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OTHER INDUSTRIAL WASTE
DISPOSAL CELL SITE CHARACTERIZATION

KERR-McGEE CUSHING REFINERY SITE
Cushing, Oklahoma
December 1993

INTRODUCTION

Petroleum wastes resulting from the past operation of the oil refinery formerly located at the
Cushing Facility are contained within five large pits and several smaller pits. These wastes
include Pit 4 hydrocarbon sludges, tank bottom sediments and sludges, tars, greases, and other
petroleum hydrocarbons. Acid hydrocarbon sludges are contained within five pits identified as

Pits 1 through 5.

The approved option for the remediation of these acid hydrocarbon sludges is treatment and
burial in an engineered waste disposal cell. It is possible that this disposal cell may be used for
other pon-radioactive refinery wastes. This investigation was conducted to characterize the
shallow subsurface in three areas of the Cushing Facility in an effort to find a location suitable

for the construction of such an engineered disposal cell.

IDENTIFICATION Or FOTENTIAL DISPOSAL CELL LOCATIONS

Limiting factors in the selection of a site for an engineered waste disposal cell are lithology,
permeability of substrata, depth to groundwater, and extent of subsurface contamination, if any.
This investigation involved the drilling of boreholes and the collection and analysis of soil and
bedrock samples in an effort to characterize the bedrock. Wells were installed at selected

locations to monitor groundwater levels.
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Potential locations were selected based upon information on soils derived from mudstones and
clayey shales as described in the Payne County Soil Survey (Henley, Gelnar, and Mayhugh,
1987). Criteria for site evaluation were 1) absence of waste pits; 2) potential for low
‘pcrmeability materials underlying the site; 3) the absence of operating pipeline facilities and

storage tanks; and 4) the distance from the 100-year floodplain.

Hydrogeology of the Cushing Facility and Vicinity
The Cushing Facility is immediately underlain by residual soils derived from the weathering of

underlying bedrock. Alluvial soils may occur along the major and tributary drainages.

The Cushing Facility is directly underlain by bedrock of the Pennsylvanian-age Vanoss Group
and associated soils. The shallow bedrock is dominated by thick beds of reddish-brown
mudstone with thin interbeds of siltstone, sandstone, and limestone. Some shale also occurs

beneath the site, increasing in proportion to the south.

The Vanoss Group 1s underlain in turn by the sandstones of the Ada Group and the sandstones
and shales of the Vamoosa Formation. The Oklahoma Geological Survey collectively refers to
the Ada Group ard the '"amoosa Formation as the Vamoosa-Ada Aquifer hydrologic unit. At
the site of borehole CC6 in the northwest portion of the Cushing Facility, the top of the Ada
Group lies at a depth of 175 feet (elevation 720 feet MSL Mean Sea Level). At the site of
borehnle CMW32.2 in the southeast part of the Facility, the top of the Ada Group lies at a depth
of 120 feet (elevation 729 feet MSL). Borehole CMW32.2 is about one-half mile east

(geologically up dip) from borehole CC6.
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Water-bearing units are present in both the Vanoss Group anc the underlying Ada Group.
Groundwater in the Vanoss Group is limited to the thin sandstone and limestone interbeds that
occur within the low-permeability mudstones of the Vanoss Group. Water-bearing sandstones
in the Ada Group are typically thicker and more productive than those in the overlying Vanoss

Group.

Descriptions of the Soils Underlying the Cushing Facility
Soils underlying the Cushing Facility are indicative of the underlying shallow bedrock. The
formation of this soil results from the modification of the bedrock by physical, chemical, and

biological processes.

Review of existing soils information identified areas underlain by bedrock types potentially
suitable for construction of an engineered waste disposal cell. These areas were the focus of this

imvestigation.

A total of five (5) soil series have been identified at the Cushing facility. These soil series,

which are shown on Figure 1, are described below. The locations and descriptions of the soils

are based upon the Payr~ County soil survey (Henley, Gelnar, and Mayhugh, 1987).
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* Agra Series - Soils of the Agra Series directly underlie the majority of the Cushing

Facility north of Deep Rock Road and a small area south of Deep Rock Road (see
Figure 1). These soils are formed in material weathered from shales that contain thin
layers of interbedded sandstone. Bedrock is generally found at a depth greater than
five feet. The soils are typically deep, well drained, and slowly permeable. The soil
profile typically supports a perched water table at a depth of about three to four feet
below the surface during the period November through June when evapotranspiration
is typically low. Areas underlain by the Agra Series soils are under consideration as
potential sites for the location of an engineered excavation. However, while the shale
underlying the soil is favorable for the construction of a waste disposal cell, the
presence of a seasonal, shallow perched water table may make these areas undesirable
for such a purpose.

Coyle Series - Soils of the Coyle Series directly underlie about half of the Cushing
Facility south of Deep Rock Road (see Figure 1). These soils are formed in material
weathered from sandstone. Bedrock is generally found at a depth from two to four
feet. Due to the preponderance of sand, soils of the Coyle Series are typically fine
loamy and siliceous. The soils are typically moderately deep, well drained, and
moderately permeable.

The presence of these soils indicate sandstone bedrock. This may make areas
underlain by soils of the Coyle Series undesirable as a disposal cell for petroleum
wastes.

Easpur and McClain Serigs - These soils are found along the floodplains of Skull
Creek and its tributaries (see Figure 1). Areas underlain by these soils, which are
subject to periodic flooding, are unsuited for a waste disposal cell.

Steedman Series - Soils of the Steedman Series directly underlie a small portion of the
Cushing Facility north of Deep Rock Road and about one-third of the Facility south
of Dezp Rock Road (see Figure 1). These soils are formed in material weathered
from clayey shales, Bedrock is generally found at a depth from two to four feet. The
soils are typically moderately deep, well drained, and slowly permeable. The profile
typically supports a water table in the soil perched at a very shallow depth of one-half
to one ‘oot b’ 'ow the surface. This perched water table would generally be present
during the period November through March when evapotranspiration is typically low.

Areas underlain by the Steedman Series soils are under consideration as potential sites
for the location of an engineered excavation. The shale underlying the soil is
favorable for the construction of a waste disposal cell. The presence of a very
shallow seasonal water table perched in the soil should not make these areas
undesirable for such a purpose.
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DESCRIPTION OF THE DISPOSAL CELL INVESTIGATION
This investigation utilized auger and rotary wash. drilling methodologies to characterize the

lithology underlying three study areas. Locations of the study areas are shown on Figure 2.

Lithology was logged from cuttings and cores in Area 1 and Area 2. Most boreholes in Area
3 were logged from cuttings; two boreholes were logged from cores. All boreholes in Area 3

were also logged geophysically using transportable down-hole logging equipment.

Samples were monitored during drilling to detect any subsurface contamination that may render
the site unsuitable for the disposal of petroleum waste. Monitoring for potential radiological
contamination was performed by on-site health physics personnel in accordance with a Special

Work Permit (SWP) prepared for this work.
Core sec.r-ats were collected at selected locations in Areas | and 3 for laboratory
determinations of permeability. The resulting permeability data aid in determining the suitability

of the underlying mudstones and shales for an engineered waste disposal cell.

Water-bearing units wer- identified and described during drilling. Monitor wells were installed

at selected locations in Areas | and 3.
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HYDROGEOLOGIC CHARACTERIZATION OF AREA 1
Field activities were conducted in Area 1, located in the northwest corner of the Cushing
Facility, in July and November 1991. This area has never been used for refinery operations,

and is thus free from potential hydrocarbon contamination.

A total of five boreholes were drilled and 12 groundwater monitor wells were installed at four
nested locations in Area 1. Four of the boreholes were shallow, ranging in depth from 36 feet
(MW-11) to 61 feet (MW-5) in the Vanoss Group. The Ada Group underlying the Vanoss
Group was targeted by the fifth borehole (CC6), drilled to a total depth of 255 feet. The top
of the Ada Group was encountered at a depth of 175 feet at an elevation of 720 feet MSL.. One

monitor well was completed in the Vamoosa-Ada Aquifer.

Summary of the Lithology of Area |

The lithology underlying Area | was described from cuttings and cores. Locations of the Area
1 boreholes are shown on Figure 3. Lithologic logs are presented in Appendix A. Lithologic
cross sections and 1sometric diagrams across Area | are presented as Plate 1. Selected core

intervals from borehole CC6 were tested for permeability.

The lithology underlying Area 1 consists primarily of mudstone and shale with lesser guantities
of sandstone, siltstone, and limestone. As shown in the lithologic cross sections and isometric
diagrams, shallow sandstone units were encountered at all four of the shallow boring sites. A
thin sandstone lens was found at boring site MW-5 at a depth of 11 feet (elevation 882.6 feet

MSL). A sandstone unit 15 feet in thickness was found at boring site MW-9 at a depth of 11
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TABLE 1

SUMMARY CF CORE INTERVAL PERMEABILITIES

AREA 1 BOREHOLE CCo

el m
Sample Depth Core Permeability Description
(cm/sec)

124 feet 5.3x10" Reddish-brown weathered shale

129 feet 1.1x107 Red-brown and gray marbled
weathered shale

134 feet 2.2x10° Grayish-brown unweathered
shale

156 feet 5.8x107 Reddish-brown weathered shale

164 feet 4.3x10* Dark brown weathered shale

166 feet 7.1x10° Dark gray weathered shale
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are included as Appendix C. Monitor well installation diagrams for Area 1 monitor wells are
presented in Appendix D. Well locations are shown on Figure 4. A summary of completed

lithologies and depths and water level ranges is presented in Table 2.

Four wells were constructed to monitor groundwater in the deeper shales and limestones (MW-5,
MW-7, and MW-9). Water levels in two of these wells (MW-5 and MW-7) show little change
in response to seasonal precipitation. Seasonal water-level changes in deep well MW-9 suggests

a good connection with recharge areas.

Four wells were constructed to monitor groundwater in intermediate mudstones and sandstones
(MW-8, MW-10, and MW-11) and shale (MW-6). Water levels in two of these wells (MW-8
and MW-10) show definite response to seasonal precipitation. Water levels in well MW-11
show little change in response to seasonal precipitation. With the exception of the December
1993 measurement, water levels in intermediate well MW-6 have shown a continuous slow rise

since completion, suggesting 1solation from surface recharge sources.

Four wells were constructed to monitor groundwater in shallow shales. Water levels in three
of these wells (MW-i, MW-2 and MW-3) show definite response 1o seasonal precipitation.
Wate. levels in shallow weil MW-4 had shown a continuous slow rise until July 1993. Since

that time water levels have declined in response to an unusually dry summer and fall 1993.

Well CMW29.1 was constructed to monitor water levels in the Vamoosa-Ada Aquifer. Water

levels in this well have shown no significant changes with time.
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TABLE 2

SUMMARY OF COMPLETED LITHOLOGIES AND DEPTHS
AND WATER LEVEL RANGES
CUSHING AREA 1 GROUNDWATER MONITOR WELLS

m
- Well Completed Depth of Water-Level Responds Well
Number Lithologies Completion Range To
(feet BGS) (feet BGS) Precip?
MW-1 Shallow Mudstone 1-9 Dry - 7.1 Yes
MW-2 Shallow Mudstone 2-11 0.7-8.6 Yes
MW-3 | Shallow Mudstone | 2.5 - 10.5 49-9.6 Yes I
MW-4 Shallow Mudstone 3-11 7.1-10.1 Slow Rise
MW-5 Deep Shale and 38 - 61 29.9 - 35 No
Limestone
MW-6 Intermediate 17 - 30 7.8-27.8 Slow Rise
Mudstone and
Siltstone/Shale
MW-7 Deep Shale and 40.5 - 52.5 19.9 - 23.7 No I
Limestone
MW-8 Intermediate 18 - 31 4.8 -10.7 Yes
Mudstone and
Sandstone
MW-9 Deep Mudstone, 19 - 36 5.4-19.7 Yes
Sandstone, and
L.imestone
ir !
MW-10 Intermediate 8-26 58-10 Yes
Mudstone and
Sandstone
MW-11 Intermediate 8- 31 9.1-12.6 No
Mudstone and
Sandstone
CMW29.1 | Vamoosa-Ada 168 - 245 98.6-104.4 No
Sandstone and Shale _.___J
O

Note: "feet BGS" indicates "Feet Below Ground Surface”
Date of Table: December 21, 1993
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HYDROGEOLOGIC CHARACTERIZATION OF AREA 2

Field activities were conducted in Area 2, located in the southeast corner of the Cushing
Facility, in March and April 1993. A tank farm located in the southern portion of Area 2 is still
in active service. The northern part of Area 2 has previously been used for hydrocarbon storage

and refinery operations.

A total of seven boreholes were drilled in Area 2. Three of the boreholes were drilled to depths
of 49 and 50 feet in the southern part of Area 2. Four additional boreholes were drilled to a

common depth of SO feet in the northern part of Area 2. No monitor wells were installed.

Sunimary of the Lithology of Area 2
The lithology underlying Area 2 was described from cuttings and cores. Locations of the Area

2 boreholes are shown on Figure 5. Lithologic logs are presented in Appendix E.

The shallow lithology underlying the southern part of Area 2 consists of sandstone from the
surface to depths ranging from 12 to 20 feet. This sandstone is underlain by a sequence of
interbedded sandstone, siltstone, mudstone, limestone, and shale. The shallow lithology
underlying the no-thern nart of Area 2 consists of interbedded mudstone and shale with some

thin interbeds of limestone and sandstone.

Due to shallow sandstones in the southern part of Area 2 and the recent reactivation of two
petroleum tanks in the northern part, Area 2 has been deleted from consideration as a potential

disposal site.
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HYDROGEOLOGIC CHARACTERIZATION OF AREA 3
Field activities were conducted in Area 3, located on the eastern Cushing Facility boundary, in
June and July 1993. The southern part of Area 3 overlaps with the northern part of Area 2.

Area 3 has been a site of previous refinery operations.

A total of 16 exploratory boreholes were drilled in Area 3. Most of the exploratory boreholes
were drilied and logged in the Vanoss Group to depths ranging from 42.5 feet (B-126) to 140
feet (CMW30.3). The Ada Group underlying the Vanoss Group was targeted by exploratory
borehole CMW32.2, drilled and logged to a total depth of 200 feet. The top of the Ada Group
was encountered at a depth of 120 feet at an elevation of 729 feet MSL. In addition, seven

groundwater monitor wells were completed in the Vanoss Group at three nested locations.

Summary of the Lithology of Area 3

The lithology underlying Area 3 was described from cuttings, cores, and geophysical logs.
Fourteen of the 16 boreholes were logged by cuttings and geophysically using transportable
downhole logging equipment. The two remaining boreholes (B-120-2 and B-127-2) were logged
from cores and geophysically. Selected core intervals from boreholes B-120-2 and B-127-2 were

tested for permeahility.
Locations of the boreholes are shown on Figure 6. Lithologic logs are presented in Appendix

F. Geophysical logs are presented in Appendix G. Lithologic cross sections across Area 3 are

presented as Plates 2 and 3. Isometric diagrams across Area 3 are presented as Plate 4.
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The shallow lithology underlying Area 3 (less than 30 to 40 feet in depth) consists of a sequence
of mudstones and shale with thin interbeds of sandstone, siltstone, and limestone. As shown on
the lithologic cross sections and isometric diagrams, most of the shallow sandstone lenses are

less than two feet in thickness, and many are less than one foot thick.

Review of cross sections and isometric diagrams show that sandstone units become more
prevalent to the south and east with increasing depth. These sandstones may exceed 25 feet in

thickness at some locations.

Arca 3 Core Permeabilities
Intervals were selected from Area 3 boreholes B-120-2 and B-127-2 for .ietermination of

permeability. All samples consisted of sandstone and mudstone within the Vanoss Group.

Permeabilities were determined from flexible wall permeability tests of core samples. Intervals
were selected to provide a wide range of lithologies. Summaries of core interval permeabilities
are presented in Tables 3 and 4. Laboratory report sheets for the Area 3 permeability tests are

presenied in Appendix H.

Review of Table 3 shows the highest reported permeability at Area 3 borehole B-120-2 to be
6.1x107 cm/sec from the interval 43 to 44 feet. The lowest permeability was 1.2x10* cm/sec
from the interval 15 to 16 feet. Review of Table 4 shows that the highest reported permeability
at Area 3 borehole B-127-2 was 1.8x10° cm/sec from the interval 70 to 71 feet. The lowest

permeability was 1.9x10® cm/sec from the interval 47 to 48 feet.
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TABLE 3

SUMMARY OF CORE INTERVAL PERMEABILITIES

AREA 3 BOREHOLE B-120-2
Sample Interval 1 Core Permeability Description l
(cm/sec)
15 - 16 feet 1.2x10* Dark gray shaly mudstone I
35 - 37 feet 7.1x10* Red shaly mudstone I
43 - 44 feet 6.1x107 Red mudstone
58 - 59 feet 1.7x10* Variegated red/gray silty N
mudstone
63 - 65 feet 8.8x10* Dark gray shaly mudstone
77 - 78 feet 3.1x10”7 Dark gray mudstone N
TABLE 4
SUMMARY OF CORE INTERVAL PERMEABILITIES
3 AREA 3 BOREHOLE B-127-2 & .
Sample Interval Core Permeability Description
(cm/sec)
26 - 27 feet 3.2x107 Dark gray mudstone
39 - 40 feet 5.8x10* Red shaly mudstone
47 - 48 feet 1.9x10* Red shaly mudstone
63 - 64 feet 1.6x107 Red clayey sandstone
70 - 71 feet 1.8x10° Tan clayey sandstone
77 - 78 feet 3.4x10" Dark gray shaly mudstone
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Area 3 Water Levels: A total of seven wells have been constructed to monitor groundwater in
the Vanoss Group at three nested locations in Area 3. Water level data for these Cushing Area
3 monitor wells are available for the period July through December 1993, Two other wells
constructed in January 1990 during an earlier investigation are located in the northern part of

Area 3.

Water level data for the Area 3 wells are included as Appendix I. Monitor well installation
diagrams for Area 3 are presented in Appendix J. Well locations are shown on Figure 7. A

summary of completed lithologies and depths and water level ranges is presented in Table 5.

Wells at site CMW30 were completed in shallow, intermediate, and deep intervals. CMW30.1
was completed to a depth of 43 feet in a shallow sandstone with thin mudstone stringers. Well
CMW30.2 was completed to a depth of 80 feet in a sandstone unit. Well CMW30.3 was

completed to a depth of 103 feet in a shale.

Wells at site CMW31 were completed in intermediate and deep intervals. Well CMW31.1 was
completed to a depth of 43 feet in a mudstone with thin sandstone stringers. Well CMW31.2

was completed to 2 dep'™ of 70 feet in a shale with thin sandstone stringers.

Wells at site CMW32 were completed in intermediate and deep intervals. Well CMW32.1 was

completed to a depth of 52 feet in a sandstone and siltstone unit. Well CMW32.2 was

compieted to a depth of 73 feet in a mudstone with thin sandstone stringers.
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TABLE §

SUMMARY OF COMPLETED LITHOLOGIES AND DEPTHS
AND WATER LEVEL RANGES
CUSHING AREA 3 GROUNDWATER MONITOR WELLS

Well Completed Depth of Water-Level Responds
Number Lithologies Completion Range Well To
(feet BGS) (feet BGS) Precip?
| CMW20.1 | Intermediate Shale, 19 -42.4 289-294 No

Siltstone, and
Limestone

CMW20.2 | Deep Shale and 61.7 - 87.4 345-353 No
Sandstone

CMW30.1 | Shallow Sandsione 5-20 7.6 -10.4 Yes
and Mudstone

CMW30.2 | Intermediate 64.5 - 80 549 -57.4 Yes
Sandstone and
Mudstone

CMW30.3 | Deep Shale and 88 - 103 58.1 - 85.8 Slow Rise
Mudstone

CMW3l1.1 Intermediate 28 - 43 12 - 12.6 No
Mudstone and
Sandstone

CMW31.2 | Deep Shale 55 - 70 32.7 - 40.7 Slow Rise

CMW32.1 Intermediate 37 - 52 22.7 - 25.7 No
Siltstone and
Sandstone

CMW32.2 | Deep Mudstone 58-73 42.3 - 64.2 Slow Rise

= e

Note: "feet BGS" indicates "Feet Below Ground Surface”
Date of Table: December 17, 1993
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As of December 1993, water levels in many of the recently constructed wells were still
stabilizing following initial development. Water levels in the wells completed in the deep
intervals (CMW30.3, CMW31.2, and CMW32.2) were slowly rising towards a point of
stabilization. Water levels in two wells completed in the intermediate interval (CMW31.1 and
CMW32.1) appear to have reached stabilization. The water level in intermediate well
CMW30.2 has shown a decline, apparently in response to an unusually dry summer and fall
1993. The water level in shallow well CMW30.1 has fluctuated slightly since development in

response to relative wet and dry periods.

Water levels in all wells completed in intermediate and deep intervals show strong artesian
effects reflecting confinement. As might be expected, the water level in shallow well CMW30. 1

reflects water-table conditions.

As noted above, two preexisting wells are located in the northern part of Area 3 (see Figure 7).
Well CMW20.1 is completed to a depth of 42.4 feet in shale with thin lenses of siltstone and
limestone. Since construction in January 1990, water levels in this well have stabilized at an
elevation of about 819 feet MSL. Well CMW?20.2 is completed to a depth of 87.4 feet in thick
shale and sandstone seqences. Since construction in January 1990, water levels in this well
have stabilized at an elevation of about 812 feet MSL. The lack of significant water-level
fluctuations in these two wells suggest poor communication with surface recharge sources.
Lithologic logs for these wells are included in Appendix F. Well construction diagrams are

included in Appendix J. Recent water levels are tabulated in Appendix 1.
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CONCLUSIONS
Three areas of the Cushing Facility have been investigated and characterized for a potential
disposal cell. One area (Area 2) has been deleted from consideration due to adverse geology

and the presence of active storage tank operations.

The Cushing Facility is underlain by bedrock of the Pennsylvanian-age Vanoss Group and
associated soils. The Vanoss Group is dominated by thick beds of mudstone with thin interbeds
of siltstone, sandstone, and limestone. Many of the interbeds are lenses, changing in thickness
over short distances. The Vanoss Group is underlain at depth by sandstones of the Ada Group
and sandstones and shales of the Vamoosa Formation, collectively referred to as the Vamoosa-

Ada Aquifer.

The lithology underlying Area 1, located in the northwest corner of the Cushing Facility, is
mudstone and shale with lesser quantities of sandstone, siltstone, and limestone. Shallow
sandstone in the northwest corner of Area | appears to be limited in areal extent and water-
bearing capabilities. Shallow sandstones in the eastern and southern parts of Area 1 appears to
be more extensive and may contain considerable quantities of groundwater. Permeabilities of

Vanoss Group sho'e cor~ samples range from a high of 2.2x10° 10 a low of 4.3x10*.

A total of 12 wells have been constructed to monitor groundwater in the Vanoss Group and
underlying Vamoosa-Ada Aquifer at four nested locations in Area 1. Water levels in the
Vamoosa-Ada A.quifer have shown no significant response to precipitation, confirming isolation

from the surface. Water levels in all four wells completed in the shallow mudstones of the
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Vanoss Group are under water-table conditions. These wells show minimal saturation. Water
levels in three of these wells respond to precipitation, while that in the fourth has risen slowly
since construction. Water levels in two of four wells completed in intermediate mudstones and
sandstones of the Vanoss Group are also under water-table conditions. In the two remaining
intermediate wells, also compieted in Vanoss Group mudstones and sandstones, water levels are
under artesian conditions. Water levels in two of the intermediate wells respond to precipitation,
while those in two do not. Water levels in the three wells completed in deep shales, mudstones,
limestones, and sandstones of the Vanoss Group are all under artesian conditions. Water levels

in two of these deep wells do not respond to precipitation, while those in the third do.

The lithology underlying Area 3, located on the eastern boundary of the Cushing Facility, is
mudstone and shale with thin interbeds of sandstone, siltstone, and limestone. Most of the
shallow sandstone lenses are less than two feet in thickness, and many are less than one foot
thick. A shallow sandstone unit about five feet in thickness is extensive beneath the higher
elevations in the eastern and southern parts of Area 3. This sandstone may contain considerable
quantities of water. Permeabilities of Vanoss Group core samples range from a high of 1.8x10°

to a low of 1.9x10".
A total of seven wells have been constructed to monitor groundwater in the Vanoss Group in

three nested areas of Area 3. Two additional wells, constructed during an earlier investigation,

are also located in Area 3.
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Water levels in the one well completed in shallow mudstones and sandstones of the Vanoss
Group are under water-table conditions, and show response to precipitation. This well shows
several feet of saturation. Water levels in the three wells completed in intermediate mudstones
and sandstones of the Vanoss Group are under artesian conditions, indicating confinement.
Water levels in two of the intermediate wells show no significant response to precipitation, while
those in the third do. Water levels in the three wells completed in deep shales, mudstones, and
sandstones of the Vanoss Group are also under artesian conditions, again indicating confinement.
Water levels in these three deep wells have shown a slow rise since construction in July 1993.
Water levels in the two preexisting wells located in the northern part of Area 3 also show

confinement.
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Rl PHR-NMFGR GFNTFCH TFI Nn.913-371-6710 Sep.25.41 17:24 P.O3

CONSTANT HEAD PERMEABILITY REPORT

PROJCCT NAME karr McCoa Tooting PROJECT NO. 91-3257
LOCAYTION ________Cushiog, OK

RORING # cce SAMPLF # 1 nreTH __ 124'

SAMPI R TYPR_ Undisturbed & COMPACTION____=—

INITIAL MOISTURLD__9.72 INITIAL DRY UNIT WEIGHT 126.2 pet
INITIALVOIDRATIO, -3¢ . _INITIAL SATURATION 73.4%

FINAL MOIS TURF, 1.7 FINAL SATUKATION §¢. 3%

SAMPLE DESCRIPTION Redd Ish-brown weathered sheale

TLEST DATA
DATL 08T TIML 1IZAD TRMP, Q,
NO. () PRESSURE! s om
(cm)
$/3/91 1 3600 105.5 27 .25
9/3/%1 2 3600 105.5 27 29
9/3/9) 3 3600 105.5 27 .1
U 75T, WS . 600 105.5 . ~
L Al o
AVLCRAGE « 3600 105.5 27 .24
kw s.zzx" emls nhhp=___ 08302 ___ .
Kanw . 4.480°° /s
February 28, 1991 ALPHA-OMEGA OEOTECH permcon.6oc
* 813 271 6710 08-25-91 05:28PM

POO3 834



LPHRA-OMEGA GEOTECH TEL No.913-371-6710 Sep.25.,91 17:25 P.06
CONSTANT HEAD PERMEABILITY REPORT

. PROJECTNAME __ Kerr McGee Testing PROJECTNO. 21-325Y
LOCATION Cushing, OK
BORING # SAMPLE ¢ ccé #2 DEPTH 129!
SAMPLF TYPL Undfslurbed % COMPACTION o
INITIAL MOISTURE 9.6 . ar INTTIAL DRY UNIT WEIGHT 135.8 pef
INITIAL VOID RATIO, .29 INITIAL SATURATION $4.1%
FINAL MOISTURE 10.4 _FINAL SATURATION 101.52

SAMPLE DESCRIPTION__ Red brown &  Bray marbled weathered shale

TESTDATA
DATE TEST TIME HEAD | TECwMp. Q
NO. (sec) | PRESSURE | ©¢ en?
(em)
9/21/91 1 6000 98.5 27 a
9/21491 2 6030 98.5 27 A
9/21/91 3 6000 98.5 27 1

‘ __9/21/91 4 6000 98.5 27 .05

AVERAGE 4 6007 98,5 27 .08
0 -7
= 1. O“-—B cm/s ,5',,,20 - . 8502
kzo. 8.98¢ cm/s
& ALPHA-OMEGA GEOTECH
813 371 6710 08~-2%-91 05:28PM POOE #3¢

E=97%



ALPHR-DMEGA GEDTECH

wr

Jef{ Lux
1A ION

Kerr McGee
PAXHIMEEIL  405-270-3010

WA HHIOND NUMRL K

CONMME NTS

R
Y

FAX TRANSMISSION

TEL No.913-371-6710 Sep.25.91 17:23 P.0O1

LuX

TODAY § DATE 9/25/91 Y™t 5:20 :“o“o‘ 6

FLOM
Frunk Comer

IOCAION A1 pha-Ouega Geoteth, Inc.
FAY NUMDCH

THLENIONT NUMDL R 913-371-

CUNDIANT HEALD FEKMUEABILIL Y KEFUK)

PROJECT NAME Kerr McGee Tesling

PROJECT NO. 91-325T

LOCATION Cushing, OX
BORING # ccé SAMPLE ¢ 3 DEPTH 134'
SAMPLE IYPE_ Undisturbed % COMPACTION et
INITIAL MOISTURE__11.2% INITIAL DRY UNIT WEIOHT 124.2 pef
INITIAL VOID RATIO__ .36 INITIAL SATURATION 84.2%
FINAL MOISTURE____14.)% FINAL SATURATION 96. 82
SAMPLE DESCRIPTION Crayish-brown unwcathered ghale
TEST DATA
DATE TEST TIME HEAD TEMP. Q,
NO. (sec) PRESSURE| °C em’
(cm)
9/3/9 1 3600 105.5 27 5.6
9/3/91 L . 3600 _105.5 27 3.8
9/3/91 3 4500 __205.5 21 4.8
9/3/91 4 6000 105.5 27 5.1
AVERAGE 4 4425 105.5 27 4«8
k = z.nx‘: cm/s n nyg = L8502 .
koo = ). 838" cm/s




ALPHA-OMEGAR GEDTECH TEL No.913-371-6710 Sep.25,91 17:25 P.OS

. CONSTANT HEAD PERMEABILITY RCPORT
PROJECTNAML KRcrr McGee PROJECTNO, 91-2231
LOCATION __ Cyghing, OK 2
BORING# __CC6 SAMPLES __ 4 DEFTH_J136°
SAMPLEYYFE Undisturbed % COMPACTION___==~~-=
INITIALMOISTURE__17 .32 INITIALDRY UNIT WEIOHT_ 133, 6PCF
INITIAL VOID RATIO_+ 33 INITIAL SATURATION__ 100,43}
FINALMOISTURE___ 12,12 . FINAL SATURATION___98.6%

SAMPLE DESCRIPTION____Rudidlwh Brown wepthered shale

TESTDATA
[ Thate TEST TIME HEAD | TEMP. Q,
NO. (sec.) PRESSURE " cm
. (cm)
9/14 ) 3600 70. 34 27 .3
‘ 914 2 1600 20,34 o e |
— 8/ lA A B T N I . T . 27 .8
— 8214 1 & 1600 20. 34 21 L2
e o or
AVERAGE ‘ 3600 70,34 2] .3
k- 1.19!'7 cnvs Mm‘_‘liﬂ_
k;n-é,QQ[-7 cm/s
' ALPHA-OMEGA GEOTECH

013 371 68710 08~2%5-91 05:28PM POOS H34



QLPHR-QHEGR GEOTECH TEL No.913-371-6710

i

Sep.25,91 17:24 P.02
|

CONSTANT HEAD PRRMEABILITY KEPORT

PROJECT NAME ___ Ke1s McGee Teating PROJECTNO. __ 913257
1OCATION Cushing, OF
BORING # cch SAMPLE # ) DEPTI) 164"
SAMPLE TYPE_____ Undigturbed __ % COMPACTION === U
INITIA]. MOISTURE  10.3% [NITIAL DRY UNIT WEIGHT, 131.1 pet
INITIAL VOID RATIO___:2% INITIAL SATUIRATION 97,52 .
FINAL MOISTURE____9.73 FINAL SATURATION _100%
SAMPLE DDSCRIPTION Nark brown weathercd ehale
TEST DATA
DAIE TEST TIME HEAD P. Q
NO. (oc) | PRESSURE % o
(cm)
‘ 9/9/9) ) 3600 133.6 27 .10
9/9/91 2 L3600 ___uu,__._n ol e
9/9/91 < 3600 135.6 27 .30
9/9/91 4 7200 133.6 27 .30
-
AVERAGE 4 4500 133.6 27 10
-
k= ____54.295 cofs nhyg= . 8502
Kan = 3.650 crls
Fehruary 28, 1931 ALPHA-OMEOA OCOTECH permcon.6oc

913 3711 69
6710 08-25-91 05:28PM PO02 #£34



ALPHA~OMEGA GEOTECH TEL No.913-371-6710 Sep.25,91 17:25 P.04

‘ CONSTANT HEAD PERMEABILI 'Y REPORT
91-3251

PROICCT NAME  Xerr McCee Testing PROJECTNO. 1 !
m-r,ON Cusli 'llx. OK
BORING # saMpLEe ___ CC6 #6 DEPTH 166"
SAMPLE TYrL Undfxi urhed % COMPACTION i
INITIAL MOISTURE____ %1 7% _ INITIALDRY UNTT WEIGHT,_____134.3 pef
INITIAL VOID RATIO____+ 0 INITIAL SATURATION 8.82
FINAL MOISTURE 1068 FINAL SATURATION 98.1%

SAMPLE DESCRIPTION Park grsy weathered SHALE

TEST DATA
DATE ' TEST TIMEL HEAD TEMP, Q
NO. (sec.) PRESSURE b o’
(cm)
y/13/91 1 3600 70,34 27 3.8
9/13/91 2 3600 70.34 27 3.6
‘ 9/13/9) ) 3600 70. 34 27 3.3
v/13/81 4 3600 70.34 27 4.0
AVERAGFE
k= 7.078"° emh ”7’"20 - . 8502
kzu - 6.01 .-6 CM
. ALPHA-OMEGA GEOTECH

813 371 6710 09-~2%5-91 0%5:28BPM POD¢ #2324



APPENDIX C
WATER LEVEL DATA FOR MONITOR WELLS
AREA 1



Date

01/22/92
02/26/92
a3/19/92
04/21/92
05/20/92
08/17/92
07/23/92
08/19/92
08/23/92
10/21/92
11/18/92
12/11/92
01/13/93
02/17/93
03/17/93
04/21/83
05/26/93
06/18/93
07/28/93
08/25/93
09/24/93
10727/93
11/16/93
09/24/93

Mean WL

MW-1

Depth WL

to Water  Elev.
(R BTOC) (RBTOC)
Dry Dry
Dry Dry
Dry Dry
Dry Dry
Dry Dry
Dry Dry
Dry Dry
Dry Dry
Dry Ory
Dry Ory
Dry Dry
Dry Dry
Dry Dry
Dry Dry
8.37 88727
775 887 89
7.09 888 55
7.37 888 27
814 887 50
863 887 01
883 BBE A1
8.95 886 69
907 88657
932 886 12
835 88729

|
|
|
|
|
|
|
|
{
|
!
|
|
|
|
i
|
|
|
|
|
|
|
i
|
|
|
i
|
|

MW-2
Depth
to Water
(h BTOC)
818
798
749
740
601
6.03
828
867
9386
10.13
883
517
4235
4.0
549
492
572
672
939
10.72
10.70
1154
1169
1194

799

WL
Elev.
(ft BTOC)
88357
883.77
884 26
884 .35
885.74
885.72
883 47
883.08
88239
88162
88182
88558
887 .40
887.74
886.26
886.82
886.03
885.03
88236
881.03
881.05
880 21
880.06
879.81

883.76

Historical Water Levels in Cushing Area 1

MW-2
Depth
to Water
(ft BTOC)
13.08
1267
1238
12.04
11.73
1159
1123
11.14
10.99
1095
10.98
1091
10.69
10.39
10.02
958
8.84
833
872
9.42
978
10.28
1047
10.78

10.71

Wi
Eiev.
(ft BTOC)
866.49
866.88
867.17
867 51
867.82
867 .96
868 32
868 41
868 56
868.60
86857
868 64
868.86
863.16
86953
865 97
870.71
87122
870.83
870.13
869.79
869.27
869.08
868.77

— o — — A ——— — ——— S —— —— — - — ———— ————— — — — — — —

MW.4
Depth
to Water
(ff BTOC)
13.15
13.18
13.14
13.15
i3.14
13.15
1257
1231
1205
1182
11.89
11.87
1195
11.91
1162
1125
10.72
1048
10.20
10.29
10.47
1073
10.84
11.19

11.80

WL
Elev.
(f BTOC)
868.C1
868.01
868.02
858.01
868.02
B868.01
868 59
868.85
869.11
869.24
869 27
869.29
869 21
869.25
869 54
869 91
B70.44
870.68
870.96
B870.87
870.69
870.43
870.32
869.97

869.36

MW.5

to Water
(" BTOC)
38.42
3527
34 .82
3443
3440
34.11
34.10
34 .02
33.96
3407
3388
33.99
33.63
3390
3383
3371
34.17
3414
3382
33.33
33.60
33.72
3348
3347

34.18

(" BTOC)
858 62
861.77
862.22
862.61
862 64
862.93
862.94
863 .02
863 .08
862.97
863.06
863.05
863.11
863 14
863.21
863 33
862.87
862 90
863 22
863.71
863 44
863.32
863.58
863 57

—— —— — —— ————————— - — — ————— ——— — —— ——— —— —

MW-§

to Water
(# BTOC)
31.18
2967
2867
27.11
2579
2469
2284
2077
1873
1743
16.42
15.85
15.13
1431
1383
12.80
12.14
11.74
11.33
11.24
11.22
1143
1152
171

17.20

Elev.
(M BYOC)
866.05
867 56
868 56
870.12
B7144
87254
874 39
876 46
878 50
87980
880.81
881.38
882.10
682 92
883.70
884 43
885.09
885 .49
£85 90
B85 99
886.01
885 80
885.71
885 52

Note:' “# BTOC" indicates "Feet Below Top of Casing”



Date

01/22/92
02/26/92
03/19/92
04/21/92
05/20/92
06/17/92
07/723/92
03/19/92
09/23/92
10/21/92
11/18/92
12/11/92
01/13/93
02/17/92
03/17/93
04/21/93
05/26/93
06/18/93
07/28/93
08/25/93
09/24/93
10/27/93
11/16/93
09/24/83

Mean WL

Historical Water Levels in Cushing Area 1 (continued)

MW7
Depth
to Water
(" BTOC)
2640
2458
2404
23.62
23 64
2354
23.73
23.72
23.77
23.84
2366
2383
23.60
2311
22.86
2267
22 61
2285
22.93
23.18
2323
2353
2322
23 40

2355

WL
Elev.
{# BTOC)
865 08
866 90
BE7 44
867 86
867 B4
867 94
867.75
867.76
867 71
B67 64
867 .82
B67 85
867 88
868.37
868 52
868 81
868 87
868 .83
86855
868.30
86825
867 95
868.26
868 08

867.93

. ——— i ——— —— W — — —— — — ———— — —— O ——

— e — v — —

Mw.-8

Depth
to Water
(R BTOC)
1324
1373
13.74
1379
1395
1119
12.81
1253
13.02
13.77
13.35
1260
11.88
1138
1096
1051
967
9.82
A

12.42
13.28
13.42
13.02

12.35

WL
Elev
" BTOC)
879.04
87855
87854
878 49
878.33
872.09
879.47
879.75
87926
87851
878.83
879.68
880 40
880.90
88132
881 77
882 .61
882.46
884 .15
88017
87986
879.00
£878.86
87926

87983

|
!
|
|
|
!
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i
!
|
|
|
|

MW.-S
Depth
to Water
(" BTOC)
10.32
10.39
1042
10.32
10.68
1017
10.66
10.58
10.94
1159
10.60
994
966
9.50
942
9.17
894
s28
1121
12.78
12.88
13.24
13.18
11.73

10.73

WL
Elev

(f BTOC)
869.92
869 .85
869 82
86992
88956
870.07
86958
869 66
869.30
868 .65
869 .64
870.30
87058
87074
87082
871.07
871.30
870.96
869.03
867 48
867.36
867.00
867.09
868.51

86951

|
i
|
|
|
|
|
!
|
|
|
|
!
|
|
|
|
|
|
J
|
|
|
|
i
|
I
|
|
I

MW-10
Depth

to Water
(% BTOC)
10.82
10.91
10.84
10.75
11.10
1060
11.06
10.99
11.36
12.00
11.02
10.39
10.12
994
986
966
938
9.70
1163
13.16
13.30
1361
1356
12.13

11.16

WL
Elev.
(# BTOC)
869 82
869.73
869S .80
869 .89
869 54
B70.04
869 58
B69 65
BEO 28
B68 64
869 62
87025
87052
8706.70
870.78
87098
87126
87094
869.01
867 48
867 34
867 .03
867.08
868 51

865 48

|
|
|
|
|
|
|
|
|
i
|
|
|
|
|
|
|
|
|
i
i
|
|
|
|
|
|
|
|
|

MW-11
Depth
to Water
(" BTOC)
13.77
1481
1452
1422
14 40
13.92
14.10
14.10
14 47
1482
1453
14.17
13.91
1342
13.30
12.61
12.44
1248
1358
1493
15.38
15.93
15.78
15.30

14.20

wL
Elev.
(" BTOC)
867 55
86651
866 .80
867.10
266 92
867 40
867 22
867 .22
866 85
866 50
866.79
867.15
867 41
867.90
868.02
868.71
868.88
868 86
867.74
866 39
865.94
865 39
867,53
866.02

B67.12

— ——————— ——— ———— —————— —————————— —— —

(R BTOC)
N/A
N/A
106.60
106.80
108.15
106.75
106.34
10€.68
106.73
106 64
106.69
105.96
105.60
105.15
104 .68
104 94
100.96
103.51
104 .20
104.74
104 88
105.33
105.21
106.64

105.51

(R BTOC)
N/A
N/A
790.62
790.42
791.07
790 47
790.88
79054
790.49
79058
79053
791.26
791 .62
792.07
792.54
792.28
796 .26
79371
793.02
792.48
792.34
791.89
792.01
79058

»an

Note: "t BTOC" indicates "Feet Below Top of Casing”



APPENDIX D
. WELL COMPLETION DIAGRAMS FOR MONITOR WELLS
AREA |




MW-1

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT
MONITORING WELL INSTALLATION DIAGRAM
Protective Pipe ~-ov . )...ceme"" Casing Cap Vent T Yee [J No [J
Yo B e O | Q_é_,_,,....um v O N O
steel @ pvc (O " Weep Hote t Yoo [0 me O
Fr. o
:urvuho N:“ '[E] ..... ———— L 'Concrau Pad e 8 Ft. x 5 Ft.x _<___Inches
“® Ty oepfn DRILLING INFORMATION:
FROM | . Borehole Diameter= y. _ Inches.
Concrete gg%g? 22;,82 2. Ware Drilling Additives Used 1 Yoo [ No
Revert ) Bentonite ) water [
0 Solid Auger [J  Hollow Stem Auger ()
3. Was Guter Steel Casing Used ? Yeu [ No (@
Cement/Bentonite Grout Mix Depthe to Feot.
Yeou X Ne () ‘ 4. Borehole Diameter for Outer Casing Inches.
| A e s . D WELL CONSTRUCTION INFORMATION:
3-5 Lb. Bentonite | SF I.Type of Casing: PVC () Gatvanized (] Tefin [J
Powder | Stainless [ Other
Others _____ oo l 2. Type of Casing Joint:: Screw—Couple K Gilve~
— | Couple [  Othar
e s 0 3. Type of Well Screan: PVC Bf  Galvanizee [
Stainiess [ Teflon [ Other
Bentonite Seal /  Fu 4. Dismeter of Casing and Well Screen:
| Pettots ®  Siurry (D = / Cesing 2 Inches, Screen & Inches.
e 5. Slot Size of Screens  « O/0
Filter Pack 'Z. Fi 6. Type of Screen Perforation: Factory Slotted §)
Above Screen _._.._..__I J Hacksaw [ Drilieé D Sabor
i / b 7. instalied Protector Pipe w/Lock: Yes §8 No [
= WELL DEVELOPMENT INFORMATION:
& I. How was Well Developed * Bailing B Pumping [0
: ,."1 Air Surging C(Air or Nitrogen) [] Other
FILTER PACK MATERIAL | =
| - 2. Time Spent on Well Development 7
Silica Sand 0 | =
L -] / Minutes/ Hours
Washed Sand [ s P:: 3. Approximats Water Volume Removed ! Gallons
Pea Gravel [ i _’_:: ) 4, Water Clngnu Before D[svtlopmt ? Cisar [
St Turbid Opaque
Othery | E'j 5, Water Clarity After Development 7 Clear [
. i E Tordid [J Opaque [
Send Size < 6. Did Water have Oder 7 Yoo [ Ne [
+ ik 0 E It Yes, Describe
Denee Phasse Sampling Cup 1, g, | | ' 7. Did Water have any Color 7 Yoo [ No []
Bottom Plug . » . g it Yer , Describe
r
Yol W[ ,LH-J WATER LEVEL INFORMATION:
Overdrilied Materia! : | Water Lovel Summary (From Top of Casing)
Sackei Ft. ,' ‘; During Drilling _ Ft. Date
g"“‘% ‘s‘:"g L )' Before Development Ft. Date
sved Materis i o )
Othert SN After Development Ft. Date N .
Oritier/7Fiem W/ ANEF Drill Rig Type - G S3 Datelnatalled //- 19-G/
Kerr~McGes
Dritl Crew Well No. MHR- ] Hybrologist £ ARk Mg S#)
kT . &

.[Ir"v".‘ P.




—

Grout B Sand () :
Caved Materis! [

Othert

SIS W—

Dritiar 7Fiem  priwmw LW

Driti Crew ). yic ¥

| S p—

MW-2

Protective Pipe--vn
Yo B wne O | . Ceeeo-Lock ! Yo BB
steel i@ pvec O
Pt P »ee, S o =" Concrets Pad
Yo I Ne [ -
DEPTH
FROM
J [*|{.] BELOW TOP OF
ORbrat 121 1.1l GRADE CASING
o
. » :
DU OV, {8 L_j
Coment/Bentonite Grout Mix
Yos [ No(T)
5.5 Gallons Water 1o !
l 94Lb. Bag Cement & Q Ft.
3-5 Lb. Bentonite |
Powder
Others l
e i 0
Bentonite Seal 2 -
I Pellets B Sturey [ i ooz 2
Filter Pack
Abuve Screen __._‘..2__-“' :
_¥_— -4 q
-
b
b
| &~
| - -
FILTER PACK MATERIAL ; =5
Silica Sand ) I t::
Ful 3
Washed Send [ . =
1 b o
Pea Gravel [ -]
| &
Otheer l .__-._4
i | B
Sand Size E
e — = | L0
Danve Phase Sampling Cup Fe j .
Bettom Plug —f .
Yo M0 L)
Overdrilled Meaterial :
Backfill Ft.)

Dritl Rig Type

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALLATION DIAGRAM
_________ Casing Cap Vert 7 Yuus ]} No [

Noe [

_-Weaep Hole T Yes B w0

v

Ft.x 5 Ft.x f inchee

DRILLING INFORMATION:

|. Borehote Diameters £ 74  inches.

2. Were Drilling Additives Used T Yoa [ No B
Revert [ Bentonite ) water [
Solid Auger [ Hollow Stem Auger K

3. Was Outer Steel Casing Used ? Yes [ ] NoX)
Depth= to Feet.
4. Borehole Diameter for Outer Casing Inches.

WELL CONSTRUCTION INFORMATION:
1.Type of Casing: PVC )  Galvanize¢ ] Tafion )
Stainless [] Other
2. Type of Casing Joints: Screw~Couple ]  Glue=
Couple [} Other

3. Type of Well Screen: PVC ﬂ Galvanized ()
Staintess [ Tefion (| Other

4, Diameter of Casing and Well Screen:
Casing 2 inches, Screen & inches.
5. Siot Size of Screem:  « O/O
€. Type of Screen Perforation: Factory Slotted X)
Hacksaw [ Drilles [] Other
7. instalied Protector Pipe w/Lock: Yes ¥ No [
WELL DEVELOPMENT INFORMATION:

1. How was Wall Developed T Bailing Pumping ()
Air Surging (Air or Nitrogen) [] Other

2. Time Spent on Well Development ?

/ Minutes/ Hours
3. Approximate Water Volume Removed 7

Gallons

4, Water Clarity Befors Development * Clear [
Turbid ) Opaque [J

5. Water Clarity After Development T Ciear [
Turbid [ Opaque [

€. Did Water have Oder 1
If Yes, Describe

Yoo [ N[

7. Di¢ Water have any Color T Yoo [ N0 [)
If Yes , Describe

WATER LEVEL INFORMATION:
Water Lovel Summary (From Top of Casing)

Well No. MW -2

During Drilling Ft. Date _

Before Development Ft. Date ____

After Dovelopment __ Ft, Date e
Date Installed 7/ /7%~ G/
Kerr=McGer
Hydrologist . MPANOWSH




Protective Pipe

e e -

MW-3

KERR-M~GEE CORPORATION
HYDROLOGY DEPARTMENT

....
o

Cement/Bentonite Grout Mix

Yes X Ko ()
| 5.5 Gallons Water to
94Lb, Bag Cement &

3-5 Lb. Bentonite |
Powder

Bentonite Seal

| Petiots B Siurry )

Filter Pack
Above Screen

FILTER PACK MATERIAL
Silica Sand 3
Washed Sand [

Pea Gravel [

Others

Sand Size

|
|
_,_J‘E_
|
|
I

Dense Phase Sampling Cup
Bottom Plug .
Yoo i) Ne 7]
Overdrilled Material
Backfin

Grout () Sand [}
Caved Material [

Other:

Driller /Fitm o/ (W N EXK

i

Ft,

] Fu

-

|

i

|

'

!

N o e -

Concrete Pad i Fl.x § Ft.x

b "% PR RS RS
l‘l‘l'l‘l‘l'l

1
A

; S R
'l'l'l'i'l'l'

1 ]
'

1.5

@ cHl[lit]lIl]t '

1045-

Drill Rig Type

Dritl Crow W, VIC K_

MONITORING WELL INSTALLATION DIAGRAM
Casing Cap Vent 7 Yes (] No [

_-Weep Hole ? Yes (I No [

4 inches
DRILLING INFORMATION:

I. Borehole Dismeter= _ & 7g  inches.

2. Were Drilling Additives Used 7 Yeu[O) Ne
Revert [] Bentonite ] water [
Selid Auger (7] Hollow Stem Auger )

Yo @ w0 i ceen-bock? Yes [0 Ne [J
sSteel @ pvc [
Survaying Pin t - _ Ft. ;
Yoo (R Nog_ e ~.v..'"'~
:- . KR DEPTHFROM
) B e R
e ;;—:J o

3. Was Outer Stesl Casing Used ? Yas ] Nof¥)
Depth= to Feet.
4. Borehole Diameter for Outer Casing Inches.

WELL CONSTRUCTION INFORMATION:
1. Type of Casing: PVC [{] Galvanized [ Teflon )
Stainless [] Other
2. Type of Casing Joints: Screw=Couple X
Couple []  Other
3. Type of Well Screen: PVC B0 Galvanized [J
Staintess [ Tefion [ Other
4, Dismeter of Casing and Well Screen:

2

« Slot Size of Screen:

Glue—

Casing inches, Screen & Inches.

o o

. Type of Screen Perforation: Factory Slotted (¥
Hacksaw [ Drilled [] Other

7. Instalied Protector Pipe w/Lock: Yes 8 No [

WELL DEVELOPMENT INFORMATION:

I. How was Well Developed 7 Bailing B8 Pumping 0
Air Surging (Air or Nitrogen) [] Other

2. Time Spent on Well Development ?

/ Minutes/Hours
. Approximate Water Volume Removed ?

Gallons

™
—~d

. Water Clarity Before Development 7 Clear
Turbid ) Opaque []
. Water Clarity After Development ?
Turbia () Opague [
. Did Water have Oder 7
If Yes, Describe
7. Did Water have any Color 7 Yes []  No [
It Yes , Describe

-

Ciear [

Yos [ No [

WATER LEVEL INFORMATION:
Water Level Summary (From Top of Casing)

During Drilling __ Ft. Date

Before Development Ft. Date

After Development __ Ft.Date__
Date instalied  //- 20-5/

Well No. MWR-3

Kerr~McGoe

Hydrologist ﬁ;ﬂm&!‘ﬂl

20K - 4




MW-4

KERR-McGEE CORPO

Protective Pips

a7 T GRS R L
RN E P eena. l aese B oawn™

RATION

HYDROLOGY DEPARTMENT
MONITORING WELL INSTALLATION DIAGRAM

Casing Cap Vent 7 Yes (X] No (]

No [

= S~ Frx_ 4 nches

Ft. x

Cement/Bentonite Grout Mix

Yes (£ No[7)
5.5 Galions Water to
94Lb. Eag Cement &

3~5 Lb. Bentonite
Powder

Ft.

| 4

Other:

Bentonite Seal

DRILLING INFORMATION:

1. Borehole Diametor= 8 22 Inches.

2. Were Drilling Additives Used t  Yes ] No )
Revert [] Bentonite ] Water (J
Solid Auger [T]  Holiow Stem Auger [X)

Yo @B N O enee-bock T Yos (R
steel X pve O ’/,Wo» Hole ? Yes [0 No (D
Surveying Pin 7 ~. __ gt B /" Concrete Pad
Yo A N [ "
¥ DEPTH
N FROM
BELOW TOP OF
Dencente GRADE  CASING
0

3. Was Outer Stesl Casing Used ? Yes[ ] No(®
Dapth= to Fest.
4. Borshole Diameter for Outer Casing Inches.

WELL CONSTRUCTION INFORMATION:
I.Type of Casing: PVC K) Gaivanized [ Teflon [J
Stainless (]  Other
2. Type of Casing Joints: Screw~Couple )
Couple ]  Other
3. Type of Well Screan: PVC B8 Galvanized [
Stainiess [ Teflon [ Other
4, Diameter of Casing and Well Scresn:

Glue-

| Petiots (X Slurey ) 3 Caiing 2 __Inches, Screen & Inches.
5. Siot Size of Screen:  # O/O
Filter Pack 6. Type of Screen Perforation: Factory Slotted )
Above Scresn Heckeaw [] Drilied [] Other
{ b 5 7. Instalied Protector Pipe w/Lock: Yes §] No )
1 WELL DEVELOPMENT INFORMATION:
- I. How was Well Developed ? Bailing )  Pumping [
-
L= Air Surging (Ai~ or Nitrogen) [T] Other
FILTER PACK MATERIAL =
. % “x 2. Time Spent on Well Development ?
Silica Sand -]
s / Mir- tes/H
o 5 Ft. = in:tes/ Hours
Washed Sand [ ) — B 3. Approximate Water Volume Removed ? Gallons
-_
Pea Gravel [ : ::: ; 4, Water Clarity Before Development ? Clear )
'3 = Turbid [ Opaque [
W cermsimmsmesnen | =1 5. Water Clarity After Development 7 Ciear [
S e i ! = Tubid ] Opague [J
end Size | - 6. Did Water have Oder T Yes [] No [
- ——r— e 19 It Yes, Describe
Dense Phase Sampling Cup | L ! 7. Did Water have any Color T Yes []  No (]
Bottem Plug R - If Yer , Describe
Y@ W0 ..JL_......'L_Q_J / WATER LEVEL IN ORMATION:
Overdrilled Material | : I Water Level Summary (From Top of Casing)
Backtill F": ‘, During Drilling e Ft.Date .
Grovt (B Sand [ * | | Bafore Development Fi. Date
Caved Material [ i s /
i After Development Ft. Date
eor: L
Dritter /Fiem _ s soyw EX Drill Rig Type Date Installed /- 20 -G/

Drill Crew bl VICM Weli No,

Kerr—McGee

Hydrologist 0 NMP# Moy SH/

e
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KERR-McQGEE CORPORATION
HYDROLOGY DEPARTMENT
MONITORING WELL INSTALLATION DIAGRAM
. Protoctive Pl eeee L MY e Casing Cap Vent T Yoo B Ne (O
Yo B wne O | @a‘___...-Lﬂf Yu @ N O
swel @ pve 0 Mo Hole ! Yoo OO w0
:wvulﬁu P:.'[':']- T e — i -~ Concrete Pad £ Fox _ 5 Fx _ € inches
e _ . e ORILLING INFORMATION:
30 FROM 1. Borshols Dlametere & 7/&  inches.
Concrete ¥ b OEkOW Ly A 2. Were Drilling Additives Used ' Yoo [J N
»!'| GRADE CASING
g Revert [ Bentonite ] wWater [
o 5 I B8 / Solld Auger ) Hollow Stem Auger [
3. Was Outer Stesl Casing Used ! Yoo [ No[R)
Cement/Bentonite Grout Mix Deptha te Foet.
Yoo (B Ne (] 4., Borshole Diameter for Outer Casing Inches,
SoLs, Bus Conem s _ 3SFe. WELL CONSTRUCTION INFORMATION:
3-5 Lb, Bentonite I.Type of Caningt PVC ) Gatvanized [ Tefien [J
Sehars Powder Stainiess [] Other
" - 2. Type of Caning Joints: Screr ~Couple ()  Clue~
Coupls ] Othee
3. Type of Well Scraent PVC (B Gahanized [J
¢ Staintess [ Tefien [J Other
Bentenite Seal ?;_n 4, Diameter of Casing and Well Screem
Pettete 0  Siurry[) 2 Cavig 2 inches, Scremn__ & inches.
. o 5. Slot Size of Screem |, 00
Fliter Pack o B 1
A &. Type of Screen Perforations Factory Slotted
Above Screen __L_Ft. S5 N q i ®
i B Hacksaw () Drilled [J Other
1k 40 7. istalled Protector Pipe w/Locks You (§ Ne[D)
=) WELL DEVELOPMENT INFORMATION:
: ::: I« How was Well Developed 1 Bailing (8 Pumping [
" Al Surging (Al or Nitrogen) Other
FILTER PACK MATERIAL ok .t o
1. 2. Tim W
Silica Sané [ . :_: ¢ Spant on Well Developmant
Ft = / Winutes/Hours
Washed Sand [ .20 ‘ ::: 3. Approximate Water Volume Removed 1 GaNons
Pes Gravel [ ::: 1 4, Water Clarity Befors Development 1 Clear [
= Twdid I Opaque O
Othert (=1,
=1 5. Water Clarity After Development 1 Clear [
o =1 Tt [J  Opague
Send Size | ' ; ) €. Did Water have Oder ! Yes [ W [
— i [l : _LQ_- # Yeou, Describe
Dense Phase Sampling Cup ) Fe . . 7. Did Water have any Color ! Yoo [J No )
Bettom Plug T, -,' It Yos , Desceibe
Yoo Ne b
0 O - ' L’ WATER LEVEL INFOAMATION:
b Overdrilled Material : | Watar Level Summary (From Top of Casing
Backfi Ft. {
] | During Drilling Ft. Date
Growt [J Sand [ i | Bt Gt Fi. De
Caved Materlal [ _.L__\--___J P efors Dovelopment . Ft. Date
Others - After Development _  Ft. Date
Dritler/Firm W iINAE ¥ Drill Rig Type FP1/NG-7250  Date Instailed  //-2/-G/
Karr—McGee
Orili Craw 1) piC W Well No. MWK -& Hydrologist /@ Koy iopic &/
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Yo B wne O

Protective Pipe ~~ - . _

Grout 0 Sand [J
Caved Maturial [

Other:

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALLATION DIAGRAM

TR e e L e B awe®

prpn L g

Casing Cap Vent T Yes ] No [
.-Lock? Yes @ Ne (O
_~Weep Hole T Yes O w0

Jf Ft. x { Ftox 4 inches

v

Drilter/Firm WINNEK

Drill Crow wW. vick Well No,

|
{
|
[ X TR B

st ® pve (O ;
Surveying Pin 1 - — ’/"‘ Concrete Pad
Yo} N (D B 5 ” .
'K E #57 prrro
4 *1.| BELOW
i 1 _F 1o] |.I)] GRADE  casing
D’: ’:ﬂ ]
S/ Iy 52
Cement/Bentonite Grout Mix
Yeos (X) Ne[) '
' 5.5 Gallons Water to
©4Lb. Bag Coment & [ 4 Fi.
5-5 Lb. Bentonite
Powder
Oth.ﬂ NI, - S
i L5
tonite Sesl o
Bentonite Se ____!.__H-
‘ Peliets X Slurry [ 5 /7
Filter Pack A "
Above Screen _.___é__ t
;-1 /9
-
= i
-
o
FILTER PACK MATERIAL »-:-i
= B
Silica Sand X ’ t—:
Washed Sané [ _Io ™} k4
-
Pes Gravel [ :.:
Others E
Send Siza i ]
S e = | _29
Dense Phase Sampling Cup y Pt :
Bottom Pluy - >
Yoo Ne[) :2 30
Overdrilled Material :
Becktil Ft.)

Deill Rig Type FRUING -

DRILLING INFORMATION:

|. Borehole Diameter= § Zﬁ inches.

2. Were Drilling Additives Used ?  Yes[T] No B
Revert [] Bentonite ] Water [
Solid Auger Aollow Stem Auger (]

3. Was Outer Steel Casing Used ! Yes [J  No[¥]

Depthe to Fost.

4, Borehole Dia..eter for Outer Casing inches.

WELL CONSTRUCTION INFORMATION:
1.Type of Casing: PVC Galvanized [ Tefion [
Stainless [] Other
2. Type of Casing Jointe: Scraw=Couple (8  Glue-
Couple []  Other
3. Type of Well Screen: PVC B8 Gatvanized [
Stainiess [ Teflon [} Other

4, Diameter of Casing and Well Screen:

Casing 2 Inches, Screen_ & inches.
5. Slot Size of Screen:
6. Type of Screen Perforation: Factory Slotted X
Hacksaw (] Dritied [[] Other
7. Installed Protector Pipe w/Lock: Yes &K No [
WELL DEVELOPMENT INFORMATION:
I. How was Well Developed ? Bailing B Pumping [
Air Surging (Air or Nitrogen) [] St

2. Time Spent on Well Development 7

/ Minutes/ Hours
X. Approximate Water Volume Removed T Galions
4, Water Clarity Before Development ? Clear ]
Turbid (] Opaque [J
5. Water Clarity After Development T Clear [
Turbid [ Opaque ]
€. Did Water have Oder 7 Yoo [] No [
If Yes, Describe

7. Did Water have any Color 7 Yes [J No [
It Yes , Describe

WATER LEVEL INFORMATION:
Water Level Summary (From Top of Caeing)

During Drilling _______________ Ft. Date
Before Development Ft. Date
After Development Ft. Date

/25O  Date Installed  //-2/- %y

MW R-&

Kerr~McGee
Hydrologist  © APpiop SK/

o, | < 4
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KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALLATION DIAGRAM

Filter Pack
Above Screen

e
A

T

ﬁT'T
AL L

FILTER PACK MATERIAL

|
A

Silica Sand 0 ~
=

P ot

Waehed Sand [ __ZL“' =

| -

Pes Gravel [ ; ;—:

| el

Other: | =
| =

——— &

Sand Size =1 =3
P

Dense Phase Sampling Cup | L
Bottom Plug e
No [

Yoo €

Overdritied Materia!
Backtill

Grout § Sand )
Caved Material [

Other:

Oriller Z7Fiem Wiy~ EN

Drill Craw (1), Vi K

Protective Pipa~--___ =~ ™ .- Casing Cap Vent T Yoo &) No [
Yo @ o O l -"i Qq .......... Lock T Yes Noe )
steel ® pvc O e _-Weep Hole 7 Yes 0O w0
Surveylng Pin ? - | e P ’,/" Concrete Pad &' Fox _ 3 Fox 4 inches
Yol WD ) s '-'m__EWu_— DRILLING INFORMATION:
4 b OEFTREROM 1. Borshole Diametere E /¢ incher.
Concrate fu I _L_f!. : : gg"jg\g gfg,f,’f; 2. Were Drilling Additives Used ? Yoo ] No @
4 | :'_‘ Revert ] Bentonite ] water [J
b Sad= ::_: " o Solid Auger []  Hollow Stem Auger &)
3. Wae Outer Stee! Casing Used ? Yes [ NofE
Cement/ Bentonite Grout Mix Depth= to Feet.
Yoo 0 No[] ‘ 4. Borehole Diameter for Outer Casing Inches.
| Sais Sagcenen s LS WELL CONSTRUCTION INFORMATION:
3-5 Lb. Bentonite | 1.Type of Casing: PVC X] Galvanized O Tetion(J
Powder Stainless [ Other
o e 2. Type of Casing Joints: Screw~Couple Giue—
iy Couple []  Other
e U - e 7.4 3. Type of Well Scraen: PVC @ Galvanized [
Stainless [ Tefion (] Other
Bentonite Sea! 4. Diameter of Cosing and Well Screen:
| Poliets B Siurry [ o Casing 2 inches, Screen £ Inches.

. Slot Size of Screen: .0/0

. Type of Screen Perforation: Tactory Slotted ¥)
Hacksaw [ Drilied (] Other

. Installed Protector Pipe w/Lock: Yes 3 No [

WELL DEVELOPMENT INFORMATION:

I. How was Well Developed ? Bailing I Pumping [
Air Surging (Air or Nitrogen) [] Other_

D o>

2. Time Spent on Well Development ?
/ Minutes/ Hours
3. Approximate Water Volume Removed 7 Galloms
4, Water Clarity Before Development ? Clear [
Turbid [ Opaque (J
5. Water Clarity After Development 7 Cilear [
Turbia [ Opaque [
€. Did Water have Oder ?
It Yes, Deecribe
7. Did Water have any Celor 7 Yes []
If Yews . Describe

WATER LEVEL INFORMATION:
Water Level Summary (From Top of Casing)

Yos ()

No ()

No [

During Drilling _Ft. Date __
Before Development e o
After Development Ft.Date __________

Drill Rig Type Fosu/nNC- 1250  Date imstalied  //- 22~ 9/

Kerr~McGee
Hydrologist

R MKPPKow K|

Well Ne, @ W/QB- 7




Protective Pipe
ver &
Steel ¥

eve ()
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KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALLATION DIAGRAM

_~Weep Hole T Yes O

ne O

f‘c ." .
f“"%"" p‘:‘ '[‘]‘ i oy S o~ Concrete Pad & Ftox 4 Fox _ 4 inches
o © = > ’
=l ..#E)___ DRILLING INFORMATION:
Ay, = DEPTH P
sl Bl FROM i. Borehole Diameter= 8 [f Inches.
f » w T F P
Concrete I__Ftp 11 : ggl&g[ cgg"?g 2. Were Drilling Additives Used ?  Yes ] No
. 4 | Revert [] Bentonite ") water [J
. oS % | Seiid Auger []  Holiow Stem Auger
3. Was Outer Stesl Casing Used 7 Yoo [] Nof
Coement/Bentonita Grout Mix Depth= to Feet.
Yoo i@ Ne[J , 4. Borehole Diameter for Outer Casing inchee.
| Rt s o & |5 . WELL CONSTRUCTION INFORMATION:
3-5 Lb. Bentonite ' 1.Type of Casing: PVC K Galvanized [ Tefion [
Powder Stainiess [] Other
i P S—— 2. Type of Casing Joints: Screw—Couple [X] Glue~
Couple [[]  Other
e e / 3. Type of Well Screen: PVC 8 Gatvanized OJ
Stainless [ Tefion (] Other
Bontonite Seal 2 Fu 4. Diameter of Casing and Well Screen:
| Potiote )  Siurry () | /8 Casing 2 inches, Screen 2 Inches.
= 5. Slot Size of Screen: .06
Filter Pack . ™
Above Screen 2 Ft 6. Type of Screen Perforation: Factory Slotted |
g o 04 Hacksaw D Drilled D Other
_ 7. Installed Protector Pipe w/Lock: Yes 8 to ]
BT
i = WELL DEVELOPMENT INFORMATION:
= 1. How was Well Developed ? Bailing ®  Pumping 0
= Air Surging (Air or Nitrogen) [ Other
FILTER PACK MATERIAL g
Biien Band :."_‘ 2. Time Spent on Well Development ?
itica San o
e 4 o / Minutes/ Hours
Ft. =
Washed Sand [ —dl = 5. Approximate Water Volume Removed ? Gallons
! -
Pea Gravel [) ;.: I 4., Water Clarity Before Development 7 Clear [)
o £ Turbi¢ [J  Opague [
e ; 5. Water Clarity After Development 7 Clear [
- P— :.'.: : Turbie [ Opaque [
Band Bzt oo . = €. Did Waier have Oder 7 Yoo [ No [
P - D -*—-—' [ 30 If Yes, Describe
Dense Phase Sampling Cup Fel § 7. Did Water have any Color ¥ Yes []  Ne [
Bottom Plug i . ' It Yes , Describe
Y N
o MDD ,L—b_/ -] - WATER LEVEL INFORMATION:
Overdrilled Material ! ' Water Level Summary (From Top of Casing)
Backtil Ft. ) { Ouring Deil £
Grout () Sant I - ) | uring Drilling t. Date
rouv | |
Caved Materisl [J _*__ ) Before Deveiopment Ft. Date _
S After Development Ft. Date .
Deitler/Fiem _pinn EK  Drili Rig Type Date Instaliee  //-28 = F/
Kerr=McGee
Orili Crow (o) yycsl wallNe.  MUWR-8 Hydrologist © APANOWSHK]
Corm LALTE op

(o con gormeG tog )
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KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENTY

MONITORING WELL INSTALLATION DIAGRAM

Casing Cap Vent ' Yes ] Ne [

_-Weep Hole T Yo O w0

L

2 $

Fi. x Fx 4 inches

ODRILLING INFORMATION:

. Borehole Diameter= £ Zf inches.

2. Were Drilling Additives Used?  Yes[] No i)
Revert [] Bentonite ] waeter [
Solid Auger 7]  Holiow Stem Auger

3. Was Outer Steel Casing Used ? Yes [
Depthe Fast,

No )

to

4. Borehole Diameter for Outer Casing Inches.

WELL CONSTRUCTION INFORMATION:
1. Type of Casing: PVC @ Gelvanized ] Tetlon )
Stainiess [ ]  Other
2. Type of Casing Joints: Scraw~Couple K]
Couple []  Other
3. Type of Well Screen: PVC [ Gahvanized [
Stainless [ ] Tefion (] Other

Glue~

4, Diameter of Casing and Well Screen:

Casing 2 Inches, Screen_ 2 Inches.

5. Slot Size of Screem . ©l0
6. Type of Scresn Perforation: Factoery Slotted P8
Hacksaw (] Dritied [ Other
7. Instalied Protector Pipe w/Lock: Yes B Ne ()
WELL DEVELOPMENT INFORMATION:

1. How was Wall Developed T Balling [J  Pumping [
Air Surging (Alr or Nitrogen) [] Other

2. Time Spent en Well Development ?

/ Minutes/Hours

3. Approximate Water Volume Removed ?
4. Water Clarity Befc'e Development T Clear [

Tubid [ Opague [
5. Water Clarity After Development * Clear [

Turbid [ Opeque []
6. Did Water have Oder ?

it Yes, Describe

Galions

Yeo (0 N (O

7. Did Water have any Color T Yes [ No [
If Yes , Describe

WATER LEVEL INFORMATION:
Water Level Summary (From Top of Casing)

Protective Pigo~--.. === (= ___..
Yo X we O | ‘@;_,_-..-Lnk? Yo 4 Ne O
st ) pvec O i
Ft. -
Surveying Pin ¥ - _ sl amt ! * Concrete Pad
Yoo X N D R -
)
. '. ’
¥ *|.1 BELOW TOP OF
Concrete “_/_Ft- w‘ : Wb GRADE CASING
1 |4
3= led
Cement/Bentonite Grout Mix
Yea (] Ne[]
5.5 Galions Water to
94ib. Bag Coment & /b Fr.
3-5 Lb. Bentonite
Powder
Others
/7
Bentonits Seal
Petiets [ Siurry () /9
Filter Pack
Above Screen o :
1kt 20
‘ <
o
o
FILTER PACK MATERIAL =
H
Silica Sand [ [t
] *
Washed Sand [ ___L_4__n' a ::1
-
Pea Gravel [ 1.
Othert E !
Sand Size =8
NPLERR AT = | 35
D Ph Sampling C : 1 i
ense Phase Sampling Cup Fi. :
Bottom Plyp A - "
WO wO 3¢
Overdrilled Material : |
Backtill Ft. g
Grout [] Sand [ . : |
Caved Material [ i v iarapy P i
Others

Driller7Firm __ w wyrv &M

Orili Crew ) pic ¥

Drill Rig Type FARUING (256 Date Instalied

During Drilling ____ Ft. Date

Befors Development Ft. Date ____

After Developmant Ft. Date ____
{259/

Kerr=McGes

Well Ne, gw R-9 _ Mydrologist 2 MREMOUISH)




Protective Pipe

- - -

MW-10

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

MONI!TORING WELL INSTALLATION DIAGRAM

....

Yoo @ ne () | e
steel Y} Pvc [0 :
Surveying Pin 7 - . _ . - T_“' = Concrete Pad Q
Yoo [ Ne () Syl |
.
¢ .| BELOW TOP OF
Concrote L _Fuplll L1'l GRADE cASING
.« P
- . .ﬁ
. » s
B e e -L—1 ——-[——- e
Coement/Bentonite Grout Mix
Yes m Ne[)
| 5.5 Gallons Water to |
| 941.:. Bag Cement & _~§_Ft.
3-5 Lb. Bentonite |
Powder i
Others |
— ] ) 6
4
Bentonita Seal
'._Z__Ft.
| Peliets X Sweey[] 1 8
Fiiter Fack
Atove Screen _._.Z___n‘
1] /0
L
i—_-
_
FILTER PACK MATERIAL -
=
Silics Sand  [X) :—:
_
Washed Sand [ ___Lé___n' =
| -
Pes Gravel [ :..: .
Others 3
e gt '] e
Sand Size é oF
Dense Phase Sampling Cup Fel g
Bottom Plug 2 i '
YesX Ne[] 26
1
Overdrilied Material : |
Backfill Ft.l "
Grout i Sand (O o : I
Ceved Material [) _L__. [—
Othees
Drillec /Fiem  WINNEK Drill Rig Type

Oritl Crew () YICV

Casing Cap Vent 7 Yes @ No [

Lock ? Yos (B Ne (O
Weep Hole ? Yes 8 ne [

Ftox 6— Ft.x 4 Inches
DRILLING INFORMATION:
|. Borshole Diamater= & /- ¥ inches.

2. Were Drilling Additives Used ? Yoo [
Revert [ ] Bentonite ] water ()
Selid Auger [} Hollow Stem Auger

No (W

3. Was Outer Steel Casing Used 7 Yes ]  No[B
Depth= to Faet.
4., Borshole Diameter for Outer Casing Inches.

WELL CONSTRUCTION INFORMATION:
I.Type of Casing: PVC (¥) Galvanized [ Tefion (]
Stainless []  Other
2. Type of Casing Joints: Screw—Couple [X)
Couple [}  Other
3. Type of Well Screen: PVC (X Gaivanized [
Stainless [ ] Teflon ] Other

Glue~

4, Digmeter of Casing and Well Screen:
Casing & inches, Screan_ & Inches.
5. Siot Size of Screen:
6. Type of Screen Perforation: Factory Slotted X)
Hacksaw [} Dritied [] Other )
7. instalied Protector Pipe w/Lock: Yes Y No [
WELL DEVELOPMENT INFORMATION:

1. How was Well Developed ? Bailing X Pumping [
Air Surging (Air or Nitrogen) [] Other

2. Time Spent on Well Development ?

/ Minutes/ Hours
3. Approximate Water Volume Removed ? Gallons

4. Water Clarity Before Development ? Clear [ ]

Turbic (] Opaque [

5. Water Ciarity After Development 7 Ciear [
Turbid [ Opaque (]

6. Did Water have Oder ?
it Yes, Describe

7. Did Water have any Color 7 Yes [
if Yes . Describe

WATER LEVEL INFORMATION:
Water Level Summary (From Top of Casing)

Yoo [] No )

Ne [

During Drilling __ Ft. Date
Before Development __ __Ft. Date L
After Development Ft. Date -

Date Instatled //)- 255/

Kerr=McGee

o weine. M) R-JO  Mysrolegist  p. KPAKPWSERT

NOTFE,
//vc» soll ROPING

LOG \




Protective Pips
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KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

o T gt

MONITORING WELL INSTALLATION DIAGRAM

L.----Casing Cap Vent 7 Yes (R No [

You Noe (O I .-Lock? Yos & No [0
swel X pvc () e _.~Weep Hale t Yo O ne D
£ Fi.
3"";"" p": 'E‘]* e - Concrete Pad L fx_ & Fia_ 4 inche
7 4 [
= & ‘E———Q—— DRILLING INFORMATION:
exlilis DEPTH .
MR 20 FROM | . Borehole Diameter= K /4  inches.
Cencrete /__'h v : : X g%kgg gsg,gg 2. Ware Drilling Additives Usad ?  Yes [ No
“d4 1. f'—{ Revert [} Bentonite ]  water [
| ;_: 2" o) l Selid Auger [T}  Hollow Stem Auger
3. Was Outer Steel Casing Used? Yes[) Nol®
Cemant/Bentonite Grout Mix | Deptha: to Fuet.
i
Yes i) No [ | 4. Borehole Diameter for Outer Casing Inches.
| Sia s Camn & WELL CONSTRUCTION INFORMATION:
3-5 Lb. Bentonite I.Type of Casing: PVC ] Galvanized [ Teflon [J
Powder Stainless [|  Other
g o P 2. Type of Casing Joints: Screw=Couple I§  Glue~
e i ettt Couple (] Other
ST 3. Type of Well Screen: PVC K Gelvanizes [J
Stainless [ Tefion | Other
Bentonite Seal 4. Diameter of Casing and Well Screen:
| Pattots [ Siurey ] Casing inches, Screen Inches.
5. Siot Size of Screen:
Filter Pack 7 e 6. Type of Screen Perforation: Factory Slotted N
L .
Ahevs Boroes Ea ‘ Hacksaw (7] Dritied [ Other
» 10 7. Instalied Protector Pipe w/Lock: Yes X No[D)
= WELL DEVELOPMENT INFORMATION:
- 1. How was Well Developed ? Baiting )  Pumping [
{ :': Air Surging (Air or Nitrogen) [] Other
FILTER PACK MATERIAL | =
S S | :'.‘ 2. Time Spent on Well Development ?
itica Sand . -]
- 2’ £ = / Minutes/ Hours
Washed Sand [] €0 % ::‘ 3. Approximate Water Volume Removed ? Gatlons
Pea Gravel [ ! ::: 4. Water Clarity Before Development ? Clear [
| | © Turdidc [J  Opagque [J
Others __ e | = 5. Water Clarity After Development 7 Clear [
e b R : E Turbid [ Opagque [
Send Size ! — 6. Did Water have Oder 7 Yoo ) No ()
e e i e -{ e p If Yes, Describe
Dense Phase Sampiing Cup /L 7. Did Water have any Color 7 Yes []  No [
Bottom Plug LD_) If Yes . Describe
TRl N , 3 WATER LEVEL INFORMATION:
Overdrilled Material ! : Water Level Summary (From Top of Casing)
Backtil T fa.) , During Drilling _ F1. Date
(c;':u:.%“s.:i:‘. 5‘ * L jl Before Development Ft. Date
YOO MATAra! | ] e N e e e —
i After Development _ Ft. Date e sl
i RENERTSSETRS
Oritter 7Firm _ M/NNEK _____ Drin Rig Type NG 12850  Date instailed _/[:_Zé_'_i/,,_____
Kerr=McGee
Orill Crew o) VJCK  WeliNo. %ﬂ /  Hydrologst O NRFHOLISKY




Btee! rve
Burveglog Pla ¥ -

Concrate

Coment/Bentenite Groet Mix

Yul@d N0

% 5.5 Gafllens Water t
H4LH. Bag Coment &
3-8 Lb. Bentenite

Powder
Othert

Bentenlte Besl

Peeta i Bwery D

Filter Poch
Above Beraoe

FILTER PACK MATERIAL
Billea Band [
L POORITES)
Pes Gravel [J
Others

Sund Blxe &" 2

Dense Phaee Sampling Cwp
Bettom Plog "0

Yeu
Overdritiod Matarial
Backli

Geont [ Band X
Caved Materis! [J
Othere

- P

Deitlgr /Flrm

Yol w0

N ST epaion ORI Type  odu- 4

KERR-McGEE CORPORATION
HYDROLOQY DEPARTMENT

MONITORING WELL INSTALLATION DIAGRAM

”__..---'c“ln Cap Vest ! Yo 0 W X
veneeebock ! Yo 3 N (O ‘.
_oWonp Hele I Yoo O wD

—

Concrote Pad

DEPTH

-‘e—. "o
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LOCATION/T TELD CusHiMe, OK l
COUNTY L e _______I
STATE oK o
SECTION TOMMSH 1P HAWGE
DAt 06/ 1T/793 PERMANENT DATUN CLEVAT 1ONS |
DEFTH BRILLEM o o ELEV. PERM. DATUM e ] :
LOG ROTTON §9.38 LOG MUEASURED FROW: G5 oy &
LOG TOP 3.76 DRL MEASURER FROM: GS cL

COSING DRILLER " LOGC ING UMY

A TG TYPE FIELD Qrvice

CAHS ING THICENDSS @ @ RECORDID BY L JaN FAJGL

PIT SiZA a.% BOREMOLE FLULID wATER FILE oR1GY
MOGHE T 1C wn 1YPE sensc '
MATELX DENSITY ®H TEMPERATURE LOG ' 8 .
FLUID DENSITY : WOTRIX DELTA 1 pLoT @ oessc’
MEUTRON MATEIX FLUID DELTA T THEDSH . ® '
REMARKS

UPHOLE

ALl LERVICES PROVIDED SUBJECT 10 STANDARD TERNS AND COMD 1 T 10ONS
TR or PES
3 ; : # 3 } T GHM 800
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BOREHOLE B-120; ELEVATION 877.5 FT MSL

COmPany

UL

LOCATIONAT IELD
COUNTY

LIaTE

SECTION

DaTY

PEF M BRILLLY
LG ROTTON
LOC TOF

CASING BRILLEK
CALING TYFE
CASING THITCOKNESS

®1T KIRg
MAGNETIC BECL
MATRIX DENSITY
TLUID DENSITY
ML UTRON MATR IR
REmaRKL

UPMOLE

¥ERE NOGER
120 1 &4 see
R NG O

O
TOMMEH L P

BLAAT/90 FPEERGNENT DATUN
-t ao ELEV. VERN. DaTUM
79.38 LOG MLASURED FROSM
378 DEL MEASURED FROM

L LOGCING uNlY
VIELD BIFICE
L RECORDED BV
4.5 POREMOLE FLUIY
Ll
B TEMPERATURL
1 MOTRIX PELTA 1

FLUID DELTR 7

OTHER SENVICES : |
e

ELEVAT 1ONS g
g L

s Br '

Gs GL

IO TRIGL |

MATER FILE . ORIGH
TVPL sensc
WG e -
rLor senac |
THRESH . ®

ALL SESUICES PROVIBED SUBJECT 10 STANDARD TERMS AND COND 1Y IOMS I
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BOREHOLE B-126; ELEVATION 847.2 FT MSL

B-126-1

COMrasy

el

LOCATIONST TELD
COUNTY

sYAaTL

SECT 1M

ball

REFTH BNILLEM
LOG BOTTOR
Lo TOP

A5 ING
Cas NG
AN IMG

DRILLLE
e
THICKNESS

RIT SI1ZH
MOAGMETIC DECL
MATRIX DENSITY
FLUID DENSITY
INE U TROM PaTRIX
REMARKS
urHoLt

VEME mMOGEL

"o126-) Efc I8
CUSHING . UK
0K
TOMMEH TP
BE A7 /90 PENRANENT DAY UM
- el ELIV. FERM . DATUR
a4).76 LOG MEASURED FROM
4. 48 DRI MEASURED FROM
o LOGGING UNLY
FIELD OFF 1CK
L RECORDED WY
4.7 ROREMOLE FLUID
(L]
®rt TEMPERATURE
) MATRIXK BELTA ¥

FLUID DELYA T

CUTHES SERVICES:

waNGE |
ELEVAT 10MS .
e i ’
os ny : >
s oL
AN TAJGL
wATER FILE ORiGH :
vre o™ M
LOG 2 p
rLoY onYsC s
THRESH: ®

ALl SERVICES FROVIDED SUBJECTY TO STAMDARD TERMS Asb fml'la
e e
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BOREHOLE B-127; ELEVATION 873.9 FT MSL

OTHER SERVICES

COMPaNY KERR MOGED
MELL p-1a27-3 ESo 30
LOCAT 10NV 1ELD CUSHING, 0K
COMNTYV Foar 2% 10
STATE OF
SECTIOM TOMNSH | F RANGE l
DK BO/16/90 PERMANENT DRTUM ELEVAY JONS 5
PEPTH DN ILLEK “h B0 ELEV. PEPR. DATUM e : 3
LK. BOTTOM 69 B8 LOG MEASUNED FROW . GS br 2
LG oy 4 .9¢ DEL MIASURED TROM: GS GL :
CASING DRILLER o LOGG ING UMY
CA% ING TYPL FIELD 01 ICE
CAS ING THICKNISE . # RECOPDED BV JaN TAJGL
BRI SITI 4.8 BOREMOLE FLUID HATER riLe otlc!.
HAGML T IO DECL L] wyer ¢ '-u'u.
MATRIX DENSITY M OTEMPERATUKE LoG B a
FLUID DENSITY 1 MATKIX DELTA T rLOT ’.59(.
MEUTRON MATRIX FLUID DELTA 1 THRESH: ®
BEMORKL
UPNOLE
ALL SERVICES PROVIDED SULEJECT TU STANDARD TERMS AND COND!TIONS
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BOREHOLE B-128; ELEVATION 878.9 FT MSL

7
CGO

60

COMPaMY KLRE MOGEL OTHER SERVICES | a
el B l2n-y FLe rse |
LOGCAT TOMZF TELD CUSHING , OK
COUNT Y % l
sSTATI oK
SECY 1w TURIMSH L P ROANGE
DaTe BB/ PLESANENT BATUN ELEVAT 10MS !
DEFTH BEILLEK . 00 ELLV . VERM. DATUN ] : 2
LOG BOTTON 59 %9 LOG MEASURED FROM: CS oF¥ 3
LOG 0P 3. 68 DEL MEASURED FROM: GS GL
CASING DRILLER 3 LOGGING UNIT
CAS ING TYPE FIELD OFFICE
CAS ING THICKKESS | # RECORRED BY JaN FAJGL
BiY SI28 a.n BUREMOLE FLUID WATER VILE oRIGI
MAUNET IC BECL L L] TVYPE POUBC ¢
MATRIA DEMSITY BH ITHPERATURS LOG & 4
FLUID DENSITY } MATRIA DELTA T rLor vensc
MEUTRON MATR X FLUID DELTA T THRESH : ®
REMOARKS
UPHOLS
BLL SIRVICLS PROVIDED SUBJECT 10 STANDARD TERMS AND CONDITIONS
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BOREHOLE B-134; ELEVATION 869.9 FT MSL

comprany

MELL

LOCATION/F 1ELD
COuMT Y

SR

SECTION

WATE

PEFTIH DRILLEN
LOGC BOTTOM
LOG TOP

CAS ING DRILLEF
CAS NG TYPE

BT s

IMAGNET IC DEC)

MOTRIX DENS [TY
FLUID DENSITY
NEUTROM MATRIX
REMARKS
UPHOLE

CAS ITHC THICKNESS

KERR MOGEE

B-134-)

£ I8¢

CUSMING, O

ox

8L/ 16793

T

&2 .
3 .08

TOMMSH P naMcT l
PERMANENT DATUM ELEVAT LOME '
ELEV. PERM. DATUN e .
LOGC MEASURED TROM: OGS »r .
DRL HMEASURED FROM: CS GL

LOGGING 1T

FIELD OrFice :

FECORDED BY JAaR FRJIGL

BOREMOLE YLUID L OHATER FILE ! ORICH '
o TYPE : 9eNnC P
BM TEMPERATURE LOG 1 9 »
MATRIX DELTA T FLOT ¢ nssc'
FLUID DELTA T THRISHM: @

ALl SERVICES PROVIDED SUBJECT 1O STANDARD TERMS AND CONDIT LONS
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BOREHOLE B-135; ELEVATION 888.4 FT MSL

B-135-1
Company VERR MCGET
WL B-i3%.1 &5 Jgv
LOCATIONAT 1LY CASH NG o
COUNTY
sman Oo¥
BECTION TOMMEN TP
paT B6/AB/9T PERMANINT DATUM
DEFTM ¥ ILLEK e ELEV . PERM. DATUN
LOG ROTTON BE . YR LOG MEASURED FROM
Loc TOF 1B DEL MEASURED FROM
GO ING DEILLEK ® LOGG INC UNTT
CAS MG TVPE FIELD QFF ICE
CARIMG THICHMESS @ @ RECORDED BY
817 HITE 4.5 BOKEHOLE FLUID
MAGNETIC DECL wh

IMGTRLE DENSITY
FLUID DENSITY
MEUTRON NATRI
KEMARKS
U HOLL

i

ICES PROVIDED SUBJECT

R TEMPERATURL
MATRIX DELTR T

FLulp BELTA T

J—— ——
OTHER SERVICES: ;
!
|

i

AT l
ELEVAT 1ONS -
= L]
s or
cs GL ¢
N TRIGL |
uaTER ruE
STREETITTY
LOG . s
Figr . 9EEC 2
THRES . & I

10 STANDARD TERMS AND CONDIY IONS




BOREHOLE B-136; ELEVATION 881.5 FT MSL

B-136-1
TP KERE oGkl OTHER SERVICES @
LI N B 1362 €5 I
LOCHT 1ON/T 1ELD CUSMING, OF
COUNTY e _J
S1ATE ox
BECTION TOMNEN TP 1 RAMCE I
paTE 86 /19,97 PERRANINT DRTUM ELEVAT 10ws .
DEFYH DEILLER am T ELEV PERM. DATIM w p
LOC BOTTON 7TH .48 LOG NLASUNLD FROW GU »r s
LOG TOF 2 68 DRL MEASURED FROM: OS GL
CAS IMG DRILLEYW » LOGGING UNET
OGS MG TYPE VIELD OFYICE
CASTMG THICOKMESS | 8 KLCORDED BY 2 FAJGL
B1Y SIZE 4“5 BOREMOLE FLUID HATER FILE oIt
MOGNE T IO BECE L L] TYPE O.-c:
MATRIX DEWSITY BN TEMPLRATURL Lo LR .
FLUID DENSITY i MATRIX DELTR T FLOY . 9enSC
ML UTRON MATE X FLUID DFELTA T THRESH : © ‘
RENARKS
UPHOLE
ALl SERVICES PROVIDED SUBJECT TO CTANDARD TERMS AND COND 17 10KE
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COREHOLE B-120-2; ELEVATION 873.0 FT MSL

——
B-120-2

P -
Camran VERR WGER OTHER SERVICES @ |
Wil volRe-g KO 08 |
LOCHTTOM § 1ELD ©UnH NG |
T e
LINTE o
KECTION TORINNM | P e '
DT BL 28,90 PERMANINT DRTUN ELEUAT 1OWS A
GEFIN BEILLEK -y Se LLEV. PERM. BATUM e 3 3
LOG BOTTON 769 .78 LOG MEASURED FROM. GS o "
LOG Tor 168 DRL MLASUKED FROM . OGS GL
CONING DR ILLLE 0 LOGGING UMY
CAB NG TYPI FIELD OFFICE
COAt NG THICHMESS | 8 RECORDER BY o FRIGL
BIT ST an BOFEMOLE FLUID HATER rne @ ulct.
MAGHME TIC BECL ] TYrE eNDC 2
MGTRIX DENRITY M OTEMFERATURE Lo S >
TLUID BINSITY i MATRIX DELTA Y rior @ uuc.
ML UTRON HATE X Luip PELTR § THRESH . @
BEMARKS
UPsLE

ALL SERVICUS PROVIPED SUBJECT 10 STANDARD TERWNS AND COMD 1T 1 ONS
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COREHOLE B-127-2; ELEVATION 881.8 FT MSL

—
o e o e e ey
COomPamy KERM > GER OTHER sl;luncm.l
L -1av-a FKof Jer |
LOCAT IO/ T 1ELD CUSMING, O !
COWNTY e J
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RICTION TOMMGM TP Al I
A BL/RBSES PERMONINT DAY LLEWAT 1 OmS '
PEFTM DEILLER -y - ELEV  PERM . DATUN n t y
LG BOTTON U8 10 LOG MLASURED FROM: OS oy H .
LOG TOF 3 8e DRL MEASURED FROM. GS GL :
CHS ING DBRILLER » LOGGING ALY
CAasING TYPL FIELD DRV ICE
TS ING TH I CENESS n SECONPID BY Jan FAIGL
BIY SIZS - BOREMOLE FLUAN NATER FILE : ORIGH
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HOTRIA DEMS 1TY BM TEMPERATURE Lo s P
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ELEVATION 892.1 FT MSL
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BOREHOLE CMW31.2; ELEVATION 847.7 FT MSL
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APPENDIX H
FORMATION CORE PERMEABILITY DATA
AREA 3



Table.

FLEXIBLE WALL PERMEABILITY TEST RESULTS

Cores from the Cushing Kerr-McGee Facility

Core B-120-2 | B-120-2 | B-120-2 |B-120-2 | B-120-2 |B-120-2 |B-127-2
Interval 15°=16" 35°-37¢ | 43°-44’ | 58'-59’ 63°-65° | 77'-78"' 26'-27"
Dry Density 126.4 131.7 114.2 133.0 125.3 111.1 114.4

(pct)
Moisture, % 17.0 11.4 15.0 8.7 11.5 14.0 14.7
| k, cm/sec. 1.2%10°® | 7.1%10® | 6.1x10"7 |1.7x107® | B.8x107° 3.1x10°7 | 3.2x107" i

pcf = pounds per cubic foot
k = coefficient of permeability
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able. FLEXIBLE WALL PERMEABILITY TES. RESULTS

Cores from the Cushing Kerr-McGee Facility

Core B-127-2 B-127-2 B-127-2 B-127-2 B-127-2
Interval 397=40° 47'-48" 63"-64" L s & o At
Dry Density 134.3 134.0 124.7 $123.5 125.9
(pcf)
Moisture, % 9.3 8.7 11.1 11.5 12.0
k, cm/sec. 5.8x107° 1.9%x107% 1.6x1077 1.8%x10°° 3.4x10°°
pcf = pounds per cubic foot

K

= coefficient of permeability

-
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APPENDIX 1
WATER . EVEL DATA FOR MONITOR WELLS
AREA 3



Historical Water Levels in Cushing Area 3

CMW30.1

Depth WL
to Water Elev

CMW30.2
Depth WL
to Water Eley.

CMW30 3

Depth WL
to Water Elev

CMW31.1
Depth WL
to Water Elev

CMwW31.2
Depth WL

to Water Elev

l I | | I

} | | l !

| | ! I i -
Date | (®BTOC) (rBTOC) | (BTOC) (R BTOC) | (BTOC) (ft BTOC) | (RBTOC) (it BTOC) | (BTOC) (ft BTOC)
07722/93 | 11.97 880 .86 | 56.95 837.27 | 87.90 806.27 | 16.50 831.79 | 4259 806.93
07/28/93 | 10.94 881.89 | 56.82 837.40 | 78.13 816.04 | 15.86 832.43 | 3865 810.87
08/25/93 i 9.21 883.62 | 58.06 B36.16 | 67.18 826.99 | 16.47 831.82 | 35.64 813.88
09/24/93 | 9.98 882 .85 | 58.16 836.06 | 63.35 830.82 | 16.09 830.20 | 3517 81435
10/27/93 | 10.91 881.92 | 58.78 83544 | 61.34 832.83 | 16.38 831.91 | 34.71 8i4.81
11/16/93 | 11.57 881.26 | 57.98 836.24 | 60.64 833.53 | 16.29 832.00 i 3458 81494
12/09/93 | 12.05 880.78 | 59.31 83491 | 60.20 833.97 | 16.20 832.09 | 34.78 814.74

i | | i l
Mean WL | 10.74 882.09 | 58.46 835.76 i 62.54 831.63 | 16.29 832.00 | 3498 81454

Note: "t BTOC" indicates "Feet Below Top of Casing”



Historical Water Levels in Cushing Area 3 (continued)

CMW32. 1
Depth WL
to Water Elev

CMW20.2
Depth WL
to Water Elev

CMW32.2
Depth WL
to Water Elev.

CMW20 .1
Depth WL
to Water Elev

! | i l

l % I !

I i ! I
Date | (#BTOC) (RBTOC) | (RBTOC) (BTOC) | (RBTOC) (®BTOC) | (#BTOC) (kBTOC)
07/22/93 | 27.90 825 40 | 6658 786.42 i |
07/28/93 | 26.82 826 48 | 64.35 788 65 | 28.92 819.08 | 3484 812 42
08/25/93 | 2516 828 14 | 5551 797 49 | 29.31 818 Ao | 3525 81201
09/24/93 | 2493 828.37 | 50.18 802 82 | 29.42 818 58 | 34.96 812.30
10/27/93 | 25.44 827.86 | 46.90 806.10 | 29.18 818 82 | 3505 812.21
11/16/93 | 25.48 827.82 | 4566 807.34 | 2889 819.11 | 3451 812.75
12/09/93 | 25.37 827.93 | 4468 808.32 | 29.30 818.70 | 3462 812 64

I i | I
MeanWL | 2528 828.02 | 4859 804 41 | 29.22 818.78 | 3488 81238

Note: “ft BTOC" indicates "Feet Below Top of Casing”



APPENDIX ]
. WELL COMPLETION DIAGRAMS FOR MONITOR WELLS
AREA 3



CMW30.1

- o
- - -~
- -
- - -

g

steel B pvec [
Surveying Pin 1 ~..___ . ol G //" Concrets Pad
Yu® w0 i -
=0 DEPTH
{1 FT| eecow Toe oF
‘ *1,] BEL
Concrete z i1 LI'{ GrADE cAsiNG
" o ®
ool 2 2
!
Cemant/Bentonits Grout Mix
Yoo B0 No ()
| 5.5 Galions Water to
94Lb, Bag Cement & O Ft
3~5 Lb. Bentonite i
Powder
Others
et 4
Bentonite Seal 3
| Potiets B Siuery (] E L
Filter Pack
Above Screen s
1 e
FILTER PACK MATERIAL 5
e
Silica Sand :-:
washed Sand [ n__M :::
b
Pes Gravel [} 1.
Others et ol R S E :
£
i — s e SO %
Sand Size .o =]
e Ve =] /&
Denve Phase Sampling Cup ) Fuf '.
Bottom Plug . :
Yos B Ne[) . t d 20
]
Overdritied Materia! : |
Backtil Z Fui "
Grout [] Sand () : | 29
Caved Materin! [ _L__k ..... D ——
Othert
Dritler /Firm Wi i nne 4 Drifl Rig Yype

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALLATION DIAGRAM

_Weep Hole ? Yo B e O]

L pua 2 Fox 7 inches

DRILLING INFORMATION:
(. Borshole Diameters _7 78 inches.

2. Wers Drilling Additives Used t  Yes[] Ne
Revert [] Bentonite ] water B
Solid Auger Hollow Stem Auger (]

3. Was Outer 2 /C Casing Used ! Yeu B No(J)

Depthe © to € Fest.

4. Borehole Diameter for Outer Caning /0 inches.

WELL CONSTRUCTION INFORMATION:
1.Type of Casings PVC Gaivanized [ Tefion (]
Stainless [  Other
2. Type of Casing Jointes Screw=Couple I  Glue~
Couple ]  Other
3. Type of Wall Scresn: PVC Galvanized [
Stainiess [ Tetion [ Other
4. Diameter of Casing and Well Screem

Casing ___ Inches, Screen ¥ inches.
5. Slot Size of Screem O - ©17
€. Type of Screen Perforation: Factory Slotted =
Hack-aw [} Dritled ] Other
7. instaled Protector Pipe w/Leck: Yo (§ Ne [
WELL DEVELOPMENT INFORMATION:

1. How was Wall Developed T Bailing [ Pumping B
Air Surging (Air or Nitrogen) [J] Other

2. Time Spent on Well Development 1

/ 4hrs Minutes/ Hours
3. Approximate Water Volume Removed T Gallons
4. Water Clarity Befors Deveiopment T Clear 7]
Turtid B Opague [J
5. Water Clarity After Development T Clear B3
Twtid [J Opague (]
6. Did Water have Odee T Yoo [ No X
It Yes, Describe
7. Did Water have any Color 7 Yes [ N0 R}
It Yot , Describe

WATER LEVEL INFORMATION:
Water Level Summary (From Top of Casing)

During Drilling ____ g N SE—
Bafore Development Ft. Date
After Davelepment Ft. Date __

Date Installed 7-20~ 22

Kerr—McGon

Dritl Crew v, g (",,E,/.‘,[ Well Ne. cMw 30./ Hydrologist & s ’;1"(/3'"' Lowar




CMW30.2

Grovt [ Sendé B
Caved Material [

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALLATION DIAGRAM

- -’
- - -
S_— .-

Casing Cap Vent T Yes (B No []

Weup Hole 1 Yor B e O

2 Fl.x 2 Ft.x Lf Inches

|
{

Other:
Dritier /Firm Winne 4 ____ Driil Rig Type
priiCree XK. KA rnpss Well Ne.

DRILLING INFORMATION:
T Y8 inches.
Yoo O Ne [
Revert [ Bentonite ] Water (B)
Solid Auger Hollow Stem Auger [
3. Was Outer PVC Casing Used ! Yoo 82 Ne[])
Depthm < 20

|, Borshole Diameters
2. Waere Drilling Additives Used T

to Fest.

4, Borshole Diametar for Outer Casing 12 inches.

WELL CONSTRUCTION INFORMATION:
| .Type of Casing: PVC Galvanized [J Tefien (J
Stainiess []  Other
2. Type of Casing Jointa: Screw=Couple 0 Glue-
Coupls (]  Other
3. Type of Well Scraen: PVC (B Gaivanized 0
Stainless [ Teflon () Other
4. Diameter of Caning and Well Screen:

Casing o _ Inches, Screen &

5. Slot Size of Scream O - O1 "
6. Type of Screen Perforation: Factory Slotted x
Hacksaw (] Drilled [J] Other
7. instalied Protector Pipe w/Locks Yoo R No [
WELL DEVELOPMENT INFORMATION:

1. How was Wsll Developed T Bailing ] Pumping i
Air Surging (Air or Nitroger) [] Other

Inches.

2. Tims Spent on Well Development ?

/ 4hrs Minutes/ Hours
3. Approximate Water Volume Removed !

Galions

4. Water Clarity Before Development T Clear 0

Turtid B)  Opague [J
. Water Clarity After Development T Clear [

Tobid [J  Opagque [
6, Did Water have Oder 7

If Yes, Describe
7. Di6 Water tave any Color T Yeu ] N0 [}

it Yoo . Describe

Yoo [] N B

WATER LEVEL INFORMATION:
Water Lavel Summary (From Top of Casing)

Yoe @ ne O | eeebockt Yo (O Ne B
swel ® pvec [ p
Surveying Pin ? -~ _ .________Ft. " Concrete Pad
Yoo 0 N (D N!
oo
. DEPTH
’ v 1FRW
*{.] BELOW OP OF
Concrote 8 _Fuplt LIl GRADE casng
E e
. ¥ ':# 3
B, SR N4 G LrE
Cement/Bentonite Grout Mix
Yer () Ne ()
‘ 5.5 Gallona Water to
94Lb. Bag Coment & 5_3___&.
3-5%5 Lb. Bantonite
Powder
Othert T IR
- A €/
tonite Seal
Bentonite Se 3 5
| Potiets B Siuery () R 6.5
Filter Pack
Above Screen - __5__}'
; £E
=]
3
FILTER PACK MATERIAL :-_-3 :
Silica Sand @ ::j
Washed Send [ 0 Fu :::
P
Pes Grave! [ -1
o
Others Rz
Sand 8ia0 :_E:
sl aiire . - 8 76
Dense Phase Sampling Cup 2 ol
-
Bottom Plyg A e
Yo g N[ B 80
Overdrillad Material
Backfill 2 Fu

CMMw 30.2

During Drilling Ft. Date

Before Development _ Ft. Date

After Development ft, Date =
Date instelled 7-20 - 27
Karr~McGae ) 1
Hydrologist :{ ‘;1) 4 /f’ Lower




CMW30.3

KERR-McGEE CORFPORATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALLATION DIAGRAM

Yoo B N O
swel B pve - = -Weep Hola 1 Yeu B wl
Surveying Pin 1 - Concrete Pad < Fl.x 2 FLx  inches
Y Mo 5
“® - Wik ' DRILLING INFORMATION:
3 DEFTH s
4 bbb FROM 1. Borshols Digmeterm 1 /2 inches.
Concrote y k . g %ﬁ‘;g: 522,82 2. Wars Drilling Additives Used 7 Yes ] Ne
.J Xy 7 Revert [ Bentonite ]  Water (B
g_ﬂ Solid Avger [Q  Hollow Stem Auger [
: 3. Was Outer #vC Casing Used ! Yoo B2 Ne(D)
Cemant/Bentonite Grout Mix Depthe o to 20 feat.
Yoo 0 Ne[] 4. Borehols Diameter for Outer Casing_I2- _ inches.
.5 Gallons Water te )
Bty iy S W WELL CONSTRUCTION INFOh ATION:
3-5 Lb. Bentonite I.Typs of Casings PVC (§ Gaivanized (] “efien [J
Powder Stainiess [ Other
D 2. Typs of Casing Joints: Screw~Coupis ()  Glue-
—— Couple ]  Other
N —— 85 3. Type of Well Screens PVC (B Gatvanized [J
Staintess [ Tefion (] Other
Bentonite Seal &. Diameter of Casing end Well Screen:
Pellets B8] Siuery [ gp Casing Wches, Screen_ ¥ inches.
= 5. Slot Size of Screen: D 0"
Filter Pack 5 6. Type of Screen Perforation: Fuctory Slotied =
Above Screen q L Hacksaw [ Drilied [J Other
9l 7. instalied Protector Pipe w/Lock: Yes D§ No (]
4 -
=i WELL DEVELOPMENT INFORMATION:
::: ' 1. How was Wall Developed T Bailing ] Pumping i
|- Al Surging (Air or Nitrogen) [ Other
FILTER PACK MATERIAL =
P 2. Time Spent on Wall Development ?
Silice Send B =] 4hrs
0 F -] / Minutes/ Hours
Washed Sand [] s 1. B3 A, Approximate Water Volume Removed ! Gallons
Pes Gravel [ :.-.: , 4, Water Clarity Befors Development T Clear [
= Turtid B Opague [
L 4 — e s Z 5. Water Clarity After Development T Clear =
S T e b "'é Turdid [ Opague []
PO B i e 0 6. Did Water have Oder 1 Yoo [J Ne®)
Nyttt e .Ji__.___ 3 it Yeu, Describe
Dense Phase Sampling Cop ) gy (] 4 7. Did Water have any Color 7 Yes [ Ne R
Bottom Plug grik 103 It You . Describe
Yol () . ,L_d/ WATER LEVEL INFORMATION:
Ovardritied Meterial e : Water Lavel Summary (From Top of Casing)
. 8;&:"M - o FL; i During Drilling Ft. Dats
ol . | I je5 Befors Development Ft. Date
Caved Materinl [J _i___k e e i i 3 iy R
After Davelopment _ Ft. Date
Others
Deitier 7Firm Winne £ ___ Drill Rig Type Date Instatied 7 - (5 =93
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KERR-~-McGEE CORPORATION
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P
-

MONITORING WELL INSTALLATION DIAGRAM
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d b FROM 1. Borshols Dismeters _ 778 _ inches.
Concrete 3____ : : . %S’Rgg égg"% 2. Wors Drilling Additives Used 7  Yes[] No ©
l-.' .A A :: 3 Revert [ Bantonite ) Water (B
. O Solid Avger (¥ Hollow Stem Auger (]
3. Was Outer Caning Used ! Yes B8 Ne(J
Comaent/Bentonite Grout Mix Depthe O w 20 Faat.
You () Ne[) 4. Borshoie Diameter for Outer Casing 2 inches.
335&.'2:".'&;‘.';": 22 F. WELL CONSTRUCTION INFORMATION:
3-5 Lb. Bentonite I . Type of Casing: PVC [} Galvanized [J Tetion [J
Powder Stainiess [ Other
L —— 2. Type of Casing Jeints: Screw—Couple )  Glue~
e e Cownie [  Other
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Stainiess (] Teflon [ Other
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5. Slot Size of Screem O . O/ "
Filter Pack 6. Typs of Screen | arforation: Factory Siotted &
Above Screen e Hacksaw ] Oritied [ Other
' i S 3/ 7. Installed Protector Pips w/Lock: Yeu 0§ No[7)
o =) WELL DEVELOPMENT INFORMATION:
:::' I. How was Well Developed T Balling [ Pumping i3
o Air Surging (Air or Nitrogend [] Other
FILTER PACK MATERIAL & R
ey 2. Time Spent on Well Deveiopment !
Silice Sand 3 -] 4heg
- -1 / Minutes/ Hours
Washed Sand [ o ."_'4 3. Approximate Water Volume Ramoved 7 Galions
Pea Gravel (] t:j ) 4, Water Clarity Before Development T Clear [7)
o= Turtid B Opaque [
Othert T Seatt
- e = 5. Water Clarity After Davelopment T Ciear ()
N = Twbid ] Opaque ()
Y e £ % 6. Di¢ Water have Oder 1 Yos [J Ne (X
i «1 = i You, Descrive
Dense Phase Sampling Cup . A I & 7. Did Water have any Color 1 Yes ] N [
Bottom Plug B Lﬁ) 47 it You , Describe
N e
YR Wm0 = WATER LEVEL INFORMATION:
Overdrilled Materiat : } Water Level Summary (From Top of Casing)
saum - / F\.: | During Drilling FL Date
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KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT
MONITORING WELL INSTALLATION DIAGRAM
Protective Plpe ~--e . [T .- Casing Cap Vent 1 Yes [ Ne [
yo® N O ] gl ... Lock? Yes O Ne [
swe ® eve (0 _~Waep Hole ¥ Yee O w0
Surveying Pin T - - _ P ——— ’,"’ Concrete Pad 2 FL x 2 Ft.x &° Inches
» »
vw® w0 7 DRILLING INFORMATION:
DEPTH Yyt
y FROM 1. Borehols Digmeters _7 72 " inches.
Cencrete 32%32 gz,sg 2. Ware Drilling Additives Used 1 Yoo ne @
Revert [ Bentonite ) water ®
3 Solid Auger Hollow Stem Auger [
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Cement/Byntonits Grout Mix Depthe 0 toe 2O Faet
Yoo Ne[] 4. Borehols Dismeter for Outer Casing__ /2. inches.
5.5 Gallons Water to )
| e el &9 W WELL CONSTRUCTION INFORMATION:
3-5 Lb. Bentonite 1.Type of Casings #VC (K] Galvanized O Tetien [
Powder Stainiess []  Other
Other: 2. Type of Casing Jobrte: Screw=Couple 8 Glue~
e — Couple [ Other
S e 3. Type of Wall Screen: PVC (B Galvanized )
Stainiess [ Tefion () Other
Bentonite Seal 4. Diameter of Casing and Well Screem:
| Fotiets B Sivery[) Casing k inches, Screen__ & inches.
5. Slot Size of Screene O T "
Filter Pack : €. Type of Scresn Perforation: Factory Siotted B
Above Screen % Hackeaw [] Drilied ) Other
i3 7. instalied Protector Pips »/Lock: Yes B Mo [T
= WELL DEVELOPMENT INFORMATION:
:'.'1 1. How was Well Developed T Balling ] Pumping i3
K Air Surging (Air or Nitrogen) [ Other
FILTER PACK MATERIAL -:- :
; :.* 2. Tima Spent on Well Development 1
Silics Sand -]
ig el FH 12525 inutansHours
Washed Sand [} ,__‘o ::: 3, Approximate Water Volume Removed ! Gallons
Pes Gravel ) : ::: I 4. Water Clarity Befors Development 1 Clear [
e Turbid & Opaque (J
L L ———— o 5. Water Clarity After Davelopment 1 Clear [
TR ok Twbid ] Opague [
Bont B i = CE 6. Di¢ Water have Oder 1 Yos [ N[
e I 1 If Yeos, Doscribe
Denss Phass Sampling Cup L 7. Did Water have any Color 7 Yoo [} No )
Bottom Plug ‘ 10 If Yes o Describe
Yol %D Ld-z . WATER LEVEL INFORMATION:
Ovardrilled Material : | Water Lovel Summary (From Top of Tasing)
) BS":' B s _Ful : During Dritling Fi. Nate
pes . | I ac Befors Development Ft. Date
Caved Material [ _L__\ _____ / _?__._.. A: “D " .
t lopment
Others or Dove t. Date
Dritler /Firm W, nme ‘ ____ Drill Rig Type Date instalied [ & B 93
i Kerr—McGee )
Ortli Crow & . Amo b f Well No, C77W 3/ 2 Hydrologist 7. ~%/9 € /f-l- Lower




CMW32.1

Steel (X
Surveying Pin T - . _
Yoo @ Ne ()

Concrete

Cement/Bantonite Grov

Yoo B0 Ne(T)

3-% Lb. Bentonite
Powder

Othert

‘ 5.5 Gallons Water to
94Lb. Bag Cement & 3

- .

P
- —

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALLATION DIAGRAM
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DRILLING INFORMATION:
| . Borshole Diametars e Inches.
2. Wars Drilling Additives Used T Yos [  Neo
Revert [ Bentonite [ Water [®
Solid Auger (B Holiow Stem Auger ]
3. Was Outer Casing Used ! Yau 8 No(D)
Depthm O to /5 Feet.

4. Borehole Diameter Tor Outer Casing Inches.

WELL CONSTRUCTION INFORMA TION:

I.Typs of Casing: PVC (K] Gatvanized [] Tefion (]
Stainiess [ Other

2. Type of Casing Joints: Screw=Couple )  Glue-
Couple (]  Other

3. Type of Well Screen: PVC B Gaivanized [J
Stainiess [ Teflon [ Other

4. Diaweter of Casing and Well Screem

Casing ___"" inches, Screen_ +  inchea.
&, Slot Size of Screem: 0. 07"
6. Typs of Screen Perforation: Factory Slotted B
Macksaw [} Oritied [ Other
7. instalied Protector Pips w/Lock: Yes 8 Ne [
WELL DEVELOPMENT INFORMATION:

1. How was Wall Devaloped T Baliing [ Pumping )
Air Surging (Air or Nitrogerd [ Other

2. Time Spent on Well Development !

120 iutessHouns
3, Approximate Water Volume Removed !
4, Water Clarity Befors Development T Clear [
Tordid B Opaque [J
5. Water Clarity After Development T Clear B
Turbid ) Opague [
€. Di¢ Watar have Oder ?
It Yoo, Describe
7. Did Water have any Color 1 Yes [ No B
if Yes , Describe

WATER LEVEL INFORMATION:
Water Level Summary (From Top of Casing)

Galions

Yoo ] N R

Duriig Drilling —— Ft. Date
Before Developmant Ft. Dute
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KERR-McGEE CORPORATION
. HYDROLOGY DEPARTMENT

MONITORING WELL INSTALLATION DIAGRAM
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sweel ® pvc O _-Woeap Hole T Yeu 2 w0
Surveying Pin ?[-]- - —— - Concrets Pad 2 Ft.x 2 Ft.x ¢ inches
Yo N -
‘B N DRILLING INFORMATION:
DEPTH 3
TF ROM I, Borehole Diameters 7 /6 inches.
Concrete %Ekg‘: cg';.,?f; 2. Wers Drilling Additives Used t  Yes (] No L
Revert [ Bentonite ) water B
J Soli¢ Auger BB Hollow Stem Auger [
3. Was Outer PVC Casing Used? Yoo  Ne(J
Cement/Bentonite Grout Mix Liepths C 1 /5 Feot.
e Ne[] 4, Borehole Diameter for Outer Casing /2 inches.
| Sals Sesconemh _ o3 P WELL CONSTRUCTION INFORMATION:
3-5 Lb. Bentonite | 1.Type of Casings PVC Galvanized [ Tefion (]
- Powder Ttalnless [ Other
(oL S 2. Typs of Casing Jointst Screw=Couple (8  Glue-
s Couple () Other
SN e S& 3. Type of Wall Screen: PVC 8 Gawanized (]

Stainiess ) Teflon [J Other
4. Diameter of Casing and Well Screen:

Bentonite Seal

| Pallete B sweey() T4 Casing b ____ Inches, Screen b inches.
5. Slot Size of Screem: 0 ¢/ ¥
:'"":"" 3 ruf 1 b 6. Type of Scraen Parforation: Factory Slotted &
bove Screen s gl 0 ; Hacksaw (] Drilled (] Other
: R £/ 7. nstalied Protector Pips w/Lock: Yes 3§ Ne [
I E::f WELL DEVELOPMENT INFORMATION:
::: I. How was Well Developed 7 Bailing [] Pumping B
=" Alr Surging (Air or Nitrogen) Other
FILTER PACK MATERIAL -] - O
] 2. Time Spent on Well Development T
Silica Sand 8 | f:-“ 4B
Ft - / Minutes/ Hours
Washed Sand [ S N ::: 3. Approximate Water Voluma Removed ? Gallone
Pea Grave! [ ::: 4. Water Clarity Befors Development T Clear []
Others = Turtid B Ovaque [
o ————— r_’?_ 5. Water Clarity After Development T Ciear 5
R R R = Tesd ) Oaew O
T T =+ 7 6. Did Water have Oder 1 Yoo [0) N B
R i Yeu, Doscribe
Denss Phase Sampling Cup g (- 7 7. Di¢ Water have any Color T Yes [ No B
Bottem Plug e ) 73 it Yo , "oscribe
Y N
w@ W0 - ,LﬁJ WATER LEVEL INFORKATION:
Ovnd;nlod Materia! ¢ : Water Level Summary (From Top of Casing
ackfin 2 Ft.!
. UL TERE, During Drilling .. Ft. Date
Growt [] Send [ : :
Caved Materinl [ i e ___25.:__ Befers St — e 1. Date
. Othors After Development ____ Ft.Dete___
Driller/Fiem  Winne 4 __ Drill Rig Type Date nstatied 7 - /7~ I8
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DRILLING INFORMATION:
I Borshole Dismeters & 35 mchen

2. Waes Drilliog Additives Used 1 yul nl
Revert ] Bestonite ] Water
Solid Auger (]  Holiow Stam Auger ]

3. Was Outer Steel Casing Used 7 yuu)  Ne(D

Depthm to Fuaet.
4, Borshole Diameter for Outer Casing Inches.
WELL CONSTRUC TION INFORMA TION:
i .Type of Caning: PVC (O Galvanized ) Tatien O
Sumlonﬂ Other
2. Type of Casing Jeints: Scraw=Couple X Glue=

Couple ]  Other
3. Type of Well Screen: PVC O Gaivanized u

Staintess (K Totion (0 Other
4. Diamater of Casing and Well Scresn:

Casing 2_,_—_ inches, Scraen

nchas.

&, Slot Slze of Screem |, 020

6. Type of Screen Perforation: Factory Slotted ﬁ
Hackeaw [ Orilied [ Other

7. lnstalled Pretector Pipe w/Lock: Ynm Ne (D

WELL DEVELOPMENT INFORMATION:

|. Mow was Well Devaleped T Bailing [ Pumping ,&

Air Surging ubv‘g’wa ] Other

e A" A

2.Time Sn;t o0 Wall Development T

/
3. Approximate Water Volums Remowad 7
4. Water Clarity Betore Davelcpment 1 Clear [

Turbid Opacue (]
€. Water Clarity After Development 7 Clear 0
Turdid a0 O cuf\'s
€. Did Water have Oder T Yoo O N
i Yeu, Deacribe )
7. Did Water have any Coler 1 Yeu (] Noﬂ
It Yes , Describe
WATER LEVEL INFORMATION:
Water Level Summary (From Top of Caning)
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KERR-MCGEE CORPORATION !
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALLATION DIAGRAM
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| 8.3 Qates et 'S WELL CONSTRUCTION INFORMATION:

94Lb. Bag Coment & fQ afL.
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) /5.6 3. Type of Well Screen: PVC ) Galvanized L
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R
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