. S CORY - s —
LA-UR -81-3181

TITLE: ASSESSMENT OF THE POTENTIAL FOR RADIONUCLIDE
MIGRATION FROM A NUCLEAR-EXPLOSION CAVITY

AUTHORY(S): Darleane C. Hoffman and William R. Daniels

SUBMITTED TQ:  CGROUNDWATER CONTAMINATION SYMPOSIUM
AGU Meeting, San Francisco, CA

December 7-11, 1931
-

e — AT L,

- ——

|

By & oeplance of this aricle, the publhishes g ugaurs that thae
US Governnent setany 8 nonexglysave, toyalty e hioense
0 bl h o geproshiee the pulilshed fonm of (s contnbiu
thon, or o allow otheny 0 do so, kir US  Guwernenent par
[L 170N

The Loy Alamios Stmnibe | aboratony gt that e paly
Inbarr addesslily Vv o be oy weord e fomed widoe (e e
mees ol e US Deparinent wl Lisagy

S
c
A
O

=

«©

@

L
o
>
+
&
e
o
2
c
=

LOS ALAMOS SCIENTIFIC LABORATORY

Post Office Box 1663 Los Alamos. New Mexico 87545
An Alfirmative Action/Equal Opportunity Emplover

Form No, 6 1t UNITID S1ATYS BISTNBUTION OF THIS DOCUMERT IS w][n(

St No. 2629 DUPAHTMINT OF I NI HLLY
1.1 CONTHALT W JanY 1" 1 L

'.\\'\


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


ASSESSMENT OF THE T'aTENTIAL FOR
RADIONUCLIDE MIGRATION FROM A NUCLEAR EXPLOSION CAVITY

Carleane C. Hoffran and William R. Daniels

A ficld study >f the distribution of radionuclides around an underground

nuclear explosion cavity was initiated in 1974, about nine yeais after detona~

tion of the nuclear test. The goals of this Radionuclide Migration (RNM) Pioject

were Lo determine Lhe rates of migration underground in various media at the
Nevada Test Site (NTS) and to determine the potential for movement bhoth on and
off the NIS of radioactavity from underground nuclear explosions. There was
particular interest in possible contumination of water supplics. It was also
envisioned that the stuby might provide data applicable to the underground
disponal of radioactive waste.

Thas ongoing preject as sponsored by the Nevada Operations Oftice af the
Deparument of Energy with the participation of the los Alamws Nationai Labora-
tory, the Lawrence Livermore National Laboratory, the Umited Stales Giopoyicval
Survey. the Desert Research lnstitute, and appsopriste suapport arganizatons

The site of the 0.75=-kt nuclear test Cambric, which war tired beneath
the water table an tutfaceous alluvium 294 m below the sarface, sas chosen tor
inmiti1al studies. It was anticapated that eventually tests in other geologic
media would be examined.

Cambric was chosen jor a number of reasons:  The Cambric explosion
cavity 1 within the NTS Area D waler-supply agmifer. 1t was predicted that
sutticient Lime had elapsed so that the cavaty and chimney had tilled with
groundwaler to the preshotl statie water level, 73 m above Lhe detonat ron
poant. It so, rathonu: hiaes might be present an the water and vonsthtute o
potential source for mpgration. The Cambric detopation poant iz only 294 m
below ground surface, and thus the re=entry didblhing and sampling operat 1ons
would be less dithicult and expensive than for some of the pore decply hunied
tests. The sate an Freachiman Flat in far erough from the areas of artive
nuclear testing so that damage o interruption of the re=catey and sampling
opeiations from those actavities would be unlikely., Sutticient tritjium
(1H ur T) was present to provide en easily measurable tracer for water from
the cavity repron.  The postshot debris also contained plutonium, uranium,

and tission products whose concentrations tn the rubble and groundwater ! rom



the cavity ard chimney regions could be measured'and compared. A summary of
the intensity of the radionuclide source term at the time of re-entry is
giver in Table I. The small yield was expected to have had little effect on
the local hydrology. Further, it was judged that the alluvium constituted a
good medium for hydrologic studies because it was more permeable than tuff
and did not have large fissures or cracks through which the water might
selectively flow.

The field studies can be divided into twn phases: The Cambric cavity
region was re-entered and a well (RNM-1) was completed to a depth of 370 m.
Samples were taken to determine the radionuclide distribution between the solid
material and water at the time the experiment was started. Water was then
pumpcd from a nearby satcllite well (RNM-2S) so as to induce an artificial gra-
dient sufficient to draw water from the Cambric cavity and provide an opportunity
tor the study of radionuclide migration under field conditions. A schematic
diagram of the placement of RNM-1 and RNM-2S is shown in Fig. 1.

Details of the varly stages of the RNM Cambric experimoint are given in
Refs. 1 and 2.

Cambric Resentry

Three types of samples were removed from tiie RNM=1 re-entry hole into
the Camlric cavity: sidewall cores, pumped water, and water with contained
gases.  As drillhing progressed, a total of 497 sidewall core samples was taken
from RNM=! Lrom 34 m below the surface to 50 m below the originael detonation
point (Fig. 2). One core from cach depth was placed immediately in a pitrogen-
tlusheag, pgas-light, stainless=steel contaiaer for subsequent analyses ol
R"Kl', Ir, HTO, and fos gamma=spectral analyses. Other corve samples were
sealed in water=tight plastic bags for later gama-spectral and radiochemical
analyses to determine the concentration: ot the varrous radionnelides present,
The cures were also subjected to Lithologic exammmation to determine the composi-
tion of the medium at dattevent depths,  Solid samples and water removed from the
cidewall cores from the lower cavity region were analyzed 1udhiochemically tor 00513
137C5. and ZJQPH. and effective distribution coefticients (ratio of the concentra-
tion in or on the solid Lo the concentration i the aqueovs phase) were determined,
These eflective distribution coetticients are a measure of bath reteation in the
fused material and sorption.  The radionuclides were tound te be almost entarely

incorporated 1n or on the solid materianl(Tabie 11).



After sidewall core sampling had been comploied and the hole had been
cleaned, casing with appropriately placed, inflatable, external packers was
installed. The packers were used to minimize extcrral water movement in the
annular space between the casing and the wali. Beginning at the bottom, the
water in five zones was sampled successively by isolating the zones with
internal packers and peiforating the casing (Fig. 3). Gas-tight water samples
were taken at depth, and additional water samples were removed to the surface
by a submersible pump. Representative actjvity levels of the radioauclides
detected 1n water from each zone are given in Table 111 Ten years after the
test most of the radioactivity and the highest concentrations of all
radionuclides were still found in the region of the original - xplosion
cavily. No activity was found 50 m below the cavity., Measurements of HT and
HTO removed from the cores and gas-tipht water samples showed that more than
99.9% of the tritium was present as HTO.  Although some 8'r)l'\'r and tritium were
found in the fractured zone above the explosion region, they were concentrated
in the cavity region. The measured 85Kr to T ratios for water trom the
explosion cavily zone were cobsastent with the relative amounts resulting
from the Combric test; the Her seemcd to be dissolved in the water.  No
krypton was observed in water or solid material from cores taken above the
wiler table. Water from the region of higheso radioactavity at the hottom of
the cavity contained only tritium and 9”51 at levels higher than tae recommended
concentration pmdes (CG) for drinking water in uncontrolled qrvns.3'“

By comparing the measured ratio of esch nuclhide detected n the water Lo
the tritium 1o the water with the calculated ratio for the Cambric source

term, on effectave overall retention tactor, | for cacl nudclide (ratio ot

tae total activity in or on the sobid to the total activity in the aqueanun phase)
wit:: estimeted,  (Thaes calculation as:uames that all the radionucbrdes had been
retained below the witter table and that the traction of g nuchide not jn the

wialter was in the solid.)

. (AX/AT)CumhrI( B A cambr T caer !

o “\X/'\ ( (A

T/ water AX wiler T Cnmhrnc)

A'I' wiater
Substituting 2 0.999 ~ 1 (Kef. 1),

T Cambric



Ed - AX Cambric _ AX solid ‘

B & water AX water

The nuclides 9°Sr, 106Ru, 1ZSSb, 137Cs, 147Pm, and 239Pu were all found

to have high retention fuactors, indicating they are either retained in the

fused debris or highly sorbed on the solid matecial, or both (Table IV).

Satellite Well

The satellite well RNM-2S was located 91 m f.om the Cambric explosion
cavitv. Pumping was begun in Octcber, 1975 at a rate of about 1 m3/m1n; an
October 1977 the rate was increased teo about 2.3 m3/min. Significant amounts
of tritiated watcer, signaling arrival of water from the Cambric cavity regior,
were finally detected about two years later after a total of about 1.44 mallion
m3 of water had becn pumped from the satellite well. After almost
six years of pumping, the tritium concentration in the pumped watlei appears
to have peaked, as shown in Fig. 4. Discontinuities in the ploL correspond ta
periods during which the pump wias not operating.

Since the observation of tritium in water from the sacellite well,
samples with contained gases have been taken by pumping trom RNM-25 and from
RNIt-1. Results for such semples from the satellite well indicate the presence
of : Kr, a gas which apparently was retained in the water during transit.

The concentration of HSKr in water pumped from KNM-28 alwo appears to have
reached a maximum value (Fag. 5). The 85Kr/T atcen ritros are shown in Fig. 6.
It shculd be poted that these are relatively constant at a value of approximately
0.5 x lO-., considerably lower than that of 1.22 x IO-A valculated for Cambric.
So fur tie reason for Lthis s not knoewn; however, this result may very well be
rélated to evenls occurring at RNM-1. The pump and packers in RNM=1 were Jett
in g confipguration stch that pumping removes water from Zones IV and V (Fig. 1),
which are just avove the cavaty regiony; most of the water production is believed
to be from Zone 1Vo Data for water pumped from RNM-1 are presented in Tabie V.,
The concentrations of tritium and gSl'(r in vater from RNM-1 have ilecreared hy
more than a factor ¢t 100, presumably as a result of pumping at the satellite
well; however, the HSKr concentratior is apparently decreasing more slowly than
the tritium concentratior. The 85l\'r/'l' ratios obtained for samples collected
from RNM=1 mince pumping began al the satellaite well are consistently greater

than the calculated ratio.



More than a dozen 55-gallon (0.21-m3) water ;amplos, taken at intervals
from RNM-2S since the first obscrvation of tritium, have been reduced to
solid residues vy evaporation, and the gamma-ray spectra have been observed.
With the porsible exception of a very small amount of 106Ru (concentration
<1% of that produced in Cambnc),5 no gamma-emitting nuclides have been
identified in these samples. Radiochemical analyses of olher water samples
for the beta-emitting nuclide 90Sr have also given negative results.

After removal of more than 5.6 million |n3 (over 1.5 billion gallons) of
water from the satellite well, only tritium, which is present as HTO and
chemically the same 25 the water, and 85l\'r, which seems to be dissolved in
the water, have been positiveiy identified in water from RNM-2S.

The arrival of tritium at the s~tellite well was comp.lrcd6 with the
calculations of Sauty7 for an instantaneous tracer injection in a radial,
converging flow ficld, similar to the Cambric expesiment. The shape of the
elution curve depends on the Peclet nunber, which is inversely proportional
to the dispersivity., The smatler the Peclet number the greater the dispersion,
i.c., the broader and more skewed the elution peak. In order to compare the
experimental data with the calculation, dimensionless time, tr' and dimension-
less conventration, Cr, must be used. The dimensionless Ltime is time L
divided by the time when the mazximum of the elution peak occurs; likewise,
the dimension]ess concentration is Lhe concencration at L daivided by the
maxunum concentration.

Since the maximum in the tritham concentration in water from RNM=28 is
no yet known, a calcalat:ion wias made hased on the amount of tritium pumped
trom RNM-28 by July 6, 1981, specifically 24% of that produced in Gambric.
Values {or lr and Cr woere determined for the same date (5.00 x Iﬂb mJ ol
water pumped) by locating the point on a calculated curve of Savty carrespondi.p
to elution of 2&% o1 the tatal tracer. The ﬂvniluhlv7 calculated curves for
several Poclet numbers were thus compared with the normaliczed experimental
data (Fig. 7). 1t appears that a valenlated curve for a Peclet pumber between
three and ten (dispersivily between 30 and 10 m) would best fiv the experimental
data. This result can be compared with the data presented by borg ot .'|I.,H
who reported Jongitudinal dispersivity values whickh vere estimated by calibrataing
mathematical models tor transport against observed transport. Values ranged
from 11.0 to 91 m for a wide variety of lithologies. The dispersivitly tor a
sand and gravel deposit, the lithology probably most (losely resembling the

tuffacecous alluvium o! the current experiment, was found to be 21.3 m. It



/4
also appears that the tritium concentration in water from RNM-25 was essentially

at its maximum value as of July 1981.

Laboratory Experiments

Laboratory experiments have primarily involved measurement of the parti-
tion of various radionuclides of interest between groundwaters and crushed
rock samples of various geologic media ('"batch" studies). Some experiments
involving the leach rates for the removal of various radionuclides from
nuclear test debris have also been performed. 1In general, the rates for
removal of a radionuclide from such debris were found9 to be quite low (Table VI).

Results for the batch measurement of the sorption of a number of radio-
nuclides on *uffaceous alluvium and bentonite are given in Table VI1 (Refs. 9
and 10). It is worth noting that the sorption properties of tuffaceous alluvium
are camparable to thosc of bentonite, which is being considered for use as an
engineered barrier because of its excellent sorptive properties. Sorption-
descrption equilibria are approached slowly, and results obtained for sorption
measurements, where the tracer is initially present in the zqueous phase, and
for desorption measurements, where the tracer is initially present with the
solid phase, frequeatly differ. We thercfore emphasize that “distribution
rocffiviente"” calculated from such data may represent nonequilibrium conda-
tions. In addition, it should he noted that such values for the laboratory
experiments reier only to sorption phenomena and do not include the nffects of
retention in fused debris as do the results given in Tabie 11, The "irrevers-
ible" sorption or much slower desorption may be due to speciation changes,
diffusion 1nto minerals, crystallization reactions on solrds, or non-ionic
sorption of cclloids or precipitates. These possibilities requirve further
investigation.

A comparison of the results [rom lavoratory sorption experviments (Table VII)
and calculated retention factors frem Cambric water samples (Table V) jadicates
Lhal most of the radioactivity from the explosion is incorporated in the fused
debris rather than sorbed. To the upper cavity and chimney regions, where
sorption is presumably the dominant process, the laboratory results and
retention factors from ficld data are comparahle.

The sorptive propertics of tuft have been extensively sludivd.ll_l] and
it has been demonstrated that there are minerals in the varicties of tut! at

the Nevada Test Site that exhibit excellent sorpltive propertices tor catious.
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Such tuffs should provide a natural barrier against radionuclide wmigration to

the biosphere.

Most nuclides were found to sorb well on the geologic media studied;
however, sorption of anionic species such as those of iodine. technetium, and
uranium, which is frequently complexed by carbonate in the groundwater, is
normally quite low for all geologic media (sce Table VII and Refs. 11 and 12,
for example). The chemistry of the actinides and lanthanides in groundwaters is
complex and poorly undarstood. A significantL research effort is necessary to
achieve proper understanding of actinide and lanthanide chemistry in necar-neutral
solutions for adequate prediction of transport behavior in natural systems.

It took tritium, which is assumed to have a distribution coefficient of
zero, over two years to reach RNM-2S5. Ve estimate that more than 13 years
would be required at current pumping rates for a hypothetical! radionuclide
with a4 distribution coefficient of only 1 m€/g to truvel the 91 m between the
explosion zone and RNM-2S. The laboratory experiments indicate that mosi
elements have Kd values much greater than this (sce Table VII) and would not
be expected in water from the satellite well for many years. For example,
strontium has a Kd of approximately 200 m2/g and would not reach RNM-IS fo:

1500 years. Non-equilibrium ffects or the presence of colloidal or other
non-sorbing species might allow some nuclides to move more rapidly than
cxpected; therefore, monitoring for radionuclides in water pumped from RNM-2S

is continuing.

Summary and Conclusions

The source term for radionuclides in the region of the Cambric nuclear
explusion has been determined.  Drillback cores were obtained and analyzed,
and water was pumped from several vertical zones and analyz-+d. Most of the
radivactivity produced in the test was found te he retagined in the fused
debris with only low concentrations in the water which had been in contact
with the debris for nearly ten years. Most of the radioactivity and the
highest specific activities of all radionuclides were found to be in the
region of the original explosion cavity. No activity was found 50 m below
the cavity. Water from the region of highest radioactivity at che boutom of
the cavity contasyned only tritium and 9(,Sr at levels higher than the recom-

mended concentration guides for drinking water in uncontrolled areas.



During nearly six years (over 1.5 billion gfllons of water) of pumping from

a satellite well located 91 m from the Cambric cavity, only tritium, which is
present as HTO and chemically the same as the water, and sskr. which seems to

be dissolved in the water, have been positively identified in water removed

from Lhis well, although there is some evidence for the possible migrztion of
minute amcunts of 1°6Ru (less than 1% of that produced by the explosion).

These results are consistent with laboratory studies which indicate that, in
general, radionuclide sorption is sufficiently high to preclude the migration

of such nuclides from the original cavity tou the satellite well in the near
future. Pumping and radioassay of water from the satellite well will be

continued to investigate the possible arrival of non-sorbing species.
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TABLE [
CAMBRIC SOURCE TERM TEN YEARS AFTER DETONATION

Half iife Activity
Nuclide _Ayears) —(€i)
3y 12.3 3.4 x 10°
83k¢ 10.7 4.4
30g, 29 34
106, 1.0 2.8
125y, 2.8 3.2
137 30 99
144., 0.78 0.4
4T b 2.6 33
155y, 5.0 6.4
TABLE 11

EFFECTIVE DISTRIBUTION COEFFICIENTS
IN THE LOWER CAVITY REGICN

Distribution Caefficienc

Nuclide R (.17 9
905: 2104
137C:; >104
239 ) 8



REPRESENTATIVE ACTIVITY
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TABLE Il1
LEVELS TN CAMBRIC

WATER SAMPLES TEN YFARS AFTER DETONATION

Activity
Level
Zone fpCi/m)
helow cavity bga
lower cavity 6.1
upper cavity 3.8
chimney 0.084%
adjacent to 0.028
chimney
cct 2 x 107
abg -
nd = not detected.
€c6 =

uncontrolled dareas.

Activity level (dpm/mf)

sig; 90, 106, 125, 137
bg bg bg bg bg
800 8 11 5 1.6

1200 5 4 2 1.4

70 5 ndb nd 0.8
20 0.2 nd nd 0.2
--- 0.67 22.2 222 44.4

no activity detectable above backgrcund levels.

recommended (Retfs. 3 and 4) concentration guide applicable to

TABLE IV

RETENTIUN FACTOKS FROM CAMBRIC WATER SAMPLES

______ zone  _%r
below cavaty hgn
lower cavity 2.1 x lG3
upper cavity 1.6 x 103
chimney 3.9 x 10l
adjacent to 3.1 x 102
chimney

abg -
b

nd = not detected.

%% M Ples M
bg by bg bg

1.0 x 102 2.9 x 102 2.5 x 104 2106

1.9 x 102 3.6 x 10° 1.8 x 10" nd
ndh 1] 6.6 x 102 nd
nd nd 1.1 x 1()3 nd

no activity detectable above background levels.

waler in

9
“39Pu

bg
23.2 x 107
21.9 x 107
nd

nd
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TABLE V
TRITIUM AND ~~Kr ACTIVITY LEVELS® IN RNM-)
GAS-TIGHT WATER SAMPLES

85

Volume of Water T askr 85l\'r/T
Entry __ _Date_  from RNM-25(a>)"  (nCi/ml) (dpm/mg) (atom ratio)
original-Zone IV  8-8-75 0 150 20 1.8 x 107°
original-Zone V  8-14-75 0 38 13 1.3 x 1073
re-entrs 19 10-4-77 1.17 x 10° 3.2 75 9.4 x 1077
re-entry 119 11-30-77 1.34 x 10° 2.0 6 1.3 x 1072
re-ertry il19 9-4-79 3.50 x 10° 0.26 0.57 8.8 x 107"

a - . .
All activity levels corrected to Cambric zero time,

bVolum«- of water removed from RNM-28 by indicated date,

“The calculated bYKr/T atom ratio for Cambric is 1.22 x 10-4.

dThc packe- between Zones IV and V was driiled sul before pumping was atarted at
RNM=-2S. Water pumped for "re=entry"” samples can enter from perforations in both
Zones IV and V, but most of the witer is believed to be frow Zoue IV,
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TABLE V]

LEACHING DAIA FUR HIGH-GRADE. REFRACTORY DEBRIS

Ground Material

Test Location Udim U3ki
Shaking Time (days) 23.b6 23.0u
e
Sy,

asCu

88, <8 x 1077 < x 1677
5, <% x 107" <2 x 1076
106, 9.0 x 107" 1.0 ox 107
1244, h.0 x 1073 2.0 x 10
120, ntox 10 2.0 x 10}
P20y 2.7 x 107 1.8 x 107"
i3, 2.0 x 1077 1.4 % 107°
., < x 10 <2 x 10"
140, 6. x 107 51 x 107"
.. o ox10" a1 x 0"
1&1y, 1.0 x 107¢ LR ox 107
Lhéy 1.1 < 1w} a.n > !
“-m'l'n " ox ln-l' Y ox I()-l'
23 2.5 x 107! 1y x 107!
239,240, coox 107" “hx 107"

Jd,.
Solution and container were purgea wilth arpon betore

—.Fraction Leached

T T Temmks T T
UZap Liap
15.3 35

-9 =h

2.0 x 10 9.0 x 10

) T
4.4 x 10" 9.6 x 10°°
<R x 10" T
-r -
<a x 10°° <5 x 107
o R
5.0 x 10" 1.9 x 16"
-4 -4

2.9 x Iv 4.4 x 10

9.6 x 1077 1.5 x 107

R.6 x 07} 7.8 x 0"

2.0 % 1078 9.6 x 10"

<% x 107" <3 x 107

1z x 10! 1. x 10"

[y -

0.1 x 10" Sux e

leaching.
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TABLE V11

DISTRIBUTION COEFFICITNIS FOR

ALLUVIUM ANL BENTONITE®

Alluvium _ _

Sélg'nl__i on Deso rpl.l_nn St;lp t__i on

v o) 6 60 200

Su. 6 80 7

sh" 30 220

Mo 20

I Cer P g \

Sr 220 ) 1RO 1700

- S LT

Nk 1900 500 1004

Ba 3800 4000 4000

Cs &000 000 1800

Co 9000 L1000 1300

Ce >20000 >2000 »hoo

Eu >5000 >2u00 21500

“Data from Ket. 9, except 1 and Ru trom Ret. 0.

bTr.'ncvd water produced hy leactang test debris.

. -Distribution Coctticient (mi/g)

L Rentomie

l}_'o_..\_i-u rj:l ) on
170
50

25060

2200
6000
2200
7000
32000
>6000



Figure

Figure

Figure

Figure

Figure

Figure

Figure

‘
FIGURE CAPTIUNS

Schemat e of RiM-1 and RNM-2S.

Locations of sidewall core saaples taken from RNM-=1 (A). Roman
nmerals indicate locations ot isolated water sampling zones,
The detunation peint 1s indicated by W. P,

Constructaon detarls ot RNAM=1 in and near the lower part ol the
Camhric chimney.  Roman numerals indicate isolated water sampliug
sones.  The original emplicement hole was denignated li=he.

Tritium concentiation in water fram RNM=285, corrected to Cambric zero
timc.

KSKr concentration an water trom RNM-28, corrected to Cambraic zero time.
85Kr/T atom ratios for water trom RNM=28. The calculated value for
Cambric is 1.22 x 10 %,

Calcuiated elution of tracer tor instantancous tracer njection in a
radial, conver, np flow tield tor Feclel numbers 3, 10, 30, and 1000
(trom Ret. 0). Normalized data ftor tratium observed in RNM=28 water
are shown by A for PP = 3 and by 0 tor P = 10,
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