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ABSTRACT
A low radioactivity calibration facility he. been constructed at the

Nevada Test Site !NTS). ‘L’nis 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 mn pipe below each model. These
models have been analyzed by laboratory ntitural game ray spectroscopy (NGRS)
and neutron activation analysis (NM) for their K, U, and Th content. Also,

42 other elements were analyzed in the NAA. The 222Rn emanation data w6re
collected.

Calibrating the spectral gamma tool in this low radioactivity c~libration
facility allows the spectral gamma log to accurately aid in the reco~nition
and mapping of wbeu~face stratigraphic units and alteration features
associated with unusual concentrations of these radioactive elemcnt~, such as
clay-rich zones.

INTRODUCTION

The spectral ganuna logging tool measures natural ganmna radiation in bore-
hoies obtained from the elements potassium (K), urmnium (U), end thorium (Th).
K is determitled from the 1.46 HeV gamma ray of 40K, which constitutes 0.1%
of natural K and has a 1.3 billion year half-life. Mohuurements are mora
complicated for U and Th; both elements ate determined from nuclides thut are
membeus of complex decay series (i?riedlhnder et al., 1955). U is determined
from the 1.76 lleV line of 214Bi mid Th from the 2.61 flev gamma of ~09T1.
In addition to thes> gamma rays, a multltudo of generaily le~s il~tense Earruna
rays, tabulated in Erdtmann aid Soykn (1979), are associated with the U and Th
do:ay series, cau~lng mutuel interferenc=a among the three radioelemonts.
These interferences mutit be subtracted out. Tho opectral gurmna logging tool
hau a NuI(T1) detector and meauures gamma ray~ in three @nerKy windows as
given in Table I. Nal(Tl) detectocw generally have a resolution of approxi-
mately 9%, and consequently some tamma rayu outside the energy window rangeu
aL.e counted. These energy window ranges are lluted an the fringe windows in
Tublc 1.

I)lS(’l,AIMttR



The data recorded in the energy windows (see Table II) comes from three
principal sources: (1) contribution of photo peaks from Lhe decay of nuclei
for which the energy window was designed to detect, (2) contribution of photo
peaks (falling at least partially in the window) from tihe decay of other
radionuclides, and (3) contribute.on 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 parLially, seven U
and eight Th photo peaks along with the K photo peak. In the analysis of the
spectral gamma data, it is necessary to subtract out item:- 2 and 3 previously
listed. This subtraction can result in additional uncertpintics or errors.

U has a further complication: the decay to ‘14Bi proceeds through
75,000-year 230Th and 1,600-year 226Ra. The indicated half-lives for both
of these inteL~ediarieS are sufficiently long to allow their separation from
the 238U parent by geologic processes, such as groundwater leaching, result-
ing in radioactive disequilibrium, If such disequilibrium has been imr~rtant
within the past 1, million years or less, 1] concentrations calculu~ed a~suming
equilibrium of 2’.4Bi and 2% Will be in 13rL’0~. The Th decay nuclides
have relativolv short half-lives, and Th alwdys exists in a condition of
secular equilibrium within the earth.

Silicic volcanic rocks genec’ally hai’c the t!~ree radioolements K,, U, and
Th . Analyses (Quinlivan and Bycrs, 1977; Zielillski, 1983) for ~naltared or
glassy and devitc’ified silicic Lmocks of the Ne!’uda Test_ SiLe (NTS) calc-
alkulirce suite gel~orally show:

K - 20,000-50,000 ppm (2-5%),
U 2-6 ppm, ul]d

Th 1S-2S pprn,

DIIS(;RIPI’10N OF CAl,ll!ttA1’l(lN FAcII,ITY



The four t~es of rock are: Sierra White (ShI), Charcoal Black (CB), Lake
Placid Green (LPG), and ~tL-iPa GraIIite (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) :.nd by neutron activation analysis (NM).
Also, 45 elements were determined from NM (Wnor et al., 1982). A listing of
the 45 elements obtained from the N!lA is give!) in Appendix B. Table III is a
listing of the K, U, and Th abundances obtainod 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.OCIO in. is the bottom. The

2 2Rn emanation data were obtained from the crushed core samples and fuom
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 facility i:: unique because the chemical and physical
characteristics of the test pits are very similar to tho~e 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 calibration
for low count rate conditions than can be achieved elsewhere. Ouring the
calibration of a spectral gamma loggi,?g probe, lead plates are placed over the
borehole after the probe han been lowerod into the model leaving just enough
room for the logging cable. This shie’.dirlg protects thn detector in the probe
from cosmic t-ay and other background radiation.

CA[.IBRATION OF SPECTRAL GAfU1.ATOOL

Huang. und Hearst (lq83) have t’o’md that commercially hvailable spectral
gamma logging tools lack the required sensitivity to provid~ useful chemical
data from NTS drili holes. Therefore, we aHsembled a tipectral ganuna tool with
a large (4 x 4 x 7 in.) sodium iodido ~e’cuctor that overcomeu the senslt~v~ty
problorn. Gamma ray counts are acquired in the windows tihown in Table 1; these
windows minimize the mutual interferenc~g li~tell in Table 11. The tool is
calibrated by comparing count rates within the appropriate windows to the
known concentrations in each test model (listed in Tabla III). Presently we
u~e only three test models and do not uaa the ctwiLts from the LPG test model,
Linear oquationa relate background--corrected colmt rates for each window to
concentration of tho te.~t modols by a be~t-fit proportionality matrix A:

c~~ ~ count rnte~ (3 x 3 matrix) obtnllled frcm tust models;
A J p~’oport~onnlitj matrtx (3 x 3 matr{x); and
Con t s t.c~t modol concentrations (3 x 3 matrix).



Con = A-l x CR (2)

where

con = concentrations calculated (3 x 1 matrix);
~-l = inverse proportionality Lnatnix 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 exam?le of a calibration is shown in Table IV. Removing the ‘background
from the SG, SW, and CB countrates, averaging the two Len–minute intervals,
and using the NM concentrations gives from Equation 1:

Test
Pits

Sw
SG
CB

Count Test
~a~~s Concentrationfi Pits.— . .

K u Th

II
K u Th

31 ~ 3 16070 0.79 3.39
128 50.5 :9 = A 43380 3E.80 33.40

a3.5 19.5 19 39510 8.97 19.83

SW
SC (3;
CB

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 condition different from those under which the calibrations were
pevromed (Stromsewold and Wilson, 1981).

SUW4ARY AND CONCLUS1ONS

A low radioactivity spectral gamma calibration facility has “:ecn built
from natural stone bl~cks at NTS. This facility consists of four calibration
models of nntural stone that arc 3 ft in diameter and 6 ft long, wikh a 12 in.
cored boreholc in the center and a lead-shielded mn pipe below each model.
The radioclnrnent concentrations deteHnined from neutron activntio[l analysis
and natuv~l garmna ray ~pectrometry arc found in Table 111. This I.{cilicy
allows tho spactral ganuna log to accurately aid in th~. r“cco~nition und muppin~
0[ tiubtiur[acc strati~raphic unil:i and altorution foaf(ircs such us clay-.r Lch
zones ussocitLLcd with UIIUHUII1 concontL”:+~iolls of LIIQ:,P I.udioactlva PIOmPII~g .
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Table I

Gannna Ray Energy Windows of Spectral Gama Tool.

Energy Window Fringe Uhdow
Element Desired -RanKe - HeV Range - UeV

Potassium 1.36 - 1.56 1.24 - 1.70

lJran ium 1.67 - 1.87 1.52 - 2.04

Thorium 2.42 - 2.83 2.22 - 3,08



Table 11

Some of the Prominent Photo Peaks Falling At Least Partially
in tune Spectral Er.-r:y ~nd F:.inKc !d:+ows

(Kosanki and Koch, 1976).

Window EnerRy (Kev) Source Decay Chain——

Thorium
T 2614 208 T1 l’h --- Signature
H 2448 214Bi u Peak

Setting !) 2204 214 Bi u
(2420-2830) R Compton Photo Peaks U&Th

Fringe I Scatter >2220

(2220-3080) U
n

1848
1765

u 1730
R 1661

Setting A 1631
(167b 1.870) N 1621

Fringe I 1588
(1520-2040) U 1580

H Compton
Scatter

214 Bi
214 Bi
214 Bi
214 Bi
228 AC
212 Bi
228 Ac
228 AC
Photc Peaks
>1520

u Uranium
u --- Signature
u Peak
u
Th
Th
Th
Th
u&
Th

P
o

Set Ling 1’
(1360-.1560) A

Fringe s

(1240-.1700) s
I
u
H

1661
1638
1631
1621
1588
15ei.)
1509
1502
1496
1461
1459
1408
ldu~
1378
1281
1238
Comptcm
Scatl.or

214 Bi
228 AC
228 AC
212 Bi
228 Ac
228 Ac
214 Bi
228 Ac
228 Ac

40 K
228 Ac
214 Hi
214 u:
214 Ui
214 Ui
214 Ui
Photo Pcnk~
~ 1240

u
Th
Th
Th
Th
Th
u
Th
Th
K
Th
u
u
u
u
u
K, U, &
Th

Potasnium
- . Signaturo

Peak



Table III

K, U, and Th Abundances from Cmshed Samples

Lake Placid Green

tJGRS
(Emanation - 5.7%)

Inches K (%) U (pPm)

0.274
0.301
0.213
0.379
O.ll?
0.419
0.233

-----
0.285

f 0.088

Th (pPm) !!-(.32 U (ppm) Th (mm)

0.380
@.580
0.670
0.680
0.900
C.600
0.400

0.610
0,870
0.560
0.960
0.410
1.090
0.320

9.000
22.750
27.750
32.750
38.750
45.250
64.500

~.65
--

0.66
0.64
0.66
0.65
0.66

0.22
--

0.27
0.37
0.27
0.24
0.25

0.52
-- *

0.53
0.74
0.59
0.67
0,55

------ -----

0.601
j: 0.178

—----

0,689
~ 0.290

-----

0.65
* 0.01

----- —----

0.27 0.60
~ 0.05 * 0.09

* –- NO Sample Measured

Sierra White—.—

NM NGRS
(Emanation - 3.0%)

Inches——.

9,000
21.500
31.000
37.000
46.500
53.500
61.500
70,000

..-.-—__

K (%)

1.920
1.480
1.560
1.580
1.270
1.780
1.180
1.470

-----

1.605
*, 0,210

UJJ@lJ)

0.825
0.823
0.783
0,775
0.779
0,826
0,167
0.751

-, - ..-
0,791

~ 0.029

Th (ppm) u (ppln) Th (Ppm)

3.52
3.42
3.42
3.46
3.60
3.46
3.43
3.73

3,630
3,380
3.580
3.520
3.000
3.200
3,480
3.340

1.71
1.71
1.58
1,67
1.76
L.67
1.74
1.94

0.91
0.95
0.95
0.94
0.97
0.88
1.00
0.86

--—--

3.391
!_ 0.210

_____

0.93
~ 0.0s

----—

1.72
y 0.10

3.51
~ 0.11

-El-



Table III (continued)

ChaLcOal Black

NGRS
(Emanation - 15.0%)

NM

Inches

9.000
22.130
28.500
34.750
41.000
46.000
60.000

------

Inches——

14.000
18.000
27.000
33.000
41.000
47.000
48.000
55.000
59.000
60.000
64.000

------

K (%)

3.900
3.650
4.000
4.010
4.100
4.200
3.800

-----
3.951

~ 0.185

U (p9m)

9.200
8.220
8.750
9.600
9. 3flo
8.690
9.000

-—---

8.966
~ 0.456

Th (ppm) !ua U (pPm) Th (PPIII)

20.300
16.200
17.900
19.900
22.000
19.500
23.000

3.78
3.96
4.00
3.77
3.93
3.87
3.91

8.99
9.26
9.91
9.32
9.79
9.65

10.02

20.42
20.40
21.29
21.01
20.52
20.92
21.23

—----

19.829
~ 2,309

------

3.89
f 0.09

-----

9.56
~ 0.38

-----

20.83
~ 0.38

Strips Granite

NM NGRS
(Ernan?tion - 24.0%)

L&2

5.000
4.100
4. ~r)o

3.800
4.100
4.200

-.—

4.500
---

4.700
-. -

-. ----

U (pPm)

42.500
44.100
37.200
36.100
37.800
40.500

..-

36.600
. .

35.600
.—

-----

Th (mm) w !uJE!!Q

--
37.40
40.10

——

37.40
--

38.40
--

40,20
---

:49,60

—----

38.90
~ 1.40

Th (ppm)

-- *

31.30
33.50

-- *

30.20
-- *

31.80
-- *

32.20
-- *

31.~o

-----
31.80

f 1.10

37.200

33.700
34.500
33.100
32.500
33.700

-- *

34.800
-- N

27.700
.- *

--

3.34
3.73

_

3.65
——

3,71
- .-

3.66
-

3,(5

---—- -----

4.338
~ 0.381

38.800
~ 3.176

33.4G9 3,62

f 2.704 ~ 9.14

0.000 in. is top of rock cylinder. A ..- NO Sample Measured.
72,005 In. is bo~tom of rock cyli.id~:-,

-9-



Table 111 (continued)

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

Model

Sw

CB

LPG

SG

tuA
NGR

Mu
NCR

NA.A
NGR

NAA
NGR

K (%7

1.605
1.12

3.!)51
3.89

0.691
0.65

4.338
3.62

U (ppm)

0.791
0,93

8.966
9.56

0.285
0,27

30. aoc
38.90

Th (ppm) Emanation

3.391
3.51 3.0%

19.829
20.83 15.0%

0.689
0.60 5.7%

33.400
31.80 24.0%

Density (gm/cm3)

2.65

2.72

2.78

2.63

lo-



Taole IV

Spectrometer Calibration Data

(Calibrations Taken on July 24, 1985)

Data in countslsecond - ten minute sampling intervals in an air-filled borehole.

K U Th TC1 TC2
Hev, 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 1737
BKG o 0 0 17 8
se 129 58 29 2867 1703

LPG 11 0 0 121 79
BKG o 0 0 8 6
LPG 11 0 0 121 79

—-

‘Sw 31 2 3 348 223
BKG 0 0 0 8 b
Sw 31 2 3 348 220

CB 84 20 19 1357 841
BKG 0 0 0 14 8
CB 83 19 19 1358 841

Backgnd 1.0 2 2 196 119
(Hi Air)

Backgnd 10 2 2 194 119
(Lo Air)

..—. _—— —.

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

Backgnd - tool raised to 5 Et of ceiling in buildin~ 2201 (Hi Air), and tool
lowered to 2 ft from floor in Uuilding 2201 (Lo Air).

TC1 - total counts from 0.2 to 3.012 llev
TC2 - total counts from 0.4 to 3.o12 Hev

-.11-
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CROSS SECTION OF A CMIBRATION CYLINOER

rG134wn5

Cwwciw S&km ME Rulo Sr&flAq
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!!!’,9!!.../.y
CYLINDER’S PLACEMENT IN BLDG.

FigUre 1, Cross section of a calibration cy!inder,
and placem~nt in building at MTS.
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F’iy,ul”{: 2. Phutufiraph showing distant view of calibration models
as installed.



APPENDIX A

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

Lake Placid Green.—

The LPG rock has an aver”age density of 2.70 gm/cm3 and is quarried near
Au Sable Forks, New York. This rock is an anorthosite and its mineral compo-
sitim is dominated .by plagioclase (mainly Ca) feldspur which occurs in a
fairly even-erained mosaic and constitutes approximately 90% of the rock by
volume, The remainder of this rock is composed of dark, ferrornagnesian
minerals and their secondary alteration products. These include pyroxene,
garnet, biotite, scattered Erains of magnetite, and hornblende.

sierra White

The SW rock has an average density of 2.65 gm/cm3 and is quarried near
Raymond, California. “ibis rock is a quartz monzonite and its mineral compogi.
tion is quartz, pl:lgioclasc (Na-Ca) feld’ipar, Jnd alkali (K-Na) feldspav.
These minerals occur in approximately equal prnpurtions and constitute 95% of
the rock by v~lume. The remfiining porLion of this rock is mainly composod of
the mica minetrals biotite Ar.d InuscoviLe.

Churcgg~_p.ack. ... .

Tlm CB rock hr,ti an avcrbEe density of 2.72 gm/cm3 and is quarried naar
Sti Cloud, Flinneuotai This rock is u quartz monzonitc to grunodiorltc and is
fairly rich in durk, forr-onmgnosi~n minel.als. Foldspars and quurtz compriso
80-85% of thiu :Coch by volume. PlaKioclusc und ulkuli foldspuu comprisa 60-65%
of Lhi:; rock by volume ,~lld quuc’lz uccoul~lu l’ov iLIIU1.fICI. 15. 20%, ‘l’he common
dJL’k minef:also in ordor of ubundtince, tir(! I!ornblcndc, bi~)l.iluo sphere, und
mti~nci.ite,

St. r”ipu (;lvll!ltu
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