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ABSTRACT: Environmental tracers (chlorine-36 and tritfum} wers used ar the Radioactive Waste
Management Compiex (RWMC) to estimate natural water infiltration rates in the unsarurated zone near buried
nuclear waste. Chlorine-36 and tritium wers measured in the soii column to determine the depth of the
maximum concsamration of these radionuclides produesd by armospheric testing of nucizar devicss in the late
1950's and =arly 1960's. Histarically, the nuclear fuei reprocessing operauons at the Idaha Chemical
Procsssing Plant also have contriouted 1o the atmespheric deposition of these radionuciides as the fdaho

National Engineering Laboratory.

Soii coras for anaivsis of chiorine-36 and mitium were taken from undisturbed soii near subsuriacs
instrumentation (thermocouple psvehrometers, tensiometsrs. and a neuwron moisture gags) that has besn used
since 1985 to establish the vertical hydrauiic head diswriburion in the unsaturated zone. The neurron-prode
access noie used is in an undisturbed soii profile adjacent to the RWMC. Rates caiculared fram the prories of
tie snvirormentai wacers and from the neutron-iogging indicats that sits-specific net infiimation o the
unsaturated zone ranges from 0.36 to 1.1 cmiyear. This represents 2 1o 5 percent of averags annual

orecipiation.

1 INTRODUCTION

The [daho National Enginesring Laboratary (INEL)
comprises about 2300 km? of the eastern Snake River
Plain in southeastern [daho. The INEL was
established in 1949 and is used by the U.S.
Department of Energy (DOE) to construct and test
nuclear reactors and to participate in vatious defense
programs. Radiochemical and chemical wastes
generated at the INEL and other DOE facilities have
been buried in trenches and pirs at the Radioacrive
Waste Management Compiex (RWMQ) since 1952,
Since 1970, low-level radioactive wastes have besn
buried and transuranic wastes have been stored on
above-ground asphait pads in retrievable containers.
From 1952 1o 1986, approximately 180.000 m? of
low-level radiochemical and transuranic wastes that
contained zbour 9.5 miilion curies of radioactivicy
were turnied (Pittman, 1989, p. 2},

Because of the potential for radionuciides 1o migrate
from wastes buried in the unsarurated zone 1o the
aquifer 2bout 177 m below land surface, the U.S,
Geological Survey constructed two insrumented test
trenches in the surficial sediment adjacent to the

-
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northern boundary of the RWMC (Figure 1) w cotlect
dara for determining net infiltration rates of warer.
The test rench ares is a sparsely vegerared,
predominarely silt loam site. The depth 10 the
sediment-basalt contact varies from about 4 to & m.
Vegetation is mixed Big Sagebrush (Artemisia
widentata ssp. wvomingenis) and Crested Wheatgrass
{Agropyren cristatum). Data coilection began in
1985 and is continuing. Subsurface datz are collected
using thermocoupie psychrometers,

tensiometers, and & newmran moisture gage. The data
and eaiculations presented heresin are preiiminary
and this is the first in 2 series of repors on the
unsaturated zone at the INEL.

In 1990 and 1991, chicrine-36 (34Cl) and tmitium
{(¥H) concentrations were measured in soil sampies
coilected from boreholes near the test trenches. This
report presents net water infilration rates calculated
from the depth of the maximum conceneation of
these radionuclides and compares them to rates
calculated from neutron-probe data. The relative
movement of these environmental fracers has besn
studied in similar seri-arid areas by Phillios and
others (1988) in New Mexico and Hunt and others
(1990) in Nevada.
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Figure 1.—Locarion of the test rench area near the Radicactive Waste Managsment Complex
at the Idaho Nationai Enginesring [aboratory.

2 METHODS

A soil core for *C1 analyses was coilested by hand
in November 1990 using a 7.6-cm diamser auger
bit and chamber. Sampie intervais rangsd from 0.1
to 0.1% m and were selectzd to ensure the coilection
of 800-1000 g of soil per sample. The borzhole was
compietad 1o a rotal depth of 5.6 m and was
disconrinued ar the sediment-vasalt interface. The
soii samples were stored in sealed containers,
weighed in the fizld and wansported to the
laboratory for determination of voiumerric water
coment. The samples wers then mansported 10 the
DOE Environmental Measurements Laboratery
(EML) where the 3C] and stable chloride were
isoiated and chemicsaily purified to produce 2 AgCl
precipitate (Conard and others, 1986). The 3Cl
concantrations were then determined using
accaierator mass specrromerry (AMS) at the -
University of Rochester, New York (Kubik and
others, 1987).

The soil samples for H analvses were collected by
air rotary drifling in November 1991, Sampie
intervais were sciccted in the same manner as thoss
for 6C), This barehole was compieted 0 2 total
depth of .3 m; the basalt contact was not reacned.
Warer was collected from the soil by distilling ina
vacuum oven that was connected to ice-water and
liquid-nitrogen raps. The water samples were then
enriched and counted with a liquid scintillation
detector {Thatcher and others, 1977, p. 79-81).

The neutron probe used 1o measure soil water
content coneains a source of fast, high-energy
neutrons and 2 slow (thermal) neutron detzctor. The
probe is jowersd into a cased hole to specified
deptis and readings are recorded, Hydrogen present

in the sail water slows down the neutrons for
dezection oy the prove. The moisture data are
dispiaved as raw hydrogen counts that can be
correiated with the water content of the cores takan
during construction of the probe acesss nole
(Campbell Pacific Nuciear. 1984, p. 1)

3 RESULTS AND DISCUSSION

Chiorine-36 and *H concenrrarions for the soil cares
are shown in Table | and graphs of 3Cl rados. *H
concentrations. and voiumesric soil water content a5
a function of depth are given on Figure 2. For
annual average net infiltration vate caleularions. a 4-
year average volumenic water content of 0.19 over
the entire length of neuran acoess hoie 9 was used
{Figure 2). The use of averge volumetric water
contenes for the *4C] and *H scil sampies collected in
the fall of 1990 and 1991, respectively, would bias
the rate caicuiation toward the dry time of the year.

3.1 Chlorine-36

Chlorine-36 is produced in the snvironment by
cosmic-ray interaction with argont. Approximately
two-thirds of nawral *Cl production is in the
stratosphere and the remaining one-third is in the
troposphere (Faure, 1986, p. 416). Chlorine-36 aiso
was produced during nuclear weapons tests
conducted aver the oceans during 1952.38
(Schaeffer and others, 1960). After a residence time
in the troposphers of about | wesk, ¥Cl is removed
in wet and dry deposition. For the latimde of the
INEL, Bemtley and others (1986) pradicted that pre-
weapons tests }¥CUCI ratios in ground water should
be in the range of 300-640x10-%. The precipiranon
of 3C] produced during wezpons tests in the 1950°s
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Figurs 2.~Chlorine-36 ratios, mitium concenmrarions. and volumerric soil watar contant as a funcrion of d2pth.

exceoded the narural production by three orders of
magnituds in rainwater at Long [siand. New York
(Bentley and others. 1982). Phillips and others
{1988) predictad thar approximateiv 2.5%10'* atoms
of ¥Cl m"* wers deposited on the Earth's surfacs at
the latitude of the INEL. It is this puise of *6C]
oroduced during nuciear weapons tests that ¢an be

566 in the unsaturated zone in semiarid climares to
.alculate net water infileration rates,

An estimare of ner water infiltration can be made
using the penetration depth of the maximum Cl or
H puise in the soii column (produced during
weapons tasts in 19535 for %C} and 1963 for *H) and
an average voiumermic water conteat aver the
profile. The movement of *6Cl and YH through the
unsaturated zone can be weared as piston flow
modified by dispersion (Andsrson and Sevel, 1974).
The {argest *Cl/Cl rado (250002400x10-19) at the
RWMC occurs at a depth of 2bout 1.1 m(Figure 2).
A muore aceurate estimarion of net infiltration rate
may be calcuiated by determining the depth of the
largest concemeration of 3C] atomns per kiiogram of
soil from the voiumerric warer content, chloride
concentration, and Y¥CY/C! ratio (Tabie 1). That
depth ie centered at 1.3 m where the concentration is
30.200=1,100x10¢ atoms *CLkg soil. This
congentration corresponds to 5.4x10'? atoms m-?
which is more than double the value predicted by
Phillips and others (1988) for the latituds of the
INEL as 2 result of fallowt from nuclear weapons
tests. By integraring the atoms of 3Cl oriover the
upper 2.5 m of the soil column, there is in excess of
44x10'2 atoms. These excess Cl atoms may be
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arributed to stack emissions from the [dahe
Chemical Processing Plan: (ICPP); these amissions
began in 1953 and are discussed in another papsr
(Beasiev and others, in preparation). The averaus
net water infiloration rate calculated with the 4-vezor
average volumetric water content of 0.19 is 0.71
cm/vear,

3.2 Trivium

Environmental *H concentrations began increasing
in [953 in response to nuclear weapons testing;
maximum concemrations were reached in 1963 after
large-scale weapons testing conducted in 1962
Tritium concentrations in the vicinity of Idaho Fails
reached a maximum of 3000~4000 Tritium Unirs
(one Tritum Unit (TU) = one witium atomy/10'8
hydrogen atoms) which excesds namral levels by
approximately three orders of magnimde (Michei,
1989). By using a local 39-vear average annusi
precipitation rate of 22 crvyear (Clawson and
others, 1989, n.77), tha wo1al deposition of *H at the
sits was 35004000 TU-meters. Since 1963,
armospheric H concentrations have declined by two
orders of magnirude.

An estimaie of infiltration is obtained by locating
the leading edge of the 1963 maximum. For this
profile, the 1963 peak was centered at a depth of
1.65 m. By using the d-vear average volumesric-
water content of 0.19, the average annual net
infiloation rate is 1.1 cm/vear. The decay-correcred
34 mass balance inventory in these soil sampies aiso
was used to caiculate an infilrarion rate. The totai



Table }.~Volumemric water content and chloride, tritium, and chlorine-36 atom concentrarions with depth

Voiumermc Tritiwn,
warer tritium
Depth, content, Chloride, units anthropggenic Y4C1* atoms
meters em3fem? mg/L auwm Kg soil 104} atoms C1
Sail sampies coilacted in November 1990 for chiorine-36 analyses
0-0.14 0.04 4.2 - 100070 13000300

0.3-0.43 0.13 3.8 - 1108230 15800=500

0.6-0.73 0.14 3.8 - 1140230 176002300

0.91-1.1 0.13 15 - 71002110 25000400

La-t.4 013 355 - 32400£1100 4700£130

1.5-1.6 0.21 780 - 266002220 20002140

1.8-1.% 024 107 - 1430021500 100070

142, 0.31 1290 - b 290=14

3.9-4.0 4.30 1240 - it 60%12

3.5-5.6 0.18 740 - b 280x13

Soil samples coilecred in November [991 for witium anaiyses
0-0.17 0.13 - 57.0=3.0 - -

0.17-0,42 0.07 - 63.8%2.8 - -
0.61-0.69 .03 - insufficient sampie -
0.69.0.93 0.08 - 46.0%1.9 - -

1.2-1.5 .12 - 570227 - -

1.5-1.8 0.15 - 371419 - -

1.8.2.1 Q.17 - 47.922.4 - -~

124 0.15 - 42.9£1.7 - -

b B g 0,17 - 36,0213 - -

2730 0.17 - 24.6=1.0 - -

3.0-3.4 0.15 - 24.751.5 - -

34237 0.16 - 12.8x0.7 - -

3,740 0.17 - 9.0£6.0 - -

4.0-43 6,15 - 10.1=0.7 - -

3346 0.14 - [5320.8 - -

3649 0.13 ~ - 14.251.0 - -

4.9-5.2 0.13 - 18.0=1.0 - -

5.2-3.5 0.14 - 14,2408 - -

* A nawral meteoric S SCLCL ratio of 300 x 10-% was subtracted for INEL and was selected from Bentley and others { 1986) and

data presented here
**Concentrations are from naturd production

'H observed in the measured core was 350 TU-
meters. Approximately 800 TU-meters would still
be present if decay were the anly progess remaviny
H from the soil profile. A YH mass balance
¢aiculation gives an average annual net infiktration
rate of $.8% cm/year.

3.3 Neurron logging

Infiltration in semiand climates has been smudied by
uss of neurron logging in sandy sails at the DOE
Hanford site near Richland, Washington (Gee and
Kirkham, 1984) and in sandy soils near Socormo,
New Mexico (Stepiens and Knowlton, 1986).

n2

Estimared infiltration rates ar the Washington site
were 8.5 cmyyear in a wet year, and 0.7 to 3.7
emy/year at the New Mexico site.

Neumon-probe access hole 9, nearest to the ¥C]
and *H core holes (Figure 1), was used to dezrmine
soil water comtent and variability with depth and
time, Samrated and unsamrnted hydraulic
conductivities were cstimated by the instantaneous
profile and unit gradient methods using field data
collected within 10 m of the study area (Kaminsky,
1991}, Hydrauiic properties of soil cores taken at
neutron access hole 9 were also estimared fram
laboratory-determined saturared hydrauiic
conductivities and water retention curves, Pressure



heads were estimated from the volumertric water
contents at neutran-probe aceess hole 9 using the
soil water retencion function of van Genuchten
(1980). Unsaturated hydraulic conductivities were
obtained by the combination of the van Genuchten
retention function with the pore-size distriburion
model of Mualem (1975). Hydraulic conducrivities
(K(8)] were detsrmined using the 4 year mean
volumerric water contents beiow the root zone. The
vertical soii-water flux (Qg) below the root zone was
cateulated using the unsaturated form of Darcy's
Law:;

Q, = -K(8) [f‘—z-t] (1)

where (¢h/adz — 1) is the toral hydraulic head
gradisnt with = increasing upwards. The neutron-
prope infiitration rate estimate based on verticai
head distributions from 3.7 to 5.2 mis 0.36 convvear.

4 CONCLUSIONS

Net water infiltzation rates wers caiculared from

. maximum penerration depths of two environmental
acers produced during atmospharic nuclzar
weapons testing. Thess rares were compared {0
Tareian flux calcuiations based on neumon jogging
@ sollected for 4 years. The average annual
infiitration rates calcuiated from 26C] and *H profiies
in the unsaturared zone adizcsnt to the Radioactive
Waste Management Compiex wers 0.71 and 1.1
crnvvear, respectively. The mitium mass balanes
method gives a rate of .89 cm/year. Neurron
logging dara in the same area were used to calculate

an average annual infiltration rate of 0.36 cmvyezr. ~

The range of infilration rates (0.36-1.1 cov'vear)
represents 2-3 percent of the long-term annuai
average precipitation at the [daho Narionai
Enginecring Laboratory.

As determined in pravious studies , mitium appears
to move deeper in the soii column than 36Cl,
passibly by vapor wansport of 'H and not of #CL.
The infiltration rate for JH (1.1 cmv/year) is larger
than that caleulated from the #C! profile (0.71
emyvesar), which is nearly double the rate calcuiated
from neutron logging (0.36 cmvyear),

The caiculated infilirations rate estimates should be
considered site specific and may not represent the
full range of infiltraton rates in the study arez.
Further work utilizing all three techniques is needed.
Furure work at the site wiil include chloride mass
balance caiculations of net infiltrazion and &
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determination of the ¢ffects on infTitration rates of 2
caliche (CaCO,) layer encountered at various depths
to about | m. The effects on infiirration rates from
stack emissions of *C!l and *H at the ICPP will also
be determined. Furure neutron logging work will
inciude flux caleulations from ather neutron probe
access holes located in undisturbed soils and
simulated waste pits.
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