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' eventually d1scharged into Kentucky Pollutant Drscharge Ehmrnatron System Outfall 015

1 BACKGROUND

The C- 404 Low Level Radloactrve Waste Bunal Ground [Solrd Waste Management Umt (SWMU) 3]is
surrounded by a network of complrance monitoring -wells (MWs) sampled on a semiannual basis. Figure
‘1 shows this network: ‘Results of the semrannual samplrng are evaluated statistically for increases in
permlt-requlred analytes’ relatlve to’ background concentratlons “using the analysis.of variance method
(ANOVA). ‘Background analytrcal values..for, the C 404 comphance MWs -are calculated contmually
(rolhng average) on a semrannual basrs . .

“Both background and downgradrent MWs at’ C 404 have shown detections of tnchloroethene (TCE) for
" several years. Statistical analyses performed on the: July 2006 sampllng data, however, indicate a-

 statistically significant increase of TCE above background in one’of three ‘downgradient compliance wells

(MW84) The TCE concentration in MW84 was 370 yig/L: Two background wells, MW227- and MW93,
- monitor the same portion of the aquifer as MW84." TCE values for these background: MWs were 61 ug/L
.and 390° png/L, respectrvely “The rolling average for the statistical background was calculated using TCE
-values from, MW227 and MW93 collected July 2004, January 2005, July 2005, January 2006 and July
2006. Addxtlonal mformatron regardmg the C- 404 statrstrcs is presented in Sectlon 5 :

In accordance with the Hazardous Waste Facrllty Operatlng Perm1t KY8 890 008 982 dated ‘April 24,

" 2006, the Kentucky Division of Waste Management, Hazardous Waste Branch manager.was notified of

the intent to demonstrate a source other than: the regulated unit as the cause ofa confirmed statrstrcally
significant increase from ‘background values of a contammant (Condition T-57, page 68.of 69) by receipt
of ‘the 'C-404 Hazardous Waste Landfill November 2006 Semiannual Groundwater Report Paducah.
Gaseous Diffusion’ Plant Paducah Kentucky -on: November 29, 2006 (PRS 2006) ,

3

Thrs document presents the source demonstratlon consrstent w1th the condrtlon stated above
2. AREA DESCRIPTION AND PROCESS HISTORY -

Temo

C 2404 is al.2- acre l‘acilrty located i in_the. west- central ‘p'or'tlon of the Paducah Gaseous Drl‘fus1on -Plant

(PGDP) The unit originally: was constructed ’as a rectangular aboveground surface' impoundment
measuring 387 ft. by 137 ft' with ‘a' floor area of ‘approximately. 53, 000 ft*. The floor of the surface
1mpoundment was - constructed of well- tamped earth and clay dikes to a herght of 6 ft.. The C-404

a 1mpoundment was. designed with an overﬂow weir at its.southwest' corner. From_ the weir, the. surface

impoundment * effluent -flowed west .in a ditch [not the North-South Diversion Ditch: (NSDD)] and

T

e 404 operated asa surface 1mpoundment from approxrmately 1952 untll early 195 7. Durrng thls tlme all
1nﬂuents to the 1mpoundment originated from C-400. In 1957, the C-404 surface impoundment was
- converted 10 a solid waste disposal facility for uranium-contaminated solid wastes and these wastes were
d1sposed at the former C 404 surface 1mpoundment untrl its. closure in’ 1986. The wastes cons1sted of

radloactlvely contammated trash In 1983, a partlal clay cap’ was mstalled on the eastem end of the unlt

When the C-404 1mpoundment ‘was converted into a drsposal facrlrty, a sump was mstalled at the weir.
' The sump was used to pump leachate into an underground transfer line. The transfer line discharged into a

o northeast southwest ditch just east of C 404 From this dltch the leachate ﬂowed into the NSDD. Prior.to '

A,

1
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: radlonuchdes and metals. . T ST

: _ﬂow Is predommantly north toward the Ohlo River. o 3

4

landﬁll closure in 1986, thrs underground transfer line 1nto the NSDD was not in operation, and leachate
from the C 404 Landﬁll was being collected in the sump for treatment at the C-400 Cleamng Bu1ld1ng

After a port1on of the waste buned n C 404 -was- d1scovered to be Resource Conservat1on and Recovery
Act (RCRA)-hazardous in 1986, C-404 was closed as a hazardous waste landﬁll . The landfill was covered
with a RCRA' multllayered cap and certified closed in 1987. It currently is regulated under RCRA as a
land’ dlsposal unit in.accordance with a RCRA postclosure permit 1ssued in. 1992 Th1s closure plan

requires contlnued groundwater momtormg (DOE 1989) B I S

‘a.A-"M

“~Approx1mately 6, 615 000 lb of uranlum contammated wastes were ‘disposed of in C 404 The total

volume is approximately. 260 ;000 ft', Some uranrum contammated waste also.is; contammated w1th TCE,

a

"Prev1ous documents that lncluded 1nformat1on from 1nvest1gat10ns in the area surroundmg C 404 were .
completed in -1995; 1996, 1997, and 2003. See Section 6 for references In addition, data are collected
: contmually from MWs posmoned throughout PGDP ' .

.
’
, .

L

3. HYDRoGEonoolé SETTING .

Informatlon presented hereln regardmg the groundwater settmg was derived from the- Report. of the
Paducah” Gaseous Diffusion Plant Groundwater Investigation Phase Il (Clausen et al. 1992). The
drscussron is interided to provide'the reader with’a general overview of the groundwater flow regime for

" PGDP. The.local groundwater flow system at the PGDP site occurs within the sands, of the Cretaceous

McNairy Formation, Pliocene . terrace gravels, Pleistocene lower continental. gravel dep051ts and upper

- continental-deposits, and Holocene alluvium. .Four specific components have: been 1dent1ﬁed for the

groundwater flow. system and are deﬁned in the followmg paragraphs

-‘u L i
i “ b ‘

1. ;McNalry Flow System Formerly called the deep groundwater system, th1s component consrsts of

" the interbedded. and interlénsing sand, srlt and clay of the Cretaceous McNairy Formation. Sand
facies account for 40 to 50% .of the. total formatlon s th1ckness of ~225 ft. Groundwater’ flow is
. predommantly north Joeeey S L -

2. Terrace Gravels ThlS component consrsts of Phocene (‘7) aged gravel deposrts and later reworked
sand and gravel deposrts found at elevatlons hlgher than 320 ft above mean sea evel (amsl) in the
southem portion of the plant site; they overlie the Paleocene Porters. Creek: Clay and Eocene sands.
Theseé dep051ts usually lack sufﬁc1ent thlckness and saturatlon to constrtute an aqurfer

3. Reglonal Gravel Aqulfer (RGA) Th1s component consrsts of the Quatemary sand and gravel facies
. of the lower continental deposits and Holocene alluvium found adjacent to the Ohio River and is of
' sufficient thlckness and saturation to constltute an aqu1fer These deposits are.commonly thicker than
the, Phocene 2) gravel deposrts having an average thickness.of 30 ft, and range up to 50 ft along an

v. _ axis that- trends east—west through the-plant site: “The RGA i is the prlmary local aqulfer Groundwater

ot

4 N Upper Contmental Recharge System (UCRS). Thrs component cons1sts of the surﬁcral alluvium

. and upper continental depos1ts Sand. and gravel hthofacres appear relatrvely dlscontmuous in-cross
_ section, and portions may be-interconnected. The most prevalent sand and gravel depos1ts occur-at an
- elevation of ~345 to 351 ft amsl; less prevalent deposrts occur at elevations of 337 to 341 ft ‘amsl.
" Groundwater flow is predominantly downward info the RGA from the UCRS, which has a limited

honzontal componentfm the vicinity of PGDP : 4 ‘



As indicated above, the current conceptual model of the groundwater hydrauhcs w1thm the UCRS shows T

groundwater flows primarily : :downward. This -downward migration:flows through interconnected sand

- lenses within the UCRS and is driven by thevertical gradients, which are much greater than the horizontal - -
gradients. The effective Jlateral -extent of honzontal gradlents is: dlfﬁcult to deﬁne ‘due to: the lentlcular ,

nature of these sand deposus' E

' The Hazardous Waste Fac111ty Operatmg Perm1t requlres annual determ1nat10n of hydraullc ﬂow rate and' ‘: o
_ direction’of flow in the uppermost aquifer, the RGA, 'at C-404.-Water level measurements are taken-from -

,several wells at the penmeter of-C-404 on a semiannual basis and used-to plot the potentlometnc surface

.of the- upper 'RGA and the lower RGA. For the 2006' samplmg events “the flow velocrty within the RGA™ ™~

-near C-404 ‘was calculated to: range between 0.49 ft/day and 4.7 ft/day (PRS 2006). The - current

. compllance monitoring well network for C-404 (initially installed in 1988).is.based on the. assumptlon,}

that the area groundwater flow trends” northward. Potentiometric - and: dissolved 'contaminant trends

‘demonstrate that the preva111ng groundwater- flow path d1rectly beneath C-404:remains: northward, “but. ‘
commonly varies from the northeast to the northwest.. However, the preva111ng groundwater ﬂow path *~

immediately south of C-404 (passing through the area- .of wells MW226 and MW227) 18 northwestward
- This divergence of the groundwater flow system is explained in more detail in. Well Plan for Addztzon of
. Wells for C-404 Monztormg Well Network Paducah Gaseous Dzﬁ‘uszon Plant “Paducah, Kentucky (PRS
2007) - S ,
e e

- f?,4;-‘co_N)TAM"I'NANT' “G'R‘oUNDwATE'R 'PiUMEs :

o ‘TCE a-common solvent and technetlum 99 (99Tc) a'man- made radlolsotope are: the ‘most w1despread
~ groundwater contaminants associated with the PGDP: TCE occurs as pure phase (free-product) dénse C
‘nonaqueous-phase liquid (DNAPL) at multiple locatrons in the silts and, clays overlymg the RGA and,

most probably, in the RGA itself at some locatrons Technetlum-99 is a-widespréad soil contaminant at

" the. PGDP and a common contaminant.in’ many PGDP -burial* ‘grounds. Both dissolved TCE.and STe

‘migrate w1th downward percolating water to the RGA o .addition, pools ‘of TCE, believed to exist w1th1n
~ the RGA, are able to yield much higher dlssolved levels in groundwater These -contaminarits have

-resulted in large-scale dissolved- phase plumes that are migrating from the PGDP toward the Ohro R1ver _

3 Flgures 2 and 3 present an 1llustratlon of the PGDP groundwater plumes

PR . i

. ~ -a . - - :
w a L . A A .. ¢ <L L e
by . .. {

s, ci404' ”smnsnéAnANA;ySIS OF CURRENT MONITQRINQ_

‘7 - _lea ;".)ﬂ B .j,'"

The stat1st1cal analyses conducted on: the data collected from C- 404 Hazardous Waste Landﬁll are .~

g performed in accordance with procedures prov1ded in, Attachment “VIIL “Appendix C of the C-404

- Hazardous Waste Management Permit and. prev1ously have been approved by the’ Kentucky Division of

‘Waste Management (KDWM). The percent of censored (nondétected) data points: for - individual

parameters is calculated for the combined analytrcal data. The percent of censored data was used'to select -
the types of stat1st1cal ‘analyses to determme if test well concentratlons drffered from background well - -
concentratlons For the November report the reportmg penod data set was data from second quarter 2004 -

through second quarter 2006

»
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The ANOVA procedure specrﬁed in the Perm1t is found in'the Env1ronmental Protectlon Agency (EPA)
guidance document; Statistical Analysis of Ground-water Momtorzng Data at RCRA Faczlztzes Internal

" Final. Guzdance (EPA” 1989) The type of statistical test conducted for each chemlcal data set.is:a function

of the number of samples and proportlon of nondetects (censored data) to detects (uncensored data) .in

‘ :each group. The percent of censored. (nondetected) .data points for individual parameters was:calculated
for the combmed analytlcal data. .The stat1st1cal procedures (EPA 1989) apphed to the data are
' ,summanzedasfollows EIETE O e T

Determme the percentage of the censored data usmg the reportmg penod data set

[ * ' "‘\ 't"’;— 2. . el e B

Group by percentage censored data where the followmg apply

v*tl,z i

e Statlstlcal Test 1: censored data are - greater than or equal to 90%, determrne the L1m1t of

Detect1on (LOD) and half of the LOD (1/2 LOD) . S

D= Statrstrcal Test 2 censored data are between 50% and 90%, perform a Test of Proport1ons If the .

" . analysis indicates a significant proportional difference in- complrance test wells further analyze

through nonparametrlc ANOVA Test " S ; : -

—_ Statrstlcal Test 3 censored data are between 15% and 50%, perforrn nonparametnc ANOVA-

~Test. If results. exceed the.critical value, compute the critical difference used to 1dent1fy 1nd1v1dual '
well concentratrons Wthh are srgmﬁcantly elevated compared with background

R Stat1st1cal Test 4. censored data are less than 15%, actual data values are analyzed usmg

T ' *parametric ANOVA' procedures If the wells exhrbrt equal variances, then the data is used as

: “presented. If the wells do not exhibit equal variances, the log of the data is taken-and then used in
 the calculations.. Where statistical. testrng mdrcates elevated test well concentratlons Bonferroni’s
Test of Contrasts is performed Co e S - : : ‘

*\, FUSTR e ' T

. .
In previous reports, TCE for the upper RGA has been statlstlcally analyzed ut111z1ng the Statlstlcal Test 3.

- For the November report, however, MW90A showed a detection of TCE at the detection l1m1t of 1ug/L..
 This- detectron caused the statistical analysrs for TCE to be performed by the Stat1st1cal Test 4, whlch is
",the most sensitive test. Calculatrons are provrded in Appendlx C & : :

[ 2

R "SOURCE DEM_ONSTRATION S e
Based on currently avatlable data as presented in Appendrces A and B, the stat1st1ca1 increase’is the result
of a mrgratron in location of the northern spur of the southwest groundwater plume of contammatlon that

flows’ beneath the ’C-404 Landfill. Investlgatron of. contammatlon sources ‘18 ongomg under the ex1st1ng

Federal Facrhty Agreement and approved work plans EA Sl "

Potentlometnc surface contours are generated on a sem1annual basis for 1nclus1on ‘in C- 404 Permit
Reporting. - Typically; these contours indicate a- northwestem trend to the groundwater direction. The
sem1annua1 potentiometric surfaces were reviewed for the years 2001 through 2005. " These contours
provide " a , localized 1nterpretat10n "of :the hydraulic gradient  in both" ‘the: upper and lower .
RGA. - All" of these semrannual potentlometnc maps: indicate, locahzed groundwater flow: to -the

».'northwest/west northwest ‘Both- upper and lower RGA grad1ents appear cons1stent within each mapped
: t1me frame R o i e .




: Of 1nterest w1th1n the 2004 potentrometnc surfaces reported ‘in T rzchloroethene and T echnetzum 99
Groundwater Contamznatzon in the. Regzonal Gravel: Aquifer for Calendar Year 2004 ‘at the Paducah

‘Gaseous Diffusion Plant; Paducah, Kentucky, BIC-PAD-169/R5 Final, (BJC 2006) is the indication of a -

slight’ groundwater mound southeast of the: C2404 Landfill." Further, semiannual potentiometric surface.
~contours’ from May 2002 through ‘Noveniber. 2006 C-404 permit reporting were"reassessed -and are

~presented-in Appendrx A. Datum elevatlons of two key wells,” MW227- and MW93, were, resurveyed i in -

Apr11 2007 and correctlons to well level measurements made; as approprlate Datum-elevations for’ the
‘remainder of the RGA wells in-the C-404 area were resurveyed in May 2007. The September 2006 water

*levels were- recontoured based on:the April and- May 2007 resurveys and are presented in Figure 4. ‘Based
T on the data a groundwater mound as prevrously suggested in the 2004 plume report is not evrdent '

3 ~Av 44-‘4« L

Addltronal mformatron regardmg the hydrogeology in the C 404 area is presented in the Well ‘Plan for
‘Addition of Wells for. C 404 Momtorlng Well Nerwork Paducah Gaseous Dlﬁ‘uszon Plant Paducah
Kentucky (PRS 2007) e '_,- U T S S , .

Research into:a’ possrble explanatlon for a potentral groundwater mound southeast of the C- 404 Landﬁll
m1t1ally yielded the potentral that the 36-1nch raw- water line’located south of the:landfill could be leaking.-

. Figure 4 1llustrates the prox1m1ty of the water line to the landfill, together with the potentiometric surface =
- + mapped for the area.’ . In order for a. leak to be: large ‘enough to affect groundwater flow; eviderice of the

leak would-be' shown on theé surface and in the.water. levels.of the wells:. However, there is no mdlcatron
,of a leak in the'water line near the landfill. The- United- States Enrrchment Corporation (USEC), who.
leases the facrhty from’ DOE was, consulted and evaluated the area USEC concurred that a leak is not
hkely T : :

W l-r

The majonty of the MW network was mstalled for the C 404 Landﬁll in 1988 Informatlon avallable at”

< that time 1ndlcated a more* northern trend to the. groundwater flow direction. "In. 1993 two. addltlonal wells
> were installed as part of the monitoring’ system to-act.as-background monitoring- locations. When the
. BGOU RI hydrogeologlcal study determines groundwater ﬂow d1rect10n a-‘more appropnate upgradrent

e and downgradlent Mw may be 1nstalled or rehabllltated 1f necessary

UCRS MWs in the area are not comphance wells, ,but are sampled in’ conJunctlon wrth the compllance
 MWs:at C-404, Analytrcal results from- these wells mdrcate a.TCE release from C-404 is possible..

' Flgure 5 illustrates the location-of these UCRS MWs and shows a graph of each MW’s TCE results.-The..
BGOU RI ‘will seek to determme whether the landﬁll is-a current source of TCE contammatlon in the.
RGA e . ' : :

Although C- 404 may be a source of groundwater contammatron the, statlstlcally 51gn1ﬁcant increase of

TCE in the downgradrent well MW84 -appears to,be. due to an upgradient source whose TCE is migrating
» through the C-404 area. ‘Définitive in demonstratlng a source: of TCE groundwater flow. direction across
.C-404: are: the. TCE trends through the area on sitewide maps. Appendrx B illustrates the combined upper
and mlddle RGA TCE plumes documerited in the annual plume map reports These maps depict the TCE

. plume as 1nterpreted and documented durmg .ach-annual report Contammant .contours have not.béen -

- revised from the 2001 through 2005 ‘feports for this' demonstratlon Both the upgradlent wells ‘at the
. southern side of thelandfill (MW93 and MW95A). and the downgradrent wells at the northwestem s1de

- (MW84 and-MW86) show the. same trend of increasing TCE, indicating.the: same source of TCE. is

~ migrating through the area and. affectmg the wells s1m11arly ThlS s1m11ar trend is, evrdent in both upper
and lower RGA wells R Lol : : : .

R

The upgradrent source of the TCE plume 1dent1ﬁed 1n Flgure 2 causrng the mcrease in TCE concentration
at MW84-is uncertam ‘The BGOU-RI is de31gned to. 1dent1fy addltlonal sources for TCE groundwater
contamination.  In addition to sources ‘being-investigated by.the BGOU RI, one potential source for the
TCE trends along the western portlon of C 404 (near MW84) is- SWMU 4 d1rectly south of the area..

. . ' - . - N B N s e K
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Figure 6 illustrates the waste cells delineated by geophysics during the WAG 3 RI (DOE 2001) and the
potential for its being the source of the western C-404 groundwater contamination. Another potential
source for the TCE trends could be a component of contamination at the C-400 Building contributing to
the Southwest Plume.

The data presented herein demonstrates that, while C-404 may be a source of groundwater contamination,
the statistically significant increase of TCE in the downgradient well, MW84, is due to an upgradient
source whose TCE is migrating through the C-404 area.
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KarenA Holland o
Paducah Remedratron Servrces LLC
761 Veterans Ave..

Kevrl KY 42053

eE

* .

" SUBJECT Vertrcal data for 15 Momtormg Wells (MW) and 2 Prezometers (PZ) C-404 Landﬁll at
~' Paducah Gaseous lefuswn Plant (PGDP) o

- ,Dear Ms Holland -
j Thls survey report is to document the re-survey of the followrng MW and PZ in the C—404 Landf Ilarea of . )
-7 the PGDP. “The' wells were surveyed using the existing plant vertlcal control datum as establrshed from

- the PGDP north-south and east—west coordrnate system v

B N AT

,~‘;_, 2

Ty -The elevatrons are as follows

3 g STATION o ; -‘_EF MARK (FOUND) R ""‘REF MARK(MARCH1998) | ELEVATION

- ”(‘Mws4 LT .Wellle Platej A W o ‘_' 375.91
ST Mwes . T T T WellWiz.Plate . . L T WWP L .. 375.90°
T Mw 87 R " Well Wiz, Plate " .. T WWP o ©o, 2w 37879
S UMWEe T T WellWizPlate . . . WwWP_ - - . 31571
©MWGOA - . TopGreyRm -~ . . —— -7 T T 37428
STMWE2 v e T "Well Wiz.Plate T SWWP 0. 37454
- MWO3 - “-. . . TopPlateinside Casing . - WWP - : .7 37759
MWOsA - Top Grey Rim - R . 376.94
MW 226 - .. +.Open Top Ext. Casing .. :TOC ¢ - oo 37889
~MwW227° . ...-7 . OpenTopExt.Casing - - . TOC - : R 378.74 -
~MW333" . T . TopWhiteRim . . . WWR o s 377.27
MW337 - o TopWhiteRim . WWR = . . . 37452 . -
MW338 . % " TopWhiteRim . . - 0 - WWR_ . .. ] - 31472
MW414 . . ~© " ° JopGreyRim = - =~ T e T 37421
o MW416- - T 5T TopGreyRimT 0 T T e 37765
.~ PZ78: 7 T “Top Inner Most Casing* *. - -~ TIC g St - 37829
./ PZ67: . - - TopPlateSeat ~ - = : ‘WWP - - St e 37486 -

vy

§

: The, survey exceeded mlnrmum standards for Class A Standards of Practlce 201 KAR 18 150 and Thlrd-
Order USACE Pornt Closure Standards for Vertrcal Control Surveys .

4

»-.':ji‘S'ir_\efve'rely, r

- Mltchell D ewart P G P L. S
o Kentucky P L.S: No 3237

I

101 Lrberty Drrve, Sulte #, Kevrl KY 42053
: Tel: 270.462.4600 Fax 270.462.4601
L wwwtetratech com -
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