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In the Matter of -

KERR-MCGEE CHEMICAL CCRFORATION1

(Kress Creek Decontamination)
Docket No. 40-2061; ASLBP No. 84-502-01-SC
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,

Dear Mr. Russell:

; -As I indicated to you in our telephcne conversation the following enclosed
j documents will be useful to you and other EPA personnel:
:

i 1. Order to Show Cause, dated March 2, 1984;

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

. 3. Cceprehensive Radiological Survey of Kress Creek, k*est Chicago Area,
N. Illinois, prepared by Oak Ridge Associated Universities, dated

February 1984.

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

i Sincerely,

wt M. b4M2
: Stephen H. Lewis

Deputy Assistant Chief Hearing Counsel

Enclosures: As stated

cc w/o enclosures: Babette J. Neuberger, Esq.
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:. the F.atter cf

te r "t r.ee Che .i c al C:r;c ratien ), noc h et 50. 4 0-2r>57
( t es s Creek Le :r.tarinat ten) ) 5::vrte F.attrial License

) it: . STA 5F.3
)

..

n. :nr:. . . i o e a. .r/ ' C %".< .
*

I

te r F.:Cee Che .ical Corporatien ('the liter.see') is the h=R der of 5:urce Material
Liter.se t.' STA ER2 is sued by the h::iear Re;uia cry Cor=5ssion (57C) ("the

~

C:,-ission"). The liten.se authori:es the ;:ssessitr. of e : uniitited cuantity .

cf th:rien at the Rare Earths f acility, West Cnicago, Iliheir. Production
ccera itns un:er the license teased in De:ts.ber,1573.

.

-
- n. .

Cver the years, a ;crtion of th'e' wastes f cr. the piant site have been disposed of'-

by being cischarted into cress Creek, a tributery of the Tr.' Pace River, either

via a st:r . se-er er a drainage citet. Tne wastes entered the t eek at e pcin;
~

e 5: v; C 7 r. . st et h o f t he te r r ".t r-ee s it e . The creek fie+cs in a southeasterly
diae::icn for about 2 r. . to its confluente with ibt West Eranch of :ne DuPete
Fiver. .

-

.

Radioactive c ntaminatien alcng tress Creek anc the DuPage River was detecter
a a resui; cf an aerial survey in 1977 and later verified by e:ctensive-
serveys cf the ' dest Chicago area undertaken by. Arg nne Wenal Laboratory _ in
i c77 and 197E under c:ntract to the..NRC. The . result s of thes e survey s , which
e re lietted :: r.e t s u r ese r.: s o f s u rf a c e t r >: s vr e s a n d ritse r at es, we re re po rted
in ::UREG/CE.Olli ;utlished in Sette .ber 157E. A:c'. icna's surveys of the treek

a nc' ri ve r we re .a de hy t he 1.t.ite d St a t e s' Envi ronme nt al Prc2e ction Age ncy ( EP A)*

(1950) and Oak Ridee Associated thiversities (ORA!!) unde- SRC Cor. tract (1 o 81 ) .
Rased en these surveys , the NEC staf f, in a. ie:ter dated E-ecer.her 18, lor 1,
recuested that the licensee submit a plan for the deconte=iratior. of Kress Creek
a nd' f o r sto ra.p.e o r di spo s al o f the cont a .i na t ed soil . !.fter discussions with the

licensee, f ur,ther review ef cristine data en centemination along the creek and
consiceration of potentizi changes in EPA and NRC clean =p actions, the staff
decided to further assess the radioicgitei contamination in Kress Creek and
inforced the itcensee, in a letter dated Jene 4, icR2, it was not necessary to
take f urther acticn in regard te the Dece .ber 18,1CF1, letter and that the staff
=o ul d f u rt h e r a d v i s e te r r w.c C+e u po n . co mpl e t i c a .o f t h e ess e s sme 7t.

.. r > ................... ..................... ..................... ..................... ........ ....... .........-...... ...........
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A :::;rchensive, radiclogical survey cf r.ress treek has now been perf0md
by CR AU unde r cer. ra c; :: RC. The c mprehensive radio 1 ;ical survey was
s:etifically c:esigned to deter .ine not eniy current direc radiation levels,
ne ais the de;--h cistributien of cente.ination 'n the treek and river beds
and ir, bank sciis ticn; the . creek and river. This survey ir.diccTed that
lands at'jacen; :: Kress Creek and the ''es Eranch of the hPage River are
centaminated with thorium and with daughter p : ducts of the thorie . decay
chain essen;iaily in secular ectilibrium. Soil c:ntaminatien level s and di rect
ieveis cf raciation were fcunc to be relatively ccnstant th ce;hout the lencth
cf tress Creti, and to ex.ent co-mstreem alcng ibe ''est Brer.ch of the DuPa ce
River.

~

.

Tne a verege c:ncer.tratiens cf tetti t ho riu . ( Tn.232 + Th-22E) at 1 meter f rom
the ec;e cf the creek at varicus de;;hs were: 26.1 pCi/g (pict,cdi-ies per
grar.) a: the surf ace; 10.1 pCi/; at 15 cm c'epth; IE.C pCi/g et 30 cm depth;
2F.9 pCi/g at 60 cm depth: anc IF. 7 pti/q teMen 60 and SD cm. Tne s. oil
c:ntentrations decreased with increasing distance f ror. the creek. The hichest

~

ievei of : ,tal ther'um measured in a sampie was 555 pCi/g, with a nu.ber of
: her sa . les exce-:ing 200 pCi/;. F.any cf the highest levels were dett-cted

'in areas nea r :ne stor-. se er cutf ail, and hence cor.stit= e a potential sourcew

cf con:inuin; conta .ina:icn fer loca:icns further 60c.streen.
.

Direct leYels CT Padiation measured at I, 5,10, and 75 reters Trc s the edeeP
~

of the creek and 1 meter above grcund surf ace averaged 2F., 25, 21 and it
uE/hr (micrtroetigen per hour) respe::ively. However, radiation 'ievels greaterm.
than 100 u;/hr -ere detected in several iccations. He ra1 background radiation
leveis in this area everaged R.6 uR/hr. -

T.e contamination levels fcund aien;~;he creek exceed the envirst- ental standards
t : cipa:e: by E?A uncer authority of the Atemic Energy A : of 1954, as e ended,

i for unrestricted use cf areas on which thorier process'ng wastes have been disposed.
l See 40 CFR 1e.2,41 (4g 7; 45947). The F:.C is charger. with implerentation and

enferce ent of these stancards. See Section 2Bd of the Atemic Energy Att of 1954,
,

j as arended. 7he centamination leveis also exceed the ider.tical standards _,
es:ablished for cieenup cf vicinity properties under Title I of the Uranit.=a 9111
Teiiings Radiaticn Centr:1 Act cf 19?F., as amehded, and published in 40 CFR 192,
Subpart E. Tne EF A has s;a ec~ :ha: these standarcs are appropriate for cleanup
cf of f site vicinity pr:perties.' In ea ch ca se, the EFA standards were estab-

!

|' iished under a statutcry directive to establish standards of ceneral application
for the prttection of public health, safety, and the env-;renment from the
radiological hazards associated with processing of thorirn processing waste.

..
.

I United States Envirnneentai Prctecti n Agency "Fint1 Environmental impact Standard:
for the Contr:1 of Eyproduct Material f rom Uranium Ore #ccessing (40 CFR 1c2)",
EPA 52n/1.F.3 008 2, Se;techer 19F3, Page A.1-3, Coment f.. AlsD, Federal Recister

notice, published October 7, lee 3 (LE CFE 45910).

ICi> ..................... ..................... ......... ..... .-................... ,,,,,,,,,,,,
.

................... .....................
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Acc:rdingly, the K .C staf f centledes the cietnup :f the ef f site yicinity i
|; epe.-;ies aien; r.ress Creet and the Dui ;e P.iver 's recrireci and that thet

f:iieving ievels cf c:ntamint icn specified '.- EPI rianfards are to be used as
criteria for the of f site pr:perties:

..

1 E ;icetur'es tf reti. , per gram of scii (;Ci/;), t.v. erased over the first.

15 cent' meters (t.) beita the surface, and

2. 15 :Ci/c averaged ever 15 cm thici leyers -cre than 15 c= below the surface.

T e specified ieveis cf c:nta-inction r.ay b- avere;ed over a eas of Ir.D sc;uere
meters. .

.

IV
s..

n vie- cf the fere;:',n; ant ;ursutn :: Secti ns E2, E2, Ei , E3, S4,19 5,*

enc 27Ed cf the At:mic Energy A:: ef i:22, as a enc'ed , and the regulations in
10 C:E :a rts 2 and 40, the licensee is MEEEEY Dr.?'EF.ED TO SHA' CAUSE V.:y IT.

s .s. . :. :. :. .:. e.. . .r a 7v~. i A g . . r i . i r. ,v i g u. ; r i I n v.e..

.

-m -

.e .: m. .ii e . .. . . ...
. -

.

'

i. Pre:are a re .ec'ai action pian fer the cleanup of radiciocically
cor.taminated areas in and aieng t ess Creek and the Vest Eranch of -the .-
Depage River and for the subsec. vent safe s:cr!ge or dispc al of*
contaminated stil .

.

2. By July 2,1952, sub .it the plan te the Cif'ce of Fv: lear ".aterial Safety
an: Eaf egua rcs , t nited 5:stes Hutiear Re;uietery Cc r.ission, for review
enc t;;reval.

3. Af te r ap;.ovel by the Office of Nucieer Faterial Safety rr.d Safeguards,
eretete the citenup plan in an expecitices manner.

4, . In both the plant,'n; and executi:n cf rredial actions, priorities shall
be established based en the c: ten. of petlic e:pesure res:P. ting froi.the
centem netion and the tir.'n; cf ; :jec* ed; dis; sal er safe storage capac-d

s. . y . ..

The licensee r.ey show cause why the actions cescribed in Section IV should not
be creered by filing a written answ-r under cath or e.ffirr.etten' that sets forth
the matters of f act and lew on which the licensee relies. As provided in

..

.
.

M
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'. 0 CFr. 2. 2C2(d), the .ii:e..s ee ray a nsw$.r by ::nse r.-ing to t he order prepo[..din Se:-icn IV. Upon the licensee 's Cons er.: cr the it::r.see's Teilure to
'

n w-
n me

'ra

this arter, the .er-.s Of Se -icn iY cf ;r.is orde r shtli b: effective- ..
.-

. 2 '. v e ly , t he i t e r.s e e Esty tje .E nt a he l ri r.) On *.h*. s Orde r.l
*

*

g . -

2..y re: vest f er a hearing cr ensver ic this :rder : zst te filed within 20 de#s of.

......,.v. * M..e . - d. e r n n " s h t i l br>. ' . ' . .,'e . . =. c * e . . . D i r e C . ~ ~. ,'. a ' <,<s c e n <,...e .. .. . .. . . y. g3gg7u. g

%t e-iti Stfeyar.d.Stfesuar.Q,U.5.Ku:1 e i r E.e E'.'i t *. C ry CD"C.i s 5 CD, k.'t5hjU C On, D.'
#

[:5EE. A c:;y cf -he re: vest f -- hetrin; cr answer shtii also be ser.: to {he.

E:.e: ive Le;ti Dire:: r at the s /e- address..

* f .e li: ens et te.tnds a b'etrin;, the issue :: be t:nsidered cI e. hearing is:

k' nether en the itsis of ne n.t::e. s sitted in Sections II and ill, theo

licensee sh:uit be crterec ic :ste the acti:ns stated in Sectidn Iy,

FOR THE MUCLE;Ji F.EGULt. TORY C0KM.Iss]og,,,
,

.

{e.<>- ,n, .c. t..a,.- -.

.

.

J:hn G. Da vis, Directer -
.-

*
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

'

Before Administrative Judoes:
John H Frye, III, Chairman

E553E3 Dr. James H. Carpenter
Dr. Peter A. Morris

,

) -

In the Matter of ) Docket No. 40-2061-SC
)

KERR-McGEE CHEMICAL CORPORATION ) ASL5P No. 84-502-01-SC
) .

(Kress Creek Decontamination) ) March 22, 19em
)

.

MEMORANDUM AND ORDER

(Ruline en Kerr-McGee's Motion for Reconsideration)

On February 22, Kerr-McGee moved for reconsideration of our Second *

.

Prehearing Cor.ference Memorandum and Order of February 7,1555, in which

_
we held that Kerr-McGee bears the burden of going forward with evidence

on the averments stated in !! 10 Ihrough 13 of its amended answer. On

March 15, the propenents of the Order to Show Cause at issue herein,

StFf, the NicMren Shoshu Temple, and the Pecple of the State of

Illinois, filed an answer in opposition. We deny Kerr-McGee's motion.

However, because it appears that our Second Prehearing Conference
.

Memorandum and Order was not fully understpod, we clarify it in this~

Menorandum and Order.1 .

Kerr-McGee moves for reconsideration on three grounds-

1 In their opposition, the proponents take the position that
Kerr-McGee has not been harmed by the Prehearing Conference
Memorandum and Order and hence has no standing to complain. We do
not respond to this argument; while it may be that Kerr-MGee is not
injured by the Order, its motion nonetheless raises merrters which
we believe important to address. This is the first proceeding of.

its kind. It is important that all parties clearly understand the
procedural ground rules for this proceeding and our rulings.

i .<
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1. That we erred, or were at least premat::re, in concluding

that authority exists in the Atomic Energy Act ( AEA) independently of

the Uranium Mill Tailings and Radiation Centrol Act ('JMTRCA or Tailings

Act) which would support any offsite cleanup orcer, let alene an order

te clean up wastes which were not shown to present significant risks;
'

2. That we have erronecusly accepted the prepenents' view '

that the Tailings Act can provide guidance with respect to the levels of

contamination which recuire cleanup uhen the Tailings Act is not itself
.

applicable; and
.

...

3. That, even assuming that the preponents may proceed under

the AEA independently of the Tailings Act, they still must ccmply with

the mandate of the Tailings Act that risks, costs, tr.d benefits of any

prcposed cleanup must be considered.

The preponents take issue wi;th Kerr-McGee's first argument - that

we erred in concluding that the AEA alene furnishes sufficient authority

to su; port a cleanup crder. Like Kerr-McGee, the pr:ponents have read

our Memorandum and Order as reaching that conclusion. ~.
._

We reached no such conclusien. Rather, we found no indication in

the Ccmmission's decisions that'a' specific, significant risk, scmething-

.

more than a hazardous condition, to the health and safety of the public -

or to the environment must be found if the Order is to be enforced.
~

(Order, at 9.) Consecuently, we concluded that Kerr-McGee must bear the

burden of going forward with evidence on that issue. This conclusion

does not presuppose the conclusion. that the AEA provides the authority

.

J y

.-
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|' necessary to support enforcement of the Order to Shcw Cause in this
i

| instance.
|

Indeed, the conclusion that the AEA will support the enforcement of

the Order to Show Cause in this instance recuires ccnsideration of more

than simply the nature of the risk er ha:ard te be cleaned up. Staff

has conceded that Kerr-McGee's pcsition that the Tailings Act may ncrt.be

retroactively applied in this prcceeding is essentially correct, and
,

that the EPA regulations prc:ulgated under it do not fit this situation.

(Tr. 70 71, 95, January 25,1985.) The Tailings Act added therium and
-

.

uranium mill tailings -to the definition of byprecuct raterial. Prior to
'

-

the enactment cf the Tailings Act, the AEA provided little authority

, over mill tailings. Petition of Sunfiewer Coalition, CLI-E2-34,16 NRC

1502 (1982). Thus Staff must sho$ that the contamination wt.ich it i

wishes cleaned up is preperly classified as source material under 10 CFR .

! 40.a(h) if it is to be success'ful. That section presently provides

(h) "Scurce Material" means: (1) Uranium or thorium, er any
combir.etion thereof, in any physical or chicical fcrm er (2)
cres which contain by weight one-twentieth of one percent- ,
(0.05%) er more of: (i) Uranium, (ii) thorium or (iii) 2.
any cc:binaticn thereef. Sourcefmaterial does not include
special nuclear material.

An evidentiary presentation is necessary as a basis for determining

whether the alleged centamination in and along Kress Creek ar.d the West

Branch of the DuPage River meets this definition. Thus , we raay not
_

decide this question, ner the question raised by Kerr-McGee's averment,

.

9

,0*"
s*
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cn the basis of briefs alone.

The.prcponents responded to Kerr-McGee's second and third points by

asserting that issues of costs and benefits are unnecessary

consideratiens in deciding whether to enfcrce the Order to Show Cause.

'~he Prcponents assert that EFA's stancards issued under the Tailings

Act, which are identified in the Orcer to Show Cause, are appropriat'e'

for use in determining whether a ha ard exists. Again the parties have

a least partially misunderstood cur rulin;s. As we did with respect to

V, err-McGee's risk avement, we concluced cnly that Kerr-McGee must bear

the burden of going forward with the evidence en its averments
.

concerning costs and benefits, there being no apparent basis for them in

t1e AEA.

We have already noted Staff' concession that the Tailings Act may
'

not be applied in this proceeding. Thus E?A's standards issued under it '

art not legally binding, and the propcnents may advocate the.m enly as

guidance. In cur February 7 Memorandum and Order we did not conclude
_

.

. .. . ~.:.

The People have filed a supplemental respcnse to Kerr-McGee's
motion in which they urce that the latter has again raised the
cuestion of subject matter jurisdiction. The People seem to view
Kerr-McGee's motif , as asserting that no jurisdiction under the AEA
exists to raise the question of the ccmpany's responsibility for
the Kress Creek wastes and go on to argue that the AEA clearly
applies to this situation. We do not view Kerr-McGee's motion as
challenging the Staff's authority to issue the Show Cause Order or
our jurisdiction to preside under the AEA. Indeed, Kerr-McGee
indicated in its response to the joint motion for disposition of
averments of December 21, 1984, that it did not challense Staff's
authority to issue the Order to Show Cause. Insofar as the People

,

(Footnote Continued)
.

d

:.
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'

that the Tailings Act and EPA's stancards issued under it are

apprcpriate guidance. Indeed, we believe the proponer.ts have a

5;bstantial burden to meet in this regard. Eecause the E?A standards

ic'entified in the Order to Show Cause are not legally applicable, they

are not to be accorded the status of regulations under 20 CFR 5 2.758

and therefore are not immune to attack by way of discovery, proof, *
-

argument, or other means. Consequently we expect the prcponents to

justify the application cf these stancards to the sintle, unique
~

Situation at Kres,s,, Creek pnd the, West Eranch of the DuPage River, as
,,

,

.. .-
cpposed to the applicition of other standards (for exer. pie, the '

s
standards found in 10 CFR Part 20).~ We also anticipate that we may

- well pose cuestiens on this point for the parties to address at the

evidentiary hearing.

We view Kerr-McGee's averment that the proponents must show a -

. .

,

specific, significant risk as also relevant to this issue. And because
,

we can find no apparent basis in the AEA - under which the proponents

are proceeding - for Kerr-McGee 's Ic~ost-ber.efit avermer.ts , Kerr-McGee. _,
--.

. .
, .

.

.

(Footnote Continued)
argue that the AEA clearly applies to the Kress Creek contamination
and will support enforcement of the Order, they raise mixed
questions of law and fact.

_
,

This answers the Pecple's request for a ruling from us on the*

question whether proof that the Kress Creek cor.tEmination exceeds
the EPA standards will satisfy the potential hazard standard of 10
CFR 6 2.202. In their supplemental response, the People take the
position that there is no legal or other justification for going
behind the EPA standards. However, because those standards are not *

to be given the force of regulations in this proceeding, they are
open to challenge and the proponents will have to demonstrate that
they should be applied. .

.-.
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rust ' bear the burden cf presenting evidence on those issues. Kerr-McGee-,

must also show that its averments here in issue are legally correct.

As the preponents stated in their January 10 t'emorandum (page 2),

they must show that the Order to Show Cause was issued in accord with

the AEA, that the contamination exists, that Kerr-McGee is responsible

4
The proponents indicated in their cpposition to Kerr-McGee's motion
that they view our ruling on Kerr-McGee's avements as indicating
that these would be appropriately considered in the second phase of
this proceeding when the scope cf the remedial action plan is at
issue. We leave _it to Kerr-McGee to c'ecide when and how to present-

these matters. in addition, in their supplemental response the
-

People urce that we dismiss the averment stated in ! 10 and limit
the averments stated in 5511 thrcugh 13 to the second phase of
this proceeding. The People overlook the f&ct Kerr-McGee asserts
that the averments raise mixed cuestions of law and fact (see
Kerr-McGee's Memorancum of C .ober 26,1984). While the Rules of
Practice provice a. vehicle for the People to test Kerr-McGee's
assertion and to eliminate or limit the averments, neither the
Pecple specifically nor the . proponents generally have seen fit to -

employ it. The People's request is not authorized by the Rules cf
Practice and is cenied.

In their supplemental response (p.2), the People also ask that we
ac' dress the question of who bears the ultimate burden of persuasion
because ". . . unless the parties know who has the burden of -

'

persuasion, they co not know how much. evidence to put on at hearirig
We decline to do so. We expect that all parties will

"
....

present their best case and. remind them that, under 10 CFR !
2.743(c), "[o]nly relevant, material and reliable evidence which is
not unduly repetitious will be admitted." (The Board intends to,

follow the Federal P,ules of Evidence in enforcing this standard.)

The Pecple also recuest that we certify or refer the matters raised
in their supplemental response should we not decide them, or decide
them adversely to the People's position. We decline to do so.

-

While we agree that this proceeding presents complex que.stions of
first impression, we see nothine to be gained but delay if they are
certifiec or referred for interlocutory review. In our view these
cuestions cannot be decided in the abstract. They demand an
evidentiary record if they are to be properly resolved.

,

.

/

* *
._



- - _ _ _ _ __ ______--__________________ _ _ _ _ _ ,

!*.

-7-

for the contamination, and that the remedy proposed by the Order to Show

Cause is. necessary to abate the hazard thus presented. Assur.ing, but

not deciding, that the preponents can prevail in showing that the

contamination exists and was caused by Kerr-McGee, they must then show

that:

First, the centamination is source material under the AEA;"

Second, the EPA standards set forth in the Order to Show Cause

are appropriate criteria by which to judge to what extent rer.edial
'

acticn is necessary to protect health under ! 161(b1 of the AEA; and

Third, the ~2cntamination exceecs these criteria ar.d the AEA '

will support enforcement of the Order to Show Cause.

In consideration of the forecoing, it is this 22nd day of March,

19E5, OF.DERED that Kerr-McGee's motion for reconsideration of our Second

Prehearing Conference is denied. -

It is so ORDERED.

THE ATOMIC SAFETY AND
LICENSING E0ARD

.

.4 e .

Peter A. Morris
- ADMINISTRATIVE JUDGE

N 4_'- Y
pmesH.Carpen$r

ADMINISTRATIVE JUDGE
__

\

John R,. Fr . III, Chair:aan

_ A MINI T T1V JUDGE
-

Sethesda, Maryland
March 22, 1984

.-
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UNITED STATES,.

y ) )" ' g NUCLEAR REGULATORY COMMISSIONg
;*\3 E WASHINGTON. D. C. 20555

'%)
..... FOREWORD

|

i

A comprehensive radiological survey of Kress Creek has been 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 Branch of the DuPage

( River, downstream of the Kerr-McGee Rare Earths Facility in West Chicago,
J Illinois.

Radioactive contamination along Kress Creek and the West Branch of the

DuPage River was fi'rst 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

f results of these surveys, which were limited to measurements of surface
exposures and dose rates, were reported in NUREG/CR-0413, published inI'

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
g

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
. specifica11y' 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
s

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"

J f rom the edge of the creek at various depths were: 26.1 pCi/g (picoeuries per

gram) surface; and 18.7 pCi/g between 60 and 90 cm. The soil concentrations

/
U
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COMPREHENSIVE
RADIOLOGICAL SURVEY

O OF( KRESS CREEK
WEST CHICAGO AREA, ILLINOIS

,.

'

INTRODUCTION

s

Between 1931 and 1973 a thorium ore processing facility was operated int
i

| West Chicago, IL, by Lindsay Light and Chemical Co. , and successor o*wners.
-

J 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

i accumulated in two large piles on the plant site. Over the years, waste

material was transported from these piles into a nearby stora sewer and'

I

;t drainage ditch and then to Kress Creek; this resulted in most of the

contamination along the creek.

In 1974, the present owner of the facility, Kerr-McGee Corp., begann
cleanup activities to decommission the facility. At the request of the

Nuclear Regulatory Commission (NRC), Argonne National Laboratory (ANL)
,

conducted a radiological evaluation of thorium residues in the West Chicago

area.1 This study of the Kress Creek region consisted primarily of direct
'

j radiation measurements between the outfall of the sewer runoff and the

V juncture of Kress Creek with the DuPage River (West Branch). Radiation levels
up to 150 pres /h were reported for several locations up to I km downstream

(y.' from the outfall. The ANL study estimated that at least 80% 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&G confirmed the presence of thorium residues along the creek.2 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

r equilibrium.

d
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j
( In July 1981 the Radiological Site Assessment Program of Oak 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

I generally confirmed the findings of earlier surveys.

i At the request of the NRC Division of Fuel Cycle and Material Safety, a

' comprehensive radiological survey of Kress Creek was conducted

g December 6-20, 1982 and April 4-22, 1983. by the Radiological Site Assessment
I Program of Oak Ridge Associated Universities (ORAU), Oak Ridge, Tennessee.

. 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,,-

f and 3) originates on or near the Fermi National Accelerator Laboratory site.

Af ter leaving the Fermi site, the creek flows east under the Elgin, Joliet,
1, 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 Road, 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 south of the storm sewer outfall, Kress Creek flows-

(. through undeveloped property consisting mostly of trees 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 rea,ches

Illinois Route 59, the terrain is primarily open field although scattered

4
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'

,

\

,

1

S brush and trees are found on the west bank. Further downstream, between

Reute 59 and the DuPage River, a forest preserve forms the east bank of the
~j

( 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 River is a nearly constant 15 m. Under

r' normal conditions the depth of the creek is approximately 30 cm, rarely

1 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

k western banks of the creek and river.
y

SURVEY PROCEDURES

s

/ Objectives
.i
t

..
The primary objectives of this survey were to determine the following

along Kress Creek and properties adjacent to the creek:
i

(
1. the direct radiation levels, and

!q 2. the radionuclide concentrations in soil and sediment.

Plan -

4 The survey plan included the following activities:

1

( 1. 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 1 m were taken.
\

|
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3. Monitoring surf ace gamma radiation levels along the banks of Kress
Creek and the DuPage River.

'

l 4. Measurement of radiation levels in boreholes drilled at the
(

locations of the systematic direct radiation measurements, and at
locations of elevated direct radiation levels.

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

t 6. Collection of sediment core samples at specified intervals along

Kress Creek and the DuPage River.g
I 7. Collection of several residential well water samples from the

vicinity of the creek.

8. Sampling and measurenents at off-site locations to provide baseline
and background data for comparison.

|'

<

Measurement of Direct Radiation

. Kress Creek was divided into 50 m intervals between the DuPage River andt -

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 tor
a

| L 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'

t
f

meter intervals were also established along the DuPage River, 200 m upstream

|l and downstream of its juncture with Kress Creek.
!('
l

At each interval, exposure rates were systematically measured both at the

.L surface and 1 e above the surface, 1, 5, 10, and 25 m from the edge of the
r

creek or river (measurement locations are identified in Figures 4, 5, 6,|p
[ . and 7). Exceptions were those areas for which permission was not granted by

the property owners and those areas extending onto public roads. NaI(TI)
7 scintillation ratemeters, field-calibrated using a pressurized ionization

chamber, were used to measure exposure rates.

,

Beta-gamma dose rates at I cm above the surface were measured at each-

{ location where the systematic exposure rates were measured. These

(e

'
i

4'
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measurements were performed using G-M detectors and scaler /ratemeters. To'

y evalute contributions from both penetrating and ncnpenetrating radiations, the
b measurements were made with the probes in both the open- and closed-shield

(- configurations.

L

Using Nal(T1) gamma scintillation ratemeters, walkover surface scans were
7

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

e' Boreholes (15 cm diameter) were drilled with a portable motorized auger

t 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

indicate the locations of both the systematic and biased boreholes. Whenever

possible, boreholes wera drilled to a depth of I a. A layer of rock, which

I prevented further drilling, was encountered at a depth of 60-90 cm in many of
the boreholes.'

.r'
I

;5 Radiation . profiles in - the boreholes were determined by measuring gamma

radiation levels at 15-30 cm intervals' between the surface and the holec,

bottom. A collinated gamma scintillation detector and portable scaler were
~

@1
used for these measurements.'

g4

% .A calibration curve for converting direct radiation levels in the
boreholes into thorium concentrations in soil was generated by plotting the
gamma radiation level versus the thorium concentration in selected soil"~

c' samples collected for this purpose.
k.

; Soil Sampling
7

.

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

| in approximately 15% of the boreholes. Subsurface samples were obtained by

|

l

r |
1<
'
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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.

,-

p Sediment Sampling

,
Sediment samples were collected at 100 m intervals along Kress Creek and

4.-

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 ca. Each core
I

'' was then divided into 10 cm sections. Sampling locations are identified in

Figure 12.

N.

Water Sampling
,

,

,,

Six well water samples of approximately 3.5 liters each were obtained
from local residences.

Baseline and Background Measurements
'

,

Nine surface soil samples were collected at locations 1-7 ,km from Kress''

1

Creek; direct radiation levels were measured at these locations. Figure 13
,

indicates the locations of baseline samples and background measurements.
..

L
Equipment and Analytical Procedures

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

7 RESULTS

L

Background Radiation and Baseline Concentrations
3

.-

L
Background radiation levels and baseline radionuclide concentrations are

presented in Table 1.

*
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(- Background exposure rates in the West Chicago, Illinois, area ranged from
6-11 pR/h at 1 m (8.6 pR/h average) and from 7-12 pR/h at the surface

,.

(9.6 pR/h average).

(~ Baseline radionuclide concentrations in soil were: Th-232,

L 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

e,
I 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.

.

V. Exposure rates 1 m above the surface at 1 m from the edge of the creek
ranged from 8 to 96 pR/h averaging 28 pR/h. At 5m from the edge, the

exposure rates ranged from 7 to 72 pR/h (25 pR/h average); at 10 m, 8 to
,

120 pR/h (21 pR/h average); and, at 25 m, 8 to 32 pR/h (14 pR/h average).
,

Exposure rates along the banks of the DuPage River, upstream of its
juncture with Kress Creek. were: 10 to 19 pR/h (14 pR/h average) at I m from

the edge of the river; 9 to 22 pR/h (15 pR/h average) at 5 m; 10 to 17 pR/h'

(13 pR/h average) at- 10 m; and 10-14 pR/h (12 pR/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 1 m from the river's edge
7

~ (36 pR/h( exposure rato. 1m above the surface ranged from 14 to 104 pR/h

.
average). Exposure rates ranged from 11 to 64 pR/h (31 pR/h average) at 5 m;

{
from 11 to 30 pR/h (18 pR/h average) at 10 m; and from 11 t'o 64 pR/h (20 pR/h

average) at 25 m.
r

I

Exposure rates measured systematically at surface contact along the banks"

/' of the creek and river were generally about 20% higher than the levels
measured at 1 m above the ground.

f
<

7
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At 1, 5, 10, and 25 m from the edge of Kress Creek these levels ranged
from 7-172 pR/h (36 pR/h average); 8-80 pR/h (27 pR/h average); 8-250 pR/h

$ (24 pR/h average); and 8-38 pR/h (14 pR/h average), respectively. Along the

DuPage River upstream of Kress Creek, the surface exposure rates were

J
10-22 UR/h (16 pR/h average) at 1 m from the river edge; 9-22_pR/h (16 pR/h

average) at 5 m; 10-17 pR/h (14 pR/h average) at 10 m; and 11-16 pR/h (13 pR/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 pR/h (45 pR/h
;

I average) at 1 m from the river edge; 13-88 pR/h (37 pR/h average) at 5 m;
"1 11-32 pR/h (19 pR/h average) at 10 m; and 13-68 pR/h (21 pR/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 in 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

j ( 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

I, 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
;

s,

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,r

<

The systematically measured surf ace dose rates (prad/h) typically ranged
.,

from 1-2 times the measured surface exposure rates (pR/h). Differences

between the open- and closed-shield measurements averaged 26% indicating a

|
small contribution from beta and low-energy photon radiations. Because of the'

< ,

'I
: 8'
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r

d close relative agreement between the surf ace dose rates and surface exposure
rates, the dose rate values have not been individually included in this

-

report.
t

F Walkover Surface Scan
<

The walkover surface scan, in addition to providing more detail,,

,

confirmed the general patterns identified by the systematic measurements.
Numerous isolated 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

If locations) are presented in Table 4. These ranged up to 820 pR/h at the
s. .

1 m above the surface. This highest level was notedsurface and 210 pR/h at

# 15 m east of the creek bank and 197 m downstream. Direct radiation levels at

' - these isolated 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
I 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,

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

>.

E Although the portion of the creek upstream of 0 m and downstream of the:

k. 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.
f.

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 thats

i 9
L.
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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.e

-4

Radionuclide Concentrations in Soilj_
,i

A review of the analyses for 70 soil samples indicated that thorium is
s,

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.

:

h Total thorium concentrations determined for the systematic boreholes

along 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
'

decreasing with distance from the edge of thedirect radiation levels -

b creek., At 1 m from the edge, average concentrations at the various depths

f were: 26.1 pCi/g, surface; 40.2 pCi/g, 15 ca; 38.9 pCi/g, 30 ca;. 28.9 pCi/g, ,

60 ca; and, 18.7 pCi/g, between 60 and 90 cm. These average values decreaseu

by approximately 50% at 5 a from the edge of the creek, remain unchanged at3,.
'

ih 10 m, and at 25 m . decrease to approximately 17% of the original

concentration. - At 25 m the average concentrations were approximately 3. times
ic .

{ the baseline levels; however, the true averages may be slightly lower since
the computer-generated curve used to calculate the thorium concentrations

,

slightly overestimates concentrations near baseline levels.

|

Along the DuPage River, upstream of Kress Creek, the average thorium'

levels at 1a from the ; river edge were: 3.45 pCi/g, surface; 4.86 pCi/g,

7- 15 ca; 7.95 pCi/g, 30 ca; 5.09 pCi/g, 60 ca; 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

P'

br.seline levels. Downstream of Kress Creek, the average concentrations at 1 m
,m

from the river edge were: 12.5 pCi/g, surface; 18.1 pCi/g, 15 ca; 30.8 pCi/g,

h 30 cm; 15.8 pCi/g, 60 ca; and, 11.3 pCi/g from 60-90 cm.
:s

II

10'
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As was true of the direct . radiation levels, the thorium concentrations in

soil did not indicate a significant overall decrease with increasing4

i downstream distance along those parts or 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
e

deep in a systematic borehole 1750 m downstream and 1 m from the west side of
the creek. Other high levels were in the three biased boreholes collected

I closest to the outta11: 197 m downstream, 15 m from the east edge of the

creek - 489 pCi/g; 25 m downstream, 1 m from the east edge of the creek -
r 432 pCi/g; and, 205 m downstream, 12 m from the east edge of the creek -
i 417 pC1/g. While the overall concentrations decrease very little along the

length of the creek, the highest levels are at isolated upstream locations,

nearest the outfall.

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 combination with the results of the walkover surface

(~ scan. Estimates were made of the locations in which thorium concentrations in
L 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 areaa - 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 the 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

c

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

c

[ 11



}
\

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

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

I" The maximum depths to which thorium concentrations of 10-20 pCi/g,
p 20-50 pCi/g, and >50 pCi/g are present, average between 30-60 cm.

L Conservative estimates of these depths are 60, 55, and 50 cm respectively.
There is also a general tendency for the depth of the contamination toe

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

g
Radionuclide Concentrations in Sediment

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 pC1/g." '

Contrary to what might be expected, there was no overall decrease in thep,
d 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
l{

!

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
o stream bed and changes in the direction and rate of stream flow, i.e. placeri

i( deposition. Both the fluctuations in thorium levels and the general range of
#

these levels are consistent with the results of the initial survey of Kress
Creek performed by Oak Ridge Associated Universities."

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 pC1/g).!

C

b.

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

concentrations reached what could be considered baseline levels at a depth of
20-30 ca; however, in the sediment collected at 0m (the sampling location

f,
,

12
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,

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
O 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
I decrease in thorium concentration observed in the river sediment between Kress

Creek and 200 m downstream would likely continue.

T Radionuclide Concentrations in Water Samples

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/1, and gross
beta concentrations ranged from <2.26 to 4.98 pCi/1. Because of these low

4' levels, no further isotopic analyses were necessary.
i

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 !

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

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

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

,

Contaminated residues from two waste piles on the property were carried by
7

] 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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t 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,

P-

which appear to have resulted from the use of contaminated backfill, were
'

observed. Overall contamination levels decreased slightly along the length of

e 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 ca. Low gross alpha

g-

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 andi

sediment at many locations along Kress Creek and the DuPage River exceed

m target criteria proposed by the EPA and NRC for uncontrolled use by the
t general public. These criteria were developed to implement the philosophy of

these agencies that unnecessary exposures to radiation should be reduced or
,

{
eliminated to the extent practicable.
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TABLE 1

BACKGROUND DIRECT RADIATION LEVELS AND
RAD ONUCLIDE CONCENTRATIONS IN BASELINE SOIL SAMPLES.

Locationa Exposure Rate (pR/h) Radionuclide Concentration (pCi/g)
1m Surface Th-232 Th-228 Total Thorium Ra-226 U-238

(Th-232 & Th-228)
_

b 0.82 + 0.24 1.41 0.73 + 0.17 0.35 + 0.741 6 7 0.59 + 0.26
2 9 10 0.65 I 0.37 1.12 I 0.28 1.77 1.18 I 0.31 0.63 7 1.54
3 8 10 0.61 T 0.25 0.59 I 0.17 1.20 0.80 7 0.21 0.56 I 0.54
4 8 9 0.92 I 0.40 0.94 I 0.38 1.86. 1.35 I 0.31 1.10 I 0.89
5 11. 12 0.85 7 0.27 0.72 72 0.19 1.57 0.82 I 0.21 0.15 7 0.28
6 11 11 0.75 I 0.46 1.10 I 0.36 1.85 1.38 I 0.29 0.59 I 1.22
7 7 8 0.53 I 0.21 0.50 T 0.21 1.03 0.68 I 0.21 0.22 7 0.52
8 9 10 1.12][0.37 0.98][0.33 2.10 1.12][0.33 0.82][0.52

h! Range 6-11 7-12 0.53 - 1.12 0.50 - 1.12 1.03 - 2.10 0.68 - 1.38 0.15 - 1.10

0.75 0.85 1.60 1.01 0.57Average 8.6 9.6
,

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

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED ALONG THE BANKS OF KRESS CREEK.

Exposure Rate (uR/h)Downstream
Distance Measurement Distance from West Bank (m) Distance from East Bank (a)'

(m)* 25 10 5 1 1 5 10 25

;

| 0 1a 12 16 19 19 24 22 17 11

Surface 13 19 22 28 26 24 19 13

|
i

. 50 1m 13 13 26 26 30 26 22 22

I Surface 17 13 28 22 32 28 22 24

b 11 16 28 22 28 18 10
100 1m

11 12 28 38 24 17 11Surface -

| k!
150 1m 8 15 13 14 13 22 19 8

i Surface 10 16 13 16 11 24 22 8

|

j 200 1m - 17 30 28 34 48 120 24

16 34 32 44 44 250 24Surface -

- ,

250 1m 16 24 36 50 16 18 22 13

Surface 17 26 50 100 17 17 22 14j
'

26 24 16 19 24 12
300 -1 m - -

26 30 17 19 24 13
Surface - -

50 17 16 22 10
- - -

i 350 1m
56 18 30 22 11

l Surface - -- -

1 400 1 m' 11 32 36 22 30 26 22 19

Surface 11 40 44 22 48 28 22 19

j

i
(

- . . -
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TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED ALONG THE BANKS OF KRESS CREEK

,

Exposure Rate (pR/h)Downstream
Distance Measurement Distance from West Bank (a) Distance from East 3ank (m)

(m) 25 10 5 1 1 5 10 25

450 1a 10 11 13 34 20 11 9 8

Surface 10 10 12 50 24 12 8 9

500 1m 10 16 52 88 16 13 10 9

Surface 10 13 54 17 2 17 13 9 9

550 1m 9 19 40 58 11 10 10 10

Surface 10 16 48 76 11 10 10 9

g
13 16 16 12 10 8 8

600 1m --

Surface - 12 17 17 11 10 8 10

650A 1m 12 19 36 68 18 22 11 9

Surface 12 19 36 88 19 22 11 10
,

18 14 13 10- - - -

650B 1m
- - - - 19 19 15 10

Surface

700 1a 10 11 13 24 68 52 24 11

Surface 10 11 12 36 104 54 22 11

'

750 1a 10 10 10 14 8 9 19 --

oorface 10 10 11 14 9 10 2^ -

800 1m 9 10 12 19 8 9 - -

Surface 10 10 11 26 8 9 -- --

_ ___
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TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED ALONG THE BANKS OF KRESS CREEK

,

.

Exposure Rate (pR/h)
Downstream Distance from West Bank (m) Distance from East Bank (m)
Distance Measurement

25 10 5 1 1 5 10 15
(m)

800 1m 9 10 12 19 8 9 - -

Surface 10 10 11 26 8 9 - --

850 la 8 8 8 8 9 7 - --

Surface 9 8 9 8 10 9 - -

9% 1m 10 11 19 26 19 9 8' 8

Surface 10 11 19 24 24 10 10 9

$
950 1m 9 10 10 10 26 32 24 13

Surface 8 11 10 11 38 38 28 14

1000 1m 10 11 24 32 24 16 10 8

Surface 10 13 22 48 24 18 9 8

1050 1m 9 10 10 11 13 13 10 8

Surface 8 12 11 11 13 14 10 8

1100 1a 10 9 10 11 10 9 9 8

Surface 10 9 9 10 14 10 10 9

1150 1a 9 8 11 14 24 22 16 8

Surface 8 8 10 16 28 17 13 9

i

-- -

-

- . . . .
.

. .
.
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TABLE 2, cont.
.

DIRECT RADIATION LEVELS SYSTEMATICALLY
MEASURED ALONG THE BANKS OF KRESS CREEK

Exposure Rate (pR/h)Downstream
Distance Measurement- Distance from West Bank (a) Distance from East Bank (a)

(m) 25 10 5 1 1 5 10 25

8 9 22 8 8 - -

1200 1m -

8 8 30 7 8 - --

Surface - -

'

1250 'I a 12 13 16 19 40 26 22 17

Surface 12 14 16 34 40 28 22 17

1300 1m 16 19 24 92 96 68 64 22

Surface 18 22 22 58 132 72 72 22

U
1350 1a 16 32 44 40 48 42 24 22 ,

'

Surface 16 34 58 54 60 48 24 32

1400 1a 13 19 19 19 11 12 12 12

Surface 13 22 22 32 13 12 12 12

1450 1m 13 16 17 28 18 13 13 12

Surface 14 17 17 28 38 13 13 13

1500 1m 16 44 58 38 28 34 30 16

Surface 14 44 76 54 40 40 38 14

1550 1a 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 Exposure Rate (pR/h)
Distance Measurement Distance from West Bank (m) Distance from East Bank (m)

(a) 25 10 5 1 1 5 10 25

1600 1a 24 64 36 19 14 14 16 14

Surface 32 76 28 22 18 14 16 14

1650 1a 16 22 24 24 19 38 54 22
Surface 17 24 26 30 28 42 68 28

1700 1a 24 40 72 38 19 18 16 13-

Surface 26 44 80 48 28 19 16 13

c.
1750 1m 16 24 44 40 16 19 13 --

Surface 16 26 52 64 18 24 13 --

1770 1m 16 19 16 16 - - -- -

Surface 16 24 14 19 - - -- --

1800 1m 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 1a 16 36 44 38 17 14 14 13

Surface 16 40 48 60 24 15 13 13

, . . . , .
. . . , ._ ...
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TABLE 2, cont.

DIRECT RADIATION LEVELS SYSTEMATICALLY |
. MEASURED ALONG THE BANKS OF KRESS CREEK |

.

i

Exposure Rate (pR/h)Downstream ,

Distance Measurement Distance from West Bank (m) Distance from East Bank (m) '

(m) 25 10 5 1 1 5 10 25

1950 1m - 16 38 44 34 50 40 19 14 |

Surface 16 48 50 44 76 56 22 14 I

2000 1m 13 15 16 24 44 46 44 32

Surface 14 16 16 30 58 54 46 38

2050 1a 14 16 28 32 40 46 30 19

Surface 14 16 24 40 60 48 -- --

O
2100 1a 15 34 42 48 - - -- --

|Surface 15 44 46 76 - - - -

|

a Refer to Figures 4, 5, 6, and 7. -

|b Dashes indicate inaccessible location. |

1
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TABLE 3
.

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

|
'

Exposure Rate (pR/h)
~

Upstream or
Downstream Heasurement Distance from West Bank (m) Distance frou: East Bank (m)

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

Upstream:
200 1a 11 13 14 13 14 17 16 13

Surface 12 13 16 14 16 22 17 13

150 1m 13 10 11 10 19 22 17 14

Surface 13 10 13 10 22 22 17 16

100 1m 13 14 16 14 10 9 12 11

Surface 13 16 16 17 10 9 12 11

50 1a 14 14 16 18 14 12 10 10

Surface 16 16 16 22 17 13 11 11
w
cm

13 13 13 8b - - -

0 1m
64 17 13 8

- - - -

Surface

' Downstream: '

16 30 52 42 16 11 11 12
50 1m

Surface 17 32 54 52 16 13 11 13

100 1a 64 17 36 32 14 14 12 13

Surface 68 17 40 40 16 14 13 14

150 1a 16 24 64 104 14 12 11 12

Surface 16 24 88 136 17 13 13 13 l

|

200 1a 16 22 40 44 19 22 19 11
'

Surface 13 22 48 64 22 26- 22 13

a Refer to Figure 7.

b Inaccessible location.
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TABLE 4

DIRECT RADIATION LEVELS AT IDCATIONS
I IDENTIFIED BY THE WALKOVER SURFACE SCAN

g

-t

Downstream Distance from Exposure Rate (pR/h)
Distance East (E) or West (W) Surface 1 Meter'

(a)a Bank (a)

25 1W 720 170
- 197 15 E 820 210

205 12 E 410 130
315 8E 33 35

''

' 325 5E 63 49

( 401 7W 210 84

410 1E 185 76

e 465 1E 84 43
I 585 2E 210 155

620 0.5 E 170 80
760 1W 18 18

765 1W 145 31

765 3E 190 105

775 1W 105 61

r 790 2E 125 63

/ 889 2E 70 31

1030 3E 115 59

1280 1W 105 74 .
,

1325 4W 93 76'

1340 1W 240 110

1598 6W 93 74

'$ 1665 5E 135, 120
1 . 1687 1E 210 135

1715 1W 190 140

( 1810 1W 130 84

1870 1E 130 85
,

1970 1E 130 53

1975 4W 105 88
.

1980 20 W 130 72

2006 1E 210 95

2030 1W 80 63
i

* Refer- to Figures 8, 9, 10, and 11.
.
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TABLE 5
'

TOTAL THORIIM CONCENTRATIONS IN SYSTEMATIC
, BOREHOLES ALONG THE BANKS OF KRESS CREEK

Downstream .utal Thorium (pC1/g)
Distance Depth Distance from West Bank (m) Distance from East Bank (m)

(m) a (ca) 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- - - - - - -

d 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 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 8.66 3.32 23.1 16.8-- --

12.9 25.6 14.6 2.50 42.4 24.615 - -

30 -- 9.50 46.7 25.2 3.56 41.8 25.6 --

50 5.25- - - - - - -

20.3 41.1 66.560 33.5 27.7 --- -

80 35.8- - - - - - -

63.7 41.6 68.590 - -- - -- --

- - - 51.4100 - - - --
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i TABLE 5, cont.

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

i

.

Downstream Total Thorium (pCi/g)

Distance Depth Distance from West Bank (m) Distance from East Bank (m)
(m) (ca) 25 10 5 1 1 5 10 25'

:

,

25.5 39.9 37.9 51.5 166 22.7i 200 Surface - -

44.6 51.1 44.2 40.4 261 37.415 - -

54.5 23.5 35.4 32.3 296 23.030 - -

24.1 17.3 13.0 15.0 193 9.68
1 60 - -

7.42 9.32
I 70 -- - - - -

11.1! 80 - - - -- - -

51.711.390
-- - -- -

25.4100 -- - - -- - -

- - - 49.5 8.01 5.63 21.1 9.20250 Surface
32.8 5.99 10.3 33.3 16.915 - - -

14.7 2.34 15.1 44.3 24.830 - - -

9.1740 - - - -
- - -

2.34 - --- --
45 - - - -

12.2 14.260 - - - - - -

3.22 - -
70 - - - - -

9.74 -

75 - - - - - -

9.1480 - - - - - - -

25.7 5.16 22.4 19.6 5.02300 Surface - - -

49.5 10.9 28.3 21.4 5.1015 - - -

66.1 12.0 20.2 21.0 6.1330 - - -

71.3 5.32 7.54 7.1 6.9960 - - -

6.383.89 -

75 - - - - -

55.0 - - - -

80 - - -

2.59 - -- --

90 - -- - -

. . .
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TABLE 5, cont.

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

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

(m) (ca) 25 10 5 1 1 5 10 25Distance Depth

-

76.2 9.17 --
--

350 Surface - --

116 8.63 ---
--

15
- -

93.5 4.10 --
---30 -

34.4 2.68 --
--

50 -

-

400 Surface 4.65 55.1 32.8 11.8 74.2 --

-

15 5.65 125 27.6 8.72 74.8 --

-

30 7.10 163 24.2 5.13 29.8 ---

-

60 7.36 21.9 14.2 1.86 10.1 --

-----

8.04 -

O 80 9.95
-

-
----

12.1 --

90 - ------

10.0 --

100
-

450 Surface 4.20 3.51 3.05 64.7 18.4 5.05 --

15 6.07 6.16 4.36 102 31.2 6.44 --

30 6.33 7.89 3.74 79.7 28.4 5.30 ----

-----

40 6.84 --
----

3.32 30.2 --
-

45 2.68 15.8
- --

60 4.81 5.96 --

18.6 ----
-----

70 - ----

4.59 --
-80

3.76--

500 Surface 3.37 3.97 69.8 156
- 4.75

-

-

15 4.86 4.97 111 251 -

4.25--

30 4.97 2.79 106 150 -

3.74- .
--

60 6.16 1.41 14.5 14.5
--

3.64 5.57
--

80 6.84 4.28-
--------90

l
1

'

_ _ _ _ _ _
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TABLE 5, cont.

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

Downstream Total Thorium (pCi/g)
Distence Depth Distance from West Bank (a) Distance from East Bank (m)

(a) (cm) 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--

1.2750 - - - - - --

8.21 35.5 1.90 2.15 4.7560 4.38 --

2.0470 4.49 - - - - -- -

2.6180 - - - - -- -

.

4.05 5.38 5.65 4.89 3.05 3.17 2.61600 Surface -

4.41 5.54 8.5715 - - - --

4.44 1.43 6.3 4.30 3.34 3.51 5.41*- 30 -
, " 4.86 2.70 2.45 4.28 1.77 1.45 6.4760 -

1.45 1.3675 - - - -- -

,

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

2.33- - - 29.7 2.4570 --

1.411.7075 - -- - --

90 4.30 - - - - - - -

26.3 7.51 7.45 2.96650 (Eb) Surface - - - -

25.715 - -- - - -

30 8.33 11.7 5.71 6.47
- -- - - 3.61 3.51 4.73 4.0260

2.54 3.342.4570 -- - - -

.

700 Surface 1.36 2.68 2.91 38.4 133 47.1 8.15 3.05
15 2.41 3.71 2.86 75.3- 186 79.4 -- --

..
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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) (ca) 25 10 5 1 1 5 10 25

30 1.60 2.98 47.5 133 79.6 47.4 5.05 7.28
- - 0.5745 - -- - -- -

50 - - - - -

60 0.49 31.3 -- - 1.30 5.46- -

70 0.60 - - - -- - -- -

3.8280 - -- - - -- - --

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 - - -

- - 7.39 --60 1.73 4.73 2.41 22.8
5.88 - - 5.99 -70 0.73 3.10 -

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 - --

2.15 - --1.00- 70 - - - -

2.235.5475 - - -- --

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 -- --

60 7.44 7.85 6.73 5.71 59.0 5.02 -- --

2.79 - --70 - - - - --

90 6.25 6.54 6.13 3.71 95.6 -- -- --

- -- -- -- 26.6 - - -110
-- -- -- - 7.95 -- -- --120

_ _ _ _ - _ - - . -_ - _ _ - _ _ _ _ _ _ __ _
_
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TABLE 5, cont.

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

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

(m) (cm) 25 10 5 1 1 5 10 25
!

6.67 - -- --

130 - - - -

900 Surface 3.64 2.96 5.35 48.3 18.6 3.51 1.72 2.98
83.4 40.9 4.81 - -

15 - - -

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 5.13 4.92 3.82 5.08
3.87 6.70 5.051.41 - -,

70 - -

- -- - - - -- -

90 6.50
.

950 Surface 4.10 4.41 3.97 4.23 44.3 30.2 19.3 5.27
- - - - 77.9 59.1 27.9, -

S 15'

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
3.76 -- -

-- - - 5.63,
-

70
- - - - -5.9675 - -

9.44 -- -- -- -- -- --

90 -
'

1000 Surface 2.54 4.20 14.0 59.1 19.6 6.70 3.54 4.23
17.7 78.2 - - - -

15 - -

i 30 5.21 4.12 7.98 53.0 14.7 4.94 3.56 5.46j

1.54 --
- - - - - -

50 3.64
60 6.02 1.24 1.94 6.24 3.03 1.27 --

- -- - - ~

1.68
.

65 - -

- - - - -- --

1.16j 70 -

3.15
- - - - - - --

75,
- - - - - -- -

90 5.46

1050 Surface 2.82 2.56 4.10 4.62 14.1 6.70 2.47 2.15

30 6.33 7.57 7.22 4.30 18.8 11.8 5.74 3.69

60 7.07 7.74 8.21 8.10 3.39 3.00 4.15 2.32

i

(

_
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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)

(a) (cm) 25 10 5 1 1 5 10 25

7.95 6.8170 - - - - - -

3.8975 7.85 - - -- - -

7.0180 - - - - - - -

1100 Surface 3.59 3.44 3.47 5.00 7.39 2.25 2.41 1.66
30 7.36 8.96 4.36 5.41 5.02 1.94 4.78 3.32

4.1040 - - - - -- -

4.38 1.54 0.94 3.37 1.3260 8. 69 9.05 --

0.9175 - - - - - - -

1.0490 7. 63 - - - - - -

$
1150 Surface 3.59 1.41 3.89 10.2 61.1 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 1.72 13.1 6.19 1.79 1.58

5.491.0670 10.2 - - -- -

0.98 1.373.7175 - - -- -

9.2980 - - -- - - -

2.39 2.10 4.94 7.601200 Surface - - --

5.32 2.93 6.56 11.130 - - ---

2.32 3.24 8.10 14.760 - - --

4.59 7.8075 - - - -- -

16.090 - - -- - - -

1250 Surface 4.75 2.98 2.71 11.2 2.23 - - -

15 6.01 3.75 3.68 16.6 2.79 - - --

30 4.84 3.91 4.36 30.3 2.36 - - -

60 3.18 2.35 4.10 21.5 2.07 -- -- --
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TABLE 5, cent.

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

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

(a) (ca) 25 10 5 1 1 5 10 25

1300 Surface 2.95 12.2 3.69 46.2 7.08 2.22 1.85 -

15 5.03 7.42 3.77 77.4 9.35 3.09 3.04 -

30 3.27 17.8 2.93 69.7 7.34 3.25 3.65 --

60 1.46 80.3 1.58 9.07 2.08 2.13 3.49 -

2.24 - - -

- - - -

70 3.39 -

90 1.45 9.88 1.38 - --

1350 Surface 3.17 9.31 20.5 30.1 2.16 2.17 2.36 2.07

15 3.71 12.9 27.3 38.0 2.37 2.58 2.92 2.78

30 3.46 10.6 24.3 93.3 2.97 4.00 4.45 3.86

60 1.64 3.51 4.86 52.3 2.75 4.50 5.76 4.47
0 - - - -30.0- - -

65-
- - - -

3.37 -

80 - -

2.83 4.07 5.16 3.041.95 - -

90 -

1400 Surface 2.13 5.30 5.24 8.88 1.88 2.24 2.16 --

15 2.39 5.89 5.11 11.8 1.72 2.41 3.63 --

30 1.34 5.65 4.20 11.0 1.42 3.81 4.74 --

60 1.31 1.36 1.84 3.01 14.3 3.15 5.00 --

- - - -

1.38 - -

70 -

- - - -

1.74 1.6180 - -

2.46 2.37 2.57 -

- - - -

90

1450 Surface 2.86 3.90 3.54 6.44 2.87 1.31 1.67 2.12

15 2.87 4.55 3.89 7.93 2.63 1.60 1.77 2.95

30 3.31 5.57 3.99 6.54 3.30 1.72 2.82 4.06

60 2.03 2.30 1.09 1.69 1.69 1.39 3.20 4.96
2.62 - - -

- -
- -75 -

1.15 - - -

- - -

80 1.48 2.93 4.57
90 1.29 1.31 ---

__ -

..
.. ..

. . _ . .

. .
. _ _ .

_

.
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TABLE 5, cont.

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

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

(m) (cm) 25 10 5 1 1 5 10 25 |
|

1500 Surface 2.58 22.8 30.9 34.3 14.6 14.9 15.8 --

15 2.84 33.1 42.2 50.9 21.3 17.7 19.4 --

30 2.70 32.5 46.9 104 25.4 15.3 13.5 -

60 1.31 5.83 5.16 39.6 4.70 4.57 2.65 --

13.6 - - - -

70 - - -

- - - - -

2.69 3.4575 -

1.50 2.45 - -

80 1.33 - - -

1550 Surface 6.98 7.36 6.91 10.9 8.31 10.5 7.52 1.72

15 11.6 8.38 11.0 16.4 10.4 15.8 10.3 4.92

30 9.63 7.63 12.6 14.9 7.96 16.9 13.4 3.30

60 2.53 2.33 2.44 3.07 1.84 6.18 2.18 4.20g
1.48 -

- - - - - -
.

75 3.03 - -

- - - - -

80
- - - 4.43

90 2.14 1.89 - -

1600 Surface 6.98 38.3 11.8 5.29 1.74 1.79 1.64 4.17'

15 11.6 56.3 16.2 7.75 2.16 2.19 4.91 1.77

30 9.63 79.3 27.0 5.92 2.93 2.87 4.13 2.34

60 2.53 7.92 48.9 3.35 3.04 3.20 4.17 3.25
,

' 3.672.84 3.01 -

90 2.14 3.42 7.09 -

1650 Surface 3.47 5.35 5.89 8.29 5.26 18.0 29.1 3.38

15 3. 64 6.98 6.57 11.7 6.96 25.0 45.4 4.95

30 4.17 5.82 5.2 10.1 8.31 42.9 86.1 3.64

60 3.51 3.73 2.59 3.10 3.54 53.9 23.8 2.70
- - - - - 50.5 - -

80 4.11 2.61
90 2.88 2.57 2.42 1.91 3.00 --
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TABLE 5, cont.

TOTAL THORIUM CONCENTRATIONS IN SYSTEMATIC
*

BOREHOLES ALONG THE BANKS OF KRESS CREEK!

J

e

i

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

(a) (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 5.21 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 3.71 5.15 1.27 --

15 3.85 7.04 30.1 82.2 4.88 9.58 1.53 -
4

$ 30 3.51 5.36 21.0 140 3.72 21.7 1.93 -

-

i 60 3.24 3.14 3.79 555 4.11 59.4 1.41 --

90 3.03 2.92 2.50 357 3.15 9.26 2.06 --
'

1

1770 Surface 2.70 8.31 3.17 5.91 - - - -

15 3.76 9.75 3.67 8.79 - - - --

| 30 3.87 12.7 4.27 9.64 - - - -

i 60 3 . 4 '. 20.6 5.71 9.62 - - - --

| 90 2.85 4.10 - - - - - -

! 1800 Surface 2.47 2.14 3.09 4.55 14.6 8.40 2.75 2.18
I 15 2.53 2.71 3.84 6.26 19.0 12.5 3.04 2.27

30 3.22 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 1.91

j 5.92 2.94 7.5975 3.59 - - -
-

J 9.59 - --
- - - - -

i 80
1.88

I 90 - - - - - - -

I
;

I
4

i

i

l

!
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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 (a) 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 3.35 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 4.99 2.85
10.0: 80 - - - - - - -

! 85 2.92 - -- - - - -

; 90 1.82 3.18 2.69 2.47- - --

i

8 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 5.75 18.2 32.3 107 4.25 3.27 2.60 3.47
60 3.82 5.49 5.80 62.7 4.26 3.49 3.34 2.98

| 70 - - - - 3.55 - - -

- - - - - 3.16 3.60J 85 --

1 90 2.58 2.55 3.97 17.7 - - - -

1
,

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

,

1 30 3.81 31.2 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 3

- --

- - - 3.1280 - - - -

i 90 2.33 3.12 2.75 - - 2.39 2.85 3.73

I 2000 Surface 2.51 2.79 10.1 28.7 21.1 18.5 13.3-

j 15 3.44 3.17 3.00 15.2 42.5 29.4 26.6 17.5
30 4.45 3.70 4.28 23.6 89.4 31.5 38.0 15.1

j

i

;
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1B15 5, cont.

TOTAL THORIUM C40CENTRATIONS IN SYSTEMATIC
BOREHOLES ALONG'ilE BANKS OF KRESS CREEK

|

i

Downstream i Total Thorium (pCi/g)

Distance Depth Distance Trom West Bank (m) Distance from East Bank (m)
(m) (cm) 25 110 5 1 1 5 10 25

60 4.53 I.20 4.15 9.16 33.2 6.58 11.0 4.06
- - - - -

3.6565 - -

5.26 - - - -

70 - - -

2050 Surface 2. 67 3.05 6.08 31.1 44.6 21.2 14.1 4.14

15 3.31 3 01 7.29 41.3 58.6 29.8 20.2 5.78

30 4.37 3,h7 5.89 94.8 59.0 28.1 16.3 7.13
- - - - -

3.3540 - -

139 8.44 4.68 4.50 2.07, 60 3.72 3.35 . -
-

4.62 - - -

75 -- - -

3.40 - -

-- - - - -

80
- - - -30.285 -- - -

3.71 -
- - - -

90 2.51 2.13

2100 Surface
'

2.32 19.0 26.0 28.5 5.4 - - -

15 3.21 29.3 41.5 43.2 7.46 --- -

4.30 30.0 101 71.4 11.5 - - -

:- 30
'

3.92 5.91 17.3 27.3 7.40 --- -
~ 60

3.14 - - -

8.7285 -- -

- - - -.

90 2.09 2.70 9.15-

a Refer to Figures 8, 9, 10, and 11.
b Dash indicates inaccessible location, impenetrable rocks, etc.

N ._

_ _ _ _ _ _ _
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TABLE 6

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

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

(a)a

Upstream:
200 Surface 1.74 2.92 3.07 2.87 3.60 6.23 3.31 2.31

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 7.11 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 1.51 6.80 7.11 3.73 1.58

15 2.33 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 1.72

75 b _ _ _ _ _ _
_

1.3790 2.92 3.42 3.74 3.29 4.80 2.09 -

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

1.60 - - -

70 - - - -

3.002.19 -
- - - - -

80
90 3.19 2.27 2.95 2.55 - - - -

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 4.62 2.18 1.92 1.84

30 3.32 3.28 3.70 11.9 7.61 2.80 1.97 2.05
- -- - - -- -- -- -

40
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

Total Thorium (pCi/g)
: Upstream or

Downstream Depth Distance from West Bank (a) Distance from East Bank (a)
i Distance (ca) 25 10 5 1 1 5 10 25

l (a)

Upstream cont.: - - --

50 80 1.69
--

- - - -

-- - - 1.95 -- - --

85
2.08 1.55 1.42 -

2.72 3.84; -

90' -

2.03 2.56 2.33 2.68- - - -

j 0 Surface
2.42 2.99 2.86 3.80- - - -

i 15
5.19 2.99 4.87 3.00- - - -

l 0 30
2.41 3.69 3.05 2.42- - - -

60
-- 1.78- - - - -- -

80 3.53 1.74 --
- -- - - -

90
1

! 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

j 30 91.8 93.8 7.89 3.67 6.47 2.85 1.52 3.71|

60 249 133 4.16 3.83 3.42 1.71 1.83 2.89
-- -- -- 2.41

! 70 - - - -

-- -- -- --

i 85 85.3 -- - -

15.0 3.31 4.02 1.71 1.50 - -

| 90 -

i

| 100 Surface 2.32 60.8 17.3 14.5 2.66 1.86 1.87 1.19

15 2.96 14.4 22.4 18.7 3.51 1.84 2.20 ..5
| 30 3.69 49.7 33.9 31.4 2.71 2.27 2.89 3.21 ,

| 60 4.23 18.3 111 55.1 1.54 1.44 2.31 3.30
1.45 2.12| - -- -- -- -- --

' 80
'

i

i

!

t
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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 (a) Distance from East Bank (m)
Distance (cm) 25 10 5 1 1 5 10 25

(m)

Downstream cont.:
2.32 29.7100 85 - - -- - ---

1.65 - --52.690 2.82 -- -

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

$ 85 3.83 3.06 -- - 3.27 - -

3.34 3.094.01 -- -90 -- -

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

i
' 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

3.3780 - - -- - - -- --

-- - - 2.51 - 2.20 --85 4.17
3.89 2.73 3.9190 - -- -- ---

* Refer to Figure 11.
b Dash indicates inaccessible location, impenetrable rocks, etc.
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{ TABLE 7 1

l

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)' -

25 IW Surface 428
15 432

f
30 364'

60 158
70 126

197 ISE Surface 489
15 428
30 155<

{ 60 26.3
90 27.3

| 205 12E Surface 303
1 15 417

30 372
60 77.7"

90 18.3
,

315 8E Surface 31.5
15 32.5
30 37.4
60 23.9
80 12.4

325 5E Surface 171
15 232'

| 30 109
60 19.2
90 16.9: ,

401 7W Surface 136'-

15 140
30 56.9
45 20.2

r 410 1E Surface 131
15 179

'
30 196-

60 72.7
70 61.6

I|'

t

55
,

(__.
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TABLE 7, cont.

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

Downstrema Distance from East (E) Depth Total Thorium
Distance or West (W) Bank (ca) (Th-232 & Th-228)

(a) (a) (pCi/g)

465 IE Surface 92.8
15 91.8
30 47.8
60 7.13

560 OE Surface 135
15 243
30 221
60 33.2,

1

58 5 2E Surface 138

| 15 247
i 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 IW 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
,
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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 (ca) (Th-232 & Th-228)

(m) (m) (pCi/g)

765 IW Surface 64.9
15 120
30 135
50 106

775 IW Surface 68.1
15 106
30 101
60 20.0

790 2E Surface 119
15 14 0

30 53.6
60 20.0

'

70 13.8
t,

889 2E Surface 53.9
15 101
30 204
60 75.5'

935 4W Surface 95.9
15 141
30 76.5
60 11.0
70 7.42

989 1W Surface 94.9-

15 191
*

30 218
. 60 67.3

1030 3E Surface 106
30 285
60 66.5
70 39.8

1280 1W Surface 41.1
15 42.9
30 18.5
60 4.22

,

57

_ - _ _ _ _ - _ _ . .
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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 (ca) (Th-232 & Th-228)

(a) (a) (pCi/g)

1282 IW Surface 30.3
,| 15 37.6.

1 30 45.3
60 3.13

| 90 2.30
f

1325 4W Surface 15.5
15 19.7
30 13.1'.

60 3.64

| 1340 IW Surface 38.0
i 15 64.2

30 128
60 47.0

1598 6W Surface 80.4
15 122'

30 299
60 117
90 7.00

i 1665 5E Surface 83.3
15 145
30 109
60 76.8
90 12.3

1687 IE Surface 75.8.

15 107
30 181

60 64.3
90 17.5

1715 IW Surface 101
15 151
30 301
60 37.2

I 90 6.67

58
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j- TABLE 7, cont.

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

Downstress Distance from East (E) Depth Total Thorium

Distance or West (W) Bank (ca) (Th-232 & Th-228)
(m) (m) (pci/g)

/s
,

1810 IW 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 6.35j

1880 IW Surface 27.0
15 34.0

/l} 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

i

1975 4W Surface 51.4
15 81.5f' 30 148

60 25.2
80 6.35

I, '
1

1980 20W Surface 89.8
15 137

30 253'

60 117*

80 45.0

'

,

.
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\ TABLE 7, cont.

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

Downstream Distance from East (E) Depth Total Thorium
Distance or West (W) Bank (ca) (Th-232 & Th-228)7 ..

(a) (a) (pC1/g)
\,

2006 IE Surface 109j' 15 138
1 30 205

60 103
j, 75 54.3
! 2030 1W Surface 46.7

15 63.7
30 33.7
60 3.86
65 3.57

i ,

'

a Refer to Figures 8, 9,10, and 11.
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TABLE 8
|
| RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES

FROM KRESS CREEK

! Downstream Depth Radionuclide Concentration (pCi/g)

Distance (cm) Th-232 Th-228 Total Thorium Ra-226
| (m)* (Th-232 & Th-228)

| 0 0-10 27.9 + 1.5b 30.0 + 1.4 57.9 2.31 + 0.58

| 10-20 26.2 I 1.4 24.8 I 1.3 51.0 1.69 I 0.50
| 20-30 6.51 I 0.68 6.12 T 0.64 12.6 1.16 I 0.37
| 30-40 24.0 }1.3 25.8 11.2 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 7 0.62 1.49 I 0.62 2.48 0.71 I 0.36
20-30 0.96}1.26 0.51}0.44 1.47 1.45}0.69

200 0-10 29.4 + 4.5 29.0 + 3.7 58.4 2.98 + 1.70

10-20 23.3 T 4.9 22.7 I 3.6 46.0 1.84 7 1.39
20-30 7.69 7 1.86 6.54 I 2.05 14.23 1.58 T 0.96
30-40 2.95 I 1.40 2.35 T 1.31 5.30 1.80 T 0.81
40-50 0.76 T 1.24 1.08 I 0.74 1.84 1.02 I 0.50
50-60 1.6410.95 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 I O.67 0.83 I 0.46 1.84 0.64 I 0.23
20-30 0.58{0.31 0.65{0.55 1.23 1.31[0.32 j

400 0-10 1.29 + 0.93- 1.40 + 1.05 2.69 0.80 + 0.87

10-20 <0'33 0.75 T 0.74 <l.08 1.12 7 5.73
20-30 <0.23 0.1510.23 <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 24.2 I 2.3 19.0 I 2.0 43.2 1.83 7 0.83
20-30 <.33 0.5710.47 <0.90 0.76{0.54
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TABLE 8, cont.

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES
FROM KRESS CREEK

Downstrema Depth *adionuclide Concentration (pCi/g).

Distance (ca) Th-232 Th-228 Total Thorium Ra-226
(a) (Th-232 & Th-228) .

600 0-10 44.4 + 3.5 39.6 + 3.1 84.0 1.45 + 1.21
10-20 9.96{1.52 8.13{1.50 18.1 0.70{0.61

700 0-10 1.56 + 0.71 1.47 + 0.55 3.03 0.68 + 0.50
10-20 0.53 I 0.68 0.51 T 0.34 1.04 0.46 I 0.35
20-30 <1781 1.59{0.64 <3.40 0.61{0.27

800 0-10 12.2 + 2.5 13.8 + 1.9 26.0 1.43 + 0.80
$ 10-20 11.1 T 1.7 9.99 I 1.14 21.1 1.16 T 0.53

20-30 1.80{0.77 2.83{0.81 4.63 0.87{0.49
900 0-10 1.60 + 0.63 1.49 + 0.57 3.09 1.09 + 0.60

10-20 0.21 I 0.30 0.84 T 0.49 1.05 0.67 T 0.28
20-30 0.57{0.41 0.44{0.45 1.01 0.59{0.24

,

1000 0-10 1.18 +-1.36 1.78 + 1.14 2.96 2.08 + 0.86
10-20 5.29 I 1.69 4.38 7 1.54 9.67 1.68 I 1.50
20-30 1.16{0.61 1.29{0.41 2.45 0.65{0.34

1100 0-10 6.38 + 1.54 6.18 + 1.40 12.6 1.06 + 0.54
10-20 1.33 I 0.56 1.15 I 0.47 2.48 0.90 T 0.30
20-30 0.87{0.36 0.52{0.43 1.39 0.64{0.29

1250 0-10 21.5 + 2.1 18.1 + 1.8 39.6 1.34 + 0.76

10-20 11.9 T 1.9 10.0 T 1.7 21.9 1.41 T 0.86
20-30 2.29{0.91 2.19[0.72 4.48 0.68{0.38

. _ _ __ _ ___ .
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TABLE 8, cont.

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES
FROM KRESS CREEK

Downstream Depth Radionuclide Concentration (pCi/g)

Distance (ca) Th-232 Th-228 Total Thorium Ra-226
(a) (Th-232 & Th-228)

1350 0-10 5.% + 1.42 5.04 + 0.88 11.0 0.56 + 0.55

10-20 5.32 I 1.43 4.29 7 1.29 9.61 1.28 I 0.78
20-30 5.09{3.18 4.71 T 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 + 0.91 1.01 7 0.55 1.86 1.73 T 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 T 0.34 0.27 I 0.34 0.37 0.62 I 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 I 0.57 0.66 I 0.49 1.94 1.17 I 0.37
20-30 1.0010.49 0.9810.52 1.98 0.94 T 0.50

1850 0-10 66.0 + 4.2 49.8 + 3.7 116 2.60 + 1.44
10-20 71.7 I 4.2 59.1 T 3.8 131 2.66 T 1.69
20-30 4.13{0.94 3.06{0.62 7.19 0.77 T_ 0.32

1950 0-10 0.64 + 0.40 0.67 + 0.48 1.31 0.39 + 0.27

10-20 0.43 I 0.42 <0707 <0.50 0.70 7 0.44
20-30 0.44{0.65 0.33 + 0.56 0.77 0.37{0.25;

1

! 2050 0-10 4.40 + 1.04 3.69 + 0.91 8.09 0.92 + 0.61
| 10-20 1.13 I 0.83 1.17 7 0.51 2.30 0.75 7 0.36

20-30 0.69 T 0.46 0.50l0.62 1.19 0.53{0.28

a Refer to Figure 12.
b Errors are 2a based on counting statistics.

I
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TABLE 9

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES
FROM THE DUPAGE RIVER

Upstream or Radionuclide Concentrations (pCi/g)
Downstreas Depth Th-232 Th-228 Total Thorium Ra-226
Distance (ca) (Th-232 & Th-228)

(a)*

Upstream:
200 0-10 0.51 + 0.31b 0.70 + 0.33 1.21 0.57 + 0.36

10-20 1.06 I 0.50 1.18 I 0.43 2.24 0.40 I 0.26
20-30 <0718 <0716 <0.34 0.54[0.27

100 0-10 <0.45 0.70 + 0.47 <1.15 <0.39
10-20 0.58 + 0.49 0.40 T 0.42 0.98 0.63 + 0.36
20-30 <0731 1.16 T 0.20 <1.47 0.72 I_ 0.37.

,
>

0 0-10 1.23 + 0.50 0.71 + 0.43 1.94 0.50 + 0.28
10-20 0.71 I 0.49 0.53 I 0.42 1.24 0.83 I 0.29
20-30 0.58{0.36 0.81[0.35 1.39 0.36[0.24

Downstream:
100 0-10 15.2 + 1.9 12.0 + 1.60 27.2 1.39 + 0.84

10-20 0.38 I 0.37 0.65 T 0.29 1.03 0.67 7 0.32
20-30 0.41}0.61 <0708 <0.49 0.29}0.51

200 0-10 1.83 + 0.94 2.84 + 0.82 4.67 0.48 + 0.27
10-20 1.22 7 0.46 1.07 7 0.35 1.29 0.57 7 0.26
20-30 0.33}0.36 0.26}0.42 0.59 0.38[0.18

i * Refer to Figure 12.

| b Errors are 2a based on counting statistics.

|
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TABLE 10

RADIONUCLIDE CONCENTRATIONS IN WELL WATER SAMPLES

Sample Radionuclide Concentration (pCi/1)
Locations Gross Alpha Gross Beta-

4
I'

1 <1.42 <2.25
2 <1.35 4.29 + 3.37b'

3 <1.37 2.58 + 3.29
4 <1.44 <2726
5 1.48 + 2.13 4.98 + 3.41

7 6 <1733 4.62 + 3.38

a All samples were collected from Edgewood Walk. Locations are noti

{ identified on a figure.

b Errors are 20 based on counting statistics.

i
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Glossary
i

..ctivation: ne process of making a material radioactive by
'

( bombardment with neutrons, protons, or other nuclear
particles.

Activity: gadioactivity, the, spontaneous emission of radiation,
generally alpha or beta particles, of ten accompanied by
gamma rays, fro.s the nuclei of an unstable nuclide. As
a result of this emission, the radioactive material is
converted (or decays) into a different nuclide
(daughter), which may or may not be radioactive.

i Ultimately, as a result of one or more stages of
i, radioactive decay, a stable (nonradioactive) nuclide is

formed,

f Aerial survey: A search for sources of radiation by means of sensitive
instruments mounted in a helicopter or airplane.
Generally, the instrumentation records the intensity,
location, and spectral analysis of the radiation.

Alpha particle: A positively charged particle emitted by certain
radioactive materials. It is made up of two neutrons

q and two protons bound together, and hence is identical
with the nucleus of a helium atos. It is the least
penetrating * of the three common types of radiation

f. (alpha, beta, gamma) emitted by radioactive material,
and can be stopped by a sheet of paper.

Background
. radiation ne radiation in man's natural environment, including

cosmic rays and radiation from the naturally radioactive
j elements. It is also called natural radiation. The
[ term may also mean radiation that is unrelated to a

specific esperiment. Levels vary, depending on
location.,

i

L Baseline,

concentration: The concentration of a given substance typically
L encountered in the area under consideration, i.e. the
s normal or naturally occurring level.

( 5 eta particle: An elementary particle emitted from a nucleus during
i' radioactive decay, with a single electrical charge and a

mass equal to 1/1837 that of a proton. A negatively
charged beta particle is identical to an electron. Ac

positively charged beta particle is called a positron.

Contamination Undesired radioactive materials that have been deposited
on surfaces, are internally ingrained into structures or
equipment, or that have been mixed with anotter
material.

/,

i
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i, Curie: A special unit of activity. One curie equals 3.7 x 1010
nuclear disintegrations per second. Several fractions
of the curie are in common usage:r

k'

Millicurie - one thousandth of a curie. Abbreviated
-

as aci.

Microcurie - one millionth of a curie. Abbreviated
-

as pCi.
<

(' Nanocurie - one billionth of a curie. Abbreviated
-

as nCi.
,

Picoeurie - one trillionth of a curie. Abbreviated
-

3
'- as pCi.

Daughter: ne product of radioactive decay of a nuclide. (alsosee Parent).

q Decay,
-( radioactive he spontaneous transformation of one nuclide into a

different nuclide or into a different energy state of
the same nuclide. he process results in a decrease,.

, with time, of the number of original radioactive'

nuclides in a sample. It involves the emission from the
i
, ., nucleus of alpha particles, beta particles, or gamma

rays; or the nuclear capture or ejection of orbital
L electrons; or fisslos. Also called radioactivedisintegration.

Decontamination: Rose activities employed to reduce the levels of*

contamination.

Doses A measure of the quantity of radiation absorbed in a
^

U

unit mass of a medium. ne unit of dose is the rad.
1 Dose rate: he radiation dose delivered per unit time and measured,L for example, in rada per hours.

( Exposure: A measure of the ionisation produced in air by x or
," samma radiation. It is the sum of the electrical

charges on all ions of one sign produced in air when all
electrons liberated by photons in a volume element of,

'

4 air are completely stopped in air, divided by the mass
of the air in the volume element. De special unit of
esposure is the roentgen.,

( Exposure rate: The radiation esposure per unit time. Measured, for
enemple, in roentgens per hour.

. .

camma radiation: Migh-energy, short-wave length electromagnetic radiation'

of nuclear origin (radioactive decay). Camma rays are

A-2
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1

the most penetrating of the three common types of,e

p radiation.

Half-life: he time in which half the atoms of a particular
radioactive sustance disintegrate to another nuclear

t form. Measured half-lives vary from millionths of a
second to billions of years.

Microrad (prad): A submultiple of the rad, equal to one-millionth of a
rad. (see rad).

I'
i Microroentgen
l (WR): A submultiple of the roentgen, equal to one-millionth of>

a roentgen. (see roentgen).
,

I, Millires (ares): A submultiple of the ren, equal to one-thousandth of a
'

rem. (see rem).
i

i Natural uranium Uranium as found in nature, containing 0.7 percent of
uranium-235, 99.3 percent of uranium-238. It is also
called normal uranium.,

!

1 Natural thorium: Thorium as found in nature. Natural thorium contains
equal activity level of thorium-232 and thorium-228.; .

,

;

|t Parent: A radionuclide which disintegrates or decays to produce
another nuclide which is also radioactive. This second

!c radionuclide is known as the daughter product.
t i

Picocurie (pci): One-trillionth (10-12) of a curie.

.f Rad The unit of absorbed dose. The energy imparted to
matter by ionizing radiation per unit mass of irradiated

! material at the place of interest. One rad equals 0.01
| joules / kilogram of absorbing material.
t

! Radiation: Energetic nuclear particles including neutrons, alpha
I ( particles, beta particles, x-rays, and samma rays

/ (nuclear physics). Also includes electromagnetic waves
' (radiation) of any origin.

'

Radioactivity: he property of certain nuclides of spontaneously,

5 emitting particles, or gamma radiation. Often shortened
to " activity."

i

( Radionuclide A general term applicable to any radioactive form of the
elements, a radioactive nuclide.

Radium (Ra): . A radioactive metallic element with atomic number 88.
As found in nature, the most common isotope has an
atomic weight of 226. It occurs in minute quantities
associated with uranium in pitchblende, carnotite, and
other minerals; the uranium decay, to radium in a series,

I
.I
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of alpha and beta emissions. By virtue of being an
alpha- and gamma-emitter, radium is used as a source ofi

illuminescence and as a radiation source in medicine and
radiography. The isotope of radium with an atomic
weight of 228 is found in the thorium decay series.a

Radon (Rn): The heaviest element of the noble gases, produced as a,.

j gaseous emanation f rom the radioactive decay of radium.
t Its atomic number is 86. All isotopes are radioactive.

Rn-222 is an isotope with a half-life of 3.82 days.

I, Rare earths: A group of 15 chemically similar metallic elements,
including elements 57 through 71 on the Periodic Table
of the Elements, also known as the Lanthanide Series.

I,

Rem: The unit of ionizing radiation that produces the same
biological damage to man as a unit of absorbed dose

. (1 roentgen) of high voltage x-rays.

Roentgen (R): A unit of exposure to ionizing . radiation. It is that
j amount of gamma or x-rays required to produce ions
t carrying one electrostatic unit of electrical charge

(either poritive or negative) in one cubic centimeter of
dry air unper standard conditions.

Secular
Equilibrium: The state which prevails when the rate of formation of a

radioactive material equals the material's rate of
decay. Although, by theory, this condition is never'

completely achieved, it is essentially established in
the thorium decay series as it occurs in nature.

Survey: An evaluation of the radiation hazards incidental to the
{ production, use, or existence of radioactive materials

] or other sources of radiation under a specific set of
conditions.

|

|
Thoritan (Th): A naturally occurring radioactive element with atomic

number 90 and, as found in nature, an atomic weight of
approximately 232.

<

c Thorium series: The series (sequence) of nuclides resulting from the
radioactive decay of thorium-232. Many man-made

c nuclides decay into this sequence. The end product of

J the sequence in nature is lead-208.

Uranium (U): A radioactive element with the atomic number 92 and, as
found in natural ores, an aversge atomic weight of
approximately 238. The two principal natural isotopes
are uranium-235 (0.7 percent of natual urani.n) and
uranium-238 (99.3 percent of natural uranium). Natural
uranium also includes a minute amount of uranium-234.

k.

A-4
t,



{-
t

Uranium series: ne series (sequence) of nuclides resulting from the
radioactive decay of uranium-238. ne end product of
the series is lead-206.,
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EXPLANATION OF SYMBOLS AND UNITS

Symbols Unit English Equivalents
t

e cm centimeter (x 10-2 meters) 0.394 inches
l

' " g gran 0.032 ounces

h hour --

i,

kg kilogram (x 103 grams) 2.2 pounds

3I, km kilometer (x 10 ' meters) 0.622 miles

,e 1 liter 0.264 gallons
I

a meter 3.28 feet

'i mi milliliter (x 10-3 liters) 0.061 cubic in.
4

millirem (x 10-3 rem)mrem -----

i, pCi picoeurie (x 10-12 curies) -

Ra Radium -

' ' U Uranium

Th Thorium -

i

pCi microcurie (x 10-6 curies)
,

e prad microrad (x 10-6 rads) -

pR microroentgen (x 10-6 roentgens)r

<
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i THORIUM AND URANIUM DECAY TABLES
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Thorium Decay Series
<

0

Parent Half-Life Major Daughter
Decay Products

Thorium-232 14 billion years alpha Radium-228'b'

Radium-228 5.8 yea s beta Act inium-228

Actinium-228 6.13 hours beta, gamma Thorium-228
,

( Thorium-228 1.91 years alpha Radium-224

Radium-224 3.64 days alpha Radon-220

Redon-220 55 seconds alpha Polonium-216

Polonium-216 0.15 seconds alpha Lead-212*

Lead-212 10.6 hours beta, gamma Bismuth-212

Bismuth-212 60.6 minutes alpha (1/3)* Thallium-208
,' beta (2/3)* Polonium-212

i Thallium-208 3.1 minutes beta, gamma Lead-208

Polonium-212 0.0000003 seconds alpha Lead-208

i
| t Lead-208 stable none none

/ * Two decay modes are possible for Bismuth-212.

c
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Uranium Decay Series

t Parent Half-Life Major Daughter
Decay Products

r ,,

Uranium-238 4.5 billion years alpha . Thorium-234

l Thorium-234 24 days beta, gamma Protactinium-234
<

Protactinium-234 1.2 minutes beta, gamma Uranium-234
i

L Uranium-234 250,000 years alpha Thorium-230

Thorium-230 80,000 years alpha Radium-226

Radium-226 1,600 years alpha Radon-222

Radon-222 3.8 days alpha Polonium-218

Polonium-218 3 minutes- alpha Lead-214
<

Lead-214 27 minutes beta, gamma Bismuth-214

i Bismoth-214 20 minutes beta, gamma Polonium-214

Polonium-214 0.0002 seconds alpha Lead-210

<

| Lead-210 22 years beta Bismuth-210 i

B ismuth-210,, ,5 days beta Polonium-210

|. s . .->

s ' Toloniinn-210 140! days alpha Lead-206
-- e ,
'

{ Lead-206 . st ab1'e none none
.
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APPENDIX C

Major Analytical Equipment

t The display or description of a specific product is not to be construed as an
endorsement of that product or its manufacturer by the authors or their
employer.

A. Direct Radiation Measurements

Eberline " RASCAL"i

Portable Ratemeter
Model PRS-1

f Beta-Gamma " Pancake" Probe, Model HP-260
L (Eberline Instrument, Santa Fe, NH)

Eberline PRM-6
Portable Ratemeter
Scintillation Probe, Model 489-55

e (Victoreen, Inc., Cleveland, OH)

Pressurized Ionization Chamber (PIC)
Model RSS-Ill,

(Reuter Stokes, Cleveland, OH)

Ludlum Ratemeter-Scaler
Model 2200
(Ludlum Measurements Inc., Sweetwater, TX)

f B. Laboratory Analysis

Ge(Li) Detector
Model LGCC2220SD, 23% efficiency

,

(Princeton Gamma-Tech, Princeton, NJ)

Used in conjunction with:
'

Lead Shield, SPG-16'

(Applied Physical Technology, Smyrna, GA)

High-Purity Germanium Detector
Model GMX-23195-S, 23% efficiency
(EG6G ORTEC, Oak Ridge, TN)

Used in conjunction with:
Lead Shield, G-16
(Gamma Products Inc., Palos Hills, IL)

Pulse Height Analyzer, ND680
Model 88-0629
(Nuclear Data, Inc., Schaumburg, IL)

.
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Low Background Alpha-Beta -Counter
Model LB5100-2080
(Tennelec, Inc. , Oak Ridge, TN)

,

25 mg Californium-252 Source with Flexo-Rabbit
Pneumatic Transfer System
(Reactor Experiments, Inc., San Carlos, CA)

I Multichannel Analyzer

i, Model TN-7200
(Tracor Northern, Middleton, WI) ~
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APPENDIX D

ANALYTICAL PROCEDURES
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APPENDIX D

Analytical Procedures<

Camma Scintillation Measurements
,

,

Walkover surface scans and measurements of gamma exposure rates were

performed using an Eberline PRM-6 portable ratemeter with a Victoreen Model
489-55 gamma . scintillation probe containing a 3.2 cm x 3.8 cm Nal(T1)

i scintillation crystal. A graph of count rate (cpm) vs. exposure rate (pR/h)
was developed by comparing the response of the scintillation detector with-

that of a Reuter Stokes Model RSS-Ill pressurized ionization chamber at

several locations along Kress Creek. This plot was used to convert the meter

readings to exposure rates.

Beta-Gamma Dose Rate Measurements

'

Measurements were performed using Eberline " Rascal" Model PRS-1 portable
ratemeters with Model HP-260 G-M probes. Dose rates (prad/h) were determined

by comparison of the response of a Victoreen Model 440 ionization chamber
survey meter to that of the G-M probes for a natural thorium source.

,

Soil and Sediment Sample Analysis

Soil samples were sifted to remove rocks (the fraction removed -

constituted <5% of the total), dried at 120' C, finely ground, adxed, and a

portion placed in a 0.5 liter Marinelli beaker. The quantity placed in each

beaker was chosen to reproduce the calibrated counting geometry and typically'

ranged from 500 to 800 g of soil. Sediment samples were treated identically'

except that they were placed in 0.2 liter jars and typically weighed 100 g.,

Net weights were determined and the samples counted using either a Ge(Li)
detector (Princeton Gamma Tech) or a high purity germanium detector (EG&G
ORTEC) coupled to a Nuclear Data model ND 680 pulse height analyzer. The

following energy peaks were used for determination of the radionuclides of
concern:

'
i
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____ .. . _. . _ _ __ _ -_ -_ , _ _ _ _ _ _ _

:

I

Th-232 - 0.911 MeV from Ac-228 (secular equilibrium assumed)
Th-228 - 0.583 MeV from T1-208 " " "

Ra-226 - 0.609 MeV from Bi-214 (corrected for equilibrium conditions)
<

U-238 - 1.001 MeV from Pa-234m " " "

' or 0.093 MeV from Th-234 " " "
4

i

! Peak identification and concentration calculations were provided by'

5 computer analyses.

r

Selected samples for which gamma spectrometry indicated detectable levels

of uranium were subsequently analyzed for U-238 by neutron activation.
,

Approximately 15-20 g of soil were irradiated for 15 minutes in a neutron flux

of 108 ,je,2/sec. Af ter a one minute wait time, the U-239 peak (74.6 kev) was
counted for 10 minutes and the U-238 concentration calculated.

Borehole Logging and Calculation of Thorium Concentrations

Borehole gamma radiation measurements were made using a Victoreen Model

489-55 gamma scintillation probe connected to a Ludlum Model 2200 portable
scaler. The scintillation probe was shielded by a 1.25 cm thick lead shield

f

j with four 2.5 cm x 7 nun holes evenly spaced around the shield in the region of
the scintillation detector. Measurements were typically performed at depths

I of 0, 15, 30, 60, and 90 cm.
}

The thorium, uranium, and radium ratios were sufficiently constant to

allow the estimation of the total thorium concentrations in soil from the
_

borehole logging data. Soil samples were taken from approximately 15% of the
Iboreholes and analyzed for total thorium (Th-228 and Th-232) by gamma

spectrometry. The total thorium concentrations and the gamma radiation levels

measured at the points of sampling were used to generate a third order

logarithmic polynomial equation. This equation was then used to convert _ gamma
levels in the boreholes into pCi/g of thorium in soil.

The data points and the curve generated are presented in the accompanying
graph. It should be noted that the curve has a tendency to overestimate the
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FIGURE 1. Direct Radiation Levels in Boreholes (CPM) Versus Total

{
Thorium Concentration (pCi/g) in Soil.

^

.

D-3
<,.



thorium concentrations at the low end. The open circle in the figure

indicates a measurement in a monazite sand standard.

Water Samples

Water samples were rough filtered through Whatman No. 2 filter paper.

Remaining suspended solids were removed by filtration through 0.45 pm pore'

t size membrane filters. The filters, together with attached solids, were

discarded, and the filtrate was acidified by the addition of 20 ml of

concentrated nitric acid.

Gross Alpha and Gross Beta Analysis

Fifty milliliters of each sample was evaporated to dryness and counted on
a Tennelec Model LB5100 low background proportional counter.'

Errors and Detection Limits

The errors associated with the analytical data presented in the tables of
this report, represent the 95% (2o) confidence levels for that data. These

errors were calculated, based on both the gross sample count levels and the
associated background count levels. When the net sample count was less than

the 20 statistical deviation of the background count, the sample concentration
was reported as less than the minimum detectable activity (<MDA). This means

that the radionuclide was not present, to the best of our ability to measure
it, utilizing the analytical techniques described in this appendix. Because

of variations in background levels, caused by other constituants in the
samples, the MDAs for specific radionuclides differ from sample to sample.

Calibration and Quality Assurance

Laboratory and analytical instruments are calibrated using NBS-traceable
standards. Portable survey instruments for exposure rate and dose rate
measurements are calibrated by comparison of their responses to those of other

instruments having NBS-traceable calibration. Field comparisons or

comparisons using samples typical of the area are used to develop these
calibrations,
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Quality control procedures on all inst ruments included daily background

and check-source measurements to confirm lack of malfunctions and

nonstatistical deviations in equipment. The ORAU laboratory participates in
. , , the EPA Quality Assurance Program.
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