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QUANTIFICATION OF URANIUM TRANSPORT AWAY FROM FIRING SITES AT LOS ALAMOS
NATIONAL LABORATORY-A MASS BALANCE APPROACH _
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ABSTRACT o

.

Jnvestigations were conducted at Los Alamos National Laboratory to quantify the extent of migri_'«giion of

depléted urantum away from firing sites. Extensive sampling of air particles, soil, scdiment, and watar was
conduded 1o establish the magnitudc of uranium contamination throughout one watcrshed. The urapium
source term was estimaled, and mass balance calculations were performed to compare the pcrccnxaép of
migrated uranium with original cxpenditures. Mass balance calculations can be powerful in identificatioh of

the extent of waste migration and used as an aid in planning futurc waste investigations.

DESCRIPTION OF THE PROBLEM

Los Alamos National Laboratory routinely collects and
analyzes water, soil, scdimeant, parliculatc materials, vegeta-
tion, and biota for chemical and radiochcmical constituents
10 assess the Laboratory’s impact on the environment. During
1983, fish collected from a rescrvoir downstream from the
Laboratory exhibitcd ¢levated levels of uranium that were
statistically significant. Investigations were initiated to deter-
mine if this clevated uranium could be due to offsite transport
of uraninm which is uscd in dynamic wcapons testing at
Laboratory firing sitcs and to quantify the extent of migration
within the watershed.

During 2 dynamic weapons tcst, depleted uranium is
substituted for enriched uranium in a wcapons component.
The componcnt is then explosively detonated, or is impacted
against a target in the open air environment. This results in
both the production of a wide range of dcpleted uranium
particles as well as particle scattering over a large distance
away from the firing pad. The explosive detonation process of
acrial distribution over the walcrshed distinguishes this con-
taminant transport problems from othcrs where the source
term is spatially discrete (c.g., Lransport away [rom a wasle
pile or landfill.)

Mass halance calculations can aid wasle management
investigations which characterize the extent and magnitude of
wastc migration. Al Los Alamos, applicd mass balance to the
determination of the extent of uranium transport away from
firing sites will be described and will demonstrate how useful
a tool this can be in decision-making for waste treatment and
clcanup proccdures.

SETTING AND SOURCE TERM DESCRIPTION

Although here are numerous watcrsheds at the Labora-
tory which contain [iring sites where dynamic (ests are con-
ducted, investigations were confined to one watershed named
Potrillo Canyon. Potrillo Canyon was sclected because of its
small size, it is containcd entirely within the Laboratory
boundarics, it is limiled to public access, and contains five

- firing sites, four of which rcmuin active today. Potrillo Canyon

is about 7.8 kmZ in area, 8 kin in length, and js relatively steep,
with an avcrage gradient of 3 pereent. The watershed is char-
aclerized by flat mesa tops lecading to nearly vertical canyon
walls which terminatc in large (alus piles of boulders of Ban-

L

delier Tufl, a volcanic rock composed of ash
falls,

1n terms of histarical usage of uranium, i
matcd that on the order of 100 metric tons #f depleted ar.

natural uranium has been cxpended by Los Alamos Nation:
Laboratory since the 1940’s. Uranium usage was greatc:
during the sarly ycars of Laboratory opcralion. A conservaliv
estimalc of the total uranium source term in Potrillo Canyc
is about 35,000 kg (1).

RESULTS OF DEPLETED URANIJUM SAMPLING IN
SOIL, SEDIMENT, AIR, AND WATER

More than 450 samplcs of fallout from air, soil, sedimen
and watcr and suspended sediment in spring/summer/autum
runoflf were collectcd between 1983 and 1990 and analyzed fc
total uranium to evaluate the magnitude of transport of ur:
nium away from firing sites by airborne and surfacc walc
runoff mechanisms. Results for the maximum, minimum ar
mean valucs arc prescated in Table I. Background levels
uranium in fallout rangc from 1-6 ug/g, in soil from 2-5 ug/
and in wafcr about 1 ppb (1). The greatest concentrations
uranium were found in transported suspended scdiment ca
ricd in runofl waters whesc avcrage coucentrations were S1
ug/g, followed by scdiment present in stream banks whe
averagc concenlrations were 42.2 ug/g, Table 1. Average co
centrations of 17.5 ug/g werce obscrved in gecomorpholog
deposits such as alluvial fans and point bars. Average uranic
concentrations dissolved in runoff waters of 11.9 ppb we
also found to be clevated above background concentratior
Uranium present in fallout and in surface soils were found
be at or slightly above background concentrations in mc
samples, which indicatcd that airborne transport and wi:
redistribution is not significant in mobilization of wuraniv
away from firing siles. Uranium concenlrations in runofl
the dissolved and suspended sediment phascs were found
decline with downstream dircclion in the watershed, with t
largest concentrations below two firing sites ncar the top
the watershed, implying both dilulion and contaminant dep
sition in the distal dircetion. )

MASS BALANCE CALCULATIONS

Calculstions were made (o dclermine the amount of u
nium currently coexisting on or sltached to fluvial sedimeni
the watershed today. Using average measured concentratic
of uranium in fluvial scdiment and subtracting off backgrou
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levels of uranium, estimates were made of the uranium inven-
tory in the channcl, on banks, in point bars and alluvial fans,
and in an arca known as a discharge sink where sediment is
preferentially accumulating in the' watershed. Calculations
were made considcring uranium concentrations above back-
ground of: (1) 3 ppm (by weight) along the entirc channcl
{cngth and width to a depth of 0.3 m in the channel bed; (2)
3.5 ppm above background along the entire channel length on
both banks extcnding 1 m from the bank edge and 0.1 m depth;
(3) 7 ppm in an estimated 30 poiat bars deposits upstream
from the discharge sink; (4)9 ppmin2 major alluvial fans; and
(5) 1 ppm above background in a 0.2 m depth profile within
(hc discharge sink. For cach of these § regions, soil masses
werc multiplied by soil concentrations to obtain uranium
volumcs. For the channel and bank segments, point bar de-
posits and major alluvial fans upstream of the discharge sink,
it was estimated that betwcen 100 and 300 kg of uranium arc
present. Estimates of uranium associated with fluvial sedi-
ments accountcd for about 5 percent or less of the estimated
{otal uranium expenditurc (35,000 kg).

From thesc data it may be concluded that most of the
uranium mass 1) is not tied up in the fluvisl sediments, 2) has
already left the watershed, or 3) remains on the firing sitcs.
Flow and uranium loss can occur by vertical flow (infiliration)
in the discharge sink or through horizontal flow out the water-
shed. Infiltration and surface water losses arc considercd
scparatcly.

Examining the volume of uranium which entcrs the dis-
charge sink, there arc dissolvcd and suspended uranium com:
ponents. Assuming an apnual total inflow of 5200 m
(mcasured during 1990) and an avcrage dissolved uranium
concenlration of 1.86 ppb (measured between 1984 and 1990},
then 9.5 g of uranium annually arc carried in the dissolved

i fID-SOS 667-0731 DECWO2’94 14:35 Na.005S P.03
. s 658  Becker URANIUM % | ANSPORT o
1 ,‘ \w;
' TABLE] - phase. Over 45 ycars of opcration this would amouat lo an
influx of about 0.5 kg of dissolved uranium transported into
Uranium in Alr, Water, Sediment, and Soil Uuits are #g/g the discharge sink, or Jess than 1 percent of the estimated
(cxcept wherc notcd) 35,000 kg source term. .
The average annual suspended scdiment load was calcu-
: Standard{  yyéd by assuming the suspended load to be 5 percent of the
Min Max Mcan_ |Deviation]  aycrage discharge based upon visual observations of the vol-
. ume of suspended sediment which was collected in cumulative
Air (fallout) 048 15 35 2] samplers cm placed throughout the watershed. Using a range
Soil (top § cm) 12 66. 48 83 of 35,000 to 1,400,000 kg/km?-yr (3) and multiplying by an
Runoff + . avcrage suspended scdiment uranium concentrations of 8.01
- dissolved | BDL® | 654 11.9 534 ppm by weight (measurcd), the average annual uranium influx
(ppb) ‘nto the discharge sink ranged from 1 Lo 36.5 kg/yr. The
- suspend 05 | 4049 511 1571 combined dissolved and suspended sediment influx to the
scdiment discharge sink over the 45 years constituted between 0.1 and
Sediment 4.7 percent of the 35,000 kg uranium source term.
- Channel 1.0 158.1 86 20 If large volumes of dcpleted uranium had exited the
Deposits watershed (hrough surface water transport at the outlet, a
- Bank 1.5 373.0 422 1003 deplcted uranium sigpature observable through inspection of
Deposils the ratio of uranium-235 to uranium-238 is expected to have
- Alluvial 16 | 1545 17.5 398 reeained in the sediments in the Jower half of the watershed.
Fans and . Because little depleted uranium signaturc was observed in
Point Bars scdiments in the channel, banks, and floodplain downstream
of the discharge sink, and it was inferred through chemical
*Bclow Limits of Detection. and acrial photographic data that therc has been littlc trans-
+ Derived using Maximum Likclihood Estimators (3). porl scross the discharge sink during the last 23 years, it was
assumed that most of the uranium must remain in the water-

shed.

A sccond calculation was made to determine what the
concentrations of uranium in runoff watcr should be if all the
uranium cxpended werc uniformly dissolved in precipitatior
on an annual basis. Considering 0.5 m of precipitation annu
ally and that 80 percent of the precipitation is lost to evapora
tion, transpiration and infiltration, then,

Dissolved Concentration

= 35,000 kg / (0.2)(0.5 m)(7.8 km?)(4S yrs)

(Eq.?
= 1 ppm. -
A dissolved concentration of onc ppm is an undercstimat
becausc not all precipilation contacts the uranium; expecte
concentrations would be cven higher. The dissolved concel
{ralion of 1 ppm cxceeds observed dissolved uranium concc:
trations in runoff water by 2to3 orders of magnitude. Clear!
high dissolved uranium concentrations in surfacc waler 2
not observed and dissolved transport in surfacc water is not
main uranium transport mechanism.

The argument that most of the uranium mass has leftt
watcrshed cither by movement into the discharge sink (d
solved phase) or by flowing past the watershed outlet is 1
jected. Calculations showcd that the fluvial sediment conl:
lcss than 5 percent of the expended mass. The only plausit
location for the remaining uranium is at or near the firing sit

Results from an acrial radiological flyover in 1982
estimated that between 4 and 23 Curics of Protactinium-23
(Pa-234m) rcmained ncar three firing sites in the watersh
the variability dependent on the cstimated vertical distril
jion. It is reasonable to assume cquilibrium between Pa-22
and uranium-238 (U-238) beeausc the half-life decay {1
aranium-238 o Protactinium js short, on the order of abo

. hall year, whereas the half-life of uranium-238 is long, o

order of 4.5 x 10° ycars. Then assuming this equilibr
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(cquality between P4-234m and U-234), an cstimated 4-23
Curics of uranium remain at the three firing sitcs. Multiplying
Curics by 3.003 x 10° to convert to kilogsams, the amount of
uranjum still remaining at the firing sites is calculated to range
from 12,000 g 69,000 kg, bracketing the cstimatcd 35,000 kg
uranjum expended in Potsillo Canyon. )

Considcrthis hypothesis from another viewpoint. I all the
35,000 kg of uranium werc situated at the three firing sites,
then what magnitude of soil concentration would be ex-
pected? Assuming the contaminated area is 26,000 m® from
measurements with an assumcd uniform conceantration to 0.6
m depth,

-Soil Concentration
= 35,000 kg / (26,000 m x 19 g/cm®)
| = T2ppm,

and 19 g/em’ is the approximate specific weight of uranium.
Unpublished surface soil studies reported concentrations of
uranium ranging from 408 to 3359 ppm by weight at one of
these firing sites, and unpublishcd surfacc and depth data at
another of the firing sites ranged from 560 to 4580 ppm
uranium by wcig,ht.I Conccalrations in the vertical direction
ranged from 2 to 75 ppm by weight to 3.7 m depth with the
largest concentrations in the uppermost 0.6 m. Therefore, an
average soil concentration of 72 ppm is consistent with mea-
sured conccaltrations at firing sitcs. This shows that the ong-
nal cstimated source term of 35,000 kg may even be slightly
low.

(Eq.2)

APPLICATIONS TO WASTE MANAGEMENT

In investigations of former waste disposals sites, a fre-
quent objective is to detcrmine the extent of waste migration
from its original location. Waste inventorics or invenlory esti-
mates provide the initial source term. Sampling in the vicinity
of the disposal unil can be designed to provide an cstimate of

the extent of the wasic migration. Pathways which might be

* considered significant could inclunde 1) air, in particulate,
gascous and vapor phascs; 2) soil and sedimeat, with transport |
by hydrologic mechanisms ia both the horizontal (surfacc
watcr) and vertical (saturatcd and unsaturated, poteatially
multi-phase flow); 3) water transport, by runoff and snowmel,
through infiltration, in the dissolved and suspended scdiment
phascs. Results {rom sampling arc then integrated over the
sampling area and comparcd to the original source term
estimates. When the perceat of waste which has migrated is
small is compared lo the original amount, then decisions can
be made regarding the nced and extent for fulure sampling,
remediation, capping, or possibly exhumation. Risk assess-
ment can be performed as an aid in the decision-making
process. In some cascs, the combination of inventory analyscs
and preliminary sampling investigations couplcd with mass
balance calcuiations and risk assessment may obviate cxien-
sive and costly waslc site studics.
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