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DESCRIPTION OF THE PROBLEM 

Los Alamos National Laboratory mul.inely collects anu 

analyzes water, soi~ sediment, particulate materials, vegela· 

lion, and biota for chemical and radiochemical constituents 

to assess the Laboratory's impact on the environmenl. During 

1983, fish collected from a reservoir downstream from the 

Laboratory exhibited elevated lcvc1s of uriUlium that were 

6tatisti~lly sig.ni.ficant. Invc. .. tiglltions were initiated to deter

mine if this clcv11led uranium could be due to off site transport 

of uranium which is used in dynamic weapons le:>ting at 

Laborarory firing sites and to quantify the extent of rnig.ratio;l 

·within the watershed. 
During a dynamic weapons test, depleted uranium is 

substituted for enriched uranium in a weapon~> component. 

The component 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 depleted uranium 
particles as well as particle scauering over a large distan~ 

away from the firing pad. The explosive detonation proct:..<;..~ uf 

- aerial distribution over the watershed distinguishes this con
taminaut transport problems from others where the sour~ 

term is spatially discrete (e.g., transport away from a wal\IC 

pile or landlill.) 
Mass balan~ calculations can aid waste management 

investig.atioils which c.h~:-~c!.criz.c tbc extent and magnitude of 

wa6tc migration. Al Los Alamos, applied mass balan~ 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-malting for waste treatment 11nd 

cleanup procedures. 

SETTING AND SOlH<CE TERM DESCRIPTJON 

Allhough there are numerous watcrl\hcd~ &tlhe Labora
tory which contain ftring sites where dynamic tc.c;U. arc con

ducted, investigations were confwed to one watershed named 

Potrillo Canyon. Potrillo Canyon was sclct:leu because of its 

:-mall size, it is contained entirely within the Laboratory 

boundaries, it i..~ limited to public access, and contains five 
firing sites, four of wbid1 rcrn11in active today. Pol rillo Canyon 

is.about 7.8 bn2 in ar~, 8 km in lcngtb,llnu is rcl!ltively l'tccp, 

w1th an average grliJ!I;;nl of3 percent. The watershed is char

aclcriJ...cd hy flat mesa tops leading to nearly vcrtiol canyon 

walls which tcrmillillC in large talul' piks C>f houlders of Ban· 
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delier Tuff, a volcanic rock composed of ash ows and as' 

falls. 
In terms of historical usage of uranium, i as been esC 

mated that on the order of_!_()() m_e_'Ei£_ to~ f depleted lit: 
natural uranium has been expcnJco by Los Alamos Nation< 

LaboratorJ since the: 1940"s. Uranium usage was grcalc< 

during the ::arlyycars of Laboratory operation. A conservativ 
estimate of the totaluraniwn sourc.:e term in Potrillo C::myc 

is about 35,000 kg (1 ). 

RE.~ULTS OF DEPLETED URANIUM SAMPLING IN 
SOIL, SEDIM£NT, AIR, AND WATER 

More than 450 samples of fallout from air, soil, sulimeo 

and water and suspended sediment in spring/summer/autum 

runoff were collected between 1983 and 1990 and analyzed fc 
total uranium to evaluate the magnitude of transport of ur: 

nium away from ftring sites by airborne and surface wat< 
runoff mcchanUims. Results for the maximum, minimum ar 

mean values arc prc.<;cnled in Table I. Background levels , 

uran!um in fallout range from l..fi pg/g. in soil from ~5 pg/ 

and 1n wa{er abou~ 1 ppb (1). 1l1e grcatc.sl concentrations 

ur&nium were found in transported suspended sedin1cnl ia 
ricd in runoff waters where average concentrations were 51 

p.g/g, followed by sediment present in stream banks whc 

averag': concentrations were 42.2ppjg. Table 1: Average co 
ccnlra_lwn.<> of 17.5 P_g/g were obs~rvcd in geflmorpholo£ 

dcpo.<als such as alluVIal fans and pOlnt bars. Average uraniu 

conccntralion.'i diJ;solved in runoff waters of 11.9 ppb we 

at.,o found to be elevated above llac'kground concentratior 

Uranium prCJient in fallout and in surface soils were found 

be at or slightly ahove background concenlrations in me 

~amplcs, which indicated that airborne transport and wi· 
rcclistrihution is no( sig11ificant in mohifualion of uranit: 

away from firing sites. Uranium ronccntration.c; in runoff 

the dissolved and su.c;pcnded sediment phases were found 

decline with downstream direction in the watershed, with t 

largest concent.ratim;-<; below t~o _firing sites ncar the ll)p 
the watershed, tmplymg both c.l1lutwn and contaminant dcJ: 
sition in the di~>hll dir£;ction. · 

MASS UALANCE CALCUL\TIONS 

C-alculations were made to de! ermine the amount of u 

nium curreD[!ycoexisting on or Hllachcd lo fluvial sedimcn: 

the watershed today. Using average measured ronccntralic 
of uranium in fluvial!'cdimcnt anJ suLtni.cting offbac\.:grou 
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TARLE I 

Uranium in Air, Water, Sediment, and Soil Units arep(!/g 

{except where noted) , 
Standard 

Min Max Mean Deviation 

. 
Air (fallout) 0.8 7.5 3.5 2.1 

Soil {top~ em) ].2 66. 4.8 8.3 

Runoff 
• dissolved BDL• 654 11.9+ 53.4+ 

(ppb) 
-suspended 0.5 404.9 51.1 157.1 

sediment 
Sediment 

-Channel 1.0 153.1 8.6 23.0 

Deposits 
-Bank 1.5 373.0 42..2 100.3 

Deposits 
-Alluvial 1.6 154.5 17.5 39.8 

Fans and. 
Point Bars 

•Below Limits of Detection. 

+Derived usmg Maximum Likelihood Estimators (3). 

levels of uranium, estim..ll.tes were mad<: of the uranium inven

tory in tbe channel, on ba:nlcs, in point bars and alluvial fans, 

and in an area known as ll discharge sink where sediment is 

preferentially accumulating in the· watershed. Calculations 

were made considering uranium cnnccntrations above back

ground of: (1) 3 ppm (by weight) along the entire channel 

lc.;ngth and width to a depth of 0.1 m in the channel bed; (2) 

3.5 ppm above background along the entire channel length on 

both banks extending 1m from the bank edge and 0.1 m depth; 

(3) 7 ppm in an estimated 30 point bars depo,..its up~tream 

from the discharge sink; ( 4) 9 ppm in 2 major alluvial fans; and 

(5) 1 ppm above background in a 0.2 m depth profile within 

the discharge sink. For each of t.hesc 5 reg..ion,;, soil masses 

were multiplied by ~oil concentrations to obtain uranium 

volume.-;, For the channel and bank segments, point bar de

posits and major alluvial fans upstream of the discharge sink, 

it was estimated that between 100 and 300 kg of uranium arc 

present. Estimates of uranium associated with fluvial sedi

ments accounted for about 5 percent or less of the estimated 

total uranium expenditure (3S,I)X) kg). 

From these data it may he concluded that mo~t of the 

uranium mass 1) is not tied up in the fluvilll sediments, 2) has 

already left the watershed, or 3) remains on the firing sites. 

F1ow and uranium loss can occur by vcrtie<tl flow (infihration) 

in the discharge sink or through hori7.ontal 0(lW OU( the water

shed. Infiltration and surface water- lo~.ses arc con!'iuered 

z;cplil'atcly. 
Examining the 'llolumc of uranium which enters the dis

charge sink, there arc di.<,.<;olvcd and SU1'pendcd uranium com

p<ments. Assuming an annual total inflow of 5200 m3 

(measured during 1990) and an average dissolved uranium 

o)ncenlration of 1.~ ppb (measured between 19M and 1990), 

Lhen 9.5 g of uraruum annually arc C~rried in the di~!.o)vcd 

~~I 

·phase. Over 45 years of opcralion thls would a.n1ollnllo an 

. influx uf about OS kg of dissolved uranium transported into 

the discharge sink, or )~ than 1 percent of the ~timated 

35,000 lc.g source term. 

The average annual suspe11dcd sediment load was cal~

lated by assuming the suspended load to be 5 percent of the 

average discharge based upon visual ubseJVations of the vol

ume of suspended $ediment which was collected in CW'Ilulalive 

samplers emplaced throughout the watershed. Using a range 

of 35,000 to 1,400,000 kglkm2·yr (3) and IJiultiplying by jln 

average suspended sediment uranium concO:ltratio11S of s:o1 
ppm by weight (measured), the average annual uranium influx 

into the dl"charge sink ranged from 1 lo 36.5 kg/yr. The 

combined dissolved and suspended sediment ·influx to the 

discharge sink over the 45 years constituted between 0.1 and 

4.7 p<:rccnt of the 35,000 kg uranium source term. 

If large volumes of depleted uranium had exiled the 

watershed through surface water transport at the oullet, a 

depicted uracium signature observable through inspection of 

the ratio of uranium-2.15 to uranium-238 is expected to have 

remained in the sediments in the lower half of the watershed. 

Because little depleted uranium signature was observed in 

scuimcnts in the channel, banks., and floodplain downstream 

of the discharge !\ink, and it was inferred through chemical 

and aerial photographic data that there has been little trans

p:-rL 11cro:-;s the discharge sink during the last 23 years, it was 

assum~d that mol'>t of the uranium must remain in the water· 

shed. 
A second calculation was matle to determine what the 

con cent r11tion.s of uranium in run ofT water should be if aU tht 

uranium expended were uniformly di.'>solvcd in prccipitatim 

on an annual basis. Considering 0.5 m of precipitation annu 

ally and that 80 percent of the precipitation is lost to evapora 

lion, transpiration and infiltraLion, then, 

Dissolved Concentration 

"' 35,000 kg I (0.2)(0.5 m)(7 .8 km2)( 45 yrs) (Eq.] 

~ 1 ppm. 

A dissolved concentrution of one ppm i.e; an undercstimal 

bce!!use not all precipitation contacts the uranium; expcctc 

concentrations woulc.llx: even higher. The dis!\olvcd conce1 

I ration of! ppm c.."ceeds observed dissolved uranium concc: 

trations in run ofT water by2 to 3 orders of magnitude. Clear! 

high Jissolved uranium concentratiom in surface water a 

not observed and di,;wlved transport in surface water i5 not 

1\lain uranium transport mechanism. 

The argument that mos.l of the uranium mass has left t" 

watershed either by movement into the discharge sink (d 

solved phase) oi by nowing past the watershed outlet ~<; 1 

jcctcd. Calculations showed that the fluvial sediment ront1 

lc~s than 5 percent of lhc expended mass. The only plausil 

location for the remaining uranium U. at or near the liringsil 

R~u!Ls from &n aerial radiological !lyo'ller in 1982 

estimated that between 4 and 23 Curies ofProtactinium-23-

(Pa-234m) remained ncar three firing sites in the watersh 

the variahilily dependent on the estimated vertical distril 

lion.lt is rea.<>onal>le ro assume equilibrium bctwun J'a-23 

and uran.ium-2..18 (U-2..18) because the half-life Jec.ay fr 

uranium-238 to Protactinium is mort, on the order of aho 

. half year, wh(;reas the half-life of uranium-2~ is long,, on 

order of 4.5 )( Hl9 years. Then nssurn.ing this equilibr 
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(equality between Pa-234rn and U-2"'\8), an estimated 4-23 

Curies of uranium remain at the I hrec firing ~>ites. Multiplying 
Curicx by 3.003 x 106 to convert to lcilograms, the amount of 

w-aniumstill rrrnaining althc ftring sites is calculated to range 
{rom 12,000 tj 69,000 kg. bracketing the estimated 35,rnl kg 

uranium exPended in Potrillo Canyon. . 
Consider this hypothesis from another viewpoint. If all the 

35,000 kg of uranium were situated al the three fuing sites, 
then what magnitude of soil concentration would be ex· 
peeled? Assuming the contaminated ~rl!a is 26,<XXl m3 from 

measurements with an assumed uniform concentration to 0.6 
mdcplh. 

. Soil Concentration 

= 35,000 kg I (26,000 m3 x 19 glcm3
) (Eq. 2) 

2! 72ppm, 

and 19 F)cm3 is the approximate specific weight of uranium. 
Unpublished &urface soil stuJies reported couccntr!itions of 
uranium ranging from 408 to 3359 pp1n by weight al one of 

these firing sites, and unpubli$hcd surface and depth data at 
another of the firing l'ites ranged from 560 to 4580 ppm 
uranium by weight! Concentrations in the vertical direction 

ranged from 2 to 75 ppm by wcighc to 3.7 m depth with the 

largest concentrations in the uppermost 0.6 m. Therefore, an 

average soil concentration of 72 ppm is consi.stent with mea
sured concentrations at fuing sites. This shows that the origi
nal estimated source term of 35,000 ll:g may even be slightly 

low. 

APPLICATIONS TO WA.~T.E MANAGEMENT 

In investigations of former waste disposals .sites, a frc· 

quent objective is to determine the e,.1ent of waste migratio1~ 
!rom its origjnalloca~ion. Waste inventories or inventory esti
mates provide l.he initial souro: term. Sampling in the vicinity 
of the disposal unit can be designed to provide an estimate of 

\ 

. the extent of the waste migration. PathwaY$ which might be 

considered sig.nificanl could include 1) air, in particulate, 
g.l!At:Ous and vapor phases; 2) soil and sediment, with transport · 

by hydrologic mechanisms in both the hori7.ootal (&urface 
water) and vertical (saturated and unsaturated, pulcntially 
multi· ph~ flow); 3) water transport. by runoff and snowmelt, 

through infutration, in the dissolved and suspended sediment 
phal'c.s. Resulls from sampling arc then integrated over the 
sampling area and compared to the original source term 
estimates. When the percent of waste which has migrated is 
small is compared to the original amount, then decisions can 
be made regarding the need and extent for future aampling. 
remediation, capping, or possibly exhumation. Risk assess
ment can be performed as an aid in the decision-making 

process. Jn some cases, the combination of inventory analyses 

and preliminary sampling investigations coupled wir.h mass 
balance calculations aud risk assessment. Inli}' obviate exten
sive and costly waslc site studies. 
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