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The United States Forest Service desires to build a 2,700 acre surface water
reservoir by constructing a dam to impound water on Oakohay Creek in Smith County,
Mississippi. A previous study from 2007 deemed the proposed location based on the
hydrologic and geologic characteristics. The reinvestigation study objectives focused on
the site’s hydrology and geology. The hydrologic study was accomplished by developing
daily water storage models for the proposed reservoir. Archived data from the Southern
Regional Climate Center were used in the models. The geologic study evaluated the
Glendon Limestone through field surveying, ground penetrating radar, sonic rig drilling,
surface water quantity measurements, and surface water quality analysis. A dedicated
stream monitoring station was installed along the banks of Oakohay Creek. ArcGIS
9.3.1 and Microsoft Excel were used to support the objectives. Results from the study

suggest that the proposed site location is suitable for reservoir development.
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CHAPTER I

INTRODUCTION

The purpose of this study was to reevaluate the Oakohay Creek watershed, Smith
County, Mississippi, for the feasibility of constructing a multi-purpose surface water
reservoir. This feasibility study follows in the footsteps of a previous study:
Hydrogeologic Assessment of a Proposed Reservoir Site, Smith County, Mississippi by
Jason Mcllwain, 2007. In the 2007 study the reservoir site was deemed not suitable
based on the hydrologic and geologic characteristics. Due to the major impact the
development of a reservoir would have on the economy a reevaluation study was
conducted in order to evaluate two of the three reasons why the reservoir site was deemed
not suitable in the previous study. The two items being revaluated for the proposed
reservoir project are hydrology and geology.

Monetary benefits is a reason why the reservoir project has been proposed
because revenues from the reservoir could be used to the improve Smith County’s roads
and schools (Ballweber and Stiel, 2005). The tax base model of the proposed reservoir is
being based off a reservoir, Tellico Lake, located southwest of Knoxville, Tennessee that
was constructed in 1976. Smith County is in need of additional revenues due to the
Bienville National Forest having decreased timber sales (Ballweber and Stiel, 2005). The
completed project is expected to be a major source of revenue, generating an estimated
183 million dollars through residential and recreational activities, including business and

infrastructure development (Ballweber and Tagert, 2008).
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Evaluating the proposed reservoir’s hydrology and geology were the two
objectives. The first objective was a hydrologic study that evaluated the proposed
reservoir’s daily water storage. This was accomplished by developing daily water
storage models. Historical evaporation and precipitation data archived at the Southern
Regional Climate Center were used to develop the models. The second objective was a
geologic study which focused on the state of the limestone in the Glendon Formation
within the reservoir footprint area. The geologic study was accomplished by: field
surveys, ground penetrating radar, sonic rig drilling, surface water quantity
measurements, and surface water quality analysis. A dedicated stream monitoring station
was installed along the banks of Oakohay Creek. ArcGIS 9.3.1 with Spatial Analyst and
Microsoft Excel were used to support the objectives.

Oakohay Creek (pronounced “Cohay” locally) is one of three principal streams in
Smith County and is responsible for draining approximately 31 percent or 202 square
miles (Luper, 1972). The location of the proposed dam is due north of the intersection of
Oakohay Creek and Little Oakohay Creek. Water would be impounded at the 400 foot
contour line within the Oakohay Creek watershed. Surface area of the reservoir would be
2,689 acres and a drainage basin of about 21,890 acres making it the largest reservoir in
Smith County. The majority of the reservoir site is located on Bienville National Forest
while the remaining property is privately owned. The Oakohay Creek proposed reservoir
project is a joint interest project managed by the Mississippi Water Resources Research
Institute. The project is funded by the United States Forest Service for the Bienville
Resources and Development Council which is an interlocal agency that includes Smith,

Jasper, Rankin, and Simpson counties (Ballweber and Tagert, 2008).
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CHAPTER II

SETTING

Location and Population

As seen in Figure 1, the study area is located in Smith County, Mississippi, USA,
which is located in the southeastern part of the state. The population of Smith County in
2007 was recorded as 16,009 (SCEDD, 2011). The proposed reservoir location by way
of state and county roads is approximately 50 miles southeast of Jackson, Mississippi, the
capital of Mississippi, and 120 miles south of Starkville, Mississippi, location of
Mississippi State University. In 1833, the Smith County was named after Major David
Smith (SCEDD, 2011). The area of the county measures 635 square miles (406,500
acres) and has a maximum north-south boundary of 30 miles and a maximum east-west
boundary of 24 miles (Thornton, 2001; Luper, 1972).

Smith County is made up of five municipalities, they include: Taylorsville,
Polkville, Mize, Sylvarena, and Raleigh which serves as the county seat. Raleigh was
originally named Indian Springs before it was renamed after Sir Walter Raleigh (Perry,
1976). Raleigh currently has a population of 1,230 people and is the municipality closest
to the proposed reservoir (SCEDD, 2011). The proposed reservoir by way of road is
located approximately 6 miles northwest of Raleigh. Figure 2 is a map of the proposed
reservoir site which is located 1 2 miles west of State Highway 35 and 2 miles north of
State Highway 18. State Highway 18 and State Highway 35 intersect in Raleigh,

Mississippi.
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Land Use

Figure 3, inside the blue line, shows how the vast majority of the land located
within the reservoir footprint area is forested. The Bienville National Forest is majority
of this forest and is used for timber farming. The Bienville National Forest’s area is
72,623 acres or about 28 percent of the total area of Smith County. Approximately 77
percent of Smith County is covered in loblolly short leaf pine in the uplands and oak,
hickory, gum, and cypress in the bottom lands. Timber is typically harvested for use as
lumber, paper, fiberboard, and plywood products. The remaining property that is not
used for timber production is used for cultivated crops (3%), pasture land and hay (19%)
and poultry farms (1%). Approximately ten years ago there were about 250 poultry
farms located throughout the county that raised about 96 million broilers each year
(Thornton, 2001). Poultry farmers use their chicken waste, litter, to fertilize fields
(Mcllwain, 2007). This practice may potentially have a negative impact on the proposed
reservoir water quality due to the high amounts of contaminants that could be transported

into the reservoir via storm water runoff.
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Figure 3 Aerial map of proposed reservoir
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Mineral Resources

Smith County has mineral resources such as: sand, gravel, clay, limestone, oil,
and gas (Thornton, 2001). Bentonite clay from the Bucatunna Clay member of the
Vicksburg Group was previously mined % to 1 mile due west of the intersection of
Yellow Bill Creek and Oakohay Creek. Bentonite that was mined had an average
thickness of about 3 2 feet and was mined from between the ledges of the Glendon
limestone (Luper, 1972). Limestone in Smith County was mined from the Glendon
Member of the Vicksburg Group to produce agricultural lime (Thornton, 2001). The
limestone could also be used to produce cement (Luper, 1972). The mine closest to the
study area was located about 1 mile southeast of Sylvarena, Mississippi. Four oil and gas
fields are located in Smith County (Thornton, 2001). There are two oil fields near the
study area. Boykin Church Field is located approximately 1 to 1 %2 miles to the west of
the study area. Boykin Church Field is located in Sections 16 and 17 of Township 2
North, Range 7 East. Raleigh Oil Field is the other oil field. It is currently active and is
located approximately 7 miles south of the proposed reservoir dam location in Sections

27,28, 29, 33, and 34, of Township 2 North, and Range 7 East (Luper, 1972).

Physiography

Mississippi is part of the lowland area adjacent to the Gulf of Mexico known
physiographically as the Gulf Coastal Plain Province (Wax, 2006). Smith County is
located in the East Gulf Coast Plain Section which is comprised of three of the twelve
subdivisions that are found in Mississippi. The three subdivisions are the Jackson Prairie,
the Vicksburg Hills, and the Piney Woods (Luper, 1972). The study area is located in
both the Vicksburg Hills and the Piney Woods subdivision. The northern section of the
study area is located in the Vicksburg Hills subdivision. The Vicksburg Hills subdivision

8
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is 9 to 15 miles in width and runs in a northwest to southeast trend. Its terrain has gentle
slopes and is underlain by the Forest Hill Formation and the Vicksburg Group (Luper,
1972; Thornton, 2001). The Piney Woods subdivision encompasses the southern part of
the study area and makes up about 55 to 60 percent of Smith County. It is classified by
the Catahoula Formation, the Hattiesburg Formation, and the Citronelle Formation.
Fifteen to twenty percent of the Piney Woods Subdivision is comprised of the Leaf River,

Strong River, and Oakohay Creek terraces and floodplains (Thornton, 2001).

Topography

Smith County topography has three distinct features: upland areas, rolling hills,
and broad lowland areas. Oakohay Creek watershed is separated from the Leaf River
drainage basin by a distinct ridge that extends in a north-south direction for
approximately 12 miles with a maximum elevation of 600 feet. State Highway 35 and
the municipality of Raleigh are located upon this ridge. Oakohay Creek lowlands area
has a maximum width of 1 2 miles and an elevation of 350 feet (Luper, 1972). Oakohay
Creek flows southward into the Leaf River which drains into the Pascagoula River, and
into the Gulf of Mexico (Mcllwain, 2007).

The proposed reservoir dam, Figure 4, is located in the southwest quarter of
section 22, T3N, R7E, through Section 27, T3N, R7E, into the western edge of Section
26, T3N, R7E of the USGS Raleigh, Mississippi 1:24,000” scale topographic map
(Mcllwain, 2007). Reservoir footprint area at full capacity, 400’ contour line, would
extend ’2 mile north of State Highway 481 for a total distance of approximately 5 miles

north of the dam site.

www.manaraa.com



Legend e il Created April 4, 2011
[ Reservor Footprint 0 04 08 16 Projection: MSTM - NAD 23
Source Data: MARIS

Figure 4 USGS 1:24,000 topographic map of proposed reservoir
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Climate

Climate in Smith County, Mississippi is characterized by long, hot summers and
cool, short winters. Precipitation is generally heavy throughout the year and extended
periods of drought are rare (Thornton, 2001). These characteristics are controlled by the
North America landmass to the north, Gulf of Mexico to the south, and the state of
Mississippi subtropical latitudinal position. Mississippi climate is also connected
globally by phenomena such as El Nifio and La Nifia which can cause weather patterns to
differ from the norm due to rainfall and temperature variances, spurring tornadoes and
hurricanes (Wax, 2006).

The weather station located in Forest, Mississippi was used in the following
weather analysis. Forest, Mississippi is located about 20 miles north of the study area.
The data in Table 1 was obtained from the Southern Regional Climate Center. The center
provided a 30 year record, 1971 to 2000, of data for precipitation, maximum temperature,
minimum temperature, and mean temperature. The following data were obtained from
the monthly averages of the 30 year time span. Average precipitation amounts range
between 3.7 to 6.5 inches per month. Average maximum temperatures range between 57
to 91 degrees Fahrenheit. Average minimum temperatures range between 34 to 69
degrees Fahrenheit. Average temperatures range between 45 to 80 degrees Fahrenheit

(SRCC, 2011).

11

www.manaraa.com



Table 1 Thirty year mean climate data

Forest, Mississippi: Weather Station Data (1971-2000)

Variables Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
Average

Precipitation | 6.2 | 5.6 | 6.5 59 | 48 | 44 |56 | 43 |37 |37 | 54 | 58 61.94
(in.)

Maximum | 55\ 31 90 | 77 | 83 [ 89 |91 | o1 | 87 | 78 | 68 | 59 | 759
Temp. (°F)

Minimum |50 35 4y |50 | 59 | 65 | 69 | 68 | 63 | 51| 42 | 37 | 515
Temp. (°F)
Mea?og)emp' 45 |50 | 57 | 63 | 71 | 77 |80 | 80 | 75 | 64 | 55 | 48 | 637

Hydrology

As seen in Figure 5, Smith County has three main drainage basins. Strong River,
labeled as “17, is the western most basin and drains approximately 13 percent of Smith
County (88 square miles). Oakohay Creek is the primary basin in the study and is labeled
as “2”. It is the central drainage basin collecting about 31 percent of the county’s
drainage (202 square miles). Headwaters of Oakohay Creek develop in south-central
Scott County and flow in a southwesterly to southerly direction until 4 miles north of
Mize where the creek flows in a southerly direction until it exits Smith County. Leaf
River basin is the eastern most basin and is labeled as “3”, it drains about 46 percent of
the county (294 square miles). The remaining area of Smith County, estimated at about

10 percent, is drained by two minor basins (Luper, 1972).

12

www.manaraa.com



e g Miles Created April 23, 2011
= ok bt 0 05 1 2 Projection: MSTM - NAD 23
o Source Data; MARIS

Figure 5 Topographic map of drainage divides
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Geology

Figure 6 is a Mississippi Department of Environmental Quality map which
depicts the surface geology of Mississippi. The surface geology of Smith County is
pictorialized in Figure 7 while the surface geology of the study area is pictorialized in
Figure 8. The surface geology represented in Figure 7 and Figure 8 is as follows:
Hattiesburg Formation (light green), Catahoula Formation (brown), Vicksburg Group
(blue), Forest Hill Formation (olive green), Jackson Group (light blue), and the reservoir
footprint (grey). Ages of the surface geology are from the Neogene and Quaternary
systems and from the upper Eocene, Oligocene, Miocene, Pleistocene, and Recent series.
All of the surface geology are from sedimentary origin and are from both marine and
non-marine environments due to sea level cycles of transgression and regression (Luper,
1972). Due to the sea level cycles the lithologies are wide ranging: clay, silt, sand,
sandstone, marl, limestone, and siltstone. The following section on stratigraphy will
provide additional information.

The surface geology exposed is lenticular in shape and does not provide a
consistent bed for mapping exposed at the surface; therefore, the Glendon Limestone
subsurface map was used in order to obtain a structural analysis of the study area (Luper,
1972). A subsurface structure map, Figure 9, of the top of the Glendon Limestone from
the 1972 Mississippi Geological Survey Bulletin was scanned and overlaid onto a
1:24,000 USGS topographic map. The northern half of the reservoir is located where the
Glendon Formation outcrops. The contour lines of the Glendon Limestone can be seen in
the figure. By overlaying the topographic map and the historical Glendon Limestone
map in ArcGIS 9.3.1 allowed the study area’s dip to be estimated. The direction of dip is

southwest to south with a dip of approximately 25 feet per mile. Glendon Limestone
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strike was not determined from the map; however, the Moody’s Branch Marl that
underlies the Glendon Limestone has a regional strike of north 61° west in the central and
northern part of Smith County (Luper, 1972). The Glendon Limestone map was obtained
from electrical logs of test holes drilled by the Mississippi Geological Survey, core hole
tests drilled by private industry and oil wells. Data used to map the Glendon Limestone
also indicated there were no surface faults or shallow subsurface faults; however, deep
subsurface faults do exist in Smith County (Luper, 1972). The study area was located
south of the Pickens-Pollard Fault Zone. Two salt domes are present in Smith County but

neither are within the footprint of the reservoir.
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Figure 6 Surface geology map of Mississippi (MDEQ, 2011)
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Surface Geology Map of Smith County
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Figure 7 Surface geology map of Smith County, Mississippi
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Surface Geology Map of Proposed Reservoir
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Figure 8 Surface geology map of the proposed reservoir
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Glendon Structure Map

Figure 9 Glendon Limestone subsurface structure map with proposed reservoir
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Stratigraphy

Exposed stratigraphic units in Smith County are shown in Table 2. All exposed
strata are sedimentary deposits and range in age from the Eocene series to present day.
The total amount of exposed strata in Smith County is approximately 1350 feet and the
youngest strata are exposed in the southwestern section (Luper, 1972). Table 3 shows the
strata ranging in age from oldest to youngest are: Yazoo Formation of the Eocene Series;
the Forest Hill Formation of the Oligocene Series; the Vicksburg Group of the Oligocene
Series; the Catahoula Formation of the Miocene Series; the Hattiesburg Formation of the
Miocene Series; the Citronelle Formation of the Pleistocene Series; the terrace deposits of
the Pleistocene Series; and the alluvium of the Holocene Series (Thornton, 2001; Luper
1972). Only the Vicksburg Group of the Oligocene Series and its bounding units were of
concern in this study. Catahoula Formation of the Miocene Series is the upper bounding
unit and the Forest Hill Formation of the Oligocene Series is the lower bounding unit.

Forest Hill Formation of the Oligocene Series is the oldest unit in the study area
and it outcrops in the northern portion of the reservoir footprint. Cooke proposed the
name in 1918 to describe the unit above the Jackson Group and beneath the Vicksburg
Group (Luper, 1972). The outcrop area runs in a general direction across the study area
of northwest to southeast. Forest Hill outcrop sediments are weathered and consist of
“fine-grained micaceous sand and silty clay with thin beds of lignite, lignitic sands, and
carbonaceous clays” (Thornton, 2001). Lithologic character is described as “sand, gray
to light-gray, fine-grained, silty, micaceous, clay, dark-gray, carbonaceous, silty, thin
beds of lignite” (May 1974). The unit’s lithology suggests a change from a lower high

stand systems tract to an upper high stand system track with deltaic type depositions
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(Tew and Mancini, 1992). The unit is overlain by the unconformable Vicksburg Group

(Luper, 1972).

Stratigraphy of exposed strata in Smith County (Luper, 1972)
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Table 3 Mississippi Office of Geology Stratigraphic Column (Dockery, 2008)
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In 1848, Conrad, introduced the term Vicksburg Group. The Vicksburg group
consists of four formations, all of which are placed in the Oligocene Series. This group
outcrops across the middle portion of the reservoir and is comprised of four formations in
order from oldest to youngest: Mint Spring, Glendon, Byram, and Bucatunna (Luper,
1972). The Glendon Limestone is the formation of concern in the study due to the
potential for karst process that would affect the reservoir in a negative manner. The
Vicksburg Group unconformably overlies the Forest Hill Formation and is known as a
rock stratigraphic unit (Thornton, 2001).

Mint Spring is the oldest formation in this group and was named by C.W. Cooke
in 1918 after an outcrop on Mint Spring Bayou in Vicksburg, Mississippi. This
formation was deposited during a lower transgressive system tract and fines upwards.
The upper parts of this formation vertically and laterally gradationally change into the
Marianna Formation south of the study area (Tew and Mancini, 1992). Outcrops of this
formation in Smith County are rare due to its thin bedding, averaging 12 feet. Weathered
it is reddish-brown, sparsely glauconitic sand and in the subsurface it is “composed of
greenish-gray, fossiliferous, glauconitic, pyritic, sandy marl and greenish-gray,
fossiliferous, glauconitic, pyritic, sandy marl and greenish-gray, medium- to coarse-
grained, glauconitic, fossiliferous sand” (Luper, 1972).

The Glendon Limestone was named from outcrops in Clarke County, Alabama by
C.W. Cooke, 1917. Glendon Limestone in Smith County consists of hard limestone
ledges with interbedded marl and soft limestone. This formation is described as “gray
glauconitic arenaceous argillaceous and fossiliferous sediments (Luper, 1972). Glendon
Limestone is indurated because it is usually cemented, fossiliferous packstone and
grainstone; however, the marl is non-indurated because it consists of mudstones,
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wackestones, and argillaceous marls. The Formation is believed, due to authigenic
glauconite, to have been deposited during a high-system tract in a quiet marine setting
with slow sedimentation rates. Interbedding of limestone and marl in the strata reflect
regressive progradational highstand deposits of the depositional sequence. These
deposits represent relative sea level drop after maximum transgression (Tew and
Mancini, 1992). The Glendon Limestone is disconformable and is overlain by the Byram
Marl.

The Byram Marl has a conformable relationship with the Glendon Limestone;
therefore, sometimes the Glendon is referred to as part of the Byram Marl because it too
can be a glauconitic limestone, overlain by an argillaceous limestone or marl (Galloway
et. al, 1991). Byram Marl was deposited as part of the high-stand system tract and is
categorized as a type 2 sequence boundary capping the Glendon Limestone (Tew and
Mancini, 1992). At this time the rate of sea-level fall was less than the rate of basin
subsidence. Byram Marl was named by T.L. Casey in 1902 after outcrops in Hinds
County, Mississippi. This unit is described as a clay-marl, greenish-gray, glauconitic,
and fossiliferous. Exposures of this unit are rare in the study area due to thin bedding,
averaging 11 feet (Luper, 1972).

The Bucatunna Clay overlies the Byram Marl in a conformable manner. The
Byram Marl is the youngest formation in the Vicksburg Group and it consists of “dark-
gray to black micaceous sparingly fossiliferous silty finely carbonaceous clay to thin gray
clayey fossiliferous marl beds near Raleigh” (Luper, 1972). B.W. Blanpied and others
proposed the name for this unit in 1934. Outcrops of the Bucatunna Clay are rare in

Smith County due to weathering (Luper, 1972).
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A.C. Veatch in 1905 coined the name, Catahoula Formation, from the outcrops in
Catahoula Parish, Louisiana. The contact between the Byram Marl and the Catahoula
Formation is unconformable and part of the Miocene Series (Luper, 1972). However,
some dispute this statement and place the Catahoula Formation as part of the Oligocene
Series. This dispute is due to the formation containing no age-diagnostic fossils (Tew,
1992). The Catahoula Formation outcrops in the southern portion of the study area and is
defined by the sediments found above the Vicksburg Group and below the Hattiesburg
Formation. The Hattiesburg Formation is only present in the southwestern segment of
the County; therefore, it is not present in the study area. The Catahoula Formation has a
high degree of induration in outcrops due to kaolinization of clays and surficial
weathering (Li and Meylan, 1994). These sandstones are friable and unconsolidated in
the subsurface (Luper, 1972). The Catahoula Formation is fluvial in origin and
composed of sand, silt, kaolinite clay, with interbedded layers of sandstone (Li and
Meylan, 1994). “The sands are gray tan to buff fine- to medium-grained kaolinitic and
silty. The clays are gray buff tan and maroon in color locally lignitic and micaceous.
The silt and siltstones are light-gray white to tan and sandy in places” (Luper, 1972).

The Citronelle Formation of the Pleistocene Series, the terrace deposits of the
Pleistocene Series and alluvium deposits from recent times cover much of the
outcropping Catahoula Formation in the streams. Citronelle Formation consists of fine to
coarse grained sand, chert and quartz gravels with lenses of clay (Thornton, 2001). The
terrace deposits name was given to deposits that differ from the Citronelle Formation.
They are primarily found above the 400 foot contour mark and are comprised of sand,
gravel, and clays lenses. Alluvium deposits of the Quaternary System are extensively
found on lowland areas such as former flood plains and stream terraces (Thornton, 2001;
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Luper, 1972). Figure 10, modified from Li and Meylan, 1994 shows how erosion causes

sedimentary depositions in the streams and lowland areas. The figure is not to scale.

Figure 10 Schematic cross section of erosional deposits

Soils

A custom resource soil report was generated using the United States Department
of Agriculture, Natural Resource Conservation Service, Web Soil Survey. An area of
interest was selected using the Web Soil Survey. The area of interest selected generally
matches the basic shape and location of the proposed reservoir. Figure 11 defines the
area of interest for the soil report. Figure 12 is the legend for the area of interest. Table 4

lists the results for the area of interest. Five major soils in the area of interest are Boswell
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loam, Kirkville fine sandy loam, Savannah fine sandy loam, Stough fine sandy loam, and

Trebloc fine loam (USDA, 2011).

Cuesiom Soff Respunce Report
Soil

[

LR

¥ wrar

R

E Wy om0l 00 I prima e o JA57 ¢ H% abat s

= — Ll el

A i B a0 B0 o ) k
] 150 SOE0 .03 (11 ]

Figure 11 Area of interest
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Table 4 Results for the area of interest

Smith County, Mississippi (M5123)

Map Unit Symbol Map Unit Name Acres in ADI Percent of AOI
BaoB2 Boswell loam, 2 to § percent slopes, encded G681.2 16.4%
BaoC2 Boswell loam. 5 to 8 percent slopes, emcded 4406 10.8%
Ca Cahaba fine sandy loam, 0 to 2 percent slopes 48 0.1%
Je Jena fine sandy loam, cccasionally fiseded Q8.7 2.4%
Kr Kirkville fine sandy loam, occasionally flooded 5722 13.8%
Le Leeper clay loam, occasionally flooded 28.8 0.6%
OrB Crra fine sandy loam, 2 o 5 percent slopes 868.4 2.1%
FPa Pits-Udorthents complex 15.5 0.4%
Pré& Prentiss fine sandy loam, 0 to 2 percent slopes 7.2 0.2%
QuA Quitrnan fine sandy loam, 0 to 2 percent slopes, 64.8 1.6%
occasionally flooded
RuB Ruston fine sandy loam, 2 to 5 percent slopes 25 0.1%
Rul Rustom fine sandy loam. 5§ to B percent slopes 21.1 0.5%
SabB Savannah fine sandy loam, 2 to § percent slopes 3934 9.5%
Sac Savannah fine sandy loam, 5 to 8 percent slopes 148.8 3.5%
54D Smithdale fine sandy loam, & o 15 percent slopes 160.3 38%
SdF Smithdale fine sandy loam, 15 to 35 percent 221 0.5%
slopes
St Stough fine sandy loam, D fo 2 percent slopes, 855.8 15.8%
occasionally flicoded
SwB Sweatman fine sandy loam, 2 to 5 percent slopes 28 0.1%
Swi Sweatman fine sandy loam, 5 to 8 percent slopes 8.1 0.2%
Swh Sweatman fine sandy loam, 8 to 15 percent slopes 2741 G.6%
Tr Trebloc silt loam., frequently flooded 4452 10.8%
W Water 12.0 0.3%
Totals for Area of Interest 4.156.0 100.0%
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CHAPTER III

LITERATURE REVIEW

The research for the study focused on hydrology and geology at the location for
the Oakohay Creek proposed reservoir. More specifically the study focused on the
quantity of water available for impoundment and the ability of the impounded area to
retain water. Previous hydrologic and geologic studies have been performed locally as
well as in other locations in the southeastern United States. The study at hand focused
around previous research conducted by Mcllwain (2007). The previous study
investigated the same proposed reservoir location’s hydrologic, geologic, and water

quality conditions.

Hydrology

Boswell (1970) investigated water resources in Smith County as well as
surrounding counties. Luper (1972) provided information about hydrology in Smith
County, Mississippi. The reservoir hydrologic budget equation was proposed by the U.S.
Department of the Interior, Bureau of Reclamation (1985). The equation stated: change
in total storage = precipitation — evapotranspiration + or — runoff + or — underflow.
Domenico and Schwartz (1990) provide technical expertise on groundwater and surface
water interactions before and after the impoundment is created. T.C. Winter and others
have researched the interaction of surface water and groundwater. The majority of
research was conducted in the northern United States (Winter and others, 2000; Winter

and others, 1998; Mau and Winter, 1997, Winter and others, 1988; Winter and Carr,
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1984; and Winter, 1980, Winter, 1976). Topography, geology, hydrogeologic properties,
precipitation, and groundwater flow affect the interaction processes present within a basin
(Cey and others, 1998). Deming (2002) created a graphic representation of groundwater
and surface water relations. Also, Deming (2002) discussed the use of Hydrographs to
represent stream discharge over time. Schmitz and others (2004; 2005) presented a report
to Pickering and Associates with climatological water budgets, and chemical and physical
properties of the McCurtain Creek Watershed in Choctaw County, Mississippi. Rawlings
(2005) published a master’s thesis for a proposed reservoir that included information
about research methods for studying hydrology and geology in Choctaw County,

Mississippi.

Geology

Cooke (1918) published research that was conducted in Mississippi and Alabama
on the Glendon Formation and the units that are contained within including the Mint
Spring, Marianna, and Byram. MacNeil (1944) published information on the Oligocene
stratigraphy of the southeastern United States. Luper (1972) provided geological
information about Smith County through field reconnaissance and soil borings. Hazel
(1980) recategorized the Glendon Limestone Member of the Byram Marl to the Glendon
Formation of the Vicksburg Group. White (1988) created a graphic representation of
carrying capacity of generalized evolving underground drainage system with a
hydrograph. Also, White (1988) discussed hydrogeochemistry and the reaction of water,
calcite, and carbon dioxide. Tew (1992) researched the indurated and non-indurated
alternating beds of the Glendon Formation. Huddleston (1993) observed differences in

the Glendon Formation from Georgia to the Mississippi River. Water quality standards
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for Mississippi were published by the Mississippi Department of Environmental Quality

(MDEQ) Office of Pollution (2007). The numerical data for water quality standards and

exceedances are provided in tables 5 and 6. MDEQ (2000) provided water quality

assessment of three reservoirs in Smith County.

Table 5 State of Mississippi Water Quality Criteria for Intrastate, Interstate, and
Coastal Waters: Recreation Standards
Parameter Minimum Maximum Monthly
Average/Mean
400/100mL more | Mean of 200/100mL
i than 10% of the | based on a minimum
Fecal Coliform time. of 5 samples over
30-days with no less
than 12 hours
between individual
samples.
Specific
Conductance - 1,000 pmhos/cm -
Temperature ) 90°F i
Dissolved Soilds - 1,500mg/L 750mg/L
pH 6.0 s.u. 9.0 s.u. -
Dissolved Oxygen 4 mg/L - 5 mg/L
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Table 6 State of Mississippi Water Quality Criteria for Intrastate, Interstate, and

Coastal Waters (MDEQ, 2007): All Waters

Fresh Water Human Health (pg/L)
Parameter Acute Chronic Wate.r & Organisms Only
(ng/L) (ng/L) Organisms
Aldrin 3.0 0.00013 0.00014
Ammonia & & - -
Arsenic (III), Total £ £
Diosolued 340 150 J }
Arsenic, Total Dissolved 0.078 ! 24
Cadmium, Total 1,03 0.15 b 5 168
Dissolved
Chlordane 2.4 0.0043 0.0021 0.0022
Chlorine 19 11 - -
Chromium (Hex), Total 16 ° 1t 03 1470
Dissolved
Chromium (II), Total | 3,3 b 42 100 140468
Dissolved
Copper, Total Dissolved| 7.0 > 5.0°f 1000 1000
Cyanide 22.0 5.2 200 220000
4,4 DDT 1.1 0.001 0.00059 0.00059
Dieldrin 0.24 0.056 0.000135 0.000144
2,3,7,8 TCDD (Dioxin) 1.0 ppq ¢ 1.ppq*
alpha-Endolsulfan 0.22° 0.056 110" 240"
beta-Endosulfan 0.22° 0.056 110" 240"
Endosulfan Sulfate 0.22° 0.056 110" 240"
Endrin 0.086 0.036 0.76 .814
Heptachlor 0.52 0.0038 0.000208 0.000214
gamma-BHC (Lindane) 0.95 0.08 0.0186 0.0625
Lead, Total Dissolved 30 °F 1.18 > 15 -
Mercury (1), Total £
Dfs,ysglv)e . 2.1 0.012 i i
Mercury 0.151 0.153
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Table 6 (continued)

Ng‘iksilzgéal 260 b 29 b 607 4584
Phenol 300 102 300 300
Pentachlorophenol 8.7 6.7 0.28 8.2
PCB 1242 0.2 0.014
PCB 1254 0.2 0.014
PCB 1221 0.2 0.014
PCB 1232 0.2 0.014
PCB 1248 0.2 0.014
PCB 1260 0.2 0.014
PCB 1016 0.2 0.014
Total PCB - - 0.00035 0.00035
Selenium, Total 11.8af 46" 50 3365
Dissolved
Silver, Total b.f
Dissolved 0.98 ) 100 )
Toxaphene 0.73 0.0002 0.00073 0.00075
Zinc, Total Dissolved 65 > 65> 5000 5000

® Hardness dependent parameter. Criteria are indicated at hardness of 50 mg/1 as
CaCO3.

Equations for criteria calculation of hardness dependent parameters can be found in
Quality

Criteria for Water. The equation is applicable for instream hardness ranges from 25
mg/l to

400 mg/l. If instream hardness is less than 25 mg/l, then a hardness value of 25 mg/1
should be

used to calculate the criteria. If instream hardness is greater than 400 mg/1, then a
hardness of

400 mg/1 should be used to calculate the criteria.

4 Criteria for 2,3,7,8 TCDD based on a risk factor of one in one hundred thousand (10-
5).

" Parameter subject to water effects ratio equations where:

CMC = WER * Acute

CCC = WER * Chronic

£ Ammonia criteria are dependent on pH, temperature, and/or salinity

' Refers to the inorganic form only.

I Applies to the sum of a and B isomers.

¥ Applies to individual isomers of Endosulfan including a, B, and Endosulfan Sulfate.
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CHAPTER IV

STATEMENT OF PROBLEM

The United States Forest Service desires to build a surface water reservoir by
constructing a dam to impound water from Oakohay Creek. Due to the proposed
reservoir location two areas of concern arise. The concerns are hydrology and geology.
(1) The reservoir will be designed to maintain a full pool water level at the 400 foot
contour interval. There is concern about whether or not the creek could supply the
quantity of water needed to maintain the proposed reservoir’s water level. The influent
water source for the reservoir, Oakohay Creek, is approximately a zero baseflow stream.
Baseflow is seasonal flow from the sum of deep and shallow subsurface flow. (2) The
proposed reservoir footprint area would include a formation known as the Glendon
Limestone. The Glendon Limestone could pose to be a problem for reservoir water
retention if karst processes have formed features where water loss would occur. Three
potential negative scenarios are: connected conduits in the Glendon Formation would
never allow the reservoir to reach full pool, dissolution at the dam site causing dam
failure, or increased pressure head changes in the reservoir causing sediment filled

conduits to blow out, with flow bypassing the dam.

Hypothesis

The proposed site location on Oakohay Creek, Smith County, Mississippi is not
suitable for the development of a surface water reservoir based on the outcome of the

daily water storage models and the condition of the limestone in the Glendon Formation.
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Objectives

The study focuses on the two reasons why the proposed reservoir location was
deemed not suitable in a previous study. The two objectives of the study were to
reinvestigate the hydrology and geology of the proposed reservoir. The objectives will
study the problem through (1) developing daily water storage models for the proposed
reservoir and (2) studying the limestone in the Glendon Formation using a variety of

investigative techniques.
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CHAPTER V

METHODOLOGY

Investigation Overview

The two objectives of the study were to evaluate the proposed reservoir’s
hydrology and geology. The first objective, hydrologic study, was accomplished by
developing daily water storage models for the proposed reservoir. Several different
historical evaporation and precipitation data were used in the models. Software used to
complete this objective included ArcGIS 9.3.1 with Spatial Analyst capabilities and
Microsoft Excel (Figure 13). The second objective was accomplished through a geologic
study which focused on the Glendon Limestone within the reservoir footprint area.
Investigative techniques used on the Glendon Limestone include: field surveys, ground
penetrating radar, and sonic rig drilling. Data from surface water quantity measurements
and surface water quality analysis of Oakohay Creek, Little Oakohay Creek, and
Shongelo Creek, as well as ArcGIS 9.3.1 and Microsoft Excel, were used to complete this
objective. A dedicated stream water level indicator and rain gauge were installed along
the banks of Oakohay Creek to assist with stream monitoring. Global Positioning System
(GPS) waypoints were taken with a Garmin eTrex handheld GPS device. Latitudinal and
longitudinal coordinates as well as all other field data were recorded in the USFS Smith
County Reservoir “Rite in the Rain” field book. The results from the objectives suggest

that the proposed site location is suitable for reservoir development.
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Digital Elevation Model

Legend e — il m':‘mmm_*ﬁsﬁ‘:_ﬁﬂ ‘33
T — 0 D306 12 18 24 sttt

Figure 13 DEM for proposed reservoir
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Reservoir Daily Water Storage Models

The hydrologic study had three parts: creation of a digital elevation map (DEM)
using ArcGIS 9.3.1. with Spatial Analyst, collecting historical data, and creation of
reservoir daily water storage models. An ArcGIS 9.3.1 DEM was utilized to calculate the
proposed reservoir volume. Data from the Mississippi Automated Resource Information
System (MARIS) was used for DEM data. The cubic meters measurement produced by
the DEM was converted into acre-feet for use in the models. The drainage basin area, not
including the reservoir footprint area, was also calculated in acres.

Historical evaporation and precipitation data from 1961-2002 were obtained by
Mississippi State University personnel from the Southern Regional Climate Center. All
values were in Julian calendar form. Evaporation data (coefficient 0.8) from Starkville,
Mississippi and precipitation data from White Oak, Mississippi weather stations were
used. These locations were selected for evaporation and precipitation data because of
their proximity to the proposed reservoir and their quantity and quality of data. The
evaporation data had zero missing data points. The precipitation data had 141 missing
data points out of 14,965; however, data from the Mize and Raleigh weather stations
were used to fill in 74 missing data points. Therefore, data missing from the precipitation
record equaled less than 0.5 percent. Missing data were given a value of zero. Three
different precipitation data sets were created from the 1961-2002 data. The first data set
used the highest precipitation year (1973), the second data set used the lowest
precipitation year (1963), and the third data set used an average of all 42 years (1961-
2002). The data sets were used in reservoir daily water storage models.

Microsoft Excel was the software used in the development of the daily water

storage models for the proposed reservoir from historical data. The models start with the
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reservoir at full pool status which is equivalent to 129,100 acre-feet of water or a water
elevation of 400 feet above sea level. The models had nine columns for data. The first
column contained the day of the year in Julian calendar with the February 29" date
removed due to leap year. The second column contained the historical data. The
historical precipitation data and historical evaporation data for each correlating date were
subtracted from one another. This was done for the 1963, 1973, and 1961-2002 data sets.
For example, January 1, 1961 precipitation data were subtracted from January 1, 1961
evaporation data to equal the total amount of precipitation available for runoff or
infiltration. The third column multiplied the value from column two by a conversion
factor of 224 to convert the value in column two to represent the amount of water in acre-
feet the reservoir footprint would directly receive. The 224 number was derived from
dividing the total reservoir storage area 2,689 acres by 12 inches. The fourth column
multiplied the value from column two by a conversion factor of 1600 to convert the value
in column two to represent the amount of water in acre-feet the reservoir footprint would
directly receive. The 1600 number was derived from subtracting the total reservoir
storage area (2,689 acres) from the total basin storage area (21,890 acres) and then
dividing the product by 12 inches to get the total amount of water in acre-feet the basin
would indirectly receive excluding the lake footprint. Indirectly received water is runoff
water. The value from the total amount of water in acre-feet the basin would indirectly
receive excluding the lake footprint was then multiplied by a coefficient of 0.6 which
represented the percentage amount of runoff water that would be impounded by the
reservoir. The runoff value of 0.6 was given due to the site locations soil characteristics,
slope, urban development, and vegetative cover. Glenn Schwab and others (1996) book,
Soil and Water Management Systems was used as a reference. If the final value in
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column four was less than zero then the value in column four was equal to zero. The fifth
column, baseflow, was assumed as zero for all models. The sixth column, infiltration,
was the amount of water that would be lost inside the reservoir footprint area due to
seepage. Based on the soil type a value of 0.0023 feet per day was used. The seventh
column, outflow, was the amount of water the reservoir would have to discharge to
supply the downstream portion of Oakohay Creek below the dam. A value of five cubic
feet per second or 10 acre-feet per day was given to this column because the requirements
set forth by the Core of Engineers are not expected to exceed 5 cubic feet per second.

The eighth column, withdrawal, was the amount of water taken from the reservoir due to
commercial activities. A value zero was assumed due to no known commercial activities
in the area. The ninth column had an equation imbedded into it at which the reservoir
volume in acre-feet was added to by columns three, four, and five and subtracted from by
columns six, seven, and eight. The outcome of this equation was the daily water storage
volume of the reservoir. An example of the headers for each column is shown below,
Table 7. The daily water storage volume of the lake was displayed in a line graph.
Storage in acre-feet was the y-axis and days of the year were the x-axis. The model was
designed for further manipulations to be made once parameters such as infiltration,

outflow, and withdrawal for the reservoir are in place.

Table 7 Headers for columns in reservoir daily water storage models
Daily Cl::l?;- Clim-basin | Baseflow | Infiltration | Outflow | Withdrawal | Daily
Day (P- P- 10 A-
Avg P-E E*224) | E*1600%0.6 0 cfs .0023ft/day F/day 0 mgd storage
(Inches) | (A-F) (A-F) (A-F) (A-F) (A-F) (A-F) (A-F)
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Evaluation of the Glendon Limestone

Field Surveys

There were five parts to the objective: field surveys, ground penetrating radar,
sonic rig drilling, water quantity measurements, and water quality analysis. The field
surveys consisted of locating and observing outcrops and were conducted by personnel
from Pickering Firm (Jackson, MS) and Mississippi State University (Starkville, MS).
Geologic and topographic maps were used to locate potential features of interest. The
majority of the work was conducted within the reservoir footprint area. Outcrops and
potential karst features within and in the vicinity of the proposed reservoir footprint were

located in the field. Observations and GPS data were recorded in a table. Figure 14 is a

photograph of a field team during an investigation.

Figure 14  Field survey team and reconnaissance vehicle
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Ground Penetrating Radar

Ground penetrating radar (GPR) was conducted by TeaCo Geophysical (Utica,
MS) at two locations that had a high probability of having subsurface karst features.
Personnel from Pickering Firm and Mississippi State University were present during the
surveys. The Batte and James Taylor properties were found during the field survey by
Pickering Firm. The goal of this objective was to characterize the subsurface state of the
Glendon Limestone. Figure 15 shows equipment that was used in the study: SOMHz (not
shown), 100MHz, and 250MHz antennas, pulse EKKO Pro system sensors and software,
smart kart, and an integrated Novatel Differential Global Positioning System (DGPS)
unit. The DGPS collected point data on every 10™ trace and was accurate up to one
meter. Figure 16 shows the locations of where GPR was performed in relation to the

proposed reservoir.

Figure 15 GPR system, 100MHz and 250MHz antennas, and DGPS
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Figure 16  Aerial map for GPR work relative to proposed reservoir
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Sonic Rig Drilling

Sonic rig drilling was performed on the west side of the study area to validate the
GPR work, investigate previous boreholes drilled by Burns Cooley Dennis, Incorporated
during the Mcllwain study, and investigate areas Tellus Operating Group had reported
blind holes at during a 2005 - 2006 seismic study. Sample collection of subsurface
geologic material was performed by Walker-Hill Environmental (Foxworth, MS) through
the use of a 2009 Sonic Drill - SDC — 450 — 14, Figure 17. Representatives from
Mississippi State University and Pickering Firm were present during the drilling. Official
core logging records were created by Pickering Firm. Borings that experienced loss of
circulation had a 4 inch PVC pipe inserted into them. Bishops High Velocity Drain
Service (Pearl, MS) used a down hole digital video camera to investigate the reason for

the loss of circulation.

Figure 17 Sonic drill rig mobilizing for a new boring
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Surface Water Quantity Measurements

Mississippi State University personnel collected surface water quantity
measurements and water quality analysis. A dedicated stream water level indicator and
rain gauge (Figure 18) was installed to assist in coordinating sampling events. The
dedicated system was located at monitoring location A-8a. Equipment for the dedicated
system was installed on an 8 foot, 6x6 wooden post that was concreted in place. The
system includes: Morningstar SunSaver 6 solar controller, panel, battery, Teledyne ISCO
2150C telemetry modem, In-Situ Leveltroll 500 and a tipping bucket rain gauge. Figure
19 shows Oakohay Creek and the 2 inch perforated PVC pipe the Leveltroll is encased
inside. The system collected data at intervals of 15 minutes and pushed them to the web
hourly via a Verizon Wireless phone service to a secure Envault Corporation website.
Rainfall, stream level, and temperature data were collected. C.C. Lynch and Associates
(Pass Christian, MS) and Mississippi State University were both involved with the
installation and maintenance of the equipment as well as the website. Additionally at site
A-8a a stream pulley system was installed to assist with discharge measurement of
Oakohay Creek during extreme high flows. The system consisted of two 4x4 posts, one
on either side of the creek, concreted into the ground. The system called for a rope to be
strung across the stream channel from one post to another with a pulley system installed
to each post. This allowed for the rope with the Doppler stream profiler unit attached to
it to be pulled back and forth across the stream channel for discharge measurement
purposes. No bridge is present at site A-8.

Four people were needed during a sampling event. One team of two people was
used to collect surface water quality data such as: field water quality data and analytical

samples. Equipment used by the first team includes: TROLL 9500, RuggedReader, and
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all necessary items used for analytical sampling. The second team of two people
collected the surface water quantity measurements by using the ADP or conducting the
debris test. This team also collected stage data using a 200 foot tape measure.
Equipment used by this team included: the ADP, iPAQ pocket PC, and 200 foot tape

measure. All data were recorded in the USFS Smith County Reservoir “Rite in the Rain”

field book.

Figure 18  Rain gauge, interface module, battery, and solar panel
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Figure 19  Submerged pressure sensor probe incased in perforated PVC

Figure 20 and 21, aerial and topographic maps, show the locations where the
surface water quality and water quantity measurements were made. Three main drainage
basins with sampling locations in parentheses are: Little Oakohay Creek (B-1:B-3),
Oakohay Creek (A-1:A10, excluding A-8), and Shongelo Creek (C1:C6). Location A-8
was never monitored during the study due to access issues; therefore, A-8a was used
instead. Little Oakohay Creek and Shongelo Creek were monitored primarily to see if
water from the Oakohay Creek basin was making its way to the surrounding basins and
vice versa. Field equipment used for water quantity measurements included: Teledyne
Streampro acoustic doppler profiler (ADP) and a Bluetooth enabled HP iPAQ Pocket PC
with StreamPro ADCP software. The ADP uses eight AA batteries. The iPAQ Pocket
PC uses a rechargeable battery. Figure 22 shows the ADP and iPAQ unit at work in the

field at night. The photograph was taken from a bridge looking vertically down at the

creek.
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The ADP unit uses “bottom tracking” technology to efficiently and effectively
obtain the following information for the surface water stream: discharge (cubic
feet/second), velocity (feet/second), distance (feet), and area (square feet) (StreamPro
ADCP Operation Manual, 2008). Data were either obtained with three crossings of the
ADP across the width of the stream channel with <5% error or a count of eight crossings
with little regard to percent error values. The downstream portion of culverts and bridges
were utilized to pull the ADP across the width of the stream channel with a rope. Data
were collected and saved in the HP iPAQ Pocket PC until it could be downloaded. The
data were processed using a HP iPAQ Pocket PC docking station and manipulated with
Teledynes RDI’s WinRiver II software. Once the data were downloaded it was saved on
a personal computer (PC) in the office. Tables and graphs can be made from the data
with the WinRiver II software. Due to the ADP only working in a water depth range of 1
foot to 26 feet it is important to note that on occasion baseflow conditions did not permit
the use of the ADP. If that were the case a statistically significant estimation method
from Hanks and others (2003) was used, Figure 23. The method involves measuring the
width of the stream, calculating the average depth of the stream, and timing debris (i.e.
leaves) at a premeasured distance between 1 — 3 feet (Mcllwain, 2007). Stream discharge

can then be calculated from the data collected.
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Reservoir Footprint Miles Created April 13, 2011
Stream 0 05 1 2 Projection: MSTM - NAD 83

Source Data: MARIS

Figure 20  Aerial map with reservoir footprint and streams
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Reservoir Footprint Miles Created April 13, 2011
T o
! Projection: MSTM - NAD 83

— St
ream 0 05 1 2 Source Data: MARIS

Figure 21 Topographic map with reservoir footprint and streams
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Figure 22 Plan view of ADP and iPAQ in use

Stage data were taken at all surface water monitoring locations in order to create
stage-discharge hydrographs. A 200 foot tape measure had a one foot weighted PVC
pipe attached to it with a carbineer; therefore, all stage measurements had 1.3 feet added
to their reading. The weight was added to the tape measure in order to retrieve depth
measurements in flowing streams. Stage gauging points were clearly marked on the
middle of the upstream portion of the culverts or bridge railings and on an overhanging
tree for site A-8a due to no bridge being present. A nail hammered into a tree was used at
A-8a. Stage data were collected at the beginning of sampling a location and was usually
taken at the end of sampling the location. Results for all data collected were recorded in

the field book.
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Figure 23 Debris test in progress

Surface Water Quality Analysis

The fifth part of the objective was a surface water quality analysis study. Field
equipment used in the study included: In-situ Multi-Parameter TROLL 9500 coupled
with an In-Situ Ultra RuggedReader that was installed with Pocket-Situ 4. During field
work the TROLL 9500 and RuggedReader were connected to one another by a 50 foot
cable. Data collected in the field was saved on the RuggedReader using the “Snapshot”
feature. Both the TROLL 9500 and RuggedReader can be docked to a PC for data
downloads as well as software updates. The Troll 9500 takes two D batteries. The
RuggedReader features a rechargeable battery. Surface water quality field parameters
were measured at all of the monitoring locations that surface water quantity
measurements were taken. Field parameters measured with the TROLL 9500 and

RuggedReader with their respective measured parameters include: temperature (°F), pH
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(s.u.), specific conductivity (uS/cm), dissolved oxygen (mg/L), turbidity (NTU), and
nitrates (mg/L). Nitrates were only tested for at the end of the study do to the acquisition
of a nitrate probe.

In order to ensure accurate data for each parameter the TROLL 9500 was
calibrated the morning of each sampling event for: pH, specific conductivity, turbidity,
nitrates, and dissolved oxygen (DO). For pH a two point calibration was performed using
a buffer solution of four and seven. Conductivity was calibrated using a solution
standard of 147uS/cm or 1413uS/cm for calibration. Turbidity was measured using the
nephelometric turbidity units (NTU). Calibration fluids of zero (i.e. distilled water), ten,
and one hundred NTU’s were used. For nitrates a two point calibration was performed
using a 14mg/L and 140mg/L calibration fluid. There was no specific order for
parameter calibrations; except, DO was usually calibrated last because it took the longest
to stabilize. DO calibration required no special fluids, only tap water.

Figure 24 shows the TROLL 9500 being deployed, RuggedReader, and tape
measure with PVC weight. Surface water samples were taken on Oakohay Creek for
laboratory analysis. Environmental Testing & Consulting, Incorporated (Memphis, TN)
was used for the analytical analysis of surface water samples. The laboratory provided
sampling bottles with sample preservatives, temperature blanks, coolers, and chain of

custody forms.
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Figure 24  TROLL 9500 being deployed

Water samples were collected by an individual using rubber gloves on the
upstream portion of a culvert or bridge. The sampler used a clean plastic bottle that
contained no preservatives to collect water from the stream. The sampler would then
pour the water into its correct bottle, place the container in a plastic bag and in a cooler
with ice. Chain of custody forms would be filled out, coolers were sealed up, and
samples were shipped via FedEx at the end of the day to the laboratory. Table 8 lists the

analytes which were tested for. Bold analytes were of concern in this study.
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Table 8 Analytes tested for on Oakohay Creek

Analytes Units
Alkalinity (as CaCos) mg/L
Ammonia Nitrogen mg/L
Biochemical Oxygen Demand (5- me/L
day)
Carbon Dioxide (Estimate) mg/L
Chloride mg/L
Total Cyanide mg/L
Total Coliform cfu/100ml
Fluoride (w/o distillation) mg/L
Nitrate (NO3-N) mg/L
Nitrite (NO2-N) mg/L
Nirtrate+Nitrite-N mg/L
pH s.u.
Total Dissolved Solids mg/L
Total Phosphorus mg/L
Phenols (Total) mg/L
Total Aluminum ug/L
Total Antimony ug/L
Total Arsenic ug/L
Total Barium ug/L
Total Beryllium ug/L
Total Calcium pg/L
Total Cadmium ug/L
Total Chromium ug/L
Total Copper ug/L
Hardness as CaCO3 (SM-2340B) pg/L
Total Iron ug/L
Total Lead ug/L
Total Magnesium ug/L
Total Manganese ng/L
Total Mercury mg/L
Total Nickel ug/L
Total Selenium ug/L
Total Thallium pg/L
Total Zinc ng/L
Fecal Coliform cfu/100ml
Carbonate mg/L
Bicarbonate (as CaCQO3) mg/L
Total Sulfate (SO4) mg/L
Turbidity NTU
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CHAPTER VI

RESULTS

Reservoir Daily Water Storage Models

The three models all assumed the same parameters. The parameters were:

baseflow of zero cubic feet per second, infiltration rate of 0.0023 ft per day, outflow of

10 acre-feet per day, and a withdrawal rate of zero gallons per day. The 1963 model was

the lowest precipitation year (34.92 inches) from 1961-2002 (Figure 25). The 1973

model was the highest precipitation year (85.82 inches) from 1961-2002 (Figure 26).

The 1961-2002 model was an average of all the precipitation (57.9 inches) records

through those dates (Figure 27).

Daily Storage, 1963
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Figure 25 1963 Daily Water Storage Model for Oakohay Creek Reservoir
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Daily Storage, 1973

1 36 71 106 141 176 211 246 281 316 331
Days of the year

Figure 26 1973 Daily Water Storage Model for Oakohay Creek Reservoir

Daily Storage, 1961-2002

1 36 71 106 141 176 211 246 281 316 351
Days of the year

Figure 27 1961-2002 Daily Water Storage Model for Oakohay Creek Reservoir
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Evaluation of the Glendon Limestone

Field Surveys

Field surveying was conducted to observe and locate outcrops. The results for

this part of the objective are listed in Table 9. The results include: observation, date, and

GPS waypoint data.
Table 9 Field reconnaissance data
Location Date Latitude Longitude
Catahoula & Buccatunna Contact - N32°05 48 83" W 897 34" 47.92"
Catahoula N32°06'17 83" W 89934'19 35"
James Mav GPS - Weathered Buccatunna - N32e07'19.10" W 89935 52.19"
Glendon Outcrop (creek) 11.18.10 N32.11741° W 89.52353°
Glendon Quarrv (mine) 11.18.10 N 31983742 W 89.36030°
Batie NE 11.13.10 N32.11%807° W 89.52385°
Batte W 11.18.10 -
James Tavlor Sinkholes 12.08.10 {32, 08934* W B9.56563°
Glendon Outcrop 12.15.10 N3P 05 094" W% 33'59.1"
Glendon Cutcrop 12.15.10 N 320 Qa2son Wg9e3iaar
Forest Hill Ouicrop 12.15.10 N30 3ne W Ry
Forest Hill Outcrop 12.15.10 N32® (053713 W 9% 33'59.4"
Glendon Outcrop 12.15.10 N32e05 382 W 22 34'03.0"
Location across from old stage pauge 12.15.10 N32°04'37.0" W 89° 34'07.6"
Catahoula Outcrop 12.16.10 NI2°0617.1" W g0% 34" 24 0"
Buccatunna Qutcrop 12.16.10 v 32.11907° W 8952358090
Creek Bottom at Dam dte 12.16.10 NI2T04'192" WE92 334317
Glendon Dissolution in creek 01.12.11 N 32 05'041" W RS 34'01.8"
Limestone Ledoe in Creek 01.12.11 N32°05' 09 48" W 3923357 83"
Limestone Weathering at bottom of upturned tree | 01.12.11 N 32°05'03.2" W 89° 34'02.3"
Limestone in creek behind tree 01.12.11 N32°04'58.4" W %2 34'p3.2"
Cored Limestone in Creek bottom 01.12.11 N32°04' 511 W B2 34'03.4"
Bentonite Mine 01.12.11 N32° 07129 W92 34'34 4"
County Land Maintenace 01.12.11 N32° Q07 241" W 32 34'00.4"
James Tavlor Sinkholes (New) 01.19.11 N 32005 230" W B2 35'01.8"
Glendon Outcrop 01.26.11 N32.09521° W 89.5036°
Catahoula Qutcrop 01.26.11 N32.057228 W 8950337°
Catahoula Outcrop 01.26 11 N 3205683 W 88.5013°
Catahoula Qutcrop 01.26.11 N 32033720 W 89517228
Catahoula Outcrop 01.26.11 N32.03072° W E952741°

Ground Penetrating Radar

Ground Penetrating Radar was conducted November 18, 2010, December 8, 2010,

and December 15, 2010 in order to investigate the near surface dissolution expressions of

the Glendon Limestone. The November investigation was performed on the Batte
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Property (32.11907°N, 89.52389°W) and the December investigations were performed
on the James Taylor property (32.08954°N, 89.56563°W), Figure 16. The results for the
GPR are screen shot images. A handful of example images are shown in the results
section and will be interpreted in the discussion section. Images shown and discussed
(Figures 28 — 32) are representative images of all the work produced. All images

produced by TeaCo Geophysical in the can be seen in Appendix A.

Positon (m)

0 1 2 3 4 5 B 7T 8 § 10 M 12 13 14 15 16 17 18 19 2\ 2 22 23 24 25 2% 27 28 20 30 31 32 33 34 3}/ 3/ 37 33 I
0

{su aun )

Elevationtmy, '=0.090 mins

XLINEQD Col: 12/08/2010 Freq: 50 MHz Vel 0.080 mins Proc: Dewow + Constant Gain (Gain: 27.50) MMl GPS Start: Lat: 32 5°22.18620" N, Long: 69° 33/ 56.70360° W
GPS End: Lat: 32° 5 22.27848" N, Long: 89° 33 55.41078" W

Figure 28 50MHz antenna indicates geologic structures in the subsurface (location 1)

60

www.manharaa.com




Postion (m}

10 11 12 13 14 15 16 17 18 19 20 2 2 23 24 25 2% 27 28 28 0 N &L W M B B W B W

Elevationim, %=0 080 mms
(suy awn |

T West Grid 100 XLine0 Col. 1211612010 Freq: 100 WHz Vel 0.090 mins Proc: Dewiow = Constent Gain (Gain: 100.00; [
GPS End: Lat: 32° 5 22.27679" N, Long: 89° 33'55.20000' W

GPS Start: Lat: 32° §'22.17300" N, Long: 89" 33' 56.89579" W

Figure 29 100MHz antenna indicates some geologic structures in the subsurface
(location 1)

Postion (m)

0 1 2 3 4 5 & 7 8 § 10 1 12 43 1415 18 47 18 19 20 M 2 23 24 25 B 7 2B 2 30 I 32 3B ¥ ¥ ¥ ¥ B/ B
b b oo gddi Do b e o by

Elevation(m ), %=0.0090 mins
(suyaw L

IT#1 West Grid 250 XLing 00 Cok 12/16/2010 Freq: 250 MHz Vel 0.030 mins Proc: Dewow + Constant Gain (Gain: 20.00) [ R
GPS End: Lat: 32° 5'22.20639" N, Long; 88 33 55.18318° W

GPS Start: Lat: 32° 5' 2218499 N, Long: 89° 33' 56.6309%" W

Figure 30 250MHz antenna indicates negligible data (location 1)
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Pastion (m)

0.090 mins

Elevation(m), -

JT-4'Wiest 0-50m st S0MHz  LINED Coi; 120082010 Frey 50 MHz Vel: 0.080 mins Proc: Deswow + SEC2 Gain [Aftenustion: 0.61 Start Gairc 1.02 Maxdimum Gain: 100) [
GPS Stark: Lat; 32° 5 22.15389" N, Long: 5° 33 43 75920 W GPS Endk Lt 32° 5 22 255601 N, Long: 83° 34' 047220" W

Figure 31 Red line marks a possible dissolution feature in the subsurface (line 4)

Postion (m)

Elevation(m}, %=0.090 mins
(su)auwn )

JT-4West 100m_150m  Cob 12082010 Free: 50 MHz Yel: 0.090 ming Proc: Devvow + SEC2 Gain (Attenuation: (61 Start Gain: 1.02 Maximum Gein: 50) Palette: bone GPS Start: Lat 32° 5 22.19389" N Long; 63° 33' 49.75920" W
GPS End: Lat: 32° 5 22255501 N, Longy: 83" 34' 0.47220"W

Figure 32 Subsurface anomalies noted between 116m and 144m (line 4)

Sonic Rig Drilling
Sonic rig drilling commenced on February 21, 2011 and ended February 25, 2011.
A total of 17 borings were drilled and logged in five days. Table 10 displays the site,
date, elevation, and GPS waypoint data for the borings. JTB stands for James Taylor
Boring, BMB stands for Bentonite Mine Boring, WHB stands for Wilson Hallman
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Boring, and 481 — SONIC was named due to the borings proximity to Highway 481. A
few example boring logs are shown in the results section and will be interpreted in the
discussion section. Boring logs shown and discussed (Table 11 — 14) are representative
of all the logs produced. Additional boring logs created can be seen in Appendix B.

The goal of each boring was to obtain maximum core recovery. The cores were
recovered in 10 foot sections and pushed into clear plastic sleeves. Recovery of the entire
core proved to be difficult due to the hard ledges of the Glendon Limestone coupled with
the soft marl interbeds. The rock bit was used to core the limestone and the clay bit was
used to push through the marl. JTB-1 and 481-SONIC were the only two borings which
experienced loss of circulation while being drilled. Once these two borings were
completed a 4 inch PVC pipe was inserted into them in order for the boring to maintain
its shape. This was done so that a down hole digital video camera could be inserted into
the boring for further investigation. All other boreholes were filled with Bentonite chips

and abandoned.

Table 10 Boring elevation and location

Name Date Elevation (FT) Latitude Longitude
JIB 1 022111 417 N 32.089547 W 89565271
JTB 2 022111 422 N 32.089702 W 89 565188
JIB 3 02.21.11 426 N 32.089775 W 89.565166
JTB 4 022211 440 N 32.08967 W 89 566434
JIB 5 022211 430 N 32.089757 W 89567277
JIB 6 02.22.11 429 N 32.085832 W 89.567672
JIB 7 022211 404 N 32.08950 W 89 564457
JTB 8 022211 - N 3208936 W 89.570028
JIB 9 022311 419 N 32.089324 W 89 565538
JTB 10 02.23.11 424 N 32.089735 W 89.565715
JTB 11 022311 425 N 320893569 W 89565739
JTB 12 022311 422 N 32.089493 W 89 565754
JIB 13 02.24.11 430 N 32.089777 W 89.567107
BMB 1 022411 450 N 32122336 W 89 580064
BMB 2 022511 - N 32120655 W 89 575891
WHB 1 022511 - N 32127638 W 89 566861
481-SONIC | 02.25.11 - N 32123778 W 89.526083
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Table 11 James Taylor Boring — 1

Hetme LDOCATION: 314 T AW

BORING LOG
Fogge L oF L
BessgWel He. JITB1 e Pozpes: Moo SMITH OOUXT Y REZERVOIR,
Dese: 2.21-2011 Delimgy Co. WALKER Dell B3z Tape SONIC
Dy Mchod CORING
Geelognt Lopger TAMES MATY W=tk DS FAIR Beratica: 3T

0 Clay (weathered marl), brown, highly weatherad

1 13 { Bryam Fm) -Mzl, brown and black mettled, highly
weathered. bentonitic

13 15 (Glendon Fm) -Limestone, tan, hard, fossiliferous,
calcareous

15 |19 -Marl, brown to tan, highly weatherad bentonitic

1% (20 Limestone, sresnish gray, hard, fossiliferous.

20 |3 (Mint Spring Fm) -Matl, presnish pray, soft
fossiiferons, glanconitic (lost circulation) (poor
TECOVETY)

3% (40 (Forest Hill Fm) —Clay, dark gray, silty,
carbonaceous
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Table 12

James Taylor Boring - 8

BORING LOG
Paz= 1 of 1
Boring Well Mo, : BMB-2 MamaProjact Mo SMITH COUNTY RESERVOIR
Diae: _ 2-25-2011 Dirilline Co.: WALKER Diill Rig Typa: SONIC
Diilling N=thod: CORING
Gaologizt Loggarn JANES LAY Weaather Conditions: FAIR Elsvation: 416
Motzz: _ LOCATION: 32 120688N. §0.8TEE01W
Dicpit & SOIL STRATA
Fram Ta SOIL DESCRIPTIONS AND REMARKS Timx
0 5 ,
(Fill) Clay. brown, sandy
5 20 (Glendon Fm) Marl, brown and black mottled,
highly weathered. bentonitic
20 |21 -Limestone, greenish gray, hard. fossiliferous,
calcareous
21 |32 (Mint Spring Fm) -Marl, greenish gray, soft
fossiliferous, glauconitic, carbonaceous at bottom
32 |40 (Forest Hill Fm)- Clay, dark gray, silty, carbonaceous
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Table 13

Bentonite Mine Boring - 2

BORING LOG
Paz= 1 of 1
Boring Well Mo, : BMB-2 MamaProjact Mo SMITH COUNTY RESERVOIR
Diae: _ 2-25-2011 Dirilline Co.: WALKER Diill Rig Typa: SONIC
Diilling N=thod: CORING
Gaologizt Loggarn JANES LAY Weaather Conditions: FAIR Elsvation: 416
Motzz: _ LOCATION: 32 120688N. §0.8TEE01W
Dicpit & SOIL STRATA
Fram Ta SOIL DESCRIPTIONS AND REMARKS Timx
0 5 ,
(Fill) Clay. brown, sandy
5 20 (Glendon Fm) Marl, brown and black mottled,
highly weathered. bentonitic
20 |21 -Limestone, greenish gray, hard. fossiliferous,
calcareous
21 |32 (Mint Spring Fm) -Marl, greenish gray, soft
fossiliferous, glauconitic, carbonaceous at bottom
32 |40 (Forest Hill Fm)- Clay, dark gray, silty, carbonaceous
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Table 14 481 - SONIC

BORING LOG
Page 1 of_1
Broring Well oo 451-30N1IC Name Projec Koo SMITH COUNTY RESERVOIF.
Das: 115 Hi01 Diithng Co: _ WALKFR Dl Rig Toope: SONIC
Diriting Medhod: CORDNG
Geologist Logger: IANES MAY Weathes Conditions: FATR Elevation: 430

Hotes:  LOCATION: 3T1TITTEN 55 2260

Spuila; 0 OELITIATS
T T WO SEIC ST TEOC Y ANVE EEAL RN T

’ b { Bucutunna Fm) -Clay, tan to red, silty, highly
weathered—(bentonitic from 8 to 10 ft) (black
mineralized zone from 13 to 15 ff)

15 |20 ( Bryam Fm) -Marl, brown and black mottled, highly
weathered. bentonific

20 121 (Glendon Fm) -Limestone, tan hard, fossiliferous,
calcareous (lost circulation below limestone)

21 |47 -Marl, brown to tan, highly weathered bentonitic
(poor recovery in lower part)

47 |48 Limestone, greenish gray, fossiliferous,

48 |30 (Mint Spring Fm) -Matl, greenish grav, soft
fossiliferous, glauconitic, carbonaceous at bottom

Surface Water Quantity Measurements

The dedicated stream water level indicator and rain gauge installed to assist in

coordinating sampling events began collecting data on February 24, 2011. Data were
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collected until the unit went offline on March 9, 2011. It was believed that the unit went
offline due to being flooded during the March 9, 2011 high flow event. Data collected

during the time the unit was operational is shown in Figure 33.

@ Lavel 2hour AVGE: Min: 0.224ft Max: 1.108# 11 Feb 2011 [1€:28:00] - 11 May 2011 [18:25:00]
1.0
0.8
0.8
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0.2

Mar Apr May

@ Rainfall Zhour AVG: Min: Oin Max: 0.05in 11 Feb 2011 [18:28:00] - 11 May 2011 [18:28:00]
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0.02

—
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@ Temperature 2hour AVG: Min: 0°C Max: 18.65°C 11 Feb 2011 [16:28:00] - 11 May 2011 [18:28:00]
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.Input Waoltage 3hour AVG: Min: 13.28v Max: 13.58v 11 Feb 2011 [18:28:00] - 11 May 2011 [18:285:00]
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=

13.2
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Figure 33 Historical site data for dedicated monitoring unit

Surface water quantity discharge measurements were made with the ADP or the
debris test method and plotted versus the stage gauge height in order to produce

hydrographs. Table 15 shows whether or not a hydrograph was built. Criteria for a
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hydrograph to be built are: site must have greater than two sampling events and sampling
events that do not have stage data or have discharge data recorded as no flow, zero, or
error cannot be included. Therefore data recorded as no flow, stream dry, or Doppler
error was discarded. On 9.16.10 sites A-1, A-2, A-4, A-7, B-1, and C-2 were dry. On
09.16.10 sites A-3, B-2, and C-2 had no flow. On 10.28.10 sites A-1, A-2, A-7, A-9, B-
1, B-2, and C-3 were dry. On 10.28.10 sites B-3, C-1, and C-2 had no flow. On 10.28.10
sites A-3, A-4, A-5, and A-6 had flow but the Doppler recorded errors. On 10.28.10 sites
C-4, C-5, and C-6 had minimal flow that could not be estimated with the Doppler or
debris test. On 03.09.11 site A8a could not be measured for discharge using the stream
pulley system due to extreme high flow and flooding.

Due to the marks where stage gauge was measured from not being surveyed in for
actual elevation the elevation number of 400 feet above sea level was used for the
hydrographs. Numerical data for the hydrographs are shown in Table 16. Sampling
event 02.16.11 and 02.24.11 are considered baseflow events and sampling event 03.09.11
is considered a high flow event. Hydrographs for Mile Branch (A-1), Yellow Bill Creek
(A-3), UT Yellow Bill Creek (A-4), Oakohay Creek (A-5, A-6, A-8a, A-9) UT to
Oakohay Creek (A-7), Little Oakohay Creek (B-3), Little Shongelo Creek (C-4),
Shongelo Creek (C-5), and Shongelo Creek (C-6) were created. Some of the
hydrographs are shown in Figures 34 - 39. Additional hydrographs are shown in

Appendix C.
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https://09.16.10

Table 15

Sampling locations and hydrograph notification

Site Latitude Longitude Hyvdrograph
A-1 33°34'01" N | B8° 50" 20"W X
A2 33°34'01" N | B8 50" 20" W
A-3 33°34°01" N | BE° 50" 41"W X
A4 33°34°01" N | BE° 49" 51"W X
A5 33°33'08" N | BE°48' 04"W X
A6 33° 28" 28" N | BE° 43" 45" W X
AT 33° 27" 34" N | BET 42" 48" W X
A-8a 32°05'17"N RO°33'48"W X
A9 33°23"26"IN | BE° 3R 39" W X
A-10 33° 19°44" N | BR° 35" 33" W
B-1 33°31'16" N | BE° 46" 19" W
B-2 33°28"00"IN | BRO 42" 28" W
B-3 33° 25"45" N | BR°40' 35" W X
C-1 33° 13"41" N | B8° 29" 55" W
C-2 337 14'02" N | BE° 30" 34" W
C-3 33° 14" 13" N | BE° 30" 34" W
C-4 33°14"23" N | BE° 30" 48" W X
C-5 33° 14" 55" N | B8° 31" 20" W X
C-6 33° 17" 44" N | BE° 33" 48" W X
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Table 16 ~ Hydrograph data
Site Date Stage (FT) | Discharge (Ft'/s)
A-l 02.03.10 381.07 3.52
Al 02.16.11 391.03 1.51
Al 03.09.11 39380 63.05
A3 12.09.00 38020 60.34
A3 02.03.10 388.10 1.72
A3 02.16.11 382.00 3.70
A3 03.00.11 393.30 716.13
A 02.03.10 391.00 042
Ad 2.16.11 380.30 1.90
A 03.00.11 393.00 122.00
A-5 02.03.10 383.85 126
A3 02.16.10 386.00 243
A5 02.16.11 386.60 495
A3 03.09.11 382.83 415.80
AG 12.09.00 391.33 30639
AB 02.03.10 38495 14.18
AG 022411 384.72 3.60
AG 03.03.11 378.03 404
Ab 03.09.11 304 60 215253
AT 12.09.00 391.40 13.44
AT 02.03.10 391.68 045
AT 022411 381.40 1.32
AT 03.00.11 3470 §6.08
A-3a 022311 393.00 540
A-Ba 022411 392.30 §.43
A-Sa 03.03.11 30245 6210
AD 12.09.00 383.73 67522
AD 02.03.10 376.30 78.11
A0 09.16.10 373.80 0.15
AD 022411 374.60 3.37
A0 03.03.11 373.30 928
A0 03.09.11 38740 1597.40
AD 03.17.11 376.20 70.309
B-3 02.03.10 38325 13.15
B-3 02.16.10 381.83 0.36
B-3 03.00.11 30263 1257.037
c4 12.09.09 385.80 9.93
4 02.03.10 383.03 37
4 02.16.10 383.30 0.32
C-5 12.09.09 386.74 3027
C-3 02.03.10 3837 14.03
C-3 09.16.10 383.60 3826
-6 12.09.00 379.80 38.72
C-6 02.03.10 372.30 16.32
C-6 09.16.10 37840 1643
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Site A-5
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Figure 34  Hydrograph for site A-5
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Figure 35 Hydrograph for site A-6
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Site A-8a
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Figure 36~ Hydrograph for site A-8a
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Figure 37  Hydrograph for site A-9
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Site C-5
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Figure 38  Hydrograph for site C-5
Site C-6
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Figure 39  Hydrograph for site C-6

Surface Water Quality Analysis

Surface water quality analysis can be divided into field measurements and
laboratory analysis. Table 17 displays the field measurement data. Sites A-1 through A-

10 located on Mile Branch, Yellow Bill Creek, UT Yellow Bill Creek, Oakohay Creek,
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and UT to Oakohay Creek were sampled for field measurements a maximum of seven
events. Location A-2 was discontinued from the sampling list on 10.28.11 due to its
proximity to location A-1. Sites B-1 through B-3 and C-1 through C-6 were sampled for
field measurements a maximum of four events.

Laboratory analysis was done for two of the sampling events. Table 18 displays
which sites had analysis done for the baseflow and high flow events. A baseflow
sampling event was conducted on 02.16.11 and 02.24.11. Baseflow sampling event
locations include: Mile Branch (A-1), Yellow Bill Creek (A-3), UT Yellow Bill Creek
(A-4), Oakohay Creek (A-5, A-6, A-8a, A-9, A-10) and UT to Oakohay Creek (A-7). A
high flow sampling event was conducted on 03.09.11. High flow sampling event
locations include: Mile Branch (A-1), Yellow Bill Creek (A-3), UT Yellow Bill Creek
(A-4), Oakohay Creek (A-5, A-6, A-9) and UT to Oakohay Creek (A-7 and Little
Oakohay Creek (B-3). Results of the analysis performed can be seen in Table 19. The

full analysis from the laboratory is in Appendix D.
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Table 17

Field Measurements

. Temperature pH Conductivity DO T'I.lfbldlt‘_‘- Mitrate
S — °E 5.1 uS/cm ma/L NTU ma/L
A-1 36.29 744 7017 10.56 111.20 NT
A2 5644 749 41.63 10.52 108.30 NT
A3 57.08 7.09 48.83 10.03 241.30 NT
A-4 37.91 6.71 42.14 10.03 151.80 NT
A-6 60.18 658 32.13 038 187.70 NT
A-7 57.32 664 40.02 10.23 52.00 NT
A-D 60.49 6.61 31.20 0.20 263.20 NT
B-2 12.00.00| 35937 6.27 30.85 0.62 111.00 NT
C-1 35.90 7.39 4952 10.69 635.30 NT
C-3 56.01 7.34 6982 10.65 76.40 NT
c-4 57.30 71.28 13,75 10.23 42.20 NT
C-3 36.77 7.11 73.90 10.41 77.30 NT
C-6 36.81 670 73.80 10.39 123.50 NT
B-3 5078 640 27449 0.50 88.20 NT
-2 53.00 7.38 58.24 10.58 75.70 NT
A-1 4544 6.63 140.10 13.88 14.90 NT
A-2 4685 663 200.30 12.28 16.30 NT
A-3 4576 6.34 126.90 13.72 28.00 NT
A4 4543 6.31 100.70 13.86 23.20 NT
A-5 4478 653 8978 14.14 27.80 NT
A-6 46.70 7.13 86.46 13.33 30.30 NT
A-7 46.72 6.72 311.00 13.36 17.60 NT
A-D 02.03.10 48.72 7.11 113.50 1332 30.80 NT
B-2 47.04 704 188.70 13.19 24.70 NT
C-1 30.96 7.50 16980 11.70 21.60 NT
B-3 46.34 7.21 13020 13 .48 27.70 NT
Cc-2 40.37 7.33 174.10 12.23 22.30 NT
C-3 4011 747 206.90 12.40 17.80 NT
C-4 4035 7.39 260.80 12.24 15.60 NT
C-5 48.57 7.29 23370 12.59 1910 NT
C-6 47.22 7.05 226.90 13.12 17.30 NT
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Table 17 (continued)

. Trmprralare pH Candualinily 0.0, Turbidity Mitrace
site Date F su. | pStem | mall | NTU | mal
b3 72493 E.38 136.20 908 138.20 MNT
h-5 £3.94 E.2E 132560 94z 330 MNT
h-E 7319 £.24 2h94 2493 153.90 MNT
5.9 T2EE E.24 a7 kR TE2 23E0 MNT
B-2 7322 E.EE 132.20 4105 15.10 MNT
-1 091510 75.491 TE3 114,40 223 410 MNT
B-3 7280 E.B0 10540 an E0.B0 MNT
C-2 TE.492 EAL 16140 a.0e B3.00 MNT
C-3 22.00 7.0z 12910 £.23 41.50 MNT
C-4 7359 TIE FOER 229 .20 MNT
C-5 7894 7.28 7796 T.EE 47.30 MNT
C-E 74.28 .99 9275 2.EE 1E.E0 NT
b3 E7E2 E.20 q059 1063 1E2.20 MNT
A-10 E3.00 £33 RR 22 10.21 2712 MNT
-1 102510 E5.E3 .40 EOET 1.30 12.40 MNT
C-4 E2.20 EE3 JERE 10.26 10,20 MNT
C-h E2.94 EE3 4717 10.22 .20 MNT
C-E E3.13 £.53 B047 10.449 9,80 NT
2 4223 E.22 avE2 18.58 380 MNT
b3 02 1511 A28 E.37 R377 1213 1230 MNT
b4 A1E64 B.07 4337 12.22 510 MNT
b5 50,50 Error 4312 1268 E.20 NT
h-E E259 E.7H RE.00 .05 14.90 044
h-7 B1.02 TR 10620 154 11.50 0.3z
A-8a nz.24.11 L E4E EER3 10.47 4.20 0a7?
5.9 E4.12 Al R7.29 10.62 280 n.a3
S-10 EE.13 E.E1 5516 10.21 A 075
a1 BE.94 525 2603 1IE 38510 0.2E
b3 R7E9 hag 2213 104 177.20 a2
b4 A7.21 5E3 2040 1.04 101,60 0.:3s
A5 2160 575 2422 10.26 21.E0 0.25
h-E 020911 712 h.49 1689 115 2540 nz2z2
A7 BE.25 T2 21.37 114 44 20 na7y
h-9 5326 543 20.81 363 10%.40 0.4E
A-10 E1.09 h1g 221 E.EE 1924 0.24
B-3 5753 495 14,34 144 382 NT
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Table 18  Baseflow and High Flow Lab Analysis
Site Latitude Longitude Baseflow High Flow
A-l 33°34'01"N | 88° 50" 20"W X X
A-2 33°34'01"N | 88° 50" 20" W
A3 33°34'01"N | 88° 50" 41"W X X
A4 33°34'01"N | 88°49'51"W X X
A-5 33°33'08"N | 88°48'04"W X X
A-6 33° 28" 28" N | 88°43'45"W X X
A-7 33°27'34" N | 88° 42" 48" W X X
A-8a 32°05'17"N §9°33'48"W X
A-9 33°23'26" N | 88°38'39"W X X
A-10 33°19'44" N | 88°35'33"W X
B-1 33°31'16" N | 88°46' 19" W
B-2 33°28'00" N | 88°42' 28" W
B-3 33° 25" 45" N | 88°40'35"W X
C-1 33°13"41"N | 88°29' 55" W
C-2 33° 14'02" N | 88°30'34"W
C-3 33° 14" 13" N | 88°30'34"W
C-4 33°14'23" N | 88°30'48"W
C-5 33° 14' 55" N | 88°31'20"W
C-6 33° 17" 44" N | 88°33'48"W
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Table 19

Results of Analysis

Site Analyte Description Eesult 02.16.11 Eesult 03.00.11 Units
Al Alkalinity (as CaC03) o9 12 mgL
Al Bicarbonate (as CaCO3) 09 12 mg/L
Al Carbon Dioxide (Estimate) 1.7 19 mg/L
Al Carbonate <2 <2 mg/L
Al Hardness as CaCO3(3M-2340B) 115000 21300 1=
Al pH 8 6.1 s

Al Total Calcium 43300 6410 1=
Al Total Dissolved Solids 154 a3 mg/L
A-l Turbidity 6.1 150 NTU
A3 Alkalinity {as CaCO03) 20 7 mg/L
A3 Bicarbonate {as CaCO3) 29 7 mg/L
Ag Carbon Dioxide (Estimate) 1.6 ] mg/L
A3 Carbonate <2 <2 mg/L
A3 Hardness as CaCO3({SM-2340B) 37000 11500 peL
A3 pH 17 6.3 s

A3 Total Calcium aa30 2830 peL
A3 Total Dissolved Solids 114 36 mg/L
A3 Turbidity 11 93 NTU
Ad Alkalinity (as CaC03) 20 7 mg/L
Ad Bicarbonate (as CaCO3) 20 7 mg/L
Ad Carbon Dioxide (Estimate) 3 13 mg/L
Ad Carbonate <2 <2 mg/L
Ad Hardness as CaCO3(SM-2340B) 22800 10200 peL
Ad pH 11 6.1 SAL

Ad Total Calcium 4770 2200 peL
Ad Total Dissolved Solids o0 86 mg/L
Ad Turbidity 09 48 NTU
A5 Alkalinity (as CaCO03) 17 6 mgL
A3 Bicarbonate (as CaCO3) 17 ] mgz/L
A3 Carbon Dioxide (Estimate) 4 @ mg/L
A3 Carbonate <2 <2 mg/L
A5 Hardness as CaCO3(3M-2340B) 23800 10100 pe'L
A3 pH 6.0 62 s

A5 Total Calcium 5200 2230 ps'L
A3 Total Dissolved Solids 102 80 mgz/L
A5 Turbidity 13 42 NTU
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Table 19 (continued)

Site Analyte Description Fesult 022411 | Result 03.09.11 Units
Ab Alkalinity {as CaCO3) 26 4 mg/L
A Bicarbonate (as CaCO3) 26 4 mgz/L
Ab Carbon Dioxide (Estimate) 8 3 mg'L
A Carbonate <2 <2 mgz/L
Ab Hardness as CaCO3(3M-2340B) 27100 8230 pg'L
A pH 7 6.1 S
Ab Total Calcium 6700 1970 pg'L
A Total Dissolved Solids 0 73 mgz/L
Ab Turbidity 11 56 NTU
AT Allealinity {as CaCO3) 62 5 mg/L
AT Bicarbonate {as CaCO3) 62 3 g
A7 Carbon Dioxide (Estimate) 15 7 mg
AT Carbonate <2 <2 mg'L
AT Hardness as CaCO3{SM-2340B) 105000 150040 peL
AT pH 6.3 6.1 R
AT Total Calcium 35400 4600 peL
AT Total Dissolved Solids 134 79 mg'L
AT Turbidity 12 28 NTU
AD Allzalinity {as CaCO3) 38 8 mg/L
AD Bicarbonate (as CaCO3) 38 8 mg/L
AD Carbon Dioxide (Estimate) 4 6 mg/L
AD Carbonate =2 <2 mg/L
AD Hardness as CaCO3({3M-2340B) 37300 12800 pe/L
AD prH 72 6.1 S
AD Total Calcium 10900 3410 pe/L
AD Total Dissolved Solids 36 89 mg/L
A Turbidity 64 52 NTU
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Table 19 (continued)

| site | Analyte Description Result 030911 | Units |
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CHAPTER VII

DISCUSSION

Reservoir Daily Water Storage Models

All of the reservoir daily water storage models support the development of a
reservoir based upon the results. The full reservoir value at full pool is 129,100 acre-feet.
The 1963 worst precipitation year model shows a maximum drop in water level to
125,500 acre-feet at around day 160. A decrease of 3,600 acre-feet of water would
decrease the amount of water in the reservoir by approximately 3 percent. The 1973 best
precipitation year model shows a maximum drop of about 500 acre-feet of water at
around day 135. A drop of 500 acre-feet of water would decrease the amount of water in
the reservoir less than a half of percent. The 1961-2002 average precipitation model
shows a maximum decrease in the amount of water in the reservoir on about day 270.
The amount of water stored in the reservoir at that time is 127,800 acre-feet. A decrease
of 1,300 acre-feet of water decrease the percent of water in the reservoir by
approximately 1 percent.

For the sake of experimentation a fourth model was run. All values within this
model stayed the same except a value of 25 acre-feet or 8 million gallons per day was
placed in the seventh column, withdrawal. The 1963 lowest precipitation model was
used. The model showed a maximum decrease in water availability in the basin at day

155 and was at full pool status by day 340. The amount of water stored in the reservoir
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on day 155 was 123,300 cubic-feet of water or a decrease of 5 percent of the total

reservoir volume. No graph for this model is shown.

Evaluation of the Glendon Limestone

Field Surveys

Outcrops located and observed during the field surveys include: the Forest Hill
Formation of the Oligocene Series, the Glendon Formation from the Vicksburg Group of
the Oligocene Series (Figure 40, 41), and the Catahoula Formation of the Miocene Series.
The Forest Hill and Catahoula Formations were used as marker beds in order to better
locate the Vicksburg Group. Weathering had an effect on the Glendon Limestone.

Dissolution and erosional features were present as seen in the below figures.

Figure 40 Glendon outcrop with karst features (32°05°09.4°° N, 89°33°59.1”” W)
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Figure 41 Glendon weathering beneath fallen tree (32° 05' 03.2" N, 89° 34' 02.3" W)

Ground Penetrating Radar

The Batte property was an area of interest for investigation due to the karst
features present in the Glendon Limestone located along a creek bottom (Figure 42). The
surveyed areas were prepped for GPR work by manually clearing out underbrush. Areas
surveyed were located above the creek bottom on the floodplain of the creek. The Batte
property is located west of the intersection of State Highway 35 and County Road 481.
Batte property investigations were titled: Batte NE, Batte W, and Batte S. The property
of James Taylor was the second area of interest due to the presence of three distinct sink
holes (Figure 43) which may have represented surface expressions of karst geology. The
site was prepped for GPR work by bush hogging the grass. James Taylor’s property was

located on Boykin Church Road across from Sharon Church.
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Figure 42  Limestone dissolution features in creek bottom (no scale)

Figure 43  James Taylor sinkholes near Oakohay Creek
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The Batte investigation took place after an overnight precipitation event of 0.25
inches under a canopy of immature pine trees. Subsurface material investigated at the
Batte location was of a clayey nature and appeared to be hydrated. A 100MHz antenna
was used at this location and obtained a depth of penetration of about 3 meters; therefore,
very little information about the Glendon Limestone could be inferred due to the lack of
penetration. However, an image displaying evidence of paleo channels and cross bedding
is interpreted on the cross section Batte S in the Appendix.

Figure 44, depicts the work performed at the James Taylor site. A gridded survey
(bold square) and linear surveys (lines and squares) were shot on the Taylor property.
The 50MHz, 100MHz, and 250MHz antennas were used on the James Taylor site.
Subsurface anomalies that could be interpreted as karst were identified in the subsurface
using GPR at the James Taylor site. In the figure the red square that is bolded, location 1
(32°05°22.1°°N, 89°33°56.7°’W), marks the area of the three sinkholes which was
investigated by shooting GPR in a gridded pattern spaced at 2 meter increments. In
Figure 45 the same sinkholes are represented by gaps in the grid pattern. The x-axis runs
from the west to the east a total distance of 40 meters. The y-axis runs from the south to
the north a total distance of 20 meters. The sinkhole features get less prominent when
moving from the west to the east. At location 1 a comparative analysis for varying the
antennas from the S0MHz, 100MHz, and 250MHz antennas was performed. The
250MHz antenna was used only briefly due to its depth of penetration being negligible.
The 100MHz antenna averaged a depth of penetration of approximately 3 meters;
whereas, the S0OMHz antenna averaged a depth of penetration of about 11 meters. The
trade off for varying the MHz of antennas is depth of penetration vs. resolution. Higher
MHz antennas have a lesser depth of penetration but a greater resolution. The reason all
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three antennas were used at location 1 was to maximize both penetration and resolution
of subsurface data. Using the S0OMHz antenna, a feature was identified that appeared to
be evidence of dissolution features in the Vicksburg Limestone. The feature had a
vertical offset of 4 meters and was located between 19 meters and 38 meters. The same
feature could somewhat be identified using the 100MHz antenna but could not be
identified by using the 250MHz antenna. In the results sections note the significant
decrease in depth of penetration and increase in resolution into the subsurface as the MHz

of the antennas was increased.
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GPR: James Taylor

Legend T S S Created May 1, 2011
—  GPR (1] 35 T 140 Projection: MSTM - NAD 83
Source Data: MARIS

Figure 44  Aerial map of James Taylor GPR gridded survey and linear
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Figure 45 TeaCo Geophysical grid around James Taylor sinkholes

The GPR investigation on the property of James Taylor (Figure 16) was also
investigated by shooting linear surveys on numerous other suspect features which may
have represented surface expressions of karst geology. The longest survey shot was line
4 which started at 32°5°22.19399”N, 89°33°49.75920”W and ran due west a total length
of 924 feet with an elevation change of approximately 42 feet. Survey line 4 appeared to
identify many karst or dissolution features in the subsurface. The apparent dissolution
feature was approximately 1.3 meters wide and 2.5 meters below ground. Another
example of a dissolution feature was distinguished by a significant arcuate, concave up
reflector at 116 meters and an arcuate, concave down reflector at 144 meters. Based
upon results from the multiple frequencies GPR surveys on both gridded and linear
shoots performed by TeaCo Geophysical it was recommended that further investigation

of the subsurface be conducted. The technique recommended was sonic drilling. Sonic
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drilling is an invasive technique that would use core recovery to evaluate the subsurface

geology.

Sonic Rig Drilling

Boreholes JTB-1 through JTB-13 were drilled to validate the GPR work (Figure
53). BMB-1, BMB-2, and WHB-1 were drilled to investigate areas Tellus Operating
Group had reported blind holes at during a 2005 - 2006 seismic study. Blindholes refer
to borings that are drilled and lose circulation. Borehole 481-SONIC was drilled to
investigate previous boreholes drilled by Burns Cooley Dennis, Incorporated in which a
seven foot bit drop was experienced (Figure 46). JTB-1 was the first borehole drilled. It
was drilled within the area the GPR gridded survey had been conducted. The borehole
did experience a loss of circulation of drilling water at a depth of 20 feet within the Mint
Spring Marl. This formation is very sandy and it is believed that the loss of circulation
was due to the permeability of the strata. A pump test was performed on this borehole on
02.24.11. The borehole had approximately 1,000 gallons of water at a rate of 1.13 gallons
per second pumped into it. After the pump test was complete the 4 inch PVC pipe was
left in the borehole for investigation with a down hole digital video camera on 04.20.11.
The camera showed a minuscule space beneath the massive limestone which was
probably formed during the pump test. Water loss during the pump test was permeating
through the weathered zones as opposed to solution cavities. Water level measurements
have been taken in the well. On 02.21.11 the depth to water was 16.4 feet and on
03.09.11 the depth to water was 7.8 feet. It is noted that the water level in the well is
higher than the water level within Oakohay Creek thus allowing a presumption that the

well and Oakohay Creek are not connected by any conduits.
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Figure 46  Aerial map of sonic borehole locations

JTB-8 was the first borehole drilled which had a full sequence of stratigraphic

units ranging from the Catahoula Formation to the Forest Hill Formation. The Glendon
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Limestone was hard, calcareous, and reacted to hydrochloric acid (Figure 47). The
borehole was filled with Bentonite chips upon completion. BMB-2 encountered the
Glendon Limestone at a depth of 5 feet to 20 feet. The limestone was highly weathered
and Bentonite was present. The borehole was filled with Bentonite chips upon
completion. 481-SONIC was the last borehole drilled and it was the only other borehole
that experienced a loss of circulation while being drilled. A 7 foot bit drop was
experienced at this location in the Mcllwain study; however, that was not the case this
time. A loss of circulation occurred in the Glendon Limestone at a depth of 20 to 21 feet
but no bit drops. A 26 foot thick section of Bentonite was encountered after drilling
through the Glendon Limestone. Today it is presumed that the 7 foot bit drop
experienced during the Mcllwain study is a misinterpretation of data. The bit dropping at
a fast rate is believed to be due to extra pressure being used to drill through the Glendon
Limestone. After the bit drilled completely through the hard limestone the bit drilled
through a soft Bentonite at an extremely fast rate. The interpretation of the fast bit drop
assumed there to be a void. During the study Bentonite was consistently found beneath
the ledges of the Glendon Limestone which also explains the blind holes reported by
Tellus Operating Group during a 2005 - 2006 seismic study. A 4 inch PVC pipe was
placed in the borehole to allow for the well to be further investigated with the down hole
digital video camera. No void spaces or caves were seen with the camera. Highly
weathered and oxidized zones similar to the cores recovered by the drill rig were seen.
Highly weathered and oxidized zones of the Glendon Limestone were commonly
observed above the water table and in fractured portions of the core recovered. The
Glendon Limestone located beneath the water table or without fractures had not been
weathered or oxidized.
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Figure 47 Reaction of HC1 acid and CaCOs

Surface Water Quantity Measurements

The dedicated stream water level indicator and rain gauge installed to assist in
coordinating sampling events did not provide the data that was hoped for due to the high
flow event which caused the unit to cease transmitting data. The debris test method and
ADP unit proved to be successful when monitoring discharge measurements. The
accuracy of discharge measurements can be seen in the R” values displayed in the
hydrographs. A screen shot of data produced by the Teledynes RDI’s WinRiver II
software is shown in Figure 48.

The hydrographs prove that the monitoring points located along Oakohay Creek
have an increase in discharge amounts when moving from the north to the south. No
major water losses were recorded which would indicate a potential loss of basin water in
Oakohay Creek. The hydrograph for B-3 indicated no additional water from outside its
basin was being collected. As did the hydrographs for C4, C-5, and C-6; however, on

09.16.10 a water loss from C-5 to C-6 was recorded. The upstream discharge monitoring
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point, C-5, recorded a significantly higher discharge rate than C-6. It is believed that a
possible beaver dam was the reason for the 20 cubic feet per second discharge variance
between C-5 and C-6. It is therefore assumed that at the time of the study there were no
conduits which connected Little Oakohay Creek to Oakohay Creek and Oakohay Creek

to Shongelo Creek. All streams monitored are classified as flashy.
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Figure 48 Site A-9 data as displayed in WinRiver II software

94

www.manharaa.com




Surface Water Quality Analysis

The data collected from the surface water quality analysis performed in the field
had very similar characteristics. Monitoring sites A-1 through A-10 (Oakohay Creek), B-
1 through B-3 (Little Oakohay Creek), and C-1 through C-6 (Shongelo Creek) water
quality characteristics ranged from: 82 to 44 degrees Fahrenheit; 7.63 to 4.95 s.u. pH; 311
to 14.34 uS/cm Conductivity; 18.58 to 1.04 mg/L Dissolved Oxygen; 385 to 3.50 NTU
Turbidity; and 0.83 to 0.22 mg/L Nitrates. The variance in temperature was due to
seasonal changes. The temperature of the surface water was warmest on 09.16.10 and
coolest on 02.03.10. The pH was relatively neutral throughout the study except for the
high flow event on 03.09.11 During this event the average pH was around 5.7 s.u. this
reflects the pH of the rainwater. More basic pH measurements were taken when the
rainwater had a greater residence time as surface water. Conductivity for all site
locations is low when compared to the United States Environmental Protection Agency
(EPA) averages for the nation. The EPA states that conductivity levels in rivers in the
United States generally range from 50 to 1500 uS/cm. Good water quality that can
support a variety of fish has a range between 150 and 500 uS/cm (EPA, 2011).
Conductivity measurements were higher on 02.03.10 and lower on 03.09.11 which
indicates that the longer the residence time of the rainwater with the surficial geology the
greater the conductivity. Dissolved oxygen measurements thorough the study were
consistent and averaged approximately 10 mg/L which is an acceptable amount for the
sustaining of life. During the high flow event the lowest dissolved oxygen levels were
recorded. Turbidity was higher during high flow events but the average for the entire
study was approximately 64 NTU. Nitrate analysis was performed during two sampling

events and levels averaged around 0.4 mg/L.
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Surface water quality analysis performed in the laboratory was done twice. The
first sampling event was for a baseflow event on 02.16.11 and 02.24.11. The second
sampling event was for a high flow event on 03.09.11. Trends in the data were seen and
due to the baseflow and high flow sampling events occurring close to the same time
water temperatures were similar. During the baseflow event alkalinity, bicarbonate,
carbonate, hardness, pH, total calcium, and total dissolved solids had higher values than
the high flow event. During the high flow event carbon dioxide and turbidity had higher
values then they did during the baseflow event. The pH and turbidity values measured in
the laboratory are similar to those measured in the field. A correlation between hardness
as CaCOs; and discharge was made. During the baseflow event the water was classified
as soft, 0-60 mg/L, and during the high flow event the water was classified as moderately
hard, 61- 120 mg/L (Sutch and Dirth, 2006). As discharge amounts of water increased
the hardness as CaCOj and total calcium decreased. This may be due to the rainwater
having less residence time to contact the surficial geology or may be due to the increase
of stream water diluting the CaCOj; values. Higher values indicating water contacting
CaCOj; material was seen in the sampling locations where Glendon Limestone was
outcropping such as at locations A-1, A-5, A-6, A-7, and B-3. Sampling locations that
were located north of the Glendon Limestone had significantly less CaCOj5 results than
the sampling locations south of the Glendon Limestone. However, sampling locations
south of the Glendon Limestone saw progressively less and less CaCOj; present in the

water the further downstream the sampling location was from the limestone outcrops.
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CHAPTER VIII

CONCLUSIONS

The hydrology and geology of Oakohay Creek has been assessed for the United
States Forest Service in order to build a 2,700 acre surface water reservoir by
constructing a dam to impound water on Oakohay Creek in Smith County, Mississippi.
Based upon the daily water storage models the reservoir would receive an adequate
supply of water in order for the water level to maintain full pool status at the 400 foot
contour line for the majority of the year. Baseflow and high flow sampling event data
and hydrographs can be used to support that conclusion. Even though the baseflow for
Oakohay Creek was approximately zero the high amount of precipitation in Mississippi
would allow for the reservoir to maintain the designated water level.

The geologic study evaluated the limestone in the Glendon Formation through
field surveying, ground penetrating radar, sonic rig drilling, surface water quantity
measurements, and surface water quality analysis supports the development of a reservoir
at the proposed location. The results conclude that connected conduit in the Glendon
Limestone, dissolution at the dam site, and sediment-filled conduit blow outs would not
occur. Field surveying, ground penetrating radar, and sonic rig drilling found no areas of
concern where water loss would occur. Karst processes have not formed significant
features where water loss would occur within the reservoir footprint area. Surface water
quantity measurements confirmed that Little Oakohay Creek, Oakohay Creek, and

Shongelo Creek are not connected via subsurface conduits. Surface water quality
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analysis proved that surface water was in contact with calcium carbonate material and
that the greater the residence times of the water and calcium carbonate material the higher
the values of certain analytes.

The Glendon Formation is located within the reservoir footprint area and it is
weathering. The hard ledges of limestone located above the water table are weathering
and is more friable in nature than the unweathered limestone. The soft clay marl ledges
in between the limestone and located above the water table are chemically altering into
Bentonite. This is believed to be true based on the Oligocene fossils molds found in the
Bentonite. The process typically happens above the water table on high ridge tops. As
the clayey marl chemically alters into Bentonite a volume reduction occurs thus
explaining the blind holes experienced by Tellus Operating Group and Walker-Hill
Environmental.

A series of three drawings that are not to scale have been devised to assist with
the geologic interpretation of the area. The reservoir is displayed at full pool level.
Figure 49 is the legend for the stratigraphic units of the three drawings. Figure 50 depicts
surface weathering of the Glendon Formation and the transformation of the clayey marl
into Bentonite. Figure 51 depicts slightly subsurface strata being oxidized and
weathered. Figure 52 depicts the Glendon Formation which is unoxidized and
unweathered.

Additional research for this project should be conducted before final conclusions
are made as to whether or not to proceed with the development of the reservoir. The
additional research should include aspects of hydrology, geology, and water quality.
Further investigation of the site location should include but not be limited to: surface
water quantity discharge measurements and hydrograph development, drilling on the east
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side of the proposed reservoir, construction of geological cross sections from driller’s
logs, and water quality testing with analysis. The additional research will provide further
data to either support or reject the hypothesis. However, based upon the results of this
study, the proposed reservoir location is suitable for development in regards to hydrology

and geology; therefore, the hypothesis is refuted.

Catahoula
Formation

Bucatunna
Formation

Byram
Formation

Glendon
Formation

Mint Spring
Formation

Forest Hill
Formation

Figure 49  Legend for stratigraphic units in study area

’ Extreme weathering of limestone and marl forms Bentonite

Figure 50  Surface weathering of the Glendon Limestone
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Limestone and marl weathered near surface

Figure 51 Subsurface Glendon Limestone being weathered and oxidized
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‘ Unweathered limestone and marl ‘

Figure 52 Unweathered and unoxidized Glendon Limestone
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APPENDIX B

BORING LOGS
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BORING LOG

S,
Bedag Wel ¥ TTBI Wiz Femocs M. SMITH COUNTY RESERVOIR, T
Deec 3313081 Deing Coo_ WALKER Dl Rip Tape SONIC

Diiling Moot CORING
Geolegnelopres: TAMES MAY Wit or Cin dhtom FATR Heratica: 17T

Moem _LOCATION: 31NN 356 W

.

AT AT LTS

0 1 (Terrace)Sand, red, fme to med. gramed, oxidized

11 14 (Glendon Fm) -Marl, brown, lighly weathered.
bentonitic

14 |29 Mzl tan to greemish gray, fossiliferous, glauconitic
Softand'or vouds 21to 224t

20 131 Limestone, preenizh grav, hard, fossiliferous,

31 |36 (Mmt Sprmg Fm) —Marl, greenish gray, fossiliferous,
glauconitic

36 |40 (Forest Hill) Clay, dark gray, silty, fossils m upper

part
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BORING LOG

Beemg Wel Me - JTE-3 Mz Pz st M- SAMITH COUNTY RESERVOIR,

De=c. 221201 WALKER

Dellbny Metherd CORING

Delliny Co Dl By Tape

Geolegnelopyes: TAMES MAY Wetbs CondSan FAIR

Moem LDOCATION: JLEITTISN 20561

0 13 (Terrace) 5Sand, red and gray, meottled, sandy,
oxidized

13 17 (Glendon Fm) - Marl, tan_ fossiliferous, glauconitic,
weathered

17 |2 Limestone, preenizh grav, fossiliferous, glanconttic

200 |35 (Mint Spring Fm) Marl, ight gray, fossiliferous,
glanconitic

33 |40 (Forest Hill Fm )} —Clay, d=rk pray, silty,
carbonaceous
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BORING LOG

Boring Wall Ho.: JTB-4, NamaProject Mo SMITH COUNTY RESERVOIR e et
Date: _2-22-2011 Drilling Co.: WALKFR Drill Rig Tvp= SONIC
Drilling hathod: CORING
Geologizt Loggan JTANES MAY Waather Conditions: FAIR El=vation: 403__
Motes: _ LOCATION: 320886700, §0. S66434W
Fram — Ta S0IL DIS;JNWEJ;T:I;MMM Time
0 15
(Terrace) Clay, red and gray, ,mottled, sandy,
oxidized
15 |29.5 |Sand,red and yellow, oxidized, dark brown layer at
contact with tan marl
20.5 |34 (Glendon Fm) -Marl, tan, fossiliferous, glauconitie,
weathered
34 |36 Marl, light gray, fossiliferous, glauconitic
36 |40 Limestone, greenish gray, fossiliferous, glauconitic
40 |49 (Mint Spring Fm) —Marl, light gray, glauconitic,
fossiliferous
49 |60 (Forest Hill Fm) Clay, dark gray. silty, fossils in
upper part
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BORING LOG

BoringWallMo.. JTB-E MNamaProjact Moo SMITH COUNTY RESERVOIR it
Data: _2-12-1011 Drilling Co.: WALKER Daill Fig Tvpa: SONIC

Drilling Mathod: CORING

GeoloziztLozgar TANES MAY Weather Conditions: FAIR Elevation: 385__

Motes: _ LOCATION: 32 03078TN. 30 2672 TTW
Fram =t Ta S0IT msms%:oj-:g;umm Tame

0 9
(Terrace)Sand, red and gray. .mottled, sandy. med to
coarse grained, oxidized

9 14 (Byram Fm) -Marl, brown and black, weathered,
fossiliferous, glauconitic

14 |23 Marl, tan, fossiliferous, glauconitic

23 (25 (Glendon Fm) -Limestone, greenish gray,
fossiliferous, glauconitic

25 |30 Marl, light gray. fossiliferous, glauconitic
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BORING LOG

EoringWall MNe.: JTB-6 MNameProject Moo SNITH COUNTY RESERVOIR P e
Dara: _ 2-22-2011 Dyilling Co: WALKFE Drill Fig Typa: SONIC
Drilling hMathod: CORING
GeologiztLoggan TANES MAY Waathar Conditions: FAIR El=vation: 387__
Motes: _LOCATION: 32 085330N. §0. S6T6TITW
Fram Tt Ta SOIL msmmr;;?ﬁ;ﬂnam Taime
0 12
(Terrace)Sand, red and gray, ,mottled, sandy, med to
coarse grained, oxidized
12 |24 (Byram Fm) -Marl, brown and black, weathered,
fossiliferous, glauconitic
24 |27 Marl, light gray, fossiliferous, glauconitic
27 |30 (Glendon Fm )-Limestone, greenish gray,
fossiliferous, glauconitic
30 |46 Marl, light gray. fossiliferous. glauconitic
46 |48 Limestone, greenish gray. fossiliferous, glauconitic
48 |59 (Mint Spring Fm) —Marl, light gray, glauconitic,
fossiliferous
59 |60 (Forest Hill Fm) Clay, dark gray. silty. fossils in
upper part
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BORING LOG

Boring Well Mo, JTE-T MNamaProject Moo SMITH COUNTY RESERVOIR

Dot 2222011 Drilling Co.: WALKER Drill Rig Typ: SONIC

Drilling Mathed: CORING

Gaologizt Lozzsr JAMES MAY Waather Conditions: FAIR El=vation: 368

Motzz: _ LOCATION: 32 032200, §0. 86445 TW

Dopds & S0IL STRATA
Fram Ta SOIL DESCRIFTIONS AND REMARKS Tamc

0 12 . ) .
(Alluvium) — Clay, brown, silty grading to sand and
pea gravel near Forest Hill contact

12 |20 (Forest Hill Fm) —Clay. dark gray. carbonaceous,

micaceous
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BORING LOG

BoringWell Mo, . JTE-L, MamaProject Mo SMITH COUNTY RESEVOIR ree et
Diate: _ 2-23-2011 Drilling Co.: WALKER Diill Rig Typa: SONIC

Drilling WMathod: CORING

Gaologizt Lozgar: JANMES MAY Westher Conditions: FATR Elavation: 380__

Notes: _ LOCATION: 32 088324 N, 89 S65538W

Fram T2t Ta S0IL MSWWP]EI;T:I;HMM Tamc

0 0 : )
(Terrace) Sand, red, fining upward, silty, weathered

9 11 (Byram Fm)-Clay, brown, silty, weathered marl

11 |20 Marl, medium gray, calcareous, glauconitic,
fossiliferous

20 |22 (Glendon Fm) -Limestone, light gray, hard,
calcareous, fossiliferous

22 |27 Marl, greenish gray, calcareous, glauconitic,
fossiliferous

27 |28 Limestone, light gray, hard, calcareous, fossiliferous,
glauconitic

28 |33 (Mint Spring Fm) Marl, greenish gray, calcareousl,
fossiliferous, glauconitic

33 |40 (Forest Hill Fm) — Clay, light to dark gray, silty,
lignitic, fossiliferous lenses
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BORING LOG

EoringWell Mo, . JTTE-10, NamaProject Mo.: SMITH COUNTY RESEVOIR e Lo
Dats: _ 2-23-2011 Dyilling Co.: WALKFER Diill Fiig Typs: SONIC

Drilling h=thod: CORING

GaologistLoggen JAMES MAY Waather Conditions: FAIFR. Elzvation: 389

Motaz:  LOCATION: 32 089738 N, 30 Z4ET71EW

Fram tzd Ta S0IL Msﬁéiﬂ;ﬂﬂm Timc

0 9 ) i
(Terrace) Sand, red, fining upward, silty, weathered

9 13 (Glendon Fm)- Matl. brown, highly weathered

13 17 Marl, medium gray, calcareous, glauconitic,
fossiliferous

17 |20 -Limestone, light gray. hard, calcareous, fossiliferous

20 |28 Marl, greenish gray, calcareous, glauconitic,
fossiliferous

28 |30 Limestone, light gray, hard, calcareous, fossiliferous,
glauconitic

30 |37 (Mint Spring Fm) Marl, greenish gray, calcareous,
fossiliferous, glauconitic

37 |40 (Forest Hill Fm) — Clay, light to dark gray, silty,

lignitic, fossiliferous lenses

119

www.manaraa.com



BORING LOG
Paze 1 of 1
BoringWall Mo.:.JTB-11 MameProject Mo SMITH COUNTY RESEVOIR
Dats; _ 2-23-2011 Drilling Co.: WALKFER Diill Fiig Typ=: SONIC
Dirilling Mathod: CORING
GeologiztLoggan JAMES RIAY Weather Conditions: FATR. El=varion: 387__
Wotes: _ LOCATION: 32 080860 N, 50 S68T300WW
T = T: SOIL HSMMV;EE;HINM T
0 8 X .
(Terrace) Sand, red to brown, fining upward, silty,
weathered
8 12 (Byram Fm) —Marl, brown and red mottled. clayey,
highly weathered
13 19 Marl, medium gray, calcareous, glauconitic,
fossiliferous
19 (20 (Glendon Fm) -Limestone, light gray, hard,
calcareous, fossiliferous
20 |25 Marl, greenish gray. calcareous, glauconitic,
fossiliferous
25 |27 Limestone, light gray, hard, calcareous, fossiliferous,
glauconitic
27 |29 Marl, greenish gray. calcareous, fossiliferous,
glauconitic
29 |31 Limestone, light gray. hard, calcareous, fossiliferous,
glauconitic
31 |35 ( Mint Spring Fm)-Matl, greenish gray to dark gray,
calcareous, glauconitic, fossiliferous
35 |40 (Forest Hill Fm) — Clay, light to dark gray, silty,
lignitic, fossiliferous lenses
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BORING LOG
Paze 1 wof 1
Boring Wall Mo.:JTB-12 NamaProjact Meo.: SMITH COUNTY RESEVOIER
Data: _2-23-2011 Drilling Co.: WALKER Drill Rig Twpa: SONIC
Drilling h=sthod: CORING
GeologiztLozgan JAMES MAY Weather Conditions: FATR. Elzvation: 403__
Motzz: _ LOCATION: 32080260 N, 50 S65T30W
Dtk SOIL STRATA
Fram Ta SO0IL DESCRIFTIONS AXND REMARKS Timc
0 7 .
(Terrace) Sand, , red to brown, fining upward,
medium grained to pea gravel, silty, weathered
7 12 (Glendon Fm) -Marl, brown and red mottled, clayey,
highly weathered
12 |18 Marl, greenish gray. calcareous, glauconitic,
fossiliferous
18 |20 Limestone, light gray, hard, calcareous, fossiliferous,
glauconitic
20 (22 Matl, greenish gray, calcareous, fossiliferous,
glauconitic
22 |23 Limestone, light gray, hard, calcareous, fossiliferous,
glauconitic
23 |30 ( Mint Spring Fm)-Matl, greenish gray, calcareous,
glauconitic, fossiliferous
30 |40 (Forest Hill Fm) — Clay, medium to dark gray, silty,
lignitic, fossiliferous lenses
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BORING LOG
EoringWall Mo, JTE-13 MNamaProjact Mo, SMITH COUNTY RESERVOIR, ree et
Dotz _2-24-2011 Drilling Co.: WALKER Drill Fig Typa: SONIC
Drilling Mathed: CORING
GeologiztLozger JTAMES MAY Westher Conditions: FAIR Elevation: 381__
Motes:  LOCATION: 32 059TTTN. 50.567107TW
T Tzt Ts SOIT MSMSWVTEN;T:_I;]IMM T
0 5
(Terrace)Sand, brown, ,mottled, med to coarse
grained, oxidized
5 15 Sand, red, silty, oxidized
15 18 (Byram Fm) -Marl, tan, weathered, fossiliferous,
glauconitic
18 |20 (Glendon Fm) -Limestone, greenish gray,
fossiliferous, glauconitic
20 |28 Marl, light gray, fossiliferous, glauconitic
28 |30 Limestone, greenish gray. fossiliferous, glauconitic
30 |34 Marl, light gray, fossiliferous, glauconitic
34 |35.5 |Limestone, greenish gray. fossiliferous, glauconitic
35.5 |42 ( Mint Spring Fm) -Marl, med. Gray, wet,
fossiliferous, glauconitic
42 |50 (Forest Hill Fm) -Clay, dark gray. carbonaceous,
fossils in upper part
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BORING LOG
Eoring Wall Ho.: EME-1 MamaProject Mo.: SMITH COUNTY EESEVOIR et
Dats: _2-24-2011 Drilling Co.: __WALKFR Drill Rig Typs: soMIC
Dilling hathod: CORING
CaologistLogzern JAMES MAY Taather Conditions;__ FAIR Elsvation; 430
MNotez: _ LOCATION: 32122308 N, 30 SSHESW
Fam Lt Ta S0IL Msmmréz\rgg;nn.\ms Tamc
0 17
(Catahoula Fm)-Sand, brown to red, fine to med.
grained, ferruginous
17 |30 Clay. gray and red. with fine sand. waxey. ferruginous
30 |39 (Bucatunna Fm)-Clay, tan, bentonitic,
39 |42 Clay. dark brown, silty, carbonaceous
42 |44 Bentonite, tan, waxey (weathered Byram?)
44 |52 (Byram Fm)-Marl, red to dark brown, highly
weathered
52 |65 Marl, greenish gray, caleareous, glauconitie,
fossiliferous
65 |66 (Glendon Fm) -Limestone, light gray. hard,
calcareous, fossiliferous
66 | 66.5 |Marl, greenish gray, calcareous, fossiliferous,
glauconitic
66.5 | 70 Limestone, light gray. hard, calcareous, fossiliferous,
glauconitic
70 |80 (Mint Spring Fm) —Matl, greenish gray,
fossiliferous, glauconitic (poor core recovery)
80 |81 (Forest Hill Fm) — Clay, light to dark gray, silty,
lignitic
81 |90 Sand, gray, fine grained, fossiliferous lenses

DD TR T O
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APPENDIX C

SURFACE WATER HYDROGRAPHS
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APPENDIX D

LABORATORY ANALYSIS
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Sampe ID ; Al Sampied: 2f16/2011 10:29
Tast Fiecuite Unis. [0 OF Date!Time By Anatytoal

Aralyzed Method
Mliesdinity {ns Ca000) 59 mg/L 1 1 021105 ENB k]
mmaonia Nitengen <100 mgiL 100 1 02220111035 EAR  ASDHROD
Bochemical Dwygen Demand {5-day) <5 maiL 5 1 OXIFFI1 1230 TRM 53108
Cawhon DHowide (Estimane) Ly mgiL [N} 1 OYOI1 14238 FF A5
Chinride a7 mgiL 100 1 OIFIE1109320 Kys  EPA-3D0O
Tokal Cyanide: <0080 mgiL nom 1 D211 0800 MAT  AG00-CN-E
Tiokad Criiform 2 chy/100mL 1 1 DXL/ 1650 LS 928
IFuoride | w/o distiiation) 0.130 maiL 0160 I OFLE1LME0 Kys  EPA-3000
Netrate: (HOA-N) <[1100 mgiL 0100 1 O3LE11 0830 KyS  EPR3000
Kite (WO2-H) <{L100 mgiL 10 1 OXFIE11 09320 KYS  ERA-3D0O
Wb+ RN <1100 mgiL .10 1 D2FLSF1Y 09:20 EPA-ID0LO
- g0 LT 1 OFLTL Ao MES  EO0HEB
Tkl Dissnberd Solids 154 mafl mn 1 O3FLEF1Y 100 MAT 254800
Tokai Phosphones (L0 mgiL il 1 021711 G40 TEM AS00-FE
Prencis (Tokal) <(LIE0 mgiL o 1 O24/1111: 71 DAG  EPR-201
Tk Abamiesam 124 walL 00 1 OZAS1101SE RQE  EPWZO0E
Tkl Antimoiny < L0 (T Lo 1 02257114158 RQE  EPR-IDOE
Tokal Arsenic <0500 pall il 1 02si11 0158 RQE EPAIDOE
Tiokail Earlam 9.2 ualL 100 1 O3S1101SE ROE EPWZ00E
Tokai Berylum <0500 bl s 1 OZS110USE ROE  EPWIO0E
Tk Coicium 43300 waL 100 1 OZAS1101SE RQE  EPWZO0E
Tiokad Cocimbarm <100 walL .10 1 025110158 RQE  EPW-200E
Tioksi Chimymiem <L BaL 100 1 DIS110L5A RQE EPAIDOE
Tiokad Coppesr 0.756 Hal il 1 02j2Sr11a0se RQE  EPA-2NE
Hartiness 2 CalliS-140E) 118000 paL i1} 1 OZFS/11 GLsE EPW-Z00E
Tk e 485 waL 100 1 OIS0 RQE  EPRGDOE
Csalifiers " Durtekde (C bmik of CHution Factor
it ML Method CQuansiation Lime
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E T C Ewironmenial Testing & Consuliing, Inc.
e 1750 e T —— 1801 £13:040 b 01 13340
N Ltwn sy Marigeras Faten
=TT
Department of Gen Soences
O, Dered Sebmiez Project Monitoring
L8 Hilun Hal Information ©
MELI, M5 39752
Aeport Date © 322011

Report Mombes @ 11-048-0303 REPORT OF ANALYSIS Regwved = 27172001
LsMa: BG4S0 Pt Aueous
Sample 1D 1 AL Sampiad: 2/16/ 2011 10:29
Toct Recutts untts e OF Date/Time By anasytical

Arabyzed Method
Tikal Lead <050 pat s 1 0251100158 RGE  EFACIDOE
ok Mageesiam =00 paL 100 1 0SI0ISE RGE EPA-IDOR
Torsl Manganese: =1 pan 100 1 D511 0158 BGE  ERA-IDOE
Tkl Mercery <00 mal 00032 1 GERLI1 1604 Tm  EPA-45L
Toead Micked 0.E12 parL ik | 0325110150 EOE  EFA-JOOE
Tiokai Selesium <200 patL 200 1 G2S110158 RGE  EFA-IDOE
Tkl Yol <0500 L .50 1 DSl 0lsE RgE EPA-IDOE
okl Biec 634 paL 500 1 D2251101%8 ROE  EPA-IDOE
Feeal Cobfom z00 u/200mL 10 L OGLI 169 LSK 3D
Carhorain <2 mall 2 L GRELGA0G EwE  23X8
Bicarmanate (a5 CalTid) 95 mal L 1 W2 606 Bwe 2108
Tkl Suitate {504} 14.4 mall 160 1 O3fLEFL1 GA30 KYS  EFA-300.0
Turbady &1 NTU Lo 1 GIfLEf1L 4010 MRT  ZLMB
Guaalifirs/ . Cartside: (C me oF Dution Factor
Defciioes: Ly mg:-u:umm
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E T C  Environmental Testing & Consulring, Inc.
{ FEAELAR L 20 s Naml eyt fssmms 111 [CTEIET Fad (W U0 Jda
N Lmn sy Mirsgeres Prdes
16
Cepartment of Gen Scenoes
Dir. Deeved Schmiz Project: Hoitoing
LB Hilun Hall Dnfraeiion -
MEL | M5 TR
Respiort Diaske: ¢ 327011

Report Nombes | 11-048-0303 REPORT OF ANALYSIS Reareived - 21772011
LabMo:  BE45L Mt Ao s
Sample 1D ; A3 Sampied: 2/16/2011 15:20
Tact FRecultc Unite ("R OF Date/Time By Anatyoal

Arafyzed Msthod
WBadinity (o Callid) .- mgil 1 1 0323110905 EWNB 328
Ammonia Nirogen <0100 mg/L 0100 1 03210035 EwE ASDOHRDD
Biochemica (eygen Demand |5-day] <5 maiL 5 ! O] 1300 THM 52108
Carhan Dicedidle | Extimate) e maL ol 1 OAOE1L M4 BRE A4S0
Chiorde 12.0 mail 100 1 ONIE109238 Kys  EPA3D00
Ttz Cyanide <000 mgL noso 1 03231109:00 MAT  AGO-CN-E
Tk Codinmm <1 i/ E00mL 1 1 OXEF11 1650 LSK 928
Fuioride {w/o distiiation) <100 maL 0100 1 OXIE109:3  Kys  EFR3D0D
Hitrabe (HO3-N) 1.23 mal 1m0 1 02187110938 KYS EFA-200.0
Kaltrite: (WCI2-N) <100 mal 160 1 OiEI0a:8 Kys  ERADOD
‘Wtrate+ WirieH 1.23 mglL o100 1 02718711 09:38 EFA-ID0LGD
™ 7.7 Eu 1 OIIL IOl MES  EO0HEB
Tiokad Dissaibersd Soilcs 114 mgiL i 1 O3/LE711 MO0 MAT 25400
Tt Phosphones 0.134 maiL o 1 0217110840 TEM AS00-PE
PR (Total) 0.052 maL Ls0 1 OX2471111:71 DRG  EPA-4201
Tkl Alamiceam 173 il 100 1 mBEsN1Es RQE  EPAIDOE
Tkl Arvtimomy <10 wal 100 1 0Esf1 s RQE  EFAIDOE
Tokad Arsenic 109 il 50 1 0Rsf00s RQE  EPAIDOR
Tkl Basiam 40,5 palL 1 1 mEs1a0s RQE  EPAIDOE
Tokk Berylium <0500 L 50 1 DRAEI0N0E RQE  EPAJO0R
Tk Caicium o950 paiL 100 | OOEASI NS RQE  EPA-JO0E
Tkl Cacimieam <100 waL 0.100 1 ZASIIAN0S FQE EFRO0E
Tiokad Chmmium <100 parl L0 1 OESA10005 RQE  EPA-ZDOE
Total Copper L57 L 50 1 057110006 RQE  EFA-2D0E
Hardness a6 Cal00% 5H-2048) FT000 il 100 1 032571 s EFA-DOE
Total lon 1360 paiL 100 1 0ZES11ah0s ROE  EPA-JO0R
Qualifiers) - Curtsice (3C bk oF CHuficn Factor
Definitions ML nurmg:mm
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= T C  Ewironmenal Testing & Consulring, Inc.
Fas BNRREEAALGEE BP i i Berybin fopanisss 9111 (LT o () BB
# Lt rnty Mage e Fatee
[i==313
Department of Geo Sterces
D Ceaerel Schmiz Froject Horitoing
LIE Hillbun Hal Information :
MEL, ME JTE
Report Date @ 322011

Report Mambes : 11-048-0303 REFORT OF ANALYSIS Recrved = 21772001
LatMo:  BE45L M Aquebous
Sample 1D © A3 Sampied: 2716/ 2011 15:20
Test Resuits Units. =R OF Date/Time By Anartioal

Anabyzed Method
Torad Leesd 0.599 =18 [ 1 DX 006 RQE  EPWI008
Tt Magnesiam TG0 LR 100 1 sl u0s ROE  EPAD03
Totad Manganese: 143 L 100 I oOxESIIe0s RGE EFAINOE
Tokail Masrury <L mail n.ome 10221 MG To) ERAMATD
Tiokad kel 1.28 paL 0500 1 022511 06 RQE  EFAI008
T Seseium <200 =18 100 10X s RQE EPWI00S
Toual Talium <{L500 paL 050 1IN0 RE EPACIOA
Total Ziec ERT:] oL 500 1 oOzEsrle0s RgE EPACIDOA
Feenl Colfnm ohuy/ 3wl 1 1 OOZIF/LL M6 LS an-n
Cortomate <2 mail 2 1 02227110805 EWE 308
Bimrbonate (= CHI) 29 ma/L 1 1 OZ2E11 905 EWB 308
Tk Suffate {504 1.2 mal 100 1 (EF18/1109-38 KYS EFA-300
Tirbadty 11 NTU L0 1 O2FISL1 00 MAT 2108
Qusalifiera . Dutside [C Emi oF DHureion Factor
Ol i ML Method Quanstation Lime
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E T C Ewvironmenmal Testing & Consulring, Inc.
o ARIPAR (4 270 itmn Ramd e ——TY 1] 133408 Fax 3] 2540
" Laborory Myugnres Pyt
12111
Department of Gen Scesces
D Dasred Sty Froject: Honitoring
B Hillbun Hal Ieformetion @
MELI, M5 3762
Report Date 1 3272001

Reqort Mombes © 11-048-0303 REPORT OF ANALYELS Received = 21772011
LahNa:  BS452 Mt Aeenus
Samgle 1D ; A8 Sampied: /162011 1544
Tast Recutis Units [~ OF Daie/Time By anaiytical

Arabyzed Methoc
Idaaiinity (a5 CaCZ) 20 maL 1 1 022211 05 EWB ik ]
Ammonia Niteogen <0, 100 maiL [iNT: ] ! 023111005 EWR  ASDIHRMED
Bicchermical Dwygen Demand {S-dw] <5 mgil 5 I 02718711 1300 TEM 520
{Carhom Dicoscle: (Estimane) L0 maL ol I OO MS0 RF O ASNHTR
Chioride 14.3 maiL L I O3L8/11 0855 KYs  EPA-3000
Tkl Cyanide <0000 maL o I OZ2311 0000 MAT  SO0CNE
Tzl Colform =1 chy/ 100mL. 1 1 OFIFF11 3650 15K 28
Fluoride: (w0 distilation) 0.003 mgiL [iRT: 1] | OIE/1 NS5 KYs  EPAS3000
Fatrate: [RC3-N) 0896 maL (1K1 1] 1 OLE/11 9SS Kys BR300
Ketrite: (NN 0,100 mal [INT: ] I 038110855 Kys  ERAC3000
Katrate-+Hitrte-H 0.896 maL iR I OZfLE/L1 0655 EFA-300.0
] 71 TN L OOFLFIL IOl MBS GO00-H-EB
Tiokad Dissoberd Solids 5 mafl 1] 1 02718711 10:0  MAT 15400
Tkl Phosphanss 0.177 maL [iFi 1] 1 OZ2GII0E40 TRM ASOOHPE
PRancs (Total) <0450 maL i I 0224111121 DRG  EPR-G0LL
Tkl Alarminem 76 L 100 L0001 RQE ERACIO0E
Tiakad Antimony <10 paL Lo 102257110213 RQE  EPAI00E
Tkl Arsenic 1.22 paL [ ] 1 OOZS1 G ROE EPACIOOE
Tkl Bawtam an1 il L 1 OOERSI 0N ROE EPACJODE
Tighal Byl 01500 L 50 DOl RGE EPACIDOR
Torsd Coiclum 4770 L 100 IoOF25/1102:13 RQE ERAI00E
Tiokad Cndmiem 0,100 malL [INT: ] 1011001 ROE EPAJD0E
Tkl Chmemium <100 L Lo I oOEAS1100:0) RGE  EPAJ00E
Tk Copper 297 L 0500 | OOEASIIONI ROE EPA200E
Hardness a6 CalO3SH-13408) 22800 paL 100 1 021 EFR-008
Tokal bon 730 L 100 IoOZ251102:13 RGE  EFAI00E
Qusalifiers) ' DOurisicie GC bmit oF Ddlution Factor
Dol e ML Method QuanStation Lime:
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ErC Environmental Testing & Consulring, Inc.
MR ENP 21 s i [T —— 111} F10:ice T (81 1 T4
A Loty W rniga re s Sptne
1316
DCepartment of Gen Sciences
D Daeved Scmie Froject Honitoring
108 Hillun Hall Ieformetion =
MELl, MS FTEZ
fleport Daie © 32/2011

Feport Number : 11-048-0303 REPORT OF ANALYSTS FRereived - 271772001
LabiMo:  BES45Z Mzt Agueeous
Samgpie D : A4 Sampied: 2/16/2011 15:44
Tact Recults Units. WiEL OF Dale/Time By Anabytoal

Anatyzed Mt
Tl Lanat 0781 waL 5o 1 02251102:11 BGE  EPA-JD0R
Tl Mageesiam 2640 L 100 1 OIS 0001 RQE  EPA-JOOE
Total Manganese: 769 pall 1.00 1 0j251102:11 FQE  ERR-IDOE
Tl Merury <0002 ma/L 000 1 E2Y110608 TOd  ERR-M50
Tatal Mickel 135 wall 500 1 0325110201 FQE ERR0O0E
Toral Seeium <100 mai 100 1 D2f25/1102:11 FQE  EFA-JDOE
Ttz Thalium <050 L ik 1 025110203 RQE  ERA-JO0E
Tk Bioc 141 L 5.00 1 0251102:81 FOE  EPRJD0R
Fecal Colform 50 o/ 100mL i 1O 0B LSK w20
Carhonat <2 maiL 2 1 022311 05 BN 138
Bimrbonate |25 CallH) 0 gl 1 1 022311 0905 EWB e
Tokah Suforte (S04} 9.20 maL Lo 1 018110955 Ky5  EPR-I000
Turbicky 5.9 NTU L0 1 0271511 10:10  MAT 21308
Quaalifiers) = Curtside: (C bmi oF Ddlusicn Factor
it i ML Method Quanatation Lime:
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E 1 C Ewironmenmal Testing & Consulring, Inc.
e g ERE A A CE 2730 e Aasd srpra. forsmem 59131 aai} 3 -0d o (90T 234
A Latawry Manage ram Sutear
i1
Department of G Soieoces
Dir. Dol Schmiez Projec Honitoring
LB Hiltun Hall InforTremion -
MEL , M5 39762
Repors Date : 3772011

Feport Mamber | 11-048-0303 REPORT OF ANALYSIS Rarrived @ 271772000
LatiNo:  BG453 Matri: Agssous
Samgle 10 : &5 Sampied: 216/ 2011 17:10
Tact Rscults Unite -8 OF Dais/Tima By Anatytioal

Aratyzed Methos
Acaiinity (a5 Ca0011) 17 maiL 1 1 OI110905 ENB Pk -]
Ammoni Mitmgen <0,100 mgiL 0100 1 OZ31100:35 EwWB  ASDO-RED
Biochermicd Cwygen Demand {50y <5 ma 5 1 OZFL8711 1300 TEM 52108
‘Tartvon Dicwade {Edtimate ) 4.0 mal =N 1 O3/G2F11 1451  JF 4500002
Chioride 1.3 marl (7] | OOFLELLENY Wys  EFR-3000
Tokad Cyanide <0.010 maiL oo 1 032211 09:00 MAT  GO0-CN-E
Tk Codform 2 cfuy 100mL 1 1 01711 1650 LSK 92128
Fuaride w/o distilation) <0,100 maiL [N 0 OFLE1L 003 KYS  EPR-3000
Tatrate (HO3-N) 0.785 mal o1 I OIFLE1 013 KYSs  EPR-3000
edrite: [REIZ-N) =0,100 mal 0100 | OFFLEfI100=13 Y5 EPR-3000
Katrate-+ Kitrte-H 0.785 maiL 1 1 02718711 10:83 EPR-3000
" (1] 18 1O 0L MEs  SO0H-B
Tkl Dissnbesd Soiids 02 maL 10 1 0718711 0k MAT 1580
Tokad Phosphons 0.202 mal nmsn 1 0221110840 TEM AS00-PE
Prenois (Tom@l) Bl maiL B0 1 OI24711 113l DRG EPR-200
Tokd Alermiream 408 paL 100 1 02511002 RGE  EPAJOOE
Tokad Atimony <100 L ] 1025110220 RGE  ERA-JOOE
Torad Arsenic 140 HaL s 1 O3251100:20 RQE EPR-IO0B
Tokad Bartam 40.3 uall o0 1 DSl o RgE EPASID0E
Tkl Berylum 0,500 Hal s 1 0ZFS1102:20 RQE  EPR-200E
Toml Calcium 5200 (Th1 100 1 022871100 FE EFA-2008
Tkl Cocimbarm 0,100 L [iRT: ] 1025110220 RGE  ERA-JOOE
Tkl Chimemium =100 paL Lm 10110 RGE  ERAJDOE
Tkl Coppes 3,05 HaL 050 1 0511030 RQE  EFR-JO0B
Hardness as Cal T3 5H-234E} 23900 L 100 1 0225011 63:20 EFA-20NLE
Tiokad oy 070 paiL 100 1 022511002 RGE  EPAJOOE
Casalifiers/ . Dutsice (3 kmi DF Dilution Factor
Befinitions 4y pethod QuanStation Line
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E N C Ewironmental Testing & Consulring, Inc.
] By I ——— P P S S P
A Laenariory Msmgerar Fatar
[i==1T3
Deparmmest of Gen Scences
Dr. Ceved Schmicz Project Hanitering
LB HilEwn Hall nforrretion -
ME , M5 39TRE
Aeport Date : 32/7011

et Mumbes @ 11-048-0303 REPORT OF ANAL YEI'S Foareiver = 2PLF2011
LanNo:  BE453 M Ageenus
Sampile 1D : &S Sampied: 2f16{2011 17:10
Tect Results: Units. WEL OF Date/Time Ey Anasytioal

Aratyzsd Mt
Tkl Lewd 0.522 HaL [ ] 1 032511 0220 RGE EFACIO0E
Toead Magnesiam ‘540 h 18 100 1 OX2S711 220 ROE EFl-200E
Tkl Mgy 180 AL 100 1 OIS 0EI0 RGE  EPA2008
Tiokad Mercury <0000 mail 0,000 | 02211168 Tml ERA-MSL
Tiotad Nicked 1.44 (T il 103511 a0 RgE EFMGID0E
Tkl Selenium <200 ual o0 1032511 R0 RgE EPA-IDOE
Total Thallum <0500 paL s 102511220 ROE EPA-IDOE
Ttz Tinc 5.04 L 500 1025110220 RQE  ERA-IDOE
Fecal Colfam 130 oy 10mL 10 1 OFFEF/11 1639 L5 a0
Carbonate =2 mail 2 1 02110805 ENB e
‘Bicarbonabe: (s Callid) 17 mail L 1 022211 0905 ENB Firs:]
Tiotal Sufote (S04} 962 maiL Log 1 OIFIEM1110:13 KYS  ERA-3000
Turbiciy 13 NTU Lo 1 OZFLEF1130:00 MAT FIE
Qsalifiesrs - Durtside: (T imit oF [DHluftion Facor
Deeflnitions ML Mothod Cuanistaion Link

Page 1dof 13

137

www.manharaa.com




E I-G Environmental Testing & Consulting, Inc.

S s A [T T 1B il Fam | B0 i 3l
hlabaatns Viripensl Farre

Cooler Recalpt Form

Customer Mumbsr: 03818
Cusiomer Mame:  Department of Geo Sclencas
Report Mumber:  11-048-0303

Shipping Msthod

O FedEx Ques  (QusPostal) cient @ P (O couner Qomec |
Shipping contalNEr/comEr UNCom promised? @ ves () No () mat Present
Custody seals Intact on shipping contalnericoaler? () Yes ) Ho @ Hot Required
Custody seals Intact on sample bottles? () Yes () Ho @ ot Reguired
Chain of Custody present? @ ves ) No
COC agrees wih sample labels? P ves O No
Samples In propar contalners? ) Yes P o
Zample contalners ntact? @ res ) No
SuMclent sample volume for Indicated tests? @ ves () No
Al samples recelved within holding tme? ) Yes @ o
Contalner lemperature In compllance? @ ves {2 No
Waler - VOA viais Tree of Neadepace? () Yes {1 No § A
Water - Preservation accaptable upon receipt? i Yes ) Mo )
Samples screened Tor radloactivity (COE only)® () Yes ) No [ B
Spedial precautions or Instructions nciuded ™ () Yes P ro

Comments: ved a plastic container for Phenols testing.

2cal & Total Colform recaived out of hoiding time.
proval to analyze per Will McSryde/Nathan Pera.
ee Non-Compliance Repor.

Any reguiatory non-compliance lssues will b2 recorded on non-compliance repor.

Signature: [iebekan Ross ]

Date & Time: Q21772011 16:23:22
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T — (NN A
— pH

w2
[LETE
= Turbidity

— bicarbonate alka as
— _total alkaliniry as CaCoy
»._ Iren carbon diwide
= _sodium
 potassium
= calclum
" mEgnEsiLm
“-~tatal hardness as CaCo,
— fuoride
— chioride
— sulfate
,_ MitTaLe ietrogen
"'ﬂl‘lﬂhnﬁ'nien
= total NO;NG; nitrogen
— total dissolved solids
. Cyarvide
— phnenal
~ Amrmenia-N
—tokal phosphorus
- BODs
~ total coliform
— tecal colifarm
Metals
~_alumiismn
= antimony
— arsenic
—barium
— beryllium
= cadmium
— chromiwm
T Copper
= finon
- lpad
= manganess
= MErcury
- w
= sedenium
=~ sihver
 thalium
s Tinc
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E T C  Environmenial Testing & Consulring, Inc.

Wi elamemphia cam 2700 Whtten Foad Masrphis, Tenngssae 30123 {p01) 213:2400 Fas (001) 2132440
“& Laknratery Managamant Parinar

31572011

Department of Geo Sciences
Dr. Darrel Schmitz

108 Hillbun Hall

MSU, M8, 39762

Ref:  Analytical Testing
ETC Report Number: 11-056-0248
Client Project Description: Monitoring

Dear Dr. Darrel Schmitz:

Environmental Testing and Consulting, Inc. received 5 sample(s) on 2/25/2011 for the analyses presented in
the following report.

The above referenced project has been analyzed per your instructions. The analyses were performed in
accordance with the applicable analytical method.

The analytical data has been validated using standard quality control measures performed as required by the
analytical method. Quality Assurance, instrumentation maintenance and calibration were performed in
accordance with guidelines established by the analytical method(s) and NELAC. All results provided are in
compliance with NELAC requirements unless otherwise indicated and/or narrated.

The resulis are shown on the attached Report of Analysis(s). Results for solid matrices are reported on an as-
received basis unless otherwise indicated. This report shall not be reproduced except in full and relates only to
the samples included in this report

Please do not hesitate to contact me or client services if you have any questions or need additional information.

Sincerely,
Rendill 3. Howar

Randy Thomas
Project Manager

Laboratory's Wability in any daim relating to analyses performed shall be Fmited fo, at laboratory’s oplion, repeating tha
analysis in question atlaboratory's expense, or the refund of the charges paid for performance of said analysis

Alzbama #40750 Louisiana #04015 Florida #EBTR43 Texas #T104T04180-05-TX Arkansas #56-0650
Mizzizsippi California  #05240CA. Oklahomz #9311 Virginia FO0106
Kentucky #90047  Tenneszee 02027 EPA £TNDODI2 Kentucky UST #41 Kanzzz E-

e &,

g 3

21 L8
10386 ©
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E T C Environmenmal Testing & Consulring, Inc.

www Blcmempiis com 2750 Whiden Road Memphis. Tennzssee 18151 1801) 213 24l Fae (801) 21524400
“A Laboestery Managerien] Parlner

Non-Compliance Login Summary Report

Incident Date: 02-25-2011 01:47 pm

Report number: 11-056-0248 | Lab Mumber{s): LB7537-L87541
Customer number: 03816

Customer Mame: Department of Geo Sciences

Contact Mame: Department of Geo Sciences

Project ID: Dept of Geosciences - Monitoring

This Non-Compliance Report has been generated because proper EPA protocol was not followed for the above referenced samplefs). This
means that the data generated from the analysis of this project may not be suitable for Regulatory compliance

This report should be induded with any data submitted to a Regulatory Agency. The actual problems encountered are listed below.

Description of Login Non-Compliance

D Sample Temperature Non-compliant

Cooler Temperature: :dagraﬁ Celsius
Required Temperature: | degrees Celsius
Sample Received in Improper Container
Analysis: Phenal

Received Container: Quart Plastic
Required Container: Quart Glass

[] sample Improperly Preserved
Analysis:
Received Preservative:
Required Preservative:

Sample Received Outside Holding Time Date Received: 02-25-2011 13:30
Analysis: Total & Fecal Coliform
Sampled Date and Time:224/11 Various
Required Holding Time: s Hours

Other:

Corrective Action

Client Notified: () Yes @) No Date Client Notified: | Contact Name:
Client Directive:

-Appm\al to always analyze samples out of compliance per Nathan Pera

Initiated By: Ms. Brooke Shaup | Project manager: [Mr. Nathan Pera QAD: Dr. Richard Medina
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EIC

Environmental Testing & Consulring, Inc.

www.glcmemphis.com 2740 Whitlen Road Memphis, Tennessee 20133 (801) 213.2400 Fax {801} 2132440
“h Laberatory Managemen Pariner”

03816

Department of Geo Sciences

Dr. Darrel Schmitz Project Manitaring

108 Hillbun Hall Infarmation :

MSU ., MS 39762

Report Date : 3/15/2011

Report Number 1 11-056-0248 REPORT OF ANALYSIS Received : 2/25/2011

Lab Mo : 87537 Matrix: Aqueous
Sample ID : A7 Sampled: 2/24/2011 11:17
Test Results Units. MaL DF DatelTime By Analytical

Analyzed Method

Alkalinity (as CaCO3) 62 mao/L 1 1 03/09/11 08:40 EWB 23208
Ammonia Nitrogen <0.100 mao/L 0.100 1 03/03/1106:05 EwWB  4500-NH3D
Biochemical Oxygen Demand (5-day) <5 moiL 5 1 02/25/11 13:00 TKM 5210-B
Carbon Dioxide (Estimate) 15.0 maoiL 0.1 1 03/15/1115:10 JRF  4500-CO2
Chloride 7.03 mao/L 1.00 1 02/25/1115:08 Kys  EPA-300.0
Total Cyanide <0010 mgjiL 0.010 1 03/01/11 0%:00 NRT  4500-CN-E
Total Coliform <1 cfuf100mL 1 1 02/25/11 14:30  LSK 92228
Flugride (w/o distillation) <0.100 majL 0.100 1 02/25/1115:08 Kys  EPA-300.0
Nitrate (NO3-N) <0.100 mgiL 0.100 1 02/25/1115:08 Kys  EPA-300.0
Nitrite (NO2-N) <0.100 mao/L 0.100 1 02/25/11 15:08 Kys  EPA-300.0
Nitrate-+Nitrita-N <0.100 majL 0.100 1 02/25/11 15:08 EPA-300.0
pH 6.8 s 1 02/25/11 14:55 1P 4500-H-B
Total Dissolved Solids 134 moiL 10 1 03/03/11 15:00 NRT 2540C
Total Phosphorus <0.050 mao/L 0.050 1 03/01/11 08:40 TKM 4500-PE
Phenals [Tatal) <0050 mag/L 0.050 1 03/02/1113:07 DRG  EPA-420.1
Total Aluminum 866 pafL 100 1 02/28/11 08:34 RQE  EPA-200.8
Total Antimony <1.00 pafL 1.00 1 02/28/1108:34 RQE  EPA-200.8
Total Arsenic 1.35 paL 0.500 1 02/28/1108:34 RQE  EPA-2008
Total Barium 70.0 pall 1.00 1 02/28/1108:34 RQE  EPA-200.8
Total Beryllium <0.500 pafL 0.500 1 02/28/1108:34 RQE  EPA-200.8
Total Calcium 35400 pafl 100 1 02/28/110%:34 RQE  EPA-200.6
Total Cadmium <0.100 pafL 0.100 1 02/28/11 08:34 RQE  EPA-200.8
Total Copper 2.49 pafL 0.500 1 02/28/11 08:3¢ RQE  EPA-200.8
Hardness as CaCO3(SM-23408) 105000 pafl 100 1 02/28/11 08:34 EPA-200.8
Total Iron 1300 pgll 100 1 02/28/1108:3¢ RQE  EPA-200.8
Total Lead 1.68 pafL 0.500 1 02/28/110%:34 RQE  EPA-200.8
Qualifiers/ * Outside QC limit DF Dilution Factor

Definitions MOL  Method Quantistion Limit
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E T C Environmental Testing & Consulring, Inc.
wrw sleme mp his.oom 78D Whitien Road Memphis, Tennessee 18135 (801) 2132400 [Fax (801} 2132440
“A Laboratary Managemen Pariner”
03816
Department of Geo Sciences
Dr. Darrel Schmitz Project Manitoring
108 Hillbun Hall Infarmation :
MSU . M5 39762
Report Date : 3/15/2011

Report Number : 11-056-0248 REPORT OF ANALYSIS Received : 2/25/2011
Lab Mo: 87537 Matrix: Aqueous
Sample ID : A7 Sampled: 2/24/2011 11:17
Test Results Units MaL DF DatelTime By Analytical

Analyzed Method
Total Magnesium 4060 wall 100 1 02/28/1108:34 RQE  EPA-200.8
Total Manganese 760 pglL 1.00 1 02/28/1108:3¢ RQE  EPA-200.8
Total Mercury =0.0002 mg/L 0.0002 1 03/02/1110:18 TD)  EPA-245.1
Total Nickel 179 pgll 0.500 1 02/28/1108:3¢ RQE  EPA-200.8
Total Selenium <2.00 pgll %00 1 02/28/1108:3¢ RQE  EPA-200.8
Total Silver <0.100 pgll 0.100 1 02/28/1108:3¢ RQE  EPA-200.8
Total Thallium <0.500 pall 0.500 1 02/28/1108:34 ROQE  EPA-200.8
Total Zinc 18.6 pgll 5.00 1 02/28/1108:3¢ RQE  EPA-200.8
Fecal Colifarm 50 cfuf100mL 10 1 02/25/1113:50 LSK 9222-D
Carbonate <2 mgfL z 1 03/09/1108:40 EWB 23208
Bicarbonate (as CaC03) 62 ma/L 1 1 03/09/1108:40 EWEB 23208
Total Sulfate (S04) 43.9 ma/L .00 1 02/25/1115:08 KYS  EPA-300.0
Turbidity 12 NTU 1.0 1 02/25/1115:00 NRT 21308
Qualifiers/ ® Outside QC limit DF Dilution Factor
Definitions MOL  Methad Quantisation Limit
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EiC

Environmental Testing & Consulring, INc.

warw.elcmemphis com 2780 Whitien Road Memohis, Tennessee 30133 801) 213.2400 Fax {801} 213.2440
“h Laboratary Wanagement Pariner”

03816

Department of Geo Sciences

Dr. Darrel Schmiz Project Monitaring

108 Hilloun Hall Information :

MSU . M5 39762

Report Date : 3/15/2011

Report Number : 11-056-0248 REPORT OF ANALYSIS Received 1 2/25/2011

Lab No & 87538 Matrix: Aqueous
Sample ID : AG Sampled: 2/24/2011 11:50
Test Results Units MGL DF DatelTime By Analytical

Analyzed Method

Alkalinity (as CaC0O3) 26 mafL 1 1 03/0%/11 08:40 EWB 23208
Ammaonia Nitrogen <0.100 mg/L 0.100 1 03/03/1106:05 EwWe  4500-NH3D
Biochemical Oxygen Demand (5-day) <5 mafL 5 1 02/25/1113:00 TKM 5210-B
Carbon Dioxide (Estimatz) 8.0 mag/L 0.1 1 03/15/111510 IRF  4500-002
Chiloride 10.1 ma/L 1.00 1 02/25/1115:25 Kys  EPA-300.0
Total Cyanide <0.010 ma/L 0.010 1 03/01/110%:00 NRT  4500-CN-E
Total Coliform <1 cfu/100mL 1 1 02/25/11 14:30  LSK 92228
Fluaride (w/o distillation) <0.100 malL 0.100 1 02/25/1115:25 Kys  EPA-300.0
Nitrate (NO3-N) <0.100 ma/L 0.100 1 02/25/1115:25 Kys  EPA-300.0
Nitrite (NO2-N) <0.100 malL 0.100 1 02/25/111%:25 Kys  EPA-300.0
Mitrate-+Nitrita-N <0.100 mg/L 0.100 1 02/25/11 15:35 EPA-300.0
pH 7.0 s 1 02/25/11 1455 1P 4500-H-B
Total Dissohved Solids 70 mag/L 10 1 03/03/11 15:00 NRT 2540C
Total Phosphorus 0.206 mafL 0.050 1 03/01/11 08:40 TKM 4500-PE
Phenols (Total) <0.050 mag/L 0.050 1 03/02/1113%07 DRG  EPA-420.1
Total Aluminum 310 pafl 100 1 02/28/1108:42 ROQE  EPA-200.8
Total Antimony <1.00 pafL 1.00 1 02/28/1108:42 RQE  EPA-200.8
Total Arsenic 1.81 pa/l 0.500 1 02/28/1108:42 RQE  EPA-200.8
Total Barium 45.4 pg/L 1.00 1 02/28/1108:42 RQE  EPA-200.8
Total Baryllium «<0.500 pafl 0.500 1 02/28/1108:42 RQE  EPA-200.8
Total Caleium 6700 pafl 100 1 02/28/1108:42 ROE  EPA-200.8
Total Cadmium =0.100 pa/l 0.100 1 02/28/1108:42 RQE  EPA-200.8
Total Copper 2.19 pa/L 0.500 1 02/28/1108:42 RQE  EPA-200.8
Hardness as CaC03{5M-2340B) 27100 pafl 100 1 02/28/11 08:42 EPA-200.5
Total Iron 1500 pafl 100 1 02/28/1108:42 ROQE  EPA-200.8
Total Lead 0.751 pa/L 0.500 1 02/28/1108:42 RQE  EPA-200.8
Qualifiers/ * Outside QC limit DF Dilution Factor

Definitions MQL  Method Quantitation Limit
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E T C Enwironmental Testing & Consulring, Inc.
warwslemamphis.com 2780 Whitien Raad Mematis, Tennessee 30133 (B01) 213.2400 Fax (801] 2132440
“A Laberatary Management Pariner”
03816
Department of Geo Sciences
Dr. Darrel Schmitz Project Monitoring
108 Hillbun Hall Information :
MSU . M5 33762
Report Date : 3/15/2011

Report Number : 11-056-0248 REPORT OF ANALYSIS Received 1 2/25/2011
Lab Mo 87538 Matrix: Aqueous
Sample ID : A6 Sampled: 2/24/2011 11:50
Test Results Units MaL DF DateiTime By Analytical

Analyzed Method
Total Magnesium 2520 palL 100 1 02/28/1108:42 RQE  EPA-200.8
Total Manganese 251 waL 1.00 1 02/28/11 08:42 RQE  EPA-200.8
Total Mercury <0,0002 mg/L 0.0002 1 03/02/11 10:19 TD3  EPA-245.1
Total Nickel 1.41 pall 0.500 1 02/28/1108:42 RQE  EPA-200.8
Total Selenium <200 pafL 200 1 02/28/1108:42 RQE  EPA-200.8
Total Silver <0.100 pafL 0.100 1 02/28/1108:42 RQE  EPA-200.8
Total Thallium <0.500 pafL 0.500 1 02/28/1108:42 RQE  EPA-200.B
Total Zinc <500 pafl 5.00 1 02/28/1108:42 RQE  EPA-200.8
Fecal Coliform 70 cfufzoomL 10 1 02/25/11 1350 LSK 9222-D
Carbonate <2 ma/L H] 1 03/0%/11 08:40 EWE 23208
Bicarbonate (as CaC03) 26 mg/L 1 1 03/0%/11 08:40 EWB 23208
Total Sulfate (S04) 7.29 malL 1.00 1 02/25/1115:25 Kys ~ EPA-300.0
Turbidity 11 NTU 1.0 1 02/25/11 15:00 NRT 21308
Qualifiers/ * Outside QC limit DF Dilution Factor
Definitions MOL  Methed Quantizaton Limit
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EIC

Environmental Testing & Consulring, Inc.

wars elome mphis.com 278D Whitien Road Memphis, Tennesses 38133 (801) 313.2400 Fax @01} 393-2440
“A Laboratary Management Pariner”
03816
Department of Geo Sciences
Dr. Darrel Schmiz Project Monitoring
108 Hillbun Hall Information :
MSU . M5 39762
Report Date : 3/15/2011

Report Number : 11-056-0248 REPORT OF ANALYSIS Received : 2/25/2011
Lab Mo: 87539 Matrix: Aqueous
Sample ID : ABA Sampled: 2/24/2011 15:46
Test Results Units. MaL DF Date/Time By Analytical

Analyzed Method
Alkalinity (a5 CaCO3) 37 mafL 1 1 03/09/11 08:40 EWE 23208
Ammonia Nitrogen «0.100 mafL 0.100 1 03/03/11 06:05 EWE  4500-NH3D
Biochemical Cuygen Demand (5-day) <5 ma/L 5 1 02/25/11 1300 TEM S2i0-B
Carbon Dioxide (Estimats) 4.0 ma/L 0.1 1 03/15/1115:10 JRF  4500-002
Chlaride 10.5 mao/L 1.00 1 02/25/1115:43 Kys ~ EPA-300.0
Total Cyanide <0.010 mag/L 0.010 1 03/01/110%:00 NRT  4500-CN-E
Total Coliform <1 cfu/100mL 1 1 02/25/11 14:30  LSK 92228
Fluaride (w/o distillation) <0.100 ma/L 0.100 1 02/25/1115:43 K¥S  EPA-300.0
Nitrate (NO3-N) <0.100 mag/L 0.100 1 02/25/1115:43 Kys  EPA-300.0
Nitrite (NO2-N) <0,100 mag/L 0.100 1 02/25/11 1543 Kys ~ EPA-300.0
Nitrate+ Nitrite-N «0.100 mg/L 0.100 1 02/25/11 15:43 EPA-300.0
pH 7.3 su 1 02/25/11 1455 1B 4500-H-B
Total Dissalved Solids 119 mgfL 10 1 03/03/11 15:00 NRT 2540C
Total Phesphorus 0.154 mag/L 0.050 1 03/01/11 08:40 TKM 4500-PE
Phenols (Total) <0.050 mao/L 0.050 1 03/02/1113:07 DRG  EPA420.1
Total Aluminum 213 pgll 100 1 02/28/1108:49 RQE  EPA-200.8
Total Antimony <1.00 pgll 1.00 1 02/28/1108:49 RQE  EPA-200.8
Total Arsenic 1.84 poll 0.500 1 02/28/11 08:439 RQE  EPA-200.8
Total Barium 40.0 poll 1.00 1 02/28/11 08:439 RQE  EPA-200.8
Total Beryllium <1500 pall 0.500 1 02/28/1108:49 RQE  EPA-200.8
Total Calcium 12800 pall 100 1 02/28/1108:43 RQE  EPA-200.8
Total Cadmium 0,100 pall 0.100 1 02/28/11 08:49 RQE EPA-200.8
Total Copper 1.78 pall 0.500 1 02/28/11 08:49 RQE  EPA-200.8
Hardness as CaCO3(5M-23408) 43700 pall 100 1 02/28/11 08:49 EPA-200.8
Total Iron 1620 pall 100 1 02/28/1108:49 RQE  EPA-200.8
Total Lead 0.572 pgll 0,500 1 02/28/1108:49 RQE  EPA-200.8
Qualifiers/ ® Outside QC limit DF Dilution Factor

Definitions MOL  Method Quantization Limit

Page 7 of 14

147

www.manharaa.com



E T C Environmental Testing & Consulring, Inc.
warwatome mphis.com 2780 Whitlen Road Memphs, Tennessee 30133 (801 213.2400 Fax {801} 2132440
“A Laboratary Management Pariner”
03816
Department of Geo Sciences
Dr. Darrel Schmitz Project Monitoring
108 Hillbun Hall Information :
MSU, M5 39762
Report Date 1 3/15/2011

Report Number : 11-036-0248 REPORT OF ANALYSIS Recaived : 2/25/2011
Lab No: 873539 Matrix: Aqueous
Sample ID : ABA Sampled: 2/24/2011 15:46
Test Results Units MaL DF  DateiTime By Analytical

Analyzed Method
Total Magnesium 2850 walL 100 1 02/28/1108:49 RQE  EPA-200.8
Totzl Mangansse 199 palL 1.00 1 02/28/1108:49 RQE  EPA-200.8
Total Mercury <0.0002 mgfL 0.0002 1 03/02/1110:20 TDl ~ EPA-245.1
Total Nickel 1.28 palL 0.500 1 02/28/1108:49 RQE  EPA-2008
Total Selenium <2.00 g/l 2.00 1 02/28/1108:49 RQE  EPA-200.8
Total Silver <0.100 pafl 0.100 1 02/28/1108:49 RQE  EPA-200.8
Total Thallium <0500 pafl 0.500 1 02/28/1108:49 RQE  EPA-200.8
Total Zine <500 g/l 5.00 1 02/28/1108:49 RQE  EPA-200.8
Fecal Califarm 60 cfu/100mL. 10 1 02/25/11 1350 LSK 9222-D
Carbonate <2 mgfL 2 1 03/09/1108:40 EWB 3108
Bicarbonate (as CaC03) 37 mafL 1 1 03/09/1108:40 EWB 23208
Total Sulfae (S04) 9.82 mafL 1.00 1 02/25/1115:43 KyS ~ EPA-300.0
Turbidity 9.0 NTU 1.0 1 02/25/1115:00 NRT 21308
Qualifiers/ * Outside QC limit DF Dilution Factor
Definitions MOL  Method Quantitstion Limit
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E T C Environmental Testing & Consulring, Inc.

wivw.clememphis com 270 Whitken Road Memghis, Tennesses 30133 (801) 213-2400 Fax (801} 213-2440
“A Laberatory Management Pariner”

03816
Department of Geo Sciences

Dr. Darrel Schmitz Project Monitoring
108 Hillbun Hall Information :

MSU . Ms 39762
Report Date : 3/15/2011

Report Number : 11-056-0248 REPORT OF ANALYSIS Received 1 2/25/2011
Lab No:  B7540 Matrix: Aqueous
Sample ID : A-9 Sampled: 2/24/2011 17:34
Test Results Units MaL OF Date/Time By Analytical
Analyzed Method
Alkalinity (as CaC03) 38 mag/L 1 1 03/09/11 08:40 EWE 23208
Ammania Nitrogen <0.100 mag/L 0.100 1 03/03/1106:05 EWB  4500-KH3ID
Biochemical Oxygen Demand (S-day) <5 ma/L 5 1 02/25/1113:00 TEM 5210-B
Carbon Dioxide (Estimate) 4.0 mg/L 0.1 1 03/15/1115:10 IRF  4500-C02
Chloride 9.21 mg/L 1.00 1 02/25/1116:35 Kys ~ EPA-300.0
Total Cyanide «0.010 mag/L 0.010 1 03/01/110%:00 NRT  4500-CN-E
Total Coliform <1 cfuf100mL 1 1 02/25/11 14:30  LSK 92228
Fluoride (w/o distillation) <0.100 ma/L 0.100 1 02/25/1116:35 KYS ~ EPA-300.0
Witrate (NO3-N) <0.100 ma/L 0.100 1 02/25/1116:35 Kys  EPA-300.0
Witrite (NO2-N) <0.100 ma/L 0.100 1 02/25/1116:35 Kys  EPA-300.0
Mitrate-+Nitrita-N <0.100 mafL 0.100 1 02/25/11 16:35 EPA-300.0
pH 7.2 s, 1 02/25/11 1455 TP 4500-H-B
Total Dissohed Salids 56 mafL 10 1 03/03/11 15:00 NRT 2540C
Total Phosphorus. 0.136 mg/L 0.050 1 03/01/11 08:40 TKM 4500-PE
Phenols [Tatal) <0.050 mg/L 0.050 1 03/02/111:07 DRG  EPA420.1
Total Aluminum 175 paglL 100 1 02/28/1108:57 RQE  EPA-200.8
Total Antimony <1.00 paglL 1.00 1 02/28/1108:57 RQE  EPA-200.8
Total Arsenic 1.78 pall 0.500 1 02/28/1108:57 RQE  EPA-200.8
Total Barium 384 pall 1.00 1 02/28/1108:57 RQE  EPA-200.8
Total Beryllium <0.500 pall 0.500 1 02/28/1108:57 RQE  EPA-200.8
Total Calcium 10900 pall 100 1 02/28/1108:57 RQE  EPA-200.8
Total Cadmium =0.100 pall 0.100 1 02/28/1108:57 RQE  EPA-200.8
Total Copper 1.63 pall 0.500 1 02/28/1108:57 RQE  EPA-200.8
Hardness as CaCO3(SM-23408) 37500 palL 100 1 02/28/11 08:57 EPA-200.8
Total Iron 1440 palL 100 1 02/28/1108:57 RQE  EPA-200.6
Total Lead 0.548 palL 0.500 1 02/28/1108:57 RQE  EPA-200.8
Qualifiers/ * Outside QC limit OF Dilution Factor

Definitions MOL  Method Quantitation Limit
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E T C Environmenal Testing & Consulring, Inc.
weerw.elcmemphis.com 2780 Whitten Road Memphis, Tennessee 38133 (801) 2132400 FaxiBli) 2132440
“h Laberatory Management Pariner”
03816
Department of Geo Sciences
Dr. Darrel Schmitz Project Monitoring
108 Hillbun Hall Infarmation :
MSU . M5 39762
Report Date : 3/15/2011

Report Number : 11-056-0248 REPORT OF ANALYSIS Received @ 2/25/2011
LabNo:  B7540 Matrix: Aqueous
Sample ID : A-9 Sampled: 2/24/2011 17:34
Test Results Units MaL DF DatelTime By Analytical

Analyzed Method
Total Magnesium 2500 palL 100 1 02/28/1108:57 RQE  EPA-200.8
Total Manganese 178 oL 1.00 1 02/28/1108:57 RQE  EPA-200.8
Tatal Mercury <0.0002 mafL 0.0002 1 03/02/1110:21 TD)  EPA-245.1
Total Nickel 1.30 pglL 0.500 1 02/28/1108:57 RQE  EPA-200.8
Total Selenium <200 pall 2.00 1 02/28/1108:57 RQE  EPA-200.8
Total Silver <0.100 pglL 0.100 1 02/28/1108:57 RQE  EPA-200.8
Total Thallium <0500 palL 0,500 1 02/28/1108:57 RQE  EPA-200.8
Total Zinc =5.00 pall 5.00 1 02/28/11 08:57 RQE  EPA-200.8
Fecal Coliform 40 cfu/100mL 10 1 02/25/1113:50 LSK 9222-D
Carbonate <2 mafL 2 1 03/09/11 08:40 EWB 23208
Bicarbonate (a5 CaC03) 38 mafL 1 1 03/09/11 08:40 EWE 23208
Total Sulfate (504) 8.77 mafL 1.00 1 02/25/1116:35 KYS ~ EPA-300.0
Turbidity 6.4 NTU 1.0 1 02/25/1115:00 NRT 21308
Qualifiers/ * Outside QC limit DF Dilution Factor
Definitions MOL  Method Quantisation Limit
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EIC

werw.elomemphis.com

Environmental Testing & Consulring, Inc.

2790 Whitten Road Memphis, Tennessee 38133 £901) 213-2400

“A Laboratary Management Pariner”

[Fax {801} 212-2440

03816
Department of Geo Sciencas
Dr. Darrel Schmiz Project Monitaring
108 Hillbun Hall Information :
MSU . MS 39762
Report Date : 3/15/2011

Report Number : 11-036-0248 REPORT OF ANALYSIS Received : 2/25/2011
Lab Mo ¢ B7541 Matrix: Aqueous
Sample ID : A-10 Sampled: 2/24/2011 18:20
Test Results Units MGL DF  Date/Time By Analytical

Analyzed Method
Alkcalinity (as CaCO3) 31 ma/L 1 1 03/09/1108:40 EWE 23208
Ammonia Nitrogen <0.100 mg/L 0.100 1 03/03/1106:05 EWB  4500-NH3D
Biochemical Oxygen Demand (5-day) <5 ma/L 5 1 02/25/1113:00 TKM 5210-B
Carbon Dioxide (Estimate) 5.0 ma/L 0.1 1 03/15/1115:10 IRF  4500-C02
Chlaride 8.76 ma/L 1.00 1 02/25/11 1652 Kys ~ EPA-300.0
Total Cyanide <0.010 ma/L 0.020 1 03/01/110%:00 NRT  4500-CH-E
Total Coliform <1 cfuf100mL 1 1 02/25/1114:30 LSK 92228
Fluoride (w/o distillation) <0.100 mafL 0.100 1 02/25/1116:52 KYS ~ EPA-300.0
Nitrate (NO3-N) <0.100 mafL 0.100 1 02/25/1116:52 Kys ~ EPA-300.0
Nitrite (NO2-N) <0.100 mafL 0.100 1 02/25/1116:52 Kys ~ EPA-300.0
Nitrate-+Nitrite-N <0.100 mafL 0.100 1 02/25/11 16:52 EPA-300.0
pH 7.1 s, 1 02/25/1115:40 1P 4500-H-B
Total Dissalved Selids 100 mafL 10 1 03/03/1115:00 NRT 2540C
Total Phospharus. 0.131 mg/L 0.050 1 03/01/1108:40 TKM 4500-PE
Phenols (Tozal) 0.134 mg/L 0,050 1 03/02/111%07 DRG  EPA-420.1
Total Aluminum 362 pgll 100 1 02/28/110%:26 RQE  EPA-200.8
Total Antimony <1,00 pgll .00 1 02/28/110%:26 RQE  EPA-200.8
Total Arsenic 1.63 pall 0.500 1 02/28/110%:26 RQE  EPA-200.8
Total Barium 43.1 pall 100 1 02/28/110%:26 RQE  EPA-200.8
Total Beryllium <0.500 pall 0.500 1 02/28/110%:26 RQE  EPA-200.8
Total Calcium 9400 pall 100 1 02/28/110%:26 RQE  EPA-200.8
Total Cadmium <0.100 -8 0.100 1 02/28/110%:26 RQE  EPA-200.8
Total Copper 1.67 -8 0.500 1 02/28/110%:26 RQE  EPA-200.8
Hardness as CaCD3(5M-2340E) 33400 palL 100 1 02/28/1109:26 EPA-200.8
Total Iren 1910 pglL 100 1 02/28/110%:26 RQE  EPA-200.8
Total Lead 0.832 pgll 0.500 1 02/28/110%26 RQE  EPA-200.8
Qualifiers/ b Outside QC limit DF Dilution Factor
Definitions MQL  Method Quantitation Limit
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E T C Environmenal Testing & Consulring, Inc.
W, his.com 2700 WWhif Memghs, Tennesses 30133 +801) 213-2400 Fax {801} 212-2440
“A Laboraary Management Pariner”
03816
Department of Geo Sciences
Dr. Darrel Schmitz Project Monitoring
108 Hillbun Hall Infarmation :
MSU, M5 39762
Report Date : 3/15/2011

Report Number : 11-056-0248 REPORT OF ANALYSIS Recaived : 2/25/2011
LabMNo:  B7541 Matrix: Aqueous
Sample ID : A-10 Sampled: 2/24/2011 18:20
Test Results Units MaL DF  Datel/Time By Analytical

Analyzed Method
Total Magnesium 2400 oL 100 1 02/28/110%:26 RQE  EPA-200.8
Total Manganese 306 palL 1.00 1 02/28/110%:26 RQE  EPA-200.8
Total Mercury «0.0002 ma/L 0.0002 1 03/02/1110:22 TD)  EPA-245.1
Total Nickel 1.39 g/l 0.500 1 02/28/110%:26 RQE  EPA-200.8
Total Selenivm <200 pglL 2.00 1 02/28/110%:26 RQE  EPA-200.8
Total Siver <0.100 pa/L 0.100 1 02/28/110%:26 RQE  EPA-200.8
Total Thallium =0.500 pa/L 0.500 1 02/28/110%:26 RQE  EPA-200.8
Total Zine <5.00 g/l 5.00 1 02/28/110%:26 RQE  EPA-200.8
Fecal Coliform 90 cfuf100mL 10 1 02/25/111%:50 LSK 9222-D
Carbonate <2 mg/L z 1 03/09/1108:40 EWEB 23208
Bicarbonate [as CaCD3) 31 ma/L 1 1 03/09/1108:40 EWE 23208
Total Sulfatz (504) 7.62 mafL 1.00 1 02/25/1116:52 KYS ~ EPA-300.0
Turbidity 11 NTU 1.0 1 02/25/1115:00 NRT 21308
Qualifiers/ * Outside QC limit DF Dilution Factor
Definitions MOL  Method Quantitation Limit
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= [ Environmental Testing & Consulting, Inc.

e BtEmemphis. com 2790 YWintten Road Mampnie. Tennesses 38113 ¢B01) 213-2800 Fax (601 213-2440
*# Laboratory Mansgemen! Parine:’

Cooler Receipt Form

Customer Number: 03816
Customer Name: Department of Geo Sciences
Report Mumber:  11-056-0248

Shipping Method

O Fedex QuPs (O UsPostal) Client @ LMP (O Courier () Other: |

Shipping container/cooler uncompromised? @ ves () No () Mot Present
Custody seals intact on shipping container/cooler? () Yes ) No @ Hot Required
Custody seals intact on sample bottles? O ves () No @ ot Required
Chain of Custody present? . Yes O No

COC agrees with sample labels? . Yes o No

Samples in proper containers? ) Yes @ no

Sample containers intact? . Yes O MNo

Sufficient sample volume for indicated tests? @ ves () No

All samples received within holding time? O Yes ® nNo

Caontainer temperature in compliance? @ ves () No

Water - VOA vials free of headspace? O Yes ) No o nA

Water - Preservation acceptable upon receipt? @ e () No () NiA
Samples screened for radioactivity (COE only)? () Yes ) No i NiA

Special precautions or instructions included? O Yes @ no

Comments: See non-compliance repart.

Any regulatory non-compliance issues will be recorded on non-compliance report.
Signature: Brooke Shoup

Date & Time: 02/25/2011 13:37:29

Page 13 0f 14
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E N C  Environmental Testing & Consulring, Inc.

wewe wlcmsmplis Gon 2780 iWitten Asad Merchis, Tennessee 38133 {0a1| 2132400 Fa [909) 21 3-2480
“# Labaratory Managemant Pasinar

324/2011

Department of Geo Sciences
Dr. Darrel Schmitz

108 Hillbun Hall

MSU, MS, 39782

Ref:  Analytical Testing
ETC Report Number: 11-0689-0272
Client Project Description: Monitoring

Dear Dr. Darrel Schmitz:

Environmental Testing and Consulting, Inc. received 9 sample(s) on 3/10°2011 for the analyses presented in
the following report.

The above referenced project has been analyzed per your instructions. The analyses were performed in
accordance with the applicable analytical method.

The analytical data has been validated using standard quality control measures performed as required by the
analytical method. Quality Assurance, instrumentation maintenance and calibration were performed in
accordance with guidelines established by the analytical method(s) and NELAC. All results provided are in
compliance with NELAC requirements unless otherwise indicated and/or narrated.

The results are shown on the attached Report of Analysis(s). Results for solid matrices are reported on an as-
received basis unless otherwise indicated. This report shall not be reproduced except in full and relates only to
the samples included in this report.

Please do not hesitate to contact me or client services if you have any questions or need additional information.

Pandil! ¥ Howas

Randy Thomas
Project Manager

Laboratory's iabifly in any daim relating fo analyses performed shall be Fmited to, at laborafory's option, repealing the
anaysis in quesion at laboratory’s expense, or the refund of the charges paid for performance of said analysis.

Mississippi califomia  #05240C4 Oklshoma #9311 virginia 00106
Kentucky ~ #30047  Tennessee #02027 EPA  ATNOOOL Kentucky UST #41 Kansas e
Jisia,,
b g
10306 - :
Page 10720
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E T C Ewironmenal Testing & Consulring, Inc.

warw BlEmeEmphis com 275l Whiten Road Memphs. Tennessee 38131 1801) 2132400 Fax {8010 21 3-2440
“ALabersicey Mansgamant Pariner”

Non-Compliance Login Summary Report

Incident Date: 03-10-2011 04:53 pm

Report number: 11-069-0272 | Lab Mumber(s): L89206, LB9207, LBI208, LBI209
Customer number: 03816

Customer Name: Department of Geo Sciences

Contact Name: Department of Geo Sciences

Project ID: Dept of Geosciences - Monitoring

This Man-Compliance Repart has been genemated because proper EPA protocol was not followed for the above referenced sample(s). This
means that the data generated from the analysis of this project may not be suitable for Regulatory compliance.

This report should be induded with any data submitted to a Regulatory Agency. The actual problems encountered are listed below.

Description of Login Non-Compliance

[[] sample Temperature Non-com pliant

Cooler Temperature: degrees Celsius
Required Tempemture: | denrees Celsius
|:| Sample Received in Improper Container
Analysis:
Received Container:
Required Container:

|:| Sample Improperly Preserved
Analysis:
Received Preservative:
Required Preservative:

Sample Received Outside Holding Time Date Received: 03-10-2011 14:00
Analysis: Total Coliform & Fecal Golifarm
Sampled Date and Time:3/9/11 Various
Required Holding Time:s Hours

Other:

Corrective Action

Cliert Notified: (O yes @) Mo Date Client Notified: | Contact Name:
Client Directive:

;Apprmal to always analyze cofiform samples out of halding time.

Initiated By: Ms. Brooke Shoup | Projert manager: Mr. Nathan Pera QAD: Dr. Richard Medina
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E T C Environmental Testing & Consuling, Inc.
warw.ste me mphis com 278D Whitlen Road Memphis, Tennessee 18133 (B01) 2132400 Fax {801 293-2440
“h Laboratary Managemani Pariner”
03816
Department of Geo Soences
Dr. Darrel Schmitz Project Monitoring
108 Hillbun Hall Irformation :
MSU , M5 39762
Report Date : 3/24/2011

Report Number : 11-069-0272 REPORT OF ANALY SIS Received : 3/10/2011
Lab No : 89206 Matri: Aqueous
Sample 1D - A-1 Sampled: 3/9/2011 7:26
Test Results Units maL OF  Date ! Time By Analytical

Analyzed Method
Alkalinity {as CaC03) 12 mg/L 1 t 03/18/11 OB:35 EWB 23208
Ammania Nitrogen <0100 mg/L 0.100 1 03/14/11 0240 EwB  4500-NH3D
Biochemical Oxygen Demand (S-day) <5 ma/L 5 1 03/10/11 1200 TKM 52108
Carbon Dicxide (Estimate) 19 mag/L 0.1 1 03/24/11 16:00 JRF 4500002
Chiaride 103 ma/L L0 1 03/10/11 16:36 K¥S  EPA-3D0.0
Total Cyanide <0010 ma/L 0,010 i 03/18/11 05:05 GHD  4500-N-E
Total Coiform 580 iy 100mL 10 1 D3/10/11 1600 LSK 92228
Fluaride (wjo distillation) <0.100 ma/L 0.100 1 03/10/11 16:36 KYS  EPA-300.0
Nitrate (NO3-N) <0.100 mafl 0.100 1 03/10/11 16:36 KyS  EPA-300.0
Nitrite {NOZ-N) <0.100 ma/L 0.100 1 03/10/11 16:36 ®KyS  EPA-300.0
Nitrate + Nitrite-N <0,100 maL 0.100 1 0310411 16:36 EPA-300.0
PH 6.1 s 1 03/10/11 1635 DW 4500-H-B
Total Dissohved Salids a3 ma/l 10 1 03/16/11 16:00 NRT 5400
Total Phaspharus 0.115 ma/L 0.050 1 03/15/11 0840 TEM 4500-PE
Phenols {Total) <0,050 mg/L 0,050 1 03/15/11 11:30 DRG  EPA-420.1
Total Aluminum 9350 pa/L 100 1 03/11/11 0608 RQE  EPA-Z00.8
Total Antimory <1.00 pa/L 1.00 1 03/11/11 06:08 RQE  EPA-Z00.8
Total Arsenic 3.40 pa/L 0.500 1 03/11/11 06:08 RQE EPA-200.8
Total Barium 61.9 /L 1.00 t 03/11/11 06:08 RQE  EPA-200.8
Total Beryllium 0.583 pa/L 0,500 1 03/11/11 06:08 RQE EPA-200.5
Total Caldum 6410 pa/L 100 1 03/11/11 0608 RQE  EPA-Z00B
Total Cadmium <0100 pa/L 0.100 1 03/11/11 06:08 RQE  EPA-Z00.8
Total Copper 5.08 pa/L 0.500 1 03/11/i1 06:08 RQE  EPA-200.8
Hardness as CaCO3(5M-23408) 21300 pa/L 100 1 03/11/11 06:DE EPA-Z00.8
Tkl Wi 7000 T 100 1 D3/11/11 0608 RQE  EPA-200.8
Total Lead 6.57 pa/L 0.500 1 03/11/11 06:08 RQE  EPA-Z00.B
Qualifiers/ . Oultside QC limit DF Dilution Factor
Definitions MOL  Method Quantitation Limit
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E T C Environmental Testing & Consulring, Inc.
W, m om 2790 Whi d Memphis, Tennessee 18133 £001) 213-2400 Fax {801} 213-2440
“& Laboratary Managemeni Pariner
03816
Department of Geo Sdences
Dr. Darrel Schmitz Praject Moritoring
108 Hillbun Hall Information :
MSU , M5 39762
Report Date : J24/2011

Report Number : 11- 068-0272 REPORT OF ANALYSIS Received : 3/10/2011
Lab No : 89206 Matr: AQueous
Samgpie 1D : A-1 Sampled: 3/9/2011 7:26
Test Results Units MaL DF Date/Time By Analytical

Analyzed Method
Total Magnesium 1290 pafL 100 1 031111 06:08 RQE  EPA-200.8
Total Manganese 241 Hall 1.00 1 03/11/11 06:08 RQE  EPA-200.8
Tatal Mercury <0,0002 mafl 0.0002 1 03/14/11 1434 TO)  EPA-245.1
Total Nickel 5.04 pa/L 0.500 1 03/11/11 0608 RQE  EPA-Z00.8
Total Selenium <200 pa/l 200 1 03/11/11 0608 RQE  EPA-Z00.8
Total Sitver <0.100 pa/L 0.100 1 03/11/11 06:08 RQE  EPA-200.8
Total Thalium <0.500 Ha/l 0.500 1 03/11/11 05:08 RQE  EPA-Z00.8
Total Zinc 19.8 wa/L 500 1 03/11/11 0608 RQE  EPA-Z00.8
Fecal Colform 2800 fy 100mL 10 1 03/10/11 1435 LSK 93272.0
Carbanate <2 mg/L 2 1 03/18/11 0B:35 EWB 3308
Bicarbonate {as Cal03) 12 ma'l 1 1 03/18/11 08:35 EWB 23208
Total Sulfate (S04) 3.38 mallL 1.00 1 03/10/11 16:36 Ky5  EPA-300.0
Turbidity 150 NTU 50 1 03/10/11 16:10 GHD 1308
Qualifiers/ . Cutside QC mit DF Dilution Factor
Definitions MOL  Method Quantitation Limit
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E T C Environmental Testing & Consulting, Inc.
W mphiz. com 2700 Whi Memgitis, Tennessee J0133 (B01) 2132400 Fax {001} 213.2440
A Laberatary Managemant Pariner”
03816
Depatment of Geo Sdences
Dr. Darrel Schmitz Project Moriitoring
108 Hillbun Hall Information ©
MSU , MS 33762
Report Date : 3/24/2011

Report Number : 11-069-0272 REPORT OF ANALYSIS Received : 3/10/2011
LabNo : 89207 Matri: Agqueous
Sampie ID = A-4 Sampled: 3/9/2011 8:20
Test Results Units. MaL DOF  Date / Time By Analytical

Analyzed Method
Alkadinity (as CaC03) 7 maflL 1 1 03/18/11 0B:35 EWEB 23208
Ammonia Nitrogen <0.100 mafL 0.100 1 03/14/11 02:40 EWB  4500-NH3D
Biochemical Oxygen Demand (5-day) <5 mag/L 5 1 03/10/11 1300 TKM 52108
Carbon Dioxide (Estimate) 13 mgiL o1 1 03/24/11 1600 IRF 45004002
Chilgride 144 mgL 1.00 1 03/10/11 16:54 KyS ~ EPA-300.0
Total Cyanide <0.010 ma'L 0.010 1 03/1B/i1 09:05 GHD  4500-ONE
Total Coliform 490 o/ 100mL 10 1 03/10/11 16:00 LSK 92238
Fluoride (w/o distillation) <0,100 magfiL 0.100 1 03/10/11 16:54 KyS  EPA-300.0
Nitrate (NO3-N) 0.428 mail 0.100 1 03/10/11 16:54 KyS ~ EPA-300.0
Nitritee (MO2-N) <0.100 ma’L 0.100 1 03/10/11 16:54 KYS EPA-300.0
Nitrate + Nitrite-N 0.428 ma/L 0.100 1 D3/10/11 16:54 EPA-300.0
pH 6.1 5. 1 03/10/11 16:35 DW  4500H-B
Total Dissalved Solids 86 maiL 10 1 03/16/11 16:00 NRT 2540C
Total Phasphorus 0.485 maflL 0,050 1 03/15/11 0B8:40 TKM 4500-PE
Phenols (Total) <0,050 ma'L 0.050 1 03/15/11 11:30 DRG  EPA-420.1
Total Aluminum 1080 Ha'L 100 1 03/11/11 06:16 RQE  EPA-200.8
Total Antimany <1.00 palL 1.00 1 03/11/11 D6:16 RQE  EPA-200.8
Total Arseric 0.676 pafL 0.500 1 03/11/11 06:16 RQE  EPA-200.8
Total Barium 24.7 Ha’lL 100 1 031111 06:16 RQE  EPA-200.8
Total Beryium <0.500 wa'L 0.500 1 03/11/i1 06:16 RQE  EPA-200.8
Total Caldum 2200 paiL 100 1 03/11/11 D6:16 RQE  EPA-200.8
Total Cadmium 0,100 wall 0,100 1 03/11/11 06:16 RQE  EPA-200.8
Total Copper 6.39 HalL 0.500 1 03/11/11 06:16 RQE  EPA-200.8
Hardness as CaCO3{SM-23408) 10200 HalL 100 1 03/11/11 D6:16 EPA-200.8
Total Iron 1020 HalL 100 1 03/11/11 D&:16 RQE  EPA-200.8
Total Lead 1.81 palL 0.500 1 03/11/11 D6:16 RQE  EPA-200.8
Qualifiers/ . Outside QC Emit DF Dilution Factor
Definitions MOL  Method Quantitation Limit
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Environmental Testing & Consulring, Inc.

ww el 2780 Whitien Road Memphis, Tennessee 38153 £B01) 2832400 Fax {801} 2902440
“4 Laboratary Management Pariner”

03816

Department of Geo Soences

Dr. Darrel Schmitz Project Moriitoring

108 Hillbun Hall Information :

MSU , MS 39762

Report Date : 3/24/2011

Report Number : 11-069-0272 REPORT OF ANALY SIS Received : 3/10/2011

Lab No = a9az207 Matrm: Aqueous
Sample 1D : A-4 Sampled: 3/9/2011 8:20
Test Results Units moL DF Date/Time By Analytical

Analyzed Method

Total Magnesium 1080 Ha/'L 100 1 031111 06:16 RQE  EPA-Z00.8
Total Manganese 127 L .00 1 03/11/11 06:16 RQE  EPA-200.8
Total Mercury <0,0002 ma’L 0.0002 1 03/14/11 1425 ToJ  EPA-245.1
Total Nickel 1.86 wa/'L 0.500 1 03/11/11 06:16 RQE  EPA-200.B
Total Selenium <200 Ha/L 2.00 1 03j11/11 06:16 RQE  ERA-Z0D.E
Total Sitveer <0.100 Ha'L 0.100 1 O3/11/11 06:16 RQE  EPA-200.8
Total Thallium <0.500 ug'L 0.500 1 03/11/11 06:16 RQE  EPA-200.8
Total Zinc 13.7 wa/L 5.00 1 O3/11/11 06:16 RQE  EPA-200.8
Fecal Coliform 8600 cfuy100mL 10 1 03/10/11 1435 LSK 9222-0
Carbanate <2 ma’L 2 1 03/18/11 0B:35 EWB 3208
Bicarbonate {as CalD3) 3 ma'L 1 1 D3/18/11 0B:35 EWB 3208
Total Sulfate (504) 196 magL 1.00 1 03/10/11 16:54 Kys ~ EPA-300.0
Turbidity 48 NTU 4.0 1 03/10/11 16:10 GHD 21308
Qualifiers/ " Ouitside QC limit Dilution Factor

Definitions MQL  Method Quantitation Limit
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Environmental Testing & Consulting, Inc.
2780 Whi Memphis, Tennesses 38133 (BD1) 213.2400 Fa (801} 2932440
A Laberatary Management Pariner”
03816
Department of Geo Sdences
Dr. Darrel Schmitz Project Monitoring
108 Hillbun Hall Information :
MSU , MS 39762
Report Date : 3242011

Report Number : 11-069-0272 REPORT OF ANALYSIS Received : 3/10/2011
LabNo: 89208 Matm: Aqueous
Sample 1D : &=7 Sampled: 3/9/2011 8:44
Test Resuls Units MoL DF Date/Time By Anzlytical

Analyzed Methad
Alkdinity {as Cal03) 5 ma/L 1 1 03/18/11 0835 EWB 3208
Ammania Nitrogen <0.100 mg/L 0.100 1 03/14/11 0240 EWB  4500-NH3D
Biochemical Owygen Demand (5-day) <5 mg/L 5 1 03/10/11 1200 TEM 5210-8
Carban Dicxide {Estimate) 7 mag/L 0.1 1 03/24/11 1600 JRF 4500002
Chioride <1,00 mg/L 1.00 1 03/10/11 1746 Kys  EPA-300.0
Total Cyanide <0.010 mag/L 0.010 1 03/18/11 0905 GHD  4500-N-E
Total Coliform 230 iy 100mL 10 1 03/10/11 1600 LSK 92228
Fluoride {wjo distillation) «0.100 ma/L 0.100 1 03/10/11 1746 K¥5  EPA-300.0
Mitrate (NO3-N) 0,100 ma/L 0.100 1 03/10/11 1746 K¥YS EPA-300.0
Mitrite {NO2-N) <0.100 mag/L 0.100 1 03/10/11 1746 KyS ~ EPA-300.0
Nitrate-+ Nitrite-N <0100 mg/L 0.100 1 03)10/11 1746 EPA-300.0
fH 6.1 s, 1 03/10/11 1635 DW  4500H-E
Total Dissohed Solids 79 ma/l 10 1 03/16/11 1600 NRT 25400
Total Phosphorus <0.050 mg/L 0.050 1 03/15/11 0840 TKM 4500-PE
Phenals (Tota) «<0.050 ma/L 0.050 1 03/15/11 1130 DRG ~ EPA-420.1
Total Aluminum 2180 Pl 100 i 03/i1/11 D623 RQE  EPA-200.8
Total Antimony <100 (=18 100 1 03/11/11 06:23 RQE  EPA-2D0.8
Total Arsenic <0.500 il 0.500 1 03/11/11 06:23 RQE  EPA-2DD.S
Total Barium 20.1 HaiL 1.00 1 03j11/11 D6:23 RQE  EPA-200.8
Total Beryllium «<0.500 parL 0.500 1 03/11/11 D6:23 RQE  EPA-200.8
Total Calcium 4600 pall 100 1 03/11/11 06:23 RQE  EPA-ZD0E
Total Cadmium <0.100 wall 0.100 1 03/11/11 06:23 RQE  EPA-20D.S
Tatal Copper 1.79 HI/L 0.500 1 031111 06:23 RQE  EFA-200E
Hardness as CaC03(5M-23408) 15000 Ha/L 100 1 03/11/11 D623 EPA-200.8
Total ron 1180 pall 100 1 03/i1/11 06:23 RQE  EPA-200.8
Total Lead 1.24 HaiL 0.500 1 03/11/11 D6:23 RQE  EPA-ZDLE
Qualifiers/ . Outside QC limit DF Dilution Factor
Definitions MQL  Method Quantitation Limit
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E T C Ewironmental Testing & Consuling, Inc.
ww.eiome mphis com 2790 Whitten Road Memphis, Tennasses 38133 £801) 293-2400 Fax{B01} 212-2440
“A Laboratary Managemen Pariner’
03816
Department of Geo Scences
Dr. Darrel Schmitz Project Monitoring
108 Hiltbun Hall Infarmation :
M5, M5 39762
Report Date : 3242011

Report Number : 11-069-0272 REPORT OF ANALYSIS Recsived : 3/10/2011
Lab Mo : 89208 Matrix: Agueous
Sampie ID : A-F Sampled: 3/9/2011 8:44
Test Results Units moL OF Date | Time By Analytical

Analyzed Method
Total Magnesium 865 wL 100 1 03/11/11 06:23 RQE  EPA-2D0.B
Total Manganese 511 Hg/L 1.00 1 03/11/11 0623 RQE  EPA-200.8
Total Mercury <0,0002 ma/L 0.0002 1 03/14/11 1349 TD)  EPA-245.1
Total Nickel 218 /L 0.500 1 03/11/11 06:23 RQE  EPA-ZDD.E
Total Selenium <2.00 Ha/L 200 1 03/11/11 06:23 RQE  EPA-ZD0B
Tiotal Siher <0.100 /L 0.100 1 03/11/11 06:23 RQE  EPA-200.E
Total Thallium <0.500 ua/L 0.500 1 03/11/11 06:23 RQE  EPA-200.E
Total Zinc 8.06 waL 5.00 1 03/11/11 06:23 RQE  EPA-ZDD.E
Fecal Coliform 2100 o/ 100mL 10 1 03/10/11 14:35 LSK 9323.00
Carbonate <2 mgflL 2 1 03/18/11 08:35 EWB 13108
Bicarhonate (as CalD3) 5 mg/L 1 1 03/18/11 08:35 EWB 23208
Total Sulfate (S04) 4.92 ma/L 1.00 1 03/i0/11 1746 KrS  EPA-3D0.0
Turbidity 28 NTU 2.0 1 03/10/11 16:10 GHD 21308
Qualifiers/ . Outside QC limit DF Diluition Factar
Definitions MQL  Method Quantitation Limit
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E T C Environmental Testing & Consulring, Inc.
wrw elcmemphis com 2790 Whitlen Road Memphis, Tennessee 18133 (801) 2132400 Fax {BO1} 272-2440
“A Laboratary Management Pariner”
03816
Department of Geo Soences
Dr. Darrel Schmitz Project Moriitoring
108 Hillbun Hall Infarmation :
MSU , MS 39762
Report Date : 324/2011

Report Number : 11- 068-0272 REPORT OF ANALYSIS Received : 3/10/2011
Lab No - 89209 Matri: Aqueous
Sample 1D : A-3 Sampled: 3/9/2011 9:04
Test Results Units moL DF Date!/Time By Analytical

Analyzed Method
Alkinity (as (2C03) 7 ma/L 1 1 03/i8/11 0E:35 EWB 23208
Ammonia Nitrogen <0100 maglL 0.100 1 03/14/11 0240 EWB  4500-NH3D
Biochemical Owygen Demand (5-day) <5 ma/L 5 1 03/10/11 12:00 TKM 52108
Carbon Dicxide (Estimate) 6 mafL 01 1 03/24/11 1600 IF 4500002
Chioride 1.40 mag/L 1.00 1 03/10/11 18:03 KyS  EPA-300.0
Total Cyanide <0.010 mafL 0.010 1 03/18/11 09:05 GHD  4500-ON-E
Total Coiform 350 iy 100mL 10 1 03/10/11 16:00 LSK 91228
Fluaride (wjo distillation) <0.100 ma/'L 0.100 1 03/10/11 1803 KyS  EPA-300.0
hitrate {NO3-N) 0.191 ma/L 0.100 1 03/10/11 18:03 KYS EPA-300.0
Nitrite: (NOZ-N) <0.100 ma/L 0.100 1 03/10/11 18:03 KyS  EPA-3D0.0
Nitrate + Nitrite-N 0.191 ma/L 0.100 1 03/10/11 18:03 EPA-300.0
H 6.3 5., 1 03/10/11 16:35 W 4500-H-B
Total Dissohved Solids 86 ma/L 10 1 03/16/11 16:00 MRT 2540C
Total Phosphorus 0.506 mag/L 0.050 1 031511 0B:40 TKM 4500-PE
Phenots (Total) <0.050 mafL 0.050 1 03j15/11 11:30 DRG  EPA-4201
Total Aluminum 3630 HaiL 100 1 03/11/11 06:31 RQE  EPA-Z00:8
Total Antimony <100 pa/L 1.00 1 03/11/11 D&:31 RQE  EPA-Z00.8
Taotal Arsenic 2.40 pa/L 0.500 1 03/11/11 06:31 RQE  EPA-200.8
Total Barium 40.6 walL 1.00 1 03/11/11 06:31 RQE  EPA-200.8
Total Beryllium <0.500 pa/L 0.500 1 03/11/11 0631 RQE  EPA-Z00.8
Total Caldum 2830 Ha/L 100 1 03/11/11 06:31 RQE  EPA-ZD0.8
Total Cadmium <0,100 s/l 0,100 1 03/11/11 0&:31 RQE  EPA-200.8
Total Copper 6.47 pa/L 0.500 1 03/11/11 0631 RQE  EPA-200.8
Hardness as CaCO3(5M-2340B) 11500 palL 100 1 03/11/11 06:31 EPA-200.8
Total Iron 3470 HalL 100 1 03/11/11 06331 RQE  EPA-200.8
Total Lead 3.58 pa/L 0.500 1 03/11/11 D&:31 RQE  EPA-Z00.B
Qualifiers/ . Outside QC fimit DF Dilution Factor
Definitions MOL  Method Quantitation Limit
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E T C Environmental Testing & Consulring, Inc.
e elome mphis.com 2790 Whitien Raad Momphis, Tenneszee 28133 (801) 2132400 Fax {801} 2122440
“A Laboraiory Management Parfner
03816
Department of Geo Sgences
Dr. Darrel Schmite Project Manitoring
108 Hillbun Hall Information :
MSU , M5 39762
Report Date : 324/2011

Report Number : 11-069-0272 REPORT OF ANALY SIS Received : 3/10/2011
LabNo: 89209 Matrx: Aqueous
Sampie ID : A-3 Sampled: 3/9/2011 9:04
Test Results Units maL DOF  Date ! Time By Analytical

Analyzed Method
Total Magnesium 1080 wa’L 100 1 03/11/11 06:31 RQE  EPA-Z00.8
Total Manganese 176 walL 1.00 1 03f11/11 06:31 RQE  EPA-200.8
Total Mercury <0.0002 mg/L 0.0002 1 03/14/11 13:50 TD)  EPA-4SH
Total Nickel 3.1 Ha/L 0.500 1 03/11/11 06:31 RQE  EPA-Z0D.8
Total Selsnium <200 T-18 .m0 1 03/11/11 06:31 RQE  EPA-200.8
Total Sitver <0.100 wa'L 0.100 1 03/11/11 0631 RQE  EPA-200.8
Total Thalfium <0.500 waL 0.500 1 03/11/11 06:31 RQE  EPA-200.8
Total Zinc 16.6 Ha/L 5.00 1 031111 06:31 RQE  EPA-Z00.8
Fecal Coliform 2400 iy 100mL 10 1 03/10/11 1435 LSK 9222.0
Carbonate <2 ma/L 2 1 03/18/11 OB:35 EWH 23208
Bicarbonate {as CaCD3) 7 mag/L 1 1 03/18/11 0835 EWB 13108
Total Sulfate (504) 2.00 ma/L 1.00 1 03/10/11 1803 KYS EPA-300.0
Turbidity a5 NTU 50 1 03/10/11 1610 GHD 21308
Qualifiers/ . Outside QC limit OF Dilution Factor
Definitions MOL  Method Quantitation Limit
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EiC

Environmental Testing & Consulring, Inc.

s slcmemphiz com 2780 Whitien Road Memghis, Tennessee 8133 (B01) 243-2400 Fax (801) 2332440
“A Laboraary Management Pariner”
03816
Department of Geo Soences
Dr, Darrel Schmitz Project Monitoring
108 Hillbun Hail Information :
MSU , M5 9762
Report Date : 3242011
Report Number : 11-069-0272 REPORT OF ANALYSIS Received : 3/10/2011
Lab No : 89210 Matr: Aqueous
Sampiz [D : A-6 Sampled: 3/9/ 2011 10:11
Test Results Units MoL DF Date/Time By Analytical
Analyzred Method
Alkalinity (as (aC03) 4 mail 1 1 03/18/11 0B:35 EWB 23208
Ammonia Nitrogen <0.100 ma/L 0.100 1 03/14/11 0240 EWB  4500-NH3D
Biochemical Owygen Demand (5-day) <5 maiL 5 1 03/10/11 12:00 TKM 5210
Carbon Diowide (Estimate) 5 mg/L 01 1 03/24/11 16:00 IRF 4500-C02
Chiaride 124 mg/L 100 1 03/10/11 18:21 Kys  EPA-300.0
Total Cyanide 0,010 marll 0,010 1 D3/18/11 09:05 GHD  #500-CN-E
Fluaride (wjo distillation) <0.100 mal 0.100 1 O3/10/11 18:21 ¥y5  EPA-300.0
Nitrate {NO3-N) «<0.100 maiL 0.100 1 03/10/11 18:21 K5 EPA-300.0
Nitrite (NO2-N) <0.100 malL 0.100 1 03/10/11 1821 Kys  EPA-300.0
Nit rate-+ Nit rite- N <0.100 mgiL 0.100 1 03/10/11 1821 EPA-300.0
pH 6.1 XN 1 03/10/11 1635 DWW 4500-H-B
Total Dissohved Solids 75 mgiL 10 1 03/16/11 16:00 NRT 2540C
Total Phospharus 0.261 mg/L 0.050 1 03/15/11 OB:40 TKM 4500-PE
Phenots {Tota) <0050 mg/L 0.050 1 03/15/11 1130 DRG  EPA-4201
Total Aluminum 2450 Ha'L 100 1 03/11/11 05:38 RQE  EPA-200:8
Total Antimony <1.00 Ha'L 1.00 1 031111 06:38 RQE  EPA-Z00.B
Total Arsenic 1.04 Ha'L 0.500 1 03/11/11 0638 RQE  EPA-200.8
Total Barium 339 pafl 100 1 03/11/11 D638 RQE  EPA-200.8
Total Beryllium <0500 pafL 0.500 1 03/11/11 06:38 RQE  EPA-Z00.8
Total Calgum 1970 Ha/L 100 1 03/11/i1 0638 RQE  EPA-200.8
Total Cadmium <0,100 T 0.100 1 03/11/11 0638 RQE  EPA-200.8
Total Copper 4.25 Ha'L 0.500 1 03/11)11 0638 RQE  EPA-200.8
Hardness as CaCO3(5M-23408) 8230 pa'L 100 1 03/11/11 D638 EPA-200.8
Total kron 2090 Ha/'L 100 1 03/11/i1 0638 RQE  EPA-200.8
Total Laad 1.96 Ha'L 0.500 1 O3/11)i1 0638 RQE  EPA-Z00.B
Total Magnesium 803 Ha/L 100 1 03/11/11 D638 RQE  EPA-200.8
Qualifiers/ . Outside QC fimit OF Dilution Factar
Definitions MOL  Method Quantitation Limit
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E T C Environmental Testing & Consulring, Inc.
wirw_elcmemphis com 2790 Whitien Raad Memgiis, Tenneczee 38135 (801) 213-2400 Fax {801} 2922440
“A Laboraiary Management Pariner”
03816
Depatment of Geo Sdences
Dr. Darrel Schmitz Project Monitoring
108 Hillbun Hall Information :
MSU , MS 39762
Report Date : 3/24/2011

Repont Number : 11-069-0272 REPORT OF ANALYSIS Recoived : 3/10/2011
Lab No : 89210 Matr: Aqueous
Sampiz ID : A-6 Sampled: 3/9/2011 10:11
Test Results Units Mol DF Date/Time By Analytical

Analyzed Methad
Total Manganese 147 Ha/L 100 1 03/11/11 0638 RQE  EPA-200.8
Total Mercury <0.0002 marl 0.0002 1 03/14j11 1351 ToD)  EPA-2451
Total Nickel 221 pa'L 0,500 1 03/11/11 06:38 RQE  EPA-200.B
Total Selenium <2.00 pa/L 200 1 03/11/11 06:38 RQE  EPA-Z00.8
Total Sitver «0.100 palL 0.100 1 03/i1/i1 0638 RQE  EPA-Z00.8
Total Thalium 0,500 wafl 0.500 1 03/11/11 06:38 RQE  EPA-200.8
Total Zinc 10.6 HaL 5.00 1 03/11/11 06:38 RQE  EPA-Z00.E
Carbonate <2 mafL 2 1 03/18/11 0835 EWB 23208
Bicarbonate (as CaC0D3) a mg/L 1 1 D3/1B/11 OB:35 EWB 23208
Total Sulfate (504) 173 magfL 100 1 03/10/11 18:21 Kys  EPA-300.0
Turbidiy 56 NTU 4.0 1 03/10j11 16:10 GHD 21308
Qualifiers/ * Oulside QC fimit DF Dilution Factor
Definitions MOL  Method Quartitation Limit
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E T C Ewironmental Testing & Consulring, Inc.
waw sicmemphis tom 2790 Whitien Road Memghis, Tennessee 30133 {801) 2132400 Fax {901} 293.2440
A Laboratary Managemant Pariner”
03816
Department of Geo Sdences
D, Darmel Schmite Project Monitoring
108 Hillbun Hall Information :
MSU , MS 39762
Report Date : 3/24/2011

Report Number : 11- 068-0272 REPORT OF ANALYSIS Received : 3/10/2011
Lab Mo : 89211 Matrix: AQueous
Sampie ID : B-3 Sampled: 3/9/2011 12:18
Test Results Units MaL DF  Date ! Time By Analytical

Analyzed Method
Alkainity {as GaC03) 5 ma’L 1 1 03/18/11 0B:35 EWB 23208
Ammania Nitrogen 0,100 L 0.100 1 D3/14/11 02:40 EwB  4500-NH3D
Biochemical Ouxygen Demand (5-day) <5 ma/L 5 1 03/10/11 1200 TKM 52108
Carbon Dioxide {Estimate) L] mgiL 0.1 1 03/24/11 1600 IFF 4500-C02
Chiaride 1.24 marL 1.00 1 03/10/11 18:38 Kys  EPA-300.0
Tatal Cyanide 0,010 ma/L 0,010 1 D3/18/11 09:05 GHD  4500-ONE
Fluoride (wjo distillation) «0.100 maL 0.100 1 D3/10/11 18:38 K¥S  EPA-300.0
Nitrate (NO3N) <0100 malL 0.100 1 03/i0/11 18:38 KYS  EPA-300.0
Nitnite (NO2-N) «0.100 mail 0.100 1 D3/10/11 1838 KYS EPA-300.0
Nitrate + Nitrite-N <0.100 mall 0.100 1 03/10/11 1838 EPA-300.0
pH 5.9 5., 1 03/10/11 16:35 DW  4500-H-B
Total Dissoved Solids 71 ma/L 10 1 03/16/11 16:00 NRT 2540C
Total Phos pharus «0.050 mail 0.050 1 03/15/11 0B40 TKM 4500-PE
Phenals (Tota ) <0.050 mafl 0.050 1 03/15/11 11:30 DRG  EPA-420.1
Total Aluminum 2080 wa'L 100 1 D3/11/11 0646 RQE  EPA-200.8
Total Antimarry <1.00 pa/L 1.00 1 D3/11/11 0646 RQE  EPA-Z00.8
Total Arsenic «0.500 pal'L 0.500 1 03/i1/11 0646 RQE  EPA-Z00.8
Total Barium 24.1 waL 1.00 1 03/t1/11 0646 RQE  EPA-Z00.E
Total Berylium «<0.500 Ha'L 0.500 1 03/11/11 0646 RQE  EPA-200.8
Total Calcium wa'L 100 1 03/11/11 0646 RQE  EPA-Z00.B
Total Cadmium <0.100 wa/L 0.100 1 03/11/11 0646 RQE  EPA-Z00.8
Total Copper 1.81 wa'L 0.500 1 03/11/11 0646 RQE  EPA-200.8
Hardness as CaCO3(SM-23408) 9940 L 100 1 03/11/11 0646 EPA-200.8
Total Iron 1220 Ha'L 100 1 03/11/11 0646 RQE  EPA-Z00B
Total Lead 1.27 Ha/'L 0.500 1 03/11/11 0646 RQE  EPA-Z00.8
Total Magnesium 715 wa/'L 100 1 03/11/11 0646 RQE  EPA-Z00.8
Qualifiers/ ® Oultside QC fimit DF Dilution Factar
Definitions MOL  Method Quantitation Limit
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E T C Environmental Testing & Consulring, Inc.
seerw_etomemphis tom 2780 Whitlen Road Memphs, Tennessee 38133 801 2132400 Fax {801} 213-2440
“4 Laboratary Wanagement Pariner”
03816
Department of Geo Sdences
Dr. Darrel Schmitz Project Moriitoring
108 Hillbun Hall Information :
MSU , M5 39762
Report Date : 3/24/2011

Report Number : 11-069-0272 REPORT OF ANALYSIS Recsived : 3102011
LabNo: 89211 Matr: Aqueous
Sampie ID : B-3 Sampled: 3/9/2011 12:18
Test Results Units mMaL DF Date/Time By Analytical

Analyzed et hod
okl A 107 valL 1.00 1 03/11/11 06:46 RQE  EPA-200.8
Tatal Mercury «<0.0002 mal 0.0002 1 03/14/11 13:52 TOJ  EPA-245.1
Total Nickel 1.94 Ha'L 0.500 1 03/11)11 0646 RQE  EPA-200.8
Total Selenium <200 oL 2.00 1 03/11/i1 0646 RQE  EPA-200.B
Total Sitver <0.100 Ha'L 0.100 1 03/11/11 0646 RQE  EPA-200.8
Total Thallium <0.500 Ha'L 0.500 1 03/11/11 0646 RQE  EPA-200.8
Total Zinc 10.3 wa'L 500 1 03/11/11 0646 RQE  EPA-200.8
Carbonate <2 ma/L 2 1 03/18/11 08:35 EWE 23708
Bicarbonate {25 C2003) 5 mail 1 1 03/18/11 035 EWB 23208
Total Sulfate (S04) 1.72 mafl 1.00 1 03/10/11 1838 Kys  EPA-3D0.0
Turbidity 26 NTU 0 1 03/10/11 1610 GHD 21308
Qualifiers/ . Outside QC limit DF Dilution Factor
Definitions MOL  Method Quantitation Limit
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Environmental Testing & Consulting, Inc.

SALE

o,

Memzhiz, Tennessee 0133 (901) 2132400
“# Laberatary Managemani Pariner”

Fax {001} 2132440

03816
Depatment of Geo Sdences
Dr. Darrel Schmitz Project Moriitoring
108 Hillbun Hall Information ©
MSU , MS 33762
Report Date : 3/24/2011

Report Number : 11-069-0272 REPORT OF ANALYSIS Received : 3/10/2011
LabNo : 89212 Matri: Agqueous
Sampie ID : A-9 Sampled: 3/9/2011 12:55
Test Results Units. MaL DOF  Date / Time By Analytical

Analyzed Method
Alkadinity (as CaC03) 8 maflL 1 1 03/18/11 0B:35 EWEB 23208
Ammonia Nitrogen <0.100 mafL 0.100 1 03/14/11 02:40 EWB  4500-NH3D
Biochemical Oxygen Demand (5-day) <5 ma/L 5 1 03/10/11 1300 TKM 52108
Carbon Dioxide (Estimate) 6 maiL 01 1 03/24/11 16:00 JRF 4500C02
Chilgride 116 mgL 1.00 1 03/10/11 18:55 KyS  EPA-300.0
Total Cyanide <0,010 ma'L 0.010 1 03/1B/i1 09:05 GHD  4500-ONE
Fluoride (w/o distillation) <0.100 mg/L 0.100 1 03/10/11 1B:55 KyS  EPA-300.0
hitrate (NO3-N) <0,100 magfL 0.100 1 03/10/11 18:55 KyS  EPA-300.0
Nitrite (NO2-N) <0.100 mail 0.100 1 03/10/11 18:55 KyS ~ EPA-300.0
Nitrate+ Nitrite-N <0.100 ma’L 0.100 1 03/10/11 1B:55 EPA-300.0
H 6.1 s 1 03/10/11 1635 DW  4500-H-B
Total Dissolved Solids 89 ma/L 10 1 03/16/11 16:00 NRT 2540C
Total Phas phorus 0.188 mail 0.050 1 03/15/11 B0 TKM 4500-PE
Phenals (Tota ) 0.052 mall 0.050 1 03/15/11 11:30 DRG  EPA-420.1
Total Aluminum 3520 Ha'lL 100 1 031111 06:53 RQE  EPA-200.8
Total Antimarty <1.00 Ha'L 1.00 1 03/11/11 06:53 RQE  EPA-200.8
Total Arsenic 118 palL 0.500 1 03/11/11 D6:53 RQE  EPA-200.8
Total Barium 376 pafL 1.00 1 03/11/11 06:53 RQE  EPA-200.8
Total Beryliium <0.500 Ha’lL 0.500 1 031111 06:53 RQE  EPA-200.8
Total Caldum 3410 wa'L 100 1 03/11/i1 06:53 RQE  EPA-200.8
Total Cadmium <0.100 paiL 0.100 1 03/11/11 D6:53 RQE  EPA-200.8
Total Copper 3.51 wall 0.500 1 03/11/11 06:53 RQE  EPA-200.8
Hardness as CaCO3(5M-23408) 12800 HalL 100 1 03/11/11 06:53 EPA-200.8
Total Iron 2630 HalL 100 1 031111 06:53 RQE  EPA-200.8
Total Lead 232 palL 0.500 1 03/11/11 06:53 RQE  EPA-200.8
Total Magnesium 1050 palL 100 1 03/11/11 D6:53 RQE  EPA-200.8
Qualifiers/ . Outside QC Emit DF Dilution Factor
Definitions MOL  Method Quantitation Limit
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E T C Environmental Testing & Consulring, Inc.
wiivw glema mphis.em 2790 Whitten Road Memphs, Tennessee 18133 £801) 213-2400 Fax {801} 2132440
“A Laboratory Managemant Pariner”
02816
Department of Geo Scences
Dr. Darrel Schmitz Project Manitoring
108 Hiltbun Hall Information :
MSU , M5 39762
Report Date : 3/24/2011

Feport Number : 11-069-0272 REPORT OF ANALY SIS Recsived : 3/10/2011
Lab No : 89212 Matrin: Agueous
Sample 1D : A9 Sampled: 3/9/2011 12:55
Test Results Units moL DOF  Date ! Time By Analytical

Analyzed Method
Total Manganese 205 wa/L 1.00 1 03/11/11 06:53 RQE  EPA-200.8
Total Merury «<0.0002 ma/L 0.0002 1 03/14/11 13:54 TOJ EPA-245.1
Taital Nickel 292 Ha/L 0.500 1 O3/11/11 0653 RQE  EPA-200.8
Total Selenium <2.00 Ha/L 2.00 1 031111 06:53 RQE  EPA-ZD0E
Total Siver <0.100 Ha/L 0.100 1 O3/11/11 06:53 RQE  EPA-200.B
Total Thaliium <0500 wa/L 0.500 1 03/11/11 06:53 RQE  EPA-200.8
Total Zinc 14.2 palL 500 1 03/11/11 06:53 RQE  EPA-200.8
Carbonate <2 mall 2 1 03/18/11 OB:35 EWB 23208
Bicarbonate {as CaD3) 8 ma/L 1 1 D3/18/11 0B:35 EWB 23208
Total Sulfate (S04) 230 ma/'L 1.00 1 031011 18:55 Ky5  EPA3D0O0
Turbidity 52 NTU 0 1 03/10/11 16:10 GHD 21308
Qualifiers/ . Outside C fimit DF Dilution Factar
Definitions MOL  Method Quantitation Limit
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E T C Environmental Testing & Consulring, Inc.
weww sfomemphis com 2700 Whi Memphis, Tennessee 38133 (801) 2132400 Fau (801} 212.2440
“h Laboratary Managemen Partner”
03816
Cepartment of Geo Sdences
Dr. Darrel Sehimitz Project Moritoring
108 Hillbun Hall Infiormation :
MSU , M5 39762
Report Date © 3242011

Feport Number ; 11-069-0272 REPORT OF ANALY SIS Received : 3/10/2011
Lab No : 89213 Matri: Aqueous
Sampie ID : A-5 Sampled: 3/9/2011 18:13
Test Results Units ML DF Date!/Time By Analytical

Analyzed Method
Alkdinity (a5 (aC03) 6 mafl 1 1 03/18/11 08:35 EWB 23208
Ammaonia Nitrogen <0.100 malL 0.100 1 O3/i4/11 0240 EWB  4500-NH3D
Biochemical Oxygen Demand (5-day) <5 ma/L 5 1 03/10/11 12:00 TKM 52108
Carbon Dioxide (Estimate) ] ma/L 01 1 03/24/11 1600 IRF  4500-002
Chioride 1.32 mg/L 1.00 1 03/10/11 19:13 K5  EPA-300.0
Total Cyanide <0.010 mafL 0.000 i O3/1B/11 0905 GHD  4500-CN-E
Fluoride {w/o distillation) <0.100 maflL 0.100 1 03/10/11 19113 K¥YS EPA-300.0
Nitrate (ND3-N) 0.282 ma/L 0.100 1 O3/10/11 19:13 K¥y5  EPA-300.0
Mt ritee {NO2-N) <0.100 mg/L 0.100 1 03/10/11 19:13  KYS EPA-300.0
Nitrate-+Nitrite-N 0.282 mg/L 0.100 1 03/10/11 19:13 EPA-300.0
pH 6.2 s, 1 03/10/11 1635 DW 4500-H-B
Total Dissohved Solids 80 mafL 10 1 O3/16/11 1600 NRT 2540C
Total Phasphorus 0.505 ma/L 0.050 1 D3/15/11 0B:40 TKM 4500-PE
Phenals (Total) <0.050 ma/L 0.050 1 03/15111 1130 DRG  EPA-4201
Total Aluminum 2120 pa/L 100 t 03/11/11 07:00 RQE  EPA-200.B
Total Antimony <1.00 pa/L 1.00 1 03/11/11 0700 RQE  EPA-Z00.8
Total Arsenic 0.586 Ha/L 0.500 1 03/11/11 0700 RQE  EPA-ZODE
Total Barium 320 g/l 1.00 1 031111 0700 RQE  EPA-200.8
Total Beryllium <0.500 P/l 0.500 t 03/11/11 07:00 RQE  EPA-200.B
Total Caldum 2250 pg/L 100 t D3/t1/11 O7:00 RQE  EPA-200.8
Total Cadmium 20,100 Ha/L 0.100 1 03/11/11 0700 RQE  EPA-ZO0E
Total Copper 6.63 oL 0.500 1 031111 0700 RQE  EPA-200B
Hardness as Cal03{5M-23408) 10100 po/L 100 1 03/11/11 07:00 EPA-200.8
Total Iron 1660 pa/L 100 i 03/i1/11 0700 RQE  EPA-Z00B
Total Lead 1.82 /L 0.500 1 03/11/11 0700 RQE  EPAZO0E
Total Magnesium 1090 pa/L 100 1 03/11/11 0700 RQE  EPA-200.8
Qualifiers) - Ouitside QC limit DF Dilution Factor
Definitions MOL  Method Quantitation Limit
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E T C Environmental Testing & Consulting, Inc.
W mphiz. com 2700 Whi Memgitis, Tennessee J0133 (B01) 2132400 Fax {001} 213.2440
A Laberatary Managemant Pariner”
O3BL6
Depatment of Geo Sdences
Dr. Darrel Schmitz Project Moriitoring
108 Hillbun Hall Information ©
MSU , M5 39762
Report Date : 3/24/2011

Report Number : 11-069-0272 REPORT OF ANALYSIS Received : 3/10/2011
Lab No : 89213 Matrx: Aqueous
Sample ID : A-5 Sampled: 3/9/2011 18:13
Test Results Units: MoL DF Date/Time By Analytical

Analyzed Method
Total Manganese 139 [r 1.00 1 03/11/11 O7:00 RQE  EPA-20D.8
Total Mercury «(0,0002 ma’L 0.0002 1 03/14/11 13:55 TOI EPA-245.1
Total Nickel 224 L 0.500 1 03/11/11 O7:00 RQE  EPA-200.8
Total Selenium <200 walL 2.00 1 03/11/11 0700 RQE  EPA-200.8
Total Siver <0.100 pa/L 0.100 1 D03/11/11 O7:00 RQE EPA-200.8
Total Thallium <0500 il 0.500 1 03/11/11 0700 RQE  EPA-200.8
Total Zinc 15.3 Ha'L 500 1 03/11/i1 O7:00 RQE  EPA-200.8
Carbonate <2 maL 2 1 03/18/11 DB:35 EWB 23208
Bicarbonate (s Ca(D3) 6 maiL 1 1 03/18/11 0B:35 EWB 13208
Total Sulfate (S04) 214 mgiL 1.00 1 03/10/11 19:13 KyS  EPA-300.0
Turkidity 42 NTU 0 1 03/10/11 16:10 GHD 21308
Qualifiers/ . Outside QC Emit DF Dilution Factor
Definitions MOL  Method Quantitation Limit
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E T C Enwironmental Testing & Consulring, Inc.

W sleme mpsis sam 2780 Whiten Rosd Mamphe, Tennesyes 36153 A801) 2132400 For (30 1) 2132440
“A Ltratoy Mansgarant Parar’

Cooler Receipt Form

Customer Number. 03816

Customer Mame: Department of Geo Sciences
Report Mumber  11-0690272

Shipping Method

O FedEx QUPS  (QuUsPosta() Client @ LMP (O Courier () Other. |

Shipping container/cooler uncompromised? . Yes O No O Mot Present
Custody seals intact on shipping container/cooler? () Yes ) No @ Not Required
Custody seals intact on sample bottles? () Yes () No @ Not Required
Chain of Custody present? @ ves O Ne
COC agrees with sample labels? @ ves O No
Samples in proper containers? @ ves ) No
Sample containers intact? @ ves (O No
Sufficient sample volume for indicated tests? @ ves O No
All samples received within holding time? . Yes O Mo
Container temperature in compliance? @ ves O No
Water - VOA vials free of headspace? () Yes ) Mo @ nia
Water - Preservation acceptable upon receipt? . Yes O Mo O MNIA
Samples screened for radicactivity (COE only}? () Yes ) No @A
Special precautions or instructions included? O Yes ‘ No
Comments:

Any regulatory non-compliance issuwes will be recorded on non-<compliance report.
Signature: Brooke Shoup

Date & Time:  03M10/2011 14.43:11
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