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URANIUM ORE PROCESSING WASTES IN THE WEST LAKE LANDFILL
Summary Report
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IKMORANDUH FCR}» Hu?h-L Thqmpson. Jr., QtracLor
ffice of Nuclear Haterfs) Sa!cty
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FROM:  Richard E. Cunningham, Director
Division cf Industrial and
Medical Nuclear Safcty. KMSS

iRl Sigrad M

SUBJECT: WEST LAXE LANDFILL ACTIONS

s i ;
ppl Sune o i»!o-\(f f

A Draft Summary Repcrt on the uronium ont proqntsLng wstt!s in.the West Lake
Landf {11 has been prepared, based on reports from KRC contractor field
investigations of the site, NRC records and Missour{i Department of Natura)
‘Resources information. We have concluded from this review that remedias)
sction {5 called for, but that furthur technica) information and evaluations
‘are -necessary to-determine how 1t should be accomplished. We also need to
‘determine who should: bl rotpon;iblt for condue&fnq the nacoasc;y studias and
rcmdm sction, =t ‘ Vi tharps CER it

As wo discussed with you, we are asking GC to determine what lega) recourse we
‘heve Withi the former ‘Ifcensee, the Cotter Corporation, withirespect to sctions
roqutngubmt the -landf 411, . Fatling any recourse through Cotter, our next step.
will beito roquost EPA -to -take action vnd»v its Super uné~proqnpnm» »
Coples of our nomoranduu to Stuart 1rtbx. GC, and the dnafggnpport are enclosed
for your fnformetfon, We wilY'keep you tnformed of our progress cn this matter,
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Richard E. Cunningham, Director
Division of Industrial and
Material Nuclear Safety, NMSS

Enclosure: As statcd
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‘and lfdufd was'es, 56d°féﬁ§tfﬁft'5ﬁ“dinolftféhmdibffift’lnfldaftfén;“thé‘lihd‘
'Limostona coasnd tﬁ“bo quafribd fn '‘the "spriAg ol 1987¢ o SL. Lnui. Area

visited the Latty ‘Avénue §ite o check on the progreéss ‘of the ‘decommissfoning

‘that Cotter Corporation had disposed of approximately 8,700 tons of ‘Veached
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This report summarizes the circumstances of the urdnium or.rprocusiing wastes

found 1n the West Lake Landfit), " Primary emphasis §s on theracvological!

env(ronmental aipoct! af they rolatc to pbtentiil dtsposit’bn of 'the material.
The Wast Lake Landf{1) "{s Yocated near the city of St. Loufs {n'St. Loufs
County, Missourf, 3.7 miles west of Lambert Field International Airport and
southwest of ‘St. CHarles Rock Réad fn Bridgeton, Missolry (Figure1). ' The site
has been used since 1962 'for disposing of ‘munfcipalirefise, fndustrial solfd:

1111 {s an active {ndustria) complex on which ¢dncréte iAgredients are measured
and combined bdfd?d‘leingt("biiéhihd")V”ihd'ciphllt‘iaaﬁcbiﬁi {3 prepared.

In April 1974, representatives of NRC's Office of Inspection and Enforcement
activities befng performed by Cotter Corporatfon. 'This faspection disclosed’
barfum sulfate resfdues mixed with 39,000 tons of-top.sef] at a local

landf{11. It was the inspector's understanding Lba¢‘&b$'éaterial had beer
disposed of under 100 feet of refuse and sof] at the St. Loufs Landf{)] No. 1.
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By letter dated June 2, 1976, the Missourd anartmont of Natural Rcsourccs
(MONR) forwarded to the NRC's Region Il1l office newspaper articles which alleged
that only 9000 tons of waste had been moved from the Latty Avenue site rather
than 40,000 tons and that it was moved to the West Lake Landfil] rather than

the St. Loufs Landfill No. 1. The MONR letter also stated that the depth at
which the materfal was burfed must be incorrect because no St. Louls area

landfi1l contains 100 feet of fi1l,

Region 111 fnvestigated the n11¢qatiqn§ ond found that 43, 000 tons of waste and
sofl had been ramoved from the Latty Avenue sfte but {t was disposed of at the

West Lake Landf{l] {n Bridgeton and that the waste was covered with only about

3 feet of sofl,
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Ofscussfon with the West Lako Landfi)) operators 1md$¢a&od th¢t§ald o! tho
materfal from Latty Avenue was disposed of -in one area; however, an aerda)
survey of the sfie tndicated that there were two areas of contamination.’ The
second contaminated ares ¢ fdentified a8 Ares 10IN Plogora @it !ve ~aterind bt
Subsequently, the NRC §ponsored other studies that were directed at determining
the radio]ogical status of the landfil),

ROl WL EhRNE suoreld and Tram 988 elulis, 400 Sl w0 o 5¥8 §
An extensive ibfv.y’wiifinilistod fn November 1980 by the Radfation Management
Corporatfon (RMC) under contract to the NRC. The findings were published In
May 1982 {n NUREG/CR-2722, "Radiological Survey of the West Lake Landfil), St,
Louis County, Missouri."

In March 1983, the NRC through Oak Ridge Assoclated Universities (ORAU) contracted
with the Universfty of Missouri- “Columbia, Department of Civi) Engineering to
describe the environmental characteristics of the ;iquncq ﬁgt an engineering
evaluation, and propose possible remedia) measures IJ dealing with the radio-
active waste at the West Lake Landfill. 1In May 1986, ORAU sampled water from
wells on and close to the landfill to determine {f the radfoactive materfal had
migrated into the groundwater. A report with the detafled results of these
fnvestigatfons fs fn preparation,

Informatfon from all these sources and from site visits by the NRC staff . forms,
the basis for this report.
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Figure | Location of West Lake Landfi!]
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The 200-acre West Lake Landfi1] fs sftuated between the St. Charles Rock Road
and the 01d Si. Charles Rock Road in Bridgeton, Missour{ (Figure 1). It f{s
about 16 miles northwest of the downtown area of the city of St. Louis. A major
portion of the landfi11 (roughly the northern three-fourths of the site) 14
located on the f160dplatn’of the Missour! River'approximately 1.2 miles from

“the river. Cheen prrformed A1 ST ofte cinee 1937 In 1974, the

2 . , . . thinaMisvourl Departis ol Mstural beo ittt s "_”f'ﬁ'

‘zonihn ’ pORERNC AT ATy bAandl e aperates In o an o Ares ol the Ned
T et TN beonerly whiich 1s proterled from grountesler contact

A port.on of the landfill, including site Area !, s zoned M-1, which {s desig-
‘nated for 11ght manufacturing; the northwest part of the landfi11, {ncluding
Area 2, fs presently zoned as singie-ramily residentiat (R-1)""This R-1 zoAing
"fndicates the Use to which the’land was orfginally’intended. "However, the la~d-
1111 was extended over the land 26ned R-1, and'the zoning“plan was 'simply not

"changed to reflect 'the new usage. tan hewer Dlatriel Gewer

‘H‘$t°r talmy o purEatton ceased In the curian ol 198] hrcavwr nol cenough Mgond

# ond e

The West Lake Landfi1) was started fn 1962 for the ‘disgosal of municipal and
industrial solid wastes and to f{1] {n the cxc&b&i‘&ﬁpfts from the quarry
operations that had been performed at the site since 1939. In 1974, the land-
fi11 was closed by the Missour| Dopartnone of Natura) Resources (iouh). Un&of
an MONR pirm(t. a nowar”tgntta}y lcnglll now operates in an area of the West
Lake Landf{11 property which {s protig;gd from groundwater contact.

L b S REALE Y 1

This newer. fart of the landf {11 was opi@f {n. 1974. © The bottom fs-11ned with 4
clay, and & leachate collection system hasibqgﬁ fnstalled.’ Leachate {s pumped
to a treatment system consisting of a lime pfic{p{tgtion unit followed in
serfes by an serated lagoon and two unaerated lagoons. The final lagoon

strict sewers.

effluent {s discharged fnto St. Louis Mtropolitu\ ?pyq_r (Hs

)
The quarrying operation ceased fn the spring of 1987 because not enough "good
rock" was left at the site. s ik N {Rar A Baumanis
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Since 1939, the West Lake Landf{1] has been owned by West Lake Landfill, Inc.,

of 13570°St. Charles Rock Road, Bridgeton, Missourf. + '/ o
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‘Radfoactive contan!nat!on al the West likb Landfi1) hay been 100n\1!!cd’1n two
“separate sof) bodfes (Figure 2). 0" v drrlles the Tandtnihn

‘The 'horthern area (referred to as Area 2) covers 14 acres and )ies above 16-

20 ft of landfi)) debris. The contaminated sofl forms a more or less contin-
‘uous layer from 3 to 13 ft 'fn thicknhess and consists of approximately' ' ©
130,000 ya® of sof1.  Some of this'contaminated so11 1¢ near or at’ the'surface,
‘particularly along the face of the northwestern' berm. '“'eneath'the' landfi11 .
debris, the'sofl 'profile consists'of 3 to 7 7£‘o! ?1oddb1ain top 8611 overly:
1ng 30 to 50 71 oY Yand and bravil a11uviun about A0 fL esl. Tbe surface

; 8 it sEieraY SurfEcE BENTRL AR

The sbuthern area of ‘contamihation (referred 'to as Area’1) covers approxifitely
2 acres and contafns roughly 20,000 yd® af contaminated sofl. This body of
sof] is located east of the landfill's main offic qt 2 pcp&h of about 3 to

5 ft and {s located over a former quarry pit whicq_y?? {fllcd fn with debris,
The depth of debris beneath the contaminated sofl {s unknown but fs estimated
to be 50 to 65 ft. Limestone bedrock under)lies the landfil) dubris.

?\\u :§~~7‘\ 3 i i § b ¢ ¥ -

Topography = "¢ ¢

Crariby Ao

About 75 percent of the landfil) site {s located on the floodplain of the
Missouri Rivaf (P?d&r& 2) at about 440 ft above mean sea level (mé1). The
site topography {s subject to change because of the types of activities (e.g.,
landf{11ing and quarrying) bering performed there. However, the areas contain-
ing the radioactive waste have thefr surface at about 470 ft msl. The surface
runoff in the area around the l1andfill follows several surface drains and
ditches which run in a northwest directfon and drain into the Missour{ River,
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Geology

e may b abivided Tnte Len oatbgariey Moo sl Boay
Bedrock beneath the West ‘Lake ‘Landfi1) consfists of limestone which extends. !
downward to ‘an elevatfon:of '190 ft 'msT, The Vimestone {s-dense, bedded, anu’
fairly pure except for 'intérmittent layérs which consfst of abundant chert! i'*
nodules. The Warsaw Formdtion 1fes directly beneath the limestone. The Warsaw
s made up of approximately 29 ft of s)ight calcareous, dense shale; thi¢
grades into shaley limestone toward the middle of the formation. Bedrock
beneath the site dips at an angle of 0.5° to the northeast. Five miles east of
‘the s((d thb attitode' of the'bedrock’ §s réversed by the Florissant' Oohb“

Yoba wr e NHpw Padiodyla t T BV upay it 1t
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Since solutfon activity often occufs Th carbonate’ rocks, the possibility 67~ fts
occurrence §n the west (ake Lendfi1) area’ was considered.” 'Brie? observation nf
the quirrG wlfit lt tﬁo lahdfl?!”sbgg ests that Some 's610ti6n"of the 1imestone

Fant
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e st h arorarthiguste could threaten Lhe iHLEer ity of e bandriy )l
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Sofl materfal in the area may be divided into two categories: Miss i Riar
alluvium and upland loessa) sof)l, This demarcation {s shown as the histor..al
edge of the alluvial va ley in Figure 3. The division {s made on the basis of

sofl composftion, depositiona)l history, and phﬁ{?t?r proport|tt The West Lake
Landff1) 1{es over this transition zone.

Seismology

The primary seismic risk to the West Lake Landfil] site (as wel) as to the
entirne St. Loufs area) s the New Madrid Fault. The closest portion of this
fault {s located approximately 155 miles SSE of the site near the town of New
ngrﬁd. Missour{. The New Madrid earthquake, which occurred from December 16,
1811 to February 7, 1812, was one of the strongest quakes ever to occur and
wquld have likely registered 9 or more on the modern Richter scale. A
recyrrence of such an earthquake could threaten the integrity of the landf{ll,
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Groundwater flow '{n'the area surrounding the West Lake sfte, is. through two '
aquifers: the Missourf ‘River -alluvium and the'shallow limestone: bedrock, .
Since the imestone fs fafrly impervious and groundwater flows in most: areas
frod‘tha’bcdroéi’fntbtthé'dl!b?ibﬁ. contamination of water In the dedrock
aquifer offsite does not appear likely. The base of the )imestone aquifer 15
‘formed by the' relatively impermeable Warsaw’ shale at an elevatfon of about' !

190 1t ms). This'shale’ layer Nas been reached, but'not disturbed, by 6ub:ryinq
operatfons. "Therefore, the Warsaw shaln acts’ i; an uquicludof’u4k1ng ctontamina-
tion of the deeper 1imestone” unlikely, ¢ '+ U

Hydroloqy

The deep MissouriiRiver AV UvIuW, which 1s' Under about. 10 !t of " more' recent”
alluvium, acts ay’ A" sihgle aquifer of very hiah btru%ability CCThis aquifer W
relatively homgmiom in a do&nﬂrun aﬂ-nuoh and’ dc’chhu in pamammy
'ncar the val)ey g0l thb oot ¢ PhEORLy waler AvgilabTe Lo Tedch the
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The water table of the Missouri River floodplain 14" ‘general 1y within 10" 1t of
the ground surface, but™at’ many points 1t 13 even shallower. " AL’ ang one time)
the water levels and flow directions are Influenced by both'the' river stage and
the amount of water entering the floodplain from adjacent upland areas.

“

Water levels recorded between November 1983 and Harl}iiﬁal 4n monftoring wells
at the landff11, {ndfcate a groundwater gradient of 0,005 flowing fn a N 30°W
directfon beneath the northern portion o! the landfi{l], Thjs represents the
Iikoly dircction of leachate n!gration frou tﬁo 1.ndfi!l -

It {3 belfeved that )andrillinq oporalfons in the oldcr northcrn part of thc
site were not oxtcndtd belos the o? g?nl’ gr0und sur!aco in ordcr !or wastcs in
the' YahI111 to' rematn’ above the ‘whteh! tib1o Since no other rocharoo sources
exist above the level of the !1bod§fafn {nc on!y water avaflablo to lnach the
landf {11 debris {s that resulting from Fainfal) 1nfiltrat1ng the land!i)l sur-
face. Because the underlying alluvial’ 5qul{cr is highly porncablo. there wil)
be 1ittle "mounding" of water beneath the landfill. Also, the northern portion_

4 \ ! Aj&?‘ h"
of the 1andff11 has a Teve! surface #hd thus ft s Yikely that at least half of —
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the rainfal) infiltrates the surface. ' The remaining rainfall.is.lost to.evapo-
transp‘ration and (to a lossor dogroo) surface runoff,

' THoMteRrlYes Jutl ounder Zomaips o wint and
No publfc water supplies are drawn from €h0*aliuvt|11lquifcrfnclr=tho=vost'kakc
Landf{11. It fs belfeved that only one private wel) in' the'vic¢infity 'of the'
landf{11 {s used as a drinking water supply. This well s 1.4 miles N 35°W of
the Butlcr-type Bui]ding on thc Vest Lake Landfill,

utd River a4 ®ile 249 for the tity of

Because of tho'oktranciy 1ow¥siopi'bf the Missourt River flood p'* ‘A surface,
precipftation falling on the’ p!ain ftselY generally {nf{Ttrates the soi1 rather
than running of f the surface. The only streams present on the floodpiain are
those that orfginate fn upland areas. 'Dralnage patterns on'the plain have been
radically altered by flood control measufes taken to protect Earth City" and by

‘drafnage of swamps and marshes. Because of the relationship which exists bet-

ween river level and groundwater level in portfons of the floodplain near the

‘river, i.reams may efther lose flrw (at low stage) or gain flow (at high stage).

The present channel of the Missour{ Rivér Ties Just Gndér 2 mives 'Wwest and
nérzhwo;ﬁ‘br‘th§'1;ndfitt""Tné Hissourf RiGif stage at St CharVes '(mite 28)
fs 2ero for a water level of 413, 7 {t mst.  Average dischargé of the Mi§sour|
River 1s°77,338 ft3/s. = HRETELONA AFE prevenlly being dewdlopeg |

Water supplies are drawn from the Missouri Riv*r ne !Id 29 for the city of

St. Charles, and the intake {s located on the nbr\h bank of the river. Another
fntake at mile 20.5 fs for the St. Loufs Water Company's North County plant.
The city of St. Louis takes water.from the Mississippl River, which {s joined
by the Missour{ River downstream from the landffil]l. The intake structures for
St. Louis are on. the.east bank.of the river so that the water crawn i{s derived .
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Two small resfidentfal communities are present near the West Lake Landfil],

Spanish Lake Village consfsts of about 90 homes wnd s located 0.9 mfle south
of the landfil), and a small trafler caqrt lin; across St. Charles Rock Road,
0.9 mile southeast of the site. Subdﬁgfgions Qrc presently being developed 1
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to 2 miles east and southeast of the landfil] in the hills above the floodplain,
Ten or more houses lie east of the landfil], scattered along Taussig Road. The
‘cfty of St. Charles {s located north of the Missour{ River at more than 2:miles
from the landf1¥l & ‘ BOHKL perTereel anonnaats svabuat! ‘
Earth'Ci(y Industrial Park s located on the floodplain 0.9 to"1:2 miles northe
west of the landfi11. Population’density on the flootplain1s 'generally less
than 26 persons per square mile; but the daytime population (including factory
workors) 15 nuch groatcr than tho nuabor of full time residents,

{el b lpy it v dapati it
A3 i vy Any

The Ralston-Purina facilitfes are located 0.2 mile northeast of the Butler-type
Buflding at the landfil1. Consfderfng that land fn this area s relatively
fnexpensive and that much of it s zoned for manufacturing, Tndustiial develop-
ment on the floodplain will 1ikely fhcrease in'the'future.

3 RADIOLOGICAL SURVEYS = S i)

‘From Aiigust 1980 through the summer of 1981,"the Radiation Management Corpora-
tion (RMC), under contract to the NRC, performed an onsite evaluation of the
West Lake Landffl] (NRC, NUREG/CR-2722). The purpose of this survey was to
clearly define the radiological condftions at the IaanJJﬂ The results were
to be utilized in performing an evaluation to dc?cr‘guq i remedial) actions
should be taken.

The area to be survcycd was divided fnto 33-1t grid blocks anu included lhc

following noasuremcnts g e Rar e T A R b arl
.. C ik o Vg ol 6 VR

(1) ‘external gamms exposure rates 3.3 ft above the ground surface and = * '
* beta=gamma ‘count rates 0.4 {nch above the surfaces:

(2) 'radionuclide concentratfons in surface sofls; ' clare,

(3) radionuclide concentrations in subsurface deposits;
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(4) " total ("gross") activity and radionuc)ide iconcentrations in surface. and

subsurface water samples; - feeciec. s Ine tnlal areds Brored

(5) radon flux emanating from surfaces;

; ; fely whre mes 4 f vl July of Jany Thpte Tagple wnre
(6) 'a!rborno‘fidGOCCleity;'ahd"“ valusy, sypechalty S5 Arpa |
r i Timaieay A 1L Bl wanitEre YT Mad Gieer ALIrd Yo the sed

(7) total activity“in‘vegetation. ~ ' ~'' " iind 1o mauy

t )
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4 SURVEY RESULTS' (NURBG/CR=2722) 7" " +* ¥ about 10 parzpns

External Gamma
: Ny
The two areas of elevated external (gamma) radfation levels, as they existed in
‘November 1980° at'the time of the preliminary RMC'site survey, both’ contained
Tocatfons where Tevels exceeded 100 jR/hr at' 303!t b In'Area’2, gaema Tevels
28" high as 3,000°to’ 47000 uR/hr were detected’ ‘The total areas exceeding
20 pﬂ/hr were about J acres in Area 1 and 9 acres in Area .

External gamma levels were measured in Hay and July of 1981. These levels were
significantly smaller than the November 1980 values especially {n Area 1,
because approximately 4 ft of sanftary {11 had Qf&ﬁxiva'ﬁ to the entire area
and an equal amount of construction f{1] was added to most of Area 2. As a
result, only a few thousand square feet {n Area 1 exceed 20 yR/hr. In Area <
Lhe total area exceeding 20 uR/hr decreased by about 10 percent, and the highest
levels were about 1600 uR/hr near the Butler-type building.

Surtece Sod): Analyses i tarr (i furitad ar biE Frasiaia bR g8 Seivd
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A total of 61 surface sofl samples were gathered and analyzed onsite for gamma i

activity, Concentrations of U-238, Ra-226, Ra-223, Pb=211, and Pb-212 were
determined for each sample. Locations of surface sof)l samples are shown in
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In all sof) souplos. only uruniuu and/on tbon!uv docaywchain nuclides. and K-40
were detected. Offsite background samples were on the:order-of 2 pCi/g for
Ra-226. Onsite samples ranged from about 1 to 21,000 pCi/g Ra-226 and from

less than 10 to 2100 pCi/g U-238. In those cases where elevated levels of

Ra-226 were detected, the concentrations of U-238 were lower by factors generally

fn the range of 2 to 10. In cases of elevated sample activity. daughter products
of both U-238 lnd U-235 were found by extensive “1odging holes dr

wrnpe eyl led tn Areasy o

In general, surface activity was 1imited' to"Area 2, as-4indicated by the surface
bétu-gcaﬁa’b«iiurcnbhts "OnIywtwo”Sii11'?i§10ns*1h‘Arbl”l showed surface con-
tanination both were near the access road’ htross Trom the' site officcs
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In addftion to onsfte gamma analyses, 12 samples were submitted to RMC's radio-
chemical laboratories for thorfum and uranium radiochemical determinations.
‘The results of these measurements (Table 4’ of" NUREG/CR-2722) show all samples
"conlain‘high’li&il;“o7'1h'230 "The'ratio of 'Th*230' to' Ra*226 (inferred from
Bi-214) {s of the order of 20 to 1, ‘Which" {ndicates’ that thcsc are probably the

1o Ehian ie

'residucs Mo process to extract radiua* rulii

Subsurface 'Sofl Analysis
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Subsurface contamination was assessed by cxtonsivc bbninq" of holes drflled
through the landf{11, Severa) holes were drilled in areas known to contain con-
tamfnatfon, then additfonal holes were drilled at intervals in all directions
until no further contamination was encountered. A total of 43 holes were
drilled (11 fn Area 1 and 32 fn Area 2), fncluding 2 offsite wells for moni-
toring water. All holes were drilled with a 6-1n auger and 1ined with 4-1{n

PVC (polyvinyl chloride) ¢asfng.

Each hole was scanned with a 2-in Nal(T1) detector and rate meter system for

an {nftfal indication of the location of subsurface contamination. On the basis
of the inftfal 'scans, 19 holes were selected for detailed gamma logging using
~the 1ntr1n31c germanium (IG) detector and multiple channe) analyzor. Concontra*
tions of Ra-=226, as determined by the IG system, ranged from less than 1 to
22,000 pCi/g.
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' It was determined that the subsurface deposits extended beyond areas where sur-
face radiation measurements exceeded the réference level of 20.uR/hr.c The: -
lateral extent of material exceeding 5 pCi/g Ra=226, {ncluding both:surface and
burfed matrriais; 1¢ 'ghown on Figure 2, 'The total .difference fncareas s on the

£y

order of 5 acres. ch spee, Tead, hickel, and ting were

Camerd Al Br T Wy i Pt At at gt e resplts of the Ipachate

i

The surface elevatfons vary by about 20 ft, &nd the‘highest elevations occur at
locations of more recent fi11, Contamination (>5 pCi/g Ra=226) in several areas
s found to extend from the surface to a depth of abolt 20" ft' below the surface.
In general, the contamination appears to be a continuous single ayer' rérging’
from 2 to 15-ft thick and covering 16 acres.

‘Nonradfological ‘Analysis =

'51x/compéiité"saﬁpiai°aara‘ibbﬁiiz&a“ta‘kﬁc'x“eﬁviionm&hfai*Cnamist&y’taborh‘
‘tory iéi'p%iBFiiy'poiidtiht‘andiyiiéx Five sampics were taken from'auger holes
(one from Aréa 1'and folr from Area 2) and thé ‘sixth from the West Lake leach-

“ate treatment plant sludge. The results {Ad¥cate ‘a“significant presence of"

_organic golvents fn"Area 2 samples. Posftive results were reported for 25
listed organic compounds. Chromium, copper, lead, nickel, and zinc were the
predominant elemental priority pollutants detected. The results of the leachate
sludge analysis were not as high as any of the sof! sampicgd;z i

Chemfcal analyses of material from the radfoactive layer from both areas were
’ also performed by RMC's laboratory In most cases, results show elevated levels
i of barfum and lead. ' RREE Ay ! '
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Background Radioactivity Hoasurcments Ritwalin S
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Varfous offsfte locations within a few miles were selected for reference back-
ground measurements. Background values were all within the normal range. The
5“4 gamma exposure rates were 8 and 10.6 uR/hr. Radium-226 concentrations in soil
; were 2.5 and 2.6 pCi/g. Radon flux from the ground surface was 0.50 and 0.58
pCi/m?s; working level values were 0.0011, 0.0017, and 0.005.
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Both gaseous and particulate airborne radioactivity were sampled and analyzed
during this study.  'Sfnce it was knownithat the buried-material consisted par-
tially or totally 'of uranfum ore resfdues, the'sampling program concentrated on
measuring radon and fté daughters in“the air: " Two methods were used: '~ the first
was & scintillation flask (accumulator) method for tadon gas, and the' setond was
‘analysis of filter paper activity for particulate daughters.” A series of grab
samples using the accumulator ‘method were taken between May and August of 1981.
A tota1'of 111'sib¢1e§‘?rbﬁ'%Z“!ot%tWoh&‘vhs‘tblﬁttléﬁ‘ ‘H@aébrthQ radﬁﬁ“ITOx
of surface conlaninat?on. face cortanis Brtratlto
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At three locations, repetitive measurements were made over a perfod of 2 iod}hs,
Significant fluctuations were observed at two locations. The fact that these
fluctuations were real and not measurement artifacts was later confirmed by |
duplicate charcoal cahTster ‘sampiesintivded weed sampies fres onsite Tocation

¥ # 1o n ,‘ [ & ¥ 3 PR v Cak R T TR NPT R o
irs {winileér whedl) nea vhe northwest boundary a8 the lang

‘A set of 10-minute high-volue particulate’ air samples was' taken to"determine'”
both short-1ived radoh' daughter concentrations and Yohg*1ived gross alpha activ-
ity. The highest levels (0.031 WL) were detected in November 1980, near and
inside the Butler-type Buflding. These two samples approﬁjl,ht&y;cqual NRC's
10 CFR Part 20, Appendix B, aiternate concentration limituof" omé-;hirtieth WL
for unrestricted areas. In addition to the routine 10-minute samples, five
20-minute high-volume afr samples were taken and counted 1-med1ately on the IG
gamma spectroscopy system to detect the presence of Ra- 219 daughters All ‘
samples were taken near surface contamination. Concentrations of Ra-219
daughters ranged from 6 x 10-" to 9 x 10-’° pCi/cc
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Vaegetation samples collected by RMC included weed samples from onsite locations
and farm crop samples (winter wheat) near the northwest boundary of the land-
fi1l. This location was chosen because runoff from the fill onto the farm field
was possible. No elevated activities were found in these sauples
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Water Analyses et bar b groing,. 10 weee onsiy ‘151151 er, A0 wery

A total of 37 water samples was taken by RMC::: 4 in:the fall.of 11980 and the:
remainder in the spring and summer of 1981.00 (0L /1 oo otia and o e

ek ; . ¥
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None of the water samples' alpha activities exceeded the NRC's 10 CFR Part 20,
Appendix B, concentration limit of 30 pCi/liter of Ra-226. One sample was equal
to the U.S. Environmental Protection Agency (EPA) ‘gross-alpha-activity standard
for drinking water of 15 pCf/l{ter ‘and that was'a éample of standing water near
‘the Butler-type buflding. " 'Several samples, fncluding alY the leachaté treatment
‘plant samples, exceeded the EPA drinking watefr actién level for gréss beta.
Subsequent fsotopic analyses lﬁdlé&tidvﬁhat'{he‘ﬁeta'aétivi{Y\ciﬁ”be attributed
to K-40. None of ‘the” offsite samples ‘exceéded efther EPA'standard. " 'i'

VorEn Alpy
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In 1981 HDNR collected 41 water samples which RMC analyzed for radioactivity.

shallow groundvater standing in boreholes. and 16 were landfill leachate From
these data, backgr0und activity i 'estimated as'1.6 pCi/1 dross alpha and 30 pCi/1
gross beta. One groundwateér sample was at 15 ‘pC1/1gross "aTpha, ‘4nd ‘one ‘surface
water sample was 45 pCi/1. Most of the leachate samples were above 50 pCi/]

beta.

vesh b

In addition, groundwater samples in perimeter monitoring ﬁellﬁ'a;iéhe West Lake
Landfil] were taken by the Reitz and Jens Engineering firm on November 15, 1983,
by University of Missouri at Columbia (UMC) personnel on March 21, 1984, and by
the Oak Ridge AssoclatedrUnjversitles (ORAU) personnel on March 12 and 13,

1984 and May 7 and 8‘;1986 Of the water sanples taken ln Hay 1986, froa fd :
perlneter wells, only one (by old St. Charles Rock Road) at 17 pCi/l alpha
exceeded the drinkwng vater standard.
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5. ESTIMATION OF RADIGACTIVITY IWVeNTORY
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Soil sample analyses have shown that the radioactlve naterlal in Areas 1 and ?
of the landfill consists almost ent1rely of natural uranium and its radioact1ve
decay products.
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The analyses of borehole samples 1ndioato that the. notura!ly occurring:U'ZQS to
Th=230 to Ra-226 equilibrium‘has been altered and that the:ratio of Ra-226:to
U-238 is on the order of 2:1'to"10:1. ' This observation.implies:that-the: radio-
nuclide deposits in the West Lake Landfill:come from the processing of uranium
‘ores to extract the uranium content. Additionally, it is noted that the ratio
of Th-230 to Ra-226 is on the order of 5 1 to 50:1. This indicates that radium

Ra=2206 ot 1 1 EdvE T TN wenibeiy G000 w8 n

has also been removed hO ‘ L Pheidl activity 000 pli/g.
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‘The indicator radionuclides for assessment of the' rad1o1ogica1 1mpacts of the
naterlal are therefore U- 233 ‘Th=230," énd RaL2pB.the Tandfill was estimated
Lhe lume ol radioactive matertial from crants andg
‘Using the RMC daté‘hnd>%vér5§iﬁbrthé‘audef~hb1é3oé§sorén%ntk'ovér‘theftiﬁfvoiumes
"of radicactive material'found in Areas 1 and 2, a mean concentration of 90 pCi/g
was calculated for Ra-226. The ratios of Th-230 to Ra-226 must also be deter-
minded. Although® the ratio' of Th*230 to' Ra226 ranged from 5:1 to 150717 most
of the data were in the'30:17to 5031 range. 'To ensure tohservatism in‘estimat-
ing the long-term effécts of Ra-226, a ratio'of 100:1 is Used.” Similarly, the
Th-230 to U-238 ratio raiges from 2:1 to 200:1.° This ratid  is less eritical to
the radiological effects of the site 'and has'been estimated to'be 50:1 forl "
purposes of calculation.
Using the ratio of Th-230 to Ra-226 of 100:1, the Th-230 ac;tquy s 9,000 pCi/g.
If the U-238 concentration (as well as U-234 which would be s{milarly separated
from the ore) is a factor of 50 less than Th-230, this implies in 180 pCi/g
U-238. The total mass of radioactive material in the landfill was estimated
dy visually integrating the volume of radfoactive material from graphs and
multiplxing by an average soil density, resulting in 1.5 x 10'' grams (150,000 .
netric tons) of contaminated soil
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These nunbers indtcate that there 1% about 14 Ci Ra-226 plus its decay products
contained in the radxoact1ve nateraal 1n thg ]andf11l The uater1al also
contains about 30 Ci each of U~238 and U-234 and 1,400 Ci Th-230. These
estimates for Th-230, U-230, U-238, and U-234 are regarded as conservatively
large. However, tney indicate the order of magnitude of the quantities to be
dealt with. §¥~ ?
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6 EVALUATION 7F DISPOSAL OPTIONS Pttt i o i s
The NRC has established a Branch Technica) Position (BTP) which identifies five
acceptable options .for disposal or. onsite storage of wastes containing low
levels of uran1um and thorium (46 FR'52061, October 23, 1981).
The concentrations permitted-under each disposal.option are . shown in Table 1.
Yimiting individual dose
Table 1 Summary of maximum 011 cohcentrations permitted
under disposal options
-A-Souree'ﬂ red'eraa Register vm“ 46\, No zos 52051
: medd2eaneothor dirpoy
aval oorless, D)sposal opt1ons (pC\/g)
K1nd of mater1al 1# 2b 3~ 4d
Natural thorium (Th232 + The 228) 10 50 - | 500
‘with daughters present and in
equilibrium.
Natural uranium (U-238 + U- 234) 10 ol 40 200
with daughters present and in ;g"yyf\ 3
equilibrium. I SFRSE T
Based on EPA uranium mill tailings cleanup standards.
bConcentrat1ons based on 1imiting individual doses to
170 mrem/yr.
“Concentration based on 11m1t1ng equivalent exposure to 0.02
B -+ working level or less.. . ;i vl T ;
i i ,ﬁ.dConcentratvons based on )1m1t1ng 1nd1v1dual 1ntruder doses Loipr An e
k to 500 mrem/yr and, in cases of natura) uranium, limiting
i L “exposure to radon-222 and other airborne alpha emitters to L Lhr fatig
2 ; 'y ap‘oz working level or less. . . b ol G 8 T AT EN SO

The f1fth opt1on cons1sts of onsite storage pend]ng ava11ab111ty of an offsite
i dlsposa1 area. ’ ‘ iy
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A summary of Options 4 and S5 follows:! il cns 1o (e m assumply
it en b tanal SRtrusis i ‘i,"pé‘ te pecur 3f o4 i»"""‘::t:} .j; agiven Laowp
Opt¥oh 47 dacuments not | ~cavale belew burial depths in specified areds

¢al by heallh 2 rives: ot to construct-residential or dndusirial
Disposal of land-use-limited concentrations of natural: thorium, naturaliuranium,
and depleted ‘o “énriched “uranium when buried under prescribed conditions in "' "
“arcas zoned for industrial use. In‘addition,”the fecorded title’documents are
amended to state that the land contains buried radioactive materials and are
corditionéd in‘the manner réquired by State law to impose’ a covenant running

“with the 1and, and thet the land (1) may not be' extavated below stated depths

in specified areas until approval is obtained from appropriate’ health authorities;
(2) may not be used for residential or industrial building; and (3) may not be
used for agricultural purposes. (There is no continuing NRC licensing of the

disposal site.)

“Criteria for @isposal under these conditions 1s’predicated upon the assumption

‘that intentional intrusion is less 1ikely to occur if a warning is given in re-
corded land documents not to excavate below burial depths in specified areas

“without” approval by  health authorities: not to' construct residential or industrial
buildings on the site: and not to use specified areas for agri-ctltural plrposes.

In additioh to meeting the burial criteria’'in Option'2; recorded title documents
the land.

@5¥i51535

The material present in the West Lake Landfill is a form of "natural uranium
with daughters in equilibrium" and must be treated as if the Th-230 daughters
(Ra-226, etc.) were present in concentrations in equilibrium with the e

concentrations of the Th-230. .

would be amended to impose these restrictizns on the usequ

Oetions . SR a i d marh AT iRee sl 4 : g b oy Y

Storage of licensed concentrations of thorium and uranium onsite pending the
availability of an appropriate disposal site.

When concentrations exceed those specified in Option 4, long-term disposal other
than at a licensed disposal site will not generally be an option acceptable
under 10 CFR 20.302. In such cases, the thorium and uranium may be permitted
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under. an NRC 1icense to be stored onsite untﬁ]’& suitab1e 'method of\disposal
is« found.  License conditions will require that ‘radiation doses not exteed:
those specified in 10 CFR Part 20 and other applfcable standards ~and ber:

£

maintained ‘as low ‘as ‘reasonably ‘achievable. 7!

O¥scugsion T vorm Rar228 concontration wi1Y pxtond the Optien 4 crite=i2
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As ‘discussed in Section 4, the average concentration of Ra-226'1n the:West Lake
‘Landfill wastes is about 90 pCi/g, which (considered by itself) falls into

Optxon 4 of the BTP s1nce 0pt1on 4 criteria are controlled by the Ra-226 con-
‘tent in the wastes (i) ‘e. "Ra‘226 <100 pC1/g) "However, because of the deple-
tion of Ra-226 relative to Th-230, the radiocactive decay of the Th-230 will
increase the concentratwon of its decéy product Ra-226 until these two radio-
‘nuclides are agaxn in equi?ibrium Assuhing the ratio of activities’of 100:1
used above; the Ra-226 act1v1ty "(and thus® the’ Rn-222'gas flux)"will increase by
“a factor of five over the next 100 years, by a factor of nine 200 years from

now, and by a factor of thirty-five 1,000 years from now. All radionuclides P
in the decay chain after Ra-226 will also be”ﬁncreéééd’B&“éiﬁf]%ﬁ'mb?tib1é§. :

T

This must be” cons1dered 1n poss1b1e remed1a1 actiohs for the future.

" .
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Therefore, the long-term Ra-226 concentration will exceed the Option 4 criteria.
Under these conditions, onsite disposal, if poss1b]e u)ll likely require
relocation of the material to a carefully de51q§r§ %?F tonstructed "disposal
cell."

7 . CONCERNS WITH CURRENT ONSITE STORAGE CONDITIONS

Ihenstq(fAnas,evqluaten the radiological aspects of the current situation. On,
the basis of, tpﬁén5q3919qicqusurvei1lancg_cpnnu;tgquy RMC and subsequent .,
surveillance by UMC and ORAU, the staff has identified the following items of
concern:. . \ " N R sb
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(1) On the northwestern face of the berm, some of the material has not been
covered with non-contaminated soil and is subject to erosion and leaching,
creating a potential for spreading contamination to adjacent areas.
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(2) " The northwestern face of the berm and other areas are not buried under a
thickness of soil which will attenuate the emitted gamma radiation suffi-
~ciently for long-termisafety. ' It is unlikely; however, that persons are
“receiving 'significant ‘gamma ‘radiation eéxposurés at presenticiuiing thi

Y ldye malpy ) 1 ik 4 inater

(3) 'Similarly, ‘the ‘radon émissions are not being sufficiently attenuated in
o ,‘gome’ﬁa"reasft“ s . - apd b oaddvpee # prent o arprpaches 1o eiahilizs
7 mzierial on the west Lake Landfill site, nrimarily as tempcrary remedial

(4) "Many of the monitoring wells show'radioattivity'in groundwatér above '!
- backgroind, ‘tholigh at Tow Cohcentrations) = A1 ('t raden teleaces ane

“Although it is Unlikely that anyone has réceived significant’ radiation exposures
“from the existing situition, these conditions indicate that'remedial action is
'néédéd. o 59 400 (Option ! e 54 4 T he estimate for Option D

-~ <t s TR e TN T e &g NP g s
dots nol 1nciude Lhe cost of transportiing the materia

8 "REMEDIAL ACTION ALTERNATIVES "
Serasne ANp cosiltof Lhis alidrnative
The engineering evaluation performed by staff of the University of Missouri at
‘Columbia dddresses six potential remedial actidn alternatives; including that
‘of leaving the‘radidactive material as it is, designated Option A. Option D is
the option of excavating the material and shipping it for proper disposal at
another site. Options B, C, E, and F address qlggffqugapproaches to stabiliz-
ing the material on the West Lake Landfill sitetfpffmér&]y as temporary remedial
actions. Options B, C, and F leave most of the radioactive material where it

is but include a variety of measures to contain it and its radon releases and
gamma emissions. Option E addresses the approach of constructing onsite an
egrthen cell, similar to a disposal cell, and relocating the radioactive mate-
rial into it. The estimated costs of Option B through F range from $367,128
(Option B) to $5,569,402 (Option F) in 1984 dollars. The estimate for Option D
iégséjééé:iéf,'gu{“tgfg‘ddésfndt'in¢1ude the éosftdf‘tfénspbrting ;He haiégial
£é%$ﬁ$€hgr“§i£§§ahd proper disposal of it there which would §ubstan§ia1]y:

t
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increase the cost of this alternative.

Further studies are ﬁecessary to determine the most practical approach to
disposal of this material. nare
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9:+ FACTORS CONTRIBUTING UNCERTAINTY: v ‘n ¢ J]MFT e done for Lhe Ra-27F
With ite deesy proldcts, M taege byt varfable ratio of 1230 to Ra-226 anc
The presence of other ‘listed hazardous substamces in the 1andfill raises issues
of whether the waste is mixed 'waste:(i.e:; bothoradidactive and-chemically '
hazardous), whether the ‘landfill must be !disturbed tol!provide:for proper con-
tainment of the chemical wastes, ‘or whether any of ‘the previous:.disposal of
‘cHemical wastes is '"grandfathered" from current requirements.

“The ‘placing of the 43,000 tons of contaminated soil in'the landfill has'caused
“it to be mixed with additional soil and other' haterial, %b*that‘nbw“hh“app}é-
‘¢iably larger amount is involved. 'If'it mist be’moved."it’is not certain °°°
‘whether the amount requiring’'disposal elsewhere’is 60,000 tons, or 150,000 or
even 300,000 tons.

Because the control]ing radionuclide (Th 230) has no characteristics which
‘make it easy "to measure quantxiat1ve]y in p]ace as'can' be done' for the Ra-226°
“with its decay products the' large but variable ratio of Th=230 to Ra-226°and
its decay products makes the delineation of cleanup more difficult. “When the
‘ratio’is so Jarge’ (20:1 or “more)S ‘even & small concentration of Ra‘226 in 1988°°
“implies ‘such a 1arge ‘concentration” Iater that it will be‘netessary to employ
“more difficult measurement’ techanhés to’ coﬁf1rm«tha€~é'sat1sfaet6ry~c1ednup
has been accomplished.

f!!"""

Any possibility of disposal onsite w111 depend onfédéqu§tq isolation of the
waste from the environment, especially for protect1on of the groundwater. It
is unclear whether the area's groundwater can be protected from onsite disposal
at a reasonable cg;t;”ﬁlpi§¢ma;tggzwj]1 require additional investigation, .
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In'19]§ rad1oact3ve1y contamlnated Sd\l amount1ng to approx1mate]y 43, 000 tons
was deposited in the west Lake Landf;ll near St. Louis, Missouri. Radiological
analyses indicate that the only radionuclides of concern are natural uranium
and its radioactive decay products; these appear in activity concentration ratios
which would occur if uranium ore had been processed to recover both uranium and

radium, but leaving the thorium. The mater%a] Origwnated with decontamination
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efforts at the -Cotter Corporation's Latty Avenue plant .where material of this
‘type had been stored. " Disposal in the West LakecLandfill:was not:authorized by
‘the NRC.” 'State officials Qére*hot‘notifiedﬁof&tbis1di5posalainf1993¥sﬁht@ the

fTandf1Tl ‘was not regu1ated by theistate 'atsthettimerCi/gm and Lhe average
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“In"1980-81; ‘Radiation Management Corporation’ (RMC) of Chicago, I11inois, under
‘Contract to the NRC, performed a detailed' radiological survey of the West:lake
“Landfill. " This survey showed that the radioactive tontaminants occurred in’ two
‘areas. "The northern area (Area 2) covers about 14’ acres. " The' radioactive
debris forms a 1ayer 3to 13- ft thick, exposed in only a small area on the
Nandfin surface and a1ong the berm on the northwest face' of  the” 1andfil1. " The
“southern area (Area 1) contains a re]at1ve1y minor fraction of ‘the debris cover-
“1ng approx1mate1y 2 acres w\th most of the contaminated soil buried with about

«.’ * * i 5 ., -vr
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;3 ft of c]ean 5011 and san1tary £i11.0

twercities (ORANY callected soil cansples from

This éhfvéy‘shbwed’lhaf‘tHe“fadiéa&tTVity‘iS\THBh“tﬁé-natu}511y?bt%bfrih§’U-238
and U-235 series with Ra-226 as the dominant radionuclide as far as radiolog-
ical impact is concerned. The RMC survey indicates that the average Ra-226
concentration in the radioactive wastes is about 90 pCi/gm and the average
Th-230 concentration is estimated to be about 9,000 pCi/gm. Since Ra-226 has
been depleted with respect to its parent Th-230, 8@5226 a§t1v1ty will increase
in time (for example, over the next 200 years, & 246 actﬁvity will increase
ninefold over the present level). This increase in Ra-226 must be considered
in evaluating the long-term hazard posed by this radioactive material.

In add1t1on to the(RMC 5 survem]]ance, in 1984 personne] from the UnlverSIty
of M1ssour1 at Co]umbla (UMC) took water samp]es from the perlmeter monitoring
we11s and the Env1ronmenta] Hea]th Laboratory of St. Louis County Health

Department analyzed these samples for gross alpha and beta. 1In 1984, personnel
from the Oak R1dge Assoc1ated Un1vers1t1es (ORAU) collected spil samples from
the northwest face of the berm and analyzed for Ra 226 Th- -230, Pa-231, and
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Ac-227.- 1In 1986, personnel from ORAU sampled 'the penimeter wells for .gross: -
alpha-and beta, Ra=226 and =228, U-238,and Th~228 and ~232..: -The 11986 sampling
of perimeter monitoring wells showed that one well exceeded the EPA drinking
water standard of 15 pCi/1 gross alpha by 2 pCi/1. Six other monitoring wells
had readings in ‘excess of 10“pCi/T‘*f‘“ analyses, Lhere is some low love
Based on the radiological surveys and other considerations, the staff has
concluded that the radicactive wastés as presently stored at the West Lake
Landfil1 do not fall {into the Optiéns 1-4 'of ‘the ‘NRC's Branch Technical
Position (BTP) regarding the disposal of radioactive wastes containing uranium
or thorium residues (46 FR 52061 October 23 1981) tern face 6F Lhe berm has

o prevenl LEe spreat of Contasination ang
From thé'rad¥o1cdiéél’éurveys conducted by RMC, UMC, and ORAU, the staff has
1dent1f\ed the follawlng areas of concern at the West Lake Landfill site:
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(2) Based on the monitoring well sample analyses, there is some low level
contamination of the ground water occurring.
W..k.
These indications imply that the groundwater fﬁ fhc vicinity is not
adequately protected by the present disposition of the wastes.

(3) Some of the radioactive materjal on the northwestern face of the berm has
no protective cover of soil to prevent the spread of contamination and

) fa]tgnuate;radiatiopyv,wuux‘1¢HL, T o Sy ViR UMy ?

conttach tr Lke NR .y Boefbemer 4 dpidi) ! : g iég*
(4):1 S1ightly more than 8 acres of the sitc cxcepds 20 yR/br with the highest. .
... reading of 1,600 pR/hr occurring near the Butler-type building.

SR O
! 4

Vi d
vl

(5) ' Radon and daughters were measured at 0.031 WL in and around the Butler-

.type building. . This exceeds the BTP of 0.02 WL, ... ... . .. sucksdssedmm
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; - ’ date s inadeqQuale for a tecnnological determinglio:
(6) A dominant factor for the future:is-that the average.activity.concentra-
= tion of Th=230 s much ‘Targer ‘than that ofiits decay product Ra-226,
“‘indicating a significant increase-incthe ‘radiological:hazards: in the
) com1ng years ‘and ‘centuries.! rerediat Actioni, and of the party wl

(7) Sampling results show that chemically hazardous materials have been
disposed adjacent to or possibly mixed with the radioactive material. It

is possible that part of the radioactive material has become "mixed
waste."

Because of these concerns, the NRC staff finds that measures must be taken to
establish adequate permanent control of the radioactive waste and to mitigate
the adverse impacts from its existing temporary storage.

The information developed to date is inadequate for a téchnological determination
of several important issues, i.e. , whether "mixed" wastes are involved, and
whether onsite disposal is practical technologically, and if so under what
alternative methods. A determination is nee e J{ Lbe means available to
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undertake the further studies and remedial agtf and of the party who will
bear the costs.
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PREFACE

This report has as its basis a characterization of the West Lake Landfill site
and evaluation of some potential remedial measures performed primarily by

S. K. Banerji, W. H. Miller, J. T. 0'Connor and L. S. Uhazy of the University

of Missouri-Columbia. The Nuclear Regulatory Commission received the first

and second drafts, then titled "Engineering Evaluation of Options for Disposition
of Radioactively Contaminated Residues Presently in the West Lake Landfill, St.
Louis County, Missouri," in 1984; thus most of the information in this report
dates from 1983-1984. However, some more recent data, principally water sampling
results, have been added. Waste disposal and other industrial activities have
continued on the 200 acre site, as have activities in the vicinity, resulting

in changes in details of topography, roads, etc. To provide a more complete

view of the radioactive material in the landfill, use has been made of figures
from the report titled "Radiological Survey of the West Lake Landfill, St. Louis
County, Missouri," NUREG/CR-2722, May 1982.

The remedial action concepts in this report are those proposed by the contractor.

Judgments expressed in this report about these concepts are in general those of
the contractor, and do not necessarily represent the views of the Nuclear Regu-

- latory Commission. For example, the cost estimates for these concepts are

based on radium-226 concentrations whereas the long-term issue is dependent
upon the thorium-230 concentrations.

Although some of its information has not been updated since 1984, this report is
being released so as to make its collected information available to interested
parties.



ABSTRACT

The West Lake Landfill is near the city of St. Louis in Bridgeton, St. Louis
County, Missouri. In addition to municipal refuse, industrial wastes and demo-
lition debris, about 43,000 tons of soil contaminated with uranium and its radio-
active decay products were placed there in 1973. After learning of the radioac-
tive material in the landfill, the U.S. Nuclear Regulatory Commission (NRC) had
a survey of the site's radioactivity performed and, in 1983, contracted, through
Oak Ridge Associated Universities (ORAU), with the University of Missouri-.
Columbia (UMC) to characterize the emvironment of the site, conduct an engineer-
ing evaluation, and propose remedial measures. This repdrt presents a descrip-
tion of the results of the UMC work, providing the environmental characteristics
of the site, the extent and characteristics of the radicactive material there,
some considerations with regard to potential disposal of the material, and some
concepts for remedial measures. _ : -
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SUMMARY

In 1973, approximately 7900 metric tons (mt) (8700 short tons) of radiocactively
contaminated barium sulfate (BaSO4) residues were mixed with about 35,000 mt
(39,000 t) of soil, and the entire volume was placed in the West Lake Landfill
in St. Louis County, Missouri. This material resulted from decontamination
efforts at the Cotter Corporation'é_Latty Avenue plant where the material had
been stored. Disposal in the West Lake Landfill was nct authorized by the
Nuclear Regulatory Commission (NRC) and was contrary to the disposal location
indicated in the NRC records. State officials were not notified of this dis-
posal since the landfill was not regulated by the State at the time. Although
the contamination does not present an immediate health hazard, authorities have
been concerned about whether this material poses a long-term health hazard to
workers and residents of the area and what, if any, remedial action is netessary.

In 1980-81, Radiation Management Corporation (RMC) of Chicago, I1linois,
performed a detailed radiological survey of the West Lake Landfill under con-
tract to the NRC (NUREG/CR-2722). This survey was performed to determine the
extent of radiological contamination. Before this survey, little was known
about the location or activity of radionuclide-bearing soils in the landfill.
This survey showed that the radioactive contaminants are in two areas. The
northern area (Area 2) covers about 13 acres. The radioactive debris forms a
layer 2 to 15 feet thick, exposed in only a small area on the landfill surface
and along the berm on the northwest face of the landfill. The southern area
(Area 1) contains a relatively minor fraction of the debris covering approxi-
mately 3 acres with most of the contaminated soil buried with about 3 feet of
clean soil and sanitary fill.

The RMC survey showed that the radioactivity is from the naturally occurring
U-238 and U-235 series with Th-230 and Ra-226 as the radionuciides that dominate
radiological impact. The survey data indicate that the average Ra-226 concen-
tration in the radioactive wastes is about 90 pCi per gram; the average Th-230

ix
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concentration is estimated to be about 9000 pCi per gram. Since Ra-226 has
been depleted with respect to its parent Th-230, Ra-226 activity will increase
in time (for example, over the next 200 years, Ra-226 activity will increase
ninefold over the present level). This increase in Ra-226 must be coﬁsidered
in evaluating the Yohg-term hazard posed by this radioactive material.

In addition to RMC's radiological survey, soil and water samples were collected
and analyzed by others, including Oak Ridge Associated Universities (ORAU), and
the University of Missouri-Columbia (UMC). Occasionally a sample of water from
a monitoring well exceeds slightly the EPA drinking water standard of 15 pCi
gross alpha per liter. Sample analyses for priorify pollutants (non-radioactive
hazardous substances) show a number of listed pollutants are present.

On the basis of radiological surveiliance conducted by RMC, UMC, and.ORAU, the
following areas of concern have been identified:

(1) Radioactive soil is eroding from the northwestern face of the berm, and is
being transported off site.

(2) Radon gas had been observed to accumulate to an unacceptable level
~ in the Butler-type building on site. This building has since been removed.

(3) Some degree of radiological contamination has been found in the wells
that monitor the perimeter.

(4) Surface exposure rates over much of the contaminated areas are greater
than 20 uR/hr.

In March 1983, the NRC through ORAU, contracted with UMC to conduct an
engineering evaluation of the site and propose possible remedial measures for
NRC's consideration for dealing with the radicactive waste at the West Lake
Landfill. The following six remedial options were proposed and evaluated in
this study. .

o} Option A - No remedial action
o Option B - Stabilization onsite with restricted land use



0 Option C - Extending the landfill offsite with restricted land use
0 Option O - Removal and relocation of the contaminated material to an
authorized disposal site

s} Option E - Excavation and temporary onsite storage in a trench
0 Option F - Construction of a slurry wall to prevent teachate from

migrating off site
It is noted that some of the above alternatives for remedial action were

initially evaluated with the objective of permanent disposal of the waste at
the site.

X



1 INTRODUCTION

The West Lake Landfill is located in St. Louis County, Missouri, 6 km (3.7
miles) west of Lambert Field International Airport (Figure 1.1) and southwest
of St. Charles Rock Road in Bridgeton, Missouri. The site has been used since
1962 for disposing of municipal refuse, industrial solid and liquid wastes, and
construction demolition debris. In addition, the landfill is an active indus-
trial compiex on which concrete ingredients are measured and combined before
mixing (“"batching"), and asphalt aggregate is prepared. Limestone ceased to be
quarried in the spring of 1987.

In 1973, 7900 metric tons [(mt) (8700 short tons)] of radioactively contaminated
barium sulfate (BaS0,) residues from uranium and radium processing were mixed
with an estimated 35,000 mt (39,000 tons) of soil and deposited in.the West ‘Lake
Landfi11. Previously, this material was located at the Cotter Corporation's
Latty Avenue facility in Hazelwood, Missouri, and was removed during decontam-
ination work. It is not known what levels of contamination were a1r§§ay in

the .soil before the barium sulfate residues were mixed into it. Dispbsa] in the
West Lake Landfill was unauthorized and contrary to the disposal location
indicated in the U.S. Nuclear Regulatory Commission's (NRC's) records.

Subsequently, the NRC sponsored studies that were directed at determihing the
radiological status of the landfill. In 1978, an aerial radiological survey
revealed two areas within the landfill where the gamma radiation levels indi-
cated radioactive material had been deposited. A more extensive survey was
initiated in November 1980 by the Radiation Management Corporation (RMC) under
contract to the NRC.

In March 1983, the NRC through Oak Ridge Associated Universities (ORAU) con-
tracted with the University of Missouri-Columbia Department of Civil Engineering
to describe the environmental characteristics of the site, conduct an engineering
evaluation, and propose possible remedial measures for dealing with the radio-
active waste at the West Lake Landfill. In May 1986, ORAU sampled water from



-

CHIGAGO. ROCK ISLA
Pirtirau :‘::" ISLAND. AND PACIEIC RAILA
\ - > o N o‘o

2 4 §

0 1

Figure 1.1 Location of west Lake Landfill
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wells on and close to the landfill to determine if the radioactive material had
migrated into the groundwater.

Information from all these sources forms the basis for this report.
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2 SITE DESCRIPTION

This chapter presents a historical and environmental description of the West Lake
Landfill site located in St. Louis County, Missouri.

2.1 Location

The 8l-hectare (ha) (200-acre) West Lake Landfill property is situated between
the St. Charles Rock Road and the 01d St. Charles Rock Road in Bridgeton,
Missouri. The southeastern and northwestern parts of the landfill abut farm-
land. Several commercial and industrial facilities are located near the land-
fil (Figure 2.1). The nearest residential area is a trailer park'1ocated |
approximately 1 km (0.6 mile) to the southeast. A major portion of the land-
fi11l (roughly the northern three-fourths of the site) is located on the
floodplain, approximately 2 km (1.2 miles) from the Missouri River.

2.2 Zoning

The zoning plan obtained from the Bridgeton Planning and Zoning Department for
properties on and adjacent to the landfill is shown in Figure 2.2. A portion
of the landfill, including site Area 1, is zoned M-1, which is designated for.
light manufacturing; the northwest part of the landfill, including Area 2, is
zoned as single-family residential (R-1). This R-1 zoning indicates the use to
which the land was-originally intended. However, the landfill was extended over
the land zoned R-1, and the zoning plan was simply not changed to reflect the
new usage. Other discrepancies between land use and zoning are found in the
nearby Earth City Industrial Park (William Canney, Safety Supervisor of West
Lake Landfill, Inc., personal communication, March 1984). The land across

St. Charles Rock Road is zoned for light and heavy manufacturing. The
remainder of the property surrounding the landfill is zoned residential and
business.
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2.3 History

The West Lake Landfill was started in 1962 for the disposal of municipal and
industrial solid wastes, and to fill in the excavated pits from the quarry
operations'that-had been performed at the site since 1939 (Canney, personal
communication, March 1984). In 1974, the landfill was closed by the Missouri
Department of Natural Resources (MDNR) (Karch, 1976). A new sanitary landfill,
in an area of the West Lake Landfill property which is protected from ground-
water contact, now operates under an MDNR permit.

This new part of the landfill was opened in 1974. The bottom is lined with
clay and a leachate collection system has been installed. Leachate is pumped
to a treatment system consisting of a lime precipitation unit followed in
series by an aerated lagoon and two unaerated lagoons. The final lagoon
effluent is discharged into St. Louis Metropolitan Sewer District sewers.

The quarrying operation ceased in the spring of 1987 because not enough "goéd
rock” was left at the site. )

2.4 Qwnership _ _ . »

The West Lake Landfill was owned from 1939 until 1988 by West Lake Landfill,
Inc., of 13570 St. Charles Rock Road, Bridgeton, Missouri. Most of the
landfill was sold in 1988 to Laidlaw Industries, Inc. The two areas which
contain the radioactive material were retained by West Lake Properties as the
principal properties of a subsidiary named Rock Road Industries, Inc.

2.9 Contaminated Areas

Radioactive contamination at the West Lake Landfill has been identified in two
separate soil bodies (Figure 2.3). Comparisons of radionuclide quantities and

of the activity ratios between radionuclides not in secular equilibrium, indicate
that the radioactive contamination in the separate soil bodies was derived from
the same source, i.e., the Cotter Corporation's former Latty Avenue facility

in Hazelwood, Missouri (NRC, NUREG/CR-2722).
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The northern area (referred to as Area 2) of contamination shown on Figure 2.3
covers an area of 5.2 ha (13'acres) and lies above 5 to 6 m (1620 ft) of land-
fi11 debris. The contaminated soil forms a more or less continuous layer from
1tod4m (3 tol13 ft) in thickness,'and amounts to approximately 100,000 m3
(130,000 yd®). Some of this contaminated soil is near or at the surface,
particularly along thé face of the northwestern berm. Beneath the landfill
debris, the soil profile consists of 1 to 2 m (3 to 7 ft) of floodplain top
soil overlying 10 to 15 m (33 to 50 ft) of sand and gravel alluvium.

The southern area of contamination (referred to as Area 1) shown on Figure 2.3
covers approximately 1.1 ha (3 acres) and contains roughly 15,000 m3

(20,000 yd3) of contaminated soil. This body of soil is located east of the
landfill's main office at a depth of about 1 m (3 to 5 ft), and is located over a
former quarry pit, which was filled in with debris. The depth of debris beneath
the contaminated soil is unknown, but is estimated to be 15 to 20 m (50 to 65 ft).
Limestone bedrock underlies the landfill debris.

2.6 Tbgograghx -

About 75% of the landfill site is located on the floodplain of the Migsouri
River. The site topography is subject to change because of the types of activ-
ities (e.g., landfilling and quarrying) performed there. Figure 2.3 shows a
contour map of the site as of July 1986. The surface runoff follows several
surface drains and ditches which run in a northwest direction and drain into
the Missouri River. |

2.7 'Geo]ogx

2.7.1 Bedrock

Bedrock beneath the West Lake Landfill consists of Mississippian age limestone
of the Meramacean Series of the St. Louis and Salem formations, which extends
downward to an elevation of 58 m (190 ft) mean sea level (msl1) (Figure 2.4).%

*Missouri Department of Natural Resources, Division of Geology and Land
Survey, Rolla, Missouri, Well Log Files. :
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The limestone is dense, bedded, and fairly pure except for intermittent layers
which consist of abundant chert nodules. The Warsaw Formation--also of
Mississippian age--lies directly beneath the limestone. The Warsaw is made up
of approximately 12 m (38 ft) of slightly calcareous, dense shale; this grades
into shaley limestone toward the midd1é 6f the formation (Figure 2.4) (Spreng,
1961). Bedrock beneath the site dips at an angle of 0.5° to the northeast.
Eight kilometers (5 miles) east of the site, the attitude of the bedrock is
reversed by the Florissant Dome; the bedrock dips radially outward from the
| apex of this dome at a low angle (Martin, 1966).

Since karst (solution) activity often occurs in carbonate rocks, the possibil-
ity of its occurrence in the West Lake Landfill area was considered. Brief
observation of the quarry walls at the landfill suggests that some solution of
the limestone has occurred, but this solution activity has apparently been
limited (see Section 2.8.1) to minor widening of joints and bedding planes near
the bedrock surface. Although karst activity within the limestone is relatively
minor, the upper surface of the bedrock is irregular and pitted as a result'of
solution (Lutién and Rockaway, 1971). This alteration of the bedrock surface

is greatest beneath the Missouri River floodplain.

2.7.2 Soils

Soil material in this area may be divided into two categories: Missouri River
alluvium and upland loessal soil. This demarcation is shown as the historical
edge of the alluvial valley in Figure 2.5. The division is made on the basis of
~soil composition, depositional history, and physical properties. Because the
West Lake Landfill lies over this transition zone, the surface material at the
site varies considerably from southeast to northwest.

The Missouri River alluvium (Figure 2.6) ranges in thickness from 12 m (40 ft)
beneath the landfill site to more than 30 m (100 ft) at mid-valley (Figure 2.7).
The upper 3 m (10 ft) of the soil profile consists of organic silts and clays,
that have been deposited by the Missouri River during floods.* Below this

*Missouri Department of Natural Resources, Division of Geology and Land Survey,
Rolla, Missouri, Well Log Files.
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surface layer, the soil becomes sandy and grades to gravel at depths greater
than 5 to 10 m (16 to 33 ft). Because of the effects of channel scour, which
continues to grade the sediment after its initial deposition, the alluvium is
fairly homogeneous in a horizontal direction and becomes progressively coarser
with depth (Goodfieid, 1965). At the edges of the floodplain, the alluvium is
not as well graded, and a large amount of fine material is present in the deeper
sand and gravel.

The upland loessal soil (Figure 2.8) is generally thinner than the floodplain
soil, being usually less than 12 m (39 ft) thick, and was deposited during the
age of Pleistocene glaciation. The ‘loess consists of silt-sized particies that
were transported by wind and deposited as a blanket over much of Missouri and
I11inois. On the hills near the West Lake Landfill, the loess layer may be as
much as 24 m (79 ft) thick. It consists of 6 to 9 m (20 to 30 ft) of fairly
pure silt (Peoria loess) overiying 6 to 15 m (20 to 49 ft) of clay siit (Roxana
loess) (Lutzen and Rockaway, 1971). This loess forms the hills to the“southeast
of the landfill, but it has long ago been removed from the landfill si%é an&
most of the surrounding valleys by erosion. The upper 1 m (3 ft) of the loess
has been altered to form a thin soil profile. It should be noted that loess has
a vertical permeability which is far greater than its horizontal permeability
(Freeze and Cherry, 1979). The total permeability of loess is greatly increased
by disturbance. The individual silt grains are generally quite angﬁ]ér, and
therefore may not be effectively compacted by the methods commonly used to con-
solidate clay. The technique most effective in the compaction of loess would
employ vibration beneath a surcharge. A relict soil profile from 5 to 10 m

(16 to 33 ft) thick lies beneath the loess and directly on top of the bedrock.
This soil was formed as a residuum before Pleistocene glaciation and was sub-
sequently covered by the loess blanket. This soil is a highly consolidated
clay containing abundant chert fragments (Lutzen and Rockaway, 1971). In
addition to the natural geologic properties of the landfill, human disturbance
of the soil must also be considered since material within the landfill itself
can either 1imit or facilitate migration of leachate to the Missouri River
alluvial aquifer.

In order to prevent downward movement of leachate, it is now a common practice
to place a layer of compacted clay beneath sanitary landfills. Newer portions
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of the landfill (constructed since 1974) have 2 to 3 m (7 to 10 ft) of clay at
the base and around the sides. Waste is covered every day with 15 cm (6 in.)

of compacted soil; the cover soil presently used is loess (of soil classifica-
tions CL and A4) taken from southeast of the landfill (Reitz and Jens, 1983a).

If not properly compacted, this material may have a permeability of 0.0001 cm/sec
(0.00004 in./sec) or more. It is not known what procedures for compaction, if
any, were used at the landfill before 1974 since the site was unregulated in
design as well as in materials which were accepted for disposal. It is be-
lieved, however, that there is no liner present beneath the northwestern por-
tion of the landfill, and that sanitary (and, possibly, some hazardous) materiai
was placed directly on the original ground surface. Since waste was period-
ically covered with soil to minimize rodent and odor problems, the landfill
probably consists of discrete layers of waste separated by thin soil layers.

Both areas containing radioactive material are in these presumably unlined
above-ground portions of the landfili.

2.8 dero]ogzl

2.8.1 Subsurface Hydrology

Groundwater flow in the area surrounding the West Lake site is through two
aquifers: the Missouri River alluvium and the shallow limestone bedrock. The
base of the limestone aquifer is formed by the relatively impermeable Warsaw
shale at an elevation of about 58 m (190 ft) ms1 (Figure 2.4). This shale
layer has been reached, but not disturbed, by quarrying operations. Thefefore,
the Warsaw shale acts as an aquiclude, making contamination of the deeper 1ime-
stone very unlikely. The Mississippian limestone beds have very low inter-
granular permeability in an undisturbed state (Miller, 1977). However, a
strong leachate enters the quarry pit at an elevation of about 67 m (220 ft)
ms1 (pt. A on Figure 2.5). This leachate is migrating vertically through more
than 30 m (98 ft) of limestone. Explosive detonations associated with guarrying
operations will tend to cause fractures to propagate in the quarry wall. These
fractures have probably extended less than 10 m (33 ft) into the rock from the
quarry face. Beyond this, the rock probably remains undisturbed. These
fractures will tend to increase inflow to the quarry pit and allow leachate to
percolate downward through.the fractured zone. Thus, leachate inflow to the
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quarry pit is not evidence of large-scale contamination of the limestone
aquifer. The only other mechanism by which leachate could travel rapidly
through the limestone is by transport through solution channels. Landfill con-
sultants and quarry operators maintain that the limestone is fairly intact
(Canney, personal communication, September 1983), and superficial observation
of the quarry walls seems to support this conclusion. Since the limestone is
fairly impervious, and groundwater flows in most areas from the bedrock into
the alluvium, contamination of water in the bedrock aquifer does not appear
Tikely.

The water table of the Missouri River floodpliain is generally within 3 m (10 ft)
of the ground surface,'but at many points it is even shallower. At any one
time, the water levels and flow direétions are influenced by both the river
stage and the amount of water entering the floodplain from adjacent upland
areas. A high river stage tends to shift the groundwater gradient to the
north, in a direction that more closely parallels the Missouri River. Local
rainfall will shift the groundwater gradient to the west, toward the river and
along'the fall of the ground surface. This is inferred from water levels
measured in monitoring wells at the West Lake site. The fact that groundwater
levels commonly fluctuate more than does the Missouri River level, indicates
that upland-derived recharge exerts a great deal of influence over groundwater
flow at the West Lake site. This influence decreases toward the river."’

The deep Missouri River alluvium acts as a single aquifer of very high per-
meability. This aquifer is relatively homogeneous in a downstream direction,
and decreases in permeability near the valley walls. The deeper alluvium is
covered. by 2 to 4 m (7 to 13 ft) of organic silts and clays that may locally
contain a large fraction of sand-sized particles. Water levels recorded between
November 1983 and March 1984 in monitoring wells at West Lake* indicate a
groundwater gradient of 0.005 flowing in a N 30°W direction beneath the northern
portion of the landfill. This represents the likely direction of any possible
1eacha£e migration from the landfill (Figure 2.5).

*Data supplied by Reitz and Jens engineering firm, St.Louis, 1984.
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The alluvial aquifer recharges from upland areas from three sources: seepage
from loess and bedrock bordering the valley, channel underflow of upland streams
enterihg the valley, and seepage losses from streams as they cross the flood-
plain. Of these sources, streams and their underflow represent the main source
of upland recharge to the alluvial aquifer. Streams entering the floadplain
raise the water table in a fan-shaped pattern radiating outward from their point
of entrance to the plain. In areas where streamé are not present, the water

- slopes downward from the hills, steeply at first and then gently to the level

of the free water surface in the Missouri River channel. The situations de-
scribed above do not take into account the effect of variations in permeability
of the shallow soil layer. Aerial photography of the site indicates that a
filled backchannel (oxbow lake) type of soil deposit is present along the south-
west boundary of the landfill (USDA, 1953). This deposit is probab]y com-
posed of fine-grained material to the depth of the former channel (6 to 10 m)
(20 to 33 ft). This deposit may tend to hamper communication between shallow
groundwater on opposite sides of the deposit. |

Since no other recharge sources exist abo?e the level of the f1oodp1ain,-lhe
only water available to leach the landfill debris is that resulting from rain-
fall infiltrating the landfill surface. Because the underlying alluvtal aqui-
fer is highly permeable, there will be little "mounding" of water beneath the
landfill. Because the northern portion of the landfill has a level surface it
is likely that at least half of the rainfall infiltrates the surface. The
remaining rainfall is lost to evapotranspiration and (to a lesser degree) sur-
face runoff. Due to the height of the berm, temporary impoundment of surface
runoff is a common occurrence.

No public water supplies are drawn from the alluvial aquifer near the West Lake
Landfill. It is believed that only one private well (Figure 2.9) in the vicin-
ity of the landfill is used as a drinking water supply. This well is 2.2 km
(1.4 miles) N 35°W of the former Butler-type Building location on the West Lake
Landfill. 1In 1981, analysis showed water in this well to be fairly hard (natural
origins) but otherwise of good quality (Long, 1981).

Water in the Missouri River alluvium is hard and usually contains a high
concentration of iron and manganese (Miller, 1977). The amount of dissolved
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solids present in the water of the alluvial aguifer varies greatly; purity
increases toward mid-valley where groundwater velocity is greatest. A water
'éamp1e from a well in the alluvium 3 km (1.9 miles) north of the landfill had

a total dissolved solids content of 510 mg/liter and total hardness as CaC03

ef 415 mg/liter. Water in the 11mestone bedrock genera]ly has a hardness
greater than 180 mg/liter as CaC0; equivalent (Emmett and Jeffery, 1968). Total
dissolved solids range'from 311 to 970 mg/liter. Water in the limestone aquifer
may contain a large amount of sulfate of natural origin (Miller, 1977).

2.8.2 Surface Hydrology

Because of the extremely low slope of the Missouri River flood plain surface,
precipitation falling on the plain itself general1y infiltrates the soil rather
than running off the surface. The only streams present on the f]oodplain are
those that originate in upland areas. Drainage patterns on the plain

(Figure 2.9) have been radically altered by flood control measures taken to
protect Earth City (F1gure 2.1) and by drainage of swamps and marshes. Before
these a]terat1ons, Creve Coeur Creek passed just south of the 1andf111, and
drained a fairly large area. It has since been redirected to d15charge into
the Missouri River upstream (south) of St. Charles (Figure 2.9). The‘old
channel still carries some water, and empties into the Missouri River 45.2 km
(28 miles) upstream from the confluence with the Mississippi River. Near the
landfill, this stream is usually dry. As it crosses the flood plain, the creek
passes through shallow lakes which provide a more or less continuous flow to
the Missouri River throughout the year. A second stream, Cowmire Creek, crosses
the floodpiain east of the site. This stream flows northward and joins a back-
water portion of the Missouri River at kilometer 35.4 (22 miles). Because of
the relationship which exists between river level and groundwater level in por-
tions of the floodplain near the river, these streams may either lose flow (at
lTow stage) or gain flow (at high stage).

The present channel of the Missouri River lies about 3 km (2 miles) west and
northwest of the landfill. Early land surveys of this area indicate that

200 years .ago the channel was located several hundred meters to the east (toward
the landfill) of its present course (Reitz and Jens, 1983b). The Missouri River
has a surface slope of about 0.00018 (Long, 1981). River stage at St. Charles
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[kilometer 45.2 (mile 28)] is zero for a water level of 126.1 m (413.7 ft) ms]
(Reitz and Jens, 1983a). Average discharge of the Missouri River is 2190 m3/s
(77,300 ft3/s), with a maximum flow of 2850 m3/s (101,000 ft3/s) for the period
of April through July, and a minimum flow of 1140 m3/s (40,300 ft3/s) in January
and December (Miller, 1977). Some average properties of Missouri River water
for the period 1951-1970 were: alkalinity = 150 mg/liter as CaCO, equivalent;
hardness = 209 mg/liter as CaCO, equiVa]ent; pH = 8.1; and turbidity = 694 JTU
(Jackson turbidity unit).

Water supplies are drawn from the Missouri River at kilometer 46.6 (mile 29)
for the city of St. Charles, and the intake is located on the north bank of the
river. Another intake at kilometer 33 (mile 20.5) is for the St. Louis Water
Company's North County plant (Reitz and Jens, 1983a).

The city of St. Louis takes water from the Mississippi River, which joins the
Missouri River downstream from the landfill. In this segment of the river, the
two flow-streams have not completely mixed and the water derived from the
Missouri River is still flowing. as a stream along the west bank of the
Mississippi River channel*. The intake structures for St. Louis are on the
east bank of the river so that the water drawn is derived from the upper -
Mississippi. | |

2.9 Meteorology

The climate of the West Lake area is typical of the midwestern United States,

in that there are.four distinct seasons. Winters are generally not too severe
and summers are hot with high humidity. First frosts usually occur in October;
and freezing temperatures generally do not persist past March. Rainfall is
greatest in the warmer months, (about one-quarter of the annual precipitation
occurs in May and June) (Figure 2.10) (NRC, 1981). In July and August, thunder=
storms are common, and are often accompanied by short periods of heavy rainfall.
Average annual precipitation is 897 mm (35.3 in.), which includes the average
annual snowfall of 437 mm (17.2 inches snow). Average relative humidity is 68%,

*Ned Harvey, hydrologist with the USGS, telephone communication, August'1983.
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and humidities over 80% are common during the summer. Wind during the period of
December through April is generally from the northwest; winds blow mainly from
the south throughout the remainder of the year. A compi]atibn of hourly wind
observations shows that although the wind resultant is fairly consistent on a
monthly basis, the wind actually shifts a good deal and is very well distri-
buted in all directions (Figure 2.11) (NRC, 1981; U.S. Department of Commerce,
1960).

Meteorological data used is from Lambert Field International Airport which is
6 km (3.7 miles) east of the West Lake site. Temperature and precipitation

~ data are also representative of West Lake. However, because of differences in
topography between Lambert Field and the site, the actual wind directions at
West Lake may be slightly skewed in a NE-SW direction parallel to the Missouri
River valley.

2.10 Ecology
The West Lake Landfill is biologically and eco]ogica11y'diverse. Rather than a

single ecological system (e.g., a prairie), it is a mosaic of small habitats
associated with

(1) - moist bottomland and farmland adjacent to the perimeter berm

(2) poor quality drier soils on the upper exterior and interior slopes
of the berm

(3) an irregular waste ground surface associated with the inactive portion of
the landfill

(4) aquatic ecosystems present in low spots on the waste ground surface
Generally, the natural systems which are present are limited by operations in
the active portion of the landfill and form a corridor along the perimeter berm

from near well site 75 (Figure 2.5), on the Old St. Charles Rock Road, clockwise
to the main entrance to the landfill near well site 68, along St. Charies Rock
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Road. The following observation and descriptions demonstrate the biological
variety of these sites.

The flora of the perimeter berm extending from the southwest clockwise to the
area of the main entrance to the landfill present a series of contrasts. Along
the 01d St. Charles Rock Road, the bottom and Tower slope of the berm is heavily
influenced by the nearby mature silver maple (Acer saccharinum), boxelder

(Acer negundo), oak (Quercus), sycamore (Platanus), green ash (Fraximus
pennsylvanica), and eastern cottonwood (Populus deltoides) trees associated
with the old channel of Creve Coeur Creek. At the corner, between wells 59 and
60 (Figure 2.5), large silver maple and boxelder trees form a dense stand in the
moist soils at the base of the berm. The density of these trees declines on '
this slope extending toward the north (well 61) and the Butler-type Building
corner. The extension of this slope toward the northwest is dominated by a
dense willow-1ike thicket in which a few eastern cottonwoods and a hawthorn
tree have established. From this northwest corner of the landfill to the
eastern Timit of the trees between the landfill and St. Charles Rock Road (Qel]
65), the exterior slope of the berm is dominated by dense stands of small and
large eastern cottonwoods. This latter occurrence reflects the influence of

the well-established eastern cottonwoods and sycamores associated with the per-
manent pond just north of this site (Figure 2.9). The ground cover along
these exterior slopes consists of grasées, forbs, plants common to disturbed
areas, seedling cottonwoods, and shrubs. A well-manicured grass groundcover
continues from the limit of the trees to the area around the main entrance of
the landfill and well 68. This vegetatioh contributes to the partial stabi-
lization of the steep exterior slopes.

The somewhat drier top and the short, interior slope of the berm, colonized by
prairie grasses such as bluestem (Andropogon), blends into the irregular sur-
face of the inactive portion of the landfill. Depressions in this surface
allow water to collect and tall grasses, foxtail, and plants characteristic

of disturbed areas [e.g., ragweed (Ambrosia), mullein (Verbascum), pokeweed
(Phytolacca), cinquefoil (Potentilla), sunflower (Helianthus), and plantain
(Plantago)] are replaced by characteristic wetland species [e.g., algae
(Spirogyra), cattails (Typha), sedges (Carex), and smartweed (Polygonium)].

Young eastern cottonwoods are established at several of these wet sites.
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Generally, the surface vegetation of the inactive landfill gives way to barren
waste ground around the Butler-type Building location and the barren terrain
associated with recent landfill activities.

Animals were observed associated with these habitats. Cottontail ratbits
(Sylvilagus) were encountered most frequently and their fezal pellets were ob-
served on the landfill. Density of fecal material was particularly heavy in

the thickets on the exterior slopes of the perimeter berm. In this regard,
éoyote (Canis latrans) feces containing rabbit fur were observed. Small mammals

(rodents) were not seen but could certainly be present in these areas. Large
ungulates also were not sighted, but tracks and feces of white-tailed deer indi-
cate that they utilize the landfill.

The only birds observed were a crow (Corvus), several robins (Turdus), and white-
crowned sparrows (Zonotrichia leucophrys). This certainly does not reflect the
extent to which birds utilize these habitats, for observations were made ear]y

in the spring. It is readily apparent that returning m1gratory passer1nes would
utilize the surface vegetation and berm thickets for nesting, cover and feed
Tater in the season. It is also possible that waterfowl could utilize the perma-
nent ponds on the landfill and adjacent to St. Charles Rock Road. Twelve scaup
(Aythya) and mallards (Anas) were observed on the lagoon which serves as part

of the landfill waste water treatment facility.

Small puddles contained characteristic aquatic invertebrates and at least two
species of amphibians. Casual examination of these shallow waters revealed
three genera of spails (Physa, Lymnaea, Helisoma), an isopod (Asnellus),

cyclopoid copepods, and cladocerans. Aquatic insect larvae were not observed;
however, this does not rule out their presence. The sighting of a bullifrog
tadpole (Rana catesbeiana) and audition of spring peepers (Hyla), indicates

these ponds are utilized as breeding sites. No fish were observed in these
puddies on the landfill surface; however, a dead gizzard shad (Dorsoma cepedianum)

was seen in the pond adjacent to St. Charles Rock Road. The oh]y reptiles
seen were the water snake (Nerodia) and the garter snake (Thamnophis).

Although the northwest inactive portion of the landfill is posted with “No

Trespassing" signs, it was evident that humans do encroach on these habitats.
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Fishing tackle was found tangled in poWer lines and trees, and spent small-
gauge shotgun shells were found on the landfill surface and berms.

2.11 Demographics

The West Lake Landfill is located in the northwestern portion of the city of
Bridgeton, in St. Louis County, Missouri. Earth City Industrial Park is located
on the floodplain 1.5 to 2 km (0.9 to 1.2 miles) northwest of the.1andfi11.
Population density on the floodplain is genefa11y less than 10 persons per
square kilometer (26 persons per square mile); and the daytime population
(including factory workers) is much greater than the number of full-time resi-
dents.

Major highways in the area include Interstate 70 (I-70) and Interstate 270
(1-270), which meet south of the landfill at Natural Bridge Junction (Fig-.

ure 1.1). The Earth City Expressway and St. Charles Rock Road lie, respectively,
west and east of the landfill. The Norfolk and Western Railroad passes about

1 km (0.6 mi]e) from the northern portion of the landfill (Figure 1.1). Lambert
Field International Airport is located 6 km (3.7 miles) east of the West Lake
Landfill.

In addition to factories at Earth City, plants are operated by Ralston-Purina
and Hussman Refrigeration across St. Charles Rock Road. The employees of
these two plants probably comprise the largest group of individuals in close
proximity to the contaminated areas for significant periods of time. The
Ralston-Purina facilities are located 0.4 km (0.2 mile) northeast of the
But]er-type Building location at the landfill. Considering that land in this
area is relatively inexpensive and that much of it is zoned for manufacturing,
industrial development on the floodplain will likely increase in the future.

Two small residential communities are present near the West Lake Landfill.
Spanish Lake Village consists of about 90 homes and is located 1.5 km (0.9 mile)
south of the landfill, and a small trailer court lies across St. Charles Rock
Road, 1.5 km (0.9 mile) southeast of th- site (Figure 2.1). Subdivisions are
presently being developed 2 to 3 km (1.2 to 1.9 miles) east and southeast of the
landfill in the hills above the floodplain. Ten or more houses lie east of the
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landfill scattered along Taussig Road. The city of St. Charles is located
north of the Missouri River at a distance greater than 3 km (1.9 m11es) from
the tandfill. '

Areas south of the West Lake Landfill are zoned residential; areas on the

other sides are zoned for manufacturing and business (Figure 2.2). Most of

the landfill is zoned for light manufacturing (M-1). However, approximately
0.3 km? (0.12 mi2) of :he northern portion of the landfill is zoned for residen-
tial use; this includes the contaminated area around the Butler-type Bui1ding
site. The field northwest of the landfill between 01d St. Charles Rock Road
and St. Charles Rock Road is under cultivation. Trends indicate that the
population of this area will increase, ‘but the land will probably be used
primarily for industrial facilities.
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3 RADIOLOGICAL CHARACTERIZATION GF THE SITE

3.1 Radiological Surveillance

Approximately 43,000 mt (47,000 tons) of contaminated soil were reported to have
been disposed of in the Tandfill. A fly-over radiological survey performed for
the NRC in 1978 identified two areas of contamination at the West Lake Landfill.

Subsequently, from August 1980 through the summer of 1981, the Radiation
Management Corporation (RMC), under contract to the*NRC, performed an onsite
evaluation of the West Lake Landfill (NRC, NUREG/CR-2722). The purpose of this
survey’was to clearly define the radiological conditions at the landfill. The
results were to be utilized in pérforming an engineering evaluation to- determine
- if remedial actions should and could be taken. d

The area to be surveyed was divided into 10-m (33-ft) grid blocks and included
the following measurements:

(1) external gamma exposure rates 1 m (3.3 ft) above the surfaces and beta-
gamma count rates 1 cm (0.4 in.) above surfaces

(2) radionuclide concentrations in surface soils
(3) radionuclide concentrations in subsurface deposits

(4) gross activity and radionuclide concentrations in surface and subsurface
water samples

(5) radon flux emanating from surfaces
(6) airborne radioactivity

(7) gross activity in vegetation
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3.2 Survey Results

External Gamma

Figure 3.1 shows the two areas of elevated external radiation levels as they
existed in November 1980, at the time of the preliminary RMC site survey. As
can be seen, both areas contained locations where levels exceeded 100 uR/hr at
1m (3.3 ft). In Area 2, gamma levels as high as 3000 to 4000 pR/hr were
detected. The total areas exceeding 20 puR/hr were about 1.2 ha (3 acres) in
Area 1 and 3.6 ha (9 acres) in Area 2.

External gamma levels measured in May and July of 1981 decreased significantly,
especially in Area 1, because approximately 1.2 m (4 ft) of sanitary fill was
added to the entire area and an equal amount of construction fill was added to
" most of Area 2. As a result, only a few hundred square meters (a few thousand
square feet) in Area 1 exceed 20 pR/hr. In Area 2, the total area exceedihg
20 pR/hr decreased by about 10%, and.the highest levels were about 1600 uR/hr,
near. the location of the Butler-type building. | ‘

Surface Soil Analyses

A total of 61 surface soil samples were gathered and analyzed on site for gamma
activity. Samples were normally stored 10 to 14 days to allow ingrowth of radium
daughters. Concentrations of U-238, Ra-226 (from Pb-214 and Bi-214), Ra-223,
Pb-211, and Pb-212 were determined for each sample. Surface soil samples are
located in Figures 3.2 and 3.3.

In all sofl samples, only uranium and/or thorium decay chain nuclides and K-40
were detected. Offsite background samples were on the order of 2 pCi/g Ra-226.
Onsite samples ranged from about 1 to 21,000 pCi/g Ra-226, and from less than
10 to 2100 pCi/g U-238. In those cases where elevated levels of Ra-226 were
detected, the concentrations of U-238 were generally anywhere from a factor of
2 to 10 lower. In cases of elevated sample activity, daughter products of bath

U-238 and U-235 were found.
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In general, surface activity was limited to Area 2, as indicated by surface
beta-gamma measurements. Only two small regions in Area 1 showed contamination;
both were near the access road across from the site offices.

In addition to onsite gamma ana]yses,_lz samples were submitted to RMC's radio-
chemical laboratories for thorium and uranium radiochemical determinations. The
results show all samples contain high levels of Th-230. The ratio of Th-230 to

Ra-226 (Bi-214) is about 20 to 1.

Subsurface Soil Analysis

Subsurface contamination was assessed by extensively "logging" holes drilled
through the landfill. Several holes were drilled in areas known to contain con-
tamination, then additional holes were drilled at intervals in all directions
until no further contamination was encountered. A total of 43 holes were
drilled, 11 in Area 1 and, in Area 2, 32 including 2 nearby offsité-we]]s fqr
monitoring water. A1l holes were drilled with a 6-in. auger and Vined with 4-in.
PVC (pblyviny1:ch1oride) casing. The location of these auger holes is shown in
Figures 3.4 and 3.5.

Each hole was scanned with an NaI(T1) detector and rate meter system for an
initial indication of the location of subsurface contamination. On the basis
of the initial scans, 19 holes were selected for detailed gamma logging using
the intrinsic germanium (IG) detector and multiple channel analyzer.

The results of the NaI(T1) counts and IG analyses show concentrations of Bi-214,
as determined by the IG system, ranged from less than 1 to 19,000 pCi/g. For
those holes where both NaI(T1) counts and IG counts were made, a good correla-
tion between gross NaI(T1) counts and Ra-226 concentrations, as determined by
in situ analysis of the daughter Bi-214 by the IG system, was found.

It was determined that the subsurface deposits extended beyond areas where sur--
face radiation measurements exceeded 5 pCi/g. The approximate area of subsurface
contamination compared to the area of elevated surface radiation levels shows a
total difference in areas of 2 ha (5 acres).
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The variations of contamination with depth for Areas 1 and 2 are shown in
Figure 3.6. As can be seen, the surface elevations vary by about 6 m (20 ft),
"and the highest elevations occur at locations of fresh fill. Contamination

(>5 pCi/g Ra~226) in several areas is found to extend from the surface to
appreciable depths, about 6 m (20 ft) below the surface in two cases. In
genéral, the subsurface contamination.appears to be a continuous single layer,
ranging from 0.6 to 4.6 m (2 to 15 ft) thick, located between elevations of 139
to 144 m (455 to 480 ft) and covering 6.5 ha (16 acres) total area.

Ih Figures 3.7 and 3.8, representations bf the subsurface deposits are provided
on the basis of auger hole measurements. These representations are consistent
with the operating history of the site, which suggests that the contaminated
material was moved onto the site and spread as cover over fill material. Thus,
one would expect a fairly continuous, thin layer of contamination, as indicated
by survey results.

Nonradiological Analysis

Six composite samples were submitted to RMC's Environmental Chemistry Labora-
tory for priority pollutant analysis. Five samples were taken from auger holes
(one from Area 1 and four from Area 2) and the sixth from the West Lake leachate
treatment plant sludge. The results indicate a significant presence of

organic solvents in Area 2 samples. The results of the leachate sludge
analysis were not as high as any of the soil samples. '

A chemical analysis of radioactive material from both areas was also performed
by RMC's laboratory. Results show elevated levels of barium and lead in most

cases.

Background Radioactivity Measurement

Various offsite locations were selected for reference background measurements.
The results of these measurements were within the normal range.
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Airborne Radiocactivity Analyses

Both gaseous and particulate airborne radioactivity were sampled and analyzéd
during this study. Since it was known that the buried material consisted par-
tially or totally of uranium ore residues, the sampling program concentrated on
measuring radon and its daughters in the air. Two methods were used: the first
was a scintillation flask method for radon gas and the second was analysis of
filter paper activity for particulate daughters.

A series of grab samples using the accumulator method were taken between May
and August of 1981. A total of 111 samples from 32 locations was collected.
Measurable radon flux levels ranged from 0.2 pCi/m?s in low background areas
to 865 pCi/m2s in areas of surface contamination.

At three locations, repetitive measurements were made over a period of 2 months.
These results are plotted in Figure 3.9. As can be seen, significgnt fluctua-
tions were observed at two locations. The fact that these fluctuations were
real and not measurement artifacts was later confirmed by duplicate charcoal
canister samples, as described below. ‘

A total of 35 charcoal canister samples was gathéred at 19 locations over a
3-month period. The results show levels ranging from 0.3 pCi/m2s to 613
pCi/m%s. On 24 different occasions, the charcoal canisters and accumulator
were placed in essentially the same locations, at the same time, for duplicate
-sampling. The results of this side-by-side study show generally good
correlation between the two methods.

A set of 10-minute high-volume particulate air samples was taken to determine
both short-lived radon daughter concentrations and long-lived gross alpha
activity. The highest levels were detected in November 1980, near and inside
the Butler-type building which has since been removed. These two samples
approximately equal NRC's 10 CFR Part 20, Appendix B, alternate concentration
1imit of one-thirtieth WL for unrestricted areas.

In addition to the routine 10-minute sampies, five 20-minute high-volume air
samples were taken and counted immediately on the IG gamma spectroscopy system
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to detect the presence of Rn-219 daughters. All samples were taken near sur-
face contamination. 1In addition to Rn-222 daughter gamma activities, Rn-219
daughters were detected by measuring the low-abundance gamma'rays of Pb-211.
Concentrations of Rn-219 daughters ranged from 6 x 10-i! to 9 x 10-10 uCi/cc.

Vegetation Analysis

Vegetation samples included weed samples from onsite locations and farm crop
samples (winter wheat) near the northwest boundary of the landfill. This loca-
tion was chosen because runoff from the fill onto the farm field was possible.
No elevated activities were found in these samples.

Water Analyses

A total of 37 water samples was taken: 4 in the fall of 1980, and the remainder
in the spring and summer of 1981. One sample was equal to the U.S. Environmen-
tal Protection Agency (EPA) gross alpha activity standard for drinking water of
15 pCf/]iter and that was a sample of standihg water near the Butler-type
building. Several samples, including all the leachate treatment plant samples,
exceeded the EPA drinking water screening level for gross beta which would
require isotopic analyses. Subsequent isotopic analyses indicated that the
beta activity could be attributed to K-40. None of the offsite samples
exceeded either EPA standard or screenihg Tevel.

In 1981, MDNR collected 41 water Samples which RMC analyzed for radioactivity
(Table 3.1). Of these samples, 5 were background, 10 were onsite surface

water, 10 were shallow groundwater standing in boreholes, and 16 were landfill
leachate. From these data, background activity is estimated as 1.2 pCi/liter
gross alpha and 27 pCi/liter gross beta. Results in Table 3.1 show the

gross alpha in two water samples exceeded or equaled 15 pCi/1; the gross beta in
ten water samples exceeded 50 pCi/l1. Most of the gross beta activity comes from
naturally occurring K-40 as determined from subsequent isotopic analysis.

In addition, groundwater samples in perimeter monitoring wells at the West

Lake Landfill were taken by UMC personnel and ORAU in 1983, 1984, and 1986.
The well locations are shown in Figure 2.5 and the results are presented in
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Tables 3.2 and 3.3. Results in Table 3.2 show the gross a]bha'in two water samples
slightly exceeded 15 pCi/1; the gross beta were all below 50 pCi/1 in all water
samples. Table 3.3 shows analyses were below 15 pCi/1 for gross alpha and 50 pCi/1
for gros§ beta for all the wells.

3.3 Estimation of Radioactivity Inventory

In examining the RMC report for bore hole samples (Table 3.3), it is noted that
the paturally occurring U-238 to Th-230 to Ra-226 equilibrium has been disturbed.
The RMC report (NRC, NUREG/CR-2722) indicates that the ratio of Ra-226 to U-238
is on the order of 2:1 to 10:1. This observation is consistent with the history
of the radionuclide deposits in the West Lake Landfill, i.e., that they came
from the processing of uranium ores to extract the uranium content and that the
radioactive material at West Lake came from the former Cotter Corporation
facility on Latty Avenue (presently occupied by Futura Coatings Company) in
Hazelwood, Missouri. This location contains contamination from ore processing
residues from which uranium had been previously separated, leaving’:the daughters
behind at relaéive]y higher concentrations. Additionally, it is noted in the
RMC report that the ratio of Th-230 to Ra-226 is on the order of 5:1 to 50:1.
This indicates that radium has also been removed. Other data are avatlable in
the Latty Avenue site study (Cole, 1981). Table 3.4 presents the radionuclide
concentrations in Latty Avenue composite samples.

Using the RMC data and averaging the auger hole measurements over the two volumes
of radioactive material found in Areas 1 and 2, a mean concentration of 90'pCi/g
was calculated for Ra-226. Also, the ratios of Th-230 to Ra-226 were esta-
blished since the level of Th=230 will determine the increase of Ra-226 with
time. Although the ratio of Th-230 to Ra-226 ranged from 5:1 to 150:1, most of
the data were in the 30:1 to 50:1 range. To ensure conservatism in estimating
the long-term effects of Ra-226, a ratio of 100:1 was used for all further
calculations.

Using the Th-230:Ra-226 ratio of 100:1, the Th-230 activity is 9000 pCi per
gram. If the U-238 concentration (as well as U-234 which would be similarly
separated from the ore) is a factor of 5 less than Ra-226, this implies about
18 pCi U-238 per gram. The total mass of radioactive material (having Ra-226
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concentrations of 5 pCi/g or more) in the landfill was estimated by viéua]]y
integrating the volume of radioactive material from graphs and multiplying by

an average soil density, resulting in 1.5 x 10!! grams (150,000 metric tons) of
contaminated soil. These numbers indicate that there are about 14 Ci of Ra-226
contained with its detay products in the radioactive material in the landfill.
The material also contains about 3 Ci each of U-238 and U-234, and about 1400 i
of Th-230. These estimates indicate the order of magnitude of the quantities

to be dealt with, although the estimate for Th-230 is regarded as conservatively
large.
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Figure 3.2 Location of surface soil samples, Area 1
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Figure 3.3 Location of surface s;)ﬂ samples, Area 2
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Figure 3.4 Location of auger holes, Area 1
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Figure 3.5 Location of augér holes, Area 2
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Figure 3.6 .Auger hole elevations and location of contamination within each hole
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Figure 3.7 Cross-section B-8 showing subsurface deposits in Area 1
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Figure 3.9 Rn-222 flux measurements at three locations in Area 2 (1981)
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Table 3.1 RMC radionuclide analyses of water samples
from the West Lake site taken by MDNR

in 1981
Type of

Sample # sample* Gross alpha (pCi/1) Gross beta (pCi/1)
7001 S 3.11 22.5
7002 S 8.00 23.4
7003 S - 1.56 9.88
7019 S 1.91 30.0
7025 S 1.56 36.5
7028 S 45.2 87.8 -
7029 S <0.64 <1.34
7030 S 0.52 35.1
7031 S 1.43 26.3
7004 B 1.04 19.7
7021 B 1.56 29.1
7027 B 1.04 32.5
7032 B <0.05 26.3
7033 B 1.04 28.0
7009 G 4.50 22.3
7010 G 2.60 15.2
7011 G 3.12 10.6
7012 G 7.10 16.6
7017 G 0.52 33.6
7018 G 6.76 36.1
7020 G 8.84 30.1
7026 G <2.0 38.9

2 G 15.0 - 41.0

3 G 2.9 7.6

See footnote at end of table.
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Table 3.1 (Continued)

Type of
Sample # sample* Gross alpha (pCi/1) Gross beta (pCi/1)
7013 L - <3.0 1.30
7014 L <3.0 130
7015 L - <3.0 103
7016 L <3.0 98.9
7022 L 3.45 107
7023 L <3.0 122
7024 L <3.0 86.7
7034 L <3.0 10.3
7035 L <3.0 84.5
7036 L <3.0 69.6
1 L 7.3 80
4 L <3.0 26
Type of
Sample # sample* Ra-226 (pCi/1) K-40 (pCi/1)
7014 L <l.6 : 138
7015 - L 3.9 136
7016 L "<1.6 98.9
7022 L 2.4 104
7028 S 1.6 124
*S = surface sample
B = offsite, background
G = groundwater from borehoies
L = leachate
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Table 3.2 Radiological quality of water in perimeter monitoring wells of
West Lake Landfill (concentrations reported in pCi/1)

Well # Ra-226 Gross alpha* Gross beta* Gross alpha** Gross beta**

18 - - - 12.5 12.5
59 <3 3.2 9.9 - -
60 - ' - 20.5 20.8
61 - - - 2.7 13.9
62 <3 2.8 7.4 3.5 8.5
63 - - - 2.2 7.0
65 : <3 12.4 33.1 5.7 6.3
66 <3 4.3 6.9 - -
67 <3 5 5.3 - -
68 <3 18.2 18.8 - -
SQX** <3 5 7.7 1.3 8.1

*Samples taken November 15, 1983.
xxSamples taken March 21, 1984, by UMC personnel, analyzed by Environmental
Health Lab of St. Louis County Health Department, Clayton, Missouri.
x**Well #50 used as background.
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Table 3.3 Radionuclide concentrations in well water samples: May 7-8, 1986
Concentrations (pCi/1)

Radionuclide well 50° Well 51 Well 52 Well 53 Well 54 Well 55 Well 56
Gross alpha 2.2 2.2 1.9 11 4.4 4.8 - 5.7
Gross beta 1.5 4.4 7.5 16 14 14 12
Ra-226 --b -- -- 0.4 - - 0.2
Ra-228 -- -- -- 1.7 -- -- 0.3
U-total -- -= - 22 -- -- 8.9
Th-228 -- -- -- 0.5 -- -- 0.3
Th-230 -- -- -- 0.9 -= - 0.9
Th-232 -- == -- 0.3 == -- 0.8

5.0 3.8 3.2 3.3 15.5 11.5 11.5

Depth to water (m)
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Table 3.3 (Continued)

. Concentrations (pCi/1)

Radionuclide Well 58 . Well 59 Well 60 Well 61 Well 62 Well 65 Well 66
Gross alpha 5.8 11 14 N 3.3 5.6 3.5 1.8
Gross beta - 15 46 19 14 10 7.4 9.9
Ra-226 0.3 0.3 2.5 -- 0.8 -- --
Ra-2.28- 2.9 0.5 1.6 -- 0.6 -- --
U-total 13 25 19 -- 2.3 -- -
Th-228 0.6 0.5 0.5 - . 0.8 - -
Th-230 1.5 0.2 4.4 -- .2 - --
Th-232 0.7 0.1 0.1 - 0.6 -~ --
Depth to water (m) 14.0 Not 3.5 4.5 . 4.2 1.9 1.9

determined
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Table 3.3 (Continued)

Concentrations (pCi/1)

Radionuclide Well 67 Well 68 Well 72 Well 73 Well 75 Well 76 Well 80
Gross alpha - 8.4 0.9 1.4 6.5 11 3.6 0.4
Gross beta 7.1 1.9 4.6 7.7 22 6.9 3.2
Ra-226 0.7 0.3 - -- --
Ra-228 ' 0.3 0.9 . -- -- -
U-total 7.4 3.1 16 -- 2.2
Th-228 0.9 1.7 0.6 - 0.3
Th-230 9.9 6.7 = 12 -~ 0.0
Th-232 0.2 0.2 0.2 - 0.1

Depth to water (m) 1.5 4.4 10.0 8.4 7.6 13.8 5.3
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Table 3.3 (Continued)

Radidnuc]ide

Concentrations (pCi/1)

Well 81

Well 82 Well 83 Well 84 Well 87 Well 88  Well 89

Gross alpha 7.9 17 9.0 - 13 1.5 11 3.7
Gross beta 16 47 18 27 7.2 18 9.1 S
Ra-226 0.8 0.3 3.4 1.7 -- 2.3 - -
Ra-228 0.4 0.4 4.6 5.8 -- 0.2 --
U-total 4.9 13 1.6 9.0 -- 3.0 --
Th-228 0.9 0.4 0.2 0.6 -- 1.1 --
Th-230 0.9 1.8 0.4 1.3 -- 1.5 --
Th-232 0.3 0.3 1.0 1.1 -- 4.0 —-

Depth to water (m) 4.8 5.1 3.9 7.0 9.4 8.6 7.5
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Table 3.3 (Continued)

. Concentrations (pCi/1)

Radionuclide Well 90 Well 92 Well 93 Well 94
Gross alpha 2.2 7.3 7.4 1.6
Gross beta 6.8 11 22 9.9
Ra~226 -- 1.0 1.6
Ra-228 -- 0.8 1.4
U-total -- 17 6.0
Th-228 -- 0.5 0.8
Th-230 -- 0.1 0.7
Th-232 -- 0.4 1.6

4.1 13.1 4.7 2.1

Depth to water (m)

dRefer to Figure 2.5 for well location.

bDash indicates analysis not performed.
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Table 3.4 Radionuclide concentrations in Latty Avenue composite samples

Concentrations (pCi/gm)

Sample - U-235 U-238 Th-232* Th-230 | Th-228 . Ra-226 Ra-228

Pa-231 Ac-227
Composite 1 3.6 £ 0.3** 82+8 2.3+0.6 8770 £ 1000 2.1+0.5 64t1 2.3+0.6 11412 | 205 t 2
Composite 2 4.4 +0.3 62 £ 15 1.5+ 05 8950+370 20+05 S0+1 1.5+0.5 11718 Not ;,u,
Performed™
Average . 4.0+0.2 72+9  1.9+0.4 880¢+19 2.1+03 571 19204 11614 205 t 2

*Based on Ra-228 and assumption of secular equilibrium of thorium decay series.
X*Errors are 20 based only on counting statistics.

Source: Table 2 (Cole, 1981).



4 APPLICABILITY OF THE BRANCH TECHNICAL POSITION

The NRC has established a Branch Technical Position (BTP) which identifies

five acceptable options for disposal or onsite storage of wastes containing
low levels of uranium and thorium (46 FR 52061,_0c£ober 23, 1981). Options 1-4
provide methods under 10 CFR 20.302, for onsite disposa1:of slightly contam-
inated materials, e.g., soil, if the concentrations of radioactivity are small
enough and other circumstances are satisfactory. The fifth option consists of
onsite storage pending availability of an appropriate disposal method. Table
4.1 shows the radionuclide concentrations specified for the disposal options.

The material present in the West Lake Landfill is a form of natural uranium
with daughters, although the daughters are not now in equilibrium. As
mentioned above, the average concentration of Ra-226 in the West Lake Landfill
wastes is about 90 pCi per gram, which (considered by itself) falls into -
Option 4 of the BTP since Option 4 criteria are contro]]éd by the Ra-226
content in the wastes (i.e., 200 pCi of U-238 plus U-234 per gram would be
accompanied by 100 pCi of Ra-226 per gram). However, because of the iarge
ratio of Th-230 radioactivity to that of Ra-226, the radioactive decay of the
Th-230 wi11 increase the concentration of its decay product Ra-226 until

these two radionuclides are again in equilibrium. Assuming the ratio of
activities of 100:1 used above, the Ra-226 activity will increase by a factor
of five over the next 100 years, by a factor of nine 200 years from now, and
by a factor of thirty-five 1000 years from now. All radionuclides in the
decay chain after Ra-226 (and thus the Rn-222 gas flux) will also be increased
by similar multiples. Therefore, the long-term Ra-226 concentration will
exceed the Option 4 criteria.
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Table 4.1 Summary of maximum soil concentrations permitted

under disposal options

Source:

46 Federal Register 52061

Disposal options

Kind'of material 18 Zb 3¢ 4d
Natural. thorium (Th-232 + Th-228) 10 50 - 500
with daughters present and in

equilibrium. (pCi/g)

Natural uranium (U-238 + U-234) . 10 - 40 200

with daughters present and in

equilibrium. (pCi/g)

aBased on EPA uranium mill tailings cleanup standards.

b
170 mrem per year.

Concentrations based on limiting individual intruder doses to

chncentration based on limiting equivalent exposure to 0.02 WL or less.

d

Concentrations based on limiting individual intruder doses to 500 mrem

per year and, in cases of natural uranium, limiting exposure to Rn-222
and its decay product airborne alpha emitters to 0.02 WL or less..
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5 REMEDIAL ACTION ALTERNATIVE CONSIDERATIONS

The radioactive material as it presently exists does not pose an immediate
health hazard for individuals living or working in the area of the landfill.
However, there is a long-term potential for the radioactive material to pose a
health problem. Therefore, this section discusses six (A-F) possible courses
of action, of which all but A and D are considered temporary. Option A, in
which no remedial action is proposed, is unacceptable because the
concentrations of radionuclides in the landfill will become too high; Option A
is described for comparison purposes only. Costs are based on the Dodge Guide
to Public Works and Heavy Construction, 1984. |

5.1 Option A: No Remedial Action

Under Option A; no remedial work would be done on the West Lake site. The land-
" £i11 and the radioactive soil would be left in their present condition. The
contaminated areas would be available for demolition fill emplacement and final
closure. It is not certain how much additional fill would be emplaced. Filling
would be followed by normal landfill closure operations.

Normal ‘closure procedures consist of applying at least 0.61 m (2 ft) of com-
pacted final cover. A 0.3-m (1 ft) layer of topsoil would be placed over the
cover and upgraded to support vegetation. Establishment of a vegetative cover
would require seeding, liming, and fertilization. Surface seeps of leachate
would be eliminated. Maintenance of the monitoring wells would be required to
allow continued sampling by MDNR, should MDNR require such action. The public
would be discouraged from entering the site. After closure, a detailed descrip-
tion of the site would be filed with the County Recorder of Deeds. This de-
scription would include: a legal description of the site, types and location
of wastes present, depth of fill, and description of any environmental control
or monitoring systems requiring future maintenance (MDNR, January 1983). MDNR
regulations also specifically prohibit excavation or disruption of the closed
landfill without written approval of MDNR; no time frame is stated with this
regulation (MDNR, 1975).
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There would be no further cost under this option since no remedial actions would
be taken; i.e., costs are normal landfill costs.

5.2 Option B: Stabilization on Site With Restricted Land Use

Two areas in the Tandfiil contain radioactive material. Therefore, the work
required for this option is described separately for each area. Never-
theless, restrictions would be imposed on the use of land within each area.
This would discourage future activities on these areas which might expose
individuals to radioactivity. No additional landfill would be permitted to be
deposited on either area.

Area 1

It is believed that a total of 2 to 3 m (7 to 10 ft) of soil has been added
to most of Area 1 since the 1981 land survey by RMC. This cover has altered
the radiation environment of the site. Measurements by Oak Ridge Associated
Universities (ORAU) personnel in March 1984 (Berger) showed that only a very
small area exceeded the exposure rate of 20 yR/hr at 1 m. By extending the
cover 20 m (66 ft) outward in all directions from the area showing an unaccept-
able surface exposure rate, the shallow wastes Tikely to give high rates of
radon emanation will also.be covered. The amount of radicactive debris in
Area 1 is relatively minor compared with that present in Area 2. Therefore, a
soil cover of 1.5 m (5 ft) is considered'adequate to reduce surface exposure
rates and radon emanation. After the soil cover is in place, a layer of
topsoil 0.3 m (1 ft) thick would be emplaced, seeded, and mulched.

Area 2

Vegetation over Area 2 as well as on the slope of the berm would be cleared and
placed in the demolition portion of the landfill or disposed of as is convenient.
Brush should not be left in place and covered since this may reduce the integrity

of the soil cap. Grass should be mowed, and may be left in place.

The berm on the northwest portion of the landfill which contains an estimated
7,500 m3 (9,800 yd3) of contaminated soil would be excavated and redeposited in
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layers in a secure portion qf'the landfill. The actual amount can be determined
by survey during implementation of the work.

A1l equipment and materials now stored over Area 2 would be removed to other
portions of the site or disposed of as is convenient to the owners. Gravel
piles found on Area 2 should be removed to other portions of the site after
having been surveyed to ensure that contaminants have not been mixed with the
gravel. However, the Tower 10 to 15 cm (4 to 6 in.) of rock should be left in
place and covered with the soil cap, since this gravel may have become mixed
with contaminated soil.

Such stabilization would place the contaminated soil well below the surface and
would prevent:radioactive materials from eroding as can now occur along sections
of the berm. Stabilization would require emplacement of a soil cover of 48,000 m®
(63,000 yd3) to give a final slope of 3:1 with 1.5 m (5 ft) of soil at the top
of the berm. At least 1.5 m (5 ft) of soil cover would be used, as this much
soil will be requ1red to reduce radon gas exha]at1on The final slope of 3:1
on the berm would be shallow enough to prevent failure and, after the cover is
emplaced, it should be further covered with at least 0.3 m (1 ft) of topsoil

and seeded with native grasses to prevent erosion. The slope would be directed
radially outward from the center of the cap. An interceptor ditch would be
provided around the cap to channel runoff and prevent gullies from being cut
into the stabilized cover. The cover soil presently used in the landfilling
operations may be used to stabilize the berm. This soil is a clay silt (loess)
excavated near the West Lake Landfill site.

The portion of Area 2 to be covered by the soil cap includes that portion of
the landfill identified in the RMC survey as having surface exposure rates
greater than 20 pR/hr at 1 m (3.3 ft) above ground level, along with those
areas in which auger holes revealed radium-bearing soil within 1 m of the sur-
face. The shallow contaminants may be sufficiently shielded to produce Tow
surface exposure rates; however, these shallow deposits will still produce
radon emanations greater than the desired level of 20 pCi/m2s. Therefore, the
soil cover must be extended over these areas of shallow contamination,
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The cover soil used should be capable of compaction to a permeability of less
than 10-7 cm/s in order to keep radon release and soil leaching as low as poS-
sible. This value is based on common practices used for sealing of hazardous
waste landfills. Because accurately measuring permeability of this magnitude
is difficult, the value of 10-7 cm/s should be used only as a target cri-
terion which should, if possible, be bettered. If laboratory testing of the
cover soil presently used at the West Lake Landfill indicates that this perme-
ability can be achieved, this soil would be acceptable for use as the soil cap.
Otherwise, clay soil would have to be imported from off the site to be used in
constructing the soil cap.

The overall estimated cost for the required work under Option B is approximately
$360,000 (Table 5.1) and would requife about 2 months to complete. Costs of this
option may be higher if the total quantity of contaminated material to be moved
is higher than the estimated quantity.

5.3 Option C: _Extending the Landfill Off Site

Soil eroding on the northwest berm of Area 2 is carrying contaminated soil off
the landfill property onto an adjacent cultivated field. A contributing factor
to the erosion is the steepness of the berm. It would, therefore, be desirable
to lessen the slope's steepness by extending the berm onto the adjacent field.
This option would require the aéquisition of approximately 2 ha (5 acres) of
land not owned by the landfill company.

In this option, Area 1 would be treated the same as in Option B. The contamin-
ated portion of the northwestern berm of Area 2 would not be disturbed. Instead
the existing berm would be extended 13 to 16 m (42 to 52 ft) onto the adjacent
field. This would require an additional solid volume of approximately 20,200 m3
(26,400 yd3) to give a final slope of 3:1 with 1.5 m (5 ft) of soil on top of
the berm. As in Option B, this cover should receive an additional 0.3 m (1 ft)
of topsoil and be seeded with native grasses to prevent erosion.

This option will require the relocation of three transmission poles. All other
necessary work for Option C is as described for Option B.
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The overall estimated cost for required work under Option C is approXimate]y
$470,000 (Table 5.2) and would require about 2 months to complete. The extent

‘of work required under this option is well defined.

5.4 Option D: Removing Radioactive Soil and Relocating It

This option would involve excavating and removing all contaminated soil and
debris from the West Lake Landfill and relocating it to an authorized disposal
facility.

Vegetation over Areas 1 and 2 would be cleared and plabed in the demolition
portion of the West Lake Landfill.

A1l equipment stored on the two contaminated areas would be removed to another

portion of the site. Gravel piles in Area 2 should be removed. The lower 10 to
15 cm (4 to 6 in.) of rock should be left in place to be disposed of with other
contaminated materials, since this gravel may have become mixed with contaminated
soil at the surface. i

The areas known to contain radioactive contamination at levels above the action
criteria (20 pR/hr at 1 m) would be excavated initially. Next, the excavated
area would be surveyed to determine the extent of contamination remaining. Ex-
cavation would continue until unacceptable levels of contamination have been
removed. Immediately after excavation, the soil would be placed in 208-liter
(55 gal) approved drums {or other approved containers) for transport. Contain-
ment in the drums will prevent the spread of dust and loose soil during
transport.

Some of the nonradiological hazardous material known to be present in the
landfill could present a serious danger to workers should they excavate into
this material. Proper precautions should, therefore, be taken as the work is
being performed. '

Estimated, costs under Option D would be $2,500,000 (Table 5.3). Transporting

the contaminated soil to another site and emplacing the material there would
significantly add to the cost. This option could be completed in about
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3 months, providing that a suitable disposal facility were available to receive
_the contaminated waste.

5.5 Option E: Excavation and Temporary Onsite Storage in a Trench

Under this option, as much radioactive soil would be excavated as in Option D
and would be placed in a specially prepared trench on the West Lake site but
would not be placed in drums. This trench would become a temporary repository
for the radioactive soil. The trench would be surrounded by an impervious clay
liner to minimize leachate production and tfansport into the groundwater system.
The cap should give acceptable rates of surface exposure and acceptable rates
of radon gas release.

As under Option D, surface vegetation, machinery, and piles of crushed rock
would be removed from the surface of areas to be excavated. Design of the
trench is based upon the "secure landfill concept" (Shuster and Wagner, 1980)
with three primary functions: eliminate direct gamma-ray exposure at the ground
surfacé, reduce radon emanation, and prevent leaching of radionuclides to the
groundwater system.

The excavated area would be cut to a maximum elevation of 140 m (460 ft) msl
aver the area to be covered by the trench. The base of the trench would cover
an area 120 x 120 m (394 x 394 ft) and would have a negligible slope. Low spots
would be filled with borrow soil* compacted to at least 90% of its standard
Proctor density (SPD). Once the base for the trench has been leveled to a
final elevation of about 140 m (460 ft) msl, a blanket of borrow soil at least
1.5 m (5 ft) thick compacted to at least 90% SPD would be emplaced. Specifica~
tion of compaction of this underlayer is based on the requirement of avoiding
subsidence which could cause the clay liner to crack and fail. A clay liner
would be placed above the underlayer. The liner would be 0.5 m (1.6 ft) thick
and would have a permeability less than 10-8 cm/s (4 x 10-2 in./s). An
impermeable plastic liner could also be used.

*Borrow soil refers to a clayey-silt loess (Soil Conservation Service type CL)
excavated southeast of the site for use as daily cover in the landfilling
operation..
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Sides of the trench would be built at a 3:1 slope up to the level of the surround-
ing undisturbed landfill surface, about 143 m (470 ft) msl. The walls would
consist of an underlayer and liner as described for the base. A layer of
crusher-run limestone 0.5 m (1.6 ft) thick would be placed on top of the liner

to allow leachate buildup in the trench to be monitored and to facilitate pump-
ing should leachate buildup become a problem.

After the base and walls of the trench have been built, the previously exca-
vated debris would be placed in the trench. Then the remaining radioactive
debris would be excavated and placed in the trench. As excavation proceeds, it
will become apparent how much volume the trench must have to contain all the
contaminated soil. At this point, the walls of the trench would be raised to
an appropriate level. Excavation and filling can then proceed until the work
is comp]etel The final thickness of debris is expected to be from 4 to 6 m

(13 to 20 ft).

A cover, as described below, would be placed over the debris. A 1 m (3 ft)'
layer of borrow soil compacted to 90% SPD will be placed over the debris. A

clay liner 0.5 m (1.6 ft) thick of permeability less than 10-8 cm/s (4 x

10-° in./s) would be placed over the borrow soil blanket. A 0.5-m (1,6-ft) layer
of crusher-run limestone would be placed over the clay layer to prevent
infiltration water from building up over the liner. A cover soil layer of
average thickness about 2 m (7 ft) would be placed over the rock layer.

The cover soil would be compacted and built with a surface slope of from 2% to
4% to minimize erosion. Three-tenths of a meter (1 ft) of top soil would be
placed over the cover layer and would be seeded and mulched to establish a vege-
tative cover.

Once the trench has been prepared to accept the soil, workers may begin to
excavate contaminated soil. As under Option C, an initial excavation would
remove the area of known contamination, and a cleanup phase would remove all
soil containing radionuclide concentrations above an action level of 15 pCi/g
Ra-226. As soon as the soil has been excavated, it would be hauled to the
trench and emplaced. The contaminated soil should be sufficiently compacted to
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prevent settling, to maintain the integrity of the soil cap. As fill is being

emplaced, the pipe for a monitoring well would be extended upward from the base
of the gravel underdrain. This well should be designed in a manner that would

allow future installation of a pump for drawing off leachate should this become
necessary.

Costs for Option E would be approximately $2,150,000 (Table 5.4). The estimated
costs vary somewhat, since the exact limits of excavation cannot be defined until
work begins. This work would require approximately 4 months to complete.

5.6 Option F: Construction of a Slurry Wall to Prevent Offsite Leachate
Migration

Under Option F, radioactive soil would be left in place at the West Lake site.-
The wastes would be stabilized by means of a soil cover.(as under Option B) and
a downgradient slurry wall would be built around the contaminated soil. The
slurry wall would be intended to keep leachate from migrating off site. This
remedial action would be somewhat more effective than Option B in reducing the
potential for groundwater contamination. However, costs incurred would be
substantially higher than those for Option B or C. Benefits would be~nearly
identical to those derived by the soil cover and berm stabilization alone; the
sole advantage of Option F over Option B or C would be greater protection to
groundwater in the Missouri River alluvium.

Vegetation, machinery, and piles of crushed rock would have to be removed as
described for Option B. A slurry wall would be constructed by excavating a
trench [approximately 1 m (3.3 ft) wide] to the depth of bedrock. This trench
would be bored out in the presence of a mud weighted with bentonite (clay) to
keep the walls from collapsing and to keep groundwater from intruding into the
trench. The trench would be excavated in sections 6 to 8 m (20 to 26 ft) long.
Once a section of trench has been excavated, concrete would be poured by tremie
into the trench to displace the slurry. The final slurry walls would each
consist of a concrete slab about 1 m (3.3 ft) thick extending to bedrock and
partially.encircling the bodies of radicactive sail in both Areas 1 and 2. A
total of approximately 1300 l1inear meters (4,300 ft) of wall would be con-
structed to depths varying from 5 to 15 m (16 to 50 ft). '
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After each of the slurry walls had been emplaced, fill would be added along the
face of the berm to stabilize the slope. Finally, a soil cover would be placed
over the contaminated areas. The berm would be stabilized and the soil cover
would be placed as outlined for Option B.

Costs of work required for Option F would be approximately $5,600,000

(Table 5.5). The exact amount of slurry wall cannot be determined until work
is begun; therefore, this cost will be highly variable. Since the walls should
extend to bedrock, the depth of soil and landfill debris will govern the depth
of the required wall. Slight errors in estimating the depth of alluvium could
result in large errors in the cost estimate. It is estimated that it would
take 6 to 8 months to complete this option.
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Table 5.1 Itemized cost of remedial action, Option B

Item Quantity Unit price Cost Reference

Clearing and grubbing 2.9 ha $1850/ha $ 5,365 x
Remove Shuman Building -- - $ 6,200  **
Excavate contaminated 7500 m®  $10/m3 $ 75,000 T

soil and redeposit
it at a secure site

Emplace soil cover 48,000 'm3 $4.64/m3 $222,720 t
Bury clean rubble 225 m®  $12.50/m3 $ 2,812 T
Seed and mulch cover 3.3 ha . $2165/ha $ 7,145 *
.Subtotal $319,242
Contingency @ 10% 31,924
Engineering and legal 15,962 | -
fees @ 5%
Estimated total cost $360,000ﬁ

~ *Dodge Guide to Public Works and Heavy Construction, 1984.

**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latly
Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

+Based on best estimated cost.
ttAdjusted for deletion of building removal.

5-10



Table 5.2 Itemized cost of remedial action, Option C

Item Quantity Unit price (ost Reference
Clearing and grubbing 2.9 ha $1850/ha $ 5,365 *
Remove Shuman Building -- -- $ 6,200 xx
Relocate power 3 $2060 $ 6,180 T
transmission poles
Stablize berm (fill) 20,200 m® $6.70/m3 $135,340 t
Emplace soil cover 48,000 m® $4.64/m3 $222,720 t
Bury clean rubble 225 m®  $12.50/m* $ 2,812
Seed and mulch cover 3.3 ha $2165/ha $ 7,145 *
Subtotal $385,762
Contingency @ 10% 38,576
Engineering and legal 19,290 _
fees @ 5%
Land acquisition 2 ha $15,500/ha _ 31,000
Estimated total cost $470,000

" *Dodge Guide to Public Works and Heavy Construction, 1984.

**Eord, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri,” NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

tBased on best estimated cost.
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Table 5.3 Itemized cost of remedial action, Option D
Item Quantity Unit price Cost Reference
Clearing and grubbing 2.9 ha $1850/ha $ 5,365 *
Remove Shuman Building -- -- $ 6,200 **
Bury clean rubble 230 ms $12.5/m3 $ 2,875 t
Excavate contaminated soil 70,000 m® $5.25/m3 $ 367,500 ft,tt
Site decontamination 27,600 m3 $1.4/m? $ 38,640 *xxx
Packing waste for transportation 70,000 m3 $25/m3 $1,750,000 +
Subtotal $2,170,580
Contingency @ 10% 217,058
Engineering and legal 108,529
fees @ 5% -
Estimated total cost. $2,500,000%%*

*Dodge Guide to Public Works and Heavy Construction, 1984.

**ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has aiready been removed.)

**XNo costs have been included here for moving the waste, for emplacing it and
for.- disposal facility users fees. _

tBased upon best estimate.

tfEstimated quantity of soil having Ra-226 concentrations of 15 pCi/g or more.
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Table 5.4 Itemized cost of remedial action, Option E

Item Quantity Unit price Cost Reference
Prepare secure trench 80;000 m3 $9/m3 $ 720,000 A
Clearing and grubbing 2.9ha  $1,850/ha $ 5,365  *
Remdve Shuman building $ 6,200 kX
Bury clean rubble 230 m® $12.5/m3 $ 2,875 X
Excavate contaminated 70,000 m? $5.25/m3 $ 367,500 x
soil "
Site decontamination 27,600 m®  $1.40/m3 $ 38,640 t
Emplace contaminated 70,000 m®  $10.3/m? $ 722,200  *
soi '
Monitoring well -—— --- $ 6,000 *
Seed and mulch cover 0.08 ha $2,165/ha $ 2000t
Subtotal $1,868,980 .
Contingency @ 10% 186,900

Engineering and legal
fees @ 5%

‘Estimated total cost

93,450 “

$2,150,000

* Dodge Guide to Public Works and Heavy Construction, 1984.

**Ford, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.

(This Butler-type building has already been removed.)
T Based on best estimate.
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Table 5.5 Itemized cost of remedial action, QOption F

Item ' _ Quantity Unit price Cost Reference
Clearing and grubbing 2.9 ha $1,850/ha $ 5,365 *
Remove Shuman building $ 6,200 XX
Relocate power ' 7 poles $2,060/@ $ 14,420 T
transmission poles
Construct slurry wall 11,000 m? $402/m? $4,422,000 *
Stabilize berm 20,200 m3 $6.70/m3 $ 135,340 t
Emplace soil cap 48,000 m®  $4.64/m? $ 222,720 +
Bury clean rubble 225 m3 _ $12.5/md $ 2,812 +
Seed and mulch cover 3.3 ha $2,165/ha $ 7,145 *
Subtotal . ' $4,816,002
Contingency @ 10% _ 481,600 -
Engineering and legal 240,800
fees @ 5%
Land acquisition 2 ha $15,500/ha | 31,000

_Estimated total cost $5,600,000

*Dodge Guide to Public Works and Heavy Construction,'1984.'

*xFord, Bacon and Davis Utah, Inc., "Engineering Evaluation of the Latty
Avenue Site, Hazelwood, Missouri," NRC Contract No. NRC-02-77-197, 1978.
(This Butler-type building has already been removed.)

tBased on best estimate.
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