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!3alhart Post Shot Investigation

ABSTRACT

Multiple radioactive isotopes tracers are used in borehole
operations in the petroleum industry and these tracers are
monitored by gamma ray spectroscopy logging tools. The
nuclear test Dalhart, U4U, was executed at a depth of 21oII
ft on October 13, 1988. This test has multiple radioactive
isotopes or fission products associated with it and
knowledge of the distribution of these isotopes is desirable
for the Nuclear Test Program. A slant post shot hole was
drilled in late August, 1990 to sam~le the geologic material
from the collapsed zone or chimney abave Dalhart. This 9
7/8 inch borehole was drilled at approximately 19 degrees
from the vertical toward the Dalhart execution depth. This
borehol.e started at approximately 734 ft due south of the
Dalhart event. Drilling circulation was lost at a slant
depth of 1030 ft.(980 ft True Vertical Depth, TVD ). A 30
ft core was cut at a slant depth of 1722 ft ( 1628 ft TVD )
which was within the collapsed zone and above the originul
static water level ( 1667 ft TVD ). This core was cut too
high in the collapsed zone and contained nc radionuclidc
material from the test. Drilling was completed to 2280 ft
(2156 ft TV13 ). The water level was encountered at a depth
of 1603 It (1513 ft TVI) ). A Hallibu~ton 1 11/16 in
diancter Trcicer5ciin gamma -ray-spcct.roscopy log was run
inside the drill string at a speed of 10 ft/min. SpCCtril
were obtained from TD to the surfii~~. Radioactive matcrii~l
produced by the test wiis present from ‘N) to 1H50 ft (1-/46 it
‘l’VI)) . Spectra were acquired at 0.2!j ft depth intervals i]nd
i]vcraqes rccordrd diqital ly every tc!n ft and thirty ~t WL’t-c
displayed on the blue lint?10C]together with the t~till
ubscrvcd qiimma ray and cnsinq ~ollilr lornter siqniil. Al:;o,1
IIUEhiqh intensity [Jilmmil10(], W]lic]lCorltilitl$i t.k.~~ SM,l] I

LWiqer cxxlnt cr dct.cct.or:;,wll:~run by At iii:;Wirul i II(I !jc’t.v i(:(’:;
1 rom ‘1’1) t (1 t 1](. ::uri ,Icc. Th i G I q ci id not- (lot(~~:t ,IIly
rll(iiollc.l i.~u il(!t ivi ty in thp ho lo. ‘1’11(’ (jllmrnll - l.ily I)llot.(-) ~){.i,lks;
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INTRODUCTION

A radionuclide investigation was undertaken to study the
subsurface nuclear waste movement from an underground
nuclear detonation. This detonation occurred at a depth of
2100 ft in hole U4U. This detonation was below the static
water level that had a vertical depth of 1667 ft. The common
methods of radionuclide transport are injection from the
detonation, groundwater leaching migration and colloidal
transport. Immediately following an underground nuclear
detonation, a cavity forms where the device was. Initially
vaporized material consisting of rock, material associated
with the device and products of the fission and fusion
processes fill this cavity. As this vapor cools and
coridenses elements collect on the ceiling, walls and the
floor of the cavity. Normally separation occurs between
radioactive refractory elements and the more volatile ones.
Ideally the refractory elements settle into the bottom of
She cavity where puddle glass forms and the volatile
elements are distributed in the ceiling and walls of the
cw ity. This separation is not complete thouqh nnd
refractory elements like zirconium and others arc present in
other locations than only in the puddle glass. Also
volatile elements like iodine and others are present
throughout and even in the puadlc qlass. So the main
concentration of refractory elements is in the puddle ql(~ss
and the conccmtrcatlon of volatile elements is outside the
puddle glass ( Thompsnn,cd., 1991).

‘l’helithosti~ticprcs:;ure iibov~~thc~ ~ilvity Cvciltucilly
ovcrcomcr, the c-iivityst.rnnqth tnndt.lmcmvity COI Iapsc:;. ‘NM’
milt.eriCl;sinitiil]ly CCNWknfiCd on tha Cilvity CPil in(J f,il I to

th[?c,~vit.y1ILIOI-;~ndPI Imin,lt.c?mme 01 t.hc:;p,lti,ll
Gqilr,ltion bctwcon voltltilc ilnd rclractory clcrncnts. ‘[’0
L-on!u:irthe :;itu,ltion C*VL*IIf“urt.her,movement o!.m,ltcri,~l:;
over {ishort distcincc (iurinqdctoniltion is po:;::ibloby
iniiwmtion into t.hon.x-k:;IJL*yondth(I~q,ivity. ‘1’tw’l;ttlcrc’i:;
thr ~x):::;ibilityu! ii~tivc qroundwiltrr lc,~chinqitlldtr,in::~)urt
c)I vltrio u::m{ltcrigll:;long ,lftor(iCt.OIli\tiOn. AI:xI(:olloi(l::
mifllltb(*prr:;e:ltcIIK1rtuli(hlutive m~lturiiillllily,Ittaic”ll
th~im::f>lvc~:;to thr::o(molIiml:;i~n(lIw m(w~’liI)y(VIIloi~lill
tr,in::])t)rt,lf~.lilllfmj .Iltf’r~htt~m,ltion.



with steel casing that has a bottom plug. The working point
of U4U was at a depth of 21CJ0ft and the static water level
was at a depth of 1667 ft. Then the casing has the water
blown out of it so the hole is dry. The device is then
generally placed in the bottom of the hole. The device is
in a canister with a large rack around and above it. The
rack contains the diagnostic instruments and other
experiments. Many cables go from the surface to the rack.
The device and equipment are stemmed with alternating layers
of coarse gravel and fine material and two OY three special
plugs of two-part epoxy are placed in the emplacement hole
well outside the melt zone of the device. This stemming and
special plugs are designed to contain the explosion and keep
all radioactive particles from escaping to the atmosphere.
Fig. 1 shows the various conditions described.

An underground nuclear explosion’s energy is released in
about 0.1 usec and the temperature in the immediate vicinity
of this detonation is raised to several million degrees
Kelvin. The pressure is also increased in the vicinity of
the detonation ta many kilobars (Germain and Khan, 1969).
At these temperatures and pressures the materials associated
with the device and the surrounding rock are vaporized and
melted. The cavity around the device expands nearly
spherically within a few milliseconds to a radius that is
dependent primarily on the yield and secondarily on the
]ithost.atic pressure and water content. The cavity radius
in U4u grew to approximately 200 ft. The cavity is lined
with melted rock and other materials and the surrounding
rock is fractured out to clistanccs that arc several tin,es
the initi,~l~i]vity rndius ( scc fig 2). Th rock rc?il~ts

hydruiyn(lmicnll,y,ishort distance !’romthe device and !or i~

brief t.im(’0[ ,1Icw ten:;01”mill i:ircond:;,ifter dCtU~liltiO1l.

The :;hockcncrqy prop,l(jiltcs in i~lldirections ~~nd (I bulqe
occur-u ,lt-qrouml !;Urfil~L’ Whl’~~ SUrfilCC! fril(:tllr(’:~ ilr@. form(’(1.

Alt’CmI-t.hltcilvity cc,i:;o!:to cxp,lnd thv mult.1’n:;11(’1.hutjill:;to
tlrcIIIItlOWnWlIrtlto I“orm (IC~l[I:;:;~)u(l(~lein the bet.torn 01” klIt*
cl]vity. ‘1’hr qround surftl~:r r~t.drn::t.o il position ncllr it:;
ot-iqin,l]ICVL’I.



at 734 ft north of hole U4U and has a diameter of 9 7/8
inches. This hole was drilled at approximately 19 deg’-ees
from vertical toward the U4U working point. The drilling
fluid was a bentonite qel mud that had a viscosity of 52 to
53 pohe and a weight of 9.0 to 9.2 #/gal. The drill pipe
had an internal diameter of 4.5 inches and a weight of 16.5
pounds per ft. Drilling fluid circulation was lost at a
slant depth of 1030 ft (vertical depth (VD) of 972 ft) and
~~asnever recovered again. Therefore no drill cuttings or
any radioactive material ever returned to the surface and
this safety feature is standard procedure. It is assumed
that the drill bit entered the chimney at this depth.
Drilling continued with no returns of drill cuttings to a
total depth of 2280 ft sia}.t (2156 ft VD) and approximately
18# 840 barrels of drilling mud were lost during the entire
drilling operation.

CORE RECOVERY

At a slant depth of 1722 ft ( VD 1625 ft~ a 30 ft core was
~:utwith reasonable core return (29.5 ft). This location
was within the collapsed or chimney zone and above the
original static water level (1667 ft vertical) and above the
present static water level of 1741 ft (1644 ft VD). ‘rhc
core was examined at the drill site with an intrinsic
germanium detector and no radioactivity was found. It was
also exanined at the laboratory with more sophisticated
oquipmcnt and again no radiation was found. This core was
cut too high ~n the chimney were no radioactivity existed.

1A3GG1NGl}ROCF;[)UIW!;AND RHIJ1;I’S

Drillinq cnciml at 2280 ft (2156 ft W)) and standard
proscdurcs for prctormin(j qilrrrnrilloqgincj ilnd sidew,lll
~it~nplinq were 10110WL’d. The Ioqqinq ilnd~i~mplinrjwere
complctcd within the dril 1 pipe bcwx~usc of :;ulmur!m:c



hole are listed in Table 1. Also static gamma-ray logs of 5
min duration were recorded at approximately 30 depths. The
analysis of the static and moving spectroscopy results from
this gamma-ray log are discussed in another section.
Also at this time a Dept of Energy (DOE) high intensity
gamma log that consists of two very small Geiger-Muller
detectors was run by Atlas Wireline Services in the drill
pipe while drilling fluid was pumped. This log detected no
radioactivity which showed that no extremely high levels of
radioactivity were present.

*
A mark of Halliburton Logging Services, Inc

ACQUISITION AND ,lNALYSIS OF SAMPLES

The total counts gamma log from the Tracerscan tool was used
to determine the depths for sampling with t.lleHunt sidewall
sampling tool. This tool is located in the bottom 30 ft of
the drill pipe. At a selected location a pnrt opened and a
scraper was extended to contact the borehole wall. The
drill pipe is moved upward one or two ft and formation
material is scraped into an integral receptacle. The sample
is brought inside the drill pipe and the port is closed and
the sample is brought t.othe surface by a wirelinc. The
drill pipe is then moved upward to another sampling location
and another sample is collected (aftert,~esample container
is put back into the tcol. Once the drill pipe moves upward
it generally can’t return to a previous sample location.
l’hcsample locations and the ‘1’racerscantotal counts gamrnii

loq arc displayed in Fig. 5. Eleven srmples were rakcn with
the tiuntsi~mpling tool over the ~li]nt depth interval 01 2212
ft to lf123 ft (20013 ft to 1.721 ft. Vb). These samples wc?rc
surveyed in the field with an intriils~$-.gcrm~~~!l; detector

YB21{:’:ch,lh;::l:i,;;y,,:;Oundt”cOnta ‘“ “CS’ “ s ‘ andWe.-C sent back to the li~b~riitory I“or
Iurthcr ,~r~i~lycisand ‘1’ilblc~ 2 and h list~ these rc~ults.

TRACI1{,;CAN S1)l{C’I’RO. bCOl’Y ANA I,Y!;I!;



telemetry bandwidth. However, the 13 windows used to
compute the relative nuclide concentrations by a weighted
least squares (WLS) algorithm are not in a perturbed
spectral region. This is demonstrated in Fig 6 which shows
a representative static spectrum taken at a depth ~f 1928 ft
(1820 ft VD). The Low spectrum is above and the High
spectrum below. The dashed vertical lines indicate the

9?Y
ndaries of the 13 windows.

~evA~3~tabilization

Note the 60 keV peak from the
source in the tool and the prominent 662

Cs peak in the High spectrum.

The most abundant radioactive isotopes found in the

4 IY7
aboratory ana ‘
H (tritium),

;~,o~n~h~ogunt sidewail sampies were 125Sb,
Ru . Tritium does not emit gamma

photons and so cannot be assayed using a gamma-ray
spectrometer. The other 3 nuclides emit the majority of
their gamma photons in the 400 to 700 keV energy range. The

that the average relative proportions
~;t?3~;~T?b~~5~bs!0~86Ru are ~~ respectively
(this sta~ement disregards detec;o;-~f;i~;~;cy). The
abundances of the other nuclides is reduced by a factor of 5
or more relative to these. Consequently, the WLS analysis
of the TracerScan gamma-ray spectroscopy data was limited to
3 post shot nuclides (137Cs,125Sb and 106Ru) plus the
natural radioactive background of potassium (K) , uranium (U)
and thorium (Th) .

The estimation of isotope concentrations using the WLS
technique was described previously (Gadeken and others,
1988) . The sensitivities for the post shot nuclides were
found using the I-di.mcnsional nuclear transport code,
ANTSN,as was done previously (Gartner and others, 1’390) in a
different. context. The sensitivity for the KUTh component
was found carllcr (Gadcken and others, 1991) . The total
gamma-ray log (Fig 5) shows radioactivity levels in excess
of 10,()()0 A})l units. These high count rates made it
nc.cc~s,~ry 10 pcr~orm dciid time corrections on the
cxpcrimcnt,]l spcctrill di~ta. The effects O( pulse pile up
were ncc:ountcd for by appropriate adjustment of the isotope
r,enr,itivity mat.ricc~ (Gartner and others, 1990) . The
cxperi~.ental IIiqh spectrum in Fir 6 i.sduplicated in Fig ‘/
(upprr) ilnd overl;lid with (a compos itc spectrum cent.caininq
the 4 compon~nts (13”/C:;,12’,!;b, 10[)Ru and K[J’I’h). ‘lhc lower
~]urtiun UI Fi(j ‘/(Jri~phic,~llyshows the rcl(]tive i]mounts of
ttlf’il]liivi(ll]fllcompon[’nts ,ls e:lt imi~t.cd usinq WI,!; illqorithm.

‘]’W(I!;f’t”!;()[ Trllt:vr!;(.(ln(I(lt(lwe’re i}n(llyzr(i[’or tl~i:;~Ji]p(’r.
‘I’1l(’ 1-(’ W(’t”(’II fit,Iti(.m{’(l:;llt-f~mf’llt:;.‘1’11(’ r(?!; 111 t!: 01 tt)o WI,:;
(’[)11 (’flrlt t’(lt 1o11 111( ’,l!:ll t”(.~lll(. jr)t :; ill-(’ t“,ll)(Ilflt” (’(1 ill ‘I’,l}]1(’4.



,.,

averaged gamma rays overlaid as well as the Fit-Error curve
showing the quality of the WLS estimates. The right-hand
track displays the concentration estimates for the 4
individual components. Note that while the fine structure
is suppressed, the medium scale structure (on the order of
tens of feet) is fairly well reproduced. The Fit-Error
curve is reasonably small which shows that 10 ft averaging
resulted in better statistical precision and that the
physical model (uniform distribution of isotopes within the
formation) is quite good.

CONCLUSIONS

This paper has discussed laboratory and logging gamma-ray
spectroscopy results for the Dalhart post shot
investigation. The concentration estimates are in
reasonable agreement considering the widely different
volumes interrogated by the 2 techniques. There was
difficulty in this comparison in absolute terms due to
different units used in the laboratory and field
measurements as well as due to questions of efficiency for
the two different detectors used. However, the agreement in
relative terms is good. The analysis reported herein has
demonstrated that detailed concentration estimates for post
shot nuclides can be done as a function of depth. It would
not be difficult to extend this effort so that real-time
calculations could be done as logging was performed.

REFERENCES

Gadeken, L.L.,H. D. Srnith,Jr. and D.J. Seifert,1988,
Calibration and analysis of borehole and formation
sensitivities for gamma ray spectroscopy measurements with
multiple radioactive tracers, The Log Analyst, 29,3,159-177.

Gadcken, L.L., M.L. Gartncr, D.E. Sharbak and D. F. Wyatt,
1991, The interpretation of radioactive tracer logs using
gamma ray spectroscopy measurements,The Log Analys”:,32,1,24-
.14.

Gartner, M. L., C. C. Fu and L. L. Gadcken, 1990, The u~c of
nuclear simulation calculations to support appl ication~ in
radioactive tracer loqqinq, IEEE Transactions On Nucleur
:;cicnce, “1-/,2,April,943-94./.

Germain, l,. !;. i~nd il. S. Kilhn, 19(~9, I’honornunolo(]y.~nd
contiiinment of’ undcrqround nuclear explosions [Chi~p. 4), in
‘1’cctlnicill di:;cu:;sionsOf Off”k;ite SiifCty I’rOqrilm:if“or
underground nuclear dctun~tiorls, U. S. Atomic Energy
Commis:;iorlrcpt. NV(3-40, r(lv2, p. I-l-rJO.



Heuser, F. N., 1970, A summary of information and ideas
regarding sinks and collapse, Nevada Test Site, USGS-474-
41,129 p.

Teller, E., W. K. Talley, G. H. Higgens and G. W. Johnson,
1968,The constructive use of nuclear explosions, McGraw-Hill
Book CO, New York, 320P.

Thompson, J. L. (compiler and editor), 1991, Laboratory and
field studies related to the hydrology/radionuclide
migration project, Los Alamos National Laboratory progress
report, LA-121OO-PR, 38 p.

ACKNOWLI!IGEMENTS

TABLES AND FIGURES



“I”AII1.E 1

llw followingradinnudidmmuy lx pnxm in pmL\hoIddwisohluincdwiLhinu fcwweeksof lhccvcnl. Ilcms● IIIUYh
prcscruJlcr a fcwmonlhs,A promincm~ummnr~y(km} u.d LOiduntifyIIWrudionucidcisIisicd.

Hk!
-WC
47SC
4HSC
54Mn
5YFC
511C0
(loco
U7Y
XXY
H’r-h
1).VI
V2tn,Nd
9YM()
I(LWI
I05Ru
l(hnAg
] wsh
]~~sh
I ~7Sh

I .wrc
[Ws
I ?7(”s

1411kl
141(”L’
14.3(”L!
14-I(”L’
I 47sd
I .5(II%

I firm
lHllil
1U2-l”U
I!lrl”u
1N7N’
I !+m”
IWIAI1
Iwfll
-?\ !Iq
? IJI
: 1“/[‘
.?!9s11

52.93
H3.112
315
1.H2

312.5
44.6
70.n5
5.271
3,32

l(m.66
3.27
64,05
10.15
2.77
39.45
I.473
11,41
2.7
60.2
3.875
3.25
2.(M2
10.0
IJ.H
-p5
1.3U

XU .(1
I1.04
15.15
72
~~.~

115
.5
IJt)
01).4
().IH
2.(w)
17[J
‘7jMl,.H
().75
2.!!I

d
d
d
d
d
d
d

:
d
d
d
d
d
d
d
d
d
(1
d
d

Y

:
d
d
(;
J
1!
d
d
d
d
II
d
d
d
d

Y
d
d

477.50
nu9.26
159A
1311.7
n.u.xl

I(nw..l
nlo.75
I332.46
4H4.7
ltYH.(M
~[)().1
756.71
9.34,40
739.4X
407.OX”
31V.
717.34
5(A.
(m.72
47?.2
522.65
(w.(i)
(#l1.6
537.35
:.$5.44
2w.2fl
I13.5
531.1
1242.47
I177.w
4X2.
1121.3
2.1(1.fnl
470.53
Is$.f)l
155.7I
411.X
Illw
Iwl.1
~()~,

?“17,11.?

“IIMW fAlllllllhlllll”\ WIIIL.11Illil)’k I(k’lllllkll 11~j!:lllllll:l1;1} slk’(”llllullll~ ~1.;ll\ :111(’1:1mnlrar (’}1’111Ilk’llllk’ 1111”II IIIIM III)!

1.15111

fl(l( ‘1)
IIUIKU
1.’>$11
111(.,
I {;( ...
1.1.:(.1’
1.1;1’111
I ~.’l..ll

13.11.11



.,

TABLE II

!Samflle #

L

A—.— . .-—
Drilled Depth

t

1 1823 _- .-—.
~ 1848

i —— .. . . . .. —- -—.——

3 1888; -..-...—--—.._. -—
1910 ‘“”I . .—.-.. . ..—..— .—
1937~..... ....._-—_. –. ——

,....-.6 ~089 —.
7-;.-. —–— 2117

I 8 2144!-- —— ..—— ,—-— —— — .

~ ““,::j “-””-“ ‘--
I 2168-—-——

22121 .- ..- .,.-. . . .--- .-——..-—.
II ~~lz--- -- - . .

— — —. .—-— —

‘ -+
——-...—.--————--

B c _ ___ .__!? .. ... ....- -—-—
Depth (F’T’ Sb-125 H-3

1721 9.2E+1 ‘- “--”–------------1.6E+4-—— ——— .—--—
1743 6.2E+1 ‘- 4.8E+4——— .— —.———.—— .— ——.-
1782 7.0E+2 3.6E+4.——-- ..—.— .—— —— ...-_.—.—----
1805 3.9E+2 5.2E-+4

“--;-*--*’’-’’’’!’%
2024

M

3.2E+3 8.2E+4—-.—-..——.. —..... .--— — -.—-—. ..- -- —--. . .
2046 1.8E+4 8.7K+4.—-——--.-—.—— .—— .-..--..——.-—- ---. .-.— .. —..-. . .. .
2088 1.3E+4-—.-. .- — 1.2E+5.. . .-.. . —.—-- ------ . .. . ..--.——-.-—
2088 2.7E+4 1.81;+5.-.—..—--..—----- .- . .. . .-...-. .-.—.-,—-..,. - . . . . .

A Drillul Depth
11 Vcrticle Depth

(.’ y’s/min/g dry weigh[ (427.95KCVy)
1) pCi/Inl
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.Allcoun[irg date from March 1991
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