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Figure 1. Geologic structure, age of bedrock units, and generalized potentiometric surface within the Mississippian-age bedrock in St. Louis County 
and St. Louis City. 
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Figure 2. 1974 aerial photograph of the West Lake Landfill site, former landfill areas, areas containing radiologically impacted material (RIM), 
and monitoring wells at the West Lake Landfill site. 
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Figure 3. Contours of chloride concentration in the Mississippian-age bedrock from Miller and others (1974) and chloride concentration in historical 
(1934-70) water samples from water wells analyzed by the Missouri Geological Survey (MGS). Historical MGS sample data pulled from the USGS National 
Water Information System (http://waterdata.usgs.gov/nwis). Note chloride contours and data values are from different sources and may not directly 
correspond to each other. 
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Figure 4. Water wells with historical geologic logs drilled within a 3-mile radius of the West Lake Landfill site and geologic 
logs with water-quality comments. 
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Figure 5. Location of background groundwater samples within 5 miles of the West Lake Landfill site. 
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Figure 6. Monitoring wells at the West Lake Landfill site with landfill leachate effects. The presence of landfill 
leachate identified using concentrations of bromide (Br), chloride (Cl) and iodide (I). 
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♦ Alluvium, no leachate effect (leachate score equal O) 
• Alluvium, leachate effect (leachate score greater than O) 
• Bedrock, no leachate effect (leachate score equal O) 
v Bedrock, leachate effect (leachate score greater than O) 

Figure 8. Trilinear diagram of major ions in groundwater samples from the West 
Lake Landfill site. 
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Figure 9. Box plots showing concentrations of dissolved and total combined radium in groundwater 
samples from monitoring wells in various geologic units at the West Lake Landfill site. Data from 
2012-14. 
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Figure 10. Barite saturation index in relation to dissolved barium (Ba) or sulfate (504) concentra­
tions, the presence of dissolved combined radium above the maximum contaminant level (MCL), 
and the effects from landfill leachate in groundwater samples from the West Lake Landfill site 
(2012-14). 
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Figure 11. Relation between dissolved concentrations of sulfate (SO 4), iron (Fe), and dissolved 
combined radium above the maximum contaminant level (MCL) in groundwater samples from the 
West Lake Landfill site. 
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Figure 12. Maximum concentration of dissolved combined radium detected in groundwater samples from the West Lake 
Landfill site (2012-14). 
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Figure 13. Average concentration of dissolved combined radium in groundwater samples from the West Lake Landfill site (2012-
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presumed RIM source (table 5). 
Well had average dissolved combined radium above MCL but no effects from 
landfill leachate effects (L-score = 0), table 3). 
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Figure 14. Monitoring wells with average dissolved combined radium above the maximum contaminant level (MCL) and 
degree of landfill leachate effects in those wells, and results of radium isotope mass balance in relation to water levels mea­
sured during July 2012. 
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Figure 15. Approximate location of monitoring wells and leachate risers in the vicinity of the South and North quarry that have 
dissolved combined radium above the maximum contaminant level, and elevation of quarry floor and well screen intervals. 
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Figure 17. Average dissolved combined radium in monitoring wells near the North and South quarry areas at the West Lake Landfill site in 
relation to site features shown on 1968 and 1974 aerial photographs. Imagery obtained from U.S. Geological Survey (2014). 
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Figure 18. Concentrations of total combined radium and ratio of total radium-228 
to radium-226 (Ra228/226) in samples from leachate discharged from the Bridgeton 
Landfill (2006-14). 
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Figure 19. Comparison of dissolved and total combined radium and ratio of total and 
dissolved radium-228 to radium-226 (Ra228/226) in background groundwater samples 
to leachate pumped from the Bridgeton Landfill (2006-13) and selected Pennsylvania 
landfills. Pennsylvania leachate data from Civil and Environmental Consultants, Inc. 
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Cation-Anion Balance = 5.344%.
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Cation-Anion Balance = 5.226%.
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Cation-Anion Balance = 4.185%.

    
   Figure E-5 July 2013 Part 1 
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Analysis Run 5/5/2014 3:30 PM

Facility: Bridgeton LF     Client: Bridgeton LF     Data File: Bridgeton OU-1 Additional Monitoring Geochemistry Data for Piper+Stiff

Sanitas™ v.9.4.34 Sanitas software licensed to Herst Associates. UG
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S-5 7/9/2013
S-53 7/18/2013
S-61 7/12/2013
S-8 7/12/2013
S-82 7/11/2013
S-84 7/10/2013

Cation-Anion Balance = 4.237%.

    
   Figure E-6 July 2013 Part 2 
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Analysis Run 5/5/2014 3:27 PM

Facility: Bridgeton LF     Client: Bridgeton LF     Data File: Bridgeton OU-1 Additional Monitoring Geochemistry Data for Piper+Stiff

Sanitas™ v.9.4.34 Sanitas software licensed to Herst Associates. UG
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PZ-106-KS 10/11/2013
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PZ-106-SD 10/8/2013
PZ-106-SS 10/7/2013
PZ-107-SS 10/3/2013
PZ-109-SS 10/9/2013

Cation-Anion Balance = 11.53%.

    
   Figure E-7 October 2013 Part 1 
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Analysis Run 5/5/2014 3:29 PM
Facility: Bridgeton LF     Client: Bridgeton LF     Data File: Bridgeton OU-1 Additional Monitoring Geochemistry Data for Piper+Stiff

Sanitas™ v.9.4.34 Sanitas software licensed to Herst Associates. UG

<< C
alcium

 (C
a) + M

agnesium
 (M

g)

<< Sulfate (SO
4)

Sodium
 (N

a) + Potassium
 (K) >>

M
ag

ne
si

um
 (M

g)
 >

>

Su
lfa

te
 (S

O
4)

 +
 C

hl
or

id
e 

(C
l) 

>>

<<
C

ar
bo

na
te

 (C
O

3)
 +

 B
ic

ar
bo

na
te

 (H
C

O
3)

Piper Diagram
80 80

60 60

40 40

20 20

2020

4040

6060

8080

Mg

Ca Na+K

<< Calcium (Ca)

80 20

80

60 40

60

40 60

40

20 80

20

SO4

HCO3+CO3 Cl

%meq/l
Chloride (Cl) >>

CATIONS ANIONS

20 80

20

40 60

40

60 40

60

80 20

80

PZ-10D-SS 10/8/2013
PZ-110-SS 10/8/2013
PZ-111-KS 10/3/2013
PZ-111-SD 10/7/2013
PZ-112-AS 10/2/2013
PZ-113-AD 10/7/2013
PZ-113-ADFD 10/7/2013
PZ-113-AS 10/2/2013
PZ-113-SS 10/3/2013
PZ-114-AS 10/8/2013
PZ-115-SS 10/8/2013
PZ-116-SS 10/11/2013
PZ-200-SS 10/2/2013
PZ-201A-SS 10/9/2013
PZ-202-SS 10/11/2013
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S-8 10/1/2013
S-82 10/8/2013
S-84 10/9/2013
S-84FD 10/9/2013

Cation-Anion Balance = 8.127%.
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• • • 
Table 6.1 Organic compounds detected in leachate 

Active Sanitary Landfill Leachate Inactive Landfill Leachate 

Compound LCS-1 LCS-2 LCS-3 LCS-4 LR-100 LR-103 LR-104 LR-105 

Acetone 1.2 0.65 0.038 0.61 <0.010 <0.010 <0.010 0.04 
Benzene <0.5 0.009 <0.005 <0.005 <0.005 <0.005 <0.005 0.007 
Chlorobenzene <0.5 0.035 0.029 0.011 0.044 <0.005 <0.005 0.74 
1,4-Dichlorobenzene <0.5 0.081 0.009 0.056 0.01 <0.005 <0.005 . 0.068 
Ethyl benzene <0.5 0.049 0.023 0.07 0.012 <0.005 <0.005 0.089 
2-Hexanone <1 0.1 <0.010 0.18 <0.010 <0.010 <0.010 <0.010 

Methyl Ethyl Ketone 3 1.3 0.11 2.6 <0.010 <0.010 <0.010 <0.010 

Methyl iso-butyl Ketone <1 0.08 <0.010 0.076 <0.010 <0.010 <0 010 <0.010 

Styrene <0.5 0.005 <0.005 0.006 <0.005 <0.005 <0.005 <0.005 

Toluene <0.5 0.097 0.015 0.12 <0.005 <0.005 <0.005 0.007 
Total Xylenes <0.5 0.14 0.035 0.17 0.057 <0.005 <0.005 0.43 

m+p Cresol 1.9 0.95 0.077 0.26 <0.010 <0.010 <0.010 R 

2,4-Dimethylphenol <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.082 

bis(2-ethylhexyl)phthalate 0.019 0.022 0.017 <0.010 0.12 <0.006 <0.006 0.036 

Diethyl phthalate 0.033 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 

Dimethyl phthalate 0.012 <0.010 <0.010 <0.010 <0 010 <0.010 <0.010 <0.010 

Phenoi Ge29 
,., ,.,, 

<0.010 " ""-, ....-n n-1 n ....-f'\ n1 n <0.010 R v.,u v.v,, --u.v1v --..u.u IU 

Naphthalene <0.010 <0.010 <0.010 <0.010 0.011 <0.010 <0.010 <0.010 

Volatile Petroleum Hydrocarbons 0.41 0.4 0.12 0.48 0.17 <0.05 <0.05 0.95 

Diesel-range Petroleum Hydrocarbons 79 6.9 2.2 0.22 2.2 0.63 0.08 4.4 

Notes: 

All results in mg/I 

R: Data point rejected during data validation 

Results above the reporting limit are shown in boldface/italic type 

Inactive landfill leachate riser LR-101 was not installed due to the absence of leachate at this location. 

Inactive landfill leachate riser LR-102 was not sampled due to minimal (<6 inches) liquid thickness. 



 

 
 
 

APPENDIX T 
 

SOIL RADIONUCLIDE IMPACTS
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Figure 6-10

Ra-226 v. Th-230 - Area 1
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Figure 6-11

Ra-226 v. Th-230 - Area 2

West Lake Landfill OU-1 RI Addendum

Engineering Management Support, Inc.EMSI

0D -iJ 
a. 

0 
M 
N 
' ..s::. 

I-
b.l) 
0 

...J 

0.10 

100000.00 

10000.00 

1000.00 

100.00 

•• 
10.0 

• .. , 

• 

• 
• ., 

Ra-226 v Th-230 AREA 2 

• • •• • • • • • • 
• • • • • 

• • • • 
.c • • • 

• • • • 
•• • 
• 

• 
• • • • •• • • • • 

• • • ••• • • • 

• • 

A---<---------+--------+-------+---------1 

• .... , 
•• • 
• 

0.10 

10.00 100.00 1000.00 10000.00 

Log Ra-226 (pCi/g) 



\,Y;(<'~\;/ _;J 
\ 

\~ 
'-

' ,, 

' 

1'· 
I 

I 
I 
I 

~ \\ 
',,-~ ... ~ ;\( · • <v = - 'M 
- ,,'-~"' . ll' 

"""' ~>-~-;:t~ 
-,. ..... . '°"'·•) ,,•m··'~.... ~ 

' ·-- ~--- -=•· ' Rll•,~ ~ ~ --~ "---""J'»' _____ , ,,------'---- ' 

(:
~·· ~ ·Al ·~-~~~i,;~J. :- ·""' . 

. D-1 .-» "',~, ~ ~/ WI. . .. ✓ 'f ..rt:."'-'" ~ - oa>l"'i°" • •=• 1ri..: / ':, ---"".V/ ~-- r.~111 ' cil'l:\'.'.'.,'.!e --.;';;" r~t:"'°"""-·✓,:---~--~~~:.--'---------~- ---- ~ / \ - - __ ...,.,u =••-'" 
I z ~ _M __ "' .,,,...= .. ---- - d --------W __ ~ . 
~ ' T" -Sf" / ;::• ~ :"%":'', - ~ -,,;-•,-.. ,. -- .. ,. r :,c·:s.=,=== = •=='==. 

:~:~,;;;--,~j~£u ..,, ~ /::::::~ ---, ,,_ ) ·~ / // ,;;}:~ ---···· -

•;~. , ____ ',,__ ;-'=,:::i,f/ ~ ~ ·--···~ -< -
···i~-~1--7Jrx,,2:~~~z :f ~ ,4- -=-
i, ' . - -~-)>-'¾ri: ~FL);?:!..' - ,., 

•/•/ ', , '" 
~<,!,, I f"';"{,'', . .-. •• 

"'"" \· .,..,,,,,, J ' . ~ .·. \ . \ \ \ >, ', •~= EElll 'f'""~ \t \ r, ',9>-, •,: >- · ···1." ,. 
' ~ \' ' ' . ,0-88 

~

, .. \ .. _:~_;:)~ \\: _,•:(-~::;:~ ~, .• , , . · .. ·. . .... \ i 
\,, .... \ \ \ \ \ 

~

' \'· ·~~-\ \. '1_ \ \ 
I · · \ \ \ 1\ , 11MOSe ' \ 

~ 1~ \_, ".' )' \ \ 
' ' '. )) 0 ' < \ \ 

\0 

'",l':1L\\\\\\\\i\ii\\W\\, '\ " 
\\_ 

\ 

SAMPLE LEGEND 

Bortng/S&,mpleNo 

SampleDepth ~==~~~~~\~) 
lntefvals In Feet ~ ned Uranium - 234+236+238 (pCVg) 

r»l -~EPAUl'Welltl'lttedU..Crilel1'd7.8pQ'jjforRildium 
- E.-dsEPAUmlSlrided Use C11181t9d7.9pQ'jjforThorium 
- E.-dsEPA UmlSlrided Use C11181t9d5'.5 pQljj for Uranium 

d - lndic8tesF181dDJplicat8Sanple 
es - lndicateaSpl~Sarnple Taken by Colleo" 
es-lndicateaSplltSarnpleTakenbyEPA 

N~:~Resultfo"Orel1101q)eWaaNcn-dstecl: 

OVERLAND GAMMA LEGEND 

~~&JNo 
- m.~~OORLESS 

- GREATER THAN 2X BACKGROUND 

BOREHOLE GAMMA LEGEND 

• andO Borehole with Elevated Oownhole Gamma 
at theGroundSUrface 

LEGEND 

OU-1 Aree6oundary 

•••• ApproxlmateEdgeofRefuse 

---- ApproxlmateExtantotRIMatlheGroundSurfac:e 

e andO SoilBOl'lng«Surfac:eSoilStlmple 
(SeeFlgure~forAddltlonallnformadon) 

c::J Extant of Non Combustible (Rock)Cover (NCC) 

::::: Exlantof lneflfill 

ExtentofExisllngAaphallCover 

:::J ExlstlngRockCoverAroundSepticTank 

lndo,xContour 

lnlermedieteConlour 
Depression Contour 

c:::J Building,'Struclln 

PavedRoad 

UnpsvedRoed ~~ ,­
RetalnlngWall 

Noter,,: 
The Al'elll Extent of RIM Shown on this Figure does not 
Represent aContlguousl.ayer. butRalherPortrayslhe 
Composite C>eeurrenc:e of RIM at all Depth$1EleYations 
AerielTopoorgphyProvided By 
Cooper Ae~al Surveys Co. and Is 
Oatad December 2, 2016 
All ElevationeAteAboYe MeanS&. Level(amsl) 

I 
Figure 6--12 

Approximate Extent of -RIM 
at the Surface of Area 1 

West Lake Landfill OU-1 RI Addendum 

EMSI Engineering Management Support, Inc. 



\ 

SAMPLE LEGEND 

Boring/Sample No. 

SampleDepth ~-===~:~~~\~) 
Intervals In Feet ~ Combined Uranium - 234+235+238 (pCVg) 
[ill -EJOOlllldsEPAUrRStrlcl8dU.Cl'llell9d7.9pCL'gb"Radium 
@j) - 8medsEPA UrnstricledlJaeCl'llllliEld7.9pCL'glcrlllonum 
(rn -ExcoodB EPAUrmatric:lodllaeCfllO!lad54.5pCL'gla' Uranlll11 

d -lndicatesFl8klOUpllc818Sanple 
cs-lndicalesSpl~SampleTakenb)'Coller 
es-lndlcalesSplltSampleTakanb)'EPA 
• -lndlcalesReault fa"On9180ICJl)eWasNon-deled: 

ND - Non-dalect 

OVERLAND GAMMA LEGEND 

~8/l'&JNo 
- m.~-30~~f ORLESS 

- C3R£'TER THAN 2X BACKGROUND 

BOREHOLE GAMMA LEGEND 

• and O Borehole with Elavated Downhole Gam1T161 
a l tho Ground Surface 

\ \ 

' ( j~;)' "'\A/ ~ 
:;;- \\, ': 2' ~ / / /C , 

\ \ 1\ \:~::t /·' 
\ 

-~ 

\ 

' \ 

\ 

' \ 

', \,,\ 
/ I ·--:, - ->--- )/ '1 

I j I ~ --,;:t~-:\ i •' ,' 

c:::::::t 

-· 

,, -J - ' f I 

OU-1 ~ Bo,mds,ry 

ApproKlm.utEdgeol Reluse 

ApproKlmateExtentolRIMei lheGroundSurface 

SollBoringorSUrfaceSolSemple 
($eeFlgura4-Sl'orAdditional lnfoonation) 

Extent of Non Combusllble (Rodl) Cover (NCC) 

EJdstlngRodtCoveronRoad 

lntemlediateContour 

Depression Contour 

Building/Structure 

Unpaved Road 

Ro,tainir19Wal 

AerialTopagraphy Prow:ledBy 
CoopetAerislSurveytCo. andia 
Dated December 2. 2016 

• AIIElevationsAreAboveMeanSeaLevel(amsl) 

Figure 6-13 

Approximate Extent of RIM 
at the Surface of Area 2 

West Lake Landfill OU-1 RI Addendum 

EMS! Engineering Management Support, Inc. 



M:\clients\EMSl\westlake\2017\RI-Addendum-edits\Section-6\FIG-6-14-Buffer-Zone_Crossroad.dwg 1/22/18 

// ' 
PRIOR SOIL MOUND 
(5 FEET WIDE) ,,/✓/ ~ 

/ ,~- 'C\v-Vf " '\. . ~ ~ '\ ~w"Z"1~~5, PARCEL C 
. '\ · _1 ~ · ' • LOT 2A2 
, "" . "" \· ~ 1 . "" ,,,. ""~---...,: (CR~SSROAD) 

\ "~ ~'\~~'\R~~~MDNR-S10 

"" LOT 2A 1 "\.'\)'\'\Re-~~~-, 
, (CROSSROAD) '\" . i"" '- . "\. "\. " . 
' . . "'-~PARCEL B "'-

"'\ · LOT 2A2 
"" ""~\ (CROSSRO~) 

\ " . "::: "'-; " "' ".' . 

\ 
. ""'\ ""l ""'\ ' RC-

,'\'\;-'\~ 
\ "-'\" ~ ~L-20 

"""" . ""~"' . 
\ FP-6 "' . """" . ~ ' . "' '~ "'\~"RC-

\-'\~'-.I 
\~~f;!-7 

\~ PRIOR SOIL MOUND 
(10 TO 16 FEET WIDE; 

C) 
r----. 
""'T" 

OPERABLE UNIT 1 
AREA2 

LEGEND 

• Prior Soil Sampling Location 

o Prior Soil Sampling Location 
with Radium or Thorium 

~ 
'S:j--

Above Unrestricted Use Levels 

® Sediment Sample Location 

h s:· g Gravel 

- Mounded Soil 

Note: All Locations, Extents, And Lot Lines 
Are Approximate ! 

~ 
SEDIMENT-201~- VARIABLE) _____ ....._ ________ ......., __ _ 

150 0 ,...._.., 
SCALE IN FEET 

150 

(source: Herst & Associates, 1999) 

\ 
MON 

~ 

Figure 6-14 

Buffer Zone and 
Crossroad Properties 

West Lake Landfill OU-1 RI Addendum 

EMSI Engineering Management Support, Inc. 



NORTHWEST 

A 

OFFSITE WORKERS/ 
FARMERS 
Inhalation 

Area 2 ------~ 

ONSITE WORKERS 

I 

i 
i 
"I ; 
! 

i 

l 
450 

wj 
>~ o_, 
~ ~ 400 zW 
o-' -< f-w ;;;en 
wz 
iTI L1j 350 ::; 

300 

0 i 
] l 
:lll ., 

~ I WINDBLOWN 

"' s I DUST AND i RADON 

, ____ 
,. 1 

Direct Contact 
Ingestion 

lnhalalation 

Closed 
SURFACE WATER Demolition 

RUNOFF TRANSPORT Landfill 

BEND IN 
SECTION 

WINDBLOWN 
DUST AND 

RADON ----,,....~----,~-.-/.:r:";~:\~;\t; ,00_." ' 

~ c;..-,.-,=;:~b-""'o~ : <) ~ -~~I"o~0°,.I"o5o,iQ W~sie ~ o,_r''/0°::0 

l <> ~ o -f'_ 1,,._,. <> ◊ .. _1• <:i_,,; ,o 

I 

! 
l 

EA1 

PROPERTY 
BOUNDARY 

GEOLOGIC LEGEND 

Solid ~ St Louis Fm 
~J Waste Limestone 

• Clay 5 SalemFm 
Limestone 

= Loess Warsaw Fm 

Alluvium - I ~ K.eokuk Fm 
- Limestone 

□ 
LEGEND 

Geostatisical Estimate 
of Radiologically 
Impacted Material (RIM) 

+ 
+ 
+ 

II 
; 

~----Area 1---~ 

ONSITE WORKERS 
Direct Contact 

/ 

Ingestion 
lnhalalation 
Radiation 

SURFACE WATER 
RUNOFF TRANSPORT 

-/ 

September 2013 Alluvial Groundwater 
Elevation Taken at Well 

September 2013 St Louis Fm 
Groundwater Elevation Taken at Well 
September 2013 Leachate Groundwater 
Elevation Taken at Well 
September 2013 Alluvial Groundwater 
Elevation at Cross Section Intersection 

September 2013 St Louis Fm Groundwater 
Elevation at Cross Section Intersection 

SOUTHEAST 

A' 

.,..-

450 

T 7 400 

/ I / I / 
t-,-,-~--c-~~~~--'c--~st. Louis Fm _/,_~--c-~-

350 

300 

◄ - - - Possible Migration Pathway 

Possible Exposure Pathway 

Figure 7-1 

Potential Contaminant 
Migration and Exposure Pathways 1 ·,·,.,( -=-/s• .. o 15 150 

~ /;; •, • ._,__ // \\ _...... ...... Notes: These cross-sections were developed to display groundwatercond#ions beneath the siteL and only reflect the RIM occurrences along these sections. it-I • -t.......,---.1 West Lake Landfill OU-1 RI Addendum 
~ ,; ·,./· •-- Please see the cross-sections in Appendix M for more detailed portrayals of the RIM occurrences in Areas 1 and 2. HORIZONTAL SCALE IN FEET 
~ . Ground sunace from Aerial Topography provided by COoper Aerial Su,veys Co. and is dated December 2, 2016 VERTICAL EXAGGERATION 5X EMS! Engineering Management Support Inc. :ii Cross Section Index 1 



 

 
 
 

APPENDIX U 
 

COPC ISOCONCENTRATION FIGURES



EMSI Engineering Management Support, Inc.

West Lake Landfill OU-1 Supplemental Feasibility Study

From Herst & Associates, Inc. (2007)
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West Lake Landfill OU-1 Supplemental Feasibility Study

From Herst & Associates, Inc. (2007)
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Groundwater and Surface Water
Total Radium Results
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West Lake Landfill OU-1 Supplemental Feasibility Study

From Herst & Associates, Inc. (2007)
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Groundwater and Surface Water
Dissolved Arsenic Results
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West Lake Landfill OU-1 Supplemental Feasibility Study

From Herst & Associates, Inc. (2007)
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Figure 19

Groundwater and Surface Water
Total Arsenic Results
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Groundwater and Surface Water
Clorobenzene Results

West Lake Landfill OU-1 Supplemental Feasibility Study

From Herst & Associates, Inc. (2007)
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Figure 3

Total Radium-226 in Groundwater
October - November 2013
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NOTES:

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27
2. Elevations Based on U.S.G.S. Datum.
3. Existing Grade Contours  are from the Aerial Survey Completed by
    the Sanborn Mapping Company on July 20, 2011.
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc.
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Figure 4

Dissolved Radium-226 in Groundwater
October - November 2013
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NOTES:

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27
2. Elevations Based on U.S.G.S. Datum.
3. Existing Grade Contours  are from the Aerial Survey Completed by
    the Sanborn Mapping Company on July 20, 2011.
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc.
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Figure 5

Total Radium-228 in Groundwater
October - November 2013
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NOTES:

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27
2. Elevations Based on U.S.G.S. Datum.
3. Existing Grade Contours  are from the Aerial Survey Completed by
    the Sanborn Mapping Company on July 20, 2011.
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc.
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Figure 6

Dissolved Radium-228 in Groundwater
October - November 2013
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West Lake Landfill Operable Unit-1

NOTES:

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27
2. Elevations Based on U.S.G.S. Datum.
3. Existing Grade Contours  are from the Aerial Survey Completed by
    the Sanborn Mapping Company on July 20, 2011.
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc.
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Figure 7
Combined

Total Radium-226 + Total Radium-228
in Groundwater

October - November 2013

5000 250

SCALE IN FEET
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Level of 5 pCi/L for combined Radium-226 and
Radium-228

Total Radium result that is less than the Maximum
Contaminant Level of 5 pCi/L for combined Radium-226
and Radium-228

West Lake Landfill Operable Unit-1

NOTES:

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27
2. Elevations Based on U.S.G.S. Datum.
3. Existing Grade Contours  are from the Aerial Survey Completed by
    the Sanborn Mapping Company on July 20, 2011.
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc.
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Figure 8
Combined

Dissolved Radium-226 + Dissolved Radium-228
in Groundwater

October - November 2013
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SCALE IN FEET

RADIUM EXPLANATION
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Contaminant Level of 5 pCi/L for combined Radium-226
and Radium-228

West Lake Landfill Operable Unit-1
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NOTES:

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27
2. Elevations Based on U.S.G.S. Datum.
3. Existing Grade Contours  are from the Aerial Survey Completed by
    the Sanborn Mapping Company on July 20, 2011.
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc.
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Figure 9

 2013, 2012 and RI/FS Results for
Total Radium-226 in Groundwater

5000 250

SCALE IN FEET

West Lake Landfill Operable Unit-1

NOTES:

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27
2. Elevations Based on U.S.G.S. Datum.
3. Existing Grade Contours  are from the Aerial Survey Completed by
    the Sanborn Mapping Company on July 20, 2011.
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc.
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DUP 0.63 DUP 0.48

0.73DUP
0.60DUP

DUP 3.26 

7/13 0.29J
DUP 0.36J

DUP 1.05J 

2.78DUP

DUP 3.58

4/13 1.48
DUP 1.27

5-6/97 1.05

DUP 0.51

DUP 1.21

DUP 0.76

2-3/97 0.25

DUP 1.89
5-6/97 1.52

DUP 2.48

DUP 0.39J+

2-3/97 3.38
DUP 0.71

DUP 4.11J

DUP 1.53

DUP 0.29J+

DUP 4.69J

DUP 1.18J

DUP 5.32J

8/12 0.53J
DUP 0.52J

DUP 1.21

DUP 2.52  

DUP 0.79

7/13 EPA 0.650

7/13 EPA 0.741
7/13 EPA 1.04

7/13 EPA 1.41

7/13 EPA 2.55

7/13 EPA 2.61

7/13 EPA 4.10

7/13 EPA 2.43

7/13 EPA 15.90

7/13 EPA 1.54

7/13 EPA 2.83

7/13 MDNR 1.39

7/13 MDNR 1.11

4/13 EPA 0.438

4/13 EPA 1.18

7/13 1.14

4/13 EPA 1.90

4/13 EPA 2.01

4/13 EPA 2.73

4/13 EPA 3.86

4/13 EPA 1.95

4/13 EPA 2.43

4/13 EPA 18.00

4/13 EPA 7.58

4/13 EPA 8.30

8/12 MDNR 2.52

8/12 2.83

8/12 MDNR 2.32

8/12 MDNR 0.43J

DUP 0.47J

8/12 MDNR 0.81J

10/13 0.31J

10/13 0.91J

10/13 0.90

10/13 1.77J

10/13 MDNR 3.05

10/13 0.73J

10/13 3.26J

10/13 4.46J

10/13 2.40
DUP 1.82J

10/13 3.28

10/13 1.02

10/13 0.16UJ

10/13 0.38J

10/13 0.40J

10/13 0.28J

10/13 1.10J
DUP 0.90J

10/13 0.65J

10/13 4.47J

DUP 2.22J
10/13 2.11

10/13 0.38J
DUP 0.45J

10/13 0.71J

10/13 0.30J

10/13 2.23J

10/13 0.97J

10/13 3.14J

10/13 26.93

10/13 0.37J

10/13 1.95

10/13 2.58

10/13 MDNR 24.23

10/13 2.5410/13 9.93

10/13 2.29J

10/13 0.19U

10/13 2.84J

10/13 1.67

10/13 1.68
10/13 0.42J
DUP 0.44J

10/13 1.01

10/13 3.35J

10/13 7.73J

10/13 1.96

10/13 3.89

10/13 0.33J

10/13 1.27J

10/13 1.94

10/13 2.82
2.74DUP

10/13 0.83J

10/13 3.67J

10/13 0.37J

10/13 8.89

10/13 0.33J

10/13 1.89

10/13 0.30J

10/13 1.19

10/13 1.32

10/13 1.65
10/13 1.35

10/13 0.99

10/13 1.38

10/13 1.61J

10/13 0.63J

10/13 1.07

10/13 0.50J

10/13 1.88

10/13 0.47J

10/13 1.15
DUP 1.21

10/13 1.73

10/13 0.48J

10/13 0.13UJ

10/13 0.37J

10/13 0.40J

10/13 1.05J

10/13 0.47J

10/13 2.00

10/13 0.53J
DUP 1.40

11/13 1.08
PZ-209-SS

11/13 0.14U
PZ-209-SD

11/13 0.58J
PZ-210-SD

DUP 0.73J

11/13 0.61J
PZ-210-SS

11/13 0.56J
PZ-211-SS

11/13 22.71
PZ-211-SD

11/13 0.04U
PZ-212-SS

11/13 0.48J
PZ-212-SD

10/13 MDNR 2.96

10/13 2.40

10/13 MDNR 3.20

10/13 MDNR 2.22

10/13 MDNR 2.12

10/13 MDNR 2.01

10/13 15.70

10/13 MDNR 5.04
10/13 EPA 5.72

10/13 EPA
10/13 MDNR 4.15

3.44

2.9310/13 MDNR
10/13 MDNR 0.56J

10/13 MDNR 1.29
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EMSI Engineering Management Support, Inc.

Figure 10

2013, 2012 and RI/FS Results for
Dissolved Radium-226 in Groundwater

5000 250

SCALE IN FEET

RADIUM EXPLANATION

West Lake Landfill Operable Unit-1

NOTES:

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27
2. Elevations Based on U.S.G.S. Datum.
3. Existing Grade Contours  are from the Aerial Survey Completed by
    the Sanborn Mapping Company on July 20, 2011.
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc.

Paved Road
Unpaved Road

Alluvium Groundwater Well

LEGEND

Operable Unit-1 Area as Defined By ROD

Alluvial Intermediate Well

St. Louis Formation Well
Salem Formation Well
Keokuk Formation Well

I or AI:

SS:
SD:
KS:

Alluvial Shallow WellS or AS:
Undifferentiated LR or MW:

WELL FORMATION DESIGNATIONS 

Alluvial Deep WellD or AD:

Dissolved Radium-226 Concentration in (pCi/L)

Bedrock Groundwater Well

Date Sampled

Well Number

RI/FS Groundwater Well That No Longer Exists

5/96 0.1

S-1

5/96 0.21
S-8

5/96 0.32
S-10

5/04 0.23

5/96 0.29
S-61

3/04 0.25

11/95 34.9
S-80

2/96 130

5/96 0.88
S-82

5-6/97 1.07

5/04 0.50
3/04 0.58

5/96 0.34
S-84

5/04 0.63

5/96 1.17
I-2

5-6/97 0.98

5/04 1.01
3/04 1.06

5/96 0.87
I-4

5-6/97 0.81
5/04 1.26

5/96 0.18
I-7

5/96 0.54
I-9

3/04 1.60
5/04 0.94

5/96 0.5
I-11

3/04 0.59
5/04 0.85

5/96 0.52
I-67

5/96 0.44
I-68

3/04 0.38
5/04 0.46

5/96 0.78
D-3

5-6/97 0.75

5/04 2.54
3/04 2.47

5/96 1.66
D-6

5-6/97 1.8

5/04 2.56

3/04 2.61

11/95 15.4U
D-12

5-6/97 0.49

5/04 0.65
3/04 0.57

5/96 0.58
D-13

3/04 1.0
5/04 1.26

2/96 96.7
D-14

5/96 0.82
D-83

5/96 0.54
D-85

3/04 0.50
5/04 0.52

5/96 0.95
D-93

5-6/97 1.18

5/04 1.02
3/04 1.30

2-3/97 1.58
LR-105

5/96 0.22
MW-101

2-3/97 1.77
MW-103

DUP 0.947

5/96 0.5
MW-F3

2-3/97 0.955
PZ-1201-SS

5-6/97 1.17

2-3/97 3.03
MW-1204

2-3/97 3.03
MW-1204

5-6/97 2.19

2-3/97 2.18
PZ-100-SD

5-6/97 1.39

2-3/97 1.9
PZ-100-SS

5-6/97 2.4

2-3/97 2.03
PZ-102R-SS

5-6/97 1.05

2-3/97 2.39
5-6/97 1.27

2-3/97 2.55
PZ-104-SS

5-6/97 1.15

2-3/97 1.84
PZ-106-SD

2-3/97 2.62
PZ-106-SS

5-6/97 2.53

2/96 0.069
PZ-107-SS

2-3/97 4.9
PZ-110-SS

5-6/97 3.43

2-3/97 2.07
PZ-111-SD

5-6/97 1.34

2-3/97 1.09
PZ-113-AS

5-6/97 0.773

2-3/97 2.24
PZ-113-SS

5-6/97 0.71

2-3/97 2.5
PZ-113-AD

5-6/97 1.39

5/96 0.51
PZ-114-AS

5-6/97 0.893
PZ-201A-SS

2-3/97 1.11
PZ-204A-SS

2-3/97 1.9
PZ-206-SS

5-6/97 1.19

2-3/97 1.48
PZ-208-SS

5-6/97 1.15

2-3/97 2
PZ-301-SS

5-6/97 1.42

2-3/97 1.31
PZ-303-AS

5-6/97 1.15

2-3/97 1.31
PZ-304-AI

DUP 1.91

2-3/97 2.34
PZ-304-AS

5-6/97 0.896

11/95 33.7
MW-107

2-3/97 1.65

PZ-104-SD

8/12 0.56J

8/12 3.23

8/12 0.32J
I-62

8/12 2.54

8/12 0.86
MW-102 

8/12 0.35J

8/12 1.79

8/12 1.32

8/12 2.14

8/12 1.01

8/12 0.68

8/12 0.25U
I-65

8/12 0.28UJ
I-66

8/12 1.21

8/12 0.25U

8/12 0.27J

8/12 0.36J

8/12 1.61

8/12 1.93J

8/12 1.14J+

8/12 0.46J
MW-104

8/12 0.62J
D-81

8/12 0.47J
PZ-302-AI 

8/12 2.90

8/12 1.28

8/12 0.27J
PZ-106-KS 

8/12 0.72J
8/12 1.41

PZ-204-SS

8/12 0.39UJ
PZ-116-SS 

8/12 1.92J+
PZ-105-SS 

8/12 1.08J+
PZ-203-SS 

8/12 2.79J

8/12 0.55J

8/12 0.51J
8/12 1.65

8/12 0.72

8/12 0.52J

8/12 0.52J+

8/12 3.95

8/12 2.698/12 0.25U
PZ-100-KS 

8/12 3.12J
PZ-200-SS 

8/12 3.62

8/12 0.45J+

8/12 3.63J
PZ-102-SS 

8/12 3.09
PZ-103-SS 

8/12 1.42J+
D-87

8/12 0.73J
PZ-207-AS

8/12 4.51J

8/12 1.94J 8/12 1.29J
S-5

8/12 1.94

8/12 0.73J

8/12 2.55

8/12 3.08
PZ-112-AS

8/12 1.26J+

8/12 0.32J
PZ-111-KS

8/12 5.01J

8/12 1.10
LR-103

8/12 6.49
PZ-115-SS

8/12 9.74J

8/12 0.28J
PZ-104-KS 

8/12 1.60J

8/12 0.67J
PZ-202-SS 

8/12 28.87
PZ-101-SS 

8/12 0.91

8/12 2.35J
PZ-109-SS

8/12 0.7J
PZ-305-AI

8/12 0.48J
LR-104

8/12 1.54J
PZ-205-SS 

8/12 1.33J
PZ-205-AS 

8/12 0.83
LR-100 

8/12 0.71J
I-73

8/12 5.02J

4/13 0.04U

4/13 0.01UJ

4/13 0.84
S-53

4/13 0.37J

4/13 0.64

4/13 0.11U

4/13 0.11U

4/13 0.67

4/13 1.24

4/13 0.40J
4/13 0.30J

4/13 0.20J

4/13 0.21J

4/13 0.67

4/13 1.04

4/13 2.12

4/13 1.75
4/13 0.19U

4/13 0.92

4/13 0.79

4/13 0.18U

4/13 1.79

4/13 0.91

4/13 0.75

4/13 1.93

4/13 0.14U

4/13 0.52J

4/13 0.394/13 1.04

4/13 0.24J

4/13 0.25J

4/13 2.90

4/13 0.26J 4/13 2.41

4/13 3.80

8/12 EPA 16.90

4/13 1.88

4/13 4.58

4/13 3.89J

4/13 0.07U

4/13 3.76 4/13 0.81

4/13 1.22

4/13 0.32J4/13 0.61

4/13 3.12

4/13 5.80

4/13 2.29

4/13 3.76

4/13 0.31J

4/13 1.17

8/12 EPA 1.93

4/13 1.59

4/13 0.49J

4/13 2.48

4/13 0.18UJ

4/13 7.35

4/13 0.21J

4/13 1.84

4/13 0.32J

4/13 0.38J

4/13 1.44

4/13 0.67J
4/13 0.87

4/13 0.57J
4/13 1.33J

4/13 1.13J

4/13 0.49J

4/13 1.06

4/13 0.39J

4/13 0.44J

4/13 0.62J

4/13 0.47J

4/13 0.27J

Estimated Extent of Radiologically Impacted Material

4/13 0.45J

4/13 NS

10/13 0.30J
7/13 3.54

DUP 0.19J
DUP 0.25J

7/13 1.09J+

7/13 2.88

7/13 0.31J

7/13 0.47J

7/13 0.33J

7/13 0.47J

7/13 0.82J 10/13 1.42

7/13 0.33J

7/13 2.05

DUP 1.83

10/13 0.17J

7/13 2.56J

7/13 0.67J

7/13 0.76J

10/13 0.28J

7/13 6.46

7/13 0.45J

10/13 2.60

7/13 1.857/13 0.21U

7/13 1.07

7/13 1.43
7/13 0.43J

7/13 1.99

7/13 0.96J

10/13 0.39J
10/13 1.77

7/13 3.72

4/13 0.74

10/13 1.52J

7/13 1.05
7/13 0.37J

7/13 3.43 7/13 27.91

10/13 0.85

7/13 1.80J

7/13 1.98

10/13 MDNR 3.187/13 1.43

7/13 0.21U

DUP 1.63

7/13 1.68

7/13 NS

10/13 0.69J

10/13 0.50J

7/13 0.84

7/13 0.69J

7/13 0.34J
PZ-302-AS 

7/13 0.22UJ+

7/13 0.37J7/13 3.44

10/13 0.98

7/13 1.76
7/13 7.39

7/13 0.10U

7/13 2.15

7/13 0.93

7/13 0.58J

7/13 2.83J

7/13 1.04
7/13 0.36J

7/13 1.31J+
7/13 5.33J

7/13 3.55J

7/13 7.42

7/13 1.36J+

7/13 1.48

7/13 0.80J 7/13 0.35J

7/13 1.07
7/13 0.58J

7/13 0.19U

4.04DUP

7/13 0.44J
DUP 0.20U 7/13 0.29J+

DUP 0.20J
DUP 0.93J  

DUP 0.46

DUP 0.47

DUP 4.50J

DUP 0.18UJ+

DUP 1.10

DUP 2.38

DUP 2.31

DUP 0.71J

DUP 2.16

DUP 5.09J

DUP 0.77J+

5-6/97 0.87
DUP 1.38

DUP 0.93

DUP 0.20
5-6/97 0.502

DUP 0.95

2/96 28.6

DUP 0.82

DUP 2.08

DUP 3.09J 

DUP 0.26

DUP 0.12U

DUP 0.44J

DUP 2.38

DUP 0.85

DUP 0.45

DUP 3.45

DUP 1.21J 

DUP 2.92

DUP 1.17

DUP 3.06

DUP 0.27J

DUP 1.56J

OU-1 Wells Sampled 11/95, 2/96, 5/96, 5/97, 3/04, 5/04, 8/12, 4/13 and 7/13
OU-2 Wells Sampled  2-3/97 and 5-6/97, 8/12, 4/13 and 7/13

EMSI has concluded that D-14 results are not vaild due to extreme
variations between filtered and unfiltered results and extreme
variations among sampling events.

Data from either OU-1 RI (EMSI, 2000), OU-2 RI (Herst &
Associates, 2000), or 2004 Data for OU-1 FS Effort.

7/13 MDNR 1.32
DUP 1.46

7/13 MDNR 0.86

8/12 EPA 0.51

8/12 EPA 2.00
DUP 1.72

8/12 EPA 0.95

8/12 EPA 1.74

8/12 EPA 0.66

8/12 EPA 0.63

4/13 23.28

8/12 EPA 0.48

10/13 0.99

8/12 EPA 0.6

8/12 EPA 0.60

8/12 EPA 0.86

8/12 MDNR 1.50

8/12 MDNR 3.15

8/12 MDNR 3.08

8/12 MDNR 0.43J

8/12 MDNR 2.25

10/13 0.47J

10/13 0.90J

7/13 1.21J+

10/13 2.81J

10/13 2.96

10/13 0.26J

10/13 MDNR 1.53

7/13 1.56J

7/13 2.26J+

DUP 2.24J

10/13 3.08

10/13 1.33

7/13 1.01

10/13 0.80

10/13 0.39UJ

10/13 0.56J
10/13 0.14U

10/13 0.39J

10/13 0.45J
DUP 0.38J

10/13 0.81J

10/13 3.05J

10/13 1.26

DUP 0.43J
10/13 0.56J

10/13 1.10

10/13 0.52J

10/13 0.32J

10/13 0.15UJ

7/13 0.24U

10/13 0.04U

10/13 0.33J 10/13 1.87

7/13 3.19

10/13 17.40

10/13 1.40

7/13 3.12J

10/13 2.41J

10/13 0.22J

6.29J
10/13 1.76

10/13 1.23

10/13 0.37J
DUP 0.24J

10/13 0.90

10/13 1.04J

10/13 10.01J

10/13 1.01

10/13 3.02

10/13 2.64

10/13 0.27J

7/13 1.53

7/13 1.19

10/13 0.75J

10/13 2.30
DUP 2.38

10/13 2.22J

7/13 0.19U

10/13 5.60

10/13 0.40J

10/13 0.36J

10/13 2.86

10/13 0.20U

7/13 1.1310/13 1.46J

10/13 1.16

10/13 2.00

10/13 0.27J

10/13 0.64J

10/13 0.26J

10/13 0.42J

7/13 1.15

10/13 1.52

10/13 1.23

7/13 0.54J

10/13 1.40
10/13 0.40J

10/13 0.84

7/13 0.24J

10/13 0.75J

7/13 0.14U

7/13 0.83J

10/13 0.35J
DUP 0.27J

11/13 0.09U
PZ-209-SD

11/13 1.05
PZ-209-SS

DUP 1.42

PZ-210-SD

11/13 0.52J
PZ-210-SS

11/13 0.53J
PZ-211-SD

11/13 0.57J
PZ-211-SS

11/13 0.50J

11/13 0.20J
PZ-212-SD

11/13 0.05UJ
PZ-212-SS

10/13 MDNR 2.84

10/13 MDNR 2.30

10/13 2.86

10/13 MDNR 1.61

10/13 MDNR 1.97

10/13 MDNR 23.62

10/13 2.96

10/13 MDNR 5.26

10/13 MDNR 2.81

10/13 MDNR 1.62J

10/13 MDNR 1.18

= Non-detect at the reported value
= Non-Detect at the estimated reported value
= Non-Detect at the estimated reported value
   which may be biased high
= Non-Detect at the estimated reported value
   which may be biased low
= Estimated result
= esitmated result which may be biased high

U
UJ

UJ+

UJ-

J
J+

Data Validation Qualifiers:

5/96 0.36
2/96 44.7U
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M:\clients\EMSl\westlake\2017\RI-Addendum-edits\Appendix-N\FigN-1-1-WL-Hist-Rad-226.dwg 1/22/18 

D-83 
8/12 
4/13 
4/13 EPA 
7/13 
DUP 
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WELL FORMATION DESIGNATIONS 

LR or MW: Undifferentiated 
S or AS: Alluvial Shallow Well 

I or Al: Alluvial Intermediate Well 
D or AD: Alluvial Deep Well 

SS: St. Louis Formation Well 
SD: Salem Formation Well 
KS: Keokuk Formation Well 

NOTES: 

PZ-204-SS 
8/12 1.10 
4113 1.26 
7113 0.88 
10/13 1.35 

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAO 27 
2. Elevations Based on U.S.G.S. Datum. 
3. Existing Grade Contours are from the Aerial Survey Completed by 

the Sanborn Mapping Company on July 20, 2011. 
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. 
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RADIUM EXPLANATION 
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Date Sampled~ Total Radium-226 Concentration in (pCi/L) 
NS = Not Sampled 

Data Validation Qualifiers: 
U = Non-detect at the reported value 

UJ = Non-Detect at the estimated reported value 
UJ+ = Non-Detect at the estimated reported value 

which may be biased high 

UJ- = Non-Detect at the estimated reported value 
which may be biased low 

J = Estimated result 
J+ = Esitmated result which may be biased high 

- - - Contour of Dissolved Radium in Alluvium Groundwater 
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Figure N-1.1 

Total Radium-226 in Groundwater 
August 2012 Through February 2014 
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WELL FORMATION DESIGNATIONS 

LR or MW: Undifferentiated 
S or AS: Alluvial Shallow Well 

I or Al: Alluvial Intermediate Well 
D or AD: Alluvial Deep Well 

SS: St. Louis Formation Well 
SD: Salem Formation Well 
KS: Keokuk Formation Well 

NOTES: 
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7113 0.58J 
10/13 0.40J 

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 
2. Elevations Based on U.S.G.S. Datum. 
3. Existing Grade Contours are from the Aerial Survey Completed by 

the Sanborn Mapping Company on July 20, 2011. 
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. 
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Data Validation Qualifiers: 
U = Non-detect at the reported value 

UJ = Non-Detect at the estimated reported value 
UJ+ = Non-Detect at the estimated reported value 

which may be biased high 

UJ- = Non-Detect at the estimated reported value 
which may be biased low 

J = Estimated result 
J+ = Esitmated result which may be biased high 
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Figure N-1.2 

Dissolved Radium-226 in Groundwater 
August 2012 Through February 2014 
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RADIUM EXPLANATION 

OU-1 Area Boundary 

Well Number7 
~ 

PZ-208-SS 
8/12 0.26UJ+ 
4/13 1.31J+ 
7/13 2.37J+ 
10/13 1.13J+ 

PZ-100-SD 

OU-2 Area Boundary Date Sampled~ Total Radium-228 Concentration in (pCi/L) 
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WELL FORMATION DESIGNATIONS 

LR or MW: Undifferentiated 
S or AS: Alluvial Shallow Well 

I or Al: Alluvial Intermediate Well 
D or AD: Alluvial Deep Well 

SS: St. Louis Formation Well 
SD: Salem Formation Well 
KS: Keokuk Formation Well 

NOTES: 

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAO 27 
2. Elevations Based on U.S.G.S. Datum. 
3. Existing Grade Contours are from the Aerial Survey Completed by 

the Sanborn Mapping Company on July 20, 2011. 
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. 

NS = Not Sampled 

Data Validation Qualifiers: 
U = Non-detect at the reported value 

UJ = Non-Detect at the estimated reported value 
UJ+ = Non-Detect at the estimated reported value 

which may be biased high 

UJ- = Non-Detect at the estimated reported value 
which may be biased low 

J = Estimated result 
J+ = Esitmated result which may be biased high 
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Figure N-1 _3 

Total Radium-228 in Groundwater 
August 2012 Through February 2014 
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WELL FORMATION DESIGNATIONS 

LR or MW: Undifferentiated 
S or AS: Alluvial Shallow Well 

I or Al: Alluvial Intermediate Well 
D or AD: Alluvial Deep Well 

SS: St. Louis Formation Well 
SD: Salem Formation Well 
KS: Keokuk Formation Well 

NOTES: 

PZ-204-SS 
8/12 1.02UJ 
4/13 0.74UJ 
7/13 1.34UJ 
10/13 0.14UJ+ 

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAO 27 
2. Elevations Based on U.S.G.S. Datum. 
3. Existing Grade Contours are from the Aerial Survey Completed by 

the Sanborn Mapping Company on July 20, 2011. 
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. 
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NS = Not Sampled 

Data Validation Qualifiers: 
U = Non-detect at the reported value 

UJ = Non-Detect at the estimated reported value 
UJ+ = Non-Detect at the estimated reported value 

which may be biased high 

UJ- = Non-Detect at the estimated reported value 
which may be biased low 

J = Estimated result 
J+ = Esitmated result which may be biased high 
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- - - Contour of Dissolved Radium in Alluvium Groundwater 

- - - Contour of Dissolved Radium in Bedrock Groundwater 

Figure N-1.4 

Dissolved Radium-228 in Groundwater 
August 2012 Through February 2014 

West Lake Landfill OU-1 RI Addendum 

EMSI Engineering Management Support, Inc. 



M:\clients\EMSl\westlake\2017\RI-Addendum-edits\Appendix-N\FigN-1-5-WL-Hist-Total-Combined-Rad.dwg 1/22/18 

D-83 
8/12 6.01 
4/13 8.70 
4/13 EPA 7.01 
7/13 7.34 
□UP 7.53 
7/13 EPA 6.11 
10/13 6.40 
10/13 MDNR 8.80 

8/12 
4/13 3.1 
7/13 2.56 
10/13 1.05* 

MW-102 
8/12 0.53* 
4/13 NS 
7/13 2.89 
10/13 3.70 

S-8 
8112 2.34 
4/13 1.63 
7/13 ND 
10/13 3.92 

1-67 
8/12 0.60* 
4/13 0.69* 
□UP 0.73* 
7/13 0.49* 
10/13 2.49 
□UP 2.34 

D-85 
8112 13.79 
4/13 16.08 
4/13 EPA 7.76 
7/13 9.55 
7/13 EPA 7.59 
10/13 4.46* 
10/13 MDNR 2.22 

8/12 4.72 
4/13 5.31 
7/13 5.07 
10/13 4.34 

8/12 
8/12 MDNR 

t-=,-'-=-,~"--1 F-,=',----~',----1, 10/13 

4/13 
4/13 EPA 

~ 3W~-1't~-=-.c.-'--~;;-i,1-, 
1~3 ~oo I ,_ 

7/13 / _/ 9.94 

7/13 EPA D-87 9.20 

10/13 7.54 
10/13 MDNR 5.03 

/12 5.6 3 8.88 

D- 3 
S-82 

8/12 10.00 
4/13 3.67 
4/13 EPA 2.83 
7/13 1.48* 
7/13 EPA 1.82 
10/13 4.77 
10/13 MDNR 1.29 

MW-103 
8/12 10.79 
4/13 0.78* 
7/13 2.43 
10/13 3.05 

PZ-304-AS 
8/12 5.56 
4/13 3.10 
7/13 3.79 
10/13 3.73 

PZ-304-AI 
8/12 6.35 
4/13 3.19 
7/13 4.16 
10/13 3.37 
□UP 5.19 

PZ-303-AS 
8/12 4.46 
4113 2.99 
7/13 2.55 
10/13 3.16 

MW-104 
8/12 4.93 
4/13 1.70 
7/13 2.70 
10/13 7.29 

S-53 
8112 INS 
4/13 IND 
7/13 16.70 
10/13 10.40* 

3 EPA 4/13 4.3 
3 7/13 5.8 

3 EPA 3:01 ~ 10/13 6.1 
13 5.38 , ~ UP 5· 

4/13 4.15 µ,: 
□UP 2.77 
7/13 0.95* 

I / 10113 3.54 

LR-105 ~ ~ 1o4 
112 0.91• <-~m-"\ 8112 2.6 

/13 0.69* c□UP 0.5 
/13 NS 4/13 2.2 
0/13 NS 7113 2 

~105 ~10_1_1~-~ 
LR-100 

8/12 0.54* p 
4/13 0.44* 
7/13 0.58* PZ-107-S 

8/1 

8/12 MDNR 2.0 
□UP 1.7 
4/13 0.3 
7/13 0.3 
10/13 1.7 
DU 

PZ-204A-SS 
8/12 2.34* 
4/13 2.76 
7/13 1.82* 
10/13 5.18 

PZ-204-SS 

c::::J 

, 
LEGEND 

Alluvium Groundwater Well 
Bedrock Groundwater Well 
Landfill Boundary 

OU-1 Area Boundary 

OU-2 Area Boundary 

Index Contour 

Paved Road 
Unpaved Road 

Building 
Fence 

WELL FORMATION DESIGNATIONS 

LR or MW: Undifferentiated 
S or AS: Alluvial Shallow Well 

I or Al: Alluvial Intermediate Well 
D or AD: Alluvial Deep Well 

SS: St. Louis Formation Well 
SD: Salem Formation Well 
KS: Keokuk Formation Well 

NOTES: 

8/12 1.10* 
4/13 2.42 
7/13 0.88* 
10/13 1.35* 

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAO 27 
2. Elevations Based on U.S.G.S. Datum. 
3. Existing Grade Contours are from the Aerial Survey Completed by 

the Sanborn Mapping Company on July 20, 2011. 
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. 

PZ-115-SS 
8/12 6.20* 

-115-SS 4/13 1.10• 
7/13 7.71 
10/13 8.89* 

PZ-208-SS 
8/12 0.83* 
4113 2.45 
7113 3.08 
10113 2.20 

PZ-100-SD 
8/12 2.74* 
4/13 3.60 
7/13 3.22 
10/13 1.95* 

PZ-100-KS 
8/12 0.55* 
4/13 0.16* 
7/13 0.22* 
10/13 0.37* 

RADIUM EXPLANATION 

Well Number 7 
~ 

Date Sampled ~Combined Total Radium-226 + Total Radium-228 Concentration in (pCi/L) 

1.72 Total Radium result that is less than the 6.10 Total Radium greater than the Maximum 
Contaminant Level of 5 pCi/L for 
combined Radium-226 and Radium-228 

Maximum Contaminant Level of 5 pCi/L for 
combined Radium-226 and Radium-228 

ND Both Radium-226 and Radium-228 were non-detect 

NS Not Sampled 

4.50* Combined Ra-226 and Ra-228 results 
unless one of results was non-detect, in 
which case only the detected result is 
shown and the value is flagged with a * - - - Contour of Dissolved Radium in Alluvium Groundwater 

0 250 500 

- - - Contour of Dissolved Radium in Bedrock Groundwater 

Figure N-1.5 
Combined Total Radium-226 + Total Radium-228 

in Groundwater, 
August 2012 Through February 2014 

West Lake Landfill OU-1 RI Addendum 

~-c• I EMSI 
SCALE IN FEET 

Engineering Management Support, Inc. 
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Figure N-1.6
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D-83 Total (unfiltered)

Date Ra 226 Ra 228 Combined

8/12 2.80J 3.21J+ 6.01

4/13 3.17 5.53J+ 8.70

4/13 EPA 2.73 4.28 7.01

7/13 3.04 4.30J+ 7.34

DUP 3.10 4.43 7.53

10/13 3.26J 3.14J+ 6.40

10/13 MDNR 3.20 5.61 8.80

PZ-207-AS Total (unfiltered)

Date Ra 226 Ra 228 Combined

8/12 0.66J 2.50 3.16

4/13 1.12 0.68UJ 1.12*

7/13 0.88 1.88 2.76

10/13 0.63J 2.05J+ 2.68

I-62 Total (unfiltered)

Date Ra 226 Ra 228 Combined

8/12 0.83J 0.75UJ+ 0.83*

4/13 0.46J 1.27J 1.73

DUP 0.32J 0.89J 1.21

7/13 0.66J 1.38J 2.04

DUP 0.27J 1.85 2.12

10/13 0.38J 0.60U 0.38*

D-14 Total (unfiltered)

Date Ra 226 Ra 228 Combined

8/12 2.18J 2.99J+ 5.17

4/13 1.97 1.74J+ 3.71

7/13 2.22J+ 3.13 5.35

10/13 0.90 2.26J 3.16

PZ-101-SS Total (unfiltered)

Date Ra 226 Ra 228 Combined

8/12 12.52J 3.68 16.19

4/13 21.89J 2.12J+ 24.01

4/13 EPA 18.00 1.87 19.87

7/13 23.66 3.48 27.14

7/13 EPA 15.90 1.39 17.29

10/13 15.70 -0.52UJ+ 15.70

10/13 MDNR 24.23 NS 24.23

PZ-200-SS Total (unfiltered)

Date Ra 226 Ra 228 Combined

8/12 4.94J 2.80 7.74

DUP 4.69J 1.95 6.65

4/13 2.44J 1.38UJ 2.44*

7/13 097J 1.95 2.92

10/13 1.89 5.17J+ 7.06

PZ-102R-SS Total (unfiltered)

Date Ra 226 Ra 228 Combined

8/12 2.65J 1.87 4.52

4/13 3.18J 0.40UJ+ 3.18*

7/13 3.25 1.32U 3.25*

10/13 2.54 1.81J+ 4.35

PZ-102-SS Total (unfiltered)

Date Ra 226 Ra 228 Combined

8/12 5.96J 3.42J 9.38

4/13 8.05J 7.98J+ 16.03

4/13 EPA 8.30 2.69 10.99

7/13 7.69J 5.39J 13.08

10/13 9.93 3.44J+ 13.37

10/13 EPA 5.72 NS 5.72

10/13 MDNR 5.04 NS 5.04

Combined Total Radium-226 + Total

Radium-228 Concentration in (pCi/L)Date Sampled

Well Number

2.76 Total Radium greater than the Maximum

Contaminant Level of 5 pCi/L for

combined Radium-226 and Radium-228

Total Radium result that is less than the

Maximum Contaminant Level of 5 pCi/L for

combined Radium-226 and Radium-228

7.06

Both Radium-226 and

Radium-228 were non-detect

ND

Combined Ra-226 and Ra-228 results

unless one of results was non-detect, in

which case only the detected result is

shown and the value is flagged with a *

1.12*

Not SampledNS

Total Radium-226

Concentration in (pCi/L)

Total Radium-228

Concentration in (pCi/L)

= Non-detect at the reported value

= Non-Detect at the estimated reported value

= Non-Detect at the estimated reported value

   which may be biased high

= Non-Detect at the estimated reported value

   which may be biased low

= Estimated result

= Estimated result which may be biased high

U

UJ

UJ+

UJ-

J

J+

DATA VALIDATION QUALIFIERS

PZ-200-SS Total (unfiltered)

Date Ra 226 Ra 228 Combined

8/12 4.94J 2.80 7.74

4/13 2.44J 1.38UJ 2.44*

Cross Section Index

Notes: These cross-sections were developed to display groundwater conditions beneath the site, and only reflect the RIM occurrences along these sections.

           Please see the cross-sections in Appendix M for more detailed portrayals of the RIM occurrences in Areas 1 and 2.

  Ground surface from Aerial Topography provided by Cooper Aerial Surveys Co. and is dated December 2, 2016
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PZ-112-AS Total (unfiltered)

DateRa 226Ra 228Combined

8/122.76J2.86J5.62

4/130.952.24J+3.19

7/132.273.39J+5.66

7/13 EPA1.541.623.16

10/131.942.50J+4.44

PZ-111-KS Total (unfiltered)

DateRa 226Ra 228Combined

8/120.63J0.96UJ0.63*

4/130.35J1.08J+1.43

7/130.21U0.52UND

10/130.33J0.85UJ+0.33*

PZ-111-SD Total (unfiltered)

DateRa 226Ra 228Combined

8/121.34J+0.34UJ+

1.34*

4/130.91J0.26UJ+

0.91*

7/131.053.72J+

4.77

10/131.27J1.93J

3.20

PZ-110-SS Total (unfiltered)

DateRa 226Ra 228Combined

8/124.38J2.216.59

4/134.001.15J+5.15

7/134.124.11J+8.23

10/133.891.15UJ+3.89*

PZ-109-SS Total (unfiltered)

DateRa 226Ra 228Combined

8/122.58J2.72J5.30

4/132.15J0.84UJ+2.15*

7/131.461.34J2.80

10/131.960.91UJ+1.96*

PZ-104-SS Total (unfiltered)

DateRa 226Ra 228Combined

8/121.621.47J

3.09

4/131.190.80UJ+

1.19*

DUP1.530.86J+

2.39

7/131.991.23U

1.99*

10/131.671.89

3.56

PZ-104-SD Total (unfiltered)

DateRa 226Ra 228Combined

8/124.500.52U4.50*

4/135.722.72J+8.44

4/13 EPA7.582.8410.42

7/134.08-0.15U4.08*

10/132.84J8.05J10.89

10/13 EPA3.441.40J4.84

10/13 MDNR4.152.476.62

PZ-104-KS Total (unfiltered)

DateRa 226Ra 228Combined

8/120.17U0.29UJND

4/130.32J0.18UJ+0.32*

7/130.26J0.12U0.26*

10/130.19U2.27J+2.27*

D-87 Total (unfiltered)

DateRa 226Ra 228Combined

8/121.70J+3.99J+5.69

4/131.332.994.32

7/132.52J+3.375.89

10/132.403.71J+6.11

DUP1.82J3.82J+5.64

D-12 Total (unfiltered)

DateRa 226Ra 228Combined

8/120.801.13J1.93

4/130.96J0.56UJ+0.96*

DUP0.45J1.61J2.06

7/130.29J1.13UJ+0.29*

DUP0.36J0.97UJ+0.36*

10/130.31J2.592.90

I-11 Total (unfiltered)

DateRa 226Ra 228Combined

8/121.313.554.86

4/131.02J2.37J+3.39

7/131.441.823.26

10/131.022.843.86

S-10 Total (unfiltered)

DateRa 226Ra 228Combined

8/120.14U0.55UJND

4/130.03U0.06UJND

7/130.43J2.552.98

10/130.13UJ2.952.95*

MW-102 Total (unfiltered)

DateRa 226Ra 228Combined

8/120.53J1.31U0.53*

4/13NSNSNS

7/131.091.80J2.89

10/132.23J1.47J+3.70

S-61 Total (unfiltered)

DateRa 226Ra 228Combined

8/120.55J0.80U0.55*

4/131.93J1.213.14

7/131.291.27J2.56

10/131.05J1.28UJ+1.05*

Combined Total Radium-226 + Total

Radium-228 Concentration in (pCi/L) Date Sampled

Well Number

2.06Total Radium greater than the Maximum

Contaminant Level of 5 pCi/L for

combined Radium-226 and Radium-228

Total Radium result that is less than the

Maximum Contaminant Level of 5 pCi/L for

combined Radium-226 and Radium-228

8.23

Both Radium-226 and

Radium-228 were non-detect

ND

Combined Ra-226 and Ra-228 results

unless one of results was non-detect, in

which case only the detected result is

shown and the value is flagged with a *

2.95*

Not Sampled NS

Total Radium-226

Concentration in (pCi/L)

Total Radium-228

Concentration in (pCi/L)

= Non-detect at the reported value

= Non-Detect at the estimated reported value

= Non-Detect at the estimated reported value

   which may be biased high

= Non-Detect at the estimated reported value

   which may be biased low

= Estimated result

= Estimated result which may be biased high

U

UJ

UJ+

UJ-

J

J+

DATA VALIDATION QUALIFIERS

GEOLOGIC LEGEND

Trash

Fill

Loess

Alluvium

St Louis Fm

Limestone

Salem Fm

Limestone

Keokuk Fm

Limestone

Warsaw Fm

Shale

LEGEND

Geostatisical Estimate

of Radiologically

Impacted Material (RIM)

September 2013 Alluvial Groundwater

Elevation Taken at Well

September 2013 St Louis Fm Groundwater

Elevation Taken at Well

September 2013 Alluvial Groundwater

Elevation at Cross Section Intersection

September 2013 St Louis Fm Groundwater

Elevation at Cross Section Intersection

Well Screen

Interval

PZ-109-SS Total (unfiltered)

DateRa 226Ra 228Combined

8/122.58J2.72J5.30

4/132.15J0.84UJ+2.15*

Cross Section Index

Notes: These cross-sections were developed to display groundwater conditions beneath the site, and only reflect the RIM occurrences along these sections.

           Please see the cross-sections in Appendix M for more detailed portrayals of the RIM occurrences in Areas 1 and 2.

  Ground surface from Aerial Topography provided by Cooper Aerial Surveys Co. and is dated December 2, 2016
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D-83 S-8 
8/12 6. 70 8/12 2.58 

l-=4/~1"-3 __ --t"-'5""-57,---i 4/13 1.45 
t-"7/~13~--~8-~55--+ 7/13 0.24* 
t=D-='cU'-cP ,-----t"-'8.-='33;---i 10/13 1. 78 
10/13 5.67 
10/13 MDNR 6.06 

S-61 
8/12 1.61 
8/12 EPA 0.51 * 
4/13 0.37* 
7/13 1.84 
10/13 0.75* 

MW-102 
8/12 0.86* 
8/12 EPA 1.21 
4/13 NS 
7/13 1.90 
10/13 ND 

D-93 
8/12 
8/12 MDNR 
4/13 
7/13 
10/13 
10/13MDNR 

3 4.49 

MW-103 
8/12 4.59 
4/13 0.24* 
7/13 ND 
10/13 0.32* 

4.41 All-'-'-/1"'-3~--+"-"=--V 

L NQfJJJ/ 4/13 2.1 

DNR 1:Ji;1~i \ O:::iR-fi 

7/13 3.0 
MW ~ 10113 5.4 

S-84 
8/12 0.51" 
4/13 ND 
7/13 4.02 
10/13 2.23 
DUP 4.85 

SITE 
ACCESS 
ROAD 

~~ -0 , .;y, 
D-85 0✓,7 

8/12 4.45 ~ 

4/13 2.17 &' 
7/13 6.36 0 , 
10/13 1.42* ~ ✓ 
10/13 MDNR 1.61 fv1/ 

1-68 / 
8/12 3.98 
4/13 2.04 
7/13 2.41 
10/13 3.68 

PZ-115-SS 
8/12 6 49* 

5-SS 4/13 8.66 
7/13 6.46* 
10/13 5.60* 

,t,. 

= 

PZ-208-SS 
8/12 12.42 
4/13 12.25 
7/13 10.45* 
10/13 11.55 

PZ-100-SD 
8/12 2.69* 
4/13 2.41* 
7/13 1.85* 
10/13 1.87* 

D-3 
8/12 
DUP 
8/12 EPA 
4/13 
7/13 
10/13 
10/13 MDNR 

7.61 
9.78 
6.90 
4.84 
9.90 
7.24 
9.39 

~PZ--3-0-4--A-S ~ r -"-J-;:~;:;--;;1-;;;:'-;":-"~ ;;: 
I LR-104 PZ 3 .J-C-~-+=~-" 

8/12 4.07 1· 8/12 2.10 8/12 - ~ ,f-'-'c-',!"-,--1!""'~ 
PZ-101-SS 

4/13 1.43 DUP 0.71* 
7/13 3.61 I 4/13 1.39 I 8/12E 
10/13 3.43 I 7113 0 58• 4/13 

I f-'-','"-,---1-"-"" "'--I DUP 
PZ-304-AS 

1
1 10113 3·95 t=-=,1~3----r-~---1, 

8/12 32.01 
8/12 EPA 18.68 
4/13 25.77 
7/13 30.65 
10/13 17.40" 
10/13 MDNR 23.62 P.Z-304-AI 0113 

:, \ LJ---'~~~ ::::.z'::~~===:Ja ~L=.-•~ 
LR-105 PZ-206-SS 

PZ-102-SS 
2 5.75 

PZ-303-AS 
8/12 2.80 
4/13 0.44* 
7/13 0.54* 
10/13 3.03 

MW-104 
8/12 0.46 
4/13 1.59 
7/13 ND 
10/13 2.44 

7/13 
DUP 

D-81 

10/13 

I 8112 2.95 ' 8112 2.47 
I 14113 1 _04, 8/12 EPA 0.60* 

4/13 1.13* 
I 7/13 NS 7/13 1.04* 

10113 NS 7/13MDNR 1.32* 
LR-105 DUP 1.46* 

PZ- 10113 3.o 

l-=',-"'--+~--1 PZ-302-

S-
8/12 
4/13 
7/13 
10/13 

S-53 

r--::p:=:--:,"' 

7/1 
1 

8/12 
8/12 MD 
4/13 

PZ-204-SS 

c::::J 

, 
LEGEND 

Alluvium Groundwater Well 
Bedrock Groundwater Well 
Landfill Boundary 

OU-1 Area Boundary 

OU-2 Area Boundary 

Index Contour 

Paved Road 
Unpaved Road 

Building 
Fence 

WELL FORMATION DESIGNATIONS 

LR or MW: Undifferentiated 
S or AS: Alluvial Shallow Well 

I or Al: Alluvial Intermediate Well 
D or AD: Alluvial Deep Well 

SS: St. Louis Formation Well 
SD: Salem Formation Well 
KS: Keokuk Formation Well 

NOTES: 

8/12 1.41* 
4/13 0.87* 
7/13 0.58* 
10/13 0.40* 

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAO 27 
2. Elevations Based on U.S.G.S. Datum. 
3. Existing Grade Contours are from the Aerial Survey Completed by 

the Sanborn Mapping Company on July 20, 2011. 
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. 

PZ-203-
_; 8/12 1.0 

4/13 1.44* 
S 7/13 1.36* 

10/13 5.73 

3 6.93 
5.00 
2.96* 

RADIUM EXPLANATION 

Well Number7 
~ 

Date Sampled ~Combined Total Radium-226 + Total Radium-228 Concentration in (pCi/L) 

1.72 Total Dissolved Radium result that is less than 
the Maximum Contaminant Level of 5 pCi/L for 
combined Radium-226 and Radium-228 

4.50* Combined Ra-226 and Ra-228 results 
unless one of results was non-detect, in 
which case only the detected result is 
shown and the value is flagged with a * 

6.10 Total Dissolved Radium greater than the 
Maximum Contaminant Level of 5 pCi/L for 
combined Radium-226 and Radium-228 

ND Both Radium-226 and Radium-228 were non-detect 

NS Not Sampled 

- - - Contour of Dissolved Radium in Alluvium Groundwater 

- - - Contour of Dissolved Radium in Bedrock Groundwater 

Figure N-1 _8 
Combined Dissolved Radium-226 + Dissolved 

Radium-228 in Groundwater, 

0 250 500 

August 2012 Through February 2014 
West Lake Landfill OU-1 RI Addendum 

~-c• I EMSI 
SCALE IN FEET 

Engineering Management Support, Inc. 
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D-83 Dissolved (filtered)

Date Ra 226 Ra 228 Combined

8/12 3.23 3.48J+ 6.70

4/13 1.79 3.78J+ 5.57

7/13 3.54 5.01J+ 8.55

DUP 4.04 4.29 8.33

10/13 2.86 2.81J+ 5.67

10/13 MDNR 1.53 4.53 6.06

PZ-207-AS Dissolved (filtered)

Date Ra 226 Ra 228 Combined

8/12 0.73J 0.97U

0.73*

8/12 EPA 0.86 1.58

2.44

4/13 0.49J 1.16J
1.65

7/13 0.82J 1.30U

0.82*

7/13 MDNR 0.86 1.66J

2.52

10/13 0.64J 1.53J+
2.17

I-62 Dissolved (filtered)

Date Ra 226 Ra 228 Combined

8/12 0.32J 2.03J+ 2.35

4/13 0.40J 1.01U 0.40*

DUP 0.19J 0.65UJ 0.19*

7/13 0.44J 0.70U 0.44*

DUP 0.20U 1.20U ND

10/13 0.56J 0.97U 0.56*

D-14 Dissolved (filtered)

Date Ra 226 Ra 228 Combined

8/12 NS NS NS

4/13 0.79 1.39J+ 2.18

7/13 1.21J+ 2.40 3.61

10/13 0.85 1.89UJ 0.85*

PZ-101-SS Dissolved (filtered)

Date Ra 226 Ra 228 Combined

8/12 28.87 3.13J 32.01

8/12 EPA 16.90 1.78 18.68

4/13 23.28 2.49J+ 25.77

7/13 27.91 2.74 30.65

10/13 17.40 0.99UJ+ 17.40*

10/13 MDNR 23.62 NS 23.62

PZ-200-SS Dissolved (filtered)

Date Ra 226 Ra 228 Combined

8/12 3.12J 3.03 6.15

DUP 4.50J 1.20UJ 4.50*

4/13 1.84 1.37 3.21

7/13 1.80J 1.77 3.57

10/13 2.86 2.03J+ 4.89

PZ-102R-SS Dissolved (filtered)

Date Ra 226 Ra 228 Combined

8/12 3.62 1.69J 5.32

4/13 1.88 1.50UJ+ 1.88*

7/13 1.98 2.25 4.23

10/13 1.40 0.90UJ+ 1.40*

PZ-102-SS Dissolved (filtered)

Date Ra 226 Ra 228 Combined

8/12 3.63J 2.12 5.75

4/13 4.58 2.35J+ 6.93

7/13 3.12J 1.88 5.00

10/13 2.96 0.99UJ+ 2.96*

10/13 MDNR 3.18 NS 3.18

LEGEND

Geostatisical Estimate

of Radiologically

Impacted Material (RIM)

September 2013 Alluvial Groundwater

Elevation Taken at Well

September 2013 St Louis Fm Groundwater

Elevation Taken at Well

September 2013 Alluvial Groundwater

Elevation Cross Section Intersection

September 2013 St Louis Fm Groundwater

Elevation at Cross Section Intersection

Well Screen

Interval

September 2013 Leachate Groundwater

Elevation Taken at Well

Combined Dissolved Radium-226 + Total

Radium-228 Concentration in (pCi/L)Date Sampled

Well Number

2.17 Dissolved Radium greater than the

Maximum Contaminant Level of 5 pCi/L for

combined Radium-226 and Radium-228

Dissolved Radium result that is less than the

Maximum Contaminant Level of 5 pCi/L for

combined Radium-226 and Radium-228

6.15

Both Radium-226 and

Radium-228 were non-detect

ND

Combined Ra-226 and Ra-228 results

unless one of results was non-detect, in

which case only the detected result is

shown and the value is flagged with a *

4.50*

Not SampledNS

Dissolved Radium-226

Concentration in (pCi/L)

Dissolved Radium-228

Concentration in (pCi/L)

= Non-detect at the reported value

= Non-Detect at the estimated reported value

= Non-Detect at the estimated reported value

   which may be biased high

= Non-Detect at the estimated reported value

   which may be biased low

= Estimated result

= Estimated result which may be biased high

U

UJ

UJ+

UJ-

J

J+

DATA VALIDATION QUALIFIERS

PZ-102R-SS Dissolved (filtered)

Date Ra 226 Ra 228 Combined

8/12 3.62 1.69J 5.32

4/13 1.88 1.50UJ+ 1.88*

GEOLOGIC LEGEND

Trash

Clay

Loess

Alluvium

St Louis Fm

Limestone

Salem Fm

Limestone

Keokuk Fm

Limestone

Warsaw Fm Shale

Cross Section Index

Notes: These cross-sections were developed to display groundwater conditions beneath the site, and only reflect the RIM occurrences along these sections.

           Please see the cross-sections in Appendix M for more detailed portrayals of the RIM occurrences in Areas 1 and 2.

  Ground surface from Aerial Topography provided by Cooper Aerial Surveys Co. and is dated December 2, 2016
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PZ-112-AS Dissolved (filtered)

DateRa 226Ra 228Combined

8/123.082.195.27

8/12 EPA1.931.963.89

4/130.741.05J+1.79

7/131.191.96J+3.15

10/130.992.97J+3.96

PZ-111-KS Dissolved (filtered)

DateRa 226Ra 228Combined

8/120.32J0.09UJ0.32*

4/130.031J0.73UJ+0.31*

7/130.37J0.57U0.37*

10/130.27J0.96UJ+0.27*

PZ-111-SD Dissolved (filtered)

DateRa 226Ra 228Combined

8/121.26J+1.37UJ+

1.26*

4/131.170.93J+

2.10

7/131.534.77J+

6.30

10/131.52J1.43J

2.95

PZ-110-SS Dissolved (filtered)

DateRa 226Ra 228Combined

8/125.01J2.117.13

4/133.761.70J5.46

7/133.435.20J+8.63

10/132.641.46UJ+2.64*

PZ-109-SS Dissolved (filtered)

DateRa 226Ra 228Combined

8/122.352.064.41

4/132.290.60UJ+2.29*

7/132.151.884.03

10/133.02-0.21UJ+3.02*

PZ-104-SS Dissolved (filtered)

DateRa 226Ra 228Combined

8/121.60J0.92UJ1.60*

4/130.811.58J+2.39

DUP1.101.03J+2.13

7/131.761.15U1.76*

10/131.761.633.39

PZ-104-SD Dissolved (filtered)

DateRa 226Ra 228Combined

8/129.74J4.68J14.42

4/133.761.90J+5.66

7/137.392.509.89

10/136.29J8.08J14.37

10/13 MDNR5.261.60J6.86

PZ-104-KS Dissolved (filtered)

DateRa 226Ra 228Combined

8/120.28J0.35UJ0.28*

4/130.07U0.73UJ+ND

7/130.10U0.28UND

10/130.22J0.78UJ+0.22*

D-87 Dissolved (filtered)

DateRa 226Ra 228Combined

8/121.42J+3.93J+5.35

4/130.750.95J1.70

7/132.26J+3.265.52

10/131.774.67J+6.44

DUP2.24J3.62J+5.86

D-12 Dissolved (filtered)

DateRa 226Ra 228Combined

8/120.680.51UJ0.68*

4/130.19U1.37J+1.37*

DUP0.12U0.85UND

7/130.47J1.74J+2.21

DUP0.44J1.44J+1.88

10/130.47J3.003.47

I-11 Dissolved (filtered)

DateRa 226Ra 228Combined

8/121.012.993.99

8/12 EPA0.952.493.44

4/131.240.88UJ+1.24*

7/131.432.914.34

10/130.803.474.27

S-10 Dissolved (filtered)

DateRa 226Ra 228Combined

8/120.06U0.67UJND

4/130.01UJ0.37UND

7/130.14U1.39J1.39*

10/130.17J1.05U0.17*

MW-102 Dissolved (filtered)

DateRa 226Ra 228Combined

8/120.860.68U0.86*

8/12 EPA0.630.581.21

4/13NSNSNS

7/130.33J1.57J1.90

10/130.15UJ1.12UJ+ND

S-61 Dissolved (filtered)

DateRa 226Ra 228Combined

8/120.35J1.26J1.61

8/12 EPA0.510.33U0.51*

4/130.37J0.89UJ0.37*

7/130.31J1.531.84

10/130.75J1.13UJ+0.75*

Combined Dissolved Radium-226 + Total

Radium-228 Concentration in (pCi/L) Date Sampled

Well Number

1.12
Dissolved Radium greater than the

Maximum Contaminant Level of 5 pCi/L for

combined Radium-226 and Radium-228

Dissolved Radium result that is less than the

Maximum Contaminant Level of 5 pCi/L for

combined Radium-226 and Radium-228

6.30

Both Radium-226 and

Radium-228 were non-detect

ND

Combined Ra-226 and Ra-228 results

unless one of results was non-detect, in

which case only the detected result is

shown and the value is flagged with a *

1.37*

Not Sampled NS

Dissolved Radium-226

Concentration in (pCi/L)

Dissolved Radium-228

Concentration in (pCi/L)

= Non-detect at the reported value

= Non-Detect at the estimated reported value

= Non-Detect at the estimated reported value

   which may be biased high

= Non-Detect at the estimated reported value

   which may be biased low

= Estimated result

= Estimated result which may be biased high

U

UJ

UJ+

UJ-

J

J+

DATA VALIDATION QUALIFIERS

PZ-109-SS Dissolved (filtered)

DateRa 226Ra 228Combined

8/122.352.064.41

4/132.290.60UJ+2.29*

Cross Section Index

GEOLOGIC LEGEND

Trash

Fill

Loess

Alluvium

St Louis Fm

Limestone

Salem Fm

Limestone

Keokuk Fm

Limestone

Warsaw Fm

Shale

LEGEND

Geostatisical Estimate

of Radiologically

Impacted Material (RIM)

September 2013 Alluvial Groundwater

Elevation Taken at Well

September 2013 St Louis Fm Groundwater

Elevation Taken at Well

September 2013 Alluvial Groundwater

Elevation at Cross Section Intersection

September 2013 St Louis Fm Groundwater

Elevation at Cross Section Intersection

Well Screen

Interval

Notes: These cross-sections were developed to display groundwater conditions beneath the site, and only reflect the RIM occurrences along these sections.

           Please see the cross-sections in Appendix M for more detailed portrayals of the RIM occurrences in Areas 1 and 2.

  Ground surface from Aerial Topography provided by Cooper Aerial Surveys Co. and is dated December 2, 2016
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D-83 
2/96 1.25 
5/96 0.81 

MW-101 
2/96 0.49 
5/96 0.18 

1-7 
2/96 0 
5/96 0 

\, 

S-61 
2/96 0.71 
5/96 

5/96 
S-1 

2/96 

D-93 
2/96 1.43 
5/96 2.09 
5-6/97 1.34 
D-93 DUP 

2/96 1.21 

0.29 

5/96 
5-6/97 1.06 
S-82 DUP 

5-6/97 

MW-103 
5-6/97 1.17 
MW-103 DUP 
2-3/97 0.25 

S-80 

PZ-304-AS 
2-3/97 2.2 

1100' South 

MW-107 

1300' South 

/T""----,-M"'W,,...-1,..,0"'"7--, 

2/96 36.8 
2/96 0.78 
5/96 0.56 
2-3/97 3.38 ✓ 

MW-107 DUP 
5/96 0.71 
2-3/97 2.34 

S-8 
2/96 0.91 
5/96 0.37 

S-53 
~ 

OU-2 
CLOSED 

DEMOLITION 
LANDFILL 

PZ-301-SS 
PZ-301-SS 2-3/97 3.21 

5-6/97 3.33 

1100' South 

SITE 
ESS 

1-68 
2/96 0.72 
5/96 0.66 

1-68 DUP 
5/96 0.6 

STORMWATER 
RETENTION 

BASIN 

RADIUM EXPLANATION 

PZ-208-SS 
2-3/97 2.25 
5-6/97 1.61 

LEGEND 
Alluvium Groundwater Well 
Bedrock Groundwater Well 
Abandoned Groundwater Well 
Landfill Boundary 

Sample Number 7 

OU-1 Area Boundary 

OU-2 Area Boundary 

Index Contour 

Paved Road 
Unpaved Road 

c::::J Building 

Fence 

WELL FORMATION DESIGNATIONS 
LR or MW: Undifferentiated 

S or AS: Alluvial Shallow Well 
I or Al: Alluvial Intermediate Well 

D or AD: Alluvial Deep Well 
SS: St. Louis Formation Well 
SD: Salem Formation Well 
KS: Keokuk Formation Well 

NOTES: 
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAO 27 
2. Elevations Based on U.S.G.S. Datum. 
3. Existing Grade Contours are from the Aerial Survey Completed by 

the Sanborn Mapping Company on July 20, 2011. 
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. 

~ 
Date Sampled~ Total Radium-226 Concentration in (pCi/L) 

0 250 500 ~-L- I 
SCALE IN FEET 

EMSI has concluded that D-14 results are not vaild due to extreme 
variations between filtered and unfiltered results and extreme 
variations among sampling events. 

OU-1 Wells Sampled 11/95, 2/29, 5/96, 5/97, 3/04, and 5/04 
OU-2 Wells Sampled 2-3/97 and 5-6/97 

Data from either OU-1 RI (EMSI, 2000), OU-2 RI (Hers! & 
Associates, 2000), or 2004 Data for OU-1 FS Effort. 

During the 2012 groundwater monitoring event, it was determined that 
wells D-93 and 1-9 had been mislabeled at some point in the past with 
D-93 being labeled as 1-9 and 1-9 labeled as D-93. Data reported for 
these two wells prior to 2012 should consider the potential for 
mis-identification of these two wells. 

Figure N-1.11 

RI/FS Results for 
Total Radium-226 in Groundwater 

West Lake Landfill Operable Unit-1 

EMSI Engineering Management Support, Inc. 
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RI/FS Results for 
Dissolved Radium-226 in Groundwater 

West Lake Landfill Operable Unit-1 

EMSI Engineering Management Support, Inc. 
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Legend
Result plus 2 Sigma Note: Early non-detect results with elevated MDAs not shown.

Radium Result Linear regression trend line

Result minus 2 Sigma R2 - linear regression line correlation coefficient

Well D-3 Radium Results
West Lake Landfill OU-1 RI Addendum

Engineering Management Support, Inc.EMSI
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Legend
Result plus 2 Sigma Note: Early non-detect results with elevated MDAs not shown.

Radium Result Linear regression trend line

Result minus 2 Sigma R2 - linear regression line correlation coefficient

Well I-4 Radium Results
West Lake Landfill OU-1 RI Addendum

Engineering Management Support, Inc.EMSI

Figure 7-5
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Legend
Result plus 2 Sigma Note: Early non-detect results with elevated MDAs not shown.

Radium Result Linear regression trend line

Result minus 2 Sigma R2 - linear regression line correlation coefficient

Well S-5 Radium Results
West Lake Landfill OU-1 RI Addendum

Engineering Management Support, Inc.EMSI

Figure 7-6
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Legend
Result plus 2 Sigma Note: Early non-detect results with elevated MDAs not shown.

Radium Result Linear regression trend line

Result minus 2 Sigma R2 - linear regression line correlation coefficient

Well I-68 Radium Results
West Lake Landfill OU-1 RI Addendum

Engineering Management Support, Inc.EMSI

Figure 7-7
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Legend
Result plus 2 Sigma Note: Early non-detect results with elevated MDAs not shown.

Radium Result Linear regression trend line

Result minus 2 Sigma R2 - linear regression line correlation coefficient

Well D-6 Radium Results
West Lake Landfill OU-1 RI Addendum

Engineering Management Support, Inc.EMSI

Figure 7-8
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Legend
Result plus 2 Sigma Note: Early non-detect results with elevated MDAs not shown.

Radium Result Linear regression trend line

Result minus 2 Sigma R2 - linear regression line correlation coefficient
Well D-93 Radium Results

West Lake Landfill OU-1 RI Addendum

Engineering Management Support, Inc.EMSI

Figure 7-9
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' During the 2012 groundwater monitoring event, it was determined that wells D-93 and 1-9 had been mislabeled at some point in the 

past. Data reported for these two wells prior to 2012 should consider the potential for mis-identification of these wells. 



Legend
Result plus 2 Sigma Note: Early non-detect results with elevated MDAs not shown.
Radium Result Linear regression trend line

Result minus 2 Sigma R2 - linear regression line correlation coefficient
Well I-9 Radium Results
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Figure 7-10
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During the 2012 groundwater monitoring event, it was determined that wells D-93 and 1-9 had been mislabeled at some point in the 

past. Data reported for these two wells prior to 2012 should consider the potential for mis-identification of these wells. 
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Result plus 2 Sigma Note: Early non-detect results with elevated MDAs not shown.
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APPENDIX V 
 

PREVIOUSLY IDENTIFIED NEARBY RECEPTORS
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Reference No. 169337 
Drilled 04/18/1997 37 ft deep 
T-47 R-5 Sec-18 
Reference No. 169355 
Drilled 05/06/1998 85 ft deep 
T-47 R-5 Sec-17 
Reference No. 251797 
Drilled 07/07/2000 80 ft deep 
T-47 R-5 Sec-17 

S T. 
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T-47 R-5 Sec-22 
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T-47 R-5 Sec-32 

ill Rd , . 
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. '/ 
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Drilled 12/28/1999 42 ft deep 
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Drilled 08/20/2001 570 ft deep 
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West Lake Landfill OU-2 
Bridgeton, Missouri 
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Reference No. 0097024A 
Drilled 06/13/1994 7 4 ft deep 
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Reference No. 0310907A 
Drilled 06/26/2003 7 4 ft deep 
T-46 R-5 Sec-18 

I' --"'"•---.. 8 St. John ' , 

Figure 2-3 
Registered Wells Near 

West Lake Landfill 
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Background Groundwater Quality, Review of 2012–14 Groundwater Data, and Potential Origin of Radium at the West Lake Landfill Site, St. Louis County, Missouri

■ 

EXPLANATION 

Alluvium and age of bedrock units 

Alluvium 

Pennsylvanian 

- Mississippian Chesterian 

Mississippian Meramecian 

Historical well logs from the Missouri Geological Survey 

■ No water-quality comment 

.. Fresh water comment 

.. Salty or mineralized water comment 

Base from U.S. Geological Survey 1:2S0,OO0 digital raster graphic, 1969, GCS North American Projection, NAD 83 
Geology from Missouri Department of Natural Resources, Missouri Environmental Geology Atlas 2007 
Historical well logs from the Missouri Geological Survey 

3-mile radius 

~/ ■ 

■ 

M0003806 .. 
■ 

Figure 4. Water wells with historical geologic logs drilled within a 3-mile radius of the West Lake Landfill site and geologic 
logs with water-quality comments. 
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EXPLANATION 

Groundwater sample data source 

• Missouri Department of Natural Resoueces 
(MDNR) Champ Landfill expansion area 

D U.S Environmental Protection Agency (EPA) 
alluvial well (2013) 

■ West Lake Landfill site responsible party (RP) 

□ Historical U.S Geological Survey (USGS) data ) 

D USGS-RP 2013 alluvial well sample 

• USGS-RP 2013 bedrock well sample * MDNR Publ ic-Drinking Water Branch 

Alluvium and age of bedrock units 
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Geology from Missouri Department of Natural Resources, Missouri Environmental Geology Atlas 2007 
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Figure 5. Location of background groundwater samples within 5 miles of the West Lake Landfill site. 
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APPENDIX W. WEST LAKE LANDFILL OU-3 PHOTO-DOCUMENTATION 
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Photo 1.  Monitoring Well D-13 Photo 2.  Monitoring Well I-65 

  

Photo 3.  Monitoring Well I-66 Photo 4.  Monitoring Well D-12 
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Photo 5.  Monitoring Well S-10 Photo 6.  Monitoring Well D-6 

  

Photo 7.  Monitoring Well I-9 (mislabeled) Photo 8.  Monitoring Well S-82 
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Photo 9.  Monitoring Well D-93 (mislabeled) Photo 10.  Monitoring Well MW-103 

  

Photo 11.  Monitoring Well I-62 Photo 12.  Monitoring Well D-83 
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Photo 13.  Monitoring Well D-3 Photo 14.  Monitoring Well I-4 

  

Photo 15.  Monitoring Well S-5 Photo 16.  Monitoring Well D-89 
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Photo 17.  Monitoring Well D-81 Photo 18. Monitoring Well D-87 

  

Photo 19.  Clustered Monitoring Wells D-12, I-11, and S-10  
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