contains, at least partially, seven U
and eight Th photo peaks along with the K photo peak. In the analysis of the
spectral gamma Gata, it is necessary to subtract out item~ 2 and 3 previously
listed. This subtraction can result in additional uncerteintles or errors.

U has a further complication: the decay to Zl4p; proceeds through
75,000-year 230Th and 1,600-y¢ar 226Ra. The indicated half-lives for both
of these intermedliarles are sufficiently long to allow their separation from
the 238y parent by geologic processes, such as groundwater leaching, result-
ing in radicactive disequilibrium. If such disequilibrium haus been imrortant
within the past 1 million years or less, U concentrations calculuted assuming
equilibrium of <-4Bi{ and 238y will be in error. The Th decay nuclides
have relativelv short half-lives, and Th always exists in a condition of
secular equilibrium within the earth.

Siliclc volcanic rocks generally have Lhe thiree radioolements K, U, and
Th. Analyses (Quinlivan and Byers, 1977; Zielinski, 1983) for unsltered or
plassy and devitrified silicic rocks of the Nevada Test Site (NTS) cale-
alkaline suite generally show:

K - 20,000-50,000 ppm (2-5%),
U.- 2-6 ppm, and
Th - 15-25 ppm.

Other reports (Vogel et al., 1983) rhow slightly nipher concentrations. The
Los Alamos unpublished analyses of nore than 1000 sumples of NTS volcunic rocks
show rimilar ranges. The most ccrumon alteration (conversion of glass to
clinopvilolite. occurs in an open chemical system &d gonetally results in the
logs of K and U, This loss is penerally quite small, but Th is highly itnmobile
and nol affected. Thece are small bul sipnliicant variations of X, U, and Th
within the NTS volcanic sequence due Lo differences amony antecedent magmay

and the modes of subsequent alteration. Howevor, in alteratlon zones charvac
terized by abundant kaolinlte and/or unectite, lavpe losuwces or deple’ ony of K
snd U wre found. Clays Hke montmorillonite are vory K poov (Fortl, 19/9).
These known ot inferred variations In K, Th, and U are evident in the apectral
pamma lopy if the log is accurately calibreatleod,

DESCRIPTION OF CALIBRATION FACILITY

A facility was completed in June 1985 (Mathews ot al., 198%) to accutately
~alibrate the spectrul pamma tool fur low Lo moderate contentls of K, U, und Th
in nimulated borehola envitronmeants and to routinely chok tho ealibration ot
this tool., Four callbration modeln or toewl pltu were censtructed in oa bulld
inp at NTS. Thie buildiap has an overhead crane vod w35 ('t colling helght
Bach test wmodel, aupported on a 4 1o stund, lu n vock eylinder 3 £t in diametor
and 6 £t in length that containg n 172 In. dlaneter cored borehole on axiu
(Fipnrew 1, 2, and 1), The cores wore deviled oul ot the Lawcence Borkoloy
Laboratory (LBL) and annlyzed at the LBL low hackpround poama gpect romel e
factility and the Lou Alamous Naltional Laboratory neutron activatlon foceility,



The four types of rock are: Sierra White (SW), Charcoal Black (CB), Lake
Placid Green {LPG), and Stripa Granite (SG). The geologic descriptions and
densities are given in Appendix A.

Pieces of the core for each rock type were analyzed for K, U, and Th by
natural gamma ray spectroscopy (NGRS) aund by neutron activation analysis (NAA).
Also, 45 elements were determined from NAA (Minor et al., 1982). A listing of
the 45 elements obtained from the NAA is given in Appendix B. Table III is a
listing of the K, U, and Th abundances obtained from both techniques. The
location of each piece of core is given in inches from the top of each rock
c¥linder, where 0.000 in. is the top and 72.0C0 in. is the bottom. The
222pn emanation data were obtained from the crushed core samples and from
in situ charcoal measurements obtained in the corehole of each model. The
average values for these models are also listed in Table III.

This building facillity iz unique because the chemical and physical
characteristics of the test pits are very similar to thogse of the NTS drill
holes logged. Grades for K, U, and Th are much lower than for any other
spectral gamma calibration facility and allow greater accuracy in czalibration
for low count rate conditions than can be achieved elsewhere. During the
calibration of a spectral gamma logging probe, lead plates are placed over the
borehole after the probe haug been lowernad intc the model leaving just enough
room for the logging cable. This shie'ding protects the detector in the probe
from cosmic ray and other background radiation.

CALIBRATION OF SPECTRAL GAMMA TOOL

Huang and Hearst (1983) have tound that commercizlly available spectral
gamma logging tools lack the required sensitlvity to provide vseful chemical
data from NTS drili holes. Therefore, we assembled a spectral gamma tool with
a large (4 x 4 x 7 in.) sodium iodide detuctor that overcomes the sensitivity
problem. Gamma ray counts are acquired in the windows shown in Table 1; these
windows minimize the mutual interferencus listed in Table sI. The tool is
calihrated by comparing count rates within the appropriate windows to the
known concentrations in each test model (listed in Table III). Presently we
use only three test models and do not use the counts from the LPG test model.
Linear equations ralate barkground--corrected count rates for each window to
concentrations of the test models by a best-fit proportionality matrix A:

CRy = /' x Cong (1)
whero
CRy. = count rates (3 x J matrix) obtalved frcm test models;
A s propocrtionality matrix (3 x 3 matrix): and
Cony « tost modal concentrations (3 i« 3 matrix).

Once A has been detarmlined, conrentrations of K, U, and Th can be
cnlculnted frowm a spectral gumma log uning the following matrix equatlon:



Con = A1 x CR (2)

where

Con = concentrations calculated (3 x 1 matrix);

Al = inverse proportionality mat-ix A (3 x 3 matrix) determined from
calibration model data; and

CR = field count rates from each window, raw data (3 x 1 matrix).

An exarnle of a calibration is shown in Table IV. Removing the background
from the SG, SW, and CB countrates, averaging the two ten-minute intecrvals,
and using the NAA concentrations gives from Equation 1:

Test Count Test
Pits Rates Concentrations Pits
K u Th K J Th
SwW 31 2 3 16050 0.79 3.39 SW
SG 128 58.5 29 = A 43380 32.80 33.40 56 (3;
CB 83.5 19.5 19 39510 8.97 19.83 Ch

Solving for A and its inverse, A-l, allows us to use Equation 2 to convert
count rates to concentrations from field data. The field data must be cor-
rected for conditions different from those under which the calibrations were
rerformed (Stromsewold and Wilson, 1981).

SUMMARY AND CONCLUSIONS

A low radiocactivity spectral gaumma calibration facility has “een built
from natural stone blocks at NTS. This facility consists of four calibration
models of natural stone that are 3 ft in diameter and 6 ft lonp, with a 12 in.
cored borehole in the center and a iead-shielded run pipe below each model.
The radioelmment concentrations determined from neutvon activatiou analysis
and natural gamma ray spectrometry are found in Table 1I1I. This tacilicy
Allows the spectral gamma log to accurately aid in the teccopgnition und mapping,
of subdurface stratigraphic unity ant alteration features such as elay-rich
zones associnted with unusunl concentrations of Lhuune radioactive elements.
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Table I

Gamma Ray Energy Windows of Spectral Gamma Tool.

Energy Window Fringe Window
Element Desired __Range — MeV Range - MeV
Potassium 1.36 ~ 1.56 1.24 - 1.70
Uranium 1.67 ~ 1.87 1.52 - 2.04

Thorium 2.42 - 2.83 2.22 - 3.08

-6



Table II

Some of the Prominent Photo Peaks Falling At Least Partially
in tne Spectral Er~rcy -»nd Fringe Wiadows
(Kosanki and Koch, 1976).

— Window _Energy (Kev) Source Decay Chain
Thorium
T 2614 208 Tl Th —--— Signature
H 2448 214Bi J Peak
Setting ) 2204 214 Bi u
(2420-2830) R Compton Photo Peaks U & Th
Fringe I Scatter >2220
(2220-3080) u
M
1848 214 Bi U Uranium
1765 214 Bi U —~- Signature
v 1730 214 Bi ] Peak
R 1661 214 Bi 1))
Setting A l631 228 Ac Th
(167v 1870) N 1621 212 Bi Th
Fringe 1 1588 228 Ac Th
(1520-2040) u 1580 228 Ac Th
M Compton Photc Peaks usé&
Scatter >1520 Th
1661 214 Bi u
1638 228 Ac Th
1631 228 Ac Th
1621 212 Bi Th
1588 228 Ac Th
P 1580 228 Ac Th
0 1509 214 Bi U
Setling T 1502 228 Ac Th
(1360--1560) A 1496 228 Ac Th Potagsium
Fringe 8 1461 40 K K - -~ Signature
(1240--1700) S 1459 228 Ac Th Poak
I 1408 214 Bi u
U 1402 214 B} U
M 1378 214 Bi )
1281 214 bBi U
1238 214 B1 U
Compton Photo Prnks K, U, &
. Scattor ~1240 Th

Ncte: Contributions in windows due to pile-up are neglected.



Table III

K, U, and Th Abundances from Crushed Samples

Lake Placid Green

NAA NGRS
(Emanation - 5.7%)
Inches K (%) U (ppm) Th (ppm) K (%) U_(ppm) Th (ppm)
9.000 0.380 0.274 0.610 0.65 0.22 0.52
22.750 0.580 0.301 0.870 —_ - -— %
27.750 0.670 0.213 0.560 0.66 0.27 0.53
32.750 0.680 0.379 0.960 0.64 0.37 0.74
38.750 0.900 0.177 0.410 0.66 0.27 0.59
45.250 G.600 0.419 1.090 0.65 0.24 0.67
64.500 0.400 0.233 0.320 0.66 0.25 0.55
0.6901 0.285 0.689 0.65 0.27 0.60
4+ 0.178 + 0.088 + 0.290 + 0.01 + 0.05 + 0.09
* —— No Sample Measured
Sierra White
NAA NGRS
(Emanation - 3.0%)
Inches K (%) U (ppm) Th _(ppm) K (%) U (ppm) Th (ppm)
9.000 1.920 0.825 3.630 1.71 0.91 3.52
21.500 1.480 0.823 3.380 1.71 0.95 3.42
31.000 1.560 0.783 3.580 1.58 0.95 3.42
37.000 1.580 0.775 J.520 1.67 0.94 3.46
46 .500 1.270 0.779 3.000 1.76 0.97 3.60
53.500 1,780 0.826 3.200 l1.67 0.88 3.46
61.500 1.780 0.767 3. 480 1.74 1.00 3.43
70.000 1.470 0.751 31.340 1.94 0.86 3.73
1.605 0.791 3.391 1.72 0.93 3.51
+ 0,210 4+ 0.029 4 0.210 + 0.10 + 0.05 + 0.11



Table III (continued)

Chatcoal Black

NAA NGRS
(Emanation - 15.0%)

Inches K (%) U (ppm) Th m) K (%) U _(ppm) Th_(ppm)
9.000 3.900 9.200 20.300 3.78 8.99 20.42
22.130 3.650 8.220 16.200 3.96 9.26 20.40
28.500 4,000 8.750 17.900 4.00 9.91 21.29
34.750 §.010 9.600 19.900 .77 9.32 21.01
41.000 4.100 9.310 22.000 3.93 9.79 20.52
46 .000 4.200 8.690 19.500 3.87 9.65 20.92
60.000 3.800 9.000 23.000 3.91 10.02 21.23
3.051 8.966 19.829 3.89 9.5¢€ 20.83
+0.185 + 0.456 + 2.309 + 0.09 + 0.38 + 0.38
Stripa Granite
NAA NGRS
(Emanction - 24.0%)
Inches K (%) U_(ppm) Th (ppm) K (%) U _(ppm) Th (ppm)
14.000 5.000 42.500 37.200 - - -— %
18.000 4.100 44.100 33.700 3.34 37.40 31.30
27.000 4_1n0 37.200 34.500 3.73 40.10 33.50
33.000 3.800 36.100 33.100 - - - %
41.000 4.100 37.800 32.500 3.65 37.40 30.20
47.000 4,200 40.500 33.700 -= -- -— X
48.000 - = - % 3.71 38.40 31.80
55.000 4.500 36.600 34.800 - -- -— %
59.000 - - -— X J.66 40.20 32.20
60.000 4.700 35.600 27.700 - -- -— %
64 .000 -- - - -— % 3.t> 19.60 31.90
4,338 38.800 33.450 3.62 38.90 31.80
+ 0.381 + 3.176 1 2.704 + .14 + 1.40 + 1.10
0.000 in. is top of rock cylinder. * - - No Sample Measured.

72.009 in. is bottom of rock cyli.de:.



Table III (continued)

The 222gn emanation data were obtained from the crushed samples from the
core and from the in situ charcoal measurements obtained in the corehole of
each model. The average values for these models are as follows:

Model
Sw NAA
NGR
CB NAA
NCR
LPG NAA
NGR
SG NAA
NGR

P

(%

.605
.12

.951
.89

.6901
.65

.338
.62

U (ppm)
0.
0.93

8
K]

791

.966
.56

. 285
.27

.80C
.90

Th (ppm)

3.
3

19.
20.

33.
31.

10-

391

.51

829
83

.689
.60

400
80

Emanation Density (gm/cm3)

2.65
3.0%

2.72
15.0%

2.78
5.7%

2.63
24 .0%



Taole IV
Spectrometer Calibration Data
(Calibrations Taken on July 24, 1985)

Data in counts/second - ten minute sampling intervals in an air-filled borehole.

K U Th TCl1 TC2
Mev 1.36-1.56 1.67-1.87 2.42-2.83 0.2-3.012 0.4-3.012
SG 127 59 29 2859 1797
BKG 0 0 0 17 8
SG 129 58 29 2867 1703
LPG 11 0 0 121 79
BKG 0 0 0 8 6
LPG 11 0 0 121 79
3 31 2 3 348 223
BKG 0 0 0 8 o
SwW 31 2 3 348 220
CB 84 20 19 1357 841
BKG 0 0 0] 14 8
CB 83 19 19 1358 841
Backgnd 10 2 2 196 119
(Hi Air)
Backgnd 10 2 2 194 119
(Lo Alr)

BKG - background from lead-shielded run pipe below each model.

Backgnd -~ tool raised to 5 ft of celling in Building 2201 (Hi Air), and tool
lowered to 2 ft from floor in Building 2201 (J.o Air).

TCl - total counts from 0.2 to 3.012 Mev
TC2 - total counts from 0.4 to 3.012 Mev

11-
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Fipgure 2. Photopraph showing distant view of calibration models
as installed.

Vipure 3. Photopraph showiny, near viow of calibreat ton modely
nyg iastalled,



APPENDIX A

Geologic Descriptions and Densities of Lake Placid Green,
Sierra White, Charcoal Black, and Stripa Granite.

Lake Placid Green

The LPG rock has an average density of 2.78 gm/cm3d and is quarried near
Au Sable Forks, New York. This rock is ar anorthosite and its mineral compo-
sition is dominated by plagioclase (mainly Ca) feldspar which occurs in a
fairly even-grained mosaic and constitutes approximately 90% of the rock by
volume. The remainder of this rock is composed of dark, ferromagnesian
minerals and their secondary alteration products. These include pyroxene,
garnet, biotite, scattered grains of magnetite, and hornblende.

Sierra White

The SW rock has an average density of 2.65 gm/cm3 and is quarried near
Raymond, California. +tThis rock is a quartz monzonite and its mineral composi-
tion is quartz, plugioclase (Na-Ca) feldspar, and alkali (K-Na) feldspatr.
These minerals occur in approximately equal prenortions and constitute 95% of
the rock by vnlume. The remuining portion of this rock is mainly composed of
the mica minerals biotite ard muscovite.

Charcoual Black

The CB rock hns an averuge density of 2.72 gm/cmd and is quatrried near
St. Gloud, Minnesota. This rock is a quartz wmonzonite to granodiorite and is
fairly rich in dark, forromagnesian minerals. Feldspatrs and quartz comprige
80-85% ot this rock by volume. Plapiocluse and alkali feldspur comprisa 60-65%
of thiu rvock by volume and quartz accounts tor another 15 20%. The common
durk minervals, in ovder of abundance, are hornblende, bictite, sphere, and
mayneiite,

Stripa Granite

Th2 $G rock has an average denuity of 2.63 gm/emd snd is quarried nearv
Stripa, Sweden. This rock is u quartz monzonite and Ly chara_terized by a
groat abundance of fractures and other deformat lonal features. The dominuant
minerals, of nearly oequal abuidance, are quartz, plaplocluye foldswpar, snd
aikali feldspur. These minerals constitute 90 -95% of the rock by velume. The
remaining portion of the vock conslutls of the terromagnesian minerals
muicovite, chlorite, zircon and mupnetite.

14
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APPEMDIL B

Listing of 45 elements obtained from the NAA of the rock blocks.

Std. Dev.
112.750
218.763
2552.310
7.440
2:101.?
853.259
236.C35
.S1s
10.620
a.
137.002
.01%
1.483
93.561
371
.029
2.825
.212
6680
4.307
.0l
.682
-1a0
.101

Y]
3le.228
.601
6 56
.76
4.402
23.733
.351
-152
2.146
5.36a
.0AS
.057
.025
.253
.109
.88
.213

29528.57
1657.1a
121857.14
114.29
604.29
71857.14
5000.

62.
360.
300.
$95.71

.17
16.57
130.57
1.2
.2851
26.71
1.83
2.2¢

11.29

.43
5.63
1.54

.99
3.04

.0169
6.5¢
3.928

27371.4286

10.9286

15.8285

1.6429

12.7143

172.8511
2.2

.4286

12.4439

7.4

Std. Dev.

893.855
1089.124
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1513.747

411.692

5.503
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