UNITED STATES

%

4 NUCLEAR REGULATORY COMMISSION
%&-"’f ik WASHINGTON, D. C. 20855

&

RELATED LUK
July 3, 1¢85 99{.,-.

Mr. Jack Russell
; Environmental Protection Agency 85 J
- 401 M Street, S.K. ‘
¥ail Stop ANR-461 UF
Washingten, D.C. 20460 Doy,

- In the Matter of
f KERR-MCGEE CHEMICAL CCRFORATICN

' (Kress Creek Lecontamination)

, Docket ho, 40-2061; ASLBP No. £4-50z-01-SC
I Sc

Dear Mr. Russell:

:- ks I indiceted to you in cur telephcre conversetion the folliowing enclosed
. d¢ocuments will be useful to you and other EPA perscnnel:

| 1. Order to Show Cause, cated March 2, 1984;

2. Memorandum and Order (Ruling on Kerr-McGee's Motion for Reconsideraticn),
dated March 22, 1985 (see perticulerly pege 5); and

3. Comprehernsive Radiological Survey of Kress Creek, Wect Chicago Arez,
I1linois, prepared by Cak Fidge Asscciated Universities, dated
February 1SE4.

If these documents raise any questiuns which you woule like to discuss,
please feel free to call me.

Sincerely,

/U@)/u;:( /4/ Z{;.M;J

g Stephen H. Lewis
: Deputy Assistant Chief Hearing Counsel

Enclosures: As stated

i ¢cc w/o enclosures: Babette J. Neuberger, Esg.
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esult cf an eeria) survey in 18
¢ : derieren by irgonne beZicnal Leboratory in

- recuite of =hese surveys, which
LTes ¢nc fose rites, were reporied
Accitionet surveys of the creek
rmerte] Prozection A-«ehcy (EP
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te mepsure~erss ¢f surface erd
0815 sublished in September ¢
were mace by the !mitec Stetes @n
enc Oek Riceoe hncxe.rﬁ imiversitt ~
these survevs, the KBLC staff, in 2. ter cateC Tecemher IF. 1981.
’ec\.-s;ec thet the 11ce.‘see submit &2 plan for the ceconta=iretion of Kress Creek
enc for storege or cisposal of the contemineted scil., 2&¥ter discussions with the
licensee, {ur,ﬂer review ¢f existing ce* a er centeninetion dtlong the creek and
conticeration of potentiz) chenges 4n EPA and NR( cle2rip 2ctions, the staff
Cecided %o further 2tsets 2he racioiogice’ conteninzticn 9n kress Creek and
irformed the licensee, 4 2 letter crted June &, 16RZ, 93 w2s nDl necessary to
teke further action n regerd to the Decenber 1‘% 1081, Tettier and thet the staff

wuld further advise Kerr-“clee upon comzletion of the z=sessmeml,
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i1l N
ey ¢f rrecs (feek h2g mow heern performed
& cempretensive reciolzgice) SuFvey wes |
e g not enly current Cireces racdietion Tevels,
e 2 vbutien of cortamingticon in the c.-:ek end river beds
ent in benk stiis 2leng the creek 2ng river, This survey indiceted thet
Tengs dcdecens t2 Kress Cresk ong the ¥est Eranch cf the Dutipe Piver 2re
centemingted with thorium eng with cevghier profucts ¢f The therfum decey
chein egsentiaily in seculer ecuilibrium, S0l contemineticn VYevels and gdirect
Teveis of reciaticn were Tounc o be rele2tively constant Throughout the Tenceh
¢f tress Creei, &5¢ 20 exteng cownstresm ticng the eest Srench of the DuPrge
“ivEr a
The averege concentraticns of total thorfum (TReZ232 ¢ THR-ZZE) 2T -1 meter from
the ecoe cf the creek &t verious fepths were: 26,1 pli/g (sicocutries per
gre=) &% the surfece; &Nz pCY/¢ et 18 cm cepth; 3E.9 pCiJg 2t 3D owm dent s
Z8.¢ pCi/c 2t €0 cm centh: anc 18,7 pC4/c between £D 2nd €D ce.  The s21)
ccncentreticns cecrepsed with increpsing cistince from the creek. The highest
Tevel of tc2e) thordun meesured in ¢ sempile was 235 pli/e, with & nuember of
crter se=sles exceecing 700 pli/g. Many tf the highest Tevels were cetected
in erees near tne ctormTsewer cutfeil, ang hente constitsze @ potential source
ef continuing corteninzticn for locetions Turther cownstres=,

Direct Tevels cf ~acietion measurec 2t 1, §, 10, end 78 meters Trom the edpe
¢ she creek ang 1 meter ehove crountd surface everaged 28, 25, Z1 and Y&
vi/hr (microroertgen per hour) respestively. rowever, rafiziicn Tevels greater

o

ner 10D uS/nr were cetectel In severe] Jocations. wermal hetkeoround recdiation
vels in this aree everecec E.6 uR/hr,

\
T conteamireticn Tevels found 2iong the creek exceel the environmenta) stendards
re=uicetes by IPR uncer euthority of the Atomic Bnergy AT of 1882, 25 e2mended,
fur unrestricier vse of arezs on which thorium processing we "‘S lieve deen cisposes <.
See 40 CFR 1€7,4) (4B FR LR827), The W20 15 chtarged with dmdiementeation and |
Ercrcement of these stencarcs. See Section z75% of the :‘.c.':.c Energy Act of 1952,
28 amencef, The conteminazien leverls 2lsc exceed the idemticel standards ‘
ect2nlished for cleerup of vicinity sroperties uncer Title 1 of the Urenium %1 |
Teilincs Fagieticr Comtrel Act of 167F, 23 zrmendec, end published 4n 40 CFR 162, \
Cussart B, The £A Ras stetec thet these stencercs ere apprepriate for cleanup
cf offsite vicinity properties,  In e2ch case, the IPA st2nferds were estab- ‘
T4ehed uncer 2 ss2hutory Cirective Lo es ehl4sh stencerds of general 2pplication
for the protection of public health, sefety, and the envirTrment Trom the
reciolegice) hezercds essocieted with p~c:e=s ng of thorfem processing weste.
79-&;: Crates Envirnnmen=t2) Protection Agency “Final Enmvirommenta) Imnact Standarcs
for the Control of Evprocduct Yaterdel Trom Urenfum Ore Processing (40 CFR 192)°,
EPA §20/1-83.008-2, Ses temser 1683, Page A.)-3, Comment €. Also, Federal Recister
nctice, pu.MsHec Octoher 7, 1683 (L& CF7 e884n),
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secercingly, the MR saf? centludes thet clersup of the effsite vicindty
prepesties dicng Kress (reek and the DuPige River s recuired 20d 2het the
feilowing Tevels of comtemingtion specifiel n IPF ctanZards ere %0 be used s
eritertis “cr She effsite preperies:
1., £ piecocuries ef reagivm per grem of scil (3C4/¢), 2veraged over the first
18 certimesers (o) bSelow the surface, en?
Z. V& zC0%/¢ averegec cver 18 em thick levers sore then 18 ¢em Below the surface.
Tre specified Tevels of corntevineticn mey be ivereged over ireas of 10D scuere
meters,
v
In view ¢7 the Toregoing ant pursupnt to Sectiens £2, €3, B, B3, B4, 1618,
228 275C ¢f she luomic fnergy ASt of 1824, a2s emenced, ind The rejulations 4n
10 CPF Serms 7 ang 40, the licensee it SIRIRY CEDIRID TH SHOW TAUSE WHY 1T
S=DULD NOT BE REDUIRED VU VARE THE FOLLOWING 2CTI0NS:
1. FPresere ¢ remecie) dction pian for the cieanup of raciciopicelly
consenineses erees in 2ang plong kress Creer ant The west Eranch of the ”
Dufege River end for the subsecuent sefe storige or dispesal of

contaniresed soil,

2. By July 2, 16RZ, submit the plan 2o the [Tfice of Fuclear Materiel Safety
pre Spfeguarcs, United States hutiedr Reguietery (owmission, for review
eng eosrovel.

3. A%ter accrove) by the (f74ce cf Nuclieer Miterie]l Sfety and Sefepuares,
erecute the cleenus plen 1n an expeciticus manner,

&, In Sath the plamring end executicn of remeciel actions, pricrities shel)
he estet)dshed based cn the externt of putiic expesure resulting frem.the
carsemination and the timing of sroiected cisposa) or safe siorage capac-
ity

The licensee r2y thow ceuse why the actions cescrided {n Sectien IV should not
e preered by f11ing ¢ written 2nswer uncer c2th of effirmaticn thet sets forzh
she retters of Tact 2nd Yew on which the licensee relfes. As provided in
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In the Mztter of Cocket Ko. 40-2061-SC

Lt e - el atel et
KerReMeCo: CHZMICAL CO=RFPORATION

LSLEP No. 84-502-01-SC
Merch 22, 1985

N N St N A N S

Peccnsicdereticn)

Cn Februery 22, Kerr-Mcbee movec for recensiderztion of cur Second
Frenegaring Cornference Memorencum &nd Crder of Februgry 7, 1EEE8, in which
we held thet Kerr-McGee beers the burcen ¢f going Torwerd with evidence
on the averments stated in $C 10 ;Brcugh 13 of i1s emenced &nswer. On

Merch 15, the propenents of the Orcer to Show Ceuse 2t issue herein,

Stef, the Nichiren Sheshu Temple, &enc the Fecple of the State of

—b

ed &n enswer in gppesitien. We ceny Kerr-McGee's motion.

HKowever, beceuse it eppeers thet our Second Prehezring Conference

—~

Memorencdum énc Order wes not fully uncderstood, we ciarify it in this

Memcrencum end Order. !

kerr-McGee moves for reconsiderétion on three grounds:

i In their opposition, the proponents téke the pesition that
Kerr-McGee hes not been harmed by the Prehezring Conference
Memorendum and Order and hence hzs no sténding tc complain. We do
not respond to0 this argument; while it meéy be that Kerr-MGee is not
injured by the Order, its motion nonetheless raises metters which
we believe important to address. This is the first proceeding of
its kind. It is important that &l1) perties clearly understand the
procecdurz] ground rules for this proceecding and our rulings.



1. Thet we erred, or were &t lezst premeiure, in concluding

thet euthority exists in the Atomic Energy Act (AEA) independently of

the Urenium Mi1) Teilings and Redietion Centrol Act (UMTRCA or Teilings

- - i L - .- 3 s
Act) which would support eny offsite cleenup orcer, iet 2ione &n order

1 cleen up westes which were not chown 1o present significent risks;

Z. Thet we heve erronecusly &ccepted the propenents’ view

thet the Teilings Act can provide guicence with respect to the levels of

(]

cnitemingtion which require cleznup vhen the Teilings Act s not itself
eppliceble; end ‘

3. Thet, even essuming thet the proponents méy proceed under
the AEA independently of the Teilings Act, they sti11 must comply with
the mandate of the Teilings Act thet risks, costs, end tenefits of any
preposed cleenup must be considered.

The precponents teke issue wj:h Kerr-McCee's firss ergument - that
we errec in conclucing thet the £ZA dlcne furnishes sufficient authority
to support & cleenup crder. Like Kerr-McCee, the preponents have read
cur Memorandum end Crcer &s rezching that conclusion. =

wWe reeched no such conclusion. Rather, we found no indicaticn in
the Commission's decisions thet & specific, significent risk, scmething
more than & hezerdous condition, to the hedlth znd sefety of the public
or to the envirenment must be found if the Orcer is to be enforced.
(Orcer, 2t ©.) Consecuently, we concluded thet Kerr<¥cCee must bear the

burden of going forwerd with evicence on thet issue. This conclusion

does not presuppose the conclusion thet the ALA provides the zuthority



necessery to support enforcement of the Orcer to Show Cause in this
instance.

indeed, the conclusion that the AZA wil) support the enforcement of
the Order to Show Ceuse in this instence recuires ccnsiceration of more
then simply the reture of the risk or hazerd ¢ be ciezned up. Staff

hes concedec that Kerr-McBee's positic

>
rt
=
(21
o*

the Teilings Act may not. be
retroectively &pplied in this proceecing is estentieily correct, and

thet the EPA reguletions promulgeted uncer it co not ¥4t this situaticn.

-

T Y Th

'r. 70-71, €35, Jenuery 25, 18€5.) The Teilings Act edded thorium and
en of byprocuct meteriel. Prior <o
the enactiment ¢f the Teilincs Act, the AZA proviced Tittle guthority
over mill tailings. Petitiun of Sunfiower Coglition, CLI-82-34, 16 NRC

1502 (1882). Thus Staff must show thet the contemingzion which it

wishes clezned up is preperly clessifiec es source meterie) uncder 10 CFR

he

§ 40.¢4(h) 1f it 98 t0 be successty

P

section presently provicdes

(h) "Scurce Materizl" mesns: (1) Uranium or thordium, cr eny
comarrttion therecf, in any physical or chemicel form or (2)
ores which contein by weight one-twentieth of cne percent
(0.C8%) cr more of: (1) Urenium, (i1) therdum or {4i4) —F
gny combingticn therecf. Source mzterizl does not include
speciel nuclear meteriel.

Ar gvidentiary presentztion is necessery 25 & besis Tor determining
whether the &lleged centamingtion in &nd elong Kress Creek &nd the West

Erench of the DuFege River meets this definition. Thus, we may not

cecice this gquestion, ner the cuestion reéiced by Kerr-McGee's averment,




- & =

n 'ne besis ¢f briefs AIcne
The preronents responded to Kerr-McBez's second and third points by
esserting thet issuves of costs eand benefiss are unnecessary
consideretions in ceciding whether t0 enfcirce the Order to Show Ceuse.
‘ne Froponents essert thet £8A's etancercds fccued under the Teilings
fct, which ere icentified in the Orcer to Show Cause, are appropriate”

-

TIr use in cetermining whether & hezerd exists. Ageim the perties have
&' least partitlly misunderstood cur rulings. As we did with respect to
Verr-McGee's risk zverment, we concluced cnly thet Kerr-McCee must beear

the burder ¢f coing forwerd with the evicence cn its everments

cuncerning costs &nc benefits, there being no epparent besis for them in

t9e AEA.

we heve @lirezdy notec Staff's concession thet the Teilings Act mey
nct be eppiied in this proceeding. Thus IPA's stancarcs issued under 5t
ere not legelly dirding, ind the propenents mey edvocete them cnly as

guicence. In our Februery 7 Vemorencum anc Order we dic noct conclude

r~

The FPeople heve filed & <u,..e~en‘a7 ressense to Kerr-McEee's
metion in which they urge thet the letter has egein raised the
cuestion of subject matier jurisdiction. The People seem to view
Kerr-McCee's motir . &s &sserting thet no jurisdiction under the ALA
exists to rzise the question of the compeny's responsibility for
the K-ess Creek westes end go on to érgue thet the AEA clearly
epplies to this situgtion. We do not view Kerr-McCee's motion as
chellenging the Staff's authority to issue the Show Cause Orcer or
our jurisciction to presice under the ALA. Incdeed, Kerr-McGee
indicated in its response to the joint motion for cisposition of
everments of December 21, 1884, thet it ¢ic nct chellenge Staff's
guthority to issue the Orcer to Show Ceuse. Insofar &s the People
3 {Footnoze Continued)






must bedr the burden of presenting evidence on those issues. Kerr-McCGee
must 2150 show tf its everments here in issue ére legelly ccrrect.4

As the prcponents stzted in their Jenuery 10 Memorancum (page 2),
Show Ceuse wee issued in accord wit

the conteminetion exd y thet Kerr-Mctee is responsibie

proponents incicated in their cp ion to Xerr-McCee's motion
they view our ruling on Ke*'-r 's everments &s indicating
“e<e would be e“"r:;r1:.=l- c"<.ce'eﬂ in the second phese of
:'ccsecwﬂg when the scope ¢f the remecic] eciion plen is et
ne lezve 1 ‘c Kerr- Mclee 1o cecicde when end how 1o present
metters. In zccition, in their suppiementz) response the
pie L'CE thet we cwtrwts the éverment stéted in § 10 and limit
tverments steted in 9 11 through .3 10 the teccnd phese of
this :rcceed1ng The Peczle overlook the féct Kerr-McCee asserts
thet the everments reéise mired cuestions of law znd fact (see
Kerr-tcGee's Memorencum of Ovzober 2€, 1684). While the Rules of
Prectice provice & vehicle for the People to test Kerr-McGee's
gssertion and to0 eliminzte or limit ¢t e Evermeris, neither the
] '~r the propenents ceneréiiy have seen fit to

Fecple ssec~‘.s=.
enploy iz. The 0t eutherizec by the Rules c¢f

« et % bt 4

- F

L fo™mom
ot

-
" e

\ -
: Feopie's request is
rractice end i3 cen.ed.

~ \

In their supplemente) responce (p.2), the Feople 27s0 2sk thet we
gccress the ques::cn cf who uears the vitimete burcen of persuasion
beceuse ". . . unless the perties know whe hes the burden of
persuesion, they co not know how much evicence ip put on &t hearing
£ " We decline to do so. We expect thet &11 parties will
present their best ciése and remind them thet, uncder 10 CFR &
¢.743(c), "[olnly 'e,evar.. meterie) enc relietle evicdence which is
net unculy repetitious will be edmitted.”" (The Soerc intends to
follow the Federel Rules of Evicence in enforcing this standerd.)

The Pecple 2150 recuest thet we certify or refer the matters raised
in their cupplementa] response should we not decide them, or decide
them &cversely to the People's pesition., We decline to ¢€o so.
While we agree thet this proceecing presents complex questions of
first impression, we see nothing to be geined but deley if they ere
certifiec or referred for interiocutory review. In our view these
cuestions cannot be decided in the abstrect. They demand an
evidentiery reccrd if they are to be properly resolved.




for Lﬁe contaminagtion, and thet the remecy proposecd by the Order 10 Show
Ceuse is necessiry to ebete the hzzerd thus presented. Assuming, but

rot ceciding, the

et
'

the preponents czn preveil in showing that the

itemingtion exists and wes czused by Kerr-McGee, they must +hen show

First, the contzmination is source materizal under the REA; ™
Second, the EPA stendards set forth in the Order to Show Ceause
&re epproprizte criteriz by which to judce to whet extent remedia)

ecticn is necessary t

o
w
Al
(8}
ot
m
ial
[l
m
™

th uncder § 161(b! of the AEA; and
Third, the conteminztion exceeds these criteria and the AEA
will support enforcement of the Orcer to Show Cause.

In consideretion of the foregoing, it is this 22nd dey of March,

- -

JGEL, ORDIRED thet Kerr-Mclhee's motion for reconsideration of our Second
Preheering Conference is denied.
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THEE ATOMIC SAFETY AND
LICENSING EOAR

roR.
INISTRATIVE JUDEE

lﬁrhet K. Carpen cr
ADMINISTRATIVE JUDGE

itdl, Chairmen
JUDGE

Sethesda, Maryland
‘erch 22, 1984
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FOREWORD

A comprehensive radiological survey of Kress Creek has Dbeen performed by
the Oak Ridge Associated Universities (ORAU) under contract to the United
States Nuclear Regulatory Commission (NRC). Results of the survey are given in
this report. This work is a continuation of effort by NRC to define the extent
of radioactive contamination in Kress Creek and the West BSranch of the DuPage
River, downstream of the Kerr-McGee Rare Earths Facility in West Chicago,
Illinois.

Radioactive contamination along Kress Creek and the West Branch of the
DuPage River was first detected as a result of an aerial survey in 1977 and
later verified by extensive surveys of the West Chicago area undertaken by
Argonne National Laboratory in 1977 and 1978, and funded by the NRC. The
results of these surveys, which were limited to measurements of surface
exposures and dose rates, were reported in NUREG/CR-0413, published in
September 1978. Additional surveys of the creek and river were made by the
United States Environmental Protection Agency (EPA) (1980) and ORAU under NRC
contract (1981). These surveys added to the overall information about the
levels of contamination, but did not define the spatial distribution (i.e.,
depth in soil) of the contamination.

The comprehensive radiological survey reported in this document was
specifically designed to determine not only current direct radiation levels,
but also the depth distribution of contamination in the creek and river beds
and in bank soil along the creek and river. This survey indicates that lands
adjacent to the Kress Creek and West Branch of the DuPage River are
contaminated with thorium and with daughter products of the thorium decay chain
essentially in secular equilibrium. Soil contamination levels and direct
levels of radiation were found to be relatively constant throughout the length
of Kress Creek and to extend downstream along the West Branch of the DuPage

River.

The average concentrations of total thorium (Th-232 + Th-228) at 1 meter
irom the edge of the creek at various depths were: 26.1 pCi/g (picocuries per
gram) surface; and 18.7 pCi/g between 60 and 90 cm. The soil concentrations
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COMPREHENSIVE
RADIOLOGICAL SURVEY
OF
KRESS CREEK
WEST CHICAGO AREA, ILLINOIS

INTRODUCTION

Between 1931 and 1973 a thorium ore processing facility was operated in
West Chicago, IL, by Lindsay Light and Chemical Co., and successor owners.
Initially, the principal activity at this site was extraction of thorium for
use in the manufacture of gas mantles. Later operations included the recovery
of rare earths also present in the ores. The resulting solid wastes were
accumulated in two large piles on the plant site. Over the years, waste
-aterial\ was transported from these piles into a nearby storm sewer and
drainage ditch a&and then to Kress Creek; this resulted in most of che

contamination along the creek.

In 1974, the present owner of the facility, Kerr-McGee Corp., began
cleanup activities to decommission the facility. At t¢he request of the
Nuclear Regulatory Commission (NRC), Argonne National Laboratory (ANL)
conducted a radiological evaluation of thorium residues in the West Chicago
trel.l This study of the Kress Creek region consisted primarily of direct
radiation measurements between the outfall of the sewer runoff and the
juncture of Kress Creek with the DuPage River (West Branch). Radiation levels
up to 150 urem/h were reported for several locations up to 1 km downstream
from the outfall., The ANL study estimated that at least 80Z of the thorium
waste in the creek was deposited in the upper one-third of its course between
the sewer outfall and the DuPage River. A 1977 aerial radiological survey by
EG&C confirmed the presence of thorium residues along the creek.? Soil and
sediment samples collected in 1980 by Region V of the Environmental Protection
Agency (EPA) indicated that distribution of the radioactive material was "much
more extensive” than indicated by the ANL study.3 EPA also identified the
primary radionuclides in the waste as Th-232 and Th-228 in essentially secular

equilibrium.
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In July 1981 the Radiological Site Assessment Program of 0Oak Ridge
Associated Universities, Oak Ridge, TN, conducted additional sampling and
monitoring of Kress Creek. This survey was limited to the creek bed and the
surface soils within several meters of the edge of the creek. The results

generally confirmed the findings of earlier surveys.

At the request of the NRC Division of Fuel Cycle and Material Safety, a
comprehensive radiological survey of Kress Creek was conducted
December 6-20, 1982 and April 4-22, 1983 by the Radiological Site Asscssment
Program of Oak Ridge Associated Universities (ORAU), Oak Ridge, Tennessce.
This report presents the findings of the survey.

A glossary of technical and nuclear terms and schematic representations
of the naturally-occurring thorium and uranium radioactive decay series have
been provided in Appendices A and B, respectively, to aid the reader in
interpreting this report.

SITE DESCRIPTION

Kress Creek in West Chicago, DuPage County, Illinois (see Figures 1, 2,
and 3) originates on or near the Fermi National Accelerator Laboratory site.
After leaving the Fermi site, the creek flows east under the Elgin, Joliet,
and Eastern Railroad approximately 300 m south of Roosevelt Road. Immediately
east of the railroad, the storm sewer from the Kerr-McGee facility, north of
Roosevelt Rcad, empties into the creek. At this point Kress Creek changes
direction, flowing toward the southeast until it joins the west branch of the
DuPage River approximately 2 km downstream.

For the first 100 m esouth of the storm sewer outfall, Kress Creek flows
through undeveloped property consisting mostly of rrees and brush. The creek
then passes through a subdivision between May and Joy Streets. Along its
course through the subdivision, the creek expands to form Gunness Lake. South
of Joy Street it flows through mostly open field until reaching Wilson Road.
The banks along the 200 m of the creek immediately south of Wilson Road are
covered with dense brush and trees. Beyond this, and until the creek reaches

I11linois Route 59, the terrain 1is primarily open field although scattered



AN

e

- —

™

—— S——

brush and trees are found on the west bank. Further downstream, between
Rcute 59 and the DuPage River, a forest preserve forms the east bank of the
creek, and the back yards of several private residences form the west bank.
The east bank of the south-flowing DuPage River is forest preserve, as is its
west bank upstream of Kress Creek. The west bank of the river downstream of
Kress Creek consists of scattered trees and vegetation, some marshy areas, and

the back yards of a few residences.

The creek width varies from a typical 3 m up to 15 m in the case of
Gunness Lake. The width of the DuPage Rivervis a nearly constant 15 m. Under
normal conditions the depth of the creek is approximately 30 cm, rarely
becoming deeper than 60 cm. The DuPage River is only slightly deeper.
Flooding of Kress Creek and the DuPage River is not uncommon. During the
course of the survey, heavy rains caused the creek to overflow its banks by as
much as 30 m. Flooding primarily, although not exclusively, occurs over the

western banks of the creek and river.

SURVEY PROCEDURES

ObJective.

The primary objectives of this survey were to determine the following

along Kress Creek and properties adjacent to the creek:

1. the direct radiation levels, and
2. the radionuclide concentrations in soil and sediment.

Plan
The survey plan included the following activities:

l. Systematic exposure rate measurements 1 m above the surface at
specified intervals along the banks of Kress Creek and the DuPage
River.

2. Dose rate and exposure rate measurements at the surface for each of

the locations where measurements at | m were taken.
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3. Monitoring surface gamma radiation levels along the banks of Kress
Creek and the DuPage River.

4, Measurement of radiation levels 1in boreholes drilled at the
locations of the systematic direct radiation measurements, and at
locations of elevate¢ direct radiation levels.

S. Collection of soil samples from various depths in approximately 15%
of the boreholes.

6. Collection of sediment core samples at specified intervals along
Kress Creek and the DuPage River.

7. Collection of several residential well water samples from the
vicinity of the creek.

8. Sampling and measurements at off-site locations to provide baseline

and background data for comparisoa.

Measurement of Direct Radiation

Kress Creek was divided into 50 m intervals between the DuPage River and
a point approximately 100 m south of the Kerr-McGee storm sewer outfall,
Permission could not be obtained from property owners to survey the area
further north, i.e. immediately upstream and downstream of the outfall, or to
survey two residential properties bordering Gunness Lake. One of these
residential properties was immediately north of Joy Road on the east bank and
the other was the second property north of Joy Road on the west bank. Fifty
meter intervals were also established along the DuPage River, 200 m upstream

and downstream of its juncture with Kress Creek.

At each interval, exposure rates were systematically measured both at the
surface and 1 m above the surface, 1, 5, 10, and 25 m from the edge of the
creek or river (measurement locations are identified in Figures By 3y Wy
and 7). Exceptions were those areas for which permission was not gtunted. by
the property owners and those areas extending onto public roads. NaI(Tl)
scintillation ratemeters, field-calibrated using a pressurized ionization

chamber, were used to measure exposure rates.

Beta~gamma dose rates at 1 cm above the surface were measured at each

location where the systematic exposure rates were measured. These
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measurements were performed using G-M detectors and scaler/ratemeters. To
evalute contributions from both penetrating and n.apenetrating radiations, the

measurements were made with the probes in both the open- and closed-shield

configurations.

Using NaI(Tl) gamma scintillation ratemeters, walkover surface scans were
performed to a minimum distance of 25 m on either side of Kress Creek and the
DuPage River. General radiation levels and locations of significantly

elevated levels were noted.

Borehole Logging

Boreholes (15 cm diameter) were drilled with a portable motorized auger
at locations of systematic direct radiation measurements. Boreholes were also
drilled at selected areas of elevated direct radiation levels identified in
the walkover surface scans. The former are referred to as systematic
boreholes and the latter as biased boreholes. Figures 8, 9, 10, and 11
{ndicate the locations of both the systematic and biased boreholes. Whenever
possible, boreholes wer: drilled to a depth of 1 m. A layer of rock, which
prevented further drilling, was encountered at a depth of 60-90 cm in many of

the boreholes.

Radiation profiles in the boreholes were determined by measuring gamma
radiation levels at 15-30 cm intervals between the surface and the hole
bottom. A collimated gamma scintillation detector and portable scaler were

used for these measurements.

A calibration curve for converting direct radiation levels 1in the
boreholes into thorium concentrations in soil was generated by plotting the

gamma radiation level versus the thorium concentration in selected soil

samples ccllected for this purpose.

Soil Sampling

Soil samples (approximately 1 kg each) were collected from various depths

in approximately 15X of the boreholes. Subsurface samples were obtained by
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scraping soil from the side of the boreholes with a specially constructed

sampler from which residual soil was cleaned between samples. Surface samples

(0-15 cm) were collected using a garden trowel.

Sediment Sampling

Sediment samples were collected at 100 m intervals along Kress Creek and
the DuPage River. Samples were obtained with a split spoon sampler which was
driven into the creek or river bed to a depth of at least 30 cm. Each core
was then divided into 10 cm sections. Sampling locations are identified in
Figure 12.

Water Sampling

Six well water samples of approximately 3.5 liters each were obtained

from local residences.

Baseline and Background Measurements

Mine surface soil samples were collected at locations 1-7 km from Kress
Creek; direct radiation levels were measured at these locatious. Figure 13

indicates the locations of baseline samples and background measurements.

Equipment and Analytical Procedures

Appendix C contains a list of the major equipment and instrumentation
used for this survey. Analytical procedures are described in Appendix D.

RESULTS

Background Radiation and Baseline Concentrations

Background radiation levels and baseline radionuclide concentrations are

presented in Table I.




Background exposure rates in the West Chicago, Illinois, area ranged from

6-11 uR/h at 1 m (8.6 uR/h average) and from 7-12 uR/h at the surface
(9.6 uR/h average).

Baseline radionuclide concentrations in soil were: Th-232,
0.53-1.12 pCi/g (picocuries per gram); Th-228, 0.50-1.12 pCi/g; total thorium,
1.03-2.10 pCi/g; Ra-226, 0.68-1.38 pCi/g; and U-238, 0.15-1.10 pCi/g. These

concentrations are typical of those normally encountered in soil.

Direct Radiation Levels

Exposure Rates

Exposure rates measured systematically along the banks of Kress Creek and

the DuPage River are presented in Tables 2 and 3.

Exposure rates | m above the surface at 1l m from the edge of the creek
ranged from 8 to 96 uR/h averaging 28 uR/h. At 5 m from the edge, the
exposure rates ranged from 7 to 72 uR/h (25 uR/h average); at 10 m, 8 to
120 yR/h (21 yR/h average); and, at 25 m, 8 to 32 uR/h (14 uR/h average).

Exposure rates alonz the banks of the DuPage River, upstream of its
juncture with Kress Creek were: 10 to 19 uR/h (14 uR/h average) at 1 m from
the edge of the river; 9 to 22 uR/h (15 uR/h average) at S m;j 10 to 17 uR/h
(13 uR/h average) at 10 m; and 10-14 uR/h (12 uR/h average) at 25 m.
Downstream of the juncture with Kress Creek, exposure rates along the banks of
the DuPage River were significantly higher. At 1l m from the river's edge
exposure ratc 1 m above the surface ranged from 14 to 104 yR/h (36 uR/h
average). Exposure rates ranged from 1l to 64 uR/h (31 uR/h average) at 5 m;
from 11 to 30 uR/h (18 uR/h average) at 10 m; and from 11 to 64 yR/h (20 uR/h

average) at 25 m.

Exposure rates measured systematically at surface contact along the banks
of the creek and river were generally about 202 higher than the levels

measured at | m above the ground.
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At 1, 5, 10, and 25 m from the edge of Kress Creek these levels ranged
from 7-172 uyR/h (36 uR/h average); 8-80 uR/h (27 uR/h average); 8-250 uR/h
(24 uR/h average); and 8-38 uR/h (14 uR/h average), respectively. Along the
DuPage River upstream of Kress Creek, the surface exposure rates were
10-22 uR/h (16 uR/h average) at 1| m from the river edge; 9-22 uR/h (16 uR/h
average) at 5 m; 10-17 uR/h (14 uyR/h average) at 10 m; and 11-16 uR/h (13 uR/h
average) at 25 m. Downstream of the confluence with Kress Creek, the surface
exposure rates along the banks of the DuPage River were 16-136 uR/h (45 uR/h
average) at | m from the river edge; 13-88 uR/h (37 uR/h average) at 5 m;
11-32 uR/h (19 uR/h average) at 10 m; and 13-68 uR/h (21 uR/h average) at
25 m.

Several generalizations can be made regarding the systematic exposure
rate measurements. Overall, exposure rates decrease with increasing distance
from the edge of the creek, averaging 4 times background at the creek edge and
decreasing to approximately 1.5 times background at 25 m. Although a similar
decrease 1in exposure rate might be expected with increasing downstream
distance, the same general levels of direct radiation are maintained
throughout the length of the creek. One exception is that portion of the
creek located 800 m to 1150 m downstream, north of Wilson Road. Here the
exposure rates are somewhat below average, possibly due to the decreased
tendency of the creek to overflow its banks in this region. Along the banks
of the DuPage River upstream of its juncture with Kress Creek, the overall
radiation levels are slightly above background. Downstream of Kress Creek,
the exposure rates are substantially higher with average values exceeding
those along Kress Creek itself. The highest exposure rates are found on the
western bank of the river. Two possible explanations for this are that Kress
Creek merges with the west side of the river and that the western bank is

low-lying and more susceptable to flooding.

Beta-Camma Surface Dose Rates

The systematically measured surface dose rates (urad/h) typically ranged
from l-2 times the measured surface exposure rates (uR/h). Differences
between the open- and closed-shield measurements averaged 262 indicating a

small contribution from beta and low-energy photon radiations. Because of the
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close relative agreement between the surface dose rates and surface exposure
rates, the dose rate values have not been individually included 1in this

report.,

Walkover Surface Scan

The walkover surface scan, 1in addition to providing more detail,
confirmed the general patterns identified by the systematic measurements.
Numerous 1isolated regions were located in which the radiation levels were
substantially elevated above those in adjacent areas. Exposure rates at
several of these locations (also corresponding to the biased borehole
locations) are presented in Table 4. These ranged up to 820 uR/h at the
surface and 210 yR/h at 1 m above the surface. This highest level was noted
15 m east of the creek bank and 197 m downstream. Direct radiation levels at
these 1isolated areas were generally higher upstream (closer to the sewer
outfall) even though the overall radiation levels were reasonably constant
along the length of the creek. Most of these locations were within 1-2 m of
the edge of the creek and could be attributed to deposition during flooding.
There were some areas of elevated exposure rates where the distance from the
creek and/or the bank elevations would have precluded such deposition. One
such area is on the east bank between 50 and 100 m downstream. In this
example, elevated exposure rates were found near the end of a driveway,

approximately 30 m from the creek and up a relatively steep incline.

Although the portion of the creek upstream of 0 m and downstream of the
outfall could not be included in the survey, certain tentative assumptions can
be drawn. Typical exposure rates along these banks are likely to be in the
20~-50 pR/h range, slightly lower than earlier reports indicated. Since the
banks are relatively low and the area prone to flooding, there may be more
isolated areas of elevated direct radiation levels and these areas may be

distributed further from the creek than was noted downstream.

Along the DuPage River elevated direct radiation levels on the west bank
likely continue to at least 0.5 km downstream of the juncture with Kress Creek

with a slight rise in the levels on the east bank possible. Beyond that
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point, the west bank becomes steeper and less subject to flooding so that
elevated radiation levels would be expected to be limited to the river edge.

Radionuclide Concentrations in Soil

A review of the analyses for 70 soil samples indicated that thorium is
the radioactive material of concern at this site. Lower levels of Ra-226 and
U~238 are present, at approximately 2.5% and 5% of the total thorium (Th-232
and Th-228) concentration respectively. Thorium-232 and thorium-228 were

nearly always in secular equilibrium.

Total thorium concentrations determined for the systematic boreholes
rlong Kress Creek and the DuPage River are presented in Tables 5 and 6,
respectively. Total thorium concentrations for the biased boreholes are

presented in Table 7.

Thorium concentrations in soil follow the same general pattern as the
direct radiation levels - decreasing with distance from the edge of the
creek. At 1 m from the edge, average concentrations at the various depths
were: 26,1 pCi/g, surface; 40.2 pCi/g, 15 cm; 38.9 pCi/g, 30 cm; 28.9 pCi/g,
60 cm; and, 18.7 pCi/g, between 60 and 90 cm. These average values decrease
by approximately 50X at 5 m from the edge of the creek, remain unchanged at
10 m, and at 25 m decrease to approximately 172 of the original
concentration. At 25 m the average concentrations were approximately 3 times
the baseline levels; however, the true averages may be slightly lower since
the computer-generated curve used to calculate the thorium concentrations

sligiitly overestimates concentrations near baseline levels.

Along the DuPage River, upstream of Kress Creek, the average thorium
levels at 1 m from the river edge were: 3.45 pCi/g, surface; 4.86 pCi/g,
15 em; 7.95 pCi/g, 30 cm; 5.09 pCi/g, 60 cm; and, 3.08 pCi/g, from 60-90 cm.
These values showed a gradual decrease with distance from the edge of the
river. At 25 m the thorium concentrations were only slightly above the
beseline levels., Downstream of Kress Creek, the averezge concentrations at 1l m
from the river edge were: 12.5 pCi/g, surface; 18.1 pCi/g, 15 em; 30.8 pCi/g,
30 em; 15.8 pCi/g, 60 cm; and, 11.3 pCi/g from 60-90 cm.

10




As was true of the direct radiation levels, the thorium concentrations in

soil did not indicate a significant overall decrease with increasing
downstream distance along those parts ot the creek and river included in the
survey. Concentrations on the west bank of the DuPage River were only
slightly lower than those on the creek banks nearest the Kerr-McGee outfall.
The highest level of total thorium measured in a sample (555 pCi/g) was 60 cm
deep in a systematic borehole 1750 m downstream and | m from the west side of
the creek. Other high levels were in the three biased boreholes collected
closest to the outtall: 197 m downstream, 15 m from the east edge of the
creek - 489 pCi/g; 25 m downstream, | m from the east edge of the creek -
432 pCi/g; and, 205 w downstream, 12 m from the east edge of the creek -
417 pCi/g. While the overall concentrations decrease very little along the
length of the creek, the highest levels are at isolated upstream locations

nearest the outfail.

The average concentrations along Kress Creek and the DuPage River do not
reflect the localized distribution of the contamination however. In order to
provide such information, the thorium concentrations in soil from Tables 5, 6,
and 7 were evaluated in combinaticn with the results of the walkover surface
scan., Estimates were made of the locations in which thorium concentrations in
soil ranged from 10-20 pCi/g, 20-50 pCi/g, and >50 pCi/g. These estimates are
presented in Figures 14, 15, 16, and 17. The figures indicate maximum
concentrations at a given location, regardless of the depth of the
contamination. Except for a few areas - most notably around Gunness Lake -
the contamination is predominantly on one bank or the other. Frequently, this
bank is on the inside of a curve or bend in the creek and prone to flooding.
As a result, along much of rhe creek the thorium concentrations on one bank

will be well below 10 pCi/g even though the average value may be higher.

Maximum thorium concentrations were typically 15-30 cm deep along the
banks of both Kress Creek and the DuPage River. The greatest depth at which a
maximum thorium concentration was encountered in a borehole was at 110 cm in
the systematic borehole 50 m downstream and 10 m from the east edge of the
creek (226 pCi/g). This was a unique situation and not easily attributed to
deposition brought about by a periodic flooding of the creek. The depth of
the material, together with the steepness of the bank and the pattern of the

11
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surface exposure rates cbserved in the walkover scan, suggest that

contaminated fill may have been used during landscaping of the property.

The maximum depths to which thorium concentrations of 10-20 pCi/g,
20-50 pCi/g, and >50 pCi/g are present, average between 30-60 cm.
Conservative estimates of these depths are 60, 55, and 50 cm respectively.
There 1is also a general tendency for the depth of the contamination to

decrease with distance from the edge of the creek or river.

Radionuclide Concentrations in Sedimert

Radionuclide concentrations in sediment samples along Kress Creek and the
DuPage River are presented in Tables 8 and 9, respectively. In almost all
cases ,secular equilibrium was observed between Th-232 and Th-228. Along Kress
Creek the total thorium concentrations ranged from <0.34 to 131 pCi/g.
Contrary to what might be expected, there was no overall decrease in the
thorium concentrations with increasing downstream distance. Instead, the
thorium levels appeared to fluctuate randomly; the highest concentration was
observed at the 1850 m downstream distance while the sample immediately
downstream (1950 m) had one of the lowest concentrations. There are several
factors which may explain the fluctuations. To some degree, the small samples
obtained with the split spoon sampler may not have been representative of the
sediment at any given location. More likely, the observations reflect
differential deposition of thorium resulting from changing conditions of the
stream bed and changes in the direction and rate of stream flow, i.e. placer
deposition. Both the fluctuaticns in thorium levels and the general range of
these lavels are consistent with the results of the initial survey of Kress

Creek performed by Oak Ridge Asscciated Univetcitiel.“

Along the DuPage River, as expected, the downstream sediments had
considerably higher thorium concentrations (up to 27.2 pCi/g) than the samples
collected upstream of the juncture with Kress Creek (up to 2.24 pCi/g).

Thorium concentrations decreased with depth. In almost all cases, the

concentrations reached what could be considered baseline levels at a depth of

20-30 cm; however, in the sediment collected at 0 m (the sampling location

12



closest to the outfall), they remained essentially constant down to 40 cm (at

approximately 50 pCi/g).

These findings suggest that thorium levels in the creek sediment between

0 m and the storm sewer outfall will exceed 50 pCi/g and that the depth of the

contamination will be greater than that observed along the rest of the creek.

The uniform nature of the DuPage River indicates that the progressive

decrease in thorium concentration observed in the river sediment between Kress

Creek and 200 m downstream would likely continue.

\ Radionuclide Concentrations in Water Samples

j Gross alpha and beta concentrations in the residential well water samples

are presented in Table 10.

The gross alpha concentrations ranged from <1.33 to 1.48 pCi/l, and gross
l beta concentrations ranged from <2.26 to 4.98 pCi/l. Because of these low

levels, no further isotopic analyses were necessary.

r SUMMARY

——

At the request of the Nuclear Regulatory Commission, the ORAU
Radiological Site Assessment Program conducted a radiological survey of
portions of Kress Creek and the DuPage River in the West Chicago Area,
Illinois. The survey findings indicated thorium contamination in soil and

o

sediment along certain sections of the creek and river. Radionuclides of the
uranium decay series, i.e. uranium-238 and radium-226, are also present, but

in quantities so low in comparison with the thorium as to be inconsequential.

The contamination originated on property originally owned by Lindsay
Light and Chemical Company and now owned by Kerr-McGee Corporation.

P T . T e )

Contaminated residues from two waste piles on the property were carried by
1 precipitation-induced ruaoff into a nearby storm sewer which subsequently
emptied into Kress Creek. From there it was transported down the remaining

2 km of Kress Creek and into the west branch of the DuPage River.

13
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The thorium contaminated residues were deposited along the streambed and
banks, primarily at locations where the creek flow abruptly changed speed or
direction. In many areas flooding deposited the material well beyond the
immediate banks of the creek. In at least one area, elevated thorium levels,
which appear to have resulted from the use of contaminated backfill, were
observed. Overall contamination levels decreased slightly along the length of
the creek and downstream along that portion of the DuPage River included in
the survey. The contamination is primarily limited to the upper 60-90 cm of
soil with the maximum levels located at depths of 15-30 cm. Low gross alpha
and beta concentrations in the residential well water samples are consistent
with the low solubility of the material. It is likely that the primary mode
for the exposure of the local population is external gamma radiation. In a
couple of cases, vegetable gardens located in moderately contaminated areas
offer an additional, although probably not major, pathway for exposure.

The levels of direct radiation and radionuclide concentations in soil and
sediment at many locations along Kress Creek and the DuPage River exceed
target criteria proposed by the EPA and NRC for uncontrolled use by the
general public. These criteria were developed to implement the philosophy of
these agencies that unnece-sary exposures to radiation should be reduced or

eliminated to the extent practicable.

14
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FIGURE 1. Map of Chicago, Illinois, anc
Vicinity Indicating the Location
Kress Creek.

FIGURE 2. Portion of West Chicago,
Illinois, Indicating Sections of
Kress Creek and the DuPage River.
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Map of Kress Creek Between the Storm Sewer Outfall and
Joy Road Indicating Locations of the Systematic Direct
Radiation Measurements.
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Locations of the Systematic Direct Radiation Measurements.
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\ FIGURE 6. Map of Kress Creek Between Wilson Street and Illinois Route 59
Indicating Locations of the Systematic Direct Radiation
t Measurements, .
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Map of Kress Creek Between the Storm Sewer Outfall and
Joy Road Indicating Borehole Locations. (Systematic and

bizs2d boreholes are indicated by closed and open circles
respectively.)

FIGURE 8.
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FIGURE 9. Map of Krese Creek Between Joy Road and Wilson Street Indicating
Borehole Locations. (Systematic and biased boreholes are indi
by closed and open circles respectively.)
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FIGURE 10.

Map of Kress Creek Between Wilson Street and Illinois
Route 59 Indicating Borehgle Locaticns. (Systematic and
biased boreholes are indicated by closed and open
circles respectively.)
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Indicating Total Thorium Concentrations in Soil.
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TABLE 1

; BACKGROUND DIRECT RADIATION LEVELS AND
RADIONUCLIDE CONCENTRATIONS IN BASELINE SOIL SAMPLES

Location?® Exposure Rate (uR/h) Radionuclide Concentration (pfi/g)
l1m Surface Th-232 Th-228 Total Thorium Ra-226 U-238

(Th-232 & Th-228)

1 6 7 0.59 + 0.26® 0.82 + 0.24 1.41 0.73 + 0.17 0.35 + 0.74
2 9 10 0.65 * 0.37  1.12 + 0.28 1.77 1.18 + 0.31 0.63 + 1.54
3 8 10 0.61 *+ 0.25  0.59 + 0.17 1.20 0.80 + 0.21 0.56 + 0.54
4 8 9 0.92 ¥ 0.40  0.94 + 0.38 1.86 1.35 + 0.31 1.10 ¥ 0.89
5 11 12 0.85 ¥ 0.27  0.72 ¥ 0.19 1.57 0.82 + 0.21 0.15 + 0.28
6 11 11 0.75 + 0.46  1.10 + 0.36 1.85 1.38 + 0.29 0.59 + 1.22
7 7 8 0.53 ¥ 0.21  0.50 + 0.21 1.03 0.68 + 0.21 0.22 * 0.52
8 9 10 1.12 # 0.37  0.98 + 0.33 2.10 1.12 + 0.33 0.82 * 0.52
w Range 6-11 7-12 0.53 - 1,12 0,50 - 1,12  1.03 - 2,10  0.68 - 1.38
Average 8.6 9.6 0.75 0.85 1.60 1.01

a8 Refer to Figure 13.
Errors are 20 based on counting statistics.
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TABLE 2

DIRECT RADIATION LEVELS SYSTEMAT1CALLY
MEASURED ALONG THE BANKS OF KRESS CREEK

43

Downstream Exposure Rate (uR/h)

Distance Measurement Distance from West Bank (m) Distance from East Bank (m)
(m)® 25 10 5 1 1 5 10 25

0 lm 12 16 19 19 24 22 17 11
Surface 13 19 22 28 26 24 19 13

50 lm 13 13 26 26 30 26 22 22
Surface 17 13 28 22 32 28 22 24

100 lm b 11 16 28 22 28 18 10
Surface -_ 11 12 28 38 24 17 11

150 l1m 8 15 13 14 13 22 19 8
Surface 10 16 13 16 11 24 22 8

200 1m - 17 30 28 34 48 120 24
Surface - 16 34 32 44 44 250 24

250 lm 16 24 36 50 16 18 22 13
Surface 17 26 50 100 17 17 22 14

300 1m - - 26 24 16 19 24 12
Surface -— -— 26 30 17 19 24 13

350 lm —_ - - 50 17 16 22 10
Surface - - - 56 18 30 22 11

400 Il m 11 32 36 22 30 26 22 19

Surface 11 40 44 22 48 28 22 19



TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED ALONC THE BANKS OF KRESS CREEK

£t

Downstream Exposure Rate (uR/h) S
Distance Measurement Distance from West Bank (m) Distance from East Jank (m)
(m) 25 10 5 1 1 5 10 25
450 Im 10 11 13 34 20 11 9 8
Surface 10 10 12 50 24 12 8 9
500 lm 10 16 52 88 16 13 10 9
Surface 10 13 54 172 17 13 9 9
550 I m 9 19 40 58 11 10 10 10
Surface 10 16 48 76 11 10 10 9
600 lm e 13 16 16 12 10 8 8
Surface - 12 17 17 11 10 8 10
650A lm 12 19 36 68 18 22 11 9
Surface 12 19 36 88 19 22 11 10
6508 lm — - ey g 18 14 13 10
Surface - - - e 19 19 15 10
700 lm 10 11 13 24 68 52 24 11
Surface 10 11 12 36 104 54 22 11
750 lm 10 10 10 14 8 9 19 -
surface 10 10 11 14 9 10 2% —
800 lm 9 10 i2 19 8 9 — s
Surface 10 10 11 26 8 9 - =



TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED ALONG THE BANKS OF KRESS CREEK

Exposure Rate (uR/h)
Distance from West Bank (m) Distance from East Bank
25 10 5 1 5 10

Downstream
Distance Measurement

(m)

800 l m
Surface

850 lm
Surface

900 lm
Surface

950 lm
Surface

1000 lm
Surface

1050 l m
Surface

1100 lm
Surface

1150 lm
Surface




TABLE 2, cont.

DIRECT RADTATION LEVELS SYSTEMATICALLY
MEASURED ALONG THE BANKS OF KRESS CREEK

Downstream e Exposure Rate (uR/h) g
Distance Measurement Distance from West Bank (m) Distance from East Bank (m)

(m) 25 10 5 1 1 5 10 25

1200 lm -_ 8 9 22 8 8 - --

Surface - 8 8 30 7 8 -- -

1250 lm 12 13 16 19 40 26 22 17

Surface 12 14 16 34 40 28 22 17

1300 lm 16 19 24 92 96 68 64 22

£ Surface 18 22 22 58 132 72 72 22
w

1350 lm 16 32 44 40 48 42 24 22

Surface 16 34 58 54 60 48 24 32

1400 l1m 13 19 19 19 11 12 12 12

Surface 13 22 22 32 13 12 12 12

1450 lm 13 16 17 28 18 13 13 12

Surface 14 17 17 28 38 13 13 13

1500 l1m 16 44 58 38 28 34 30 16

Surface 14 44 76 54 40 40 38 14

1550 1m 24 26 28 24 22 24 24 17

Surface 19 28 30 34 26 26 26 16
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TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED ALONG THE BANKS OF KRESS CREEK

Downstream 3 Exposure Rate (uR/h)

Distance Measurement Distance from West Bank (m) Distance from East Bank (m)
(m) 25 10 3 1 1 5 10 25
1600 lm 24 64 36 19 14 14 16 14

Surface 32 76 28 22 i8 14 16 14
1650 lm 16 22 24 24 19 38 54 22
Surface 17 24 26 30 28 42 68 28
1700 lm 24 40 72 38 19 18 16 13
Surface 26 44 80 48 28 19 16 13
1750 lm 16 24 44 40 16 19 13 -
Surface 16 26 52 64 18 24 13 -
1770 lm 16 19 16 16 - - - -
Surface 16 24 14 19 - - -- -
1800 lm 13 14 14 14 26 22 13 10
Surface 12 14 16 17 40 30 13 12
1850 1 =m 14 16 26 26 44 48 46 17
Surface 14 16 30 36 44 54 52 16
1900 1m 16 36 44 38 17 14 14 13
Surface 16 40 48 60 24 15 13 13



TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED ALONG THE BANKS OF KRESS CREEK

Downstream Exposure Rate (uR/h) L
Distance Measurement Distance from West Bank (m) Distance from East Bank (m)
(m) 25 10 S 1 1 5 10 25
1950 lm 16 38 44 34 50 40 19 14
Surface 16 48 50 44 76 56 22 14
2000 lm 13 15 16 24 44 46 44 32
Surface 14 16 16 30 58 54 46 38
2050 l1m 14 16 28 32 40 46 30 19
b Surface 14 16 24 40 60 48 - -
~J
2100 lm 15 34 42 48 -— - - -
Surface 15 44 46 76 -— - - -

a Refer to Figures 4, 5, 6, and 7.
b pashes indicate inaccessible location.



TABLE 3

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED ALONG THE BANKS OF THE DUPAGE RIVER

Upstream or Exposure Rate (uR/h)
Downstream Measurement Distance from West Bank (m) Distance frow East Bank
25 10 5 1 1 5 10

Distance (m)2

Upstream:
200 l m 13 . 17
Surface ' 13 22

10 1 22

150 l m
22

Surface

100 Il m
Surface

9
9

12
13

lm
Surface

13

lm
17

Surface

Downstream:
50 lm
Surface

lm
Surface

150 lm
Surface

200 lm
Surface

¥ Refer to Figure /.
b Inaccessible location.




TABLE 4

DIRECT RADIATION LEVELS AT LOCATIONS
IDENTIFIED BY THE WALKOVER SURFACE SCAN

s —

S — e i

Downstream Distance from Exposure Rate (uR/h)
Distance East(E) or West (W) Surface 1 Meter
(m)@ Bank (m)

25 1w 720 170
197 15 E 820 210
205 12 E 410 130
315 8 E 33 35
325 5 E 63 49
401 7 W 210 84
410 1 B 185 76
465 1 E 84 43
585 2 E 210 155
620 0.5 E 170 80
760 1w 18 18
765 1 W 145 31
765 3 E 190 105
775 1 W 105 61
790 2 E 125 63
889 2 E 70 31

1030 3E 115 59
1280 1 W 105 74
1325 4 W 93 76
1340 1w 240 110
1598 6 W 93 74
1665 S E 135 120
1687 1E 210 135
1715 1 W 190 140
1810 1 W 130 84
1870 | B 130 85
1970 1E 130 53
1975 4 W 105 88
1980 20 W 130 72
2006 1E 210 95
2030 1 W 80 63

8 Refer to Figures 8, 9, 10, and 1l.
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TABLE 5

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF KRESS CREEK

0%

Downstream .vtal Thorium (pCi/g) =

Distance Depth Distance from West Bank (m) Distance from East Bank (m)

(m) @ (cm) 25 10 5 1 1 5 10 25
50 Surface --b - - 46.6 28.4  13.4  19.9  29.1
15 -— - - 121 38.9 12,2 24,0 9.14
30 -_ - - 101 23.3 9.98 27.7 3.34

45 -_ -— -— -— -_— 11.1 — -

60 -_ -_ -— 20.0 7.33 - 76.6 -

70 -_ - -_ 13.6 7.89 -— -— -

90 - - - — - — 169 -

110 -_ - -_ -_ -— - 226 —

130 - -— - - - _— 176 -

150 - -— - - — - 46.8 —

170 -— -— - - -— -— 23.5 -
100 Surface -— 11.6 7.07 - 30.0 41.8 45,2 3.17
15 -— 28.5 9.26 — 14.8 38.8 32.9 5.38
30 -_ 30.0 7.39 - 8.90 17.5 18.2 4.83
60 o — 8.99 -— 5.65 6.38 7.22 5.49

70 -~ - —~ — 6.10 - - —

75 — — -— -~ -— -— 8.10 —

80 -— -— - - — 6.99 - —

150 Surface —-— 8.01 9.47 R 66 3.32 23.1 16.8 -

15 -— 12.9 25.6 14.6 2.50 42.4 24,6 -—

30 — 9.50 46.7 25.2 3.56 41.8 25.6 it

50 _ -— - - 5.25 -_ -— -—

60 - 20.3 41.1 56.5 _ 33.5 27.7 -

80 -_ -— -— -— - - 35.8 -_

90 an 63.7 4106 6805 s - - e

100 -— -— -— 51.4 _— -_— - -
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TABLE 5, cont.

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF KRESS CREEK

1%

Downstream Total Thorium (pCi/g) S
Distance Depth Distance from West Bank (m) Ulstance from East Bank (m)
(m) (cm) 25 10 5 1 1 5 10 25
200 Surface —_ - 25.5 39.9 37.9 51.5 166 22.7
15 -— -_— 44.6 51.1 44,2 40.4 261 37.4
30 — -_— 54.5 23.3 35.4 32.3 296 23.0
60 -_— -_— 24,1 17.3 13.0 15.0 193 9.68
80 - - — 11.1 -— -— - —
90 — —-— 11.3 — -— -— 51.7 -
100 -_ -— -— - - — 25.4 -
250 Surface —-— -_— -— 49.5 8.01 5.63 21.1 9.20
15 —_— -— -— 32.8 5.99 10.3 33.3 16.9
30 — - - 14.7 2.34 15.1 44.3 24.8
40 —_ -— — 9.17 _ -— - -_—
45 -_ -— - -— 2.34 - - -
60 -~ - - - — — 12.2 14.2
70 - - - - - 3.22 - -—
75 - — — - - -— 9.74 —_
80 -— - - - -— — - 9.14
300 Surface -_— -— -~ 25.7 5.16 22.4 19.6 5.02
15 -_— -— -— 49.5 10.9 28.3 21.4 5.10
30 -— -— - 66.1 12.0 20.2 21.0 6.13
60 -— -— - 71.3 5.32 7.54 Te1 6.99
75 - - - -- — 3.89 - 6.38
80 - - - -

55.0

L]
.

w
o

90




TABLE 5, cont.

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF KRESS CREEK

Total Thorium (pCi/g)
Distance from West Bank (m) Distance

Downstream
Distance Depth
(m)

from East Bank (m)
10 25

(cm) 25 10 b 5

350 Surface
15
30
50

Surface
15
30
60
80
90
100

Surface
15
30
40
45
60
70
80

Surface
15
30
60
80
90
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TABLE 5, cont.

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF KRESS CREEK

1%

Downstream _Total Thorium (pCi/g) £
Distance Depth Distance from West Bank (m) Distance from East Bank (m)

(m) (em) 25 10 5 1 1 5 10 25

550 Surface 3.17 8.54 46.2 118 5.30 - 3.47 3.34
15 3.84 11.1 3.65 222 4.20 -_ - -_—
30 4,78 5.02 43.5 354 3.94 - 4,94 4,83
50 _ 1.27 -— -— - - - -
60 4.38 — 8.2 33.5 1.90 — 2:.15 4.75
70 4,49 - - — 2.04 - - _
80 —_ -— 2.61 _— - - - -—

600 Surface — 4.05 5.38 5.65 4.89 3.05 317 2.61
15 — 4.41 5.54 8.57 - - - -
30 — 4.44 1.43 6.3 4.30 3.34 3.5 5.41
60 — .86 2.70 2.45 4.28 1.77 1.45 6.47

650 (W & Ea) Surface 2.41 9.77 25.8 102 26.3 13.7 5.43 4.05
15 4.20 11.6 34.5 173 25.7 - -— —_—
30 4.62 6:16 12,5 220
60 4.46 2.00 2.30 45.9 3.61 2.08 4,41 5.24
70 _— - -_ 29.7 2.45 _ 2.33 -
75 —_ 1.70 -— - - 1.41 - -
90 4.30 _ -— — - -_ -

650 (Eb) Surface —_ _— _ - 26.3 7.51 7.45 2.96
15 - -— -— —_ 25.7 -— - -—
30 8.33 11.7 S:71 6.47
60 - - -_ - 3.61 3.51 4,73 4,02
70 _ -_ -— _— 2.45 - 2.54 3.34

700 Surface 1.36 2.68 2.91 38.4 133 47.1 8.15 3.05
15 2.41 371 2.86 753 186 79.4 - -~
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TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF KRESS CREEK

P

TABLE 5, cont.

Downstream Total Thorium (pCi/g)
Pistance Depth Distance from West Bank (m) Distance from East Bank (m)
(m) (cm) 25 10 5 1 1 5 10 25
30 1.60 2.98 47.5 133 79.6 47.4 5.05 7.28
45 - — 0.57 — - -— - —_—
50 - - - -— -
60 0.49 - - 31.3 - - 1.30  5.46
70 0.60 — - - - - - -
80 -- -- -- - - - - 3.82
750 Surface 2.54 2.15 3.12 13.2 20.8 2.45 3.42 -
15 4,46 4.54 4.15 18.1 12.5 —— 5.90 -—
30 4.73 5.99 5.65 52.4 6.16 2.15 7.48 -
40 - —— - - 5.32 - - —
60 1.73 4.73 2.41 22,8 - - 7.39 -
70 0.73 3.10 5.88 - — 5.99 -
800 Surface 3.29 3.03 6.61 25.5 4,38 3.42 - -
15 3.94 4.57 8.39 35.0 - - - -
30 6.61 5.65 10.1 35.3 9.62 4,62 - —
45 4,89 -~ -_— - -— - - -
60 -_ 4.97 1.06 10.4 3.42 2.98 - —
70 — -_— 1.00 — - 2.15 w— -
75 -_— 5.54 -_ - 2.3 -— - -
850 Surface 3.07 4.53 2.30 3.51 7.57 3.64 - -
15 6.73 5.00 4.44 4.70 12,0 - - -
30 6.58 6.49 6.16 4,97 22,0 5.60 i —
60 7.44 7.85 6.73 S.71 59.0 5.02 - —
70 -_— - -— —— - 2.79 — e
90 6.25 54 6.13 3.71 95.6 - e -
110 -— — — - 26.6 - s e
120 — - — w—— 7.95 = - o
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TABLE 5, cont.

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF KRESS CREEK

Downstream ' ___Total Thorium (pCi/g) NS
Distance Depth Distance from West Bank (m) Distance from East Bank (m)
(m) (cm) 25 10 5 1 1 5 10 25
130 - - -— - 6.67 - - --
900 Surface 3.64 2.96 $.35 48.3 18.6 3.51 1.72 2.98
15 - -_ - 83.4 40.9 4.81 -- -
30 5.82 2.70 7.36 10.9 32.2 4.83 2.45 4.86
60 6.44 2.59 1.34 26.2 S.13 4,92 3.82 5.08
70 -— -— 1.41 _ - 3.87 6.70 5.05
90 6.50 - - - - - - —
950 Surface 4,10 4.41 3.97 4.23 44.3 30.2 9.3 5.27
15 -_— - - - 77.9 59.1 27.9 -
30 9.86 7.51 6.76 6.27 41.6 24.6 12.7 2.93
60 6.07 9.65 7.30 6.47 8.99 5.49 2.43 1.08
70 - - - 5.63 — 3.76 - -
75 - - 5.96 - -- -- -
90 - 9.44 - - - -- - -
1000 Surface 2.54 4,20 14.0 59.1 19.6 6.70 3.54 4,23
15 -_ -— 17.7 78.2 - - - -
30 5.21 4.12 7.98 53.0 14.7 4.94 3.56 5.46
50 - - - - - -- 1.54  =—-
60 6.02 1.24 1.94 6.24 3.03 .27 3.64
65 _ —-— 1.68 -— -- - — -
70 - 1.16 - — - -— - -
75 _— -— - -— - - - 3.15
90 5.46 - -— -— -— -— - ——
1050 Surface 2.82 2.56 4,10 4.62 14.1 6.70 2.47 2:15
30 6.33 757 T.22 4,30 18.8 11.8 5.74 3.69
60 7.07 7.74 8.21 8.10 3.3 3.00 4.15 2.32
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TABLE 5, cont.

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF KRESS CREEK

Downstream Total Thorium (pCi/g)
Distance Depth Distance from West Bank (m) Distance from East Bank (m)
(m) (cm) 25 10 5 1 1 5 10 25
70 —_ - 7.95 6.81 - —_ - —
80 _ 7.01 _— - - - -- -
1100 Surface 3.5 3.44 3.47 5.00 7.39 2:29 2.41 1.68
30 7.36 8.96 4.36 S5.41 5.02 1.94 4,78 3.32
40 — -— 4.10 _ - —_ — -
60 8.69 9.05 - 4.38 1.54 0.94 3.3 32
75 _ - -_ -— -— —_ 0.91 -_
90 7.63 -_ - -_— -_— -— - .04
&
1150 Surface 3.59 1.41 3.89 10.2 6l.1 20.4 4.46 1.84
30 7.10 3.99 3.07 6.38 78.9 13.3 4,70 3.59
60 8.75 2.61 3.29 .72 13.1 6.19 1.79 1.58
70 10.2 - -_ 1.06 5.49 _ -
75 _ - 3.71 - - _— 0.98 1.37
80 _ -_— —_ 9.29 - -
1200 Surface - 2.39 2.10 4.94 7.60 - -— -
30 — 332 2.93 6.56 11.1 - - -
60 —_ 232 3.24 8.10 14.7 - -— -
75 - - 4.59 .80 -— - - -
90 _ -_ -— - 16.0 —_ - _
1250 Surface 4,75 2.98 2.71 11.2 2.2% —_ - -
15 6-01 3075 3068 1606 2079 - e -
30 4,84 3.91 4.36 30.3 2.36 - — -
60 3.18 2.35 4,10 21.5 2,07 - - -



TABLE 5, cont.

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF KRESS CREEK

Total Thorium (pCi/g) e
Distance from East Bank (m)
1 5 10 25

Downstream
Distance Depth Distance from West Bank (m)

(cm) 25 10 5

1.85
3.04
3.65

~4
.

Sucface 2R 8
15 . T 7.42

30 y 17.8
60 80.3

70 —
90 9.88

v
.
& o

o

N~
* »
NOWWO

&

N

Surface 9.31
15 7 12.9

30 46 10.6
60
65
80
SO

Surface
15
30
o108
70
80
90

Surface 3.90
15 2. 4.55

30 5.57
60 2.30
‘.‘ ‘, —an

8h —
90 . 1.31




TABLE 5, cont.

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF KRESS CREEK

Downstream o Total Thorium (pCi/g)
Distance Depth Distance from West Bank (m) Distance from East Bank
(m) (cm) 25 10 5 1 5 10

1500 Surface 2.58 22.8 30.9 34.3 15.8

15 2.84 42.2 50.9 19.4

30 2.70 o3 46.9 104 13.5

60 B 5.16 39.6 2.65
70 w— 13.6

75 - ; 3.45 »

Surface
15
30
60
75
80
90

Surface
15
30
60
90

Surface
15
30
60
80
9()
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TABLE 5, cont.

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF KRESS CREEK

——

Downstream Total Thorium (pCi/g)
Distance Depth Distance from West Bank (m) Distance from East Bank (m)
(m) (cm) 25 10 5 1 1 5 10 25
1700 Surface 6.23 15.8 40.6 46.6 6.17 2.12 1.43 1.22
15 7.62 22.8 64.1 21.4 8.52 3:13 2.33 1.97
30 6.64 19.8 90.2 12.7 6.85 2.74 2.68 2.33
60 2.80 4,04 19.9 3.7 S.21 2.78 2.82 2.86
90 1.92 2.47 4.36 20.5 4.50 2.6 2.59 3.12
1750 Surface 3.11 5«75 20.2 43.7 3:.7] S:15 1. 27 -—
15 3.85 7.04 30.1 82.2 4,88 9.58 1.53 -
30 3.51 5.36 21.0 140 3.72 28.7 1.93 -—
60 3.24 3.14 3.79 555 4.11 59.4 1.41 -
90 3.03 2.92 2.50 3%7 3.15 9.26 2,06 -
1770 Surface 270 8.31 3.17 5.91 _ - — -_
15 3.76 9.75 3.67 8.79 -_ - - -
30 3.87 12.7 4.27 9.64 - - —_ -
60 3.4% 20.6 5.71 9.62 -_— -— - -
90 2.85 4,10 -— -_ -_— - -— -—
1800 Surface 2.47 2.14 3.7 4.55 14.6 8.40 Py & 2.18
15 2.53 as7h 3.84 6.26 19.0 12.5 3.04 2:27
30 322 2.78 5.52 5.98 31.1 17,2 3.42 2.78
60 3.30 2.48 5.48 3.09 10.7 19.1 2:97 1.9
75 3.59 _ 5.92 2.94 7.59 -— -— —_
80 -— - -— -— - 9.59 - -
—_ -_— — -_— —_— —_— - 1.88

90
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TABLE 5, cont.

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF KRESS CREEK

Downstream Total Thorium (pCi/g)
Distance Depth Distance from West Bank (m) Distance from East Bank (m)
(m) (cm) 25 10 5 1 1 5 10 25

1850 Surface 2.45 2+33 8.82 9.21 41.9 34.5 21,7 3.34
15 3.14 335 11.2 14.0 60.4 36.1 26.3 3.69
30 3.78 2.96 9.21 15.6 107 40,2 18.1 3.19
60 3.25 2.62 3.26 4.33 32.7 6.23 .99 2.85
80 —_ - -_ -_ 10.0 — - -—
85 — - -_ —_ 2.92 - -
90 —_ 1.82 3.18 2.69 - - -— 2.47

1900 Surface 2.62 13.8 19.5 40.3 4,63 2,09 2.22 2,54
15 3.46 19.7 30.4 58.4 4.96 2.76 2.42 3.19
30 $.75 18.2 32.3 107 4,25 o a7 2.60 3.47
60 3.82 5.49 5.80 62.7 4,26 3.49 3.34 2.98
70 -_— -— — —_— 3.55 — —_ -—
85 - — — — — 3.16 3.60 -
90 2.58 2.55 3.97 17.7 - - - -

1950 Surface 2.35 20.0 20.6 14.0 60.5 17.1 5.44 2,25
15 2.78 29.6 29.2 24,6 93.1 24,7 6.11 2.91
30 3.81 3.2 24.5 23.8 154 22.9 5.02 3.99
60 3.12 5.93 4.40 5.81 20.2 4,69 4,49 4.10
75 -— -— -_— _— 11.0 - — e
80 -_ - _ 3.12 - — - -
S0 2.3 3.12 2,75 — - 2.39 2.85 3.73

2000 Surface —-— 2.51 2.79 10.1 28.7 21.1 18.5 13:3
15 3.44 3.17 3.00 15.2 42.5 29.4 26.6 373

30 4.45 3.70 4.28 23.6 89.4 31.5 38.0 15.1



BBl S5, cont.

TOTAL THORIUM CGIENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG "HE BANKS OF KRESS CREEK

Downstream Total Thorium (pCi/g) : :
Distance Depth Distance from West Bank (m) Distance from East Bank \m;
1 5 10 2

(m) (cm) 25 0

60 4,53 .20 33.2 6.58

65 b : -
70 e e _ il

&

Surface
15
30
40
60
75
80
85
90

~ W
.
b S v

rNo
.

Surface
15
30
606
85
90

@ Refer to Figures 8, 9, 10, and 1l.
b pash indicates inaccessible location, impenetrable rocks, etc.




s

P @i m— — — —— =~ — s —— -

TABLE 6

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF THE DUPAGE RIVER

Upstream or

Total Thorium (pCi/g)

Downstream Depth Distance from West Bank (m) Distance from East Bank (m)
Distance (cm) 25 10 5 1 1 5 10 25
(m)2
Upstream:
200 Surface 1.74 2.92 3.07 2.87 3.60 6.23 3.31 2.3%
15 2.87 3.50 3.79 3.87 4.71 0.71 4.55 2.92
30 3.36 7.49 4.28 4,67 7.16 11.9 5.59 3.00
60 2.71 2.65 2.86 3.52 9.61 711 2,88 2.78
90 2.04 1.88 1.96 2.84 5.51 2.39 1.5 2.09
150 Surface 2.21 1.64 2.00 1.5 6.80 7.11 3.73 1.58
15 -3 2.33 2.61 2.5 11.2 12.6 6.33 1.98
30 2.91 2.51 3.15 2.55 24,8 25.4 2,55 2.00
60 3.48 3.21 3.37 2.79 13.4 5.84 2.48 172
75 — - an - - - - -
90 2.92 3.42 3.74 3.29 4.80 2.09 — 1.37
100 Surface 2.06 2.63 3.12 3.59 2.20 1.35 2:15 1.92
15 2.34 3.23 4.00 4,42 2.34 1.45 2.87 3.13
30 2.86 3.73 4.67 5.39 2.28 1.74 3.68 3.83
60 3.06 3.18 3.15 3.84 1.50 1.87 1.84 3.91
70 _ - -— - 1.60 _— -— -
80 _ - - -_— _ 2.19 - 3.00
50 Surface 1.97 2.25 2.50 5.00 3.46 1.84 1.55 1.83
15 2.53 2.85 2.96 7.55 4,52 2.18 1.92 1.84
30 3.32 3.28 3.70 11.9 7.61 2.80 1.97 2.05
40 -— - —— — - i e —
60 2.84 3.34 3.04 4.80 3.91 1.60 1.65 —-—
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TABLE 6, cont.

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF THE DUPAGE RIVER

Upstream or Total Thorium (pCi/g)

Downstream Depth Distance from West Bank (m) Distance from East Bank (m)

Distance (em) 25 10 5 1 1 5 10 25
(m)

Upstream cont.:

50 80 1.69 — - - - -— - -
85 - — -— 1.95 - - -- -

90 —-— .72 3.84 — 2.08 1.95 1.42 -—

0 Surface -_— — — - 2.03 2.56 2:.33 2.68
15 - —— " - 2.42 2.99 2.86 3.80
30 o - - - 5.19 2.99 4,87 3.00

60 -— e - w— 2.41 3.69 3.05 2.42

80 s - - - - - - 1.78

90 -— - —— - -_ 3.53 1.74 -

Downstream:

50 Surface 33.8 33.0 7.51 2.85 2.71 1.66 1.64 2.01
15 47.1 48.9 9.35 3.34 3.71 2.23 1:53 3:13

30 91.8 93.8 7.89 3.67 6.47 2.85 1.52 3.7

60 249 133 4,16 3.83 3.42 1.7} 1.83 2.89

70 -— -— - - - - - 2.41

85 85.3 — - - o - - e

90 -— 15.0 3.31 4.02 1.71 1.50 - -

100 Surface 2.32 60.8 17.3 14.5 2.66 1.86 1.87 2,19
15 2.96 14.4 22.4 18.7 3.51 1.84 2,20 3

30 3.69 49.7 3.9 31.4 2.71 2.27 2.89 3.21
60 4.23 18.3 111 55.1 1.54 1.44 231 3.30

80 - - - - - - 1.45 2:12



TABLE 6, cont.

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG THE BANKS OF THE DUPAGE RIVER

Upstream or = ____Total Thorium (pCi/g) _§ =5 F
Downstream Depth Distance from West Bank (m) stance from East Bank (m)
Distance (cm) 25 10 5 1 1 5 10 25
(m)
Downstream cont.:
100 85 — 2.32 29.7 - -— - - -
90 2.82 -— -_ 52.6 -— 1.65 -— -—
150 Surface 2.68 6.15 17.0 28.1 4.61 7.73 3.81 2.49
15 2,75 7.56 23.1 63.3 3.47 2,61 2.98 2.55
30 3.39 7.89 17.3 96.7 3.32 3.43 3.90 3.59
. 60 3.86 2,52 7.82 12.6 1.79 3.65 4,29 3.96
P 85 3.83 -— -— 3.27 -_ -~ 3.06 -
90 - -_ 4,01 - —_ 3.34 — 3.09
200 Surface 2.39 4.57 14.7 28.1 4.61 7.73 3.81 2.49
15 2.91 5.49 24.1 41.8 7.13  12.5 6.08 2.75
30 3.68 5.42 37.3 90.7 11.0 20.3 8.36 3.55
60 4.47 4,42 6.87 34.4 13.8 11.4 4,41 4.10
70 — -— -— -— - -— -— 3.03
80 -_ -~ - — - 3.37 - -
85 4.17 - - - 2.51 -— 2.20 -
90 - 3.89 2.73 3.91 -— - - --

a8 Refer to Figure 11,
b pash indicates inaccessible location, impenetrable rocks, etc.




l TABLE 7

TOTAL THORIUM CONCENTRATIONS IN BIASED BOREHOLES

[ ALONG THE BANKS OF KRESS CREEK
[ Downstream Distance from East (E) Depth Total Thorium
Distance® or West (W) Bank (em) (Th=232 & Th-228)
[ (m) (m) (pCi/g)
25 1w Surface 428

15 432

} 30 364
60 158
70 126

{ 197 15E Surface 489
15 428
30 155

s 60 26.3
90 7.3

! 205 12E Surface 303

{ 15 417
30 372

’ 60 717.7
90 18.3

{ 315 8E Surface 31.5

{ 15 32.5
30 37.4
60 23.9

| 80 12.4

|

325 SE Surface 171

{ 15 232

{ 30 109
60 19.2

i 90 16.9

\ 401 W Surface 136
15 140

l 30 56.9
45 20,2

{ 410 1E Surface 131

| 15 179
30 196
60 72,7

! 70 61.6

l 55




TABLE 7, cont.

TOTAL THORIUM CONCENTRATIONS IN BIASED BOREHOLES
ALONG THE BANKS OF KRESS CREEK

Downstream Distance from East (E) Depth Total Thorium
Distance or West (W) Bank (cm) (Th=232 & Th=228)

(@) (m) (pCi/g)
465 1E Surface 92.8

15 91.8

30 47.8

60 7.13
560 OE Surface 135

15 243

30 221

60 33.2
585 2E Surface 138

15 247

25 351

30 322

60 103
620 0.5E Surface 123

15 201

30 121

60 25.0

70 12.2
655 2w Surface 165

15 259

30 216

60 44.9
665 2W Surface 135

15 224

30 205

60 26.8
760 1w Surface 5.24

15 8.30

30 16.7

60 3.87

70 1.54
765 3E Surface 150

15 232

30 395

60 200

90 49.0

56



TABLE 7, cont.

TOTAL THORIUM CONCENTRATIONS IN BIASED BOREHOLES
ALONG THE BANKS OF KRESS CREEK

Downstream Distance from East (E) Depth Total Thorium
Distance or West (W) Bank (cm) (Th=232 & Th=-228)
(m) (m) (pCi/g)
765 1w Surface 64.9
15 120
30 135
50 106
775 1w Surface 68.1
15 106
30 101
60 20.0
790 2E Surface 119
15 140
30 53.6
60 20.0
70 13.8
889 2E Surface 53.9
15 101
30 204
60 75.5
935 4w Surface 95.9
15 141
30 76,5
w l l .0
70 7.42
989 IW Surface 94.9
15 191
30 218
60 67.3
1030 3E Surface 106
30 285
60 66.5
70 39.8
1280 IW Surface 4l
15 42.9
30 18.5
60 422

57



TABLE 7, cont.

TOTAL THORIUM CONCENTRATIONS IN BIASED BOREHOLES
ALONG THE BANKS OF KRESS CREEK

Downstream Distance from East (E) Depth Total Thorium
Distance or West (W) Bank (cm) (Th=232 & Th-228)

(m) (m) (pCi/g)
1282 1w Surface 30.3

15 37.6

30 45.3

60 3.13

90 2.30
1325 4W Surface 15.5

15 19.7

30 13.1

60 3.64
1340 IW Surface 38.0

15 64,2

30 128

60 47.0
1598 oW Surface 80.4

15 122

30 299

60 117

90 7.00
1665 SE Surface 83.3

15 145

30 109

60 76.8

90 12.3
1687 1E Surface 75.8

15 107

30 181

60 64,3

90 17.5
1715 1w Surface 107

15 151

30 Jo1

60 3.2

90 6,67

58



TABLE 7, cont.

TOTAL THORIUM CONCENTRATIONS IN BIASED BOREHOLES

ALONG THE BANKS OF KRESS CREEK

Downstream Distance from East (E) Depth Total Thorium
Distance or West (W) Bank (cm) (Th~232 & Th-228)
(m) (m) (pCi/g)
1810 W Surface 53.3

15 49,4
30 30.6
60 4,49
1870 1E Surface 53.9
15 87.3
30 80.9
60 10.1
70 6.35
1880 1w Surface 27.0
15 34,0
30 9,40
60 9.11
75 6.89
1915 1.5W Surface 44,1
15 58.3
30 54.5
60 13.0
1970 1E Surface 46,3
15 63.2
30 54.7
60 12.7
65 10.6
1975 4w Surface 51.4
15 81.5
30 148
60 25.2
80 6.35
1980 20W Surface 89.8
15 137
30 253
60 117
80 45.0

59



TABLE 7, coant.

’ TOTAL THORIUM CONCENTRATIOUNS IN BIASED BOREHOLES
ALONG THE BANKS OF KRESS CREEK
, Downstream Distance from East (E) Depth Total Thorium
Distance or West (W) Bank (cm) (Th=232 & Th=228)
‘ (m) (m) (pCi/g)
2006 1E Surface 109
15 138
{ 30 205
60 103
| 75 54.3
| 2030 IV Surface 467
15 63.7
30 33.7
60 3.86
65 3.57

& Refer to Figures 8, 9, 10, and 11,




TABLE 8

RAD IONUCL IDE CONCENTRATIONS IN SEDIMENT SAMPLES
FROM KRESS CREEK

Downstream Depth Radionuclide Concentration /g)
Distance (cm) T™h-232 Th-228 Total Thorium Ra-226
(m)* (Th-232 & Th-228)
0 0-10 27.9 + 1.5° 30.0 + 1.4 57.9 2.31 + 0.58
10-20 26.2 ¥ 1.4 24.8 + 1.3 51.0 1.69 * 0.50
20-30 6.51 + 0.68 6.12 ¥ 0.64 12.6 1.16 ¥ 0.37
30-40 2.0 +1.3 25.8 + 1.2 49.8 1.99 ¥ 0.50
100 0-10 4.09 + 1.11 4.08 + 1.33 8.17 7.46 + 0.77
10-20 0.99 ¥ 0.62 1.49 ¥ 0.62 2.48 0.71 ¥ 0.36
20~30 0.96 + 1.26 0.51 * 0.44 1.47 1.45 ¥ 0.69
o>
= 200 0-10 29.4 + 4.5 29.0 + 3.7 58.4 2.98 + 1.70
10-20 23.3 ¥ 4.9 22.7 * 3.6 46.0 1.84 ¥ 1.39
20-30 7.69 ¥ 1.86 6.54 ¥ 2.05 14.23 1.58 ¥ 0.96
30-40 2.95 ¥ 1.40 2.35 % 1.31 5.30 1.80 ¥ 0.81
40-50 0.76 + 1.24 1.08 ¥ 0.74 1.84 1.02 ¥ 0.50
50-60 1.64 + 0.95 0.65 ¥ 0.92 2.29 1.39 ¥ 0.73
300 0-10 4.38 + 1.81 3.21 + 1.79 7.59 1.64 + 0.94
10-20 1.01 ¥ 0.67 0.83 ¥ 0.46 1.84 0.64 ¥ 0.23
20~30 0.58 * 0.31 0.65 ¥ 0.55 1.23 1.31 ¥ 0.32
400 0-10 1.29 + 0.93 1.40 + 1.05 2.69 0.80 + 0.87
10-20 <0.33 0.75 ¥ 0.74 <1.08 1.12 ¥ 5.73
20-30 <0.23 0.15 ¥ 0.23 <0.38 0.59 ¥ 0.40
500 0-10 2.33 + 0.74 2.55 + 0.75 4.88 0.89 + 0.51
10-20 26.2 ¥ 2.3 19.0 ¥ 2.0 43.2 1.83 ¥ 0.83
20~30 <33 0.57 ¥ 0.47 <0.90 0.76 + 0.54
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RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES
FROM YRESS CREEK

2adionuclide Concentration

(pCi/g)
{um

r

Total Thot

(Th-232 & Th-228)
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TABLE 8, cont.

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES
FROM KRESS CREEK

Downstream Depth Radionuclide Concentration éﬁil‘)
Distance (cm) ™-232 Th-228 Total rium -226
(m) (Th-232 & Th-228)
1350 0-10 5.96 + 1.42 5.04 + 0.88 11.0 0.56 + 0.55
10-20 5.32 + 1.43 4.29 + 1.29 9.61 1.28 + 0.78
20-30 5.09 ¥ 3.18 4.71 ¥ 1.52 © 9.80 0.75 ¥ 1.75
1450 0-10 <0.45 0.95 + 0.37 <1.40 0.84 + 0.72
10-20 0.85 + 0.1 1.01 ¥ 0.55 1.86 1.73 ¥ 0.64
20-30 0.46 + 0.68 0.54 ¥ 0.64 1.00 1.13 ¥ 0.61
1650 0-10 3.77 + 0.76 3.27 + 0.6 7.04 1.05 + 0.29
10-20 0.60 ¥ 0.34 0.27 ¥ 0.34 0.37 0.62 ¥ 0.21
20~-30 0.65 + 0.52 1.48 + 0.48 2.13 0.64 + 0.38
1750 0-10 2.39 + 0.87 1.91 + 0.54 4.30 0.89 + 0.55
10-20 1.28 ¥ 0.57 0.66 + 0.49 1.94 1.17 ¥ 0.37
20-30 1.00 ¥ 0.49 0.98 ¥ 0.52 1.98 0.94 ¥ 0.50
1850 0-10 66.0 + 4.2 49.8 + 3.7 116 2,60 + 1.44
10-20 7.7 ¥ 4.2 59.1 * 3.8 131 2.66 + 1.69
20-30 4,13 ¥ 0.9 3.06 ¥ 0.62 7.19 0.77 ¥ 0.32
1950 0-10 0.64 + <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>