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Hydrogeological Investigation Report for More’s Lake Introduction

1.0 INTRODUCTION

This Hydrogeological Investigation Report (Report) has been prepared by Burns & McDonnell
Engineering Company, Inc. (Burns & McDonnell) to summarize field activities associated with the
installation of groundwater monitoring wells, bedrock borings, and subsurface hydraulic testing at the
Coal Combustion Residuals (CCR) Inactive Surface Impoundment (referred to as “inactive CCR Unit”)
for the City of Columbia Municipal Power Plant (CMPP) located in Columbia, Missouri (Site). The
inactive CCR Unit is located directly north of the facility within the property boundaries of CMPP. Both
topographic and aerial photographic site vicinity maps illustrating the location of the inactive CCR Unit
are provided in Figures 1 and 2, respectively. The City of Columbia is planning a clean closure of the

inactive CCR Unit, discussed further herein.

1.1 Purpose
This Report has been prepared to support compliance with the groundwater monitoring requirements

published by the United States Environmental Protection Agency (USEPA) in the Hazardous and Solid

Waste Management System; Disposal of Coal Combustion Residuals from Electric Utilities; Final Rule,

dated April 17, 2015 (USEPA, 2015), and the Hazardous and Solid Waste Management System: Disposal

of Coal Combustion Residuals From Electric Utilities; Extension of Compliance Deadlines for Certain
Inactive Surface Impoundments; Response to Partial Vacatur, dated August 5, 2016 (USEPA, 2016),

collectively referred to herein as the “CCR Final Rule.”

1.1.1 CCR Final Rule Program

The CCR Final Rule is found in 40 Code of Federal Regulations (CFR) Part 257 and was published by the
USEPA to regulate the disposal CCR as solid waste under subtitle D of the Resource Conservation and
Recovery Act (RCRA). This CCR Final Rule applies to all CCR generated electric utility facilities and
independent power producers that fall within the North American Industry Classification System

(NAICS) code 221112.

This CCR Final Rule established nationally applicable minimum criteria for the safe disposal of CCR in
landfills and surface impoundments. CCR includes fly ash, bottom ash, boiler slag, and flue gas
desulfurization (FGD) materials. The CCR Final Rule applies to owners and operators of new, existing,
and/or laterally expanded landfills and surface impoundments that dispose or otherwise engage in solid
waste management of CCR. In June 2016, a United States Court of Appeals granted a settlement between
utility industry and environmental groups that removed the effects of the “early closure” provisions for

inactive surface impoundments under the USEPA CCR rule (40 CFR §257). With this rule change, all
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inactive CCR surface impoundments must now comply with all of the rule requirements applicable to
existing/active CCR surface impoundments (location criteria; design and operating requirements; air
criteria; inspection requirements; groundwater monitoring and corrective action; closure and post-closure
care; and recordkeeping, notification and publicly accessible internet site requirements). The requirements
of the CCR Final Rule also apply to CCR units located off-site of the electric utilities’ or independent

power producers’ facilities that receive CCR for disposal (i.e., public or private landfills).

The CCR Final Rule requires CCR units implement groundwater monitoring system (40 CFR §257.91)
and program (40 CFR §257.93-§257.95) that are capable of detecting CCR impacts on the groundwater
quality, if any, underlying each utility waste landfill and/or surface impoundment. The groundwater
monitoring system must consist of a sufficient number of appropriately located wells (at minimum, one
upgradient and three downgradient wells) capable of monitoring the quality of background groundwater
and the quality of groundwater passing the CCR waste boundary. Monitoring wells must be installed in
order to yield representative groundwater samples from the uppermost aquifer. The CCR Final Rule
requires groundwater sampling at utility CCR-waste landfills/impoundments for specific CCR chemical
constituents of potential concern (COPCs). The CCR rule requires operators of inactive surface
impoundments (i.e., More’s Lake) to implement groundwater monitoring programs prior to April 17,
2019 that are capable of detecting releases to shallow groundwater. To meet this requirement, owners
must install well networks and conduct eight rounds of background monitoring prior to April 17, 2019. If
the groundwater monitoring system demonstrates a verified exceedance of a groundwater protection
standard for any of the identified CCR COPCs, the owner or operator must initiate corrective action, or
demonstrate that a source other than the CCR unit caused the contamination, or the statistically significant
increase resulted from error in sampling, analysis, statistical evaluation, or natural variation in

groundwater quality.

1.2  Rationale

The focus of this hydrogeologic investigation was for the inactive CCR Unit to support compliance with
the groundwater monitoring requirements of the CCR Final Rule. The groundwater monitoring system for
CCR units must consist of a sufficient number of appropriately located wells (at minimum, one
upgradient and three downgradient wells) capable of monitoring the quality of background groundwater
and the quality of groundwater passing the CCR waste boundary. Monitoring wells should be installed in
order to yield representative groundwater samples from the uppermost water-bearing zone. These wells
should all be screened so that groundwater samples are representative of the same portions of the

uppermost groundwater zone present beneath the inactive CCR Unit. Based on an assessment of the
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existing groundwater monitoring network in the vicinity of the inactive Surface Impoundment, additional

groundwater monitoring coverage was recommended surrounding the inactive CCR Unit.

Clean closure activities are currently being planned and implemented at the inactive CCR Unit. Clean

closure activities are estimated to be complete by April 2019.

1.3 Scope of Work
Eight (8) new groundwater monitoring wells were installed. The eight new groundwater monitoring well
plus one existing piezometer (PZ-2) are proposed to compose the detection monitoring network. Field

activities associated with this groundwater well installation project included the following:

e Utility clearance;

® Advance three (3) deep soil borings (SB-1 through SB-3) into bedrock for logging purposes
adjacent to Monitoring Wells MW-1 (SB-1), MW-5 (SB-2), and MW-7 (SB-3);

e Perform packer testing in bedrock at one (1) deep soil boring (SB-2);

e Advance eight (8) soil borings for new monitoring well installations (MW-1 through MW-8);

e (Collect continuous soil samples for logging with limited laboratory testing/analysis;

e Construct eight (8) new monitoring wells with flush-mount surface completions;

e Perform well development and conduct in-situ hydraulic conductivity testing (slug tests) at the
eight (8) new monitoring wells and three (3) existing piezometers (PZ-2, PZ-4, and PZ-6);

e Management of investigation derived waste (IDW);

e Deploy dedicated bladder sampling pumps;

e Well Surveying; and

e  Water level and total depth measurements.

Future groundwater sampling and reporting is outside the scope of this Report. Background groundwater
sampling and analysis of the newly established monitoring system will be conducted in accordance with
the Groundwater Monitoring Program (GMP) and results will be provided in the first annual groundwater
monitoring and corrective action report. The GMP was prepared by Burns & McDonnell (2018) for
separate submittal to support compliance with the CCR final rule (§257.93-§257.95). The GMP includes
the Sampling and Analysis Plan (SAP) which will define the methods/procedures and techniques for

groundwater sampling and analysis.

1.4 Overview

The Report is organized in sections as summarized below:
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Section 2.0 Site Setting and History - Section 2.0 summarizes the location and setting of the inactive

CCR Unit at CMPP.
Section 3.0 Hydrogeologic Setting - Section 3.0 summarizes the regional and local hydrogeology.

Section 4.0 Hydrogeological Investigation Activities and Results - Section 4.0 describes the methods
and procedures that will be followed for both field investigation and installation of groundwater
monitoring wells in order for the groundwater monitoring system to support compliance with USEPA’s

CCR final rule.

Section 5.0 Conceptual Site Model - Section 5.0 describes the existing environmental site conditions by

identifying potential sources of impacts, and effected media associated with the inactive CCR Unit.

Section 6.0 Future Activities - Section 6.0 describes additional activities to be performed that are not
included in the scope of this hydrogeologic investigation, but are required to support compliance with the

CCR Rule.

Section 7.0 References - Section 7.0 includes a bibliography for references made within this Report.

1.5 Work Plan Modifications

Monitoring Well MW-3’s location was moved to the south due to overhead utilities.

Drilling of the Bedrock Borings SB-1, SB-2, and SB-3 were completed with mud-rotary drilling methods.
Hollow-stem augers were initially used to drill down to approximately 15-20 feet below ground surface to

serve as a temporary surface casing for the bedrock borings.
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2.0 SITE SETTING AND HISTORY

This section of the Report summarizes the location and setting of the inactive CCR Unit (More’s Lake) at
CMPP and the history of utility CCR disposal within the inactive CCR Unit. Information presented in this

section was cited from previous CMPP hydrogeologic investigations and groundwater monitoring reports.

2.1  Facility Description

The CMPP facility is owned and operated by the City of Columbia Water & Light Department (City).
The CMPP is located at 1501 Business Loop 7 East, Columbia, Missouri in Boone County, Missouri,
illustrated in Figures 1 and 2. The CMPP facility occupies approximately 25.4 acres and is situated in the
Southeast %4, of the Southwest V4, of Section 6, in Township 48 North, Range 12 West, at a latitude of
38.964917° N and longitude of 92.317027° W.

The facility is bound on the east by residential while the north, west, and south are bound by mixed
industrial, commercial, and residential (Figure 2). The CMPP is located approximately 950 feet (0.18
miles) east of an unnamed intermittent tributary of Bear Creek, about 2,150 feet (0.41 miles) northwest of
an unnamed intermittent tributary of Hinkson Creek, and approximately 5,750 feet (1.09 miles) northeast
of Flat Branch Creek. Bear Creek and Hinkson Creek are approximately 4,100 feet (0.78 miles) northwest
and 4,500 feet (0.85 miles) southeast of the CMPP, respectively. Surface water features in the vicinity of

CMPP are shown on Figures 1 and 2.

The CMPP has one CCR unit is comprised of an inactive surface impoundment that formerly received
CCR from facility operations. The original surface impoundment, known locally as More’s Lake, was
constructed as a farm pond no later than 1896, prior to being used for CCR disposal. Further description

of the inactive surface impoundment is provided in Section 4.1 of this Report.

2.2 Physiographic Region

Boone County, Missouri is in the Glaciated Region of the Central Lowland Interior Plains physiographic
province region. This area is part of the Dissected Till Plains physiographic unit that was glaciated,
uplifted, and subsequently eroded into a flat-to-rolling terrain that slopes gently toward the Missouri and
Mississippi River Valleys. The main topographic features of the county are the deeply incised valleys of
the Missouri River and its tributaries. The Missouri River Valley is 0.2 to 0.7 miles wide in some areas
and defines the southern boundary of Boone County and marks the southern extent of continental glacial
deposits. The CMPP facility is situated near the middle of Columbia, Missouri and is approximately 40

miles upstream of the confluence of the Missouri and Osage Rivers.
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In the City of Columbia, the prominent tributaries of the Missouri River are Perche Creek, Hinkson
Creek, and Flat Branch Creek. Along these and other creeks in the area can be found large valleys, cliffs,
and cave systems such as that in Rock Bridge State Park located south of the city (approximately 6 miles
south of the inactive CCR Unit). These creeks are largely responsible for numerous stream valleys giving
Columbia hilly terrain similar to the Ozarks while also having prairie flatland typical of northern

Missouri. Columbia also operates several greenbelts with trails and parks throughout town.

2.3 Climate

Columbia, Missouri lies within the humid continental zone and generally has hot summers, cold winters,
and wet springs. Average annual precipitation is approximately 45 inches. May and June are generally the
wettest months while December and January are the driest. Average high monthly temperatures range
from 40.1 degrees Fahrenheit (°F) in January to 88.9 °F in July. Average low monthly temperatures range

from 22.6 °F in January to 69.3 °F in July (High Plains Regional Climate Center, 2017).
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3.0 HYDROGEOLOGIC SETTING

Hydrogeology is defined as the geology of groundwater, with particular emphasis on the chemistry and
movement of the groundwater. Information presented in this section was obtained from review of the
United States Geological Survey (USGS) Groundwater Atlas of the United States: Kansas, Missouri,
Nebraska (Miller and Appel, 1997), Geology of Boone County, Missouri (Unkleskbay, 1952), Missouri
Department of Natural Resources (MDNR) Well Information Management System (WIMS), Missouri
Geological Survey (MGS) Geosciences Technical Resource Assessment Tool (GeoSTRAT), MGS
Geologic Well Logs of Missouri database, and a Geotechnical Engineering Report for City of Columbia
for Mores Lake Dam Global Stability Analysis (Crockett Geotechnical Testing Lab, 2014)

3.1 Regional Geology

Missouri is located on the North American craton (or Laurentia) and is an area that has been tectonically
stable throughout most of geologic time. The regional geology consists of a thick cover of sediments and
sedimentary rocks (Quaternary-age to Cambrian-age) deposited on top of older metamorphic and igneous
rocks (Precambrian-age) that form the “crystalline basement complex” (basement rocks) or foundation of
the continental crust. The region has undergone some deformation with faults and up-warps and down-
warps on the surface of the crystalline basement rocks. In Missouri, most notable structural deformation
features are the St. Francois Mountains in southeastern Missouri and the Ozark Uplift (dome) in central
Missouri that are related to up-warping of the basement rocks. Basement rocks are exposed only in the St.
Francois Mountains of southeastern Missouri at more than 1,000 feet above sea level and buried to depths
of as much as 6,000 feet below sea level in southwestern Kansas. Sediments were deposited on the
surface of the basement rocks and lithified into sedimentary rocks during diagenesis. The thick deposits of
sedimentary rocks in the region predominately consist of limestone and dolomite and interbedded
sequences of shale, sandstone, and coal. In most of the region north of the Missouri River, the
sedimentary rocks are overlain by unconsolidated to semi-consolidated sediments consisting of glacial
drift, loess, colluvium, and alluvium. A summary of the regional geology in Missouri is provided in Table

1.

3.1.1 Faults and Seismic Activity

The Federal CCR Rule requires new CCR landfills, new and existing CCR surface impoundments, and
any lateral expansion of these facilities that engage in the disposal of CCR generated by electric utilities
and independent power producers not to be located within 200 feet of the outermost damage zone of a
Holocene era fault, which includes all faults active within the last 11,700 years and up to the present.

According to data extracted from the USGS Interactive Fault Map displaying locations of Quaternary-age
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faults in the United States (http://earthquake.usgs.gov/hazards/qfaults/), the nearest Holocene era fault is
the Thebes Gap Faults and the Reelfoot scarp and New Madrid Seismic Zone which is located
approximately 190 and 220 miles away, respectively. The Thebes Gap Faults generally run northeast-
southwest and is south of Cape Girardeau, Missouri. The New Madrid Seismic Zone generally run
northeast-southwest and is west of New Madrid, Missouri. According to the Interactive Fault Map, the

fault is approximately 70 miles and has been active in the last 15,000 years.

Additional data review using the MGS GeoSTRAT database, identified the following structural features

and pre-Holocene faults in the vicinity of the inactive CCR Unit:

e Browns Station Anticline — approximately 7 miles north of the inactive CCR Unit;

¢ Fox Hollow Fault and Monocline, Bonne Femme Creek graben, Sapp monocline — approximately

9 miles south of the inactive CCR Unit;

® Fish Creek Anticline — approximately 11.5 miles west of the inactive CCR Unit; and

¢  Woodlandville Fault — approximately 12 miles northwest of the inactive CCR Unit.

As outlined in the preamble to the Federal CCR Rule, a seismic impact zone is defined as “an area having
a 2% or greater probability that the maximum expected horizontal acceleration, expressed as a percentage
of the earth’s gravitational pull (g), will exceed 0.10 g in 50 years.” Burns & McDonnell reviewed
available data from United States Geological Survey (USGS) Earthquake Hazards Program
(http://earthquake.usgs.gov/hazards/apps/) in order to determine the maximum expected horizontal
acceleration for the CMMP inactive CCR surface impoundment. The USGS national seismic hazard map
is included in Appendix A. Using data from the USGS website, a map was generated for the state of
Missouri and is included in Appendix A. According to data extracted from the USGS website, the
maximum expected horizontal acceleration in the vicinity of the CMPP site is 0.06-0.10 g, which is at and
below the 0.10 g requirement of the CCR rule. Therefore, the inactive CCR impoundment at the CMPP is
not located within a seismic impact zone and consequently is not violating the location restriction
standards with respect to seismic impact zones as described in §257.63 of the CCR Rule. The USGS
hazard map included in Appendix AB supports that there is a low likelihood of intense seismic activity

within the nearby vicinity of the CMPP, being that the area is outside of a seismic impact zone
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3.2 Regional Hydrogeology

The principal aquifers in the region include the Ozark Plateau Aquifer system and the Mississippian and
Cambrian-Ordovician aquifers. In Missouri, north of the Missouri River, the rocks of the Mississippian
and Cambrian-Ordovician aquifers and confining units are stratigraphically equivalent with rocks of the
Ozark Plateaus Aquifer system south of the Missouri River. Although these different aquifers are
stratigraphically equivalent, generally there is little or no hydraulic connection between them since the
Missouri River is a discharge area for both aquifers. In some areas, these aquifers underlie parts of
surficial aquifer systems (i.e. glacial-drift or stream-valley aquifers). Areas with overlying glacial till
provide a confining layer/cap to the aquifer system where only small to moderate amounts of water can be
obtained from wells completed in areas of confining units or having no principal aquifer. A stratigraphic
summary of the Missouri Aquifer systems is provided in Table 1. Groundwater flow throughout the
region is largely driven by topography and is highly variable in response to regional points of
groundwater discharge (e.g., springs, streams, rivers, and shallow stream/river valley alluvial aquifers).
Groundwater in aquifers locally move from topographically high recharge areas to regional points of

groundwater discharge or localized discharges at surface (e.g., seeps and water supply wells).

3.2.1 Surficial Aquifers

The surficial aquifers are composed of Quaternary-age unconsolidated sediments that provide water for
shallow water supply wells and consist primarily of material deposited during multiple advances of
continental glaciers from the north. The massive ice sheets planed off and incorporated soil and rock
fragments as large as boulders during advances and redistributed these materials on the eroded land
surface as water- or ice-laid deposits (or both) during retreats. Surficial aquifers present are composed of
glacial outwash, coarse-grained glacial-lake sediment, and coarse- and fine-grained alluvium (some of
which may be buried in some places beneath fine-grain sediments). Because of the shallow depth, ease of
recharge, and short groundwater flow system, surficial aquifers supply much of the base flow of streams.
The hydraulic connection to streams is proportional to the permeability of the deposits. Most of the water
in the surficial aquifer system is under unconfined conditions. Groundwater quantity and quality varies
considerably in physical and chemical properties depending on the geological formations associated with
the aquifer from which the water is taken. Recharge of the surficial aquifers is primarily from
precipitation. However, a lesser amount of recharge is provided by infiltration from hydraulically
connected stream/rivers (i.e., Missouri River) during high flow conditions, bedrock adjacent to and
underlying the alluvium, and downward leakage of water from streams, other than the Missouri River,
flowing across the alluvium. The volume of water supplied by precipitation and the volume of recharge

that occurs from other streams as they cross the stream/river-valley alluvium depends greatly on the

Columbia Water & Light Department 3-3 Burns & McDonnell



Hydrogeological Investigation Report for More’s Lake Hydrogeologic Setting

hydrologic characteristics of the shallow alluvial materials. In areas where surficial materials are sandy
and permeable, the amount of recharge water is significant. Where there is a clay or silt cap overlying the

more permeable deposits, the recharge is less.

Surficial aquifers can be used in farmstead, irrigation, domestic, and industrial applications. The regional

surficial aquifer system includes stream-valley aquifers and glacial-drift aquifers.

3.2.1.1 Glacial-Drift Aquifers

The maximum southern extent of the continental glaciers and glacial-drift deposits was approximately
positioned at the present location of the Missouri River in Missouri and just south of the Kansas River in
northeastern Kansas. The thickness of glacial drift generally is 50 to 200 feet but locally is greater than
300 feet in eastern Missouri and 400 feet in western Missouri and northeastern Kansas (Miller and Appel,
1997). Meltwater created an extensive stream network in front of the advancing ice, and the streams
deposited gravel, sand, and finer sediments as alluvium along the courses of preglacial bedrock valleys.
The glacial deposits are generally complex interbedding of fine- and coarse-grained sediments. The
complex interbedding of permeable (coarse-grained) and poorly permeable (fine-grained) sediments in
the glacial-drift aquifers results in a large number of local confining units. Accordingly, water in these
aquifers can be under unconfined conditions in some places and confined conditions in other places.
Glacial stream channels may have been filled with coarse grained sediments at the bottom and finer
grained and less permeable silt, clay, or till at the top resulting in buried channel or buried valley aquifers

under confined or semiconfined conditions.

Although deposits of glacial drift extend over wide areas, most were laid down directly by the ice; are
fine grained, poorly sorted, or both; and, therefore, yield only small amounts of water to wells. The
glacial-drift aquifers are a primary source of water for supply wells that usually penetrate beds of coarse-
grained material (sand and gravel). Yields of shallow water supply wells screened within glacial-drift
aquifers are highly variable. Wells screened in predominately fine-grained glacial deposits typically
provide low yields and rely on large diameter wells for storage. Glacial-drift aquifers typically do not
yield suitable water for a public water supply, unless hydraulically connected to streams or stream-valley

aquifers.

Groundwater movement in glacial-drift aquifers generally move along short flow paths to the nearest
surface-water body, where it discharges. A small amount of groundwater percolates downward and may

infiltrate underlying bedrock aquifers, if hydraulically connected.
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3.21.2 Stream-Valley Aquifers

Alluvial materials deposited along major rivers/streams in the Missouri River Valley provide another
source for surficial aquifers. Alluvium is composed of clay, silt, fine to coarse sand, and fine to medium
gravel. The size of the alluvium materials typically increases with depth; finer-grained materials directly
underlie the land surface, and coarser sands and gravels are found at depth. The alluvium is generally the
thickest toward the center part of the valley near the river, but there are instances where the thickest
materials are near a valley wall. Water supply wells in major alluvial aquifers can produce high yields of
good-quality water from properly constructed wells in coarse-grained sands and gravels with high

permeability.

3.2.2 Bedrock Aquifers

In central Missouri, the regional bedrock aquifers are comprised of permeable hydrogeologic units of the
Ozark Pleateaus aquifer system, the Mississippian aquifer, and the Cambrian-Ordovician aquifer. The
presence and thickness of the uppermost bedrock aquifers vary locally where it has been eroded (e.g.,
river and/or glaciers). The regional hydrogeology is summarized in Tables 1 and 2 and illustrated in

Figure 3.

3.2.21 Ozark Plateaus Aquifer System

The Ozark Plateaus Aquifer system underlies most of central and southern Missouri and consists of three
aquifers, separated by two confining units, comprised of Mississippian-age and older rocks. The water-
yielding rocks in these aquifers are primarily limestones and dolomites with some sandstones and chert.
The confining units within the aquifer system are primarily shale but also consist of limestone, dolomite,
and sandstone with minimal permeability and provide hydraulic separation between aquifers. Where these
confining units contain more shale, the vertical movement of water between aquifers is more effectively
restricted. The hydrogeologic units of the Ozark Plateaus Aquifer system are also equivalent to aquifers
and confining units north of the Missouri River in Missouri that include the Mississippian and Cambrian-

Ordovician aquifers. A stratigraphic summary of the Ozark Plateau aquifer system is provided in Table 1.

3.2.2.2 Mississippian Aquifer

The Mississippian Aquifer underlies Missouri north of the Missouri River and consist of stratigraphically
equivalent rocks of the uppermost aquifer of Ozark Plateaus aquifer system (Springfield Plateau aquifer)
situated south of the Missouri River. Limited information indicates that the Mississippian and Springfield
Plateau aquifers have little or no hydraulic connection due to the Missouri River serving as both a
boundary and discharge area between the two aquifers. The base of the aquifer is bound by a confining

unit (equivalent to Ozark Confining Unit rocks) while the top of the aquifer is typically overlain with
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overburden materials consisting of either glacial till or alluvium. A stratigraphic summary of the

Mississippian aquifer is provided in Table 1.

3.2.2.3 Cambrian-Ordovician Aquifer

The Cambrian-Ordovician aquifer underlies Missouri north of the Missouri River and consists of
stratigraphically equivalent rocks that form a part of the middle aquifer (Ozark aquifer) of the Ozark
Plateaus aquifer system. The degree to which these aquifers are hydraulically connected in not fully
known but is considered hydraulically connected in some places. However, where the Missouri River
serves as both a boundary and discharge area for the two aquifers they are considered hydraulically
separate. The aquifer consists predominately of carbonate rocks (dolomite and limestone) with some
sandstone and is bound by confining units at the top (equivalent to Ozark Confining Unit rocks) and
bottom (equivalent to St. Francis Confining Unit rocks). Because of these confining units, groundwater in
the Cambrian-Ordovician aquifer is confined in most places. The lowermost aquifer of the Ozark Plateaus
aquifer system (St. Francis Aquifer) is equivalent to a poorly known, unnamed minor aquifer in northern

Missouri. A stratigraphic summary of the Cambrian-Ordovician aquifer is provided in Table 1.

One CMPP production water supply well is located in the northeast corner of the CMPP property,
approximately 200 feet northeast of the inactive CCR Unit, and is identified in the MDNR Public
Drinking Water Supply System (PDWSS) as City of Columbia Well #10 (Old Well #4, Bowling Street,
W4, Well ID #14074). This well serves as the CMPP’s main source of cooling water and backup source
of boiler make-up water with a total well depth of 1,505 feet bgs (elevation of 723 ft below mean sea
level) and is screened in the Cambrian-Ordovician aquifer (Cotter Dolomite to Potosi Dolomite; refer to
Table 1). The drill logs for City of Columbia Well #10 and two additional deep water supply wells in the
vicinity of the Site (City Well #11 and Flat Branch Well) were obtained from the MGS Geologic Well
Logs of Missouri database and included in Appendix B. A generalized geologic cross section schematic
from these water supply well drill logs illustrating the local hydrogeology is shown in Figure 4. As can be
seen in in the drill logs and Figure 4, the primary groundwater source of public water supply wells in the
area is located deep in the subsurface within limestones/dolomites of the Cambrian-Ordovician aquifer.
Near the Missouri River, the major groundwater source of water supply wells is surficial aquifers

consisting of alluvium along the river.

Groundwater supply wells in and around the City of Columbia are typically constructed either in surficial
alluvium aquifers or in deeper bedrock aquifers that are composed of higher permeability materials that
result in higher well yields and improved water quality compared with glacial till aquifers. A majority of

the City’s bedrock water supply wells are screened deep within the Cambrian-Ordovician aquifer.
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4.0 INVESTIGATION ACTIVITIES AND RESULTS

The following sections provide a description of the field activities conducted as part of the
hydrogeological investigation activities between May 2017 through November 2017. Field activities
included the installation of eight (8) monitoring wells (MW-1 through MW-8) around the inactive ash
pond. Additional field activities included limited soil sampling, a bedrock packer test, well development,
in-situ hydraulic conductivity and yield testing, surveying, fluid level measurements, low-flow purge pilot
test, and disposal of IDW. Field activities were recorded in the field logbook, a copy of which is provide

din Appendix S.

4.1 Health and Safety

Drilling and sampling personnel conducted operations in accordance with promulgated Occupational
Safety and Health Administration (OSHA) regulations, the Burns & McDonnell Site-specific Health and
Safety Plan, and the CMPP Safety and Health Program. Minimum field personnel protective equipment
(PPE) included steel-toed boots, hard hat, safety glasses, gloves, hearing protection, and long pants during

drilling and well installation activities.

4.2 Utility Clearance
Drillers contacted a public utility locating service for a utility locate prior to on-site drilling activities. The

CMPP facility personnel were responsible for locating all utilities owned by the City.

4.3 Monitoring Well Locations

To address the groundwater monitoring requirements presented in the CCR Final Rule, eight (8) new
monitoring wells were installed to improve groundwater monitoring coverage at the inactive CCR Unit.
Proposed Monitoring Wells MW-1 through MW-8 were installed around the perimeter of the inactive

CCR Unit. The new monitoring well locations at the inactive CCR Unit are illustrated in Figure 5.

4.4 Drilling Activities

Drilling of soil borings and well installation activities was conducted by a Missouri-licensed driller
(MDNR-certified well contractor), and work performed was in accordance with all Missouri statutes and
regulations regarding drilling and well installation and construction (Missouri Well Construction Rules 10

Code of State Regulations [CSR] 23 Chapters 1, 2, and 4).

Soil borings were continuously sampled using hollow-stem auger (HSA) drilling and/or mud-rotary
techniques for logging purposes and included limited collection of soil samples for laboratory

testing/analysis. The selection of continuous sampling tools was based on subsurface materials
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encountered during drilling and compatibility with HSA or mud-rotary fittings and operation
requirements. A combination of HSA and mud-rotary drilling methods were used to advance borings to
the depth of rock coring. Rock coring was performed at three (3) deep soil borings located separate and
adjacent to new Monitoring Wells MW-1 (SB-1), MW-5 (SB-2), and MW-7 (SB-3) for determination of

bedrock materials and to perform bedrock packer testing at one of these locations (refer to Section 4.7).

With the exception of the three (3) deep soil borings SB-1, SB-2, and SB-3 terminated into bedrock
(separate and adjacent to proposed Monitoring Wells MW-1, MW-5, and MW-7), monitoring well
borings were advanced beneath the first (uppermost) water bearing zone in the glacial drift. Once the first
water bearing zone was encountered in the subsurface, drilling and soil sampling continued to a depth
below the water table to install a monitoring well capable of producing a sufficient volume of
groundwater for future monitoring (gauging and sampling). The well total depth was determined in the
field by the geologist based on both observations and conditions encountered and to achieve a target depth
so that the top of well screen was placed beneath the base elevation of the CCR unit (742 ft amsl). The
well total depths ranged between approximately 28 and 57 feet below ground surface. Drilling and well
construction details are summarized in Table 3. Monitoring wells (2-inch in diameter) were installed

inside a minimum 8.25-inch borehole.

Respective off-set borings that were advanced were abandoned by backfilling with bentonite chips

(hydrated in lifts) or high-solids bentonite grout.

4.5 Stratigraphy Encountered

Collected soil and core samples from drilling were visually inspected and field classified by a Burns &
McDonnell geologist. Copies of drill logs for each new monitoring well installed (MW-1 through MW-8)
and deep bedrock boring (SB-1 through SB-3) are included in Appendix C. Generalized geologic cross-

sections across the Site are provided in Appendix D.

The typical geologic sequences encountered beneath the Site included the following (from top to bottom):
e  Glacial Drift (overburden)
¢ (lay and Weathered Shale (Pennsylvanian-age Cherokee Group)
¢ Interbedded Limestone and Shale (thinly bedded; Pennsylvanian-age Cherokee Group)

The overburden was composed of glacial drift deposits that generally consist of complex interbedding of

fine- and coarse-grained sediments. The glacial drift aquifer consists predominately of clay that is
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intermixed and interbedded with silt and sand, trace to some gravel, and few to some sand lenses,
partings, and beds. The uppermost water bearing zone was encountered within the glacial drift deposits.
The thickness of glacial drift sediments ranged from approximately 35.2 feet (SB-3/MW-7) to 47.8 feet
(SB-2/MW-5).

Bedrock was encountered at 45.3 feet bgs (SB-1/MW-1), 47.8 feet bgs (SB-2/MW-5), and 35.2 feet bgs
(SB-3/MW-T7). The top of bedrock elevation ranged from approximately 722 feet amsl (SB-2/MW-5) to
727 feet amsl (SB-3/MW-7). The uppermost bedrock was composed of weathered shale that graded from
gray to greenish gray with increasing depth with with few angled fractures (approximately 30°- 45°). The
thickness of the uppermost shale was about 14.5 feet (SB-1/MW-1), 17.5 feet (SB-2/MW-5), and 9.0 feet
(SB-3/MW-T7). The shale abruptly transitioned (sharp contact) to underlying limestone with shale
partings/beds. The limestone was gray to yellowish gray with chert zones/nodules, pyrite mineralization,
stylolites, and some fossils (crinoids and horn coral). The shale partings/beds within the limestone were
gray to greenish gray, thinly bedded, with trace to few pyrite mineralization/nodules. The interbedded
limestone and shale were weathered to non-weathered with increasing depth. Recovered bedrock cores
exhibited some fractures along limestone and shale bedding planes and along stylolites. The bedrock
encountered beneath the Site is interpreted as being the Pennsylvanian-age Cherokee Group (based on
review of nearby historic drill log discussed below). The underlying Mississippian-age limestones and

dolomites of the Keokuk-Burlington Limestone formations were not encountered.

The subsurface geology encountered at the Site was consistent with observations from a previous
geotechnical study for a stability analysis of More’s Lake dam (Crockett, 2014) that included six
piezometers (PZ-1 through PZ-6) and four soil borings (B-7 through B-10) west of the inactive CCR Unit.
Drill logs from this study are provided in Appendix E.

For comparison, a historic drill log from a former deep water supply well located in the northeast corner
of the CMMP, identified as City of Columbia Well #10 (formerly known as Old Well #4), was obtained
from the MGS Geologic Well Logs of Missouri database and indicated the glacial-drift to be
approximately 65 feet thick. According to the drill log, the base of the glacial-drift is bound by
approximately 15 feet of limey shale and bentonite-rich clay that overlies Mississippian-age carbonate
rocks (limestones and dolomites). Based on the historic drill log, the limey shale and bentonite-rich clay
represent the Pennsylvanian-age Cherokee Group and the underlying carbonate rocks are identified as the
Mississippian-age Keokuk-Burlington Limestone formations (see Appendix B). These hydrogeologic
units are stratigrahially equivalent to those that compose the lower portions of the Springfield Plateau

aquifer (the uppermost aquifer in the Ozark Aquifer system), located south of the Missouri River (see
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Table 1). This log and two other available drill logs from deep water supply wells in the vicinity of the
Site are provided in Appendix B. A generalized geologic cross section schematic illustrating the local
hydrogeology is shown in Figure 4. As can be seen in in the drill logs and the generalized cross-section
schematic shown in Figure 4, the primary groundwater source of public water supply wells in the area is
located deep in the subsurface within limestones/dolomites of the Cambrian-Ordovician aquifer. Near the
Missouri River (located approximately 10 miles southwest of the facility), the major groundwater source

of water supply wells is surficial aquifers consisting of alluvium along the river.

4.6 Soil Sampling and Analysis
During drilling, continuous soil samples were collected and inspected for field classification and logging
purposes. Select soil samples had both physical testing and chemical analysis performed at off-site

laboratories.

4.6.1 Physical Index Parameter Testing
Subsurface soil samples were collected within both the vadose (unsaturated) and saturated zones and

submitted to an off-site material testing laboratory for the following physical index parameter tests:

e Atterberg Limit (by American Society for Testing and Materials [ASTM] D4318)
e Moisture Content (by ASTM D2216)

e Particle Size (by ASTM D422)

e Permeability — Sand (by ASTM D2434) or Clay (ASTM D5084)

Soil samples were collected in sealed bags or Shelby Tubes. Shelby Tube samplers were used to collect
undisturbed soil for permeability testing. In addition to permeability testing, soil samples collected from
Shelby Tubes were also tested for Atterberg limits, moisture, and particle size. The soil sampling and
physical index parameter testing results are summarized in Tables 4 and 5, respectively. Laboratory

testing reports are provided in Appendix F.

4.6.2 Chemical Analysis
Subsurface soil samples were collected in the vadose zone (unsaturated zone) and analyzed by an off-site

laboratory for the following chemical parameters:

e RCRA Metals — arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver.
e Additional Metals — Aluminum, Antimony, Beryllium, Boron, Calcium, Chromium III,
Chromium VI, Cobalt, Iron, Lithium, Magnesium, Manganese, Molybdenum, Nickel, Sodium,

Thallium, and Zinc.
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e Radium 226 and 228.

Soil samples were collected in laboratory provided jars from each new monitoring well location. A
summary of the soil sampling and chemical analysis are provided in Tables 4 and 6, respectively.

Laboratory analytical reports are provided in Appendix G.

4.7 Packer Testing

Packer testing was performed to assess the hydrogeological properties of bedrock at the base of the
uppermost water-bearing zone. Packer testing was completed in bedrock at one (1) deep open borehole,
SB-2, located adjacent to Monitoring Well MW-5 (refer to Figure 5). Deep boreholes advanced into
bedrock drilled using wireline coring techniques. Packer testing was performed at one test interval using a
single packer from 80-85 feet bgs, approximately 21feet into bedrock (limestone). Packer testing
measurements were recorded on field form provided in Appendix H. The estimated hydraulic

conductivity of the limestone interval from the packer test was 3.22x107 cm/sec (1.06x10° ft/sec).

4.8 Soil Boring Abandonments

Following advancement of deep soil borings SB-1 through SB-3 (not completed as monitoring wells) and
completion of bedrock packer testing at SB-2, the boreholes were abandoned by backfilling with high-
solids bentonite grout (at least 20% solids by weight) tremied to within 2-feet below ground surface. The

bentonite seal was capped with 2-feet of clean soil and/or gravel to the surface.

4.9 Monitoring Well Construction and Installation

Following the advancement of 8.25-inch well borehole to well total depth, monitoring well construction
and installation activities were performed. The monitoring wells were constructed of Schedule 40, 2-inch
inside diameter PVC, threaded screen and riser. The monitoring wells were screened below the water
table, with 10-foot, 0.010-inch machine-slotted PVC well screen and threaded end caps installed to depths
ranging from 28 to 53 feet bgs. Monitoring wells were constructed through hollow-stem augers and
centralizers were not required. Glues or solvents were not used in the construction of the monitoring

wells.

A filter pack consisting of clean, uniform, 20/40-grade silica sand was placed from the bottom of the well
screen to at least three (3) feet above the top of the well screen. A minimum three (3) foot thick bentonite
seal was placed immediately above the filter pack and consisted of bentonite chips. With the exception of
Monitoring Well MW-8, the annular space above the bentonite seal was filled with high-solids bentonite

grout slurry (at least 20%-30% by weight), to within approximately two (2) feet bgs. The annular space
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for MW-8 was filled with bentonite chips placed in hydrated lifts. A locking, expandable, water-tight plug

was installed in the top of the casing.

Monitoring wells were constructed with flush-mount (at grade) surface completions. The top of the well
riser was cut to approximately 4 to 9 inches below ground surface. An access vault assembly with bolted,
watertight cover was installed. The access well vault assembly extended to a depth of at 12-inches below
ground surface. Heavy duty flush-mount protective covers (H-20, full traffic rated) were installed where
surface completions are required to withstand high traffic of heavy equipment. The annulus between the
access vault and borehole wall was filled with concrete to ground surface outside the access vault. An
approximate 2-foot square concrete well pad was centered on the access vault and sloped away from the
monitoring well to facilitate water runoff. Bollards were not required for flush-mount surface completions

at grade.
Monitoring well construction schematics are provided in Appendix I for newly installed monitoring wells.

4.10 Well Development

Well development was performed on all newly installed monitoring wells and existing Piezometers PZ-2,
PZ-4, and PZ-6. Development was conducted to remove fine-grained material from the well and the filter
pack near the screen. Development was accomplished by surging and pumping the monitoring wells using
a submersible pump. The screen was surged from the bottom to the top by gently raising and lowering the
pump over a one- to two-foot interval, then raising the pump and repeating this procedure. The pump was
then placed near the bottom of the screen and groundwater pumped until the development parameters
were met or until pumped dry. Sediment and volume of water removed were monitored and recorded on a

regular basis until development was complete.

The pH, conductivity, temperature, and turbidity of the water was recorded before beginning
development. The initial static water level and total depth of the monitoring well was measured and
recorded, and the volume of standing water in the well and borehole calculated. These water quality

parameters were reevaluated as development continued.

With the exception of Monitoring Well MW-2, all wells were developed dry and were revisited and
purged dry a total of three times (well development considered complete). These wells exhibited turbidity
values over range (OR) of the field turbidity instrument. The planned well development requirements of
stabilized field parameters (pH, specific conductivity, and temperature) and turbidity measurements less
than 5 NTUs were not applicable due to the wells being developed dry. Monitoring Well MW-2 was not

developed dry and was purged of 8.5 saturated borehole volumes until considered completed with
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stabilized field parameters except turbidity. Turbidity values during development at MW-2 stabilized in
the mid- to upper 80’s in NTUs. Development of monitoring wells were recorded on the Well

Development Form found in Appendix J.

To meet the CCR recommended criteria for wells being capable of yielding groundwater samples with
low turbidity (< 5 NTUs), low-flow groundwater purging and sampling techniques will be implemented.
Low-flow purging and sampling utilizes “low-stress”” method of extracting groundwater at low flow rates
(typically less than 500 mL/min) to minimize water column mixing and agitation, entrainment of

suspended sediment in the well, and reduce purge volumes.

Because well developments did not achieve low turbidity values, low-flow purging pilot testing was
performed to simulate groundwater sampling to determine if turbidity values <5 NTUs could be

achieved. The low-flow purging pilot testing is discussed further in Section 4.20.

4.11 In-Situ Hydraulic Conductivity and Well Yield Testing

Following well development, in-situ hydraulic conductivity tests (“slug tests”’) were performed on the
newly installed monitoring wells and select existing piezometers to determine permeability and better
understand the hydraulic connection between the wells with glacial drift aquifer material under in-situ
conditions. The slug tests were performed concurrently with the well yield tests at newly installed

monitoring wells and existing Piezometers PZ-2, PZ-4, and PZ-6.

Slug test and well yield test procedures conformed to the standards outlined in ASTM D4044 (ASTM,
2008) and the Texas Commission of Environmental Quality (TCEQ) Groundwater Classification
guidance document (RG-366/TRRP-8, Revised March 2010), respectively.

In-situ hydraulic conductivity and well yield were determined from direct field testing of wells by
expelling groundwater from the wells with a pump or disposable bailer (record volume of water removed)
followed by recording water levels with an electronic data logger (pressure transducer) at timed intervals

during well recovery/recharge (rising head slug test).

Slug test data was evaluated by using AQTESOLV® computer software by inputting the data gathered
from the in-situ hydraulic conductivity tests performed at each well. Estimated hydraulic conductivity
values were calculated in AQTESOLV® using both Bouwer and Rice (1976) and Hvorslev (1951)
methods for unconfined/semi-confined conditions. The estimated average hydraulic conductivities from
wells screened within the glacial drift aquifer (uppermost water bearing zone) ranged from 1.89x10

cm/sec or 5.4x10* feet per day (ft/day) at MW-7 to 2.59x10* cm/sec (0.73 ft/day) at PZ-4, with a site-
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wide average of 5.83x10” cm/sec (0.17 ft/day). The computed hydraulic conductivity results, along with
time vs. displacement plots, are provided in Appendix K. The calculated hydraulic conductivities from the

slug tests are summarized in Table 7.

Slug test data was also evaluated to determine well yield in accordance with discharge methods presented
in the TCEQ guidance document (TCEQ, 2010). Well yield testing results are presented in Appendix L.
The calculated well yields are summarized in Table 8 and ranged from 0.45 gallons per day (MW-7) to
693 gallons per day (PZ-4). Piezometer PZ-4 was the only well exhibiting well yields greater than 150
gallons per day and 360 gallons per day, indicating sufficient/sustainable yields according to TCEQ
(TCEQ, 2010) and MDNR (MDNR, 2006), respectively.

4.12 Installation of Dedicated Bladder Pumps

Following in-situ hydraulic conductivity testing, monitoring wells chosen for sampling had permanent
dedicated bladder pumps installed in each new monitoring well and in existing Piezometers PZ-2 and PZ-
6. Dedicated pumps will be used for collecting groundwater samples using low-flow purging and
sampling techniques as outlined in the GMP/SAP (Burns & McDonnell, 2018). A Groundwater SAP has
been prepared by Burns & McDonnell, under separate cover, that outlines the low-flow purging and
sampling techniques. The dedicated pumps installed were QED Model P1150 bladder pumps which are
19.5-inches long (22.75-inches long with the 0.01-inch machine slot inlet screen at the bottom of the
pump). The pump assemblies were equipped with Y-inch outside diameter dedicated tubing (Teflon-lined
polyethylene, twin bonded air and water lines), and specialized well caps with dust covers. A Furnco
endcap (or equivalent) equipped with adjustable clamp was secured to the top of the well to provide a
watertight seal to the pump tubing. QED supplied caps were placed on PZ-2 and PZ-6 due to limited
space in the well vault. The bladder pump system was assembled in the field and tubing cut to length with
the pump inlet placed approximately 1.0 feet from the bottom of each well. Deployment details for the

dedicated bladder pumps are summarized in Table 3.

4.13 Decontamination

All drilling, sampling and investigation equipment were decontaminated with a high pressure, hot-water
rinse prior to beginning field activities, between boring/well locations, and upon completion of well
installation activities. A source of potable water was provided at the work site. The driller provided and
maintained a portable holding tank to contain and transport water (as needed) to complete drilling and

well installation activities.
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4.14 Management of IDW

Soil cuttings generated during drilling were disposed of at the inactive CCR Unit located on-site at the

direction of CMPP personnel.

Liquid IDW that includes purged groundwater and decontamination fluids generated during well

installation activities were discharged to the inactive CCR Unit.

All other general waste generated, including all disposable PPE, rope, bailers, paper towels, empty water
bottles, etc., will be placed in trash bags. The trash bags will be placed in an appropriate solid waste

receptacle.

4.15 Well Surveying

The new groundwater monitoring wells and existing piezometers were surveyed for both vertical and
horizontal control. Surveying was performed on June 23, 2017 by Engineering Surveys and Services of
Columbia, Missouri, a licensed Missouri Professional Land Surveyor. The well locations were surveyed
horizontally to the nearest 0.1 foot and tied into the Missouri State Plane coordinate system. The ground
surface and well pad elevations of the well locations were measured to the nearest 0.1 foot relative to
MSL and reported using NAVD 88. For all new wells and existing piezometers, the top of the well riser
pipe was surveyed to the nearest 0.01 foot relative to MSL and reported using NAVD 88. The survey

report is included in Appendix M and summarized in Table 3.

4.16 Groundwater Occurrence
Through the duration of the field activities water level and total depth measurements from both new
monitoring wells and existing piezometers were collected using an electronic water level meter. A

summary of the groundwater depths and elevations is provided in Table 9.

Hydrographs illustrating groundwater elevations over time of the defined groundwater monitoring
network are provided in Appendix N and include water level measurements collected during field
activities. The hydrographs show a comparison of the groundwater elevation with respect to elevations of
the well screen, ground surface, and base elevation of the inactive CCR Unit (742 ft amsl). More’s Lake

surface water elevation hydrograph is also included in Appendix N.

Based on a review of the well hydrographs (Appendix N), most wells have achieved static groundwater
levels. Monitoring Well MW-7 may not be at static groundwater level and will further monitored with
continued gauging. It is important to note that non-static and/or fluctuating groundwater levels observed

may likely be as a result of low permeability of glacial drift aquifer and/or effects of dewatering of
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More’s Lake as part of the clean closure activities taking place. In particular, this dewatering may be the
case for Piezometers PZ-1, PZ-3, and PZ-5 installed along the berm. Fluctuations in groundwater
elevations throughout the groundwater monitoring network will continue to be monitored in subsequent

groundwater monitoring events (see Section 6.2).

4.17 Groundwater Flow

Using the collected water level measurements from November 17, 2017 (see Table 9), potentiometric
surface maps were constructed by plotting the water level elevations for each measured well screened in
the shallow water-bearing zone. On the potentiometric surface maps, arrows were drawn perpendicular to
the potentiometric contour lines to represent the general direction of groundwater flow beneath the Site.
The potentiometric surface is illustrated in Figure 6 and shows the overall groundwater flow beneath the
Site is generally to the west-northwest. However, it is important to note that some of the water levels
measured may not represent static conditions based on review of the hydrographs (see Appendix N).
Therefore, future gauging of the established groundwater monitoring network is warranted to further

evaluate both groundwater fluctuations and static conditions beneath the Site.

4.18 Hydraulic Gradient

The difference between the highest and lowest elevations for groundwater gauged November 16, 2017
ranged from 741.17 feet amsl (MW-1) to 762.30 feet amsl (MW-3). A potentiometric surface map based
on groundwater levels for November 16, 2017 is presented on Figure 6. Table 9 provides a summary of
the groundwater levels that were used to create the piezometric surface maps. Groundwater levels have

remained stable over the period these measurements were taken.

The hydraulic gradient can be calculated by measuring the distance (on the potentiometric map) over

which an observed change in head occurs. Each hydraulic gradient can be calculated using the following

equation:
i=dh/dL
Where: i = hydraulic gradient (feet/feet)
dh = change in head (feet)
dL = horizontal distance (feet)

When the gradient is relatively uniform, one typical gradient can be calculated for a water-bearing zone to
be calculate velocity. However, when the hydraulic gradient is significantly variable across the site, a

range of hydraulic gradient values can be calculated for each water-bearing zone.
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The hydraulic gradient values ranged from approximately 0.020 feet/foot to 0.056 feet/foot with
calculations provided in Tables 10 and 11, respectively. The maximum and minimum horizontal distances

used in the calculations are shown on Figure 6.

4.19 Estimated Groundwater Velocity
The rate of groundwater flow can be calculated for each water-bearing zone using the following

groundwater velocity equation:

V =ki/n,

hydraulic conductivity (ft/day)
hydraulic gradient (ft/ft)
Ne = effective porosity (percent)

Where: \Y = estimated linear groundwater velocity (ft/day)
k
i

The estimated maximum and minimum hydraulic conductivity values that were used in the equation are

as follows:

Kuin = 1.89 x 107 cm/sec (5.4 x 10* ft/day; MW-7 slug test)
Kmax = 2.59 x 10* cm/sec (0.73 ft/day; PZ-4 slug test)

The assumed porosity and effective porosity of the surficial glacial aquifer ranges from 10 — 40% and 5%
—20%, respectively using accepted literature values for glacial sediments/till materials after Morris and
Johnson (1967), Freethey, et al. (1994), and Nanh, et al. (2000). Using the results for the physical index
parameter testing (Table 5 and Appendix F), the glacial sediments were primarily composed of lean to fat
clay with sand (CL-CH). Because of the fine-grain (CL-CH) composition of the glacial sediments, the

estimated maximum and minimum effective porosity of glacial till was assumed to be 15% and 6%.

Based on investigation results, the estimated linear groundwater velocity was calculated using hydraulic
gradient data, estimated hydraulic conductivity values, and effective porosity data previously calculated
or estimated. The data used in the calculations and the resultant estimated linear groundwater velocities
are presented in Tables 10 and 11, respectively. The estimated linear groundwater velocity for November

2017 ranged from approximately 0.03 feet per year to 250 feet per year for the site.

4.20 Low-Flow Groundwater Purge Pilot Test
Because well developments did not achieve low turbidity values, low-flow purge pilot testing was

performed at new monitoring wells and select piezometers planned for future sampling to simulate
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groundwater purging/sampling to determine whether CCR recommended turbidity values < 5 NTUs could

be achieved.

Low-flow groundwater purge pilot testing was conducted from September 23-24, 2017 on newly installed
monitoring wells and existing Piezometers PZ-2 and PZ-6 using dedicated bladder pumps. With the
exception of Monitoring Wells MW-2 and MW-7, all wells achieved turbidity values <5 NTUs. Pilot
testing turbidity values at Monitoring Wells MW-2 and MW-7 stabilized around 6 NTUs and 20 NTUs,
respectively. An additional low-flow groundwater purge pilot test was conducted on November 8, 2017
at Monitoring Wells MW-2 and MW-7 to verify elevated turbidity. Monitoring Well MW-2 achieved
turbidity values < 5 NTUs, while Monitoring Well MW-7 stabilized around approximately 50 NTUs. The
groundwater purging forms from the low-flow pilot tests with turbidity results and other water quality
field parameters (pH, temperature, conductivity, oxidation-reduction potential [ORP], and dissolved

oxygen) are provided in Appendix O.

4.21 Well Re-Development by Introduction of Water

Based on the results of the low-flow purge pilot tests, turbidity values > 5 NTUs observed at Monitoring
Well MW-7 warranted additional well development be performed in an attempt to further reduce turbidity
values to meet the CCR recommended criteria for wells being capable of yielding low turbidity
groundwater samples (< 5 NTUs). Due to the combination of fine-grained materials that compose the
glacial drift aquifer and the well exhibiting low yield, additional development by adding water was
recommended and approved by MDNR. Introduction of potable water allows for removal of fines within
the filter pack to improve well communication with the water bearing zone, lower the turbidity of water in
the well, and increase the quality of the water to provide collection of a more representative groundwater

sample.

Prior to introduction of potable water, laboratory analysis was performed for the same constituents as
those that will be part of the analytical suite of parameters being tested for as part of the groundwater
monitoring program. Field water quality parameters of pH, conductivity, temperature, and turbidity were
also measured and recorded. The laboratory analysis and field parameter results of the potable water

source are provided in Appendix P.

Well re-development of MW-7 by adding water and removing it with a disposable bailer resulted in
turbidity values out of range of the turbidity instrument. The re-development results are summarized in

Appendix J.
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5.0 CONCEPTUAL SITE MODEL

A generalized Conceptual Site Model (CSM) is presented to communicate the critical site-specific
environmental conditions at the inactive CCR Surface Impoundment (More’s Lake) based on available
information to address potential groundwater impacts. The CSM incorporates the physical setting and
characteristics of the inactive CCR Unit. The CSM provides a summary of existing environmental site
conditions by identifying potential sources of impacts, and effected media associated with the inactive
CCR Unit at the site. The CSM also establishes the extent of the investigative area. Development and
refinement of the CSM will help identify data gaps in the characterization process and can ultimately
support both investigation and corrective measure decision making. The CSM is an iterative tool that will
continue to be developed and refined as more information is obtained throughout the site and following
investigation and corrective measure activities. The following sections provide a brief overview of the

conceptual site model developed for the inactive CCR unit.

5.1 Inactive Surface Impoundment (More’s Lake) Description

The original surface impoundment, known locally as More’s Lake, was constructed as a farm pond no
later than 1896. The first power production at the CMPP occurred around 1914. Through the years, the
impoundment was used as a settling pond for CCR material, receiving sluiced bottom ash, fly ash, boiler
blow-down, cooling tower blow-down, and storm water runoff from the CMPP. The impoundment ceased
receipt of CCR in 2015, in accordance with the Federal CCR Rule (40 CFR §257.53), allowing it to be

classified as an inactive surface impoundment.

The inactive surface impoundment area is situated at the northern portion of the CMPP facility, within the
property boundary, as shown in Figures 1 and 2. The impoundment is not lined and covers about 7.0
acres. The impoundment is operated under MDNR Permit No. 0004979. The base elevation of the
inactive surface impoundment is around 742 feet amsl based on test pits dug in the fall of 2016 (Burns &

McDonnell, 2016).

To support compliance with the Federal CCR Rule (40 CFR §257.91, §257.93-§257.95), construction of a
groundwater monitoring system for the inactive Surface Impoundment was completed in May 2017 and
consists of eight (8) monitoring wells (MW-1 through MW-8) and six (6) piezometers (PZ-1 through PZ-
6). The piezometers were installed in 2014 (Crockett, 2014) and except for piezometer PZ-2, these
piezometers will be utilized for water level gauging purposes (not sampled). Groundwater monitoring was
initiated in December 2017 to include sampling of 9 wells (MW-1 through MW-8 and PZ-2) with the

remaining five (5) wells utilized for water level purposes only.
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The City intends to clean close the surface impoundment by the complete removal of CCR material in

accordance with the CCR Federal Rule (40 CFR §257.100(b)(5)). The material removed from the site will

either be disposed of in a Subtitle D municipal solid waste landfill or beneficially reused in accordance

with Federal regulations.

5.2

Assumptions and Uncertainties

General uncertainties associated with the generalized CSM include the following:

The effects, if any, the clean closure of the inactive Surface Impoundment will have on
groundwater conditions at the Site are not known. Clean closure activities are currently taking

place. Clean closure activities are expected to be complete by April 2019.

No available groundwater quality data is available. Currently collecting groundwater quality
data to establish background for the monitoring well network. Groundwater results will be
provided in the initial groundwater monitoring report to be submitted no later than August 1,

2019. An updated CSM will be provided at that time.

Potential off-site impacts to the quality of groundwater beneath and in the vicinity of the
inactive Surface Impoundment are unknown at this time. Currently collecting groundwater
quality data to establish background for the monitoring well network. Groundwater results will
be provided in the initial groundwater monitoring report to be submitted no later than August 1,

2019. An updated CSM will be provided at that time.

General assumptions associated with the generalized CSM include the following:

5.3

CMPP operations will continue in a manner similar to current operations (e.g. the power
production well will continue to be used to provide water as a main source of cooling water and

backup source of boiler make-up water).

The inactive CCR unit is currently being clean closed. It is important to note that in the event
of a confirmed release, the Federal CCR Rule requires closure [capping or clean close] of an

unlined surface impoundment.

Identification of Potential Sources of Groundwater Impact

The potential sources of groundwater impacts at the site include the following:

Impounded CCR waste disposed within More’s Lake in direct contact with groundwater
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e [eakage/releases from the inactive CCR Surface Impoundment

e Accidental spills/releases of impacted materials (solid or liquid) during operational activities at

CMPP and/or adjacent properties

Seepage is a major potential groundwater pollutant at any CCR Unit. The main factors that can contribute
to CCR seepage include direct contact with groundwater or surface water along with the infiltration and
percolation of water through CCR waste from sources that include precipitation or release from man-
made sources. Once in contact with the CCR waste, the percolating water may potentially become
impacted and can be contained within the CCR waste or moves either vertically downward into contact
with groundwater or laterally away from the CCR unit area with natural groundwater or surface water

flow.
5.4 Potentially Effected Media

5.4.1  Groundwater
Groundwater quality data is not currently available for the Site. Therefore, potential impacts the inactive
CCR Unit and surrounding area may have on quality of groundwater beneath an in the vicinity of the

inactive Surface Impoundment are unknown at this time.

Background groundwater sampling and analysis of the newly established monitoring system will be
conducted in accordance with the GMP and results will be provided in the first annual groundwater

monitoring and corrective action report.

5.4.2 Surface Water

Surface water features near the inactive CCR Unit include an unnamed northward trending ephemeral
drainage of Bear Creek west of the inactive CCR Unit and an unnamed southeast-east trending ephemeral
drainage of Hinkson Creek southeast of the inactive CCR Unit. Any discharge from the inactive CCR
Unit drains to the unnamed tributary to Bear Creek, regulated by NPDES Permit No. MO-0004979.

5.5 Summary of Site-Specific Geology and Hydrogeology

The site-specific geologic and hydrogeologic information summarized in the sections below are based on
the investigation results presented in this report. The information has been divided into sections based on
the site-specific technical requirements of the CCR Rule (40 CFR 257.91[b]) in order to characterize the
overlying geologic units, the uppermost aquifer, and the confining unit defining the lower boundary of the

uppermost aquifer.
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5.5.1 Soils

Based on a review of available information provided by the United States Department of Agriculture
(USDA) Natural Resource Conservation Service (NRCS) web soil survey and the NRCS and USDA Soil
Survey of Boone County, Missouri (the primary mapped soil unit in the vicinity of the inactive CCR
Surface Impoundment (More’s Lake) includes the Urban land-Harvester complex and Keswick-Urban
land complex. The Urban land-harvester complex usually form on ridges on uplands (2 to 9 percent
slopes) from fine-silty loess. A typical soil profile consists of 0-30 inches of silty clay loam, 30-60 inches
of clay loam. These soils are moderately well drained with very high runoff rate. The Keswick-Urban
land complex usually form on hills or uplands (5 to 9 percent slopes) from loess over clayey till. A typical
soil profile consists of 0-7 inches of silt loam, 7-20 inches of clay, and 20-60 inches of clay loam. These
soils are moderately well drained with very high runoff rate. A soil survey map of CMPP with unit

descriptions, physical soil properties, and engineering properties are provided in Appendix R.

5.5.2 Overlying Geologic Units

Soils underlying the inactive CCR Surface Impoundment area consist of glacial drift sediments. The
glacial-drift deposits are generally complex interbedding of fine- and coarse-grained sediments. At the
inactive CCR Surface Impoundment, the glacial drift aquifer consists predominately of clay that is
intermixed and interbedded with silt and sand, trace to some gravel, and few to some sand lenses,
partings, and beds. The uppermost water bearing zone was encountered within the glacial drift. The

thickness of glacial drift ranged from 35.2 feet (SB-3/MW-7) to 47.8 feet (SB-2/MW-5).

5.5.3 Aquifer Characterization

The hydrogeology beneath the More’s Lake area is characterized by the uppermost groundwater aquifer
comprised of glacial drift sediments. At the inactive CCR Surface Impoundment, the glacial drift aquifer
consists predominately of clay that is intermixed and interbedded with silt and sand, trace to some gravel,
and few to some sand lenses, partings, and beds. The thickness of glacial drift ranged from 35.2 feet to
47.8 feet. groundwater elevations ranged from 741.17 feet amsl to 762.30 feet amsl. The overall
groundwater flow is generally to the west-northwest. However, continued gauging of water levels will be
performed to further evaluate groundwater fluctuations and any influences the dewatering activities may

be having on groundwater elevations/flow direction during closure of the inactive CCR unit.

Based on the estimated maximum and minimum hydraulic gradient (0.020 feet/foot to 0.056 feet/foot),
assumed effective porosity (6% and 15%, estimated for glacial till [fine-grain]), and hydraulic
conductivity (5.4x10* to 0.73 ft/day); the estimated linear groundwater velocity for the glacial till aquifer

underlying the inactive CCR Unit is between approximately 0.03 to 250 feet/year. The higher values are
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representative of higher frequency of fine sand lenses/interbeds available across the well screen while the

lower values are typical of clay.

The glacial till sediments that make suitable aquifers are those composed of permeable coarse-grained
sediments (sands and gravels), while glacial till composed of fine-grain sediments (clays) are typically
poorly permeable and yield small amounts of water to wells. Based on the hydraulic conductivity results
(field slug tests and laboratory permeability tests), the uppermost water bearing zone in the glacial drift

aquifer is dominated by fine-grain sediments with low permeability.

Groundwater supply wells in and around Columbia are typically constructed either in surficial alluvium
aquifers near the Missouri River or in deeper bedrock aquifers that are composed of higher permeability
materials that result in higher well yields and improved water quality compared with glacial till aquifers.
A majority of the City’s water supply is derived from wells screened in the Missouri River alluvium. The
City’s backup (emergency use) water supply wells are generally screened in bedrock within the

Cambrian-Ordovician aquifer.

5.54 Lower Boundary Confining Geologic Unit

The glacial drift aquifer is underlain by Pennsylvanian-age bedrock of the Cherokee Group formation.
The uppermost bedrock beneath the inactive CCR Surface Impoundment area is a weathered shale which
overlies alternating beds of limestone and shale of the Pennsylvanian-age Cherokee Group formation and
serves as the uppermost confining bedrock at the Site. The depth to top of bedrock encountered ranged
from approximately 35.2 feet bgs to 47.8 feet bgs, with elevations ranging from approximately 722 feet
amsl to 727 feet amsl for the Cherokee Group formation. The estimated hydraulic conductivity of the

limestone interval from the packer test was 3.22x107 cm/sec (1.06x10°8 ft/sec).

5.5.5 Characteristics of Geologic Units

A summary table presented below includes the hydraulic conductivities, porosities, and effective
porosities of each geologic unit encountered during the field investigation activities at the inactive CCR
Surface Impoundment area. The data presented in the summary table below was obtained using the

methods referenced in the notes.
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Characteristics of Geologic Units

Classification / Hydraulic Effective
Lithology Conductivity Porosity Porosity
Overlying Glacial Drift/Till 8.0x 108 to 4009 ©) 500 (6)
Geologic Units (fine-grain) 1.1 x 10% cm/s (1) 10-40% 5-20%
. Glacial Drift/Till 1.1x 100 to
— 40%® — 20%6)
Aquifer (fine-grain) | 259x 10%cm/s@ | 10=40% 5—20%
Lower Confining Limestone 3.22 x 1097 cm/s © 5—-15%© 0.1 — 5%
Unit 1x10™ to
(Cherokee Group) Shale 2 x 10_09 Cm/S (4) 1-— 100/0(6) 0.5- 50/0(6)
Notes: (1) K values based on laboratory permeability tests from collected soil samples in vadose zone.
2) Aquifer K values based on both laboratory permeability tests from collected soil sample and monitoring well slug tests.
3) Limestone K value based on packer test.

N

5
6
7

Glacial sediment porosity after Morris and Johnson (1967) and Freethey, et al. (1994).
Limestone and Shale porosity and effective porosity after Domenico and Schwartz (1990)
Glacial sediment effective porosity after Nanh, et al. (2000).

(1)
(2
3)
(4) Shale K value after Freeze and Cherry (1979)
()
(6)
(7)

5.6 Conceptual Site Model Summary
Potential primary sources of groundwater impact at the inactive CCR Unit is seepage. Other possible
sources of impact may be related to any accidental or incidental spills of contaminated substances during

operation activities at the inactive CCR Unit and/or adjacent properties.

The overburden and uppermost aquifer are composed of glacial drift deposits that are generally complex
interbedding of fine- and coarse-grained sediments that extend approximately 35 to 48 feet bgs. The
glacial drift aquifer consists predominately of clay that is intermixed and interbedded with silt and sand,
trace to some gravel, and few to some sand lenses, partings, and beds. The glacial drift aquifer is
underlain by Pennsylvanian-aged Cherokee Group formation. These bedrock formations are composed of
weathered shale overlying alternating beds of limestone and shale and serves as the uppermost confining
zone to perch the glacial drift aquifer beneath the Site. The confining zone slow migration of groundwater
from the perched glacial drift aquifer to the underlying Mississippian, Ordovician, and Cambrian aquifers.
Underlying the Cherokee Group, is the Mississippian-age carbonates (limestone and dolomite) of the
Keokuk-Burlington Limestone formations. The glacial till sediments that make suitable aquifers are those
composed of permeable coarse-grained sediments (sands and gravels), while glacial till composed of fine-
grain sediments (clays) are typically poorly permeable and yield small amounts of water to wells. Based
on the hydraulic conductivity results (field slug tests and laboratory permeability tests), the uppermost

water bearing zone in the glacial drift aquifer. The glacial drift aquifer is dominated by fine-grain
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sediments with low permeability. Localized sand layers will tend to have increased permeability when
compared to adjacent silt or clay layers and therefore provide a preferential pathway for groundwater

movement.

Groundwater migration beneath the inactive surface impoundment is dependent upon the hydrogeological
properties of the aquifer materials and is also affected by recharge and precipitation, infiltration, and
percolation and depth to groundwater. Seepage from the inactive CCR Unit is affected by the
permeability of the CCR waste, surface soils, and subsurface soils. Other factors include potential man-
made pathways (subsurface piping or utility corridors) and proximity to groundwater and surface water.
Groundwater movement can be influenced by variation in the groundwater table. If the water table rises
into an area containing CCR waste, the water can force potential COCs to migrate vertically upward or
horizontally. Likewise, a falling water table can draw potential COCs downward from above (potentially

out of CCR waste material) as well as horizontally.

A majority of the City’s water supply is derived from wells screened in the Missouri River alluvium. The
City’s backup (emergency use) water supply wells and the CMPP’s on-Site water supply well (source for
cooling water and backup source of boiler make-up water) are generally screened deeper in bedrock
within the Cambrian-Ordovician aquifer. The presence of low permeability shale and limestone
formations underlying the glacial drift aquifer serves as a separating confining zone for the deeper

Cambrian-Ordovician bedrock aquifer.

5.7 Data Gaps and Objectives
Based on the current understanding of the generalized CSM, the data needed to expand and refine the

CSM can be summarized as follows:

e Groundwater quality both upgradient and downgradient of the inactive surface impoundment
must be investigated for potential impacts originating from potential seepage of the CCR Unit.
Groundwater sampling to establish background concentrations for the monitoring network is
underway and results will be reported in the first annual groundwater monitoring report due no

later than August 1, 2019.
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6.0 FUTURE ACTIVITIES

6.1 CCR Groundwater Monitoring System Certification
Evaluation of the groundwater monitoring system in meeting CCR regulations (certification from

professional engineer) will be provided as a separate submittal.

6.2 Background Groundwater Sampling

Following the installation of dedicated bladder pumps, the eight new wells and existing Piezometer PZ-2
will be included in the groundwater sampling network. Piezometer PZ-6 was initially proposed for
sampling, however due to close proximity of new Monitoring Well MW-8, PZ-6 will not be sampled but
instead monitored for groundwater elevation purposes only. A minimum of eight (8) independent samples
from each sampled well will be collected to establish background values and allow for statistical
evaluation. These wells will be sampled using low-flow purging and sampling techniques and analyzed
for both Detection and Assessment Monitoring parameters in accordance with Appendix III and IV of the
federal CCR Rule and additional MDNR water quality standard parameters. The specific parameters and
analytical methods to be used when analyzing groundwater samples for Detection, Assessment, and

MDNR water quality standards are summarized in Table 13.

Background groundwater sampling and analysis of the newly established monitoring system will be
conducted in accordance with the GMP and results will be provided in the first annual groundwater
monitoring and corrective action report. The GMP was prepared by Burns & McDonnell as a separate
submittal to support compliance with the CCR final rule (§257.93-§257.95). The GMP includes the SAP

which defines the methods/procedures and techniques for groundwater sampling and analysis.

Background groundwater sampling is scheduled to continue so that eight rounds of background data are
obtained prior to April 17, 2019. After background data is collected, the frequency of groundwater
sampling and analysis will be reduced to at least semiannually for detection monitoring that include

constituents listed in Appendix III to the CCR Final Rule.

6.3 Groundwater Monitoring Reporting

No later than August 1, 2019, an initial groundwater monitoring report will need to be submitted, with
annual reports submitted thereafter. The initial annual report will identify background conditions at the
inactive Surface Impoundment and outline the recommended statistical methods to be used in detection
monitoring for subsequent monitoring. The annual report will document the status of the groundwater

monitoring program for the inactive CCR unit, summarize key actions completed, evaluate the data,
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describe any problems encountered, discuss actions to resolve the problems, and project key activities for
the future monitoring events in the upcoming year. In accordance with the Final Rule requirements, the
annual reports will need to be placed in the facility’s operating record as required by §257.105(h) and

posted to CWLD’s publicly accessible Internet website in accordance with §257.107(h).

Continued groundwater sampling/analysis and annual reporting will be discussed with MDNR following

the initial background sampling and review of the first groundwater monitoring report.

Columbia Water & Light Department 6-2 Burns & McDonnell



Hydrogeological Investigation Report for More’s Lake References

7.0 REFERENCES

Burns & McDonnell Engineering Company, Inc. (Burns & McDonnell), 2018, Groundwater Monitoring
Program for More’s Lake, August 2017, revision 1: January 2018.

Burns & McDonnell, 2016, Re: Technical Memorandum — Additional Stability Considerations,

December 14®.

Crockett Geotechnical Testing Lab, 2014, Mores Lake Dam Global Stability Analysis, Columbia,
Geotechnical Report for City of Columbia, July 25%.

Domenico, P.A and Schwartz, F.W., 1990, Physical and Chemical Hydrogeology, John Wiley & Sons,
824p.

Freethey, G.W, Spangler, L.E., and Monheiser, W.J., Determination of Hydrologic Properties Needed To
Calculate Average Linear Velocity and Travel Time of Ground Water in the Principal Aquifer
Underlying the South-Eastern Part of Salt Lake Valley, Utah, U.S. Geological Survey, Water-
Resources Investigation Report 92-4085, 1994.

Freeze, R. Allen and Cherry, John A., Groundwater, 1979.

High Plains Regional Climate Center, CLIMOD, Monthly Summarized Data, Columbia U of M, Boone
County (FIPS 29019), Period Record: 1997 to 2017, http://www.hprcc.unl.edu/.

Lovanh, Nanh, Zhang, You-Kuan, Heathcote, Richard C., and Alvarez, Pedro J.J., Guidelines to
Determine Site-Specific Parameters for Modeling the Fate and Transport of Monoaromatic
Hydrocarbons in Groundwater, lowa Comprehensive Petroleum Underground Storage Tank Fund

Board, October 2000.

Texas Commission of Environmental Quality (TCEQ), 2010, Groundwater Classification, Regulatory

Guidance, Remediation Division, RG-366/TRRP-8, Revised March 2010.

MDNR, Well Information Management System (WIMS), Wellhead Online Services,

https://www.dnr.mo.gov/mowells/.

MDNR, Coal Combustion Residual Storage and Disposal Sites in Missouri, Division of Environmental

Quality, CCR White Paper, http://dnr.mo.gov/env/swmp/ccr.htm.

Columbia Water & Light Department 7-1 Burns & McDonnell



Hydrogeological Investigation Report for More’s Lake References

MDNR, Public Water Supply System Reports, Public Drinking Water Branch, Missouri Water Resources

Center, http://drinkingwater.missouri.edu/swip/swipmaps/pwssid.htm

Miller, James A. and Appel, Cynthia L., 1997, Groundwater Atlas of the United States: Kansas,
Missouri, and Nebraska, United States Geological Survey (USGS), HA 730-D,
https://pubs.usgs.gov/ha’/ha730/ch_d/.

Missouri Geologic Survey (MGS), 2007, Geologic Well Logs of Missouri, Boone County, February,

http://dnr.mo.gov/geology/wrc/logmain/index.html?/env/wrc/logmain/index.html.

MGS, Geosciences Technical Resource Assessment Tool (GeoSTRAT), Water Resources,

http://dnr.mo.gov/geostrat/.

MSS, Groundwater Observation Wells in Missouri, Water Resources

http://dnr.mo.gov/geology/wrc/wells.html.

United States Department of Agriculture (USDA), Soil Survey of Boone County, Missouri, Natural
Resources Conservation Service (NRCS),

https://www.nrcs.usda.gov/Internet/FSE_MANUSCRIPTS/missouri/MO019/0/boone_MO.pdf.

USDA, 2017, Web Soil Survey, NRCS, http://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm.

United States Environmental Protection Agency (USEPA), 2015, Hazardous and Solid Waste

Management System; Disposal of Coal Combustion Residuals from Electric Utilities; Final Rule,
40 CFR Parts 257 and 261, Federal Register, Vol. 80, No. 74, April 17, 2015,
http://www.gpo.gov/fdsys/pkg/FR-2015-04-17/pdf/2015-00257 .pdf.

USEPA, 2010, Low-Stress (low flow) Purging and Sampling Procedures for the Collection of
Groundwater Samples from Monitoring Wells, USEPA Region 1, EQASOP-GW 001, July 30,
1996, revised January 19, 2010.

United States Geological Survey (USGS), Ineractive Fault Map, Quaternary Fault and Fold Database of
the United States, Earthquake Hazards Program, http://earthquake.usgs.gov/hazards/qfaults/.

USGS, Custom Hazard Maps, Seismic Hazard Analysis Tools, Earthquake Hazards Program,
http://earthquake.usgs.gov/hazards/apps/.

Columbia Water & Light Department 7-2 Burns & McDonnell



Hydrogeological Investigation Report for More’s Lake References

Unkleskbay, A.G., 1952, Geology of Boone County, Missouri, Vo. XXXIII, Second Series, State of

Missouri, Department of Business and Administration, Division of Geological Survey and Water

Resources, http://dl.mospace.umsystem.edu/mu/islandora/object/mu%3A417697.

Columbia Water & Light Department 7-3 Burns & McDonnell



FIGURES



COPYRIGHT © 2017 BURNS & McDONNELL ENGINEERING COMPANY, INC.

LOOP70E - |

S

| —— INACTIVE C
/_— SURFACE i
2. IMPOUNDMENT |
"5/ (MORE'S LAKE) -

CR

KE)

e

1A

LEGEND

APPROXIMATE PROPERTY
BOUNDARY

NOTE:

1. COLUMBIA QUADRANGLE
MISSOURI-BOONE CO. 7.5 MINUTE SERIES,
COLUMBIA, MO, 2015.

2. CONTOUR INTERVAL 10 FEET.

0 2000

™ ey —————
SCALE IN FEET

QBURNS
N\ MEDONNELL

FIGURE 1

SITE VICINITY TOPOGRAPHIC

MAP

COLUMBIA MUNICIPAL POWER
PLANT COLUMBIA, MO

Z:\Clients\ENV\ColumbiaMO\93647_MoresLake\Design\CADD\Dwgs\Groundwater Work Plan\FIG1-Site Map.dwgDHINEMAN




LEGEND

COPYRIGHT © 2017 BURNS & McDONNELL ENGINEERING COMPANY, INC.

5]
E G

N R U e

20
INACTIVE CCR
SURFACE i
IMPOUNDMENT |
(MORE'S LAKE) &

i

LAk
»

X

s o b SRS 2 {1 S e
Wiy S &V e

L

NESS LOOP 70 E

APPROXIMATE PROPERTY
BOUNDARY

NOTE:

1. COLUMBIA QUADRANGLE
MISSOURI-BOONE CO. 7.5 MINUTE SERIES,
COLUMBIA, MO, 2015.

FIGURE 2
O BURNS SITE VICINITY AERIAL MAP
\\MSDONNELL COLUMBIA MUNICIPAL POWER

0 2000' PLANT COLUMBIA, MO
e ey ———
SCALE IN FEET

Z:\Clients\ENV\ColumbiaMO\93647_MoresLake\Design\CADD\Dwgs\Groundwater Work Plan\FIG2-Map.dwgDHINEMAN




COPYRIGHT © 20187 BURNS & McDONNELL ENGINEERING COMPANY, INC.

Survary, 1864; Missowr Geological
Survay, 1975 and Burchaett, 1986

Bedrock Aquifers

EXPLANATION

Ozark Plateaus aquifer

system
Mississippian aquifer

Western Interior Plains
aquifer system

EXPLAMATION

Cambrian-Ordovician
aquifer

Geologic Map
95"
NELE
i n
B -
o0
ar -
t ‘.E.-;q.
SCALE 1:5,000,000 1.
] 50 100 MILES b
] 50 100 KILOMETERS : Madified fram Kansas Geolagical

Surficial Aquifer System

EXPLANATION

Unconsolidated sediments
and sedimentary rocks

Quaternary and Tertiary

Sedimentary rocks
Cretacecus
Permian
Pennsylvanian
Mississipplan
Devonian
Silurian
Ordovician
Cambrian

lgneous rocks
Precambrian

i BEENEENR &

EXPLANATION

valley alluvium

— — — — Southern extent of continental glacial deposits

- Coarse-grained glacial deposits, and stream-

- Till, loess, and fine-grained glacial-lake deposits

. ﬂﬂ‘d P CnABER L
| OBAGE aVLET) cags [JDHNSON PETTIS ;ﬁ
: | pian | g e

IR
aii A

i) il _pares

- [-
Pelas

o T X A
uTrRERECH | MARICN ‘-h

Reference:
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% Approximate location of Columbia Municipal Power Plant (Boone County, MO in Columbia, MO).

The Columbia Municipal Power Plant is situated on glacial-drift deposits with the uppermost bedrock consisting of Mississippian-age
sedimentary rocks (predominately limestones/dolomites and shales). Surficial aquifer systems consisting of glacial-drift aquifers are the
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aquifer are the regional bedrock aquifers in north-central Missouri. The majority of the City of Columbia’s bedrock water supply wells

are screened deep within the Cambrian-Ordovician aquifer.

Hydrologic Investigations Atlas 730-D, United States Geological Survey, https://pubs.usgs.gov/ha/730d/report.pdf.
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Table 1

Stratigraphic Summary of Missouri Aquifers
Columbia Water and Light Department - Columbia Municipal Power Plant
Columbia, Missouri

Era | System Series Missouri Boone County, MO Northern Missouri Central-Southern Missouri
] Holocene Residuum/Alluvium/Colluvium Residuum/Alluvium
g Surficial Aquifers or Surficial Aquifers or Confining
] . ) ) Confining Units Units
&> Pleistocene Glacial-Drift/Loess/Alluvium | Glacial-Drift/Loess/Alluvium
G
'g Marmaton Group Marmaton Group
% Desmoinesian Confining Unit Confining Unit
c
S Cherokee Group Cherokee Group
o
St. Louis Limestone
Meramecian Salem Limestone
Warsaw Limestone o
Keokuk Limestone Keokuk Limestone Mississippi Aquifer Sprlngflelq
g - . . . Plateau Aquifer
g Burlington Limestone Burlington Limestone
% Osagean Elsey Formation
é Reeds Springs Formation
s Pierson / Fern Glen Formation
3 o Northview Shale Northview Shale
[¢]
i . 5 § Sedalia Formation Sedalia Formation Ozark Confining
Kinderhookian NG . :
O Compton Limestone Compton Limestone Unit
Bachelor Formation Bachelor Formation
Upper =3 Chattanooga Shale Bushberg Sandstone Ordovician-Cambrian
o
c Middle o Callaway Formation Glen Park Limestone Confining Unit
(8]
g -% é Grassy Creek Shale
Qo 3 =3 Saverton Formation
s| & @
=] Synder Creek Shale
Lower @ Fortune Formation Ceder Valley Limestone
Kimmswick Limestone Ozark
Decorah Formation Aquifer
. Plattin Limestone System
Champlainian . .
Joachim Dolomite
St. Peter Sandstone .
. Ozark Aquifer
Everton Formation
c
.g Smithville Dolomite
'g Powell Dolomite Powell Dolomite Ordovician-Cambri
g Cotter Dolomite Cotter Dolomite ' OVI(XZ?J}fe?m ran
Jeffeson City Dolomite Jefferson City Dolomite
Canadian Roubidoux Formation Roubidoux Formation
Upper . .
PP Gasconade Dolomite Gasconade Dolomite
Lower
Gunter Sandstone Gunter Sandstone
Van Buren Formation
Eminence Dolomite Eminence Dolomite
Potosi Dolomite Potosi Dolomite
. . Doe Run Dolomite . - .
8 Elvins Derby-Doe Run Dolomite Derby Dolomite St. Francis Confining St. Francis
Q Grou , . Unit Confining Unit
% Upper P Davis Formation 9
o Bonneterre Dolomite St Franci
. . . Francis
Regan Lamotte Unnamed Minor Aquifer Aquifer
Sandstone Sandstone
Precambrian Crystalline Igneous and Metamorphic Rocks

("basement rocks")

Modified from Miller, James A. and Appel, Cynthia L., 1997, Groundwater Atlas of the United States: Kansas, Missouri, and Nebraska, United States Geological Survey (USGS), HA 730-D,

Figure 93, https://pubs.usgs.gov/ha/ha730/ch_d/.

Principal water-bearing zones in aquifers.

The nomenclature and presence of stratigraphic units may vary locally.

The Mississippi and Ordovician-Cambrian aquifers in northern Missouri are stratigraphically equivalent to aquifers in Central-Southern Missouri (Ozark Aquifer system).
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Table 2
Regional Bedrock Aquifers
Columbia Water and Light Department - Columbia Municipal Power Plant
Columbia, Missouri

Hydrogeologic Unit

Western Missouri, Kansas, and

St. Francois Aquifer

Nebraska _ .
(modified from Jorgensen and others, Northern Missouri Southern Missouri
System 1993) (modified from Imes, 1985) [ (modified from Imes and Emmette, 1994)
HE Upper aquifer unit Mississippi Aquifer Springfield Plateau Aquifer
Mississippian| e
%) Confining unit 2 Ozark confining unit
: E Upper @
Devonian 5 Confining 5
Silurian < Unit =
- 2 f(r Ozark Aquifer
Ordovician ‘T "
a 3
o Lower aquifer units Cambrian-Ordovician %
) Aquifer o ) . )
= ~ | St. Francois confining unit
Cambrian c — : @
) Confining unit o)
7
()
=

Minor aquifer *

Table from Ground Water Atlas of the United States, Segment 3 Kansas, Missouri, and Nebraska (Figure 89; Miller and Appel, 1997).

Western Interior Plains Aquifer System is stratigraphically equivalent to aquifers in Northern Missouri and the Ozark Plateaus Aquifer
System in Southern Missouri.

Notes:
1. Contains saline water or brine
2. Poorly known

3. Contains freshwater

Page 1 of 1



Table 3
Summary of Groundwater Monitoring Well Network Construction Details
Columbia Water and Light Department - Columbia Municipal Power Plant
Columbia, Missouri

Top . . .
Ground of Total well Screened Interval Sand Filter Pack Dedicated Groundwater Sampling Bladder Pumps
. Surface Casing Well Screen . Depth to Top [ Length of Depth to Separation
Well Install Well Location et St Depth |Length Top [Bottom| Top |Bottom| Top |Bottom| Top |Bottom| Top |Bottom |Thickness of Pump Pump | Pump Bottom | from Bottom
ID Date [ Northing, | Easting, | Northing, | Easting, Latitude Longitude | (ft NAVDS8S) [ (ft NAVD8S8) | (ft bTOC) [  (ft) (ft bTOC) (ft bgs) (ft NAVDS88) (ft bTOC) (ft NAVD88) (ft) (ft bTOC) (ft) (ft bTOC) (ft)

MW-1 5/24/2017 | 1309.61 595.26 |1141116.45|1692468.31| 38°58' 02.1571" | 92° 19' 00.9303" 770.20 769.82 42.87 10.00 [32.50| 42.50 | 32.88 | 42.88 |737.32| 727.32 |29.74| 42.87 |740.08( 726.95 13.13 39.75 1.90 41.65 1.22
MW-2 5/23/2017 | 1283.14 982.64 |1141085.68|1692855.37| 38°58' 01.8452" | 92° 18' 56.0303" 781.80 781.03 52.96 10.00 [42.59| 52.59 | 43.36 | 53.36 |738.44| 728.44 |39.83( 52.96 |741.20( 728.07 13.13 49.98 1.90 51.88 1.08
MW-3 | 5/18/2017 908.83 1035.37 |1140710.80(1692903.94 38" 57'58.1387" | 92° 18' 55.4250" 781.62 781.13 49.58 10.00 [39.21| 49.21 | 39.70 | 49.70 |741.92| 731.92 |36.52| 49.58 |744.61( 731.55 13.06 46.42 1.90 48.32 1.26
MW-4 | 5/17/2017 674.69 1040.37 |1140476.62|1692906.34 38" 57' 55.8239" | 92° 18' 55.4006" 785.39 785.02 57.16 10.01 [46.78| 56.79 | 47.15 | 57.16 |738.24| 728.23 |44.13| 57.16 |740.89( 727.86 13.03 54.23 1.90 56.13 1.03
MW-5 | 5/19/2017 691.74 731.12 |1140497.10|1692597.29| 38°57'56.0325" | 92° 18' 59.3130" 770.08 769.61 41.18 10.01 [30.80| 40.81 | 31.27 | 41.28 |738.81| 728.80 |[28.07| 41.18 |741.54( 728.43 13.11 38.32 1.90 40.22 0.96
MW-6 | 5/25/2017 690.15 349.67 |1140499.76|1692215.86| 38°57'56.0663" | 92° 19' 04.1425" 770.47 770.07 41.83 10.01 |31.45]| 41.46 | 31.85 | 41.86 |738.62| 728.61 |[28.77| 41.83 [741.30( 728.24 13.06 38.86 1.90 40.76 1.07
MW-7 5/16/2017 748.88 78.48 1140561.50|1691945.33| 38° 57' 56.6819" | 92° 19' 07.5661" 762.67 762.23 33.46 10.01 [23.08| 33.09 | 23.52 | 33.53 |739.15| 729.14 |20.44| 33.46 |741.79( 728.77 13.02 30.38 1.90 32.28 1.18
MW-8 | 5/18/2017 1243.32 192.84 |[1141054.64 (1692065.18 | 38°58'01.5540" | 92° 19' 06.0363" 753.46 753.09 27.92 10.01 |17.54| 27.55 17.91 27.92 |735.55| 725.54 |14.83| 27.92 |738.26| 725.17 13.09 25.05 1.90 26.95 0.97
pz-1 1/13/2014 897.15 159.71 |[1140708.86 (1692028.21( 38" 57'58.1368" | 92° 19' 06.5132" 771.46 770.78 20.00 15.00 | 5.00 | 20.00 5.68 20.68 |765.78| 750.78 | 3.00 | 20.00 |767.78| 750.78 17.00 - -- - -
pz-2 1/13/2014 906.03 81.89 1140708.86| 169028.21 | 38° 57'58.2347" | 92° 19' 07.4970" 756.19 755.91 19.80 15.00 | 4.80 | 19.80 5.08 20.08 |751.11| 736.11 | 2.80 | 19.80 |753.11| 736.11 17.00 16.92 1.90 18.82 0.98
pz-3 1/13/2014 1056.64 223.33 |1140867.63|1692093.59| 38°57'59.7050" | 92° 19' 05.6813" 770.77 769.94 20.00 15.00 | 5.00 | 20.00 5.83 20.83 |764.94| 749.94 | 3.00 | 20.00 |766.94| 749.94 17.00 - -- - -
pZ-4 1/14/2014 1150.48 119.48 |[1140962.62(1691990.79( 38°58' 00.6459" | 92° 19' 06.9805" 752.40 752.06 20.13 15.00 | 5.13 | 20.13 5.47 20.47 |746.93| 731.93 | 3.13 | 20.13 |748.93| 731.93 17.00 -- -- -- --
pZ-5 1/14/2014 1179.83 338.16 |1140989.53|1692209.78| 38°58' 00.9077" | 92° 19' 04.2070" 771.01 770.02 20.00 15.00 | 5.00 | 20.00 5.99 20.99 |765.02| 750.02 | 3.00 | 20.00 |767.02| 750.02 17.00 - -- - -
PZ-6 1/14/2014 1264.67 300.25 |1141074.79|1692172.82| 38°58' 01.7512" | 92° 19' 04.6729" 755.87 755.60 20.16 15.00 | 5.16 | 20.16 5.43 20.43 |750.44| 735.44 | 3.16 | 20.16 |752.44| 735.44 17.00 17.32 1.90 19.22 0.94

bTOC = Below top of casing.

ft = feet

NAVD 88 = North American Vertical Datum of 1988.

Notes:

1. Northing and Easting well locations in plant-specific coordinate system.

2. Northing and Easting well locations in Missouri State Plane coordinate system.

3. Wells constructed with 2-inch Schedule 40 PVC.

4. Dedicated groundwater sampling pumps consist of QED Model P1150 with inlet screen at bottom, 1/4-inch twin bonded air and water lines.

5. PZ-1 through PZ-6 construction details taken from historical drilling logs and construction forms.

6. Well locations and elevations surveyed on June 23, 2017 by Engineering Surveys & Services of Columbia, MO.
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Table 4

Soil Sampling Summary

Columbia Water and Light Department - Columbia Municipal Power Plant

Columbia, Missouri

Soil Boring | Estimated Soil Physical Index Parameter Testing Chemical Analysis
Identification | Sample Depth Permeability Atterberg | Particle Size| Moisture Metals Radium 226+228

(ft bgs) ASTM D2434 or D5084 | ASTM D4318| ASTM D422 [ ASTM D2216

6-8 - - - - 1 1

8-10 - 1 1 1 - -

MW-1 (SB-1) 10-12 1 - - 1 - --

32-34 - 1 1 1 - -

55-56 -- 1 1 1 -- --

MW-2 6-8 - 1 1 1 1 1

6-8 - - - - 1 1

MW-3 8-10 - 1 1 1 - -

42-46 -- 1 1 1 -- --

MW-4 6-8 - - - - 1 1

8-10 -- 1 1 1 -- --

6-8 - - - - 1 1

MW-5 (SB-2) 8-10 - 1 1 1 - -

31-33 -- 1 1 1 - --

MW-6 6-8 - - - - 1 1

8-10 -- 1 1 1 - --

6-8 - 1 1 1 - --

8-10 - - - - 1 1

12-14 1 1 1 1 - -

MW-7 (SB-3) 30-32 - 1 1 1 - -

30-32 1 1 1 1 - -

32-34 - 1 1 1 - -

40-44 -- 1 1 1 -- --

MW-8 16-18 - 1 1 1 - -

20-23 -- -- -- -- 2 2

Total Samples 3 17 17 18 9 9

ASTM - American Society for Testing and Materials
bgs - below ground surface

ft - feet

Notes:

1. Physical index parameter soil samples collected in plastic sealable bags for Atterberg, particle size, and moisture.

2. Shelby Tube samplers were used to collect soil for permeability testing and also included Atterberg, moisture, and particle size testing.

3. Soil samples for chemical analsysis were collected in laboratory provided jars.

4. Metals - RCRA 8 (Arsenic, Barium, Cadmium, Chromium, Lead, Mercury, Selenium, and Silver), Aluminum, Antimony, Beryllium, Boron, Calcium, Chromium
Ill, Chromium VI, Cobalt, Copper, Iron, Magnesium, Manganese, Molybdenum, Nickel, Thallium, and Zinc.
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Table 5

Summary of Physical Index Testing Results for Soil
Columbia Water and Light Department - Columbia Municipal Power Plant
Columbia, Missouri

Soil Physical Index Parameter Testing
Soil Sample Permeability Atterberg Limit Particle Size (ASTM D422) Moisture | Initial Wet | Initial Dry Soil Soil
Boring Depth | ASTM D5084 & D7263 ASTM D4318 Gravel | Sand | Silt | Clay| Maximum Size | Size<200 Sieve | ASTM D2216| Density | Density Class Description
Identification | (ft bgs) (cm/sec) Liquid Limit | Plastic Limit| Plasticity Index % % % | % (mm) (%) (%) (pcf) (pcf)
6-8 - 52 21 31 0.2 | 23.0]38.0|38.8 9.5 76.8 20.6 -- -- CH FAT CLAY with SAND
8-10 - 54 22 32 0.0 [ 23.3]34.5|42.2 4.75 76.7 20.7 -- -- CH FAT CLAY with SAND
MW-1 (SB-1) 10-12 8.0E-08 - - - - -- - -- - - 20.7 127.7 105.9 - --
32-34 - 29 16 13 5.1 | 44.9]27.7]22.3 19 50 15.4 -- -- CL SANDY LEAN CLAY
55-56 - 43 24 19 2.2 3.8 127.9|66.1 12,5 94 17.2 -- -- CL LEAN CLAY
MW-2 6-8 - 49 18 31 0.0 | 27.7(33.9|384 4.75 72.3 17.9 -- -- CL LEAN CLAY with SAND
6-8 - 48 21 27 0.0 | 24.8134.3|40.9 4.75 75.2 20.2 -- -- CL LEAN CLAY with SAND
MW-3
42-46 - 37 17 20 15 | 27.9(39.9(30.7 125 70.6 15.9 -- -- CL LEAN CLAY with SAND
MW-4 8-10 - 41 23 18 0.0 8.9 |55.3|35.8 4.75 91.1 20.6 -- -- CL LEAN CLAY
8-10 - 48 21 27 0.0 | 21.2]40.3|38.5 4.75 78.8 22.1 -- -- CL LEAN CLAY with SAND
MW-5 (SB-2)
31-33 - 32 17 15 1.8 | 33.7(37.8(26.7 19 64.5 13.1 -- -- CL SANDY LEAN CLAY
MW-6 8-10 - 53 21 32 0.0 | 24.7|34.7]40.6 4.75 75.3 20.4 - - CH FAT CLAY with SAND
6-8 - 50 21 29 0.1 | 34.0]36.1|29.8 9.5 65.9 20.9 - - CH SANDY FAT CLAY
12-14 1.1E-06 24 20 4 0.7 | 38.4|47.6]13.3 9.5 60.9 20.3 1315 109.3 CL-ML SANDY SILTY CLAY
30-32 35 17 18 0.9 |[31.2]37.1]30.8 9.5 67.9 20.5 CL SANDY LEAN CLAY
MW-7 (SB-3) 1.1E-08 126.1 101.6
30-32 42 20 22 0.0 [ 15.6 |40.7|43.7 4.75 84.4 204 CL LEAN CLAY with SAND
32-34 - 25 15 10 0.0 |[41.1]24.6]|34.3 4.75 58.9 14.6 -- -- CL SANDY LEAN CLAY
40-44 - 30 19 11 0.0 2.1 |50.0147.9 2 97.9 9.9 -- -- CL LEAN CLAY
MW-8 16-18 - 31 17 14 2.0 | 35.8]32.0]30.2 12,5 62.2 15.3 -- -- CL SANDY LEAN CLAY
Maximum 1.10E-06 54.0 24.0 32.0 5.1 | 44.9 |55.3]|66.1 19.0 97.9 221 131.5 109.3 - -
Average 3.97E-07 40.2 19.4 20.7 0.8 | 25.7 |37.4] 36.2 8.5 73.5 18.2 128.4 105.6 - --
Minimum 1.10E-08 24.0 15.0 4.0 0.0 2.1 |124.6]|13.3 2.0 50.0 9.9 126.1 101.6 - -

% - percent

ASTM - American Society for Testing and Materials
bgs - below ground surface

cm/sec - centimeter per second

ft - feet

mm - millimeter

pcf - pounds per cubic foot

Notes:

1. Shelby Tube samplers were used to collect soil for permeability testing.
2. Split-spoon/barrel samplers were used to collect soil for Atterberg limits, moisture content, and particle size (soil placed in sealed bags).
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Table 6
Summary of Soil Analytical Results
Columbia Water and Light Department - Columbia Municipal Power Plant
Columbia, Missouri

Location Code MW-1/ SBO1 MW-2 / SBO1 MW-3 / SBO1 MW-4 / SBO1 MW-5 / SBO1 MW-6 / SBO1 MW-7 / SBO1 MW-8 / SB02 MW-8 / SB11 (Duplicate)
6-8 ft bgs 6-8 ft bgs 6-8 ft bgs 6-8 ft bgs 6-8 ft bgs 6-8 ft bgs 8-10 ft bgs 20'-23' bgs 20'-23' bgs
Sample No. 60245163002 60245163001 60244777001 60244415002 60244777004 60245163003 60244415001 60244777002 60244777003
Date 23-May-17 22-May-17 17-May-17 16-May-17 19-May-17 25-May-17 15-May-17 18-May-17 18-May-17
Result | Y3 | RL [DE| Resuit | V®| R |DF| Resutt |V | rRL |DF| Resut | V¥ | RL [DE| Resut | V¥ | R |DE| Resut |V | rRL |DF| Resutt | Y® |RL|DE| Resut |V®| ®mi |DF| Resut | V¥ | rL |OF
Qual Qual Qual Qual Qual Qual Qual Qual Qual
Parameter Units
Percent Moisture % 16.3 05 |10 20.8 1.0 17.1 05 |10 18.9 05 |10 17.5 05 |10 18.5 05 |10 12.3 05 |10 14.0 05 |10 13.2 05 |10
Metals
Aluminum mg/kg 14900 2.0 29700 82 | 1.0 18200 79 |10 14600 87 |10 9560 235 | 3.0 14200 23.0 | 3.0 7860 76 | 1.0 7500 73 |10 8610 85 | 1.0
Antimony mg/kg 0.7 u 07 |10 11 U 11 |10 11 U 11 |10 1.2 U 12 |10 2.1 UD3| 21 |20 2.0 U 20 |20 1.0 U 1.0 | 1.0 0.97 U | 097 |10 11 U 11 |10
Arsenic mg/kg 2.8 07 |10 8.7 11 |10 55 11 |10 12.3 12 |10 14.8 21 |20 7.3 2 |20 8.3 1.0 | 1.0 4.6 0.97 | 1.0 4 11 |10
Barium mg/kg 64.8 07 |20 113 0.54 | 1.0 254 0.53 | 1.0 185 0.58 | 1.0 108 16 |3.0 172 15 | 3.0 55.3 051 (1.0 47.4 0.48 | 1.0 52 0.56 | 1.0
Beryllium mg/kg 0.58 0.14 | 2.0 0.5 011 | 1.0 0.63 0.11 | 1.0 0.77 0.12 | 1.0 25 031 | 3.0 2.1 031 | 3.0 0.8 01 |1.0 0.54 0.097 | 1.0 0.51 0.11 | 1.0
Boron mg/kg 7.0 u 7.0 |10 10.9 U | 109 |10 10.6 U | 106 |10 11.6 U | 116 | 1.0 20.9 U 209 |20 20.5 U | 205 |20 10.2 U |102]10 9.7 U 9.7 |10 11.3 U | 113 |10
Cadmium mg/kg 0.35 U | 035 |10 0.54 U | 054 |10 0.53 U | 053 |10 0.58 U | 058 | 1.0 1 ubD3f 1 |20 1.0 U 1.0 |20 0.51 U |051]10 0.48 U | 048 | 1.0 1 0.56 | 1.0
Calcium mg/kg 3020 14.1 | 2.0 3910 109 | 1.0 2710 106 | 1.0 6730 116 | 1.0 3030 314 | 3.0 3850 30.7 | 3.0 1510 10.2 | 1.0 15000 9.7 |10 16800 11.3 | 1.0
Chromium mg/kg 18.7 0.35 | 1.0 29.1 0.54 | 1.0 22.4 0.53 | 1.0 20.1 0.58 | 1.0 15.1 1 |20 28.5 1.0 |20 11.8 051 (1.0 12.3 0.48 | 1.0 14.4 0.56 | 1.0
Chromium, Hexavalent mg/kg 2.3 U 23 | 1.0 2.6 U 26 |10 2.4 U 24 |10 5.0 u 50 |20 2.3 u 23 |10 25 u 25 |10 2.3 U 23 |10 2.3 U 23 |10 2.3 U 23 |10
Cobalt mg/kg 1.8 0.35 | 1.0 18.3 0.54 | 1.0 38.5 0.53 | 1.0 7.7 0.58 | 1.0 417 1 |20 8.4 1.0 |20 6.3 051 (1.0 7.1 0.48 | 1.0 9.7 0.56 | 1.0
Copper mg/kg 9.4 07 |10 9.3 11 |10 11 11 |10 12.4 12 |10 13.9 21 |20 12.8 20 |20 8.8 1.0 | 1.0 13.3 0.97 | 1.0 15.8 11 |10
Iron mg/kg 12800 7.0 |20 17500 54 |10 19200 53 | 1.0 20100 58 | 1.0 20000 15.7 | 3.0 17400 153 | 3.0 16100 51 |10 12900 48 |10 9870 56 |1.0
Lead mg/kg 7.1 0.35 | 1.0 13.8 0.54 | 1.0 10.1 0.56 | 1.0 12.6 0.58 | 1.0 12 15 | 3.0 7.5 1.0 |20 4.6 051 (1.0 10.7 052 | 1.0 8.7 0.53 | 1.0
Magnesium mg/kg 1590 35 | 1.0 2420 54 | 1.0 1550 53 | 1.0 2100 58 | 1.0 1710 10.5 | 2.0 2300 10.2 | 2.0 1190 51|10 2770 48 | 1.0 2890 56 |1.0
Manganese mg/kg 25.6 0.35 | 1.0 102 0.54 | 1.0 2290 0.53 | 1.0 171 0.58 | 1.0 568 1 |20 168 1.0 |20 322 051 (1.0 283 0.48 | 1.0 148 0.56 | 1.0
Mercury mg/kg 0.047 U | 0047 | 1.0 0.063 U | 0.063 | 1.0 0.057 U | 0057 |10 0.030 0.029 | 1.0 0.038 U | 003810 0.046 U | 0.046 | 1.0 0.052 U | 01]10 0.048 U | 0048 |10 0.038 U | o0038]10
Molybdenum mg/kg 1.4 u 14 |10 2.2 U 22 |10 2.1 U 21 |10 2.3 U 23 |10 4.2 UD3| 42 |20 4.1 41 |20 2.0 U | 20|10 1.9 U 19 |10 2.3 U 23 |10
Nickel mg/kg 8.5 0.35 | 1.0 9.4 0.54 | 1.0 24.5 0.53 | 1.0 17.1 0.58 | 1.0 23.7 1 |20 38.8 1.0 |20 15.9 051 (1.0 18.3 0.48 | 1.0 25.5 0.56 | 1.0
Selenium mg/kg 11 u 11 |10 1.6 U 16 1.0 1.6 U 16 |10 1.7 U 17 |10 3.1 UD3| 31 |20 3.1 U 31 |20 15 U 15 | 1.0 15 U 15 | 1.0 1.7 U 17 |10
Silver mg/kg 0.49 U | 049 |10 0.76 U | 076 |10 0.74 U | 074 | 1.0 0.81 U | 081 |10 15 UD3| 15 |20 1.4 U 14 |20 0.71 U |071]10 0.68 U | 068 |1.0 0.79 U | 079 |10
Thallium mg/kg 1.4 u 14 |10 2.2 U 22 |10 2.1 U 21 |10 2.3 U 23 |10 4.2 UD3| 42 |20 4.1 U 41 |20 2.0 U 2 |10 1.9 U 19 |10 2.3 U 23 |10
Zinc mg/kg 21.7 70 |10 28.0 109 | 1.0 22.9 10.6 | 1.0 48.0 116 | 1.0 88.8 209 |20 42.0 205 | 2.0 27.4 10.2 | 1.0 39.7 9.7 |10 48.2 11.3 | 1.0
Radionuclide

Radium-226 pCilg 1.159 +/- 0.267| Ra | 0.266 | -- |0.995+/-0.235| Ra [ 0.130 | -- |1.096 +/-0.233| Ra | 0.191 | - [1.380+/-0.346| Ra | 0.249 | -- |1.197 +/-0.287| Ra | 0.181 | -- [1.242+/-0.277| Ra | 0.192 [ -~ |1.062 +/-0.248| Ra |0.182| -- |2.086 +/-0.408| Ra | 0.178 | -- | 2.250+/-0.371| Ra | 0.213 | --
Radium-228 pCilg 1.394 +/- 0.472 0.244 | - [1.180 +/- 0.348 0.229 | -- [1.559 +/- 0.384 0.175 | -- [2.158 +/- 0.575 0.430 | - [1.574 +/-0.263 0.263 | -- |1.397 +/- 0.368 0.187 | -- |0.924 +/- 0.275 0.121| -- | 1.078 +/- 0.409 0.319 | - [1.361+/-0.346 0.157 | --
Rd-226/228 Combined pCilg 2.553 2.175 2.655 3.538 2.771 2.639 1.986 3.164 3.611

Bold - constituent detected in soil.

% - percent

bgs - below ground surface

D3 - Laboratory qualifier; Sample was diluted due to the presence of high levels of non-target analytes or other matirx interference.

mg/kg - milligrams per kilogram

pCi/g - picoCuries per gram

Ra - The reported Ra-226 results were determined by hermetically sealing the dried, processed sample in an appropriate sized can. Each sample was stored for a minimum of 21 days to ensure that equilibrium between Ra-226 and daughters Bi-214 and Pb-214 was achieved. Reported Ra-226 results were inferred from gamma peaks attributable to Bi-214 and Pb-214.

U - Qualified as non-detect; Sample not detected at or above laboratory reporting limit (not detected).

Notes:

Metals Analytical Method EPA 6010, Preparation Method EPA 3050
Mercury Analytical Method EPA 7471, Preparation Method EPA 7471
Percent Moisture Analytical Method ASTM D2974

Chromium, Hexavalent Analytical Method EPA 7196A, Preparation Method EPA 3060A

Radium 226/228 Analytical Method EPA 901.1, reported on a “dry-weight" basis

Table 6_Soil Analytical Results xisx
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Table 7
Summary of Hydraulic Conductivity Results
Columbia Water and Light Department - Columbia Municipal Power Plant
Columbia, Missouri

Monitoring Test Rising Head Estimated Hydraulic Conductivity (cm/sec) |Average Hydraulic Conductivity
Well Date Test Method Bouwer-Rice Hvorslev (cm/sec) | (ft/sec) | (ft/day)
Sand C
MW-1 6/14/2017 Pump 4.17E-04 8.16E-05 2.49E-04 | 8.18E-06 0.71
MW-2 6/14/2017 Pump 5.22E-07 9.54E-08 3.09E-07 | 1.01E-08 | 0.00088
MW-3 6/13-14/2017 Pump 9.60E-05 1.89E-05 5.74E-05 | 1.88E-06 0.163
MW-4 6/13-14/2017 Pump 6.01E-05 1.03E-05 3.52E-05 | 1.15E-06 0.100
MW-5 6/19-25/2017 Pump 3.82E-07 7.74E-08 2.30E-07 | 7.54E-09 | 0.00065
MW-6 6/19-22/2017 Pump 5.95E-06 1.04E-06 3.50E-06 | 1.15E-07 0.0099
MW-7 6/13/2017 Ba!ler 2.86E-07 1.04E-07 18907 | 6.21E-09 | 0.00054
6/19-22/2017 Bailer 2.65E-07 1.02E-07
MW-8 6/14-15/2017 Pump 3.03E-05 5.68E-06 1.80E-05 | 5.90E-07 0.051
pz-2 6/15-16/2017 Pump 1.22E-05 3.36E-06 7.77E-06 | 2.55E-07 0.022
pPz-4 6/15/2017 Pump 4.09E-04 1.08E-04 2.59E-04 [ 8.48E-06 0.73
PZ-6 6/14-15/2017 Pump 1.74E-05 4.67E-06 1.10E-05 | 3.62E-07 0.03
Maximum K 2.59E-04 [ 8.48E-06 0.73
Average K 5.83E-05 [ 1.91E-06 0.17
Minimum K 1.89E-07 | 6.21E-09 [ 0.00054

cm/sec. - centimeters per second
K = hydraulic conductivity

Notes:

1. Bouwer-Rice (1976) and Hvorslev (1951) calculations computed by
AQTESOLYV software by inputting slug test field data.

2. Slug out using bailer for MW-7 test due to minimal water column.

3. AQTESOLYV K plots provided in Appendix K.
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Table 8

Summary of Well Yield Test Results

Columbia Water and Light Department - Columbia Municipal Power Plant
Columbia, Missouri

Estimated Direct Well Yield: 2-inch Well Equivalent Well Yield
Field Average GPD| 4-inch Well: Average GPD 12-inch Well: Average GPD

Well Calculated Glacial Glacial Glacial

ID GPM | GPD Drift Drift Drift

Flyash Landfill Area
MW-1 0.07 104.2 104.2 114.6 135.5
MW-2 0.011 15.8 15.8 17.3 20.5
MW-3 0.058 84.1 84.1 925 109.3
MW-4 0.050 71.3 71.3 78.4 92.7
MW-5 0.0012 1.7 1.7 1.8 2.2
MW-6 0.0061 8.8 8.8 9.7 11.5
MW-7 0.00076 1.1 0.8 0.8 1.0
0.00031 0.4

MW-8 0.029 41.2 41.2 45.3 53.5
PZ-2 0.0097 13.9 13.9 15.3 18.1
pPz-4 0.48 693.2 693.2 762.6 901.2
PZ-6 0.015 22.3 22.3 24.5 28.9

GPD = gallons per day

GPM = gallons per minute

Notes:

1. Equivalent well yield for 4-inch and 12-inch diameter well screens calculated by multiplying the direct well yield test results from the 2-

inch diameter well screens by a conversion factor of 1.10 and 1.30, respectively (TECQ, 2010).

2. Bold equivalent well yield results are greater than 150 gallons per day (~0.1 gpm) in 4-inch diameter well screen and represents
sufficient groundwater bearing unit (TECQ, 2010). Unbold equivalent well yield results are below 150 gallons per day well yield and not
representative of a sufficient groundwater bearing unit.

3. Bold equivalent well yield results are greater than 360 gallons per day (~0.25 gpm) from a 6-inch diameter well and represents
sufficient groundwater bearing unit for potential source of domestic consumption (MDNR, 2006). Unbold equivalent well yield results are

below 360 gallons per day well yield and not representative of a sufficient groundwater bearing unit.

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Tables\
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Summary of Groundwater Depths and Elevations

Table 9

Columbia Water and Light Department - Columbia Municipal Power Plant
Columbia, Missouri

Date 6/19/2017 6/19/2017 6/26/2017 6/26/2017 7/3/2017 7/3/2017 7/20/2017 7/20/2017 8/23/2017 8/23/2017 11/8/2017 11/8/2017 11/16/2017 | 11/16/2017
Depth to
Well ID Top of Casing Elev. (feet) | Depth to Water (ft) | Water Elev. (ft) | Depth to Water (ft) | Water Elev. (ft) | Depth to Water (ft) | Water Elev. (ft) | Depth to Water (ft) [ Water Elev. (ft) | Depth to Water (ft) | Water Elev. (ft) [ Depth to Water (ft) | Water Elev. (ft) Wa?er (ft) |Water Elev. (ft)
MW-1 769.82 28.28 741.54 28.36 741.46 28.27 741.55 28.29 741.53 28.58 741.24 28.64 741.18 28.65 741.17
MW-2 781.03 27.88 753.15 28.27 752.76 23.30 757.73 19.67 761.36 19.13 761.90 18.94 762.09 18.80 762.23
MW-3 781.13 16.53 764.60 16.83 764.30 16.82 764.31 17.05 764.08 17.66 763.47 18.51 762.62 18.83 762.30
MW-4 785.02 22.60 762.42 22.84 762.18 22.82 762.20 22.90 762.12 23.49 761.53 24.12 760.90 24.42 760.60
MW-5 769.61 13.45 756.16 14.11 755.50 12.94 756.67 12.67 756.94 12.63 756.98 13.36 756.25 13.80 755.81
MW-6 770.07 15.15 754.92 15.28 754.79 15.21 754.86 15.29 754.78 15.70 754.37 16.60 753.47 16.60 753.47
MW-7 762.23 29.44 732.79 29.30 732.93 28.58 733.65 26.23 736.00 22.27 739.96 20.02 742.21 20.57 741.66
MW-8 753.09 7.83 745.26 8.28 744.81 8.24 744.85 8.44 744.65 8.55 744.54 10.48 742.61 10.23 742.86
PZ-1 770.78 16.36 Dry Dry Dry Dry 16.61 Dry Dry Dry Dry Dry Dry na na na na
Pz-2 755.91 8.43 747.48 8.49 747.42 8.51 747.40 8.33 747.58 8.40 747.51 9.05 746.86 9.16 746.75
PZ-3 769.94 11.31 758.63 12.56 757.38 11.99 757.95 12.31 757.63 14.34 755.60 na na na na
PZ-4 752.06 6.65 745.41 6.97 745.09 7.00 745.06 7.21 744.85 8.02 744.04 8.52 743.54 8.68 743.38
PZ-5 770.02 13.80 756.22 Dry Dry 15.20 754.82 15.78 754.24 14.65 755.37 na na na na
PZ-6 755.60 6.25 749.35 6.65 748.95 6.53 749.07 6.86 748.74 7.26 748.34 7.95 747.65 8.11 747.49
More's Lake 751.85 5.17 749.02 3.30 747.15 4.00 747.85 5.00 748.85 4.50 748.35 4.70 748.55 na na
Notes:
PZ-1TD =16.42
PZ-5TD = 16.09

Top of Pond Post = 753.43
Top of pond staff Gauge = 751.85 (top number 8.00')
Taken 6/20/2017 <24hrs




Table 10
Estimated Maximum Groundwater Velocity
Columbia Water and Light Department - Columbia Municipal Power Plant
Columbia, Missouri

Hydraulic Gradient:

i = dh
dL
Where: i = estimated maxiumum hydraulic gradient (feet/foot)
dh = head difference between data points (feet)
dL = horizontal distance over which head difference occurs (feet)
imax = 5 ft (between 750' and 745' contours - see Figure 6)
90 ft
Inax = 0.056 feet/feet
Estimated Linear Groundwater Velocity:
Y, = kxi
Ne
Where: Vi = estimated maximum linear groundwater velocity (feet/day)
Kmax = estimated maximum hydraulic conductivity
= 2.59E-04 cm/sec (see slug test results in Table 7)
= 0.73 ft/day
i = estimated hydraulic gradient (ft/ft)
Nemin = effective porosity (percent)
= 0.06 (The minimum effective porosity for till is assumed to be 6%)
Viax = (0.71 ft/day)*(0.056 ft/ft)
0.06
Viax = 0.679 ft/day
Viax = 247.74 ftlyear

Note: The information contained in this table relates to Table 7 and Figure 6.
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Table 11
Estimated Minimum Groundwater Velocity
Columbia Water and Light Department - Columbia Municipal Power Plant
Columbia, Missouri

Hydraulic Gradient:

[ = dh
dL
Where: i = hydraulic gradient (feet/foot)
dh = head difference between data points (feet)
dL = horizontal distance over which head difference occurs (feet)
imin = 5 ft (between 750" and 745' contours - see Figure 6)
245 ft

= 0.020 feet/feet

Imin

Estimated Linear Groundwater Velocity:

Vinin = Kmin X imin
Ne

Where: V = estimated linear groundwater velocity (feet/day)
Kmin estimated minimum hydraulic conductivity
1.89E-07 cm/sec (see slug test results in Table 7)
0.00054 ft/day
imn = 0.020 feet/foot
= effective porosity (percent)
= 0.15 (The maximum effective porosity for till is assumed to be 15%)

=}
®
|

Von = (5.4x10* ft/day)*(0.020 fi/ft)
0.15

Viin = 0.0001 ft/day
Viin = 0.027 ft/year

Note: The information contained in this table relates to Table 7 and Figure 6.
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Table 12

Summary of Water Supply Well Search Results
Columbia Water and Light Department - Columbia Municipal Power Plant
Columbia, Missouri

MGS PDWS Well Date Depth Depth to |Static Water Level |Elevation Water Production Quarter
Well ID ID Type Owner Drilled [Drilled (ft){Bedrock (ft)] After Drilling (ft) | (ft amsl) | Elevation (ft amsl) (GMP) Section|Township| Range Section
Wells within 0.5 mile of CCR Unit
009526 | 3010180 | Community | City of Columbia | o511 957 | 1 505 70 347 782 435 850 6 48N | 112w | Nw, SE, sw
Public Well Well #9
000527 | 3010181 | Community | City of Columbia | 1957 | 1 505 70 347 782 435 850 6 48N | 12w | Nw, SE, sw
Public Well Well #10
003229 | 3010181 | Community | City of Columbia | o) 1g55 | 1 500 80 321 778 457 1,100 6 48N | 12w | NE SE sw
Public Well Well #9
001657 | 3010181 | Community | City of Columbia |01 1919| g79 60 283 780 497 not used 6 48N | 12w | c, sw,sE
Public Well Well #4
Community City of Columbia
001641 | 3010181 ! 1911 818 45 204 785 581 na 6 48N | 12w | c, sw,sE
Public Well Well #5
Community City of Columbia
002219 | 3010181 ! 1928 1,200 50 337 777 440 1,000 6 48N | 12w | c, sw,sE
Public Well Well #8
na na Domestic Little Dixe 2013 730 35 300 na na 100 6 48N | 12w | c, sw,sE
Construction
na na Domestic Manor Woods 2016 600 85 220 na na 150 6 48 N 12 W NW
019660 na Community Robinwood 1/10/1961 | 626 35 300 743 443 38 6 48N | 12w | NE SE, NW
Public Well Subdivision
Wells within 1.0 mile of CCR Unit
009526 | 3010180 | Community | City of Columbia | o 51 1957 | 1 505 70 347 782 435 850 6 48N | 11w | Nw, SE, sw
Public Well Well #9
000527 | 3010181 | Community | City of Columbia | 1957 | 1 505 70 347 782 435 850 6 48N | 12w | Nw, SE, sw
Public Well Well #10
003229 | 3010181 | Community | City of Columbia | o) 1g50 | 1 500 80 321 778 457 1,100 6 48N | 12w | NE SE sw
Public Well Well #9
001657 | 3010181 | Community | City of Columbia |,011,1919| g79 60 283 780 497 not used 6 48N | 12w | c, sw,sE
Public Well Well #4
Community City of Columbia
001641 | 3010181 ! 1911 818 45 204 785 581 na 6 48N | 12w | c sw,sE
Public Well Well #5
Community City of Columbia
002219 | 3010181 ! 1928 1,200 50 337 777 440 1,000 6 48N | 12w | c, sw,sE
Public Well Well #8
na na Domestic Little Dixe 2013 730 35 300 na na 100 6 48N | 12w | c sw,sE
Construction
na na Domestic Manor Woods 2016 600 85 220 na na 150 6 48 N 12 W NW
019660 na Community Robinwood 1/10/1961 | 626 35 300 743 443 38 6 48N | 12w | NE SE, NW
Public Well Subdivision
006312 na Private Well Jones, Roy 6/14/1940 305 10 na 670 na