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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: 

• 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); 

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

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

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

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

• 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); 

• Management of investigation derived waste (IDW); 

• Deploy dedicated bladder sampling pumps; 

• Well Surveying; and 

• 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 ¼, of the Southwest ¼, 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 (ºF) in January to 88.9 ºF in July. Average low monthly temperatures range 

from 22.6 ºF in January to 69.3 ºF 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:   

• 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 
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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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3.2.1.2 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.  

3.2.2.1 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): 

• Glacial Drift (overburden) 

• Clay 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-7). 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-7). 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: 

• Atterberg Limit (by American Society for Testing and Materials [ASTM] D4318) 

• Moisture Content (by ASTM D2216) 

• Particle Size (by ASTM D422) 

• 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: 

• RCRA Metals – arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver. 

• 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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• 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 3.22x10-7 cm/sec (1.06x10-8 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 1.89x10-07 

cm/sec or 5.4x10-4 feet per day (ft/day) at MW-7 to 2.59x10-4 cm/sec (0.73 ft/day) at PZ-4, with a site-
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wide average of 5.83x10-5 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 ¼-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/ne 
 
Where:              V = estimated linear groundwater velocity (ft/day) 

k = hydraulic conductivity (ft/day) 
i = hydraulic gradient (ft/ft) 
ne = effective porosity (percent) 

 

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

as follows: 

 

Kmin      = 1.89 x 10-7 cm/sec (5.4 x 10-4 ft/day; MW-7 slug test)   

Kmax      = 2.59 x 10-4 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 



Hydrogeological Investigation Report for More’s Lake                 Investigation Activities and Results 

 

Columbia Water & Light Department 4-12 Burns & McDonnell 

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.  



Hydrogeological Investigation Report for More’s Lake                 Conceptual Site Model 

 

Columbia Water & Light Department 5-2 Burns & McDonnell 

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: 

• 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. 

5.3 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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• Leakage/releases from the inactive CCR Surface Impoundment 

• 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 (5.4x10-4 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.  

5.5.4 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 3.22x10-7 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. 



Hydrogeological Investigation Report for More’s Lake                 Conceptual Site Model 

 

Columbia Water & Light Department 5-6 Burns & McDonnell 

 

 

 

Characteristics of Geologic Units 

 
Classification / 

Lithology 
Hydraulic 

Conductivity Porosity 
Effective 
Porosity 

Overlying 
Geologic Units 

Glacial Drift/Till 
(fine-grain) 

8.0 x 10-08 to  
1.1 x 10-06 cm/s (1) 

10 – 40% (5) 5 – 20%(6) 

Aquifer 
Glacial Drift/Till 

(fine-grain) 
1.1 x 10-08 to  

2.59 x 10-04 cm/s (2) 
10 – 40%(5) 5 – 20%(6) 

Lower Confining 
Unit 

(Cherokee Group) 

Limestone 3.22 x 10-07 cm/s (3) 5 – 15%(6) 0.1 – 5%(6) 

Shale 
1 x 10-13 to  

2 x 10-09 cm/s (4) 
1 – 10%(6) 0.5 – 5%(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. 

 (4)  Shale K value after Freeze and Cherry (1979) 

 (5)  Glacial sediment porosity after Morris and Johnson (1967) and Freethey, et al. (1994). 

 (6) Limestone and Shale porosity and effective porosity after Domenico and Schwartz (1990) 

 (7) Glacial sediment effective porosity after Nanh, et al. (2000). 

  

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 



Hydrogeological Investigation Report for More’s Lake                 Conceptual Site Model 

 

Columbia Water & Light Department 5-7 Burns & McDonnell 

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: 

• 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.  
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FIGURE 3 

HYDROGEOLOGY 
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Bedrock Aquifers 

Reference: 

Miller, James, and Appel, Cynthia L., 1997, Ground Water Atlas of the United States, Segment 3 Kansas, Missouri, and Nebraska, 

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

 

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 
principal aquifers near the facility. The glacial deposits are generally complex interbedding of fine- and coarse-grained sediments that 
typically yield only small amounts of water to wells and generally not considered a primary source of water for supply wells unless 
screened in coarse-grained material (sand and gravel).  The Mississippi aquifer, Ozark Plateaus aquifer, and the Cambrian-Ordovician 
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.   

Geologic Map 

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

Surficial Aquifer System 

https://pubs.usgs.gov/ha/730d/report.pdf
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FIGURE 6

POTENTIOMETRIC SURFACE MAP

NOVEMBER 16, 2017

COLUMBIA MUNICIPAL POWER

PLANT

COLUMBIA, MO

NOTE:

1.  MONITORING WELL AND PIEZOMETER LOCATIONS AND

ELEVATIONS SURVEYED BY ENGINEERING SURVEYS AND

SERVICES OF COLUMBIA, MO ON JUNE 23, 2017.

2. TOPOGRAPHIC CONTOUR INTERVAL 1 FEET.

3.  N/C = NO DATA COLLECTED.

4.  V MIN = MINIMUM AVERAGE.  GROUNDWATER VELOCITY.

5.  V MAX = MAXIMUM AVERAGE GROUNDWATER VELOCITY.

6.  GROUNDWATER ELEVATIONS WERE COLLECTED ON

NOVEMBER 16, 2017.
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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 Boone County, MO Northern Missouri

Holocene Residuum/Alluvium

Pleistocene Glacial-Drift/Loess/Alluvium

Marmaton Group

Cherokee Group

Keokuk Limestone
Burlington Limestone

Northview Shale
Sedalia Formation

Compton Limestone
Bachelor Formation

Upper Bushberg Sandstone
Middle Glen Park Limestone

Grassy Creek Shale
Saverton Formation
Synder Creek Shale

Lower Ceder Valley Limestone

Powell Dolomite
Cotter Dolomite

Jefferson City Dolomite
Roubidoux Formation

Upper
Lower

Gunter Sandstone

Eminence Dolomite
Potosi Dolomite

Doe Run Dolomite
Derby Dolomite

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).

Canadian

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/.

Potosi Dolomite

Derby-Doe Run Dolomite

D
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n
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r S
pr
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gs
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ro

up Chattanooga Shale

Ozark Aquifer

Callaway Formation

Fortune Formation

O
rd

ov
ic

ia
n

Champlainian

Kimmswick Limestone

Gunter Sandstone
Van Buren Formation

Confining Unit

Precambrian

St. Francis 
Confining Unit

Davis Formation
Bonneterre Dolomite

St. Francis 
AquiferRegan 

Sandstone
Lamotte 

Sandstone

Gasconade Dolomite

C
am

br
ia

n

Upper

Eminence Dolomite

Crystalline Igneous and Metamorphic Rocks
("basement rocks")

Gasconade Dolomite

Decorah Formation

Roubidoux Formation

Plattin Limestone
Joachim Dolomite

St. Peter Sandstone
Everton Formation
Smithville Dolomite

Powell Dolomite

Elsey Formation
Reeds Springs Formation

Bachelor Formation

Cotter Dolomite
Jeffeson City Dolomite

Pa
le

oz
oi

c

Q
ua

te
rn

ar
y

Residuum/Alluvium/Colluvium
Surficial Aquifers or Confining 

Units
Glacial-Drift/Loess/Alluvium

Pe
nn
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n
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Marmaton Group

Cherokee Group

M
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Meramecian
St. Louis Limestone

Pierson / Fern Glen Formation

Kinderhookian

Osagean

Elvins 
Group

Missouri Central-Southern Missouri

C
ho

ut
ea

u 
G

ro
up

Springfield 
Plateau Aquifer

Ozark 
Aquifer 
System

Salem Limestone
Warsaw Limestone

Northview Shale

Ozark Confining 
Unit

Sedalia Formation
Compton Limestone

Unnamed Minor Aquifer

Keokuk Limestone
Burlington Limestone

Surficial Aquifers or 
Confining Units

St. Francis Confining 
Unit

Ordovician-Cambrian 
Aquifer

Ordovician-Cambrian 
Confining Unit

Mississippi Aquifer

Confining Unit
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Table 2
Regional Bedrock Aquifers

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

Northern Missouri
(modified from Imes, 1985)

Upper aquifer unit Mississippi Aquifer Springfield Plateau Aquifer

Confining unit Ozark confining unit

Devonian
Silurian

St. Francois confining unit

Confining unit

Minor aquifer 2

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

Notes:

1. Contains saline water or brine

2. Poorly known

3. Contains freshwater

St. Francois Aquifer

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

Southern Missouri
(modified from Imes and Emmette, 1994)System

Hydrogeologic Unit

Western Missouri, Kansas, and 
Nebraska

(modified from Jorgensen and others, 
1993)

Cambrian

Ordovician

Mississippian

Upper 
Confining 

Unit

Cambrian-Ordovician 
Aquifer

Lower aquifer units
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Table 3
Summary of Groundwater Monitoring Well Network Construction Details

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

Ground
Top 
of Total Well

Well Install
Surface

Elevation
Casing

Elevation
Well

Depth
Screen
Length Top         Bottom Top         Bottom Top         Bottom Top         Bottom Top         Bottom Thickness Depth to Top 

of Pump
Length of 

Pump
Depth to 

Pump Bottom
Separation 

from Bottom
ID Date Northing1 Easting1 Northing2 Easting2 Latitude Longitude (ft NAVD88) (ft NAVD88) (ft bTOC) (ft) (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.

 Well Location

Screened Interval

(ft bTOC) (ft NAVD88) (ft bTOC) (ft NAVD88)

Sand Filter Pack Dedicated Groundwater Sampling Bladder Pumps

(ft bgs)

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Tables\
Table 3_Summary of MW Network Construction Details.xlsx Page 1 of 1



Table 4
Soil Sampling Summary

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

Soil Boring Estimated Soil
Identification Sample Depth Permeability Atterberg Particle Size Moisture

(ft bgs) ASTM D2434 or D5084 ASTM D4318 ASTM D422 ASTM D2216
6-8 -- -- -- -- 1 1

8-10 -- 1 1 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

8-10 -- 1 1 1 -- --
42-46 -- 1 1 1 -- --
6-8 -- -- -- -- 1 1

8-10 -- 1 1 1 -- --
6-8 -- -- -- -- 1 1

8-10 -- 1 1 1 -- --
31-33 -- 1 1 1 -- --
6-8 -- -- -- -- 1 1

8-10 -- 1 1 1 -- --
6-8 -- 1 1 1 -- --

8-10 -- -- -- -- 1 1
12-14 1 1 1 1 -- --
30-32 -- 1 1 1 -- --
30-32 1 1 1 1 -- --
32-34 -- 1 1 1 -- --
40-44 -- 1 1 1 -- --
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:

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 
III, Chromium VI, Cobalt, Copper, Iron, Magnesium, Manganese, Molybdenum, Nickel, Thallium, and Zinc.

MW-8

Physical Index Parameter Testing Chemical Analysis

Metals Radium 226+228

MW-1 (SB-1)

MW-3

MW-5 (SB-2)

MW-7 (SB-3)

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.

MW-4

MW-6
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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
Soil Sample Permeability Moisture Initial Wet Initial Dry Soil Soil

Boring Depth ASTM D5084 & D7263 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

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 27.9 66.1 12.5 94 17.2 -- -- CL LEAN CLAY

MW-2 6-8 -- 49 18 31 0.0 27.7 33.9 38.4 4.75 72.3 17.9 -- -- CL LEAN CLAY with SAND

6-8 -- 48 21 27 0.0 24.8 34.3 40.9 4.75 75.2 20.2 -- -- CL LEAN CLAY with SAND

42-46 -- 37 17 20 1.5 27.9 39.9 30.7 12.5 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

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 20.3 131.5 109.3 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

30-32 42 20 22 0.0 15.6 40.7 43.7 4.75 84.4 20.4 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 50.0 47.9 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 22.1 131.5 109.3 -- --

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 24.6 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:

Physical Index Parameter Testing

MW-1 (SB-1)

2. Split-spoon/barrel samplers were used to collect soil for Atterberg limits, moisture content, and particle size (soil placed in sealed bags).

MW-7 (SB-3)

MW-5 (SB-2)

1. Shelby Tube samplers were used to collect soil for permeability testing.

Particle Size (ASTM D422)

MW-3

Atterberg Limit
ASTM D4318

1.1E-08 101.6126.1
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Table 6
Summary of Soil Analytical Results

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

Location Code

Sample No.

Date

Parameter Units

Result Val
Qual RL DF Result Val

Qual RL DF Result Val
Qual RL DF Result Val

Qual RL DF Result Val
Qual RL DF Result Val

Qual RL DF Result Val
Qual RL DF Result Val

Qual Rl DF Result Val
Qual RL DF

Percent Moisture % 16.3 0.5 1.0 20.8 1.0 17.1 0.5 1.0 18.9 0.5 1.0 17.5 0.5 1.0 18.5 0.5 1.0 12.3 0.5 1.0 14.0 0.5 1.0 13.2 0.5 1.0

Metals
Aluminum mg/kg 14900 2.0 29700 8.2 1.0 18200 7.9 1.0 14600 8.7 1.0 9560 23.5 3.0 14200 23.0 3.0 7860 7.6 1.0 7500 7.3 1.0 8610 8.5 1.0
Antimony mg/kg 0.7 U 0.7 1.0 1.1 U 1.1 1.0 1.1 U 1.1 1.0 1.2 U 1.2 1.0 2.1 U,D3 2.1 2.0 2.0 U 2.0 2.0 1.0 U 1.0 1.0 0.97 U 0.97 1.0 1.1 U 1.1 1.0
Arsenic mg/kg 2.8 0.7 1.0 8.7 1.1 1.0 5.5 1.1 1.0 12.3 1.2 1.0 14.8 2.1 2.0 7.3 2 2.0 8.3 1.0 1.0 4.6 0.97 1.0 4 1.1 1.0
Barium mg/kg 64.8 0.7 2.0 113 0.54 1.0 254 0.53 1.0 185 0.58 1.0 108 1.6 3.0 172 1.5 3.0 55.3 0.51 1.0 47.4 0.48 1.0 52 0.56 1.0
Beryllium mg/kg 0.58 0.14 2.0 0.5 0.11 1.0 0.63 0.11 1.0 0.77 0.12 1.0 2.5 0.31 3.0 2.1 0.31 3.0 0.8 0.1 1.0 0.54 0.097 1.0 0.51 0.11 1.0
Boron mg/kg 7.0 U 7.0 1.0 10.9 U 10.9 1.0 10.6 U 10.6 1.0 11.6 U 11.6 1.0 20.9 U 20.9 2.0 20.5 U 20.5 2.0 10.2 U 10.2 1.0 9.7 U 9.7 1.0 11.3 U 11.3 1.0
Cadmium mg/kg 0.35 U 0.35 1.0 0.54 U 0.54 1.0 0.53 U 0.53 1.0 0.58 U 0.58 1.0 1 U,D3 1 2.0 1.0 U 1.0 2.0 0.51 U 0.51 1.0 0.48 U 0.48 1.0 1 0.56 1.0
Calcium mg/kg 3020 14.1 2.0 3910 10.9 1.0 2710 10.6 1.0 6730 11.6 1.0 3030 31.4 3.0 3850 30.7 3.0 1510 10.2 1.0 15000 9.7 1.0 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 2.0 28.5 1.0 2.0 11.8 0.51 1.0 12.3 0.48 1.0 14.4 0.56 1.0
Chromium, Hexavalent mg/kg 2.3 U 2.3 1.0 2.6 U 2.6 1.0 2.4 U 2.4 1.0 5.0 U 5.0 2.0 2.3 U 2.3 1.0 2.5 U 2.5 1.0 2.3 U 2.3 1.0 2.3 U 2.3 1.0 2.3 U 2.3 1.0
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 41.7 1 2.0 8.4 1.0 2.0 6.3 0.51 1.0 7.1 0.48 1.0 9.7 0.56 1.0
Copper mg/kg 9.4 0.7 1.0 9.3 1.1 1.0 11 1.1 1.0 12.4 1.2 1.0 13.9 2.1 2.0 12.8 2.0 2.0 8.8 1.0 1.0 13.3 0.97 1.0 15.8 1.1 1.0
Iron mg/kg 12800 7.0 2.0 17500 5.4 1.0 19200 5.3 1.0 20100 5.8 1.0 20000 15.7 3.0 17400 15.3 3.0 16100 5.1 1.0 12900 4.8 1.0 9870 5.6 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 1.5 3.0 7.5 1.0 2.0 4.6 0.51 1.0 10.7 0.52 1.0 8.7 0.53 1.0
Magnesium mg/kg 1590 3.5 1.0 2420 5.4 1.0 1550 5.3 1.0 2100 5.8 1.0 1710 10.5 2.0 2300 10.2 2.0 1190 5.1 1.0 2770 4.8 1.0 2890 5.6 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 2.0 168 1.0 2.0 322 0.51 1.0 283 0.48 1.0 148 0.56 1.0
Mercury mg/kg 0.047 U 0.047 1.0 0.063 U 0.063 1.0 0.057 U 0.057 1.0 0.030 0.029 1.0 0.038 U 0.038 1.0 0.046 U 0.046 1.0 0.052 U 0.1 1.0 0.048 U 0.048 1.0 0.038 U 0.038 1.0
Molybdenum mg/kg 1.4 U 1.4 1.0 2.2 U 2.2 1.0 2.1 U 2.1 1.0 2.3 U 2.3 1.0 4.2 U,D3 4.2 2.0 4.1 U 4.1 2.0 2.0 U 2.0 1.0 1.9 U 1.9 1.0 2.3 U 2.3 1.0
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 2.0 38.8 1.0 2.0 15.9 0.51 1.0 18.3 0.48 1.0 25.5 0.56 1.0
Selenium mg/kg 1.1 U 1.1 1.0 1.6 U 1.6 1.0 1.6 U 1.6 1.0 1.7 U 1.7 1.0 3.1 U,D3 3.1 2.0 3.1 U 3.1 2.0 1.5 U 1.5 1.0 1.5 U 1.5 1.0 1.7 U 1.7 1.0
Silver mg/kg 0.49 U 0.49 1.0 0.76 U 0.76 1.0 0.74 U 0.74 1.0 0.81 U 0.81 1.0 1.5 U,D3 1.5 2.0 1.4 U 1.4 2.0 0.71 U 0.71 1.0 0.68 U 0.68 1.0 0.79 U 0.79 1.0
Thallium mg/kg 1.4 U 1.4 1.0 2.2 U 2.2 1.0 2.1 U 2.1 1.0 2.3 U 2.3 1.0 4.2 U,D3 4.2 2.0 4.1 U 4.1 2.0 2.0 U 2 1.0 1.9 U 1.9 1.0 2.3 U 2.3 1.0
Zinc mg/kg 21.7 7.0 1.0 28.0 10.9 1.0 22.9 10.6 1.0 48.0 11.6 1.0 88.8 20.9 2.0 42.0 20.5 2.0 27.4 10.2 1.0 39.7 9.7 1.0 48.2 11.3 1.0

Radionuclide
Radium-226 pCi/g 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 pCi/g 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 pCi/g 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

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

MW-7 / SB01
8-10 ft bgs

MW-8 / SB02
20'-23' bgs

MW-8 / SB11 (Duplicate)
20'-23' bgs

60245163002 60245163001 60244777001 60244415002 60244777004 60245163003 60244415001

MW-1 / SB01
6-8 ft bgs

MW-2 / SB01
6-8 ft bgs

MW-3 / SB01
6-8 ft bgs

MW-4 / SB01
6-8 ft bgs

MW-5 / SB01
6-8 ft bgs

MW-6 / SB01
6-8 ft bgs

18-May-17

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.

60244777002 60244777003

23-May-17 22-May-17 17-May-17 16-May-17 19-May-17 25-May-17 15-May-17 18-May-17

Table 6_Soil Analytical Results.xlsx
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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 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

6/13/2017 2.86E-07 1.04E-07
6/19-22/2017 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
PZ-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 
AQTESOLV software by inputting slug test field data.
2. Slug out using bailer for MW-7 test due to minimal water column.
3. AQTESOLV K plots provided in Appendix K.

Estimated Hydraulic Conductivity (cm/sec)

MW-7 1.89E-07 6.21E-09 0.00054Bailer
Bailer
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Table 8
Summary of Well Yield Test Results

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

Average GPD 4-inch Well:  Average GPD 12-inch Well:  Average GPD
Well 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 92.5 109.3
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

0.00076 1.1
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
PZ-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:

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.

Equivalent Well Yield

0.8 1.0

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.

0.8

Calculated
Field

Estimated Direct Well Yield:  2-inch Well

MW-7

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Tables\
Table 8_Summary of Well Yield Results.xlsx Page 1 of 1



Table 9
Summary of Groundwater Depths and Elevations

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

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)
Depth to 
Water (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-1 TD = 16.42
PZ-5 TD = 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 

imax = feet/feet

Estimated Linear Groundwater Velocity:

V = k x i
ne

Where: Vmax = 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)

= (The minimum effective porosity for till is assumed to be 6%)

Vmax =             (0.71 ft/day)*(0.056 ft/ft)

Vmax = ft/day

Vmax = ft/year

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

247.74

0.06

0.679

0.056

0.06

1 of 1
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Table 11
Estimated Minimum Groundwater Velocity

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

Hydraulic Gradient:

i = 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 

imin = feet/feet

Estimated Linear Groundwater Velocity:

Vmin = 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

imin = 0.020 feet/foot
ne = effective porosity (percent)

= 0.15 (The maximum effective porosity for till is assumed to be 15%)

Vmin =    (5.4 x 10-4 ft/day)*(0.020 ft/ft)

Vmin = ft/day

Vmin = ft/year

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

0.027

0.020

0.0001

0.15

1 of 1

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Tables\Table 
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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 
Public Well

City of Columbia 
Well #9 5/31/1957 1,505 70 347 782 435 850 6 48N 11 W NW, SE, SW

009527 3010181 Community 
Public Well

City of Columbia 
Well #10 6/1/1957 1,505 70 347 782 435 850 6 48N 12 W NW, SE, SW

003229 3010181 Community 
Public Well

City of Columbia 
Well #9 5/1/1935 1,200 80 321 778 457 1,100 6 48 N 12 W NE, SE, SW

001657 3010181 Community 
Public Well

City of Columbia 
Well #4 10/11/1911 879 60 283 780 497 not used 6 48 N 12 W C, SW, SE

001641 3010181 Community 
Public Well

City of Columbia 
Well #5 1911 818 45 204 785 581 na 6 48 N 12 W C, SW, SE

002219 3010181 Community 
Public Well

City of Columbia 
Well #8 1928 1,200 50 337 777 440 1,000 6 48 N 12 W C, SW, SE

na na Domestic Little Dixe 
Construction 2013 730 35 300 na na 100 6 48 N 12 W C, SW, SE

na na Domestic Manor Woods 2016 600 85 220 na na 150 6 48 N 12 W NW

019660 na Community 
Public Well

Robinwood 
Subdivision 1/10/1961 626 35 300 743 443 38 6 48 N 12 W NE, SE, NW

Wells within 1.0 mile of CCR Unit

009526 3010180 Community 
Public Well

City of Columbia 
Well #9 5/31/1957 1,505 70 347 782 435 850 6 48N 11 W NW, SE, SW

009527 3010181 Community 
Public Well

City of Columbia 
Well #10 6/1/1957 1,505 70 347 782 435 850 6 48N 12 W NW, SE, SW

003229 3010181 Community 
Public Well

City of Columbia 
Well #9 5/1/1935 1,200 80 321 778 457 1,100 6 48 N 12 W NE, SE, SW

001657 3010181 Community 
Public Well

City of Columbia 
Well #4 10/11/1911 879 60 283 780 497 not used 6 48 N 12 W C, SW, SE

001641 3010181 Community 
Public Well

City of Columbia 
Well #5 1911 818 45 204 785 581 na 6 48 N 12 W C, SW, SE

002219 3010181 Community 
Public Well

City of Columbia 
Well #8 1928 1,200 50 337 777 440 1,000 6 48 N 12 W C, SW, SE

na na Domestic Little Dixe 
Construction 2013 730 35 300 na na 100 6 48 N 12 W C, SW, SE

na na Domestic Manor Woods 2016 600 85 220 na na 150 6 48 N 12 W NW

019660 na Community 
Public Well

Robinwood 
Subdivision 1/10/1961 626 35 300 743 443 38 6 48 N 12 W NE, SE, NW

006312 na Private Well Jones, Roy 6/14/1940 305 10 na 670 na 15 13 48 N 13 W na

028467 na Noncommunity 
Public Well

Columbia Country 
Club 12/29/1980 1,095 5 na 705 na na 7 48 N 12 W C, SW, SE

017793 na Private Well Hollingsworth, D.B. 8/1/1958 166 15 na 676 na 3 31 49 N 12 W SW, SW

016914 na Private Well Proctor, R.L. 11/10/1957 520 20 na 670 na na 1 48 N 13 W NW, NE, NE

012240 3010181 Community 
Public Well

City of Columbia 
Well #12 3/20/1953 1,100 35 275 711 436 986 8 48 N 12 W NE, NW, NW
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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 1.0 mile of CCR Unit (continued)
013687 na Private Well Guitar 2/15/1955 330 35 na 736 na na 36 49 N 13 W SE, SE

010158 3010181 Community 
Public Well

City of Columbia 
Well #11 5/1/1948 1,200 na 376 806 430 791 5 48 N 12 W SW, NW, NW

023028 na Community 
Public Well

The Colonel's 
Court MHP 3/14/1964 700 25 na 698 na na 36 49 N 13 W SE, SE, SE

001523 na Private Well Flat Branch na 890 na 40 761 721 na 12 48 N 13 W NE, NE, SW

4213 na Noncommunity 
Public Well Central Dairy 5/8/1937 933 45 45 763 718 40+ 12 48 N 13 W NE, SE, SE

na na
High Yield Open 
Loop Heat Pump 

Supply Well

Boone Electric CO-
OP Well #1 12/3/1995 805 110 360 na na 100 1 48 N 13 W na

na na
High Yield Open 
Loop Heat Pump 

Return Well

Boone Electric CO-
OP Well #2 12/4/1995 840 115 360 na na 250 1 48 N 13 W na

na na
High Yield Open 
Loop Heat Pump 

Return Well

Boone Electric CO-
OP Well #2 na 890 60 na na na 200 1 48 N 13 W na

na na
High Yield Open 
Loop Heat Pump 

Return Well

Boone Electric CO-
OP Well #2 6/4/1999 885 65 na na na 180 1 48 N 13 W na

amsl - above mean sea level
ft - feet
GPM - gallons per minute
MGS - Missouri Geological Survey
PDWS - Public Drinking Water Supply

Notes:
1. Refer to Appendix B with City Well #10 (Old Well #4), City Well #11 (Old Well #5), and Flat Branch Well drill logs. 
2. Refer to Appendix Q with Boone County Public Drinking Water Supply System (PDWSS) Reports.

Sources:
MGS, Geosciences Technical Resource Assessment Tool (GeoSTRAT), Water Resources, http://dnr.mo.gov/geostrat/.
Well Information Management Systme (WIMS), Wellhead Online Services, Missouri Department of Natural Resources, Well https://dnr.mo.gov/mowells/publicLanding.do
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Table 13
Laboratory Analysis of Groundwater

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

Constituent Analytical Method Sample Container Sample Preservation Holding Time

Sulfate* EPA Method 300.0 250 mL, HDPE or glass None required, Cool to 4°C Analyzed--28 days
Total Organic Carbon (TOC) SM310B,C,D or EPA Method 9060A Glass pH<2 H2SO4 or HCl; ≤6°C Analyzed--28 days

Total Organic Halogens (TOX) SM5320 or EPA Method 9020/9021 Glass; no headspace ≤6°C Analyzed--14 days

Chemical Oxygen Demand (COD) SM5220C,D, 410.4, or Hach 8000 HDPE or glass pH<2 H2SO4; ≤6°C Analyzed--28 days
Chloride* EPA Method 300.0 250 mL, HDPE or glass None required, Cool to 4°C Analyzed--28 days
Fluoride* EPA Method 300.0 or 300.1 250 mL, HDPE or glass None required Analyzed--28 days

pH* SM 4500 H-B 100 mL, HDPE or glass None required Analyzed -- 24 hrs
Hardness, as CaCO3 SM2370B,C/130.1  HDPE or glass pH<2 HNO3 Analyzed--6 months

Total Dissolved Solids (TDS)* SM 2540 C 1 L, HDPE or glass None required, Cool to 4°C Analyzed -- 7 days

Aluminum
Antimony**
Arsenic**
Barium**

Beryllium**
Boron*

Cadmium**
Calcium*

Chromium**
Chromium III

Cobalt**
Copper

Iron
Lead**

Lithium**
Magnesium
Manganese

Molybdenum**
Nickel

Selenium**
Silver

Sodium
Thallium**

Zinc
Chromium VI 7196, 218.6, or SM3500Cr -C,D HDPE or glass  ≤6°C Analyzed -- 24 hours

Mercury** EPA 7470 or 245.1 250 mL, HDPE or glass

Nitric Acid
(HNO3)
pH<2

Cool to 4°C

Analyzed--28 days

Radium 226**

Radium 228**

*Constituents included in USEPA CCR Rule, Appendix III (Detection Monitoring) to 40 CFR Part 257.
**Constituents included in USEPA CCR Rule, Appendix IV (Assessment Monitoring) to 40 CFR Part 257.

HDPE = high density polyethylene 
HNO3 = nitric acid

 H2SO4 = sulfuric acid
HCl = hydrochloric acid 
°C = degrees Celsius 

Organics / Water Quality

CCR Groudwater Monitoring Constituents*

Inorganics / Water Quality

Metals, Total

SW-846 6010B or SW-846 6020 500 mL, HDPE or glass

Nitric Acid
(HNO3)
pH<2

Cool to 4°C

Analyzed--6 months

Noted analytical method(s) and sample container(s) are for typical method requirements.  These may vary slightly by method updates
 and/or laboratory sample volume preferences.

Radionuclides

EPA 903.0 1.0 L, HDPE or glass
Nitric Acid

(HNO3)
pH<2

Analyzed--6 months

Bold Constituent = exclusive MDNR groundwater monitoring parameter listed in MDNR CCR Storage and Disposal Sites in Missouri, Division of Environmental 
Quality (MDNR white paper).
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APPENDIX A – USGS EARTHQUAKE HAZARD MAPS 



Two-percent probability of exceedance in 50 years map of peak ground acceleration
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APPENDIX B – AVAILABLE DRILL LOGS OF EXISTING PUBLIC WATER SUPPLY 
WELLS



City of Columbia Well #10 (Old Well #4) 
Drill Log 

 

 



City of Columbia Well #11 (Old Well #5) 
Drill Log 

 

 



Flat Branch Well 
Drill Log 
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Water Resources Center/Division of Geology and Land Survey Well Logs:

An Explanation of the Columns, Colors, & Symbols

This document explains the meanings of the columns, colors and symbols used on Water

Resources Center/Division of Geology and Land Survey (WRC/DGLS) well logs, both hand-

drawn and computer-generated.  There are four columns on hand-drawn logs: the Residue

Column, the Percentage Column, the Rock Column and the Description Column.  The computer-

generated logs contain three columns: the Residue Column, the Percentage Column, and the

Description Column..  Figure 1 contains a sample computer-generated log and a sample hand-

drawn log with all columns labeled.

Figure 1.  Photographs of sample WRC/DGLS computer-generated and hand-drawn well logs.

Residue
Column

Percentage
Column

Rock Column

Description
Column

Description
Column

Percentage
Column

Residue
Column

Computer-Generated Log Hand-Drawn Log
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The Residue Column contains information describing the colors and textures of any

shale, quartz, chert and silicified fossils that remain after the rock cuttings are digested in

hydrochloric acid.  The Percentage Column contains information describing the percentage and

lithology of each rock type present in undigested rock cuttings.  The Rock column is used to

describe the color and crystalline texture of the carbonate rock (hand-drawn logs only).  The

Description Column on hand-drawn logs contains chemical formulas of any associated minerals

and any additional information about the rock.  The Description Column on computer-generated

logs contains information about associated minerals and rock color and crystalline texture.

The colors and symbols on the following pages are categorized according to the

column(s) in which they appear on the logs.  The column in which a color or symbol resides

defines the meaning of that color or symbol.  On both types of logs, there are several instances in

which a particular color or symbol is used in two different columns.  For example, “d” is used in

the Residue Column to indicate “dead,” but “d” is alternately used in the Rock Column to

indicate “dense.”  Therefore, one must be aware which column is being read in order to correctly

interpret the meanings of the colors and symbols.



      PERCENTAGE COLUMN LITHOLOGY & SYMBOLS

            Lithologic Description                   Lithologic Description           
    (Computer Generated & Hand Drawn)                      (Hand Drawn Only)

Chert Green Limestone

Shale/Clay Red Limestone

Dolomite Shaly Limestone

Druse & Quartz xtls Dolomitic Limestone

Metallics (computer) Silty Dolomite

Sand or Sandstone Silty Dolomite

Limestone Siltstone

Coal Felsite, Rhyolite

Igneous  Felsite, Rhyolite

or Siderite - massive

Porphyry

   Residuum/Glacial Drift Symbols    Porphyry

                       (Hand Drawn Only)

or Limestone Fragments (angular)

or Dolomite Fragments (angular)

or Chert Fragments (angular)                Shale Symbols              

or Limestone Pebbles (rounded)                     (Hand Drawn Only)

or Dolomite Pebbles (rounded) Shale  **

or Gravel Shale - black

or Igneous Boulders Shale - sandy

or Granite Pebbles Shale - limy

or Siderite - massive Shale - dolomitic

Soil or Loess

Yellow clay or silt

                         Other                           

No Sample (hand drawn) ** shale color indicated by check color

No Sample (computer generated)

2/14/2007



RESIDUE COLUMN COLORS & SYMBOLS

   Insoluble Residue Colors         Quartz Symbols (always orange)     
(Computer Generated & Hand Drawn)          (Computer Generated & Hand Drawn)

White A Sandstone (computer)

Gray Q   or   ∗ Masses or Rosettes

Brown Druse

Green X Dogtooth Fragments (computer)

Blue or Doubly Terminated

Quartz or Singly Terminated

Fossils Q Crystalline Quartz

R Rounded

F Frosted

  Clay/Shale/Silt & Its Modifiers   Angular

(Computer Generated & Hand Drawn) or Subangular

Shale Gn Granular Silica

Dolomoldic Banded

Sandy P Porous

gn Siltstone/Silt or Fine

gn or gn Shaly Silt (hand drawn)

P Porous

Shaly sand (hand drawn)        Feldspathic Symbols        

Sandy shale (hand drawn) (Computer Generated & Hand Drawn)

Sandy shale (hand drawn) Arkose (computer)

Arkose (hand drawn; may be red, gray, 
or brown)

                    Other                       or Red Arkose

G Glauconite

PG Pelletal Glauconite

S.W.L. Static Water Level
(usually in "Remarks" section on hand drawn log)
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RESIDUE COLUMN COLORS & SYMBOLS

    Chert Texture Symbols *         Chert Modifier Symbols *    
(Computer Generated & Hand Drawn) (Computer Generated & Hand Drawn)

Sm Smooth 2 Quartzose

r Rough P Porous

d Dead  or Finely

2 Quartzose + Sandy

P Porous Oolitic

or Fine Ooid Zoned

+ Sandy Ooid Sand Nucleus

Tr Translucent Ooid Zoned/Sandy

Oolitic Ooids Cluster

Ooid Zoned Oomoldic

Ooid Sand Nucleus Dolomoldic

Ooid Zoned/Sandy Μ Mottled

Ooids Cluster Banded (2) (computer)

Oomoldic Banded (3) (computer)

Dolomoldic Pelloid

Cryptalgal  Cryptalgal (computer)

Cryptalgal (hand-drawn) Cryptalgal (hand-drawn)

or Nodular or Nodular

B Beekite With Spines

                           Chert Texture Symbols *                          
  (Hand Drawn Only)

Ooids, size varies Rough Spinose Chert

Pelletal Oolites Finely Porous Chert (tripolitic)

Pisolith Banded

or Chert w/ooids Sm Color Differentiated

Finely porous spinose chert example Sm Gray chert surrounded by smooth 
blue chert

                   * color of symbol reflects color of chert example SP Brown porous chert surrounded by
 smooth blue chert 2/14/2007



RESIDUE COLUMN COLORS & SYMBOLS

    Fossil Symbols (always red)              Fossil Symbols          

   (Computer Generated & Hand Drawn)            (Hand Drawn Only)

Crinoids (computer) Crinoids 

B Bryozoan Bryozoan

A Graptolite Gastropods

G Gastropod     ,     or Spines (matches color of spines)

Brachiopod     ,     or Spine Masses (matches color of
spines)

ξ Worm Cast

Spines

Spine Masses

T Trilobites

Ozarkocoelia

Hexagonella

Cystoids

Ostracods

U Echinoderm

E Endothyra

2/14/2007



ROCK COLUMN COLORS & SYMBOLS

            Lithologic Description *                        Lithologic Description             
                      (Hand Drawn Only)               (Computer Generated Only)

xx Crystalline xx Crystalline

fx Fine crystalline fx Fine crystalline

vfx Very fine crystalline vfx Very fine crystalline

MX or mx Medium crystalline mx Medium crystalline

CX or cx Coarse crystalline cx Coarse crystalline

VCX or vcx Very Coarse crystalline  vcx Very Coarse crystalline

Calcite crystals        (blu) Calcite crystals

d Dense d Dense

#  # Fire Clay #  # Fire Clay

Under clay Under clay

brn Brown **

blu Blue **

gry Gray **

tan Tan **

lt. Light

dk. Dark

ls Limestone

ds Dolomite/Dolostone

            DESCRIPTION COLUMN COLORS & SYMBOLS 
                  (Hand Drawn Only)

Minerals (always written in red in "Description Column")

do Means "same description as above" 

T. D. Total Depth 

 * color of symbol reflects color of rock
** color notation preceding cx, fx, vfx, and mx on computer-generated well logs describes color of rock

2/14/2007



 

 

APPENDIX C – INVESTIGATION DRILL LOGS



Drilling Log
Project Name Project Number Boring Number (VUV - I

Ground Elevation Location Page
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Drilling Log Continuation
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Drilling Log Continuation
Boring Number

Prelect Name Hydro T/w Alpre'l Ultt Page 3 oU

Project Number t?<e4T Date r/»v/n
Depth
(feet) Description

Class Blow
Count

Recov. Run/
Time

Sample
Desig.
uGiA
3V3M

(KIW-f/
SOob
0»$.

PID (ppm)

BZ BH
Remarks/

Water Levels

29-

??

J4 •

ir

3b

J7

10 ■

71

Ho

*ft ■

4*

43

com?Cj 4ra«
((Oyrtf/j) (jrft/t, s\>kc-*)v(cr, kiH

Ctfty, {rv.it cAyrwl,
^cOw'^nifflfyy) c)enf, 4<*ce plfctktrVy. Kf>/

Ct.4‘1, &*<*■ c^-r'e /«*.). F.'M<r*y<l

1^ryjorl* yrwj Ooy^V<«y7 <L><v

»Pfv\<-6 pltiFU.'Py f4-."PP. Po V*rv j4^f-F.
O.l f IfA / FlAt {a

^7'7b w.+K {«.*) prrt /rvtl .v«. 4r<.it c*nvt.

SUJ 'Jo

9A

50
CL

<i

CL \>

IU

1L
7

h

H^_

G
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37

|,r/>

).l" IfV
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34 7,

d.V1 Tf.'-J ^Aj 

t " SftivO . ft«
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i/.
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Uon-r^.'i
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(4»-o

t/874

S^rAS Sroj*

*f 8»o>^

BZ=Breathing Zone BH=Bore Hole S=Sample 051601 Form WCD-KC-2-2



Drilling Log Continuation
3oring Number S S " l

Project Name £aW /Y'SWU CftKG. 3a9e / of- 3
Project Number Oate (tf(,l<l

Depth
(feet)

Class Recov. Sample
Desig.

PID (ppm) ‘ Remarks/
■ Description Count .Time BZ | BH | S Water Levels

3V i Cdl^TWu^ -
Ffto/v* Aiu>-1 _

n — DfUuZpvO
- SttUO- ~

Ir-'fo-
31 - —

- - —

-

iii

11 — - • —

?B — —

• o IH10 tfiA AbwtKT
-

— (441 Otww
fcrm.y. -

/S4o A-r v/V I
Hi — TJtw^

-= . —

13 —
. -

t Sn^l s I If f> tAf/y (v/A /54d ST»«r i
- jAMvjt. (3/,y Ct(5y,^ O^pAy, t

TT$±>?Q
O

14 - Hrr4.ee. 4* a»o,w pUjiu-'fv. -
(D

tv /y'tr/'i sfA«---

* A\o> (LTrAwy _

Hr - /««. sM/renS* fl - ‘btisuo*/ T'hftovwf-

- uu-ii$g‘.»**/ > STA<LT UtWHtr —
4t ATW3'1/ L

Shai-s., I^f «o ol.vc^ttf
Sl> 1 Xi _

Hi' —
(jrv*i^y 3\sjl»lYU«&fU«rtb , ^rut fItjfr^Vv.

W .
°v —

—
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H<i - 43 —

1 -
- 3' ~

41 — r

ro- - 5o /(p<6
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Drilling Log Continuation
Boring Number JR-I

Project Name j^Dga 3W /V\oRfyi Page

Project Number Date(pf(i>-(t (i Uf

Depth
(feet) Description

Class Blow
Count

Recov. Run/
Time

Sample
Desig.

PID (ppm)

BZ BH
Remarks/ 

Water Levels
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n —

n
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tv —
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SWAU. ll:$U-«|;vt ( ry fc/,) o>M ALv<.
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*-<C(d tklfcy,

Se^rtl N> «j/t

a

M> ^€<.0 (/try

qpmat.L ( rfr fe/,\ , dwky 

y*li«u> (JVWm\ f tvo ^ce^itk ((»*V») t)<*p 
(a4c(c, l~KtM<*el, Vf*-c« pU^'t.'+y, bL»ol«y,

A/t (tecov,<<y

fm y*,-*, tvM-it .
k j«y (ft **/> 3 icfyf, p/wL.V.
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5<vcft p*r4,w
^ - ----- -----

ij' o

1
c SU

TLl

“if
•:2£

A/* t-UAVt/y,

i-'tcn* /; jM- eljv* jn«ir
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3.J
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3.r

r

„
’h L 
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f/->/o rf^

*T>\ I
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C& o'a< .
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<5^yr

o&jtf-
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Drilling Log Continuation



Drilling Log
Project Name

H^r? T/»u , /Vbrt'j LcUjl
Project Number Boring Number

{vu*j~ X
Ground Elevation Location

//htrt'i UIcjl
Page

/ of- <■(

Air Monitoring Equipment
Act.y^j

Total Footage
S3

Drilling Type Hole Size Overburden Footage Bedrock Footage No. of Samples No. of Core Boxes

If** & % " 5"3 I
Drilling Company Driller(s)

Pc,4r,'ck
Drilling Rig

(We
Type of r
Sampler Sp/.‘f Jpoon - &

Date s(n(c To sMn Field Observer(s)

* i o/vur
Depth
(feet) Description

Class Blow
Count

Recov. Run/
Time

Sample
Desig,

PID (ppm)

BZ BH
Remarks/ 

Water Levels

1

2

3H 

4

Ct-AV f ! IV, Vtnj <)orlt
(l»Yfl(Sawy), plejktrt-y , a^;vm

Ci^ritf/vCy,

ClA<^ , Y«llau'j^ br«C"\

(faydV/^ /vxoWl-'Aj, Ooivf, pUi'Uci+v,

«0eJ;v(K W( j<;A& i

l'V> Vw*Vk §<•«, yK.^ (lOVftt/v')

0>c,\)zi.4;m Ol.ntk^

4rocd W ^o.vs i

Cl

Cl

8-

9-

10-

11-

12

13 —

14 1

CcAt^^ {-(•*</■£ S (If i*a4 fe;*J t tiertlc Y-tlfoudU 

f e-VftC/^ ^ ^ <)«*ryp, +rfcft /)l<iku+H,
sfrft.

0.I* U**
a. j" ^
+r«*Ct l

S4Mi t)«,A ytlUw:,!, bcWioYnV^

.Jftt (,«<, w , poorly i ,_

CvA1!, 4-rwut $; II 0-5 k-t f y^t^w'.ik 

CioyM^ tk<s> ( -Vns-ctL pUiV*(,:+v S'-W- 

W U«Jt
tL

CL

M
lo

IV

!L

d
1
i*
is

%

\

\

\

F

(b-8S<tj

g-r»8F9
W-d-/

SS«f

|HiJ JT*mr

PH>=«5> 
L£li «
C->-- o
<7>--ao.4V,

/V55

<V3a-

PXO-o 
Lf-t t o
fos o 
6^.5. >. 8r.
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Drilling Log Continuation
Boring Number rVllfJ'd

Project Name ^fO J~a0 fVUrt'j UkX Page a rf H
Project Number 97GS-? Date s/n/n
Depth
(feet) Description

Class Blow
Count

Recov. Run/
Time

Sample
Desig,

PID (ppm)

BZ BH
Remarks/

Water Levels

IS

IS"

Ko

COf. Sjo<. brown (w/K^A)
__ ___ _

CL

gffciVv yruttl ■

VetkwiA ^.4*
I Wit. grtApi .

>" So tx t\e>j.
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14 —I

Jo

Jl •

to H

v

■

to -

to

V") -

yj> —

-

■fr«4< phrt (j/owl

CtA*/,WsH(. ft-O/O . %rc*<l , Jorlc y<IW»l»
W" Ly. 4^ ljW,

(«*<>/,}

oxri>t»4-**4 KtAj.

SAVfc ,+f-^tt ^ (*««/<(, C'rt fdCOt S*\i. ■f>vt
4'B/'el (loV/t-f/O y<lu*M U^a, i„o,t,

[*4lt .

Cl^, Inut. j;*f oaJ ,(5.4 ( y<Kow;>l\
tro*'* fr&yfiVs^ 6(n*p, rkjJr^M . Jkff,

*4)*M*4 Lr*ti C

tr«WAOV. gtttf Llo'ytlbl})

3^ self 0r4 C'rtSfsb .

3«

3<

It.

SfWb, Wot cic^ t^jo Cm. j<>viI, s*4 •? 

Pin. 4o r+O'.s** gnt*, krOWA C^YP-*^
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Cl

Sw
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7
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W

7

8
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l?
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4
1
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5

7
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4)

»A

*4

h4

»4

’4

J4

*4

%

IHft —
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Drilling Log Continuation
Boring Number

Project Name tfy<)ro ffort'j Lekt Page 3 l|

Project Number Date $hi/n

Depth
(feet) Description

Class Blow
Count

Recov. Run/
Time

Sample
Desig.

PID (ppm)

BZ BH
Remarks/

Water Levels

D

34

ir

n

18

vi

Wo

, \-r*ct dey aa.) J«*d , y&IrWu-l'jL* 

brouA (loyd rA>\ (v<f ( jri.'ff

O.t 'scfiiltKj.

kVtC If
ar

W

CUi(,+r#,a /.o',
Ui»A(iiv|tr/)) ^r*'CLp|*j47t;+<) *+»6f

£»AAs»4<Aiy,

0,7" fCAi If Aj.

4" tttfti
8"

9Wfc. ftr4. +0 /V^J.“VM , tr«WA (,«y^

lovj?, JoUa$vIo/\ Jjjfty

lo

ct-

%

£u«j. +f/'ct J;|f , XaaJ , «f*v/t/ {u'fftrfj)
ple/f-'i‘(y, Sh'ff

(SoJ

Ct

>7
3o

n

I?

?fc

37

/I

n

3*

If

Ml —

MV

43

wv

Hf

% —

Ml

18

40

wa
ST<-T , Itaij p'x* j«aJ, yiLhu.a fl»YRr/^

_ (fcrvy. Ao/\p(ft>+rc, 4s JjPl .

Ctfttf, Soa-OTA /jr»wt| ( Viry l^wk.
^TWaTaL ^roy Ccity 1 ^//0y7 a«vf,

J'VH-f • I / Tj S' IH Ar'ifeuvjiy.

/va

cl
13
5f

31

%

CLAW, W ( y^H^lAk btfw*
CL

e
C^KsIhS a<i,vp 7 4-rAtt Al<v4?ttly utry *r
£6v4r*.l f»c< /(.aJ xAtSAjtr/ 4Ac«vgfc«t4’ 31

7«

dorlcjrt^tA WrowA^uyrj V/^] *„,> to
dfrfk y^llvvi- W"* (loy^Y/^^ 3o

n
SAt^O, fc-M-lo «A»rj< f fa-ut $r(tvi 1 ( Wl
0°4(l *7j3 M-*€-+, /oojl, k<lt goOei tl

>r

*

*

3^

HI

aaA
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\

prfti e 
lEt; o
CO i e

<>>-.*>.1,7,.

dais'

54-+P far Pey .-

/(W 5/^ -
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Drilling Log Continuation
Boring Number

Project Name /</y^rO 1*v MOet'j Lfildi Page V of- H

Project Number <n<0'n Date n
Depth
(feet) Description

Class Blow
Count

Recov. Run/
Time

Sample
Desig.

PID (ppm)

BZ BH
Remarks/

Water Levels

So

si —

CtAV, Vracc. s;l(- (vtytJorY
a™*/ Cttty i '3/i^y> +ftm

rtjFF-

r3

4
i)-

•8

*/*.
tfUit.

(e:«

10
i*

V-*-* ■
K>S- <>

OkS'Sa Sra/9

#f t5j>rt-r>
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Drilling Log
Project Name (tyJr* Tov ffarc'j UUl Project Number ^ ^ ^ y Boring Number

/HW'J

Ground Elevation Location
Mart's UliX.

Page
of 7

Air Monitoring Equipment P®t> /c6l-h caj
Total Footage r/n /,- J*>'

Drilling Type Hole Size Overburden Footage Bedrock Footage No. of Samples No. of Core Boxes

l+Sft To A/4

Drilling Company Driller(s)

Drilling Rig
Cm e

Type of ^ t
Sampler <>9a *

J-h>Date */n In To
r/17 Ir

Field Observer(s)
j Thr/its-

Depth
(feet) Description

Class Blow
Count

Recov. Run/
Time

Sample
Desig.

PID (ppm)

BZ BH
Remarks/ 

Water Levels

1

2 —

3 —

CcAy, l«'4-K S'* VV, i/fry dc/lt ken*"'
dots(. Mb***

C«AiaU»fcy. t***) ■

CW1, J.’ll-, y<(Hu7>V. ifO l»A (foMA-Vy)

, rv^'.vw pUjiU.'Ay. /wJCva* 

Lr$k> kr»w<vok $rcy (WilflfV^

CL

CL

5— I

6-

7 —

8 —

t

s*»4. bf.:)iiAik** C.l.ffi4CM r/t‘M.

10

11-

12-

13-

14

SAa»*, ic-Tk fcroun ((8vj(tW/w^ isAf,

A ■'t-jr*: M ( Ua*l, , pwrfv tjf*)e).

Clay ,+rll* ty****!, y^Hov-.iS

r

sp

Cc

a/a

5

r

G

8_

)

5

7

<1

3

*

)

to
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%

/VUV/-J

50.1
i?*r

(,-s

&-»o

f>p> -SVAAr

P=» e. 0,0
LEc. - o

£>:o 
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K»-J- o

I >57

p«

- tf
O; - o

C/>- 3*. 1V. 

(*>s --o
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Drilling Log Continuation
Boring Number rv)u?-3

Project Name Ifyjr* Tr*J fhirt 'j Ukt Page 0- of 3

Project Number °ri<om Date * In lr

Depth
(feet) Description

CU*y i^ct Sc*), ya

owSSSi^ te Wt jw. ^

|*y<r fue

•' i«<»i !«>«/ Ctwe,

Class Blow
Count

Recov. Run/
Time

Sample
Desig.

PID (ppm)

BZ BH
Remarks/

Water Levels

n. 

ir-

i(» -

CL

- I

n —

iS

To

T)

K

1)

VI

*r

% 

r>

*

*

»o

It

cUy/i.'lf , f.'rt'UtUitvA*. 
3rft>n. y<l<*~-.AW*uw\C (»V(i*/t>)<uJ |:^f
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Sv\af^„\(,r, psorl-^ /Vvsi^wly jr+iel,

¥

clav. W j;«.
+rA«. ^U4^tfVY, vt^siriti, nvHU/oj

O'^I.S

p«k W/>
4r*u. rw-J.'jrv jnc.^ t6(j,

CL

'i‘l ftnt 4* A-cJ.vrV J«iv} I&aJ .

SAa/b ( 4rt.v*. ^r*vtl Coorjt S'^n^i

3 <■*.*( Vv>yflkwrA trA»~A , 
Mektrlt*.

CwAtf , Sc<0 gftwf | ( yllUv-iih trewA

6eVA4M 'HJ-JI-, DoApUiLvt, fr-i'l*'
<jtent. Je\) r$i/<5r«.vt|.

y*»/*j4p(**j elv) nv«;>(-, i4mi iA/rt

Cutf.Sp/wjrW, 4«ce k t»Ar;e
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Sw

te
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sr

■?

if

31

3

1
ii

n

S
<3
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(4

S'
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8
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33
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1
i>
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n
l°
$$>
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%
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f« 1 0 
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Drilling Log Continuation
Boring Number

Project Name I4y0r0 T/\m L&kj&. Page 1 of ?

Project Number Date s/nlteO

Depth
(feet) Description

Class Blow
Count

Recov. Run/
Time

Sample
Desig.

PID (ppm)

BZ BH
Remarks/

Water Levels

is

Cley hiV'J , |»now<i (u 'f&t'/j') 

4* A-4f>V, (■>&!<., er> po»<-(y jrrieO,

ft***1’* kui
(jrtie) • ______ __-

cloy,4«*< five •** (?iroc-A (joya J7, \4rw«£iAJ4,-oVj , '* 1 /

5P

CL

SP

CL

% d

37 

1*

S*a* k«\K 0.^ ‘

(V* $«/>>£ k.

H>

HI

MJ

•1M

%

H7

Hi

H*>

St>

Ck«z4 1 ft iktyk

C<-«y ,+r*c* Jik /«a) , 4ciW'*3r«<»<l,

L'f'Y k<-lc ^re^r)*'jr«7 (ctfiy I Vi»y^ , 
+«■<■£ £l*<4Tt.’+7 /V<ry i +1?f.

«'f7Mik«y

0, ,J<aV Jtern

J.»" y<3/A»

8
io

1°

K

t>

U

&

W
h

to

£/A

n<a

cl
8
f7

#

9
&

31

Hi

1L
G»

IJr

/»5>%

\

V

0%j
/**-?/

S’&oJr

LC.f-0

fft -o 

0j>. JM/-. 
HjrJ-»

W«W

ff^t) « 4 ^ 9ffel»

yYry
OPK+fJstKLt

rs
r$rr>

rr ,ii«;ii 

(Wtf'A-

pCft-.e

LCt ■«■ 0
C> *. fo-HV. 

<V' 3M/. 

W»-r- O
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CpUu-h) $£7

Ce,* i-fvj L
S^tl by "tWt

\to>l Vrvp
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Drilling Log
Project Name

Myjro Ta»- A'brc'j Lakt
Project Number Boring Number ro uo-y

Ground Elevation Location
More's Lelct

Page
/ fifV

Air Monitoring Equipment Total Footage

57
Drilling Type Hole Size Overburden Footage Bedrock Footage No. of Samples No. of Core Boxes

(*V« 57 A/4 l

Drilling Company
(sto&tlx*

Driller(s)
p a4-r>x lc Meet-

Drilling Rig
CA\e

Type of
Sampler S/»l.> J/>«0/\ - 9-

Date sM/r To 5//t/r Field Observer(s)
LeoJ)j rlurAtr

Depth
(feet) Description

CtA-yf , <~'W\ $; (f JoWr groy.'/li tr*

r>»o+.s.

Class Blow
Count

Recov. Run/
Time

Sample
Desig.

PID (ppm)

BZ BH
Remarks/ 

Water Levels

\S+*\

-ftut. r; H-, /<(f»u.r>*t
dtrfi, Ayj.v* ccajUKuty,

CL

Cl

<vA

4-

5-

6 —

7 —

■{rAtd qc*'*! feroo'ni^K ^roy

OoV«fe/^ /HoW.Vj, klMf OK^r^r.

Ito/trj,

10

11-

12-

13-

14

Cuvy, Aia-» x:if t fork

(Guy i

I * At**>V*
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Boring Number
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Drilling Log Continuation
Boring Number
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Project Name
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Drilling Type Hole Size Overburden Footage Bedrock Footage No. of Samples No. of Core Boxes

list qV Hi 0 m
Drilling Company

no
Driller(s)

P a4-ffarf
Drilling Rig Ov\£ Type of 

Sampler Sp/rf - <h1

Date S'/Wo To Field Observer(s)

Depth
(feet) Description

Class Blow
Count

Recov. Run/
Time

Sample
Desig

PID (ppm)

BZ BH
Remarks/ 

Water Levels

Of-Ay j (Jcrrtc y<l(iw7if> br»wy> ( (oy

bUtc

W"s orrirtejf_

6 —

9

10-

11-

12-

13-

14

•frtce

Son* SfiA ■ff'r’flujlMiiF,

(Ct.%*) ,4-rttt i i\tr , ftv« fc-rv** p<At‘
(Vc(i4u-'<il I'Ou.n (/flVjtf/t) Aul l*|k+ bcotvoqL 

0<®1 rvei-vr*

CL

CL

7

fa
1°

°l

<p

II

>

H

$
f)

I")

%

7>

3/,

0*T<r 
fr'8 jd 
ft-'o R h)

T»f I-hr' 

%r<*ef/ccn,

•k c|«*r, rd

oBstr

VTb~ 0.©
OECi o 

C<5 - o
Mas-®

o&?r

BZ=Breathing Zone BH=Bore Hole S=Sample 051601 Form WCD-2-1



Drilling Log Continuation
Boring Number r^VlU'-r
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Drilling Log Continuation
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Drilling Log
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oC- 1

Air Monitoring Equipment P3T> /ut-MjoJ
Total Footage
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Drilling Log Continuation
. 3oring Number tfUr-<r
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Drilling Log Continuation
Boring Number Al l*/- (a

Project Name tf/w Grt'j L&I&L Page J +(■ J

Project Number Date rivrln
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Drilling Log Continuation
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Drilling Log Continuation
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Drilling Log Continuation
Boring Number 56-”5.'
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Drilling Log
Project Name Project Number ^31V7 Boring Number Mu-2
Ground Elevation Location
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Page
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APPENDIX D – GENERALIZED GEOLOGIC CROSS-SECTIONS
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CROSS SECTION PROFILE MAP

COLUMBIA MUNICIPAL POWER

PLANT

COLUMBIA, MO

NOTES:

1. MONITORING WELL AND PIEZOMETER

LOCATIONS AND ELEVATIONS SURVEYED BY

ENGINEERING SURVEYS AND SERVICES OF

COLUMBIA, MO ON JUNE 23, 2017.

LEGEND

EXISTING PIEZOMETER

NEW MONITORING WELL

DEEP BEDROCK BORINGS

N



PZ-4

EL. 752.4

MW-8

EL. 753.46

MW-1, (SB-1)

EL. 770.2

MW-2

EL. 781.8
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EL. 755.87
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GP (FILL)
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ML
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SP-SW
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ML

ML-CL
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EL. 746.93

EL. 731.93

EL. 735.55

EL. 727.32

EL. 735.44

EL. 750.44

EL. 737.32

EL. 727.32

EL. 738.44

EL. 728.44

TD = 53' BGS

TD = 30' BGS

TD = 30' BGS

TD = 30' BGS

TD = 80' BGS
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SAND
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GLACIAL DRIFT

SCREENED INTERVAL (ELEVATIONS INDICATED)

LITHOLOGIES

CLAY, LOW TO MEDIUM PLASTICITY

1.       CORRELATION OF UNITS IS AN INTERPRETATION

AND NOT NECESSARILY A DELINEATION OF ACTUAL

EXTENT AND THICKNESS OF INDIVIDUAL UNITS.

NOTES:

2.       LITHOLOGY WAS LOGGED BY BURNS & MCDONNELL

GEOLOGISTS AND/OR CROCKETT ENGINEERING

CONSULTANTS PERSONNEL IN ACCORDANCE WITH

UNIFIED SOIL CLASSIFICATION SYSTEM.

SILT, LOW PLASTICITY

SAND, WELL GRADED

ML

SW

SAND, POORLY GRADED

SP

INTERPRETED GEOLOGIC CONTACT

INFERRED GEOLOGIC CONTACT

735.55

745.00

GROUNDWATER ELEVATION (11/16/2017)

COAL COMBUSTION RESIDUAL (CCR; CINDERS)

FILL

LIMESTONE

SHALE

INTERBEDDED LIMESTONE AND SHALE 

SAND

K

HYDRAULIC CONDUCTIVITY (cm/sec)

FAT CLAY

CH

POORLY GRINDED GRAVEL

GP

3. THE DEEPEST BASE ELEVATION OF THE INACTIVE

SURFACE IMPOUNDMENT IS AROUND 742 FEET amsl

BASED ON TEST PITS DUG IN FALL 2016 (BURNS &

McDONNELL, 2016).

SHALLOW POTENTIOMETRIC SURFACE(11/16/2017)

INACTIVE CCR SURFACE

IMPOUNDMENT

COLUMBIA MUNICIPAL POWER PLANT

COLUMBIA, MO
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GENERALIZED GEOLOGIC

CROSS-SECTION A-A'



MW-7, (SB-3)

EL. 762.67
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GLACIAL DRIFT

SCREENED INTERVAL (ELEVATIONS INDICATED)

LITHOLOGIES

CLAY, LOW TO MEDIUM PLASTICITY

1.       CORRELATION OF UNITS IS AN INTERPRETATION

AND NOT NECESSARILY A DELINEATION OF ACTUAL

EXTENT AND THICKNESS OF INDIVIDUAL UNITS.

NOTES:

2.       LITHOLOGY WAS LOGGED BY BURNS & MCDONNELL

GEOLOGISTS AND/OR CROCKETT ENGINEERING

CONSULTANTS PERSONNEL IN ACCORDANCE WITH

UNIFIED SOIL CLASSIFICATION SYSTEM.

SILT, LOW PLASTICITY

SAND, WELL GRADED

ML

SW

SAND, POORLY GRADED

SP

SAND, SOME SILT

SM

INTERPRETED GEOLOGIC CONTACT

INFERRED GEOLOGIC CONTACT

735.55

745.00

GROUNDWATER ELEVATION (11/16/2017)
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LIMESTONE

SHALE

INTERBEDDED LIMESTONE AND SHALE 

SAND

K

HYDRAULIC CONDUCTIVITY (cm/sec)

FAT CLAY
CH

SHALLOW POTENTIOMETRIC SURFACE(11/16/2017)

3. THE DEEPEST BASE ELEVATION OF THE INACTIVE

SURFACE IMPOUNDMENT IS AROUND 742 FEET amsl

BASED ON TEST PITS DUG IN FALL 2016 (BURNS &

McDONNELL, 2016).

0

SCALE IN FEET

100' 200'

HORIZONTAL

C
O

P
Y

R
I
G

H
T

 
©

 
2
0
1
7

B
U

R
N

S
 
&

 
M

c
D

O
N

N
E

L
L
 
E

N
G

I
N

E
E

R
I
N

G
 
C

O
M

P
A

N
Y

,
 
I
N

C
.

Z:\CLIENTS\ENS\COLUMBIAMO\93647_MORESLAKE\DESIGN\CADD\DWGS\GROUNDWATER WORK PLAN\2017\GENERALIZED GEOLOGIC CROSS-SECTIONS 2017_11-01.DWG DHINEMAN

INACTIVE CCR SURFACE

IMPOUNDMENT

COLUMBIA MUNICIPAL POWER

PLANT

COLUMBIA, MO

GENERALIZED GEOLOGIC

CROSS-SECTION B-B'



MW-8

EL. 753.46

PZ-4

EL. 752.4
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EL. 756.19
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EL. 762.67
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CLAY

CLAY

FILL

GLACIAL DRIFT

SCREENED INTERVAL (ELEVATIONS INDICATED)

LITHOLOGIES

CLAY, LOW TO MEDIUM PLASTICITY

1.       CORRELATION OF UNITS IS AN INTERPRETATION

AND NOT NECESSARILY A DELINEATION OF ACTUAL

EXTENT AND THICKNESS OF INDIVIDUAL UNITS.

NOTES:

2.       LITHOLOGY WAS LOGGED BY BURNS & MCDONNELL

GEOLOGISTS AND/OR CROCKETT ENGINEERING

CONSULTANTS PERSONNEL IN ACCORDANCE WITH

UNIFIED SOIL CLASSIFICATION SYSTEM.

SILT, LOW PLASTICITY

SAND, WELL GRADED

ML

SW

SAND, POORLY GRADED

SP

INTERPRETED GEOLOGIC CONTACT

INFERRED GEOLOGIC CONTACT

735.55

745.00

GROUNDWATER ELEVATION (11/16/2017)

COAL COMBUSTION RESIDUAL (CCR; CINDERS)

FILL

LIMESTONE

SHALE

INTERBEDDED LIMESTONE AND SHALE 

SAND

K

HYDRAULIC CONDUCTIVITY (cm/sec)

SAND, CLAYEY

SC

FAT CLAY

CH

POORLY GRINDED GRAVEL

GP

POORLY GRINDED GRAVEL WITH CLAY AND SAND.

GC

SAND GRAVEL

GM

GRAVEL, WELL GRADED WITH SAND

GW

SHALLOW POTENTIOMETRIC SURFACE(11/16/2017)

3. THE DEEPEST BASE ELEVATION OF THE INACTIVE

SURFACE IMPOUNDMENT IS AROUND 742 FEET amsl

BASED ON TEST PITS DUG IN FALL 2016 (BURNS &

McDONNELL, 2016).

FILL

0

SCALE IN FEET

100' 200'

HORIZONTAL
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MW-2

EL. 781.80

MW-3

EL. 781.62

MW-4

EL. 785.39

700

710

720

730

740

750

760

770

780

790

800

700

710

720

730

740

750

760

770

780

790

800

D - D'

NORTH

SOUTH

CL

SP

CL

SP

SP

SP

CL

SP

SW

SP

CL

SW

CL

SP

SW

CL

SP

SP

SP

CL

SP

SP

SP

ELEVATION

(FT. MSL)

ELEVATION

(FT. MSL)

CL

SP

SP

SP

CL

CL

SP-SW

CL

CL

SW

CL

SW

ML-SP

SW

SP

ML

SP

CL

SP

CL

SW

ML

CL

SP

ML-SP

CL

SW-SP

CL

SP

CL

SP

CL

SP

SP

SP

CL

SP

CL

ML

SP

CL

EL. 738.44

EL. 728.44

TD = 53' BGS

EL. 741.92

EL. 731.92

TD = 50' BGS

EL. 738.24

EL. 728.23

TD = 57' BGS

K=

3.09 x 10-7 cm/s

K=

5.74 x 10-5 cm/s

K=

3.52 x

6-5 cm/s

CLAY

CLAY

CLAY

CLAY

CLAY

CLAY

SAND

SAND

SAND

SAND

SAND

GLACIAL DRIFT

SCREENED INTERVAL (ELEVATIONS INDICATED)

SHALLOW POTENTIOMETRIC SURFACE(11/16/2017)

LITHOLOGIES

CLAY, LOW TO MEDIUM PLASTICITY

1.       CORRELATION OF UNITS IS AN INTERPRETATION

AND NOT NECESSARILY A DELINEATION OF ACTUAL

EXTENT AND THICKNESS OF INDIVIDUAL UNITS.

NOTES:

2.       LITHOLOGY WAS LOGGED BY BURNS & MCDONNELL

GEOLOGISTS AND/OR CROCKETT ENGINEERING

CONSULTANTS PERSONNEL IN ACCORDANCE WITH

UNIFIED SOIL CLASSIFICATION SYSTEM.

SILT, LOW PLASTICITY

SAND, WELL GRADED

ML

SW

SAND, POORLY GRADED

SP

INTERPRETED GEOLOGIC CONTACT

INFERRED GEOLOGIC CONTACT

735.55

745.00

GROUNDWATER ELEVATION (11/16/2017)

COAL COMBUSTION RESIDUAL (CCR; CINDERS)

FILL

LIMESTONE

SHALE

INTERBEDDED LIMESTONE AND SHALE 

SAND

K

HYDRAULIC CONDUCTIVITY (cm/sec)

3. THE DEEPEST BASE ELEVATION OF THE INACTIVE

SURFACE IMPOUNDMENT IS AROUND 742 FEET amsl

BASED ON TEST PITS DUG IN FALL 2016 (BURNS &

McDONNELL, 2016).

0

SCALE IN FEET

100' 200'

HORIZONTAL
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APPENDIX E – EXISTING DRILL LOGS AND CONSTRUCTION DETAILS OF 
EXISTING MONITORING WELLS



SH
1

SH
2

SH
3

SH
4

SH
5

SH
6

SH
7 top
SH

7 bot

SH
8 top
SH

8 bot

SH
9

SPT
10

SPT
11

SPT
12

SPT
13

SPT
14

SPT
15

30-26-32
(58)

27-39-
50/3"

8-17-38
(55)

11-12-28
(40)

6-14-31
(45)

9-12-30
(42)

120

118

97

104

95

97

97
86

95

120

15

10

26

20

29

26

29
24

30

15

14

17

24

18

21

22

36

50

33

22

16

18

14

34

15

4970

1540

1540

890

771.9

769.0

767.0

762.0

746.0

739.5

736.5

725.0

712.0

14

19

20

15

12

17

11
12

12
12

10

14

12

12

18

8

6

9000

7000

4000

3000

3500

1500

1000
1000

8500

9000

7000

5000

0.1

3.0

5.0

10.0

26.0

32.5

35.5

47.0

60.0

TOPSOIL (<1")
FILL: Fat Clay, brown, trace gray, trace sand, hard

FILL: Lean to Fat Clay, brown, very stiff

FILL: Lean Clay, silty, dark brownish gray, stiff

FILL: Fat Clay, brown, trace gray, trace sand, soft to stiff

Torvane = 350 psf

Torvane = 500 psf
--: more sand, dark gray, soft

Torvane = 500 psf

Torvane = 200 psf
LEAN TO FAT CLAY: brown, trace gray, trace sand and
fine gravel, very stiff to hard (Glacial Drift)

COBBLES AND BOULDERS: Dense to very dense
(Glacial Drift)

LEAN TO FAT CLAY: Dark gray, with gravel, trace sand,
occasional cobbles and boulders, very stiff to hard (Glacial
Drift)

CLAYEY SAND: Silty, gray, variable grain size (silt to
coarse sand), dense (Glacial Drift)

Bottom of borehole at 60.0 feet.

NOTES Piezometer installed upon completion of drilling

GROUND ELEVATION 772 ft

LOGGED BY Lidholm

DRILLING METHOD 6" HSA

HOLE SIZE 6"

DRILLING CONTRACTOR IPES GROUND WATER LEVELS:

CHECKED BY Lidholm

DATE STARTED 1/2/14 COMPLETED 1/2/14

AT TIME OF DRILLING 16.00 ft / Elev 756.00 ft

AT END OF DRILLING ---

24hrs AFTER DRILLING 11.50 ft / Elev 760.50 ft
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BORING NUMBER B-1

PROJECT NAME Power Plant Dam Stability Analyses

PROJECT LOCATION Columbia, Missouri

CLIENT City of Columbia

PROJECT NUMBER G13043
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Crockett Geotechnical - Testing Lab
500 Big Bear Boulevard
Columbia, MO 65202
Telephone:  573-447-3981



SH
1
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2

SH
3

SH
4

SPT
5

SPT
6

SPT
7

13-21-31
(52)

11-20-35
(55)

14-26-49
(75)

105

109

110

20

19

19

14

16

24

3150

2330

1630

757.0

755.0

750.0

741.0

739.5

731.0

728.0

16

5

18

22

18

16

12

4500

3000

3000

8000

9000

3000

4500

1.0

3.0

8.0

17.0

18.5

27.0

30.0

FILL: Gravel, parking lot surface, 1-inch minus crushed
limestone aggregate
FILL: Fat Clay, brown, trace gray, trace sand, very stiff
FILL: Lean to Fat Clay, brown, stiff

LEAN TO FAT CLAY: brown, trace gray, trace sand and
fine gravel, medium to very stiff (Glacial Drift)

COBBLES AND BOULDERS: Dense to very dense
(Glacial Drift)
LEAN TO FAT CLAY: Dark gray, with gravel, trace sand,
occasional cobbles and boulders, stiff to hard (Glacial
Drift)

CLAYEY SAND: Silty, gray, variable grain size (silt to
coarse sand), very dense (Glacial Drift)

Bottom of borehole at 30.0 feet.

NOTES Piezometer installed upon completion of drilling

GROUND ELEVATION 758 ft

LOGGED BY Lidholm

DRILLING METHOD 6" HSA

HOLE SIZE 6"

DRILLING CONTRACTOR IPES GROUND WATER LEVELS:

CHECKED BY Lidholm

DATE STARTED 1/10/14 COMPLETED 1/10/14

AT TIME OF DRILLING 9.00 ft / Elev 749.00 ft

AT END OF DRILLING ---

AFTER DRILLING ---
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BORING NUMBER B-2

PROJECT NAME Power Plant Dam Stability Analyses

PROJECT LOCATION Columbia, Missouri

CLIENT City of Columbia

PROJECT NUMBER G13043
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Crockett Geotechnical - Testing Lab
500 Big Bear Boulevard
Columbia, MO 65202
Telephone:  573-447-3981
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7
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9
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10

SPT
11

SPT
12

13-20-26
(46)

50-50/1"

108

98

103

101

98

97

101

89

104

97

19

25

22

26

25

26

21

33

24

26

21

23

51

38

44

15

15

17

36

23

27

1610

1830

2670

1620

1280

1730

770.9

768.0

758.0

739.0

729.0

726.0

720.4

12

11

12

13

18

24

24

24

19

22

8

6

9000

4000

3000

2000

1500

5000

1000

0

5000

4000

0.1

3.0

13.0

32.0

42.0

45.0

50.6

TOPSOIL (<1")
FILL: Fat Clay, brown, trace gray, trace sand, medium to
stiff
FILL: Lean to Fat Clay, brown, soft to very stiff

FILL: Lean Clay, silty, dark brownish gray, stiff

LEAN TO FAT CLAY: brown, trace gray, trace sand and
fine gravel, very stiff to hard (Glacial Drift)

--: sandy zone
COBBLES AND BOULDERS: Dense to very dense
(Glacial Drift)

LEAN TO FAT CLAY: Brown and dark gray, with gravel,
trace sand, occasional cobbles and boulders, very stiff to
hard (Glacial Drift)

Refusal at 50.7 feet.
Bottom of borehole at 50.7 feet.

NOTES Piezometer installed upon completion of drilling

GROUND ELEVATION 771 ft

LOGGED BY Lidholm

DRILLING METHOD 6" HSA

HOLE SIZE 6"

DRILLING CONTRACTOR IPES GROUND WATER LEVELS:

CHECKED BY Lidholm

DATE STARTED 1/3/14 COMPLETED 1/3/14

AT TIME OF DRILLING 19.00 ft / Elev 752.00 ft

AT END OF DRILLING ---

AFTER DRILLING ---
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BORING NUMBER B-3

PROJECT NAME Power Plant Dam Stability Analyses

PROJECT LOCATION Columbia, Missouri

CLIENT City of Columbia

PROJECT NUMBER G13043
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500 Big Bear Boulevard
Columbia, MO 65202
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1
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2

SPT
3

SPT
4

SPT
5

SPT
6

SPT
7

SPT
8

SPT
9

2-1-1
(2)

1-2-3
(5)

1-1-1
(2)

1-3-4
(7)

16-26-28
(54)

5-8-10
(18)

5-14-17
(31)

98

107

26

21

44

41

28

26

19

25

20

2300

3930

750.5

747.5

744.0

739.5

735.0

724.0

722.0

17

21

5

1

16

12

15

10

6

3000

4000

0

2000

5000

9000

5500

1.5

4.5

8.0

12.5

17.0

28.0

30.0

FILL: Gravel, parking lot surface, 1-inch minus crushed
limestone aggregate
FILL: Fat Clay, brown, trace gray, trace sand, stiff

FILL: Lean to Fat Clay, brown, trace gray, stiff

FILL: Cinders, black, loose

FILL: Lean to Fat Clay, brown, trace gray, trace sand, very
soft to medium

Torvane = 100 psf

LEAN TO FAT CLAY: brown, trace gray, trace sand and
fine gravel, very stiff to hard (Glacial Drift)

LEAN TO FAT CLAY: Dark gray, with gravel, trace sand,
occasional cobbles and boulders, very stiff to hard (Glacial
Drift)

Bottom of borehole at 30.0 feet.

NOTES Piezometer installed upon completion of drilling

GROUND ELEVATION 752 ft

LOGGED BY Lidholm

DRILLING METHOD 6" HSA

HOLE SIZE 6"

DRILLING CONTRACTOR IPES GROUND WATER LEVELS:

CHECKED BY Lidholm

DATE STARTED 1/9/14 COMPLETED 1/9/14

AT TIME OF DRILLING --- Not Encounteed

AT END OF DRILLING --- Not Encounteed

2hrs AFTER DRILLING --- Not Encountered
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BORING NUMBER B-4

PROJECT NAME Power Plant Dam Stability Analyses

PROJECT LOCATION Columbia, Missouri

CLIENT City of Columbia

PROJECT NUMBER G13043
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TOPSOIL (<1")
FILL: Fat Clay and Cinders, brown, trace gray, trace sand,
very stiff
FILL: Fat Clay, brown, trace gray, trace sand, medium to
stiff

Torvane = 500 psf

FILL: Lean to Fat Clay, brown, trace gray, trace sand, very
soft

Torvane = 300 psf

Torvane = 200 psf

LEAN TO FAT CLAY: brown, trace gray, trace sand and
fine gravel, stiff to very stiff (Glacial Drift)

LEAN TO FAT CLAY: Brown and gray to dark gray, with
gravel, trace sand, occasional cobbles and boulders, very
stiff to hard (Glacial Drift)

--: sandy zone

COBBLES AND BOULDERS: Dense to very dense
(Glacial Drift)

Refusal at 47.7 feet.
Bottom of borehole at 47.7 feet.

NOTES Piezometer installed upon completion of drilling

GROUND ELEVATION 771 ft

LOGGED BY Lidholm

DRILLING METHOD 6" HSA

HOLE SIZE 6"

DRILLING CONTRACTOR IPES GROUND WATER LEVELS:

CHECKED BY Lidholm

DATE STARTED 1/8/14 COMPLETED 1/8/14

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---
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BORING NUMBER B-5

PROJECT NAME Power Plant Dam Stability Analyses

PROJECT LOCATION Columbia, Missouri

CLIENT City of Columbia

PROJECT NUMBER G13043
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FILL: Gravel, parking lot surface, 1-inch minus crushed
limestone aggregate
FILL: Fat Clay, brown, trace gray, trace sand, hard

LEAN TO FAT CLAY: Brown, trace gray, trace sand and
fine gravel, occasional cobbles and possible boulders, very
stiff to hard (Glacial Drift)

LEAN TO FAT CLAY: Dark gray, with gravel, trace sand,
occasional cobbles and boulders, very stiff to hard (Glacial
Drift)

Bottom of borehole at 30.0 feet.

NOTES Piezometer installed upon completion of drilling

GROUND ELEVATION 755 ft

LOGGED BY Lidholm

DRILLING METHOD 6" HSA

HOLE SIZE 6"

DRILLING CONTRACTOR IPES GROUND WATER LEVELS:

CHECKED BY Lidholm

DATE STARTED 1/9/14 COMPLETED 1/9/14

AT TIME OF DRILLING ---

AT END OF DRILLING ---

AFTER DRILLING ---
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BORING NUMBER B-6

PROJECT NAME Power Plant Dam Stability Analyses

PROJECT LOCATION Columbia, Missouri

CLIENT City of Columbia

PROJECT NUMBER G13043
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TOPSOIL: with gravel (12 inches)
FILL: Gravel and cobbles, 1-inch minus crushed limestone
aggregate
FILL: Lean to Fat Clay, brown, trace root hairs, trace
gravel and fine gravel, stiff

--: black and brown, trace sand, medium

LEAN TO FAT CLAY: Dark gray and orangish brown, trace
fine gravel, trace to with gravel, very stiff (Glacial Drift)

--: light brown, trace fine sand, hard

Bottom of borehole at 25.0 feet.

NOTES

GROUND ELEVATION 755 ft

LOGGED BY Rathe

DRILLING METHOD 6" HSA

HOLE SIZE 6"

DRILLING CONTRACTOR IPES GROUND WATER LEVELS:

CHECKED BY Lidholm

DATE STARTED 6/30/14 COMPLETED 6/30/14

AT TIME OF DRILLING 7.00 ft / Elev 748.00 ft

AT END OF DRILLING ---

1hrs AFTER DRILLING 7.00 ft / Elev 748.00 ft
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BORING NUMBER B-7

PROJECT NAME Power Plant Dam Stability Analyses

PROJECT LOCATION Columbia, Missouri

CLIENT City of Columbia

PROJECT NUMBER G13043
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FILL: Gravel, parking lot surface, 1-inch minus crushed
limestone aggregate
FILL: Cinders, black, loose

Fill: Dark gray, trace light brown, trace fine gravel, trace
gravel, soft to medium

--: with white, trace rust stains, hard
Bottom of borehole at 25.0 feet.

NOTES

GROUND ELEVATION 751 ft

LOGGED BY Rathe

DRILLING METHOD 6" HSA

HOLE SIZE 6"

DRILLING CONTRACTOR IPES GROUND WATER LEVELS:

CHECKED BY Lidholm

DATE STARTED 6/30/14 COMPLETED 6/30/14

AT TIME OF DRILLING 5.00 ft / Elev 746.00 ft

AT END OF DRILLING ---

AFTER DRILLING ---
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BORING NUMBER B-8

PROJECT NAME Power Plant Dam Stability Analyses

PROJECT LOCATION Columbia, Missouri

CLIENT City of Columbia

PROJECT NUMBER G13043
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FILL: Gravel, parking lot surface, 1-inch minus crushed
limestone aggregate
LEAN TO FAT CLAY: Light brown, trace gray, trace
reddish orange, trace black, trace gravel, stiff (Glacial
Drift)

--: dark gray, trace light brown, trace root hairs, very stiff

--: gray and orangish brown, trace fine sand

--: with gravel, reddish brown

Refusal at 19.6 feet.
Bottom of borehole at 19.6 feet.

NOTES

GROUND ELEVATION 753 ft

LOGGED BY Rathe

DRILLING METHOD 6" HSA

HOLE SIZE 6"

DRILLING CONTRACTOR IPES GROUND WATER LEVELS:

CHECKED BY Lidholm

DATE STARTED 6/30/14 COMPLETED 6/30/14

AT TIME OF DRILLING 7.00 ft / Elev 746.00 ft

AT END OF DRILLING ---

AFTER DRILLING --- Borehole backfilled upon completion
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BORING NUMBER B-9

PROJECT NAME Power Plant Dam Stability Analyses

PROJECT LOCATION Columbia, Missouri

CLIENT City of Columbia

PROJECT NUMBER G13043
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FILL: Gravel, parking lot surface, 1-inch minus crushed
limestone aggregate, with cinders
LEAN TO FAT CLAY: Dark gray, trace light brown, trace
fine gravel, stiff (Glacial Drift)
--: trace root hairs, with gravel

--: with gravel and cobbles from 11.0' - to 13.0'

--: becomes brown, with gravel and sand

Bottom of borehole at 25.0 feet.

NOTES

GROUND ELEVATION 752 ft

LOGGED BY Rathe

DRILLING METHOD 6" HSA

HOLE SIZE 6"

DRILLING CONTRACTOR IPES GROUND WATER LEVELS:

CHECKED BY Lidholm

DATE STARTED 6/30/14 COMPLETED 6/30/14

AT TIME OF DRILLING 3.50 ft / Elev 748.50 ft

AT END OF DRILLING ---

0.25hrs AFTER DRILLING 3.50 ft / Elev 748.50 ft
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BORING NUMBER B-10

PROJECT NAME Power Plant Dam Stability Analyses

PROJECT LOCATION Columbia, Missouri

CLIENT City of Columbia

PROJECT NUMBER G13043
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COPY

MISSOURI DEPARTMENT OF
NATURAL RESOURCES
DIVISION OF
GEOLOGY AND LAND SURVEY
(573) 368-2165

MONITORING WELL
CERTIFICATION RECORD

REF NO

01000598

DATE RECEIVED

01/15/2014

CR NO

.

CHECK NO.

ONLINE

STATE WELL NO

A900508

REVENUE NO.

011514

ENTERED 001233

PH1 PH2 PH3

01/15/2014 01/15/2014 01/15/2014

APPROVED BY ROUTE

INFORMATION SUPPLIED BY PRIMARY CONTRACTOR OR DRILLING CONTRACTOR
NOTE: THIS FORM IS NOT TO BE USED FOR NESTED WELLS

OWNER NAME
CITY OF COLUMBIA

CONTACT NAME
CITY OF COLUMBIA

VARIANCE GRANTED BY
DNR

OWNER ADDRESS
PO BOX 6015

CITY
COLUMBIA

STATE
MO

ZIP
65205

NUMBER
_______________

SITE NAME
MORES LAKE DAM

WELL NUMBER
PZ1

COUNTY
BOONE

SITE ADDRESS
1501 BUSINESS LOOP 70 EAST

CITY
COLUMBIA

STATIC WATER LEVEL
FT

.

SURFACE COMPLETION
TYPE LENGTH AND DIAMETER OF

SURFACE COMPLETION
DIAMETER AND DEPTH OF THE HOLE
SURFACE COMPLETION WAS
PLACED

. SURFACE COMPLETION GROUT LOCATION OF WELL.

. ABOVE GROUND LENGTH _1.0 FT. DIAMETER _6.0 IN. . X CONCRETE LAT. ___38 ° ___57' _58.1"

. . . . . . .

. X FLUSH MOUNT DIAMETER 12.0 IN. LENGTH _1.0 FT. . OTHER LONG. ___92 ° ___19' __6.5"

. .

. .

SMALLEST LARGEST

________ 1/4 ________ 1/4 ________ 1/4
LOCKING CAP SURFACE COMPLETTION

WEEP HOLE X STEEL ALUMINUM PLASTIC SEC. LG002753 TWN. ________ NORTH

RANGE ________ Direction

MONITORING FOR:
RADIONUCLIDES PETROLEUM PRODUCTS ONLY

EXPLOSIVES METALS VOC

RISER SVOCS PESTICIDES/HERBICIDESS

ELEVATION ________FT. RISER PIPE DIAMETER _______2.0IN.

RISER PIPE LENGTH _______5.0FT. PROPOSED USE OF WELL

ANNULAR SEAL HOLE DIAMETER _______7.0IN. GAS MIGRATION WELL X OBSERVATION

LENGTH _______2.0FT. WEIGHT OR SDR# _____SCH40 EXTRACTION WELL OPEN HOLE

PIEZOMETERS

SLURRY CHIPS DIRECT PUSH

PELLETS GRANULAR MATERIAL
CEMENT/SLURRY STEEL X THERMOPLASTIC (PVC) DEPTH FORMATION

IF CEMENT/BENTONITE MIX: OTHER
__________

FROM TO DESCRIPTION

BAGS OF CEMENT USED: .0.0 20.0 CL, BROWN SILTY CLAY

%OF BENTONITE USED: .

WATER USED/BAG: GAL. .

BENTONITE SEAL .

LENGTH: ___0.0 .
CHIPS PELLETS GRANULAR .
SLURRY .
SATURATED ZONE HYDRATED .

SECONDARY FILTER PACK .

LENGTH: _______0.0FT. .
SCREEN .
SCREEN DIAMETER: _______2.0IN. .
SCREEN LENGTH: ______15.0FT. .

DEPTH TO TOP OF PRIMARY DIAMETER OF DRILL HOLE: _7.0IN. .

FILTER PACK: _______3.0FT. DEPTH TO TOP _______5.0FT. .

.

.
SCREEN MATERIAL .

LENGTH OF PRIMARY FILTER STEEL X THERMOPLASTIC (PVC) .

PACK: ______17.0FT. OTHER .

.

.

TOTAL DEPTH: ______20.0 FEET

FOR CASED WELLS, SUBMIT ADDITIONAL AS BUILT DIAGRAMS SHOWING WELL CONSTRUCTION DETAILS INCLUDING TYPE AND SIZE OF ALL CASING, HOLE DIAMETER AND GROUT USED.

SIGNATURE (PRIMARY COUNTRACTOR)
x JAMES CLINGMAN

PERMIT NUMBER
001233____

DATE WELL DRILLING WAS COMPLETED
01/13/2014

I HEREBY CERTIFY THAT THE MONITORING WELL HEREIN DESCRIBED WAS CONSTRUCTED IN ACCORDANCE WITH MISSOURI
DEPARTMENT OF NATURAL RESOURCES REQUIREMENTS FOR THE CONSTRUCTION OF MONITORING WELLS

PUMP INSTALLED

SIGNATURE (WELL DRILLER)
x JAMES CLINGMAN

PERMIT NUMBER
001233____

SIGNATURE (APPRENTICE)
x PAUL SCHEETZ

APPRENTICE PERMIT NUMBER
004707____



COPY

MISSOURI DEPARTMENT OF
NATURAL RESOURCES
DIVISION OF
GEOLOGY AND LAND SURVEY
(573) 368-2165

MONITORING WELL
CERTIFICATION RECORD

REF NO

01000599

DATE RECEIVED

01/15/2014

CR NO

.

CHECK NO.

ONLINE

STATE WELL NO

A900509

REVENUE NO.

011514

ENTERED 001233

PH1 PH2 PH3

01/15/2014 01/15/2014 01/15/2014

APPROVED BY ROUTE

INFORMATION SUPPLIED BY PRIMARY CONTRACTOR OR DRILLING CONTRACTOR
NOTE: THIS FORM IS NOT TO BE USED FOR NESTED WELLS

OWNER NAME
CITY OF COLUMBIA

CONTACT NAME
CITY OF COLUMBIA

VARIANCE GRANTED BY
DNR

OWNER ADDRESS
PO BOX 6015

CITY
COLUMBIA

STATE
MO

ZIP
65205

NUMBER
_______________

SITE NAME
MORES LAKE DAM

WELL NUMBER
PZ2

COUNTY
BOONE

SITE ADDRESS
1501 BUSINESS LOOP 70 EAST

CITY
COLUMBIA

STATIC WATER LEVEL
FT

.

SURFACE COMPLETION
TYPE LENGTH AND DIAMETER OF

SURFACE COMPLETION
DIAMETER AND DEPTH OF THE HOLE
SURFACE COMPLETION WAS
PLACED

. SURFACE COMPLETION GROUT LOCATION OF WELL.

. ABOVE GROUND LENGTH _1.0 FT. DIAMETER _6.0 IN. . X CONCRETE LAT. ___38 ° ___57' _58.2"

. . . . . . .

. X FLUSH MOUNT DIAMETER 12.0 IN. LENGTH _1.0 FT. . OTHER LONG. ___92 ° ___19' __7.4"

. .

. .

SMALLEST LARGEST

________ 1/4 ________ 1/4 ________ 1/4
LOCKING CAP SURFACE COMPLETTION

WEEP HOLE X STEEL ALUMINUM PLASTIC SEC. LG002753 TWN. ________ NORTH

RANGE ________ Direction

MONITORING FOR:
RADIONUCLIDES PETROLEUM PRODUCTS ONLY

EXPLOSIVES METALS VOC

RISER SVOCS PESTICIDES/HERBICIDESS

ELEVATION ________FT. RISER PIPE DIAMETER _______2.0IN.

RISER PIPE LENGTH _______5.0FT. PROPOSED USE OF WELL

ANNULAR SEAL HOLE DIAMETER _______7.0IN. GAS MIGRATION WELL X OBSERVATION

LENGTH _______2.0FT. WEIGHT OR SDR# _____SCH40 EXTRACTION WELL OPEN HOLE

PIEZOMETERS

SLURRY CHIPS DIRECT PUSH

PELLETS GRANULAR MATERIAL
CEMENT/SLURRY STEEL X THERMOPLASTIC (PVC) DEPTH FORMATION

IF CEMENT/BENTONITE MIX: OTHER
__________

FROM TO DESCRIPTION

BAGS OF CEMENT USED: .0.0 20.0 CL, BROWN SILTY CLAY

%OF BENTONITE USED: .

WATER USED/BAG: GAL. .

BENTONITE SEAL .

LENGTH: ___0.0 .
CHIPS PELLETS GRANULAR .
SLURRY .
SATURATED ZONE HYDRATED .

SECONDARY FILTER PACK .

LENGTH: _______0.0FT. .
SCREEN .
SCREEN DIAMETER: _______2.0IN. .
SCREEN LENGTH: ______15.0FT. .

DEPTH TO TOP OF PRIMARY DIAMETER OF DRILL HOLE: _7.0IN. .

FILTER PACK: _______3.0FT. DEPTH TO TOP _______5.0FT. .

.

.
SCREEN MATERIAL .

LENGTH OF PRIMARY FILTER STEEL X THERMOPLASTIC (PVC) .

PACK: ______17.0FT. OTHER .

.

.

TOTAL DEPTH: ______20.0 FEET

FOR CASED WELLS, SUBMIT ADDITIONAL AS BUILT DIAGRAMS SHOWING WELL CONSTRUCTION DETAILS INCLUDING TYPE AND SIZE OF ALL CASING, HOLE DIAMETER AND GROUT USED.

SIGNATURE (PRIMARY COUNTRACTOR)
x JAMES CLINGMAN

PERMIT NUMBER
001233____

DATE WELL DRILLING WAS COMPLETED
01/13/2014

I HEREBY CERTIFY THAT THE MONITORING WELL HEREIN DESCRIBED WAS CONSTRUCTED IN ACCORDANCE WITH MISSOURI
DEPARTMENT OF NATURAL RESOURCES REQUIREMENTS FOR THE CONSTRUCTION OF MONITORING WELLS

PUMP INSTALLED

SIGNATURE (WELL DRILLER)
x JAMES CLINGMAN

PERMIT NUMBER
001233____

SIGNATURE (APPRENTICE)
x PAUL SCHEETZ

APPRENTICE PERMIT NUMBER
004707____



COPY

MISSOURI DEPARTMENT OF
NATURAL RESOURCES
DIVISION OF
GEOLOGY AND LAND SURVEY
(573) 368-2165

MONITORING WELL
CERTIFICATION RECORD

REF NO

01000600

DATE RECEIVED

01/15/2014

CR NO

.

CHECK NO.

ONLINE

STATE WELL NO

A900510

REVENUE NO.

011514

ENTERED 001233

PH1 PH2 PH3

01/15/2014 01/15/2014 01/15/2014

APPROVED BY ROUTE

INFORMATION SUPPLIED BY PRIMARY CONTRACTOR OR DRILLING CONTRACTOR
NOTE: THIS FORM IS NOT TO BE USED FOR NESTED WELLS

OWNER NAME
CITY OF COLUMBIA

CONTACT NAME
CITY OF COLUMBIA

VARIANCE GRANTED BY
DNR

OWNER ADDRESS
PO BOX 6015

CITY
COLUMBIA

STATE
MO

ZIP
65205

NUMBER
_______________

SITE NAME
MORES LAKE DAM

WELL NUMBER
PZ3

COUNTY
BOONE

SITE ADDRESS
1501 BUSINESS LOOP 70 EAST

CITY
COLUMBIA

STATIC WATER LEVEL
FT

.

SURFACE COMPLETION
TYPE LENGTH AND DIAMETER OF

SURFACE COMPLETION
DIAMETER AND DEPTH OF THE HOLE
SURFACE COMPLETION WAS
PLACED

. SURFACE COMPLETION GROUT LOCATION OF WELL.

. ABOVE GROUND LENGTH _1.0 FT. DIAMETER _6.0 IN. . X CONCRETE LAT. ___38 ° ___57' _59.7"

. . . . . . .

. X FLUSH MOUNT DIAMETER 12.0 IN. LENGTH _1.0 FT. . OTHER LONG. ___92 ° ___19' __5.7"

. .

. .

SMALLEST LARGEST

________ 1/4 ________ 1/4 ________ 1/4
LOCKING CAP SURFACE COMPLETTION

WEEP HOLE X STEEL ALUMINUM PLASTIC SEC. LG002753 TWN. ________ NORTH

RANGE ________ Direction

MONITORING FOR:
RADIONUCLIDES PETROLEUM PRODUCTS ONLY

EXPLOSIVES METALS VOC

RISER SVOCS PESTICIDES/HERBICIDESS

ELEVATION ________FT. RISER PIPE DIAMETER _______2.0IN.

RISER PIPE LENGTH _______5.0FT. PROPOSED USE OF WELL

ANNULAR SEAL HOLE DIAMETER _______7.0IN. GAS MIGRATION WELL X OBSERVATION

LENGTH _______2.0FT. WEIGHT OR SDR# _____SCH40 EXTRACTION WELL OPEN HOLE

PIEZOMETERS

SLURRY CHIPS DIRECT PUSH

PELLETS GRANULAR MATERIAL
CEMENT/SLURRY STEEL X THERMOPLASTIC (PVC) DEPTH FORMATION

IF CEMENT/BENTONITE MIX: OTHER
__________

FROM TO DESCRIPTION

BAGS OF CEMENT USED: .0.0 20.0 CL, BROWN SILTY CLAY

%OF BENTONITE USED: .

WATER USED/BAG: GAL. .

BENTONITE SEAL .

LENGTH: ___0.0 .
CHIPS PELLETS GRANULAR .
SLURRY .
SATURATED ZONE HYDRATED .

SECONDARY FILTER PACK .

LENGTH: _______0.0FT. .
SCREEN .
SCREEN DIAMETER: _______2.0IN. .
SCREEN LENGTH: ______15.0FT. .

DEPTH TO TOP OF PRIMARY DIAMETER OF DRILL HOLE: _7.0IN. .

FILTER PACK: _______3.0FT. DEPTH TO TOP _______5.0FT. .

.

.
SCREEN MATERIAL .

LENGTH OF PRIMARY FILTER STEEL X THERMOPLASTIC (PVC) .

PACK: ______17.0FT. OTHER .

.

.

TOTAL DEPTH: ______20.0 FEET

FOR CASED WELLS, SUBMIT ADDITIONAL AS BUILT DIAGRAMS SHOWING WELL CONSTRUCTION DETAILS INCLUDING TYPE AND SIZE OF ALL CASING, HOLE DIAMETER AND GROUT USED.

SIGNATURE (PRIMARY COUNTRACTOR)
x JAMES CLINGMAN

PERMIT NUMBER
001233____

DATE WELL DRILLING WAS COMPLETED
01/13/2014

I HEREBY CERTIFY THAT THE MONITORING WELL HEREIN DESCRIBED WAS CONSTRUCTED IN ACCORDANCE WITH MISSOURI
DEPARTMENT OF NATURAL RESOURCES REQUIREMENTS FOR THE CONSTRUCTION OF MONITORING WELLS

PUMP INSTALLED

SIGNATURE (WELL DRILLER)
x JAMES CLINGMAN

PERMIT NUMBER
001233____

SIGNATURE (APPRENTICE)
x PAUL SCHEETZ

APPRENTICE PERMIT NUMBER
004707____



COPY

MISSOURI DEPARTMENT OF
NATURAL RESOURCES
DIVISION OF
GEOLOGY AND LAND SURVEY
(573) 368-2165

MONITORING WELL
CERTIFICATION RECORD

REF NO

01000601

DATE RECEIVED

01/15/2014

CR NO

.

CHECK NO.

ONLINE

STATE WELL NO

A900511

REVENUE NO.

011514

ENTERED 001233

PH1 PH2 PH3

01/15/2014 01/15/2014 01/15/2014

APPROVED BY ROUTE

INFORMATION SUPPLIED BY PRIMARY CONTRACTOR OR DRILLING CONTRACTOR
NOTE: THIS FORM IS NOT TO BE USED FOR NESTED WELLS

OWNER NAME
CITY OF COLUMBIA

CONTACT NAME
CITY OF COLUMBIA

VARIANCE GRANTED BY
DNR

OWNER ADDRESS
PO BOX 6015

CITY
COLUMBIA

STATE
MO

ZIP
65205

NUMBER
_______________

SITE NAME
MORES LAKE DAM

WELL NUMBER
PZ4

COUNTY
BOONE

SITE ADDRESS
1501 BUSINESS LOOP 70 EAST

CITY
COLUMBIA

STATIC WATER LEVEL
FT

.

SURFACE COMPLETION
TYPE LENGTH AND DIAMETER OF

SURFACE COMPLETION
DIAMETER AND DEPTH OF THE HOLE
SURFACE COMPLETION WAS
PLACED

. SURFACE COMPLETION GROUT LOCATION OF WELL.

. ABOVE GROUND LENGTH _1.0 FT. DIAMETER _6.0 IN. . X CONCRETE LAT. ___38 ° ___58' __0.6"

. . . . . . .

. X FLUSH MOUNT DIAMETER 12.0 IN. LENGTH _1.0 FT. . OTHER LONG. ___92 ° ___19' __7.0"

. .

. .

SMALLEST LARGEST

________ 1/4 ________ 1/4 ________ 1/4
LOCKING CAP SURFACE COMPLETTION

WEEP HOLE X STEEL ALUMINUM PLASTIC SEC. LG002753 TWN. ________ NORTH

RANGE ________ Direction

MONITORING FOR:
RADIONUCLIDES PETROLEUM PRODUCTS ONLY

EXPLOSIVES METALS VOC

RISER SVOCS PESTICIDES/HERBICIDESS

ELEVATION ________FT. RISER PIPE DIAMETER _______2.0IN.

RISER PIPE LENGTH _______5.0FT. PROPOSED USE OF WELL

ANNULAR SEAL HOLE DIAMETER _______7.0IN. GAS MIGRATION WELL X OBSERVATION

LENGTH _______2.0FT. WEIGHT OR SDR# _____SCH40 EXTRACTION WELL OPEN HOLE

PIEZOMETERS

SLURRY CHIPS DIRECT PUSH

PELLETS GRANULAR MATERIAL
CEMENT/SLURRY STEEL X THERMOPLASTIC (PVC) DEPTH FORMATION

IF CEMENT/BENTONITE MIX: OTHER
__________

FROM TO DESCRIPTION

BAGS OF CEMENT USED: .0.0 20.0 CL, BROWN SILTY CLAY

%OF BENTONITE USED: .

WATER USED/BAG: GAL. .

BENTONITE SEAL .

LENGTH: ___0.0 .
CHIPS PELLETS GRANULAR .
SLURRY .
SATURATED ZONE HYDRATED .

SECONDARY FILTER PACK .

LENGTH: _______0.0FT. .
SCREEN .
SCREEN DIAMETER: _______2.0IN. .
SCREEN LENGTH: ______15.0FT. .

DEPTH TO TOP OF PRIMARY DIAMETER OF DRILL HOLE: _7.0IN. .

FILTER PACK: _______3.0FT. DEPTH TO TOP _______5.0FT. .

.

.
SCREEN MATERIAL .

LENGTH OF PRIMARY FILTER STEEL X THERMOPLASTIC (PVC) .

PACK: ______17.0FT. OTHER .

.

.

TOTAL DEPTH: ______20.0 FEET

FOR CASED WELLS, SUBMIT ADDITIONAL AS BUILT DIAGRAMS SHOWING WELL CONSTRUCTION DETAILS INCLUDING TYPE AND SIZE OF ALL CASING, HOLE DIAMETER AND GROUT USED.

SIGNATURE (PRIMARY COUNTRACTOR)
x JAMES CLINGMAN

PERMIT NUMBER
001233____

DATE WELL DRILLING WAS COMPLETED
01/14/2014

I HEREBY CERTIFY THAT THE MONITORING WELL HEREIN DESCRIBED WAS CONSTRUCTED IN ACCORDANCE WITH MISSOURI
DEPARTMENT OF NATURAL RESOURCES REQUIREMENTS FOR THE CONSTRUCTION OF MONITORING WELLS

PUMP INSTALLED

SIGNATURE (WELL DRILLER)
x JAMES CLINGMAN

PERMIT NUMBER
001233____

SIGNATURE (APPRENTICE)
x PAUL SCHEETZ

APPRENTICE PERMIT NUMBER
004707____



COPY

MISSOURI DEPARTMENT OF
NATURAL RESOURCES
DIVISION OF
GEOLOGY AND LAND SURVEY
(573) 368-2165

MONITORING WELL
CERTIFICATION RECORD

REF NO

01000602

DATE RECEIVED

01/15/2014

CR NO

.

CHECK NO.

ONLINE

STATE WELL NO

A900512

REVENUE NO.

011514

ENTERED 001233

PH1 PH2 PH3

01/15/2014 01/15/2014 01/15/2014

APPROVED BY ROUTE

INFORMATION SUPPLIED BY PRIMARY CONTRACTOR OR DRILLING CONTRACTOR
NOTE: THIS FORM IS NOT TO BE USED FOR NESTED WELLS

OWNER NAME
CITY OF COLUMBIA

CONTACT NAME
CITY OF COLUMBIA

VARIANCE GRANTED BY
DNR

OWNER ADDRESS
PO BOX 6015

CITY
COLUMBIA

STATE
MO

ZIP
65205

NUMBER
_______________

SITE NAME
MORES LAKE DAM

WELL NUMBER
PZ5

COUNTY
BOONE

SITE ADDRESS
1501 BUSINESS LOOP 70 EAST

CITY
COLUMBIA

STATIC WATER LEVEL
FT

.

SURFACE COMPLETION
TYPE LENGTH AND DIAMETER OF

SURFACE COMPLETION
DIAMETER AND DEPTH OF THE HOLE
SURFACE COMPLETION WAS
PLACED

. SURFACE COMPLETION GROUT LOCATION OF WELL.

. ABOVE GROUND LENGTH _1.0 FT. DIAMETER _6.0 IN. . X CONCRETE LAT. ___38 ° ___58' __1.0"

. . . . . . .

. X FLUSH MOUNT DIAMETER 12.0 IN. LENGTH _1.0 FT. . OTHER LONG. ___92 ° ___19' __3.9"

. .

. .

SMALLEST LARGEST

________ 1/4 ________ 1/4 ________ 1/4
LOCKING CAP SURFACE COMPLETTION

WEEP HOLE X STEEL ALUMINUM PLASTIC SEC. LG002753 TWN. ________ NORTH

RANGE ________ Direction

MONITORING FOR:
RADIONUCLIDES PETROLEUM PRODUCTS ONLY

EXPLOSIVES METALS VOC

RISER SVOCS PESTICIDES/HERBICIDESS

ELEVATION ________FT. RISER PIPE DIAMETER _______2.0IN.

RISER PIPE LENGTH _______5.0FT. PROPOSED USE OF WELL

ANNULAR SEAL HOLE DIAMETER _______7.0IN. GAS MIGRATION WELL X OBSERVATION

LENGTH _______2.0FT. WEIGHT OR SDR# _____SCH40 EXTRACTION WELL OPEN HOLE

PIEZOMETERS

SLURRY CHIPS DIRECT PUSH

PELLETS GRANULAR MATERIAL
CEMENT/SLURRY STEEL X THERMOPLASTIC (PVC) DEPTH FORMATION

IF CEMENT/BENTONITE MIX: OTHER
__________

FROM TO DESCRIPTION

BAGS OF CEMENT USED: .0.0 20.0 CL, BROWN SILTY CLAY

%OF BENTONITE USED: .

WATER USED/BAG: GAL. .

BENTONITE SEAL .

LENGTH: ___0.0 .
CHIPS PELLETS GRANULAR .
SLURRY .
SATURATED ZONE HYDRATED .

SECONDARY FILTER PACK .

LENGTH: _______0.0FT. .
SCREEN .
SCREEN DIAMETER: _______2.0IN. .
SCREEN LENGTH: ______15.0FT. .

DEPTH TO TOP OF PRIMARY DIAMETER OF DRILL HOLE: _7.0IN. .

FILTER PACK: _______3.0FT. DEPTH TO TOP _______5.0FT. .

.

.
SCREEN MATERIAL .

LENGTH OF PRIMARY FILTER STEEL X THERMOPLASTIC (PVC) .

PACK: ______17.0FT. OTHER .

.

.

TOTAL DEPTH: ______20.0 FEET

FOR CASED WELLS, SUBMIT ADDITIONAL AS BUILT DIAGRAMS SHOWING WELL CONSTRUCTION DETAILS INCLUDING TYPE AND SIZE OF ALL CASING, HOLE DIAMETER AND GROUT USED.

SIGNATURE (PRIMARY COUNTRACTOR)
x JAMES CLINGMAN

PERMIT NUMBER
001233____

DATE WELL DRILLING WAS COMPLETED
01/14/2014

I HEREBY CERTIFY THAT THE MONITORING WELL HEREIN DESCRIBED WAS CONSTRUCTED IN ACCORDANCE WITH MISSOURI
DEPARTMENT OF NATURAL RESOURCES REQUIREMENTS FOR THE CONSTRUCTION OF MONITORING WELLS

PUMP INSTALLED

SIGNATURE (WELL DRILLER)
x JAMES CLINGMAN

PERMIT NUMBER
001233____

SIGNATURE (APPRENTICE)
x PAUL SCHEETZ

APPRENTICE PERMIT NUMBER
004707____



COPY

MISSOURI DEPARTMENT OF
NATURAL RESOURCES
DIVISION OF
GEOLOGY AND LAND SURVEY
(573) 368-2165

MONITORING WELL
CERTIFICATION RECORD

REF NO

01000603

DATE RECEIVED

01/15/2014

CR NO

.

CHECK NO.

ONLINE

STATE WELL NO

A900513

REVENUE NO.

011514

ENTERED 001233

PH1 PH2 PH3

01/15/2014 01/15/2014 01/15/2014

APPROVED BY ROUTE

INFORMATION SUPPLIED BY PRIMARY CONTRACTOR OR DRILLING CONTRACTOR
NOTE: THIS FORM IS NOT TO BE USED FOR NESTED WELLS

OWNER NAME
CITY OF COLUMBIA

CONTACT NAME
CITY OF COLUMBIA

VARIANCE GRANTED BY
DNR

OWNER ADDRESS
PO BOX 6015

CITY
COLUMBIA

STATE
MO

ZIP
65205

NUMBER
_______________

SITE NAME
MORES LAKE DAM

WELL NUMBER
PZ6

COUNTY
BOONE

SITE ADDRESS
1501 BUSINESS LOOP 70 EAST

CITY
COLUMBIA

STATIC WATER LEVEL
FT

.

SURFACE COMPLETION
TYPE LENGTH AND DIAMETER OF

SURFACE COMPLETION
DIAMETER AND DEPTH OF THE HOLE
SURFACE COMPLETION WAS
PLACED

. SURFACE COMPLETION GROUT LOCATION OF WELL.

. ABOVE GROUND LENGTH _1.0 FT. DIAMETER _6.0 IN. . X CONCRETE LAT. ___38 ° ___58' __1.7"

. . . . . . .

. X FLUSH MOUNT DIAMETER 12.0 IN. LENGTH _1.0 FT. . OTHER LONG. ___92 ° ___19' __4.5"

. .

. .

SMALLEST LARGEST

________ 1/4 ________ 1/4 ________ 1/4
LOCKING CAP SURFACE COMPLETTION

WEEP HOLE X STEEL ALUMINUM PLASTIC SEC. LG002753 TWN. ________ NORTH

RANGE ________ Direction

MONITORING FOR:
RADIONUCLIDES PETROLEUM PRODUCTS ONLY

EXPLOSIVES METALS VOC

RISER SVOCS PESTICIDES/HERBICIDESS

ELEVATION ________FT. RISER PIPE DIAMETER _______2.0IN.

RISER PIPE LENGTH _______5.0FT. PROPOSED USE OF WELL

ANNULAR SEAL HOLE DIAMETER _______7.0IN. GAS MIGRATION WELL X OBSERVATION

LENGTH _______2.0FT. WEIGHT OR SDR# _____SCH40 EXTRACTION WELL OPEN HOLE

PIEZOMETERS

SLURRY CHIPS DIRECT PUSH

PELLETS GRANULAR MATERIAL
CEMENT/SLURRY STEEL X THERMOPLASTIC (PVC) DEPTH FORMATION

IF CEMENT/BENTONITE MIX: OTHER
__________

FROM TO DESCRIPTION

BAGS OF CEMENT USED: .0.0 20.0 CL, BROWN SILTY CLAY

%OF BENTONITE USED: .

WATER USED/BAG: GAL. .

BENTONITE SEAL .

LENGTH: ___0.0 .
CHIPS PELLETS GRANULAR .
SLURRY .
SATURATED ZONE HYDRATED .

SECONDARY FILTER PACK .

LENGTH: _______0.0FT. .
SCREEN .
SCREEN DIAMETER: _______2.0IN. .
SCREEN LENGTH: ______15.0FT. .

DEPTH TO TOP OF PRIMARY DIAMETER OF DRILL HOLE: _7.0IN. .

FILTER PACK: _______3.0FT. DEPTH TO TOP _______5.0FT. .

.

.
SCREEN MATERIAL .

LENGTH OF PRIMARY FILTER STEEL X THERMOPLASTIC (PVC) .

PACK: ______17.0FT. OTHER .

.

.

TOTAL DEPTH: ______20.0 FEET

FOR CASED WELLS, SUBMIT ADDITIONAL AS BUILT DIAGRAMS SHOWING WELL CONSTRUCTION DETAILS INCLUDING TYPE AND SIZE OF ALL CASING, HOLE DIAMETER AND GROUT USED.

SIGNATURE (PRIMARY COUNTRACTOR)
x JAMES CLINGMAN

PERMIT NUMBER
001233____

DATE WELL DRILLING WAS COMPLETED
01/14/2014

I HEREBY CERTIFY THAT THE MONITORING WELL HEREIN DESCRIBED WAS CONSTRUCTED IN ACCORDANCE WITH MISSOURI
DEPARTMENT OF NATURAL RESOURCES REQUIREMENTS FOR THE CONSTRUCTION OF MONITORING WELLS

PUMP INSTALLED

SIGNATURE (WELL DRILLER)
x JAMES CLINGMAN

PERMIT NUMBER
001233____

SIGNATURE (APPRENTICE)
x PAUL SCHEETZ

APPRENTICE PERMIT NUMBER
004707____



 

 

APPENDIX F – SOIL LAB TESTING REPORTS





Geotechnology, Inc.   
11816 Lackland Road, Suite 150 
St. Louis, MO  63146 
314-997-7440 

 
TEST REPORT 

Prepared For: 
Burns & McDonnell Engineering 

9400 Ward Parkway 
Kansas City, Missouri 64114 

Project No.: J029854.01 July 3, 2017 
Project Name: Mores Lake Page 1 of 1 
Sampled By: Client 
Attention: Mr. Brian Weis  

 
HYDRAULIC CONDUCTIVITY (PERMEABILITY) TEST 

& DENSITY DETERMINATION (UNIT WEIGHT) 
ASTM D5084 & D7263 

 
    Initial Initial Hydraulic  
    Sample # Moisture Content (%) Wet Density (pcf) Dry Density (pcf) Conductivity (cm/s) 
 MW-1/ST-01 20.7 127.7 105.9           8.0 x 10-8 
 MW-7/ST-01 20.3 131.5 109.3           1.1 x 10-6 
 SB-3/ST-01 24.0 126.1 101.6          1.1 x 10-8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MW-1 8.0 52 21 31 9.5 76.8 CH 20.6

MW-1 10.0 54 22 32 4.75 76.7 CH 20.7

MW-1 32.0 29 16 13 19 50.0 CL 15.4

MW-2 8.0 49 18 31 4.75 72.3 CL 17.9

MW-3 8.0 48 21 27 4.75 75.2 CL 20.2

MW-3 42.0 37 17 20 12.5 70.6 CL 15.9

MW-4 8.0 41 23 18 4.75 91.1 CL 20.6

MW-5 8.0 48 21 27 4.75 78.8 CL 22.1

MW-6 8.0 53 21 32 4.75 75.3 CH 20.4

MW-7 6.0 50 21 29 9.5 65.9 CH 20.9

MW-7 12.0 24 20 4 9.5 60.9 CL-ML 20.3

MW-7 30.0 35 17 18 9.5 67.9 CL 20.5

MW-7 32.0 25 15 10 4.75 58.9 CL 14.6

MW-8 16.0 31 17 14 12.5 62.2 CL 15.3

SB-1 55.0 43 24 19 12.5 94.0 CL 17.2

SB-2 31.0 32 17 15 19 64.5 CL 13.1

SB-3 30.0 42 20 22 4.75 84.4 CL 20.4

SB-3 40.0 30 19 11 2 97.9 CL 9.9

Plastic
Limit

Plasticity
Index

Maximum
Size
(mm)

%<#200
Sieve

Summary of Laboratory Results

Borehole

Sheet  1  of  1
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ificationDepth Liquid

Limit
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APPENDIX G – SOIL ANALYTICAL REPORTS



#=CL#

June 14, 2017

LIMS USE: FR - BRIAN WEIS
LIMS OBJECT ID: 60244415

60244415
Project:
Pace Project No.:

RE:

Brian Weis

Burns & McDonnell
9400 Ward Parkway
Kansas City, MO 64114

Columbia MO 93647

Dear Brian Weis:
Enclosed are the analytical results for sample(s) received by the laboratory on May 17, 2017. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Alice Spiller
alice.spiller@pacelabs.com

Project Manager
(913)563-1409

Enclosures

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665

Page 1 of 22



#=CP#

CERTIFICATIONS

Pace Project No.:
Project:

60244415
Columbia MO 93647

Pennsylvania Certification IDs
1638 Roseytown Rd Suites 2,3&4, Greensburg, PA 15601
L-A-B DOD-ELAP Accreditation #: L2417
Alabama Certification #: 41590
Arizona Certification #: AZ0734
Arkansas Certification
California Certification #: 04222CA
Colorado Certification
Connecticut Certification #: PH-0694
Delaware Certification
Florida/TNI Certification #: E87683
Georgia Certification #: C040
Guam Certification
Hawaii Certification
Idaho Certification
Illinois Certification
Indiana Certification
Iowa Certification #: 391
Kansas/TNI Certification #: E-10358
Kentucky Certification #: 90133
Louisiana DHH/TNI Certification #: LA140008
Louisiana DEQ/TNI Certification #: 4086
Maine Certification #: PA00091
Maryland Certification #: 308
Massachusetts Certification #: M-PA1457
Michigan/PADEP Certification
Missouri Certification #: 235

Montana Certification #: Cert 0082
Nebraska Certification #: NE-05-29-14
Nevada Certification #: PA014572015-1
New Hampshire/TNI Certification #: 2976
New Jersey/TNI Certification #: PA 051
New Mexico Certification #: PA01457
New York/TNI Certification #: 10888
North Carolina Certification #: 42706
North Dakota Certification #: R-190
Oregon/TNI Certification #: PA200002
Pennsylvania/TNI Certification #: 65-00282
Puerto Rico Certification #: PA01457
Rhode Island Certification #: 65-00282
South Dakota Certification
Tennessee Certification #: TN2867
Texas/TNI Certification #: T104704188-14-8
Utah/TNI Certification #: PA014572015-5
USDA Soil Permit #: P330-14-00213
Vermont Dept. of Health: ID# VT-0282
Virgin Island/PADEP Certification
Virginia/VELAP Certification #: 460198
Washington Certification #: C868
West Virginia DEP Certification #: 143
West Virginia DHHR Certification #: 9964C
Wisconsin Certification
Wyoming Certification #: 8TMS-L

Indiana Certification IDs
7726 Moller Road, Indianapolis, IN  46268
Illinois Certification #: 003971
Indiana Certification #: C-49-06
Kansas/NELAP Certification #:E-10177
Kentucky UST Certification #: 80226
Kentucky WW Certification #:98019

Ohio VAP Certification #: CL-0065
Oklahoma Certification #: 2016-075
Texas Certification #: T104704355-16-10
West Virginia Certification #: 330
Wisconsin Certification #: 999788130
USDA Soil Permit #: P330-16-00257

Kansas Certification IDs
9608 Loiret Boulevard, Lenexa, KS  66219
WY STR Certification #: 2456.01
Arkansas Certification #: 15-016-0
Illinois Certification #: 003097
Iowa Certification #: 118
Kansas/NELAP Certification #: E-10116
Louisiana Certification #: 03055

Nevada Certification #: KS000212008A
Oklahoma Certification #: 9205/9935
Texas Certification #: T104704407
Utah Certification #: KS00021
Kansas Field Laboratory Accreditation: # E-92587
Missouri Certification: 10070

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665

Page 2 of 22



#=SS#

SAMPLE SUMMARY

Pace Project No.:
Project:

60244415
Columbia MO 93647

Lab ID Sample ID Matrix Date Collected Date Received

60244415001 MW-7/SB01 Solid 05/15/17 15:40 05/17/17 08:25

60244415002 MW-4/SB01 Solid 05/16/17 12:00 05/17/17 08:25

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665

Page 3 of 22



#=SA#

SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

60244415
Columbia MO 93647

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

60244415001 MW-7/SB01 EPA 6010 21 PASI-KTDS

EPA 7471 1 PASI-KSMW

ASTM D2974 1 PASI-KDWC

EPA 901.1 2 PASI-PAMAH

EPA 7196A 1 PASI-ISKK

60244415002 MW-4/SB01 EPA 6010 21 PASI-KTDS

EPA 7471 1 PASI-KSMW

ASTM D2974 1 PASI-KDWC

EPA 901.1 2 PASI-PAMAH

EPA 7196A 1 PASI-ISKK

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665

Page 4 of 22



#=AR#

ANALYTICAL RESULTS

Pace Project No.:
Project:

60244415
Columbia MO 93647

Sample: MW-7/SB01 Lab ID: 60244415001 Collected: 05/15/17 15:40 Received: 05/17/17 08:25 Matrix: Solid
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

Analytical Method: EPA 6010  Preparation Method: EPA 30506010 MET ICP Red. Interference

Aluminum 7860 mg/kg 05/23/17 15:38 7429-90-505/22/17 15:487.6 1
Antimony ND mg/kg 05/23/17 15:38 7440-36-005/22/17 15:481.0 1
Arsenic 8.3 mg/kg 05/23/17 15:38 7440-38-205/22/17 15:481.0 1
Barium 55.3 mg/kg 05/23/17 15:38 7440-39-305/22/17 15:480.51 1
Beryllium 0.80 mg/kg 05/23/17 15:38 7440-41-705/22/17 15:480.10 1
Boron ND mg/kg 05/23/17 15:38 7440-42-805/22/17 15:4810.2 1
Cadmium ND mg/kg 05/23/17 15:38 7440-43-905/22/17 15:480.51 1
Calcium 1510 mg/kg 05/23/17 15:38 7440-70-205/22/17 15:4810.2 1
Chromium 11.8 mg/kg 05/23/17 15:38 7440-47-305/22/17 15:480.51 1
Cobalt 6.3 mg/kg 05/23/17 15:38 7440-48-405/22/17 15:480.51 1
Copper 8.8 mg/kg 05/23/17 15:38 7440-50-805/22/17 15:481.0 1
Iron 16100 mg/kg 05/24/17 11:22 7439-89-605/22/17 15:485.1 1
Lead 4.6 mg/kg 05/23/17 15:38 7439-92-105/22/17 15:480.51 1
Magnesium 1190 mg/kg 05/23/17 15:38 7439-95-405/22/17 15:485.1 1
Manganese 322 mg/kg 05/23/17 15:38 7439-96-505/22/17 15:480.51 1
Molybdenum ND mg/kg 05/23/17 15:38 7439-98-705/22/17 15:482.0 1
Nickel 15.9 mg/kg 05/23/17 15:38 7440-02-005/22/17 15:480.51 1
Selenium ND mg/kg 05/23/17 15:38 7782-49-205/22/17 15:481.5 1
Silver ND mg/kg 05/23/17 15:38 7440-22-405/22/17 15:480.71 1
Thallium ND mg/kg 05/23/17 15:38 7440-28-005/22/17 15:482.0 1
Zinc 27.4 mg/kg 05/23/17 15:38 7440-66-605/22/17 15:4810.2 1

Analytical Method: EPA 7471  Preparation Method: EPA 74717471 Mercury

Mercury ND mg/kg 05/24/17 15:21 7439-97-605/24/17 10:120.052 1

Analytical Method: ASTM D2974Percent Moisture

Percent Moisture 12.3 % 05/23/17 00:000.50 1

Analytical Method: EPA 7196A  Preparation Method: EPA 3060A7196 Chromium, Hexavalent

Chromium, Hexavalent ND mg/kg 05/26/17 13:30 18540-29-905/24/17 11:252.3 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 06/14/2017 09:25 AM

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665
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#=AR#

ANALYTICAL RESULTS

Pace Project No.:
Project:

60244415
Columbia MO 93647

Sample: MW-4/SB01 Lab ID: 60244415002 Collected: 05/16/17 12:00 Received: 05/17/17 08:25 Matrix: Solid
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

Analytical Method: EPA 6010  Preparation Method: EPA 30506010 MET ICP Red. Interference

Aluminum 14600 mg/kg 05/23/17 15:40 7429-90-505/22/17 15:488.7 1
Antimony ND mg/kg 05/23/17 15:40 7440-36-005/22/17 15:481.2 1
Arsenic 12.3 mg/kg 05/23/17 15:40 7440-38-205/22/17 15:481.2 1
Barium 185 mg/kg 05/23/17 15:40 7440-39-305/22/17 15:480.58 1
Beryllium 0.77 mg/kg 05/23/17 15:40 7440-41-705/22/17 15:480.12 1
Boron ND mg/kg 05/23/17 15:40 7440-42-805/22/17 15:4811.6 1
Cadmium ND mg/kg 05/23/17 15:40 7440-43-905/22/17 15:480.58 1
Calcium 6730 mg/kg 05/23/17 15:40 7440-70-205/22/17 15:4811.6 1
Chromium 20.1 mg/kg 05/23/17 15:40 7440-47-305/22/17 15:480.58 1
Cobalt 7.7 mg/kg 05/23/17 15:40 7440-48-405/22/17 15:480.58 1
Copper 12.4 mg/kg 05/23/17 15:40 7440-50-805/22/17 15:481.2 1
Iron 20100 mg/kg 05/24/17 11:24 7439-89-605/22/17 15:485.8 1
Lead 12.6 mg/kg 05/23/17 15:40 7439-92-105/22/17 15:480.58 1
Magnesium 2100 mg/kg 05/23/17 15:40 7439-95-405/22/17 15:485.8 1
Manganese 171 mg/kg 05/23/17 15:40 7439-96-505/22/17 15:480.58 1
Molybdenum ND mg/kg 05/23/17 15:40 7439-98-705/22/17 15:482.3 1
Nickel 17.1 mg/kg 05/23/17 15:40 7440-02-005/22/17 15:480.58 1
Selenium ND mg/kg 05/23/17 15:40 7782-49-205/22/17 15:481.7 1
Silver ND mg/kg 05/23/17 15:40 7440-22-405/22/17 15:480.81 1
Thallium ND mg/kg 05/23/17 15:40 7440-28-005/22/17 15:482.3 1
Zinc 48.0 mg/kg 05/23/17 15:40 7440-66-605/22/17 15:4811.6 1

Analytical Method: EPA 7471  Preparation Method: EPA 74717471 Mercury

Mercury 0.030 mg/kg 05/24/17 15:23 7439-97-605/24/17 10:120.029 1

Analytical Method: ASTM D2974Percent Moisture

Percent Moisture 18.9 % 05/23/17 00:000.50 1

Analytical Method: EPA 7196A  Preparation Method: EPA 3060A7196 Chromium, Hexavalent

Chromium, Hexavalent ND mg/kg 05/26/17 13:31 18540-29-9 D305/24/17 11:255.0 2
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60244415
Columbia MO 93647

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

478123
EPA 7471

EPA 7471
7471 Mercury

Associated Lab Samples: 60244415001, 60244415002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1958482
Associated Lab Samples: 60244415001, 60244415002

Matrix: Solid

Analyzed

Mercury mg/kg ND 0.050 05/24/17 14:24

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1958483LABORATORY CONTROL SAMPLE:
LCSSpike

Mercury mg/kg 0.52.5 103 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1958484MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

60244340001

1958485

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Mercury mg/kg .45 98 75-12590 8 20.430.13 0.56 0.52

REPORT OF LABORATORY ANALYSIS
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60244415
Columbia MO 93647

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

477767
EPA 3050

EPA 6010
6010 MET

Associated Lab Samples: 60244415001, 60244415002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1957381
Associated Lab Samples: 60244415001, 60244415002

Matrix: Solid

Analyzed

Aluminum mg/kg ND 7.5 05/23/17 15:20
Antimony mg/kg ND 1.0 05/23/17 15:20
Arsenic mg/kg ND 1.0 05/23/17 15:20
Barium mg/kg ND 0.50 05/23/17 15:20
Beryllium mg/kg ND 0.10 05/24/17 11:06
Boron mg/kg ND 10.0 05/23/17 15:20
Cadmium mg/kg ND 0.50 05/23/17 15:20
Calcium mg/kg ND 10.0 05/23/17 15:20
Chromium mg/kg ND 0.50 05/23/17 15:20
Cobalt mg/kg ND 0.50 05/23/17 15:20
Copper mg/kg ND 1.0 05/23/17 15:20
Iron mg/kg ND 5.0 05/24/17 11:06
Lead mg/kg ND 0.50 05/23/17 15:20
Magnesium mg/kg ND 5.0 05/23/17 15:20
Manganese mg/kg ND 0.50 05/23/17 15:20
Molybdenum mg/kg ND 2.0 05/23/17 15:20
Nickel mg/kg ND 0.50 05/23/17 15:20
Selenium mg/kg ND 1.5 05/23/17 15:20
Silver mg/kg ND 0.70 05/23/17 15:20
Thallium mg/kg ND 2.0 05/23/17 15:20
Zinc mg/kg ND 10.0 05/23/17 15:20

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1957382LABORATORY CONTROL SAMPLE:
LCSSpike

Aluminum mg/kg 9901000 99 80-120
Antimony mg/kg 97.2100 97 80-120
Arsenic mg/kg 93.3100 93 80-120
Barium mg/kg 99.6100 100 80-120
Beryllium mg/kg 99.8100 100 80-120
Boron mg/kg 90.1100 90 80-120
Cadmium mg/kg 96.7100 97 80-120
Calcium mg/kg 10001000 100 80-120
Chromium mg/kg 102100 102 80-120
Cobalt mg/kg 104100 104 80-120
Copper mg/kg 99.1100 99 80-120
Iron mg/kg 10401000 104 80-120
Lead mg/kg 100100 100 80-120
Magnesium mg/kg 9501000 95 80-120
Manganese mg/kg 102100 102 80-120
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60244415
Columbia MO 93647

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1957382LABORATORY CONTROL SAMPLE:
LCSSpike

Molybdenum mg/kg 108100 108 80-120
Nickel mg/kg 101100 101 80-120
Selenium mg/kg 94.1100 94 80-120
Silver mg/kg 47.850 96 80-120
Thallium mg/kg 101100 101 80-120
Zinc mg/kg 100100 100 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1957383MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

60244515002

1957384

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Aluminum mg/kg M11030 434 75-125518 6 209623950 8440 8930
Antimony mg/kg M1,R1103 33 75-12545 25 2096.2ND 34.1 43.6
Arsenic mg/kg M1103 59 75-12577 18 2096.22.2 63.2 76.0
Barium mg/kg 103 78 75-125108 18 2096.238.3 119 143
Beryllium mg/kg M1103 64 75-12583 19 2096.20.14 66.0 79.8
Boron mg/kg M1103 63 75-12579 14 2096.2ND 68.5 78.8
Cadmium mg/kg M1103 61 75-12579 19 2096.2ND 63.5 76.5
Calcium mg/kg M1,R11030 -24 75-125112 24 209625030 4780 6110
Chromium mg/kg M1103 70 75-12588 15 2096.24.5 77.5 89.7
Cobalt mg/kg M1103 64 75-12583 18 2096.21.7 67.9 81.4
Copper mg/kg M1,R1103 61 75-12586 24 2096.28.4 71.8 91.1
Iron mg/kg M11030 333 75-125329 4 209623980 7420 7140
Lead mg/kg M1,R1103 53 75-12584 26 2096.232.5 87.5 114
Magnesium mg/kg M11030 156 75-125154 4 209621340 2950 2830
Manganese mg/kg M1103 127 75-125125 6 2096.262.5 194 183
Molybdenum mg/kg M1103 66 75-12586 19 2096.2ND 68.4 83.1
Nickel mg/kg M1103 66 75-12584 15 2096.29.2 77.2 89.8
Selenium mg/kg M1103 59 75-12576 19 2096.2ND 60.7 73.5
Silver mg/kg M151.8 62 75-12579 16 2048.2ND 32.3 37.9
Thallium mg/kg M1103 62 75-12579 17 2096.2ND 63.9 75.6
Zinc mg/kg M1,R1103 66 75-125101 28 2096.218.5 87.0 115

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1957385MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

60244645001

1957386

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Aluminum mg/kg M1996 168 75-125280 7 2097812600 14200 15300
Antimony mg/kg M199.6 35 75-12532 12 2097.8ND 35.4 31.3
Arsenic mg/kg 99.6 78 75-12576 4 2097.81.5 79.4 76.1
Barium mg/kg 99.6 98 75-125102 2 2097.869.4 167 169
Beryllium mg/kg 99.6 83 75-12582 3 2097.80.23 83.0 80.5
Boron mg/kg 99.6 78 75-12576 4 2097.8ND 81.9 78.8
Cadmium mg/kg 99.6 81 75-12579 4 2097.8ND 80.9 77.7
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60244415
Columbia MO 93647

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1957385MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

60244645001

1957386

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Calcium mg/kg 996 114 75-125112 1 209784400 5540 5500
Chromium mg/kg 99.6 85 75-12583 3 2097.89.0 93.4 90.4
Cobalt mg/kg 99.6 83 75-12581 5 2097.82.9 85.7 81.9
Copper mg/kg M199.6 89 75-12574 12 2097.855.7 144 128
Iron mg/kg M1996 118 75-125212 13 209785280 6450 7360
Lead mg/kg M199.6 -16 75-125-27 8 2097.8143 127 117
Magnesium mg/kg 996 108 75-125111 0 209781980 3050 3070
Manganese mg/kg 99.6 94 75-12590 3 2097.893.8 187 182
Molybdenum mg/kg 99.6 87 75-12584 5 2097.8ND 86.8 82.5
Nickel mg/kg 99.6 80 75-12577 5 2097.834.5 115 109
Selenium mg/kg 99.6 77 75-12575 5 2097.8ND 77.0 73.4
Silver mg/kg 49.8 81 75-12579 4 2048.9ND 40.5 38.8
Thallium mg/kg 99.6 80 75-12577 6 2097.8ND 79.5 75.2
Zinc mg/kg 99.6 99 75-125118 11 2097.846.3 145 162
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60244415
Columbia MO 93647

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

477947
ASTM D2974

ASTM D2974
Dry Weight/Percent Moisture

Associated Lab Samples: 60244415001, 60244415002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1957857
Associated Lab Samples: 60244415001, 60244415002

Matrix: Solid

Analyzed

Percent Moisture % ND 0.50 05/23/17 00:00

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

60244415001
1957858SAMPLE DUPLICATE:

Percent Moisture % 11.8 4 2012.3
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60244415
Columbia MO 93647

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

388793
EPA 3060A

EPA 7196A
7196 Chromium, Hexavalent

Associated Lab Samples: 60244415001, 60244415002

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1792678
Associated Lab Samples: 60244415001, 60244415002

Matrix: Solid

Analyzed

Chromium, Hexavalent mg/kg ND 2.0 05/26/17 13:13

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1792679LABORATORY CONTROL SAMPLE:
LCSSpike

Chromium, Hexavalent mg/kg 9561020 93 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1792680MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

50170973001

1792681

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Chromium, Hexavalent mg/kg 1080 97 75-12593 3 201100ND 1050 1020

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1792682MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

50170973001

1792683

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Chromium, Hexavalent mg/kg 43.4 100 75-12597 4 2043ND 44.0 42.3

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

50171487007
1792684SAMPLE DUPLICATE:

Chromium, Hexavalent mg/kg ND D320ND
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:
Project:

60244415
Columbia MO 93647

Sample: MW-7/SB01 Lab ID: 60244415001 Collected: 05/15/17 15:40 Received: 05/17/17 08:25 Matrix: Solid

Results reported on a "dry-weight" basis

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. QualMethod

PWS: Site ID: Sample Type:

Radium-226 1.062 ± 0.248   (0.182)
C:NA T:NA

pCi/g 06/13/17 09:52 13982-63-3 RaEPA 901.1

Radium-228 0.924 ± 0.275   (0.121)
C:NA T:NA

pCi/g 06/13/17 09:52 15262-20-1EPA 901.1
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:
Project:

60244415
Columbia MO 93647

Sample: MW-4/SB01 Lab ID: 60244415002 Collected: 05/16/17 12:00 Received: 05/17/17 08:25 Matrix: Solid

Results reported on a "dry-weight" basis

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. QualMethod

PWS: Site ID: Sample Type:

Radium-226 1.380 ± 0.346   (0.249)
C:NA T:NA

pCi/g 06/13/17 09:53 13982-63-3 RaEPA 901.1

Radium-228 2.158 ± 0.575   (0.430)
C:NA T:NA

pCi/g 06/13/17 09:53 15262-20-1EPA 901.1
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QUALITY CONTROL - RADIOCHEMISTRY

Pace Project No.:
Project:

60244415
Columbia MO 93647

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

260121
EPA 901.1

EPA 901.1
901.1 Gamma Spec Ingrowth

Associated Lab Samples: 60244415001, 60244415002

Parameter UnitsAct ± Unc (MDC) Carr Trac Qualifiers

METHOD BLANK: 1281423

Associated Lab Samples: 60244415001, 60244415002

Matrix: Solid

Analyzed

Radium-226 pCi/g Ra06/13/17 07:430.052 ± 0.049   (0.198) C:NA T:NA
Radium-228 pCi/g 06/13/17 07:430.000 ± 0.031   (0.277) C:NA T:NA
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QUALIFIERS

Pace Project No.:
Project:

60244415
Columbia MO 93647

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Act - Activity
Unc - Uncertainty: SDWA = 1.96 sigma count uncertainty, all other matrices = Expanded Uncertainty (95% confidence interval).
Gamma Spec = Expanded Uncertainty (95.4% Confidence Interval)
(MDC) - Minimum Detectable Concentration
Trac - Tracer Recovery (%)
Carr - Carrier Recovery (%)
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - IndianapolisPASI-I
Pace Analytical Services - Kansas CityPASI-K
Pace Analytical Services - GreensburgPASI-PA

ANALYTE QUALIFIERS

Sample was diluted due to the presence of high levels of non-target analytes or other matrix interference.D3
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
RPD value was outside control limits.R1
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.

Ra
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

60244415
Columbia MO 93647

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

60244415001 477767 478018MW-7/SB01 EPA 3050 EPA 6010
60244415002 477767 478018MW-4/SB01 EPA 3050 EPA 6010

60244415001 478123 478184MW-7/SB01 EPA 7471 EPA 7471
60244415002 478123 478184MW-4/SB01 EPA 7471 EPA 7471

60244415001 477947MW-7/SB01 ASTM D2974
60244415002 477947MW-4/SB01 ASTM D2974

60244415001 260121MW-7/SB01 EPA 901.1
60244415002 260121MW-4/SB01 EPA 901.1

60244415001 388793 389359MW-7/SB01 EPA 3060A EPA 7196A
60244415002 388793 389359MW-4/SB01 EPA 3060A EPA 7196A
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June 21, 2017

LIMS USE: FR - BRIAN WEIS
LIMS OBJECT ID: 60244777

60244777
Project:
Pace Project No.:

RE:

Brian Weis

Burns & McDonnell
9400 Ward Parkway
Kansas City, MO 64114

COLUMBIA, MO

Dear Brian Weis:
Enclosed are the analytical results for sample(s) received by the laboratory on May 20, 2017. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Alice Spiller
alice.spiller@pacelabs.com

Project Manager
(913)563-1409

Enclosures
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CERTIFICATIONS

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Pennsylvania Certification IDs
1638 Roseytown Rd Suites 2,3&4, Greensburg, PA 15601
L-A-B DOD-ELAP Accreditation #: L2417
Alabama Certification #: 41590
Arizona Certification #: AZ0734
Arkansas Certification
California Certification #: 04222CA
Colorado Certification
Connecticut Certification #: PH-0694
Delaware Certification
Florida/TNI Certification #: E87683
Georgia Certification #: C040
Guam Certification
Hawaii Certification
Idaho Certification
Illinois Certification
Indiana Certification
Iowa Certification #: 391
Kansas/TNI Certification #: E-10358
Kentucky Certification #: 90133
Louisiana DHH/TNI Certification #: LA140008
Louisiana DEQ/TNI Certification #: 4086
Maine Certification #: PA00091
Maryland Certification #: 308
Massachusetts Certification #: M-PA1457
Michigan/PADEP Certification
Missouri Certification #: 235

Montana Certification #: Cert 0082
Nebraska Certification #: NE-05-29-14
Nevada Certification #: PA014572015-1
New Hampshire/TNI Certification #: 2976
New Jersey/TNI Certification #: PA 051
New Mexico Certification #: PA01457
New York/TNI Certification #: 10888
North Carolina Certification #: 42706
North Dakota Certification #: R-190
Oregon/TNI Certification #: PA200002
Pennsylvania/TNI Certification #: 65-00282
Puerto Rico Certification #: PA01457
Rhode Island Certification #: 65-00282
South Dakota Certification
Tennessee Certification #: TN2867
Texas/TNI Certification #: T104704188-14-8
Utah/TNI Certification #: PA014572015-5
USDA Soil Permit #: P330-14-00213
Vermont Dept. of Health: ID# VT-0282
Virgin Island/PADEP Certification
Virginia/VELAP Certification #: 460198
Washington Certification #: C868
West Virginia DEP Certification #: 143
West Virginia DHHR Certification #: 9964C
Wisconsin Certification
Wyoming Certification #: 8TMS-L

Indiana Certification IDs
7726 Moller Road, Indianapolis, IN  46268
Illinois Certification #: 003971
Indiana Certification #: C-49-06
Kansas/NELAP Certification #:E-10177
Kentucky UST Certification #: 80226
Kentucky WW Certification #:98019

Ohio VAP Certification #: CL-0065
Oklahoma Certification #: 2016-075
Texas Certification #: T104704355-16-10
West Virginia Certification #: 330
Wisconsin Certification #: 999788130
USDA Soil Permit #: P330-16-00257

Kansas Certification IDs
9608 Loiret Boulevard, Lenexa, KS  66219
WY STR Certification #: 2456.01
Arkansas Certification #: 15-016-0
Illinois Certification #: 003097
Iowa Certification #: 118
Kansas/NELAP Certification #: E-10116
Louisiana Certification #: 03055

Nevada Certification #: KS000212008A
Oklahoma Certification #: 9205/9935
Texas Certification #: T104704407
Utah Certification #: KS00021
Kansas Field Laboratory Accreditation: # E-92587
Missouri Certification: 10070
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SAMPLE SUMMARY

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Lab ID Sample ID Matrix Date Collected Date Received

60244777001 MW-3 / SB01 Solid 05/17/17 13:05 05/20/17 08:40

60244777002 MW-8 / SB02 Solid 05/18/17 13:15 05/20/17 08:40

60244777003 MW-8 / SB11 Solid 05/18/17 08:00 05/20/17 08:40

60244777004 MW-5 / SB01 Solid 05/19/17 08:30 05/20/17 08:40
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

60244777001 MW-3 / SB01 EPA 6010 21 PASI-KJGP, TDS

EPA 7471 1 PASI-KSMW

ASTM D2974 1 PASI-KDWC

EPA 901.1 2 PASI-PAMAH

EPA 7196A 1 PASI-ISKK

60244777002 MW-8 / SB02 EPA 6010 21 PASI-KJGP, TDS

EPA 7471 1 PASI-KSMW

ASTM D2974 1 PASI-KDWC

EPA 901.1 2 PASI-PAMAH

EPA 7196A 1 PASI-ISKK

60244777003 MW-8 / SB11 EPA 6010 21 PASI-KJGP, TDS

EPA 7471 1 PASI-KSMW

ASTM D2974 1 PASI-KDWC

EPA 901.1 2 PASI-PAMAH

EPA 7196A 1 PASI-ISKK

60244777004 MW-5 / SB01 EPA 6010 21 PASI-KJGP

EPA 7471 1 PASI-KSMW

ASTM D2974 1 PASI-KDWC

EPA 901.1 2 PASI-PAMAH

EPA 7196A 1 PASI-ISKK
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PROJECT NARRATIVE

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 6010

Date: June 21, 2017

Description: 6010 MET ICP Red. Interference

General Information:
4 samples were analyzed for EPA 6010.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 3050 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 478051
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  60244399001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 1958234)

• Calcium
• Iron
• Zinc

• MSD  (Lab ID: 1958235)
• Calcium
• Iron
• Zinc

QC Batch: 479179
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  60244763001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 1962597)

• Lead
• MSD  (Lab ID: 1962598)

• Lead
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PROJECT NARRATIVE

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 6010

Date: June 21, 2017

Description: 6010 MET ICP Red. Interference

Additional Comments:
Analyte Comments:

QC Batch: 478051
D3: Sample was diluted due to the presence of high levels of non-target analytes or other matrix interference.

• MW-5 / SB01  (Lab ID: 60244777004)
• Silver
• Cadmium
• Molybdenum
• Antimony
• Selenium
• Thallium
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PROJECT NARRATIVE

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 7471

Date: June 21, 2017

Description: 7471 Mercury

General Information:
4 samples were analyzed for EPA 7471.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 7471 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 901.1

Date: June 21, 2017

Description: 901.1 Gamma Spec INGROWTH

General Information:
4 samples were analyzed for EPA 901.1.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 7196A

Date: June 21, 2017

Description: 7196 Chromium, Hexavalent

General Information:
4 samples were analyzed for EPA 7196A.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 3060A with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:
Analyte Comments:

QC Batch: 388793
D3: Sample was diluted due to the presence of high levels of non-target analytes or other matrix interference.

• DUP  (Lab ID: 1792684)
• Chromium, Hexavalent

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Sample: MW-3 / SB01 Lab ID: 60244777001 Collected: 05/17/17 13:05 Received: 05/20/17 08:40 Matrix: Solid
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

Analytical Method: EPA 6010  Preparation Method: EPA 30506010 MET ICP Red. Interference

Aluminum 18200 mg/kg 05/31/17 18:17 7429-90-505/23/17 15:447.9 1
Antimony ND mg/kg 05/31/17 18:17 7440-36-005/23/17 15:441.1 1
Arsenic 5.5 mg/kg 05/31/17 18:17 7440-38-205/23/17 15:441.1 1
Barium 254 mg/kg 05/31/17 18:17 7440-39-305/23/17 15:440.53 1
Beryllium 0.63 mg/kg 05/31/17 18:17 7440-41-705/23/17 15:440.11 1
Boron ND mg/kg 05/31/17 18:17 7440-42-805/23/17 15:4410.6 1
Cadmium ND mg/kg 05/31/17 18:17 7440-43-905/23/17 15:440.53 1
Calcium 2710 mg/kg 05/31/17 18:17 7440-70-205/23/17 15:4410.6 1
Chromium 22.4 mg/kg 05/31/17 18:17 7440-47-305/23/17 15:440.53 1
Cobalt 38.5 mg/kg 05/31/17 18:17 7440-48-405/23/17 15:440.53 1
Copper 11.0 mg/kg 05/31/17 18:17 7440-50-805/23/17 15:441.1 1
Iron 19200 mg/kg 05/31/17 18:17 7439-89-605/23/17 15:445.3 1
Lead 10.1 mg/kg 06/02/17 17:48 7439-92-106/01/17 13:370.56 1
Magnesium 1550 mg/kg 05/31/17 18:17 7439-95-405/23/17 15:445.3 1
Manganese 2290 mg/kg 05/31/17 18:17 7439-96-505/23/17 15:440.53 1
Molybdenum ND mg/kg 05/31/17 18:17 7439-98-705/23/17 15:442.1 1
Nickel 24.5 mg/kg 05/31/17 18:17 7440-02-005/23/17 15:440.53 1
Selenium ND mg/kg 05/31/17 18:17 7782-49-205/23/17 15:441.6 1
Silver ND mg/kg 05/31/17 18:17 7440-22-405/23/17 15:440.74 1
Thallium ND mg/kg 05/31/17 18:17 7440-28-005/23/17 15:442.1 1
Zinc 22.9 mg/kg 05/31/17 18:17 7440-66-605/23/17 15:4410.6 1

Analytical Method: EPA 7471  Preparation Method: EPA 74717471 Mercury

Mercury ND mg/kg 06/01/17 14:21 7439-97-606/01/17 11:010.057 1

Analytical Method: ASTM D2974Percent Moisture

Percent Moisture 17.1 % 06/01/17 00:000.50 1

Analytical Method: EPA 7196A  Preparation Method: EPA 3060A7196 Chromium, Hexavalent

Chromium, Hexavalent ND mg/kg 05/26/17 13:57 18540-29-905/24/17 11:252.4 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Sample: MW-8 / SB02 Lab ID: 60244777002 Collected: 05/18/17 13:15 Received: 05/20/17 08:40 Matrix: Solid
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

Analytical Method: EPA 6010  Preparation Method: EPA 30506010 MET ICP Red. Interference

Aluminum 7500 mg/kg 05/31/17 18:20 7429-90-505/23/17 15:447.3 1
Antimony ND mg/kg 05/31/17 18:20 7440-36-005/23/17 15:440.97 1
Arsenic 4.6 mg/kg 05/31/17 18:20 7440-38-205/23/17 15:440.97 1
Barium 47.4 mg/kg 05/31/17 18:20 7440-39-305/23/17 15:440.48 1
Beryllium 0.54 mg/kg 05/31/17 18:20 7440-41-705/23/17 15:440.097 1
Boron ND mg/kg 05/31/17 18:20 7440-42-805/23/17 15:449.7 1
Cadmium ND mg/kg 05/31/17 18:20 7440-43-905/23/17 15:440.48 1
Calcium 15000 mg/kg 05/31/17 18:20 7440-70-205/23/17 15:449.7 1
Chromium 12.3 mg/kg 05/31/17 18:20 7440-47-305/23/17 15:440.48 1
Cobalt 7.1 mg/kg 05/31/17 18:20 7440-48-405/23/17 15:440.48 1
Copper 13.3 mg/kg 05/31/17 18:20 7440-50-805/23/17 15:440.97 1
Iron 12900 mg/kg 05/31/17 18:20 7439-89-605/23/17 15:444.8 1
Lead 10.7 mg/kg 06/02/17 17:50 7439-92-106/01/17 13:370.52 1
Magnesium 2770 mg/kg 05/31/17 18:20 7439-95-405/23/17 15:444.8 1
Manganese 283 mg/kg 05/31/17 18:20 7439-96-505/23/17 15:440.48 1
Molybdenum ND mg/kg 05/31/17 18:20 7439-98-705/23/17 15:441.9 1
Nickel 18.3 mg/kg 05/31/17 18:20 7440-02-005/23/17 15:440.48 1
Selenium ND mg/kg 05/31/17 18:20 7782-49-205/23/17 15:441.5 1
Silver ND mg/kg 05/31/17 18:20 7440-22-405/23/17 15:440.68 1
Thallium ND mg/kg 05/31/17 18:20 7440-28-005/23/17 15:441.9 1
Zinc 39.7 mg/kg 05/31/17 18:20 7440-66-605/23/17 15:449.7 1

Analytical Method: EPA 7471  Preparation Method: EPA 74717471 Mercury

Mercury ND mg/kg 06/01/17 14:23 7439-97-606/01/17 11:010.048 1

Analytical Method: ASTM D2974Percent Moisture

Percent Moisture 14.0 % 06/01/17 00:000.50 1

Analytical Method: EPA 7196A  Preparation Method: EPA 3060A7196 Chromium, Hexavalent

Chromium, Hexavalent ND mg/kg 05/26/17 14:05 18540-29-905/24/17 11:252.3 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Sample: MW-8 / SB11 Lab ID: 60244777003 Collected: 05/18/17 08:00 Received: 05/20/17 08:40 Matrix: Solid
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

Analytical Method: EPA 6010  Preparation Method: EPA 30506010 MET ICP Red. Interference

Aluminum 8610 mg/kg 05/31/17 18:24 7429-90-505/23/17 15:448.5 1
Antimony ND mg/kg 05/31/17 18:24 7440-36-005/23/17 15:441.1 1
Arsenic 4.0 mg/kg 05/31/17 18:24 7440-38-205/23/17 15:441.1 1
Barium 52.0 mg/kg 05/31/17 18:24 7440-39-305/23/17 15:440.56 1
Beryllium 0.51 mg/kg 05/31/17 18:24 7440-41-705/23/17 15:440.11 1
Boron ND mg/kg 05/31/17 18:24 7440-42-805/23/17 15:4411.3 1
Cadmium 1.0 mg/kg 05/31/17 18:24 7440-43-905/23/17 15:440.56 1
Calcium 16800 mg/kg 05/31/17 18:24 7440-70-205/23/17 15:4411.3 1
Chromium 14.4 mg/kg 05/31/17 18:24 7440-47-305/23/17 15:440.56 1
Cobalt 9.7 mg/kg 05/31/17 18:24 7440-48-405/23/17 15:440.56 1
Copper 15.8 mg/kg 05/31/17 18:24 7440-50-805/23/17 15:441.1 1
Iron 9870 mg/kg 05/31/17 18:24 7439-89-605/23/17 15:445.6 1
Lead 8.7 mg/kg 06/02/17 17:53 7439-92-106/01/17 13:370.53 1
Magnesium 2890 mg/kg 05/31/17 18:24 7439-95-405/23/17 15:445.6 1
Manganese 148 mg/kg 05/31/17 18:24 7439-96-505/23/17 15:440.56 1
Molybdenum ND mg/kg 05/31/17 18:24 7439-98-705/23/17 15:442.3 1
Nickel 25.5 mg/kg 05/31/17 18:24 7440-02-005/23/17 15:440.56 1
Selenium ND mg/kg 05/31/17 18:24 7782-49-205/23/17 15:441.7 1
Silver ND mg/kg 05/31/17 18:24 7440-22-405/23/17 15:440.79 1
Thallium ND mg/kg 05/31/17 18:24 7440-28-005/23/17 15:442.3 1
Zinc 48.2 mg/kg 05/31/17 18:24 7440-66-605/23/17 15:4411.3 1

Analytical Method: EPA 7471  Preparation Method: EPA 74717471 Mercury

Mercury ND mg/kg 06/01/17 14:25 7439-97-606/01/17 11:010.038 1

Analytical Method: ASTM D2974Percent Moisture

Percent Moisture 13.2 % 06/01/17 00:000.50 1

Analytical Method: EPA 7196A  Preparation Method: EPA 3060A7196 Chromium, Hexavalent

Chromium, Hexavalent ND mg/kg 05/26/17 14:06 18540-29-905/24/17 11:252.3 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Sample: MW-5 / SB01 Lab ID: 60244777004 Collected: 05/19/17 08:30 Received: 05/20/17 08:40 Matrix: Solid
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

Analytical Method: EPA 6010  Preparation Method: EPA 30506010 MET ICP Red. Interference

Aluminum 9560 mg/kg 06/01/17 14:44 7429-90-505/23/17 15:4423.5 3
Antimony ND mg/kg 06/01/17 14:40 7440-36-0 D305/23/17 15:442.1 2
Arsenic 14.8 mg/kg 06/01/17 14:40 7440-38-205/23/17 15:442.1 2
Barium 108 mg/kg 06/01/17 14:44 7440-39-305/23/17 15:441.6 3
Beryllium 2.5 mg/kg 06/01/17 14:44 7440-41-705/23/17 15:440.31 3
Boron ND mg/kg 06/01/17 14:40 7440-42-805/23/17 15:4420.9 2
Cadmium ND mg/kg 06/01/17 14:40 7440-43-9 D305/23/17 15:441.0 2
Calcium 3030 mg/kg 06/01/17 14:44 7440-70-205/23/17 15:4431.4 3
Chromium 15.1 mg/kg 06/01/17 14:40 7440-47-305/23/17 15:441.0 2
Cobalt 41.7 mg/kg 06/01/17 14:40 7440-48-405/23/17 15:441.0 2
Copper 13.9 mg/kg 06/01/17 14:40 7440-50-805/23/17 15:442.1 2
Iron 20000 mg/kg 06/01/17 14:44 7439-89-605/23/17 15:4415.7 3
Lead 12.0 mg/kg 06/05/17 12:47 7439-92-106/01/17 13:371.5 3
Magnesium 1710 mg/kg 06/01/17 14:40 7439-95-405/23/17 15:4410.5 2
Manganese 568 mg/kg 06/01/17 14:40 7439-96-505/23/17 15:441.0 2
Molybdenum ND mg/kg 06/01/17 14:40 7439-98-7 D305/23/17 15:444.2 2
Nickel 23.7 mg/kg 06/01/17 14:40 7440-02-005/23/17 15:441.0 2
Selenium ND mg/kg 06/01/17 14:40 7782-49-2 D305/23/17 15:443.1 2
Silver ND mg/kg 06/01/17 14:40 7440-22-4 D305/23/17 15:441.5 2
Thallium ND mg/kg 06/01/17 14:40 7440-28-0 D305/23/17 15:444.2 2
Zinc 88.8 mg/kg 06/01/17 14:40 7440-66-605/23/17 15:4420.9 2

Analytical Method: EPA 7471  Preparation Method: EPA 74717471 Mercury

Mercury ND mg/kg 06/01/17 14:27 7439-97-606/01/17 11:010.038 1

Analytical Method: ASTM D2974Percent Moisture

Percent Moisture 17.5 % 06/01/17 00:000.50 1

Analytical Method: EPA 7196A  Preparation Method: EPA 3060A7196 Chromium, Hexavalent

Chromium, Hexavalent ND mg/kg 05/26/17 14:06 18540-29-905/24/17 11:252.4 1
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QUALITY CONTROL DATA

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

479142
EPA 7471

EPA 7471
7471 Mercury

Associated Lab Samples: 60244777001, 60244777002, 60244777003, 60244777004

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1962414
Associated Lab Samples: 60244777001, 60244777002, 60244777003, 60244777004

Matrix: Solid

Analyzed

Mercury mg/kg ND 0.050 06/01/17 13:52

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1962415LABORATORY CONTROL SAMPLE:
LCSSpike

Mercury mg/kg 0.44.5 89 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1962416MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

60244956001

1962417

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Mercury mg/kg .32 83 75-12584 2 20.320.12 0.38 0.39
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

478051
EPA 3050

EPA 6010
6010 MET

Associated Lab Samples: 60244777001, 60244777002, 60244777003, 60244777004

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1958232
Associated Lab Samples: 60244777001, 60244777002, 60244777003, 60244777004

Matrix: Solid

Analyzed

Aluminum mg/kg ND 7.5 05/26/17 12:11
Antimony mg/kg ND 1.0 05/26/17 12:11
Arsenic mg/kg ND 1.0 05/26/17 12:11
Barium mg/kg ND 0.50 05/26/17 12:11
Beryllium mg/kg ND 0.10 05/26/17 12:11
Boron mg/kg ND 10.0 05/26/17 12:11
Cadmium mg/kg ND 0.50 05/26/17 12:11
Calcium mg/kg ND 10.0 05/26/17 12:11
Chromium mg/kg ND 0.50 05/26/17 12:11
Cobalt mg/kg ND 0.50 05/26/17 12:11
Copper mg/kg ND 1.0 05/26/17 12:11
Iron mg/kg ND 5.0 05/26/17 12:11
Magnesium mg/kg ND 5.0 05/26/17 12:11
Manganese mg/kg ND 0.50 05/26/17 12:11
Molybdenum mg/kg ND 2.0 05/26/17 12:11
Nickel mg/kg ND 0.50 05/26/17 12:11
Selenium mg/kg ND 1.5 05/26/17 12:11
Silver mg/kg ND 0.70 05/26/17 12:11
Thallium mg/kg ND 2.0 05/26/17 12:11
Zinc mg/kg ND 10.0 05/26/17 12:11

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1958233LABORATORY CONTROL SAMPLE:
LCSSpike

Aluminum mg/kg 8811000 88 80-120
Antimony mg/kg 88.6100 89 80-120
Arsenic mg/kg 83.9100 84 80-120
Barium mg/kg 89.2100 89 80-120
Beryllium mg/kg 88.0100 88 80-120
Boron mg/kg 81.4100 81 80-120
Cadmium mg/kg 88.1100 88 80-120
Calcium mg/kg 8791000 88 80-120
Chromium mg/kg 89.6100 90 80-120
Cobalt mg/kg 92.6100 93 80-120
Copper mg/kg 92.2100 92 80-120
Iron mg/kg 8791000 88 80-120
Magnesium mg/kg 8531000 85 80-120
Manganese mg/kg 91.0100 91 80-120
Molybdenum mg/kg 95.9100 96 80-120
Nickel mg/kg 90.4100 90 80-120
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1958233LABORATORY CONTROL SAMPLE:
LCSSpike

Selenium mg/kg 84.9100 85 80-120
Silver mg/kg 45.050 90 80-120
Thallium mg/kg 93.1100 93 80-120
Zinc mg/kg 89.3100 89 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1958234MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

60244399001

1958235

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Aluminum mg/kg 2770 93 75-12596 1 202720118 2700 2720
Antimony mg/kg 277 87 75-12591 2 20272ND 243 248
Arsenic mg/kg 277 86 75-12589 2 20272ND 240 245
Barium mg/kg 277 85 75-12594 4 20272253 489 509
Beryllium mg/kg 277 91 75-12594 2 20272ND 251 257
Boron mg/kg 277 83 75-12585 0 20272ND 249 250
Cadmium mg/kg 277 90 75-12593 1 20272ND 250 253
Calcium mg/kg M12770 1020 75-125-161 14 202720219000 247000 214000
Chromium mg/kg 277 88 75-12591 1 2027214.6 259 263
Cobalt mg/kg 277 79 75-12585 3 20272177 395 408
Copper mg/kg 277 92 75-12597 3 202729.6 266 272
Iron mg/kg M12770 -8 75-12544 5 20272027100 26800 28300
Magnesium mg/kg 2770 86 75-12587 1 2027203120 5510 5480
Manganese mg/kg 277 85 75-12589 1 20272220 457 461
Molybdenum mg/kg 277 93 75-12597 2 20272ND 257 264
Nickel mg/kg 277 83 75-12584 0 20272155 385 384
Selenium mg/kg 277 84 75-12587 2 20272ND 234 239
Silver mg/kg 138 90 75-12592 0 20136ND 125 126
Thallium mg/kg 277 80 75-12583 2 20272ND 223 227
Zinc mg/kg M1277 -3730 75-125-1320 18 2027243500 33100 39900
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

479179
EPA 3050

EPA 6010
6010 MET

Associated Lab Samples: 60244777001, 60244777002, 60244777003, 60244777004

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1962595
Associated Lab Samples: 60244777001, 60244777002, 60244777003, 60244777004

Matrix: Solid

Analyzed

Lead mg/kg ND 0.50 06/02/17 17:28

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1962596LABORATORY CONTROL SAMPLE:
LCSSpike

Lead mg/kg 93.7100 94 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1962597MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

60244763001

1962598

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Lead mg/kg M1105 70 75-12564 8 2010325.5 99.0 91.5
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

479164
ASTM D2974

ASTM D2974
Dry Weight/Percent Moisture

Associated Lab Samples: 60244777001, 60244777002, 60244777003, 60244777004

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1962473
Associated Lab Samples: 60244777001, 60244777002, 60244777003, 60244777004

Matrix: Solid

Analyzed

Percent Moisture % ND 0.50 06/01/17 00:00

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

60244763007
1962474SAMPLE DUPLICATE:

Percent Moisture % 28.6 1 2028.9

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 06/21/2017 02:21 PM

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665

Page 18 of 28



#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

388793
EPA 3060A

EPA 7196A
7196 Chromium, Hexavalent

Associated Lab Samples: 60244777001, 60244777002, 60244777003, 60244777004

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1792678
Associated Lab Samples: 60244777001, 60244777002, 60244777003, 60244777004

Matrix: Solid

Analyzed

Chromium, Hexavalent mg/kg ND 2.0 05/26/17 13:13

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1792679LABORATORY CONTROL SAMPLE:
LCSSpike

Chromium, Hexavalent mg/kg 9561020 93 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1792680MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

50170973001

1792681

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Chromium, Hexavalent mg/kg 1080 97 75-12593 3 201100ND 1050 1020

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1792682MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

50170973001

1792683

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Chromium, Hexavalent mg/kg 43.4 100 75-12597 4 2043ND 44.0 42.3

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

50171487007
1792684SAMPLE DUPLICATE:

Chromium, Hexavalent mg/kg ND D320ND
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Sample: MW-3 / SB01 Lab ID: 60244777001 Collected: 05/17/17 13:05 Received: 05/20/17 08:40 Matrix: Solid

Results reported on a "dry-weight" basis

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. QualMethod

PWS: Site ID: Sample Type:

Radium-226 1.096 ± 0.233   (0.191)
C:NA T:NA

pCi/g 06/20/17 14:30 13982-63-3 RaEPA 901.1

Radium-228 1.559 ± 0.384   (0.175)
C:NA T:NA

pCi/g 06/20/17 14:30 15262-20-1EPA 901.1
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#=ARR#

ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Sample: MW-8 / SB02 Lab ID: 60244777002 Collected: 05/18/17 13:15 Received: 05/20/17 08:40 Matrix: Solid

Results reported on a "dry-weight" basis

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. QualMethod

PWS: Site ID: Sample Type:

Radium-226 2.086 ± 0.408   (0.178)
C:NA T:NA

pCi/g 06/20/17 14:30 13982-63-3 RaEPA 901.1

Radium-228 1.078 ± 0.409   (0.319)
C:NA T:NA

pCi/g 06/20/17 14:30 15262-20-1EPA 901.1
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Sample: MW-8 / SB11 Lab ID: 60244777003 Collected: 05/18/17 08:00 Received: 05/20/17 08:40 Matrix: Solid

Results reported on a "dry-weight" basis

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. QualMethod

PWS: Site ID: Sample Type:

Radium-226 2.250 ± 0.371   (0.213)
C:NA T:NA

pCi/g 06/20/17 14:47 13982-63-3 RaEPA 901.1

Radium-228 1.361 ± 0.346   (0.157)
C:NA T:NA

pCi/g 06/20/17 14:47 15262-20-1EPA 901.1
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Sample: MW-5 / SB01 Lab ID: 60244777004 Collected: 05/19/17 08:30 Received: 05/20/17 08:40 Matrix: Solid

Results reported on a "dry-weight" basis

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. QualMethod

PWS: Site ID: Sample Type:

Radium-226 1.197 ± 0.287   (0.181)
C:NA T:NA

pCi/g 06/20/17 14:47 13982-63-3 RaEPA 901.1

Radium-228 1.574 ± 0.503   (0.263)
C:NA T:NA

pCi/g 06/20/17 14:47 15262-20-1EPA 901.1
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QUALITY CONTROL - RADIOCHEMISTRY

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

260753
EPA 901.1

EPA 901.1
901.1 Gamma Spec Ingrowth

Associated Lab Samples: 60244777001, 60244777002, 60244777003, 60244777004

Parameter UnitsAct ± Unc (MDC) Carr Trac Qualifiers

METHOD BLANK: 1284174

Associated Lab Samples: 60244777001, 60244777002, 60244777003, 60244777004

Matrix: Solid

Analyzed

Radium-226 pCi/g Ra06/20/17 13:480.051 ± 0.084   (0.154) C:NA T:NA
Radium-228 pCi/g 06/20/17 13:480.066 ± 0.099   (0.161) C:NA T:NA
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QUALIFIERS

Pace Project No.:
Project:

60244777
COLUMBIA, MO

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Act - Activity
Unc - Uncertainty: SDWA = 1.96 sigma count uncertainty, all other matrices = Expanded Uncertainty (95% confidence interval).
Gamma Spec = Expanded Uncertainty (95.4% Confidence Interval)
(MDC) - Minimum Detectable Concentration
Trac - Tracer Recovery (%)
Carr - Carrier Recovery (%)
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - IndianapolisPASI-I
Pace Analytical Services - Kansas CityPASI-K
Pace Analytical Services - GreensburgPASI-PA

ANALYTE QUALIFIERS

Sample was diluted due to the presence of high levels of non-target analytes or other matrix interference.D3
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
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.

Ra
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

60244777
COLUMBIA, MO

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

60244777001 478051 478210MW-3 / SB01 EPA 3050 EPA 6010

60244777001 479179 479370MW-3 / SB01 EPA 3050 EPA 6010

60244777002 478051 478210MW-8 / SB02 EPA 3050 EPA 6010

60244777002 479179 479370MW-8 / SB02 EPA 3050 EPA 6010

60244777003 478051 478210MW-8 / SB11 EPA 3050 EPA 6010

60244777003 479179 479370MW-8 / SB11 EPA 3050 EPA 6010

60244777004 478051 478210MW-5 / SB01 EPA 3050 EPA 6010

60244777004 479179 479370MW-5 / SB01 EPA 3050 EPA 6010

60244777001 479142 479209MW-3 / SB01 EPA 7471 EPA 7471
60244777002 479142 479209MW-8 / SB02 EPA 7471 EPA 7471
60244777003 479142 479209MW-8 / SB11 EPA 7471 EPA 7471
60244777004 479142 479209MW-5 / SB01 EPA 7471 EPA 7471

60244777001 479164MW-3 / SB01 ASTM D2974
60244777002 479164MW-8 / SB02 ASTM D2974
60244777003 479164MW-8 / SB11 ASTM D2974
60244777004 479164MW-5 / SB01 ASTM D2974

60244777001 260753MW-3 / SB01 EPA 901.1
60244777002 260753MW-8 / SB02 EPA 901.1
60244777003 260753MW-8 / SB11 EPA 901.1
60244777004 260753MW-5 / SB01 EPA 901.1

60244777001 388793 389359MW-3 / SB01 EPA 3060A EPA 7196A
60244777002 388793 389359MW-8 / SB02 EPA 3060A EPA 7196A
60244777003 388793 389359MW-8 / SB11 EPA 3060A EPA 7196A
60244777004 388793 389359MW-5 / SB01 EPA 3060A EPA 7196A
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June 23, 2017

LIMS USE: FR - BRIAN WEIS
LIMS OBJECT ID: 60245163

60245163
Project:
Pace Project No.:

RE:

Brian Weis

Burns & McDonnell
9400 Ward Parkway
Kansas City, MO 64114

COLUMBIA MO

Dear Brian Weis:
Enclosed are the analytical results for sample(s) received by the laboratory on May 26, 2017. The
results relate only to the samples included in this report. Results reported herein conform to the most
current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual, where
applicable, unless otherwise noted in the body of the report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Alice Spiller
alice.spiller@pacelabs.com

Project Manager
(913)563-1409

Enclosures
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CERTIFICATIONS

Pace Project No.:
Project:

60245163
COLUMBIA MO

Pennsylvania Certification IDs
1638 Roseytown Rd Suites 2,3&4, Greensburg, PA 15601
L-A-B DOD-ELAP Accreditation #: L2417
Alabama Certification #: 41590
Arizona Certification #: AZ0734
Arkansas Certification
California Certification #: 04222CA
Colorado Certification
Connecticut Certification #: PH-0694
Delaware Certification
Florida/TNI Certification #: E87683
Georgia Certification #: C040
Guam Certification
Hawaii Certification
Idaho Certification
Illinois Certification
Indiana Certification
Iowa Certification #: 391
Kansas/TNI Certification #: E-10358
Kentucky Certification #: 90133
Louisiana DHH/TNI Certification #: LA140008
Louisiana DEQ/TNI Certification #: 4086
Maine Certification #: PA00091
Maryland Certification #: 308
Massachusetts Certification #: M-PA1457
Michigan/PADEP Certification
Missouri Certification #: 235

Montana Certification #: Cert 0082
Nebraska Certification #: NE-05-29-14
Nevada Certification #: PA014572015-1
New Hampshire/TNI Certification #: 2976
New Jersey/TNI Certification #: PA 051
New Mexico Certification #: PA01457
New York/TNI Certification #: 10888
North Carolina Certification #: 42706
North Dakota Certification #: R-190
Oregon/TNI Certification #: PA200002
Pennsylvania/TNI Certification #: 65-00282
Puerto Rico Certification #: PA01457
Rhode Island Certification #: 65-00282
South Dakota Certification
Tennessee Certification #: TN2867
Texas/TNI Certification #: T104704188-14-8
Utah/TNI Certification #: PA014572015-5
USDA Soil Permit #: P330-14-00213
Vermont Dept. of Health: ID# VT-0282
Virgin Island/PADEP Certification
Virginia/VELAP Certification #: 460198
Washington Certification #: C868
West Virginia DEP Certification #: 143
West Virginia DHHR Certification #: 9964C
Wisconsin Certification
Wyoming Certification #: 8TMS-L

Indiana Certification IDs
7726 Moller Road, Indianapolis, IN  46268
Illinois Certification #: 003971
Indiana Certification #: C-49-06
Kansas/NELAP Certification #:E-10177
Kentucky UST Certification #: 80226
Kentucky WW Certification #:98019

Ohio VAP Certification #: CL-0065
Oklahoma Certification #: 2016-075
Texas Certification #: T104704355-16-10
West Virginia Certification #: 330
Wisconsin Certification #: 999788130
USDA Soil Permit #: P330-16-00257

Kansas Certification IDs
9608 Loiret Boulevard, Lenexa, KS  66219
WY STR Certification #: 2456.01
Arkansas Certification #: 15-016-0
Illinois Certification #: 003097
Iowa Certification #: 118
Kansas/NELAP Certification #: E-10116
Louisiana Certification #: 03055

Nevada Certification #: KS000212008A
Oklahoma Certification #: 9205/9935
Texas Certification #: T104704407
Utah Certification #: KS00021
Kansas Field Laboratory Accreditation: # E-92587
Missouri Certification: 10070

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665

Page 2 of 25



#=SS#

SAMPLE SUMMARY

Pace Project No.:
Project:

60245163
COLUMBIA MO

Lab ID Sample ID Matrix Date Collected Date Received

60245163001 M-2 / SB01 Solid 05/22/17 14:30 05/26/17 07:30

60245163002 M-1 / SB01 Solid 05/23/17 16:15 05/26/17 07:30

60245163003 M-6 / SB01 Solid 05/25/17 09:34 05/26/17 07:30
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#=SA#

SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

60245163
COLUMBIA MO

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

60245163001 M-2 / SB01 EPA 6010 21 PASI-KJGP

EPA 7471 1 PASI-KSMW

ASTM D2974 1 PASI-KDWC

EPA 901.1 2 PASI-PAMAH

EPA 7196A 1 PASI-ITPD

60245163002 M-1 / SB01 EPA 6010 21 PASI-KJGP

EPA 7471 1 PASI-KSMW

ASTM D2974 1 PASI-KDWC

EPA 901.1 2 PASI-PAMAH

EPA 7196A 1 PASI-ITPD

60245163003 M-6 / SB01 EPA 6010 21 PASI-KJGP

EPA 7471 1 PASI-KSMW

ASTM D2974 1 PASI-KDWC

EPA 901.1 2 PASI-PAMAH

EPA 7196A 1 PASI-ITPD
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#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

60245163
COLUMBIA MO

Method:

Client: BURNS & MCDONNELL

EPA 6010

Date: June 23, 2017

Description: 6010 MET ICP Red. Interference

General Information:
3 samples were analyzed for EPA 6010.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 3050 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 478634
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  60245170008

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 1960516)

• Aluminum
• Antimony
• Barium
• Calcium
• Iron
• Lead
• Magnesium
• Manganese
• Thallium
• Zinc

• MSD  (Lab ID: 1960517)
• Aluminum
• Antimony
• Calcium
• Iron
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#=NA#

PROJECT NARRATIVE

Pace Project No.:
Project:

60245163
COLUMBIA MO

Method:

Client: BURNS & MCDONNELL

EPA 6010

Date: June 23, 2017

Description: 6010 MET ICP Red. Interference

QC Batch: 478634
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  60245170008

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• Lead
• Magnesium

R1: RPD value was outside control limits.
• MSD  (Lab ID: 1960517)

• Calcium
• Chromium
• Lead

Additional Comments:
Analyte Comments:

QC Batch: 478634
D3: Sample was diluted due to the presence of high levels of non-target analytes or other matrix interference.

• M-6 / SB01  (Lab ID: 60245163003)
• Silver
• Boron
• Cadmium
• Molybdenum
• Antimony
• Selenium
• Thallium
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PROJECT NARRATIVE

Pace Project No.:
Project:

60245163
COLUMBIA MO

Method:

Client: BURNS & MCDONNELL

EPA 7471

Date: June 23, 2017

Description: 7471 Mercury

General Information:
3 samples were analyzed for EPA 7471.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 7471 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

60245163
COLUMBIA MO

Method:

Client: BURNS & MCDONNELL

EPA 901.1

Date: June 23, 2017

Description: 901.1 Gamma Spec INGROWTH

General Information:
3 samples were analyzed for EPA 901.1.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:
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PROJECT NARRATIVE

Pace Project No.:
Project:

60245163
COLUMBIA MO

Method:

Client: BURNS & MCDONNELL

EPA 7196A

Date: June 23, 2017

Description: 7196 Chromium, Hexavalent

General Information:
3 samples were analyzed for EPA 7196A.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 3060A with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:
Project:

60245163
COLUMBIA MO

Sample: M-2 / SB01 Lab ID: 60245163001 Collected: 05/22/17 14:30 Received: 05/26/17 07:30 Matrix: Solid
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

Analytical Method: EPA 6010  Preparation Method: EPA 30506010 MET ICP Red. Interference

Aluminum 29700 mg/kg 05/31/17 17:29 7429-90-505/30/17 11:358.2 1
Antimony ND mg/kg 05/31/17 17:29 7440-36-005/30/17 11:351.1 1
Arsenic 8.7 mg/kg 05/31/17 17:29 7440-38-205/30/17 11:351.1 1
Barium 113 mg/kg 05/31/17 17:29 7440-39-305/30/17 11:350.54 1
Beryllium 0.50 mg/kg 05/31/17 17:29 7440-41-705/30/17 11:350.11 1
Boron ND mg/kg 05/31/17 17:29 7440-42-805/30/17 11:3510.9 1
Cadmium ND mg/kg 05/31/17 17:29 7440-43-905/30/17 11:350.54 1
Calcium 3910 mg/kg 05/31/17 17:29 7440-70-205/30/17 11:3510.9 1
Chromium 29.1 mg/kg 05/31/17 17:29 7440-47-305/30/17 11:350.54 1
Cobalt 18.3 mg/kg 05/31/17 17:29 7440-48-405/30/17 11:350.54 1
Copper 9.3 mg/kg 05/31/17 17:29 7440-50-805/30/17 11:351.1 1
Iron 17500 mg/kg 05/31/17 17:29 7439-89-605/30/17 11:355.4 1
Lead 13.8 mg/kg 05/31/17 17:29 7439-92-105/30/17 11:350.54 1
Magnesium 2420 mg/kg 05/31/17 17:29 7439-95-405/30/17 11:355.4 1
Manganese 102 mg/kg 05/31/17 17:29 7439-96-505/30/17 11:350.54 1
Molybdenum ND mg/kg 05/31/17 17:29 7439-98-705/30/17 11:352.2 1
Nickel 9.4 mg/kg 05/31/17 17:29 7440-02-005/30/17 11:350.54 1
Selenium ND mg/kg 05/31/17 17:29 7782-49-205/30/17 11:351.6 1
Silver ND mg/kg 05/31/17 17:29 7440-22-405/30/17 11:350.76 1
Thallium ND mg/kg 05/31/17 17:29 7440-28-005/30/17 11:352.2 1
Zinc 28.0 mg/kg 05/31/17 17:29 7440-66-605/30/17 11:3510.9 1

Analytical Method: EPA 7471  Preparation Method: EPA 74717471 Mercury

Mercury ND mg/kg 06/06/17 15:17 7439-97-606/06/17 11:300.063 1

Analytical Method: ASTM D2974Percent Moisture

Percent Moisture 20.8 % 06/15/17 00:000.50 1

Analytical Method: EPA 7196A  Preparation Method: EPA 3060A7196 Chromium, Hexavalent

Chromium, Hexavalent ND mg/kg 06/07/17 10:21 18540-29-906/06/17 10:552.6 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

60245163
COLUMBIA MO

Sample: M-1 / SB01 Lab ID: 60245163002 Collected: 05/23/17 16:15 Received: 05/26/17 07:30 Matrix: Solid
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

Analytical Method: EPA 6010  Preparation Method: EPA 30506010 MET ICP Red. Interference

Aluminum 14900 mg/kg 06/02/17 14:27 7429-90-505/30/17 11:3510.5 2
Antimony ND mg/kg 05/31/17 17:32 7440-36-005/30/17 11:350.70 1
Arsenic 2.8 mg/kg 05/31/17 17:32 7440-38-205/30/17 11:350.70 1
Barium 64.8 mg/kg 06/02/17 14:27 7440-39-305/30/17 11:350.70 2
Beryllium 0.58 mg/kg 06/02/17 14:27 7440-41-705/30/17 11:350.14 2
Boron ND mg/kg 05/31/17 17:32 7440-42-805/30/17 11:357.0 1
Cadmium ND mg/kg 05/31/17 17:32 7440-43-905/30/17 11:350.35 1
Calcium 3020 mg/kg 06/02/17 14:27 7440-70-205/30/17 11:3514.1 2
Chromium 18.7 mg/kg 05/31/17 17:32 7440-47-305/30/17 11:350.35 1
Cobalt 1.8 mg/kg 05/31/17 17:32 7440-48-405/30/17 11:350.35 1
Copper 9.4 mg/kg 05/31/17 17:32 7440-50-805/30/17 11:350.70 1
Iron 12800 mg/kg 06/02/17 14:27 7439-89-605/30/17 11:357.0 2
Lead 7.1 mg/kg 05/31/17 17:32 7439-92-105/30/17 11:350.35 1
Magnesium 1590 mg/kg 05/31/17 17:32 7439-95-405/30/17 11:353.5 1
Manganese 25.6 mg/kg 05/31/17 17:32 7439-96-505/30/17 11:350.35 1
Molybdenum ND mg/kg 05/31/17 17:32 7439-98-705/30/17 11:351.4 1
Nickel 8.5 mg/kg 05/31/17 17:32 7440-02-005/30/17 11:350.35 1
Selenium ND mg/kg 05/31/17 17:32 7782-49-205/30/17 11:351.1 1
Silver ND mg/kg 05/31/17 17:32 7440-22-405/30/17 11:350.49 1
Thallium ND mg/kg 05/31/17 17:32 7440-28-005/30/17 11:351.4 1
Zinc 21.7 mg/kg 05/31/17 17:32 7440-66-605/30/17 11:357.0 1

Analytical Method: EPA 7471  Preparation Method: EPA 74717471 Mercury

Mercury ND mg/kg 06/06/17 15:19 7439-97-606/06/17 11:300.047 1

Analytical Method: ASTM D2974Percent Moisture

Percent Moisture 16.3 % 06/15/17 00:000.50 1

Analytical Method: EPA 7196A  Preparation Method: EPA 3060A7196 Chromium, Hexavalent

Chromium, Hexavalent ND mg/kg 06/07/17 10:22 18540-29-906/06/17 10:552.3 1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,
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ANALYTICAL RESULTS

Pace Project No.:
Project:

60245163
COLUMBIA MO

Sample: M-6 / SB01 Lab ID: 60245163003 Collected: 05/25/17 09:34 Received: 05/26/17 07:30 Matrix: Solid
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

Analytical Method: EPA 6010  Preparation Method: EPA 30506010 MET ICP Red. Interference

Aluminum 14200 mg/kg 06/01/17 13:53 7429-90-505/30/17 11:3523.0 3
Antimony ND mg/kg 06/01/17 13:50 7440-36-0 D305/30/17 11:352.0 2
Arsenic 7.3 mg/kg 06/01/17 13:50 7440-38-205/30/17 11:352.0 2
Barium 172 mg/kg 06/01/17 13:53 7440-39-305/30/17 11:351.5 3
Beryllium 2.1 mg/kg 06/01/17 13:53 7440-41-705/30/17 11:350.31 3
Boron ND mg/kg 06/01/17 13:50 7440-42-8 D305/30/17 11:3520.5 2
Cadmium ND mg/kg 06/01/17 13:50 7440-43-9 D305/30/17 11:351.0 2
Calcium 3850 mg/kg 06/01/17 13:53 7440-70-205/30/17 11:3530.7 3
Chromium 28.5 mg/kg 06/01/17 13:50 7440-47-305/30/17 11:351.0 2
Cobalt 8.4 mg/kg 06/01/17 13:50 7440-48-405/30/17 11:351.0 2
Copper 12.8 mg/kg 06/01/17 13:50 7440-50-805/30/17 11:352.0 2
Iron 17400 mg/kg 06/01/17 13:53 7439-89-605/30/17 11:3515.3 3
Lead 7.5 mg/kg 06/01/17 13:50 7439-92-105/30/17 11:351.0 2
Magnesium 2300 mg/kg 06/01/17 13:50 7439-95-405/30/17 11:3510.2 2
Manganese 168 mg/kg 06/01/17 13:50 7439-96-505/30/17 11:351.0 2
Molybdenum ND mg/kg 06/01/17 13:50 7439-98-7 D305/30/17 11:354.1 2
Nickel 38.8 mg/kg 06/01/17 13:50 7440-02-005/30/17 11:351.0 2
Selenium ND mg/kg 06/01/17 13:50 7782-49-2 D305/30/17 11:353.1 2
Silver ND mg/kg 06/01/17 13:50 7440-22-4 D305/30/17 11:351.4 2
Thallium ND mg/kg 06/01/17 13:50 7440-28-0 D305/30/17 11:354.1 2
Zinc 42.0 mg/kg 06/01/17 13:50 7440-66-605/30/17 11:3520.5 2

Analytical Method: EPA 7471  Preparation Method: EPA 74717471 Mercury

Mercury ND mg/kg 06/06/17 15:21 7439-97-606/06/17 11:300.046 1

Analytical Method: ASTM D2974Percent Moisture

Percent Moisture 18.5 % 06/15/17 00:000.50 1

Analytical Method: EPA 7196A  Preparation Method: EPA 3060A7196 Chromium, Hexavalent

Chromium, Hexavalent ND mg/kg 06/07/17 10:22 18540-29-906/06/17 10:552.5 1
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QUALITY CONTROL DATA

Pace Project No.:
Project:

60245163
COLUMBIA MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

479801
EPA 7471

EPA 7471
7471 Mercury

Associated Lab Samples: 60245163001, 60245163002, 60245163003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1965100
Associated Lab Samples: 60245163001, 60245163002, 60245163003

Matrix: Solid

Analyzed

Mercury mg/kg ND 0.050 06/06/17 14:46

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1965101LABORATORY CONTROL SAMPLE:
LCSSpike

Mercury mg/kg 0.51.5 102 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1965102MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

60245602002

1965103

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Mercury mg/kg .56 97 75-12597 11 20.51ND 0.55 0.49
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60245163
COLUMBIA MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

478634
EPA 3050

EPA 6010
6010 MET

Associated Lab Samples: 60245163001, 60245163002, 60245163003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1960514
Associated Lab Samples: 60245163001, 60245163002, 60245163003

Matrix: Solid

Analyzed

Aluminum mg/kg ND 7.5 05/31/17 16:55
Antimony mg/kg ND 1.0 05/31/17 16:55
Arsenic mg/kg ND 1.0 05/31/17 16:55
Barium mg/kg ND 0.50 05/31/17 16:55
Beryllium mg/kg ND 0.10 05/31/17 16:55
Boron mg/kg ND 10.0 05/31/17 16:55
Cadmium mg/kg ND 0.50 05/31/17 16:55
Calcium mg/kg ND 10.0 05/31/17 16:55
Chromium mg/kg ND 0.50 05/31/17 16:55
Cobalt mg/kg ND 0.50 05/31/17 16:55
Copper mg/kg ND 1.0 05/31/17 16:55
Iron mg/kg ND 5.0 05/31/17 16:55
Lead mg/kg ND 0.50 05/31/17 16:55
Magnesium mg/kg ND 5.0 05/31/17 16:55
Manganese mg/kg ND 0.50 05/31/17 16:55
Molybdenum mg/kg ND 2.0 05/31/17 16:55
Nickel mg/kg ND 0.50 05/31/17 16:55
Selenium mg/kg ND 1.5 05/31/17 16:55
Silver mg/kg ND 0.70 05/31/17 16:55
Thallium mg/kg ND 2.0 05/31/17 16:55
Zinc mg/kg ND 10.0 05/31/17 16:55

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1960515LABORATORY CONTROL SAMPLE:
LCSSpike

Aluminum mg/kg 9641000 96 80-120
Antimony mg/kg 92.6100 93 80-120
Arsenic mg/kg 87.8100 88 80-120
Barium mg/kg 98.7100 99 80-120
Beryllium mg/kg 96.7100 97 80-120
Boron mg/kg 85.8100 86 80-120
Cadmium mg/kg 92.0100 92 80-120
Calcium mg/kg 9531000 95 80-120
Chromium mg/kg 94.9100 95 80-120
Cobalt mg/kg 96.9100 97 80-120
Copper mg/kg 98.7100 99 80-120
Iron mg/kg 9601000 96 80-120
Lead mg/kg 94.7100 95 80-120
Magnesium mg/kg 8641000 86 80-120
Manganese mg/kg 95.5100 96 80-120
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60245163
COLUMBIA MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1960515LABORATORY CONTROL SAMPLE:
LCSSpike

Molybdenum mg/kg 101100 101 80-120
Nickel mg/kg 94.6100 95 80-120
Selenium mg/kg 89.5100 90 80-120
Silver mg/kg 46.850 94 80-120
Thallium mg/kg 96.4100 96 80-120
Zinc mg/kg 93.9100 94 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1960516MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

60245170008

1960517

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Aluminum mg/kg M1871 533 75-125544 0 208456830 11500 11400
Antimony mg/kg M187.1 37 75-12536 5 2084.51.1 33.7 31.9
Arsenic mg/kg 87.1 75 75-12583 5 2084.512.6 78.4 82.7
Barium mg/kg M187.1 61 75-12591 5 2084.5381 435 458
Beryllium mg/kg 87.1 89 75-12591 0 2084.50.54 77.7 77.6
Boron mg/kg 87.1 77 75-12579 0 2084.5ND 71.0 71.2
Cadmium mg/kg 87.1 79 75-12583 1 2084.53.8 72.9 74.0
Calcium mg/kg M1,R1871 47 75-125-848 42 2084521400 21800 14300
Chromium mg/kg R187.1 85 75-125123 30 2084.58.8 83.0 113
Cobalt mg/kg 87.1 78 75-12583 3 2084.55.7 73.7 75.6
Copper mg/kg 87.1 85 75-12593 4 2084.540.1 114 118
Iron mg/kg M1871 194 75-125389 9 2084515000 16700 18300
Lead mg/kg M1,R187.1 61 75-125369 29 2084.5704 757 1020
Magnesium mg/kg M1871 166 75-125197 4 208453450 4890 5120
Manganese mg/kg M187.1 -20 75-12590 17 2084.5529 512 606
Molybdenum mg/kg 87.1 83 75-12588 2 2084.5ND 73.9 75.4
Nickel mg/kg 87.1 77 75-12598 18 2084.511.0 78.1 93.9
Selenium mg/kg 87.1 77 75-12580 1 2084.5ND 66.8 67.4
Silver mg/kg 43.6 81 75-12582 1 2042.37.0 42.3 41.8
Thallium mg/kg M187.1 73 75-12576 2 2084.5ND 63.6 64.7
Zinc mg/kg M187.1 59 75-12594 7 2084.5361 413 441
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60245163
COLUMBIA MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

481093
ASTM D2974

ASTM D2974
Dry Weight/Percent Moisture

Associated Lab Samples: 60245163001, 60245163002, 60245163003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1970675
Associated Lab Samples: 60245163001, 60245163002, 60245163003

Matrix: Solid

Analyzed

Percent Moisture % ND 0.50 06/15/17 00:00

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

60245163001
1970676SAMPLE DUPLICATE:

Percent Moisture % 22.2 6 2020.8

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 06/23/2017 04:21 PM

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60245163
COLUMBIA MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

390804
EPA 3060A

EPA 7196A
7196 Chromium, Hexavalent

Associated Lab Samples: 60245163001, 60245163002, 60245163003

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 1801272
Associated Lab Samples: 60245163001, 60245163002, 60245163003

Matrix: Solid

Analyzed

Chromium, Hexavalent mg/kg ND 2.0 06/07/17 09:56

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

1801273LABORATORY CONTROL SAMPLE:
LCSSpike

Chromium, Hexavalent mg/kg 9591070 89 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1801274MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

50171866001

1801275

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Chromium, Hexavalent mg/kg 229 118 75-12582 18 2023873.6 444 369

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

1801277MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

50171866001

1801278

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Chromium, Hexavalent mg/kg 6210 94 75-12597 2 20609073.6 6000 6090

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

60245163003
1801276SAMPLE DUPLICATE:

Chromium, Hexavalent mg/kg ND 20ND

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 06/23/2017 04:21 PM

Pace Analytical Services, LLC
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#=ARR#

ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:
Project:

60245163
COLUMBIA MO

Sample: M-2 / SB01 Lab ID: 60245163001 Collected: 05/22/17 14:30 Received: 05/26/17 07:30 Matrix: Solid

Results reported on a "dry-weight" basis

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. QualMethod

PWS: Site ID: Sample Type:

Radium-226 0.995 ± 0.235   (0.130)
C:NA T:NA

pCi/g 06/23/17 09:09 13982-63-3 RaEPA 901.1

Radium-228 1.180 ± 0.348   (0.229)
C:NA T:NA

pCi/g 06/23/17 09:09 15262-20-1EPA 901.1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
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#=ARR#

ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:
Project:

60245163
COLUMBIA MO

Sample: M-1 / SB01 Lab ID: 60245163002 Collected: 05/23/17 16:15 Received: 05/26/17 07:30 Matrix: Solid

Results reported on a "dry-weight" basis

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. QualMethod

PWS: Site ID: Sample Type:

Radium-226 1.159 ± 0.267   (0.266)
C:NA T:NA

pCi/g 06/23/17 09:10 13982-63-3 RaEPA 901.1

Radium-228 1.394 ± 0.472   (0.244)
C:NA T:NA

pCi/g 06/23/17 09:10 15262-20-1EPA 901.1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
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#=ARR#

ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:
Project:

60245163
COLUMBIA MO

Sample: M-6 / SB01 Lab ID: 60245163003 Collected: 05/25/17 09:34 Received: 05/26/17 07:30 Matrix: Solid

Results reported on a "dry-weight" basis

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. QualMethod

PWS: Site ID: Sample Type:

Radium-226 1.242 ± 0.277   (0.192)
C:NA T:NA

pCi/g 06/23/17 09:26 13982-63-3 RaEPA 901.1

Radium-228 1.397 ± 0.368   (0.187)
C:NA T:NA

pCi/g 06/23/17 09:26 15262-20-1EPA 901.1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665

Page 20 of 25



#=QCR#

QUALITY CONTROL - RADIOCHEMISTRY

Pace Project No.:
Project:

60245163
COLUMBIA MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

260753
EPA 901.1

EPA 901.1
901.1 Gamma Spec Ingrowth

Associated Lab Samples: 60245163001, 60245163002, 60245163003

Parameter UnitsAct ± Unc (MDC) Carr Trac Qualifiers

METHOD BLANK: 1284174

Associated Lab Samples: 60245163001, 60245163002, 60245163003

Matrix: Solid

Analyzed

Radium-226 pCi/g Ra06/20/17 13:480.051 ± 0.084   (0.154) C:NA T:NA
Radium-228 pCi/g 06/20/17 13:480.066 ± 0.099   (0.161) C:NA T:NA

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.
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#=QL#

QUALIFIERS

Pace Project No.:
Project:

60245163
COLUMBIA MO

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Act - Activity
Unc - Uncertainty: SDWA = 1.96 sigma count uncertainty, all other matrices = Expanded Uncertainty (95% confidence interval).
Gamma Spec = Expanded Uncertainty (95.4% Confidence Interval)
(MDC) - Minimum Detectable Concentration
Trac - Tracer Recovery (%)
Carr - Carrier Recovery (%)
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - IndianapolisPASI-I
Pace Analytical Services - Kansas CityPASI-K
Pace Analytical Services - GreensburgPASI-PA

ANALYTE QUALIFIERS

Sample was diluted due to the presence of high levels of non-target analytes or other matrix interference.D3
Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1
RPD value was outside control limits.R1
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.

Ra

REPORT OF LABORATORY ANALYSIS
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#=CR#

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

60245163
COLUMBIA MO

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

60245163001 478634 478916M-2 / SB01 EPA 3050 EPA 6010
60245163002 478634 478916M-1 / SB01 EPA 3050 EPA 6010
60245163003 478634 478916M-6 / SB01 EPA 3050 EPA 6010

60245163001 479801 479883M-2 / SB01 EPA 7471 EPA 7471
60245163002 479801 479883M-1 / SB01 EPA 7471 EPA 7471
60245163003 479801 479883M-6 / SB01 EPA 7471 EPA 7471

60245163001 481093M-2 / SB01 ASTM D2974
60245163002 481093M-1 / SB01 ASTM D2974
60245163003 481093M-6 / SB01 ASTM D2974

60245163001 260753M-2 / SB01 EPA 901.1
60245163002 260753M-1 / SB01 EPA 901.1
60245163003 260753M-6 / SB01 EPA 901.1

60245163001 390804 391007M-2 / SB01 EPA 3060A EPA 7196A
60245163002 390804 391007M-1 / SB01 EPA 3060A EPA 7196A
60245163003 390804 391007M-6 / SB01 EPA 3060A EPA 7196A

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,
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APPENDIX H – PACKER TESTING FIELD FORM



CONSTANT HEAD HYDRAULIC CONDUCTIVITY (PACKER) TEST
BORING NO. SB-2

Depth to Test Interval: 80

PROJECT NAME: More's Lake SITE LOCATION: Columbia, MO
PROJECT NUMBER: 93647 SITE NAME: More's Lake
DATE TEST PERFORMED: 6/1/2017 MADE BY: Lewis Turner

    TIME (minutes) Gauge Pressure Water Loss     TIME (minutes) Gauge Pressure Water Loss
    Real  Elapsed Reading PSI Gallons     Real  Elapsed Reading PSI Gallons

1300 0 0.00 43 0.00 1350 50 0.15 40 0.01
1301 1 0.02 42 0.02 1355 55 0.16 40 0.01
1302 2 0.03 41 0.01 1400 60 0.16 40 0.00
1303 3 0.08 41 0.05 1410 70 0.18 40 0.02
1304 4 0.09 41 0.01 1420 80 0.18 40 0.00
1305 5 0.10 41 0.01 1430 90 0.22 40 0.04
1306 6 0.11 41 0.01 1440 100 0.23 40 0.01
1307 7 0.11 41 0.00 1450 110 0.26 40 0.03
1308 8 0.11 41 0.00 1500 120 0.31 40 0.05
1309 9 0.11 41 0.00 1510 130 0.39 40 0.08
1310 10 0.11 41 0.00 1520 140 0.42 40 0.03
1311 11 0.11 41 0.00 1530 150 0.46 40 0.03
1312 12 0.11 40 0.00 1540 160 0.51 40 0.05
1313 13 0.11 41 0.00 1550 170 0.57 40 0.06
1314 14 0.12 41 0.01 1600 180 0.62 40 0.05
1315 15 0.12 40 0.00 1610 190 0.67 40 0.05
1320 20 0.13 40 0.01 1620 200 0.73 40 0.06
1325 25 0.14 40 0.01 1630 210 0.81 40 0.08
1330 30 0.14 40 0.00 1640 220 0.88 40 0.07
1335 35 0.14 40 0.00 1650 230 0.92 40 0.04
1340 40 0.14 40 0.00 1700 240 0.96 40 0.04
1345 45 0.14 40 0.00

* Note: All measurements are made from the same reference point

      REFERENCE: U.S. Department of the Interior, Bureau of Reclamation, 1974, Earth Manual, second edition
Field Permeability Tests in Boreholes, USBR No. E-18, pp. 573-578.

k=q/2πLH for L>=10r
k=q/2πLH x sinh-1(L/2r) for 10r>L>=r 

r Borehole diameter (test interval) 1.44 inches
0.120 ft

Dt Depth to top of test interval*     80.00 ft
Db Depth to bottom of test interval*     85.00 ft
L Length of the test interval L = Db - Dt 5 ft

lw Total water loss during test length   0.96 gal
lt Length of test   240 min
q Constant rate of flow into the test interval q = lw / lt, if 0 than 0.001 4.00E-03 gpm

8.92E-06 ft3/sec

Hi Height of swivel (or pressure gauge)*  3.1 ft
swl Depth to static water level* 4.66 ft
P Pressure within test interval    40 psi
Hp Conversion from PSI to feet of water Hp = P x 2.31 92.4 ft
Hg Distance from static water level to pressure gauge Hg = swl + Hi 7.76 ft
H Head of water at test interval H = Hp + Hg 100.16 ft

k Hydraulic Conductivity 1.06E-08 ft/sec
3.22E-07 cm/sec

...gwinv/phasea/gwtests/SB-2 packer.xls



 

 

APPENDIX I – MONITORING WELL DIAGRAMS AND CERTIFICATION RECORD



















 

 

APPENDIX J – MONITORING WELL DEVELOPMENT FORMS



Well Development Summary
Columbia Water Light Department - Columbia Municipal Power Plant

Columbia, Missouri

Well 3 Borehole Volumes Turbidity (NTUs) 3 Borehole Volumes
ID (gallons) At End Development Purged?

32.5 6.79 39.29 gallons
6/7/2017 6/14/2017 2 days

138 139 107.5 384.5 gallons
5/30/2017 6/14/2017 6/19/2017 3 days

15 16 14 11.5 56.5 gallons
5/26/2017 5/30/2017 6/7/2017 6/13/2017 4 days

12 12 12 11.2 47.2 gallons
5/26/2017 5/30/2017 6/7/2017 6/13/2017 4 days

12 9 11 9.32 41.32 gallons
6/8/2017 6/9/2017 6/12/2017 6/19/2017 4 days

13 12 12 9.32 46.32 gallons
6/8/2017 6/9/2017 6/12/2017 6/19/2017 4 days

1.5 1.5 1.5 1.0 1.32 20.2 27.02 gallons
5/26/2017 5/30/2017 6/8/2017 6/13/2017 6/19/2017 11/16/2017* 6 days

9 7 7 6.79 29.79 gallons
5/26/2017 6/7/2017 6/8/2017 6/14/2017 4 days

10 6 3.71 19.71 gallons
6/8/2017 6/9/2017 6/15/2017 3 days

18 11 7.12 36.12 gallons
6/8/2017 6/9/2017 6/15/2017 3 days

20 9 6.4 35.4 gallons
6/8/2017 6/9/2017 6/14/2017 3 days

NTUs = Nephelometric Turbidity Units

* - Monitoring Well MW-7 was re-developed on 11/16/207 by introducing potable water and removing with disposable bailer.

No

Yes

No

No

No

No

Yes

Yes

Yes

No

No

PZ-6

PZ-4

PZ-2

MW-8

MW-7

MW-6

Well Development
(gallons)

Totals
(gallons and days)

MW-5

MW-4

MW-3

MW-2

MW-1

39.02

38.12

48.47

47.23

47.99

45.18

39.76

Out of Range

85.10

Out of Range

Out of Range

Out of Range

Out of Range

Out of Range

Out of Range

Out of Range

Out of Range

Out of Range

44.14

19.47

41.27

32.37

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Appendices\I and J - MW Diagrams and Well Development Forms\
Well Development Summary.xlsx Page 1 of 1



WELL DEVELOPMENT RECORD Page 1 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-1
  Project Information   Elevation of Monitoring Well
  Facility Name: Columbia Municipal Power Plant  Ground Surface Elevation (GS):
  Location: Columbia, Missouri  Top of Casing Elevation (TOC):  

  Well Information Borehole Volume Calculation: Filter Pack Porosity =
  Date Well Installed: 05/24/17   Water Column = 14.77 feet Filter Pack = 13.13 ft Saturated Filter Pack = 13.13 ft
  Total Depth of Well: 42.87 feet from TOC   1 Saturated Well Volume = 2.41 gallons
  Depth to Top of Screen: 32.47 feet from TOC   1 well volume (gallons) = initial height of water column (ft) x .16

  Length of Casing Screened: 10.00 feet   Saturated Filter Pack Volume= 10.30 gallons
  Borehole Diameter: 8.25 inches Filter pack volume (gallons) = saturated borehole filter pack volume (assuming 30% porosity) - saturated well filter pack volume

  Well Casing Diameter: 2.00 inches   3 Saturated Borehole Volume = 38.12 gallons
  Type of Formation Screened: Glacial Till/Drift   3 Saturated Borehole Volumes (gallons) = 3 x (saturated well casing volume + saturated filter pack)

  Development Method
  Equipment:   Method Description:
  Surge   Bail
  Airlift   Pump X Drillers developed well with submersible pump (12v electric)

  Observations During Development
Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks

Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)
06/07/17 1515 28.10 42.74 0.0 0.0 22.6 7.7 0.640 OR Begin surging screen
06/07/17 1525 0.0 0.0 Finish surging screen
06/07/17 1525 0.0 0.0 20.5 7.5 0.700 OR Begin pumping - dark gray
06/07/17 1532 8.0 8.0 20.4 7.4 0.710 OR dark gray
06/07/17 1535 4.5 12.5 20.3 7.4 0.710 OR Pumped dry - allow 90% recharge
06/07/17 1550 28.59 0.0 12.5 23.3 7.7 0.910 OR Begin surging screen
06/07/17 1555 0.0 12.5 Finish surging screen
06/07/17 1555 0.0 12.5 19.3 7.4 1.000 OR Begin pumping - dark gray
06/07/17 1559 8.0 20.5 20.3 7.5 0.980 OR Brown
06/07/17 1602 2.0 22.5 20.0 7.5 0.990 OR Pumped dry - allow 90% recharge
06/07/17 1620 28.75 0.0 22.5 22.1 7.5 1.140 OR Begin surging screen
06/07/17 1630 0.0 22.5 Finish surging screen

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

770.20
769.82

30%
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WELL DEVELOPMENT RECORD (Continued) Page 2 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-1
  Observations During Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)

06/07/17 1630 0.0 22.5 19.1 7.4 0.990 OR Begin pumping - light brown
06/07/17 1636 8.0 30.5 19.2 7.4 0.990 OR Light brown
06/07/17 1638 40.01 42.74 2.0 32.5 19.0 7.4 0.980 OR Pumped dry third time - complete
06/14/17 1539 28.14 42.74 6.79 39.3 -- -- -- -- slug removal for rising head slug test

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Appendices\J - Well Development Forms\MW-1 Completion Form.xlsxWell Development Form Rev.1 1/22/2018



WELL DEVELOPMENT RECORD Page 1 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-2
  Project Information   Elevation of Monitoring Well
  Facility Name: Columbia Municipal Power Plant  Ground Surface Elevation (GS):
  Location: Columbia, Missouri  Top of Casing Elevation (TOC):  

  Well Information Borehole Volume Calculation: Filter Pack Porosity =
  Date Well Installed: 05/23/17   Water Column = 35.92 feet Filter Pack = 13.13 ft Saturated Filter Pack = 13.13 ft
  Total Depth of Well: 52.96 feet from TOC   1 Saturated Well Volume = 5.86
  Depth to Top of Screen: 42.59 feet from TOC   1 well volume (gallons) = initial height of water column (ft) x .16

  Length of Casing Screened: 10.00 feet   Saturated Filter Pack Volume= 10.30
  Borehole Diameter: 8.25 inches Filter pack volume (gallons) = saturated borehole filter pack volume (assuming 30% porosity) - saturated well filter pack volume

  Well Casing Diameter: 2.00 inches   3 Saturated Borehole Volume = 48.47
  Type of Formation Screened: Glacial Till/Drift   3 Saturated Borehole Volumes (gallons) = 3 x (saturated well casing volume + saturated filter pack)

  Development Method
  Equipment:   Method Description:
  Surge   Bail
  Airlift   Pump X Drillers developed well with submersible pump (12v electric)

  Observations During Development
Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks

Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)
05/30/17 1530 17.04 52.92 0.0 0.0 20.2 8.1 0.510 295 Begin surging screen
05/30/17 1540 0.0 0.0 Finish surging screen
05/30/17 1541 0.0 0.0 17.9 7.3 0.770 OR Begin pumping - brown
05/30/17 1549 11.5 11.5 17.7 7.2 0.840 1247 AUDark Brown
05/30/17 1557 11.5 23.0 17.0 7.1 0.850 OR Dark Brown
05/30/17 1565 11.5 34.5 17.5 7.1 0.860 149 Light brown
05/30/17 1573 11.5 46.0 17.3 7.1 0.870 92.8 Light brown
05/30/17 1581 11.5 57.5 17.2 7.0 0.880 84.0 Light brown
05/30/17 1589 11.5 69.0 17.2 7.0 0.880 93.6 Light brown
05/30/17 1597 11.5 80.5 16.9 7.0 0.880 92.7 Light brown
05/30/17 1605 11.5 92.0 17.0 7.1 0.890 89.3 Light brown
05/30/17 1613 11.5 103.5 16.8 7.0 0.890 87.2 Light brown

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

781.800
781.030

30%

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Appendices\J - Well Development Forms\MW-2 Completion Form.xlsxWell Development Form Rev.1 1/22/2018



WELL DEVELOPMENT RECORD (Continued) Page 2 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-2
  Observations During Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)

05/30/17 1621 11.5 115.0 16.7 7.0 0.900 84.6 Light brown
05/30/17 1630 11.5 126.5 17.0 7.0 0.900 83.9 Light brown
05/30/17 1640 37.18 52.92 11.5 138.0 16.9 7.0 0.910 85.1 Development complete - turbidity not below

5 NTU (10% stable measurements)
06/14/17 930 20.10 52.92 139.0 277.0 -- -- -- OR water removed for rising head slug test #1
06/19/17 1506 27.71 52.92 107.5 384.5 -- -- -- -- water removed for rising head slug test #2

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Appendices\J - Well Development Forms\MW-2 Completion Form.xlsxWell Development Form Rev.1 1/22/2018



WELL DEVELOPMENT RECORD Page 1 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-3
  Project Information   Elevation of Monitoring Well
  Facility Name: Columbia Municipal Power Plant  Ground Surface Elevation (GS):
  Location: Columbia, Missouri  Top of Casing Elevation (TOC):  

  Well Information Borehole Volume Calculation: Filter Pack Porosity =
  Date Well Installed: 05/18/17   Water Column = 33.71 feet Filter Pack = 13.06 ft Saturated Filter Pack = 13.06 ft
  Total Depth of Well: 49.58 feet from TOC   1 Saturated Well Volume = 5.50 gallons
  Depth to Top of Screen: 39.21 feet from TOC   1 well volume (gallons) = initial height of water column (ft) x .16

  Length of Casing Screened: 10.00 feet   Saturated Filter Pack Volume= 10.24 gallons
  Borehole Diameter: 8.25 inches Filter pack volume (gallons) = saturated borehole filter pack volume (assuming 30% porosity) - saturated well filter pack volume

  Well Casing Diameter: 2.00 inches   3 Saturated Borehole Volume = 47.23 gallons
  Type of Formation Screened: Glacial Till/Drift   3 Saturated Borehole Volumes (gallons) = 3 x (saturated well casing volume + saturated filter pack)

  Development Method
  Equipment:   Method Description:
  Surge   Bail
  Airlift   Pump X Drillers developed well with submersible pump (12v electric)

  Observations During Development
Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks

Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)
05/26/17 1410 15.87 49.54 0.0 0.0 18.1 7.7 0.710 OR Begin surging screen
05/26/17 1420 0.0 0.0 Finish surging screen
05/26/17 1421 0.0 0.0 17.9 7.4 0.710 OR Begin pumping - brown
05/26/17 1429 11.1 11.1 17.7 7.3 0.740 OR Brown
05/26/17 1432 3.9 15.0 16.5 7.1 0.750 OR Pumped dry - allow 90% recharge
05/30/17 1335 16.09 49.54 0.0 0.0 20.1 7.7 0.680 OR Begin surging screen
05/30/17 1345 0.0 0.0 Finish surging screen
05/30/17 1345 0.0 0.0 17.6 7.5 0.670 OR Begin pumping - brown
05/30/17 1349 11.1 26.1 17.2 7.4 0.680 OR Brown
05/30/17 1352 47.20 4.9 31.0 17.1 7.4 0.680 OR Pumped dry - allow 90% recharge
06/07/17 1343 16.28 0.0 0.0 19.7 7.4 0.840 OR Begin surging screen
06/07/17 1353 0.0 0.0 Finish surging screen

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

781.620
781.130

30%
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WELL DEVELOPMENT RECORD (Continued) Page 2 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-3
  Observations During Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)

06/07/17 1354 0.0 0.0 17.6 7.3 0.860 OR Begin pumping - brown
06/07/17 1402 11.1 42.1 17.0 7.2 0.860 OR Brown
06/07/17 1405 47.01 49.56 2.9 45.0 17.1 7.2 0.850 OR Pumped dry third time - complete
06/13/17 1129 16.29 49.50 11.5 56.5 -- -- -- -- pumped for rising head slug test and well yeild test

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1
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WELL DEVELOPMENT RECORD Page 1 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-4
  Project Information   Elevation of Monitoring Well
  Facility Name: Columbia Municipal Power Plant  Ground Surface Elevation (GS):
  Location: Columbia, Missouri  Top of Casing Elevation (TOC):  

  Well Information Borehole Volume Calculation: Filter Pack Porosity =
  Date Well Installed: 05/17/17   Water Column = 35.42 feet Filter Pack = 13.03 ft Saturated Filter Pack= 13.03 ft
  Total Depth of Well: 57.16 feet from TOC   1 Saturated Well Volume = 5.78 gallons
  Depth to Top of Screen: 46.78 feet from TOC   1 well volume (gallons) = initial height of water column (ft) x .16

  Length of Casing Screened: 10.01 feet   Saturated Filter Pack Volume= 10.22 gallons
  Borehole Diameter: 8.25 inches Filter pack volume (gallons) = saturated borehole filter pack volume (assuming 30% porosity) - saturated well filter pack volume

  Well Casing Diameter: 2.00 inches   3 Saturated Borehole Volume = 47.99 gallons
  Type of Formation Screened: Glacial Till/Drift   3 Saturated Borehole Volumes (gallons) = 3 x (saturated well casing volume + saturated filter pack)

  Development Method
  Equipment:   Method Description:
  Surge   Bail X
  Airlift   Pump X Drillers developed well with submersible pump (12v electric) followed by BMcD development with disposable bailer.

  Observations During Development
Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks

Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)
05/26/17 1020 21.74 0.0 0.0 18.3 7.8 0.690 980 Begin surging screen
05/26/17 1030 0.0 0.0 Finish surging screen
05/26/17 1030 0.0 0.0 18.8 7.7 0.700 OR Begin pumping - brown
05/26/17 1040 11.5 11.5 16.8 7.4 0.740 OR Brown
05/26/17 1041 0.5 12.0 16.1 7.2 0.750 OR Pumped dry - allow 90% recharge
05/30/17 1248 22.32 0.0 0.0 18.3 7.6 0.960 OR Begin surging/purging with bailer
05/30/17 1320 11.5 0.0 17.1 7.3 0.970 OR Brown
05/30/17 1323 55.80 0.5 0.0 16.9 7.2 0.970 OR Bailed dry - allow 90% recharge
06/07/17 1303 22.25 0.0 0.0 21.1 7.9 0.910 869 Begin surging screen
06/07/17 1313 0.0 0.0 Finish surging screen
06/07/17 1313 0.0 0.0 15.6 7.0 0.990 OR Begin pumping - brown
06/07/17 1327 11.5 35.5 17.6 7.1 1.000 OR Brown

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

785.390
785.020

30%

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Appendices\J - Well Development Forms\MW-4 Completion Form.xlsxWell Development Rev.1 1/22/2018



WELL DEVELOPMENT RECORD (Continued) Page 2 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-4
  Observations During Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)

06/07/17 1328 55.08 57.05 0.5 36.0 16.1 7.0 1.000 OR Pumped dry third time - complete
06/13/17 1354 22.30 57.05 11.2 47.2 -- -- -- -- Pumped for rising head slug test and well yield test

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1
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WELL DEVELOPMENT RECORD Page 1 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-5
  Project Information   Elevation of Monitoring Well
  Facility Name: Columbia Municipal Power Plant  Ground Surface Elevation (GS):
  Location: Columbia, Missouri  Top of Casing Elevation (TOC):  

  Well Information Borehole Volume Calculation: Filter Pack Porosity =
  Date Well Installed: 05/19/17   Water Column = 29.29 feet Filter Pack = 13.11 ft Saturated Filter Pack= 13.11 ft
  Total Depth of Well: 41.18 feet from TOC   1 Saturated Well Volume = 4.78 gallons
  Depth to Top of Screen: 30.80 feet from TOC   1 well volume (gallons) = initial height of water column (ft) x .16

  Length of Casing Screened: 10.01 feet   Saturated Filter Pack Volume= 10.28 gallons
  Borehole Diameter: 8.25 inches Filter pack volume (gallons) = saturated borehole filter pack volume (assuming 30% porosity) - saturated well filter pack volume

  Well Casing Diameter: 2.00 inches   3 Saturated Borehole Volume = 45.18 gallons
  Type of Formation Screened: Glacial Till/Drift   3 Saturated Borehole Volumes (gallons) = 3 x (saturated well casing volume + saturated filter pack)

  Development Method
  Equipment:   Method Description:
  Surge   Bail
  Airlift   Pump X Drillers developed well with submersible pump (12v electric)

  Observations During Development
Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks

Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)
06/08/17 857 11.89 41.04 0.0 0.0 18.7 7.6 0.780 567 Begin surging screen
06/08/17 907 0.0 0.0 Finish surging screen
06/08/17 907 0.0 0.0 18.1 7.5 0.780 OR Begin pumping - dark gray
06/08/17 915 10.4 10.4 17.7 7.5 0.780 OR dark gray
06/08/17 917 1.6 12.0 17.6 7.4 0.790 OR Pumped dry - allow 90% recharge
06/09/17 755 20.71 0.0 12.0 17.4 7.5 0.840 OR Begin surging screen
06/09/17 805 0.0 12.0 Finish surging screen
06/09/17 805 0.0 12.0 16.7 7.4 0.890 OR Begin pumping - brown
06/09/17 812 9.0 21.0 16.9 7.4 0.890 OR Pumped dry - allow 90% recharge
06/12/17 1211 18.41 0.0 21.0 17.8 7.5 0.840 OR Begin surging screen
06/12/17 1222 0.0 21.0 Finish surging screen
06/12/17 1222 0.0 21.0 16.5 7.4 0.890 OR Begin pumping - light brown

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

770.080
769.610

30%
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WELL DEVELOPMENT RECORD (Continued) Page 2 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-5
  Observations During Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)

06/12/17 1232 10.4 31.4 16.6 7.4 0.890 OR Light brown
06/12/17 1233 39.07 41.09 0.6 32.0 16.6 7.4 0.900 OR Pumped dry third time - complete
06/19/17 1227 13.45 -- 9.32 41.3 -- -- -- -- Pumped for rising head slug test and well yield test

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1
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WELL DEVELOPMENT RECORD Page 1 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-6
  Project Information   Elevation of Monitoring Well
  Facility Name: Columbia Municipal Power Plant  Ground Surface Elevation (GS):
  Location: Columbia, Missouri  Top of Casing Elevation (TOC):  

  Well Information Borehole Volume Calculation: Filter Pack Porosity =
  Date Well Installed: 05/25/17   Water Column = 27.41 feet Filter Pack = 13.06 ft Saturated Filter Pack= 13.06 ft
  Total Depth of Well: 41.83 feet from TOC   1 Saturated Well Volume = 4.47 gallons
  Depth to Top of Screen: 31.45 feet from TOC   1 well volume (gallons) = initial height of water column (ft) x .16

  Length of Casing Screened: 10.01 feet   Saturated Filter Pack Volume= 10.24 gallons
  Borehole Diameter: 8.25 inches Filter pack volume (gallons) = saturated borehole filter pack volume (assuming 30% porosity) - saturated well filter pack volume

  Well Casing Diameter: 2.00 inches   3 Saturated Borehole Volume = 44.14 gallons
  Type of Formation Screened: Glacial Till/Drift   3 Saturated Borehole Volumes (gallons) = 3 x (saturated well casing volume + saturated filter pack)

  Development Method
  Equipment:   Method Description:
  Surge   Bail
  Airlift   Pump X Drillers developed well with submersible pump (12v electric)

  Observations During Development
Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks

Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)
06/08/17 757 14.42 41.76 0.0 0.0 18.2 7.7 0.710 OR Begin surging screen
06/08/17 807 0.0 0.0 Finish surging screen
06/08/17 807 0.0 0.0 18.9 7.4 0.930 OR Begin pumping - dark gray
06/08/17 815 10.1 10.1 18.8 7.1 0.940 OR Gray
06/08/17 817 2.9 13.0 19.1 7.1 0.800 OR Pumped dry - allow 90% recharge
06/09/17 725 16.08 0.0 13.0 17.8 6.9 0.990 OR Begin surging screen
06/09/17 735 0.0 13.0 Finish surging screen
06/09/17 735 0.0 13.0 17.3 7.1 0.990 OR Begin pumping - light brown
06/09/17 744 10.1 23.1 17.2 7.1 1.000 OR Light brown
06/09/17 745 1.9 25.0 17.2 7.0 1.000 OR Pumped dry - allow 90% recharge
06/12/17 1105 15.36 0.0 25.0 17.9 7.3 0.980 OR Begin surging screen
06/12/17 1115 0.0 25.0 Finish surging screen

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

770.470
770.070

30%
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WELL DEVELOPMENT RECORD (Continued) Page 2 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-6
  Observations During Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)

06/12/17 1115 0.0 25.0 17.2 7.1 0.990 OR Begin pumping - light brown
06/12/17 1127 10.1 35.1 17.0 7.1 0.990 OR Light brown
06/12/17 1128 40.55 41.75 1.9 37.0 17.1 7.0 1.000 OR Pumped dry third time - complete
06/19/17 1133 15.15 -- 9.32 46.3 -- -- -- -- Pumped for rising head slug test and well yield test

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1
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WELL DEVELOPMENT RECORD Page 1 of 1

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-7
  Project Information   Elevation of Monitoring Well
  Facility Name: Columbia Municipal Power Plant  Ground Surface Elevation (GS):
  Location: Columbia, Missouri  Top of Casing Elevation (TOC):  

  Well Information Borehole Volume Calculation: Filter Pack Porosity =
  Date Well Installed: 05/16/17   Water Column = 11.96 feet Filter Pack = 13.02 ft Saturated Filter Pack = 11.96 ft
  Total Depth of Well: 33.46 feet from TOC   1 Saturated Well Volume = 1.95
  Depth to Top of Screen: 23.08 feet from TOC   1 well volume (gallons) = initial height of water column (ft) x .16

  Length of Casing Screened: 10.01 feet   Saturated Filter Pack Volume= 9.38
  Borehole Diameter: 8.25 inches Filter pack volume (gallons) = saturated borehole filter pack volume (assuming 30% porosity) - saturated well filter pack volume

  Well Casing Diameter: 2.00 inches   3 Saturated Borehole Volume = 33.99
  Type of Formation Screened: Glacial Till/Drift   3 Saturated Borehole Volumes (gallons) = 3 x (saturated well casing volume + saturated filter pack)

  Development Method
  Equipment:   Method Description:
  Surge   Bail X
  Airlift   Pump X

  Observations During Development
Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks

Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)
05/26/17 900 26.61 31.90 0.0 0.0 23.9 7.6 0.580 OR Begin surging screen
05/26/17 915 0.0 0.0 Finish surging screen
05/26/17 915 0.0 0.0 21.8 7.4 0.670 OR Begin pumping - dark gray
05/26/17 917 1.5 1.5 19.9 7.2 0.850 OR Pumped dry - allow 90% recharge
05/30/17 1425 28.24 33.40 0.0 1.5 21.8 7.4 0.670 OR Begin surging/bailing
05/30/17 1440 32.95 1.5 3.0 19.4 7.2 0.690 OR Bailed dry - allow 90% recharge
06/08/17 725 28.41 33.40 0.0 3.0 16.4 7.6 1.220 OR Begin surging/bailing
06/08/17 733 32.90 33.43 1.5 4.5 16.1 7.2 1.110 OR Bailed dry third time - complete
06/13/17 1545 28.98 33.43 1.0 5.5 -- -- -- -- Bailed for rising head slug test and well yield test
06/19/17 1019 29.44 1.3 6.8 -- -- -- -- Bailed for rising head slug test and well yield test
11/16/17 1348 21.50 33.43 0.0 0.0 17.9 7.1 1.030 72.7 Initial reading
11/16/17 1400 19.80 0.0 0.0 - - - - Added water; begin surging; slightly cloudy

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

Drillers developed well with submersible pump (12v electric) followed by BMcD developing with disposable bailer. November 
redevelopment effort included introducing water to well, surging and pumping (12v electric) followed by developing 
with a disposable bailer.

762.670
762.230

30%
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WELL DEVELOPMENT RECORD (Continued) Page 2 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-7
  Observations During Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)

11/16/17 1434 - - 0.0 0.0 - - - - Begin pumping
11/16/17 1436 - - 2.0 5.0 15.6 7.2 0.950 OR Finished pumping; dark brown
11/16/17 1440 19.51 - 0.0 2.0 - - - - Added water; begin surging
11/16/17 1450 - - 0.0 5.0 - - - - Begin pumping
11/16/17 1454 - - 4.0 9.0 15.4 7.1 0.850 OR Finished pumping; light brown
11/16/17 1456 19.31 - 0.0 9.0 - - - - Added water; begin surging
11/16/17 1506 - - 0.0 9.0 - - - - Begin pumping
11/16/17 1510 - - 4.0 13.0 15.3 7.6 0.470 OR Finished pumping; dark brown
11/16/17 1523 20.08 - 0.0 13.0 - - - - Added water; begin surging
11/16/17 1533 - - 0.0 13.0 - - - - Begin pumping
11/16/17 1536 - - 4.0 17.0 15.3 7.5 0.470 OR Finished pumping; dark brown
11/16/17 1538 20.16 - 0.0 17.0 - - - - Added water; begin surging
11/16/17 1553 - - 0.0 17.0 - - - - Pump not working; switch to bailing
11/16/17 1620 32.45 - 4.0 21.0 14.9 7.2 0.420 OR Bailed Dry
11/16/17 1643 9.50 - 0.0 21.0 - - - - Added water; begin bailing
11/16/17 1718 32.35 33.43 6.0 27.0 14.90 8.1 0.410 OR Bailed dry

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1
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WELL DEVELOPMENT RECORD Page 1 of 1

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-8
  Project Information   Elevation of Monitoring Well
  Facility Name: Columbia Municipal Power Plant  Ground Surface Elevation (GS):
  Location: Columbia, Missouri  Top of Casing Elevation (TOC):  

  Well Information Borehole Volume Calculation: Filter Pack Porosity =
  Date Well Installed: 05/18/17   Water Column = 21.39 feet Filter Pack = 13.09 ft Saturated Filter Pack= 13.09 ft
  Total Depth of Well: 27.92 feet from TOC   1 Saturated Well Volume = 3.49
  Depth to Top of Screen: 17.54 feet from TOC   1 well volume (gallons) = initial height of water column (ft) x .16

  Length of Casing Screened: 10.01 feet   Saturated Filter Pack Volume= 10.26
  Borehole Diameter: 8.25 inches Filter pack volume (gallons) = saturated borehole filter pack volume (assuming 30% porosity) - saturated well filter pack volume

  Well Casing Diameter: 2.00 inches   3 Saturated Borehole Volume = 41.27
  Type of Formation Screened: Glacial Till/Drift   3 Saturated Borehole Volumes (gallons) = 3 x (saturated well casing volume + saturated filter pack)

  Development Method
  Equipment:   Method Description:
  Surge   Bail
  Airlift   Pump X Drillers developed well with submersible pump (12v electric).

  Observations During Development
Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks

Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)
05/26/17 1317 6.53 27.88 0.0 0.0 17.8 7.1 0.870 125 Begin surging screen
05/26/17 1327 0.0 0.0 Finish surging screen
05/26/17 1328 0.0 0.0 16.5 6.9 2.300 OR Begin pumping - light brown
05/26/17 1339 9.0 9.0 15.9 7.1 1.470 OR Pumped dry - allow 90% recharge
06/07/17 1430 7.54 0.0 9.0 19.2 7.4 1.420 225 Begin surging screen
06/07/17 1440 0.0 9.0 Finish surging screen
06/07/17 1440 0.0 9.0 17.4 7.2 1.450 OR Begin pumping - light brown
06/07/17 1446 7.0 16.0 16.9 7.1 1.470 OR Pumped dry - allow 90% recharge
06/08/17 1000 7.68 0.0 16.0 19.1 7.1 0.890 75 Begin surging screen
06/08/17 1005 0.0 16.0 Finish surging screen
06/08/17 1005 0.0 16.0 17.1 7.1 1.460 OR Begin pumping - light brown
06/08/17 1010 26.81 27.85 7.0 23.0 16.8 7.0 1.590 OR Pumped dry third time - complete

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

753.460
753.090

30%
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WELL DEVELOPMENT RECORD (Continued) Page 2 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: MW-8
  Observations During Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)

06/14/17 1131 7.96 27.85 6.79 29.8 -- -- -- -- Pump for rising head slug test and well yield test

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1
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WELL DEVELOPMENT RECORD Page 1 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: PZ-2
  Project Information   Elevation of Monitoring Well
  Facility Name: Columbia Municipal Power Plant  Ground Surface Elevation (GS):
  Location: Columbia, Missouri  Top of Casing Elevation (TOC):  

  Well Information Borehole Volume Calculation: Filter Pack Porosity =
  Date Well Installed: 01/13/14   Water Column = 11.39 feet Filter Pack = 17.00 ft Saturated Filter Pack= 11.39 ft
  Total Depth of Well: 19.80 feet from TOC   1 Saturated Well Volume = 1.86
  Depth to Top of Screen: 4.40 feet from TOC   1 well volume (gallons) = initial height of water column (ft) x .16

  Length of Casing Screened: 15.00 feet   Saturated Filter Pack Volume= 8.93
  Borehole Diameter: 8.25 inches Filter pack volume (gallons) = saturated borehole filter pack volume (assuming 30% porosity) - saturated well filter pack volume

  Well Casing Diameter: 2.00 inches   3 Saturated Borehole Volume = 32.37
  Type of Formation Screened: Glacial Till/Drift   3 Saturated Borehole Volumes (gallons) = 3 x (saturated well casing volume + saturated filter pack)

  Development Method
  Equipment:   Method Description:
  Surge   Bail X
  Airlift   Pump X Drillers developed well with submersible pump (12v electric).

  Observations During Development
Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks

Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)
06/08/17 1235 8.41 19.40 0.0 0.0 19.6 7.2 1.600 126 Begin surging screen
06/08/17 1245 0.0 0.0 Finish surging screen
06/08/17 1245 0.0 0.0 19.5 6.9 1.670 OR Begin pumping - brown
06/08/17 1250 6.0 6.0 19.1 7.0 1.670 OR Pumped dry - allow 90% recharge
06/08/17 1625 9.45 0.0 6.0 19.2 7.0 1.430 OR Begin surging screen
06/08/17 1632 0.0 6.0 Finish surging screen
06/08/17 1632 0.0 6.0 19.3 6.9 1.630 OR Begin pumping - brown
06/08/17 1637 4.0 10.0 19.4 6.8 1.630 OR Pumped dry - allow 90% recharge
06/09/17 924 8.52 0.0 10.0 19.2 7.2 1.430 OR Begin surging screen
06/09/17 934 0.0 10.0 Finish surging screen
06/09/17 934 0.0 10.0 17.1 6.8 1.280 OR Begin pumping - brown
06/09/17 940 18.76 19.80 6.0 16.0 17.4 6.9 1.300 OR Pumped dry third time - complete

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

4624.000
4623.500

30%
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WELL DEVELOPMENT RECORD (Continued) Page 2 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: PZ-2
  Observations During Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)

06/15/17 1009 8.47 19.80 3.71 19.7 -- -- -- -- Pumped for rising head slug test and well yield test

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Appendices\J - Well Development Forms\PZ-2 Development Form.xlsxWell Development Rev.1 1/22/2018



WELL DEVELOPMENT RECORD Page 1 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: PZ-4
  Project Information   Elevation of Monitoring Well
  Facility Name: Columbia Municipal Power Plant  Ground Surface Elevation (GS):
  Location: Columbia, Missouri  Top of Casing Elevation (TOC):  

  Well Information Borehole Volume Calculation: Filter Pack Porosity =
  Date Well Installed: 01/14/14   Water Column = 13.73 feet Filter Pack = 17.00 ft Saturated Filter Pack= 13.73 ft
  Total Depth of Well: 20.13 feet from TOC   1 Saturated Well Volume = 2.24
  Depth to Top of Screen: 4.73 feet from TOC   1 well volume (gallons) = initial height of water column (ft) x .16

  Length of Casing Screened: 15.00 feet   Saturated Filter Pack Volume= 10.77
  Borehole Diameter: 8.25 inches Filter pack volume (gallons) = saturated borehole filter pack volume (assuming 30% porosity) - saturated well filter pack volume

  Well Casing Diameter: 2.00 inches   3 Saturated Borehole Volume = 39.02
  Type of Formation Screened: Glacial Till/Drift   3 Saturated Borehole Volumes (gallons) = 3 x (saturated well casing volume + saturated filter pack)

  Development Method
  Equipment:   Method Description:
  Surge   Bail
  Airlift   Pump X Drillers developed well with submersible pump (12v electric) followed by BMcD developing with disposalbe bailer.

  Observations During Development
Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks

Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)
06/08/17 1127 6.40 19.80 0.0 0.0 17.9 6.9 1.420 OR Begin surging screen
06/08/17 1137 0.0 0.0 Finish surging screen
06/08/17 1137 0.0 0.0 17.1 6.9 1.450 OR Begin pumping - dark brown
06/08/17 1144 9.0 9.0 16.9 6.9 1.460 OR Pumped dry - allow 90% recharge
06/08/17 1603 6.44 0.0 9.0 18.6 7.0 1.450 OR Begin surging screen
06/08/17 1608 0.0 9.0 Finish surging screen
06/08/17 1608 0.0 9.0 16.7 6.9 1.460 OR Begin pumping - dark brown
06/08/17 1615 18.39 9.0 18.0 16.7 6.9 1.470 OR Pumped dry - allow 90% recharge
06/09/17 848 6.53 0.0 18.0 16.9 7.0 1.400 OR Begin surging screen
06/09/17 858 0.0 18.0 Finish surging screen
06/09/17 858 0.0 18.0 16.9 7.0 1.440 OR Begin pumping - brown
06/09/17 906 18.19 20.13 11.0 29.0 17.6 7.0 1.440 OR Pumped dry third time - complete

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

752.400
752.060

30%
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WELL DEVELOPMENT RECORD (Continued) Page 2 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: PZ-4
  Observations During Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)

06/15/17 1050 6.81 20.13 7.12 36.1 -- -- -- -- Pumped for rising head slug test and well yield test

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Appendices\J - Well Development Forms\PZ-4 Development Form.xlsxWell Development Form Rev.1 1/22/2018



WELL DEVELOPMENT RECORD Page 1 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: PZ-6
  Project Information   Elevation of Monitoring Well
  Facility Name: Columbia Municipal Power Plant  Ground Surface Elevation (GS):
  Location: Columbia, Missouri  Top of Casing Elevation (TOC):  

  Well Information Borehole Volume Calculation: Filter Pack Porosity =
  Date Well Installed: 01/14/14   Water Column = 13.99 feet Filter Pack = 17.00 ft Saturated Filter Pack= 13.99 ft
  Total Depth of Well: 20.16 feet from TOC   1 Saturated Well Volume = 2.28
  Depth to Top of Screen: 4.76 feet from TOC   1 well volume (gallons) = initial height of water column (ft) x .16

  Length of Casing Screened: 15.00 feet   Saturated Filter Pack Volume= 10.97
  Borehole Diameter: 8.25 inches Filter pack volume (gallons) = saturated borehole filter pack volume (assuming 30% porosity) - saturated well filter pack volume

  Well Casing Diameter: 2.00 inches   3 Saturated Borehole Volume = 39.76
  Type of Formation Screened: Glacial Till/Drift   3 Saturated Borehole Volumes (gallons) = 3 x (saturated well casing volume + saturated filter pack)

  Development Method
  Equipment:   Method Description:
  Surge   Bail
  Airlift   Pump X Drillers developed well with submersible pump (12v electric).

  Observations During Development
Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks

Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)
06/08/17 1050 6.17 20.17 0.0 0.0 20.1 7.6 0.990 OR Begin surging screen
06/08/17 1100 0.0 0.0 Finish surging screen
06/08/17 1100 0.0 0.0 18.3 7.3 1.030 OR Begin pumping - brown
06/08/17 1106 10.0 10.0 16.6 7.3 1.030 OR Pumped dry - allow 90% recharge
06/08/17 1536 7.56 0.0 10.0 20.7 7.5 0.990 OR Begin surging screen
06/08/17 1541 0.0 10.0 Finish surging screen
06/08/17 1541 0.0 10.0 17.6 7.4 0.970 OR Begin pumping - brown
06/08/17 1549 10.0 20.0 16.5 7.3 0.990 OR Pumped dry - allow 90% recharge
06/09/17 822 6.34 0.0 20.0 17.2 7.6 1.020 OR Begin surging screen
06/09/17 832 0.0 20.0 Finish surging screen
06/09/17 832 0.0 20.0 15.8 7.4 1.120 OR Begin pumping - brown
06/09/17 840 19.20 20.16 9.0 29.0 16.6 7.4 0.960 OR Pumped dry third time - complete

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

755.870
755.600

30%
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WELL DEVELOPMENT RECORD (Continued) Page 2 of 2

  Project Name: More's Lake   Project Number: 93647 Well Number: PZ-6
  Observations During Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft)  Depth* (ft) Gallons Total (ºC) (units) (µS/cm) (turbidity, color, odor, etc.)

06/14/17 1539 6.44 20.16 6.4 35.4 -- -- -- -- Pumped for rising head slug test and well yield test

  *from TOC unless otherwise noted in Remarks 091294 Form WCI OP6-1

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Appendices\J - Well Development Forms\PZ-6 Development Form.xlsxWell Development Form Rev.1 1/22/2018



 

 

APPENDIX K – HYDRAULIC CONDUCTIVITY PLOTS
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MW-1 RISING HEAD TEST #1

Data Set:  Z:\...\MW-1_BR.aqt
Date:  08/31/17 Time:  10:22:26

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-1
Test Date:  6/14/2017

AQUIFER DATA

Saturated Thickness:  14.73 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-1)

Initial Displacement:  12.5 ft Static Water Column Height:  14.73 ft
Total Well Penetration Depth:  14.36 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.0003109 cm/sec y0 = 18.96 ft
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MW-1 RISING HEAD TEST #1

Data Set:  Z:\...\MW-1_HV.aqt
Date:  08/31/17 Time:  10:24:35

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-1
Test Date:  6/14/2017

AQUIFER DATA

Saturated Thickness:  14.73 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-1)

Initial Displacement:  12.5 ft Static Water Column Height:  14.73 ft
Total Well Penetration Depth:  14.36 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Hvorslev

K  = 0.0001029 cm/sec y0 = 21.98 ft
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MW-2 RISING HEAD TEST

Data Set:  Z:\...\MW-2_test2_BR.aqt
Date:  08/31/17 Time:  10:58:27

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-2
Test Date:  6/19/2017

AQUIFER DATA

Saturated Thickness:  27.71 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-2)

Initial Displacement:  23.2 ft Static Water Column Height:  27.71 ft
Total Well Penetration Depth:  24.88 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 3.485E-7 cm/sec y0 = 10.33 ft
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MW-2 RISING HEAD TEST

Data Set:  Z:\...\MW-2_test2_HV.aqt
Date:  08/31/17 Time:  11:00:20

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-2
Test Date:  6/19/2017

AQUIFER DATA

Saturated Thickness:  27.71 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-2)

Initial Displacement:  23.2 ft Static Water Column Height:  27.71 ft
Total Well Penetration Depth:  24.88 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Hvorslev

K  = 1.009E-7 cm/sec y0 = 10.31 ft
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MW-3 RISING HEAD TEST

Data Set:  Z:\...\MW-3_test_BR.aqt
Date:  08/31/17 Time:  11:01:56

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-3
Test Date:  6/14/2017

AQUIFER DATA

Saturated Thickness:  33.29 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-2)

Initial Displacement:  23.2 ft Static Water Column Height:  27.71 ft
Total Well Penetration Depth:  24.88 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 6.072E-5 cm/sec y0 = 32.31 ft
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MW-3 RISING HEAD TEST

Data Set:  Z:\...\MW-3_test_HV.aqt
Date:  08/31/17 Time:  11:03:10

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-3
Test Date:  6/14/2017

AQUIFER DATA

Saturated Thickness:  33.29 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-2)

Initial Displacement:  23.2 ft Static Water Column Height:  27.71 ft
Total Well Penetration Depth:  24.88 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Hvorslev

K  = 1.819E-5 cm/sec y0 = 29.04 ft



0. 1.6E+4 3.2E+4 4.8E+4 6.4E+4 8.0E+4
0.001

0.01

0.1

1.

10.

100.

Time (sec)

D
is

p
la

c
e

m
e

n
t 

(f
t)

MW-4 RISING HEAD TEST

Data Set:  Z:\...\MW-4_test_BR.aqt
Date:  08/31/17 Time:  11:05:18

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-4
Test Date:  6/13/2017

AQUIFER DATA

Saturated Thickness:  34.86 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-4)

Initial Displacement:  31.26 ft Static Water Column Height:  34.86 ft
Total Well Penetration Depth:  34.48 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 4.358E-5 cm/sec y0 = 62.79 ft
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MW-4 RISING HEAD TEST

Data Set:  Z:\...\MW-4_test_HV.aqt
Date:  08/31/17 Time:  11:06:30

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-4
Test Date:  6/13/2017

AQUIFER DATA

Saturated Thickness:  34.86 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-4)

Initial Displacement:  31.26 ft Static Water Column Height:  34.86 ft
Total Well Penetration Depth:  34.48 ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Hvorslev

K  = 1.208E-5 cm/sec y0 = 62.45 ft
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MW-5 RISING HEAD TEST

Data Set:  Z:\...\MW-5_test_BR.aqt
Date:  08/31/17 Time:  11:07:35

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-5
Test Date:  6/19/2017

AQUIFER DATA

Saturated Thickness:  27.73 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-5)

Initial Displacement:  27.8 ft Static Water Column Height:  27.73 ft
Total Well Penetration Depth:  20.39 ft Screen Length:  10.01 ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 2.59E-7 cm/sec y0 = 9.884 ft
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MW-5 RISING HEAD TEST

Data Set:  Z:\...\MW-5_test_HV.aqt
Date:  08/31/17 Time:  11:08:40

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-5
Test Date:  6/19/2017

AQUIFER DATA

Saturated Thickness:  27.73 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-5)

Initial Displacement:  27.8 ft Static Water Column Height:  27.73 ft
Total Well Penetration Depth:  20.39 ft Screen Length:  10.01 ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Hvorslev

K  = 8.308E-8 cm/sec y0 = 9.852 ft
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MW-6 RISING HEAD TEST

Data Set:  Z:\...\MW-6_test_BR.aqt
Date:  08/31/17 Time:  11:09:48

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-6
Test Date:  6/19/2017

AQUIFER DATA

Saturated Thickness:  26.68 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-6)

Initial Displacement:  26.68 ft Static Water Column Height:  26.68 ft
Total Well Penetration Depth:  26.31 ft Screen Length:  10.01 ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 3.949E-6 cm/sec y0 = 19.77 ft
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MW-6 RISING HEAD TEST

Data Set:  Z:\...\MW-6_test_HV.aqt
Date:  08/31/17 Time:  11:10:55

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-6
Test Date:  6/19/2017

AQUIFER DATA

Saturated Thickness:  26.68 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-6)

Initial Displacement:  26.68 ft Static Water Column Height:  26.68 ft
Total Well Penetration Depth:  26.31 ft Screen Length:  10.01 ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Hvorslev

K  = 1.114E-6 cm/sec y0 = 19.55 ft



0. 4.0E+4 8.0E+4 1.2E+5 1.6E+5 2.0E+5
1.

10.

Time (sec)

D
is

p
la

c
e

m
e

n
t 

(f
t)

MW-7 RISING HEAD TEST #1

Data Set:  Z:\...\MW-7_test1_BR.aqt
Date:  08/31/17 Time:  11:12:43

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-7
Test Date:  6/13/2017

AQUIFER DATA

Saturated Thickness:  4.48 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-7)

Initial Displacement:  4.48 ft Static Water Column Height:  4.48 ft
Total Well Penetration Depth:  10.01 ft Screen Length:  10.01 ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 1.911E-7 cm/sec y0 = 3. ft
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MW-7 RISING HEAD TEST #1

Data Set:  Z:\...\MW-7_test1_HV.aqt
Date:  08/31/17 Time:  11:13:38

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-7
Test Date:  6/13/2017

AQUIFER DATA

Saturated Thickness:  4.48 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-7)

Initial Displacement:  4.48 ft Static Water Column Height:  4.48 ft
Total Well Penetration Depth:  10.01 ft Screen Length:  10.01 ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Hvorslev

K  = 9.705E-8 cm/sec y0 = 3.015 ft



0. 6.0E+4 1.2E+5 1.8E+5 2.4E+5 3.0E+5
1.

10.

Time (sec)

D
is

p
la

c
e

m
e

n
t 

(f
t)

MW-7 RISING HEAD TEST #2

Data Set:  Z:\...\MW-7_test2_BR.aqt
Date:  08/31/17 Time:  11:14:49

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-7
Test Date:  6/19/2017

AQUIFER DATA

Saturated Thickness:  4.02 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-7)

Initial Displacement:  4.02 ft Static Water Column Height:  4.02 ft
Total Well Penetration Depth:  10.01 ft Screen Length:  10.01 ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 1.984E-7 cm/sec y0 = 1.824 ft
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MW-7 RISING HEAD TEST #2

Data Set:  Z:\...\MW-7_test2_HV.aqt
Date:  08/31/17 Time:  11:16:23

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-7
Test Date:  6/19/2017

AQUIFER DATA

Saturated Thickness:  4.02 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-7)

Initial Displacement:  4.02 ft Static Water Column Height:  4.02 ft
Total Well Penetration Depth:  10.01 ft Screen Length:  10.01 ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Hvorslev

K  = 1.027E-7 cm/sec y0 = 1.842 ft
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MW-8 RISING HEAD TEST

Data Set:  Z:\...\MW-8_test_BR.aqt
Date:  08/31/17 Time:  11:17:23

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-8
Test Date:  6/14/2017

AQUIFER DATA

Saturated Thickness:  19.96 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-8)

Initial Displacement:  19.96 ft Static Water Column Height:  19.96 ft
Total Well Penetration Depth:  19.59 ft Screen Length:  10.01 ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 1.446E-5 cm/sec y0 = 15.36 ft
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MW-8 RISING HEAD TEST

Data Set:  Z:\...\MW-8_test_HV.aqt
Date:  08/31/17 Time:  11:18:18

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  MW-8
Test Date:  6/14/2017

AQUIFER DATA

Saturated Thickness:  19.96 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-8)

Initial Displacement:  19.96 ft Static Water Column Height:  19.96 ft
Total Well Penetration Depth:  19.59 ft Screen Length:  10.01 ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Hvorslev

K  = 4.587E-6 cm/sec y0 = 15.32 ft
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PZ-2 RISING HEAD TEST

Data Set:  Z:\...\PZ-2_test_BR.aqt
Date:  08/31/17 Time:  11:19:17

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  PZ-2
Test Date:  6/15/2017

AQUIFER DATA

Saturated Thickness:  11.53 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (PZ-2)

Initial Displacement:  11.37 ft Static Water Column Height:  11.53 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 7.206E-6 cm/sec y0 = 7.655 ft
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PZ-2 RISING HEAD TEST

Data Set:  Z:\...\PZ-2_test_HV.aqt
Date:  08/31/17 Time:  11:20:07

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  PZ-2
Test Date:  6/15/2017

AQUIFER DATA

Saturated Thickness:  11.53 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (PZ-2)

Initial Displacement:  11.37 ft Static Water Column Height:  11.53 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Hvorslev

K  = 3.2E-6 cm/sec y0 = 7.798 ft
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PZ-4 RISING HEAD TEST

Data Set:  Z:\...\PZ-4_test_BR.aqt
Date:  08/31/17 Time:  11:21:09

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  PZ-4
Test Date:  6/15/2017

AQUIFER DATA

Saturated Thickness:  13.19 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (PZ-4)

Initial Displacement:  13.19 ft Static Water Column Height:  13.19 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.0002449 cm/sec y0 = 9.72 ft
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PZ-4 RISING HEAD TEST

Data Set:  Z:\...\PZ-4_test_HV.aqt
Date:  08/31/17 Time:  11:22:07

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  PZ-4
Test Date:  6/15/2017

AQUIFER DATA

Saturated Thickness:  13.19 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (PZ-4)

Initial Displacement:  13.19 ft Static Water Column Height:  13.19 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Hvorslev

K  = 0.0001081 cm/sec y0 = 11.79 ft
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PZ-6 RISING HEAD TEST

Data Set:  Z:\...\PZ-6_test_BR.aqt
Date:  08/31/17 Time:  11:23:08

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  PZ-6
Test Date:  6/14/2017

AQUIFER DATA

Saturated Thickness:  13.56 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (PZ-6)

Initial Displacement:  13.56 ft Static Water Column Height:  13.56 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

Gravel Pack Porosity:  0.3

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 1.119E-5 cm/sec y0 = 9.344 ft
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PZ-6 RISING HEAD TEST

Data Set:  Z:\...\PZ-6_test_HV.aqt
Date:  08/31/17 Time:  11:23:52

PROJECT INFORMATION

Company:  Burns & McDonnell
Client:  CMMP
Project:  93647
Location:  Columbia, MO
Test Well:  PZ-6
Test Date:  6/14/2017

AQUIFER DATA

Saturated Thickness:  13.56 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (PZ-6)

Initial Displacement:  13.56 ft Static Water Column Height:  13.56 ft
Total Well Penetration Depth:  20. ft Screen Length:  20. ft
Casing Radius:  0.0833 ft Well Radius:  0.2604 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Hvorslev

K  = 4.584E-6 cm/sec y0 = 9.421 ft



 

 

APPENDIX L – WELL YIELD TEST RESULTS



Well Yield Test Results
Columbia Water and Light Department - Columbia Municipal Power Plant

Columbia, Missouri

Well ID MW-1 MW-2 MW-3 MW-4 MW-5 MW-6 MW-7(1) MW-7(2) MW-8 PZ-2 PZ-4 PZ-6
Test Start Time 6/14/17 10:29 6/19/17 15:05 6/13/17 11:28 6/13/17 13:52 6/19/17 12:26 6/19/17 11:32 6/13/17 15:44 6/19/17 10:10 6/14/17 12:16 6/15/17 10:08 6/15/17 10:49 6/14/17 15:37

Static WL (feet bTOC) 28.14 27.71 16.29 22.3 13.45 15.15 28.98 29.44 7.96 8.47 6.81 6.44
TD (feet bTOC) 42.87 52.96 49.58 57.16 41.18 41.83 33.46 33.46 27.92 19.80 20.13 20.16
Water Column (feet) 14.73 25.25 33.29 34.86 27.73 26.68 4.48 4.02 19.96 11.33 13.32 13.72
Well Volume (gallons) 2.40 4.12 5.43 5.69 4.53 4.35 0.73 0.66 3.26 1.85 2.17 2.24
Bailed Volume (gallons) 6.79 107.50 11.50 11.20 9.30 9.30 1.00 1.32 6.40 3.72 7.13 6.40
WL Recovery (feet bTOC) 28.14 28.27 16.44 22.77 14.11 16.57 29.70 29.71 9.05 8.94 6.80 6.60
Water Recovered (feet) 14.73 24.69 33.14 34.39 27.07 25.26 3.76 3.75 18.87 10.86 13.33 13.56
% Recovered 100% 98% 100% 99% 98% 95% 84% 93% 95% 96% 100% 99%
Test Stop Time 6/14/17 12:03 6/26/17 10:52 6/13/17 14:45 6/13/17 17:39 6/25/17 1:28 6/20/17 12:46 6/14/17 13:44 6/22/17 9:00 6/14/17 16:00 6/15/17 16:33 6/15/17 11:04 6/14/17 22:31
Time (hours) 1.56 163.78 3.28 3.77 133.03 25.22 21.99 70.83 3.73 6.40 0.25 6.90

Well Yield (gal/min) 0.072 0.011 0.058 0.050 0.0012 0.0061 0.00076 0.00031 0.029 0.0097 0.48 0.015
Well Yield (gal/hr) 4.34 0.66 3.50 2.97 0.070 0.37 0.045 0.019 1.71 0.58 28.89 0.93
Well Yield (gpd) 104.20 15.75 84.06 71.28 1.68 8.85 1.09 0.45 41.15 13.93 693.24 22.26

Avg. Well Yield (gal/min) -- -- -- -- -- -- -- -- -- --

Avg. Well Yield (gal/hr) -- -- -- -- -- -- -- -- -- --

Avg. Well Yield (gpd) -- -- -- -- -- -- -- -- -- --

bTOC - below top of casing Notes:
gal/min - gallons per minute 1.  Well yield tests performed by direct field testing procedures consisting of data collection using cyclic discharge methods (TCEQ, 2010). Due to low yields only one test performed on most wells.
gal/hr - gallons per hour 2.  Bold % WL Recovered values identify well yield tests not fully completed (< 90%) and indicate low well yields.
gpd - gallons per day 3.  Bold direct well yield results identify wells yielding > 150 gpd (TCEQ, 2010) and > 360 gpd (MDNR, 2006) indicating sufficient/sustainable yields.
TD - well total depth 4.  Well yield test performed concurrently with slug testing (see Table 7 and Appendix K for slug test data).
WL - water level

0.032
0.77

0.00053

Z:\Clients\ENS\ColumbiaMO\93647_MoresLake\Design\Deliverables\CCR Hydro Investigation Report\Appendices\
L_ Well Yeild Results.xlsx Page 1 of 1



 

 

APPENDIX M – WELL SURVEY REPORT
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APPENDIX N - HYDROGRAPHS
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Note:  PZ-1 total well depth on well 
construction forms is 20 ft bgs.  PZ-1 
measured in the field as "DRY" with 
total well depth of 16.61 ft bTOC.

Well Dry, Water Level 
represents total well 
depth (see note 
below).
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ttotal well depth of 16.09 ft bTOC.
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APPENDIX O – LOW-FLOW PILOT TEST FIELD FROMS



FIELD GROUNDWATER SAMPLING REPORT

DATE: SITE: Ldicn.________ PID READING at WELL HEAD (ppm):

PROJECT NUMBER: WEATHER: Clf:»t ____________________

WELL NUMBER: /VI w -1___________________________________7»f of SH.iy
DEPTH TO WATER (ft): (H.S'M TOTAL DEPTH (ft): V*-7^ WELL DIAMETER (inches): ^

PURGING
CASING VOLUME CALCULATION:_____ ft of water in casing X_____ gallons/foot = _______ total gallons/casing volume
Equipment Used: jK] Dedicated Bladder Pump □ Nondedicated Bladder Pump □ Bailer □ Other .________________

Time 
(24 hr)

Amount
Purged
(gals)

Flow Rate 
(ml/min) pH Temp

(C)
Conductivity

(mS/cm)
Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
wq X 1 oo 7.oft I7.?,jr l.oBU ^.0 IV.W a.>7 3 air

oftW 0.\1 1 oo 7>o(o n.tu 1. obV n.o J-3/ M.8T

a.lr'o 1 Oo 7<or 17.50 I.DV8 c>.ir n.°oi

OftTV e.Tft 10 0 7.ov n-$y l.ovt IMO O.lol as. 87

C/AtA 0.s> 1 oo 7- <57 i7.n- 1 -OS 1 7. o| “ 8ft. 7 o-sH ae.87
1 eo M o.tr I Co "7 * o V n.ro 1 - 0 0 -To W.&l
1 oo^ 0.7& 1 Oo 7.0y 17. S'*} l.o7/ nnr -37. V <5. vr
1 0» M O.ftl 1 Oo 7-o 1 17. rY / . 0 00 S'.Vi- ___ 98.&T

1 o l q 1.04 ; oo 1-00 n-rc, h°V 4.43 O-Hl
Tt'cttDfl-i, i' Sca^iIs j .V/ 4.&r

Continued on back (circle one) yes / (fici)

SAMPLING Equipment Used: □ Same as above ^ Other A/ft

Sample 
Time 

(24 hr)

■ Total 
Purged 
(gals)

pH Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Obs.

ft'ff N/V NOr A//ft N/ft ft/ft- A/ft- A/ft M9

Ferrous Iron (mg/L): A/ft-________ _

FINAL DEPTH TO WATER (ft TOC): TIME FINAL DEPTH TAKEN: 10 I q

SAMPLE ID: M_______________ SAMPLE ID FOR QC: ^________________

PARAMETERS REQUESTED FOR ANALYSIS: MV____________________________________________

IDW TOTAL: f.QM Instrument Model: Ji'L- ________ _

NAME SIGNATURE DATE
PREPARED: Ubfo 77arr\tS__________________ CTry__________________  __________0V//7

REVIEWED:___________________________________________________________ __________________



FIELD GROUNDWATER SAMPLING REPORT

DATE: l/wfnSITE:. frloftlii LAltfi. PID READING at WELL HEAD (ppm):

PROJECT NUMBER: 93(09? WEATHER: Cuug. is't-

WELL NUMBER: ______________________________ 7op«f pq*a w.W
DEPTH TO WATER (ft): 1^°^ TOTAL DEPTH (ft): SMfr WELL DIAMETER (inches): __^

PURGING
CASING VOLUME CALCULATION:_____ ft of water in casing X_____ gallons/foot = _______ total gallons/casing volume
Equipment Used: ^ Dedicated Bladder Pump □ Nondedicated Bladder Pump □ Bailer □ Other________________

Time 
(24 hr)

Amount
Purged
(qals)

Flow Rate 
(ml/min) pH

Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
ol^< x. too 7.oo lb.TO MiV n.q 13.7 |.73- /?■/?___
01 $0 o.n loo 7.oo Ifc-.S'V 0. 0lo V».r -30.4 /. tS./r

cnsy 0.3^ 10 o 7.o| /G. vr 0.8/O 77.to -ra.w /. 3 6 i°i.n

OfioD 0.3-! / 0e 7 <oo /G.38 0.00$ a*. 3 -7T.J- Ao7 14.>5-
o W o sy loo 1.00 /G-3M 0&0% /u.f____ -$0M e.^1 /7.3V
oBio O.bjT /O0 7.oo /G.3V o. 8oi ii.\ /.to l$.?o

0-78 1 OO C. 99 6 . P>07 1*.?9____ -8C..O 0.47 !$.?</

0.9! / 00 G-94 /b.H o. <&07 io. rw -n.o 0-4V IV'te

oUbf l< IP 0 7>oo ibM 0. fcofe /Oi 1(3 -lOlo.k <fMo n 7v

1.17 loo f-.W o.fcu 9.00 HI0.B (0. 00 I9.V f
o83r l.> 100 (oM Kn.Hf OAlo 9.7V -lIQ.o *.9( ff.vv

crSw o I.H3 | CO (Iq ,S^0 0.9, o') Mb -UU- ago /9.V7

ms l.rt too i(o.H M o.eo<& -IU.V 0.74 m.jtb

0%S*> i.tq loo /G.qr 0.808 S'. 37 -io(J.U o,8o i9,5\k

I.&3- |0O (MB /G.Wb 0.808 ^.3-r -119.7 0.74 i^.srr

Continued on back (circle one) (yes,)/ no

SAMPLING Equipment Used: □ Same as above Other b>Pr

Sample 
Time 

(24 hr)

Total
Purged
(gals)

pH Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Obs.

IVft (VA foflr n'A top-

Ferrous Iron (mg/L): _ __K/A_________ _

FINAL DEPTH TO WATER (ft TOC): TIME FINAL DEPTH TAKEN:

SAMPLE ID: Nft______________ SAMPLE ID FOR QC:

PARAMETERS REQUESTED FOR ANALYSIS: ________________

IDW TOTAL:

PREPARED:

Q-HT Instrument Model:

NAME
nVrAt/"__________ ____

DATE
W'->

REVIEWED:



WELL NUMBER: rv^V

Time 
(24 hr)

Amount
Purged
(gals)

Flow Rate 
(ml/min) PH

Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Q°loo I.QJT / Oo Mg /t.Vft a.M S>*1 -iM.b 4,74 l4.tt
o9or /oo (M8 /t-TY 0. 0/0 b. srq -lirB. 7 0.74 If.ffl
Ofllo Ml /oo (oAl ib-sr 0-8(i C 1 M4 0.74 /Uj-
ofli r MM too GAl lb.SI o- 8ii 5. 04 -l°S‘%___ 0. 0o /f-^T___
oqao 3.M7 100 Cu.fiT Ih'Si o-8i3 0.0 l 11.(,7

COMMENTS

~r»'V,Z\Yy chile j.v hefOrt cell ~*Hc,



FIELD GROUND-WATER SAMPLING REPORT

DATE: W jbf H ■ SITE: Ninrt'b Ukf PIP READING at WELL HEAD (ppm): ~

PROJECT NUMBER: b 6L] 1 WEATHER: Cl*,rj fi,/**. \

WELL NUMBER . „ V
_________________________ ' DEPTH TO WATER (ft): I », t)£j . M

{V\W)'l^ m ■■.f'C
TOTAL DEPTH (ft): 5Z-1T WELL DIAMETER (inches): Z

PURGING ■ '

V

CASING VOLUME CALCULATION: ____ft of water X____ gallons/ = ____ total gallons/casing volume
in casing foot

Equipment Used:fDedicated Bladder Pumc& Nondedicated Bladder Pump Bailer Other

Time 
(24 hr)

Amount
Purged
(gals)

Flow Rate 
(ml/min) pH

Temp
(C)

Conductivity
(mmhos/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Inyo T \0O tun { 8, <\o

A is o>iy [6a IS. 4( \ 43

O' lA (60 |b 8 A 7
iW 100 n/o l 2,.1g

oSl loc> U'3

IHirjf o ,L5 F06 iua*>

I Sou ° \l to \00 10, s b
15 o S' 6 , 1 I I 0 o nji \4.it
I $ io t , o M \ GO ^ 5-T4 11.14

Continued on back (circle one)yyej) / no

SAMPLING Equipment Used: Same as above Other

Sample 
Time 

(24 hr)

Total
Purged
(gals)

pH Temp
(G)

Conductivity
(mmhos/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Obs.

FINAL DEPTH TO WATER (ft TOC): ■__________ TIME FINAL DEPTH TAKEN: _______________________ .

SAMPLE ID: A/A __________ _ SAMPLE ID FOR QC: AJA,_________________________________ _

PARAMETERS REQUESTED FOR ANALYSIS: MA_______ ^________________________ ____________ __

FERROUS IRON (mg/L): ___________ IDW TOTAL: ________ :___________

METER MODEL No.: L/IMT-tFE lo Zo

CHECKED FLOW THROUGH CELL FOR LEAKS: COMMENTS: CPMH OojUce

NAME
PREPARED: _ Cmlh hoc-l(sju/> 

REVIEWED: _________________________

DATE



WELL NUMBER

/hUy-'L

Time 
(24 hr)

Amount
Purged
(gals)

Flow Rate 
(ml/min) PH

Temp
(C)

Conductivity
(mmhos/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
(5/5" / . i "7 w H,5r|

1 5 1.0 1,3 a 1t 5 M-'Z i

COMMENTS



FIELD GROUNDWATER SAMPLING REPORT

DATE: /n SITE: McteY __________ PID READING at WELL HEAD (ppm): —

PROJECT NUMBER: WEATHER: twit- fo’P___________________________ _

WELL NUMBER: ___________________________________T*>f »t- e*** VM>-
DEPTH TO WATER (ft): |7.H> TOTAL DEPTH (ft): WELL DIAMETER (inches):

PURGING
CASING VOLUME CALCULATION:_____ _ ft of water in casing X____  gallons/foot = _______ total gallons/casing volume
Equipment Used: £2 Dedicated Bladder Pump □ Nondedicated Bladder Pump □ Bailer □ Other________________

Time 
(24 hr)

Amount
Purged
(qals)

Flow Rate 
(ml/min) pH Temp

(C)
Conductivity

(mS/cm)
Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
;S3r X. / CO 7.n Hi.fro )*.l "■TV. fa /&.?/

t'b'io 0.13 10 o 7-eq h.*r C.13t> 13.7 -RUM p.<?o /^.Ur
pe»Mr O.W> / Oo 7.ok it.n o. -ur M. 1 •'/U.k o.<n n. bi

M$SO 0-3°) too l-o'i G.TJrJ- lo.3t 0. Vo 18-lr
iwr o.rh /do ■7.0-3 IG.m G.W 'Ml. L o. H n.6]
/ 'loo O-U” lOo l.c^ /U(«,7 0.11 a S'. kk 'I0r.7 O.J-V Ifl.o 1
i!«r 0 .IB ho 7-o\ /Utr o.m H.ld- "17 o. 3-r l9.oV
Mio 0. <\t loo 7-o l /US' i 0.7fb y.W " /00.V /9. 09

M.r 1 1 00 7 • OO O-llI ?. 7o •778.9 0.2-q

Continued on back (circle one) yes /(n^)

SAMPLING Equipment Used: □ Same as above IS Other rJPr

Sample 
Time 

(24 hr)

Total
Purged
(gals)

pH
Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Obs.

^A- /v/V NlV A- A/A- Nh vA- /v//V IWI

Ferrous Iron (mg/L): A/A_________ .

FINAL DEPTH TO WATER (ft TOC): _______ TIME FINAL DEPTH TAKEN: * ^___________

SAMPLE ID: ^A_____________ SAMPLE ID FOR QC: A/ft-__________________________

PARAMETERS REQUESTED FOR ANALYSIS: MA-_____________________________________________

IDW TOTAL: LoH Instrument Model: ________

NAME SIGNATURE DATE
PREPARED: UufQ _________ . <h~7 ______________ . /»//7

REVIEWED: ____________________________ ______________________________ _ ________________



FIELD GROUNDWATER SAMPLING REPORT

DATE: SITE: rKJftS'j C/WTC_______  PID READING at WELL HEAD (ppm):

PROJECT NUMBER: WEATHER: CiM* ____________________

WELL NUMBER: ~ __________________________________ -n>p of f«Ay3 j-v.3-7

DEPTH TO WATER (ft): TOTAL DEPTH (ft): S~7.e>r WELL DIAMETER (inches):

PURGING
CASING VOLUME CALCULATION:_____ ft of water in casing X____ _ gallons/foot = .______ _ total gallons/casing volume
Equipment Used: M Dedicated Bladder Pump □ Nondedicated Bladder Pump □ Bailer □ Other

Time 
(24 hr)

Amount
Purged
(qals)

Flow Rate 
(ml/min) pH Temp

(C)
Conductivity

(mS/cm)
Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 
(ft TOC)

I7f& X 6-00 *7.o\ H6.\3 MV n.o -W. 4- 1.1V
I7» 0.0 Ion G.M /7.i3 tr\ -JVw.a l. % SS'.f?/
rm O.V'o loo H-fo 0.877 l?.f (o 0.81___ 56.63-
mi 1 00 t.n a.'*? 0. Si1 fo.M7 ft. 73- 3-6. V)
H38 0.r^ (60 G .*17 /7.jrU O.SfT -600.7 oM 3fc.5<i
|7H3 o-Gf loo 17.71 o.Sir 8.0| ~/4r.7 0-lo<jr 96. <^o
i-m 9.1$ 1 00 n.fl© o. 7.31 -* S7.9___ 6-5 7 96.<?V
Ilf 5 o.du I oo (Mr 17.7*1 o. 8Ml s.% “JW. | c. rv 27.1/
I7tfb I.OM /0O 17-(oV 6.1V -*oV-V 0-ro 97.S-V
18o1 i.n /Oo /7.7M 0.03)- 6.53- -/Bl.l 97, JJ
/MJ Uh /CO G.^f n-ici T.C*? -m.v 97. V3-

I.M3 1 00 G - W 17.m H.37 -tfl.o 0.T| 67.X/
|8/fc loo G-^7 17.77 o.fcv^ v. *?v -(?«’. G 3-7-66-

Continued on back (circle one) yes / (rfo)

SAMPLING Equipment Used: □ Same as above Si Other

Sample 
Time 

(24 hr)

Total
Purged
(gals)

pH
Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Obs.

A//V /Vfir A'A- A4/F A/A- Nfir rv^ A/*

Ferrous Iron (mg/L): _ A//V_________

FINAL DEPTH TO WATER (ft TOC): 91. V.*-_______ TIME FINAL DEPTH TAKEN:

SAMPLE ID: MA-_____________ SAMPLE ID FOR QC: M________________

PARAMETERS REQUESTED FOR ANALYSIS: MV____________________________________________

IDW TOTAL: l-S~G Instrument Model: rTk Ay*________

NAME SIGNATURE DATE
PREPARED: Tvr«tS_________________________________________ ?/W/7

REVIEWED: ___________________________ _______________________________  _________________



FIELD GROUNDWATER SAMPLING REPORT

DATE: q/fl/n SITE: L/yicr.__________ PID READING at WELL HEAD (ppm): _n

PROJECT NUMBER: WEATHER: OUiAfi. fco'E_____________________

WELL NUMBER: _______________________________________________ -m? * 38

DEPTH TO WATER (ft): l3.k°t TOTAL DEPTH (ft): WELL DIAMETER (inches): ^L

PURGING
CASING VOLUME CALCULATION:_____ ft of water in casing X_____ gallons/foot = _______ total gallons/casing volume
Equipment Used: Cjfl Dedicated Bladder Pump □ Nondedicated Bladder Pump □ Bailer □ Other________________

Time 
(24 hr)

Amount
Purged
(qals)

Flow Rate 
(ml/min) pH Temp

(C)
Conductivity

(mS/cm)
Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
/(oor X loo T.VIo /4-oM C>.7(«0 le.c /.B0 13.3^

hole &,\T> 1 oo is.ra 0.713 -MrJ.A ___ QM
0.J-L f 00 7.frV~ 0.73-b m.7 <?.*r 'H<$- 0

/(p Jo O.T°l ICO 7.3V JiLTr 0.7JIF II.0 -itjr.i 0.1<o /V)7?
Ivrrr o-rV I 00 7.Ji '8.JV 0.7iP> ;o.?i 0.7V___ I*. 11
l<c)o o.fcr loo 7.Jt /U.a i 0 < 711 8.73 -'8V.4 0.70 is. yr
Mo3r O.lt | oo 7.>1 /&. 17 O.VH 7.00 ~/0M _Q. G8___ IS.So

ICiVo e.Al 100 7. Jo /0.o3 o.i\y G .77 ~/83.0___ o. 19 K, /.r
/uvr LoV 100 7.2ro I'b.oo MlV S-.7L -nl.H 0-S? JL.9&

IL5-0 i-n 1 oo 7.'A n.iv 0.7|( ff.Bo -101.3- O-Hl /t. 0 V"
Hos-r 1.Jo /Oo 7, l4 n-% <J.7 11 */. 0. sTO I7. i ^

n oo too 7.iS n.1) 0.7ii S.&r -'8j.fr 0.W1 n. Lr

Continued on back (circle one) yes / (rio)>

SAMPLING Equipment Used: □ Same as above B other MV

Sample 
Time 

(24 hr)

Total
Purged
(qals)

pH Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Obs.

NA- rWV at/v A//V A/'A' fir Nh A/A a'A <v/C|

Ferrous Iron (mg/L): /Vfi__________

FINAL DEPTH TO WATER (ft TOC): (7.Mf_______  TIME FINAL DEPTH TAKEN: /7oo__________

SAMPLE ID: H A_____________ SAMPLE ID FOR QC: fVft__________________________

PARAMETERS REQUESTED FOR ANALYSIS: _____________________________________________

IDW TOTAL: Instrument Model: Yvr /YPJ________

NAME SIGNATURE DATE
PREPARED: Lqa»ii 'Ju r MUZ___________ _

REVIEWED: ___________________________ ___________________________________________________



FIELD GROUNDWATER SAMPLING REPORT

DATE: 3/»?/n SITE: LflHCfj_______ PID READING at WELL HEAD (ppm):

PROJECT NUMBER: WW WEATHER: CYC-a-d U F_______________________

WELL NUMBER: mto-fe___________________________________w of fo/^ ?9.%
DEPTH TO WATER (ft): ITOTAL DEPTH (ft): HI.IS'’ WELL DIAMETER (inches): <h

PURGING ^ ‘ V* ^'

CASING VOLUME CALCULATION: ____ ft of water in casing X_____ gallons/foot = _______ total gallons/casing volume
Equipment Used: ^1 Dedicated Bladder Pump □ Nondedicated Bladder Pump □ Bailer □ Other________________

Time 
(24 hr)

Amount
Purged
(gals)

Flow Rate 
(ml/min) pH

Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
iHfr X loo Cd.70| W.iV. /. orio Hu. I 2.Vr Hr.yf
iSoo <M* 1 Ot0 &.7V /«. 71 1 -oM 7 2(„ .o L V7 n.n-
(For loo G>.73 f&.HA 1. OMI W.ift -ito.g /. 1 y n.&i
IS-10 l oo fo.TX IB.Mo l.o)7 G.4V o.*u___ in. a°i
isir o .r> loo C..7 Jr IB.**. l.olM G.o7 &■ 80 1 8.71-
lS3o o-v»r l oo C>.71 l 1.071 3.W ~i4o.7 o.Lg 19.10

0.78 1 oo G .7 1 1.07 o S-.S3 0. b 0 1H, V?
|T3o Ml 1 oo C».*7/ /a. Jo 1 > o J-C G.av o.ib J9.9o
1S3T 1. o'i 100 6.71 /R.^ l.oM H.l*- -m.H b.rr
ISWO l.n 1 oo Co. 7 b /. o<Ho V.dc o.rs £o.7f

/$■ MS' 1.3° 100 G .To / 8. r? l.e±3 3. ffl ->/!•(, St-ol____

Continued on back (circle one) yes /

SAMPLING Equipment Used: □ Same as above Mother A/A

Sample 
Time 

(24 hr)

Total
Purged
(gals)

PH Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Obs.

A/A- A/A- A/A A'/V /V/p A/A A'A W/f /VAf

Ferrous Iron (mg/L):

FINAL DEPTH TO WATER (ft TOC): S/.<Q________ TIME FINAL DEPTH TAKEN:

SAMPLE ID:_____________________ SAMPLE ID FOR QC: aA__________________________

PARAMETERS REQUESTED FOR ANALYSIS: Uk_____________________________________________

1DW TOTAL: /*3o Instrument Model: ysx- j______

NAME SIGNATURE DATE
PREPARED: i-TW.y Tt/oiaX_______ _ uj~-y________  _____  ________ 1^1 //~7

REVIEWED: _______________________ ______________________________________________________



FIELD GROUNDWATER SAMPLING REPORT

DATE: °lhl/n SITE: WofUA Mfce__________ PID READING at WELL HEAD (ppm):

PROJECT NUMBER: M3(AT> WEATHER: _________________________________

WELL NUMBER: rnw-~j_______________________________?o-?&
DEPTH TO WATER (ft): ^.A TOTAL DEPTH (ft): 37.S1 WELL DIAMETER (inches):

PURGING
CASING VOLUME CALCULATION:______ _ ft of water in casing X____  gallons/foot = _______ total gallons/casing volume
Equipment Used: Dedicated Bladder Pump □ Nondedicated Bladder Pump □ Bailer □ Other ,________________

Time 
(24 hr)

Amount
Purged
(qals)

Flow Rate 
(ml/min) pH Temp

(C)
Conductivity

(mS/cm)
Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
X / Oo &AC It Ay l.ofc*} ISA. J.ol 33.

ms o.x’i loo GAV |7.toG I. G% hM.t 23 7 o
nvo O-frto loo 0, A3, 1.<i7o fc*.? a.s-2- %3.8r
mr o.3«| H70 GiA3 n.G% /. 0(<A 4HA 22.3 9. S3-__ PY. /*?
13*0 o.5> loo («A3 1*7.tM 1. oGG 39.7 M.7 4AM 3V.3>-
IlSf o. t,r loo GAM n.n i-OfcT 39 r 3A 2-vv 2V.ro
IHo o 0-1% loo C/iAM n.si 1 - OG) V ?®.7 -2J.G l-3k 9A.7I
IHoJf oAi loo GAM hA«a 1-eGV -S7.t /• >0 aVAV
IH Low loo GA3 1*7. S’? /.o(A 2*-g -CAA 1.38 9-S.IY

iH'ir i.n loo Co AV i7. r« 1 > o7o n-y “7M. t I-3V 21.77
ih l.lo 10 0 GAV n.r*). 4». 0*7 1 A.U -Mo. y l. 37 4-r.jry
1 V2rT U’l / 00 G A2- 17.IG )<o7?r~ 93A w/or.M /. >1 ar .32"

IH30 Lfl. 1 Oo GAjt 17.rr 1 .(ft7| ^5T. 7 'IH.u / • »r 2C, A>

Continued on back (circle one) yes / |fro)

SAMPLING Equipment Used: □ Same as above pother A/fl-

Sample 
Time 

(24 hr)

Total
Purged
(gals)

pH
Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Obs.

fWV A; A /V A- ro/\ A/A- /v/4 A/fir

Ferrous Iron (mg/L): ________

FINAL DEPTH TO WATER (ft TOC): ________ TIME FINAL DEPTH TAKEN: *V7o

SAMPLE ID:._____________________ SAMPLE ID FOR QC: rA/ft-_______________

PARAMETERS REQUESTED FOR ANALYSIS: 1 n___________________________________________

IDWTOTAL: I-St? Instrument Model: VLt m AApi_________

NAME SIGNATURE DATE
PREPARED: __________________________V

REVIEWED: ___________________________ _______________________________  _________________



FIELD GROUND-WATER SAMPLING REPORT

DATE■44m2___ SITE: AAOY*'$ U',l^€ PID READING at WELL HEAD (ppm):

PROJECT NUMBER: WEATHER; flea, 5 '5 O'3_________

WELL NUMBER

M w- ~1

PURGING

DEPTH TO WATER (ft): LOOP

TOTAL DEPTH (ft): 3 3 ,H3 WELL DIAMETER (inches):

ft? P Pu/\P • 3*^ 0&

CASING VOLUME CALCULATION:_____ ft of water in casing X_____ gallons/foot = _______ total gallons/casing volume

Equipment Used (^Dedicated Bladder Pump) Nondedicated Bladder Pump Bailer Other ________________

Time 
(24 hr)

Amount
Purged
(gals)

Flow Rate 
(ml/min) pH Temp

(C)
Conductivity

(mS/cm)
Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
1135" X \oo Tl»L "LOt IS
(LW (7,(3 (cO 1 2. 3 lo, Ho
t2-H5 C1, lb lOO (o\.l z*. 5r
11 so 03°i {GO LH3 2-0 *Bf)
i ISO 0,5l loo StnH Zo.18
t 3&0 O, L5 106 1 -L, 3 ll IH

0- 19 ID6 H S-l IhHZ
oA\ 1 DO hl-b If, os

13(5 {00 ZV^f
1 i yu> LH (06 so\
|RS \,ho U>0 '
\Ybo 1. H3 i 00 ■VL'll

L 5b 100 Uh.s lT-$Z
f \l>9 TLOI

Ohs’ i. f/lL f. DO 5>.b ~L XAO

Continued on back (circle one) yes / no

SAMPLING Equipment Used: Same as above Other

I Sample 
Time 

(24 hr)

Total
Purged
(gals)

pH Temp
(C).

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)

------------------ 1
Obs.

|
FINAL DEPTH TO WATER (ft TOC):_______________  TIME FINAL DEPTH TAKEN:__________________

SAMPLE ID: fsA_____________ SAMPLE ID FOR QC: a/A________________________

PARAMETERS REQUESTED FOR ANALYSIS: A/A__________________________________________

IDW TOTAL: ________; FLOW THROUGH CELL MODEL NUMBER: A/A

NAME SIGNATURE | DATE
PREPARED: CH>H0 OlXjJP__________Qjjj /U/L~A__________________ VVO

REVIEWED:_____________________________________________________________________________



FIELD GROUNDWATER SAMPLING REPORT

DATE: 9 fa I in SITE: tWBS'i laujt_________ PID READING at WELL HEAD (ppm): —

PROJECT NUMBER: 93CAQ WEATHER: ClpjhZ 60'f_________________________

WELL NUMBER: rvno-g)__________________________________ Tvp ^ fWv0 frs-or
DEPTH TO WATER (ft): & log TOTAL DEPTH (ft): S7'*^ WELL DIAMETER (inches): 9-

PURGING
CASING VOLUME CALCULATION:_____ ft of water in casing X_____ gallons/foot = _______ total gallons/casing volume
Equipment Used: iX Dedicated Bladder Pump □ Nondedicated Bladder Pump □ Bailer □ Other________________

Time 
(24 hr)

Amount
Purged
(flals)

Flow Rate 
(ml/min) pH

Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
lo^y X too A,do 37. a- 9*87 9. V?

/CV7 O.il loo fc.fcl >v.v -3o.7___ L lo 9.7r

1 o sV o.a-G 1 00 6. G i Mr 13.1V -78.9 (?• (a /<?. d 7
/ 017 o.*W l Oo G.fci 9.s<?ir /o*1V -lod-V 0-V ^ 1 O.fQ
i/ py 0-5> |00 (p.U M&.81 7.7V "HB.3 __ lO.lo
lie"? o.ior 1 o o Ct. (o y a. nr S".9o -IYo.0 o-3r 11.10
ii 0.78 1 00 Co Ar lM> 7, V7 -iVtf.y 0.3 r M.?V
in? o.<l| loo G-tft HM3 on V.V7 — HoQ.'T c?-3d-__ //. Vj-____
Il*> J-OM 100 C..7& J8.87 l-M 3.foo ~ni.n 0.37 Ii.
im 1.1*1 loo Go 3 ML 8$ U<?b 9-8 ( -iV'Sr 0.3d- h.~n
in>- l.3« loo G.7V /.fe?8 ^.JT -\M.f <7.33 ih vr
im 1.M3 loo c0.7r /&.&( I.G/8 3.19 -i%.o 0.31 11.9?

Turfcli'4-u 'V SwK. I'rfi LfTi rt p/ow-Ftroviili 3.V*>--- r'-ti-j-----

Continued on back (circle one) yes / fi?j)

SAMPLING Equipment Used: □ Same as above [& Other A/fl-

Sample 
Time 

(24 hr)

Total
Purged
(gals)

pH
Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Obs.

/V(V A/fV Kft- /Vft A/A- A/A A/ft

Ferrous Iron (mg/L): fi/fr_________

FINAL DEPTH TO WATER (ft TOC): iMH TIME FINAL DEPTH TAKEN:

SAMPLE ID: A'A-_____________ SAMPLE ID FOR QC: AJft________________

PARAMETERS REQUESTED FOR ANALYSIS: ___________________________________

IDW TOTAL: 1 Instrument Model:, yr________

NAME
PREPARED: L&w’ijl TU rotf

SIGNATURE DATE
9/*v/n

REVIEWED:



FIELD GROUNDWATER SAMPLING REPORT

DATE: QlVtfn SITE: MsfiJi'S _________ PID READING at WELL HEAD (ppm);

PROJECT NUMBER: *)7tAO WEATHER: ClUtm 31_______________________

WELL NUMBER: Pt-a—____________________________________ -pp
DEPTH TO WATER (ft): g-TO TOTAL DEPTH (ft): JJ-flO WELL DIAMETER (inches): ^

PURGING
CASING VOLUME CALCULATION:_____ ft of water in casing X_____ gallons/foot = _______ total gallons/casing volume
Equipment Used: 0 Dedicated Bladder Pump □ Nondedicated Bladder Pump □ Bailer □ Other________________

Time 
(24 hr)

Amount
Purged
(gals)

Flow Rate 
(ml/min) pH Temp

(C)
Conductivity

(mS/cm)
Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
3L Ido t.S"o fcl.fcl &. oo<r I3.03- -i7j.r B.yr

i>vn 0.13 JffO C>-V8 &|.V? 9./0 0 /t.3 &.% 8.8*
uvirs (Ut, loo Co. S 1 01.Vi- /y.jf -930.7 OSlc 4.og

l»57 b.V) / 00 9i.v^ 9.o 3o 8.9^ -938.0 O.VM 4.3V
0T> Ido CTtr 'Hli I,9*7 6. Jr -9>r."7 &.V7 <Mro____

I3ot O-lef loo Q>.S-7 9J.V-0 l.«7L 7.3m ft. V4 ‘fsx
n o& a.-n 1 00 (oSb ^).WI !.®*r r.sr -I4G.9 0. V0
\ 3 i3 o.qi 1 Oo G-S B I. S.3M -10/.g 4.00

I0O G. 3i. n |. 0o V H-ir o. V 3 9. Hr
1333 i-n 1 00 Co.^ 3i-n. 4.11 -3o3.V /e. to

f^AySl/ j.Yf £ v ArvHrA 3. fe?

Continued on back (circle one) yes / (Vio)

SAMPLING Equipment Used: □ Same as above J& Other A'ft

Sample 
Time 

(24 hr)

Total
Purged
(gals)

PH Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Obs.

NPi /vft Mb »vft ^4 /v/y t^b

Ferrous Iron (mg/L): <v/V_________

FINAL DEPTH TO WATER (ft TOC): /°J«_______ TIME FINAL DEPTH TAKEN:

SAMPLE ID: MV_____________ SAMPLE ID FOR QC: Nft

PARAMETERS REQUESTED FOR ANALYSIS:

IDW TOTAL: LI"? Instrument Model: .Sri 1

NAME
PREPARED:

REVIEWED: _________________

SIGNATURE DATE



FIELD GROUNDWATER SAMPLING REPORT

DATE: /a-H In SITE: /Hotts'j L-Mcli_______  PID READING at WELL HEAD (ppm): —

PROJECT NUMBER: WEATHER: CMtM Pit____________________________ _

WELL NUMBER: pi
DEPTH TO WATER (ft): 7.H TOTAL DEPTH (ft): 3*-^ WELL DIAMETER (inches): ^

PURGING
CASING VOLUME CALCULATION:_____ ft of water in casing X_____ gallons/foot = _______ total gallons/casing volume
Equipment Used: ^Dedicated Bladder Pump □ Nondedicated Bladder Pump □ Bailer □ Other________________ _

Time 
(24 hr)

Amount
Purged
(qals)

Flow Rate 
(ml/min) pH Temp

(C)
Conductivity

(mS/cm)
Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)

/IM-7 X 1 00 T.oJr 1. /<o 8 G .7o -nt, l.fef 7. V t-
I isra- CM3 loo ~7<0> 74.7W 1. 1 To (oM -ri.q 3 .tU 7.
H5"? CLW, /oo I.07 14-r4 1. | fro l.zs “G/. l 3. £,7 7.e&

0-71 /CO l.ol 14. ri- 1 • M (a V. f?3 -73. 1 i.rv 7.<)r
!3-o7 Q-SPr loo ?. 03 0 I-II0 -8*. 7 T.TG 8.»X
13-iV OM 100 7-°3 f 9.7« 1.133- 3.31 6.^-y
l 0.18 1 0O 7.oi- H.7M 1.1*4 s. ir -tob.l 3.tS- 8. 3o

o.qt /CO 7 >o<3- ^■00 /.I 3S 3.40 "‘0% ( 3.03— 8. ?r
3. 7o

Continued on back (circle one) yes / (no)

SAMPLING Equipment Used: □ Same as above 03 Other r'h

Sample 
Time 

(24 hr)

Total
Purged
(gals)

pH Temp
(C)

Conductivity
(mS/cm)

Turbidity
(NTUs)

ORP
(mV)

D.O.
(mg/L)

Depth to 
Water 

(ft TOC)
Obs.

N//Y A/ft A/fr a/A A/A A/ft- N/ft. N/ft- a/4

Ferrous Iron (mg/L): _________

FINAL DEPTH TO WATER (ft TOC): %-IT______  TIME FINAL DEPTH TAKEN: U3V____________

SAMPLE ID:_________ ____________ SAMPLE ID FOR QC: ___________________________

PARAMETERS REQUESTED FOR ANALYSIS: Nft_____________________________________________

IDW TOTAL: Q.°U Instrument Model: Vst /Ap)_________

NAME SIGNATURE DATE
PREPARED: TTWaoA_________________ _______________________________

REVIEWED:___________________________________________________________ _ ________________



CO[s,

IftsS>AC(S'
94W*2
 

1
V«!2

a 
*■»

**rs/»s&

u>$■u

il

tooV)

A
si ixcro

m■3££

$

CSi 
& 
r-iA

*O'*_0(O v> ^
3 

3
£

r-r*»rfeCi>|^i3£

roofei3€o

^~t§COo

y*<A 
0Qi1

3>03<J>IO)
QJ.

Oyo

oQ£>J
iIo)

_ U °2_ A -X f '  FqR. X»A~«La<yjfx A T - U  ~Y3 £.<a.*rrpAi\€,sT-

HIV______ p Z -S r_______ 82to_________________________

_ U i£ _______ £<L-J._______ ______________________________

jm ____ p z - 3 IH .V i_____________________________

_iM .____p i - r_______________________• •'





h-N-



61 L

'll frytn ^*0 ‘fA-ra 'JJ.Z.S c*»rsj.yri

8 Z



 

 

APPENDIX P – POTABLE WATER ANALYTICAL REPORT
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November 10, 2017

LIMS USE: FR - BRIAN WEIS
LIMS OBJECT ID: 60255773

60255773
Project:
Pace Project No.:

RE:

Brian Weis

Burns & McDonnell
9400 Ward Parkway
Kansas City, MO 64114

MORE'S LAKE COLUMBIA, MO

Dear Brian Weis:
Enclosed are the analytical results for sample(s) received by the laboratory on October 18, 2017.
The results relate only to the samples included in this report. Results reported herein conform to the
most current, applicable TNI/NELAC standards and the laboratory's Quality Assurance Manual,
where applicable, unless otherwise noted in the body of the report.

Some analyses have been subcontracted outside of the Pace Network.  The subcontracted
laboratory report has been attached.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Colleen Clyne for

alice.spiller@pacelabs.com

Project Manager

Alice Spiller

(913)563-1409

Enclosures

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665

Page 1 of 34
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CERTIFICATIONS

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

New Orleans Certification IDs
California Env. Lab Accreditation Program Branch:
11277CA
Florida Department of Health (NELAC):  E87595
Illinois Environmental Protection Agency:  0025721
Kansas Department of Health and Environment (NELAC):
E-10266
Louisiana Dept. of Environmental Quality (NELAC/LELAP):
02006

Pennsylviania Dept. of Env Protection (NELAC):  68-04202
Texas Commission on Env. Quality (NELAC):
T104704405-09-TX
U.S. Dept. of Agriculture Foreign Soil Import:  P330-10-
00119
Commonwealth of Virginia (TNI): 480246

Pennsylvania Certification IDs
1638 Roseytown Rd Suites 2,3&4, Greensburg, PA 15601
L-A-B DOD-ELAP Accreditation #: L2417
Alabama Certification #: 41590
Arizona Certification #: AZ0734
Arkansas Certification
California Certification #: 04222CA
Colorado Certification
Connecticut Certification #: PH-0694
Delaware Certification
Florida/TNI Certification #: E87683
Georgia Certification #: C040
Guam Certification
Hawaii Certification
Idaho Certification
Illinois Certification
Indiana Certification
Iowa Certification #: 391
Kansas/TNI Certification #: E-10358
Kentucky Certification #: 90133
Louisiana DHH/TNI Certification #: LA140008
Louisiana DEQ/TNI Certification #: 4086
Maine Certification #: PA00091
Maryland Certification #: 308
Massachusetts Certification #: M-PA1457
Michigan/PADEP Certification
Missouri Certification #: 235

Montana Certification #: Cert 0082
Nebraska Certification #: NE-05-29-14
Nevada Certification #: PA014572015-1
New Hampshire/TNI Certification #: 2976
New Jersey/TNI Certification #: PA 051
New Mexico Certification #: PA01457
New York/TNI Certification #: 10888
North Carolina Certification #: 42706
North Dakota Certification #: R-190
Oregon/TNI Certification #: PA200002
Pennsylvania/TNI Certification #: 65-00282
Puerto Rico Certification #: PA01457
Rhode Island Certification #: 65-00282
South Dakota Certification
Tennessee Certification #: TN2867
Texas/TNI Certification #: T104704188-14-8
Utah/TNI Certification #: PA014572015-5
USDA Soil Permit #: P330-14-00213
Vermont Dept. of Health: ID# VT-0282
Virgin Island/PADEP Certification
Virginia/VELAP Certification #: 460198
Washington Certification #: C868
West Virginia DEP Certification #: 143
West Virginia DHHR Certification #: 9964C
Wisconsin Certification
Wyoming Certification #: 8TMS-L

Kansas Certification IDs
9608 Loiret Boulevard, Lenexa, KS  66219
WY STR Certification #: 2456.01
Arkansas Certification #: 17-016-0
Illinois Certification #: 200030
Iowa Certification #: 118
Kansas/NELAP Certification #: E-10116
Louisiana Certification #: 03055

Nevada Certification #: KS000212018-1
Oklahoma Certification #: 9205/9935
Texas Certification #: T104704407
Utah Certification #: KS00021
Kansas Field Laboratory Accreditation: # E-92587
Missouri Certification: 10070

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665

Page 2 of 34



#=SS#

SAMPLE SUMMARY

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Lab ID Sample ID Matrix Date Collected Date Received

60255773001 WATER FROM HYDRANT Water 10/17/17 14:35 10/18/17 06:55

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665

Page 3 of 34
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

60255773001 WATER FROM HYDRANT EPA 6010 25 PASI-KSMW

EPA 7470 1 PASI-KNSM

EPA 9020B 1 PASI-NMHB1

EPA 903.1 1 PASI-PAWRR

EPA 904.0 1 PASI-PAVAL

SM 2540C 1 PASI-KJSS

Trivalent Chromium Calculation 1 PASI-KJMC1

EPA 300.0 3 PASI-KOL

EPA 410.4 1 PASI-KJSS

SM 5310C 1 PASI-KLDF

EPA 7196 1 PASI-KHMM

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665

Page 4 of 34
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PROJECT NARRATIVE

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 6010

Date: November 10, 2017

Description: 6010 MET ICP

General Information:
1 sample was analyzed for EPA 6010.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 3010 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 499575
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  60255773001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MSD  (Lab ID: 2044245)

• Calcium

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665
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PROJECT NARRATIVE

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 7470

Date: November 10, 2017

Description: 7470 Mercury

General Information:
1 sample was analyzed for EPA 7470.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Sample Preparation:
The samples were prepared in accordance with EPA 7470 with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665
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PROJECT NARRATIVE

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 9020B

Date: November 10, 2017

Description: Total Organic Halides

General Information:
1 sample was analyzed for EPA 9020B.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Initial Calibrations (including MS Tune as applicable):
All criteria were within method requirements with any exceptions noted below.

Continuing Calibration:
All criteria were within method requirements with any exceptions noted below.

Internal Standards:
All internal standards were within QC limits with any exceptions noted below.

Surrogates:
All surrogates were within QC limits with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

A matrix spike/matrix spike duplicate was not performed due to insufficient sample volume.
QC Batch: 92794

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665
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PROJECT NARRATIVE

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 903.1

Date: November 10, 2017

Description: 903.1 Radium 226

General Information:
1 sample was analyzed for EPA 903.1.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665
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PROJECT NARRATIVE

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 904.0

Date: November 10, 2017

Description: 904.0 Radium 228

General Information:
1 sample was analyzed for EPA 904.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665
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PROJECT NARRATIVE

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

SM 2540C

Date: November 10, 2017

Description: 2540C Total Dissolved Solids

General Information:
1 sample was analyzed for SM 2540C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665
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PROJECT NARRATIVE

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

Trivalent Chromium Calculation

Date: November 10, 2017

Description: Trivalent Chromium Calculation

General Information:
1 sample was analyzed for Trivalent Chromium Calculation.  All samples were received in acceptable condition with any exceptions
noted below or on the chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665
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PROJECT NARRATIVE

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 300.0

Date: November 10, 2017

Description: 300.0 IC Anions 28 Days

General Information:
1 sample was analyzed for EPA 300.0.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665
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PROJECT NARRATIVE

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 410.4

Date: November 10, 2017

Description: 410.4 COD

General Information:
1 sample was analyzed for EPA 410.4.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 500309
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  60256031001,60256054008

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2047632)

• Chemical Oxygen Demand

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665
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PROJECT NARRATIVE

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

SM 5310C

Date: November 10, 2017

Description: 5310C TOC

General Information:
1 sample was analyzed for SM 5310C.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

Duplicate Sample:
All duplicate sample results were within method acceptance criteria with any exceptions noted below.

Additional Comments:

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.

Pace Analytical Services, LLC
9608 Loiret Blvd.

Lenexa, KS 66219
(913)599-5665
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PROJECT NARRATIVE

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Method:

Client: BURNS & MCDONNELL

EPA 7196

Date: November 10, 2017

Description: 7196 Chromium, Hexavalent

General Information:
1 sample was analyzed for EPA 7196.  All samples were received in acceptable condition with any exceptions noted below or on the
chain-of custody and/or the sample condition upon receipt form (SCUR) attached at the end of this report.

Hold Time:
The samples were analyzed within the method required hold times with any exceptions noted below.

Method Blank:
All analytes were below the report limit in the method blank, where applicable, with any exceptions noted below.

Laboratory Control Spike:
All laboratory control spike compounds were within QC limits with any exceptions noted below.

Matrix Spikes:
All percent recoveries and relative percent differences (RPDs) were within acceptance criteria with any exceptions noted below.

QC Batch: 499179
A matrix spike and/or matrix spike duplicate (MS/MSD) were performed on the following sample(s):  60255773001

M1: Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.
• MS  (Lab ID: 2042747)

• Chromium, Hexavalent
• MSD  (Lab ID: 2042748)

• Chromium, Hexavalent

Additional Comments:

This data package has been reviewed for quality and completeness and is approved for release.
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ANALYTICAL RESULTS

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Sample: WATER FROM HYDRANT Lab ID: 60255773001 Collected: 10/17/17 14:35 Received: 10/18/17 06:55 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

Analytical Method: EPA 6010  Preparation Method: EPA 30106010 MET ICP

Aluminum ND ug/L 10/23/17 17:56 7429-90-510/20/17 10:1575.0 1
Antimony ND ug/L 10/23/17 17:56 7440-36-010/20/17 10:1510.0 1
Arsenic ND ug/L 10/23/17 17:56 7440-38-210/20/17 10:1510.0 1
Barium 162 ug/L 10/23/17 17:56 7440-39-310/20/17 10:155.0 1
Beryllium ND ug/L 10/23/17 17:56 7440-41-710/20/17 10:151.0 1
Boron ND ug/L 10/23/17 17:56 7440-42-810/20/17 10:15100 1
Cadmium ND ug/L 10/23/17 17:56 7440-43-910/20/17 10:155.0 1
Calcium 40700 ug/L 10/24/17 16:40 7440-70-2 M110/20/17 10:15100 1
Chromium ND ug/L 10/24/17 16:40 7440-47-310/20/17 10:155.0 1
Cobalt ND ug/L 10/23/17 17:56 7440-48-410/20/17 10:155.0 1
Copper ND ug/L 10/23/17 17:56 7440-50-810/20/17 10:1510.0 1
Iron 163 ug/L 10/24/17 16:40 7439-89-610/20/17 10:1550.0 1
Lead ND ug/L 10/24/17 16:40 7439-92-110/20/17 10:155.0 1
Lithium 25.1 ug/L 10/23/17 17:56 7439-93-210/20/17 10:1510.0 1
Magnesium 20000 ug/L 10/24/17 16:40 7439-95-410/20/17 10:1550.0 1
Manganese 12.5 ug/L 10/24/17 16:40 7439-96-510/20/17 10:155.0 1
Molybdenum ND ug/L 10/23/17 17:56 7439-98-710/20/17 10:1520.0 1
Nickel ND ug/L 10/23/17 17:56 7440-02-010/20/17 10:155.0 1
Potassium 4840 ug/L 10/24/17 16:40 7440-09-710/20/17 10:15500 1
Selenium ND ug/L 10/23/17 17:56 7782-49-210/20/17 10:1515.0 1
Silver ND ug/L 10/23/17 17:56 7440-22-410/20/17 10:157.0 1
Sodium 45400 ug/L 10/23/17 17:56 7440-23-510/20/17 10:15500 1
Thallium ND ug/L 10/24/17 16:40 7440-28-010/20/17 10:1520.0 1
Total Hardness by 2340B 184000 ug/L 10/24/17 16:4010/20/17 10:15500 1
Zinc ND ug/L 10/24/17 16:40 7440-66-610/20/17 10:1550.0 1

Analytical Method: EPA 7470  Preparation Method: EPA 74707470 Mercury

Mercury ND ug/L 10/30/17 14:50 7439-97-610/30/17 10:350.20 1

Analytical Method: EPA 9020BTotal Organic Halides

Total Organic Halides 0.22 mg/L 10/25/17 15:330.20 10

Analytical Method: SM 2540C2540C Total Dissolved Solids

Total Dissolved Solids 341 mg/L 10/19/17 10:295.0 1

Analytical Method: Trivalent Chromium CalculationTrivalent Chromium Calculation

Chromium, Trivalent ND mg/L 11/01/17 16:25 16065-83-10.010 1

Analytical Method: EPA 300.0300.0 IC Anions 28 Days

Chloride 37.9 mg/L 10/31/17 15:16 16887-00-65.0 5
Fluoride 0.59 mg/L 10/30/17 01:53 16984-48-80.20 1
Sulfate 83.3 mg/L 10/31/17 15:16 14808-79-85.0 5

Analytical Method: EPA 410.4410.4 COD

Chemical Oxygen Demand ND mg/L 10/26/17 14:1310.0 1
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ANALYTICAL RESULTS

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Sample: WATER FROM HYDRANT Lab ID: 60255773001 Collected: 10/17/17 14:35 Received: 10/18/17 06:55 Matrix: Water

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

Analytical Method: SM 5310C5310C TOC

Total Organic Carbon 1.7 mg/L 10/25/17 22:55 7440-44-01.0 1

Analytical Method: EPA 71967196 Chromium, Hexavalent

Chromium, Hexavalent ND mg/L 10/18/17 13:52 18540-29-9 M10.010 1
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QUALITY CONTROL DATA

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

500815
EPA 7470

EPA 7470
7470 Mercury

Associated Lab Samples: 60255773001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2050458
Associated Lab Samples: 60255773001

Matrix: Water

Analyzed

Mercury ug/L ND 0.20 10/30/17 14:45

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2050459LABORATORY CONTROL SAMPLE:
LCSSpike

Mercury ug/L 4.25 84 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2050460MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

60255773001

2050461

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Mercury ug/L 5 97 75-12596 1 205ND 4.9 4.9
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QUALITY CONTROL DATA

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499575
EPA 3010

EPA 6010
6010 MET

Associated Lab Samples: 60255773001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2044242
Associated Lab Samples: 60255773001

Matrix: Water

Analyzed

Aluminum ug/L ND 75.0 10/23/17 17:54
Antimony ug/L ND 10.0 10/23/17 17:54
Arsenic ug/L ND 10.0 10/23/17 17:54
Barium ug/L ND 5.0 10/23/17 17:54
Beryllium ug/L ND 1.0 10/23/17 17:54
Boron ug/L ND 100 10/23/17 17:54
Cadmium ug/L ND 5.0 10/23/17 17:54
Calcium ug/L ND 100 10/24/17 16:34
Chromium ug/L ND 5.0 10/24/17 16:34
Cobalt ug/L ND 5.0 10/23/17 17:54
Copper ug/L ND 10.0 10/23/17 17:54
Iron ug/L ND 50.0 10/24/17 16:34
Lead ug/L ND 5.0 10/24/17 16:34
Lithium ug/L ND 10.0 10/23/17 17:54
Magnesium ug/L ND 50.0 10/24/17 16:34
Manganese ug/L ND 5.0 10/24/17 16:34
Molybdenum ug/L ND 20.0 10/23/17 17:54
Nickel ug/L ND 5.0 10/23/17 17:54
Potassium ug/L ND 500 10/24/17 16:34
Selenium ug/L ND 15.0 10/23/17 17:54
Silver ug/L ND 7.0 10/23/17 17:54
Sodium ug/L ND 500 10/23/17 17:54
Thallium ug/L ND 20.0 10/24/17 16:34
Total Hardness by 2340B ug/L ND 500 10/24/17 16:34
Zinc ug/L ND 50.0 10/24/17 16:34

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2044243LABORATORY CONTROL SAMPLE:
LCSSpike

Aluminum ug/L 1060010000 106 80-120
Antimony ug/L 10601000 106 80-120
Arsenic ug/L 10301000 103 80-120
Barium ug/L 10801000 108 80-120
Beryllium ug/L 10701000 107 80-120
Boron ug/L 10301000 103 80-120
Cadmium ug/L 10601000 106 80-120
Calcium ug/L 1010010000 101 80-120
Chromium ug/L 10101000 101 80-120
Cobalt ug/L 10901000 109 80-120
Copper ug/L 10601000 106 80-120
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2044243LABORATORY CONTROL SAMPLE:
LCSSpike

Iron ug/L 1030010000 103 80-120
Lead ug/L 10301000 103 80-120
Lithium ug/L 10801000 108 80-120
Magnesium ug/L 991010000 99 80-120
Manganese ug/L 10201000 102 80-120
Molybdenum ug/L 10601000 106 80-120
Nickel ug/L 10701000 107 80-120
Potassium ug/L 1010010000 101 80-120
Selenium ug/L 11001000 110 80-120
Silver ug/L 534500 107 80-120
Sodium ug/L 1070010000 107 80-120
Thallium ug/L 10701000 107 80-120
Total Hardness by 2340B ug/L 66000
Zinc ug/L 10301000 103 80-120

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2044244MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

60255773001

2044245

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Aluminum ug/L 10000 105 75-125104 1 2010000ND 10500 10400
Antimony ug/L 1000 103 75-125104 1 201000ND 1040 1050
Arsenic ug/L 1000 102 75-125104 2 201000ND 1030 1040
Barium ug/L 1000 106 75-125105 1 201000162 1220 1210
Beryllium ug/L 1000 106 75-125105 0 201000ND 1060 1050
Boron ug/L 1000 102 75-125102 0 201000ND 1100 1100
Cadmium ug/L 1000 103 75-125104 1 201000ND 1030 1040
Calcium ug/L M110000 98 75-125131 6 201000040700 50500 53800
Chromium ug/L 1000 99 75-125104 5 201000ND 988 1040
Cobalt ug/L 1000 104 75-125105 1 201000ND 1040 1050
Copper ug/L 1000 103 75-125103 0 201000ND 1030 1030
Iron ug/L 10000 100 75-125104 4 2010000163 10200 10600
Lead ug/L 1000 98 75-125104 5 201000ND 986 1040
Lithium ug/L 1000 106 75-125106 1 20100025.1 1090 1080
Magnesium ug/L 10000 96 75-125116 7 201000020000 29600 31700
Manganese ug/L 1000 99 75-125105 6 20100012.5 1000 1060
Molybdenum ug/L 1000 104 75-125105 0 201000ND 1040 1050
Nickel ug/L 1000 102 75-125103 1 201000ND 1020 1030
Potassium ug/L 10000 99 75-125109 6 20100004840 14800 15700
Selenium ug/L 1000 106 75-125107 1 271000ND 1060 1080
Silver ug/L 500 104 75-125105 0 20500ND 522 523
Sodium ug/L 10000 96 75-12598 0 201000045400 55000 55100
Thallium ug/L 1000 101 75-125105 4 201000ND 1010 1050
Total Hardness by 2340B ug/L 7184000 248000 265000
Zinc ug/L 1000 100 75-125108 7 201000ND 1000 1080
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

92794
EPA 9020B

EPA 9020B
9020B W TOX

Associated Lab Samples: 60255773001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 398880
Associated Lab Samples: 60255773001

Matrix: Water

Analyzed

Total Organic Halides mg/L ND 0.020 10/25/17 10:11

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

398881LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Halides mg/L 0.11.1 109 85-115
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499281
SM 2540C

SM 2540C
2540C Total Dissolved Solids

Associated Lab Samples: 60255773001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2043049
Associated Lab Samples: 60255773001

Matrix: Water

Analyzed

Total Dissolved Solids mg/L ND 5.0 10/19/17 10:22

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2043050LABORATORY CONTROL SAMPLE:
LCSSpike

Total Dissolved Solids mg/L 9731000 97 80-120

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

60255761001
2043051SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 2760 2 102710

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

60255029003
2043052SAMPLE DUPLICATE:

Total Dissolved Solids mg/L 394 4 10411
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

500736
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 60255773001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2050297
Associated Lab Samples: 60255773001

Matrix: Water

Analyzed

Fluoride mg/L ND 0.20 10/29/17 23:24

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2050298LABORATORY CONTROL SAMPLE:
LCSSpike

Fluoride mg/L 2.52.5 101 90-110

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2050301MATRIX SPIKE SAMPLE:
MSSpike

Result
60255686001

Fluoride mg/L 264250 106 80-120ND
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

500980
EPA 300.0

EPA 300.0
300.0 IC Anions

Associated Lab Samples: 60255773001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2050937
Associated Lab Samples: 60255773001

Matrix: Water

Analyzed

Chloride mg/L ND 1.0 10/31/17 14:47
Sulfate mg/L ND 1.0 10/31/17 14:47

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2050938LABORATORY CONTROL SAMPLE:
LCSSpike

Chloride mg/L 4.85 95 90-110
Sulfate mg/L 5.05 100 90-110

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2050939MATRIX SPIKE SAMPLE:
MSSpike

Result
60255773001

Chloride mg/L 86.650 98 80-12037.9
Sulfate mg/L 12950 91 80-12083.3

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2050940MATRIX SPIKE SAMPLE:
MSSpike

Result
60255803004

Chloride mg/L 14350 94 80-12096.0
Sulfate mg/L 11050 96 80-12061.4
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

500309
EPA 410.4

EPA 410.4
410.4 COD

Associated Lab Samples: 60255773001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2047630
Associated Lab Samples: 60255773001

Matrix: Water

Analyzed

Chemical Oxygen Demand mg/L ND 10.0 10/26/17 14:04

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2047631LABORATORY CONTROL SAMPLE:
LCSSpike

Chemical Oxygen Demand mg/L 54.650 109 90-110

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2047632MATRIX SPIKE SAMPLE:
MSSpike

Result
60256031001

Chemical Oxygen Demand mg/L 71.5 M150 85 90-11028.9

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2047634MATRIX SPIKE SAMPLE:
MSSpike

Result
60256054008

Chemical Oxygen Demand mg/L 55.650 99 90-110ND

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

60256100001
2047633SAMPLE DUPLICATE:

Chemical Oxygen Demand mg/L 135 4 25140
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

500316
SM 5310C

SM 5310C
5310C Total Organic Carbon

Associated Lab Samples: 60255773001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2047673
Associated Lab Samples: 60255773001

Matrix: Water

Analyzed

Total Organic Carbon mg/L ND 1.0 10/25/17 18:43

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2047674LABORATORY CONTROL SAMPLE:
LCSSpike

Total Organic Carbon mg/L 5.45 108 80-120

Parameter Units
MS

Result
% Rec
Limits Qualifiers% RecConc.

2047675MATRIX SPIKE SAMPLE:
MSSpike

Result
60255964001

Total Organic Carbon mg/L 2160010000 109 80-12010700

Parameter Units
Dup

Result
Max
RPD QualifiersRPDResult

60255964002
2047676SAMPLE DUPLICATE:

Total Organic Carbon mg/L 12000 0 2512100
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#=QC#

QUALITY CONTROL DATA

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

499179
EPA 7196

EPA 7196
7196 Chromium, Hexavalent

Associated Lab Samples: 60255773001

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 2042745
Associated Lab Samples: 60255773001

Matrix: Water

Analyzed

Chromium, Hexavalent mg/L ND 0.010 10/18/17 13:50

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

2042746LABORATORY CONTROL SAMPLE:
LCSSpike

Chromium, Hexavalent mg/L 0.091.1 91 90-110

Parameter Units
MS

Result
% Rec
Limits Qual% RecConc.

2042747MATRIX SPIKE & MATRIX SPIKE DUPLICATE:

MSSpike
Result

60255773001

2042748

MSD
Result

MSD
% Rec RPD RPD

Max
MSDMS
Spike
Conc.

Chromium, Hexavalent mg/L M1.1 76 85-11576 0 20.1ND 0.084 0.084
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ANALYTICAL RESULTS - RADIOCHEMISTRY

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Sample: WATER FROM HYDRANT Lab ID: 60255773001 Collected: 10/17/17 14:35 Received: 10/18/17 06:55 Matrix: Water

Parameters Act ± Unc (MDC) Carr Trac Units Analyzed CAS No. QualMethod

PWS: Site ID: Sample Type:

Radium-226 0.445 ± 0.377   (0.468)
C:NA T:85%

pCi/L 10/31/17 22:03 13982-63-3EPA 903.1

Radium-228 0.840 ± 0.528   (0.998)
C:69% T:73%

pCi/L 10/27/17 11:49 15262-20-1EPA 904.0
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QUALITY CONTROL - RADIOCHEMISTRY

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

276385
EPA 904.0

EPA 904.0
904.0 Radium 228

Associated Lab Samples: 60255773001

Parameter UnitsAct ± Unc (MDC) Carr Trac Qualifiers

METHOD BLANK: 1358754

Associated Lab Samples: 60255773001

Matrix: Water

Analyzed

Radium-228 pCi/L 10/27/17 11:480.564 ± 0.323   (0.583) C:80% T:94%

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.
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#=QCR#

QUALITY CONTROL - RADIOCHEMISTRY

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.  

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

276376
EPA 903.1

EPA 903.1
903.1 Radium-226

Associated Lab Samples: 60255773001

Parameter UnitsAct ± Unc (MDC) Carr Trac Qualifiers

METHOD BLANK: 1358733

Associated Lab Samples: 60255773001

Matrix: Water

Analyzed

Radium-226 pCi/L 10/31/17 21:190.485 ± 0.416   (0.563) C:NA T:88%

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.
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#=QL#

QUALIFIERS

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to dilution of the sample aliquot.
ND - Not Detected at or above adjusted reporting limit.
TNTC - Too Numerous To Count
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
PQL - Practical Quantitation Limit.
RL - Reporting Limit.
S - Surrogate
1,2-Diphenylhydrazine decomposes to and cannot be separated from Azobenzene using Method 8270. The result for each analyte is
a combined concentration.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
SG - Silica Gel - Clean-Up
U - Indicates the compound was analyzed for, but not detected.
N-Nitrosodiphenylamine decomposes and cannot be separated from Diphenylamine using Method 8270.  The result reported for
each analyte is a combined concentration.
Act - Activity
Unc - Uncertainty: SDWA = 1.96 sigma count uncertainty, all other matrices = Expanded Uncertainty (95% confidence interval).
Gamma Spec = Expanded Uncertainty (95.4% Confidence Interval)
(MDC) - Minimum Detectable Concentration
Trac - Tracer Recovery (%)
Carr - Carrier Recovery (%)
Pace Analytical is TNI accredited. Contact your Pace PM for the current list of accredited analytes.
TNI - The NELAC Institute.

LABORATORIES

Pace Analytical Services - Kansas CityPASI-K
Pace Analytical Services - New OrleansPASI-N
Pace Analytical Services - GreensburgPASI-PA

BATCH QUALIFIERS

Batch: 92794
A matrix spike/matrix spike duplicate was not performed for this batch due to insufficient sample volume.[M5]

ANALYTE QUALIFIERS

Matrix spike recovery exceeded QC limits.  Batch accepted based on laboratory control sample (LCS) recovery.M1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 11/10/2017 01:38 PM
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#=CR#

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

60255773
MORE'S LAKE COLUMBIA, MO

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

60255773001 499575 499641WATER FROM HYDRANT EPA 3010 EPA 6010

60255773001 500815 500871WATER FROM HYDRANT EPA 7470 EPA 7470

60255773001 92794WATER FROM HYDRANT EPA 9020B

60255773001 276376WATER FROM HYDRANT EPA 903.1

60255773001 276385WATER FROM HYDRANT EPA 904.0

60255773001 499281WATER FROM HYDRANT SM 2540C

60255773001 501362WATER FROM HYDRANT Trivalent Chromium
Calculation

60255773001 500736WATER FROM HYDRANT EPA 300.0

60255773001 500980WATER FROM HYDRANT EPA 300.0

60255773001 500309WATER FROM HYDRANT EPA 410.4

60255773001 500316WATER FROM HYDRANT SM 5310C

60255773001 499179WATER FROM HYDRANT EPA 7196

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, LLC.Date: 11/10/2017 01:38 PM

Pace Analytical Services, LLC
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APPENDIX Q – BOONE COUNTY PUBLIC DRINKING WATER SUPPLY SYSTEM 
REPORTS
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Map Update: Jan 22, 2016

Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Map Update: Jan 22, 2016

Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Map Update: Jan 19, 2016

Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
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subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.

Boone
!!H System Well

20-year time of travel
Half-mile buffer

Well System

SWAP Delineation Boundary

O
Aerial photos: USDA National Agriculture Inventory 
Program (NAIP), 2012.

SWAP - Source Water Assessment Plan -- 
http://drinkingwater.missouri.edu/swap/

Missouri Department of
Natural Resources

Prepared by:
    CENTER FOR APPLIED
    RESEARCH AND
    ENVIRONMENTAL SYSTEMS
    UNIVERSITY OF MISSOURI

SWAP boundaries for individual wells
indicated by dashed line.

0 790 1,580
Feet



!!H

!!H

!!H
!!H

!!H

!!H
W14

W13

W15
W22

W21

W16

USDA
546500 547000 547500

43
03

50
0

43
04

00
0

43
04

50
0

43
05

00
0

T4
7N

R14W

Columbia
Well #1 (W15)
PWSS No. 3010181, Well 7 of 21
 

Map Update: Jan 19, 2016
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subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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distribution shall not constitute any such warranty, and no responsibility is
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subject to change as additional information is acquired.  Additional information 
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Although all data in this dataset have been used by the Missouri Department of
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
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subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Although all data in this dataset have been used by the Missouri Department of
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.

Boone
!!H System Well

20-year time of travel
Half-mile buffer

Well System

SWAP Delineation Boundary

O
Aerial photos: USDA National Agriculture Inventory 
Program (NAIP), 2012.

SWAP - Source Water Assessment Plan -- 
http://drinkingwater.missouri.edu/swap/

Missouri Department of
Natural Resources

Prepared by:
    CENTER FOR APPLIED
    RESEARCH AND
    ENVIRONMENTAL SYSTEMS
    UNIVERSITY OF MISSOURI

SWAP boundaries for individual wells
indicated by dashed line.

0 790 1,580
Feet



!!H

!!H
W24

W23

USDA
546000 546500 547000

43
05

00
0

43
05

50
0

43
06

00
0

T4
7N

T4
8N

Landgrant R14W

Columbia
Well #9 (W23)
PWSS No. 3010181, Well 15 of 21
 

Map Update: Jan 19, 2016

Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.

Boone
!!H System Well

20-year time of travel
Half-mile buffer

Well System

SWAP Delineation Boundary

O
For basemap symbols, see the U.S. Geological Survey
(USGS) publication: Topographic Map Symbols.

SWAP - Source Water Assessment Plan -- 
http://drinkingwater.missouri.edu/swap/

Missouri Department of
Natural Resources

Prepared by:
    CENTER FOR APPLIED
    RESEARCH AND
    ENVIRONMENTAL SYSTEMS
    UNIVERSITY OF MISSOURI

SWAP boundaries for individual wells
indicated by dashed line.

0 790 1,580
Feet

choglund
Text Box
Well W4 - active use at Power Plant, source of cooling water



!!H
W7

§̈¦70 §̈¦70

¬«740

")TT

554000 554500 555000 555500

43
11

50
0

43
12

00
0

43
12

50
0

43
13

00
0

T4
8N

R13W

Columbia
Ash St. At Reservoir Well (W7)
PWSS No. 3010181, Well 2 of 21
 

Map Update: Jan 19, 2016

Although all data in this dataset have been used by the Missouri Department of
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
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subject to change as additional information is acquired.  Additional information 
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
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subject to change as additional information is acquired.  Additional information 
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Although all data in this dataset have been used by the Missouri Department of
Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
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subject to change as additional information is acquired.  Additional information 
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
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subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Natural Resources (MoDNR), no warranty, expressed or implied, is made by 
MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
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subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
assumed by MoDNR in the use of these data or related materials.  This map is 
subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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distribution shall not constitute any such warranty, and no responsibility is
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subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
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subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
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subject to change as additional information is acquired.  Additional information 
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MoDNR as to the accuracy of the data and related materials.  The act of 
distribution shall not constitute any such warranty, and no responsibility is
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subject to change as additional information is acquired.  Additional information 
at: http://drinkingwater.missouri.edu.
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Sheet Update: Jan 25, 2016

Although all data in this dataset have been used by the Missouri Department of Natural Resources (MoDNR), no warranty, expressed or implied, is made by MoDNR as to the accuracy of the data and related
materials.  The act of distribution shall not constitute any such warranty, and no responsibility is assumed by MoDNR in the use of these data or related materials.  This map is subject to change as additional 
information is acquired.  Additional information at: http://drinkingwater.missouri.edu.
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Well Number
Extended PWS #
Local Well Name
Well ID #
DGLS ID #
Facility Type
Status
Latitude
Longitude
Location Method
Method Accuracy (ft)
USGS 7.5 Quadrangle
County
MoDNR Region
Date Drilled (year)
Material (C/U)
Base of Casing Formation
Total Depth Formation
Total Depth
Ground Elevation (ft)
Top Seal
Bottom Seal
Casing Depth (ft)
Casing Size (in)
Casing Type
Elev. of Casing Top (ft)
Outer Casing Depth (ft)
Outer Casing Size (in)
Screen Length (ft)
Screen Size (in)
Static Water Level (ft)
Well Yield (gpm)
Head (ft)
Draw Down (ft)
Pump Test Date (year)
Pump Type
Pump Manufacturer
Pump Depth (ft)
Pump Capacity (gpm)
Pump Meter (Y/N)
VOC Detection (Y/N)
Nitrate Detection (Y/N)
Chlorination (Y/N)
Filtration (Y/N)
GWUDISW (Y/N)
Surface Drainage
State Approved(Y/N)
Date Abandoned (year)
Date Plugged (year)

W4
3010181104
Old Well #4, Bowling St.
14074
0009527
City
Emergency
38.9671
-92.3155
DRG/MAP
33
Columbia
Boone
Northeast
1946
Consolidated
Cotter
Potosi
1505
782
Pump Base
Pressure Grout
500
20
Steel
_________________
_________________
_________________
No Screen
No Screen
394
750
_________________
75
_________________
Vertical Turbine
Layne Western
560
800
_________________
N
N
_________________
_________________
_________________
_________________
_________________
_________________
_________________

W7
3010181107
Ash St. At Reservoir
12312
0016782
City
Emergency
38.95764
-92.36823
DRG/MAP
100
Columbia
Boone
Northeast
1957
Consolidated
Jefferson City
Eminence
1150
741
Pump Base
Pressure Grout
600
19
Steel
_________________
118
30
No Screen
No Screen
266
910
_________________
130
_________________
Vertical Turbine
Layne Western
560
800
_________________
N
N
_________________
_________________
_________________
_________________
_________________
_________________
_________________

W8
3010181108
Fairview Church
12313
0021800
City
Active
38.94751
-92.380591
DRG/MAP
10
Huntsdale
Boone
Northeast
1963
Consolidated
Roubidoux
Elvins
1437
750
Pump Base
Pressure Grout
703
19
Steel
_________________
_________________
_________________
No Screen
No Screen
283
900
_________________
122
1963
Vertical Turbine
Layne Western
700
1100
_________________
N
N
_________________
_________________
_________________
_________________
_________________
_________________
_________________

W10
3010181110
Rt TT (Katy Trail)
12697
0024557
City
Active
38.92771
-92.40014
PLSS
233
Huntsdale
Boone
Northeast
1966
Consolidated
Roubidoux
Elvins
1500
590
Pump Base
Pressure Grout
600
19
Steel
_________________
_________________
_________________
No Screen
No Screen
_________________
_________________
_________________
_________________
_________________
Vertical Turbine
Layne Western
700
1200
_________________
N
N
_________________
_________________
_________________
_________________
_________________
1979
_________________

W13
3010181113
Well #13
13788
_________________
City
Active
38.879357958
-92.4677602761
DRG/MAP
33
Huntsdale
Boone
Northeast
2000
Unconsolidated
Alluvium
Alluvium
98
580
Tremie Cement
Tremie Cement
64
26
Steel
_________________
_________________
_________________
35
26
19
1400
90
_________________
_________________
Vertical Turbine
_________________
84
1400
Y
N
N
_________________
_________________
_________________
_________________
_________________
_________________
_________________

choglund
Text Box
Well W4 - active use at Power Plant, source of cooling waterWell W7, W8, and W10 - emergency use only
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Although all data in this dataset have been used by the Missouri Department of Natural Resources (MoDNR), no warranty, expressed or implied, is made by MoDNR as to the accuracy of the data and related
materials.  The act of distribution shall not constitute any such warranty, and no responsibility is assumed by MoDNR in the use of these data or related materials.  This map is subject to change as additional 
information is acquired.  Additional information at: http://drinkingwater.missouri.edu.
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Well Number
Extended PWS #
Local Well Name
Well ID #
DGLS ID #
Facility Type
Status
Latitude
Longitude
Location Method
Method Accuracy (ft)
USGS 7.5 Quadrangle
County
MoDNR Region
Date Drilled (year)
Material (C/U)
Base of Casing Formation
Total Depth Formation
Total Depth
Ground Elevation (ft)
Top Seal
Bottom Seal
Casing Depth (ft)
Casing Size (in)
Casing Type
Elev. of Casing Top (ft)
Outer Casing Depth (ft)
Outer Casing Size (in)
Screen Length (ft)
Screen Size (in)
Static Water Level (ft)
Well Yield (gpm)
Head (ft)
Draw Down (ft)
Pump Test Date (year)
Pump Type
Pump Manufacturer
Pump Depth (ft)
Pump Capacity (gpm)
Pump Meter (Y/N)
VOC Detection (Y/N)
Nitrate Detection (Y/N)
Chlorination (Y/N)
Filtration (Y/N)
GWUDISW (Y/N)
Surface Drainage
State Approved(Y/N)
Date Abandoned (year)
Date Plugged (year)

W14
3010181114
Well #14
13789
_________________
City
Active
38.8801843258
-92.4663151129
DRG/MAP
33
Huntsdale
Boone
Northeast
2000
Unconsolidated
Alluvium
Alluvium
93
580
Tremie Cement
Tremie Cement
58
26
Steel
_________________
20
42
35
26
19
1400
90
_________________
_________________
Vertical Turbine
_________________
84
1400
Y
N
N
_________________
_________________
_________________
_________________
_________________
_________________
_________________

W15
3010181115
Well #1
13544
_________________
City
Active
38.8856
-92.4578
DRG/MAP
33
Huntsdale
Boone
Northeast
1970
Unconsolidated
Alluvium
Alluvium
100
575
Pump Base
Cement Grout
60
18
Steel
590
20
42
35
26
25
1200
100
20
1994
Vertical Turbine
Layne Western
60
1400
N
N
N
Y
Y
_________________
Satisfactory
_________________
_________________
_________________

W16
3010181116
Well #2
13253
_________________
City
Active
38.88873
-92.46746
DRG/MAP
33
Huntsdale
Boone
Northeast
1970
Unconsolidated
Alluvium
Alluvium
104
578
Pump Base
Cement Grout
69
26
Steel
590
20
42
35
26
25
1300
100
25
1994
Vertical Turbine
Layne Western
65
1400
_________________
N
N
Y
Y
_________________
Satisfactory
_________________
_________________
_________________

W17
3010181117
Well #3
13256
_________________
City
Active
38.87616
-92.46022
DRG/MAP
33
Huntsdale
Boone
Northeast
1970
Unconsolidated
Alluvium
Alluvium
103
580
Pump Base
Cement Grout
68
26
Steel
585
20
42
35
26
25
800
100
20
1994
Vertical Turbine
Layne Western
65
1400
_________________
N
N
Y
Y
_________________
Satisfactory
_________________
_________________
_________________

W18
3010181118
Well #4
13257
_________________
City
Active
38.87497
-92.45953
DRG/MAP
33
Jamestown
Boone
Northeast
1970
Unconsolidated
Alluvium
Alluvium
103
580
Pump Base
Cement Grout
68
26
Steel
585
20
42
35
26
25
1100
100
25
1994
Vertical Turbine
Layne Western
65
1400
_________________
N
N
Y
Y
_________________
Satisfactory
_________________
_________________
_________________
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Although all data in this dataset have been used by the Missouri Department of Natural Resources (MoDNR), no warranty, expressed or implied, is made by MoDNR as to the accuracy of the data and related
materials.  The act of distribution shall not constitute any such warranty, and no responsibility is assumed by MoDNR in the use of these data or related materials.  This map is subject to change as additional 
information is acquired.  Additional information at: http://drinkingwater.missouri.edu.
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Pump Meter (Y/N)
VOC Detection (Y/N)
Nitrate Detection (Y/N)
Chlorination (Y/N)
Filtration (Y/N)
GWUDISW (Y/N)
Surface Drainage
State Approved(Y/N)
Date Abandoned (year)
Date Plugged (year)

W19
3010181119
Well #5
13258
_________________
City
Active
38.8647
-92.45123
DRG/MAP
33
Jamestown
Boone
Northeast
1970
Unconsolidated
Alluvium
Alluvium
104
570
Pump Base
Cement Grout
69
26
Steel
585
20
42
35
26
25
1400
100
28
1994
Vertical Turbine
Layne Western
65
1400
_________________
N
N
Y
Y
_________________
Satisfactory
_________________
_________________
_________________

W20
3010181120
Well #6
13259
_________________
City
Active
38.86336
-92.45117
DRG/MAP
33
Jamestown
Boone
Northeast
1970
Unconsolidated
Alluvium
Alluvium
113
570
Pump Base
Cement Grout
70
26
Steel
585
20
42
35
26
25
1320
100
25
1994
Vertical Turbine
Layne Western
65
750
_________________
N
N
Y
Y
_________________
Satisfactory
_________________
_________________
_________________

W21
3010181121
Well #7
13254
_________________
City
Active
38.88739
-92.46747
DRG/MAP
33
Huntsdale
Boone
Northeast
1977
Unconsolidated
Alluvium
Alluvium
104
578
Pump Base
Cement Grout
68
26
Steel
590
20
42
35
26
25
1400
100
12
1994
Vertical Turbine
Layne Western
65
800
_________________
N
N
Y
Y
_________________
Satisfactory
_________________
_________________
_________________

W22
3010181122
Well #8
13543
_________________
City
Active
38.88532
-92.45922
DRG/MAP
33
Huntsdale
Boone
Northeast
1984
Unconsolidated
Alluvium
Alluvium
98
575
Pump Base
Cement Grout
63
26
Steel
590
20
42
35
26
25
1350
100
15
1994
Vertical Turbine
Layne Western
65
1100
_________________
N
N
Y
Y
_________________
Satisfactory
_________________
_________________
_________________

W23
3010181123
Well #9
13541
_________________
City
Active
38.89757
-92.46438
DRG/MAP
33
Huntsdale
Boone
Northeast
1990
Unconsolidated
Alluvium
Alluvium
95
_________________
Cement Grout
_________________
67
26
Steel
590
_________________
_________________
35
26
11
2204
100
11
1990
Vertical Turbine
Layne Western
60
1400
_________________
N
N
Y
Y
_________________
Satisfactory
_________________
_________________
_________________
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Well Number
Extended PWS #
Local Well Name
Well ID #
DGLS ID #
Facility Type
Status
Latitude
Longitude
Location Method
Method Accuracy (ft)
USGS 7.5 Quadrangle
County
MoDNR Region
Date Drilled (year)
Material (C/U)
Base of Casing Formation
Total Depth Formation
Total Depth
Ground Elevation (ft)
Top Seal
Bottom Seal
Casing Depth (ft)
Casing Size (in)
Casing Type
Elev. of Casing Top (ft)
Outer Casing Depth (ft)
Outer Casing Size (in)
Screen Length (ft)
Screen Size (in)
Static Water Level (ft)
Well Yield (gpm)
Head (ft)
Draw Down (ft)
Pump Test Date (year)
Pump Type
Pump Manufacturer
Pump Depth (ft)
Pump Capacity (gpm)
Pump Meter (Y/N)
VOC Detection (Y/N)
Nitrate Detection (Y/N)
Chlorination (Y/N)
Filtration (Y/N)
GWUDISW (Y/N)
Surface Drainage
State Approved(Y/N)
Date Abandoned (year)
Date Plugged (year)

W24
3010181124
Well #10
13542
_________________
City
Active
38.89621
-92.4644
DRG/MAP
33
Huntsdale
Boone
Northeast
1990
Unconsolidated
Alluvium
Alluvium
95
_________________
Cement Grout
_________________
68
26
Steel
590
_________________
_________________
35
26
14
1400
100
9
1990
Vertical Turbine
Layne Western
_________________
1400
_________________
N
N
Y
Y
_________________
Satisfactory
_________________
_________________
_________________

W26
3010181126
Was Boone PWSD #1
12696
0027618
City
Emergency
39.01039
-92.3179
DRG/MAP
100
Browns
Boone
Northeast
1974
Consolidated
Cotter
Eminence
1350
_________________
_________________
_________________
550
12
Steel
_________________
_________________
_________________
No Screen
No Screen
240
535
145
16
1994
Submersible
_________________
370
_________________
_________________
N
N
Y
N
_________________
_________________
_________________
_________________
_________________

W28
3010181128
E. Ray Heights
13227
_________________
City
Emergency
38.99272
-92.2367
DRG/MAP
33
Millersburg
Boone
Northeast
1981
Consolidated
_________________
Potosi
1650
_________________
_________________
_________________
_________________
_________________
Steel
_________________
_________________
_________________
No Screen
No Screen
394
525
_________________
62
1993
Vertical Turbine
_________________
540
600
_________________
N
N
Y
N
_________________
_________________
_________________
_________________
_________________

W29
3010181129
Well #11
13549
_________________
City
Active
38.8722206126
-92.4513620528
DRG/MAP
33
Jamestown
Boone
Northeast
1997
Unconsolidated
Alluvium
Alluvium
104
_________________
Cement Slurry
_________________
85
26
Steel
_________________
_________________
_________________
80
14
13
2204
_________________
7
1997
Vertical Turbine
Layne Western
70
1400
_________________
N
N
_________________
_________________
_________________
_________________
_________________
_________________
_________________

W30
3010181130
Well #12
13007
_________________
City
Active
38.8735986814
-92.4507363245
DRG/MAP
33
Jamestown
Boone
Northeast
1997
Unconsolidated
Alluvium
Alluvium
99
_________________
Cement Slurry
_________________
79
26
Steel
_________________
_________________
_________________
60
14
16
2224
_________________
7
1994
Vertical Turbine
Layne Western
70
1400
_________________
N
N
_________________
_________________
_________________
_________________
_________________
_________________
_________________

choglund
Text Box
Well W28 (E. Ray Heights) - emergency use only
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Well Number
Extended PWS #
Local Well Name
Well ID #
DGLS ID #
Facility Type
Status
Latitude
Longitude
Location Method
Method Accuracy (ft)
USGS 7.5 Quadrangle
County
MoDNR Region
Date Drilled (year)
Material (C/U)
Base of Casing Formation
Total Depth Formation
Total Depth
Ground Elevation (ft)
Top Seal
Bottom Seal
Casing Depth (ft)
Casing Size (in)
Casing Type
Elev. of Casing Top (ft)
Outer Casing Depth (ft)
Outer Casing Size (in)
Screen Length (ft)
Screen Size (in)
Static Water Level (ft)
Well Yield (gpm)
Head (ft)
Draw Down (ft)
Pump Test Date (year)
Pump Type
Pump Manufacturer
Pump Depth (ft)
Pump Capacity (gpm)
Pump Meter (Y/N)
VOC Detection (Y/N)
Nitrate Detection (Y/N)
Chlorination (Y/N)
Filtration (Y/N)
GWUDISW (Y/N)
Surface Drainage
State Approved(Y/N)
Date Abandoned (year)
Date Plugged (year)

W31
3010181131
Well #15, McBaine Bottoms
18158
_________________
City
Active
38.87834
-92.46877
GPS
82
Huntsdale
Boone
Northeast
2006
Unconsolidated
Alluvium
Alluvium
105
553
Tremie Grout
_________________
70
24
Steel
_________________
20
42
35
24
24
2200
_________________
_________________
_________________
_________________
_________________
49
1400
_________________
_________________
_________________
_________________
_________________
_________________
_________________
_________________
_________________
_________________
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The Missouri Department of Natural Resources (MoDNR) has assembled this information to assess the
susceptibility of drinking water sources to contamination.  There are many unforseen and unpredictable 
factors that may cause a source to be contaminated.  MoDNR routinely monitors all public supplies to
ensure public health is protected.  Public water systems and local communities are encouraged to take
all measures possible to reduce the susceptibility of their drinking water source to chemical contamination.
For more information, call 1-800-361-4827. No
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A system is highly susceptible because of construction deficiencies if:
XA well was not constructed according to plans approved by MoDNR-PDWB,
XA well was not cased to a depth approved by MoDNR,
XA well casing is not of sufficient weight,
XA well is not sufficiently sealed (grouted) around the casing, or 

A well has developed holes in the casing or other flaws that compromise its integrity.
A system is highly susceptible due to direct influence of surface water if:

XA well has tested positive for surface water indicators such as algae or high turbidity.
A system is highly susceptible to surface contaminants if:

XA well casing does not extend 12 inches above the well house floor, or 
18 inches above the ground surface,

XA well casing does not extend four feet above the 100-year flood level, or 
four feet above the highest known flood elevation,

XA well is not provided with a properly screened vent, or 
XAll openings in a well casing are not properly sealed.

A system is highly susceptible based on detection histories if:
XVolatile Organic Chemicals (VOCs) have been detected in a well,
XSynthetic Organic Chemicals (SOCs) have been detected in a well,
XInorganic Chemicals (IOCs) have been detected in a well above naturally occurring levels,
XNitrates have been detected at or above one-half the MCL,
XBacteria has been consistently detected in a well, or
XViruses or microbiological contaminants are detected in a well.

A system is highly susceptible to weather, vandalism, and sabotage if:
X (1)A well is not in a locked well house of adequate construction.

A system is moderately susceptible due to local geology if:
X (2)A producing aquifer is less than 100 feet below the surface, (*)

XA producing aquifer has conduit flow conditions due to surficial karst topography,
XA producing aquifer is not overlain by an impermeable confining layer,
XA producing aquifer is overlain by a conductive (>5X10e-4) formation (including soil), or
XA producing aquifer is confined, but there are open wells nearby penetrating that layer.

A system is moderately susceptible to contaminants if:
X (3)Any contaminants listed in Appendix F-a are found in the source water area,

XSeptic systems are present in the source water area,
XA well is indirectly connected to a surface water body,
XA submersible well pump cannot be ruled out from containing PCBs or PHAs, or
XThere is a high density of transportation corridors in the source water area.

A system is highly susceptible to contamination if:
XAny contaminant sites identified in the source water area are known to have contaminated

groundwater that may migrate toward a well.
(*) At least one well in the system is susceptible due to this condition, but other wells lack adequate data to make a determination.
(1) This system was not assessed to determine if adequate security devices such as padlocks, gates, and lighting are in place to deter vandals and saboteurs.  All water systems should
have this type of protection in place.
(2) A well (or wells) serving this system has been determined to be susceptible due to geologic conditions.  The water system and the wellhead protection team should take extra care to
ensure that all potential contaminants in the source water area are handled properly to avoid contamination of the drinking water supply.
(3) A well (or wells) serving this system has been determined to be susceptible due to the presence of potential contaminant sources.  The water system and the wellhead protection
team should take extra care to ensure that all potential contaminants in the source water area are handled properly to avoid contamination of the drinking water supply.



Although all data in this document have been used by the Missouri Department of Natural Resources (MoDNR), no warranty, expressed or implied,is made by MoDNR as to the accuracy of the data and related
materials.  The act of distribution shall not constitute any such warranty, and no responsibility is assumed by MoDNR in the use of these data or related materials.  This document is subject to change as
additional information is acquired.  Additional information at: http://drinkingwater.missouri.edu
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The Missouri Department of Natural Resources (MoDNR) has assembled this information to assess the
susceptibility of drinking water sources to contamination.  There are many unforseen and unpredictable 
factors that may cause a source to be contaminated.  MoDNR routinely monitors all public supplies to
ensure public health is protected.  Public water systems and local communities are encouraged to take
all measures possible to reduce the susceptibility of their drinking water source to chemical contamination.
For more information, call 1-800-361-4827. No
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A system is highly susceptible because of construction deficiencies if:
XA well was not constructed according to plans approved by MoDNR-PDWB,
XA well was not cased to a depth approved by MoDNR,
XA well casing is not of sufficient weight,
XA well is not sufficiently sealed (grouted) around the casing, or 

A well has developed holes in the casing or other flaws that compromise its integrity.
A system is highly susceptible due to direct influence of surface water if:

XA well has tested positive for surface water indicators such as algae or high turbidity.
A system is highly susceptible to surface contaminants if:

XA well casing does not extend 12 inches above the well house floor, or 
18 inches above the ground surface,

XA well casing does not extend four feet above the 100-year flood level, or 
four feet above the highest known flood elevation,

XA well is not provided with a properly screened vent, or 
XAll openings in a well casing are not properly sealed.

A system is highly susceptible based on detection histories if:
XVolatile Organic Chemicals (VOCs) have been detected in a well,
XSynthetic Organic Chemicals (SOCs) have been detected in a well,
XInorganic Chemicals (IOCs) have been detected in a well above naturally occurring levels,
XNitrates have been detected at or above one-half the MCL,
XBacteria has been consistently detected in a well, or
XViruses or microbiological contaminants are detected in a well.

A system is highly susceptible to weather, vandalism, and sabotage if:
X (1)A well is not in a locked well house of adequate construction.

A system is moderately susceptible due to local geology if:
X (2)A producing aquifer is less than 100 feet below the surface,

XA producing aquifer has conduit flow conditions due to surficial karst topography,
XA producing aquifer is not overlain by an impermeable confining layer,
XA producing aquifer is overlain by a conductive (>5X10e-4) formation (including soil), or
XA producing aquifer is confined, but there are open wells nearby penetrating that layer.

A system is moderately susceptible to contaminants if:
X (3)Any contaminants listed in Appendix F-a are found in the source water area,

XSeptic systems are present in the source water area,
XA well is indirectly connected to a surface water body,
XA submersible well pump cannot be ruled out from containing PCBs or PHAs, or
XThere is a high density of transportation corridors in the source water area.

A system is highly susceptible to contamination if:
XAny contaminant sites identified in the source water area are known to have contaminated

groundwater that may migrate toward a well.
(1) This system was not assessed to determine if adequate security devices such as padlocks, gates, and lighting are in place to deter vandals and saboteurs.  All water systems should
have this type of protection in place.
(2) A well (or wells) serving this system has been determined to be susceptible due to geologic conditions.  The water system and the wellhead protection team should take extra care to
ensure that all potential contaminants in the source water area are handled properly to avoid contamination of the drinking water supply.
(3) A well (or wells) serving this system has been determined to be susceptible due to the presence of potential contaminant sources.  The water system and the wellhead protection
team should take extra care to ensure that all potential contaminants in the source water area are handled properly to avoid contamination of the drinking water supply.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

Fine, smectitic, mesic
Aquertic Chromic
Hapludalfs
Not rated or not available

Soil Rating Lines
Fine, smectitic, mesic
Aquertic Chromic
Hapludalfs
Not rated or not available

Soil Rating Points
Fine, smectitic, mesic
Aquertic Chromic
Hapludalfs
Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Boone County, Missouri
Survey Area Data: Version 21, Sep 28, 2016

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 8, 2015—Jun 9,
2015

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.
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Soil Taxonomy Classification

Soil Taxonomy Classification— Summary by Map Unit — Boone County, Missouri (MO019)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

50002 Keswick-Urban land
complex, 5 to 9
percent slopes

Fine, smectitic, mesic
Aquertic Chromic
Hapludalfs

0.1 0.4%

60025 Urban land-Harvester
complex, 2 to 9
percent slopes

22.5 79.5%

99001 Water 5.7 20.1%

Totals for Area of Interest 28.3 100.0%

Soil Taxonomy Classification—Boone County, Missouri

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

1/22/2017
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Description

This rating presents the taxonomic classification based on Soil Taxonomy.

The system of soil classification used by the National Cooperative Soil Survey
has six categories (Soil Survey Staff, 1999 and 2003). Beginning with the
broadest, these categories are the order, suborder, great group, subgroup, family,
and series. Classification is based on soil properties observed in the field or
inferred from those observations or from laboratory measurements. This table
shows the classification of the soils in the survey area. The categories are
defined in the following paragraphs.

ORDER. Twelve soil orders are recognized. The differences among orders reflect
the dominant soil-forming processes and the degree of soil formation. Each order
is identified by a word ending in sol. An example is Alfisols.

SUBORDER. Each order is divided into suborders primarily on the basis of
properties that influence soil genesis and are important to plant growth or
properties that reflect the most important variables within the orders. The last
syllable in the name of a suborder indicates the order. An example is Udalfs (Ud,
meaning humid, plus alfs, from Alfisols).

GREAT GROUP. Each suborder is divided into great groups on the basis of close
similarities in kind, arrangement, and degree of development of pedogenic
horizons; soil moisture and temperature regimes; type of saturation; and base
status. Each great group is identified by the name of a suborder and by a prefix
that indicates a property of the soil. An example is Hapludalfs (Hapl, meaning
minimal horizonation, plus udalfs, the suborder of the Alfisols that has a udic
moisture regime).

SUBGROUP. Each great group has a typic subgroup. Other subgroups are
intergrades or extragrades. The typic subgroup is the central concept of the great
group; it is not necessarily the most extensive. Intergrades are transitions to
other orders, suborders, or great groups. Extragrades have some properties that
are not representative of the great group but do not indicate transitions to any
other taxonomic class. Each subgroup is identified by one or more adjectives
preceding the name of the great group. The adjective Typic identifies the
subgroup that typifies the great group. An example is Typic Hapludalfs.

FAMILY. Families are established within a subgroup on the basis of physical and
chemical properties and other characteristics that affect management. Generally,
the properties are those of horizons below plow depth where there is much
biological activity. Among the properties and characteristics considered are
particle-size class, mineralogy class, cation-exchange activity class, soil
temperature regime, soil depth, and reaction class. A family name consists of the
name of a subgroup preceded by terms that indicate soil properties. An example
is fine-loamy, mixed, active, mesic Typic Hapludalfs.

SERIES. The series consists of soils within a family that have horizons similar in
color, texture, structure, reaction, consistence, mineral and chemical
composition, and arrangement in the profile.

Soil Taxonomy Classification—Boone County, Missouri
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References:

Soil Survey Staff. 1999. Soil taxonomy: A basic system of soil classification for
making and interpreting soil surveys. 2nd edition. Natural Resources
Conservation Service. U.S. Department of Agriculture Handbook 436.

Soil Survey Staff. 2006. Keys to soil taxonomy. 10th edition. U.S. Department of
Agriculture, Natural Resources Conservation Service. (The soils in a given
survey area may have been classified according to earlier editions of this
publication.)

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified

Tie-break Rule: Lower

Soil Taxonomy Classification—Boone County, Missouri

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

1/22/2017
Page 5 of 5



Physical Soil Properties

This table shows estimates of some physical characteristics and features that
affect soil behavior. These estimates are given for the layers of each soil in the
survey area. The estimates are based on field observations and on test data for
these and similar soils.

Depth to the upper and lower boundaries of each layer is indicated.

Particle size is the effective diameter of a soil particle as measured by
sedimentation, sieving, or micrometric methods. Particle sizes are expressed as
classes with specific effective diameter class limits. The broad classes are sand,
silt, and clay, ranging from the larger to the smaller.

Sand as a soil separate consists of mineral soil particles that are 0.05 millimeter
to 2 millimeters in diameter. In this table, the estimated sand content of each soil
layer is given as a percentage, by weight, of the soil material that is less than 2
millimeters in diameter.

Silt as a soil separate consists of mineral soil particles that are 0.002 to 0.05
millimeter in diameter. In this table, the estimated silt content of each soil layer is
given as a percentage, by weight, of the soil material that is less than 2
millimeters in diameter.

Clay as a soil separate consists of mineral soil particles that are less than 0.002
millimeter in diameter. In this table, the estimated clay content of each soil layer
is given as a percentage, by weight, of the soil material that is less than 2
millimeters in diameter.

The content of sand, silt, and clay affects the physical behavior of a soil. Particle
size is important for engineering and agronomic interpretations, for determination
of soil hydrologic qualities, and for soil classification.

The amount and kind of clay affect the fertility and physical condition of the soil
and the ability of the soil to adsorb cations and to retain moisture. They influence
shrink-swell potential, saturated hydraulic conductivity (Ksat), plasticity, the ease
of soil dispersion, and other soil properties. The amount and kind of clay in a soil
also affect tillage and earthmoving operations.

Moist bulk density is the weight of soil (ovendry) per unit volume. Volume is
measured when the soil is at field moisture capacity, that is, the moisture content
at 1/3- or 1/10-bar (33kPa or 10kPa) moisture tension. Weight is determined after
the soil is dried at 105 degrees C. In the table, the estimated moist bulk density
of each soil horizon is expressed in grams per cubic centimeter of soil material
that is less than 2 millimeters in diameter. Bulk density data are used to compute
linear extensibility, shrink-swell potential, available water capacity, total pore
space, and other soil properties. The moist bulk density of a soil indicates the
pore space available for water and roots. Depending on soil texture, a bulk
density of more than 1.4 can restrict water storage and root penetration. Moist
bulk density is influenced by texture, kind of clay, content of organic matter, and
soil structure.
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Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a
saturated soil transmit water. The estimates in the table are expressed in terms
of micrometers per second. They are based on soil characteristics observed in
the field, particularly structure, porosity, and texture. Saturated hydraulic
conductivity (Ksat) is considered in the design of soil drainage systems and
septic tank absorption fields.

Available water capacity refers to the quantity of water that the soil is capable of
storing for use by plants. The capacity for water storage is given in inches of
water per inch of soil for each soil layer. The capacity varies, depending on soil
properties that affect retention of water. The most important properties are the
content of organic matter, soil texture, bulk density, and soil structure. Available
water capacity is an important factor in the choice of plants or crops to be grown
and in the design and management of irrigation systems. Available water
capacity is not an estimate of the quantity of water actually available to plants at
any given time.

Linear extensibility refers to the change in length of an unconfined clod as
moisture content is decreased from a moist to a dry state. It is an expression of
the volume change between the water content of the clod at 1/3- or 1/10-bar
tension (33kPa or 10kPa tension) and oven dryness. The volume change is
reported in the table as percent change for the whole soil. The amount and type
of clay minerals in the soil influence volume change.

Linear extensibility is used to determine the shrink-swell potential of soils. The
shrink-swell potential is low if the soil has a linear extensibility of less than 3
percent; moderate if 3 to 6 percent; high if 6 to 9 percent; and very high if more
than 9 percent. If the linear extensibility is more than 3, shrinking and swelling
can cause damage to buildings, roads, and other structures and to plant roots.
Special design commonly is needed.

Organic matter is the plant and animal residue in the soil at various stages of
decomposition. In this table, the estimated content of organic matter is expressed
as a percentage, by weight, of the soil material that is less than 2 millimeters in
diameter. The content of organic matter in a soil can be maintained by returning
crop residue to the soil.

Organic matter has a positive effect on available water capacity, water infiltration,
soil organism activity, and tilth. It is a source of nitrogen and other nutrients for
crops and soil organisms.

Erosion factors are shown in the table as the K factor (Kw and Kf) and the T
factor. Erosion factor K indicates the susceptibility of a soil to sheet and rill
erosion by water. Factor K is one of six factors used in the Universal Soil Loss
Equation (USLE) and the Revised Universal Soil Loss Equation (RUSLE) to
predict the average annual rate of soil loss by sheet and rill erosion in tons per
acre per year. The estimates are based primarily on percentage of silt, sand, and
organic matter and on soil structure and Ksat. Values of K range from 0.02 to
0.69. Other factors being equal, the higher the value, the more susceptible the
soil is to sheet and rill erosion by water.

Erosion factor Kw indicates the erodibility of the whole soil. The estimates are
modified by the presence of rock fragments.

Erosion factor Kf indicates the erodibility of the fine-earth fraction, or the material
less than 2 millimeters in size.
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Erosion factor T is an estimate of the maximum average annual rate of soil
erosion by wind and/or water that can occur without affecting crop productivity
over a sustained period. The rate is in tons per acre per year.

Wind erodibility groups are made up of soils that have similar properties affecting
their susceptibility to wind erosion in cultivated areas. The soils assigned to
group 1 are the most susceptible to wind erosion, and those assigned to group 8
are the least susceptible. The groups are described in the "National Soil Survey
Handbook."

Wind erodibility index is a numerical value indicating the susceptibility of soil to
wind erosion, or the tons per acre per year that can be expected to be lost to
wind erosion. There is a close correlation between wind erosion and the texture
of the surface layer, the size and durability of surface clods, rock fragments,
organic matter, and a calcareous reaction. Soil moisture and frozen soil layers
also influence wind erosion.

Reference:
United States Department of Agriculture, Natural Resources Conservation
Service. National soil survey handbook, title 430-VI. (http://soils.usda.gov)
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Report—Physical Soil Properties

Three values are provided to identify the expected Low (L), Representative Value (R), and High (H).

Physical Soil Properties–Boone County, Missouri

Map symbol
and soil name

Depth Sand Silt Clay Moist
bulk

density

Saturated
hydraulic

conductivity

Available
water

capacity

Linear
extensibility

Organic
matter

Erosion
factors

Wind
erodibility

group

Wind
erodibility

index
Kw Kf T

In Pct Pct Pct g/cc micro m/sec In/In Pct Pct

50002—
Keswick-
Urban land
complex, 5 to
9 percent
slopes

Keswick 0-7 30-39- 45 30-37- 50 22-25- 27 1.45-1.48
-1.50

4.00-9.00-14.00 0.17-0.20-0.
22

3.0- 4.5- 5.9 1.0- 1.5-
2.0

.32 .32 3 6 48

7-20 20-25- 35 25-31- 40 35-44- 60 1.55-1.58
-1.60

0.42-1.00-1.40 0.11-0.13-0.
15

6.0- 7.5- 8.9 0.1- 1.0-
1.0

.24 .24

20-60 15-23- 30 30-38- 45 30-40- 40 1.60-1.68
-1.75

0.40-0.90-1.40 0.12-0.14-0.
16

4.5- 6.3- 7.5 0.1- 0.3-
0.5

.32 .32

Urban land — — — — — — — — —

60025—Urban
land-
Harvester
complex, 2 to
9 percent
slopes

Urban land — — — — — — — — —

Harvester 0-7 1- 4- 10 55-73- 75 18-23- 27 1.40-1.50
-1.60

4.00-9.00-14.00 0.10-0.15-0.
20

0.1- 1.5- 2.9 0.5- 0.5-
1.0

.55 .55 5 6 48

7-31 1- 3- 10 50-67- 75 25-30- 35 1.35-1.48
-1.60

1.40-3.00-4.00 0.10-0.15-0.
20

3.0- 4.5- 5.9 0.1- 0.5-
1.0

.49 .49

31-80 15-24- 30 30-46- 60 25-30- 35 1.35-1.43
-1.50

1.40-3.00-4.00 0.12-0.14-0.
16

3.0- 4.5- 5.9 0.1- 0.4-
1.0

.37 .37
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Physical Soil Properties–Boone County, Missouri

Map symbol
and soil name

Depth Sand Silt Clay Moist
bulk

density

Saturated
hydraulic

conductivity

Available
water

capacity

Linear
extensibility

Organic
matter

Erosion
factors

Wind
erodibility

group

Wind
erodibility

index
Kw Kf T

In Pct Pct Pct g/cc micro m/sec In/In Pct Pct

99001—Water

Water — — — — — — — — —

Data Source Information

Soil Survey Area: Boone County, Missouri
Survey Area Data: Version 21, Sep 28, 2016
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Engineering Properties

This table gives the engineering classifications and the range of engineering
properties for the layers of each soil in the survey area.

Hydrologic soil group is a group of soils having similar runoff potential under
similar storm and cover conditions. The criteria for determining Hydrologic soil
group is found in the National Engineering Handbook, Chapter 7 issued May
2007(http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?
content=17757.wba). Listing HSGs by soil map unit component and not by soil
series is a new concept for the engineers. Past engineering references contained
lists of HSGs by soil series. Soil series are continually being defined and
redefined, and the list of soil series names changes so frequently as to make the
task of maintaining a single national list virtually impossible. Therefore, the
criteria is now used to calculate the HSG using the component soil properties
and no such national series lists will be maintained. All such references are
obsolete and their use should be discontinued. Soil properties that influence
runoff potential are those that influence the minimum rate of infiltration for a bare
soil after prolonged wetting and when not frozen. These properties are depth to a
seasonal high water table, saturated hydraulic conductivity after prolonged
wetting, and depth to a layer with a very slow water transmission rate. Changes
in soil properties caused by land management or climate changes also cause the
hydrologic soil group to change. The influence of ground cover is treated
independently. There are four hydrologic soil groups, A, B, C, and D, and three
dual groups, A/D, B/D, and C/D. In the dual groups, the first letter is for drained
areas and the second letter is for undrained areas.

The four hydrologic soil groups are described in the following paragraphs:

Group A. Soils having a high infiltration rate (low runoff potential) when
thoroughly wet. These consist mainly of deep, well drained to excessively
drained sands or gravelly sands. These soils have a high rate of water
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well
drained soils that have moderately fine texture to moderately coarse texture.
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay
layer at or near the surface, and soils that are shallow over nearly impervious
material. These soils have a very slow rate of water transmission.

Depth to the upper and lower boundaries of each layer is indicated.
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Texture is given in the standard terms used by the U.S. Department of
Agriculture. These terms are defined according to percentages of sand, silt, and
clay in the fraction of the soil that is less than 2 millimeters in diameter. "Loam,"
for example, is soil that is 7 to 27 percent clay, 28 to 50 percent silt, and less than
52 percent sand. If the content of particles coarser than sand is 15 percent or
more, an appropriate modifier is added, for example, "gravelly."

Classification of the soils is determined according to the Unified soil classification
system (ASTM, 2005) and the system adopted by the American Association of
State Highway and Transportation Officials (AASHTO, 2004).

The Unified system classifies soils according to properties that affect their use as
construction material. Soils are classified according to particle-size distribution of
the fraction less than 3 inches in diameter and according to plasticity index, liquid
limit, and organic matter content. Sandy and gravelly soils are identified as GW,
GP, GM, GC, SW, SP, SM, and SC; silty and clayey soils as ML, CL, OL, MH,
CH, and OH; and highly organic soils as PT. Soils exhibiting engineering
properties of two groups can have a dual classification, for example, CL-ML.

The AASHTO system classifies soils according to those properties that affect
roadway construction and maintenance. In this system, the fraction of a mineral
soil that is less than 3 inches in diameter is classified in one of seven groups
from A-1 through A-7 on the basis of particle-size distribution, liquid limit, and
plasticity index. Soils in group A-1 are coarse grained and low in content of fines
(silt and clay). At the other extreme, soils in group A-7 are fine grained. Highly
organic soils are classified in group A-8 on the basis of visual inspection.

If laboratory data are available, the A-1, A-2, and A-7 groups are further
classified as A-1-a, A-1-b, A-2-4, A-2-5, A-2-6, A-2-7, A-7-5, or A-7-6. As an
additional refinement, the suitability of a soil as subgrade material can be
indicated by a group index number. Group index numbers range from 0 for the
best subgrade material to 20 or higher for the poorest.

Percentage of rock fragments larger than 10 inches in diameter and 3 to 10
inches in diameter are indicated as a percentage of the total soil on a dry-weight
basis. The percentages are estimates determined mainly by converting volume
percentage in the field to weight percentage. Three values are provided to
identify the expected Low (L), Representative Value (R), and High (H).

Percentage (of soil particles) passing designated sieves is the percentage of the
soil fraction less than 3 inches in diameter based on an ovendry weight. The
sieves, numbers 4, 10, 40, and 200 (USA Standard Series), have openings of
4.76, 2.00, 0.420, and 0.074 millimeters, respectively. Estimates are based on
laboratory tests of soils sampled in the survey area and in nearby areas and on
estimates made in the field. Three values are provided to identify the expected
Low (L), Representative Value (R), and High (H).

Liquid limit and plasticity index (Atterberg limits) indicate the plasticity
characteristics of a soil. The estimates are based on test data from the survey
area or from nearby areas and on field examination. Three values are provided to
identify the expected Low (L), Representative Value (R), and High (H).

References:

American Association of State Highway and Transportation Officials (AASHTO).
2004. Standard specifications for transportation materials and methods of
sampling and testing. 24th edition.
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American Society for Testing and Materials (ASTM). 2005. Standard
classification of soils for engineering purposes. ASTM Standard D2487-00.
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Report—Engineering Properties

Absence of an entry indicates that the data were not estimated. The asterisk '*' denotes the representative texture; other
possible textures follow the dash. The criteria for determining the hydrologic soil group for individual soil components is
found in the National Engineering Handbook, Chapter 7 issued May 2007(http://directives.sc.egov.usda.gov/
OpenNonWebContent.aspx?content=17757.wba). Three values are provided to identify the expected Low (L),
Representative Value (R), and High (H).

Engineering Properties–Boone County, Missouri

Map unit symbol and
soil name

Pct. of
map
unit

Hydrolo
gic

group

Depth USDA texture Classification Pct Fragments Percentage passing sieve number— Liquid
limit

Plasticit
y index

Unified AASHTO >10
inches

3-10
inches

4 10 40 200

In L-R-H L-R-H L-R-H L-R-H L-R-H L-R-H L-R-H L-R-H

50002—Keswick-
Urban land
complex, 5 to 9
percent slopes

Keswick 50 C/D 0-7 Loam CL A-7-6, A-6 0- 0- 0 0- 0- 0 90-95-1
00

80-90-1
00

75-83-
90

60-70-
80

34-38
-42

15-17-1
9

7-20 Clay loam, clay CL, CH A-7-6 0- 0- 0 0- 0- 0 95-100-
100

90-100-
100

80-85-1
00

65-75-
95

45-56
-70

25-32-4
4

20-60 Clay loam, silty clay
loam

CL A-7-6, A-6 0- 0- 0 0- 0- 0 95-100-
100

90-100-
100

80-85-1
00

65-75-
95

39-49
-50

21-28-2
9

60025—Urban land-
Harvester complex,
2 to 9 percent
slopes

Harvester 40 C 0-7 Silt loam CL A-6 0- 0- 0 0- 0- 0 100-100
-100

100-100
-100

90-95-1
00

70-80-
90

28-33
-39

12-15-1
9

7-31 Silty clay loam, silt
loam

CL A-6, A-7-6 0- 0- 0 0- 0- 0 100-100
-100

100-100
-100

90-95-1
00

70-80-
95

35-41
-47

17-21-2
5

31-80 Silty clay loam, clay
loam

CL A-6, A-7-6 0- 0- 0 0- 0- 0 100-100
-100

95-100-
100

90-95-
95

70-80-
90

35-41
-47

17-21-2
5
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Data Source Information

Soil Survey Area: Boone County, Missouri
Survey Area Data: Version 21, Sep 28, 2016
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Chemical Soil Properties

This table shows estimates of some chemical characteristics and features that
affect soil behavior. These estimates are given for the layers of each soil in the
survey area. The estimates are based on field observations and on test data for
these and similar soils.

Depth to the upper and lower boundaries of each layer is indicated.

Cation-exchange capacity is the total amount of extractable cations that can be
held by the soil, expressed in terms of milliequivalents per 100 grams of soil at
neutrality (pH 7.0) or at some other stated pH value. Soils having a low cation-
exchange capacity hold fewer cations and may require more frequent
applications of fertilizer than soils having a high cation-exchange capacity. The
ability to retain cations reduces the hazard of ground-water pollution.

Effective cation-exchange capacity refers to the sum of extractable cations plus
aluminum expressed in terms of milliequivalents per 100 grams of soil. It is
determined for soils that have pH of less than 5.5.

Soil reaction is a measure of acidity or alkalinity. It is important in selecting crops
and other plants, in evaluating soil amendments for fertility and stabilization, and
in determining the risk of corrosion.

Calcium carbonate equivalent is the percent of carbonates, by weight, in the
fraction of the soil less than 2 millimeters in size. The availability of plant nutrients
is influenced by the amount of carbonates in the soil.

Gypsum is expressed as a percent, by weight, of hydrated calcium sulfates in the
fraction of the soil less than 20 millimeters in size. Gypsum is partially soluble in
water. Soils that have a high content of gypsum may collapse if the gypsum is
removed by percolating water.

Salinity is a measure of soluble salts in the soil at saturation. It is expressed as
the electrical conductivity of the saturation extract, in millimhos per centimeter at
25 degrees C. Estimates are based on field and laboratory measurements at
representative sites of nonirrigated soils. The salinity of irrigated soils is affected
by the quality of the irrigation water and by the frequency of water application.
Hence, the salinity of soils in individual fields can differ greatly from the value
given in the table. Salinity affects the suitability of a soil for crop production, the
stability of soil if used as construction material, and the potential of the soil to
corrode metal and concrete.

Sodium adsorption ratio (SAR) is a measure of the amount of sodium (Na)
relative to calcium (Ca) and magnesium (Mg) in the water extract from saturated
soil paste. It is the ratio of the Na concentration divided by the square root of
one-half of the Ca + Mg concentration. Soils that have SAR values of 13 or more
may be characterized by an increased dispersion of organic matter and clay
particles, reduced saturated hydraulic conductivity and aeration, and a general
degradation of soil structure.
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Report—Chemical Soil Properties

Chemical Soil Properties–Boone County, Missouri

Map symbol and soil name Depth Cation-
exchange
capacity

Effective
cation-

exchange
capacity

Soil reaction Calcium
carbonate

Gypsum Salinity Sodium
adsorption

ratio

In meq/100g meq/100g pH Pct Pct mmhos/cm

50002—Keswick-Urban land
complex, 5 to 9 percent slopes

Keswick 0-7 20-25 6.0-15 4.5-7.3 0 0 0.0-2.0 0

7-20 18-36 18-35 4.5-6.0 0 0 0.0-2.0 0

20-60 18-36 18-35 4.5-6.5 0 0 0.0-2.0 0

Urban land — — — — — — — —

60025—Urban land-Harvester
complex, 2 to 9 percent slopes

Urban land — — — — — — — —

Harvester 0-7 18-28 13-23 5.1-7.3 0 0 0.0-2.0 0

7-31 18-28 13-23 5.1-7.3 0 0 0.0-2.0 0

31-80 14-22 10-17 5.1-7.3 0 0 0.0-2.0 0

99001—Water

Water — — — — — — — —

Data Source Information

Soil Survey Area: Boone County, Missouri
Survey Area Data: Version 21, Sep 28, 2016
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Boone County, Missouri 39

available in the “Soil Properties” section and under the
heading “Classification of the Soils.”

Minor Components

Winfield and similar soils

Estimated percent of the map unit: 0 to 10 percent
Slope range: 5 to 9 percent
Landform: Summits on hills

Menfro silty clay loam and similar soils

Estimated percent of the map unit: 0 to 5 percent
Slope range: 3 to 9 percent
Landform: Summits on hills

60025—Urban land-Harvester complex, 2
to 9 percent slopes

Map Unit Setting

Landform: Ridges on uplands

Component Description

Urban land

Percent of the map unit: 60 percent

Harvester

Percent of the map unit: 35 percent
Position on the landform: Summits
Parent material: Fine-silty loess
Slope shape: Concave

Component Properties and Qualities

Depth to bedrock: Very deep (more than 60 inches)
Runoff rate: High

Component Hydrologic Properties

Flooding: None
Current depth to water table: More than 6 feet
Drainage class: Moderately well drained

Typical Profile

C1—0 to 6 inches; silty clay loam
C2—6 to 30 inches; silty clay loam
2C3—30 to 60 inches; clay loam

Detailed descriptions of specific horizons are
available in the “Soil Properties” section and under the
heading “Classification of the Soils.”

Minor Components

Keswick and similar soils

Estimated percent of the map unit: 0 to 3 percent

Slope range: 5 to 9 percent
Landform: Backslopes on hills

Mexico and similar soils

Estimated percent of the map unit: 0 to 2 percent
Slope range: 1 to 3 percent
Landform: Interfluves on hills

60026—Weller silt loam, bench, 2 to 5
percent slopes

Map Unit Setting

Landform: Benches on uplands (fig. 14)

Component Description

Weller

Percent of the map unit: 85 percent
Parent material: Loess
Slope shape: Concave

Component Properties and Qualities

Depth to bedrock: Very deep (more than 60 inches)
Runoff rate: High
Depth to restrictive feature: Abrupt textural change—6

to 14 inches

Component Hydrologic Properties

Flooding: None
Current depth to water table: 24 to 48 inches
Drainage class: Moderately well drained

Typical Profile

Ap—0 to 8 inches; silt loam
Bt—8 to 16 inches; silty clay
Btg1—16 to 54 inches; silty clay loam
2Btg2—54 to 60 inches; silt loam

Detailed descriptions of specific horizons are
available in the “Soil Properties” section and under the
heading “Classification of the Soils.”

Minor Components

Auxvasse and similar soils

Estimated percent of the map unit: 0 to 10 percent
Slope range: 0 to 3 percent
Landform: Treads on stream terraces

Winfield and similar soils

Estimated percent of the map unit: 0 to 5 percent
Slope range: 2 to 5 percent
Landform: Summits on hills

choglund
Rectangle



24 Soil Survey of

Table 4 gives the acreage and proportionate extent
of each map unit. Other tables (see Contents) give
properties of the soils and the limitations, capabilities,
and potentials for many uses. The Glossary defines
many of the terms used in describing the soils or
miscellaneous areas.

50000—Adco silt loam, 0 to 2 percent
slopes

Map Unit Setting

Landform: Ridges on uplands

Component Description

Adco

Percent of the map unit: 90 percent
Position on the landform: Summits
Parent material: Loess over pedisediment
Slope shape: Convex

Component Properties and Qualities

Depth to bedrock: Very deep (more than 60 inches)
Runoff rate: Very high
Depth to restrictive feature: Abrupt textural change—9

to 18 inches

Component Hydrologic Properties

Flooding: None
Current depth to water table: 12 to 30 inches
Drainage class: Somewhat poorly drained

Typical Profile

Ap—0 to 9 inches; silt loam
E—9 to 16 inches; silt loam
Btg1—16 to 28 inches; silty clay
Btg2—28 to 49 inches; silty clay
2BCg—49 to 60 inches; silty clay loam

Detailed descriptions of specific horizons are
available in the “Soil Properties” section and under the
heading “Classification of the Soils.”

Minor Components

Putnam and similar soils

Estimated percent of the map unit: 0 to 5 percent
Slope range: 0 to 2 percent
Landform: Interfluves on till plains

Mexico and similar soils

Estimated percent of the map unit: 0 to 5 percent
Slope range: 1 to 3 percent
Landform: Interfluves on hills

50001—Armstrong loam, 5 to 9 percent
slopes, eroded

Map Unit Setting

Landform: Hills on uplands

Component Description

Armstrong

Percent of the map unit: 80 percent
Position on the landform: Backslopes
Parent material: Loess over till
Slope shape: Convex

Component Properties and Qualities

Depth to bedrock: Very deep (more than 60 inches)
Runoff rate: Very high

Component Hydrologic Properties

Flooding: None
Current depth to water table: 12 to 36 inches
Drainage class: Somewhat poorly drained

Typical Profile

Ap—0 to 5 inches; loam
2Bt1—5 to 11 inches; clay loam
2Bt2—11 to 31 inches; clay
2Btg—31 to 70 inches; clay loam

Detailed descriptions of specific horizons are
available in the “Soil Properties” section and under the
heading “Classification of the Soils.”

Minor Components

Keswick and similar soils

Estimated percent of the map unit: 0 to 15 percent
Slope range: 5 to 9 percent
Landform: Backslopes on hills

Leonard and similar soils

Estimated percent of the map unit: 0 to 10 percent
Slope range: 2 to 6 percent
Landform: Head slopes on till plains

50002—Keswick-Urban land complex, 5
to 9 percent slopes

Map Unit Setting

Landform: Hills on uplands

Component Description

Keswick

Percent of the map unit: 50 percent

choglund
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Parent material: Loess over clayey till
Slope shape: Convex

Component Properties and Qualities

Depth to bedrock: Very deep (more than 60 inches)
Runoff rate: Very high

Component Hydrologic Properties

Flooding: None
Current depth to water table: 12 to 36 inches
Drainage class: Moderately well drained

Typical Profile

Ap—0 to 7 inches; silt loam
2Bt—7 to 20 inches; clay
2Btg—20 to 60 inches; clay loam

Detailed descriptions of specific horizons are
available in the “Soil Properties” section and under the
heading “Classification of the Soils.”

Urban land (fig. 9)

Percent of the map unit: 40 percent

Minor Components

Leonard and similar soils

Estimated percent of the map unit: 0 to 5 percent
Slope range: 2 to 6 percent
Landform: Head slopes on till plains

Armstrong and similar soils

Estimated percent of the map unit: 0 to 5 percent
Slope range: 5 to 9 percent

50003—Mexico silt loam, 1 to 3 percent
slopes

Map Unit Setting

Landform: Ridges on uplands

Component Description

Mexico

Percent of the map unit: 80 percent
Position on the landform: Summits
Parent material: Loess over pedisediment
Slope shape: Linear

Component Properties and Qualities

Depth to bedrock: Very deep (more than 60 inches)
Runoff rate: Very high

Depth to restrictive feature: Abrupt textural change—6
to 14 inches

Component Hydrologic Properties

Flooding: None
Current depth to water table: 12 to 30 inches
Drainage class: Somewhat poorly drained

Typical Profile

Ap—0 to 7 inches; silt loam
E—7 to 10 inches; silt loam
BE—10 to 13 inches; silty clay loam
Btg—13 to 27 inches; silty clay
2Btg—27 to 60 inches; silty clay loam

Detailed descriptions of specific horizons are
available in the “Soil Properties” section and under the
heading “Classification of the Soils.”

Minor Components

Putnam and similar soils

Estimated percent of the map unit: 0 to 10 percent
Slope range: 0 to 2 percent
Landform: Interfluves on till plains

Adco and similar soils

Estimated percent of the map unit: 0 to 8 percent
Slope range: 0 to 2 percent
Landform: Interfluves on uplands

Leonard and similar soils

Estimated percent of the map unit: 0 to 2 percent
Slope range: 2 to 6 percent
Landform: Head slopes on till plains

50004—Mexico silt loam, 1 to 3 percent
slopes, eroded

Map Unit Setting

Landform: Ridges on uplands

Component Description

Mexico

Percent of the map unit: 80 percent
Position on the landform: Summits
Parent material: Loess over pedisediment
Slope shape: Convex

Component Properties and Qualities

Depth to bedrock: Very deep (more than 60 inches)



 

 

APPENDIX S – FIELD LOGBOOK
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