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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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Figure 7. Boxplots of constituents in samples from monitoring wells at the West Lake Landfill site in relation to landfill

leachate effects.

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



Calcium

Chloride + fluoride + nitrate + nitrite
PERCENT

Alluvium, no leachate effect (leachate score equal 0)
Alluvium, leachate effect (leachate score greater than 0)
Bedrock, no leachate effect (leachate score equal 0)
Bedrock, leachate effect (leachate score greater than 0)

a4b o @

Figure 8. Trilinear diagram of major ions in groundwater samples from the West
Lake Landfill site.

Background Groundwater Quality, Review of 2012-14 Groundwater Data, and Potential Origin of Radium at the West Lake Landfill Site, St. Louis County, Missouri
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Figure 10. Barite saturation index in relation to dissolved barium (Ba) or sulfate (SO4) concentra-
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(2012-14).
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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-
14). Wells with average dissolved combined radium values above the MCL underlined and bold-face.
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. o presumed RIM source (table 5)
@ Alluvial monitoring well O Well had average dissolved combined radium above MCL but no effects from
@ Bedrock mon.itoring well landfill leachate effects (L-score = 0), table 3).
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S or AS: Alluvial Shallow Well —
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(FAMSL)
D or AD: Alluvial Deep Well
SS: St. Louis Formation Well
SD: Salem Formation Well
KS: Keokuk Formation Well

Groundwater Flow Direction - bedrock
Feet above mean sea level

W = m ®m 1 General extent of former bedrock quarry
Base map and potentiometric contours from Engineering Management Solutions Inc., 2012

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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Base map provided by Paul Rosasco, Environmental Management Support, Inc., written commun., 2014.

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 16. Plots showing ratio of radium-228 to radium-226 (Ra228/226) in groundwater
samples from monitoring wells completed in various geologic units at the West Lake Landfill site
in relation to ratios in background groundwater samples and radiologically impacted material
(RIM). Ratio of Ra228/226 in radiologically impacted material (RIM) based on sample data
contained in McLaren and Hart Inc. (1996).

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

d 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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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
Ethylbenzene <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
Methy! 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 0.29 0.16 <0.010 0.017 <0.010 <0.010 <0.010 R
Naphthalene <0.010 <0.010 <0.010 <0.010 0.011 <0.010 <0.010 <0.010
Volatile Petroleum Hydrocarbons 0.41 04 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/|
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.
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p. . . y . Date Sampled -3/97 Total Radium-226 Concentration in (pCi/L)
Estimated Extent of Radiologically Impacted Material
Paved Road EMSI has concluded that D-14 results are not vaild due to extreme
=== Unpaved Road Data Validation Qualifiers: variations between filtered and unfiltered results and extreme
: variations among sampling events.
U = Non-detect at the reported value
WELL FORMATION DESIGNATIONS UJ = Non-Detect at the estimated reported value OU-1 Wells Sampled 11/95, 2/96, 5/96, 5/97, 3/04, 5/04, 8/12, 4/13 and 7/13
UJ+ = Non-Detect at the estimated reported value OU-2 Wells Sampled 2-3/97 and 5-6/97, 8/12, 4/13 and 7/13
LR or MW: Undifferentiated which may be biased high .
S or AS: Alluvial Shallow Well UJ- = Non-Detect at the estimated reported value Rata f'fo?" e|t2h(;a()rOOU-12%I0£1EB/IStI, fZOO(ng)j (1)l|J:-82 I}E?flf (rl-tlerst &
I or Al: Alluvial Intermediate Well which may be biased low ssociates, ), or ata for OU- ort.
D or AD: Alluvial Deep Well J = Estimated result
SS: St. Louis Formation Well J+ = esitmated result which may be biased high Figure 9

SD: Salem Formation Well
KS: Keokuk Formation Well

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

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27

2. Elevations Based on U.S.G.S. Datum. West Lake Landfill Operable Unit-1
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. EMSI Engmeermg Management Support, Inc.
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@ Alluvium Groundwater Well Well Number RADIUM EXPLANATION
@ Bedrock Groundwater Well
. MW-1204
RI/FS Groundwater Well That No Longer Exists : : P :
9 Date Sampled Dissolved Radium-226 Concentration in (pCi/L)

Operable Unit-1 Area as Defined By ROD
Estimated Extent of Radiologically Impacted Material

Paved Road
Unpaved Road

WELL FORMATION DESIGNATIONS

LR or MW:

SorAS:
lor Al
D or AD:
SS:

SD:

KS:

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.

Undifferentiated

Alluvial Shallow Well
Alluvial Intermediate Well
Alluvial Deep Well

St. Louis Formation Well
Salem Formation Well
Keokuk Formation Well

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

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, 2/96, 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

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

Figure 10

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

West Lake Landfill Operable Unit-1

EMSI

Engineering Management Support, Inc.
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@ Alluvium Groundwater Well RADIUM EXPLANATION
@ Bedrock Groundwater Well
== == | andfill Boundary Well Number
OU-1 Area Boundary
OU-2 Area Bound R Er i ion in (oCi
-< Area boundary Date Sampled —}8/12 Total Radium-226 Concentration in (pCi/L)
Index Contour NS = Not Sampled
Paved Road
Unpaved Road Data Validation Qualifiers:
— Euﬂdlng U = Non-detect at the reported value UJ- = Non-Detect at the estimated reported value
ence

WELL FORMATION DESIGNATIONS

LR or MW:
S orAS:
lor Al:

D or AD:
SS:
SD:
KS:

NOTES:

Undifferentiated

Alluvial Shallow Well
Alluvial Intermediate Well
Alluvial Deep Well

St. Louis Formation Well
Salem Formation Well
Keokuk Formation Well

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.

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

which may be biased high

NORTII

250 500

SCALE IN FEET

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

Contour of Dissolved Radium in Alluvium Groundwater
Contour of Dissolved Radium in Bedrock Groundwater

Figure N-1.1

Total Radium-226 in Groundwater
August 2012 Through February 2014

West Lake Landfill OU-1 Rl Addendum

EMSI

Engineering Management Support, Inc.
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1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27
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Alluvial Deep Well
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Salem Formation W
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Keokuk Formation Well

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.

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

which may be biased low
J = Estimated result
J+ = Esitmated result which may be biased high
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4. Base Map Prepared by Aquaterra Environmental Solutions, Inc.
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LEGEND
@ Alluvium Groundwater Well RADIUM EXPLANATION
@ Bedrock Groundwater Well
== == | andfill Boundary Well Number
* OU-1 Area Boundary
OU-2 Area Bound R Er i ion in (oCi
-< Area boundary Date Sampled —}8/12 Total Radium-228 Concentration in (pCi/L)
Index Contour NS = Not Sampled
Paved Road
Unpaved Road Data Validation Qualifiers:
— Building U = Non-detect at the reported value UJ- = Non-Detect at the estimated reported value
Fence UJ = Non-Detect at the estimated reported value which may be biased low
UJ+ = Non-Detect at the estimated reported value  J = Estimated result
WELL FORMATION DESIGNATIONS which may be biased high J+ = Esitmated result which may be biased high
LR or MW: Undifferentiated Contour of Dissolved Radium in Alluvium Groundwater
S or AS: Alluvial Shallow Well . I
lor Al: Alluvial Intermediate Well . = Contour of Dissolved Radium in Bedrock Groundwater
D or AD: Alluvial Deep Well -
SS: St. Louis Formation Well Flgure N-1.4
SD: Salem Formation Well
KS: Keokuk Formation Well . . .
Non Dissolved Radium-228 in Groundwater
NOTES: August 2012 Through February 2014
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 .
2 Elevations Based on U.S.G.S. Datum West Lake Landfill OU-1 RI Addendum
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. E . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMSI Engmeermg Management SuPport’ Inc.
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LEGEND
. RADIUM EXPLANATION
@ Alluvium Groundwater Well
@ Bedrock Groundwater Well
== == | andfill Boundary Well Number—|
OU-1 Area Boundary
5 MW-1204 . ] . o .
OU-2 Area Boundary Date Sampled —8/12 Combined Total Radium-226 + Total Radium-228 Concentration in (pCi/L)
Index Contour
1.72 Total Radium result that is less than the 6.10  Total Radium greater than the Maximum
Paved Road ! ! . g
Unpaved Road Maximum Contaminant Level of 5 pCi/L for Contaminant Level of 5 pCi/L for
- combined Radium-226 and Radium-228 combined Radium-226 and Radium-228
| — Building
4.50* Combined Ra-226 and Ra-228 results ND Both Radium-226 and Radium-228 were non-detect
ence
unless one of results was non-detect, in NS Not Sampled
WELL FORMATION DESIGNATIONS which case only the detected result is ot Sample
i i * . . . .
. . shown and the value is flagged with a Contour of Dissolved Radium in Alluvium Groundwater
LR or MW: Undifferentiated
S or AS: Alluvial Shallow Well Contour of Dissolved Radium in Bedrock Groundwater
I or Al: Alluvial Intermediate Well
D or AD: Alluvial Deep Well -
SS: St. Louis Formation Well Flgure N-1.5
SD: Salem Formation Well ; di :
’ ium-226 + Total Radium-228
KS: Keokuk Formation Well Combined Total Ra
NOTES NORTII in Groundwater,
- August 2012 Through February 2014
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 West Lake Landfill OU-1 Rl Addendum
2. Elevations Based on U.S.G.S. Datum.
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMSI Engmeenng Management SuPport’ Inc.
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WELL FORMATION DESIGNATIONS

D or AD:
SS:
SD:
KS:

NOTES:

LR or MW:
S orAS:
lor Al:

Undifferentiated

Alluvial Shallow Well
Alluvial Intermediate Well
Alluvial Deep Well

St. Louis Formation Well
Salem Formation Well
Keokuk Formation Well

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.

which case only the detected result is
shown and the value is flagged with a *
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LEGEND
@ Alluvium Groundwater Well RADIUM EXPLANATION
@ Bedrock Groundwater Well
=== Landfill Boundary Well Number
OU-1 Area Boundary
MW-1204
Ol1-2 Arsa Boundary Date Sampled —f8/12 Combined Total Radium-226 + Total Radium-228 Concentration in (pCi/L)
Index Contour
Paved Road 1.72  Total Dissolved Radium result that is less than 6.10  Total Dissolved Radium greater than the
Unpaved Road the Maximum Contaminant Level of 5 pCi/L for Maximum Contaminant Level of 5 pCi/L for
— Bullding combined Radium-226 and Radium-228 combined Radium-226 and Radium-228
Fence 4.50* Combined Ra-226 and Ra-228 results ND Both Radium-226 and Radium-228 were non-detect
unless one of results was non-detect, in
; NS  Not Sampled

Contour of Dissolved Radium in Alluvium Groundwater

Contour of Dissolved Radium in Bedrock Groundwater

NORTII

Figure N-1.8

Combined Dissolved Radium-226 + Dissolved

Radium-228 in Groundwater,
August 2012 Through February 2014
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DATA VALIDATION QUALIFIERS

Well Number —\ U = Non-detect at the reported value
UJ = Non-Detect at the estimated reported value

GEOLOGIC LEGEND LEGEND

-V September 2013 Alluvial Groundwater

' ° 7 Trash - PZ-102R-SS Dissolved (filtered _ :
© o Elevation Taken at Well L éombmed) Combined Dissolved Radium-226 + Total  YJ+ = Non-Detect at the estimated reported value

- &
EE S A September 2013 St Louis Fm Groundwater Date Sampled — /3 Tes—frsouss I ts¢—— Radium-228 Concentration in (pCi/L) which may be biased high
- A

— Clay Elevation Taken at Well /| L Ud- = Nqn—Detect at the estimated reported value

] September 2013 Leachate Groundwater Dissolved Radium-226 Dissolved Radium-228 WhI.Ch may be biased low

ééééééé Loess Elevation Taken at Well Concentration in (pCi/L) Concentration in (pCi/L) J i f Est!mated result | | |
September 2013 Alluvial Groundwater = Estimated result which may be biased high

N e Elevation Cross Section Intersection

A—

2.17 Dissolved Radium result that is less than the 6.15  Dissolved Radium greater than the
Maximum Contaminant Level of 5 pCi/L for Maximum Contaminant Level of 5 pCi/L for

\ 2245 Alluvium September 2013 St Louis Fm Groundwater combined Radium-226 and Radium-228 combined Radium-226 and Radium-228
S Elevation at Cross Section Intersection

AREA 1 / St Louis Fm 4.50* Combined Ra-226 and Ra-228 results ND  Both Radium-226 and
~ Limestone Geostatisical Estimate unless one of results was non-detect, in Radium-228 were non-detect
PROPERTY of Radiologically which case only the detected result is NS  Not Sampled

Salem Fm Impacted Material (RIM) shown and the value is flagged with a *
. Limestone

BOUNDARY |

— I Well Screen _
~ Warsaw Fm Shale Interval Figure N-1.9

A N | Keokuk Fm Cross Section A-A'
N, B==m Limestone With Dissolved (filtered) Radium
~. B /l 0 50 100 Results

~, 7 ) g\/ e Notes: These cross-sections were developed to display groundwater conditions beneath the site, and only reflect the RIM occurrences along these sections. b;!_-f;ﬂ West Lake Landfill OU-1 Rl 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 _ _
Cross Section Index Ground surface from Aerial Topography provided by Cooper Aerial Surveys Co. and is dated December 2, 2016 VERTICAL EXAGGERATION 5X | EM SI Engineering Management Support, Inc.
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——===—  Landfill Boundary EMSI has concluded that D-14 results are not vaild due to extreme
OU-1 Area Boundar variations between filtered and unfiltered results and extreme
y variations among sampling events.
OU-2 Area Boundary
Index Contour OU-1 Wells Sampled 11/95, 2/29, 5/96, 5/97, 3/04, and 5/04
Paved Road OU-2 Wells Sampled 2-3/97 and 5-6/97
Unpaved Road Data from either OU-1 RI (EMSI, 2000), OU-2 RI (Herst &
— Building Associates, 2000), or 2004 Data for OU-1 FS Effort.
Fence
Note: During the 2012 groundwater monitoring event, it was determined that
wells D-93 and -9 had been mislabeled at some point in the past with
WELL FORMATION DESIGNATIONS D-93 being labeled as I-9 and I-9 labeled as D-93. Data reported for
LR or MW- iff - these two wells prior to 2012 should consider the potential for
or MW: Undifferentiated mis-identification of these two wells.
S or AS: Alluvial Shallow Well
I or Al: Alluvial Intermediate Well H _
D or AD: Alluvial Deep Well Flgure N-1.11
SS: St. Louis Formation Well
SD: Salem Formation Well VORTH RI/FS Results for
KS: Keokuk Formation Well Total Radium-226 in Groundwater
NOTES:
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 West Lake Landfill Operable Unit-1
2. Elevations Based on U.S.G.S. Datum. 0 250 500
3. Existing Grade Contours are from the Aerial Survey Completed by
the Sanborn Mapping Company on July 20, 2011. l EMSI  Engineering Management Support, Inc
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. ALE IN FEET
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OU-2 Area Boundary
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SD: Salem Formation Well VORTH RI/FS Results for
KS: Keokuk Formation Well . . .
NOTES: Dissolved Radium-226 in Groundwater
12. I;?rizontal Céoord(;nateLsJ gacs;esd %n State Plane Missouri East Zone NAD 27 West Lake Landfill Operable Unit-1
. Elevations Based on U.S.G.S. Datum.
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. e EMSI  Engineering Management Support, Inc.
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc.
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Figure 7-3
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Note: Early non-detect results with elevated MDAs not shown.
Linear regression trend line
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Figure 7-5
Well I-4 Radium Results
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Note: Early non-detect results with elevated MDAs not shown.
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Linear regression trend line
R? - linear regression line correlation coefficient
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Well S-5 Radium Results
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Figure 7-7
Well 1-68 Radium Results
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Figure 7-8
Well D-6 Radium Results
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Note: Early non-detect results with elevated MDAs not shown.
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Result plus 2 Sigma Note: Early non-detect results with elevated MDAs not shown. Figure 7-9
Radium Result Linear regression trend line Well D-93 Radium Results
Result minus 2 Sigma R* - linear regression line correlation coefficient West Lake Landfill OU-1 Rl Addendum
During the 2012 groundwater monitoring event, it was determined that wells D-93 and I-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. EMSI Engineering Management Support, Inc.




Result minus 2 Sigma

During the 2012 groundwater monitoring event, it was determined that wells D-93 and I-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.

R? - linear regression line correlation coefficient

Well 1-9 Radium Results
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Result plus 2 Sigma Note: Early non-detect results with elevated MDAs not shown. Figure 7-10
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Note: Early non-detect results with elevated MDAs not shown.
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R? - linear regression line correlation coefficient
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LEGEND THORIUM EXPLANATION
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OU-2 Area Boundary (all sampling dates)
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I or Al: Alluvial Intermediate Well
D or AD: Alluvial Deep Well -

SS: St. Louis Formation Well Flgure 7-12

SD: Salem Formation Well . .

KS: Keokuk Formation Well Combined Total Thorium-230 + 232
NOTES: NORTH in Groundwater,
- August 2012 Through February 2014

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 .
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMS' Engmeermg Management Support, Inc.
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WELL FORMATION DESIGNATIONS (O Dissolved Thorium-230 + 232 less than15 pCilL
LR or MW: Undifferentiated E';ﬁsssa 2?;"%2;‘35 Alpha MCL]
S or AS: Alluvial Shallow Well pling
I or Al: Alluvial Intermediate Well
D or AD: Alluvial Deep Well -
SS: St. Louis Formation Well Flgure 7-13
SD: Salem Formation Well . . .
KS: Keokuk Formation Well Combined Dissolved Thorium-230 + 232
NOTES: VORTIH in Groundwater,
- August 2012 Through February 2014
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 .
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMS' Engmeermg Management Support, Inc.
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0U-2 Area Boundary Uranlum-?38 activities]
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SS: St. Louis Formation Well Flgure 7-14
SD: Salem Formation Well .
KS: Keokuk Formation Well Total Uranium
NOTES: voRTI in Groundwater,
- August 2012 Through February 2014
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 .
2. Elevations Based on U.S.G.S. Datum. West Lake Landfill OU-1 RI Addendum
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. E . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMS' Engmeermg Management Support, Inc.
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Uranium-238 activities]
OU-2 Area Boundary (all sampling dates)
Index Contour
Paved Road Q Dissolved Uranium greater than the Maximum
U d Road Contaminant Level of 30 pg/L
n.pa.ve oa [converted to mass from Uranium-234, Uranium-235 and
— Building Uranium-238 activities]
Fence (at least one sampling date but not all sampling dates)
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NOTES: VORTH in Groundwater,
- August 2012 Through February 2014
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 .
2. Elevations Based on U.S.G.S. Datum. West Lake Landfill OU-1 Rl Addendum
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMS' Engmeermg Management Support, Inc.
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LEGEND BENZENE EXPLANATION
=——===—  Landfill Boundary
OU-1 Area Boundary
OU-2 Area Boundary O Benzene greater than the Maximum
Index Contour Contaminant Level of 5 ug/L for Benzene
Paved Road (all sampling dates)
— — — = Unpaved Road
— Building () Benzene greater than the Maximum
Fence Contaminant Level of 5 ug/L for Benzene
(at least one sampling date but not all sampling dates)
WELL FORMATION DESIGNATIONS
LR or MW: Undifferentiated o penzene less (han the Maximur
S or AS: Alluvial Shallow Well ‘I’I” am";,a” evel of 5 yg/L for benzene
I or Al: Alluvial Intermediate Well (all sampling dates)
D or AD: Alluvial Deep Well
SS: St. Louis Formation Well Figure 8-1
SD: Salem Formation Well
KS: Keokuk Formation Well .
Sy Benzene in Groundwater,
NOTES: August 2012 Through November 2013
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 )
2. Elevations Based on U.S.G.S. Datum. West Lake Landfill OU-1 Rl Addendum
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMS' Engmeermg Management Support, Inc.
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LEGEND CHLOROBENZENE EXPLANATION
=——===—  Landfill Boundary
OU-1 Area Boundary
OU-2 Area Boundary O Total Chlorobenzene greater than the Maximum
Index Contour Contaminant Level of 100 ug/L for Chlorobenzene
Paved Road (all sampling dates)
Unpaved Road
— Building O Total Chlorobenzene greater than the Maximum
Fence Contaminant Level of 100 ug/L for Chlorobenzene
(at least one sampling date but not all sampling dates)
WELL FORMATION DESIGNATIONS
LR or MW: Undifferentiated O Total Chlorobenzene less than the Maximum
Sor AS: Alluvial Shallow Well Contamin_ant Level of 100 ug/L for Chlorobenzene
I or Al: Alluvial Intermediate Well (all sampling dates)
D or AD: Alluvial Deep Well
SS: St. Louis Form_ation Well Figure 8-2
SD: Salem Formation Well
KS: Keokuk F tion Well :
S: Keokuk Formation We Chlorobenzene in Groundwater,
NVORTH
NOTES: August 2012 Through November 2013
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 .
2. Elevations Based on U.S.G.S. Datum. West Lake Landfill OU-1 Rl Addendum
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMS' Engmeermg Management Support’ Inc.
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LEGEND VINYL CHLORIDE EXPLANATION
=——==—  Landfill Boundary
OU-1 Area Boundary
OU-2 Area Boundary O Total Vinyl Chloride greater than the Maximum
Index Contour Contaminant Level of 2 ug/L for Vinyl Chloride
Paved Road (all sampling dates)
Unpaved Road
— Building O Total Vinyl Chloride greater than the Maximum
Fence Contaminant Level of 2 ug/L for Vinyl Chloride
(at least one sampling date but not all sampling dates)
WELL FORMATION DESIGNATIONS
LR or MW: Undifferentiated O Total Virlyl ChLIoridIe Ifezs th?_nfth?/!\/lar(in;#m
S or AS: Alluvial Shallow Well Contamm_ant evel of 2 ug/L for Vinyl Chloride
I or Al: Alluvial Intermediate Well (all sampling dates)
D or AD: Alluvial Deep Well
SS: St. Louis Formation Well Figure 8-3
SD: Salem Formation Well
KS: Keokuk F tion Well : . .
S+ Keokuk Formation We Vinyl Chloride in Groundwater,
NVORTH
NOTES: August 2012 Through November 2013
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 .
2. Elevations Based on U.S.G.S. Datum. West Lake Landfill OU-1 Rl Addendum
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMS' Engmeermg Management Support’ Inc.
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SD: Salem Formation Well
KS: Keokuk F tion Well .
St Keokuk Formation We Total Arsenic in Groundwater,
VORTH
NOTES: August 2012 Through November 2013
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 .
2. Elevations Based on U.S.G.S. Datum. West Lake Landfill OU-1 Rl Addendum
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMS' Engmeenng Management Support, Inc.




M:\clients\EMS\westlake\2017\RI-Addendum-edits\Section-8\FIG-8-5-Hist-Diss-Arsenic_PYG.dwg 1/22/18

Ou-2
CLOSED
DEMOLITION
LANDFILL

OuU-2

(OLR-105

INACTIVE
SANITARY
LANDFILL
NOA
PZ-111-SD QUARRY
MW-103 § 6 PZA11-KS A
LR-103 \A/ /éRIDGETON
h PZ-110-SS LANDFILY PZ-200:SS
' ,9 / \\.pZ-101-SS COLECNON
[ / ) @ VEHICLE PARKING
| \ AN
L PZ- 3 A| ASPHALT @
PZ-304-AS 4 PLANT / PZ-102R-SS
PPZ-304-AI ) PZ- 206 85/ 4
% & 7 ( )PZ-109-SS
: 7 LR- 1og<>€>® o

PZ-303-AS PZ-205-SS /
PZ-205-AS ;
O % ;
MW-104 i

/

SOUTH
QUARRY
PORTION

OF
BRIDGETON
LANDFILL

PZ-106-SD

# PZ-203-SS

PZ-204A-SS

PZ-204-SS A
PZ-116-S$

LEGEND

Landfill Boundary
QOU-1 Area Boundary
OU-2 Area Boundary
Index Contour
Paved Road
Unpaved Road
Building

Fence

WELL FORMATION DESIGNATIONS

LR or MW:
S or AS:

| or Al

D or AD:

Undifferentiated
Alluvial Shallow Well
Alluvial Intermediate Well

pZ’210-s8
gbz-zm-so

STORMWATER
RETENTION
BASIN

PZ%212-SD,
k ¢
R

Pz212-88, Yo I\
N\
\»
PZ-209-SD ou-2 \\

PZ-209-SS ON-SITE \

SOIL |

, BORROW “

N\ STOCKPILE i

\' AREA ;

\\. |

‘\ I
\ <7 h—
\ = L)

N\ T
%, 0 oz
\ -7 I

ARSENIC EXPLANATION

Dissolved Arsenic greater than the Maximum
Contaminant Level of 10 ug/L for Arsenic
(all sampling dates)

Dissolved Arsenic greater than the Maximum
Contaminant Level of 10 ug/L for Arsenic
(at least one sampling date but not all sampling dates)

Dissolved Arsenic less than the Maximum
Contaminant Level of 10 pg/L for Arsenic
(all sampling dates)

Alluvial Deep Well

St. Louis Formation Well
Salem Formation Well
Keokuk Formation Well

SS:
SD:
KS:

VORTH

NOTES:

1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27
2. Elevations Based on U.S.G.S. Datum.

Figure 8-5

Dissolved Arsenic in Groundwater,
August 2012 Through November 2013

West Lake Landfill OU-1 Rl Addendum

3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500

the Sanborn Mapping Company on July 20, 2011.
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc.
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NVORTH
NOTES: August 2012 Through November 2013
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 .
2 Elevations Based on U.S.G.S. Datum. West Lake Landfill OU-1 Rl Addendum
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. I — . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMS' Engmeenng Management Support, Inc.
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Paved Road (all sampling dates)
Unpaved Road
— Building O Dissolved Iron greater than the Secondary Maximum
Fence Contaminant Level of 300 ug/L for Iron
(at least one sampling date but not all sampling dates)
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lor Al: Alluvial Intermediate Well (all sampling dates)
D or AD: Alluvial Deep Well
SS: St. Louis Form_ation Well Figure 8-7
SD: Salem Formation Well
KS: Keokuk F tion Well . :
S: Keokuk Formation We Dissolved Iron in Groundwater,
VORTH
NOTES: August 2012 Through November 2013
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 .
2. Elevations Based on U.S.G.S. Datum. West Lake Landfill OU-1 Rl Addendum
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. I — . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMS' Engmeermg Management Support, Inc.
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SS: St. Louis Form_ation Well Figure 8-8
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KS: Keokuk F tion Well .
S: Keokuk Formation We Total Manganese in Groundwater,
NVORTH
NOTES: August 2012 Through November 2013
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 .
2. Elevations Based on U.S.G.S. Datum. West Lake Landfill OU-1 Rl Addendum
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMS' Engmeermg Management Support, Inc.
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SS: St. Louis Form_ation Well Figure 8-9
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NVORTH
NOTES: August 2012 Through November 2013
1. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27 .
2. Elevations Based on U.S.G.S. Datum. West Lake Landfill OU-1 Rl Addendum
3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. E . .
4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET EMSI Engmeermg Management Support, Inc.
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WELL FORMATION DESIGNATIONS
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S or AS: Alluvial Shallow Well
I or Al: Alluvial Intermediate Well

O Total Barium less than the Maximum
Contaminant Level of 2,000 ug/L for Barium
(all sampling dates)

D or AD: Alluvial Deep Well
SS: St. Louis Formation Well Figure 8-10
SD: Salem Formation Well
KS: Keokuk Formation Well Total Barium in Groundwater,
NORTH

NOTES: August 2012 Through November 2013

-

. Horizontal Coordinates Based on State Plane Missouri East Zone NAD 27

2. Elevations Based on U.S.G.S. Datum. West Lake Landfill OU-1 Rl Addendum

3. Existing Grade Contours are from the Aerial Survey Completed by 0 250 500
the Sanborn Mapping Company on July 20, 2011. E EMSI

4. Base Map Prepared by Aquaterra Environmental Solutions, Inc. SCALE IN FEET Engmeermg Management Support, Inc.
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NOTES:
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BARIUM EXPLANATION
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REMEDIAL INVESTIGATION/FEASIBILITY STUDY WORK PLAN

Photo 3. Monitoring Well I-66

W-201911_PhotoDocumentation_APP-W.doc
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Photo 2. Monitoring Well 1-65

Photo 4. Monitoring Well D-12
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Photo 8. Monitoring Well S-82
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Photo 14. Monitoring Well -4
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Photo 15. Monitoring Well S-5
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