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Introduction

The United States Army operates the Jefferscn Froviny f“rourc az
Madison, Indiana. Acceptance testing ot various depletead uranium
containing ordnence iteme is performed under a ilcense granted bv
the United States Nuclear Regulatory Commission. Yar tie cerieted
uranium prejectiles considered here, 1esIing is limited tec firing
at soft targets only, which limits generation of aerosols. An
extensive baseline surver was performed fro. XNevember, 1982 ¢
Februarv, .384, to characterize bhachkground lsotopaic urapninm
concentraTions in various environmenta. meaia. Depleted uranium

of anthrecpegenic origin began tc ne disperied from the 300 Tenier
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ition in March., 19%1. As of May, 1%¥r. approximately
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errir toannes of uranium had been introduzed inte the JPG

3

environs, with about 4.3 tonnes having been recovered. Anhour

qave af-:r testing beéegen. the baseline stuay wiags eszentially
repeated. The routine Radiciogical Environmential Monitoring
Program <ongists cf twice a vear cellezzsiens of scii. scuiments,
TLrTACe wWATer ang grouncwater. Vegetative uacergrswiir 18
reguiariy contrelled through burning, at which time high voliume
particulate air samples 2ie collectea. Samples ©o! deer tiszsue
are vegulariy cecllected during hunting season. During the iast
four vears twe more firing positions have been aaned adjacent to
500 Tenter, positions "J” and "K". Sfeveral ndditional soil and a
ging.® edoitional water eampling location hove peon samplea 10

ositions as well as 2> ccver the iampact
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JPG’s Radiological Environmental +onitoring Program through the

Fall, 1987 samplings.
Air and Biota

Anaivses of particulate air samplez and deer samples have not
detected an depleted uranium. A vast majority orf resu.:s are
less than detection limits. A statistical analyrsis of these aata
ige rtherefore not warranted. There 1s nc evidence that depletec
uranium has impacted tnese two potentially importarnt pathwavs to
man. The remainaer &{ this report will explore in detail the
mecis for which veolumi:nouse gata apprear: s$oil, seaiment, suriace

wAater ana graundwater.
Frequencoy Cistributions

Tersr+ Jengthy statistical ana.rse: are perrormed it 1s prudent
5 examine the statistical distributicn of the data, because ron-
nermal distriputions commonly occur in environmental media wnich
~an nave adverse 1mpacts upon ana.vsis. 43 piot ot concentration
Lvergus Iregnency ©f OCCuITANCe TEVeAld A CiZTAIOCTLY Limona,
arairibution. 3 peak around U.s pCi/g is uwue primarily to soil
samp.es. while a second peak at 0.1 to 0.2 pCi/g ter pCi/li is
caised by the oilher sampies anaivzed, sediment and water. Some
of the cross-media comparisons tc follow could thus be specious,
since no obvious normalizing transformation could be found whicn
woula allow one to legitimately combine the cata. Figures 1, 2
ana )} are probit plots o soi. U-234, U-238 and U-235
reag 2t ivelv ., 1n wWhich concentration 1s paicCtlttec pgainst

sumiiiative tfreguency of occurrance as a percentage. A normallr

LIS
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digrihuterd pepnlation of data will pint our as a straight line.
with no cobvious breaks and litile curvature. it a probit pict
contains two or more distinctlr ci:ferent straight lines then the
usua. inrerence is that the data consist ©of twoc Or more distinct
statisticalir normal populations. A sigmoid, curve or otner
pattern adifferent than a straight line inaicates a non-normai.iv
distributea popuiation. Oftentimes for large plots or
environmental data of different media at different locations one
will ottain combinations of different populations with different
tvpes of cieiributions., For example, one might obtain a piot
sacwing three distinct Depuiations, one adrmaily distriburéd, one
iegenormasliy e@.stributed. and one spowing a negative pincmial
gietrisution. Environmentali data containing large pumoers .t

resuwits near method detectiion limits will oizen snov non-

normalicy. in practice then, one 18 citenu contfronted wi1Ln uata
centaining samples frem aifferent tvpes oX ‘real statistacal
gistributions to which has been addea further deviation frem
pormaility &s a result o7 analytical technignue. for reiative.r
simple Cases, S 18 4 single Jog=norma.iv Jdigtributedn
population, one can pertform a transformation on tne deta. in this
~ase taking the logarithm of the concentration data, and tnen
“rocesd Wit Usual Parameiric statistical test® on the nporma..!w
gistributea log concentration data. Graphical an~nivsis of both
$0il 1=234 ancd LU=-238 reveais a distinctiy two component curve.
In =oth cases the infiection pcint is around ! pCi/g. Soil

nranium Trom the ipcividual impact areas (€.8,10 and 11 anc the

ACT Aren CONNOArYT iccations 1 32/742.206/47,19/44 and Josr4:) was

o
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tested for normalitry. Chi=squared significant deviations from

normality (p<0.01) were discovered ftor U-238 at sites 6 and 12

and for 1'=234 at site 12. The two popuiations <! data are
undoubtedly natural anu depleted uranium. This distinction wiil

be confirmed in later consideratizns.

The U=235 ecistribution probit plottea in Figure 2 presents &
pronlem, The same H:-3tinction btetween depleted and natura.
uranium coule sufiice to explain the pliot, but analiyrsis ot
pnzeline 7211 samples ingicates that there may e an anai~tical
problem. The ratiecs of L=235 tao U=_.3 or U=_.4 do n2t reiiect the
characteristic ot natural uranium., Puring the

:3 Assavs were \ery npear method detection

into the (~-123% region of the aipna spectrum

Because of tnis, comparisons invoiving L=223

treated iightiv in this repcrt, and nut at =..

media other than scil. Fecause of itg importance to the
srogram, 3211 uranium data wi.l alsc oe subjectenr tc a
nenparameiric tests 1o assurs ;AT G2 l@atisng frem

nuermaiity do not produce sSpurious results. In thi:s repore,

uniess exr_.icitly stated. subsegquent references to the 1isotopes

of nranium will refer to U-~234 and U-Z238.

Sediment uranium 1s plotied in figures 4 and 3. Both uranium
1sctopes arpear to be normally distributed, with ge:zmetric means

intsrcept: at abour 0.24 »Ci,g. Trem the probit arna.veils

one c¢ould conclude that depieted uranium is probably not
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present in sediments at JPG. Later anaivrsis willi substantiate
this. One potentia. probliem owuvious from the probit plots is the
derection limit problem, as the data distributicn pPeails Verv nenr
mernod detection limits. As we shall later see, this does not
appear to have caused any prodlem ret, out should be scrutinized
for in the tuture. The highly norma. cata distribution ror
seuiments should not cause anv problem in later analyses. It
woula appear that sediment samples from both creeks at JFG are
all members of a single statistical distribution, thvs

comparisons hetween creeiks need not be limited.

Surface water .=-.34 1s prooit pistted in Figure © wnile surface

vater =232 apvears in rigure 7. Above about 0.08 pL/l, bdotn
isctopes apwear t3 he approximatelT Lormally distributed, ne
jower concentraticn end of the distribution may be due 10 a

s2cona population naving been samplecd ( depleted versus nactura. !

(3]

er mav be related to detection limits, which are generally about

rrhiel?ss, s.0C2 MOSt of the DOPRLATION

¥ " 4 1 .- “"r,',:‘. .‘-?I.

5

is normally distribuntea and the aberration occurs €o near the
lower end, no untoward problems should be encountered using

fam:liar parametric s$tatistical tesIis unless & comparison uses

"mostiv less than 0.05 pCi/l data.

Figures 8 and @ display the groundwater U=234 ana U-238. The L~
‘s mnows A distinctic twe cemponent curve wiin a 3Jrealk at adout

0.2 pui/i. The U=-23s data snow a high.' complicateq paltern,




with tnree or mavbe four components. Figure 10 is the U-234 acata

plotted or log probability paper, which is the equivaient of

plotting the logaritnm of U-234 on linear probit paper. The loz

transform raightens out the curved lecw concentration aata, but
the entire distribution still shows at least two populaticns.
The logarithmic propsbility plot of U~238 in groundwater 1in
does not appear tc have been aided by the transiorm
composed of about 4 populations. Pernaps tne
explanation for these somevhat aberrant statistical
lude that the monitering wells ure
tour aindepenaent, aifterent
also a!
ana don't
£§S10
straints
'settle down before baseiine measurements.
nts could be a reflection of s£.ight changes 11
ol tlue moeniisd
The glscontinulus
sncentrations 1% that the ura
valence and therefore solubility and soi
changes. Infortunately, the gata Decome 100 Spars
into smaller subpopulations to get the root c¢
Groundwater is notorious for producing strange

and ratio caTa. $0O perhaps not too much should b

1ca, dlistriouticns,




Initial Overview

In Tahle 1 are listed the results of varions annlvses of varinnce
_performed to detect “significant” factors at work at JF3. The
last column lis*s the prebability of such a relationship bheing
due to chance, or a fartuitous selection of data which dc¢ not
readilv represent their underiving statistica. distribuztion.
This search for major trends illustrates the numerous tfactors
potentially impacting the monitoring prcgram at JFG and the
possibility of factors interacting. In general, it would appear
that time i1s the major influence on surface waLer uranium wnile
lscation weuld Appear to be most important Ior $o0.is. Sedlments
and groundwater. Some sSTrong Crouss-media interacrLions also
arperr 1> be present at JFG. Subseguent analvsis will show

slenificant difierences frem these initial genera.s trends.
Interactions

Cefore detailed analrsis of deta witain a given medium WAS
Attennted, severa. <ombinations of mecdia were examinen {or
APoTTALALLIDNL AN AN attemupi to elucidate the nature oi solw *p tlie
strong interactions inaicated in the enalysis ci variance. Table
Y shows the correlation matrix for surface water and groundwater
at JPG. Fer the correlaticon coefficients in tne body of the
table to show a significant correletion between two variables 1t
must exceed the critical value snown at the bottom. As expected
frem the analveis o7 variance, surface water shcws a strong
positive correlatica witln time. A8 17 all enalvses in this

study, time is conszidered as tie number oI moinths sinve Tiring of



depleted wuranium commenced at 3500 Center, with baseline (when

included) being assigned a value of -2 The

notation "op”

the operational pnase of the DL

Program at JPG, eand will
sampling periods e:cept baseline. Within a given

medium, strong positive correlations are also obtained for the

ium isotopes, as expected. The lack of correlation

groundwater and site 1s

somewhat misleading, as

really betveen the site number and uraniunm

The heart of the matrix is the intersection of

grounavater, wnere oni\ Vver: wvealk insigniticant

~€ wWater uranium,

Aaeprt in mwmind,

=2 apreal =0 De diN.,.€C .
ace water ana sediment was n
suncdwater, sediment uranium also

*relation witn time

' nor aia

surface water. The linkage between uranium

to be erv strong for sediments, more so than

surface water.




A four medium. two isotope correlation matrix (Table 4) was ne:iz
preparec. For this particular combination of locaticns, oniy
surface water showed a significant cecrrelation with time, -
strong negative correlstion was found between site and soil
uranium. Again, this is really a correlation between site number
and uranium concentration and indicates that the lover nunberea
sites had the highest uranium concentrations. This in turn is
simplr a conseguence of the numbering of locations as one mMOVes
down the 300 Center Line of Fire impact area (©,8,10,12!. The
enivy other significant cverrelation involving scil uranium, albeir
an eutremely stirong one, was between the isotopes of uranium,.
“wrant fOr the isotopic correlations and the previousiy mintioned

ef:iscts of time., no significant cross-media correlaticons were

Surface water LU-234 Correla:ions

n Table 35 i1s shown the correlation cocefficients ter tne#

(.

- ' ‘e

dilferens compinations ©f surface water sampling Siil@s 0T L=o04.
ag Might be eivected [or a meaium Lhat fionws 1roem cus qocaticn Lo
the next. most of the locations show strong positive corre.ations
witn each other. within Middlefork Creek, the relations are al.
significuntiy positive. Probably the most noteworthy resulit is
the lack of significant correlations between sites on Big Creek,
specifically the Line of Fire and downstream locations 2 and 3.
1f these iacks of correiation are due toc the presence of

vz uyenletea uranium, thon LI also incdicates “aat the

i%E0.VeC

infiuence 1t verv limited spatiallr and dc not carry T the

10
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boundary. Leaving aside arguments of causation and consequence
for the time being, it should be pointed out that surface water
locations 2 and 3, Big Creek line of Fire and immediatelr
downstream, do not correlate witn other surface water samples ncr

do they correlate with sediment uranium concentration.

Sediment U~234 Correlations

Sediment U-234 was next examined in Table 6. Ne combination of
lecations within a creek showed a significant correlation, but

the line of Fire locations neared significance wvhen compored to

tnelr res

-~

2

0
-

tive pouncary sampling iocativns, with Big Creek

be:ng positive wnile Middlefork (reek vwas negative. Th

"

ii-untion with seaiment U~234 contrasts greatly «itlh surlace

water gisscivea U=234, where most sites except the Line of Frire

snowea s$::9ng positive ccrrelaiions. To a certain extent, tn.s
conforms t¢ common sense, Sediment does not meve AsS last as

o}

wrface water, and signitficant sediment movement and

~oncentraticn procably oniy occur during high run-of{ events.

n

cenverseal, JLgNest Ql:EsoliVved uriliaum Soncentrations are i1.:3:.7

‘

to occ' r during periods of reduced flow. . diiferent time scale
is tuus probably at work. The great differences hetween
dissclved surface water U-234 and sediment U-234 would also tenc
to argue against one being the source term for the other. if
either were a strong source for the other, then one might expect

a strong correiaticn to exist. Besides not correlating with each

sther, the €ite to €ite correlations are a.s> vastlw aifferen:t
ana tend "o Argue AgAINST A SIrong interaction.
11
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Groundwater U'=234 Correlations

grounawater L-234 correlations were ne:it examinea in Table 7. a4 '3

strong negative correlation “»s observed between munitoring wvells
numbers 1 ancd 6. Monitoring well number 6 hes consistentiy shovn
relatively high uranium concentrations. even during the baseline
study, while well number 1 has been one cf the iower ones. TWwell
number 6 is also the oniy well which dces not penetraie uil the
way to bedrock. The original baseline study conclusion, that
well number 6 samples a distinctly different source of water, is
stiil believed to be correct. Witn this one exceptivn, none of
the monitoring weils correlates sigunificantly with any of the
cihers and, thus appear te be independent, or uniinked. This
corroccrates the conciuwsions arrivea at in the earlier

enam:nation of frequency distributions.

Seil Uranium - 234

Thne correiation matrix for impact area scils rersus neighbering
nou=impact area seiis for U-234 appears in table 4. Sites Jusd,
show & streong correlation with sites 26/47. This is of littlse
consequence, Within the impact aresa, sites 5 and 12 show a vervw
strong positive correlation. It is tempting to speculate that

~
-

rounds whnich ricochet from srea € tend to land in area 12.
Whatever the reason, these sites are directly in the lLine of
Tire. Perhaps more surprising is the lack of significant

cerrelaticn petween the otner impact area scils.
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Sediment U~238 Correlations

Table ¢ iliustrates correlation coefficients for sediment U~238
cencentrations. The situation is the same as U-234, with no real
strong correlations. The closest to significance 1s a negative
correlation between Middlefork Creek Line of Fire and the
bouncary location. The sediment sampiling locations appear tc bDe

essentially unlinked, or independent of each otner.
Surface wWater U-238 Correlations

The correlation matrix for U-238 in surface water is in Table 10U,
4ga:1n the situation 1s iike that of U~-234, with most of the
sam;ixn;'l:catxons showing significant, and in all cases
~o%itive, correliations Again the weakest correlations appeareq
he-wesen location: 2 ana 3 and between either cf them and a..

others. The cenclusion that surtace water samples show strong

linkage ana interadepenaence for L=-234 18 also true for U-238.
Groundwater U-228 Correlations

Groundvatéer L=-J4% monitoring weil correlations (Table I11: saon
the same bordering on significance negati. e correlation between
weils 1 and 6: however, a significant negative correlation now
also occurs between locations 2 and 7. As will later pe seen,
well 2 has shown an unusual steady decrease 1n concentraticn
through time. probably the most inexplicable pattern among anv of
the monitoring wells. For each of the pairs of megative
~orrelations. the well with the highest ccncentration of U=-23R8

occurs on opposite siaes of the impact area. Ao causative



explanstion is apparent to explain this behavior cther than the
previously viewed conjecture that the wells are sampling
different sources which just happen to be moving in opposite

directions.

Soil U=228 Correlatinns

The correlation matrix for U-238 in impact and non-impact areas
appears as Table 12. The same significant correlations which
appeared for U-234 also appear for U-~-238. Tweo pairs of locations
show significant positive correlations: s:tes 6 and 12 in the
impact area and sites 36/42 and I%/47 au the non-impact Area.
The impact area correlations for (-Zl1 and U-2JB both invelve
nern=normally distributed variables, however, It is highly
srobable that the impact area correlations reflect causation,

that being the impact cf depleted ursnium projectiles.
Regressions - LU-2J8 in Sediments

Concentrations of LU=232 in Big tLresl sed.ments appear in Figure

12, while isotepic rsatics for the sSamg sAmp.ies appear in rigure
13. Results of regressions involving these same locations appear
in the top half of Table 13. A cursory examination of the

concentration data might lead one to suspect the presence ot
depleted uranium during two periods. The Big Creek boundary
sampling location showed slightlyr elevated concentretions first
during months ! and 9 after firing commenced and appears to be
jeined »y downstream lccatior & ouring a second peak during

monihs 23 ang J2. “"mring the first peak the isotopic ratios at
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the boundary location appear to be perfectly natural, and thus

shovw that at least the first peak is not depleted uranium. The
second peak, during months 25 and 32, do show scmewhat the
depressed isotopic raticos characteristic of derleted wuranium,
however, the concentrations of U-238 at that time are still less
than half of background scil for the area. Regressions cf U-238
on L-234 for each Big Creek sampling location, and for ali of

them combined. all have slopes of approximately one, which is

consistent with the isotopic ratio of one characteristic of
natural uranium. Regressions of U-234 on time for the line of

Fire sampling lccation does show a significant effect, altihough
it 1s negative ana of e.tremelr smal. magnituace. There is nc
unequivecal evidence for the presence cf depleted uranium 1in Big
(reei seaimenis. A majerity of the evidence incicates oniy
natural urar.um is present. 1t there has been an impact, it was

verv slight and 1s declining with time.

“ilddieerk Cra2ek =23 in sediment concenirations appear 1in
Figure i4, w.in 1sotepic ratios iiiustratec in Figure 10, The
associated regressions appear in the lower half of Table 13. All
the uranium appears to be natural. with the only significan®
trend being negative with respect to time ifor both isctopes at

the Line of Fire sampling location. Since the trend is negative,

th

uranium is natural, and the concentrations higher than in Big
Creel:. the uranium movement observed it probablr the result of
erseicn {rom the construction activities associated with tuilaing

the observaticn post in the area. Since botih creens shovw a

-
o
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significant regression of uranium on time for only the Line of
Fire locations, it impiies causality. The most likely candidates
for a cause are cdisturbance of substrate due to impact or
disturbance from censtruction. Since both trends are negative
and both involve natural uranium {isotopic ratios about 1), the
initial construction in the areas fcllowed by run-off ix most

likelv the cause.
Regressions - (ranium in Surface Water

Uranium 228 concentrations in Big Creek appear in Figure 16.
Figure 17 illustrates U-238 in Middleforii (reex. while figures
1%, 19 and 20 show isctopic ratic for both creeks. Table 14
contains the results of regressions involiving dissolved uranium
in the creeks. With ine exceptions of the more recent location
ME anc the upstream Miudlefork Creek location SE, all regressicns
of U=23% and U-234 orn time and on each other were significantly
positive. This pattern is suggestive of a basin-wide natural
eifect, since tne Biz Creek upstream location is included.
However., tiis ratio L=u28/0=231 for 8ig Creeh was 7.08 to 1.
nighly indicative of aepleted uranium, while the same ratio for
Middleforl Creek was 0.86 to 1, indicating na{urul uranium. <t
would thus appear that there is a natural pattern of increasing
uranium concentration in water, perhaps weather related, upcon
which is superimposed in Big Creek a significant amount cf
depleted uranium. The isotopic ratic of 0.99 to 1 ¥or the
upstream Big Creek location NE reflects natural uranium while the

line of Fire loccatien N shows a ratio of 8.2 to 1, wslearlr

1

depieted uraniumn. Alsu with the exception of locatien N. all

gt
('J



uranium concentrations are well less than 1 pCi/l. Sc although
the Big Creek has clearly been impacted by test activities, the
low concentrations do nct indicate any substantial hazard exists.
With respect to uranium, all water samples wou.ad meet enisting or
proposec Safe Drinking hater Act regulations. Th: apparently
natural increase in uranium concentraticn tends to exaggerate
this effect. This increasing trend will probably centinue witn
the low precipitation, near drought conditions of 1987 and 1933,
but will be well worth observing closely whenever high mcisture

conditions return to Jefferson Proving Gronnd.

Regressions = Groundwater Uranium

Lol

Figurss 21 and 22 iilusirate groundwater U-2J8 ccucentrations in
welis tc the East and west of the impact area, while isotopic
ratics are shown 1in figurez 23 and 24. Severa. difficult t>
evp.ain patterns are evident frocm the regressions in Table 15.

The wells along the Last side shew a significant decrease .n (-

w0

23+ concentration with time. C=33 shews noc such pattern
o erali, ous i3 oclearlv in a aecline in mouitaring welli fumpber .
This decline is not present in West sice welis, which are
believed to be located down gradient from the East side wells and
the impact area. In contrast, LU~238 in WwWest side wells shows a
nearlr significant, although slight, increase with time. There
appears to be an excess of U-234 relative to U-238. Excess U=-234
commenly occurs in groundwater. A U-238/U-234 ratio as low as
(.32 t2 . would not be unexpected. The biggest problem with the

=234 excess i3 that it may mask somewnat depleted uranium.




However, if the baseliine and | month samples are excluded, the
uranium concentrations and ratics appear to tluctuate randomlv
and o not indicate o siguilicant trend. The Changing
concentrations of uranium with time mav be related to
construction, eizher of the wells themselves o:r ©other structures
in the area. At anv raie. the monitoring welis de¢ not show the

presence of depleted uranium.
Regressions - Lranium in Soil

Figures 235 through 33 show soil uranium and isotopic ratios for
the trree firing positions. both Line c? Fire gsites and
impact area boundary sites. Depleted uran.um in the impact Areas
aprears to be distributec i1n a narrow band, with little lateral
movement. Tne length e! tue band would appear to be at least
120uv meters iong. the cistance from location 6 to location 12.
Special samples taken around location 6 indicates that most of
the cepleted uranium 1s on ©OT near the surface. Some
gressions, significant and otherwise, are shown in Table it.
nteresting.v, none 0i the regressions of nuranium on time dauring
the overational phase show significance, although the lack of
pormality for some of the soil data may be influencing the
regression anaivsis. The extreme values taken on by the isotepic
racios clearly indicates depleted uranium, as do concentration
data relative to baseline. To get around the lack of normality
problem, Mann-Whitner L tests were performed .comparing each
samo.ing period secil results against baseline and each cther.
Mot L results o net eifrer sign:ficant.y from baseiine. out

a1l subseguent months except month 32 are significantly ditlerent

18

o



than baseline. A KRruskal-wallis test, sort f "nonparametric

analvsis of variance”, was then run, which indicated tha time

of boil. L'=238 2anag

significant factor in scil concentrations ©

“

Generally, Mann-Whitne? tests do not show significant

ferences between adjacent sampling periods from month

hovever the month 3. samples are difterent than tae

samples. and d:ffer from mcnth 37 at a lower confidence

A

2 was an unusua. sampling period,

cencentration vet found, about

oncentrations

B/U=2

which did not show depleteg uranium

meters of trees were cleared by impacts.

Cross-media Regressions

the results of regressing uranium concentrations

tvo regressions., which were

megia. The i1irs?t

relate U=12

in monitoring wells
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¢ .iments. Since both media had components which were decreasing
with time, the relationship may be ftortuitous, aitnough as
previously mentioned construction activity may have impacted both
ol them. [he rest of the relations are insignilicant. it is
somewhat surprising that none of the media at JPG appear to be

linked.
Summary ot Major Trends

Several major trencs are evident firom tne data procaucec in the
Radiological Environmental Meonitoring Program at Jefferson

rouna. First, soft target firing of DU rounde cause:z »a

oy |

Proving
fairl- rapid build=-up in soil along a narrov band o:=2r a
kilometer long along the line of fire in the impact area.
Cfoncentrations in these areans d¢ not anvpear to dramaticaliv
crhange with time, although aue tc the non-normei distribution
“hot spots” will occasionaliv be sampied. VUranium concentration
in seciment has shown a steady decrease .in time. This decrease
is natural uranium and proobably was caused by the initial
censtruction in the deplz2ted uranium ranges. it thus appears
that natural uranium in so:l becomes leachable when it enters the
creeks as sediment. This leeching could ceause increasea
dissclved uranium in surface water. but the statistical relat:ions
one would expect if this were the case have yret to appear.
Groundwvater showed an initial decline, probably related to the
constructicn of the wells themselves, with little chenge since
but subject to much well tc well variability. Probablr the most
troublesome trens is the sgteadvy increass in dissolved uranium in

surface waters at JPG. This increase consiszts of both natural

- e i 2




and depleted uranium, although the concentrations are at levels
‘ well below concern. The cause of this trend is unknown, but mav
be related to precipitation and run-off patterns. erosisn and
leaching of sediment, or boti. Evaporation during low fliow
periods will naturally cause an increase in dissolved substances.
This trenc should be cbserved closely in the future, particularlr

after moisture levels and run-ciff return to more normal ievels.
Recommendations

In general, the DU monitcring pregram at JPG appears to dbe coing
what it 1s supposed 1o, that iz monitcring the presence of
depleted wuranium in ma‘i>r envircenmental pathwavz and
coxnartments. Because of the lorge 1nveﬁtory of unrecovered

2

"

aniim and the hetercgeneity of groundwater, the program cculd
te improved by the installation cf several additional meonitering
wells in the immediate impact area. Several additional scil
csamples should also be colliected further down range, as the

rojectiles appear to carry farther than originally anticipated,

"W

Hoverer. sin

)

' the ccntam.nated zcon+ appears to be very narrow,
there is no need to expand the sampiing grid sidewavs. o ¢

resources become restrictive. consideration should be given to a

i tradeoff between soil sampling off the line of tire and more
sampling down range. Particular care should be exercised in the

future surface water collections to avoid any possible
centamination of the sanpiles. The increasing trend with time for

. snurface water uranium cculg be the result of sample

‘( ccntamination. it is very jimportant that this trend be cliosely



-
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watched. as surface water contamination will have an immediate
impact off site if it continues. The advisability of cvleaning up
so.i to 100 pCi/g is also guestionable, as the impacted area is
obviously much larger than the sample areas. As long as the
sampling sites remain stationary, such cleanup could seriousi:
bias the sampling program, with soil above i00 pCi/2 occurring
evervwnere along the line of fire except the sampliing iccations.
This source of bias snhould be removed, cor a systemalic sampling
program devised which does not use fined sampling sites. Tne
cleanuns should cover a larger area, oOr special high density
samrliny should be performed tc verif: tnat cleanup ectivities

nave not ~empromised the routine sampling program.
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Table 1.

Radiclogical Monitoring Program media.

G.W.zgroundwater:

op=operational;

one,two and three way ANOVA,

Location

Big Cr.
Big Cr.

Big Cr.

Migolefork

0
'

w
o
|

Middlefork
Migdgdiefcrk
Middiafork
Middlefork

all

Cr.

E X

Medium

u,

w

s g

Time

op
op

op

op

op
op
op
op
op
op

cF

sed=sediment; l-W,
Trpe \ariable .
1-¥ L=-238 by month
1-Ww U-234 by month
2=W br isotope
by month
interaction
2=V by isotope
by location
interacticn
o=W by isotcpe
by month
interaction
i=W U=-238 by location
l=W Vel3d by location
1=W U-238 by meonth
1-W U-234 by month
l=-w U-234 br location
i=W {-238 by location
1-Ww U=-234 by month
1=Ww LU-238 by month
e=W by i1sotope

Analrses of variance for Jefferson Proving

by monthn

interaction

2=,

3

Ground

S.w.=surface water;

Jew =

Frobacilit~

.068C

.9Z-

w



Medium

\Variable

t=-238

L=23 by

medium by

medium D)

MmN

mon

Probapil

month 8.7t~
month

month

location

location

location

locatricn

month

location
month
location
month
medium
month
location
mcnth
locat.

dvcat:




Table 2.

(GW i

dele«ted and duplicates averaged before analvrsis.

Month
Site

SW-234

for

Correlation matrix,

Month

.009873
.60307
.32714
.08966

13642

value

value

uranium at

Site

SW-234

L]
n
"

L]
O

surface water

Jefferson Proving Ground.

Sw-238

. 24395

and groundwater

Missing

GW-234

ow
"0
W
o
p—

values



Table 3. Correlation matrix, sediment (M) and surtaces water

Jefferson Froving Ground. Missing values deletea ana

averaged befcre analveis.
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Table 4. Correlation matrix, 500 Center impact area soils (S),
Big Creel sediments (M) and surface water (S%), and East side
groundwater (GW), Jefferson Proving Grouna. Missing values

deletea and duplicates averaged beiore analysis.

-238 M-234 M-238 SW-234 SW-238

K 4
9]
4
N
~y
wn
-
rt
"
wm
'
r
(3
4
n
[
'

Sl"‘ .("\/rJ\h l
$-234 o170 -,4011 1
§-235 21398 -.3936 8630 1
- - - 19 4 - “Ybhd )3 :’.f .1
Mo # - 18 =.1479 . 0838( 10089 L9587 1
Shels4 S744 =.0126 0450 0490 ~,1884 ~.1408 1
-23r +2E - oL =.052 -, Uat -,15606 =.,16i Bi1J 2
-204 -4 - s62 - 30 =.0443 ~.0634 -.0622 -.1370 WY e
Ghe=20s4 143 =,.2351 -.0192 ~-.028 0717 1119 -,01698 =.1102
th=234 GW=238
Critical alue (l1-tail 05) = ¢« or - .0o788
Critical value (2-tail, .03) = +/=- .3286
-
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for U-234 in surface water

Table 3.

Correlation matrix

phase of Radiolegical Zunironmental Monitor:icg

operational

Frogram.

Loc

e
[
P

'I.
L)
0

Middietork Creel

W
-1
Q

(a1}

-1

'
-1
(=
bes

-t
f—
on
Pt

o

b

u_l
w
.
(o]
(o)

"



‘ Table 6. Correlation matrix for U-234 in sediments during

operaticnal phase of JPG Radiological Environmental Monitoring

Program.
Big Creek . Middlefork Creek
np LOF down BX . up LOF down BS
Loc 4 Loc 5 Lloc B Loc 2 ; Loc 3 Loc 6 Loc 7 Loc 1
Loc 4 1
Loc 3 . 4380 1
ioc B .1582 .0923 1
Loe 2 3132 .8964 ,0108 i
Loc 3 =.674: -.0594 ~.070+ ~.3268 1
Loc € .2439% .3831 =-.2090 7382 .0102 1
’ Loc 7 0376 .0193 =.3078 -.078% =~.2429 =-.324% 1
Lot 4148 1929 3009 =,2075 =.3340 -.6334 .5248 i

Critical value (l~tail, .03) = « or - .62€6

value (2-tail, .05 = /= 7048

29



(¢ elatic b ¢ )
orrelation matrix fer U~231 in groundwater during

operational phas > JF E
3 phase JP: Radiological Environmental Monitoring

Program.
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Table 8. Correlation matrix for U~234 in scils from impact areas
tsites 6,8,10 end 12) and neighboring non-impact areas (sites

36/43.19/44,26/47 and 32/48).

6 1

10 .iB96 ~-.2070 1

12 .9328 4611 .24453 1

36 -.3464 ~.0804 ~-.7089 -.3858 1

19 -.6826 =-.3962 -.2877 -.7362 =~-.0378 1

26 -.3325 ~-.1619 -.6198 -,7008 L8589 2823 1

e
o
L e

-

32 =-.226€63 .3473 =-.4046 -.4514 .5031 .C€64

‘ritisal value (l-tail, .05) = ¢ cr - ,67635

o

)

L
+
~
1

Critical value (2-tail. .0

31
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t Table 9. Correlation matrin for U~-238 in sediment during
‘ eperational phase of JPG Radiological Environmental Monitoring
i Program.
:
E
Big Creek - Middlefo "k Creek
' up LOF down BN | wup LOF  down BS

lee 4 Lee 3 Lee B8 Loc 2 ) Ltec & Loc 6 Loc T Loc 1

? Loc 4 1
loc 3 1900 1
‘ loc 8 =-.2483 -.2784 1
f Loc = 008 L2472 L1928 1
Loc 3 <-.3683 -.0199 -.2:62 -,2112 1
% loe 6§ .0134 .0937 -.4687 .6104 .0126 1
: Lor T =.313G6 .3903 .0TE2 =.2704 =.2723 =.34%7 |
; foe | L1063 L3922 .5313 -.0487 ~-.3832 -.5469 .3809 1
'

Criticali value (!-tail, .03} = ¢ or - .6268

Critiecal value t2-tail, .03) = +/=- .7048

2
|
|
i

x
)




Table 10. Correlation matrix for U-238 in surface water during

operational phase of JPG Radiological Environmental Monitoring

Program.
Big Creek : Middlefork Creek
up LOF down BN ! up LOF down BS
lec 1 Loc 2 Lee 3 Lloc 4 ) Loc 3 Lloc & Loc 7 Loc 8
Loc 1 1
Loc 2 7982 1
Loc 3 .7854 .7815 1
Loc 4 9124 9534 8260 1
Loe & i Joluly 8339 .3614 .8929 i
Loc © 7890 8308 .5B30 .9344 £33 1
Lee 7 8006 .733586 534% B707 .874F ,BB78 i
Lo 4 2317 .8987 .8873 .968: .g8046 .8680 .87iC 1

Critical value (l1-tail, .03) = = or = .7297

value (2~tail,

Critical
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Table 11. Correlaton matrisx for U-232 in groundwater during

operational phase of JPG Radiological Environmental Monitoring

Program.
Loc 1 Lloc 2 toc 3 Lloc 4 iue 3 Lec & Llec 7 Lec 8
Loc 1 1
loc 2 ~-.6072 1
Loc 3 L1607 -.4608 1
Loc 4 1208 -.0130 =152 1
Lo 5 3715 =.148¢ .4624 T03f 1
LoC O -.,74390 1619 3102 .11 49 1421 i
Loc 7 L4628 =.Tul 393 .k Lk L2139 1
Loe 8- ~.1171 1333 .2077 3811 B2%4 L4930 L322} i
Ffriticas vaiue {(i=-tail 053} = « or - 6767
Critical value (2-tail, .03) = +/=- .7332

R e e i N e e N
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Results of regressions of uranium in sediments, JPG

ircnmental Mcnitoring Program.
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Table 13 continued.

V‘ariables

. time

Location

M=T7

Ve 7

M=T

M=-1

M-]

M-1

M=t

Mo

¢ MeZ

b \j-

i M-8

slope

-3
(4 1]
m
'
(£8)

o
b
™
J
[

-1 t"E-3

intercept r

.48

«40

. 589

o
L&)

. 945

-
(&

2
U]

L]
L]

O B



14,
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Variables

Time

time

s V=234

foacatinn

JPG Radiological Environmental Monitoring Program.

All
All
All
Big Cr.
Big Cr.
8ig €r.
Mdifrk
Medlfrk

Malfri

NW

N

EN

BN\

wn
"

o
-1

down

v down

down

up

inteyrcent

1.15€8-2

L

.

t

-

s L] w

L]

"

§ -

Results of regressions of uranium in surface water

nrob.

0022
<. 0001
<.0001

.0082
<.0001
¢, 0001
L0001
<. 0010
<.R010

0232

L0084
0301
0326
.0096
D118
<,0001!

. Oﬁ\..'.i

2

.
NP3

w
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Table 14 continued.

"

. Variables Location slope intercept r r- prob.

’
V=228 x U=234 SE up .86 -.0014 997 .993 «<.0001
U=238 % time $ LOF 5.1E-2 9.5E~-4 .81 .63 +O0BY
=234 x time S LOF 4.3E~3 ~4.0E~-4 .79 .83 .011¢C
=238 »x U=-234 8§ LOF 1.10 00352 983 .9€66 «,0001
=238 x time SW down 5.7E-3 -.022 87 1D .0023
=224 x time SW down 6.CE-3 -.018 .81 .67 .0071
(=228 x U~234 SW down .86 3.4E-3 .975 .95 <.0001
{=238 ~ time BS 3.0E-3 070 T8 .3 .C294
L=2.4 time BS J.BE-3 066 e 0133
Leli8 n U=-234 BS .80 017 978 .957 «.0001

0 Le238 time 'E 1.1E~-3 020 24 36 6280
L=l o= time Me T.1Z=2 0o 17 03 T487
=238 5 U=234 MNE 1.0 -.0027 967 .933 0018

i

:

i

i

'

t

'

39




Table 15. Results of regressions of wranium ir groundwater. JPG

Reaiological fInvironmental Monitoring Program.

: Variables iccation siope intercapt r e pProbo.
i L=234 % time All -, 0081 1.132 =, 14 .01 2768
' U-238 x time  All 0048 708 11 .01 L2843
1 U-238 x U-234 All .4956 .3028 .52 .68 «.0001
; U-234 x time Eest side ~-.0259 1.422 -, 30 .09 0239

{~238 x time East side ~1.26E-3 714 -.03 «.01 .8354
i U-238 ~ U-224 East side L3814 . 3320 .79 .6 <.0001
6 =238 x time West side 1LY L6881 28 W7 1T e

West




R e

N g

- - -

— -

Table 16.

Results of regressions of uranium

Rodiological Environmental Monitoring Program.

Variables
i=234 x time
U-238 x time
U=223 time
U-238 x U=-234
L2373 =224
V=235 U=-23%
U238 x L~234
L=233 V=254
U=235 -238
V=274 Time
U'=-238 time
U=238 L=234
-225 time
-23 -2 04
L=-233 x U~-238
U=-234 L-228
(=234 x time
(~-238 x time
U-234 x U-228
V=224 L-238

Location

All w/base
All w/base
All w/base
All w/base
All w/base
All w/bose
Easeline
Easeline
Baseiine
Qrerational
Cperational
Operational
JOperaticnal
Crerat.onal
Operational
500C LOF
300C LOF
500C LOF
Non-impact

43,46,52

slope

E.41

41

intercept r

882 W17
2,82 A7
.063 17
-5.64 .954
-.143 884

0031 .98%
0737 92+
0134 ool
0170 18
1.12 1l
3.60 12
-5.71 964
808 13
-. 1467 $54
0017 . 987

«7322 .999
2.06 14
11.13 .13

.0838 .922

6720 .989

in soil,
rz prob.
.03 0224
.03 0231
.03 01866
.988 ~.0001
968 <.000C1
873 «<.0001
873 <.9001
.04 1813
02 . =884
.01 L1704
.01 1396
988 «<.0001
02 1128
L8658 <,0001
975 <.0001
.998 <.0001
.02 .4330
.02 .4238
.851 <.0001
.988 «.0001

JPG



Table 17. Cross media regressions., JPG FKkadiological

’ Envirenmental Monitoring Program. m
t
4
!

°

Variables Location giope intercent r i prot.

V-228 Mih x sediments LET 44 4412 *o .08 V207

Miv x sediments . 5820 .4823 .28 Ju6 TR
U=-234 MW x sediments 074 637 .36 .02 L1960

U-234 x U-238
g MW x sediments .60 B4 16 023 1967
i U=234 S x MK -. 0134 1327 =.1i .02 2781
i =238 My x SW =.1353 s T ¥ -.11 01 R L]
; o234 S§W » sediments ~-.0§i¥ ,1407% -,12 L0l Bt 5
V=232 Sk x sediments =~..t¥l R 3] 7 IR 1 ¢ QR 3. | » 2 uDD
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Figure 5 Sediment U-238
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Figure 12
Big Creek Sediment U-238
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Figfe 13
Big Creek Sediment Ratios JPG
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Figure 14
Middlefork Creek Sediment U-238
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Middlefork Creek Sediment JPG
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Figure 16
Big Creek Uranium - 238
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Figure 18
Surface Water Ratio U-234/U-238

2
. 0—o
E NE
- X
1.5 - B—8
L NW
o n
m —_
by .
g X
.- —
Q1 =
=) 8
o - - i
* 1 e
(1] - !
o i
- |
s L
~ 'L
- bihllnniluulnnln111quIinjllUllnjllunlluh

-5 0 5 10 15 20 25 30 35 40 45 50

‘ . Months *e Firing Commenced .
- A e



Ratlo U-234/U-238

e
L]
n

S

ltlllirll]rrrtllriT

(111

intboinn b bl b oo b ee el e d

-5

0 5 10 15 20 25 30 35 40 45 S0
Months Since Firling Commenced




Figure 20
Surface Woter Ratio U-234/U-238 JPG

Sumh
(91

Retio U-234/U-238

P
)
.5 e — -

!

~ DnihnthuInulnlﬂnldln1HU|hluthInnJ \

‘-5 o 5 1 d 40 14)
( Months F!rlnq Comenced



R PN T O e At T - qp—

®

Groundwater U-238 East Side

3
C G—F
MW 1
- OO
Q MW-2
Ao
e o
2 b~ . -
,, aiE
: a
E “F N
] A
/ »
1 o . Q ’CJ\‘\\ /S\
" ..' ) " \ P G \\
G. ! . 4 0 - -~
4 P . * N
3 i 7 - \A
! X\\ Q //g\\ ‘;' o = :
E e % S 1
0 A+T1

-5 o 5 108 1S 20 25 30 35 40 45 50
Months Since Firing Commenced

—- * B - . - - - - gy T




e Ay e . B o R

Flaure 35"
Groundwater U-238 West Side

w

f
’
>
U

Q.

N

RERRSRERINEERA RN RNNER
50

25 30 35 40 45

Months Sl&e Firing Commenced 9

»




& o - ,L—,QLA&;B _ e

Ratio U-234/U-238
n

Ground Water Ratio U-234/U-238 JPG

ll]IlllllITT]l
Q

flitrll‘

Months Since Firing Commenced

SARIRRERARNERURRNRA NN ARERARRRRARRRRRARARAAURRARERRT
S B B W - WA W s .




o —— e A
anure 24

Ground Water Ratio U-234/U-238 JPG

B O O A--—--- A X——X |
M- MH-6 MK-~7 MW-8

| O i =

N

T rrrri
"
\

/7
/

III:I

Ratlo U-234/U-238"
i

el

-

g Uuluulnull|u||lullnlhluluannlunllnu
-5 0 5 10 15 20 % 30 35 M '45°' 50

. Months S‘ Firing Commenced .’

) (o)




— P -
j—

® Fi @;Lji'LB 25 o

500 Center Line of Fire Soil U-238

200

175

150

—-_.X
125 Site 12

pCl/g

100

75

50

lllllflf‘llfl‘lllIllIl1lIl]lIllll R

-5 0 5 10 15 20 25 30 35 40 45
Months Since Firing Commenced




Ratlo U-234/U-238

1.5

Figure 26
Soil Ratio U-234/U-238 JPG
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Figure 30
Soil Ratio U-234/U-238 JPG
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