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EXECUTIVE SUMMARY

Introduction and Obijectives

This report presents the results of the Phase I Remedial
Investigation (RI) conducted by Roy F. Weston, Inc. (WESTON) at the
Lake City Army Ammunition Plant (LCAAP). The RI was conducted
under the authority of the United States Army Toxic and Hazardous
Materials A7<ncy (USATHAMA) as part of the Installation Restoration
Program (IRP). This investigation provides the initial basis for
the ultimate design and implementation of a corrective action(s).

LCAAP is located approximately 4.5 miles northeast of Independence,
Missouri, 1in Jackson County (Figure ES-1). Plant operations
include the manufacturing of small arms ammunition, storage, and
test firing of ammunition. Operations also include waste treatment
and disposal of associated manufactured waste byproducts and
general plant refuse. LCAAP is a government-owned, contractor-
operated (GOCO) facility, and is currently operated by Olin
Corporation. .

There are 28 1individual study areas at LCAAP, and based on
evaluation of potential contamination at each site and the results
of previous investigations, 18 sites were selected to be
investigated as part of this RI. The major objective of the RI was
to evaluate the potential extent and magnitude of contamination
both plant-wide and at 18 individual areas and use this information
to evaluate the potential risk to the environment and public health
and welfare. A site plan of all developed portions of LCAAP,
including Areas 1 through 18, is shown in Figure ES-2. 1In order to
achieve the project objective, the following tasks were performed:

. Geophysical surveys.

. Soil gas survey.

. Monitoring well installation.

. Groundwater sampling and analysis.

. Surface water and sediment sampling analysis.

. Surface and subsurface scil sampling and analysis.
. Sump, sewer, and outflow sampling and analysis.

. Groundwater and surface water elevations survey.

. Aquifer testing.

AQQ039 ES-1
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Physical Characteristics of Study Area

The topography at LCAAP can be characterized as lowland and upland
areas. The northern and western portions of the plant are
characteristic lowland areas exhibiting a nearly flat topography.
These lowland areas are composed of alluvial silty clay and sand
deposited in a fluvial environment within the valley. The southern
and eastern portions of the plant are the upland areas. The upland
areas are silty clay and Pennsylvanian sedimentary strata and
exhibit moderate relief with narrow crested ridges.

The results of the field investigation have identified the
following stratigraphic units:

. Fill material present at most of the developed areas,
especially the landfill areas ranging in thickness from
5 to approximately 20 feet.

. Loess deposits encountered predominantly in the upland
areas, ranging in thickness from 0 to 3.5 feet.

. Colluvial silt and clay encountered in the upland areas,
not usually more than a few feet thick.

. Alluvial silty clay ranging in  thickness from
approximately 5 to 44 feet.

. Alluvial sand ranging in thickness from approximately O
to 82 feet.
. Limestone and shale bedrock encountered at or near t..e

surface in the uplands and up to 100 feet below the
surface in the alluvial valley.

From these stratigraphic units, three hydrostratigraphic units have
peen identified and include:

. The silty clay unit, which is unsaturated in several
areas across the site, ranges in thickness from 5 to 44
feet, and lies between an overlying unsaturated fill
layer (existing primarily in developed portions of the
site) and the saturated alluvial sand layer.

. The alluvial sand unit, which is as much as 80 feet thick
in the lowland areas, pinches out in the upland areas,
and lies between the silty clay and weathered bedrock.

. The weathered bedrock unit, which is up to 100 feet below

the surface in the lowland areas and crops out in the
upland areas.

A0039 ES-4




The silty clay and weathered bedrock unit act as upper and lower
confining layers, respectively, for the alluvial sand aquifer which
is the primary water-producing aquifer at the plant. Groundwater
within the alluvial sand aquifer generally flows in a northwest to
westerly direction. However, it has been assessed from pumping
test data and from capture zone analysis of nine on-site production
wells that, except for groundwater located beneath Areas 3, 8, 16,
and 17, the capture zones of the production wells may intercept
nearly all groundwater beneath LCAAP (Figure ES-3). Therefore,
groundwater contaminants at Areas 3, 8, 16, and 17 may potentially
migrate off-site, whereas groundwater contaminants beneath all
other locations of the plant would be intercepted by the production
wells.

Contaminants of Concern

Groundwater Contaminants of Concern. Chemicals of potential
concern identified for groundwater in the production wells (treated
and untreated water), the monitoring wells with groundwater

potentially reaching the production wells, and the 16 study areas
are shown in Table ES-1. Chemicals of potential concern identified
for groundwater in the off-site residential wells are summarized in
Table ES-2. As may be seen from these tables, bis(2-
ethylhexyl)phthalate, RDX, and HMX were the organic chemicals of
potential concern in the most study areas across the site. RDX and
HMX were not detected in the production wells during the RI;
however, they were detected in groundwater samples from wells
within production well capture zones. Although bis(2-
ethylhexyl)phthalate i1s a common laboratory contaminant, detected
concentrations were elevated above blank levels and varied
considerably in the different study areas. RDX concentrations in
groundwater also fluctuated widely in the different study areas,
being highest in Areas 3, 7, 11, and 12. The highest concentration
of HMX was detected in Area 7.

Carbon tetrachloride (Area 16), chrysene (Area 18), chloroform
(Area 17), 1,2-dichlorobenzene (Area 16), 1,2-dichloroethane (Area
16), dimethylphthalate (Area 16), nitrobenzene (Area 16), and
1,1,2,2-tetrachlorocethane (Area 16) were detected in groundwater in
only 1 study area, and in only 1 or 2 samples within the samples
collected in these areas. Carbon tetrachloride, 1,2-
dichloroethane, 1,2-dichlorobenzene, dimethylphthalate,
nitrobenzene, and 1,1,2,2-tetrachloroethane were detected at very
low concentrations (i.e., near or below the CRL or SRL values).
Benzene, trans-1,2~dichloroethene, bis(2-ethylhexyl)phthalate,
trichloroethene, and vinyl chloride, the organic chemicals of
potential ccncern in untreated production well groundwater, were
also detected in monitoring well sanmples.

Finally, all of the organic chemicals (i.e., carbon tetrachloride,
l1,2-dichlorobenzene, 1,4-dichlorobenzene, HMX, RDX, toluene, and
trichloroethene) detected in the off-site residential wells north

ACO39 ES-5
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of LCAAP were detected in other groundwater samples on-site with
the exception of 1,4-dichlorobenzene. Toluene detected at a low
level (i.e., near the CRL or SRL) in the residential well just
north of Area 17, was also detected in Area 17 groundwater at
levels far above its respective CRL.

Although in general, concentrations of radiological parameters did
not exceed normal Missouri state activity levels (site background
samples were not analyzed for radiological parameters), all
radiological parameters were selected as chemicals of potential
concern at the request of EPA due to the burial of radioactive

wastes on-site. Radium~226 and =228 was only analyzed for in
treated production well water, and no background values were
avallable. only treated production wells, untreated production

wells, and Areas 3, 5, 8, 14, 16, and 17 were analyzed for
radiological parameters.

Gross alpha radiocactivity was detected in treated production wells,
untreated production wells, the production well capture zone, and
Areas 8, 14, 16, and 17 at a maximum concentration of 23 pCi/L in
production well capture zone water. Gross beta radioactivity was
detected in treated production wells, untreated production wells,
the prcduction well capture zone, and Areas 3, 5, 8, 14, 16, and 17
at a maximum concentration of 96 pCi/L in Area 8. Uranium (total
uranium, U=-234, and U-238) were detected in untreated production
wells, the production well capture zone, and Areas 3, 5, 8, 14, 16,
and 17 at maximum concentrations of 1.9 pCi/L and 1.7 pCi/L,
respectively, and at a maximum concentration of total uranium of
1.5 pCi/L in the production well capture zone.

Of the inorganic chemicals of potential concern in groundwater,
arsenic, barium, beryllium, chromium, copper, lead, nickel, silver,
and zinc were detected at concentrations above background levels in
groundwater in most on-site study areas and in the production
wells. Antimony and cadmium were of potential concern in seven and
nine of the on-site study areas, respectively, and were elevated
above background in the production wells. Mercury and selenium
were found in only one and two, respectively, of these off-site
wells.

Surface and Subsurface Soil Contaminants of Concern. Table ES-3
presents a summary of the chemicals of potential concern in surface
and subsurface soil at LCAAP, based on the preliminary sampling
conducted during the RI. As may be seen in this table, only 2,6-
DNT and oil and grease are at levels of concern in soils. The
compound 2,6-DNT, detected in only one area (Area 8) and in only
one subsurface soll sample from that area at a concentration near
the CRL, was not of potential concern in groundwater in Area 8.
T'he compound 2,6-DNT was detected in only a few groundwater samples
across the site (i.e Areas 2 and 17) at concentrations near the
CRL.
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Mercury and zinc were found at relatively high concentrations in
Area 9 (i.e., relative to levels in soil samples collected in Area
8, the only other study area with levels of mercury and zinc above
background). Mercury was a chemical of potential concern in Area
1 and in treated production well water. Antimony was of potential
concern only in Area 15 soils. Area 9 surface soils were the only
soils containing detectable levels of selenium.

Surface Water and Sediment Contaminants of Concern. ©Organic and
inorganic chemicals of potential concern in surface water and
sediment samples generally varied depending on the study area as
shown in Table ES~4; few chemicals were seen 1in all areas.
Exceptions are copper and lead which were seen at above background
levels in most ditches and surface water/sediment samples across
the site. Several chemicals of potential concern (e.qg.,
chloroethane, 1,1-dichlorcethane, ethylbenzene, methy. e =2 chloride,
phenol and toluene) were detected only in the surface wacer sample
from the in Area 16 leachate seep. Several of these chemicals were
also detected in groundwater samples in this and other study areas,
although groundwater samples were relatively infrequent and
groundwater concentrations generally low.

Sump, Sewer and Outflow Sediment Contaminants of Concern. Table
ES-5 presents a summary of the chemicals of potential concern
identified in sump and sump outflow sediment samples at LCAAP,
based on the preliminary sampling conducted during the RI. The
explosive compound 2,4-DNT, oil and grease, and several inorganic
chemicals including barium, cadmium, chromium, copper, lead,
mercury, and zinc were often identified as chemicals of potential
concern in sump and sump outflow sediment. No VOCs were detected
in sump and sump ocutflow sediment samples, as shown in Table ES-5.

Summary of Contaminants of Concern. In summary, many of the same
chemicals suspected of being disposed in potential source areas at
the site were found in groundwater sampled from the production
wells, groundwater collected from the monitoring wells installed
across the site, surface and subsurface soil collected in various
areas at the LCAAP site, surface water and sediment samples
collected in different ditches across the site, and sump and sump
outflow sediment samples. As shown in Table ES-1, ES-2, ES-3, ES-
4, and ES-5, explosive compounds such as RDX and HMX and heavy
metal compounds such as arsenic, beryllium, cadmium, chromium,
copper, lead, nickel, silver, and zinc were identified as chemicals
of potential concern in nearly all media sampled, and thus may be
considered fairly widespread chemical contaminants at the LCAAP
site. In general, volatile contaminants were identified as
chemicals of potential concern in media that were collected near
suspected solvent disposal 3ource areas.

Quantitative Risk Characterization. Quantitative risk assessment
involves estimating intakes by potentially exposed populations
based on the assumed exposure scenario. These intakes are then

A0039 ES-11




SUMMARY OF CHEMICALS OF POTENTIAL CONCERN IN SURFACE
AND SUBSURFACE SOILS AT LCAAP

TABLE ES-3

LAKE CITY, MISSOURI

Chemical

Surface Soil

Area 9

Area 13

Area 8

Subsurface Soil

Area 9

Area 14

Area 15

Organics:
2,6-DNT
0il and Grease

Inorganics:
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Cyanide
Lead
Mercury
Nickel
Selenium
Zinc

> x b P B & B & & 4
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TABLE ES-5
SUMMARY OF CHEMICALS OF POTENTIAL CONCERN IN SUMP AND SUMP OUTFLOW SEDIMENT SAMPLES AT LCAAP
LAKE CITY, MISSOURI

Buildings
Buildings 1 and 2 Building 3 Building &4 94, 97 & 97A
Bldg. 1 Bldg. 2 Sump Sumps Sump Sumps Sump Sumps Sump
Chemical Sumps Sumps Outflows Outflows Outflows Outflows
Organics:
2,4-DNT X X X X X
2,6-DNT X X
HMX X
Nitrobenzene X
0il and Grease X X X X X X X X X
RDX X
1,3,5-TN8 X
tnorganics:
Antimony X
8arium X X X X X X X
Beryllium X
Cadmium X X X X X X X X
Chromium X X X X X X X X
Copper X X X X X X X X X
Lead X X X X X X X X X .
Mercury X X X X X X X
Nickel X
Sitver X X X
Zinc X X X X X X X X
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doses for noncarcinogens) or cancer potency factors (for
carcinogens) to derive estimates of noncarcinogenic hazard or
excess lifetime <cancer risks of the potentially exposed
populations. For carcinogens, the excess lifetime cancer risk is
expressed as a probability. A 10° risk indicates that, as a result
of the exposure being considered, an exposed individual has a
probability of one in a million of getting cancer. A risk range of
10°® to 10° is often used as a range for health protectiveness by
regulatory agencies (EPA 1990).

. combined with reference doses (RfDs, defined as acceptable daily

The major conclusions of the quantitative risk characterization are
presented below.

. Ingestion of treated groundwater from the production
wells by on-site workers yielded total excess lifetime
cancer risks of approximately 10° for the plausible
maximum case. Bromodichloromethane, chloroform,
dibromochloromethane, trichlorcethene, and radium 226 and
radium 228 were the only suspected carcinogenic compounds
detected in treated water, above the detection limit..
The hazard index for the maximum case was below a value
of one, when thallium was excluded. The CDI:RfD for TL
was 10 for the RME case. However, thallium was not
detected in any groundwater samples collected for the RI
or in any other media. Therefore, the presence of

‘ thallium is not considered likely to be due to waste
disposal practices at the LCAAP site.

. Ingestion of treated groundwater from the production
wells by on-site residents yielded total excess lifetime
cancer risks of approximately 10-° for the RME case.
Bromodichloromethane, chlorecfcrm, dibromochloromethane,
trichloroethene, and radium 226 and radium 228 were the
only suspected carcinogenic compounds detected in treated
water, above the detection limit. The hazard index feor
the maximum case was below a value of one, when Thallium
was excluded. The CDI:RfD for Thallium was 30 for the

RME case. However, thallium was not detected in any
groundwater samples gollected for the RI or in any other
media. Therefore, the presence of thallium is not

considered likely to be due to waste disposal practices
at the LCAAP site.

. Hypothetical ingestion of untreated groundwater from the
production wells by on-site residents yielded total
excess lifetime cancer risks of approximately 103 for
the RME maximum case. Vinyl chloride and arsenic were
the chemicals primarily driving the risk. Vinyl chloride
was detected only in production well 17FF, while arsenic
was detected in several production wells across the site.

‘ The hazard indices for the RME case was below a value of
A0039
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one. It should be noted that the LCAAP plant currently
treats the production well groundwater, and therefore
these risks are only applicable if the current treatment
system is not used. These estimated risks can be used to
indicate the need for continued trcatment cf production
water at LCAAP. Based on available exposure assumptions,
it should be noted that potential risks of exposure to
facility workers from this pathway would be approximately
three times lower than the risks to on-site residents.

Hypothetical ingestion of untreated groundwater by on-
site residents using groundwater from the production well
capture zone yielded a total excess lifetime cancer risk
of approximately 103 for the RME case. Chrysene, vinyl
chloride, arsenic, and beryllium were comprising the
majority of the risk. Similar carcinogenic risks were
found for both the production wells and capture zone
production wells. This may indicate that there may be no
increased risk to ingestion of production well water even
if all of the groundwater currently downgradient of
potential source areas was drawn into the production
wells. The hazard indices for the RME ~ac: was 0.3. It
should be noted that the LCAAP plant currently treats the
production well groundwater, and therefore these risks
are only applicable if the current treatment system is
not used. Based on available exposure assumptions,
hypothetical risks of exposure to facility workers from
this pathway would be approximately three times lower
than the risks to on-site residents.

Ingestion of groundwater by residents in off-site areas
using residential wells Hedrickj-A, Turley, and Ure,
yielded carcinogenic risks ranging from approximately
107 to 10°°. carbon tetrachloride, 1,4-dichlorobenzene,
RDX, and trichloroethene were the only carcinogenic
chemicals of potential concern detected in the off-site
wells 1located along the northern LCAAP boundary.
Ingestion of groundwater by residents in the off-site
area near Area 17 yielded the highest hazard indices of
all off-site wells (0.6 for the RME case). No hazard
index was greater than one for any of the off-site
residential wells sampled.

Hypothetical ingestion of groundwater located along the
western border of the plant (residential wells are
located beyond the western border of the plant) yielded
an excess lifetime cancer risk of 107°. Arsenic and
beryllium accounted for the majority of the risk for the
RME case. The hazard index for the RME case was 2.
Antimony and arsenic accounted for the majority of the
noncarcinogenic risk for the RME case. Several source
areas within Areas 3 and 8 may be contributing to the
contamination of the chemicals that significantly
contributed to these risks. It should be noted that the
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potential dilution and degradation of chemicals of
potential concern during off-site migration of this
perimeter groundwater was not considered, and thus the
risks presented for this pathway most likely presents
upperbound preliminary estimates of potential exposure
for off-site residents.

Section 5.5.2.2 presents in detail the estimated
hypothetical risks from ingestion of groundwater by on-
site residents from wells that in the future may be
installed downgradient of each study area. Although such
use of groundwater in this area is considered highly
unlikely they were evaluated for the following reasons:
(1) evaluation of the potential degradation of
groundwater as a potential resource in each study area;
(2) identification of specific sources that may ke
contributing significantly to groundwater chemicals that
are driving the risk assessment. In general, total
excess lifetime cancer risks for the RME case ranged from
102 to 10, with the risk for most areas at 103. Often
arsenic accounted for the majority of the cancer risk in
the different study areas. For certain areas, chemicals
of potential concern that were significantly contributing
to the cancer risks include Dberyllium, bis (2~
ethylhexyl)phthalate, RDX, trichloroethene, and vinyl
chloride. The hazard indices for the RME case exceeded
one in all of the sixteen areas with the exception of

Area 6 and Area 18. In areas where the hazard indices
exceeded a value of one, the values ranged from 2 (from
Areas 11 and 16) to 400 (from Area 17). Chemicals of

potential concern with CDI:RfD ratios that exceeded a
value of one include: antimony, arsenic, barium, bis(2-
ethylhexyl)phthalate, cadmium, chromium, trans-1,2-
dichlorocethene, RDX, 1,3,5-TNB, and trichloroethene.
Potential source areas that may be significantly
contributing to groundwater chemicals that are
contributing to the risk assessment are discussed in
detail in Section 5.5.2.2. Based on available exposure
assumptions, hypothetical risks of exposure to facility
workers from this pathway would be approximately three
times lower than hypothetical risks to on-site residents.

Volatile chemicals present in tap water may also be
emitted into indoor air, for example as a result of
showering, laundering, and dishwashing. Inhalation of
these volatilized chemicals may be associated with risks
similar to those associated with direct ingestion (Foster
and Chrostowski 1987). Therefore, the risks presented
above for the groundwater ingestion scenarios may be
slightly higher due to showering, laundering, etc.
However, the risks would not be altered by more than an
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order of magnitude, which is within the range of
uncertainty of a risk assessment.

Environmental Assessment. Absolute conclusions regarding the
potential environmental impacts of the chemicals of concern at
LCAAP cannot be made because there are a number of uncertainties
associated with the estimates of toxicity and exposure and these
should be noted when reviewing the conclusions for the LCAAP study
areus. However, given the available data and limitations the
general conclusions regarding the potential for environmental
impacts are summarized below.

Plants. In the one area evaluated for toxicity to plants
(Area 13), no adverse effects to plants are expected. Although the
levels of arsenic and chromium exceed the plant-TRVs, grass species
in the vicinity of Area 13 do not appear to be adversely affected.

Terrestrial Wildlife. No adverse effects to terrestrial
wildlife are expected from ingestion of surface water in site
ditches. However, rabbits that ingest surface water from the Area
16 seep may experience adverse chronic effects from exposure to
high levels of phenol. Sufficient toxicity information was not
available for mammals for chloroethane and HMX and therefore
potential risk from exposure to these chemicals could not be
evaluated. Toxicity information was not available for birds for
benzene, Dberyllium, bis(2-ethylhexyl)phthalate, chloroethane,
l1,1-dichloroethane, ethylbenzene, HMX, methylene chloride,
tetrachloroethene, toluene, selenium, trans-1,2-~-dichloroethene,
trichlcroethene, and 1,3,5-TNB. Therefore, the potential risks to
birds from exposure to these chemicals could not be further
evaluated. No adverse effects are expected to wildlife consuming
soil organisms that may biocaccumulate contaminants in soil.
However, earthworm bioconcentr=tion factors were not available for
arsenic and barium, thus potential risks from exposure to these
chemicals could not be evaluated, although arsenic and barium in
the food of birds and mammals does not bicaccumulate and is readily
excreted.

Aquatic Organisms. The measured concentrations of copper,
silver, and zinc in Ditch A exceed the chronic AWQCs. 1In Ditch B,
the levels of bis(2-ethylhexyl)phthalate, copper, lead, selenium,
and zinc exceed the chronic AWQCs. The level of zinc in Big Ditch
is greater than the chronic AWQC. Thus, potential adverse chronic
effects to some specice »f aquatic organisms could occur from
exposure to these chemicals at the measured concentrations. The
measured concentrations of zinc (in all three di.ches) exceed the
acute AWQC by two to four times and thus adverse acute effects
could occur in sensitive aquatic organisms such as microcrustaceans
(such as Daphnia magna) and some species of juvenile fish.
Concentrations in sediments were not evaluated because interim
sediment quality criteria were not available for the chemicals of
concern. In evaluating these results it should be noted that these
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and the relevance of AWQC to these water bodies is questionable.
Potential impacts to aquatic organisms downstream of the sampling
polnts in classified water bodies would be reduced as the chemical
concentrations decline as a result of dilution and any
transformation processes that may occur.

. on-site ditches have not been classified by the State of Missouri

Summary

The objectives of this remedial investigation have been achieved
through conducting an extensive sampling and analysis program and
an evaluation of the presence, magnitude, and in most cases, the
extent of groundwater, surface water, sediment, and soil
contamination. The analytical information has been used to
evaluate the potential risk to the environment and the public
health and welfare. Based on the conclusions developed during this
investigation, recommendations have been made to further evaluate
the extent of contamination and source characterization at specific
areas. Conclusions and recommendations are presented in Section 7
of this report.
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SECTION 1

INTRODUCTION

The Lake City Army Ammunition Plant (LCAAP) is located northeast of
Independence, Missouri. LCAAP is a U.S. Army Armament, Munitions
and Chemical Command installation. Operations at the plant include
the manufacturing of small arms ammunition, and the storage and
test firing of ammunition. Plant operations also include waste
treatment and disposal of associated manufactured waste byproducts
and general plant refuse.

1.1 INVESTIGATIVE SUMMARY

1.1.1 Initiation of Remedial Investigation Activities

Roy F. Weston, Inc. (WESTON) was issued the assignment to perform
the Phase I Remedial Investigation (RI) at LCAAP. The RI was
initiated through the authority of the United States Army Toxic and
Hazardous Materials Agency (USATHAMA) as part of the Installation
Restoration Program (IRP). On 1 June 1987, WESTON received the
authorization to proceed with the RI planning. The work scope was
finalized 1in October 1987, and the final Technical Plan was
submitted in May 1988. The final Data Management Plan was
submitted in June 1988; and the final Quality Assurance/Quality
Control Plan and Health and Safety Plan were submitted in June 1988
and April 1988, respectively.

1.1.2 Purpose of the Remedial Investigation

LCAAP comprises 28 individual study areas and based on an
evaluation of potential contamination at the sites and results of
previous investigations, study areas 1 through 18 were selected to
be investigated as part of this RI (Figure 1-1). The 10 sites that
are not included as part of this investigation will be considered
for future investigation conducted as additional phases cof the RI.
Table 1-1 identifies and describes the areas not investigated
during Phase I.

The purpose of the RI was to evaluate the potential extent and
magnitude of contamination both plant-wide and at 18 designated
sites, and use this information to evaluate the potential risk to
the environment and public health and welfare. The objectives of
the RI can be characterized by review of the sampling program. The
sampling program included:

1. Sampling and analysis of groundwater; conducted to

evaluate the plant-wide presence, character, and extent
of groundwater contamination.

AQ0O039 1-1
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Study Area
19

20

21

22

23

25
26
27

28
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TABLE 1-1

STUDY AREAS NOT INCLUDED

IN RI

Site Description

wyr Oww oWy

w

Percolation sumps
Laboratory waste tank
Leaking waste lines

Percolation sumps
Leaking waste lines
Herbicide mixing site
Acid spill
Percolation sump

PCB soils

Mercury waste tank

Demolition waste pump
Ditch "B"

IWTP surface impoundment
Asbestos residue from fire

Sanitary waste water treatment
Ditch "a"

Demolition waste dump
Demolition waste dump
Firing range

Pipe line leak




2. Sampling and analysis of surface water and sediment;
conducted to evaluate the plant-wide presence, character,
and extent of contamination.

3. Sampling and analysis of surface soil; conducted to
evaluate the presence, character and extent of surface
soil contamination at selected areas.

4. Sampling and analysis of subsurface soil; conducted to
evaluate the presence, character and extent of subsurface
soil contamination at selected areas.

5. Sampling and analysis of the wastes from the discharge
sumps and the soil from areas receiving such discharges;
conducted to evaluate the presence and character of the
plant effluents.

6. Electromagnetic and ground penetrating radar geophysical
surveys; conducted to assess the location and extent of
selected subsurface waste management units and facilitate
the proper placement of monitoring wells.

7. A pumping test and slug tests; conducted to evaluate the
hydraulic conductivity of the aquifer and the rates of
groundwater migration.

8. A soil gas survey; conducted to assess the presence and
extent of organic soil vapors in the subsurface soils at
Area 12.

9. Groundwater elevation and surface water elevation
surveys; conducted to determine the position and

configuration of the potentiometric surface and its
relationship to surface water bodies on a plant-wide
scale.

1.1.3 Scope of Work

The field activities at LCAAP were conducted over four separate
time intervals, from December 1987 to August 1988. The first field
activity was conducted from 7 to 16 December 1987 and included the
soil gas survey and the geophysical surveys. The second field
investigation activity was conducted from 19 January to 24 February
1988 and included the monitoring well installation activities. The
third investigation activity was conducted from 25 April to 3 June
1988 and included the first round of groundwater sampling, pumping
test, subsurface soil sampling, surface soil sampling, surface
water/sediment sampling, and groundwater/surface water elevation
surveys. The last field investigation activity included the second
round of groundwater sampling and was conducted from 8 to 31 August
1988. Sampling for all tasks was performed by a WESTON field team
and all activities were conducted following sampling methods and
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QA/QC procedures approved by USATHAMA, the Missouri Department of
Natural Resources (MDNR) and the United States Environmental
Protection Agency (USEPA). A detailed description of the site
investigation procedures are presented in Section 2.

1.2 SITE BACKGROUND

1.2.1 Facility location

LCAAP is located northeast of Independence, Missouri, in Jackson
County and more specifically, in Township 50 North, Range 30 West.
Figure 1-2 is a location map identifying LCAAP within the State of
Missouri and Figure 1-3 is a plant base map showing the present
plant configuration. The plant is approximately 19 miles east of
{ansas City, Missouri, and located within the Lake City alluvial
valley. The Town of Lake City consists of a small cluster of
approximately a dozen homes north of LCAAP. The plant is bordered
to the west by State Highway No. 7, to the south by Truman Road, to
the east by woodlands, and to the north by the Missouri Pacific
Railroad. The plant occupies approximately 3,955 acres or 6.2
square miles. LCAAP is situated approximately 4.5 miles northeast
of Independence, 3 miles north of Blue Springs, and 2 miles
southwest of Buckner.

1.2.2 Site Description and Site History

LCAAP is a government-owned, contractor-operated (GOCO) facility,
and 1s currently operated by 0lin Corporation. It  has
manufactured, stored and tested small arms ammunition continuously
since 1941, with the exception of a five-year period of stand-by
status from 1945 to 1950. Operations include: cartridge case
drawing, annealing, pickling and forming; case priming; and
cartridge loading and assembly. Penetrators for armor-plercing
rounds and spotter rounds were formerly made from depleted uranium.
Principal wastes from the manufacturing area are soluble oils,
alkali cleaners, and hydraulic oil from extrusion processes.
Chemicals used or previously used on site for production include:
soaps, detergents, bleaches, hydrochloric acid, sulfuric acid,
nitric acid, explosive compounds (e.g., lead azide, 2,4~
dinitrotoluene (24DNT) and lead styphnate), phosphate cleaners,
petroleum and lubricating oils, 1,1,1-trichlorcethane (111TCE),
trichloroethylene (TRCLE), and other cieaning solvents. The wastes
from the production areas include mixtures and reaction products
from these chemicals.

During 1its entire period of operation, virtually all waste
treatment and disposal has been on site. Wastewater treatment and
solid waste disposal practices have relied heavily on unlined
lagoons, landfills, and burn pits. Landfills were constructed by
the trench method, whereby a trench is cut into the side of a
slope, with the longitudinal axis of the trench aligned with the
fall line. Burn pits have been used for the destruction of waste
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0il and grease, waste solvents, small arms ammunition, and
combustible plant refuse. Floor drains from manufacturing
buildings were generally directed to outsiae catch basins, where
the wastewater was passed through a fabric filter and discharged to
grade. As a result of these practices, numerous sites throughout
the facility may have become contaminated.

1.2.3 Previous Investigations

The overall plant was evaluated by USATHAMA in May 1980 and issued
a report in May 1980, entitled "Installation Assessment of Lake
City Army Ammunition Plant - Report No. 162." That report
documented the history of the plant, the materials used and wastes
produced, and the existing treatment facilities. It also discussed
site biota, geology, and groundwater. No sampling was conducted,
although limited data was presented from previous monitoring. The
intent of the study was to evaluate the plant, based on existing

data. The conclusions were that most contaminated burial sites
were situated 1in impermeable clay strata, and therefore, not
subject to migration. One area, in the northwest corner of the

plant, was noted as a possible area of contaminant (heavy metal),
migration, due to its location ir a sandy soil.

In 1986, USATHAMA <contracted EA Engineering, Science, and
Technology, Inc. (EA) to prepare another assessment. The "LCAAP
Preliminary draft of the LCAAP Preliminary Assessment/Site
Investigation (PA/SI) Final Report" was issued in January 1989. As
part of that PA/SI Report, EA installed 24 new monitoring wells on
site. Seven areas within the plant were evaluated by collecting
soil samples, surface water samples, and groundwater samples from
the 24 new wells and selected existing on-site monitoring wells.
Samples were analyzed for volatile organics, semi-volatile
organics, explosive compounds, inorganics, and radiological
parameters. Elevated values of one or more of the analytical
parameters were detected in samples from all seven areas. The
PA/SI Report also contained a summary of all environmental
investigations at LCAAP, including previous groundwater monitoring
and determination of hazardous waste classifications under RCRA.
The PA/SI study was not intended to identify the sources and extent
of all contamination. Rather, it was meant to show whether
contamination existed on a plant-wide basis. The conclusion of the
report was that such contamination did exist.

One of the plant sites, a lagoon constructed in the 1950's, was

used to contain waste frowm the chemical laboratories. These
included the hazardous constituents barium, chromium, 1lead,
mercury, silver, antimony, and small quantities of laboratory
chemicals. The total waste gquantity is estimated to be 5,000
gallons. This site is included on the National Priorities List
(NPL} . The basis for its nomination to that 1list was one
groundwater analysis in another plant area (approximately 1,000
feet to the north), which showed a silver concentration above
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‘irinking water standards. Subsequent monitoring has not verified
this result.

In addition to the NPL lagoon, USATHAMA has identified 72 other
sites, plant-wide, as known or potential <candidates for
remediation. Due to the large number of sites, they have been
grouped together for a total of 28 areas, of which 18 (1 through
18) were evaluated and studied for potential contamination problems
during the investigation. Figure 1-1 shows the location of the 28
areas.

Both the assessment and PA/SI reports characterized the site
geology. Two general geological regimes exist: the upland areas
and the alluvial flats. Almost all of the plant manufacturing
buildings are located on the alluvial flats. Typically, these
soils contain silt and clay near the surface and sand at greater
depths. The uplands consist of silty clay soils overlying
predominantly shale and limestone bedrock.

Groundwater contours presented in the PA/SI report and based on
data collected from 72 wells, showed a general direction of flow to
the north and northwest.

1.3 REPORT ORGANTIZATION

'1. 3.1 Study Area Investigation

Section 2 of this report describes the field investigation
procedures conducted during the RI. This section includes a
discussion of each of the following field investigation procedures:
soil gas survey, geophysical surveying, drilling, well installation
and construction, well development, ground surveying, staff gauges,
aquifer tests, and environmental media sampling procedures. Also
included within each subsection is the rationale behind each of the
investigative tasks performed at each of the sites.

1.3.2 Physical Characteristics of the Study Area

Section 3 of this report presents the physical characteristics of
the study area: The presentation includes discussion of surface
features, meteorology, surface water hydrology, soils, geology,
hydrogeology, natural resources, water supplies, demography, and
land use. This section provides particular information necessary
to evaluate the applicability of potential remedial alternatives at
the LCAAP.

1.3.3 Nature and Extent of Contamination

Section 4 of this report presents the site description, field
investigation activities, and site investigation results for the 18
study areas and various plant-wide sampling programs. The site
escription and field investigation for each study area are
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described and include discussions regarding the field investigation
program, land use, site geology, hydrology, and hydrogeology. The
results of the site investigation for each study area include a
summary of all detected analytical data, the evaluation of this
data to assess the extent and magnitude of potential waste
constituents, and an overview, or summary, of all significant
findings for a particular study area.

1.3.4 Risk Assessment

Section 5 of this report presents a risk assessment for the entire
LCAAP. The risk assessment is designed to evaluate the potential
risk to public health and the environment associated with the
release of hazardous substances from the LCAAP. The risk
assessment discusses the selection of indicator chemicals, the
subset of chemicals detected at the site that will be used in the
risk assessment, and also discusses the risks at the sites assuming
current use patterns remain unchanged and the risks involved
assuming current use patterns are altered.

1.3.5 Preliminary Evaluation of Remedial Technologies

Section 6 presents the results of a preliminary evaluation of the
applicability of wvarious remedial technologies to source and
contaminant conditions in various media at the site. The media
considered are soil, surface water, sediment, and groundwater.
This evaluation takes into account the volume, concentration, and
locations of contaminants at the site.

1.3.6 Conclusions and Recommendations

Section 7 summarizes the remedial investigation and presents
conclusions supported by the existing data. Specific 1issues
addressed 1in this section 1includes areas of significant
contamination, extent and magnitude of contamination, potential
migration pathways, possible remedial technologies, and
recommendations for additional data collection.
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SECTION 2

STUDY AREA INVESTIGATION

The field investigation program at the LCAAP included seven types
of field investigations. These investigations included:

. Site Reconnaissance.

. Geophysical Investigations.

. Surface Water and Sediment Investigations.
. Soil and Vadose Zone Investigations.

. Groundwater Investigations.

. Ground Surveving.

. Staff Gauges.

A summary of the field investigation task performed at each of the
study areas investigated is presented in Table 2-1.

2.1 Field Activities and Procedures

The field investigation activities were conducted in four separate
phases from December 1987 through August 1988.

. The first phase was carried out from 7 through 16
December 1987 and included a soil gas survey, a
geophysical survey, and staff gauge installation.

. The second phase was carried out from 19 January through
19 February 1988 and included the drilling, installation
and development of 28 monitoring wells. It also included
elevation surveying for all the newly installed wells and
the existing RCRA wells.

. The third phase of the investigation was conducted from
25 April through 3 June 1988 and included aquifer
testing, surficial soil and sediment sampling, subsurface
soil sampling, surface water sampling, droundwater
sampling, sewer system sampling, and groundwater and
surface water elevation measurements.

. The fourth and 1last phase of the investigation was
conducted from & August through 26 August 1988 and
included the seccnd round of groundwater sampling, plus
groundwater and surface water elevation measurements.

The following subsections describe each of the field investigation
rrocedures conducted at the Lake City Army Ammunition Plant.
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2.1.1 Site Reconnaissance

The initial step in the site reconnaissance at the LCAAP was a site
visit conducted by WESTON personnel during August 1987. A
literature search and review of records were performed to correlate
and evaluate existing regional, installation, and site-specific
data. Further information was gathered through interviews with
Olin Corporation employees who had knowledge of past waste handling
practices., The review of records included an examination of
previous reports, drilling logs, site plans, drawings, and aerial
photograph interpretations. The literature searcl. included the
collection and review of various publications describing local and
regional geologic features.

2.1.2 Geophvsical Investigations

The geophysical investigation program included the use of two
geophysical techniques; electromagnetic (EM) terrain conductivity,
and ground-penetrating radar -(GPR).

2.1.2.1 Electromagnetic Terrain Conductivity Survey

To define the lateral extent of soil contamination and the geometry
of closed lagoons and 1landfills, an electromagnetic terrain
conductivity survey was performed over several areas at LCAAP.
These included the Industrial Waste Treatment Plant (IWTP) waste
disposal area (Area 8), the sludge disposal area (Area 14), the
abandoned landfill (Area 16), and the sanitary landfill and solvent
pits (Area 17).

Electromagnetic techniques of measuring terrain conductivity
operate by imparting an alternating current to a transmitter coil
placed on the earth's surface. As the current passes through the
transmitter coil, it produces a magnetic field, which, in turn,
induces small currents in the underlying strata. Currents within
the geologic materials produce a secondary magnetic field that is
sensed by a receiver coil. It has been shown that the ratio of the
magnetic field detected by the receiver coil to the magnetic field
produced by the transmitter coil 1is directly proportional to
terrain conductivity. This allows terrain conductivity to be read
directly from the instrument in millimhos per meter (mmhos/m).

There are two orientations, or modes, in which EM conductivity
measurements can be taken: the horizontal dipole mode and the
vertical dipole mode. In the horizontal mode, most of the
instrument response, which is an integrated measurement over the
effective depth of exploration, 1is due to near-surface materials.
In the vertical mode, most of the instrument response is due to
materials at greater depths, with the largest contribution from
a depth of 0.4 times the coil separation. 1In addition to dipole
orientation, the distance between the two coils controls the depth
of subsurface materials contribution to the instrument response.
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The greater the coil separation, the greater the effective depth
of exploration.

At each study area of concern, a Model EM~-34 was used to delineate
areas of elevated conductivities in the soils and to define the
lagoons, pits and landfill boundaries. The surveys also provided
rationale for the proper placement of monitoring wells downgradient
from potentially identified disposal areas.

At Areas 8, 14, 16 and 17, grids with 107-foot centers were
established. The EM-34 readings were initiaily taken at 50-foot
intervals and additional readings were taken at 25-foot intervais
within areas where supplemental information was needed.
Measurements were taken in both the vertical and horizontal modes.
The vertical and horizontal conductivities were recorded in a
logbook, plotted n graph paper, and hand contoured. This was done
in order to evalu.te the need to collect further data points (25-
foot intervals) to refine anomalous areas. Subsections 4-8, 4-14,
4-16, and 4-17 present the results of the geophysical surveys.

2.1.2.2 Ground-Penetrating Radar Survey

GPR was used upon completion of the EM-34 surveys to further define
subsurface conditions. GPR profiles were collected at each study
area where the EM-34 was used, with the exception of the abandoned
landfill (Area 16). The depth of the landfill was expected to
exceed the range of the GPR. Also, the roughness of the terrain,
due to vegetation and erosion, was not conducive to the use of GPR.
Particular emphasis was given to those areas where the EM-34 failed
to delineate the extent of the trenches or pits. The GPR is useful
in distinguishing between natural soil horizons and buried
trenches. The maximum penetration depth of the GPR in silty sand
was estimated to be 10 to 12 feet.

The GPR survey was implemented using a Geophysical Survey Systen,
Inc., Model SIR System 3, with a Model 3105AP 300-MHz antenna. The
syste.n provided a continuous profile of subsurface conditions by
radiating electromagnetic pulses into the earth and displaying the
reflection from surface and subsurface interfaces c¢1 a strip chart
recorder. The result was a hard copy subsurface profile that was
evaluated in the field. Prior to the survey, the GPR unit was
calibrated for on-site soil and moisture conditions using the
following mathematical relationship:

Depth of Penetration = Range (nanoseconds)
Round Trip Impulse Rate (nanoseconds/foot)

The GPR antenna was pulled across the subject areas along the
established grids. Within areas where anomalies were observed,
further GPR profiles were performed. Subsections 4-8, 4-14 and 4-
17 present the results of the GPR surveys.
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2.1.3 Surface Water and Sediment Investigations ,

Surface water samples were collected from 15 ditch locations an
1 pond location at LCAAP. Surface water samples were collected
from the edges of the ditches or pond. At these locations,
sampling consisted of submerging the sample bottle directly into
the water. Sample bottles were triple rinsed with the water to be
sampled. For all surface water samples, field measurements of pH,
specific conductance, and temperature were performed.

Sediment samples were collected from 21 ditch locations and 1 pond
location at LCAAP. At sediment sampling sites where surface water
existed, a surface water sample was also obtained. Surface water
was not present at six sediment sampling locations.

Sediment samples were collected from the edges of the ditches and
pond, using a disposable spatula. Sample depths were within a
range of zero to six inches. The contents were emptied into sample
bottles and qualitatively screened for organic vapors with a
photoionization detector. Samples for volatile analysis were
placed directly into the sample container and capped. The
instrument readings and soll material descriptions were entered on
the field sampling sheet.

2.1.4 Soil and Vadose Zone Investigations

2.1.4.1 Soil Gas Survey ‘

A soil gas survey was conducted at Area 12, which is known as the
closed chemical laboratory waste lagoon. An unknown source of
trichloroethylene (TRCLE) had been identified in monitoring well
12-4 and production wells 17-2aA and 17-CC. The concentration of
TRCLE in these wells is approximately 20 ug/l. The closed chemical
laboratory waste lagoon was not considered a source of TRCLE
because the compound was identified at the upgradient monitoring
well 12-4. In an attempt to identify the source, a soil gas survey
was conducted. The soil gas survey was performed south of building
6 and north of Ditch 3. A grid at 100-foot intervals was installed
within the investigation area. 1In order to effectively screen the
site and maximize data coverage, the soil gas probes were initially
spaced 100 feet apart. Subsequent sample locations were determined
as analytical results were obtained from successive sampling
points. Samples were collected for this »tudy at a total of 68
sites.

The probes were installed to an appreximate depth of 3 feet using
a hand-held piston-hammer. A Teflon tube encased in copper tubing
was installed in each hole and sealed from the ambient air. 1In
order to obtain a sample representative of the soil gas in the
vicinity of the shallow borehole, a portable vacuum pump operated
at a low flow rate was used to evacuate the soil gas.
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bulbs directly connected to the Teflon sample line upstream of the
vacuum pump and flow meter. The soil gas samples contacted only
Teflon, glass and stainless steel prior to chemical analysis.

' The soil gas samples were then collected in gas-tight sampling

The soil gas samples were analyzed on-~site using a Varian 3600 gas
chromatograph (GC) equipped with an ECD (Electron Capture Detector)
and either a FID (Flame 1Ionization Detector) or a PID
(Photoionization Detector). Samples were delivered for analysis
in 250-ml gas-tight sampling bulbs, from which syringe samples were
drawn; the syringe samples were then directly injected into the gas
chromatograph. Samples were analyzed for TRCLE, vinyl chloride,
and 1,2-trans-dichlorocethylene (T12DCE).

Chromatography consisted of runs starting at 120°C for 2 minutes,
then increasing by 15°C per minute until reaching 220°C, and then
holding at 220°C until the completion of the analysis. A 6-foot
long, 2-mm wide column packed with one percent SP1000 on 80/100
mesh Carbopack B was employed. A carrier flow of approximately 40
ml/min of nitrogen was maintained through the column. The
injection port temperature was 200°C, and the detector was
maintained at 300°C. A Varian BS650 computer was interfaced to the
detector for purposes of identification, quantification and GC
control.

Quantification was accomplished using analyte peak height in
comparison to a calibration curve. A three-point calibration was

' run when the equipment was initially set up:; two-point calibration
standards were then run at the beginning and end of each day.
Sample blanks were analyzed each day and a bulb spike was run at
the beginning and end of the study. Several samples were run in
duplicate and all samples were run on at least two detectors.
Discussion regarding the conclusions 1is presented 1in Subsection
4.1.2.

2.1.4.2 Subsurface Soil Samples from Soil Borings

Soil borings were performed at five areas to characterize the
nature, extent, and volume of waste and soill contamination. A
total of 24 subsurface soll samples were collected. Most samples
were collected using a 3-inch diameter split-spoon sampler that was
driven into the soil at 18-inch intervals. The oversized split-
spoon was needed to provide sufficient sample volume for chemical
analysis. These borings were advanced using hollow stem augers.

Upon recovery of the sampler from the borehole, the sampler was
placed on a polypropylene sheet. As the sampler was opened, the
soil was qualitatively screened with a flame ionization (Ova) or
a photoionization detector (HNu) and described by a qualified
geologist or geotechnical engineer. The instrument readings and
soil descriptions were entered in the sampling logbook. The sample
was then peeled and placed into the appropriate sample bottle.
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(Peeling is a process whereby that portion of the sample which was
in direct contact with the sampler, as well as the ends of the
sample, are removed and discarded.) The split-spoon samplers were
decontaminated between each sample collection. The drilling rig
and all related equipment and tools used at each boring were steam
cleaned prior to re-use. The soil borings at Area 15 were
performed using a gasoline-powered auger. Samples were collected
from the soil cuttings as they came up along the augers; split-
spoon samplers were not used. Power auger sampling was deemed
adequate for the Area 15 sample collection since the objective was
to assess the existence of contamination within five feet of the
surface, not the exact horizon of soil contamination. The drill
cuttings were qualitatively screened for organic vapors and the
soil was evenly distributed to form a layer less than one-half inch
thick.

2.1.4.3 Surficial Soil Sampling

A total of twelve samples of surficial soil were collected

throughout the plant, including four background samples. All
samples were collected from 0 to 6 inches in depth, using
disposable spatulas. All grass, twigs, and rocks were removed

prior to collecting the sample. The contents were emptied directly
into sample bottles and qualitatively screened for organic vapors
with an HNu. Any samples collected for volatile analysis were
placed directly into the sample container and capped. The
instrument reading and soil material descriptions were entered onto
the field sampling sheet.

2.1.5 Groundwater Investigation

2.1.5.1 Drilling

The objective of the drilling activities at LCAAP was to further
assess the lateral and vertical distribution of contaminants in the
groundwater and to further define the site stratigraphy at LCAAP.
This was accomplished through the installation of monitoring wells,
followed by subsequent groundwater sampling.

Eighteen shallow and ten deep monitoring wells were installed in
the saturated portion of the alluvial deposits.

All shallow wells and all deep wells to a depth of 40 feet were
installed using a hollow stem auger drilling technique. The
following procedures were used to install these monitoring wells:

. The working end of the drilling rig and all equipment,
tools, and materials were steam-cleaned prior to drilling
at each location. Provisions were made to keep the

equipment, tools, and materials from coming into contact
with surficial soils during drilling and well

installation.
. The borehole was advanced using 6.5-inch or 8.25-inch
inside diameter (I.D.) holluw stem augers.
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. Samples were collected using standard split-spoon
samplers. If no wells existed at the location prior to
drilling, samples were collected at 2.5-foot intervals to
a depth of 20 feet, and at 5-foot intervals to the bottom
of the boring.

. If a two-well cluster was being installed by WESTON, the
shallow well was installed first. This well was sampled
at the intervals described above. Sampling for the deep
well started at the depth where sampling of the shallow
well stopped. If a deep well was being installed next to
an existing well, the entire depth of the well was
sampled at the intervals previously described.

. As each sample was recovered, it was qualitatively
screened for organic vapors using OVA and/or HNu
instruments. The instrument readings and soil

descriptions were entered into a sampling logbook.

. The drill cuttings were qualitatively screened for
organic vapors; the soil was evenly distributed to form
a layer less than one-half inch thick.

Mud rotary drilling techniques were used for the deep monitoring
wells installed at a depth greater than approximately 40 feet. Mud
rotary techniques involved the use of bentonite as a drilling mud.
The bentonite was introduced into the borehole and circulated
during drilling. This method carries away drill cuttings and
stabilizes the borehole walls. Continuation of deep boreholes
occurred as follows:

. At a depth of 40 feet, sufficient bentonite was added in
the borehole to stabilize the borehole walls. A sand and
gravel rotary bit was telescoped through the hollow stem
augeoss and the borehole advanced to the next sampling
depth. Samples were collected every five feet using a
standard size split-spoon sampler and were screened for
organic vapors and described by a qualified geologist.

. After sample collection, the borehole was then advanced
to the next sampling depth.

. Drilling and sampling of the deep monitoring wells was
continued until the borehole reached bedrock. Auger
refusal was not used to identify the bedrock surface, but
was identified by such means as visual observations of
drill cuttings, the difficulty of borehole advancement,
and comparison of historical information regarding the

depth of becdrock. Upon completion and prior to well
installation, the boreholes were flushed with clean
water.
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2.1.5.2

Well Installation and Construction

Figure 2-1 illustrates construction details for the monitoring
wells constructed at LCAAP. For uniformity, the materials and
methods used in well construction included the following:

AOQQ39

Four-inch I.D. well casing constructed of Schedule 40 PVC
with flush-threaded joints.

The bottom of the monitoring well was fitted with a
threaded PVC end cap.

One 10-foot section of 4-in. I.D. PVC well screen was
used. The screens were commercially manufactured with
slotted openings of 0.02-in.

The screen filter pack material used was a 0.45 to 0.55
mm siliceous sand material compatible with the screen
size and aquifer material.

The sand pack extended from approximately 6 inches below
the well to approximately 3 to 5 feet above the top of
the screen.

Bentonite slurry approved by USATHAMA prior to use was
used as a bentonite seal over the sand pack. The slurry
was placed using a tremie pipe, and had a "batter-like"
consistency. The bentonite seal was placed directly atop
the sand pack.

The annular space grout seals were composed of a 20:1
cement/bentonite mixture. Cement was a commercial
Portland cement, Type II and V. A maximum of 8 gallons
of approved water (production well 17-KK) per 94-pound
bag of cement was used to make the grout slurry. The
grout was placed using tremie techniques, and extended
from the top of the bentonite slurry seal to ground
surface.

The tremie techniques followed the guidelines described
in the USATHAMA Geotechnical Requirements for Drilling
Monitor Wells, Data Acquisition, and Reports, March 1987.

The top of monitor well casing was fitted with a PVC
slip-cap and labeled with the well identification.

A 5-foot length of 6-in. I.D. steel pipe was used as a
protective casing over the 4-inch PVC casing. This
protective casing included a hinged locking cap and was
set approximately 3 feet into the grout seal. The casing
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was painted orange, and the well number was painted with
white paint.

. Wells were identified with painted well numbers on the
protective casing.

. A measuring point notch was marked on the top of the PVC
casing of each well and was identified in the notes.

. Areas disturbed during drilling were regraded.

. Each well was surrounded by four steel pickets, each
radially located four feet from the well, extending three
feet below grade and three feet above grade. The pickets
were painted orange. In areas of high vegetation,
flagging was attached to the pickets.

. In areas which had been used for cattle grazing, the
pickets were supplemented with three strands of barbed
wire.

During installation, the augers were extracted in a manner that
ensured a continuous placement of sand pack, bentonite seal, and
grout. Abandoned holes were grouted in the same manner, with grout
extending from the bottom of the borehole to the ground surface.
Installed wells were checked after the grout had set for grout

subsidence. If this occurred, the depression was filled with a
similar grout mix and the process repeated until firm grout
remained at ground surface. A 6-inch gravel blank was placed

around each well, extending 2 feet from the well.
2.1.5.3 Well Development

In order to remove drilling fluids and cuttings from the wells and
to set the sand packs around the screens, wells were developed
after the grout had set (at least 48 hours after well completion).
The following guidelines were followed:

. A bottom discharge bailer was 1initially used. This
served to remove any material from the bottom of the
well, and to set the sand pack.

. A submersible pump capable of 2 to 50 gallons per minute
(gpm) at a maximum head of 100 feet was temporarily
installed after the bailing effort. The pump was
operated continuously at its maximum sustainable flow
rate until the water was clear. This flow rate was
measured and recorded in the field logbook.

. The total volume of water removed from the well during
develcpment was measured and recorded in +the field
logbook.
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2.1.5.4

At a minimum, five times the standing water volume in the
well, which included the screen and casing plus the
saturated annulus (assuming 30 percent porosity), was
removed during well development. In the case where mud
drilling fluid was added during drilling, five times the
amount of lost water {(in addition to five times the
standing water volume) was removed.

Pumps and bailers were decontaminated with water from the
approved water source before each well was developed.

The entire well cap and the interior of the well casing
above the water table was washed using only water from
the well. The washing was conducted before and/or during
development.

The following data were recorded as part of well
development and are presented in Appendix A.

- Water levels at start and finish.
- Types of bailers or numps used.
- Time development started and finished.

- Description of sediments flushed from the wells and
other physical changes in water.

- Total amount of water removed from each well.

Groundwater Sampling

Groundwater samples were collected from all the monitoring wells
installed for this investigation, plus existing monitoring and
production wells. Samples were collected using the following
procedures:

The depth to the water level in the well (from the well
casing, not the protective casing) and the depth of the
well was measured with an electrical sounding dévice and
measured to an accuracy cf 0.01 foot. The depth to
water, total well depth, and the time of measurement were
recorded.

Based on the water level measurement and the depth of the
well, the volume of standing water in the well was
calculated.

A sample of groundwater was then obtained for
temperature, conductivity, and pH measurements. These
measurements were then recorded in the logbook.
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. The well was purged using a pump or bailer that was
constructed of chemically inert materials and had been
decontaminated in accordance with the standard protocol.
The standard purging procedure included pumping until
five casing volumes had been removed. For the production
wells, it was assumed that the entire casing was full and
the pump was run until five casing volumes were
evacuated. Four production wells samples were collected
after the well had been pumped for at least a period of
30 minutes.

. If the well pumped dry before five volumes had been
removed, the well was allowed to recover to its original
level and then pumped dry again before sampling.
However, if recovery was very slow, samples were obtained
as soon as sufficient volume was present.

. The time required to purge the well was recorded in the
field logbook.

. During and at the completion of purging, two additional
samples for temperature, pH, and conductivity were
measured. These measurements were recorded 1in the
logbook.

. The samples were obtained with dedicated PVC bailers

(i.e., a separate bailer was used for each well) that had
been decontaminated in accordance with the standard
protocol. The bailer was lowered into the well using
polypropylene cord. A new length of polypropylene cord
was used at each location.

. Sample containers were triple-rinsed with the water to
be sampled prior to filling with the sample to be
analyzed.

2.1.5.5 Aquifer Tests

Slug Tests

+

The hydraulic conductivity of the penetrated aquifer was estimated
by conducting slug tests of the newly completed WESTON wells, the
EA wells, and 10 LCAAP wells. The basic concept behind these tests
is that the rate of change of the water level in a well after an
"instantaneous" removal of a "slug" of water is a function of
aquifer hydraulic conductivity. Thus, by measuring water levels
at various times following removal of the slug, the hydraulic
conductivity can be calculated. Water level readings were recorded
until the water level stabilized, typically within 1/2 hour to 4
hours. The basic requirement of a slug test is the ability to
gquickly remove a fairly large volume of water and to readily and
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accurately measure water levels in the well. Analysis of test data
should use appropriate computational methods, such as that
presented by Bouwer and Rice (1977).

Hydraulic conductivity testing was performed at the site as
follows:

. All equipment inserted 1into the well was cleaned
according to USATHAMA protocol.

. An initial measurement of static water level was made.

. A volume of water was removed as rapidly as possible
using a 3-inch diameter bailer.

. Using the In-Situ Hermit data logger outfitted with a
pressure transducer, water level measurements were
recorded until recovery had occurred.

. After the water 1level had recovered, the test was
stopped.

. The data was transferred to a computer file in the field
and reduced in the office.

Note: Initial testing involved the "instantaneous" displacement
of a slug of water using a decontaminated 3-inch diameter
. PVC slug. Comparable test results favored the use of the
bailer method which was consequently utilized at each
test lccation. The bailer removed approximately one
gallon of water from the well and water level
measurements were recorded at the following intervals:
34 measurements within the first minute, 12 measurements
from 1 to 2 minutes, 6 measurements from 2 to 5 minutes
and every 30 seconds after 5 minutes until static was
reached.

Pumping Tests

An aquifer pumping test program was conducted at LCAAP to evaluate
the hydrogeological/hydraulic properties of the unconsolidated
aquifer at the site. Data interpretation includes drawdown curve
construction and analysis and the estimation of the following
agulifer parameters:

. Hydraulic conductivity (K).

. Transmissivity (T).

. Storage coefficlient (S).

. Leakage (vertical communication).
. Anisotropy (if any).
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The pumping test was conducted at Area 12 -- the NPL Lagoon.
Production well 17-AA 1is approximately 90 feet deep and was
designated as the pumping well. This well was pumped at a constant
rate for 72 hours. During the pumping of 17-AA, the water levels
in existing wells 12-2, 12-3, 12-4, 12-5 and 12-6, plus production
well 17-A, were continuously monitored through the use of the In-
Situ SE-2000 Hydrologic Analysis System. This system automatically
records water levels through the use of continuously recording
pressure transducers.

The detailed test procedures were as follows:

. Pumping well 17-AA was shut off for 48 hours prior to
beginning the test.

. The static water levels in the pumping well and in the
observation wells were measured just prior to initiating
the pumping well.

. A 4-inch flow orifice was installed on the piping from
the pump discharge to measure the constant pumping rate.
A step-drawdown test was performed to evaluate the
optimum pumping rate for the pumping well and aquifer.

. The proper maximum discharge rate was estimated for the
pumping well. The pump was activated and its discharge
set at the maximum rate that could be continuously
sustained (504 gpm). Maintaining a constant discharge
rate for the entire pumping duration was crucial to the
success of the aquifer test.

. For the 72-hour test, the depth to the water within the
test well was measured and recorded with an electric
water level probe every 15 to 20 minutes. Readings were
also collected in the observation wells as a check on the
pressure transducers.

. During the test, the rate of discharge from the pumping
well was measured and recorded at least once every hour
for the first 24 hours and then eve_y two hours for the
remainder of the test.

. At the end of the 72-hour pumping period, the pump was
turned off and monitoring of the recovery phase began in
the pumping well and in the observation wells.

Following the execution of the aquifer test program, the data was
reduced, plotted, and analyzed using appropriate techniques. Based
on *he hydrostratigraphy and the data plots, apprcpriate analytical
techniques were enmnployed to evaluate the aquifer test data.
Evaluation of the data is presented in Subsection 3.6.
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2.1.5.6 Groundwater Level Measurements

The depth to groundwater under static conditions was measured to
the nearest one-hundredth of a foot at each monitoring well. An
electronic water 1level probe was used for groundwater level
measurements. The top of the PVC casing served as the reference
point for all monitor well measurements. Tnese data, based on top
of casing elevations obtained from the topographic survey, were
converted to reference mean sea level (MSL). This allowed
comparison and evaluation of the depth-to-water measurements.

2.1.6 Chain-of-Custody

WESTON chain-of-custody procedures were used to preserve the
integrity of samples collected at LCAAP. Chain-of-custcdy
describes the sequential possession and transfer of sample(s) by
the individuals who were in control or possession of a sample or
group of samples. A written record of the chain-of-custody
facilitates the identification and tracking of a sample from the
time it is collected until the time it is analyzed.

Sample containers prepared and supplied by the WESTON laboratory

were accompanied by a chain-of-custody form. Individual samples
were entered on the forms following collection (and prior to
sampling the next location). Information that was entered
included:

. Date of collection.

. Sample identification number.

. Sample description and matrix type.

. Type of container and preservative.

. Analyses requested.

Each shipment of samples that left the site was accompanied by a
completed and signed custody form. The back page of the multi-copy
form was retained by the field team leader. The remaining copies
of the form were placed in a waterproof bag inside the shipping
cooler. The cooler(s) were subsequently sealed with strapping
tape. Sample custody was further guaranteed by securing the 1lid
with custody tape on two opposing sides.

The laboratory managed each sample received from the site according
to WESTON Standard Practices 21-20-010 (Sample Receipt), 21-20-011
(Sample Storage), and 21-20-012 (Sample Tracking). The sample was
logged into a bound logbook as follows:

. Field sample nunber.
J Time of receipt at laboratory.
. Observations.
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. Indication that the chain-of-custody document was
received and signed.

. Indication that a lot chain-of-custody document has been
attached to the properly completed- Request for Analysis
form.

The original signed chain-of-custody document was maintained in the
laboratory files.

2.1.7 Preservation and Shipment

In preparation for shipment to the analytical 1laboratory, all
samples were packaged in accordance with the following procedures.

. The water samples were preserved in accordance with the
standard procedures presented in the "QA/QC Plan" dated
January 1988.

. A check was performed to see that the caps were securely
tightened and the liquid levels marked if bottles were
partially filled.

. The sample containers were properly marked with sample
nunber, parameter, and time of collection.

lined with two 1inches of vermiculite or equivalent
absorbent material; each sample was surrounded and
remaining space in cooler was filled with additional
packing material and ice packs.

. Containers were placed in zip-loc bags and in a cooler‘

. Chain-of-custody forms and traffic reports were placed
in a manila envelope; this envelope was placed in a zip-
loc bag and taped to inside of cooler 1lid.

. The cooler was closed and sealed shut with strapping
tape; if the cooler had a drain port, it was sealed shut
with tape. Custody seals were placed across the closure
at the front of the cooler.

. The airbill with shipper's and coqsignee's addresses was
affixed to the top of the cooler; if samples were liquid,
"This End Up" labels were placed appropriately.

Organics samples were shipped within 24 hours of collection via
Federal Express for next day delivery. Inorganics samples were
shipped within 48 hours of collection for two-day delivery. The
laboratory was notified of each shipment as it was made.

: ®
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2.1.8 Methods of Analvses

For a description of the analytical methods used, refer to the Lake
City Army Ammunition Plant QA/QC Plan, April 1988.

2.1.9 Ground Survevying

Five grid surveys were established at the Lake City Army Ammunition
Plant. This included one grid at each location where geophysical
surveys were being performed and one grid at the area of the soil
gas survey (Area 12). In addition, 28 monitoring wells and 11
staff gauges were surveyed for locations and elevations.
Elevations were also established for approximately 40 existing
wells.

Specific ground surveying requirements were followed:

. A 100~foot grid system was established at five separate
locations at the site. The grid was set up with a
coordinate system starting with a 00+00 location. The
grid dimensions were as follows:

Area 8 600 ft x 780 ft
Area 12 - 600 ft x 600 ft
Area 14 - 420 ft x 1,720 ft
Area 16 - 1,200 ft x 1,200 ft

Area 17 - 500 ft x 400 ft

. Each of the 100-foot interval grid locations were marked
with a 1-in. x 1-in. stake driven into the ground and
marked with the coordinates. Also, a lath with a

surveying ribbon was driven into the ground next to the
stake with the coordinates also marked on the lath.

. Elevations of 11 staff gauging locations were provided.

. The ground surveying also provided elevations for the top
of the outside casing, the inside well casing, and ground
surfaces for all 28 newly installed monitoring wells and
for approximately 40 existing wells.

The surveying specifications for vertical control were accurate to
0.01 foot for the top of the inside well casing and the outside
protective casing. The ground surface and the water surface
elevations at the gauging stations were accurate to within 0.1
foot. The survey elevatlions are based on the National Geodetic
Vertical Datum. The horizontal control rcr locating monitoring
wells and staff gauging stations were accurate to within 2 to 5
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feet. The monitoring well and staff gauging elevations are
provided in Appendix B. .
2.1.10 Staff Gauges

As mentioned above, 11 staff gauges were installed at LCAAP. These
gauges were installed for the purpose of recording the ditch water

levels and evaluating the hydraulic connection of the ditches with
the groundwater system.

The staff gauges were installed by driving a metal post into the
stream bed and surveying the elevation of the top of the staff
gauge. The locations of the staff gauges and related discussions
are presented in Subsection 3.3.
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SECTION 3

PHYSTICAL CHARACTERISTICS OF THE STUDY AREA

The following section includes a description of the surface
features, meteorology, surface water hydrology, soils, geology,
hydrogeology, natural resources, water supplies, demography and
land use. These physical characteristics will provide necessary
information to evaluate the analytical contaminant results and the
potential contaminant migration pathways, as well as aid in the
preliminary selectirn of remedial alternatives.

3.1 SURFACE FEATURES

The installation topography can be churacterized as lowland and

upland areas. This torography is influenced by the underlying
geology. The northern and western portions of the plant are
characteristic lowland areas exhibiting a nearly flat topography
(Figure 3-1). These lowland areas are composed of alluvial silty

clay and sand and gravel deposited in a fluvial environment within
the valley. The southern and eastern portions of the plant ar= the
upland areas or the shoulders of the valley (Figvre 3-1). The
upland areas are resistant Pennsylvanian sedimentary strata and
exhibit moderate relief with narrow crested ridges with 250 to 300
feet of relief from the ridge top to the valley floor.

Certain topographical features have been altered during
construction of LCAAP, such as the flood-control ditch system
throughout the installation and the channelization of West [ire
Prairie Creek into what is now termed the Big Ditch. Landfilling
activities in the northeast and southwest portions of the site have
also altered topographic features.

3.2 METEOROLOGY

According to data obtained from the U.S. Department of Commerce,
the National <Climatic Data Center, and the Kansas City
International Airport, the climate for Jackson County is classified
as warm and humid continental, with a wide temperature range from
summer to winter. Monthly mean temperatures range from 29.0°F in
Jenuary to 79.5°F in July. Extreme temperatures have ranged from -
?1’F in December 1983 to 109°F in August 1984.

The mean annual precipitation for Jackson County is 36.85 inches.
The three winter months (December, January, and Februaiy) are the

driest, with a mean precipitation of 1.4 inches per month. The
spring months of May and June are normally the wettest, averaging
approximately 4.8 inches per month of precipitation. The fall

month of September is also above average, with approximately 4.3
inches of precipitation. The greatest monthly rainfall was 11.34
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inches recorded in September 1977. Snowfall occurs between
November and April, with December and January having monthly means
of 4.6 and 5.9 inches, respectively. The maximum monthly snowfall
was 30.5 inches recorded in January 1962.

The average annual relative humidities in mid-afternoon and dawn
are 60 percent and 81 percent, respectively. The sun shines 70
percent of the time in the summer and 55 percent in the winter.
The prevailing wind is from the south, and the mean wind speed is
highest in the spring at 12 mph.

Thunderstorms occur approximately 53 days per year, usually during
summer. Severe weather, such as strong thunderstorms, tornadoes,
and hailstorms, occurs occasionally, but these storms are sporadic
and of short duration.

3.3 SURFACE WATER HYDROLOGY

3.3.1 Regional Hydrology

LCAAP is situated in the Lower Missouri-Blackwater~-Lamine River,
basin of the Osage Plains region of the Central Lowland
Physiographic Province. The Blue River, Little Blue River, and
Sniabar Creek are the major tributaries of the Missouri River in
Jackson County and provide drainage for most of the county. These
rivers and most of the other streams in the county flow in a
northeasterly direction toward the Missouri River. All three major
tributaries contain permanent flow toward their junctions with the
Missouri® River and contain intermittent flow with permanent pools
nearer their respective headwaters. Most tertiary streams in
Jackson County have intermittent flow with fewer permanent pools.
In general, most major streams in west-central Missouri formerly
flowed in meandering channels on broad, poorly drained flood
plains. The alluvial channels are usually forme. in cohesive silt
and clay as in the Lake City alluvial valley. Within the past
century, many of these stream channels have been straightened by
channelization projects and their gradients have been thereby
steepened (Missouri Department of Natural Resources, 1986). The
three major tributaries mentioned above, along with East and West
Fire Prairie Creek on the LCAAP property, have all undergone some
amount of channelization. Stream recharge in Jackson County is
maintained as a result of moderate and well-distributed
precipitation.

Monthly discharge data for the Little Blue River are available from
a gauging station located 1 mile west of LCAAP. Since 1948, when
regular record keeping began, flow extremes in the Little Blue
River have ranged from a maximum of 42,300 ft’/sec on 13 August 1982
to a minimum of no flow, with an average flow of 152 ft’/sec over
the 38 years of record keeping. The highest mean of monthly flows
for the period of Octcber 1985 to September 1986 occurred during
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the months of October and November 1985, and September 1986, which
had discharges of 635, 348, and 844 ft'/sec, respectively. The
lowest mean monthly flows occurred during January and August which
had mean discharges of 61.2 and 11.8 ft’/sec, respectively.

In 1961 the Little Blue River was recorded at its maximum flood
stage when it rose to an elevation of approximately 747 feet (MSL).
A flooding episode of this magnitude would flood portions of LCAAP.
The frequency of this flooding event has not been established. The
normal elevation of the Little Blue River is approximately 725 feet
(MSL). The Big Ditch has been constructed for flood control and
has been designed for a 100 year flood episode.

3.3.2. Local Hydrology

LCAAP 1is located on the Little Blue River floodplain and is
situated 1 mile east of the river channel. Other surface water
bodies within the study area are West Fire Prairie Creek (locally
designated as the Big Ditch where it has been channelized across
the site), the drainage-control ditch system (consisting of Ditches
A and B), a few small ponds on the eastern and southwestern
portions of the site, a 30-acre lake located on the east ernd of the
site, and a number of man-made lagoons used for disposal of process
wastewaters.

In order to control the potential flooding at the plant,
modifications to the natural drainage system were installed.
During the original land development, natural depressions were
enhanced by construction of Ditches A and B. Ditch A is a man-made
channel of the West Fire Prairie Creek, which was further
channelized by the U.S. Army Corps of Engineers and is now locally
called the Big Ditch. Ditch B is a man-mace channel of the East
Fire Prairie Creek.

Surface water drainage from the southwestern portion of the plant
flows toward the West Fire Prairie Creek (Ditch A). The drainage
emanating from the northeastern portion of the plant flows toward
the East Fire Prairie Creek (Ditch B). The East Fire Prairie Creek
discharges to the Missouri River. The West Fire Prairie Creek
discharges to the Little Blue River and eventually to the Missouri
River.

At the western half of the plant, surface water bodies are
characterized as groundwater recharge zones while, at the eastern
half of the plant, they are clLaracterized as groundwater discharge

zones. In a recharge zone, the water table elevations are lower
than the surface water elevations; therefore surface water
infiltrates to the groundwater. A few locations »n site are

characcerized as groundwater discharge zones. In a discharge zone,
the water table elevations are higher than the surface water
elevations. Streams located in recharge zones are termed influent,
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or losing streams. Streams located in discharge zones are tcrmed
effluent, or gaining streams. Figure 3-2 shows the groundwater
recharge and discharge zones on-site as determined from groundwater
and surface water level elevations collected on 1 June 1988 and
presented in Appendix B. The character and extent of these zones
will change with the seasonal fluctuations of the water table and
surface water elevations.

The water level measurement were collected during a drought event,

and therefore, represent low dJroundwater and surfacw water
elevations. As indicated in Figure 3-2, four of the surface water
locations are dry. This was the only period in which all

groundwater and surface water elevations were recorded.
3.4 SOILS

LCAAP is comprised of two soil assoclations; the Snead-Menfro-Oska

association and the Kennebec~-Colo-Bremer association. Each soil
association is a unique natural landscape. An association consists
of one or more major soils and some minor soils. It is named for

the major soils.

The Snead-Menfro-Oska association is described as naving moderately
deep to deep, gently sloping to steep, well drained to moderately
drained soils that formed in loess or residuum from shale and
limestone. This association 1is prevalent across the southern
portion of the site where bedrock highs are located. In this
upland area the specific soil types found are the Menfro Silt Loam
and the Snead-Rock outcrop complex.

The Kennebec-Colo-Bremer association is described as having deep,
nearly level, moderately well drained and poorly drained soils that
formed in alluvium on floodplains and terraces. This association
is prevalent across the central and northern portions of the site
on the buried valley region. In this former floodplain area the
specific soil types found are the Iota Silt Loam, the Zook Silty
Clay Loam, and the Kennebec Silt Loam (U.S. Department of
Agriculture, 1984).

3.5 GEOLOGY

3.5.1 Regional Geology

LCAAP lies within the Osage Plains Section of the Central Lowlands
Physiographic Province. This section 1is characterized by 1low
relief with gently rolling topography comprised of broad shallow
valleys and low gradient meandering streams. It is underlain by
nearly flat-lying, late Paleozoic (predominantly Pennsylvanian age)
sedimentary strata, which dip gently westward at approximately 3
degrees or less.
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The topographic surface consists of rolling uplands traversed by
broad valleys and floodplains of the Missouri River, the Little
Blue River, and the abandoned Lake City Valley. The floodplain of
the Missouri River averages about three miles in width in this
area, with the surface elevation approximately 715 feet above sea
level. Surface elevations within the Little Blue River Valley and
the abandoned valley at Lake City range from 715 to 740 feet.

Surface elevations at the upland areas average between 800 and 900
feet and seldom exceed 950 feet. Bedrock is locally dissected by
stream systems to create moderate relief. Valley walls are gently
sloping except for some bluffs along the Missouri River and scarps
formed by resistance to weathering of some limestones (Anderson and
Greene, 1948).

Paleozoic sedimentary strata and geologically recent unconsolidated
sediments comprise the stratigraphic sequence underlying the
region. Figure 3-3 graphically illustrates the sequence. From
oldest to youngest, Cambrian and Ordovician strata are mostly
dclomite, Devonian strata are shale, Mississippian strata are

predominantly limestone with some shale and sandstone, and
Pennsylvanian strata are combinations of shale and limestone with
some occurrences of sandstone and coal (Gann, 1¢74). Due to the

nearly flat-lying structure of underlying bedrock and moderately
dissected relief, only the uppermost stratigraphic units of
Pennsylvanian age crop out in the area. The westwari dip is due
to an asymmetrical uplift, the Ozark Dome, to tue southeast.
Although no major faulting is known to exist in the area, regional
jointing may exist, possibly related to the uplift event (EA
Report, 1987).

Unconsolidated Quaternary deposits include: alluvium, till and
windblown locess. Although the area now known as Lake City was
unglaciated, the region was affected by nearby Kansan glaciation
during the Pleistocene Epoch. During the Kansan glaciation, a
glacial lobe dammed the Missouri River northwest of LCAAP. The
ancestral Missouri River rerouted its course through the Little
Blue River Basin, then back to the existing Missouri River Basin.
This ancient river valley encompassed the north and west portions
of the installation. As the glacier receded, the Missouri River
began to shift back to its original course. Alluvial gravels,
sands, and silts were deposited and eventually filled the river
channel (Anderson and Greene, 1948).

3.5.2 Site Stratiqraphy

The stratigraphy of the IZAAP site was interpreted from both pre-
existing boring logs and the 28 new boring logs presented in
Appendix C. The site stratigraphy consists of: fill material,
wind-blown loess deposits, alluvial silty <clay depositions,
alluvial sand deposits, and the underlying bedrock formation. From
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FIGURE 3-3

REGIONAL STRATIGRAPHIC SECTION
(Source: Gann, 1974)

Thickness Age
System Series Geological Unit (feet) Lithology (millicn years)
Quaternary Holocene Alluvium 0-70 Clay, silt, sand,

and gravel

Pleistocene  Alluvium and drift 0-200
Pennsylvanian  Missouri Lansing Group 0-570 Limestone, shale, and
Kansas City Group sandstone-siltstone

Pleasanton formation
Wwarrensburg Sandstone

Member
Des Moines Marmaton Group 0-550 Shale, sittstone, sand-
Cherokee Group stone, coat, and (ime-
stone
Atoka Riverton Formation 0-90 Shale, coal
Burgner Formation 0-45 Coal, black, siltstone,
limestone
Morrow Hale Formation 0-65 Sandstone 300
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the surface downward, the stratigraphic units and approximate
thicknesses are as follows:

. Fill material present at most of the developed areas,
especially the landfill areas, ranging in thickness from
5 to approximately 20 feet.

. Loess deposits encountered predominantly in the upland
area, ranging in thickness from 0 to 3.5 feet.

. Colluvial silt and clay encountered in the uplands areas,
not usually more than a few feet thick.

. Alluvial silty clay ranging in thickness from
approximately 5 to 44 feet.

. Alluvial sand ranging in thickness from approximately O
to 82 feet.

. Bedrock formation encountered at or near the surface in
the uplands and up to 100 feet below the surface in the
alluvial valley.

The stratigraphic relationships and distributions of these units
at the site are shown in cross-sections prepared for the trace
lines shown in Figure 3-4. The cross-sections are presented in
Figures 3-5 through 3-9. Appendix A presents the boring logs used
to prepare the geologic cross-sections. The cross-sections are
based on most of the 28 monitoring wells installed by WESTON in
1988, plus numerous monitoring wells installed previously. Table
3-1 shows the Unified Soil Classification System used to classify
the soil units shown in the cross-sections. The following
subsections describe each of the stratigraphic units present at
LCAAP.

3.5.2.1 Fill Material

Currently most of the developed plant areas possess approXimately
five to ten feet of soil material that has been added as fill to
raise the topography. This fill material generally consists of a
silty clay to clayey silt soil. The unstructured nature of the
soil indicates it is a fill even though it is similar in grain size
to the underlying alluvial silty clay.

Fill material 1is also present where 1landfill waste has been
deposited. This would include Areas 16 and 17. The fill/ waste
in these areas is approximately 15 to 20 feet thick and lies
stratigraphically on top of the weathered shale material. The
waste material consists of general plant soclid waste such as metal
and paper and also potentially includes chemical waste such as
solvents.

AQ039 3-9
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Table 3-1

UNIFIED SOIL CLASSIFICATION

Group
Major Division Symbol Soil Description
e e~ L - = . e A
Coarse-grained ' Gravelly [ GW Well-graded gravels. sandy gravels
(over 50% by i soils tover :
weght coarser | haif of i GP Gap-graded or uniform gravels,
than No_ 200 i coarse i | sandy gravels
sieve i fraction l GM Silty gravels, silty sandy gravels
| larger ! GC Clayey gravels, clayey sandy
i than No 4) | gravels
5 Sandyv soils i SW Well-graded, gravelly sands
| (over half
! of coarse SP Gap-graded or uniform sands,
} fraction ‘ gravelly sands
: finer than ‘ SM Silty sands, silty gravelly sands
i No. 4) ! SC i Clayey sands, clayey gravelly
| i sands
Fine-grained Low com- ML 17 Silts, very fine sands, silty or
(over 50% by pressibility clayey fine sands. micaceous silts
weight finer (iquid CL Low plasticity clays, sandy or silty
than No. 200 limut less clays
sieve) than SO) OL Organic siits and clays of low
plasticity
High com- MH Micaceous silts, diatomaceous silts,
pressibility volcanic ash
(liquid CH Highly plastic clays and sandy
limit more clays
than 50) OH Organic silts and clays of high
plastiaity
- S- - - B - - - ¢ . - - i
' Soils with fibrous Pt Peat, sandy peats, and clayey peat
organic matter

SOURCE: AMERICAN GEOLOGICAL INSTITUTE.




3.5.2.2. Loess Deposits

Loess deposits are encountered at both the lowland and upland
areas, but are thicker and more prevalent in the upland area.
These deposits are a light brown, unstructured silt deposit that
were originally deposited by wind. These silt deposits are between
0 and 3.5 feet thick.

3.5.2.3 Alluvial Silty Clay Deposits

At LCAAP, the alluvial silty clay deposits are the first major
stratigraphic layer encountered within the buried valley, and range

in thickness from five to forty-four feet. These alluvial silty
clay deposits are thickest along the margins or shoulders of the
valley and in low, poorly drained portions of the valley. The

deposition of this material occurred from low energy overbank and
backwater currents, which carried only the finer silt and clay soil
particles. Standing water also helped in breaking down the soil
into still finer particles (McCourt, Albertson, and Benne, 1917).
Figure 3-10 is an isopach map showing relative alluvial silty clay
thickness across the plant. This isopach 1indicates that the
thickest deposits, greater than 40 feet, are at the south central
portion of the plant at Areas 1 and 2 and at the northeastern
portion of the plant at Area 16. These areas are located along the
valley walls, where low enerqgy deposition of fine particles is

expected to occur. The alluvial silty clay deposits are
approximately 30 feet thick along the entire southern half of the
lowland area. The silty clay layer progressively thins to the

north and northwest. At Area 3 and well location 3-8 the silty
clay is only five feet thick.

The proportion of silt to clay varies at the study area both
laterally and vertically. Overall, the unit is characterized as
a silty clay with traces of fine sand and lignite fragments. It
has low to moderate plasticity and exhibits some dark gray
mottling. The presence of lignite is a distinguishing feature of
Missouri River alluvial material indicating that sediments were
deposited as a result of the rerouted course of the ancestral
Missouri River.

Grain size analyses for both sieve and hydrometer tests were
performed in 1983 (Layne Western) on ten fine grained alluvial
samples. Appendix D provides the geotechnical index testing
results for the silty clay alluvial deposits. The results
indicated this unit has a content range of 0 percent gravel, 0 to
17 percent sand, 59 to 84 percent silt, and 13 to 41 percent clay.
The alluvial silty clay is stiff with low to medium plasticity.
According to the Unified Soils Classification, the unit is CL, ML,
and CH. The fine-grained alluvial deposits at Areas 16 and 17
(northeast portion of glant) are considered ML soil types, which
are characteristically clayey silts with low plasticity. The fine-
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grained alluvial soils that occur at the south central and western
portion of the plant are considered CL and CH soil types, which are
characteristically silty clays with medium plasticity. Laboratory
permeability testings were performed on the same ten soil samples;
they yielded a mean permeability of 5.4 x 10° cm/sec. These
hydraulic conductivity values are characteristic of impermeable
deposits and indicate a very slow rate of fluid migration.

Field derived hydraulic conductivities from the silty clay unit
were obtained by performing slug tests on 18 wells screened within
the silty clay deposits. The average value derived from the slug
tests was 7.35 x 10° cm/sec. This indicates the slug tests have
three orders of magnitude greater hydraulic conductivity than the
laboratory derived values. The laboratory derived valuec generally
measure the vertical component of permeability, whereas the field
derived values measure the horizontal component of permeability.
Therefore, this may indicate that the silty clay unit is more
permeable in the horizontal direction.

Throughout most of the plant, with exception of the northeastern
and southern portions, the fine-grained alluvial deposits are
underlain by the alluvial sand deposits. The fine-grained alluvial
material is present under all of the existing lagoons and landfills
at the plant with exception of the now-closed 1lagoons in the
northwest portion of the plant at Area 3, which are partially
underlain with sand.

3.5.2.4 Alluvial Sand Deposits

The alluvial sands of the alluvial valley are the most voluminous
of the unconsolidated strata on site. They lie unconformably above
the Pleasanton and Marmaton Formations, and below the alluvial
silty clay deposits. The sand is thickest toward the center of the
valley, where it 1is greater than 80 feet thick, and pinches out
totally toward the shoulders of the valley. Figure 3-11 1is an
isopach map of the sand unit. This figure indicates that the
thickest portion of the sand deposits occurs in the northwest and
north central areas of the plant. These clastic sediments exhibit
a fining upward segquence, indicative of alluvial sedimentation.
Sand grain size generally grades from fine to coarse, with
increasing depth, and gravel percentages also increase with depth.
The alluvial sands can be characterized as brown to gray, fine to
coarse sand with little silt and traces of clay; and lignite. Very
thin (one to three inch) discontinuous <ilty, clay zones are present
at various depths throughout this unit. Fragmented lignite 1is
commonly found in concentrated beds or dispersed in lower
percentages among the sand deposits.

Particle size analysis of the deposits were performed on four
samples in 1981 by Layne Western Company. This geotechnical data
is presented in Appendix D. These samples were collected from
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Areas 3 and 7 and indicate a range of 0 to 3 percent gravel, 5 to
39 percent medium to coarse sand, 14 to 92 percent fine sand, and
3 to 44 percent silt and clay. According to the unified soils
classification, the unit is an SM. Laboratory permeability testing
was performed on two sandy soils from Area 9 and yielded a mean
hydraulic conductivity value of 1.0 x 10" cm/sec. These values are
characteristic of a permeable deposit and indicate a relatively
quick rate of fluid migration. Field derived hydraulic
conductivities from the sand unit were obtained by performing slug
tests on 27 wells. The average value derived from the slug tests
was 3.59 x 107 cm/sec. The fact that the 1laboratory derived
hydraulic conductivities are an order of magnitude greater than the
field derived may indicate that the sands are more permeable in the
vertical direction or, meore likely, that the laboratory sand sample
was disturbed and thus, indicated a higher permeability. Further
discussions regarding the hydraulic characteristics of the sand
aquifer are discussed in Subsection 3.6.

3.5.2.5 Bedrock Formation

The bedrock encountered in borings and at outcrops at LCAAP is part
of the Pennsylvanian age Kansas City and Pleasanton Groups,
composed principally of alternating beds of limestone and shale.
The older Pleasanton Group, which underlies the Kansas City Group,
is predominantly shale with minor units of limestone and sandstone
(Howe, 1961). The Kansas City Group is predominantly limestone
with alternating shale units.

The upland areas in the southern and eastern portions of the plant
are capped by resident limestone deposits of the Kansas City Group.
The members of the Kansas City Group include either the Bethany
Falls Member of the Swope Formation (Fent, 1979) or by the
Winterset Member of the Dennis Formation (Anderson and Greene,
1948). The exact contact between the Pleasanton and Kansas City
Groups 1is indistinct. However, the thicknesses of individual beds
comprising these groups were measured from local outcrops during
a 1948 site investigation by Anderson and Greene, suggest a contact
of approximately 875 feet MSL.

The largely clastic Pleasanton Group is characterized by variable
shales with thin, impure limestones about 30 feet from the top.
These limestones are argillaceous and silty to sandy. Channel-fill
deposits known as the Warrensburg and Moberly Sandstones may also
exist within the Pleasanton Group beneath the site. Other
sandstone deposits occur in older Pennsylvanian strata beneath the
Pleasanton Group.

A contour map of the bedrock surface was drawn from information
collected during installation of deep wells, all of which extended
tc bedrock. Figure 3-12 shows that the bedrock slopes downward to
the north at the west-central portion of the plant and slopes
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downward to the northwest at the northeastern portion of the plant.
Total relief from the highest to lowest points are approximately
300 feet, from an elevation of 850 feet MSL to 645 feet MSL.

3.6 HYDROGEOLOGY

Three hydrostratigraphic units have been identified at LCAAP. They
include, in descending order, the silty clay unit, the sand unit
and the weathered bedrock unit. The silty clay unit overlies the
sand unit within the alluvial valley and the weathered bedrock in
the upland areas. The sand unit is present within the alluvial
valley and 1is situated between the silty clay unit and the
weathered bedrock unit. The weathered bedrock unit 1is situated
below the sand in the valley and below the silty clay along the
margin of the alluvial valley. A detailed discussion of the
hydrogeology of each unit 1is presented in the following
subsections.

3.6.1 Silty Clay Hvdrostratigraphic Unit

The silty clay 1is the uppermost unit encountered at LCAAP. In
the alluvial valley, the silty clay ranges in thickness from S5 to
20 feet. At the margins of the valley and in the upland areas, the
thickness ranges from 20 to 44 feet.

The poctentiometric surface at the eastern half of the alluvial
valley is present within the silty clay unit. At the western half
of the alluvial valley, the potentiometric surface is below the
silty clay unit and present within the underlying sand unit.
Within the western half of the valley, the potentiometric surface
may have, at one time, been within the silty clay unit, but as a
result of the groundwater usage over the last 50 years, the
potentiometric surface has dropped below the silty clay unit.
Figure 3-13 identifies the areal extent of the unsaturated silty
clay unit.

At the margins of the valley and in the upland areas monitoring
wells are screened in the silty clay unit. On 1 June 1988, static
water level elevations were recorded and a groundwater contour map
was generated (Figure 3-14). From this contour map, it is evident
that at the southwestern portion of the plant, groundwater 1is
flowing toward the north and at the remainder of the plant, the
groundwater 1is flowing toward the northwest. The water table
contour lines closely follow the surface and bedrock topography.

Within the uplands areas, the relatively steep horizontal hydraulic
gradient ranges from 0.03 ft/ft to 0.13 ft/ft, with an average of
0.07 ft/ft. Within the 1lowland areas, the relatively flat
horizontal hydraulic gradient ranges from 6.25 x 10" ft/ft to 1.00
x 107 ft/ft, with an average of 3.75 x 10’ ft/ft. These gradients
Were measured from water levels represented in Figure 3-14 where
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the water table is present within the silty clay hydrostatigraphic
unit. This horizontal gradient is an apparent gradient. The true
hydraulic gradient is the vector sum of the horizontal gradient and
the vertical gradient.

The hydraulic conductivity of the silty clay unit was obtained from
field and laboratory permeability tests and is summarized in Table
3-2. Laboratory permeability tests were performed by Layne Western
in 1981 on ten silty clav soil samples, yielding a mean vertical
permeability of 5.4 x 10° cm/sec and a range of 1.61 x 107 to 7.41

x 107 cm/sec. The 1low hydraulic conductivity values are
characteristic of <clay deposits. Field derived hydraulic
conductivities were obtained by performing slug tests on 13
monitoring wells screened within the silty clay unit. The mean

horizontal permeability value derived from the slug tests was 7.35
Xx 107 cm/sec with a range of 9.13 x 10’ to 6.0 x 10’ cm/sec.
Laboratory test methods generally measure the vertical component
of permeability, whereas the field methods measure the horizontal
component of permeability. These results may indicate that the
silty clay unit is more permeable in the horizontal direction.
Also, the field testing method derives the values from a large
radius of influence rather than the laboratorv test method, which
derives values from a very small portion of the aquifer.

The velocity at which water can flow through a porous medium is
shown by a modified version of Darcy's law, wherein velocity (V)
is a function of the hydraulic conductivity (K), hydraulic gradient
(1) and effective porosity (n):

vV =

3 I’X
e

Estimating the velccity of groundwater flow in the uplands, the
average horizontal hydraulic gradient is 0.07 ft/ft. An estimated
effective porosity (n) of a silty clay till is 45% (Todd, 1959).
Using the laboratory derived hydraulic conductivity (K) value, the
vertical component of velocity is estimated to be 2.4 x 10 ft/day
or 8.7 x 10° ft/year. Using the field derived hydraulic
conductivity (K) value, the horizontal component of velocity is
estimated to be 3.2 x 107 ft/day or 11.8 ft/year. These results
indicate the groundwater flow velocity is greater using the field

derived hydraulic conductivity value. Since the field tests
generally measure the horizontal component of permeability, the
results indicate groundwater will migrate much faster in the
horizontal direction. An average velocity using both the

laboratory and field derived values indicate the groundwater may
be =igrating in the silty clay unit at 1.6 x 107° ft/day or 5.8
ft/year.
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TABLE 3-2
SILTY CLAY HYDRAULIC CONDUCTIVITIES

UPLANDS AREA

Field Derived Values (Slug Test Values)

Mean (x) = 7.35 x 107 cm/sec
Standard deviation (s) = 1.31 x 10 cm/sec
Range = 9.13 x 10 cm/sec to 6.0 x 107 cm/sec

Velocity = 3.2 x 107 ft/day
11.8 ft/year

Laboratory Derived Values (Shelby Tube Sample Values)

Mean (X) = 5.4 x 107° cm/sec
Standard deviation (S) = 7.11 x 10°® cm/sec
Range = 1.61 x 107 to 7.41 x 10° cm/sec

Velocity = 2.4 x 107 ft/day
8.7 x 107 ft/year
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.

flow in the upland area where steep gradients exist. In the
alluvial valley the hydraulic gradient expressed by the water table
is approximately 3.75 x 107° ft/ft. Using this hydraulic gradient
and the above mentioned effective porosity and mean hydraulic
conductivities (field and laboratory derived), the velocity of
groundwater in the silty clay deposit in the alluvial valley is
estimated to be 8.7 x 10 ft/day or 0.32 ft/year. Groundwater in
the silty clay deposits of the alluvial valley will travel much
more slowly due to the relatively flat hydraulic gradient. These
velocities were calculated using 1 June 1988 static water levels.
Variations in production well pumping will alter the horizontal and
vertical hydraulic gradients which will then alter flow velocities.

It should also be noted that these velocities are representative of ‘

3.6.2 Alluvial Sand Hydrostratiqraphic Unit

The sand within the alluvial valley lies below the silty clay and
above bedrock. The sand thickens toward the center of the valley
and pinches out toward the margins. The alluvial sand is the major
aquifer in the plant area and supplies LCAAP with as much as
1,400,000 gallons of water per day.

The potentiometric surface of the aquifer may be above the sand or
within the sand, depending on the 1location within the valley.
Using 1 June 1988 water level measurements at the eastern half of
the plant, the potentiometric surface is above the sand unit and
thus, the sand aquifer is under confined conditions. This sand at
the eastern half of the plant, is therefore, completely saturated '
and under pressure greater than atmospheric due to the overlying,
relatively impermeable silty clay unit. At the western half of the
alluvial valley, the potentiometric surface is below the clay unit
and within the sand unit and thus may be under unconfined to semi-
confined aquifer conditions. The monitoring wells at Area 12 show
the relationship between the potentiometric surface and the
clay/sand unit interface. Figure 3-15 graphically demonstrates the
location of the potentiometric surface below the clay unit during
three water level measurement events. Monitoring wells 12-2, 12-3
and 12-4 show the potentiometric surface between six inches and
five feet from the clay and sand unit interface. Monitoring well
12-5 identifies the potentiometric surface between 13 and 16.5 feet
below the interface. A dry well (12-1) at the site is screened in
the silty clay. This well indicates that the silty clay above the
sand 1is unsaturated and therefore, water table conditions do not
exist within the silty clay unit. This condition may be the result
of years of pumping the aquifer and causing a decrease in the
potentiometric surface to the point where it is below the silty
clay confining bed. Pumping of production well 17-AA at Area 12
has caused the potentiometric surface to drop below the silty clay
unit. Figure 3-13 shows the approximate areas where the
potentiometric surface is within the sand unit and within the silty

clay unit.
28 "I.
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on 1 June 1988, water level elevations were recorded from

monitoring wells screened within the alluvial sand. From this
data, the contour maps were drawn for the top and bottom portions
of the aquifer (Figures 3-16 and 3-17). The contour map

constructed using only the alluvial sand wells screened at the top
af the aquifer indicates that the groundwater is flowing to the

west. The contour map constructed using only the alluvial sand
wells screened at the bottom of aquifer 1indicates that the
groundwater is flowing to the west and southwest. The greater

southerly component of flow in the lower portion of the aquifer may
be due to the influence of the pumping of the production wells.
The water level recorded at well 7-8 accounts for much of the
southerly component of groundwater flow. This static water level
was potentially affected by the pumping of production well 17-EE,
which was pumping at 275 gpm from 8:30 A.M. to 2:00 P.M. on the day

the water level was recorded. In order to account for the
additional drawdown associated with the pumping of well 17-EE, the
non-equilibrium well equation was used (Driscoll, 1986). When the

non-equilibrium well equation 1is applied to well 7-8, it |is
calculated that 0.92 feet of drawdown will occur at this well as
a result of pumping production well 17-EE. Adding the calculated
drawdown to the static water level recorded at well 7-8, the effect
of pumping from 17-EE is negated. The new calculated static water
level is 723.52 feet above MSL. Figure 3-17 shows the contour
lines redrawn to reflect the new water level. The groundwater flow
lines still indicate a southerly groundwater flow direction in the
deep portion of the sand, but to a somewhat smaller degree.

The horizontal hydraulic gradient in the sand unit is determined
to be toward the west to southwest. The gradient within the
alluvial valley is not as steep as that observed at the margins of
the valley. The hydraulic gradient calculated for the shallow
portions of the aquifer is approximately 6.0 x 10° ft/ft. The
hydraulic gradient calculated for the deep portion of the sand
aquifer is 6.3 x 10 * ft/ft. These low values represent a nearly
flat potentiometric surface.

The vertical hydraulic gradient within the sand aquifer can be
determined by comparing static water levels from a well cluster
screened at the bottom and top of the aquifer. In the alluvial
valley, four two-well clusters exist within the sand aquifer.
These two-well clusters are located at Areas 3, 7, 12, 14, and 16.
These five clusters were used to evaluate the vertical component
of flow in the aquifer. Table 3-3 summarizes the static water
levels in the deep and shallow wells. At Areas 7, 12 and 14,
production wells are within 600 feet of the monitoring wells.
During the measurements of the static water levels at Areas 7, 12
and 14, their respective production wells, 17EE, 17AA and 17DD,
were pumping. As previously discussed, the non-equilibrium well
equation was used to adjust the measured water levels to negate the
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TABLE 3-3

SUMMARY OF STATIC WATER LEVELS
AT TWO-WELL CLUSTERS

1 June 1988

SHALLOW DEEP

Water level Water Level Vertical

Well ID Elevation Well ID Elevation Gradient

3-1 723.05 3-8 723.77 upward

7-11 725.38%* 7-12 723.52% downward
(724.97) (722.60)

12-3 724.01% 12-6 725.43% upward
(723.05) (723.96)

14-3 725.02%* 14-4 725.03%* equal
(724.96) (724.82)

‘ 16-8 737.3 16-9  727.9 downward

* Water level corrected for non-equilibrium conditions.

() Uncorrected water levels.
Note: Wells at Area 3 are greater than 2000 feet from

a production well, and therefore, are not effected
by the drawdown and did not need tc be corrected.
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short-term effects of pumping. The static water levels identified
in Table 3-3 have been corrected using this equation. According
to Table 3-3, groundwater at Areas 3 and 12 have an upward
component of flow. At Areas 5, 7, and 1s6, groundwater has a
downward component of groundwater flow. At Area 14, the static
water levels indicate no upward or downward component of flow.

Vertical flow between the overlying silty clay unit and the
alluvial sand aquifer was also evaluated at Area 16, which is at
the east margin of the alluvial valley. The well cluster at Area
16 consisted of a deep well screened in the sand and a shallow well
screened in the clay. Water levels from this cluster indicate a
downward gradient between the clay and the sand. These data
suggests that the center and margins of the alluvial valley were
at one time groundwater discharge zones, but, as a result of
pumping the aguifer and channelization of surface water, vertical
gradients have been reversed to create a downward gradient. In
contrast, in Areas 3 and 12, the vertical gradients are upward
indicating the relationship of this area as to groundwater
discharge zones. The magnitude of the upward gradient has most
likely decreased with time as a result of pumping and
channelization.

The hydraulic conductivity of the sand unit was obtained by
laboratory permeability tests, slug tests and a pumping test. The
test results are summarized in Table 3-4. The laboratory
permeability tests were performed in 1983 by Layne Western on two
sandy soils from Area 9 and yielded a mean hydraulic conductivity
value of 1.0 x 107 cm/sec (Appendix D). Slug tests were performed
on 27 wells screened within the sand unit. The mean value derived
from the slug tests was 3.59 x 10° cm/sec. The pumping test was
conducted at Area 12 and yielded a hydraulic conductivity value for
the shallow sand zone of 7.2 x 10° cm/sec and for the deep sand

zone of 1.5 x 10° cm/sec. These values indicate that the
laboratory and pumping test values are one *to two orders of
magnitude greater than the slug test values. The most reliable

hydraulic conductivity value would be obtained from the pumping
test and therefore, the hydraulic conductivity value which is most
representative of the sand aquifer is an average of the shallow and
deep sand hydraulic conductivities, which is 1.09 x 10 cm/sec.
This value is characteristic of permeable sand deposits. A more
detailed discussion of pumping test data analysis is presented in
Subsection 3.6.4.

Using the pumping test drawdown curves for partially penetrating
wells 1in a confined aquifer, the vertical and horizontal
permeability ratio (P /P.) can be calculated. It was calculated
that in the upper portion of the sand aquifer the P /P. was
approximately 0.033 (average value) which indicated that vertical
permeability was abcut cne third of the horizontal permeability
and, therefore preferential groundwater flow is in the horizontal
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TABLE 3-4

SAND HYDRAULIC CONDUCTIVITIES

Field Derived Values

Mean (%) = 3.59 x 10° cm/sec
Standard deviation (s) = 3.93 x 10 cm/sec
Range = 1.41 x 10" to 1.2 x 107° cm/sec
Velocity = 1.81 x 10° ft/day

6.61 ft/year

Laboratory Derived Values (Layne Western 1982)

Mean (x) = 1.0 x 10° cm/sec
Standard deviation (s) = 1.4 x 107 cm/sec
Range = 1.1 x 107 to 9.0 x 107° cm/sec
Velocity = 5.1 x 107 ft/day

18 ft/year

‘ Pumping Test Derived Values

Shallow
Mean (x) = 7.16 x 107° cm/sec
Standard deviation (s) = 3.17 x 107 cm/sec

Range = 3.52 x 10° to 1.12 x 10' cm/sec
Deep

Mean (x) = 1.47 x 10 cm/sec

Standard deviation (s) = 4.84 x 10~ cm/sec

Range = 1.52 x 107 to 1.59 x 10 cm/sec
Average Shallow/Deep

Mean (x 09 x 10 cm/sec

) = 1.
Velocity = 0.76 ft/day
280 ft/year

‘ AOQ39 3

35




direction. Within the lower portions of the aquifer, P,/P, was
approximately 0.004 which suggested little to no vertical component
of flow. For further discussion regarding the permeability ratio
refer to Subsection 3.6.4.

The velocity of groundwater is calculated using a modified version
of Darcy's law. Since flow 1is predominantly in the horizontal
direction, the horizontal component of velocity was calculated.
To calculate velocity, Darcy's law uses the hydraulic conductivity,
effective porosity and hydraulic gradient. According to previous
calculations, the hydraulic gradient was an average of 6.2 x 107"
ft/ft, using an estimated effective porosity of a sand aquifer of
25% (Todd, 19%9) and the hydraulic conductivity value of 1.09 x 10°
‘ cm/sec or 309 ft/day. Therefore, the calculated velocity of
groundwater migrating in the sand aquifer is 0.77 ft/day or
approximately 280 ft/year.

3.6.3 Weathered Bedrock Hydrostratiqraphic Unit

The weathered bedrock unit at LCAAP was observed at Areas 6 and 16.
This unit 1is composed predominantly of weathered shale with
interbedded limestone. The weathered shale at Areas 6 and 16 is
saturated but may be classified to some degree as a confining layer
and exhibits midrange low permeabilities.

At Area 16, six monitoring wells are screened in the weathered
shale. On 1 June 1988, the water levels were recorded and used to
assess the direction of groundwater flow. Figure 3-14, which was
based on these water 1levels, indicates that the direction of
groundwater flow within the weathered shale at Area 16 is toward
the northwest. The horizontal component of hydraulic gradient of
the potentiometric surface is approximately 5.9 x 107 ft/ft. The
vertical component of hydraulic gradient within the shale can be
estimated from the well cluster 16-4 and 16-11. A 32.9-foot
difference 1in head between these wells exists and indicates a
significant downward gradient between the upper and lower weathered
shale. This vertical hydraulic gradient was calculated to be 9.7
x 107 ft/ft.

A total of five hydraulic conductivity values were generated for
the weathered shale. This data is presented in Appendix D. These
values were determined by performing slug tests and yielded an
average hydraulic conductivity value for the weathered shale of 4.4
X 10" cm/sec with a range from 1.51 x 10”7 to 9.01 x 10° cm/sec.

The horizontal component of flow can be calculated by using the
modified version of Darcy's law. The horizontal component of the
hydraulic gradient was determined above to be 5.9 x 10° ft/ft. The
porosity of an unweathered shale is approximately 10% (Todd, 1959),
although the porosity of a weathered shale maybe in the order of
40%. Using the average hydraulic conductivity value of 4.4 x 10"
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cm/sec and the above-mentioned values, the horizontal component of
velocity of groundwater in the weathered shale is calculated to be
on the order of 0.18 ft/day or 67 ft/yr.

The vertical component of velocity can be calculated by using the
vertical component of hydraulic gradient (9.7 x 10" ft/ft) and the
above-mentioned pornsity and hydraulic conductivity. Based on
these parameters, the vertical component of velocity of groundwater
in the unweathered shale is 3 ft/day or 1,104 ft/year. This
indicates a potentially faster vertical rate of groundwater
migration compared to the horizontal component of velocity.

3.6.4 Pumping Test

As part of the LCAAP remedial investigation, a pumping test was
performed to evaluate aquifer characteristics of permeability (K),
transmissivity (T), storage (S), and anisotropy (P, /P,) for
potential subsequent modeling.

Permeability and transmissivity define the ease of movement of
groundwater through aquifers or aquitards. Transmissivity is the
rate of flow of water through a one unit wide strip of the aquifer,
and 1is therefore equal to the permeability multiplied by the
saturated thickness of the aquifer. Storage 1is defined as the
volume of water the aquifer releases from or takes into storage per
unit surface area per unit change (increase or decrease) in head.
The anistropy of an aquifer is quantified by the ratio of the
vertical and horizontal components of aquifer permeability. All
of these aquifer properties are important to quantify on a site-
specific basis for numerical modeling input parameters and
remediation design, if necessary.

The pumping test was performed using production well 17-AA located
in Area 12 of the plant. This location was chosen because Area 12
received a Hazard Ranking System (HRS) score of sufficient
magnitude to place the site onto the NPL. This section provides
the test procedures, test results, and data analysis of the pumping
test.

3.6.4.1 Procedures

One pumping well (17-AA) and six observation wells, namely 12-2,
12-3, 12-4, 12-5, 12-6, and 17-A were used during the pumping test.
The 1location cof the observation wells as well as the radial
distances from the pumping well are shown on Figure 3-18. To
obtain water 1level measurements during the test, pressure
transducers were placed 1n each of the six observation wells.
Transducers from five of the six cbservation wells (12-2, 12-3 12-
4, 12-6, and 17-A) were connected to an In-Situ SE2000 data logger.
Because monitoring well 12-5 was located in a heavy traffic area
which did not allow for cables to be stretched across the pavement,
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a single In-Situ Hermit SE1000 unit was used at that wellhead with
a transducer placed in the well.

The water from the pumping well was discharged approximately 300
feet away from the site to a roadside drainage ditch through a 6-
inch hose. Prior to the final discharge point, the water was
passed through an orifice weir consisting of a é-inch steel pipe,
the end of which was fitted with a 4-inch orifice plate to allow
for accurate discharge measurements. The pumping test consisted
of four tasks:

. Task 1 - Collection of static water level data.
. Task 2 - Step drawdown test.

. Task 3 - 72-hour constant discharge test.

. Task 4 - Measurement of recovery.

Prior to 1initiating the pumping test, static water levels were
obtained on a continuocus basis for 5 days from one shallow
observation well (12-3) and one deep observation well (12-6).
Static water level trends were used to evaluate impacts of external
variables on water level fluctuations, in order to help prevent
erroneous interpretations of drawdown curves.

To determine the optimum pumping conditions to sufficiently stress
the aguifer, a step-drawdown test was performed prior to initiating
of the 72-hour constant discharge test. The step-drawdown test
consisted of pumping production well 17-AA at three separate
discharge rates (100 gpm, 300 gpm and 500 gpm) for a period of
approximately one hour per step. Based on water level measurements
from the pumping well and observation wells, it was determined that
the maximum discharge of approximately 500 gallons per minute (gpm)
could be sustained during the constant-discharge phase of the test,
thereby providing maximum hydraulic stress to the aquifer.

After allowing the aquifer to recover to static conditions, a 72-
hour constant-discharge test was initiated at a discharge rate of
504 gpm. The transducers and the monitoring wells were programmed
to obtain water level measurements on a logarithmic time scale,
with a maximum interval between readings of 100 minutes. Water
levels in the pumping well were obtained manually throughout the
course of the test. The discharge rate was monitored using a
manometer attached to the orifice weir. Published tables were used
to determine the discharge rate based on the head measurement in
the manometer. Manometer readings were obtained on 30-minute
intervals throughout the course of the pumping test.

After 72 hours of pumping, the transducers were turned off and the
data were transferred to a floppy disk. The units were reprogrammed
for subsequent recovery measurements. After reconnecting the
transducers, the pump was shut off and readings were simultaneously
initiated to obtain recovery measurements. As with the pumping
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test, recovery measurements were taken on a logarithmic time scale
with a maximum interval between readings of 100 minutes. Recovery
measurements were collected for approximately 48 hours.

3.6.4.2 Analysis of Static Water Levels

The first step in evaluating the pumping test data was to plot the
static water level data, which had been obtained for five days
prior to the test, on an arithmetic plot of time versus water
level. The plots obtained for the shallow and the deep well are
shown in Figure 3-19. Two trends are apparent in the static water
level data. The first trend is a very cyclic and abrupt change in
water level. The second trend is a very gentle, long-term rise or
fall in water level. These trends are more apparent in water
levels obtained from the deep well (12-6) than the shallow well
(12-3). The cause for the abrupt cyclical fluctuations in water
levels was determined to be the surrounding production wells used
during plant operation hours. The gradual rise and fall in water
level was 1identified to be related to changes 1in barometric
pressure, but not precipitation events. Each item is discussed in
more detail below.

Effects of Surrounding Production Wells

To evaluate the water level fluctuation: ncoced during static water
level measurements, the pumping zcliedules for on-site production
wells were obtained. A total of eleven production wells are
located at the plant, of which eight were actively pumping at
certain times during the five-day period of static water level
measurements. This included eight pumping periods of production
well 17-AA, which was located near the monitoring wells used for
static water level data. The pumping cycles in relation to the
water level measurements are shown in Figure 3-20. As expected,
the impact of adjacent prcduction well 17-AA is readily obvious
from both the deep and shallow static water 1level data. of
particular interest, is the pumping sequence of four remote wells
during the second day of static water data collection. During this
time, production well 17-AA was not pumped, however, the impact of
the four remote wells is clearly imprinted on the static water
levels obtained from the deep monitoring well 12-6. It should be
noted that this fluctuation was not observed in static water levels
obtained from the shallow monitoring well. Based on these
observations, it is apparent that the pumping from the remote wells
impacted observed water levels from the base of the aquifer, in the
vicinity of Area 12, by as much as 0.2 to 0.3 feet. Smaller
fluctuations can also be related to the normal cycle of individual
wells during an 8-hour pumping period (i.e., a well does not pump
continuously throughout an entire shift).
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Effects of Barometric Pressure Changes

To evaluate the gradual rises and falls in static water levels,
meteorological data was obtained for Independence, Missouri and the
Kansas City Airport through the National Oceanographic and
Atmospheric Administration (NOAA). A review of the precipitation
records indicated only two minor precipitation events (0.05 and
0.61 inches) during the static water level measurements. These did
not impact the noted water levels. There was no rain for over two
weeks prior to the initiation of water level measurements.

Barometric pressure changes have been documented in the literature
to affect water 1level measurements in confined and semi-
confined aquifer systems. Barometric affects are generally
dispersed and negligible in unconfined conditions. The two
observation wells used for static water level measurements showed
unconfined to semi-confined conditions based on boring log and
water level data, (production well pumping has altered Area 12,
from having confined to having semi-confined or unconfined upper
aquifer conditions). Therefore, the potential affect of barometric
changes on static water level measurements was evaluated. Hourly
barometric pressure readings, for the entire duration of the
pumping test, were obtained from che Kansas City Airport (the
Independence, Missouri NOAA station does not keep detailed
barometric pressure records). For the five days of static water
level measurements, scatter diagrams were made for water level
versus barometric pressure (Figure 3-21). Only water level
readings which are believed to be unaffected by pumping of on-site
production wells were chosen for the analysis. A regression
analysis was performed to determine the correlation between the two
variables. For the shallow well, a correlation coefficient (r) of
0.89 was calculated with 80% of the variance (r’) being explained
by the best-fit line. The relationship between the water level and
barometric pressure in the deep well shows a correlation
coefficient of 0.98 with a 95.6 percent explained variance.

As there appears to be a good relationship in changes between the
barometric pressure and water level measurements, a determination
was made of the maximum impact that observed barometric pressure
changes could have had on water levels in both shallow and deep
observation wells during the constant discharge and recovery tests.
The maximum and minimum barcometric pressure readings during the
course of the 72-hour pumping test and 48-hour recovery test were
determined to be 29.04 and 28.74 inches of mercury, respectively
(Figure 3~19). Using the relationships defined between water level
and barometric pressure, the noted range of barometric change could
have a maximum impact of approximately 0.1 feet on water levels in
shallow wells and approximately 0.2 feet on water levels in deep
wells in the vicinity of the pumping test.
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FIGURE 3-21 STATIC WATER LEVEL VS. BAROMETRIC PRESSURE SCATTER DIAGRAMS




Water level response to bar