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A study was performed to determine the fate and transport of chlorides in groundwater on
and around a Central Kansas refinery. This was done by sampling monitoring wells over a
four year period for chlorides and measuring static water level in these wells to determine
groundwater flow. Groundwater modeling was also performed to determine the probable
source location(s) for the chlorides noted in groundwater and project changes in chloride
concentration and movement expected to occur in the future. In addition, chloride source
identification was performed after the method of Whittemore to correlate and compare
the chemical nature of groundwater taken from the monitoring wells with the postulated
source regions. Source identification was also used to verify the results found as part of

the groundwater modeling.

Process water for the refinery is taken from four pumping wells located in the northeast
part of the refinery facility and operated continuously. These wells pump between 1325
and 3220 liters/min (350 and 850 gpm) and have been pumping long ecnough that

drawdown from these wells has stabilized. The radius on influence for the four wells,



taken as a single system, is estimated at 1.3 km (0.8 mile) on the west side and up to 3.4
km (2 miles) on the east side of the facility. Chlorides located within the radius of

influence of these are preferentially drawn to the wells over time.

Based on sampling data and a previous study by Whittemore (1997) two primary chloride
source regions were identified. One was a shallow source located on the refinery property,
consisting of an unlined impoundment that had contained refinery process water until
closure and removal in 1994. The other primary source was the Johnson Oil Field, located
approximately 3.4 km (2 miles) east of the refinery. The field contains chloride injection
wells and formerly had unlined impoundments holding salt water that had been separated

from the crude oil.

Groundwater modeling for the refinery and surrounding property confirmed these source
regions and determined that the chloride plume was moving toward the refinery at the rate
of approximately 67 meters (205 feet) per year. Source identification of groundwater
taken from selected wells also verified these source regions and confirmed the modeling

results.

Based on this rate of movement, historic chloride data from wells on and around the
facility, and the distance from the source to the pumping wells, it is estimated that the
chloride plume from the Johnson Well Field rcached the onsite pumping wells
approximately ten years ago. Transport time from the shallow onsite source and the

pumping wells was estimated at slightly over scven years. The modeling results also



indicate that the groundwater quahty from the pumping wells will continue to decline

over time without remedial action.
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CHAPTER 1
INTRODUCTION

The purpose of this research was to establish the amount, source, and areal
extent of chlorides in the vicinity of the subject facility that are affecting or have the
potential to affect groundwater quality in that portion of the Equus Beds Aquifer utilized
by the facility as part of the refinery operations onsite. To accomplish this, monitoring
wells were drilled and used in conjunction with existing wells to sample groundwater
beneath the facility and measure its chloride content. The purpose of the groundwater
sampling was to delineate the spatial patterns of existing chloride plumes in the vicinity
of the refinery. Stratigraphic studies were undertaken to establish the predominant and/or
preferential pathways for groundwater and solutes through the aquifer as a function of
hydrostratigraphy. In addition, variations in aquifer thickness both on and around the
refinery property were mapped to help understand the implications for the zone of
influence for pumping wells at the refinery. Results of the stratigraphic work were
verified through the use of groundwater modeling on and around the site to determine if
the predicted preferential flow paths were indeed influencing groundwater flow. Finally,
a chemical signature approach developed by Don Whittemore at the Kansas Geological
Survey was used to differentiate between possible sources for chloride pollution

measured in groundwater samples from the monitoring wells.

1.1 Refinery Description and Location
The facility studied is an 80,000 barrel per day (bpd) crude oil refinery. This

facility i1s located on about 981 acres of land located approximately one-half mile south of



the City of McPherson, Kansas (Figure 1). Petroleum refining operations began at this
facility in 1933 and refining operations have continued to the present day.

Land use surrounding the refinery is predominantly agricultural (cash-grain
operations). Exceptions include a radio station (KNGL) and a closed petroleum product
terminal (Derby Refining Corporation) located adjacent to the southeast side of the
refinery property, a sand pit located a quarter mile south-southwest of the refinery, and

the McPherson Airport located a quarter mile northwest of the refinery.

1.1.2 Previous Investigations:

Since 1986, two separate geologic and hydrogeologic investigations have taken
place on the refinery property. The following is a discussion of these investigations,
including information pertinent to the present study. Previous studies that have been
utilized to present the information contained below include:

o “National Cooperative Refinery Association Hydrogeologic Investigation and
Monitoring Proposal’’; A&M Engineering & Environmental Services, Inc. 1986.

e Hydrogeologic Investigation Report™; EEI Engineering Enterprises, Inc., 1988.



CHAPTER 2
GEOLOGIC SETTING
2.1 Topography
The region on which the refinery property is situated is a part of the Great Bend
Physiographic Province. Topography in the vicinity of the refinery facility is relatively
flat (0-1% slopes) (Rott, 1983). East and north of the facility topography ranges from
gently sloping to sloping (1-8% slopes) as a result of the incisement of Bull Creek and

Dry Turkey Creek into the underlying unconsolidated sediments.
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Figure 1 — Refinery and Surrounding Property (USGS 7.5 min. topo)



clay, silt, and gravel. The refinery lies on top of the McPherson formation that lies within
the McPherson Valley which 1s a bedrock channel cut into underlying Permian formations
when the ancestral Smoky Hill River flowed southward into the Arkansas River. The
McPherson Formation varies in thickness, but is approximately 55-63 meters (170-190
feet) thick beneath the site. The upper part of the McPherson Formation is mainly clay
and silty clay with thin (one meter or less) zones with carbonate concretions and silt in
the upper 13-23 meters (40-70 ft). The lower part of the McPherson Formation is mainly
sand and gravel with clay interbeds and tongues. The clay beds in the lower part range
from a meter to 6.5-10 meters (20-30 feet) thick. An erosional unconformity separates the
Pleistocene McPherson Formation from the underlying Permian Wellington Shale. The
Wellington Shale is gray, bluish gray, and grayish green, medium soft to hard and
calcareous, with thin argillaceous limestone and gypsum interbeds (McElwee, et. al.
1979, Spinazola, et. al., 1985). Water is scarce in the Wellington, however salt deposits
are known to be imbedded in the shale and chloride rich groundwater has been reported

from the Wellington (McElwee, et. al., 1981).

2.2.1 Results of Previous Studies at the Facility

The previous geologic studies performed onsite (see Section 1.1.2) show that the
stratigraphic section above the Wellington at the site consists of about 16.5 meters (50
feet) of silt and clay, over 3-7 meters (10 to 20) feet of sand and fine gravel, overlying 10-
13 meters (30 to 40 feet) of silty clay with fine sand. The basal unit consists of 7-13
meters (20-40 feet) of sand and gravel with clay lenses. The reports noted changes in

stratigraphy from boring to boring, which was indicative of reworked stream deposits.



Soil samples (Appendix 1) taken from borings drilled to approximately 7
meters (20 feet) below ground level (bgl), in the vadose zone, reveal 65% to 85% clay,
with silt comprising the vast majority of the remaining sediments. One remolded sample
was tested for hydraulic conductivity and had a value of 4 X 10 cm/s. This indicates that

recharge from the overlying vadose zone is minimal.

2.2.2  Geologic Information Gained as Part of the Current Study
2.2.2a Field Activities:

As part of the current study, sixteen (16) monitoring wells were drilled on and
around the refinery facility in September and October 1999. Drilling logs for these wells
can be found as part of Appendix 1. Six of these wells were completed in the upper part
of the saturated zone (36-41 meters or 110 to 124 feet bgl), with the remaining ten
completed to Wellington bedrock (between 49-60 meters or 150 to 183 feet bgl). An
experienced field geologist was present during all drilling activities, with oversite
provided by the author.

The shallow wells were advanced utilizing hollow stem augers, which allowed
relatively undisturbed soil samples to be taken. As part of the drilling activities, these
were collected and analyzed at five (5) foot (1.6 meter) intervals from ground surface to
comptleted depth. For the deep wells, mud rotary drilling technique was utilized as hollow
stem augers could not be advanced to bedrock. Soil samples from these wells were also
collected at five (5) foot intervals. Due to the nature of the drilling technique, these
samples were highly disturbed. However, the samples taken are felt to be faurly

representative of the composition of the material at each sample depth, in particular those



taken in the saturated zone. Most of the saturated zone samples were described as sand,
with sand and gravel at lower depths. Samples taken from the saturated zone that
contained appreciable clay content could be readily distinguished, even though these

samples had been reworked by the drilling activities.

2.2.2b  Stratigraphic Study

The stratigraphic sections across the site (Figures 3 and 4) were generated
utilizing data from the monitoring wells completed in September and October 1999. The
sections were made by constructing a N-S and E-W line across the site, respectively,
which intersected as closely as possible the greatest number of wells. Distances between
well logs were based on surveyed data, and the distances between wells on the cross-
section were based on the interpolated location of each well placed on the transect line.

The stratigraphy revealed by the well logs shows a lithology primarily composed
of alternating layers of sand and clay, with weathered shale and shale bedrock. Review of
the N-S and E-W cross sections reveals a fairly consistent lithology across the study area,
in good agreement with the results noted in Section 2.2 above. Thin, localized clay
stringers and silt stringers are located at various depths within the sand; however the
cross-sections do not indicate that any of these clay and silt lenses would be a significant
deterrent to vertical groundwater migration.

Review of the E-W cross-section also shows that the saturated thickness
increases westward underneath the refinery. Monitoring well 110D, the easternmost
monitoring well, shows a saturated thickness of only about 16 meters (50 fect), while the

recovery well (RW) on the westernmost side of the cross-section indicates a saturated

w©



thickness of nearly 26 meters (80 feet). In addition, it can be clearly seen that the sand
content generally increases westward. The middle clay layer decreases in elevation
eastward to the point that the clay intersects the static water level elevation. However, the
clay layer pinches out west of 20S, leaving a continuous column of sand from
approximately 475 meters (1450 feet) above mean sea level (msl) to bedrock at 436
meters (1330 feet) msl. Figure 5 illustrates a plan view of the North-South and East-
West cross sections for reference as to location of the cross sections in relationship to the

facility.

9
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Figure 5 — North-South & East-West Cross Sections; Plan View
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CHAPTER 3
AQUIFER IDENTIFICATION AND PROPERTIES
The sand and gravel units in the lower part of the Pleistocene McPherson
Formation comprise the aquifer beneath the site. This aquifer is referenced as the “Equus
Beds”. The “Equus Beds™ aquifer 1s an unconfined type. The hydraulic characteristics of
the “Equus Beds” aquifer at the refinery have been determined from tests conducted on

the monitoring wells and from published reports.

3.1 Results of Previous Investigations:
3.1.1 Aquifer Characteristics:

As noted above, the facility lies above the McPherson channel, an area
characterized by deposits from ancient stream channels. Many of the sediments
comprising the older part of the McPherson Formation, into which the McPherson
channel was cut, were deposited by southward flowing streams. Streams contributing to
the deposition entered from the north, northeast, and northwest. Smaller streams entered
from the east and northeast. All streams were nearly at grade, resulting in the copious
deposition of silt in the floodplain (EEI report to NCRA, 1980).

The saturated zone, known as the “Equus Beds™ historically began at a depth of
approximately 16 meters (50 feet) bgl. This upper part of the aquifer consisted of the 3 to
6 meter (10 to 20 foot) section of sand directly underlying the top 16 meters (50 feet) of
clay and silt. Pumping at the refinery has reduced this zone and it is no longer found in
the area of the refinery.

The saturated zone currently begins roughly 25 to 29 meters (75 to 90 feet) bgl



at the site and varies in thickness due to changes in bedrock topography across the site. A
maximum saturated thickness of 42 meters (128 feet) has been reported on the west side
of the refinery and a minimum of 24 meters (74 feet) on the east side.

Chloride sampling of the four water supply wells was performed as part of the
1986 study and results of this sampling 1s given as Figure 6. It is evident from the results
illustrated that chloride contaminants had not affected any of the pumping wells at that

time.

3.1.2 Aquifer Hydraulics:

Groundwater flow in the area around the Refinery is strongly influenced by the
presence of four large pumping wells located in the northeast comner of the facility (see
Figure 5 and maps, Appendix 4). The area of influence for these pumping wells was
estimated at 1.3 km (0.8 mile) along the western edge and postulated to be at a similar
range on the east side of the pumping wells. Both reports indicated that the pumping
wells have established a dominant cone of depression influencing the groundwater flow
in and around the refinery area. Groundwater flow absent of the pumping wells was
reported to be toward the northeast at a low gradient, however no source is given to

validate this assumption.



Figure 6 — Chioride Levels in the Pumping Wells, September 1986 (From A&M,
1986)

GROUND WATER QUALITY

Specific Chloride  Sulfate TOC TOH

Well No. ate pH Conductance mg /T, mg /L /L. my/L
-1 9-25-86 8.1 55@ 37 23 37 0,82
W-2 9-25-86 7.4 676 49 58 34 8.04
W3 9-25-86  16.6 51¢ 12 36 13 g.e3

W4 9-25-H6 7.1 500 41 22 52 #.g2

Blank 9-25-86 * * 9.4 9.7 4.8 .2
p-3 5-7-81 6.8 90 24¢ 25 28 *
P~6 5-7-81 6.8 1240 18¢ 2 59 *
p-8 5-7-81 6.9 880 97 31 10 *
P~9 5-7-81 6.9 770 119 15 19 *

*No Analysis




Figure 7 — Transmissivity Data (From A&M, 1986)
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Transmissivity data was collected from a number of the wells drilled in 1986.
Values ranged from a high of 1545 m?*/d (124,600 gpd/ft) on the far west side of the
property to a minimum of 370 m*/d (29,900 gpd/ft) on the east side (See Figure 7).
Values from wells on the north side of the refinery indicated a transmissivity of
approximately 1240 m*/d (100,00 gpd/ft). No information is available for the south side
of the facility. Transmissivity under the refinery was estimated to range from 248 to 620
m?/d (20,000 to 50,000 gpd/ft). Pump tests were performed for selected wells as part of
the study done in 1988. Results showed that the #10 water well was tested to have a
transmissivity of 310 m>/d (25,000 gpd/ft) and the #9 water well was tested to have a
transmissivity of 646 m*/d (52,100 gpd/ft). The previous studies do not present any
information which might explain the vanation s in the transmissivity values.

Permeability in the #9 water well was estimated at 1 X 10" cm/s. Water usage
from the wells was estimated at an average of 7575 I/min (2000 gal/min), resulting in a
yearly usage of 3226 acre-ft per year. The reported hydraulic conductivity values range
from 3.7 to 14 m/d (90 to 340 gpd/ft2 ). The vertical gradient was calculated for test wells
completed in the area of the land treatment unit, located on the south side of the facility.
The report indicated that vertical gradients was downward in the vicinity of 3 of the 4

wells, but were upward in the vicinity of “well 37, near the present location of LF-3.

3.2 Results from the Current Study
3.2.1 Aquifer Characteristics
As part of the current study, regional groundwater flow was studied to determine

the potential for ofl-sitc migration of chlorides onto the refinery property. This



information can be used in conjunction with the radius of influence for the four pumping
wells to determine if chlorides from off-site would be preferentially transported to the

pumping wells.

3.2.2  Groundwater Flow

Figure 8 shows the configuration of the water table in the vicinity of the study
area. It was created using forty-five (45) water table elevation control points downloaded
from the Kansas Geological Society (KGS) Wizard database. The regional groundwater
flow around the refinery property is complex. The predominant flow directions in the area
around the refinery are to the north, northwest, or west. In the immediate vicinity of the
refinery it can be seen that groundwater flow converges toward the pumping wells on-
site. Outside of the zone of influence of the pumping wells, it may also be moving west,
toward the center of the McPherson Channel located west of the refinery.

It can also be seen that there is a groundwater divide (or a groundwater high) to
the south of the refinery. Groundwater north of this divide flows preferentially north
toward the Smoky Hill River; groundwater south of this divide flows south towards the
Little Arkansas River. The pumping wells at the refinery will capture water moving west
toward the center of the McPherson Channel, and will also capture water from the south
which is preferentially moving north due to the groundwater divide. Water on the west
side of the refinery which is captured by the pumping wells will be diverted from a north-
north-west flow direction to an easterly flow direction. Likewise. water in the aquifer
located north of the refinery captured by the pumping wells radius of influence will be

diverted approximately 180 degrees from the regional flow direction.
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Figure 8 — Regional Groundwater Flow (ft MSL) 1980.

3.2.3 Saturated Thickness and Bedrock Topography

To better establish the saturated thickness within the study area, an interpolated
grid of bedrock topography (Figure 9, taken from Sleezer, 2000) was prepared which
encompassed a two square mile area centered on the refinery. This study area was further
subdivided into the refinery study area and the chlonde study area. The chloride study
area was the extent of the area modeled using Groundwater Vistas™!, a windows based

groundwater model based on the USGS groundwater model ModFlow.
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Figure 9 — Interpolated Bedrock Topography (ft MSL)
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A review of Figure 9 shows that the bedrock elevation within the map area

varies significantly from west to east. Based on this figure, bedrock elevation on the east

side of the chloride study area was estimated at 440 meters (1340 feet) above mean sea

level (msl), while the bedrock elevation on the west side of the chloride study area was

measured at 420 meters (1280 feet) msl.

The water table elevation (Figure 10) across the chloride study area was

determined by measurement of static water level elevation in the refinery wells and
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Figure 10 — Static Water Level Elevations (after Sleezer, 2000)

published values taken from the aforementioned KGS Wizard database. This indicates
that static water levels vary from 462 meters (1410 feet) msl on the west side of the
refinery to 456 meters (1390 feet) msl on the east side of the refinery.

Using these two views, the variability in saturated thickness across the chloride
study area can be shown to vary from a minimum of approximately 16.4 meters (50 feet)
on the east to a maximum of 42.6 meters (130 feet) on the west. This differential in
saturated thickness indicates that the radius of influence for the pumping wells (taking all
four wells as essentially one system) could be significantly greater on the east side of the
refinery as opposed to the west side. This assumes that roughly an equal volume of water

is pulled from the aquifer by the pumping wells on all sides.



3.2.4  Radius of [nfluence for the Pumping Wells

This information is significant when attempting to determine the potential
source areas for the chlorides noted in water samples taken from the pumping wells. A
larger radius of influence means that the area available for potential sources to be
captured by the effects of the pumping wells is greater. In addition, a larger radius of
influence on the east side of the refinery is aided by the fact that the regional flow on the
east side of the refinery is predominantly westerly. Therefore, the radius of influence
coupled with the regional flow will have an additive effect when determining the total
area east of the refinery from which potential sources of chloride can be drawn from.
Unfortunately, there is an insufficient number of wells on the east side of the refinery to
make an accurate determination of the true radius of influence in this direction.

However, it was possible to estimate radius of influence on the west side of the
refinery. Figures 11-18 illustrate static water level elevation vs distance for all four of the
pumping wells. As the wells operate 24 hours per day every day, it was not possible to
establish the static water level elevation of the wells absent the effects of pumping.
Therefore, it was not possible to establish the ambient static water level for comparison to
measured values 1n monitoring wells at various distances from the pumping wells.
Normally, this ambient value would be compared to the measured values taken while the
pump test was ongoing and after the measurements had stabilized when attempting to
discern the radius of influence.

To approximate the static water level recovery rate with distance, a best fit line
was added to each graph in Figures 11-14. The radius of influence was estimated as the

point at which the measured data intersects the best fit, or hypothetical recovery. It was

o
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postulated that the point at which the measured recovery rate was less than the

hypothetical recovery rate would represent the extent of the pumping wells influence.

Water Well 9 - Distance vs. TOC

1415.00

141000 |
S 140500 |
Tg 1400.00 | a
iz | o |
s 139500
= 139000 |
2 138500 |
K
2 1380.00
= 1375.00 7

1370.00 ! —

0 500 1000 1500 2000 2500 3000 3500 4000

Distance from Pumping Well (ft)

Figure 11 — Estimated Radius of Influence for Water Well 9
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Figure 12 — Estimated Radius of Influence for Water Well 10
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Water Well 8 - Distance vs TOC
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Figure 13 - Estimated Radius of Influence for Water Well

Water Well 3 - Distance vs TOC

1420.00 |
1415.00 |
£ 1410.00 - —
T 1405.00 |
i |
& 1400.00
% 1395.00
2 1390.00
w
7 1385.00 -
=
1380.00 -
¢
1375.00 VL st el
0 500 1000 1500 2000 2500

Distance from Pumping Well (ft)

Figure 14 - Estimated Radius of Influence for Water Well 3

This assumption can be tested to a degree by comparisons between the

intersection point and the approximate static water level elevation believed to be outside
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the radius of influence of the pumping wells. As noted earlier, the static water level
elevation on the west side of the study area 1s approximately 1410 feet msl. The distance
between the edge of the study area and the pumping wells is assumed to be at or beyond
the effective radius of influence of the four well complex. This distance is approximately
1312 meters (4000 feet) from pumping well #9, which is in general agreement with the
estimated radius of influence of 1.3 km (0.8 mile) given as part of a previous

hydrogeologic investigation at the site (see Sec. 1.1.1 above).

Based on analysis of these graphs, the radius of influence for the four pumping

wells were estimated as:

Water Well #3 295 meters (900 feet)

Water Well #8 787 meters (2400 feet)
Water Well #9 623 meters (1900 feet)
Water Well #10 410 meters (1250 feet)

Figures 15-18 are logarithmic distance drawdown graphs with a curve fitted to
the measured data and taken out five log periods to estimate changes past the available
distances. Correlation coefficients were calculated for each curve and are also shown on
the graphs (R?). This curve-fitting technique was utilized to estimate the static water level
elevation changes with distance beyond the available data. These graphs suggest that the
radius of influence may be somewhat greater than that indicated by Figures 11-14.

As can be seen from Figures 15-18 below, the curves for water wells #3. #8,



and #10 continue to increase slightly beyond the available data. As this is a theoretical
curve, it is impossible to establish the point on the curve which intersects the actual static
water level elevation. However, if 462 meters (1410 feet) msl is used as an estimate of
this elevation, theses graphs indicate that the radius of influence for the pumping wells

would be approximately:

Water Well #3 492 meters (1500 feet)
Water Well #8 1148 meters (3500 feet)
Water Well #9 820 meters (2500 feet)
Water Well #10 656 meters (2000 feet)
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Figure 15 - Distance Drawdown Radius of Influence for Water Well 9
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Figure 16 — Distance Drawdown Radius of Influence for Water Well 8
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Water Well 3 - Distance Drawdown
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Figure 18 — Distance Drawdown Radius of Influence for Water Well 3

325 Storativity, Transmissivity, and Hydraulic Conductivity
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Figure 19 — Monthly Water Usage

Figure 19 illustrates the average pump rate for the water supply wells during

1998. Values shown here represent the average daily pump rate for each month of the



year and each well. Using the Radius of Influence information contained above and the
known average pump rate taken from refinery records (Appendix 2), aquifer
characteristics were derived using the methods given as part of “Basic Groundwater

Hydrology™; USGS Water Supply Paper 2220, Heath, 1991.

Table 1 — Average Pump Rate (gpm) for the Four Pumping Wells

Water Well #3 Water Well #8 Water Well #9 Water Well #10

Mean 376.01 [Mean 679.67 |[Mean 809.46 Mean 362.06
Median 380.00 |Median 680.00 |Median 840.00|Median 376.50
Mode 400.00 |[Mode 700.00 |Mode 900.00|Mode 400.00
Standard Dev. 33.40 |Standard Dev. | 49.58 |Standard Dev. 107.04 |Standard Dev. | 83.83

Minimum 40.00 |[Minimum 542.00 [Minimum 195.00[Minimum 135.0ﬂ
Maximum 430.00 [Maximum | 812.00 [Maximum 970.00|Maximum 750.00‘
Count 338.00 [Count | 338.00 [Count 338.00|Count 338.00 |

Table 2 — Average Depth to Water (bgl) for the Four Pumping Wells

Water Well #3 Water Well @ Water Well #9 UVarer Well #w

Mean 118.03 [Mean 110.11 |Mean 110.39 |Mean 116.05
Median 118.00 |[Median 111.00 |Median 110.00 |Median 119.00
Mode 119.00 |Mode 112.00 |Mode 110.00 [Mode 120.00
Standard Dev. 1.86 |Standard Dev. 4.25 |Standard Dev. 2.21 |Standard Dev. 13.17
Minimum 105.00 |Minimum T 98.00 |Minimum 103.00 |Minimum 17.00
Maximum 121.00 [Maximum | 116.00 |Maximum 118.00 |Maximum \EI.OO
Count 123.00 [Count 123.00 |Count 123.00 |Count [ 123.00

The Jacob Time-Drawdown analysis and Jacob Distance-Drawdown analysis
was used to estimate the aquifer properties. Results shown in Table 2 above were used to
determine the average drawdown at each pumping well. Time-Drawdown analysis was
used to determine the time required for the cone of depression to reach steady state. This

calculation is based on the formula developed by Jacob (1950):



t.=7,2000°S/T

Where £, = the time in minutes at which steady state conditions exist, r = the outermost
distance from the pumping well (in meters), § = the estimated storage cocfficient

(dimensionless), and T is the estimated transmissivity, in square meters per day.

Values used to determine the time to reach steady state were determined as follows:

The estimated Storage Coefficient (S) of 10”was taken from Heath (1991). The
outermost distance from the pumping well () was taken as 1304 meters (3975 feet),

which was the measured distance from WW#9 to momitoring well ZL-5

Transmissivity was calculated from the formula given by Jacob (1950):

T = 70Q/AS

Where Q = the pumping rate (in gal/min); taken from Table 1 above, and AS = the
drawdown across one log cycle (in feet), taken from Figures 11-14 above. This equation
is specifically tailored for English units; therefore the English unit results were then
translated into metric values.

Transmissivity for well #9 is then:

T = 70(809.46 gpm)/2.77 feet

T = 1900 m*/d (20,455 fr'’/day)
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Transmissivity was similarly calculated for each pumping well and is listed on Table 3

below. The calculated values and the averages are:

Water Well #3 336.7 m’*/d (3625 ft*/day)
Water Well #8 605 m*/d (6517 ft'/day)
Water Well #9 1900 m*/d (20,455 ft*/day)
Water Well #10 262 m*/d (2822 ft'/day)
Average of all wells 776 m*/d (8355 ft*/day)

The time required to reach steady-state conditions, using WW#9, 1s then:

t.=7200°S/T
t.=7,20001404° m )(10° )/ (1900 ni"/d )

t.= 5537 minutes
Time was similarly calculated for each pumping well and 1s listed on Table 3 below.
Using the information calculated above, storativity could be calculated using the formula

by Jacob (1950):

S = Tt/640r,’

Where S = Storativity, T = Transmissivity, t = time, and r, = distance from the pumping



well to the point where the ambient static water level elevation at the pumping well
intersects the zero-drawdown line (see Figures 7-10). This formula is also designed
specifically for English units; however as Storativity is a unitless value, no unit

conversion is necessary. Again using WW#9, the storativity is calculated as:

S = (20,455 f'/day)(5537 min) / 640 (1900 feet)?

S=0.05

Storativity was similarly calculated for each pumping well and is listed on
Table 3 below. Using the transmissivity values calculated above and the measured
aquifer thickness known from the onsite monitoring wells, it was possible to calculate the
hydraulic conductivity (K) at the pumping wells. The formula used to determine hydraulic

conductivity was taken from Heath (1991) and 1s:

K=T/k
Where K = hydraulic conductivity (m/day), T = transmissivity, (m*/d ) and b = aquifer

thickness (m). For water well #9, the hydraulic conductivity was calculated as:

K=(2736 n’/d )/ (31.2m)

K=70.9 m/day

Hydraulic Conductivity was calculated similarly for all wells and the values are listed in

Table 3 below.
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Table 3 — Aquifer Characteristics

‘Pumping Well Zero-Drawdown | Transmissivity | Storativity Hydraulic Time to Steady
Intersection (ft) (ft*/day) Unit less  |Conductivity (ft/day) State (min)
Water Well #3 900 3625 0.06 41.2 7961
Water Well #8 2400 6517 0.018 76.7 9914
Water Well #9 1900 20,455 0.05 2163 5537
Water Well £10 1238 2822 0.056 36.7 22,798
Average 1610 83558 0.046 92.7 11,553

The average value for hydraulic conductivity is in good agreement with

published reports (McElwee, et. al, 1979, Spinazola, et. al., 1985, Williams, et. al, 1949)

which indicate that a hydraulic conductivity in the range of 33 m/d (100 ft/day) is

expected at the site. Heath (1991) shows hydraulic conductivity for medium to coarse

sand ranging from 3.3 to 33 m/d (10 to 100 ft/day), again in good agreement with the

calculated numbers.

In an effort to verify the hydraulic conductivity values calculated above, the

vertical potential gradient (VPG) was calculated for a number of the nested well clusters

located across the study area. Hydraulic conductivity was then calculated at each well

cluster.

The formula used for VPG was taken from Darcy’s law (Heath 1991) and is:

Where

VPG =

VPG =dh/dl

shallow well water elevation (ft) — deep well water elevation (ft)

mid-point of the shallow well screen(ft) — mid-point of the deep well screen (ft)




Hydraulic conductivity 1s also found using Darcy’s equation (Heath 1991):

O = KA(dh/dl)

Where @ = the pump rate (assumed to be 1 I/m) and A = the cross-sectional area (also
assumed to be 1 m?), K and dh/dl are as above. Rearranging terms and eliminating the

unit values gives

K =dl/dh

Giving hydraulic conductivity as the inverse of VPG, assuming vertical flow of 1 liter per
minute through an area of 1 square meter. Results for the calculations illustrated above

are given below as part of Table 4

Top of casing (TOC) elevations were established by a registered land surveyor
at the time the wells were completed. MSL SWL elevations were measured on November
15 and 16, 1999. Screen length and total depth measurements were taken from well logs.
The average hydraulic conductivity calculated using the nested well clusters assuming
unit values for area and pumping rate was 29.7 m/d (90.6 (t/day), which is in good
agreement with the average calculated hydraulic conductivity value of 30.4 m/d (92.7

ft/day) found using the pumping wells.



Table 4 - Vertical Potential Gradient (dh/dl) and Hydraulic Conductivity ({t/d)

Monitoring] MSL TOC| MSL SWL | Screen | Total |  MSL Vert. | Estimated K |

Well Length Depth Total Depth Gradient (fd)
(tUY)

10S 1487.240 | 1406.720 25.000 120.000 1367.240 0.201 4.969

10D 1487.510 | 1406.070 20.000 171.000 1316.510

118 1490.360 | 1405.990 30.000 88.000 1402.360 -0.005 214.000

11D 1491.640 | 1406.220 20.000 167.500 1324.140

108S 1497.310 | 1405.820 25.000 110.000 1387.310 -0.006 159.909

108D 1497.220 | 1405.930 20.000 170.000 1327.220

1118 1499.530 | 1400.050 25.000 110.000 1389.530 -0.020 50.523

111D 1499.190 | 1400.700 30.000 185.000 1314.190

218 1489.950 | 1406.080 30.000 83.000 1406.950 0.022 45.108 ‘

21D 1490.750 | 1404.690 20.000 173.000 1317.750 J

20S 1488.500 | 1407.130 25.000 110.000 1378.500 0.034 29.147 J

20D 1488.270 U406.1 10 | 90.000 | 182.000 | 1306.270 y

Note: Vertical gradient was calculated as dh/dl. using the midpoint of the screened interval to tind dl.

K was estimated as the inverse of VPG (dl/dh); assuming a unit value of 1 for Q and A.
SWL elevations taken on November 15 and 16, 1999
Average K = 90.6 fI/d, averase VPG = 0.004

3.2.6  Static Water Level Elevation and Water Table Configuration

As noted in Figure 8 above, the regional groundwater flow in the area of the
refinery is complex. Figure 20 below shows the groundwater flow confined to the area of
the chloride study. This figure was generated from water level measurements taken in
November 1999 and includes the sixteen (16) newly completed wells onsite. A total of
113 wells (Appendix 3) were used to establish the water table configuration map shown
below. As can be seen from the figure, water table elevations generally decrease from

west to east across the refinery proper. The highest water table elevation is approximately
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463 m (1410 feet) msl on the west side of the refinery. The water elevation decreases to

a low of approximately 458 m (1395 feet) msl on the east side near the pumping wells.

Static Water Level Elevation
Feet Above Mean Sea Level

Static Water Level Elevation
Classes for the Interpolated Grid

I 1378 - 1381
[ ]1381-1384
1384 - 1387
| 1387-1390
[ 1390-1393
| 1393-13986
[ 1396 -1399
[ 11399 - 1402
[T 1402 - 1405

1405 - 1408

1408 - 1411
[ 1411-1314

; /" - Static Water Level Contours

NCRA Facility Base Map

Figure 20 — November 1999 Water Table Configuration (ft MSL)

It can also be seen from the figure that there are very few data points available
on the east side of the facility. Therefore, the elevations shown on this figure for the east
side must be interpreted with caution. While available information (Whittemore, 1997)
does indicate that the trend shown here is accurate, there is insufficient data available
onsite to make definitive conclusions.

According to Kansas Geological Survey (KGS) Open File Report # 79-7,

regional ground water flow direction in McPherson and vicinity is to the north-northwest

(%)
[



This is the natural direction of flow as determined by the KGS, however Figure 20 above
clearly indicates that the pumping wells have a significant effect on local direction of

flow in the area of the refinery.



CHAPTER 4
FIELD STUDY RESULTS
4.1 Introduction

To discern the extent of the chloride levels across the site, samples were taken
from onsite monitoring wells and analyzed to determine chloride concentrations. These
samples were analyzed by the NCRA laboratory, which is a state certified lab. Separate
sampling events were performed on August 1995, January 1999 and November 1999.
Chloride concentration maps based on the results of these sampling events are included
below and as Appendix 4 and are labeled August 1995, January 1999 and November
1999.

For the August 1995 and January 1999 sampling events, selected wells were
sampled based on location throughout the refinery. Wells for sampling were selected
based strictly on location, without regard to depth and/or screened interval. As can be
seen from the maps, the January 1999 event was considerably more comprehensive than
the August 1995 event, and served in part to verify results noted as part of the earlier
event.

Sources for chlorides within the process water can come from a number of
process related areas. One of the major contributors to chloride concentration is saltwater
naturally contained in the crude. As a general rule, crude is mixed with brine water in the
formation it is taken from by the producing well. Separation of the crude/brine mixture is
performed at the tank battery in the field and the crude 1s then transported to the refinery.
However, separation is never complete and a small percentage (1% to 2%) of the brine

remains emulsified in the crude.



Another reason why elevated chlorides may be found in the effluent is that the
process water is recirculated three to four times before final release to the aeration pond
(See Appendix 4). In addition, pond water can also used for process water. Consequently,
the chloride levels can be concentrated over time before eventual release to the receiving
stream.

Finally, it was discovered in 1995 that the water pumped by the water supply
wells from the Equus Beds aquifer contained elevated levels of chloride. At the time of
the initial study in August of 1995 the source of the elevated chlorides in the water from
the supply wells was unknown. However, it was felt that the unlined lime ponds and/or
water retention ponds located on the northwest side of the refinery (see maps Appendix 4)
could have been a factor. Due to the radius of influence for the pumping wells, the
chlorides could be drawn in from the area of the ponds once migration to groundwater
had occurred.

However, the water would need to have migrated through approximately 16 m
(50 feet) of low permeability clay. Previous analysis of the vadose zone material indicated
a permeability on the order of 1 x 10-7 cm/s, which is the EPA standard required for
Municipal Solid Waste Landfills. Therefore, without a preferential pathway, a long time
period, or some other unknown variable, the possibility that migration to the groundwater

had occurred from this source was initially thought to be small.

4.2 Results and Conclusions Drawn from the August 1995 Event
The August 1995 event consisted of the sampling and analysis of eighteen (18)

monitoring wells and water supply wells located primarily on the north and cast sides of



the refinery. Of note, almost no sampling was done in the refinery operations area proper
nor in the area of the refinery tank farm. A contour map of the August 1995 chloride
levels 1s given below as Figure 21.

The August 1995 event had suggested that one potential source region for
chlorides was the old Lime Ponds and possibly the water treatment ponds, both located on
the northwest side of the refinery (see maps, Appendix 4). The Lime Ponds had been
utilized for treatment of process water for a number of years until their removal in 1995.
The water treatment ponds serve as the repository of both refinery stormwater runoff and
treated process water before discharge through the National Pollutant Discharge
Elimination System (NPDES) effluent to Bull Creek. Neither the Lime Ponds nor the
treatment ponds were lined.

Historically, the process water was treated for hydrocarbons and other priority
pollutants before discharge, as required by the NPDES permit. However, chloride has not
been listed as a priority pollutant; therefore no treatment for chloride has been done. If the
chlorides were able to migrate through the vadose zone, it was possible that these ponds
could be a primary source of the chlorides found in the water supply wells. The ponds
represented areas where at least the top few feet of soil and vadose zone material had
been disturbed. Consequently, if no other changes were caused by construction, at least
the pathway to groundwater was shortened. It is also conceivable that disturbing the
native material in the vicinity of the ponds may have had some effect on the matenal
below the ponds. There were no other sources suggested by the results of the August

1995 samples.
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Figure 21 — August 1995 Chloride Levels
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43 Results of January 1999 Sampling Event

The January 1999 sampling event was undertaken primarily to verify and
expand the results of the August 1995 event. Consequently, more wells were sampled and
the sample locations were chosen with these goals in mind. A total of twenty-five (25)
wells were included in this analysis. A contour map of chloride concentrations is included
below as Figure 22.

Analysis of the results (Appendix 3) do verify, in part, what was noted as part of
the earlier event. The map indicates a narrow area approximately 100-130 m (300-400)
feet wide either side of a line beginning at monitoring well ZL-1 and ending at WW-8
where chloride concentrations are at or above 150 mg/l. Sampling results indicate that
background levels should be generally in the 50 mg/l to 150 mg/I range.

The shape of the plume indicated the possibility of a point source much smaller
than the retention pond, and suggests that the area around the Lime Ponds may be the
primary source. This is supported by the chloride levels noted in LP104 (71.4 mg/l) vs.
LP102 (461.6 mg/l). If this is the case, then it would be expected that the chloride levels
will slowly decline over the next few years, finally reaching and equilibrium level
equivalent to the rate of influx from the vadose zone. This can be stated as the lime ponds
have been removed, therefore, no source renewal is oceurring there.

As the water retention pond extends north of the Lime Pond wells, it would be
expected that any leakage from the pond might be noted in LP104 at comparable levels to
LP102. While this was not noted in 1999, this circumstance was found in 1995, which

could indicate generally decreasing concentrations coming from the pond.
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Figure 22 - Chloride Levels, January 1999



Another possibility considered at that time was that the radius of influence for
the water supply wells, in particular WW-6 and WW-10, allows only a part of the plume
from the big pond to be captured and moved southeast. Using the KGS number for
hydraulic conductivity (100 ft/day), the transport time for water from the pond to WW-6,

approximately 2,000 feet, is calculated as follows (after Heath, 1991).

V =KI/N

Where V is the velocity, in m/day, K is the hydraulic conductivity, in m/day, I is the
hydraulic gradient, in m/m, and /N is the porosity. Using this formula, the travel time is

computed as:

V=233 m/day(0.0005 m/m)/0.2

V=025 m/day

The time required to move 660 m (2000 feet) is then roughly 7.3 years. Using
the same formula, the transport time to WW-8, roughly 1150 m (3500 feet),
approximately 12.7 years. This does not take into account the time required for movement
through the vadose zone to the groundwater or any flow barriers that might be present
underground in the aquifer. Use of the calculated site-specific average hydraulic
conductivity of 30.4 m/day (92.7 f{t/day) (Table 3) would result in similar fate and

transport time.
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As the overall groundwater flow direction absent the effects of the pumping
wells is north-northwest, any plume from the pond would be expected to migrate in this
direction, irrespective of influence from the on-site water supply wells. If this is the case,
then chloride levels should significantly improve in the water supply wells located on the
east side of the property (WW-8, WW-3) if WW-6 and WW-10 were shutdown. Based on
the hydraulic conductivity discussed above, this should be noticeable in a relatively short
time frame, on the order of six months or less. Theoretically, chloride levels in these
wells would ultimately decrease to background. However, it must be noted that this
scenario assumes that the lime ponds are the primary source, and does not take into
consideration any chlorides migrating to the pumping wells from offsite to the east.

What could be fairly well established after the January 1999 event was that
chlorides are migrating from the area around the Lime Ponds to the water supply wells.
Questions still remained regarding other potential source areas and the level of chlorides

which will be introduced at the water supply wells in the future.

Table 5 below illustrates the results of the August 1995 and January 1999
sampling events. Comparison between the chloride results from August 1995 and January
1999 indicate the following:

1.) The size and shape of the chloride plume had not appreciably changed.
2)) Outside the area of the greatest concentrations, the chloride results had not
appreciably changed. In other words, background levels seem to be fairly

consistent.
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3.)

4.

5.)

6.)

7.)

Chloride concentrations in samples from the Lime Pond wells had decreased. In
some cases the decrease was dramatic. For example, measured concentrations
from LP104 have decreased from 853 mg/l in August 1995 to 71.4 mg/l in
January 1998. MW 13, southwest of the Lime Ponds, also indicated a decrease of
98.2 mg/l from the August 1995 level.

Chiloride concentrations in samples from the water supply wells located in the
area of highest concentration had generally increased since August 1995. WW-§
concentrations had increased 102.1 mg/l, from 343 mg/l in August 1995 to
445.1 mg/1 in January 1998. Concentrations in WW-3 also increased. The
exception was WW-10, which indicated a decrease of 35.2 mg/l since 1995.
However, this change 1s within the expected range of values when accounting
for sampling and laboratory variability.

Chloride concentrations in the sample from WW-9, located outside the area of
highest concentration, had decreased 35.6 mg/l since August 1995.

Samples from the KDHE well, MW56, and ZL6 are all in the 130 — 140 mg/l
range, within what might be considered background concentrations. These
results indicated that there was no significant chloride contribution currently
being introduced from a source east of the refinery.

Of the twenty-five (25) wells sampled, the following wells indicated increases
from 1995: WW-8, WW-3, ZL-1, and ZL-6. Of these four, changes in only the
first three can be considered statistically significant. However, only seventeen
(17) wells were sampled 1n 1995, so it was not possible to compare results for

eight of the wells. Significantly, WW-6 (351.4 mg/l) was one of the wells not
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sampled in 1995. This well is located in the middle of the high chloride

concentration area.

Table 5 - Results of Chloride Sampling — January 1999 and August 1995

Presented in descending order of 1/99 Chloride concentration

Sample Well Chloride Chloride Change 8/95
(mg/1) 1/99 (mg/1) 8/95 to 1/99
LP102 461.6 497 -35.4
WSW8 445.1 343 102.1
LP103 406.6 545 -138.4
WSW6 3544 Na Na
WSW3 3517 296 55.7
ZL1 313.2 260 532
MW13 197.8 296 -98.2
ZL2 153.9 178 -24.1
WSWI10 153.8 189 -35.2
MW25 142.9 Na Na
MWI5 142.9 154 -11.1
ZL6 137.4 118 19.4
MW56 137 Na Na
KDHE well 131.9 Na Na
MWw43 120.9 Na Na
MW8 109.9 Na Na
ZL3 104.4 118 -13.6
MW42 104.4 Na Na
LP101 101.7 343 -241.3
WSW9 82.4 118 -35.6
ZL4 76.9 83 -6.1
LP104 71.4 853 -781.6
MW9 60.4 Na Na
LF9 54.9 83 -28.1
ZLS 22 95 -73
MW 11 Na 204 Na
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4.4 Results of the November 1999 Field Work and Sampling Event

After analysis of the first two events had been completed, a third sampling event
was scheduled which was designed to complement a comprehensive study with regard to
the facility and the chloride source/movement. This study addressed questions posed after
analysis of the first events had been completed. These issues included:

1.) Chloride fate and transport.

2.) Chloride source areas (in particular from offsite).

3) The concentration of chloride throughout the depth of the aquifer; ie; are
the concentrations higher near the bottom or top.

4.) Influence of the pumping well screen location on chloride fate and
transport.

5.) Influence of the aquifer stratigraphy on fate and transport of the chlorides.

6.) Influence of the vadose zone stratigraphy on the movement of chlorides
into the aquifer.

7.) Future chloride levels in the pumping wells.

To address these items, it was necessary to perform a set of preliminary steps
prior to sampling. First, in order to establish an accurate static water level elevation map,
it was necessary to measure the top of casing (TOC), ¢ground surface elevation (GSE), and
horizontal locations for all wells to be used as part of the study. In addition, to determine
the changes in chloride concentration with depth though the aquifer, it was necessary to
drill a series of new monitoring wells. The completion of these new wells produced a
series of clustered deep and shallow wells screened such that samples of the upper and

lower aquifer could be taken independently at essentiallv the same geographic location.



To determine the extent of the chloride plume and to gain more information regarding the
potential source region to the east, a series of perimeter wells was also completed.
Finally, an investigation designed to better identify both vadose zone and aquifer
stratigraphic properties was undertaken. Details regarding these preliminary steps are

included below:

441 Determining the TOC and GSE for the Monitoring Wells

TOC and GSE data was generated for a total of 113 monitoring wells and
pumping wells located on and around the facility. As part of the stratigraphy study, an
additional 45 control points were obtained from the KGS Wizard database. This
information did not include any of the refinery wells.

The elevation data was procured in a number of ways. Most of the elevations
(horizontal and vertical) were measured in the field using a standard transit and stadia rod
and/or global positioning system (GPS). For the sixteen new monitoring wells and the
eleven landfarm monitoring wells, a Kansas registered land surveyor was employed to
ascertain the TOC and GSE elevations for these wells.

Once the elevation data for all the wells had been found, it was then possible to
accurately determine the static water level elevation across the site. This information was
used to help determine the static water level elevation used as part of the groundwater
modeling analysis. This information was also used to construct an accurate static water
level elevation map for the facility and all associated areas where monitoring wells were

located. A copy of this static water level map is included below as Figure 23.
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4.42  Completion of the 16 New Monitoring Wells Onsite

In order to determine if there were any significant differences in the
concentrations of chlorides between the upper and lower part of the aquifer, nested
clusters of deep and shallow wells were completed at strategic points within the facility.
The locations of these nested clusters were designed primarily to determine the extent of
vertical and horizontal migration of chlorides from the area of the old lime ponds, a
potential chloride source, to the pumping wells.

To accomplish this task, three “fencelines” were established at roughly
equidistant locations between the old lime ponds and the pumping wells which
intersected the area of chloride impact as determined by the results of the January 1999
sampling. Figure 24 below shows the locations of the nested clusters. All of the
fencelines were completed on the west side of pumping wells WW-3, WW-8 and WW-9,
to minimize any impact that might be present from a source east of the refinery and
concentrate efforts toward the lime ponds.

After careful study of logs for existing onsite monitoring wells, shallow or deep
wells were drilled as close as possible to the existing wells to create a well pair,
consisting of a shallow and a deep well. Six new shallow wells and 10 new deep wells

were completed.
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The screened interval of the shallow wells intersected, to the extent possible, the
top of the saturated zone. Screen length in the new shallow wells was set at 6.6 meters
(20 feet) and the wells were completed such that the top of the screened interval
intersected the water table. For the deep wells, the screened interval was again set at
twenty feet and the bottom of the screen intersected the base of the saturated zone as
determined by examination of the drilling cuttings. Logs for these monitoring wells are

included as Appendix 2.

4.4.1a Field Drilling Procedures

Six shallow monitoring wells (between 36 and 40.6 meters; 110 and 124 feet
deep) were installed with hollow stem auger methods. Ten deep monitoring wells
(between 49 and 60 meters; 150 and 183 feet deep) were installed using mud rotary
drilling methods. All wells were completed with protective construction at the surface.
All wells were developed to reduce the suspended sediment in and improve the
conductivity of the well with the surrounding aquifer.

Borings for the six shallow monitoring wells were advanced with 4-1/4" hollow
stem augers with inside drill stem and pilot bit. Soil sampling was conducted by
withdrawing the center drill stem, removing the pilot bit and replacing it with a 2" split
spoon sampler which was then advanced into the soil ahead of the augers. Soil samples
were collected every 1.6 m (5 feet) with the split spoon method.

The shallow wells are constructed with 2" Schedule 40, threaded flush joint,
PVC riser and 0.010 inch factory mill slotted screen. All screen and riser was clean and in

sealed containers from the factory. A 0.010 to 0.020 inch sized gravel pack, clean and



bagged by the supplier, is placed to approximately two feet above the top of the screened
intervals. To minimize caving from the sidewalls of the boring, the sand was placed in
1.6 meter (5 foot) “lifts”” and the tremmie pipe was kept to within two feet of the existing
filter pack. A two foot bentonite seal was placed above the gravel pack and allowed to
hydrate before grouting the remainder of the well. The neat cement grout was pumped
through a tremmie pipe and forced to the surface from the bottom of the open portion of
each boring. Each shallow well is completed at the surface with a one meter (three feet)
square concrete apron and a steel protective cover with a traffic guard.

Mud rotary drilling was utilized for the ten deep wells using a truck mounted
dnll rig with a 9-1/2" drill bit. Rotary-drilled borings are produced by pumping drilling
fluid through the rotating drill string (drill stem and bit) where the fluid forces the
cuttings away from the bit and to the surface through the annulus. The cuttings drop out
in a settling pit where the drilling fluid 1s taken up by the pump and circulated back down
the drill string. The bore-hole is advanced by lowering the rotating drill string the length
of each successive drill stem. After each stem is drilled down the boring, water is
circulated to allow cleaning of the hole prior to the subsequent connection of an
additional stem. The process is repeated until the desired total depth of the boring is
reached. The lithologic conditions at this site necessitated the use of a bentonite gel
additive to the drilling fluid. The gel increases the viscosity of the drilling mud and
minimizes caving of the sidewalis. Once each boring was completed the drilling mud
was displaced with fresh water prior to setting the well. The deep mud rotary-drilled

borings were advanced until shale was encountered.
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The deep wells were constructed with 4" Schedule 40 flush-joint, threaded PVC
casing with factory mill slot .020 inch PVC screens. Each deep well was constructed
with a 6.6 meter (20 foot) screened interval at the bottom of each boring.

Once the screen and casing had been placed into the borehole a filter pack of
0.010 to 0.020 inch sized filter sand was tremmied into the hole. The sand was placed
while keeping the tremmie pipe within two feet of the top of the filter pack surrounding
the well screen and casing to minimize sorting and reduce the chance of bridging. Once
the sand had been tremmied to approximately 0.7 m (2 ft) above the screened interval a
bentonite seal approximately 0.7 m (2 ft) thick was placed around the casing. After the
bentonite seal was allowed to hydrate, the borehole was force tremmied from the bottom
up with neat cement grout. All the wells were completed with a one meter square (three
feet by three feet) concrete apron, and a steel protective cover and steel cage at the
surface. All wells were capped with an expanding J-plug type cap.

Monitoring wells were developed to enhance the flow of water from the
formation into the well and to remove any particulate matter from the gravel pack and the
well casing. The wells were developed by surging water through the well screen and
filter pack using the rig and a surge block, then pumping until the water was clear and
free of visible sediment. Generally, the shallow wells were developed with a Waterra
actuated foot valve and a 2" Grundfos Redi Fio submersible pump. The deep wells were
developed with a 3" steel bailer and/or by air-lifting using a 4" submersible pump.

The on-site field geologist recorded the details of well design and construction for each

monitoring. Well.
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4.4.1b  Field Sampling Procedures for the Wells

During advancement of the borings for the 2" wells (shallow wells) soil samples
were collected at 1.6 meter (5 foot) intervals for lithologic observations and headspace
analysis. An experienced field geologist examined each sample for descriptions of, but
not limited to, color, texture, grain size, grain shape, sorting, and moisture content. A
portion of each sample was collected for field headspace reading with a Foxboro Organic
Vapor Analyzer (OVA) Flame lonization Detector (FID). The instrument was calibrated
according to the manufacturer’s recommendations. Soil samples were not submitted to a
laboratory for further analysis.

During advancement of the borings for the 4" wells (deep wells) sediment
samples were collected at 1.6 meter (5 foot) intervals for lithologic observations only.
The samples were collected by placing a sieve at the top of the borehole allowing the
returning drill fluid to pass through while retaining the cuttings. The field geologist
described each sample for, but not limited to, color, texture, grain size, grain shape, and
sorting. Field screening or laboratory analysis for organic vapors was not conducted on

the soil samples from rotary drilling.

443 Chloride Fate and Transport

Completion of the fencelines of shallow and deep wells allowed spatial
comparisons of chloride concentrations between the upper and lower parts of the aquifer
to be made. In particular comparisons of chloride concentration data from paired deep
and shallow wells made it possible to determine if the chloride preferentially migrated

vertically through the saturated zone. It was felt that due to density differences between
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fresh and brine water, the chlorides would tend to migrate toward the bottom of the
aquifer with distance and thus chloride concentrations would be higher in the deeper
wells. To test this hypothesis, the chloride concentrations in samples from the shallow
and deep wells from the fenceline nearest to the lime pond wells (the source) could be
compared to the chloride concentrations in each succeeding fenceline away from the
source. If the results from the first fenceline indicated that the chloride levels were higher
in the shallow wells and a reverse of this trend was noted with succeeding fencelines, this
would indicate that the chlorides were migrating vertically through the saturated zone.

There was, however, an additional factor to consider when evaluating the
chloride concentration data. The pumping wells should also be influencing the direction
of chloride migration since the screened interval for these wells is roughly across the
bottom 13 meters (40 feet) of the aquifer. Therefore, the pumping wells may
preferentially cause vertical migration through the aquifer and add to any effect which
would be caused by density differences between the fresh and brine water.

Table 6 lists the results of the chloride sampling for all wells sampled, and also
breaks the wells into deep and shallow categories. Descriptive statistics of the results do
not indicate any statistically significant differences between the data sets. Figure 25
below graphically illustrates the concentration differences between the deep and the
shallow wells. As can be seen from this graph, there is no significant difference indicated
between chloride concentrations at the deep and shallow wells. However, this data was
generated irrespective of location and only compares the overall average chloride

concentration between the deep and shallow wells. In order to determine if vertical
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migration is taking place with distance, maps illustrating spatial variations 1n deep and

shallow chloride concentration were generated.
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Table 6 - Water Well Samples for Chloride, November 1999

Shallow Wells mg/l cl Deep Wells Mg/l cl
108S 141.2 105D 1177
1118 158.9 106D 103.0
25S 123.6 107D 188.3
LP-101S 147.1 108D 117.7
LP-1028 420.8 111D 105.9
LP-103S 353.1 110D 653.2
LP-104S 559.0 34D 141.2
MW-10S 164.8 MW-10D 126.5
MW-11S 135.3 MW-11D 132.4
MW-13S 2942 MW-15D 329.5
MW-148S 23.5 MW-16D 123.6
MW-18S 94.2 MW-20D 364.9
MW-20S 182.4 MW-21D 70.6
MW-21S8 853.3 MW-25D 164.8
MW-248 188.3 MW-26D 100.0
MW-28 164.8 MW-2D 182.0
MW-41S 1177 MW-35D 170.7
MW-43S 129.5 MW-37D 94.2
MW-44S 158.9 MW-38D 129.5
MW-47S 430.0 MW-50D 2354
MW-54S 58.8 MW-53D 382.5
MW-56S 135.3 MW-60D 88.3
MW-58S 211.8 MW-67D 147.1
MW-59S 194.0 MW-8D 129.5
MWG62S 88.3 OIP RW S. HRT 17 188.3
63S 123.6 RW-19D 158.9
MW-6S 311.9 Ww-3D 447.2
ZL-1S 540.0 WW-8D 517.9
ZL-28 161.8 WW-9D 117.7
ZL-3S 114.8

ZL-5S 294

ZL-6S 194.2

Shallow Wells Deep Wells

Mean 218.5 Mean 202.9
Median 160.4 Median 136.8
Mode 123.6 Mode 117.7
Standard Deviation 176.4 Standard Deviation 145.1
Range 829.8 Range 582.6
Minimum 23.5 Minimum 70.6
Maximum 853.3 Maximum 653.2
Count 320 Count 28.0

NOTE: Wells in bold = Chloride greater than 300 ppm

NOTL. Value Tor NMAV-21S is suspect and may be anomalous
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Figures 26 and 27 below indicate that there does not appear to be a significant
element of vertical migration across the site from the lime ponds to the water supply wells
on the east side of the facility (water wells 3, 8, and 9). Figure 26 showing the shallow
wells, does indicate a nose of higher chloride levels pointing in the direction of water
wells 6 and 10, however migration does not appear to have promulgated beyond these
pumping wells. This map also shows a “bulls-eye” of high chloride in the area of the tank
farm, centered around MW-47. This is believed to be a shallow onsite source which is
situated far enough away from the pumping wells so that this area has not been
significantly effected by the wells.

Figure 27, mapping the deep well chlorde concentrations, does not show a
significant increase 1n chloride concentrations with depth beyond water wells 6 and 10. In
fact, it can be seen that the deep and shallow chloride levels are consistent in the area of
the refinery between the pumping wells. In both cases, the chloride levels are generally
below 150 ppm. However, the deep well map does indicate a potential source from both
the west and the east. The chlorides from the west appear to be migrating into water wells
6 and 10, while the chlorides from the east are migrating primarily into water wells 3 and
8. Water well 9, located on the southeast corner of the refinery, is currently unaffected by

either of these potential sources.
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Figure 27 — Deep Well Chloride Concentrations; November 1999
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The results from these maps indicate that chlorides migrating from the east are
captured by water wells 3 and §, while chlorides migrating from the west are captured by
water wells 6 and 10. These results do not indicate that there is any significant overlap
between water wells with regard to the capture of the chlorides. It must be noted that
some liberty was taken in the interpretation of the map due to limited data outside the
study area.

Figure 28 below is an ArcView generated map of chloride concentration, using
all available data. Again, interpretation on the east side of the map must be viewed with
some caution, due to lack of data in this region. Besides giving an overall view of the
chloride concentrations, this map serves as a check for verification purposes of the

information presented as part of Figures 26 and 27.
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The ArcView generated map of chloride concentrations above verifies the
chloride results seen on the shallow and deep well maps (Figures 27 and 28 above),
indicating a separation zone bounded essentially by the pumping wells. This map also
indicates that sources from the east and the west provide the majority of chloride water
intercepted by the pumping wells.

Figure 29 below illustrates chloride concentration contours and the static water
level elevations as determined as part of the November 1999 sampling event. This figure
does reveal evidence for a relationship between chloride concentration and static water
level elevation, although there is not an absolute correlation. The relationship appears to
be strongest on the east side of the facility. This indicates that the plume to the east is not
a point source, as the pumping wells have an influence on the chloride plume. The
chloride concentrations follow the changes in static water level elevation, which are
caused to a significant degree by the pumping wells. This suggests that the plume to the
east originates offsite, and is migrating towards the pumping wells due to the influence of
the pumping wells on the water level elevations within the study area.

However, there appears to be very little relationship on the west side, which
indicates that the areas of high chloride concentration noted on that side of the facility are
not present due to offsite plume migration, but represent essentially point sources This
can be stated as there appears to be little or no correlation with groundwater flow and
chloride concentration on the east side as opposed to the west side. Therefore, it can be
assumed that the areas of high chloride concentration found on the west side of that
facility represent shallow point sources which the pumping wells have not yet

significantly effected.
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Figure 29 — Static Water Levels (ft msl) and Chloride Concentrations (ppm), 11/99

4.4.3a Chlonde Migration from the East

With regard to chloride concentration migrating from the east, there does appear
to be an element of vertical movement evident. This can be seen by reviewing the
chloride levels in the shallow and deep monitoring wells in that area. Deep monitoring
well MW-110D is located furthest east from pumping wells 3 and 8, followed by shallow
well ZL-6 and finally shallow well MW-56, located approximately 16 meters (50 feet)
from WW-8. The data shows that the highest concentration of chlorides is located in
MW-110D, at 653.2 mg/l, followed by ZL-6 at 194.2 mg/l, and then MW-56 at 135.3

mg/l. A review of the concentrations taken from the pumping wells indicates much higher



levels than noted in the shallow wells, with WW-3 at 447.2 mg/l and WW-8 at 517.9
mg/l. As noted earlier, the water wells are screened in the bottom 40 feet of the aquifer.

These results would indicate that on the east side of the facility, the highest
chloride levels are found in the deeper section of the aquifer. This might also indicate that
the pumping wells are preferentially drawing water from the deeper portion of the aquifer,
which is probable given the screened interval of these wells.

Previous studies (Whittemore, 1997) have indicated that the chloride
concentrations east of the facility increase to the east, reaching the highest levels
approximately 3.2 km (2 miles) east of the refinery at the beginning of the Johnson Oil
Field. In addition, the closed municipal landfill is located in approximately the same
location and the Whittemore study indicated that it was also contributing to the elevated
levels of chlorides found in this area.

Finally, the saturated thickness decreases with distance east of the refinery. The
study referenced above found bedrock in the area of the landfill between 20 and 25
meters (62 and 75 feet) bgl, and saturated thickness at the landfill ranged from between
3.3 m (10 feet) on the east and 6.6 meters (20 feet) on the west. A well sampled
approximately one mile west of the landfill, in the direction of the refinery, had a
saturated thickness of approximately 10 meters (30 feet). Saturated thickness at the east
edge of the study area is estimated at approximately 16 meters (50 feet) and was
estimated at 43 meters (130 feet) on the west side of the study area, based on available
well logs (Appendix 1).

The information listed above favors vertical migration of the chlorides

originating from the landfill/well field for the following rcasons:
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1.)

2)

3.)

4.)

The reduced saturated thickness at the source indicates that less dilution will
occur as the chlorides enter the groundwater, as the volume of water available
for dilution is less 1n this area when compared to the saturated thickness west of
the source area. Therefore, it would be expected that initial chloride
concentration in the aquifer would be greatest here. Therefore, the density
difference between the water at the source and the relatively fresh water to the
west will be significant. In addition, the brine originating from the well field is
also high in other naturally occurring material, such as bromide, sulfate, and
sulfides, which will further increase the density of this water.

Once the brine had contacted the bedrock, it would tend to remain at the bottom
of the aquifer due to the density differences noted in (1) above. These same
density differences would prevent significant mixing of the brine and fresh
water as it migrated, except at the boundary zone.

Assuming a relatively constant source renewal, as the brine moves laterally the
surface area of the brine in contact with the fresh water increases, thereby
promoting dilution of the chlorides with distance. However, the preferential
location of the brine will remain at the bottom of the aquifer.

As the brine reaches the pumping well radius of influence, the brine is
preferentially moved into the area of the well and diluted by waters received at
the well from the surrounding area within the radius of influence of the pumping

well.
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4.43b  Chloride Migration from the West

The situation on the west side of the facility is much different that on the east
side. Here saturated thickness i1s much greater, from 43 meters (130 feet) at the west edge
of the study area to 56 meters (170 feet) or greater further west as the center of the
McPherson channel is reached. In addition, there is no known offsite source that can
explain the deep chloride concentrations or the shallow concentrations associated with
monitoring well ZL-1.

It is possible that there is no offsite contaminant area as there is no data
available outside the study area to the immediate west. Conversation with McPherson
City officials has indicated that the chloride concentration of the water well located on the
airport property approximately one mile northwest of the refinery exhibits chloride levels
in the range of 30 to 50 ppm. However, this well is not located in an area that could be
regarded as a source for the chlorides noted to the west of the refinery in any case.
Comparison of the November 1999 chloride concentrations to the January 1999
concentrations for MW-15 and MW-13 reveal that the chlorides in both wells have
significantly increased, on the order of 100 ppm or more. In January 1999 chlonde
concentrations in MW-13 and 15, were 197.8 ppm and 142.9 ppm, respectively. In
November 1999 these concentrations were 294.2 ppm and 329.5 ppm, respectively. This
represents an increase ot 96.4 ppm for MW-13 and 186.6 ppm for MW-15.

Review of the August 1995 data shows that the chloride concentrations for
MW-13 and 15 were 296 ppm and 154 ppm. These results suggest that MW-15 is the
only well which has a recent and significant increcase, as the 1995 level in MW-13 of 296

ppm is essentially the same value as the 294.2 ppm found in water taken from this well in
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November 1999. Of note, the 1995 value from MW-15 (154 ppm) is essentially the same

as the January 1999 value (142.9 ppm). Table 7 below illustrates these changes:

Table 7 — Chloride Concentration Differences for MW-13 and MW-15.

Well August 1995 January 1999 November 1999
MW-13 296 197.8 294.2
MW-15 154 142.9 329.5

Analysis of Figure 28 shows that areal extent high chloride concentrations
detected in the deep wells to the west is very limited in size, at least in the area studied.
While it is conceivable that a plume less than 33 meters (100 feet) thick is being captured
by WW-10 and moved across the site, it is more probable that the area indicated by the
deep map represents a series of small source regions on the refinery itself that, when
mapped, can appear to be a larger source potentially originating from offsite. Figure 30
shows a similar point source at and around shallow well MW-47 and potentially around
MW-218S. In both cases, isolated areas of high chloride concentration can be noted. Both
of these cases probably represent evidence for small source regions onsite, potentially the
result of a past release at the surface. In the case of MW-218S, this is potentially an
anomalous result. Samples taken for the source study (see Section 6.0) were used to
verify these results .

The overriding feature of interest from the West is the shallow chloride
concentrations in the area of the lime ponds and retention ponds. An area of elevated
chloride concentration stems from the lime ponds and it seems to be moving in of

direction WW-10. However. this shallow chloride plume does not extend beyond the area
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of WW-10 Therefore, it appears that WW-10 effectively captures the high chloride
waters and prevents this water from migrating further east.

With regard to the lime ponds potential to be a source region for chlorides, the
chloride levels in monitoring wells LP-101, LP-102, and LP-103 have remained relatively
consistent since August 1995. However, the result for LP-104 has varied considerably
from 853 ppm in August 1995 to 71.4 ppm in January 1999 to 559 ppm in November
1999. After the January 1999 event, it was postulated that the retention pond was not an
appreciable source as the value in LP-104 had been reduced drastically from the 1995
levels. However, the November 1999 results do not support that hypothesis. Further study
may be needed to verify what contribution the aeration pond makes to the overall shallow
concentration of chloride in this area.

In addition, the values from ZL-1, on the west side of the retention pond and
several hundred feet west of the lime ponds, have consistently indicated elevated
concentrations of chloride. In fact, the concentrations of chloride have consistently
increased each sampling event, from a value of 260 ppm in August 1995 to 313.2 ppm in
January 1999 to 540.0 ppm in November 1999. This well is removed a significant
distance from any refinery operations arca with the exception of the cooling towers,
which cool fresh water that has not been in contact with process water. Therefore, a
refinery source is unlikely although it is possible that a past release could have occurred
in this area.

Groundwater movement in the area of ZL-1 and the lime ponds is primarily
southeast, towards the pumping wells. Regional flow absent the effects of the pumping

well is primarily north-northeast. This would mean that in order for the lime ponds to be
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the source of the elevated chlorides found at ZL-1, a groundwater flow reversal would
have taken place at some time in this area. As the pumping wells have been in use since
World War Two, this scenario is highly unlikely. Therefore, the chlorides found in ZL-1
are from the cooling towers, an old release, or an offsite source. In any event, they are
migrating onto the refinery property and will add to the overall amount of chloride
intercepted by the refinery pumping wells.

On a positive note, it does not appear that elevated concentrations of chloride
are migrating offsite to the north. Deep wells 105D, 106D and 107D were completed as
perimeter wells, and sampling results from all three of these wells indicate the chloride

concentrations are at acceptable levels in their immediate vicinity.
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CHAPTER 5
GROUNDWATER MODELING

5.1 Introduction

In order to understand the movement of potential chloride plumes and better
establish source regions, it was necessary to develop a groundwater model, or numerical
simulation, of the effects on the groundwater flow regime in the vicinity of the refinery by
the pumping wells. The model selected for this process was Groundwater Vistas™,
developed by Jim Rumbaugh. It is the first commercially available groundwater modeling
program designed specifically to operate in a Windows environment and includes
modules for MODFLOW, MODPATH, and MT3D, among others. This program also

allows graphical interpretation of the results produced by these models.

5.2 Modeling Parameters

The area of the groundwater model was set up on a 4000 meter (12,200 foot)
square grid centered on the refinery (Figure 30), which represents the area of the chloride
study area shown on Figure 20 above. The grid cell size was set at 100 meters (305 feet).
As noted above, the pumping wells are screened in the bottom 40 feet of the aquifer. In
addition, the stratigraphic studies discussed above have shown significant differences in
lithology between the upper and lower aquifers, Therefore, a three-layered model was
developed which allowed vertical changes in groundwater movement and chloride
concentration to be noted.

Groundwater Vistas allows changes in lithology and aquifer characteristics to be

incorporated into the model. Therefore, changes in bedrock and static water level



elevations were incorporated into the model. In addition, it was possible to vary the
hydraulic conductivity gradient across the study area in an attempt to simulate the
changes believed to occur across the site and at the pumping wells in particular. Finally,
measured levels of chloride concentration taken from monitoring and pumping wells
located across the study area were introduced and plume maps were generated for the
current situation and for future time steps. This included adjusting the boundary
conditions to simulate the movement of a plume moving into the study area. The model
used General Head boundary conditions, which allowed the greatest flexibility for

adjusting the boundary conditions and simulated the conditions at the boundary with the

greatest level of accuracy.

Figure 30 — Chloride Study Area with Grid



The modeling parameters used are given in Table 8 below:

Table 8 — Groundwater Modeling Parameters

Parameter Value Source

Grid size 4000 m n/a

Spacing (cell size) 100 m (50m at wells) n/a

Storativity (x-y) 0.05 Field Data |

Leakance (ft/yr) 0.01 KGS Report |

Recharge (ft/yr) 6.85 X 10" KGS Report |

Hydraulic Conductivity X-Y (ft/day) 65 (E) 10 165 (W) Field Data

Hydraulic Conductivity Z (ft/day) 48 Field Data

Bottom Elevation (ft msl) 1280 (E) to 1340 (W) Field Data

Static Water Level (ft msl) 1395 (E) to 1410 (W) Field Data

Initial Chloride Concentration varied based on well Field Data

General Head Boundary Conditions East West North/South
Hydraulic Conductivity (ft/day) 65 165 variable*
Saturated Thickness (ft) 50 130 variable*
Bottom Elevation (ft msl) 1340 1280 variable* T
Static Water Level (ft msl) 1395 1410 variable* T
Initial Chloride Concentration (ppm) | 1200 0 0 T

Figure 31 — Cross-Sectional View of Numerical Model Output
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Figure 31 above is a W-E cross-sectional view of the model layers, bedrock
elevation, and topographic elevation. The first (top) layer extends to the surface, however
this does not effect the model results. The calculated gradient across the study area for the
bottom/top of the layers are 1.6 x 10” m/m and 7.9 x 10” m/m (4.7 x 10 ft/ft and 2.4 x

107 ft/ft), from top to bottom, respectively.

53 Modeling Calibration and Sensitivity Analysis

The values listed in Table 8 above were established after many “trial and error”
runs were calibrated against actual field data. Calibration was performed against “target”
wells using measured data and a sensitivity analysis was performed to establish the values
which most closely approximate the measured values. Results of these analyses are

included below.

5.4 Modeling Results

The modeling results verified what had been postulated based on the
observational results. Figures32 (a-d) below illustrates the drawdown and head contours
for the study area given pumping rate and drawdown for the four supply wells listed in
Tables 1 and 2.

Figures 32 (a-d) — Modeled Drawdown (Ft MSL) and Head (ft bgl) for the Four
Pumping Wells
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The drawdown and contour interrvals illustrated on the figures above indicate
that the radius of influence for the pumping wells has a greater extent on the east side of
the pumping wells as opposed to the west side. This result is to be expected due to the
decreasing saturated thickness on east of the pumping wells. In addition, it can be seen
that the radius of influence for the wells overlap on the west side (between WW-3, WW-
8, and WW-10) and the area of drawdown is located preferentially in the direction of the
old Lime Ponds, a suspected local source of chloride contamination.

Using Figure 32d as a reference and the 4000 meter (12,200 ft) gnd for
distance, the area of water removed by the pumping well can be calculated along this
cross-section. Calculations showed that the west side displacement was 108161 m’
(1,163,954 sq.ft.) and the east side was 43267 m*® (465,468 sq.ft.), for a total water
displacement of 151461 m’ (1,629,422 sq.ft.). Of note, the area indicated here 1s nearly
twice as great on the west side as the east side. It can be seen on Figure 32d that there is a
greater distance from the pumping well to the model boundary on the west side as
opposed to the east, which accounts for some of this difference. However, a good portion
of this difference can be explained as the saturated thickness declines on the east side of
the facility.

As can be seen on the figures, the maximum drawdown is 13.8 meters (42.09
feet), and the minimum drawdown is 9.8 x 10 meters (0.03) feet. This is in good
agreement with the measured figures for drawdown taken from the pumping wells. A
minimum drawdown of 9.8 x 10™ meters suggests that the effective radius of influence

for the pumping wells (at least on the west side) has been reasonably approximated by the



area included as part of the chloride study. The figures show that the radius of influence
of the pumping wells on the east side extends beyond the study boundary.

Figures 33-39 (a,b,c) below illustrate predicted changes in chloride
concentration at the three levels studied for periods of 1, 2, 5, 7, 10, 15, and 20 years from
the present. The simulation was run using the chloride concentrations measured as part of
the November 1999 sampling event, and assumes a chloride concentrations of 1200 ppm
at the east boundary of the study area. The chloride concentration at the east boundary
was an interpolation based on known concentrations from the onsite monitoring wells and
the values taken from the report prepared by Whittemore (1997), which has been

previously referenced.

54.1 Discussion of the Model Simulations
5.4.1a Results from the One and Two Year Simulations:

The first two simulations illustrated in Figures 33 and 34 (a,b,c) show a
logarithmic contour interval for the plume. As the “background” chloride concentration is
assumed to be at zero for all of the study area except the boundary and the individual
wells, the modeled concentrations can be theoretically modeled to a very low level, in this
case to 0.01 ppm chlorides. In actuality, the background level is approximately 100 ppm,
therefore the areal extent of the plume migration at these time intervals are portrayed by
this contour interval

This initial logarithmic contour interval was chosen to represent not only the
movement of the chloride plume (the 100 ppm interval), but the effects of the pumping

wells on the movement of the plume and groundwater between the wells and the eastern
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boundary. Although the chloride concentration shown on these figures is unrealistically
small, the contours do indicate the relative distance from the well at which the
groundwater begins to show definite influence from the pumping wells.

Analysis of the model results for these two events shows that substantial plume
movement has progressed only a short distance from the initial boundary after two years.
These results also show that the plume (represented by the 100 ppm line) is progressing
essentially parallel to the boundary. This suggests that the pumping wells exhibit a
relatively small influence on the movement of the plume at this distance. This is to be
expected as influence of the pumping wells is a function of distance as it pertains to how
much pumping is affecting the hydraulic gradients. As the plume gets closer the influence
of the pumping wells will increase because the steepness of the hydraulic gradient will
increase.

Figures 33 and 34 also show a series of roughly circular lines around the
northern half of the refinery. These lines represent the *“zero” (or no chloride
concentration) contour line for the individual wells on refinery property for which
chloride levels were known and were included in the model. The end result, although
somewhat difficult to ascertain, is roughly the extent of the chloride contamination onsite
as determined by the available well data. This “zero” line is not absolutely accurate as not
all of the well data is included at each level, however it does give some indication

regarding the containment of the plume onsite due to the pumping wells.
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Figure 33 (a,b,c) - One year simulation of chloride concentrations, 1200 ppm
chloride concentration at the East boundary.
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Figure 34 (a,b,c) - Two year simulation of chloride concentrations, 1200 ppm
chloride concentration at the East boundary.



54.1b  Modeled Movement after Five Years

All of the maps presented after two years feature a contour interval set at 100
ppm as opposed to the scale used on the previous maps. This new interval was chosen as
the plume movement at five years and beyond has progressed to the point that a smaller
interval 1s no longer necessary to show the plume movement and the influence of the
pumping wells.

Review of Figures 35 (a, b, ¢) shows that the plume has migrated about halfway
from the boundary to the pumping wells in the lower layer, and a distinct “nose” has
developed as the plume comes under the influence of the pumping wells. As can be seen
from these figures, the plume is moving more towards WW-3 and WW-8 than WW-9,
indicating that the plume should impact WW-3 and WW-8§ prior to effecting WW-9.

In the upper two layers, the plume has progressed further in the top layer than
the middle layer. The top layer shows the plume progression almost as far as the bottom
layer, while the middle layer shows much less progress. As pumping is confined to the
lowest layer of the model, it is unclear why the model indicates such a marked difference
between the top and middle layers. Discussion with other modelers have indicated that
the effects of drawdown may be more pronounced than expected, thus producing this

effect.
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Figure 35 (a,b,c) - Five year simulation of chloride concentrations, 1200
chloride concentration at the East boundary.

84

ppm



In addition to the plume movement noted at this time period, the “zero™ line
concentration contour can also be seen which surrounds nearly all of the facility. As
before, this line represents the extent of the chlorides as described by the concentration in
the wells shown on the figures and the extent of the 1200 ppm boundary on the east side.
Please note that the extent of the 1200 ppm boundary is estimated; therefore the zero line
as shown on the east must be interpreted with caution. However, as noted above, the zero
line as shown for the remaining areas is consistent with the chloride results found as part

of the November 1999 sampling event, as shown in Figures 27 and 28 above.

5.4.1c  Modeled Movement after Seven Years

At seven years into the simulation, the 100 ppm line has nearly reached the
pumping wells. As can be seen from Figures 36 (a,b,c) the edge of the plume at the
lowest layer is approximately 100 feet from the highway, and the nose of the plume has
become even more pronounced. As with previous examples, the upper layers of the plume
have progressed slightly slower than the lowest layer.

This simulation suggests that the nose of the plume initially migrates beneath
refinery property on the west side of the highway slightly south of WW-§, between WW-
8 and WW-9. This intrusion point is primarily a function of the combined influences of
the three pumping wells on this side of the property. As a general rule, WW-9 has the
highest pumping rate of the three wells, and this higher pump rate was incorporated into
the model. This probably accounts for the initial contact at a location other than a

pumping well.
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Figure 36 (a,b,c) - Seven year simulation of chloride concentrations, 1200 ppm
chloride concentration at the East boundary.
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This intrusion point is also due to the initial position of the boundaries of the
1200 ppm chloride concentrations built into the eastern edge of the study area. It is
probable that relocating or extending the 1200 ppm chloride level on the eastern edge
would have some effect on the shape and interception point of the chlorides. For instance,
if the 1200 ppm chloride boundary had been confined to the northern edge of the east
border, the plume would have likely intercepted the property further north than the model
shows. Likewise, if the extent of the 1200 ppm chloride level had been extended along
the entire extent of the east boundary, the interception point and shape of the plume
would probably have been closer to the boundary midpoint.

This situation 1s discussed because the actual extent of the chloride
concentration on the east edge of the study area 1s not definitively known. It is possible
that the chlorides are confined to an area smaller than that estimated, thereby producing a
plume that is more narrow and focused than what the model currently indicates. However,
it is also possible that the plume is wider than that estimated by the model, producing a
larger plume than the modeled extent. In any event, the model results show that elevated
levels of chlorides are steadily progressing onto the refinery property from the east. With
regard to chloride concentrations in the remaining parts of the study area, the zero line has

remained consistent when compared to the previous examples.

5.4.1d Modeled Movement after 10 Years
Review of the ten year simulation (Figures 37a, b, ¢) shows that the plume has
reached pumping well WW-8 and the plume, represented by the 100 ppm line, is very

near WW-9. Further review shows that the modeled concentrations arc in fair agreement



with the actual concentrations taken from these wells as part of the two sampling events
taken in 1999.

Sampling data from November 1999 indicated that the chloride concentration in
WW-9 was at 117.7 ppm and the concentration in WW-8 was at 517.9 ppm. January
1999 concentrations were at 8§2.4 ppm and 445.1 ppm, respectively. The ten-year model
results indicate that the concentration of WW-9 should be in the 100 ppm range, and the
concentration in WW-8 should be approaching 400 ppm. These model results compare
well to the concentrations noted as part of the January 1999 sampling event, and are in
fair agreement with the concentrations found in November 1999.

Based on the model results and the chloride concentrations found in the wells, it
can be surmised that the plume currently impacting the water wells was located at
approximately the east boundary of the study area about 10 years ago. This is also in fair
agreement with the calculated velocity of the plume discussed in the summary section
above. In addition, as noted above in Figure 6, chloride samples taken from September
1986 did not indicate any evidence of elevated chlonde impact. It must be noted that there
1s some variability in the model results as the initial concentration in the study area is
assumed to be zero everywhere but the east boundary or at individual monitoring wells.
However, some of this variability is accounted for by assigning a value of 100 ppm to the

edge of the plume.
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Figure 37 (a,b,c)- Ten year simulation of chloride concentrations, 1200 ppm chloride
concentration at the East boundary.



5.4.1e Modeled Movement at 15 and 20 Years

Review of Figures 38 and 39 (a,b,c) show that the chloride concentrations
continue to increase over time at the pumping wells. However, the plume does not begin
to significantly affect WW-9 until the 20-year simulation. In addition, it can be seen that
the plume migrating onto the refinery property is contained by WW-8 and WW-9.
Although the concentration lines continue to “bunch up” at and between these wells, the
model does not indicate that migration occurs beyond these wells. Therefore, the model
results suggest that the plume will be contained by the pumping wells as long as the wells
are in use. In fact, the model results suggest that at least one of the wells could be taken

out of service and still maintain control of plume migration.
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Figure 38 (a,b,c) - Fifteen year simulation of chloride concentrations, 1200 ppm
chloride concentration at the East boundary.
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542 Summary Discussion of the Model Results

As 1llustrated by the figures above, the model indicates a chloride travel time
from the eastern boundary to water wells #3 and #8 of approximately 10 years. It can be
seen that chlorides arrive at the pumping wells above background levels in the lowest
layer (Layer 3) initially, followed by the top layer (Layer 1) and finally the middle layer
(Layer 2).

Chlorides arrive first at the lowest layer for a number of reasons. As discussed
above, the preferential pathway for chlorides originating east of the facility is along the
bottom of the aquifer. This is due to the decreased saturated thickness near the source,
density differences between fresh water and brine, and the location of the screened
interval at the bottom 13 meters (40 feet) of the pumping wells. In addition, stratigraphic
studies have shown that that aquifer is coarsest in the lower levels, indicating that this
may be a zone of higher hydraulic conductivity. Therefore, water high in chloride
migrating to this zone may also move more rapidly through this zone.

To verity the model results, travel time from the east boundary to the well was

estimated using the following formula for average linear velocity (taken from Heath,

1991):

V=KI/N

Where V' is the velocity, in m/day. K is the hydraulic conductivity, in m/day, I is

the hydraulic gradient, in ft, and V is the porosity. Using this formula, the travel time 1s

computed as:



V= 24.6 m/day(0.004.92 x 107 m/m)/0.2

V=0.18 m/day (0.56 ft/day)

This equates to approximately 67.2 meters/year (205 feet/year), or 672 meters
(2050 feet) over ten years. The distance between the eastern edge of the boundary and
WW-3 and WW-8 is approximately 787 meters, or 2400 feet (after Figure 21 above).
The hydraulic conductivity (K) value of 24.6 m/day (75 ft/day) used above is based on the
known conductivity changes across the entire site and approximates the average
conductivity between the eastern edge of the boundary and the pumping wells. The value
used for hydraulic gradient (/) also represents the overall hydraulic gradient across the
study area. Given the potential range of input parameters, the difference between the
modeled velocity and the calculated velocity is reasonable and does a fair job of
validating the results of the model simulation.

Elevated chloride levels also reach the pumping wells in the top layer and the
middle layers of the aquifer. The initial chloride concentration of 1200 ppm set at the east
boundary of the study area was constant throughout the three layers of the model. This
may not be strictly representative of the actual vertical concentration of chlorides at the
boundary, however no data is available for the upper two layers at the boundary. This
represents a conservative scenario and may overestimate the volume of the source.

What can be surmised to a degree from the upper layers of the aquifer is the
transport rate absent the effects of active pumping in the upper two zones, as the water

wells are screened in the lower portion of the aquifer. For the model, the pump rate was
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set at zero in both the upper and middle layer. Based on this, it can be postulated that
transport of the chlorides in the upper layers is a function of the observed gradient.
although the gradient is significantly effected by the pumping wells. This is of particular
significance in the study area due to drawdown by the pumping wells across the study

arca.
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CHAPTER 6
THE CHLORIDE SOURCE IDENTIFICATION STUDY
6.1 Introduction

Following completion and analysis of the November 1999 sampling event, a
final phase of the study was undertaken to further define the source(s) of the chlorides
found as part of the sampling. This effort also served as verification of the previous
sampling results for a selected group of monitoring wells (Table 10) that exhibited
potentially anomalous results or were located in areas of particular significance for the
overall study.

In order to accomplish the source identification, Dr. Don Whittemore (KGS)
was contacted. Dr. Whittemore has pioneered efforts in this area and has been employed
in chloride source identification studies by the KGS and KDHE, including a 1997 study
in the McPherson area. Identification of the chloride source(s) followed the geochemical
methods of Whittemore (1984, 1988, 1995, 1997). These methods primarily include plots
of the constituent mass ratios bromide/chloride and sulfate/chloride vs. chloride
concentrations, and points for the water sample data and curves for the mixing of
different source waters.

Each mixing curve is calculated using an algebraic equation for conservative
mixing of two end-point waters. Conservative mixing equates to the sumple mixing of
water without chemical reactions that could aiter the concentrations of one or both of the
constituents. The intersection of the two mixing curves can be determined graphically or

by solving for simuitaneous algebraic equations. Logarithmic scales are used in the
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graphs to produce a more even distribution of points for large ranges in concentration

than would be noted utilizing linear scales.

6.1.1 Results of the 1997 Whittemore Study

As briefly introduced in Section 4.0 above, a previous study undertaken by
Whittemore (1997) indicated that the chloride concentrations east of the facility increase
to the east, reaching the highest levels approximately 3.2 km (2 miles) east of the refinery
at the beginning of the Johnson Oil Field. In addition, the closed municipal landfill is
located in approximately the same location and the Whittemore study indicated that it was
also contributing to the elevated levels of chlorides found in this area.

Figure 40 (after Whittemore, 1997) below 1llustrates the sampling locations
utilized as part of the 1997 study. As can be seen on this figure, samples were taken from
the area of the Johnson Well Field and the old Municipal Landfill, in addition to samples
of domestic wells located between the well field and the refinery. Table 9 (after
Whittemore, 1997) below shows the chloride concentrations noted in samples taken from
these locations. This table also indicates the concentrations of sulfate and bromide, along
with the bromide/chlonde and sulfate/chloride ratios for the waters.

The 1997 study revealed that brine waters originating from the Johnson Well
Field had a Br/CI ratio in the range of 43.8 to 45.3 (after multiplying by 10,000).
Whittemore reported that oil field brine was the primary saltwater source for all of the
points sampled as part of the study, and the ratios ranged from 28.6 to 42.1 (after

multiplying by 10,000). For samples taken in areas outside the influence of the municipal
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landfill, Whittemore reported that the percent of total chlorides in the groundwater
samples attributed to o1l field brine was no less than 84%.

Table 9 shows that chloride concentrations in the Bowman and Tim Shaw
domestic wells, located roughly 1.6 km (one mile) east of WW’s 3, 8, and 9, were 2530
ppm and 3130 ppm, respectively. The John Shaw well, located approximately 2.4 km (1.5
miles) from the pumping wells, indicated a chloride concentration of 1566 ppm, and
MW-7 located north of the John Shaw well but south of the old Municipal Landfill,
showed a chloride concentration of 2360 ppm. Samples of the lease brine taken
approximately 2 miles east of the water wells indicated chloride concentrations in excess
of 100,000 ppm. The results of the initial study clearly show that brine from the Johnson
Well Field has impacted the groundwater and i1s moving towards the refinery pumping

wells.
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Figure 40 — Locations of the Sampling Points
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Table 9 — Results of the 1997 Whittemore Study

I(;\;la:ll?)r ; Sﬂ.ll-ll)h‘. Location Collgeting Da'te al::::)['iis plri)?('scl lTa(:)b S'l):;:“ S g B Br/(;l S0O,/C1
b identification date received compléted Sumber aumiber pStem mg/L mg/L mg/L x 10
B 10 Geoprobe #1 19-03W-35CBBB 3697 3/10/97 3126197 BRID-001 970033 4773 11 1472 5.39 360.6 0.0754
17 Geoprobe #2 19-03W-35CBBC 3/6/97 31097 3126197 BRID-002 | 970034 102 681 1.95 28.0 0.150
[ 18 | Geoprobe#3 19-03W-35CBCB | 3/6/97 310097 | 3206/97 | BRID-003 | 970035 | 3730 | 209 907 | 3.09 | 341 | 0230
o ﬂl D 19-03W-34DBBC 9/22 97 9/25/97 11/3/97 BRID-004 | 970404 2880 3738 380 1.63 42.1 0.0979
2 1 Mw-2p 19-03W-34DBCA 9/22/97 9/25197 11/3/97 BRID-005 | 970405 7395 202 2110 7.10 337 0.0957
r—.lh‘—;\/‘\\‘ -4 19-03W-34DACA 9122197 9125197 1173197 BRID-006 | 970400 3230 1706 154 0.49 316 1.5
B 5 | M\\'-;f) | 19-03W-34DABB 10/1/97 10/8/97 1173197 BRID-009 970413 3580 144 828 2.62 31.0 0.174
‘ 6 ; MW-6D 19-03W-34DAAB 10/1/97 10/8/97 1173197 BRID-010 | 970414 2940 120 706 2.12 30.1 0.170
E2B Wﬂ) 19-03W-34CDAB 10/2/97 10/8/97 1173197 BRID-011 970415 7810 90.0 2300 9.02 38.2 0.0381
‘7 8 [ Mw 19-03IW-34DAAA 10/1/97 10/8/97 1173197 BRID-012 | 970416 3500 1546 394 1.48 37.6 3.92
o MW-9 19-03W-34ACCC 10/1/97 10/8/97 11/3/97 BRID-013 | 970417 3400 217 729 2:52 34.6 0.298
’ 10 MW-10 19-03W-34ACCD 10/1/97 10/8/97 1173197 BRID-014 | 970418 3480 85.0 808 2.72 314 0.0979
‘ I Tim Shaw well 20-03W-03BBC 922197 9125197 11/3/97 BRID-007 | 970407 9670 85.8 3130 12.4 39.7 0.0274
| 12 ‘.\lcﬁculh well 20-03W-02CBB 10/1/97 1078197 11/3197 BRID-015 | 970419 2930 207 045 2.51 389 0.321
" 13 | John Shaw well 19-03W-34CDD 10/1/97 10/8/97 11/3/97 BRID-016 | 970420 5480 191 1500 5.97 381 0.122
I k) Johnson Lease brine | 19-03W-35C 9/25/97 10/8/97 11/3/97 BRID-008 | 970412 [ 173900 76 101500 457 45.0 0.0007
|4 | Johnson L ease brine 19-03IW-35C 10/2/97 10897 11/3/97 BRID-017 | 970421 181000 72 105000 475 453 0.0007
[9 Johnson Ol Field 20-03W-02CD 6/3/83 83275 177000 2 78520 344 43.8 0.00003
a 1071797 10/8/97 11/3/97 BRID-018 | 970422 2095 90.7 509 0.09 13.5 0.178

5 Dry Turkey Creek J 20-03W-04AAAB
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Table 9 — Results of the 1997 Whittemore Study, Continued

Map Sample Location Collection | Collection Date Date KDHE Collector
locator identification date time received analysis lab
number o reported number
16 Geoprobe #1 19-03W-35CBBB 3/6/97 11:45 3/7/97 3/26/97 701104PT | Poyer/Dallen
18 Geoprobe #3 19-03W-35CBCB 3/6/97 15:45 3/7/97 3/26/97 701106PT | Poyer/Dallen
’7' MW-7S 19-03W-34DAAB 10/1/96 14:45 10/2/96 10/8/96* 700582PT | Medina
7 MW-7D 19-03W-34CDAB 10/2/97 14:50 10/2/96 10/8/96* 700580PT | Medina
20 Bowman domestic well 19-03W-34CCC 9/12/96 9/13/96 11/3/97 700472PT | Medina/Poyer
13 | John Shaw domestic well 19-03W-34CDD 10/1/97 15:45 10/2/96 10/8/96* 700581PT | Medina
21 Fred Johnson stock well 20-03W-03 ADD | 11/25/38 |
Sample Ca | Mg Na [ Alkalinity | SO, | ClI NO;-N Br Br/Cl SO/Cl | NaCl |
identification mg/L mg/L mg/L as CaCO, mg/L mg/L mg/L mg/L x 10°
mg/L
‘ Geoprobe #1 639 125 96.6 102 1543 5.68 30.8 0.0060 0.003
Geoprobe #3 503 73.2 132 198 959 3.39 354 0.200 0.138 |
MW-7§ 396 47.8 437 363 78.1 1200 4.24 0.065 0.364 |
MW-7D 525 78.4 750 363 82.8 2030 5.85 0.041 0.309 T
Bowman domestic well 563 82.6 789 80.2 2530 6.71 0.032 0.312
John Shaw domestic well 345 58.2 542 206 109 1380 7.00 0.143 0.393
Fred Johnson stock well 508 180 202 60 2130 118 0.50 18.1 L70 |




6.2 Discussion Regarding the Current Source Identification Study
6.2.1 Introduction

The source identification study was undertaken in an attempt to add further
verification to the sampling and modeling results with regard to source(s) of the chlorides
impacting the water wells at the facility. As noted above, the 1997 Whittemore study had
produced a characteristic Br/Cl ratio that could be used for comparison against the results
found from groundwater sampled from the wells used in the current study.

One potential drawback to the method is that since the refinery processes crude
oil, and the chlorides found onsite might have been brought onto the facility via the crude
oil processed, it might be difficult to distinguish between the Johnson oil field brine and
the brine originating from crude processed at the facility. This assumes that the chemical
characteristics of all oil field brine is similar to that found from samples of the Johnson
oil field brine. In addition, it is known that the refinery has processed crude from the
Johnson oil field for a number of years. Fortunately, the results of the sampling did
indicate marked differences between the chemical characteristics of the groundwater from
the sampled wells, which provided for effective comparison to the Johnson oil field

results.

6.2.2 Results of the Current Source ldentification Study
Table 10 below illustrates the monitoring wells from which groundwater
samples were taken for purposcs of source identification. As noted above, these wells

were also chosen as verification for previous sampling results.
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Table 10 — Source Identification Monitoring Points and Results (Based on Whittemore, 2000)

Well number 110D 15D 20D 53D 3D 8§D LP-102
Collection date nvd/yr 3/15/00 3/15/00 3/15/00 3/15/00 3/15/00 3/15/00 3/15/00
Collection time 24 hr 10:41 11:50 12:05 12:25 11:19 11:30 13:00

Well depth ft bls 156 150 150 158 160 158 100 N
Screened interval  |ft bls 136-156 60-150 60-150 58-158 115-160 118-158 80-100

Lab Sp.C. US/cm 2080 1600 1460 2220 1370 2080 2430

Na Mg/L 95.5 74.5

K Me/L 3.7 3.0 o
HCO3 Myg/L 313 343

Cl Mg/L 476 250 174 397 238 484 305

SO4 Mg/L 45.2 8.5 32 0.5 46.7 35.5 360 T
NO3-N Mg/L 4.2 0.1 0.4 0.9 04 2.8 16.0

Br (uncorrected) Mg/L 1.890 0.703 1.024 0.664 0.763 1.905 0.876

Br (corrected) Mg/L 1.88 0.64 0.68 0.24 0.70 1.89 0.75

| (total) Mg/L 0.0147 0.0699 0.381 0.482 0.086 0.0251 0.147

103-1 Mg/L 0.0049 0.0008 <0.001 0.0052 0.0178 0.0081 0.0038

TDS Mg/L 1097 1107

Na/Cl Mass ratio 0.201 0.154

Ca/Mg Mass ratio 125 10.9 |
Ca/SO4 Mass ratio 6.19 8.45

S04/Cl1 Mass ratio 0.0950 0.0340 0.0184 0.0013 0.196 0.0733 1.180 |
(Ca+Mg)/Na Equiv. ratio 3.81 s |
Br(uncorrd)/Cl x 10000 39.6 28.1 58.9 16.7 32.1 394 28.7

Br/Cl x 10000 39.5 25.6 39.0 | 59 295 39.0 24.5 J
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Table 10 — Source Identification Monitoring Points and Results (Based on Whittemore, 2000), Continued

Well number LP-103 LP-104 MW-21S MW-47 S ZL-1 ZL-6
Collection date m/d/yr 3/15/00 3/15/00 3/15/00 3/15/00 3/15/00 3/15/00
Collection time 24 hr 13:20 14:20 12:40 11:40 13:50 10:59
Well depth ft bls 93 93 83 80 90 95
Screened interval  |ft bls 73-93 73-93 63-83 55-80 75-90 80-95 o
Lab Sp.C. uS/cm 2070 2600 4290 2370 1820 1190
Na mg/L 160 123
|
K mg/L 33 4.0
HCO3 mg/L 411 445
Cl mg/L 254 519 1068 458 183 185 o
SO4 mg/L. 181 198 5.4 <2.5 272 35.9
NO3-N mg/L 0.2 12.4 2.6 1.1 20.2 02
Br {(uncorrected) mg/L 0.675 0.667 1.192 3.460 0.404 0.371
Br {corrected) mg/L 0.64 0.606 0.07 3.11 0.39 0.37
[ {total) mg/L 0.0469 0.0129 1.25 0.39 0.0172 0.015 T
[03-] mg/L (.0039 0.0055 0.0007 <0.001 0.0024 0.031
TDS mg/L 1533 1169
Na/Cl mass ratio 0.308 0.671 N
Ca/Mg mass ratio 18.8 15.1
Ca/SO4 mass ratio 1.89 0.961 i
S04/C1 mass ratio 0.713 0.382 0.0051 <0.005 1.486 0.194
(Ca+tMg)/Na Equiv. ratio 2.92 271
Br(uncorrd)/Cl x 10000 26.6 12.9 11.2 75.5 22.1 20.0
Br/Cl x 10000 251 12.7 0.6 67.9 213 20.0




Review of the information contained in the table reveals differences between the
chemical composition of groundwater taken from the various sampling points. These
differences are discussed in further detail below. As can be noted upon review of the
information discussed below, the results of the source identification study strongly
support the modeling results and the field studies.

The source study analysis indicated that monitoring well MW-110D and water
well #8 have the highest Br/Cl ratio correlation when compared to the ratio for the
Johnson well field found as part of the 1997 Whittemore study. In addition, monitoring
well ZL-6, a relatively shallow well located east of water wells 3, 8, and 9, also shows
evidence of oil field brine contamination. The water from ZL-6 indicates mixing of oil
field brine with fresh water, which i1s what the model results predict for a shallow well
located in the area of ZL-6. The concentration of oil field brine noted in ZL-6 is most
probably due to the influence of the cone of depression caused by the pumping wells, and
associated mixing that will occur along the boundary between the brine and fresh zones.

The source study also showed that the shallow point sources found on the
facility, including the area around the old lime ponds, indicated distinct chemical
differences from the Johnson well field brine samples. The Br/Cl ratio is distinctly
different for the shallow point source regions, and there is also a difference in the
sulfate/chloride ratio, the iodide concentration, and the nitrate concentrations. While the
study resuits do not definitively point to a source for these shallow onsite samples, the
results do show that Johnson oil-field brine is not the primary source.

After review of the resuits from the current study, Whittemore divided the

monitoring wells into five different groups, based on the chemical constituents found in



the groundwater from each well (personal communication, 2000). These groups are

discussed below:

Group 1: Waters with a substantial chloride contribution from oil-field brine
Well numbers WW#8 and 110D

Whittemore reported that groundwater taken from these wells exhibits a Br/Cl
ratio similar to the groundwater contaminated by the Johnson oil field brine to the east of
the NCRA area. The sulfate/chloride ratios are low as would be expected for a mixture of
fresh groundwater in the Equus Beds aquifer with small amounts of oil brine. The
inorganic 1odine content from both samples is low. The cation and Na/Cl ratios for these
samples indicated that cation exchange has occurred (adsorption of Na and release of Ca
and Mg into solution) during the migration of the Na-Cl chemical type of saltwater source
(oil brine) into the Equus Beds aquifer.

MW-110D is a deep well and is located furthest east. As previously noted, all
indications are that this well should demonstrate the most pronounced impact from the
Johnson well field brine. In addition, model results show that WW#8 is the water well
initially impacted by the plume originating from offsite to the cast. Therefore, the

chemical results for these two wells are in agreement with all other elements of the study.

Group 2: Waters with a substantial chloride contribution from oil-field brine
and a small contribution from an additional source low in sulfate,
nitrate, and iodine

Well numbers WW#3, 15D, Z1L.-6
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These samples fit the mixing of oil-brine with fresh ground water in the Equus
Beds that have been affected by a small additional chloride source. The waters have
relatively low sulfate/chloride ratios and low nitrate and iodine concentrations. WW#3
and ZL-6 are located on the east side of the facility. ZL-6 is a shallow well east of WW#3
but west of MW-110D, while WW#3 is one of the water wells located on the east side of
the facility. The chemical results indicate that ZL-6 and WW#3 have been impacted by oil
field brine, however not to the extent that WW#8 and MW-110D have been. The
modeling and sampling results support this hypothesis. MW-15D is a shallow well
located on the west side of the facility. The chemical results indicate that the
contamination found in this well may consist of oil field brine, however given the
location and the other chemical constituents, it is unlikely that the source is the Johnson

oil field.

Group 3a:  Water with a mixed chloride source that could include some oil brine
contamination and some other saline water that has a high sulfate
concentration.

Well number LP-103

This sample fits the mixing of oil field brine, saline water with a high sulfate
concentration, and fresh ground water in the Equus Beds. The water has a substantially
higher sulfate content and sulfate/chloride ratio than found in Group 2 but otherwise is

similar based on low nitrate and iodine concentrations. Monitoring well LP-103 is a

shallow well located in the area of the old lime ponds, a suspected chloride source.

Chlorides from this well are postulated to originate from refinery sources as water in the
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old unlined lime ponds migrated through the vadose zone to the aquifer. The chemical
results noted above support this hypothesis as a higher sulfate concentration would be
expected for water that had been processed by the refinery, as sulfur and sulfur
compounds are byproducts of the refining process.

It appears, therefore, that the source for the chlorides found in groundwater
samples from this well originate primarily from brine waters processed by the refinery.
However, it must be noted that the refinery uses water from the water weils that have
been impacted by brine from the Johnson well field. Until the ponds were taken out of
service in 1994, much of the process water would have been ultimately directed to the
lime ponds. While the water wells have been recently impacted when compared to the
total time the lime ponds were in service, it is possible that a portion of the water from

this well and the other lime pond wells may include brine from the Johnson well field.

Group 3b:  Water with a high nitrate content that has a mixed chloride source
that could include some oil brine contamination and some other saline
water that has a high sulfate concentration.

Well number ZL-1

This water fits the mixing of oil-brine and another saline water with a high
sulfate concentration with fresh ground water in the Equus Beds. The water has a high
nitrate content and a substantially higher sulfate content and sulfate/chloride ratio than the
waters in Group 2 but has a low iodine concentration.

Monitoring well ZL-1 is located away from all refinery processcs except the

cooling towers, which are used to cool process water from the refinery. 1t is also located
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immediately adjacent to a farm field currently producing cash crops. The relatively high
nitrate concentration is undoubtedly due to the proximity of the farm field and the use of
a nitrogen containing fertilizer (such as ammonia or ammonium) on the field. The
incidence of high sulfate concentrations may be attributed to the process water, as there is
some loss due to spray as water is taken through the cooling towers. As in the case of the
lime pond wells, a percentage of the chlorides may originate from Johnson oil field brine
that was introduced to the refinery process system and was subsequently introduced into

the groundwater by the infiltration of spray from the cooling towers.

Group 3c:  Water with high nitrate and sulfate contents and elevated iodide
concentration.
Well water LP-102
This sample has some similarities to water from well ZL-1 but has a much
higher iodide content. This suggests that it has been affected by waters similar to Group
4a or 4b. As with the previous lime pond well samples, this sample had elevated sulfate

levels and therefore the source is probably refinery process water.

Group 4a:  Waters with a relatively high iodide content and bromide/chloride
ratio and low sulfate and nitrate concentrations.
Well numbers MW-47 S and 20 D
Well water MW-47S has the highest Br/Cl ratio of all groundwater samples; the
ratio 1s substantially greater than that of the Johnson oil field brine. Water from 20D has

a much smaller chloride content than MW-47S, however it has a similar 1odide content.
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Whittemore proposed that water from MW-20D could possibly be a mixture of water
from the MW-47S area with fresh ground water from the Equus Beds. While this is
possible, based on groundwater flow, it i1s felt that based on the locations of the respective
wells it is more probable that these wells represent separate point source releases of
similar material at some point in the past.

One of the distinguishing differences between Johnson oil field brine and brine
from shallow sources on the refinery property was the presence of elevated levels of
iodide in the refinery samples when compared o the Johnson oil field samples. The source
of the high iodide content is unknown, as there are no refinery processes that use iodine
or iodine compounds. It is possible that brine from other oil fields contain a higher iodide
content, however this is speculation. Additional sampling and analysis of brine from other
oil fields supplying crude to the refinery would be necessary to determine the true source

of elevated iodide concentrations.

Group 4b:  Waters with a relatively high iodide content and low bromide/chloride
ratio and low sulfate and nitrate concentrations.

Well numbers MW-21S and MW-53D

Well water MW-21S has the largest 1odide concentration of all the ground
water. Groundwater from MW-53D could possibly be a mixture of water from the MW-
218 area with fresh ground water from the Equus Beds. MW-218S is a shallow well and
MW-53D is a deep well; the wells are located approximately 10.4 meters (50 feet) apart.
These wells are located close enough together so that the levels of iodide in the respective

wells 1s governed by the migration rate of iodide through the aquifer from shallow to
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deep. As MW-21S is the shallow well and the source here is believed to be an onsite
point source release, concentrations are higher in the shallow well. Continued monitoring
of the wells over time should show a reduction in the difference between shallow and

deep iodide concentrations.

Group 5: Water with a relatively low Br/Cl ratio, a high nitrate content and a
moderately high sulfate concentration.
Well water LP-104

Whittemore reported that the Na/Cl ratio from this well indicated saline water
had migrated into the Equus Bed aquifer that was predominantly Na-Cl in chemical type.
He postulated that cation exchange has occurred during leaching and transport that has
decreased the Na/Cl ratio over time. The Ca/Mg ratio 1s higher than for waters from
wells 8D and 110D, suggesting that a saline water with an additional calcium source is
included in the mixture affecting the ground water.

Monitoring well LP-104 is one of four wells completed in the area of the old
lime ponds. As such, it would be expected that the chemical characteristics of this well
would be similar to that found in samples from LP-102 and LP-103. With regard to the
sulfate content of LP-103 and the nitrate content of LP-102, this is true. However, the
Br/Cl ratio for LP-104 is approximately half that found in the other lime pond wells. One
potential explanation for the differences between LP-104 and the other lime pond wells is
that LP-104 is located closest to the presently used large retention pond. Water softening
of the refinery process water that is sent to the retention pond prior to discharge to the

receiving stream will result in higher calcium and magnesium concentrations in the ponds
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than would otherwise be naturally occurring. It is reasonable to suggest that infiltration
from the retention pond has caused the differences in groundwater quality noted from this
well. In particular, the higher Ca/Mg ratio and the calcium noted in groundwater from this
well could stem from water supplied by the retention pond.

Whittemore had also suggested that this water could be affected by infiltration
of water with a low bromide/chloride ratio such as wastewater from the municipal
treatment plant of McPherson. The retention pond has many of the same characteristics
as the municipal waste water, (such as drinking water that has been softened) as it

recelves process water that has been treated by the onsite NCRA water treatment system.



CHAPTER 7
SUMMARY & CONCLUSIONS

A variety of studies have been undertaken in an attempt to discern the source
location, fate and transport of the elevated concentrations of chlorides that have been
noted in monitoring wells and pumping wells on and around the refinery facility. These
studies mcluded sampling of the monitoring wells, spatial analysis of chloride
concentration data, investigation of the stratigraphic and lithologic properties of the
vadose and saturated zone (the Equus Beds aquifer), numeric modeling of ground water
flow beneath the study area, and geochemical source identification analysis for the
potential sources of chlorides. These studies have revealed that the chlorides noted in
ground water in and around the facility probably originate from two separate sources. The
principle source originates from the Johnson Well Field approximately 2 miles east of the
refinery. The remainder of the elevated chloride concentrations originate from localized
shallow point sources primarily within the refinery operations area and tank farm. These
point sources are probably the result of past releases on the refinery property and do not
represent offsite sources.

Numeric modeling studies indicate that the four onsite water supply wells are
effectively controlling the extent of the chloride migration by capturing the plume(s) as
it/they move into the water supply well radius of influence. As the radius of influence for
the wells overlap, the wells can be regarded as a single system for purposes of plume
migration control and remediation.

Study of spatial patterns of chloride concentration and numerical modeling

results have shown that the shallow point source areas are being controlled by WW-10,



located essentially in the middle of the refinery. Point sources controlled by this well
include the area around the old lime ponds, and area in the refinery operations area
roughly bounded by MW-21, MW-15 and MW-13. Another point source located in the
tank farm, in the area around MW-47, appears to be within the radius of influence, but far
enough away so that its migration is controlled to a lesser extent than the other point
sources are.

The source originating from the Johnson Well Field is being controlled by the
pumpage of water wells located on the east side of the facility (WW’s 3, 8, and 9).
Numerical studies have indicated that even after twenty years of migration, the east wells
will continue to capture all of the chlorides migrating onto the refinery property. In
addition, the numerical studies have shown that the chlorides will not migrate offsite, due
in large part to the influence of the pumping wells, which divert the regional groundwater
flow to the pumping wells. The net effect of the pumping wells has been to create an area
on the refinery property between the pumping wells that is essentially free of elevated
chlorides. Study has indicated that as long as the existing water wells continue to pump,
this condition will remain stable.

It is believed that the overall quality of the water captured by the pumping wells
will continue to decline over time. The practices that resulted in the shallow onsite
sources have been largely eliminated and there is no longer any appreciable influx of
brine from activities associated with the Johnson Well Field.

The Johnson Well Field and the Refinery have both been in operation since the
1930’s. Environmental regulations designed to curtail sources of contamination from

entering the groundwater have been in place only since the mid 1970’s. Therefore, source



infiltration occurred for at least 40 years before the environmental regulations and a
heightened sense of awareness regarding potential damage to the environment was
recognized, resulting in the implementation of source reduction measures.

Based on this and the results of the groundwater sampling, it is believed that
these sources are generally large enough and there is enough source material trapped in
the vadose zone that can migrate to the groundwater that no appreciable reduction in

source renewal to the groundwater can be expected in the near future.
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Appendix 1
Well Logs



T T e T T com T nnEEm R T TR R e A it - g kit

: McPherson NW % NW % NE % | 5 T 20 S R 3 HW)
v

pe and direction from nearest town or city street address of well if located within city?
) S. Main, McPherson, Kansas

\TER WELL OWNER: NCRA

g Address, Box# : P.O. Box 1401 Board of Agricutture, Division of Water Resources
, P Code  McPherson, Kansas 67460 Application Number:
LENV\;(EIEIQSS E@%%K%’Bx; 4| DEPTH OF COMPLETEDWELL. . ... .. 163...... ft ELEVATION: .............. 1482.89. . ... ..........
« N Depth(s) Groundwater Encountered 1................. ft 2.......... ... ... ft 3. ... ft,
X WELL'S STATIC WATERLEVEL. . ... ... ... ft. below land surface measured on mo/day/yr . ... .............
Pump testdata: Wellwaterwas ... . NA.. . . ftafter........... hours pumping .. ......... gpm
NW NE Est Yield .. NA. .. gpm Wellwaterwas ........... ftafter........... hours pumping . . .. ....... gpm
Bore Hole Diameter . . 9.625. .in. to...... 163....... ft,and................. in.to............... ft
E WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well
1 Domestic 3 Feediot 6 Oil field water supply 9 Dewatering 12 Other (Specify below)
Sw SE 2 Irrigation 4 Industrial 7 Lawn and garden only @ Monitoring wey ......................
Was a chemicalbacteriological sample submitted to Department®™Yes......... No..¥..... ; If yes, mo/day/yr sampras
—s submitted Water Well Disinfected? Yes No
OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . ... Clamped . . . ..
';, Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded.................
; 4 ABS 7 Fiberglass .. Threaded. o/7............
ing diameter . . ... . 4...... in. to..... 63..... ft, Dia........... into............ ft, Dia............ in.to............ ft
) height above land surface . . . . . 25.32.. ... in, weight....................... Ibs./ft. Wall thickness or gauge No. ....Sch.80.....
SCREEN OR PERFORATION MATERIAL 7 PVC 10 Asbestos-cement
4 Steel @stainless steel - 5 Fiberglass 8 RMP (SR) 11 Other (specify) . .................
AN Brass Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hcle)
EN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole)
:', Continuous slot 3 Mill slot ire wrapped 9 Drilled holes
3 Louvered shutter 4 Key punched Torch cut 10 Other (specify) . .......................
EN-PERFORATED INTERVALS: From....... 63....... fto...... 163...... ft, From................. ftto....... e ftl
From................ ftto................ ft, From................. ftto................ ft]
. GRAVEL PACK INTERVALS:  From....... 57....... ft to...... 163....... ft, From................. o, ... ftl
From................ ft to................ ft, From................. ft to.... ..., ft]
MATERIAL: (?deat cement 2 Cement grout (3)3entonite 4 OtEr . ..o
Is: From..... 0. .. ft to..... 5. ft, From..... 55T ft o..... 57..... ft, From............ ftto............ ft|
the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil welVGas well
r lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Other (specify below)
rtight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage “refinery.............
fion from well? 0 How many feet? ¢
TO CITHOLOGIC LOG FROM o) — PLUGGING INTERVALS

7 Clay, Dark Brown
20 |Clay, Brown

30 |Clay, Brown

35 |Clay, Gray Brown
59 |Sand,

70 _ |Clay, Light Brown to Gray
85 (Sand, Light Brown"
100 |Sand, Light Brown
120 [Sand, Light Brown
125 |[Sand, Light Brown
145 |Sand, Light Brown
150 |Sand, Brown

160 |Sand, Brown RW, Abovegrade
162 |Sand, Brown Project Name: NCRA Refinery
163 |Shale, Blue Gray GeoCore # 809, #
TOR'S OR LANDOWNER'S CERTIFICATION: This water well wa: constructed, (2) reconstructed, or (3) plugged under my jurisdiction
completed on (mo/daylyear) . . .. ............ 11/15/99. ...... % .. ... and this record is true to the best of my knowledge and belief.
8 Water Well Contractor's License No. .. ... ... 527......... This Water Well Record was completed on (moidayiyr) . ... .. 11/15/99. .. .. ..
 the business name of GeoCore Services, Inc. by (signature)

NS: Use typewniter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearty. Please fil in blanks, underiine or circle the comect answers. Send top three copies to Kansas
of Health and Emvironment, Buraau of VWater, Topeka, Kansas 66620-0007. Telephone: 813-296-5545. Send one to WATER WELL OWNER and retain one for your records.
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ALUN U VWWAIER VVELL. rracuon WeLUdOrn NUITDer 1OWNSNIR Numoer Range Number
McPherson NW % NE % NE % 5 T 20 S R 3

Jnce and direction from nearest town or city street address of well if located within city? <
0 S. Main, McPherson, Kansas
JATER WELL OWNER: NCRA
,Sl. Address, Box# : P.O. Box 1401 Board of Agricuiture, Division of Water Resources
jState, ZIP Code : McPherson, Kansas 67460 Application Number:
LENV\;(EITI&SS E%%Pé“%%x: 4| DEPTH OF COMPLETEDWELL . . . ... 170. ... .. f. ELEVATION: .............. 1493.87............... .
N Depth(s) Groundwater Encountered 1................. ft 2........ ... ft 3. ft.
X WELL'S STANCWATERLEVEL. . ......... ft below land surface measured on mo/dayfyr . ... .............
W NE Pump testdata; Wellwaterwas ... .NA.. . .ftafter........... hours pumping . . ......... gpm
Est Yield .. NA...gpm: Wellwaterwas ........... ftafter........... hours pumping . . ......... gpm
Bore Hole Diameter . . 9.625. .in. to...... 172 ... .. ft,and................. into............... ft
E | WELL WATER TOBE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well
1 Domestic 3 Feediot 6 Oil field water supply 9 Dewatering 12 Other (Specify below)
sw SE 2 Irrigation 4 Industriat 7 Lawn and garden only @ Monitoring weV ......................
Was a chemical/bacteriological sample submitted to Department™Yes......... No...Y....; If yes, mo/day/yr sarnpb/was
] o submitted Water Well Disinfected? Yes No
I¥PE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . . . Clamped . .. ..
E | Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded.................
9 c 4 ABS 7 Fiberglass ..o, Threaded. 4/7............
Pihsing diameter . . . . .. 4...... in. to..... 15Q....ft, Dia........... in.to....... L ft, Dia............ into............ ft
g height above land surface . . . . . 34.44. .. ... in., weight....................... Ibs./ft. Wall thickness or gauge No. . ... Sch.40.....
.OF SCREEN OR PERFORATION MATERIAL @PVC 10 Asbestos-cement
.1 Steel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Cther(specify) . ... ..............
- 2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
EEN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)
1 Continuous slot @Vlill slot 6 Wire wrapped 9 Drilled holes
' 2 Louvered shutter Key punched 7 Torch cut 10 Other(specify) . .. ....... ... ... ..
JEEN-PERFORATED INTERVALS:  From....... 150... ... ft to...... 170..... .. ft, From................. tto................ ft]
From................ ft o................ ft, From................. fto................
GRAVEL PACK INTERVALS: From....... 147.... .. ft to...... 172....... ft, From................. fRto.... ...t :]
From................ fLto................ ft, From................. fto................ ft.
( MATERIAL: @eat cement 2 Cement grout G)Bentonite e
Minervais: From.... . 0. .. ft to....144 . . ft, From....144™7 ft to....147.. . .. ft, From............ ft to.. ... ft|
i is the nearest source of possible contarnination: 10 Livestock pens 14 Abandoned water well
§Sepﬁc tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Gil wellGas well
ﬁSmr ines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Cther (specify below)
Dﬁ'Watenight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage refinery . ............
from well? 0 How many feet? ¢
10 LHTROLOGIT TUG FROM 10 FLUGLGING INTERVALS
r 10 |Clay, Dark Brown 160 170 [Sand, Brown
20 |Clay, Brown 170 172 [Shale, Blue Gray
30 |Clay, Brown
35 |Clay, Brown
38 |Clay, Gray Brown
40 |Sand, Brown
E 60 Sand, Brown
! 64 Sand, Brown
M 69 |Clay, Gray Green
9 | 80 |Sand, Brown
90 [Sand, Brown
94 |Sand, Brown
E 98 Sand, Brown 67D, Abovegrade
o] 116 [Sand, Brown Project Name: NCRA Refinery
16 | 160 |Sand, Brown GeoCore #809, #
WCERS OR LANDOWNER'S CERTIFICATION: This water well wag{(1}constructed, (2) reconsfructed, or (3) plugged under my jurisdicton
was completed on (mo/day/year) . . ... ........... 1171599, ... ... and this record is true to the best of my knowiedge and belief.
sas Water Well Contractor's License No. .. ... ... 527......... This Water Well Record was completed on (mo/dayfyr) . ... 11/18/99. ... ...
I the business name of GeoCore Services, Inc. by (signature) L b '

INSTRUCTIONS: Use typewriter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearty. Please fill In blanks, underiine or circle the commect answers. Sand top three copies to Kanses
Department of Health and Environment, Bureau of Weter, Topeka, Kansas 88820-0001. Telephone: 813-206-5545. Send ane to WATER WELL OWNER and retain one for your records.
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AN VVATLIAV VY WL, ialdvil wWeLUUlE NN Wel tOWHSTHE INAITILUCT Ralige INdToer

McPherson NE % NW % NE % 5 T 20 S R 3
and direction from nearest town or city street address of well if located within city?
S. Main, McPherson, Kansas

WATER WELL OWNER: NCRA

) St Address, Box# : P.O. Box 1401 Board of Agriculture, Division of Water Resources
; State, ZP Code : McPherson, Kansas 67460 Application Number:
I\ENV\;(ELIkls;5 E%%%TLOB% x. | 4| DEPTHOF COMPLETEDWELL. .. ... 124 ... f. ELEVATION: .............. 149235 ... .. ...... ..
N Depth(s) Groundwater Encountered 1.............. ... ft 2. .. ft 3. ft.
X WELL'S STATICWATERLEVEL........... ft below land surface measured on mo/day/yr . ................
Pump testdata: Wellwaterwas ... NA.. . .ftafter........... hours pumping .. ......... gpm
NV NE Est Yield .. NA. . .gpm: Wellwaterwas ........... ftafter........... hours pumping . . ......... gpm
: Bore Hole Diameter . ... 8....in. to...... 125 .. ... ft,and. ................ in. to............... ft
w E | WELL WATER TOBE USEDAS: 5 Public water supply 8 Air conditioning 11 Injection well
1 Domestic 3 Feedlot 6 Qil field water supply 9 Dewatering 12 Other (Specify below)
sw SE 2 Irrigation 4 Industrial 7 Lawn and garden only @ Monitoring well\/ ......................
Was a chemical/bacteriological sample submitted to Department®™Yes......... No.. V... ; If yes, mo/day/yr saranvas
< submitted Water Well Disinfected? Yes N
IYPE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . .. . . Clamped. . . ..
1 Steel 3 RMP(SR) 6 Asbestos-Cement 9 Other (specify below) Welded.................
/ (¥ 4 ABS 7 Fiberglass ... ...l Threaded. 4/"............
ing diameter . . . . .. 2. .. in. to..... 99..... ft, Dia........... in.to............ ft, Dia............ into............ ft
height above iand surface . . . . . 29.76. ..... in, weight....................... bbs./ft. Wall thickness or gauge No. .. .. Sch. 40 ... ..
i OF SCREEN OR PERFORATION MATERIAL @PVC 10 Asbestos-cement
- 1 Steel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other (specify) . ... .. ............
- 2 Brass 4 Galvanized stee) 6 Concrete tile 9 ABS 12 None used (open hole)
IEEN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)
> { Continuous slot ill slot 6 Wire wrapped 8 Dirilled holes
- 2 Louvered shutter Key punched 7 Torch cut 10 Other(specify) .. ... ... ... ... ...t
MEEN-PERFORATED INTERVALS:  From. ... ... 99... ... .ftto...... 124 ... f, From................. fRoto... ... ft.
From................ ft o............. ... ft. From................. ftto................ ft]
GRAVEL PACK INTERVALS: From....... 97....... ft to...... 125..... .. ft, From................. o, ... ftl
] From................ ft to................ ft, From................. tto................ ft]
3 MATERIAL: Q\leat cement 2 Cement grout Gyenmnite e
gtinervals: From..... 0. . .. ft. to..... M. . ... ft, From..... 4. ft to..... 97..... ft, From............ ftto............ ft|
is the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
{ Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil wellGas well
2 Sewerlines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Other (specify below)
3 Watertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage o.refinery. ............
fromwel? How many feet? ¢
1J LITROLOGTC LOG FROM 10 FPLUGGING TINTERVALS
16 |Clay, Red Brown 94 101 (Sand, Brown
24 _ |Clay, Light Brown 101 103 |Clay, Gray
30  |Sand, Light Brown 103 115 |Sand, Gray
36 |Sand, Light Brown 115 118 |Clay, Gray
38 |Clay, Brown 118 125 |Sand, Gray

43 |Sand, Brown

51 Sand, Brown

68 |Clay, Gray Brown
72 |Clay, Gray Brown
81 Clay, Gray Brown
82 Sand, Gray

84 |Clay, Gray Brown
86 |Sand, Gray 2S, Abovegrade

88 [Clay, Gray Project Name: NCRA Refinery

94 |Clay, Orange Brown GeoCore #809, #

TOR'S OR LANDOWNER'S CERTIFICATION: This water well wa: constructed, (2) reconstructed, or (3) plugged under my jurisdiction

}us completed on (mo/day/year) . ............... 11/15/99. ... . ... .. and this record is true to the best of my knowledge and belief.
peas Water Well Contractor's License No. . ....... 527......... This Water Well Record was completed on (mo/daylyr) ... ... 15/99.......
Jor the business name of GeoCore Services, Inc. by (signature) LA

NSTRUCTIONS: Use typewriter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearly. Please fill in blanks, underiine or circle the comect answers. Send top three copies to Kansas
Department of Health and Envronment, Bureau of Water, Topeka, Kansas 66620-0001. Telephone: 813-296-6545. Send one to WATER WELL OWNER and retain one for your records.
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JUJON OF WATER WELL: Fracton Section Number Township Number Range Number
McPherson NW % NE % NE % 5 T 20 S R 3

ce and direction from nearest town or city street address of well if located within city? -~
S. Main, McPherson, Kansas

WATERWELL OWNER. NCRA

8t Address, Box# : P,O. Box 1401 Board of Agriculture, Division of Water Resources
 Sate, ZIP Code : McPherson, Kansas 67460 Application Number:
TE WELL'S LOCATION 4| DEPTH OF COMPLETEDWELL . . . . .. 119... ... . ELEVATION: ............... 14938 .. .............
AN"X" IN SECTION BOX:
N Depth(s) Groundwater Encountered 1................. ft 2....... . ... ft 3....... ... ft,
X WELL'S STATIC WATERLEVEL . . . ........ ft below land surface measured on mo/day/yr .. ...............
Pump testdata: Wellwaterwas ... .NA . . .ftafter........... hours pumping . . ......... gpm
NV NE Est Yield .. NA...gpm: Wellwaterwas ........... ftafter........... hours pumping . .. ........ gpm
| Bore Hole Diameter ... .8....in. to...... 120.. ... .. ft,and. ................ in . .............. ft
W E | WELL WATER TOBE USEDAS: 5 Public water supply 8 Air conditioning 11 Injection well
- 1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below)
Sw SE 2 Irrigation 4 Indusfrial 7 Lawn and garden only Monitoringwell , ...... .. ... ............
Was a chemical/bacteriological sample submitted to Department®™Yes......... No. V... ; If yes, mo/day/yr sans
1 submitted Water Well Disinfected? Yes No
JYPE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . . . Clamped . . . ..
1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded.................
C 4 ABS 7 Fiberglass ... Threaded. 4/7............
ing diameter . . .. .. 2...... in. to..... 9. ... ft, Dia........... in.to............ ft, Dia............ into............ ft
Jiy) height above land surface . . . . . 32.88...... in., weight....................... bbs./ft Wall thickness or gauge No. . ... Sch.40.....
OF SCREEN OR PERFORATION MATERIAL VC 10 Asbestos-cement
. 1 Steel 3 Stainlkess steel 5 Fiberglass RMP (SR) 11 Cther(specify) . . ................
2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)
- 1 Continuous slot @\nill slot 6 Wire wrapped 9 Dirilled holes
' 2 Louvered shutter Key punched 7 Torch cut 10 Other (specify) . .. .....................
PERFORATED INTERVALS: From....... 94....... ft to...... 119....... ft, From................. ftto................ ft|
From................ ftto................ ft, From................. L to................ ft]
GRAVEL PACK INTERVALS: From....... 85...... ft to...... 119.. ... .. ft, From................. ftto............ L. ft
From................ ftto................ ft, From................. ftto................ ft]
: MATERIAL: 1 Neat cement 2 Cement grout @entonite 4 Other. ... ...
iinervals: From.... . 0. .. .. ft to..... 83.. .. ft, From..... 8§37 ft o..... 85... .. ft, From............ ftto............ ft|
Jat is the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil wellGas well
3 Sewer ines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Other (specify below)
3 Walertight sewer lines 6 Seepage pit S Feedyard 13 Insecticide storage ~.refinery.............
ption from well? 0 How many feet?
U LITHOLOGIC LOG FRUM 10 PLUGGING INTERVALS
7] 9  |Clay, Dark Brown

19 |Clay, Red Brown
19 24 |Clay, Light Brown
56 |Sand, Light Brown
61 |Clay, Light Brown
70 |Sand, Light Brown
78 |Clay, Gray

i 118 |Sand, Light Brown
18 120 |Clay, Red Brown

25S , Abovegrade
Project Name: NCRA Refinery
GeoCore #809, #

CTOR'S OR LANDOWNER'S CERTIFICATION: This water well wagf(1}constructed, (2) reconstructed, or (3) plugged under my jurisdiction

| was completed on (mo/day/year) . . .............. 11/15/99. ... .. ... and this record is true to the best of my knowledge and belief.
was Water Well Contractor's License No. .. ...... 827......... This Water Well Record was completed on (n%ay/yr) ..... 11/15/99.......
ﬂ‘ business name of GeoCore Services, Inc. by (signature) 2l

" INSTRUCTIONS: Use typewniter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearly. Please fill in blanks, underiine or circle the comect answers. Send top three coples to Kansas
Department of Health and Environment, Bureau of Water, Topeka, Kansas 66620-0007. Telephone: 913-286-5545. Send one to WATER WELL OWNER and retain one for your records.
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VHON OF VWAITER VWELL: Fracuaon oecuon Number ownship Number Range Number
McPherson SE 4 NW % NE % 5 T 20 S R 3
and direction from nearest town or city street address of well if located within city? e
S. Main, McPherson, Kansas

JATERWELL OWNER: NCRA

St Address, Box#  : P.O. Box 1401 Board of Agriculture, Division of Water Resources
State. 2P Code  McPherson, Kansas 67460 Application Number:
LENV\QELIINSS E%%/ggl%%x; 4| DEPTH OF COMPLETEDWELL . . . . . . 173.... .. ft ELEVATION: .............. 1488.38............... .
; N Depth(s) Groundwater Encountered 1............... .. ft 2. .. ft 3. ft,
] WELL'S STATIC WATERLEVEL . .......... ft. below land surface measured on mo/day/yr .................
] NV Xae Pump test data: Wellwaterwas ... .INA. .. . ftafter........... hours pumping . . ......... gpm
Est Yield .. NA.. .gpm: Wellwaterwas ........... ftafter........... hours pumping . . ......... gpm
Bore Hole Diameter . . 9.625. .in. to...... 173....... ft,and................. in to.. ... ft
E WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well
1 Domestic 3 Feedlot 6 Cil field water supply 9 Dewatering 12 Other (Specify below)
sw SE 2 Irrigation 4 Industrial 7 Lawn and garden only @ Monitoring weV ......................
Was a chemical/bacteriological sample submitted to Department®™Yes......... No...¥.... ; If yes, mo/day/yr san
s submitted Water Well Disinfected? Yes No
OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . .. Clamped . . ...
1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Cther (specify below) Welded.................
C 4 ABS 7 Fiberglass — ...i.ieiiieiii Threaded. o/7............
Pasing diameter . . . . . . 4...... in. to..... 153....ft, Dia........... in.to............ ft, Dia............ in.to............ ft
Jig height above land surface . . . . . 25.68. ..... in., weight....................... Ibs./ft Wall thickness or gauge No. ....Sch.40.....
E OF SCREEN OR PERFORATION MATERIAL PVC 10 Asbestos-cement :
1 Steel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other (specify) . .................
.2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
EEN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole)
. 1 Continuous slot ill slot 6 Wire wrapped 9 Drilled holes
2 Louvered shutter Key punched 7 Torch cut 10 Other (specify) . .......... ... ... .......
N-PERFORATED INTERVALS: From....... 183...... ft o...... 173....... ft, From................. tto................ ft4
From................ ft to................ ft, From................. fLto............... ft|
GRAVEL PACK INTERVALS:  From....... 150...... ft to...... 173....... ft, From................. fto................ ft
From................ ft to................ ft, From................. fLto......... ft!
MATERIAL: @Veat cement 2 Cement grout @Bentonite 4 OBT . o
Rinervals: From..... 0. .. .. ft to....148 . .. ft, From.... 1487 . ftto.... 150 . .ft, From............ ftto...oovenn.n. ft
jitis the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
}'Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil wellGas well
Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Cther (specify below)
} Watertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage —refinery.............
from well? 0 How many feet?
{®] LITAOCOGIC TOG FROM [O) PLUGGING TNTERVALS
5 Clay, Dark Brown 171 172 |Sand, Brown

15 |Clay, Brown 172 173 |Shale, Blue Gray
37 |Clay, Gray Green
43 |Clay, Brown
45 |(Sand, Brown
50 |Sand, Brown
67 Sand, Brown
73 Clay, Brown Gray
90 |(Sand, Brown
110 [Sand, Brown
115 |Clay, Brown
125 |Sand, Brown

165 |Sand, Brown 21D, Abovegrade
170 |Sand, Brown Project Name: NCRA Refinery
171 [Clay, Gray Green _ GeoCore # 809, #
CTOR'S OR LANDOWNER'S CERTIFICATION: This water well wa constructed, (2) reconstructed, or (3) plugged under my jurisdiction
completed on (mo/day/year) . . .............. 11/15/99.......%. .. ... and this record is true to the best of my knowledge and belief.
jas Water Well Contractor's License No. ........ 527......... This Water Well Record was completed on (mp/day/yr) ... ... 11/15/99. .. ....
the business name of GeoCore Services, Inc. by (signature) LY,

: JONS: Use typewriter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearly. Please fill in bianks, underine or circle the comract answers. Send top three copies to Kansas
‘Dapartment of Heaith and Environment, Bureau of Waler, Topeka, Kansas 66620-0001. Telephone: 813-206-5545. Send one to WATER WELL OWNER and retain one for your records.
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WA TTVIN U VWA TER VVCLL, Fracuoh wecuon Numoer lownsnip Number nge Number
. McPherson NW Y% NW % NE % 5 T 20 s R 3 W)
e and direction from nearest town or city street address of well if located within city 7 -~
S. Main, McPherson, Kansas
PMTER WELL OWNER: NCRA
8t Address, Box# : P.O. Box 1401 Board of Agriculture, Division of Water Resources
8iate, ZIP Code * McPherson, Kansas 67460 Application Number:
ﬁ\hg(EIThSé E?:%%E%%x: 4| DEPTH OF COMPLETEDWELL . . .. .. 110...... f. ELEVATION: ................. 0. ...
N Depth(s) Groundwater Encountered 1................. ft 2., ft ... ft
X WELL'S STATICWATERLEVEL . .......... ft below land surface measured on mo/day/yr . ................
Pump testdata: Wellwater was . .. .NA. ftafter........... hours pumping. . ......... gpm
NW NE Est Yield .. NA...gpm: Wellwaterwas ........... ftafter........... hours pumping .. .. ....... gpm
: Bore Hole Diameter. . . .8....in. to...... 110... ... ft,and................. in.to............... ft
1 E WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection weli
] 1 Domestic 3 FeedIot 6 Oil field water supply 9 Dewatering 12 Other (Specify below)
Sw SE 2 lrrigation 4 Industrial 7 Lawn and garden only @ Monitoringwell , ......................
Was a chemical/bacteriological sample submitted to Department®Yes......... No\/ If yes, mo/day/yr saWwas
? < submitted Water Well Disinfected? Yes No
PE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . .. Clamped . . . ..
1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded.................
4 ABS 7 Fiberglass ...l Threaded. /7. ...........
ng diameter . . . . .. 2...... in. to..... 85..... ft, Dia........... in.to............ ft, Dia............ into............ ft
height above land surface . . .. . .. 24..... .. in, weight....................... lbs./ft. Wall thickness or gauge No. . ... Sch. 40 ... ..
HOF SCREEN OR PERFORATION MATERIAL PVC 10 Asbestos-cement
1 Steel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other (specify) . .................
2 Brass 4 QGalvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
EN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)
4 Continuous slot ill slot 6 Wire wrapped 9 Drilled holes
4 Louvered shutter Key punched 7 Torch cut 10 Other(specify) . .. ...... ... ... it
JEN-PERFORATED INTERVALS:  From. ... ... 85...... ft to...... 110 .. ... ft, From................. ftto................ ft]
From................ ft o ... ... ... ft, From................. fRto................ ft]
GRAVEL PACK INTERVALS: From....... 83....... ft to...... 110. . .. . .. ft, From................. ft to................ ft.
From................ ftto................ ft, From................. ft o................ ft]
MATERIAL: Qﬂeat cement 2 Cement grout Gyentonite AOMer. ...
Inervais: From..... 0. ... ft to..... 80..... ft, From.... 807 . ft to..... 83.....ft, From............ ftto............ ft|
: the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water weli
‘Seplic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil wellGas well
. lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage Other (specify below)
Watertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage ~“refinery.............
jion fromwell? ¢ How many feet?
18] CITHOCOGIC TUG FROM [o] PLUGGING INTERVALS
6 Clay, Dark Brown
18 |Clay, Very Dark Brown
24 (Sand, Dark Brown
30 Sand, Brown
33 |Sand, Gray
46 |Sand, Yellowish Brown
47 |Clay, Gray
54 |Sand, Brown
61 Sand, Brown
63 |Clay, Gray
68 |[Sand, Brown Gray
73 |Clay, Gray
92 |Sand, Brown to Black 20S , Abovegrade
94 _|Clay, Gray Project Name: NCRA Refinery
g 110 |Sand, Gray GeoCore #809, #
\ TOR'S OR LANDOWNER'S CERTIFICATION: This water well wa constructed, (2) reconstructed, or (3) plugged under my jurisdiction
gs completed on (mo/day/year) . ... . ........... 11/15/99....... ... ... and this record is true to the best of my knowledge and belief.
s Water Well Contractor's License No. ... ... .. S27......... This Water Well Record was completed on (mo/dayiyr) . ..., . 1}/18/99..... ..
phe business name of GeoCore Services, Inc. by (signature) M
INS: Use typewriter or bail point pen. PLEASE PRESS FIRMLY and PRINT clearty. Please fill in blanks, undedine or circle the corra; answers. Send top three coples to Kanses
of Heaith and Envronment, Bureau of Water, a, Kansas 0-0007. Telephane: 813-296-5545. Send one to WATER WELL OWNER and retain one for your records.
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McPherson NE % NW % NE %

5

T 20 S R 3

and direction from nearest town or city street address of well if located within city?
S. Main, McPherson, Kansas

-

FATER WELL OWNER: NCRA
jSL Address, Box# : P.Q. Box 1401

Board of Agriculture, Division of Water Resources

te, ZIP Code : McPherson, Kansas 67460 Application Number:
T&V\;(ELll&Ss Eg%%g;%% L DEPTH OF COMPLETEDWELL.. . . ... 166. ... . ft ELEVATION: .............. 1489.13...............
N Depth(s) Groundwater Encountered 1................. ft 2. ... ft 3. ft
X WELL'S STATICWATERLEVEL. . ......... ft below land surface measured on mofday/yr .. ...............
Pump testdata; Wellwaterwas ... NA. . ftafter........... hours pumping . . ......... gpm
NV NE Est Yield .. NA. . .gpm: Wellwaterwas ........... ftafler........... hours pumping . . ......... gpm
Bore Hole Diameter . . 9.625. .in. to...... 167.5.... .. ft,and. ................ in.to............... ft
E | WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well |
1 Domestic 3 Feedlot 6 Qil field water supply 9 Dewatering 12 Other (Specify below) .
sw SE 2 !rrigation 4 Industrial 7 Lawn and garden only @ Monitoringwell , ....... ... ... ... ...... f
Was a chemical/bacteriological sample submitted to Department®Yes......... No..V.... ; If yes, mo/day/yr sans }
- submitted Water Well Disinfected? Yes No |
OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . .. Clamped . . . .. |
1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded.................
o] 4 ABS 7 Fiberglass .. ... Threaded. o/ ............
peasing diameter . . . . .. 4. ... in. to..... 146... . ft, Dia........... in.to............ ft, Dia............ in.to............ ft
jbg height above land surface . . . . . 30.12... ... in., weight....................... bbs./ft. Wall thickness or gauge No. ....Sch.40.....
B OF SCREEN OR PERFORATION MATERIAL PVC 10 Asbestos-cement
1 Steel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other (specify) . .................
2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
BEN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)
1 Continuous slot ill slot 6 Wire wrapped 9 Drilled holes
-2 Louvered shutter Key punched 7 Torch cut 10 Other (SPecify) . .. ....oovt ...
PERFORATED INTERVALS: From....... 146.... .. ft o...... 166 ... .. ft, From................. fto...... ... ft
From................ ftto............ ... ft, From................. fto................ ft]
GRAVEL PACK INTERVALS: From....... 143.... .. ft to..... 167.5. . ... ft, From................. fto................ ft| -
From................ ftto.......... ... .. ft, From................. fto................ ftj
MATERIAL: (?\leat cement 2 Cement grout @entonite e
ginervals: From.... 0. .. .. ft to.... 139 . .ft, From.... 1397 ft to... 143 ft, From............ ftoto.. . ... ft}
i8 the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water weli
Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil wellGas well
Sawer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage Other (specify below) E
Watartight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage T.refinery............. '
otion fromwell? How many feet? ¢
1J LITROLOGIT LOG FROWM 10 FLUGGING INTERVALS
6 Clay, Dark Brown 120 135 |Sand, Brown ¢
15 |Clay, Light to Dark Brown 135 166 |Sand, Brown F
30 [Clay, Light Brown 166 167 |Shale, Dark Gray
35 |[Clay, Brown to Gray
40 |Clay, Brown to Gray
50 |Sand, Brown
63 |[Sand, Brown to Gray Brown
70 |Clay, Gray Green
75 Sand, Light Brown
80 |Sand, Brown
90 |Sand, Dark Brown s
96 |Clay, Orange
99 |Sand, Brown 11D, Abovegrade
112 {Sand, Brown Project Name: NCRA Refinery
120 |Sand, Brown GeoCore # 809, # 3

CTOR'S OR LANDOWNER'S CERTIFICATION: This water well wag(1)constructed, (2) reconstructed, or (3) plugged under my jurisdiction

h completed on (mo/day/year) . .. ............. 11/15/99. ...... ... ... and this record is true to the best of my knowledge and belief.
jass Water Well Contractor’s License No. ........ S27......... This Water Well Record was completed on (mo/daylyr) . .,. . 11/15/99.......
Jr the business name of GeoCore Services, Inc. by (signature) _da& /%/

MBTRUCTIONS: Use typewriter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearly. Please fill in blanks, underdine or circle the corect answers. Send top three coples to Kansas
Department of Heaith and Environment, Bureau of \Water, Topeka, Kansas 66620-0007. Telephone: 813-286-5545. Send one to WATER WELL OWNER and retain one for your records.
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McPherson NW % NW % NE % 5 T 20 S R 3
and direction from nearest town or city street address of well if located within city? -~
¥ S. Main, McPherson, Kansas
NATER WELL OWNER: NCRA
St Address, Box# : P,O. Box 1401 Board of Agriculture, Division of Water Resources
State, ZIP Code " McPherson, Kansas 67460 Application Number:
,TAENV\;(ELll&Ss E%%%R%%x: 4| DEPTH OF COMPLETEDWELL . . .. .. 169. ... .. ft ELEVATION: .............. 148491 ... ... ... ... .
N Depth(s) Groundwater Encountered 1................. ft 2....... ... ft 3. . ft|
X WELL'S STATIC WATERLEVEL........... ft. below land surface measured on mo/day/yr .. ... .. ..........
Pump test data: Wellwaterwas ... .NA . . .ftafler........... hours pumping . . ......... gpm
N NE Est Yied .. NA...gpm: Wellwaterwas ........... ftafter........... hours pumping ... ........ gpm
1 Bore Hole Diameter . . 9.625. .in. to. .. ... 171, ... .. ft,and................. in.to. . ............. ft
?,W E | wELL WATER TOBE USED AS: 5 Public water supply 8 Air conditioning 11 Injection weli
: 1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below)
sw SE 2 Irrigation 4 Industrial 7 Lawn and garden only Monitoring weV ......................
Was a chemicalbacteriological sample submitted to Departmen es......... No..Y.... ; If yes, mo/day/yr sampras
3 submitted Water Well Disinfected? Yes No
WPE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . .. Clamped. . . ..
1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded . .. ..............
(o 4 ABS 7 Fiberglass ... ... ... Threaded. /7. ...........
ing diameter . . . . .. 4. .. ... in. to..... 149 . ft, Dia........... in.to............ ft, Dia............ in.to............ ft
i height above land surface . . . . . . 312...... in, weight....................... Ibs./ft Wall thickness or gauge No. . ... Sch.40.....
OF SCREEN OR PERFORATION MATERIAL @PVC 10 Asbestos-cement
1 Steel 3 Stainkess steel 5 Fiberglass RMP (SR) 11 Other(specify) . .................
2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)
: 1 Continuous slot @Vﬁu slot 6 Wire wrapped 9 Drilled holes
. 2 Louvered shutter Key punched 7 Torch cut 10 Other(specify) . .. ........ ... ... ......
PERFORATED INTERVALS: From....... 149. .. ... ft to...... 169. ... ... ft, From................. Rto................ ft
From................ ft to................ ft, From................. fRto................ ft|
GRAVEL PACK INTERVALS: From....... 147. ... .. ft to...... 171..... .. ft, From................. tto................ ft!
From................ ft to.......o. .. ft, From................. ftto................ ft|
‘ MATERIAL: (?\Jeat cement 2 Cement grout (3)3entonite s
Itervals: From..... 0. . ... ft o....142 . . ft, From.... 1427 . ft to....147..... &, From............ ftoto. .. ... ft|
j#is the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
| Seplic tank 4 Lateral fines 7 Pit privy 11 Fuel storage 15 Oil welvGas well
§ Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Other (specify below)
"Watertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage —refinery.............
fromwell? ¢ How many feet? ()
[) —UTROCOGIC TOG FROM o PLUGGING INTERVALS
5 Clay, Dark Brown
15 |Clay, Brown
29 |Clay, Brown
45 (Sand, Brown
53 |Sand, Brown
55 |Sand, Brown
61 |Clay, Gray
72 |Clay, Gray Brown
90 |Sand, Brown
112 |Sand, Brown
162 |Sand, Brown
169 |Clay, Gray Green
171 |Shale, Blue Gray 10D , Abovegrade
Project Name: NCRA Refinery
GeoCore # 809, #
TOR'S OR LANDOWNER'S CERTIFICATION: This water well wa constructed, (2) reconstructed, or (3) plugged under my jurisdiction
completed on (mo/day/year) . . . . .. e 11/15/99. .. ... ... ... and this record is true to the best of my knowledge and belief.
jas Water Well Contractor's License No. .. ...... 8527......... This Water Well Record was completed on (mo/day/yr) , ... . 11/18/99..... ..
the business name of GeoCore Services, Inc. by (signature) a7
IONS: Use typewriter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearty. Please fill In bianks, underiine or circle the correct answers. Send top three copies to Kansas

Ospartment of Heaith and Envronment, Bureau of Water, Topeka, Kansas 56620-0001. Telephone: 013-296-5545. Send one to WATER WELL OWNER and retain one for your records. J
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ny:McPherson NW% NW % NE %| s | T 20 s | R 3 HR)
ce and direction from nearest town or city street address of well if located within city? e
S. Main, McPherson, Kansas

WATERWELL OWNER NCRA

, St Address, Box# : P.O. Box 1401 Board of Agriculture, Division of Water Resources
Y, State, ZIP Code : McPherson, Kansas 67460 Application Number:
ITHT,;\EN\{'\;(ELIhSS E%%%E%%x: 4| DEPTH OF COMPLETEDWELL.. . .. .. 119...... f. ELEVATION: ..............1484.57 ... . . .........
N Depth(s) Groundwater Encountered 1................. ft 2. .. ft 3. ft|
X WELL'S STATICWATERLEVEL . .. ........ ft below land surface measured on mofday/yr .................
Pump testdata: Wellwaterwas ... NA .. . .ftafter........... hours pumping . ... ....... gpm
N NE Est Yield .. NA...gpm: Wellwaterwas ........... ftafter........... hours pumping . . ... ...... gpm
Bore Hole Diameter .. .. 8....in. to...... 120.. ... .. ft,and................. in.to............... ft
: W E WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection weli
1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below)
SW SE 2 Irigation 4 Industrial 7 Lawn and garden only (70)Monitoring my ......................
Was a chemical/bacteriological sample submitted to Departmen®®Yes......... No..¥.... : If yes, mo/day/yr sampras
5 submitted Water Well Disinfected? Yes No
E OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . .. Clamped .. . . ..
. 1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded. ... .............
-{2yVC 4 ABS 7 Fiberglass ... Threaded. ‘/ ............
ieésing diameter . . . . . . 2., in. to..... 9. .... ft, Dia........... in.to............ ft, Dia............ in. fo............ ft
Bing height above land surface . . . . . 32.04... ... in., weight....................... Ibs./ft. Wall thickness orgauge No. .. ..Sch. 40 ... ..
b OF SCREEN OR PERFORATION MATERIAL PVC 10 Asbestos-cement
. 1 Steel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other(specify) . ... ..............
{' 2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
BEEN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)
.1 Cantinuous slot ill slot 6 Wire wrapped 9 Drilled holes
i 2 Louvered shutter Key punched 7 Torch cut 10 Other (SPECfY) . .. .« o oo
REEN-PERFORATED INTERVALS: From....... 9%. .. ... ftto...... 119....... ft, From................. fRto. . ... ft]
From................ ftto................ ft, From................. tto................ ftl
GRAVEL PACK INTERVALS: From....... 92....... ft o...... 120....... ft. From................. fRto................ ft{
/ From................ ftto................ ft, From................. tbo................ ft]
MATERIAL: (?\bat cement 2 Cement grout Q)Bentonite e
wtintervals: From..... 90..... ft to....83.5....ft, From....83.5%" . ft fo..... 92 ..... ft, From............ ft to............ ft.
hat is the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
4 Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil welVGas well
12 Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Cther (specify below)
-3 Walertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage refinery.............
from well? 0 How many feet? ()
TO CITROLOGIC TOG FROWM [®] PLUGGING INTERVALS

7 Clay, Dark Brown
11 Clay, Brown

13 |Sand, Brown

17 [Clay, Brown

29 |Sand, Gray

38 |Sand, Brown

58 |Sand, Brown Gray
66 |Clay, Brown

78 |[Sand, Gray

84 |Sand, Gray

86 |Clay, Gray

bt v fd B

120 |Sand, Gray

SRS

10S , Abovegrade

Project Name: NCRA Refinery

GeoCore # 809, #

?TMCTOR‘S OR LANDOWNER'S CERTIFICATION: This water well wag{(1}constructed, (2) reconstructed, or (3) plugged under my jurisdiction

g was completed on (mo/day/year) . .. ... .......... 11/15/99. . ..... M. .. ... and this record is true to the best of my knowledge and belief.

jnees Water Well Contractor's License No. ... ... .. £ 7 This Water Well Racord was completed on (mo/day/yr) ... ., 13/15/99. .. ....
Mer the business name of GeoCore Services, Inc. by (signature) @ /

INSTRUCTIONS: Use typewriter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearly. Piease fill in blanks, underiine or circle the cosrect answers. Send top lhrLo copies to Kansas
Department of Health and Environment, Bureau of Water, Topeka, Kansas 65620-0007. Telephone: 913-206-5545. Send one to WATER WELL QWNER and retain one for your records.

-
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McPherson SE % NE % NE % 5 T 20 S R 3
and direction from nearest town or city street address of well if located within city? 7
S. Main, McPherson, Kansas

WATERWELL OWNER. NCRA

St Address, Box# : P.O. Box 1401 Board of Agriculture, Division of Water Resources
, State, ZIP Code * McPherson, Kansas 67460 Application Number:
THLEN\{&ELIhSS Eg%/gl:%%x: 4| DEPTH OF COMPLETEDWELL.. . ... . 110. ... .. ft ELEVATION: ..............1497.23. ... ... ... ...
1 N Depth(s) Groundwater Encountered 1................. ft. 2....... ... ft. 3. ft
WELL'S STATICWATERLEVEL........... ft below land surface measured onmo/day/yr . ... .............
W Ne X Pump testdata: Wellwaterwas ... NA ... . ftafter........... hours pumping . .......... gpm
Est Yield .. NA. . . gpm: Wellwaterwas ........... ftafter........... hours pumping .. ......... gpm
i Bore Hole Diameter. . .. 8. .. .in. to...... 110..... .. ft,and................. into............... ft.
:W E WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well
' 1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below)
sw SE 2 Irrigation 4 |Industrial 7 Lawn and garden only @ Monitoringwell , ... ... ... .. ......
Was a chemical/bacteriological sample submitted to Department®VYes......... No. V... ; If yes, mo/day/yr sampras
= submitted X Water Well Disinfected? Yes No
1YPE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . .. Clamped . . . ..
- 1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded . ................
2Yyvc 4 ABS 7 Fiberglass .. Threaded. 4/7............
sing diameter . . . . .. 2...... in. to..... 85..... ft, Dia........... into............ ft, Dia............ into............ ft
Jiog height above land surface . . . . .. 276 ...... in., weight....................... bbs./ft Wall thickness orgauge No. . ... Sch.40.....
OF SCREEN OR PERFORATION MATERIAL PVC 10 Asbestos-cement
¢ 1 Stesi 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other (specify) . .................
. 2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
REEN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole)
1 Continuous slot @Vﬁll slot 6 Wire wrapped 9 Drilled holes
2 Louvered shutter Key punched 7 Torch cut 10 Other (specify) . .......................
PERFORATED INTERVALS: From....... 85...... ft to...... 110..... .. ft, From................. ftto................ ft|
From................ ftto................ ft, From................. ftto................ ft]
GRAVEL PACK INTERVALS: From....... 82....... ft to...... 110... .. .. ft, From................. o, ft]
From................ ftto................ ft, From................. ftto................ ft]
k MATERIAL: (?\leat cement 2 Cement grout (Iiyentonihe 4 Other. ...
ptintervals: From.... . 0. .. .. ft to..... 80..... ft. From..... 80 7. ftto..... 82..... ft, From............ ft to............ ft|
it is the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
M Sepfic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil wellGas well
Sever lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Other (specify below)
9 Watertight sewer lines 6 Seepage pit ’ 9 Feedyard 13 Insecticide storage refinery.............
fromwel? @ How many feet? (
TO LiTROLOGIT TOG FROM 10 PLUGGING TNTERVALS

4 Clay, Dark Brown
9 Clay, Brown
28 |Clay, Red Brown
33 [Clay, Light Brown
69 (Sand, Brown
77 |Clay, Gray Brown
107 |Sand, Gray
110 |Clay, Light Red Brown

1118, Abovegrade
Project Name: NCRA Refinery
GeoCore #809, #

CTOR'S OR LANDOWNER'S CERTIFICATION: This water well wagf(1)constructed, (2) reconstructed, or (3) plugged under my jurisdiction

s completed on (mo/day/year) . . .. . . P 1171599, ... ™. ..... and this record is true to the best of my knowledge and belief.
Water Well Contractor's License No. ... ..... S27......... This Water Well Record was completed on (mo/dayfyr) ... . . 11/18/99.......
or the business name of GeoCore Services, Inc. by (signature) 7./

MSTRUCTIONS: Use typewniter or ball point pen. PLEASE PRESS FIRMLY and PRINT cleedy. Please flll in blanks, underiine or circle the comect answers. Send top three coples to Kansas
‘Dapartment of Heeith and Environment, Bureeu of Water, Topeka, Kansas 68620-0001. Telephone: 913-296-5545. Send one to WATER WELL OWNER and retain one for your records.




' 7: McPherson

SE% NE % NE % 5 W)
and direction from nearest town or city street address of well if located within city? I
)0 S. Main, McPherson, Kansas
TERWELL OWNER. NCRA
St Address, Box# : P.O. Box 1401 Board of Agriculture, Division of Water Resources
e, 2P Code : McPherson, Kansas 67460 Application Number:
EN\{};glihSS Eg%}grh%%x: 4| DEPTH OF COMPLETEDWELL . . . ... 183...... ft. ELEVATION: .............. 1497.06...............
« N Depth(s) Groundwater Encountered 1................. ft 2. ft 3. ft
: WELL'S STATICWATERLEVEL .. .. ....... ft below land surface measured onmo/day/yr ... ..............
W NE X Pump testdata: Wellwaterwas ... .NA.. . . ftafter......... .. hours pumping. .. ........ gpm
': Est Yield .. NA...gpm: Welwaterwas ........... ftafter........... hours pumping . . ......... gpm
] Bore Hole Diameter . . 9.625. .in. to...... 185.... ... ft,and................. into.. ... ft
E | WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well !
3 1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) ‘
sW SE 2 Irrigaion 4 Industrial 7 Lawn and garden only @ Monitoringwell , ... !
Was a chemical/bacteriological sample submitted to Department®Yes......... No.¥.... ; If yes, mo/day/yr sampk/was |
o submitted Water Weli Disinfected? Yes No {
E OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . .. Clamped ... .. :
-1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded.................
f2yvC 4 ABS 7 Fiberglass ... ... Threaded. /7. ...........
ing diameter . . . . .. 4.... .. in. to..... 153 ....ft, Dia........... in.to............ ft, Dia............ into............ ft
height above land surface . . . . . 25.56. ... .. in., weight....................... lbs./ft. Wall thickness or gauge No. ... .Sch.4Q.. ...
OF SCREEN OR PERFORATION MATERIAL PVC 10 Asbestos-cement
1 Sieel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other (specify) . .................
2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
JEEN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)
1 Continuous slot @wu slot 6 Wire wrapped 9 Drilled holes
= 2 Louvered shutter Key punched 7 Torch cut 10 Other(specify) . ........... ... . ouiin..
BEN-PERFORATED INTERVALS:  From....... 153...... ft to...... 183....... ft, From................. fRto................ ft]
From................ ft to................ ft, From................. fRto................ ft]
GRAVEL PACK INTERVALS: From....... 151...... ft to...... 185....... ft. From................. ftto................ ft| -
From................ ft to........... ... ft, From................. ftto................
ROUT MATERIAL: (?\leat cement 2 Cement grout G)Bentonite e S
iinervals: From..... ¥, ..., f to....148 ... ft, From....148™7. . ft to....151..... ft, From............ fLto............ ft
#is the nearest source of possible contarhination: 10 Livestock pens 14 Abandoned water well
| Septic tank 4 Lateral lines 7 Pitprivy 11 Fuel storage 15 Oil wellGas well
Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Other (specify below) g
 Watertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage ~refinery.............
fromwel? ¢ How many feet? ¢
10 OTHOLOGIT TOG FROM 10 PLUGGING INTERVALS
10 |Clay, Dark Brown ;
35 |Clay, Brown ¢
40 |Sand, Brown
55 |Sand, Brown
65 Sand, Brown
69 Sand, Brown
86 |Clay, Gray
105 |[Sand, Brown
112 |Clay, Brown Gray
145 |[Sand, Brown |
150 [Clay, Gray Brown 3
175 |Sand, Brown
183 |Clay, Gray Green to Green White 111D, Abovegrade
185 |Shale, Blue Gray Project Name: NCRA Refinery
3 GeoCore # 809, # X
CTOR'S OR LANDOWNER'S CERTIFICATION: This water well wagf(1constructed, (2) reconstructed, or (3) plugged under my jurisdiction
Jwes completed on (mo/day/year) . ............... 11/15/99....... . ..... and this record is true to the best of my knowiedge and belief.
HWatsr Well Contractor's License No. ... ..... 527......... This Water Well Record was completed on (mo/gay/yr) . . .. ,, 1/158/99. . ... .. |
E{n business name of GeoCore Services, Inc. by (signature) /il /& :
: NSTRUCTIONS: Use typewriter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearly. Please fill In blanks, underiine or circle the correct answers. Send top three copies to Kansas
* Department of Heaith and Environment, Bureau of VWater, Topeka, Kansas 6662 " Telephone: 913-206-5545. Send one to WATER WELL OWNER and retain one for your records.

e
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d. McPherson NE Y% NE % NW % | 4 T 20 s R 3 D)
and direction from nearest town or city street address of well if located within city? e
S. Main, McPherson, Kansas

JATERWELL OVNER. NCRA

St Address, Box# : P.O. Box 1401 Board of Agriculture, Division of Water Resources
te, ZIP Code : McPherson, Kansas 67460 Application Number:
C L%M;(El-lh% lé%%g;l‘l%NOX: 4| DEPTH OF COMPLETEDWELL . . . . .. 156...... f. ELEVATION: .............. 149228 .. .......... .. .
3 N Depth(s) Groundwater Encountered 1................. 2. ft 3. ft.
X WELL'S STATICWATERLEVEL........... ft below land surface measured on mo/day/yr .. ... ... ........
NE Pump testdata: Wellwaterwas ... .NA. . . ftafter........... hours pumping . . ......... gpm
N Est Yield .. NA. .. gpm: Wellwaterwas ........... ftafter........... hours pumping . . ......... gpm
Bore Hole Diameter . . 9,625 .in. to...... 157.... ... ft,and................. into............... ft
E | WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well
1 Domestic 3 Feediot 6 Oil field water supply 9 Dewatering 12 Ofther (Specify below)
Sw SE 2 Irrigation 4 Industrial 7 Lawn and garden only Monitoringwell , ... ... ... ... .......
Was a chemical/bacteriological sample submitted to Department®Yes......... No.¥.....; If yes, mo/day/yr saranwas
< submitted Water Well Disinfected? Yes No
¥PE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . . . Clamped. . ...
1 Sleel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded.................
[2yvCc 4 ABS 7 Fiberglass ... Threaded. 4/7. . ..........
ing diameter . . . . . . 4...... in. to..... 136....ft, Dia........... innto............ ft, Dia............ into............ ft
height above land surface . . . . . 29.76. .. ... in., weight....................... lbs./ft Wall thickness or gauge No. . ... Sch.4Q. . ...
',‘*OF SCREEN OR PERFORATION MATERIAL PVC 10 Asbestos-cement
1 Stoel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other (specify) . ... ..............
2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)
- 1 Continuous slot ill slot 6 Wire wrapped 9 Drilled holes
- 2 Louvered shutter Key punched 7 Torch cut 10 Other (specify) . ........ .. ... .o ...
PERFORATED INTERVALS: From....... 136...... ft to...... 156..... .. ft, From................. ftto................ ft
From................ ftto................ ft, From................. ftto................ ft]
GRAVEL PACK INTERVALS: From....... 133...... ft to...... 157....... ft, From................. ftto................ ft)
From................ ftto................ ft, From................. ftto................ ft]
JROUT MATERIAL: (?\leat cement 2 Cement grout Gyentonite 40ther. . ...
ginervais: From... 00 .. . ft o....130. ... ft, From....130°%7. . ft to....133..... ft, From............ ft to............ ft.
) is the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
‘ Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Qil wellGas well
Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage Other (specify below)
:‘Watertight sewer ines 6 Seepage pit 9 Feedyard 13 Insecticide storage ~refinery.............
edon fromwell? ¢ How many feet? ¢
O TITHOLOGIC LOG FROM [®) PLUGGING INTERVALS

5 Clay, Dark Brown
20 |Clay, Red Brown
53 Clay, Light Brown
61 Sand, Brown

66 |Clay, Gray Green
72  |Sand, Brown )
85 |Sand, Brown

96 |Clay, Grey Brown
105 |Sand, Brown
125 ([Sand, Brown
145 |[Sand, Brown

152 |Clay, Gray Green
156 |Clay, Blue Gray
157 |Shale, Dark Blue

110D, Abovegrade
Project Name: NCRA Refinery
GeoCore # 809, #

CTOR'S OR LANDOWNER'S CERTIFICATION: This water well wagf(1constructed, (2) reconstructed, or (3) plugged under my jurisdiction

completed on (mo/day/year) . . ... ........... 11/15/99....... % .. ... and this record is true to the best of my knowledge and belief.
Water Well Contractor’s License No. .. ...... 527......... This Water Well Record was completed on (mo/day/yr) . ... . 11/15/99. ... ...
the business name of GeoCore Services, Inc. by (signature) fan N //&/

INSTRUCTIONS: Use typewriter or bail point pen. PLEASE PRESS FIRMLY and PRINT clearly. Please fill In blanks, undetine or circle the commect answers. Send top three copies to Kensas
Depariment of Heaith end Environment, Bureau of Water, Topeka, Kansas 66620-0007. Telephone: 913-286-5545. Send one to WATER WELL OWNER and retain one for your records.
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McPherson L SE % SE % SE % 32 T 19 S R 3
nce and direction from nearest town or city street address of well if located within city? ~F

0 S. Main, McPherson, Kansas

RATER WELL OWNER: NCRA

Bt Address, Box# : P.O. Box 1401 Board of Agriculture, Division of Water Resources
Jolate, ZIP Code : McPherson, Kansas 67460 Application Number:

SCATE WELL'S LOCATION E DEFTH OF COMPLETEDWELL . . .. . . 110... . .. ft ELEVATION: .............. 1494.42

AN"X INSECTION BOX: Depth(s) Groundwater Encountered 1................. ft 2....... ... L ft 3. ft|
WELL'S STATIC WATERLEVEL . . ......... ft below land surface measured on mo/day/yr ... ..............
W NE Pump test data: Weliwaterwas ... .NA . .. .ftafter....... ... . hours pumping . . .. ....... gpm
Est Yield .. NA.. gom: Wellwaterwas ........... ftafter........... hours pumping . ... ....... gpm
Bore Hole Diameter ... .8....in. to...... 110 ... ... ft,and................. in.to.. ... ft
E WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well
1 Domestic 3 Feediot 6 Oil field water supply 9 Dewatering 12 Other (Specify below)
sw SE 2 Irrigaion 4 Industrial 7 Lawn and garden only (T0)Monitoringwell ... ...
X Was a chemical/bacteriological sample submitted to Department®™Yes......... No..Y..... , If yes, mo/day/yr sampb/was
, o submitted Water Well Disinfected? Yes No
OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . .. Clamped. . . ..
£ 1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Cther (specify below) Welded.................
PVC 4 ABS 7 Fiberglass . Threaded. /7. ...........
Peasing diameter . . . . . . 2. in. to..... 85..... ft, Dia........... in. to............ ft, Dia............ into............ ft
g height above land surface . . . . . 34.68...... in., weight. ... ................... Ibs./ft. Wall thickness or gauge No. ....Sch.40.. ...
B OF SCREEN OR PERFORATION MATERIAL @PVC 10 Asbestos-cement
Steel 3 Stainiess steel 5 Fiberglass RMP (SR) 11 Other(specify) ... ...............
¢ 2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
j OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)
-1 Continuous slot Il stot 6 Wire wrapped 9 Drilled holes
2 Louvered shutter Key punched 7 Torch cut 10 Other (specify) .. ......... ... .. .......
BEN-PERFORATED INTERVALS:  From....... 85...... ftto...... 110 ... ft, From................. ftto................ ffj
: FIOM. ..ot ftto................ ft, From................. ftto........... ..., ft]
GRAVEL PACK INTERVALS:  From....... 80....... ftto...... 110....... ft, From................. fto............... ft
From................ ftto................ ft, From................. ftto................ ftl
JROUT MATERIAL: (?\Jeat cement 2 Cement grout (iiyentonite 4 Oer . ..ot
gintervals: From... .. 0. ... ft to..... 18..... ft, From..... 877 ft to..... 80.. ... ft, From............ ftto............ ft
jtis the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
“?Sepﬁc tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil weltGas well
:Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Cther (specify below)
 Watertight sewer ines 6 Seepage pit 9 Feedyard 13 Insecticide storage —refinery.............
from well? 0 How many feet?
S 10 LITHOLOGIU LOG FROM 10 PLUGGING TNTERVALS
r 8 Clay, Dark Brown 98 104 ([Sand, Light Brown
] 18 [Clay, Red Brown 104 110 |Clay, Brown

29 |Clay, Light Brown
39 [Sand, Light Brown
48 Sand, Light Brown
53 Clay, Gray Green
57 |Clay, Tarnish Gray
68 |Sand, Light Brown
72  |Clay, Brown

85 [Sand, Light Brown
: 86 Clay, Brown

§ | 89 |Sand, Light Brown.

93 Clay, Brown 108S , Abovegrade

96 |Sand, Light Brown Project Name: NCRA Refinery

98 [Clay, Brown GeoCore #809 , #
DNTRACTOR'S OR LANDOWNER'S CERTIFICATION: This water well wagf(1}constructed, (2) reconstructed, or (3) plugged under my jurisdiction
was completed on (mo/day/year) . . ... ... ....... 11/15/99.......%. ... .. and this record is true fo the best of my knowledge and belief.
es Water Well Contractor's License No. ........ S27......... This Water Well Record was completed on (mo/day/yr) ... ..11/158/99. . ... ..
i the business name of GeoCore Services, Inc. by (signature) y>

INSTRUCTIONS: Use typewriter or bail point pen. PLEASE PRESS FIRMLY and PRINT cleary. Please fill in blanks, underiine or circle the commect answers. Send top three copies ta Kansas

Department of Health and Envronment, Bureau of Water, Topeka, Kansas 66820-0001. Telephone: 813-296-5545. Send one to WATER WELL OWNER and retain one for your records.
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. McPherson SE% SE % SE %| 3 | T 19 s |R 3 oN
and direction from nearest town or city street address of well if iocated within city? <

§ S. Main, McPherson, Kansas
TERWELL OWNER: NCRA

Address, Box# : P.O. Box 1401 Board of Agriculture, Division of Water Resources

Slas, ZIP Code  McPherson, Kansas 67460 Application Number:

k LEN Vg(ELIIN% Eg%/g:l%% x |4/ DEPTH OF COMPLETEDWELL. . .. .. 168. .. ... ft ELEVATION: ............... 14945............... .

N Depth(s) Groundwater Encountered 1................. ft 2., ... ft ... .. ft

WELL'S STATC WATERLEVEL .. ......... ft. below land surface measured on mo/day/yr . ................
W NE Pump testdata: Wellwaterwas ... NA. .. .ftafter........... hours pumping .. ......... gpm
Est Yield .. NA...gpm: Wellwaterwas ........... ftafter........... hours pumping . . ......... apm

: Bore Hole Diameter . . 9.625. .in. to. .. ... 170.. .. ... ft,and. ................ into............... ft.

E | WELL WATER TOBE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well

1 1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below)

Sw SE 2 lrrigation 4 |ndustrial 7 Lawn and garden only @ Monitoring we\lV ......................
X Was a chemical/bacteriological sample submitted to Department®Yes......... No..V.... : If yes, mo/day/yr sampk/was
= submitted Water Well Disinfected? Yes No
OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . .. Clamped . . . ..

4 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded.................
FyVvC 4 ABS 7 Fiberglass ...l Threaded. /0. ...........
¥hsing diameter . . . . .. 4... ... in.to..... 148 ... .ft, Dia........... into............ ft, Dia............ into............ ft
 height above land surface . . . . . 32.64. .. ... in., weight....................... Ibs./ft Wall thickness or gauge No. ....Sch.4Q.....
OF SCREEN OR PERFORATION MATERIAL PVC 10 Asbestos-cement

"1 Steel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other(specify) . .................

2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)

JEN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)

;i Continuous slot ill slot 6 Wire wrapped 9 Drilled holes

2 Louvered shutter Key punched 7 Torch cut 10 Other (specify) . . ........ocuveeennn...

PERFORATED INTERVALS: From....... 148... ... ftto...... 168 ...... ft, From................. ftto................ f]
From................ ftto................ ft, From................. fRto................ ft]
GRAVEL PACK INTERVALS: From....... 143...... ft to...... 170. ... .. ft, From................. | < T ftl
From................ ft to................ ft, From................. ft o................ ft

MATERIAL: @\leat cement 2 Cement grout Gyentonite 4 Other . .. e
Is: From..... 9..... ft to.... 141 . .. ft, From.... 14157 .. ft o....143.. ... ft, From............ ftto............ ft!

s the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well

- Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Qil welVGas well

- Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Other (specify below)

Watertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage ~refinery.............

from well? 0 How many feet?
[®] OTROLCGIC TOG FROM [®] PLUGGING TNTERVALS
5 Clay, Dark Brown 130 135 (Sand,
15 [Clay, Reddish Brown 135 150 |Sand,
30 |Clay, Light Brown 150 160 |Sand,
40 |[Clay, Light Brown 160 162 |Sand,
45 |Clay, Light Brown 162 164 |Clay, Light Gray Pink
50 |Sand, Gray 164 168 |Clay, Dark Blue Gray Pink
57 |Clay, Grayish Brown 168 169 |Clay, Dark Blue Pink
65 |Sand, 169 170 |Shale, Blue Light Gray
75 |Clay, Grayish Brown
85 |Sand,
90 [Sand,
95 |Sand, Brown
100 /Sand, 108D , Abovegrade
110 [Sand, Project Name: NCRA Refinery
130 (Sand, GeoCore # 809, #
CTOR'S OR LANDOWNER'S CERTIFICATION: This water weli wa! constructed, (2) reconstructed, or (3) plugged under my jurisdiction

was completed on (mo/day/year) . . ... ........... 11/15/99....... % ... .. and this record is true to the best of my knowledge and belief.

,“Wabr Well Contractor's License No. ........ §27......... This Water Well Record was completed on (mofday/yr) ... ... 11/158/99. ., . ...
*the business name of GeoCore Services, Inc. by (signature) Il /o

INS: Use typewriter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearly. Please fill in blanks, undertine or clrmT’m cofrect answers. Send top three copies to Kansas
of Health and Environment, Bureau of Waler, Topeka, Kansas 66620-0007. Telephone: 913-288-5545. Send one to WATER WELL OWNER and retain one for your records.
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McPherson | NE% NW % SE % | 32 T 19 S R 3 : D)
and direction from nearest town or city street address of well if located within city? ~
0 S. Main, McPherson, Kansas

JATERWELL OWNER NCRA

St Address, Box#  : P.O. Box 1401 Board of Agriculture, Division of Water Resources
Blate, ZIP Code : McPherson, Kansas 67460 Application Number:
RV\;(EIIINSS E?:%/grl%%x; 4| DEPTH OF COMPLETEDWELL . . . . .. 155. ... .. ft ELEVATION: .............. 1481.33.. ... ...... .. .
N Depth(s) Groundwater Encountered 1................. ft. 2.0 . ... ft 3. . ft|
WELL'S STATICWATERLEVEL .. ... ...... ft below land surface measured on mo/day/yr .. .. .............
W NE Pump test data: Wellwaterwas ... NA .  .ftafter........... hours pumping . . ......... gpm
Est Yield .. NA. . .gpm: Wellwaterwas ........... ftafter........... hours pumping . ... ....... gpm
Bore Hole Diameter . . 9.625. .in. to ... ... 157....... ft,and................. into. ... ft
X E WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection weil
1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below)
sw SE 2 Irrigation 4 Industrial 7 Lawn and garden only @ Monmorlng well /..
Was a chemical/bacteriological sample submitted to Department®Yes.........No..V....; ; If yes, mo/day/yr sampb/ms
< submitted Water WeII Dlsmfected? Yes No
§PE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . .. Clamped. . . ..
1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded.................
C 4 ABS 7 Fiberglass ... Threaded. /7. ... ........
ing diameter . . . . .. 4...... in. to..... 135. ... ft, Dia........... into....... ... ft, Dia............ into............ ft
g height above land surface . . . . . 3492...... in, weight....................... lbs./ft Wall thickness or gauge No. .. .. Sch. 40.....
;OF SCREEN OR PERFORATION MATERIAL PVC 10 Asbestos-cement
4 Steel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other (specify) . .................
2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
EEN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole)
1 Continuous stot @\Aill slot 6 Wire wrapped 9 Drilled holes
2 Louvered shutter Key punched 7 Torch cut 10 Other(specify) . ........... o vuen. ..
PERFORATED INTERVALS: From....... 135...... ft to...... 158 ... ... ft, From................. tto................ ft
From................ ftto.......... ..., ft, From................. ftto................ ft|
GRAVEL PACK INTERVALS:  From....... 124. ... .. ft to...... 157....... ft, From................. ftto................ ft|
From................ ftto................ ft, From................. to................ ft
MATERIAL: (?ﬂeat cement 2 Cement grout G)Bentonite A OB . ..o e e
is: From..... ... .. ft to....121 .. .. ft, From.... 12157, ftto.... 124 ... ft, From............ ftto............ ft|
18 the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
’Sq:hc tank 4 |ateral lines 7 Pit privy 11 Fuel storage 15 Oil wellGas well
‘Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fertlizer storage Other (specify below)
E!?memght sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage —.refinery.............
on from well? 0 How many feet?
O TITHOLOGIC TOG FROM O — PLUGGING INTERVALS
5 Clay, Dark 140 145 |Sand,
8 Clay, Dark 145 150 |Gravel,
25 [Clay, Grayish Brown 150 154 |Clay, Blue Gray
35 |Clay, Light Brown to Gray 154 157 [Shale, Blue Gray

40 |(Clay, Light Brown

45 |Clay, Light Grayish Brown
50 |Clay, Light Grayish Brown
63 |Clay, Light Grayish Brown

65 |Sand,
85 [Sand,
100 (Sand,
110 |Sand,
125 |Sand 106D , Abovegrade
135 [Sand, Project Name: NCRA Refinery
. 140 |Gravel, GeoCore #809, #
RACTOR'S OR LANDOWNER'S CERTIFICATION: This water welt wa@consﬁ’ucted, (2) reconstructed, or (3) plugged under my jurisdiction
i completed on (mo/day/year) ... ............. 11/15/99....... . .. ... and this record is true to the best of my knowledge and belief.
‘ J Water Well Contractor's License No. ........ 527......... This Water Well Record was completed g (mo/day/yr), .. . . . . 11/15/99.. ... ..
huuness name of GeoCore Services, Inc. by (signature) A ,2//

: Usa typewriter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearly. Please fill in blanks, underline or circle the comrect answers. Send top three copies to Kansas
of Hod(h and Emvironment, Bureau of Water, Topeka, Kansas 66620-0007. Telephone: 913-296-5545. Send one to WATER WELL OWNER and retain one for your records.
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McPherson | NE% NE % SE % L T S R 3 D)
e and direction from nearest town or city street address of well if located within cxty? e
00 S. Main, McPherson, Kansas
TER WELL OWNER: NCRA
St Address. Box# : P.O. Box 1401 Board of Agriculture, Division of Water Resources
Btate, P Code : McPherson, Kansas 67460 Application Number:
I\EN\{_\&%L”IQSS 'é%%ﬁén%%x: 4| DEPTH OF COMPLETEDWELL . . .. .. 158. ... .. ft. ELEVATION: .............. 1477.59. . ............. :
N Depth(s) Groundwater Encountered 1. ............. ... ft 2. . ft 3. ft
WELL'S STATICWATERLEVEL. ... ....... ft below land surface measured on mo/day/yr .. ...............
W NE Pump testdata: Wellwaterwas ... .NA ... . ftafter........... hours pumping . . ......... gpm
Est Yield .. NA. . .gpm: Wellwaterwas ........... ftafter........... hours pumping . ... ....... gpm
Bore Hole Diameter . . 9.625. .in. to. .. ... 177..... .. ft,and. ................ in.to............... ft
—X E | WELLWATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well
1 Domestic 3 Feediot 6 Oilfield water supply 9 Dewatering 12 Other (Specify below)
SwW SE 2 Irrigation 4 Industrial 7 Lawn and garden only @ Monltonng wel /"
Was a chemicalbacteriological sample submitted to Department™VYes.........No..V....; ; If yes, mo/day/yr sanWwas
— submitted Water WeII stlnfected? Yes No
YPE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . . . Clamped . . ...
1 Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded. ................
C 4 ABS 7 Fiberglass ... ... Threaded. /. ...........
ing diameter . . . . .. 4...... in. to..... 138 ... .ft, Dia........... in.to............ ft, Dia............ innto............ ft
g height above land surface . . . . . 50.28. ... .. in, weight. ... ................... Ibs./ft. Wall thickness or gauge No. . ... Sch. 40 .. .. .
OF SCREEN OR PERFORATION MATERIAL @PVC 10 Asbestos-cement
1 Steel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other (specify) . .. ...............
-2 Brass 4 Galvanized stee! 6 Concrete tile 9 ABS 12 None used (open hole)
OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole)
+1 Continuous slot @Vlill slot 6 Wire wrapped 9 Drilled holes
"2 Louvered shutter Key punched 7 Torch cut 10 Other (specify) . ... ........ ... ... ......
EEN-PERFORATED INTERVALS:  From. .. .. .. 138...... ftto...... 158 ...... ft, From................. ft to...... U ftl
From................ ftto................ ft, From................. fLto................ ftl
GRAVEL PACK INTERVALS: From....... 123.... .. fto...... 177, .. ft, From................. fto................ ftl
From................ ftto................ ft, From................. o, ... ft]
OUT MATERIAL: @\leat cement 2 Cement grout (:‘B)Bentonite 4 OtEr . oot e
imervals: From..... 0. . . .. ft to....121.... ft, From.... 1217, . ftto.... 123 ... ft, From............ftto............ ft|
g the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
* Septic tank 4 Lateral lines’ 7 Pit privy 11 Fuel storage 15 Qil welvGas well
';Scaer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Other (specify below)
atertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage “refinery.............
fromwel? @ How many feet?
O CITROCOGIC TUG FROM TO — PLUGGING INTERVALS
5 Clay, Brown 115 118 |[Sand,
10 |Clay, Black 118 150 |Sand,
15 |Clay, Dark Brown 150 158 |Sand, Brown
18 |[Clay, Gray 158 163 |Sand, Blue Gray
23 |Clay, Brown 163 170  |Shale, Blue Gray
3 32 |Clay, Brown 170 175 [Shale, Red
3 40 |Sand, Brown 175 177 |Shale, Blue
’ 45 |Sand,
48 |Sand,
55 |Clay, Gray
62 |Clay, Gray Tan
70  [Sand,
82 |Sand, 107D, Abovegrade
90 |Sand, | Project Name: NCRA Refinery
115 |Sand, | GeoCore # 809, #
CTOR'S OR LANDOWNER'S CERTIFICATION: This water well wagf{1)constructed, (2) reconstructed, or (3) plugged under my jurisdiction
$ completed on (mo/daylyear) . .. ............. 11/15/99. ... .M. . ... and this record is true to the best of my knowledge and belief.
w Water Well Contractor's License No. . . . ... .. 27 This Water Well Record was completed gm(moiday/yy) . .. .. 11/15/99. . .....
in business name of 'GeoCore Services, Inc. by (signature) &_ﬁ ,Zé/
NS: Use typewriter or ball point pen. PLEASE PRESS FIRMLY and PRINT clearly. Please fill in blanks, underfine or circle the comect answers. Send top three copies to Kansas
" of Health end Envronment, Bureau of Water, Topeka, Kansas 66620-0007. Telephone: 913-298-5545. Send one to WATER WELL OWNER and retain one for your records.
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HUNUF VWATER VVELL. Fracuon oecton Number {ownship Number nge Number
McPherson NW % NW % SE % 32 T 19 S R 3

e and direction from nearest town or city street address of well if located within city?
B0 South Main, McPherson, Kansas

NATER WELL OWNER: NCRA

St Address, Box# @ P.O. Box 1401 Board of Agriculture, Division of Water Resources
State, ZIP Code : McPherson, Kansas 67460 Application Number:
THRENY&%L*ISS lég%'ggl%% « |4 DEPTH OF COMPLETEDWELL . . .. .. 158. ... .. f. ELEVATION: .............. 1482.68............... .
i N Depth(s) Groundwater Encountered 1................. ft 2., .. ft ... . ft
; WELL'S STATICWATERLEVEL . ... ... .. .. ft below land surface measured on mo/day/yr .. ... ............
1 N NE Pump testdata: Wellwaterwas ... NA. .. .ftafter........... hours pumping . .. ........ gpm
] Est Yield .. NA...gpm: Wellwaterwas ........... ftafter........... hours pumping . . ......... gpm
. Bore Hole Diameter . . 9.625. .in. to. .. ... 165..... .. ftoand................. inoto.. ... ft.
’?W X E | WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well
1 Domestic 3 Feediot 6 Oil field water supply 9 Dewatering 12 Other (Specify below)
sw SE 2 Irrigation 4 Industrial 7 Lawn and garden only Monitoringwell /. ... . .. L.
Was a chemical/bacteriological sample submitted to Department®Yes......... No.. V... ; If yes, mo/day/yr sampras
= submitted . Water Well Disinfected? Yes No
E OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . . . . . . Clamped . . . ..
Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded.................
C 4 ABS 7 Fiberglass ~ ..........iiiieiiain Threaded. /7. ...........
ing diameter . . . . .. 4. ... in. to..... 138.. . .ft, Dia........... in.to............ ft, Dia............ into............ ft.
height above land surface . . . . . 27.96...... in, weight....................... Ibs./ft Wall thickness or gauge No. ....Sch.40.....
£ OF SCREEN OR PERFORATION MATERIAL PVC 10 Asbestos-cement
.1 Steel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other (specify)..................
2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)
. 1 Continuous slot @WII slot 6 Wire wrapped 9 Dirilled holes
2 Louvered shutter Key punched 7 Torch cut 10 Other (specify) .. ......................
PERFORATED INTERVALS:  From....... 138...... ft to...... 158 ...... ft, From................. ftto........ ..., ft
From................ ftto................ ft, From................. fRto................ ft]
GRAVEL PACK INTERVALS: From....... 133...... ft to...... 165....... ft, From................. ftto................ ft,
A From................ ft o................ ft, From................. ftto................ ft)
JROUT MATERIAL (?\‘eat cement 2 Cement grout Gyentonite e
_:lmervals: From..... 0. .. .. ft to....127 ... ft, From.... 1277 .. ft to....133..... ft, From............ ft to... ... t|
¢is the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
-Seplic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil wellGas well
 Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage @ Other (specify below)
Watertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage —refinery.............
fromwell? @ How many feet? ¢
— 10 LIMHROCOGIC LUG FROM 10 PLUGGING INTERVALS
8 Clay, Very Dark Brown 115 125 |Sand,
12 |Clay, Reddish Brown 125 135 |Sand,
15 |Clay, Reddish Brown 135 150 [Sand,
25 |Clay, Brown 150 153 |Sand,
30 |Silt, Brown 153 158 |[Clay, Pale Yellow
42 |Clay, Brown 158 165 |Shale, Gray
45 Sand, White
50 [Sand,
§5 |Sand,
60 |Sand,
70  [Sand,
75 |Sand, Tan
80 |Sand, 105D , Abovegrade
105 [Sand, Project Name: NCRA Refinery
115 |Sand, GeoCore # 809, #
CTOR'S OR LANDOWNER'S CERTIFICATION: This water well wag{(1)constructed, (2) reconstructed, or (3) plugged under my jurisdiction
sas completed on (mo/day/year) . . ... ........... 11715199 . ... ™. ... .. and this record is true to the best of my knowledge and belief.
s Water Wel Contractor's License No. . ....... S27......... This Water Well Record was completed gn (mo/day/yr), . ... . . 11/16/99. ... ..
r the business name of GeoCore Services, Inc. by (signature) i /Zg

: Use typewriter or ball paint pen. PLEASE PRESS FIRMLY and PRINT clearly. Please fll in blanks, undedine or circle the correct answers. Send top three copies to Kansas
of Health and Emironment, Bureau of Water, Topeka, Kansas 66620-0001. Telephone: 813-298-5545. Send one to WATER WELL OWNER and retain one for your records.
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©_McPherson | NW % NW % NE ¥% 5 | T 20 s R 3 W)
and direction from nearest town or city street address of well if located within city? ~
JS. Main, McPherson, Kansas

TERWELL OWNER NCRA

Bt Address, Box# : P.O. Box 1401 Board of Agriculture, Division of VWater Resources
, 2P Code : McPherson, Kansas 67460 Application Number:
, .E\ENV\;(ELIhSS E%EI:'IAC\).‘:IOB%X: 4| DEPTH OF COMPLETEDWELL . . .. . . 150. ... .. ft ELEVATION: .............. 1482.72............... ,
g N Depth(s) Groundwater Encountered 1............ ..... ft 2. ... ft 3..... ... ft|
X WELL'S STATICWATERLEVEL . . . ........ ft below land surface measured on mo/dayfyr ... ..............
Pump testdata: Wellwaterwas ... NA. _.ftafter........... hours pumping .. ......... gpm
NW NE Est Yied .. NA. .. gpm: Welwaterwas ........... ftafter........... hours pumping . . ... ...... gpm
Bore Hole Diameter . . 9.625. .in. to.. . ... 150....... ft,and. ................ in.to............... ft
E WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well
1 Domestic 3 Feediot 6 Cil field water supply 9 Dewatering 12 Other (Specify below)
sw SE 2 |rrigation 4 |Industrial 7 Lawn and garden only @ Monitoringwell » . ... . ...
Was a chemical/bacteriological sample submitted to Department®™Yes......... No. V... ; If yes, mo/day/yr sampk/was
\ — submitted Water Well Disinfected? Yes No
%€ OF BLANK CASING USED: 5 Wroughtiron 8 Concrete tile CASING JOINTS: Glued . . . . .. Clamped. . . ..
Steel 3 RMP (SR) 6 Asbestos-Cement 9 Cther (specify below) Welded . ................
4 ABS 7 Fiberglass .. Threaded. 4/7. . ..........
fsing diameter . . . . .. 4...... in. to..... 60..... ft, Dia........... in.to............ ft, Dia............ into............ ft
height above fand surface . . . . . 33.12...... in., weight. . ..................... lbs./ft. Wall thickness or gauge No. . ... Sch. 80 ... ..
OF SCREEN OR PERFORATION MATERIAL PVC 10 Asbestos-cement
| Steel 3 Stainless steel 5 Fiberglass RMP (SR) 11 Other (specify) . .................
} Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Sawcut 11 None (open hole)
} Continuous slot @wu slot 6 Wire wrapped 9 Drilled holes
Louvered shutter Key punched 7 Torch cut 10 Other(specify) ..........cv s,
PERFORATED INTERVALS: From....... 60....... ftto...... 150....... ft, From................. ftto................ ft
From................ ftto............... ft, From................. fto................ ftl
. GRAVEL PACK INTERVALS: From....... 57....... ft o...... 150....... ft, From................. to................ ft|
From................ Lo, . . ft, From................. ftto................ ft|
MATERIAL. (?\Aeat cement 2 Cement grout @entonite 4 OEr . o oottt
Is: From..... 9..... ft o..... 81, .. ft, From..... 1. ftto..... ST..... ft, From............ ft to............ ft|
the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
baptic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil wellGas well
lines 5 Cess pool 8 Sewage iagoon 12 Fertilizer storage @ Other (specify below)
Natertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage ~refinery.............
pn fromwel? How many feet? ¢
O O THOLOGIC LTOG FROM 0 PLUGGING INTERVALS

8 Clay, Dark Brown

20 |Clay, Brown

30 |Clay, Brown

35 |Clay, Gray Brown

55 |(Sand, Gray Brown

59 |Sand, Brown

70  [Clay, Gray Brown

75 |Sand, Brown

85 |[Sand, Brown

100 [Sand, Brown to Red Brown

110 |Sand, Brown

125 |Sand, Brown to Red Brown

140 |Sand, Brown RW/MW , Abovegrade

150 |Sand, Brown Project Name: NCRA Refinery

GeoCore #809, #

TOR'S OR LANDOWNER'S CERTIFICATION: This water well wa constructed, (2) reconstructed, or (3) plugged under my jurisdiction

@ completed on (mo/day/year) . . .............. 11/15/99. . ... ™. ..... and this record is true to the best of my knowledge and belief.
§Water Well Contractor's License No. ... ..... S27......... This Water Well Record was completed on (mo/day/yr) . ... .. 11/18/99. ... ..
e business name of GeoCore Services, Inc. by (signature) ﬂd 4

{
: Use typewriter or ball point pen. PLEASE PRESS FIRMLY and PRINT claarty. Please fill in blanks, underiine or circle the comrect answers. Send top three copies to Kenses
of Health end Environment, Bureau of Water, Topeka, Kansas 66620-0007. Telephone: 913-206-5545. Send one to WATER WELL OWNER and retain one for your records.
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(Vb
This sheet is to be filled in and mailed to oifice upon completion of well 3

R ARG

¢, _Globe Oil LO. _.CYRETSOD, Aenses . ___________ _June 9, .1941.
L) Nunie of job . Date
by EWell Novoooee B e Hugh Rushton . _ _ _  _________
e et = Driller's nume
1. Isthere a plug in well ___. XS e e
2. Thickness of plugt! wood-10"concreimehes
3. Log of Well: Formation Formation
_____ O _to.._X_.____ Seil ______ 7L ___to.__..87 ___ Coarse Sang
1 o 48 Clay_______ | __. 87___.to....90_ _ cla¥ °%:
_..48 __to.._5B8._.._ Sandy_Clay. .80 ___to..__. 115 .. Cgarse Sapg
.58 _to... 62 ___. Fine fand_ .| _115_ __to. ___ 120 _ Ied. Fine _
.62 _to .66 ____ Coarse Sapnd| _120_ _to. ___ 161'6" D_Q.arssa_s_‘gggs
66 to._TL.____ Clays oo | e £0 oo Gravel
4. Depth of well (ground level to top of plug) ______ B0 3N . feet
5, Size and lengths of material left in well: :
P 45 ____ feet of ._'_A_lB___..inchs_hEEfie screen ' T
______________ bY e DY oo .. ___.shutter cone
_-118_____feet of.._.18 __.inch inside blank casing
.10 feet of._..30.__.inch outside blank casing
" 6. Amount of gravel used in well___50 ton.____ yards ST
7. Work on well began._ Mey 14, 2941 .
8. Well was completed.__June 7, 1941 ____ _____ __ .
9. Number of working days ... __ 3
r . 10, Test of well:
? Power used____Electric Motor ____ , 'é;_
Duration of test.._10 _ _________ hours *C:“/
g. p.m. pumped.. 1000 ___________ 27
o . (Standing water level.__.72 = ________ feet ~ 77
rom ground level ) =
1 Pumping water level _X1l'= feet
Drawdown - ____. 39 feet -
;11. Pump No._..____.__.____was installed in this well by .__ 39_5_%3315]1;;_;;: ___________
12, Remarks: o e
____________________________ i_-____-______.___ et
(N T T

i
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D i AL L O,

.......... e e Urmtge HCRA-A=1L

’
5 . - -~ - : - ~ ~ o
LOCATICN- NE-NE-lZi Sec. 5 Twp. 20s Hge. 3w State Lop No. Si
. State Viell to. 122
WaTilR WSl no, 3
,” TAAY sy
CLAY
, DAT . DATSE
12 ReAANEL] ALY
Rep JoinT WELL TLLLED Sy LA TMIAY L 4
CwAY
20 Sy B ow g
(D DRaieioD 32" csee 1wi"37 INTO Tnsue
) LEn Gy oF &7 CreemA o PIDE FRewm
NI Plme o @daLe orF MoTaow So-’ .
Eah (37 LENGT - 2F PUMP FLAnis To FLAnGE 3-57

(4) Scivion PiDE FRohM FUMme T5-07

4gp .
(§) 187 swurT e LIREEN Ne.d MARPE E2ow

SANDY
cuar NC. 2 SA. \RleN $.Slo”
‘ .
i [F1n® dans (&7 18" BuLaAaNi TAS WL VMR OFZWRorm Nl gl
QI S 2N X ,
o —BLE Ga IRCN IS -
© bl ., = - - R _L.,
. SLAv {57 Uss o GRAVEL CcF 5 TO 4— I
Tt 2
4 e - - —
_..Zz__..‘;o_‘\.'&:i_< (8) 3o DA ELREAN LT SASIiNG 1S LoNG WAYG
STAT-L. SAanD &
Heao Ao E INSTALLED AND CEMENTES INTO BAL
‘, GCRAVEL ‘ C- .
g7 &) wATEw. LEVE O BEFOWE o ROV TgEor
20| St WAas TL-0T Froin GwevwD
93. FINE 3ANT
(10) AFTEL. 10 HCEwW ¢ WeATZIZ LEVEL VoA b
SANT - STAWMDING AT 76~ 47
GuavEL (1) WBoL Toi7T waS 2 unm Fom 10 Mo
O ume T, 134
1‘!\2 \y T4 Resv.Ts T ¥ FuUrmriNnG TeoT \}\.)\‘1-\_7 [ | S
e fFimu-5amp AvETCAGE DIWAW Do N R
SaWD - ’s “ i fr
o (S > - <
Ganvel FRe s £ 6
‘2 "

3 [Eer s DRAFILE TeAaoinG 41 INCHES
(R = el o 7
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T R G s,
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2 —— o
P \ S - ~ /:7 ’// J
T Ll S

. This sneet is to be filed i and maiied 12 office upon compiction of weil
1. . National Cooperative Refinery Association_ ___________ - B=~20-587
Name of Jodb Date
O MePherson_ Kansas ________________
City State
Layne .
3, WellNo, o4 Raoy.Senior __________________
Y4 e == :’_,‘/Cf/_ Driller’s Nome

4. - Well'location: 000" south_of Layne Well No. 2.

MMM UMY M YAl N LA N e e el

Give Distance and Direction from Permaneant Land Muark so Well can be Accurately Located Severai Ycars [

S ’ - . . BT

S e e
5. Work began 8-2-57 ________: work completed __8=20-37______. Number of v:'érkin; dol.;_;,

6. Diameter, length and type of material left in well: A ) | . -th
7. __40___feet of /2 _Shutter _____ screen made of .____Bronze ___ - ____ No. _ 4 . ¢
Shutter, Concrete, Keyatone Armeo, Bronze, Stainless Steel, Concrete Uesh -

g, 218" __ feet of _12 __ inch inside casing made of Std._Pipe __ with Welded ————__ con
Armeco, Std. Pipe, Concrete Riveted, Welded, Screw
i ) . . - Co . .o . . . ) - : Ul
"9, 119%4"_feet of - 18__ inch outside casing made of Std._Pipe __ with - Welded -—-__ con

Armeo, Std. Pipe Riveted, Welded. Serew. <’
10, _.10 _ _ yards of gravel used in well. Size 1/8_X_3/8 S C :
"11. Test of well. Did vou use test or permﬁ'ne'nt pump? _Test ______ __._lam_ A3
) . ) ) ) o i Site of Bowl : *Sts
7% 0il Lub Column ‘ : S
12. Pump No. - _____ ; geared head No. _____._;ratio________ NPT, : pulley:diam, _
I Big Continental - Drive Shaft T
13. Power used Enga.; horse power _____ ; voltage _____ (Y. p. M. —n—_.; pulley diam. _____ DT
Electric Motor, Engine A ) .A
14. Size of orfice ___10 __ inch, bv ___8____ inch. Orifice tube reading _9+5___ inches. -
15. Pumping test—measurements from ground levei: . owd ‘
Time _" © @GP Static ' Drawdown ' Puril'prin
gk 5 _8:30.__ . 1016 __.73' .  _24%6" _ 9716
7l ot _9sa0 a6 73t antam. 100r
v { '
o : t | R ]
26 L9 /‘17/,4 10330.__ 1016 B LI 282 . . 101t
TR A 1016 73t 281 S TI1
A2:30___ _1016 I3 _28 ____ - 101
_1:30___ 1016 ___ AL 28 ____ 101!
l: - : < " b ! 8 OEesn
‘ 2330 __ _X016 13 o281 1017
! . [ FRO NS )
: 1 Hour ‘ P
16, Recovery in 5 minutes __EWIY ___________, in Seesmwuser ___Fullo e
ooz ' .
. '17. Customer's pump No. '_/f'.‘_?:_‘_‘_’..’f_ was installed in this well by oo




f© Was el under-reamed?_ Yes___ . From 1L7%4". _Zcetto_..158 __. ‘cet. bottom
By Reverse Rotary Method om _ feet to o foet
From __________ feet to .. _____ feet
;~-.AIf all screen was not placed at bottom, state how :: was spaced. S S ke
“ From ______ feet to ____ fcet; from ______ feet to . feet: from ...__._ feet to ______ feet.
‘ Dcptﬁ bf'\vell (from ground level to top of plug) ._--L1398. _ feet _____ 0 __.__ inches.

Ciaat

Was cémcnt placed around or between any of the casings? __Yes
If so, state where, how much and method used..117Y 4% of 18" 0,D., 3/8% _1all pipe _.
vas_pressure_cemented_in 22" hole_by Halliburton. ..142 bags_of. cement.

b were used.

Loé of well from ground level:

Feet Feet Formation FORSRETCH

b 0 to_— -2 SoAl o ,

, 2 __to S 60___. Brown clay. some vellow_clay strealls,

- 0 oo~ Some.sandy streaks ___________________ | R

: ) Soft_sandy gray clay_with coarse_sand lenses
_Coans&_s.'and_ancL.graxel,._ciean_and_"‘ o
_lD.QSB_______________\ — _—

71 to 7__.._13__; Soft_sandy_gray clay _________________ ‘

L 73 to __.Z4%6n _Cmrs;a_saxxd_mi.gr,aval _______________ S .

3 _7416% to ____.16__'_ Soft_sandy gray clay ___ '__.;;_:____;__‘ ‘ , S

3 ___7;(1-__ to —--94___. Mad._.tn-.éhar.se_sand,_a_fau_clm____

ST . S, Streaks. .

..94___fo____96 __ Brown sandv. clay_______________________

--96___to._._110___ Med. to_ cnarse_sand_and gravel ...

~110___to___)45.__ Med. to _coarse_saod and_gravel,..._
e tO ——,- -few thin-clay streaks . . _________._

45 _to 188 __ _Coarse _sand_and_sravel _and_thicker
i R “ clay streaks _______._____ i
Jote to___X88.Y_ Green Soft _Shale . _________.______
to - S

e e $0 e e e e

emarks: y P A

nﬂrrcasing_l.af.t_r’&‘__abox.é_.gzqmid.,_.making-b.o.tal_dept-h_-

Jrom top_of pipe 159'. ______ e '
914" of 18" pipe,. . SR el
S, B

j ™ §




s

-

1Al g g~ PRI AR S ‘.

o ' ’ HELL Ao, T

-
~
~
-
. JaN
ICT G e X
-~

\’ I i A e T D .
i b past—d —— - - /0.
/ 4 | I & B G.D. X 3/8” CAs 1ug
- . /uft >£)
£ I‘.\. t_! - r/
/’ “‘ i . h ‘q:’,’ >
. ‘ ‘] 5 a ,\“ Comm Z2n Y{O-L_ c ‘ . o
E s S e
5 P .\l : SR : h
- 4
‘ E - }/h/-—- 1’w*~““‘ Ccmen+ed foll
< i w7 . .
3 K j K N . .
i

Z.‘."_“_ 12" AP 350" Pipe

Eh
)

T TINTT RIS
;’Y\_.—’—"’\ i~ ,<_ -
‘4
\!
f', ;

b
43
’

"nncm' OO X T Rl R R T T T AR T
’ . .
Ir
1
'

i.. 1 - o ’/

S NS WA N S
o o
Q
< 0 sl

2 Layne Stultor ot

.
Pl A SR e M w0 e
i §8 i i by ety P B g oM g v Cemiw m el

e Silicon Brotsc.

3
I‘ L 0

(ola
o
-
iy
a
g
-
1
]
1
(03}
o
A
o5
Q
It

[

»
r

o

C.

=
s e
3
3
-
»
— {

i 0% LT e Gravel Wall Fitoen
: 5 )
: 3 e, 0 UT0 o
' | 8 ‘O"‘ AN SRR
. ' % c o .
~Qo A0

0 2
ngn_:(’(' I ‘3( /71
T T T ' “9\

: . . \
LAVREAVESTILN CC- Togon ot e 1 Cosneeative Refiaepey Srosoer enore!

¥
\‘- l /’,—n (-,.’5

nnmems § — g —— —fh.—- u' -

*-ﬂﬂf";}"/“f’ﬁ“

‘r(:_ ~ ks

VGG LT T LOS;:‘.’XTB.‘J\,_.__M_ _n__J':J &-’.3—:«,—-—‘-'{ el P IO _\___’ 2T T e e
MICHTS, KAMDAU MEL VIVTER WOE L R MO e

e A . oo b v e S
»

cre A < ‘. FRE I o
ORI .!.1.4.‘...‘.."\. 1w 37 Leget -,2_,__»¢ e l_f... .
2 :

v e (e S0yt Al

1Y
P

- emaca o —
e

2r B s e A L



Prsfioies S

E
A
"§]
.
2

&
A /2 "‘E ’f: /\/E—’—--— S G 3
-~ T o e - , —_— //:</ = = Q ~
— —_——e — = h i ia - 4= Kol ) - (e
- —~ = = ol /A 2 Ioee~ -
_ - ~ - =53 2. L </ 3 -g - 30
5~ TS -~ 15— , - - J
R " e v - : ///’ //:"/ Tl /\ S’QJ i £ - U
- S ez T _i - ) , e o Vo + l,.,
e T T 2 s/zz/ar 2L (T s a én
= ‘- . E L AN, v ?\/
—a v T e~ o T - e - - ey & Q
—— e 0+ ec
- / \ r o el i Zeprox g9 4L 2
\ = = - Zrmtia by
/ - Vi | sTLoea |
! I ) \ \,.’ ""-/"7” '3’4 57— 232 ‘
| / C o e o A se - ze |
| — - 7 ) 55+ €5
L : [SI R E-F AR
Bli1OC -2 vee | - ~ \ 59 + <¢
+ A A _._-" 1 b v e G.L, . ¥
1 A Ei 4G4 531 g3
I i 511 2«9
NI N 50—+ 90
ST I 3
k’! ot \\ . - 3 49— 91
L BN - | . —-
©l o .Q A ; : v To Fimed D‘P*L t8 72
. ; E g ‘“ - .s'» %J - \./(/(»".‘QV‘ 47—— q3
Q. i ° i j ; .v Q\ ju_b:-r-aci‘ /?l"‘ 46—— 94
"o g RS v = Gruge Reading| 451 95
o I r v ~ Svom |40 Saer| T 9
m 2 N U 5 .(_ r [ @ 41 g 97
H 3 s , -~
ol Ay Y A 42+ 9y
lt\.: \(") ot ; 4. 1 < 1 ‘1—‘ -1 C17
S| YN P [ N 40 4+ ;0o
0 Y| e . \Il hall 39 lo]
-~ 3, . ! b -t
o s I :L o : _ |
AT IR N, 38 iea |
P TR e o~ 36— c= :
Q?! | | £ « 3 v Q| L 35—/ 05
= - N 34— cc
b . — ) F
A '& X ' ; B3+ 07
B . | 327 1o0g
2 | 31—Foq
P S ‘e 30—+ 10
X Ftols ‘ 29—t 11
| * ; ' o
| -, | g T3
> b | Ao, 4
1 s L)
Vreoof Soccen 1 7 241G
A e~ Y
] *-
i _ R 3117
v = sy A ~+1g
é; P—aeu»-o*'c o 2-2 }
c . Pc,.c.kov- :. 7~l __’lq
R 1 20 Ti120
2l 1 7 19 1121
{ 0 1
v 7 ]




WELL INFORMATION

Layne-Western Co. Inc.

]
.Mational Cooperative Refinerv. | 5. Driller...d.. Watkins
R ttsvintadtets | 6 DATE...2/310/87. .
2. City, State..iCPherson, Xansas . | 7. DateStarted..........oooo
|
........................................................................................................ Completed....oooeeeeeeeeeee
3. Well No........ 0 at Test Hole No..........: 2=86 . 8. Drill Crew Man Hrs.....oooovoooo .
4. Well Location (attach MAaD) ..o, 9. Working Days
NE%, NWk, NEX, Seg. 35, .T-20-S, R=3=W, . Drilling...oeeeeeeeeeeee e
MoPherson. CoMDEY 4. . KARSRS. o oeeeceeene ceceeeene Other
10. MATERIAL IN WELL waLL —
L ¢ s
FLT!.EO'::. D':‘A.. o:g'! N!TSCTN. MATERIAL TYrg NO.
Wra
Sereen .070"
- 01aC
35' £" (18" 18=8 Type 304 S5 Xero0e Crenings
Inner Casi 5' 0" |18" .180 [18-8 Type 304 SS |
nner Casing
] Welded
40°' Q" /18" | ___ 2375 Carbon Steel b
Outer Casing |71 410n .375 |carbon Steel Weldad
g 3 RO w | Foremt
11. GRAVEL 13. WELL DIMENSIONS
Size 1/8.x.1/2 Miles | A. Total Depth .. .156' 9" .
TOR8 L8 o (From Top of Inner Casing to Bottom o:
Well)
EALING CASING B. Height of Inner Casing........... 2 6
12. § (Above Ground Level)
Puddied Clay (Yes) )
With ... Bags Bentonite Added C. Distance to Top of Gravel......... Sa.......
or (From Ground Level)
With............. Bags Cement
& D. Diameter of Drilli Hole ..20.". . 5.38". ..
Seal Material Placed in
Well With..Ealihurton. ...
2" tremie Comments __Reverse rotary
Bottom of Well Screen
Sealed With .S.8keed o —

Lw-39




1. PUMPING TEST

A.
ResK DRSK
11l ..inBHC ... . Zowl .. J..Stages
Permanent pump
Length of column ......140. .. . Ft.
Length of Bo-wl .................. LA It.
Length of suetion ..........S__........ Ft.
B. Measured water level 77" 10" Xt from top of ..2A..In. | ORIFICE
dia. casing which is .2.! 6" . Ft above ground. || o Xeeoeememaresanesesenns
C. Length of airline .....140. _Ft. from top of casing. || . 2
‘, INCHES ] |
; QRIFICE : | ALT. GAGE WATER DRAW
TIME ! MANOMETER ! GPM , READING | LEYEL DOWN
0 ‘ 0
0 - 77' ]__011
|
1l Hr. 4 699 | 119' 7" 41' 9v
2 |- 699 | 119' 9%" 41' 11k"
3 699 } - 119' 9k" 41' 11"
4 699 ! 119' 9ox" 41' 11x"
5 699 119" 9k" 41 11y
6 699 119' 9%" 41' 11x"
|
7 699 ' 119' 9%" 41' 11x"
8 699 \ 119' 9k" 41 1ix"
! |
RECOVERY 0 ;
15 Min. : o | ’ g' "
|
30 0o g' g"
!
45 0 g' 5"
60 0 ! gt 3n
15. Permanent ...hayne Pump No. ....106352 installed by
Layne
Permanent air line length .. 140 Ft. Date
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LOG OF WELL

Ft In. ' to Ft. In. Formation
!

Q ’ S | top soil

5 17 brownish red clay

17 | 40 . gray clay

40 85 l fine sand with clay

55 68 fine to coarse sand

68 80 clay with fine sand streaks

80 112 med. sand & gravel w/clav streaks
112 120 clay with fine sand
120 155 fine to med. sand w/thin clay lens

155 160 gray shale
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WELL INFORMATION & .
| N.T R A
, ) .CRoA
Layne-Western Co. InC. i suse
, ] i
1. CONTRACT..Naticnal Z2-oz Zefinerv Assoc. || 5. Driller... 2. Wells . .
e Purchase Crder No. 17727 | 6. DATE.. .January. 15, 5372
9. City,State... . McPherson, Xanszas. ... 7. DateStarted......o.oooooo
SOOI 1) < 1= 1= ST Completed........o.ooovoooreereeeen .
NCRA
3. WLell_‘.\_"o ......... A at Test Hole No............ 1270 8. Drill Crew Man Hrs......._.
1. Well"Location (attach MaAD ) oo e, 9. Working Days
........................................................................................................ Drilling. . e
....................................................................................................... Other .ot e
10. MATERIAL IN WELL waLL -
LENGTH 5 THICK. MATERIAL TYPe NO.
FT. IN. E:LA | :gi NESS IN. #134
‘ Type 304 - 18/8 Layne 4
Screen 50 18 | _7 .188 Stainless Steel Sheer |
e b0 0 Openings
Inner Casi i API - 5L !
nner Casing : Welded
22.50|18 .375 S Ca ke
Outer Casing { New Structural |
uter | - Woelded
l__l_‘2_ P23 .25 Casing L‘\ byt
11. GRAVEL 13. WELL DIMENSIONS
Size ...{Larned) 1/8" x.3/8" . A. Total Depth ......... 173
Tons ... 8 T, (From Top of Inner Casing to Bottom of
Well) ..
g
SEALING CASING B. Height of Inner Casing.............; L e,
12. (Above Ground Level)
Puddled Clay - fex {No)
With . Bags Bentonite Added C. Distance to Top of Gravel....20L .. .
or (From Ground Level)
With 30Q.... Bags Cement, Halliburton . . " A
D. Diameter of Drill Hole ..20" to 120"
Seal Material Placed in 38" hole to 173.
Well VK. 120 ko . Gl
Comments Reverse Circulatio
Bottom of Well Screen Drill Methcd.
Sealed With .Stainless Steel Plate

LW-39

S WH - 1, DO
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] LELL Ao
(as zonstructed)
S P U

7 ! ,./ \\\\..‘ \ e «\ o ‘ N ‘/,' . S

i bt ‘ C

Jv. , |

] ! [ S 26" 0.D. X 1/4" Casing
1 ! i

! i

1 l o

] ’ ’ &L~ 39" lole

4 | - ~

“+ - /_ . Pressure Cemented Full Dept
4 1 -

J /

i W . ¢

™~ '

*!‘ N

‘ { -

; <

I' T

L - 22.5' of

' et )

< i Lo 18" ¥ 0.375" Pipe

Bt AR AR
. RN )
K NPT
Ii k (r,‘ t"“,.c.
!u tc ¢ ol . a7~ 3g" Hole
[ C oL -
\ tcc "~ OA 7.'3 I . )
' L_.j-«"“";f';’f;”g_;.,—~-~"- 18" Layne Shutter Scr:
\ ,

A N e e e e e S e S e

Cat Type 204, 18-8 Stainls
' kf‘f:-' s 77 c.“.»’-‘:
N I N .
(7 -2 (-t‘" ™ Gravel Wall Filter
) " _»-".‘ = e - -
! t< PRI .
: \ ‘_‘__ R OO
! \-,“ L0 Z(‘D
I - B YA

¢ Al L

LAYNE-WESTERN CO. Jos:_National Cooperative Refinery Associat‘ion
ENGINEERING DEPT. LOCATION: .

Maing Plant, ’cm,ae.p.seﬂ-,——ka-&sa-s———-——"
WICHITA. KANSAS NEW WATER WELL = - WELL NIMBER NINE ;




LOG OF WELL

Ft. In. to i Ft. In.i Formation
o} \ 2 iTon soil
2\ « 45' Brcwn znd t2n clizv
45% \ \ 65\ Fine =D coarse sand
65] 77 Tan clay
77\ 92 Fine t©o cearse sand and gravel
92 97 Whits clav
97 117 Med. 2o ccarse szand and gravel
117 12 White clay
122 173 |Fine zZo coarse csand and fine to med. gravel
w/some clav lenses
172 181 Green znd blue cshale

S ph - (6 9OF
gy 7
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SUMMARY OF LABORATORY TEST DATA

REPORT TO: A & M Engineering & Environmental Services, Inc. LABORATORY NO. __SW _#A-00V/03
PROJECT: NCRA DATE: September 9, 1986
BORING OEPTH MOISTURE DRY ATTERBERG LIMITS LATERAL be G.RADATION OTHER TESTS
NO. IN FEET CONTENT IDENSITY COMPRESSION| STRAIN |[PRESSURE F:IYLURE % PASSING
% pct LL PL | PI kst % psi #a | #10] #40 | #200
A 0-3 25.4 46 17 29 100 } 99 97
— 23.3 49 18 31 99 981 97 99
- 24.2 48 16 32 99 97195 89 |See Grain Size Digt Curve
B 0-3 18.6 44 16 28 100} 99 98
- 19,1 40 17 23 100 991 97 92 hbee Grain Size Dist Curve
- 5-6 19.2 44 17 | 37 99 991 98 } 497 ————
B-3 5-6.5 19.1 46 17 ] 29 1001 .98 | 913
6-15 23.0 51 17 34 100 ]J100 96 |See Grajn Size Diskt LCurve
15-20 18.9 44 14 30 99 98 | 97 94 o
W-1 25-31.5 7.6 20 19 1 98 98| 97 76 |See Grain Size Dist Curwv
B-1 5-6 13.4 98.8
Remolded 13.4 97.8 K(remolded) = 4,‘(14)‘—() cm/:

STEWART, WHITE AND ASSOCIATES, INC.
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GRAIN SIZE DISTRIBUTICN DIAGRAM
U. S. STANDARD SIEVE NUMBERS HYDROMETER

100 2 1°3/4° 1/2°3/8° 3 4 6 81012 16 20 30 40 S0 70 100 140 200 o

90 10

80 20

70 - 30
T
L ©
g 60 40 w
] 2z
£ >
> m
[ ] o
| 50 A 003
o
z <
w o]
[ Q
2 40 50 =
W z
Q ]
m U
w o
a. w
30 [ n -

20 80

10 90

0 100

100 10 1 0.1 0.0t 0.001

GRAIN SIZE MILLIMETERS
GRAVEL SAND CLAY
COARSE | FINE COARSE | MEDIUM | FINE ST
NCRA
PROJECT:
IDENTIFICATION: __ B 33
L e T A HTE AMP ACCACIATEN INC



PER CENT FINER BY WEIGHT

GRAIN SI1ZE DISTRIBUTION CIAGRAM

U. 5. STANDARD SIEVE NUMBERS HYDROMETEH
100 2" 1"3/4” 1/2°3/8° 3 4 6 81012 16 20 30 40 SO 70 100 140 200 0
T 1
—
90 10
T
X
1
1\
80 20
®
t
0 30
7 y
\
60 40
50 50
40 A\ 60
30 )
N
—4
20 80
10 _ 90
0 100
100 10 1 0.1 0.01 0.001
GRAIN SIZE MILLIMETERS
GRAVEL SANOD T CLAY
COARSE |  fine coARse | MEDIUM | FINE Stk
PROJECT: NCRA :
' ]
IDENTIFICATION: W-1 25'-31.5

PER CENT COARSER BY WEIGHT

STEWART WHITE AND ASSOCIATED, INC. ——



PER CENT FINER BY WEIGHT

GRAIN SIZE DISTRIBUTION DIAGRAM

u. S. STANDARD SIEVE NUMBERS HYDROMETER
3 2 1"3/4° 1/2°3/8" 3 4 6 81012 16 20 30 40 S0 70 100 140 200
100 P 0
N\
90 AN 10
80 A) 20
\
70 30
'_
I
Q
60 40 w
\ ;
>
[2+]
0 i
50 50 u
'-rﬂ-n gt:
o
Q
40 60 -
zZ
w
o
o
w
30 o <
20 80
10 90
0 100
100 10 1 0.1 0.01 0.001
GRAIN SIZE MILLIMETERS
GRAVEL SANOD CLAY
COARSE | FINE coarse | MEDIUM | FINE SiLT
proJecT: _NCRA
B-3 6-15

IDENTIFICATION:

CTEWART WIITE AND ASCDCIATED INC ——
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PER CENT FINER BY WEIGHT

GRAIN SIZE DISTRIBUTION DIAGRAM

U. S. STANDARD SIEVE NUMBERS HYDROMETER
w00 32" 1°3/4" 1/2°3/8” 3 4 6 81012 16 20 30 40 50 70 100 140 200 o
I

90 10
80 20
0 I 30
60 1 N
50 . 50
40 60
30 1
20 80
10 90
0 100
100 10 1 0.1 0.01 0.001

GRAIN SIZE MILLIMETERS
GRAVEL SAND
COARSE | FINE coanrse | MEDIUM | FINE siLT cLAY
NCRA
PROJECT: .
B 3-5

IDENTIFICATION:

PER CENT COARSER BY WEIGHT

CVYCIAIA DY IAILII T AAINN ACCNMT,TIATCND 1A 000



PER CENT FINER BY WEIGHT

GRAIN SIZE DISTRIBUTION CIAGRAM

U. S. STANDARD SIEVE NUMBERS HYDROMETER
S i 1*3/4" 1/2°3/8" 3 4 6 81012 16 20 30 40 S0 70 100 140 200 )
I
\
90 AA 10
Y
\
\
80 20
\
70 L‘ 30
Ry 1] i
o
6o 1\ 0 W
<
>
m
T
50 B
5w
T
4 FI T b
3
40 60 |
Z
w
o
&
30 0 a
N
20 u 80
10 50
0 100
100 10 1 0.1 0.01 0.001
GRAIN SIZE MILLIMETERS
GRAVEL SAND
COARSE | FINE coanse | MEDIUM [ FINE SILT CLAY
PROJECT: NCRA
L
IDENTIFICATION: W-1 25'-31.5

STEWART WHITE AND ASSOCIATED, INC. —-




PER CENT FINER BY WEIGHT

GRAIN SIZE DISTRIBUTION DIAGRAM

PER CENT COARSER BY WEIGHT

U. S. STANDARD SIEVE NUMBERS HYDHOME 't
100 2" 173/4° 1/2°3/8" 3 4 6 81012 16 20 30 40 50 70 100 140 200 0
N
90 10
80 A 20
70 30
60 40
50 50
1ER AW
40 60
-
30 0
20 — 80
10 90
0 100
100 0 1 0.1 0.01 0.001
GRAIN SIZE MILLIMETERS
GRAVEL SAND
COARSE | FINE coanrse | MEDIUM | FINE SILT cLAaY
proJecT: _NCRA .
IDENTIFICATION: ___ B=3 6-15

STEWART WHITE AND ASSOCIATED, INC. —
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Appendix 2
Water Well Pumping Data




Appendix 2

Data Used to Determine the Average Pumping Rate for the Four Water Supply Wells
Date WW3 WW8 WWwW9 WW10

30-Apr-98 400 710 680 409
01-May-98 400 790 670 235
02-May-98 396 800 750 303
03-May-98 399 749 725 305
04-May-98 405 745 770 344
05-May-98 402 734 780 456
06-May-98 399 741 780 452
07-May-98 427 770 790 322
08-May-98 398 760 795 216
09-May-98 400 750 800 208
10-May-98 404 675 840 294
11-May-98 395 640 780 345
12-May-98 40 665 800 440
13-May-98 400 670 590 305
14-May-98 420 672 630 353
15-May-98 420 670 700 220
16-May-98 400 680 700 190
17-May-98 403 690 725 151
18-May-98 350 687 620 175
19-May-98 420 628 710 200
20-May-98 400 710 760 345
21-May-98 410 704 800 436
22-May-98 397 660 790 441
23-May-98 401 706 790 468
24-May-98 394 706 795 398
25-May-98 401 690 860 217
26-May-98 400 688 890 263
27-May-98 400 688 725 179
28-May-98 405 689 900 353
29-May-98 399 720 800 452
30-May-98 405 575 760 348
31-May-98 403 707 860 440
01-Jun-98 399 700 850 452
02-Jun-98 400 689 850 478
03-Jun-98 398 698 900 474
04-Jun-98 400 700 890 475
05-Jun-98 403 718 880 269
06-Jun-98 410 700 910 455
07-Jun-98 392 728 850 449
08-Jun-98 340 707 840 468
09-Jun-98 400 710 870 466
10-Jun-98 420 705 820 226
11-Jun-98 398 701 840 460
12-Jun-98 375 707 840 460
13-Jun-98 400 705 850 341
14-Jun-98 400 740 850 455
15-Jun-98 408 745 350 309
16-Jun-98 410 715 850 452
17-Jun-98 412 708 8§25 441




18-Jun-98 395 722 900 457
19-Jun-98 400 745 830 453
20-Jun-98 397 720 8360 452
21-Jun-98 385 727 850 450
22-Jun-98 3192 701 800 447
23-Jun-98 397 717 860 446
24-Jun-98 402 737 860 449
25-Jun-98 400 711 850 442
26-Jun-98 395 709 970 447
27-Jun-98 391 744 850 456
28-Jun-98 388 743 850 465
29-Jun-98 400 705 850 419
30-Jun-98 398 718 830 455
01-Jul-98 417 762 800 435
02-Jul-98 391 698 820 449
03-Jul-98 412 805 700 470
04-Jul-98 406 810 825 410
05-Jul-98 395 736 825 420
06-Jul-98 395 743 825 423
07-Jul-98 425 812 820 478
08-Jul-98 380 700 880 410
09-Jul-98 412 720 825 480
09-Jul-98 412 720 825 480
10-Jul-98 400 720 8300 430
11-Jul-98 400 760 875 440
12-Jul-98 422 721 850 385
13-Jul-98 420 711 825 190
14-Jul-98 394 736 850 385
15-Jul-98 380 765 875 420
16-Jul-98 413 740 825 412
17-Jul-98 423 718 800 484
18-Jul-98 405 747 875 439
19-Jul-98 390 677 800 437
20-Jul-98 405 774 925 483
21-Jul-98 400 735 860 464
22-Jul-98 400 637 810 440
23-Jul-98 401 729 800 450
24-Jul-98 420 802 750 361
25-Jul-98 420 713 825 425
26-Jul-98 400 695 750 404
27-Jul-98 400 730 900 390
28-Jul-98 406 596 740 303
29-Jul-98 392 088 810 419
30-Jul-98 400 785 750 340
31-Jul-98 395 767 870 430
01-Aug-98 400 675 780 400
02-Aug-98 410 660 820 391
03-Aug-98 409 619 770 426
04-Aug-98 389 677 850 505
05-Aug-98 419 680 800 480
06-Aug-98 396 688 850 440
07-Aug-98 400 700 760 198




07-Aug-98 395 660 850 400
08-Aug-98 410 754 880 406
10-Aug-98 410 732 870 419
11-Aug-98 398 712 870 463
12-Aug-98 399 688 880 438
13-Aug-98 390 748 750 480
14-Aug-98 397 715 900 430
15-Aug-98 410 746 900 210
16-Aug-98 395 700 900 408
17-Aug-98 395 645 810 403
18-Aug-98 405 758 900 425
19-Aug-98 391 648 800 451
20-Aug-98 407 085 900 460
21-Aug-98 407 730 880 430
22-Aug-98 411 721 760 415
23-Aug-98 400 668 835 416
23-Aug-98 422 740 890 360
25-Aug-98 411 670 745 415
26-Aug-98 402 682 890 428
27-Aug-98 395 695 900 417
28-Aug-98 400 700 900 200
29-Aug-98 300 675 900 200
30-Aug-98 400 670 750 422
31-Aug-98 400 660 800 415
01-Sep-98 406 650 600 391
02-Sep-98 412 673 725 406
03-Sep-98 320 683 800 195
04-Sep-98 413 796 900 431
05-Sep-98 408 682 770 412
06-Sep-98 407 693 900 426
07-Sep-98 389 718 775 437
10-Sep-98 391 666 675 420
11-Sep-98 399 691 600 390
12-Sep-98 404 700 870 422
12-Sep-98 390 667 710 422
13-Sep-98 420 665 310 404
13-Sep-98 400 682 800 416
14-Sep-98 400 730 890 410
15-Sep-98 400 630 600 450
16-Sep-98 392 773 900 374
17-Sep-98 405 685 860 416
18-Sep-98 410 690 810 401
19-Sep-98 404 704 810 418
20-Sep-98 400 718 900 441
21-Sep-98 405 760 890 420
22-Sep-98 400 730 890 440
23-Sep-98 400 670 890 400
24-Sep-98 400 680 850 390
25-Sep-98 400 720 890 440
26-Sep-98 410 747 900 420
27-Sep-98 415 753 900 427
28-Sep-98 402 679 000 410




29-Sep-98 400 680 790
30-Sep-98 408 638 900
30-Sep-98 408 638 900
01-Oct-98 400 623 900
02-Oct-98 391 619 890
03-Oct-98 380 640 890
04-Oct-98 368 595 480
05-Oct-98 370 668 890
06-Oct-98 370 735 890
07-Oct-98 370 610 790
08-Oct-98 380 730 900
09-Oct-98 383 570 600
10-Oct-98 381 628 700
11-Oct-98 395 620 900
12-Oct-98 376 610 900
13-Oct-98 398 670 900
14-Oct-98 368 620 900
15-Oct-98 360 664 895
16-Oct-98 365 630 895
17-Oct-98 365 694 895
18-Oct-98 350 684 890
19-Oct-98 357 602 800
20-Oct-98 354 575 895
21-Oct-98 364 714 900
22-Oct-98 362 641 670
23-Oct-98 360 673 890
24-Oct-98 355 612 660
25-Oct-98 347 642 850
26-Oct-98 352 618 800
27-0ct-98 360 640 775
28-Oct-98 350 645 870
29-Oct-98 338 631 770
30-Oct-98 346 635 720
31-Oct-98 350 618 775
01-Nov-98 355 656 720
02-Nov-98 350 620 620
03-Nov-98 348 665 880
04-Nov-98 355 675 810
05-Nov-98 356 695 900
06-Nov-98 350 675 900
07-Nov-98 350 641 890
08-Nov-98 330 670 890
09-Nov-98 340 650 890
10-Nov-98 350 650 700
11-Nov-98 350 620 720
12-Nov-98 330 700 890
13-Nov-98 340 620 610
14-Nov-98 340 748 900
15-Nov-98 346 672 900
16-Nov-9§ 363 667 900
17-Nov-98 382 627 690
18-Nov-98 351 043 890




19-Nov-98 355 650 900 400
20-Nov-98 349 620 620 390
21-Nov-98 340 643 605 304
22-Nov-98 342 707 890 305
23-Nov-98 350 673 890 309
24-Nov-98 338 633 900 400
25-Nov-98 355 636 825 320
206-Nov-98 356 657 640 250
27-Nov-98 356 661 900 290
28-Nov-98 349 648 720 357
29-Nov-98 360 656 720 366
30-Nov-98 347 716 900 292
01-Dec-98 351 660 780 291
02-Dec-98 347 542 425 282
03-Dec-98 352 730 890 300
04-Dec-98 350 675 640 337
05-Dec-98 354 630 725 250
06-Dec-98 368 630 575 248
07-Dec-98 357 660 775 250
08-Dec-98 340 627 825 250
08-Dec-98 330 656 825 244
10-Dec-98 350 730 780 135
11-Dec-98 357 586 700 258
12-Dec-98 352 604 700 291
13-Dec-98 360 601 700 292
14-Dec-98 351 715 750 213
15-Dec-98 359 727 770 200
16-Dec-98 347 620 680 237
17-Dec-98 351 667 710 170
18-Dec-98 360 610 640 300
19-Dec-98 350 730 850 350
20-Dec-98 350 650 890 300
21-Dec-98 340 700 800 250
22-Dec-98 332 642 680 197
23-Dec-98 346 669 710 193
24-Dec-98 349 685 900 193
25-Dec-98 347 627 690 342
26-Dec-9§ 345 744 900 409
27-Dec-98 349 685 895 445
28-Dec-98 358 735 895 400
29-Dec-98 350 693 745 350
30-Dec-98 360 725 895 375
31-Dec-98 356 665 865 400
01-Jan-99 325 615 440 400
02-Jan-99 352 650 870 354
03-Jan-99 320 670 620 404
04-Jan-99 313 702 650 299
05-Jan-99 328 640 675 194
06-Jan-99 349 33 895 194
07-Jan-99 348 740 895 415
08-Jan-99 340 663 890 184
09-Jan-99 350 046 750 287




10-Jan-99 320 690 890 260
11-Jan-99 370 660 900 370
12-Jan-99 377 768 900 340
13-Jan-99 380 725 268 440
14-Jan-99 340 740 900 392
15-Jan-99 360 718 900 246
16-Jan-99 400 661 825 321
17-Jan-99 370 700 900 389
18-Jan-99 329 700 900 390
19-Jan-99 390 670 900 375
20-Jan-99 356 700 270 314
21-Jan-99 350 650 195 350
22-Jan-99 350 690 686 750
23-Jan-99 353 665 600 337
24-Jan-99 360 605 900 200
25-Jan-99 351 628 750 345
26-Jan-99 350 578 720 341
27-Jan-99 340 610 790 341
28-Jan-99 358 639 900 339
29-Jan-99 348 604 725 342
30-Jan-99 342 621 750 243
31-Jan-99 337 594 650 235
01-Feb-99 338 671 900 243
02-Feb-99 350 590 875 250
03-Feb-99 340 582 890 295
04-Feb-99 348 607 890 350
05-Feb-99 340 630 730 350
06-Feb-99 350 650 890 360
07-Feb-99 365 679 880 371
07-Feb-99 345 660 890 370
08-Feb-99 360 620 790 350
09-Feb-99 345 627 825 361
10-Feb-99 357 638 675 344
11-Feb-99 348 700 900 420
12-Feb-99 344 654 810 386
13-Feb-99 430 664 900 356
14-Feb-99 400 660 900 378
15-Feb-99 400 665 900 379
16-Feb-99 352 700 900 402
17-Feb-99 350 700 900 365
18-Feb-99 365 656 800 368
19-Feb-99 375 700 900 391
20-Feb-99 350 700 900 290
21-Feb-99 430 674 900 370
22-Feb-99 416 687 900 363
23-Feb-99 401 0648 900 370
24-Feb-99 370 609 750 347
25-Feb-99 400 680 890 365
26-Feb-99 374 633 500 355
27-Feb-99 505 693 920 370
28-Feb-99 360 684 800 156
01-Mar-99 350 644 870 350




01-Mar-99 351 665 900 392
03-Mar-99 390 660 860 360
04-Mar-99 343 610 800 295
05-Mar-99 375 682 870 366
06-Mar-99 316 694 870 395
08-Mar-99 400 696 900 375
09-Mar-99 368 650 910 377
10-Mar-99 395 625 875 368
11-Mar-99 362 662 910 280
12-Mar-99 400 665 890 330
13-Mar-99 360 664 840 346
14-Mar-99 348 670 025 228
15-Mar-99 360 588 725 290
16-Mar-99 346 615 770 262
17-Mar-99 350 666 825 357
18-Mar-99 350 610 780 301
19-Mar-99 376 588 760 264
20-Mar-99 358 568 755 300
21-Mar-99 345 574 825 295
22-Mar-99 324 557 800 253
23-Mar-99 349 658 850 352
24-Mar-99 354 636 870 273
25-Mar-99 333 575 700 266
26-Mar-99 358 700 910 322
27-Mar-99 365 630 800 293
28-Mar-99 345 661 900 346
29-Mar-99 350 680 900 344
30-Mar-99 340 638 620 287
31-Mar-99 372 705 890 329




Appendix 3
Water Well Data




ssler & el Hle alions
41582 R R £ 15 9x
T0C ASL 118t | Correcled| Correcled LISL LISL | Corrected| Corscted 1180 MSL | Corrected| Corrected LISt st | Correcled
Ele.atons| CTF DTE DTW DTV OTWw |1'sL DT DITF oTe DT.. D1 [SAIN 5L DT DTE CTP DT OTw DT:A_|1ISLOT| ©DTR cTP DT.. AN DT..
1488 32
1 1484 83
3 24 1 2
v 3 1464 24
v 5 1385
v 50 1363 4
v 53 13993
v 5 148364
v - [EES)
4 8 1463 56 1463 56 1463 55 146358 143358 1453 56 1493 5% 1463 55 1453 55 1463 55
\ el 1394 28
v 16 2134|1464 84
v 11 1168 8
101 1190 05
102 1486 77
103 1485 52
104 1484 52
11D 1486 19
1 1492 88
28 1464 83
3 1463 3,
3 1482 3
5 14911 7950 | 141165 8160 | 140855[ B134 140981 | 7975 | 141140/ 8186 | 140829| 8180 140685 | 7640 | 141175( 81492 | 140973 8117 140098 | 7930 | 144185) 8133 | 140982 B108
8 1494 7 0G0 [ 1903 81| 9390 | 140081 8353 140919 [ 9090 | 1403 81| 8374 | 140067 | 93 3¢ 140133 | 9070 | 140401 8390 | 1300 81 93 50 140121 | 9190 | 140281) 6382 [ 140078 G367
7 1496 7 84 60 | 1406 17| B510 | 140567 8504 140573 | 8456 [ 140821 8510 [ 140587 8503 140574 | 8133 | 1406 44| 8455 | 1406 22 84 52 140625 | 8430 | 140647 | 8450 | 140627 | 8148
8 1501 04 936 [ 1401 68| 9980 | 140124| 9975 140130 | 9870 | 140234| 9871 | 140233 | 9871 130233 | 9¢10 | 130194) 9990 | 1401 14| 8980 140124 | 9946 | 1401 58] 10050 | 140054 | 100 37
S 1492 84 052 [ 1402 32| 9335 | 139949 9299 139985 | 8950 | 140334) 9130 | 1401 54| 9108 1403 77 | 9057 [ 140227 9360 | 139894| 9348 139936 | 9090 | 140184) 9425 | 139859 | 8383
10 1486 68 ]
100 1487 51
108 148724
11s 1490 36 8467 | 140569 | 8540 | 1404 96| 85 31 140505 | 8497 | 140539 | 8540 | 140496| 8535 140501 | B490 | 140546 8520 | 140516 8518 140520 | 8475 | 140561| 8518 | 140518 8513
11D 1491864
1 1484 56
13 1485 7695 | 140865| 77 140777 777 140788 | 7710 [ 140850 7797 | 140763 7786 140774 | 7700 | 140860 7765 [ 1407 & 7757 140803 | 7684 | 140866 | 7745 | 140815| 7739
14 1480 81 8462 [ 1406 19| 846 1408 19| 84 6. 1406 19 | 8440 [ 140641 [ 84430 [ 1406 31 8440 1406 41 B423 | 130658 | B423 | 1406 5 8423 1408 5t 8444 | 140637 8444 [ 140637 8444
15 1488 39 8042 [ 1407 97| 804 140797 804 140797 | 8060 [ 1407 79| 8060 | 1407 79| 8060 140779 | 8030 | 140809 | 8030 | 1408 O 8030 1408 O 8016 [ 140823) 8O 16 | 140823| 8016
16 1481 86 8570 [ 1406 16| 8570 | 1406 16| 8570 140616 | 8571 [ 1408 15| 8571 [ 140615) 8571 1406 15 | 8550 | 140636 | 8550 | 1306 3¢ 85 50 1406 3f 8566 | 1406 20| 8566 | 1106 20| 8566
17 1487 15
18 14918 8478 [ 1407 02( 8478 [ 140702 8478 140702 | 8480 | 140700 8480 | 140700| 83480 140700 | 8468 [ 1407 12| 8468 [ 1407 12 84 68 140712 | 8470 [ 140710 8470 [ 140710 8470
18 1486 46 In Use InUse
200 1488 27 8177 | 1406 50| 8245 [ 140582 8237 140591 | 8190 | 1406 37| 8260 | 140567 | 8251 140576 | 8173 | 1406 54( 8270 | 140557 | 8258 140569 | 8165 | 140662 8258 | 140569| 8246
208 1488 5
1S 1489 95 8360 [ 1406 35| 8360 [ 140635| B3 60 140635 | 8342 | 140653 | 8345 | 1406 50| 8345 140650 | 8330 | 140665| 8330 | 140665| 8330 1406 65 nia na
1D 1490 75
2 1492 8542 [ 140666 8542 | 140666 | 8542 140666 | 8547 [ 140661 8547 | 1406 61 8547 1406 61 B530 | 140678 | 8530 | 1406 78| 8530 140678 | 8526 | 140682 8526 | 140682 8526
23 14914
24 1487 4 7798 [ 140949| 7798 | 140848 7798 140849 | 8710 [ 140037 8710 | 140037| 8710 140037 | 7790 | 140957 [ 7790 | 140957| 7790 140957 | 7781 [ 140966 | 7781 | 140966 | 7781
25 1394 9129 | 140361] 9130 [ 140360[ 9130 1403 60 9181 | 14030G| 9181 [ 140309| 9181
255 |149654
26 1492 13 8591 [ 1406 22| 8802 | 1404 11 8776 140437 | 8494 [ 140719| 8800 | 140413| 8762 140451 | 8576 | 1406 37| 8800 [ 140413 | 8772 140441 | 8580 | 140633| 8820 | 140393 | 8790
27 1483 81
28 149123 8258 | 140865| 8410 | 1407 13| 8391 1407 32 [ Flooded| Flooded 8244 [ 130879 8395 | 140728 8376 140747 | 8238 | 140885| 8380 [ 140743 | 8362
28 1490 82 8378 [ 1307 04| 8500 | 140582 8485 1405 87 [ Flooded Fiooded 8367 | 1907 15| 8460 [ 130622| 8448 140634 | 8365 | 1407 17| 8476 | 140606 | B462
0 1493 21
1 1495 14
2 1494 87 9274 | 14021 9420 [ 140067| 8402 140085 | 9225 [ 140262 | 9344 | 140143 9328 140158 | 9210 | 140277| 9420 | 140067 | 9394 1400 83 308 [ 1401 7 9505 | 139982 | 94 80
3 1482 69 8465 | 140804 8731 [ 140538| 86098 140571 | 8475 | 1407 94| 8761 | 140508 8725 140544 | 84435 | 140824 8750 | 1405 19| 8712 140557 | B330 | 140839| 8792 [ 140477| 8747
34 1483 43 8924 | 1404 1 89.24 | 1404 19| 8924 140419 | 8875 [ 140468 8876 | 140467 8876 140467 | 8995 | 140348 8995 | 140348| 8995 1403 48 970 [ 1403 7 8370 [140373| 8970
35 1493 17 8840 [ 1404 7 8900 [ 1404 17| 8893 140425 | 8830 | 140487 | 8909 [ 140408| 8899 140418 | 8824 | 140493 | 8903 [ 1404 14| 8893 140424 | 8826 | 1404 9 8810 [ 1404 07| 8900
36 1494 4 8970 [ 1404 7 8970 [ 140471 88 70 140471 | B96YG | 140472 | 8969 [ 140472| 8969 1404 72 | Flooded| Flooded| 8970 | 1404 71| 8970 [ 1404 71 8870
37 1483 8 8802 | 1405 7! B958 | 140423 89 1404 43 | 8810 | 140571| 8930 | 1404 51 8915 1404 66 | Flooded| Flooded 8829 | 140552 | 8926 | 140455]| B9 14
38 1494 O 9110 | 1402 9 9193 [ 1402 16| 91 1402 26 | Flooded Flooded 9135140274 9135 [ 140274 €135 140274 | 9140 | 140269 9280 | 140129 9283
39 149384 | 8800 | 140584 | BBS56 | 140528 | 884 1405 35 | Flooded Flooded Flaoded Flooded 8805 [ 140579| B8R0 | 140504 | 8871
40 1490 21 8314 [ 14070 353 | 140668| B34 1406 73 [ Flooded Flooded 8300 | 140721| 8337 | 1406 84| 8332 140689 | 8300 | 130721| 8355 [ 140666 | 834
Al 1494 42 8776 | 1406 66 776 | 140666 | 87 1406686 | 8782 [ 1406 60| 8782 | 1406 60| 8782 1406 60 | Flooded Flooded 8775 | 140667 | 8775 [ 140667| 877
42 1464 04 92 20 | 1401 84 320 | 140084 9308 1400 97 | Flooded Flooded| Flooded Flooded Flooded) Flooded
43 1494 38 8200 [ 1402 38 280 | 140148 9279 140159 [ 9115 [ 140323| 9145 | 140283 9141 140297 | 9230 | 140208 9254 | 140184| 9251 140187 | 9241 | 140197| 9363 | 140075| 9348
44 1491 7 B366 | 140804 | 8506 [ 140664 8483 1406 82 | Flooded Flooded| 83565 | 140815| 8490 | 1406 80| 8473 140697 | 8347 | 140823| 8500 | 1406 70( 8481
45 1491 34
46 1488 81 | Flooded| Flooded| Flooded| Flooded Flooded Flooded
47 1489 12 8118 | 140794 | 8263 | 140649 | 8245 140667 | 8113 | 1407 99| 8232 | 1406 80| 8217 140695 | 8010 | 140902 | 8115 | 140797 8102 1408 10
48 1487 73 7955 | 1408 18| 8047 | 140726| 8036 1407 38 | Flooded| Flooded Flooded Fiooded
49 14688 5
50 1486 78 7814 [190862| 7970 | 140706 | 7951 140726 | 7836 [ 140840 7985 [ 1406 91 7966 140710 | 7804 | 140872 7940 | 1407 36 7923 140753 [ 7793 [ 140883 7931 [ 140745[ 7914
51 1492 05 8433 [ 1407 72| 8768 | 1404 37| 8726 140479 | 8453 [ 140752 8750 | 140455| 87 13 140492 | 8425 |130780| 8751 | 140454| 8710 140495 | 8420 | 1407 85| 8770 [ 140435| 8726
52 1490 04 | Flooded Flooded Flooded) Flooded Flooded| Flooded Flooded Flooded|
53 1488 06 8380 | 140526| 8570 [ 140336 | 8546 140360 | 8405 8545 8400 85 80 nia n‘a
54 146174 8475 | 1406 99| 8545 [ 1406 28| 8536 140638 | 8470 | 140704 | 8547 | 1406 27| 8537 1406 37 | 8455 | 1407 19| 8543 | 1406 31 8532 140642 | 8478 | 140696 | 8545 [ 140628| 8537
55 14877 8295 | 140475| 8335 | 140435| 8330 140440 | 8395 | 140375| 8396 [ 140374| B3I 96 140374 | 8275 | 140495) 8335 | 1404 35| 8328 140443 | 8301 | 140469 | 8340 [ 140430[ B335
56 1492 ¢4 8954 | 1402 50| 8955 | 140249| 8955 1402 48 9104 | 140100| 9105 | 140082 8105
57 1482 O 8583 | 1406 26| 8760 [ 140449 7 38 140471 | 8603 | 140506| 8726 | 140483| 87 11 140498 | 8570 | 1406 39| 8740 | 1404 & 7 19 140490 [ 8575 | 140634| 8670 [ 140539| 8658
58 1494 3 9064 | 1403 68| 9065 | 1403 67 0 65 140367 | 8023 | 1404 O 9024 | 146408| 9024 140408 | 9068 | 140364 | 9069 | 1303 6 30 69 140363 | 9089 | 140343 | 9090 | 140342| 9090
59 1483 9 9143 [ 1402 50| 9330 | 140063 307 140086 | 9130 | 1402 &' 8263 | 1401 3¢ 9246 140147 | 6122 | 140271 9342 [ 14005 315 140079 | 9156 | 140237 | 9345 [ 140048| 9321
60 1484 9064 | 1403 38) 9093 ] 140309 90 89 140313 ] 9012 | 140390/ 9012 | 140380) 8012 140390 | 9070 ) 140332 9090 | 1403 1 0 88 1403 15 ] 9083 | 140319 9104 | 140298] 9101
81 1483 9230 | 140165) 9463 [ 139932 9434
82 1495 9375 [140141] 94963 | 140023| 9478 140038 | 9243 [ 140273 | 9280 [ 140236| 9275 1402 41 8270 | 140246 | 9553 | 139963 | 9518 139898 | 9300 | 1402 16| 96231 [ 138885 9590
63 1501 9930 [ 1402 52| 9983 | 140199| 9976 140206 | 98689 | 140293 | 9890 | 140292 98 80 140292 | 9934 | 1402438 9986 | 140196| 99 80 140203 | 9971 | 1402 11| 10047 140135| 10038
54 1494 8268 [ 1402 14| 8335 | 140147 | 9327 1401 55 | Flooded| Flooded Flooded Flooded 9307 | 1401 75| 9465 | 140017 9445
5 13921 8800 | 1404 10| 9080 | 1401 30| 9045 140165
6 1490 48 8329 | 140719| 8410 | 1406 38| 8400 140638 | 8314 | 140734 8388 | 1406 60| 8379 140669 | 8310 | 140738 | 8382 [ 140666| 8373
7S 1483 4
70 1496 74
58 1493 79 n Use In Use
89
108D 1385 16
106D 1484 24
107D 148178
108D 1497 22
1088 1457 31
1100 [13494 76
1118 1496 53
2 2 1495 63 9095 | 140468 10020 138543 8904 139658 | 8998 [ 140565[ 10000[ 139563 9875 136688 | 9020 | 140543 | 10045( 1395 18| 9317 139646 | 9033 [ 140530( 10070| 1354 93| 96540
70 1488
Al 138538
3 1461 61
<] 1464
8 14846
9 1490 69
1 1486 48 7888 [ 140758 7888 | 140758 7888 1407 58
2 1485 92 9232 | 140360 9232 | 140360 9232 1403 60
3 1487 25 807 1406 54 071 | 1408 54 8071 1408 53
4 14816 843 141022 | 8438 | 141022 8138 141022
5 116162 83 4; 1408 20 342 | 140820 8342 1408 20
] 1364 05 88 8&: 140523 883 | 140523 | 8883 1405 23




8/15/29 89/'5:64 1W1559 111599
MSL | Comected| Correcled MSL MSt | Corrected| Corrected FASL 11SL Corected| Correcled 1ASL MSL | Corrected| Corrected
DIP [ OTW ]| DTW DTW _|MSL DTW| DTP OTP DTW | DTW DTW__|MSL DTW| DTP D1P DT et DTW _|11SL DTW| DTP OTP_ | DTW [ DTW DTW _[#MSLOTW| DTP

1493.56 1493 56 1493 56 1493 56 1493 56 1493 56 1493 56 1493 56 1493 56 1483 56| 1493 56

92 80

7937 | 141178 8145 [130970| 8119 | 140996 | 7550 | 1411 66| 8168 | 140947] 814l 40974 | 79.22 | 141 8120140005 8095 | 141020 | 7907
9100 | 14D371] 9384 | 140077| ©357 | 140114 | 9090 | 130381] 0430 | 140041] 9388 | 140084 | 9050 | 1404 9402 [1400.69] 0358 | 140113 | 8020
8443 [ 140634| 8478 [ 140598] B474 | 140603 | 8162 | 1406 15| 8482 | 190595] 8480 | 140598 | 8445 | 1406 84.82 140595 8477 | 140600 | 8432
9922 [ 140182 9966 | 140138] 9961 | 140144 | 9952 | 1401 52| 101565] 136849] 101.30 | 139974 | 9920 | 140184 [10005[140099] 8984 | 140110 | 9900
9100 | 140184 93900 | 139684| 9363 | 139922 | 9374 | 1399 10| 6374 | 139910| 9374 | 139910 | 8077 | 140207 9342[130942[ 9309 | 139975 | 9048
| 7715

| 76 84

8463 | 140573 8522 | 140514| B515 | 140521 | 8470 | 140566| 8403 [ 140643 | 8490 | 140546 | 5428 | 1406 0B | B4 30| 1406 06| B430 | 140606 | 8300
8574

7880 | 140BBO| 7725 | 140835] 7719 | 140841 | 7688 | 1408 72| 7734 40832 | 76165 | 140895 7700140860 7696 | 140864 | 76 50
8565 | 140516 | 8565 | 140516| B565 | 140516 | 8585 | 140496 | 85.85 404.96 | 8427 | 140654 | B4.27 |1406.54] 8427 | 140654 | 8380
80.20 [ 1408 19] 8020 [ 140819| 8020 | 140819 | 8035 | 140804 8035 | 1408.04 | 80.12 | 1408.27] 80.12|1408.27| 8012 | 140827 | 8000
8600 [ 140686 8600 [ 140566] 8600 | 140566 | 8630 | 140556 8630 405.56 | 8550 | 1406 27 | 8560 [1406.26] 8560 | 140626 | 8537

B482 | 140698| 8482 | 140698| 8482 | 140698 | 8500 | 140680 8500 1406.80 | B467 | 140713 | 8467 |1407.13] B467 | 140713 | 8455

8160 | 140667 8295 | 140532| 8278 | 140549 | 8170 [ 140657 8310 | 140517 8293 | 140535 | 8138 [ 140689 82.15)1406.12] 8205 | 140622 [ 8117

8137
83.20 | 1406 75| 83.20 [ 140675| 8320 | 140675 | 8343 | 140652 [ 8343 | 140652 8343 | 140652 | 8330 | 140665 8330 [1406.65] 8330 | 140665 | 8314
85 83

8535 | 140673| 8535 [ 140673 8535 | 140673 | 8550 | 1406 58| 8550 | 1406 58| 8550 | 140658 | 8525 | 140683 | 8525 [1406.83] 8525 | 140683 | 8520

8675 | 140072 8710 | 140037| 8706 | 140041 | 7800 [ 140947 7815 | 140932] 7813 | 140934 | 7780 [ 140967 | 7784 140963 7784 | 140964 | 7780
9168 | 140324 | 9166 | 140324| 9166 | 140324 | 9186 [ 140304 9186 | 140304 9186 | 140304 9096

na na 8638 [ 1405751 8033 | 140180| 8984 | 140229 | 8553 | 140660| B9 10[1403.03( 8865 | 140348 | 8535

8245 | 140878| 8405 | 1407 18] 8385 | 140738 | 8258 | 140865 8426 | 140697| 8405 | 140718 | 8240 | 140883 [ 8380 [140743| 8383 | 140761 | 8234
8380 | 140882 8580 | 140502| 8556 | 140526 | 8412 [ 1406 70| 86.20 | 140462 8594 | 140488 [ 8374 | 140708 8465]140617] 8454 | 140628 | 8363

9348 | 140136 9470 | 140017| 9455 | 140032 | 9313 [ 1401 74| 9463 | 140024 9444 40043 | 9284 | 1401 9442 | 140045 6424 40064 | 9273

Blocked Blocked 8478 [ 140791 8800 | 140469 | 8760 40509 | 8437 | 1408 8748 1140521] 8709 40560 | 8423

89.79 | 140364 ] 8980 | 140363 8980 | 140363 | B8I77 [ 140366 | BI77 | 140366 | 8977 40366 | 8952 | 140391 B9 40: 9_0! 8953 40390 | 8927

8834 | 140483 8820 | 140397| 8909 | 140408 | 8330 | 130487 | 8910 | 140407 8900 40417 | 8795 | 1405 88401404 77| 8834 404 83 | 8772

898t | 140460| 8982 | 1404 59| 8582 | 140455 [ 9000 | 140441) 9000 [ 140441| 9000 | 140441 | 8970 | 140471 8670(140474[ 8970 40471 | 8954
8385 [ 140486| 8975 | 140406| BS64 | 140417 | 8816 | 140565( 8920140461 8907 404 74

1401 29| 9264 140145 | 9183 40226 | 9380 | 140029| 9355 1400.54 123 | 1402 86 | 92 30 | 1401 7 8217 40192 | 9103

140474 B899 | 140485 | 8837 | 140547 | 8928 | 140456 8917 | 140467 798 | 140586 | 88 55140529 8848 40536 | 8783

Flooded| Flooded 310 | 1407 11| 83 10[1407 11 8310 407 1 82 95

140652| 8790 | 140652 | 88C0 | 140612 | 8800 | 140642| B8B80C | 140642 76 406 73 | 87 70| 1406.72| 87.70 406 7. 7 56

139946| 08436 139968 | 9286 | 1401 18| 9525 | 139879| 9495 1399 09 92 44 40160| 9417136887 93095 400 0! 2 13

1400.38 140057 | 9355 | 140083 9480 | 139958 | 9464 | 139974 | 9216 402 22 | 93 251401 13| 83 11 1401 2 180

Flooded Flooded) 83 50 408 20| 84.87 11406 83| 84 70 1407 00 3 43

Flooded| Flooded 8144 | 1407 37| 8380[1405.01] 83.51 1405 31 8135

140677 | 8115 | 140797 8280 | 140632 8259 140653 | 8100 | 1408 12| 82 07 | 1407 Oﬂ 8184 1407 18 | 8089

Flooded| Fiooded, 7934 | 140839| 8010[140763[ 80.01 140773 | 7825

140737 | 7810 | 140866 7981 [ 140695]| 7960 [ 140716 [ 7790 | 140886| 7925140751 7908 | 140768 | 7780

1404 38 | 8463 | 140742 | 8820 | 140385( 8775 1404 30 34 24 | 1407 87451140460, 8705 140500 | B4 15

Flooded Fiooded 139 | 1408 8140]1408.64] 8140 140864 | 8134

140310 [ 8415 | 140491| 8660 402 46 86 29 140277 353 | 1405 85.66 | 140340 8539 140367 | 8320

8580 [ 1405094 | 8580 | 140594| 8580 | 140594 | 8477 | 1406 8580140594 8567 | 140607 | 8460

40056 | 8456 | 140314 8456 403 14 84 56 1403 14 3 10 | 140460 ) 8310[140460] 83 10 140460 | 8280

40111 | 8193 | 14001 N4 40010( 9184 1400 10 9040

| 140398 | 8637 | 140572 | 88490 | 140360| 8823 | 140387 | 8577 | 140632( 8722140487 8704 | 140505 [ 8560

403 07 | 9184 | 1402 4 9184 402 4 9184 140248 | 9073 | 140359[ 9075]140357| 9075 140357 | 9041

40055 | 9147 [ 140246 | 9430 | 139963 | 9395 | 139998 | 9125 | 140268 93 13140080 82.90 | 140104 [ 9090

40278 | 9182 | 140220 9220 | 1401 8 9215 140187 | 9075 | 140327 91101140292 91086 140296 | 9033

140157 | 9290 | 140226( 9610 | 139906| 9570 139946 | 9278 | 140238| 9500[1400 16| 9472 140044 | 9216
140215 | 9978 | 140204[ 10105] 140077 [ 10089 [ 140093 | 9937 | 140245| 9987 [140195 9981 1402 01 9925
Flooded)| Flooded 9289 | 140193)| 9375[140107] 9364 140118 | 9262

8328 | 1407.20] 8433 | 1406 15| 8420 | 140628 | 8344 | 140704| 8468 | 140580 8453 140596 | 8305 | 140743 | 8398 | 1406 50| 83 86 140662 | 8297

38180 8180 [8312]-8312 92 96 -92 96 9149

1396.19 | 80.30 [ 1405.33[ 10082 | 138481 9951 1396 13 | 8125 | 1404 38| 10175 139388 10044 [ 139519 | 9018 | 140545]|10080/1394 83| 9947 | 139616 | 8915

8070 [ 140478 8570 | 139978| 8508 1400 41

7911 [ 140735) 7911[140735] 7811 1407 356
9217 [ 140375]| 9217140375 9217 1403 75

8670 | 140055] 8670140055 8670 | 140055
8085 [ 141375[ 8085|1413 75 8085 141375
8429 [140733] 8429[140733[ 8429 1407 33

8327 |141078]8327[141079] 8327 141079




Conected] Lotected

L 118k | Correcieg| Conecled Correciea (AN 1 Corrected| Co
D7, [1SLCT. | OTP | C°F |OT.] DTV | OTw [14stDiv] DIP 5L0T [ CIF | ¢1p [DTAl CTa CTo K
I E—
S— - -
L —
B R 1
- e -
il I
_ T
8329 832 | 140676 1 - [ [
| | T¢ 75| Tu25 140752
776 ST [ 1307 76
7562 | 1406 00 7542/ 1306.00] 7582 | 1409 (0 |
GB 4% [ 1400 701 6 29[ 1400 70| $645 | 1440 79 [ L
1 P in Hoie Pige n kole
52.80 | 1402 23| 958G | 130043 I 63 08 | 1301 75] 93 08 1301 75] €308 | 130175 | ]
Cement in Pipe Cement in Pipe
Pioe in Hole Pipe 10 Hole
3100 [141015] 8076 | 1310 na na —
288 [110083] 9312 | ‘301 90 (8 [ 1304 53[93 B6[1400 65| 8339 | 130132 B0 05 T2:465] 8118 141355 8102 | 1
3435 11406 31] 5444:| 406 1 8420 150657 8428 1506 49 8427 | 1
3850 140154] 9G4 130180 Y% 00 [1407 04) 99 33| 1401 71 99 29 1401 75 98 40 1402 64| 98 76 140228| 9872 | 1
2551140018 8239 | 130035 89 &7 140287 8157 130127 9137 | 3
| Not There Not There |
7716 [ 141035 7716 131G 35 8181 1405 70/ B3 81] 340¢ 70l 8181 1305 70
76 54| 141040 7684 | 141030 | 8069 | 1406 55| 8050 1406 55| 8066 | 140655 ] -
400 1906 36] 6100 | 140636 | 8395 [1406 41[B3 97| 1406 39| 6397 | 140639 [ 8300 |140645] 8390 1406 36
3574 [140590] 85 74 | 140590 | 6575 | 1305 89] 85 75[ 1405 89| 8575 | 140589
| Not There Not There
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