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O OTIIER INDUSTRIAL WASTE
"C/ DISPOSAL CELL SITE CIIARACTERIZATION

KERR-McGEE CUSIIING 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 -|
1

other non-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 OF 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

m
( locations to monitor groundwater levels.
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p Potential locations were selected based upon information on soils derived from mudstones and

\
claycy 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

' permeability materials underlying the site; 3) the absence of operating pipeline facilities and [

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

k

Hydrogeology nf b fushing 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

J
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 is underlain in tum 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 and 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

borehole 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.

L
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Water-bearing units are present in both the Vanoss Group anL 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. i

Dsseriotions of @ Spilj Underlying & Cushing Facility |

Soils underlying the Cushing Facility are indicative of the underlying shallow bedrock. The :

formation of this soil results from the modi 5 cation 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

investigation.

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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Agm Senes - Soils of the Agra Series directly underlie the majority of the Cushing*

s y 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 Senes - 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

O wastes.

''
Easpur anA McClain Series - 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.

Steedma_q 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 De:p 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 foot b90w 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.

G
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DESCRIITION OF THE DISPOSAL CELL INVESTIGATION j
:

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. {
;

t

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
;

i

contamination was performed by on-site health physics personnel in accordance with a Special !
I
*

Work Permit (SWP) prepared for this work. ,

'!
,

j

Core ses.wts were collected at selected locations in Areas 1 and 3' for laboratory :

|

determinations of permeability. The resulting permeability data aid in determining the suitability |
.i

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

i

:

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

at selected locations in Areas I and 3. )
)|
i

O
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IIYDROGEOLOGIC CIIARACTERIZATION OF AREA 1~

i

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, i

and is thus free from potential hydrocarbon contamination.

IA 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 i

!
(MW-11) to 61 feet (MW-5) in the Vanoss Group. The Ada Group underlying the Vanoss |

1

Group was targeted by the fifth borehole (CC6), drilled to a total depth of 255 feet. The top j

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 Arca 1

The lithology underlymg Area I was described from cuttings and cores. Locations of the Area
i

1 boreholes are shown on Figure 3. Lithologic logs are presented in Appendix A. Lithologic |
.

cross sections and isometric diagrams across Area 1 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 quantities

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

\.

KMHD-SRL/12-22-93/Page 8
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feet (elevation 865.7 feet MSL). Uppermost sandstone units were encountered at a depth of 20

feet (elevation 868.8 feet MSL) and 21 feet (elevation 856.9 feet MSL) at boring sites MW-7

and MW-II, respectively. Review of the cross sections and isometric diagrams show that

shallow sandstone units encountered at boring sites MW-7, MW-9, and MW-11 may be

continuous over the eastern and southern parts of Area 1. These sandstone units increase in

thickness to the east and south.

Area 1 QIc Permeabilties

Core samples from intervals at 124 feet,129 feet,134 feet,156 feet,164 feet, and 166 feet

were selected from Area 1 borehole CC6 for determinations of permeability. All samples

consisted of shale within the Vanoss Group.

O Permeabilities were determined by constant head permeability tests of core samples. Summaries

of core interval permeabilities are presented in Table 1. Laboratory report sheets for the Area

1 permeability tests are presented in Appendix B.

Review of Table 1 shows the highest reported permeability to be 2.2x10' cm/sec from the

4sample at 166 feet. Tha lowest permeability was 4.3x10 cm/sec from the sample at 164 feet.

Area 1 Water Levels

A total of 12 wells have been constructed to monitor groundwater in Area 1. Water level data

for Cushing Area 1 Vanoss monitor wells MW-1 through MW-ll and Vamoosa-Ada Aquifer

well CMW29.1 are available for the period January 1992 through December 1993. These data

d
KMHD-SRL/12-22-93/Page 10
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i

TABLE 1 :
SUABIARY OF CORE INTERVAL PERMEABILITIES ;

AREA 1 BOREIIOLE CC6 .

Sample Depth Core Permeability Description
'(

(cm/sec)

124 feet 5.3x 10-8 Reddish-brown weathered shale
!

129 feet 1.1x 10~7 Red-brown and gray marbled
weathered shale

134 feet 2.2x104 Grayish-brown unweathered
shale

156 feet 5.8x 10-7 Reddish-brown weathered shale -

164 feet 4.3x10* Dark brown weathered shale
,

166 feet 7.1x104 Dark gray weathered shale
,

P

,

i

:

I
L

i

i

f

,

!
I

i

!
!

!;
!

I
'

l
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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 isolation from surface recharge sources.

.

Four wells were constructed to monitor groundwater in shallow shales. Water levels in three

of these wells (MW-1, MW-2, and MW-3) show definite response to seasonal precipitation.

Wate levels in shallow well 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

f- levels in this well have shown no significant changes with time.

NJ
KMHD-SRL/12-22-93/Page 12
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TABLE 2
SUMMARY OF COMPLETED LITIIOLOGIES AND del'I'IIS

AND WATER LEVEL RANGES
'CUSIIING AREA 1 GROUNDWATER MONITOR WELLS

l

- W ell Completed Depth of Water-Level Responds Well
,

Number Lithologies Completion Range To |

(fect 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 4.9 - 9.6 Yes

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
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
Limestone

MW-10 Intermediate 8 - 26 5.8 - 10 Yes
Mudstone and

'
Sandstone

MW-11 Intermediate 8 - 31 9.1 - 12.6 No
'

Mudstone and
Sandstone i

CMW29.1 Vamoosa-Ada 168 - 245 98.6-104.4 No
Sandstone and Shale ;

Note: " feet BGS" indicates " Feet Below Ground Surface"
Date of Table: December 21,1993 !

O
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IIYDROGEOLOGIC CIIARACTERIZATION OF AREA 2

%J 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 50 feet in the northern part of Area 2. No monitor wells were installed.

Summary af the Lithology p.f Arca 2

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

O 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 noqhern part 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.
1(
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A

HYDROGEOLOGIC CIIARACTERIZATION 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 f

!were drilled and logged in the Vanoss Group to depths ranging from 42.5 feet (B-126) to 140

I
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 i

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

:

t ;

Summary gf the Litholoev gf 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 |

I
from cores and geophysically. Selected core intervals from boreholes B-120-2 and B-127-2 were ;

1

tested for permeability.

|

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 i

;

presented as Plates 2 and 3. Isometric diagrams across Area 3 are presented as Plate 4.

i

,

i
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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
f

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 morel [

prevalent to the south and east with increasing depth. These sandstones may exceed 25 feet in I

i

thickness at some locations. ;

L

!
!

MCa 3 C9J.g Permeabilities i
!

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. ;
l

\

i

Permeabilities were determined from Dexible 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 !

I
4 86.1x10 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 1.8x104 cm/sec from the interval 70 to 71 feet. The lowest |
-!

IO permeability was 1.9x10' cm/sec from the interval 47 to 48 feet.
*

i
t

i
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. -.

,e TABLE 3
( SUhBIARY OF CORE INTERVAL PEIGEABILITIES

'

AREA 3 BOREIIOLE B-120-2
.

Sample Interval Core Permeability Description
(cm/sec)

15 - 16 feet 1.2x 10-8 Dark gray shaly mudstone

35 - 37 feet 7.1x 10-8 Red shaly mudstone

43 - 44 feet 6.1x 10-7 Red mudstone

58 - 59 feet 1.7x 10-8 Variegated red / gray silty
mudstone

63 - 65 feet 8.8x 10-8 Dark gray shaly mudstone !

77 - 78 feet 3.1 x 10-7 Dark gray mudstone

:

TABLE 4 ;

SUhBIARY OF CORE INTERVAL PERhEABILITIES
'O AREA 3 BOREIIOLE B-127-2

Sample Interval Core Permeability Description i

(cm/sec)

26 - 27 feet 3.2x 10-7 Dark gray mudstone

39 - 40 feet 5.8x10-8 Red shaly mudstone !

47 - 48 feet 1.9x10~8 Red shaly mudstone

63 - 64 feet 1.6x 10-7 Red clayey' sandstone i

70 - 71 feet 1.8x104 Tan clayey sandstone .

77 - 78 feet 3.4x 10-8 Dark gray shaly mudstone I

i

V
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Ama 3 Water Levels: A total of seven wells have been constructed to monitor groundwater in(me )
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

p 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 a depth 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
,

completed to a depth of 73 feet in a mudstone with thin sandstone stringers.

r
k
k.
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-' TABLE 5 -

SUMMARY OF COMPLETED LITHOLOGIES AND DEPTHS
AND WATER LEVEL RANGES

- CUSIIING 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 28.9 - 29.4 No
Siltstone, and
Limestone

CMW20.2 Deep Shale and 61.7 - 87.4 34.5 - 35.3 No
Sandstone

CMW30.1 Shallow Sandstone 5 - 20 7.6 - 10.4 Yes

and Mudstone

CMW30.2 Intermediate 64.5 - 80 54.9 - 57.4 Yes

Sandstone and
Mudstone

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

CMW31.1 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

Note: " feet BGS" indicates " Feet Below Ground Surface"
Date of Table: December 17, 1993

,

G
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A As of December 1993, water levels in many of the recently constructed wells were still

U 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 CMW20.2 is completed to a depth of 87.4 feet in thick

shale and sandstone seq"ences. 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.

v
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CONCLUSIONSp) j

\t

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.

p

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 comer of Area 1 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 sha!e cor' samples range from a high of 2.2x106 to a low of 4.3x108.

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 Aquifer have shown no significant response to precipitation, confirming isolation

''N from the surface. Water levels in all four wells completed in the shallow mudstones of the

J
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Vanoss Group are under water-table conditions. These wells show minimal saturation. Watere-

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 completed 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

m 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 thickne'ss 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 1.8x104

sto a low of 1.9x10r .

1

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

V 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.

s

!

!

|

|
}
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Al PHA-DMFGA GFnTFCH TF1 Nn.913-371-6710 Se.p . 25.41 17:24 P.03
:
:

..

i
k

00NSTANTHEAD PERMEABILITY REPORT

PitOJECT NAME_ t.orr WCom Tootha PROJECT NO. . 91-3257

LOCA110N cushine. OE

BORING # CC6 3 amp].R s _ 1 DEPTH 124'

S AMPl .F. TYPR., _ Undisturbed gr,00MPACT10N_ --

INTTIALMOISTURE 9.71 INTITALDRY UNITWElGHT. 324.2 per

73.43.36 . INITIALSA1URA110N
INIT!AL VOID RATIO.12. 7% .

. . . . . _ . .

MNA1.MulS'j URH MNAL SA'IUKAllON_ 96.3%
,,,

$ AMPLE DESCRIPTION neddish-brown weathered shale

TIErDATA

DA112 1EST TIME IIDAD TEMP. O
I

NO. (scc.) PRESSURE t cm

(cm)

,/ " N. 9/3/91 1 3000 105.5 27 .25
,

'N 9/3/91 2 3600 105.5 27 .5

9/3/93 3 3600 105.5 27 .1
,

9/3/91 4 3600 105.S 27 .1
_

w-

- - _ - .

... - . . . . . . . . . . . . . . . . . . .

AVERAGE 4 3000 105.5 27 .24
._. . .

= 5.2 7tt cm/s n /n2o = .8502 |-8
): _,

k2n = . 4.46s cm/s |-8

.

,n3
k I
RJ

February 28,1991 ALPHA. OMEGA OEOTECH permcon.coe

913 371 6710 09-25-91 05:20PM P003 #34
*.ea*-
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RLPHR-0MEGA GE0 TECH TEL No.913-371-6710 SeP.25.91 17:25 P.06

CONSTANTHEAD PERMEABILITYREPORT.

.

[ PROJECTNAME _ Kerr Mecce.Teeting 91-325TPR JEC'TNO.
LOCAVON __ cunhing, OK

.

BORNO W - _ SAMPLED _ 0C6 #2 DEPTH n 129'
SAMPLP. TYPE Undfaturbed

_ % f.X)MPACTION __ !
---

' INITIAL MOISTURE __ 9.6%
INITIALDRY UNIT WEIGHT __ 135.8 pcf

NITIAL VOID RATIO _ .19
INITIALSATURATION 9 4'l**

FINAL M0157URE '10.4 ' FIN'LSATURATION_- 101.5%
.

A

SAMPLE DESCRIPTION _ Ited brown & near marbled weathered shale - ]
'

_ ;-

TESTDATA .

!

DATE TEST TIME HEAD TEMP. Q
.

__-

No. (sec.) PRESSURE O IC cm !
(en)

9/21/91 1 6000 98.5 27 .1 |
.

o/21/91 2 6030 98.5 27 .1
9/21/91 3 6000 98.5 27 .1
9/21/91 4 6000 98.5 27 .05

}
__

_

r

_

-

:

AVERAGE 4- 6007 98.3 27 .08 !

(= 1.06E' cm/s

k20 " !b9e.s-
g/nyg = . .8502

- cmh

,

f

.

|
;

~

i

|

|

1
-

.

:

, AlfHA-OMEGAGEOTECH,

t

t
i

i

.%
, 913 3 *l l 6'i10 09-25-91 05:28W P006.234 !



ALPHA.0MEGA'GEDTECH TEL' No.913-371-6710 SeP.25.91--17:23 P.01

L.a
FAX TRANSMISSION

'

TODAY3 t*TE 9/25/91 llMC 5:20, $[3 ,6

- 1& rreou:- ^ Jeff Lux Frank Coser
"A* *

Kerr McGee Alpha-Omega Geote6h, Inc.
Fax **wm 84

405-270-3010
it i HtIONC te,lMN.H 11.IErilONI NUMDI.H .

COMMI N13

.
..

h If, .Dgn A
RRB f

wNs A AN A neAu k'exMinisst 11 Y xes'UKa

f

PROJECTNAMH _ Kerr McGee Testin8 PROJECTNO. _ 9J-325T

14 CATION Cushing, OX

BORINO # _ __ CC6 . SAMPLE # 3 DEP'IH 134'

SAMPLE'lYPE Undisturbed g,(X)MPACrlON ---

INITIALMO!S" LURE 11.2% INITIALDRY UNITWEIGIIT_ 324.2 pef

INITIAL VOID RATIO .36 INITIAL SATURATION 84.2%

FINAL MOIS'il.lRE 14 J% FINALSATURATION 96.8%

SAMPLF. DESCRIPTION Crayish-brown unweathered shale

TESTDATA
. _ .

DATE 1EST TIME HEAD TEMP. Q
O INO. (m.) PRESSURE C cm

(cm)

9/3/93 3 3600 305.5 27 5.6

9/3/91 2 3600 105.5 27 3.8-
9/3/91 3 4500 105.5 27- 4.8
9/3/91 4 6000 105.5 27 5.1

__

o svumseis . ..,5 1 ,., 2, . . .

|k= 2.1sE''' cm/s n /n20 = .8502..

k20 m _J.83E'*~ 'cm/s



. . - - . -. .- _ -- - . . .-

;

ALPHR-0ME6R'GE0 TECH- TEL No.913-371-6710 SeP.25.91:17:25 P.05'

b
'

.

5,

CONSTANTHEADPERMEABILITYREPORT
. 'i.

'

PROJECTNAMC Kerr McO** PROJECTNO. 91-323r _
LOCATION cushina. OE :

_ .fBORINO d _ cc6 SAMPLE # 4 ' DEPTH 156'
SAMPLE 1YPE Undisturbed % COMPACTION ------

INITIALMOISWRE_ 17.3I INIT1ALDRY UNITWE!OHT 13 3. 6F Cr !

lNinALVOIDRAT10 35 INIT1ALSAWRA'110N- 100.41
;

FINALMOISTURE 12 1% MNALSAWRATION 98.82 i.

'

SAMPLE DESCRIPTION __ Reddluh Brown:venthered shale

~!
t

TESTDATA r

_.

DATE 'IEST TIME HEAD TEMP. Q .

'

INO. (sec.) PRESSURE *C cm
'

(ca)
,

[9/14 1 3600 70.34 27 .3

'O 9/14 a 1600 70.14 27 _1'
,,

9/14 1 2400 70.il 27 .9_

e/td a '1600 70:34 27 .2 !

.

$

'

. -

A M AGE 4 3600 70.34 27- .3
|

k -' 5.76r'7 Cm/s Q 3 = .sso2r

kyg = 4. 9 OE' Cmh

t

.

'

ALPHA OMEGA GEOTECH

.:-.i 913 311 6'f 10 09-25-91 05:28PM- P005 #34'
._
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|
At.PHR-0MEGA GEDTECH TEL No.913-371-6710 !Sep.25.92 17:24 P.02

1

|
.

-

t

,

.
!

'

|
- CONSTANTHEAD PF.RMEAB1111Y REPORT '

. ;

PROJECTNU. -91-325T_ - .;

-Emis McGee festina~

PRO)ECTNAMF, _ ,

Cuahina. OE !

CC6 _KAMPLE d . 3 . DFrill_ 164'IX)Cgt10N __

1)ndisturbed _96 COMPACTION _
___

yBORINO # ~~

$AMPLETYPE 131.1 oct _
,

_INmA1. DRY UNTTWElGH1'_
INIT1A1.M01STURE 10.31 97.51 _ .

INrflALSAT11 RADON _,,
}INITIALVOIDRATlo___ .29 1002

MNALSATURATION_
F)NAl.Mol5TURit_ 9.7X ,

fiark brown weathered afsale
_ _ .

!"

SAMPLF.DCSCRIPTJON
,

,
. _

,

' HIST DATA

r

F. O
7pC CM -

~

DNili "I1WF TIME HEAD
,

NO. (us.) PRESSURE
,

(ca) t

9/9/93 3 ;3600 133.6 27 .10- ,

2 ' M00 133.6 27 .10 _

;J 9/91
0 3600 '133.6 '27 .30

_

;gjgfqi

_ 9/9/91 4 7200 133.6 '27 -.30 ,

.

:i
-

e.

!
/.

_
'i

4

:-

'

!
,

*
. .

AVERAGE 4 - 43nn_ 133,n 27 .to.

,
:

'-

.. - -g

1.8502
k = _4,.29(O crin/s n / pas _ ,

km = 3.65i ' cm/s . :
i
!

-i
;

-
,

|
:
;

.i
'

Lj
,

'

perscon. doc
A1. FHA 0MF.0AOEOTEQ4February 28.1991 i

i

9

. .
.

i. i. e 913 3 *i1 6*i10. 09-25-91'05:28PW P002 #34' ,

, . , - , . _ .- ~. _ . __.__ ._ _ . _ - -.
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#_PHR-0MEGR GEDTECH TEL No.913-371-6710 Sep.25,91 17:25 P.04

!

.

CONSTANTHEADPERMEABlu1YREPORT
.

U " #'"* "I' ~

PROJECTNAME

LOCATION- culating, og
-PROJECTNO.

BORINO # _ ___ SAMPLE # CC6 #6 166' ]DEPW
sAnpts n 7n ndbe1::Ard |u 5 COMPACIlON

'-

~

INITIALMolSWRE '8 73 _INITIALDRY UNTTWElOHT_ 134.3 pcf
1

INITIALVOID RATJO . 30
INITIALSAWRATION 89.81

|

FINAL MolSTURE_ FINALSAWRA110N_ 98.12 ]10.6%

SAMPLE DESCRIPTION _ Dark gray weathered SHALE

*
.

a

TESTDATA i
!

.

DATK 1EST TIME HEAD TEMP. Q !
INO. (sec.) PRESSURE OC cam I

(en)

9/13/93 1 3600 70.34 27 3.8 -{
I9/33/91 2 3600 70.34 27 3. 6 ~

_

9/13/93 3 3600 70.34 27- 3.3
. ~ ,

9/13/91 4 3600 70.34 27 4.0

;

. _

!

i

. 2

AVERAGE

:

4 7.07E*
__

cmh n hg .
__

.8502-
. y

' IIk20 - cmh !

!
,

'i
!

!
-

|
J

-\
ALPHA,OMEGAGEOTECH

913 371 6710 09-25-91 05:2 BPM -P004 #34.
. 4

t.::*~
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APPENDIX C

O, WATER LEVEL DATA FOR MONITOR WELLS
AREAI

i

I

1

|

|

0

-- --
--



/~' C'\ 1D) ,V (d '

' Historical Water Levels in Cushing Area 1
.

I uW-1 - | uW.2 | MW.3 | u W.4 | uW.5 | uW4
| Depth - WL | Depth WL | Depth WL | Depth WL | Depth WL | Depth WL

| to Water Elev. | to Water Elev. | to Water Elev. | to Water Elev. | to Water Elev. | to Water Elev.
Date [ (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) | (ft BTOC) (M BrJC)
01/22/92 | Dry Dry | 8.18 883.57 | 13.06 866.49 | 13.15 868.01 | 38.42 858.62 | 31.18 866.05

02/26/92 | Ory Dry [ 7.98 883.77 | 12.67 866.88 | 13.15 868.01 | 35.27 861.77 | 29.67 867.56

03/19/92 | Dry Dry | 7.49 884.26 | 12.38 867.17 | 13.14 868.02 | 34.82 862.22 | 28.67 868.56

04/21/92 | Dry Dry | 7.40 884.35 | 12.04 867.51 | 13.15 858.01 { 34.43 862.61 | 27.11 870.12

05/20/92 | Dry Dry | 6.01 885.74 | 11.73 867.82 | 13.14 868.02 | 34.40 862.64 | 25.79 871.44

06/17/92 | Dry Dry | 6.03 885.72 | 11.59 867.96 | 13.15 868.01 | 34.11 862.93 | 24.69 872.54

07/23/92 | Dry Dry | 8.28 883.47 | 11.23 868.32 | 12.57 868.59 | 34.10 862.94 | 22.84 874.39

08/19/92 | Dry Dry | 8.67 883.08 | 11.14 868.41 | 12.31 868.85 | 34.02 863.02 | 20.77 876.46
09/23/92 | Dry - Dry | 9.36 882.39 | 10.99 868.56 | 12.05 869.11 | 33.96 863.08 | 18.73 878.50

10/21/92 | Dry Dry | 10.13 881.62 | 10.95 868.60 | 11.92 869.24 | 34.07 862.97 | 17.43 879.80

11/18/92 | Dry Dry | 9.93 881.82 | 10.98 868.57 | 11.89 869.27 | 33.98 863.06 | 16.42 880.81

12/11/92 | Dry Dry | 5.17 886.58 | 10.91 868.64 | 11.87 869.29 | 33.99 863.05 | 15.85 881.38

01/13/93 | Dry Dry | 4.35 887.40 | 10.69 868.86 | 11.95 869.21 ] 33.93 863.11 | 15.13 882.10

02/17/93 | Dry Dry | 4.01 887.74 | 10.39 869.16 | 11.91 869.25 | 33.90 863.14 | 14.31 882.92

03/17/93 | 8.37 887.27 | 5.49 886.26 | 10.02 869.53 | 11.62 869.54 | 33.83 863.21 | 13.53 883.70

04/21/93 | 7.75 887.89 - | 4.93 886.82 | 9.58 869.97 | 11.25 869.91 | 33.71 863.33 | 12.80 884.43
05/26/93 | 7.09 888.55 | 5.72 886.03 | 8.84 870.71 | 10.72 870.44 | 34.17 862.87 | 12.14 885.09

06/18/93 | 7.37 888.27 ' | 6.72 885.03 | - 8.33 871.22 | 10.48 870.68 | 34.14 862.90 | 11.74 885.49

07/28/93 | 8.14 887.50. | 9.39 882.36 | 8.72 870.83 | 10.20 870.96 | 33.82 863.22 | 11.33 885.90

08/25/93 | 8.63 887.01 | 10.72 881.03 | 9.42 870.13 | 10.29 870.87 | 33.33 863.71 | 11.24 885.99

09/24/93 | 8.83 886.81 | 10.70 881.05 | 9.76 869.79 | 10.47 870.69 - | 33.60 863.44 | 11.22 886.01

10/27/93 - | 8.95 886.69 | 11.54 880.21- | 10.28 869.27 | 10.73 870.43 | 33.72 863.32 | 11.43 885.80

11/16/93 | 9.07 886.57- | 11.69 880.06 | 10.47 869.08 | 10.84 870.32 | 33.46 863.58 | 11.52 885.71

09/24/93 | 9.32 886.32 | 11.94 879.81 | 10.78 868.77 | 11.19 869.97 | 33.47 863.57 | 11.71 885.52

I I I I I I
Mean WL | 8.35 887.29 | 7.99 883.76 - | 10.71 --868.84 | 11.80 869.36 | 34.19 ' 862.85 | 17.00 879.43

Note: "ft BTOC" indicates " Feet Below Top o1 Casing"

. .. . . . - . . - - - - . . - _ - - . - - . . . . - - --- .
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Historical Water Levels in Cushing Area 1 (continued)

| MW-7 | MW-8 | MW-9 | MW-10 | MW-11 | CMW29.1 |
| Depth WL | Depth WL | Depth WL | Depth WL | Depth WL | Depth WL |
| to Water Elev. | to Water Elev. | to Water Elev. | to Water Elev. | to Water Elev. | to Water Elev. |

Date | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) |
01/22/92 | 26.40 865.08 | 13.24 879.04 | 10.32 869.92 | 10.82 869.82 | 13.77 867.55 | N/A N/A |
02/26/92 | 24.58 866.90 | 13.73 878.55 | 10.39 869.85 | 10.91 869.73 | 14.81 866.51 | N/A N/A |
03/19/92 | 24.04 867.44 | 13.74 878.54 | 10.42 869.82 | 10.84 869.80 | 14.52 866.80 | 106.60 790.62 |
04/21/92 | 23.62 867.86 | 13.79 878.49 | 10.32 869.92 | 10.75 869.89 | 14.22 867.10 | 106.80 790.42 |
05/20/92 | 23.64 867.84 | 13.95 878.33 | 10.68 869.56 | 11.10 869.54 | 14.40 866.92 | 106.15 791.07 |
06/17/92 | 23.54 867.94 | 11.19 879.09 | 10.17 870.07 | 10.60 870.04 | 13.92 867.40 | 106.75 790.47 |
07/23/92 | 23.73 867.75 | 12.81 879.47 | 10.66 869.58 | 11.06 B69.58 | 14.10 867.22 | 106.34 790.88 |
03/19/92 | 23.72 867.76 | 12.53 879.75 | 10.58 869.66 | 10.99 869.65 | 14.10 867.22 | 106.68 790.54 |
09/23/92 | 23.77 867.71 | 13.02 879.26 | 10.94 869.30 | 11.36 869.28 | 14.47 866.85 | 106.73 790.49 |
10/21/92 | 23.84 867.64 | 13.77 878.51 | 11.59 868.65 | 12.00 868.64 | 14.82 866.50 | 106.64 790.58 |
11/18/92 | 23.66 867.82 | 13.35 878.93 | 10.60 869.64 | 11.02 869.62 | 14.53 866.79 | 106.69 790.53 |
12/11/92 | 23.63 867.85 | 12.60 879.68 | 9.94 870.30 | 10.39 870.25 | 14.17 867.15 | 105.96 791.26 |
01/13/93 | 23.60 867.88 | 11.88 880.40 | 9.66 870.58 | 10.12 870.52 | 13.91 867.41 | 105.60 791.62 |
02/17/93 | 23.11 868.37 | 11.38 880.90 | 9.50 870.74 | 9.94 870.70 | 13.42 867.90 | 105.15 792.07 |
03/17/93 | 22.86 868.62 | 10.96 881.32 | 9.42 870.82 | 9.86 870.78 | 13.30 868.02 | 104.68 792.54 |
04/21/93 | 22.67 868.81 | 10.51 881.77 | 9.17 871.07 | 9.66 870.98 | 12.61 868.71 | 104.94 792.28 |
05/26/93 | 22.61 868.87 | 9.67 B82.61 | 8.94 871.30 | 9.38 871.26 | 12.44 868.88 | 100.96 796.26 |
06/18/93 | 22.65 868.83 | 9.82 882.46 | 9.28 870.96 | 9.70 870.94 | 12.46 868.86 | 103.51 793.71 |
07/28/93 | 22.93 868.55 | 813 884.15 | 11.21 869.03 | 11.63 869.01 | 13.58 867.74 | 104.20 793.02 |

08/25/93 | 23.18 868.30 | 11 880.17 | 12.76 867A8 | 13.16 867A8 | 14.93 866.39 | 104.74 792.48 1

09/24/93 | 23.23 868.25 | 12.42 879.86 | 12.88 867.36 | 13.30 867.34 | 15.38 865.94 | 104.88 792.34 |

10/27/93 | 23.53 867.95 | 13.28 879.00 | 13.24 867.00 | 13.61 867.03 | 15.93 865.39 | 105.33 791.89 |
11/16/93 | 23.22 868.26 | 13.42 878.86 | 13.15 867.09 | 13.56 867.08 | 15.79 865.63 | 105.21 792.01 |
09/24/93 | 23.40 868.08 | 13.02 879.26 | 11.73 868.51 | 12.13 868.51 | 15.30 866.02 | 106.64 790.58 |

| | | 1 I I I
Mean WL | 23.55 867.93 | 12.35 879.93 | 10.73 869.51 | 11.16 869.48 | 14.20 867.12 | 105.51 7M.71 |

Note: *ft BTOC" indicates " Feet Below Top of Casing *

- _ _ _ _ _ - - _ _ _ _ - .. . . - _ _ _ - - _ _ _ _ - _
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MW-1--
-

KERR-McGEE CORPORATION
HYDROLOGY DEP ARTMENT

MONITORING WELL INSTALL A TION DIA GRAM

Protective Pipe -- ... .,, _,,,,,....Ca sing Cap Vent ? Ye. O No ON
,___

Yes @ No O | ~ ..... .. Lock ? Yo. O No Os

',,, Weep Hole f Yes O No O
'

Steel E PvC O -

Ft. ,,- Pd f aa f Ra 4 mSurveying Pin f . ..,, ~T m % 4 * Peo on LLsNa INo ORuA TsON-Yee @ No D
, ,

O Y-- Ad DEPTH*

Concrete 4 " Ft.
. / i FROM l. Borehole Dianister. 8 f# inches.

2 ,

Le .

[i h 2. Were Drilling Additives Used f Y.e O No E*
CASIN,

Revert O BentoniteO Water O*'i . ,;*

0 Solid Auger O Hollow Stem Auger @"*" -- .-

3. Was Outer Steel Casing Used f Yes O No @

Coment/ Bentonite Grout Mix D epth, to Feet.

Yes @ nod 4. Borehois Diameter for outer Casing inches.

ag CementY O F t. WELL CONS TRUC TION INFORMA TION:
A Lb.
3-5 Lb. Bentonite ,

l. Type of Casing: PVC @ Galvanized O Taran O
Powder Stainlos. O other '

Ot M 2. Type of Casing Joints: Screw-Couple @ Glue-

Couple O other

k Q 3. Type of Well Screens PVC @ Galvanized O

Stainless O Tafian O othero

Bentende Seal 4. Diameter of Casing and Well Screens'

F t.
' Casing ;2 inchea. Screen 2 inches.Pelleis @ SlurryO fe

5. Sio Size of Screen: . o/O
g, *

6. Type of Screen Perforation: Factory Slotted $\s Filter Pack
At,ove Screen Hacksaw O Drilied O other.-

-

3 7. Installed Protector Pipe w/ Lock: Yee $ NoO
o ., ,

h_ .' WELL DE VEL OPMENT INFORMA TION:o

, Q ; l. How was Well Developed f Balling S Pumpins O

'

_. Air Surging (Air or Nitrogen) O other-

"'

FILTER PACK MATERIAL --
_

2. Time Spent on Well Development f--
,

-

Silice Sand E *

"

Washed Send O
5 "*, M - / Minutes /Houre

-- 3. Approximate water voiume Removed f Gatione

Pee Gravei O E .

4. Water Ciarity Before Deveiopment ? Ciear O

"l Turbid O opseue O
. 0then

.
5. Water Clarity After Development ? Clear O'

Turbid O OpaqueO.

Sand Sire E 6. Did Water have Odct ! Yes O Np 0
E If Yes, Describe

* ""*# '~

Denee Phase Sampling Cup / F t.
*

'
'

If Yee * DescribeBottom Plug I- -.

j~QA 9Yes @ No O e nm (Em mun mm
L l Water Level Summary (From Top of Casing)

Overdrilled Material |
BackfHI Ft.j During Drilling Ft. Date

O'*** "" I I Before Development Ft. Datep
/7 Caved Material O L---- >

After Developrnent Ft. Date'

,

b
Drliier/ Firm W/vNEf Drill Rig Type jroB// . O f',3 Date Installed //-/7-9/

Kerr-McGee

Drill Crew Well No. /% k//?. f Hydrologist /? 84,#xp.t/'j
MR - l

. ;lFT l>2P'

F ir * * * U ?%'



_ MW-2 -

t

i

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

(%/ MONITORING WELL INSTALL A TION DIA GRAM
/

U Fratective Pipe - -... .. ,,,,, ,,.... Casing Cap Vent f Yes @ No O
C ~ ..... .- Lock f Ye. S No OYes @ No O |

s

No O
f,,, Weep Hole f Yes EStesi s PvC O -

Ft.
Concrete Pad 8 Ft. x [ Ft. x 4 inchee

Surveying Pin f _,,,

D 0* *
DRILLING INFORMA TION:vQL L * 8J DEPTH*; ,

s FROM l. Borshole Diameter = ? /// Inches.' 'o .

Concrete Ft.,,'; '.
,

- * - BELOW TOP OF
, GRADE CASING 2. Were Drilling Additives Used f YesO No @*

,3 Revert O BeateniteO Water O'a
..
**

L" . Solid Auger O Hollow Stem Auger @' *

3. Was Outer Steel Casing Used f Yes O NoE

Cement / Bentonite Greut Mix Depth. to Fest.

Yes@ No O 4. Borehoie Diameter for outer Casing inches.

g'4 Lb. .'ag Coment Y Q Ft. WELL CONS TRUC TION INFORMA TION:' '

3-5 lb. Bentonite I. Type of Casing: PVC E Calvanized O Tefion O
Powder

Others
, Stainles. O otheri

2. Type of Casing Joints: Screw-Couple @ Clue-
Couple O other

p Q 3. Type of Well Screens PVC $ Calvanized O

Stainless O Tefien O otherd

Bentonite Seal 2 4. Diameter of Casing and Well Screen:'

2 C sing 2 inche.. Screen 2. inche s.Pellote @ SlurryO o

( ) 5. Slot Size of Screen: , O/O-

o

L/ Filter Pack '

6. Type of Screen Perforation: Factory Slotted 2-

Abuve Screen ~

Hacks == 0 Drilied O other

4 7. Installed Protector Pipe w/ Lock Yes @ NoOp

,h . ' ' WELL DE VEL OPMEN T INFORMA TION:

,

u

;Q ', l. How was Well Developed f Balling E Pumpias O

'

.. Air Surging (Air or Nitrogen) O other-

FILTER PACK MATERIAL -[-
~- *

Silica Sand g ~"
2. Time Spent on Well Development f

,'
~"

- / Minutes /Houre-
,

Washed Sand O - 3. Approximate Water Volume Removed f Cellons
'

.

Pea Gravel O ~2." 4. water Ciarity Befor. Devotopment f Ciear O
,

. .

Turbid O opaeue O
Otbus

' ~

5. Water Clarity After Development f Clear O,

.,

o ieue OTurbid O
-

. r ,Sand Site Z ' 6. Did Water have Odct ! Ye. O No O '

. i If Yes. Describe

Danes Phase Sampling Cup *

/ Ft. *
,

If Yes . DescribeBottom Plug .

||
-

T** O *O ' b
(_ - WA TER LE VEL INFORMA TION:

Overdrilled Material j l| Water Level Summary (From Top of Casing)d

Be ckfill |

Ft. | During Dritting Ft.Date
Grout @ Sand O I i Before Deveiopment rt. Date

% Coved Material O J L----)
Af ter Development Ft.Date

Othersg

%
Driller / Firm _yf/ A/N/// Dritt Rig Type Date Instelled // / 9- 9/

Kerr-McGee
Drill Crew pJ. V/C,y Well No. A/\k) R - 2 Hydrologist p yp/WpQsh

__ _ __ _. . _ - _.



MW-3 -

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

,-- MONITORING WELL INSTALL A TION DIAGRAM

(#) Protective Pipe --

-....,,[, ~

,,, Weep Hole f Yes O No O

.... Cesing Cap Vent 7 Yes O No O
Yes @ No O 'l O~ ~[... - Lock f Yes O No O

'

'
Stesi @ PvC O -

ft.
'

Surveying Pin f
,

,,- Pd S Na f N 4 m** D DRILLING INFORMA TION:v44,, L f-.d DEPTH*o

/ 6 FROM 1. Borehole Diameter = ff Pd Inches.he .

f'

Concrete Ft. ' *

SIN 2. Were Drilling Additives Used f Yee O No @., ,

, j'; Revert O Bentonite O Water 0
*
,..

-** 'V. O Solid Auger O Hollow Stem Auger @- .

li 3. Was Outer Steel Casing Used f Yes O No@
Cement / Bentonite Grout Mix Depth = to Feet.

Yes @ nod 4. Borehoie Diameter for Outer Casing inch.s.,

g'4Ls. ag Coment Y , [ Ft. WELL C ONS TRUC TION INFORMA TION:
'

3-5 Lb. Bentonite L l. Type of Casing: PVC @ Calvanized O Tofion O
Powder

L Stainless O otherOtheft
2. Type of Casing Joints: Screw-Couple E Glue-

- Couple O other

'
i ,f 3. Type of Well Screen: PVC @ Galvanized O

Stainless O Teflon O Otherd

Bentonite Seal
2 F t. |

4. Dismeter of Casing and Well Screen:

Pellete @ Slurry 0 '

gf Casing 2. inches. Screen 2 inchen.o

,C' - 5. Slot Size of Screensg( Filter Pack ~

6. Type of Screen Perforation: Factory Slotted @
'

Above Screen
. Hacksaw O Dritied O other

p , 4g 7. Installed Protector Pipe w/ Lock: Yes @ No O
"

p .' WELL DE VEL OPMENT INFORM A TION:o

[- 1. How was Well Developed f Balling B Pumpias O

'
.

-. Air Surging (Air or Nitrogen) O Other
-

FILTER PACK MATERIAL -*-
~- '

Silica Sand @
--

2. Time 6 pent on Well Development !
-

~f. - / Minute s/ Hours
Washed Sand O 6 "'

_ ' -. 3. Approximate Water Volume Removed 7 Gallone-_

Pea Gravel O :-l .
4. water Ciarity Before Deveiopment ? Ciear O

Other: '

Turbid O Opaque O2

~
5. Water Clarity Af ter Development ? Clear O

'

,

Turbid O Dpaque O.

Sand Size Z 6. Did Water have Oder 7 Yes O No O
-

9.5v =
If Yes. Describe

d
7. Did Water have any Color ? Yes O No ODense Phase Sampling Cup j pg,.

Bottom Plug - - If Yes . Describe

|C.Yes@ *O u /O.5"

wa ren egygt gu,ogy,7,ou;
j i Water Level Summary (From Top of Casing)Overdrilled Material i

Backfill
Ft.| During Drilling Ft. Da te

''"I '" I I
p Before Development Ft.Date

Caved Material O L - - -. >
l,Os Af ter Development Ft. DateOther:;

}
Driller / Firm . h/ /NNE// Drill Rig Type Date Installed // 20.-9/

Kerr-McGee
Drill Crew gy, t/jc)/ Well No. M WR- 3 Hydrologist R HenMowS//

NUN-4

_ _ _ _ _ _ _

1



MW-4 -

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT/%

e MONITORING WELL INSTALL A TION DIA GRAM
\'

Prot e ctive Pipe - .., _ _,,,,,, , ,.... -Casing Cap Vent ? Yes @ No O
Yes @ * No O ~.. .. ... Lock f Yes @ No Os

Weep Hole f Ye. O NoOStul @ PvC O -

,,,',,,Ft. p g 4, Surveying Pin ! .. ,
" *

DRILLING INFORMA TION:7
i- FROM 1. Borehole Diameter = 8 f/ Inches.''s .

Concrete Ft. 'I
.

,,

,k h$ CASI 2. Were Drilling Additives Used f Y.s0 No @'

Q'., Renrt O BentoniteO Water O'i. .
V .h Solid Auger O Hoiiow St.m Auger % |

"

3. Was Outer Steel Casing Und f Yes O No @o

'
Cement / Bentonite Grout Mix Depth = to Feet.

Yes @ nod 4. Borehois Diameter for outer Casing inches.

g'4 Lb. ag ComentY / Ft. WELL CONS TRUC TION INFORMA TION:' '

3-5 Lb. Bentonite I. Type of Casing: PVC @ Galvanized O TefionO
Powder Stainless O othert,

Othon 2. Type of Casing Joints: Screw-Couple @ Glue-

Coupio O other
U i / 3. Type of Well Scruns PVC @ Galvanized O

.

'

Stainless 0 Tefloa O other0

Bentonite Seel '

4. Diameter of Casing and Well Screen:

A Pelleta @ SlurryO 3 Casag P_ inches. Scenn 2 inches.
'

e

5. Slot Sin of Scrun: , 0/0

- Filter Pack
*

6. Type of Screen Perforation: Factory Slotted E
Above Screen '.,;c. Hacksaw 0 Dritied O other

'

h.I[ 3 7. Installed Protector Pipe w/ Lock Yes @ No Op ,

,>__ u. :

u
- Q : WELL DE VEL OPMENT INFORMA TION:

~
,

l. How was Well Developed f Balling E Pumpins O'

,

_- Air Surging (Aia or Nitrogen) O other
'

,

{-FILTER PACK MATERIAL *

~
, 2. Time Spent on Well Development !_-

Silica Sand @ ~ ~~
- / Mirmtes/ Hours

Washed Sand O O " * ' '' -

3. Approximate Water Volume Removed f Gallons_ .

..

4 was.r Ciarity Before Deveiop..nt f Clear O_-lPea Gravel O
''

.

.. Turbid O opeque O
Other:

'

$ .
5. Water Clarity After Development ! Clear O'-

9 Turbid O opaque O.

Send Size E ' 6. Did Water have Oder T Yes O No O
-

v - 0T ' If Yes, Describe.

) Ft.' 7. m Waw w as W f Yu O No O'

Dene. Phase Sampling C"P
. if Yes , DescriteBottom Plug

Q E, //Yes@ No O " nm um wunmm
1 Water Level Summary (From Top of Casing)

|Overdrilled Material 0

Ft. | | During Drilling Ft. DateBackfill

Grovt @ Sand O I i
p Before Development Ft. Date

Caved Material O L - - - -- >
k fter Development Ft. Date

( Ot h
\_

Driller / Firm __S//NNE/ Drill Rig Type Date Installed //.20 - 7/
Kerr-McGee

Drill Crew w, vjcg Well No. M k))Q df Hydrologist p. gppywfff
~~T~15 R - A~



!
1

|
- MW-5 -

|

KERR-McGEE CORPORATION |
HYDROLOGY DEPARTMENT '

O MONITORING WELL INSTALL A TION DIAGRAM |
r
\ Prot ec tive Pipe ...... . ,,,,,, ,,....Caelag Cap Vent t Yu 6 No O

",

Yes @ NO C ....... Lock f Yes @ No O' ~

',,Wup Hoie f Yee O N.OSteel @ PvC O -

Ft.Surveying Pin f
, ,,, Concrete Pad I Ft. a 6~ Ft. _M inchee"

q DRILLING INFORMA TION:
( FROM l. Berehele Diametw= & '/# inchu. |

*
'4 i, .,

[f hConcrete / Ft. '

CASIN 2. Wue Drit!!ng Additine Used f YeeO Ne 8,
1,

Q'. Revert O BentoniteO Water O l*p
,'

.i / Selld Auger @ Hollow Stem Ausw O'5 '
-

3. Was Outu Stut Casing Used f Yes O Ne@ !

Coment/ Bentonite Creut Mix Depth. to Feet. !
Yee @ NoO 4. Borenere Diameter for Oute, Casing Inches. |

ag C ment $ 3{ Ft. WELL CONS TRUCTION INFORMA TION: |
''

94Lb.
3-5 Lt. Bentonite I. Type of Caelng: PVC @ Galvantred O TericaO

Powder
Stalnine O other iOthon

2. Type of Casing Joints: Scret -Couple @ Glue- |,

Couple O other |
- '' i 3(p 3. Type of Well Scrun PVC E Cahrantred O

N Staintus O Torien O othw
Bentonite Seal

?_ F t. ! 4. Diameter of Casing and Well Screens
,

Pellete @ SlurryO
| pg Casias 2 inches. Scrun 2 meheo

5. Slot Size of Scruns ,0b' -> s.g .,V Filter Pack Ifg.;, S. Type of Screen Puforation Factory Slotted @:,Above Screen
.f$ [ |.f Hecksaw O Drliiod O others

3Q' go 7. hatalled Protectw Pipe w/ Lock: Yes @ NoOp ., . .s . .w..

a - Q : WELL DEVEL OPMENT INFORMA TION: |,' Q , ' , . ' l. How was Well Developed f Balling E Pumpins O',.
* *

Air Surging (Air er Nitrogen) O other
i

, ..

FILTER PACK MATERIAL ~.
9 . * - 2. Time Spent en Well Development !

*

Silica Sand @
_t
-

,*

' ~ . / Minutes /Hsure-

Washed Send O 20 ''',
- .' - |- 3. Approxim.te w.ter votume Removed f Caviens

Pea Cravel O ', 5 .'. 4. Water Ciarity Before Develope.nt ! Clear O i
- Tur6id O Ceague O-

"'" '

$ :., 5. Water Clarity Aftw Development ? Clear O i-

9 . ^ . Tur614 0 opaque O
''
.

I*'d III' E 6. Old Water have Oder ! Yee O No 0
- *

O- i ', If Yes. Describe

T. Did Watu have any Colw f Yes O No Op ,'Dense Phase Sampling Cup *
.

,

Bottom Plug . If Yes . Ducribe

hC.-.Yee O No O /. I |
"

nm mn wonmm
|

L Water Level Summary O' rem Top of Caelag)Overdrilled Material D-

Ft.| | During Drilling Ft.Date
BackflH

Crest O Sand O
b---->i 8''"' ' " ' ' ' * * * * ''' '''FO Caved Material O

Af ter Development Ft. Date-

,

A
Driller / Firm M/iaNEA' Drili Rig Type /~p///Nc-/p50 Date inetailed //. 2 /-9/

Kerr-McGu
Drill Crew u). L//Cll WeII No. h%))C' 6 H1drelegiet R, h'p/Woyg/

C R C - L.

_ _ _ _ , _ _ . _ . _ . _ . . . -_ -



i

MW-6 --

KERR-MCGEE CORPORATION
HYDROLOGY DEPARTMENTn

MONITORING WELL INSTALL A TION DIA GRAM
Protective Pipe --- ..., ..... Casing Cap Vent f Yee S No O

C _,,,,... ..- Lock f Yes @ No O
, _ _ _ _

Yes @ No O
| ~

:s ..'
', Weep Hole f Yet O No OSteel @ PvC O -

,

Ft.Surveying Pin f .

,,- p

" DRILLING INFORMA TION:7
i FROM l. Borehole Diameter = M# inches.'9

.
.

j) *b h[ 2. Were Drilling Additives Used f YesO No SConcrete / Ft. st
'JJ [$ Revert O BentoniteO Water O

" *# 'h / Solid Auger @ Hollow Stem Auger O- .

3. Was Outer Steel Casing Used f Yo.O No@o

Coment/ Bentonite Greut Mix Depth. to Feet.

Yee @ nod 4. Borehois Dia; eter for outer Casing inches.

'4Lb. $ag ComentY | k Ft. WELL CONS TRUC TION INFORMA TION:'

3-5 lb. Bentonite I. Type of Ca:Ing: PVC @ Galvanized O Tefion O
Powder Stainlese O other

2. Type of Casing Jointe: Scraw-Couple @ Glue-* "

Couple O Other
L f5 3. Type of Well Screens PVC E Galvanized O"

Stainlese O Tefica O othero ,
,

Bentonite Seal 2 Ft. 4. Diameter of Casing and Well Screen:'

'
Casing 2 inches. Scron 2 incha.

.

Pellete @ SlurryO
f7e

5. Slot Size of Scron:-
g

Filter Pack
*

6. Type of Screen Perforatioru Factory Slotted @ ,

Above Screen Hacksaw O Dritled O other

_] /g 7. Installed Protector Pipe w/ Lock: Yes @ No Oo .

a
- ~- : WELL DE VEL OPMENT INFORMA TION:
| 'f | l. How was Well Developed f Balline @ Pumpias O

Air Surging (Air or Nitrogen) O CtW.-
-.

'

FILTER PACK MATERIAL
-

,

-- ;

Silica Sand @
-

. 2. Time Spent on Well Development f

Washed Sand O /0 Ft. ., .. / Minutes /Houre
* ~~

,

-

. 3. Approximate Water Volume Removed f Gallone- *

'

-2: 4. water Ciarity Befor. Deveiopment f Ciear OPea Grevel 0
-

_ .

2 Turbid O opaque O ;

thn , , '
.

5. Water Clarity After Development ? Clear O
' 9 Turbid O Draque O.

8'"d II#' E - 6. Did Water have odce f Yes O No O' ' '
+

'

If Yes. Describe

* "" "# " *Dense Phase Sampling Cup / Ft.L*.
*

If Yes . Describe j..

Bottom Plug .

D.. 30Yes@ No D v

overdrilled Material |
| Water Level Summary (From Top of Casing)u

lBeckfill
Ft.| During Drilling Ft.Date

Grout @ knd O i i
8'' '' ''''*"**"' ''' ***"f\ Caved Material O L---.- >
ifto, Deveio,meni rt. Date

, , , , , ,

Driller / Firm w/NNE)/ Drill Rig Type Sg/NC- //SD Date Installed //. 2/- 9/
Kerr-McGee

Drill Crew R/, v/cf Well No. MW8-[ Hydrologist R. ///MbuSA'/
C PC ~ ?



MW-7-
-

'

KERR-MCGEE CORPORATION
HYDROLOGY DEP ARTMENT

MONITORING WELL INSTALL A TION DIA GRAM
\ >

Protective Pipe - ....., .... Casing Cap Vent ! Yes @ No O

Yes @ . No O C_ ,,,,,.. ... Lock f Yes @ No O
, _ _ _

s
' ~ . . .

,,we.p Hois ? Yes O No OSteel % PvC O -
",

ft. ,., p gr jSurveying Pin f .. ,

D Y DRILLING INFORMA TION:
"

~ ,O4 L t dJ DEPTH*
4 ,.

,,';,'.
/ s FROM l. Borehole Diameter = P f/# inches.* .

- * BELOW TOP OF
Concrete / F t. ,'. GRADE CASING 2. Were Drilling Additives Used f YeeO No @

*
Revert O Beatenite O water O !' , . . *

,,
*' . ' . Solid Auger O Hollow Stem Auger @ |

" '--

3. Was Outer Steel Casing Used 7 Yes O No%u

Coment/ Bentonite Greut Mix Depth = to Feet.

Yes@ nod 4. Borehoi. Diameter for Outer Casing inches.

94Lb. ag Cement _)(p,$ Ft. WELL C ONS TRUC TION INFORMA TION:'

3-5 Lb. Bentonite .

l . Type of Casing: PVC @ Galvanized O TerionO
Powder Stainless O other

'

Onen 2. Type of Casing Joints: Screw-Couple @ Glue-

Couple O other-
,37.5 3. Type of weii Scre.n PVC $ Galvanized O"

Stainless 0 Teflon O Otherd
,

Bentonite Seal 4. Diarneter of Casing and Well Screens'2 F t. .

Casins 2 inches. Screen 2 inchu.Pellets @ SturryO jgm e

5. Slot Size of Screen: 0/d
g

Filter Pack
~

6. Type of Scrun Perforation: Factory Slotted O~

" ''""
Hacksaw O Dritied O Other

p
, gj,g 7. Installed Protector Pipe w/ Lock: Yes 8 No O

~

.' WELL DE VEL OPMEN T INFORMA TION:o

;
~

', " 1. How was Well Developed ? Balling E Pumpias O

FILTER PACK MATERIAL
,

-. Air Surging (Air or Nitrogero O other-

i G
- 2. Time Spent on Wall Development 7.

iSilica Sand S |-
'

Weahed Sand O /0 '*' _ . , / Minutes /Houre !

..,- . 3. Approximate Water Volume Removed f Gations

E .
,

-- 4. water Ciarity Before Deveiopment f Ciear OPea Gravel O

Open
- Turbid O Opaque O i-

. 5. Water Clarity Af ter Development ? Clear O :'

'
Turbid O opaeue O '

'"# '#' E '

S/.8
6. Did Water have Oder ! Yes O No O

P -

- If Yes. Describe

oOa er sa aas e aDenne Phase Sampling Cup .
F t. ,

If Yes . DescribeBottom Plug .
.

(- D '- 32,5Yes@ Ne O :"
-- WA TER LEVEL INFORMA TION:

|
I Water Level Summary (From Top of Casing)Overdrilled Material F

ec H
Ft.| During Drilling Ft.Date

Grovt @ Sand O j i i
'''''' ''''P**"' ''' ''' I

L-->f\ Caved Material O
After Development Ft. Date j} Othr

\ .'
N

Driller / Firm W/nNE/ Drill Rig Type t'e st /NC - /750 Date installed //-72-f/
Kerr-McGee

Drill Crew DJ, g//cg Well No. /M g/R - 7 Hydrologist 8. Mf//oyf//
cR c - e

|

_ . _ _ _ _____l



MW-8-
-

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALL A TION DIA GRAM
Prot e c tive Pipe - . . ..,,,,,, ,,..... Casing Cap Vent t Yes @ No O

,

Yes @ No O
| ~._ - Lock f Yes E No Os

'
, Weep Hole f Yee O No O '

Steel @ PVC O -
,

,

Ft.Surveying pint ...,, ,/ gp g ,.

'" * D DRIL LING INFORMA TION:Q4 2Dm
DEPTH*o ,

/ 6 FROM 1. Borehole Diameter = F f# inches.h e .

[i h 2. Were Drilling Additives Used Yee O No @Concrete | Ft.,, . '

SIN ,

' , . . ,[, Revert O Bentonit.O Water O**
. ~ . | Solid Auger O Hollow Stem Auger @'-

u

3. Was Outer Steel Casing Used ? Yes O No@
~

Coment/ Bentonite Greut Min Depth. to Feet.

Yes @ nod 4. Bo,ehoie oi. met,, ro, o,1,, c.,io, ines,..

as Coment $ j$ Ft. WELL CONS TRUC TION INFORMA TION:*

94Lb.
3-5 Lt. Bentonite I. Type of Casing: PVC @ Galvanized O Terion O ,

Powder Stainiens O other
'

''' 2. Type of Casing Joints: Screw-Couple E Glue-

Couple O other
L /(, 3. Type of Well Scron PVC E Galvanized Oe

Staini... O Tefion O other !i

Bentonite Seal
p_ F t. 4. Diameter of Casing and Well Screen:'

,

'Pellets @ Slurry 0 Ca siag 2 inches. Screen 2 inchn. i

C' -

ge

5. Slot Size of Screen: , o/og

Filter Pack ~

6. Type of Screen Perforation: Factory Slotted O
" ''""

c,i ;,. Hacksaw O Drilled O other -

7. Installed Protector Pipe w/ Lock: Yes E No O '

P 20* *

G .' WEL L DE VEL OPMENT INFORM A TION:n

;Q ; l. How was Well Developed ? Baiting E Pumpins O ,

-. Air Surging (Air or Nitrogen) O other-

FILTER PACK MATERIAL 9 |
'

.- 2. Time Spent on Well Development ! '

Silica Sand $ ~
- / Minutes / Hours

'.I

_-' ' ' , ,

Washed Sand O /o s . 3. Approximate water voiume Removed f Gaiions

Pea Gravel O 3-i 4. water Ciarity Before Deveiopment ? Ciear O
.

. Turbid O opaque O-

Other ,' g
. 5. Water Clarity After Development ? Clear C,

Turbid O opaeue O.

Send Sire E -

6. Did Water have Oder ! Yes O No O
9 30 gr y,,, o,,c,33,, ;

Dense Phase Sampling Cup ( l 7. W h h en W f Yu O mO ij p g,,
If Yes . DescribeBottom Plug < - -.

31[C,Y" W N* O e nm um wun un |
j | Water Level Summary (From Top of Casing)Overdrilled Material i

Ba ck fill
Ft* j During Drilling Ft.Date

Grout @ Sand O I i
p Before Development Ft. Date

Caved Material O L - -- - -- >
After Development Ft. Date

V Driller / Firm _ Iv/NytA' Drill Rig Type Date Installed //-2 S i /
Kerr-McGee

Drill Crew L4/ 4/jpg Well No. M k/g.8 Hydrologist g, j'gggggg,W/
n n/M n. w w

fIVOSo/LGORJdGlOG)
-



1

MW-9 -
-_.

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

"" MONITORING WELL INSTALLA TION DIAGRAM
Protective Pipe -.......,, Yes @ No O

C
__,,,,.... Casing Cap Vent fs

,,_

Yee % No O
} ~........ Lock f Yes S No Os

'
,,, Weep Hole f Yes O No OStut @ PvC O -

Ft. ,,- Pd f 4x 6 Ax 4 W
'

Surveying Pin f .. .,
" ~

y DRILLING INFORMA TION:
i FROM I. Borehole Diameter. 8N Inches.

*
i. t .

ff hConcrete / Ft.
IN 2. Were Dri!Iing Additives Used ? YeeO No @',

d'., Revert O sentoarteO Water O' , ' . .

'd .t / Solid Auger O Hollow Stem Auger $
*

3. Was outer Steel Casing Und f Yes O No@o

Coment/ Bentonite Creut Mix Depth. to Feat.

Yes O NoO 4. so,ehore Die,,te, fe, outer Casing inche..

9'4 Lb. ag C ment |(o Ft. WELL C ONS TRUC TION INFORMA TION:
3-5 Lb. Dentonite I. Type of Casing: PVC @ Galvanized O Tefian O

Powdp
Stainless O other,

2. Type of Casing Joints: Screw-Couple @ Clue-
Couple O other

'

i /7 3. Type of Well Scrunt PVC $ Galvanized O

Stainlese 0 Tefloa O otherd

' " ' " ' "
2 Ft. 4. Diameter of Casing and Well Scrun:'

,

Pollste O SlurryO j9 Casias 2 inchu Screen 2 incha.o

5. Slot Size of Scrun: , O/O. .g
,Filter Pack -

6. Type of Screen Perforation: Factory Slotted @
'

" "'""
3:j }f'J( Hacksaw O Drlited O other

]; pf 7. Installed Prctector Pipe w/ Lock: Yes @ No Oo ,.
'

-;- .' WELL DEVEL OPMENT INFORMA TION:o

.[ ~- ' ' '

l. How was Well Developed f Balline O Pumplas O,.

.' -- Air Surging (Air or Nitrogen) O other
-

FILTER PACK MATERIAL ' --
.' 9

Silica Sand Q
--

.* 2. Time Spent on Well Development f
-

*
# -: / Minutes / Hours

Washed Sand O / 4 F** - '.'

. L we m m wo ! m
Pea Gravel 0

~

4. water Clarity Befece Development ! Clear O: .

othn -

Turbid O opague O.

E, . 5. Water Clarity After Development ! Clear O
'

Sand Size E *

6. Did Water have Oder ! Yes O No Or- **

If Yes, Describe+

Dense Phase Sampling Cup / F t. . a r ans a oO"

.

Bottom Plug . If Yes . Describe

(--{(Y $Yes O Ne Q : .

WA TER LE VEL INFORMA TION:
o

--

Overdrilled Material 1

| Water Level Summary (From Top of Casing)
Be ekfill

Ft.| During Drilling Ft. Date
Grout O Saad O

b---->i * * * " "' " * " "F
f- Caved Material O(g\ After Development Ft. Date1 Other:

.

Driller / Firm .- h/ 'uNf// Drill Rip Type /~A///NC /25d Date Installed //. p g- 9/ |
Kerr-McGee I

Drill Crew fg VfC y Well No. )WA)(Q-9 Hydrologist A }{Pf@k)W)
C RG - s7

|

.
_ ~. _ _ _
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KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTA LL A TION DIA GR AM.,

Yes @ No OProt e c tive Pipe - .... .,,,,---- . . p. .. ,, , ... Ca sing Cap Vent !
s - - ........ Lock f Yes @ No OYoo @ No O ' ~

',,,Wup Hole f Yes @ No OSteel @ PvC O -

Ft.~

Surveying Pin f ,,, p Concrete Pad 6 Ft. x 6 Ft.x M inches
,-,

D Y DRILLING INFORM A TION:" *
., ,-

Q4 fM DEPTH*

/ s FROM l. Borehole Diameter = 8 If Inches.
, .

L. .

. ' , ' [* f 2. Were Dritimg Additives Used ? Yes O No @Concrete / F t. , SING.' Revert O Bentonite O Water O,.. ,,,
" 1 '4 / Solid Auger O Hollow Stem Auger @* *

.

3. Was Outer Steel Casing Used 7 Yes O No@o

Coment/ Bentonite Grout Mir Depth = to Foo t.

Yes @ nod 4. Borehois Diameter for outer Casing inches.

g'4 Lb. og Cement $ Ft. WELL CONS TRUC TION INFORMA TION:
3-5 lb. Bentonite I. Type of Casing: PVC @ Galvanized O Teflon O

Powder Stainless O Other
Others 2. Type of Casing Joints: Screw-Couple @ Glue-

Couple O other
e

i h 3. Type of Well Screens PVC @ Galvanized O

I[
Stainless 0 Teflon O other

Bentonita Seal 4. Diameter of Casing and Well Screens

g Ca sing 2 inch.s. Screen 2 inche s.Pellets @ SlurryO r
C 5. Slot Size of Screens

( Filter Pack
-

6. Type of Screen Perforation: Factory Slotted 3
Above Screen '

Hacksaw 0 Drilled O other
. . /g 7. Installed Protector Pipe w/ Lock: Yes @ No D*

p

h . WELL DE VEL OPMENT INFORM A TION:'

a

,
p ; l. How was Well Developed ? Balling @ Pumping O

'
.

n Air Surging (Air or Nitrogen) O other'

^FILTER PACK MATERIAL
9 2. Time Spent on Well Development f

*

Silica Sand @ -

/ Minutes / Hours

Washed Sand O /5 ''-, ~
n
-''

m wie m m %a f m%.

Pea Gravel O E 4. water Ciarity Before Devoiopment ? Ciear O
.

Other:
'

Turbid O Opaque O2

.
5. Water Clarity Af ter Development ? Clear O'

Turbid O opaaue O-

Sand Size 7 ,

25 6. Did Water have Oder ! Yes O No O
v =

- If Yes. Describe

* " *"# "Dense Phase Sampling Cup / F t.'
*

I If Yu . DeecribeBottom Plug 4 - .

(- D '- 26Yes @ No D :
- WA TER LE VEL INFORM A TION:

j l Water Level Summary (From Top of Casing)Overdrilled Material L

Ba ck fill Ft.j During Drilling Ft. Da te

Grout @ Sand O , _ g
p Before Development Ft.Date

Caved Material O L. - - - >
After Developenent Ft. DateOh

\

Driller / Firm __W/t/Nf/ Drill Rig Type Date Installed //* 2J- f/
Kerr-McGee

Drill Crew W. L/IC y well No. fy h)R-|0 Hydrologist p. fp MC4/Sg)

NO Tf **
fNO Soll 80P/HG LOG
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KERR-McGEE CORPOR ATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALL A TION DIA GRA M

Protective Pipe -- --...,-- -... p .. ,... Casing Cap Vent ? Yes @ No 0
Yes @ No O

| ~ -..... Lock f Yes @ No Os -
.' , Weep Hole f Yes O No O

'

Steel @ PvC O -
,

,

Ft. '

Surveying Pin f . ,,
,,-

,, Concrete Pad 8 Ft. a [ Ft. : 4 inches
D O* '

DRIL LING INFORMA TION:- vQ4 L *- EJ DEPTH-
, .

/ 6 FROM l. Borehole Diameter = R #/# inches.L. .

,'; '
* - BELOW TOP OF

Concrete / F t.
GRADE CASING 2. Were Drillmg Additives Used ? Yes O No @'

,

,{ Revert O Bostonite O Water O
*
, . .

/ Selid Auger O Heiio. Stem Auger E**'
i '..

3. Was Outer Steel Casing Used ! Yes O No @

Coment/ Bentonite Grout Mix Depth == to Fe et. ,

Yes @ NoO 4. Borehois Diamete, for Outer Casing inches.

g4Lb. $ag Cement .3 Ft. WEL L CONS TRUC TION INFORM A TION:'*

3-5 Lb. Bentonite I. Type of Casing PVC @ Galvanized O TerionO
Powder Stainless O Other'

'" 2. Type of Casing Joints: Screw-Couple E Glue-
Couple O Other

i 6 3. Type of Well Screens PVC @ Galvanized Oo

L - Stainless 0 Terion O Other
Bentende Seal

F t. 4. Diameter of Casing and Well Screens

Pellets @ SlurryO '

3 Ca sing inches. Screen inche s.e

{} '

6. Type of Screen Perforation: Factory Slotted S

5. Slot Size of Screen:
Filter Pack '

'' ''""
Hacksaw 0 Dritied O Other,

p ., jg 7. Installed Protector Pipe w/ Lock: Yes3 NoO*

n G .' WELL DE VEL OPMEN T INFORM A TION:
| f!f .

l. How was Well Developed f Balling M Pumping O

'
.

-_ Air Surging (Air or Nitrogen) O Other-

-FILTER PACK M ATERIAL
--

*

2. Time Spent on Well Development ?
Silica Sand 3 :-[ / Minute s/ Hours

,

Washed Sand D 2 Ft., _

_- 3. Approximate Water Volume Removed _f Gallone.

Pea Cravel O | - :-l 4. water Ciarity Before Deveiopment f Cioar O
'

.
- Turbid O Opaque O-

,

Othou p 5. Water Clarity After Development ? Clear O i
,

Turbid O Dpeque O
6 '"d b'# ' E 6. Did Water have Odct ? Yes O No O

E '

if Yes, Describe

Dense Phase Sampling Cup * #*

/ F t.
I' - -. If Yes . DescribeBottom Plug

** | O WA TER LEVEL INFORMA TION:
J Water Levet Summary (From Top of Cas;ng)Overdrilled Material |

Backfill
Ft. | During Drilling Ft.Dete

Crout @ Sand O i i
p Before Development Ft. Date

Caved Material O L---- >

hi Af ter Development Ft.Date '

Otherss

k - i

Driller / Firm W/Nvtg Drill Rig Type /[4///gC -/250 Date installed //. ff - 9/
'

Kerr-McGee
Drill Crew J/ y/cg Well No. p / Hydrologist p, gg/#0k/ffg/ ]

j
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KERR-McCEE CORPORATION CMW29*1HYDROLOOY DEPARTMENT.

MONITORING WELL INSTALLA TION DIAGRAM.

..

Protecthe Pipe -.- .... ,,, ,,.. Cubs Cap Vet t Yu O * 5
Yee & No O O ,,,,.,,,..... Lock I Yee O Ne O

,_
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O NoO l' '
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S 4 L6.
3-5 Lt. Bententte I. Type of Ceehr PVC D oe'vanised O Teri.nO
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00'"

3
* "
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* *

'

-

.a Co gle O other

i // 3 3. Type of Wel 8trus PVC O calvanfred 0 -
7*

.
_

|
~

8tablees,Q Tefle. O other'

Susan. Sul f 7,, ; | 4, oi,,,i, ,, coi,, ,, we, ,,,,,

Ceeing V " menee, Secess 9 'henee.Pelleto S. SluterO j | ;g.'
o .

S. Slot Site of Screene% p,.:.

3(, .I Filter Paek . 7g, ;.i 8. Type of Screen Pwforatlees restery 81stled E .,
Aneve Screte HedueO 24 O m '

g g | <g T. hetaled Protector Pipe w/ Lock: Ya O No O, ,

_% . . . y .., WELL DEVELOPMENT INFORMA TION:' '
.

.

. , 'p ;*: I, Hw en Wet Dmleted f Sa8hg O P==pias O.
Air Swging (Air er Nitrogen) S' Other/- - *-

.

^ . * *' ' , '
'

rILTER PACK MATERIAL
'O .* 2. Thee Speat se Wet Development i

*
-

Sillea Send S -].a g* 7 _

*
_-,

[_-j.'.'| s. Apprul ate witn venu.e ne. ved f omiseneWubed 8 sed O ~1 e ''' . ' . * ,

-:- 4 Wein Ciereis Sefer Denisp.e.t f Clear O' *

Pea oravel O '

.#
~fE Tw61d R. Opague O

'.' .-
Onon ** g , . , . 5. Water Clerfty After Developmeet f. Clear,@, ,

8 ead 8t:e / 0 4 , . . '
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, '''g . . . 8. Did Weter bees Oder f Yee O NoS' !.

Ud 1
'

. . ' yW W Yu,Deurte
' -

3., -
=

.. ,

.t *, 'a; T. Old Water have ser Celer f Yee O Nog |Dense P6ase Sampling Cup pg .
, ' ''' If Yu . Duwte''

Sottom Pleg . .

D r.. D '/ WYH Y N*O '
'

WA TER LEVEL INFORNA TION:a
,

Overdelfled Wetwlal Welt L "I 8eamary from Top of Caelag)
.

Seektill g y[rt. Durhg Drilang rt.Date

e ed als C. -

Afler Dmlepnest - rt.Detggg
, (/*f[~

,

'

y

c artnerirsem % ' 4 P77,,, . .-, Dem nig Tupe r sJs .1 Date inetened PJM/9/
,
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83N/ 3 %s.s Kerr-Mt0se
Orill Cres Well No. C C [. Hydr *lef st a /* /'t 4i
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Sandstone? _
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~
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_::g-;
,_

- Shne, med. to dK N : J..
-

.

-

gray, fine-textured, 555:
-

_

silty, firm, well :.:.-:.:-
-

-

_

consolidated, 555- -_

-

fissile, with red- 555~ -

brown mudstone, soft 5._55,
~

~ -
_

50 slightly sandy, _-_') -
-

-
--

/ clayey -+ -
-s -

-xm .-- --

; .
-

-
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-

slightly silty - --: _
-
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Shale, med.-dk. gray, 5-:-: -_
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-
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-
-
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- fissility, clayey :- .
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-
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Sandst6ne, It. gray, -

[ dk. gray shale lamina - harder, -.

fine-grained, tight , chatter
-

_
_

70 _
- heavey _

( ~~) _

Sandstone, lt. gray- chatter,--
_

green and gray lam- - change to\ ( _
-

inations, fine to tricone bit~ -

medium grained,~

,, at 70.8-
, . , , ,
n>

~

fairly well-sorted,
_

better ~
--

,' _ moderately well -

-- samples -

~ cemented, subround _
-

to subangular. ..
_ .

~

-
- -.

[b!b3b_ ]"

7 5''
Shale, dk. gray, p _

_
_

fine textured, c-:-:- -
- ~
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_

-
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silty, clayey c-:-- -
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_
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-
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BOREHOLE B-111; ELEVATION 854.0 FT MSL

,

j _
hl&bflfl

, - 4..
.

. - - , . . . . .

[B-111-1 e -" e M **

Cf lMP(W V 1 FLRN MC. GEL OTHER Sf'RUICES1
uf LL 8-318-1 # P8 ##P
LAKn1 IDM/i S LLD 1 CUSHING, DW

COUNTV
STATL : 41W

s.t CT sou TOWNSHIP RANGE $

1
Dn if Ob/37/93 PLitPW4NLNT DAT UM F11URTION3
ptPTH DFILLIF . 4M T O l'L f U . PERM. DDTUM1 kB *

t.W. ROTTOM (.H.MP LIR ML61%URI'D 3 ROPt GM DF 3

1.OG 10P ;1. 9M DkL ME4|SUW5'D I MtM I GS CL f

(s4*s !NG Hb iLI & R H LOGL AN4. UNIT
(Je% I NG 1 Vj'l i j E LD Uf f 805:

C.AS ING TH IC.FNt'tsh . M FfCDkDr.D BV JAN E A.fCL

381 S IZI 4.B porIJenLL T'L u l D I WA T T.R FILE ORIGI
9955C 'PW4GNETIC bt ( L . r Mi s T VPr. I

'
MotpIM BENS 11V RM ytJer Fn10kL LOG 4

FLUID DI.N% 11 Y A MATWIA Di't.T A 1 P101 983SC ''
NI'uYktet Mn1Rfx FLutp DELTA T THELSHI 9
#1'MAkk9

HPHOE.B.

AI.t Sf DUICf % fBinUIDED SHR3ff? FU STANDARD TIRM% AND f.ONDITinN%

Y 9 264 *t a *0 'e t o rj i

T
%

%

N 10 --
I- #

_ . _ _ _
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.

20 ---

-[-- f'( ,

|ai

|I

;
l'

i .

'
30

(
1
i

i

gQ . . . _ _ - - ,...)
_ . _ .

i .

- !
|i

%I. ,.

c

f50 2

;
.

h |
'

,o y >
60 -- - -

'(
_

|

b -60
., _ .. . _ , < . .

r ..s. es - t - ** I .r4

~ <~; - . . , , .



-

BOREHOLE B-112; ELEVATION 871.3 FT MSL j

'
| \

yg
'

m ...
J J

.

,

q2 g__,j
_

U MPANY FI RW MCCES: UTHER SERUICLST
adi'S.S. E~SS3*3 650 ff0
L&M.Al BUN #315 LIA 4 t#SH e NG , ON

f.OUN I Y
$1Aff flN

Sj'CT SUN THWN%H)P DANCE 3

i
DAIL et./ 3 6/93 PE RM6tNINI DATUM t ELEUAllDNS i

I
DEPTH DWILLI.R fia LLfV. PERM. DATUM: trB t

8

LOG BUT1 ort 76. .*Ni LOG Minsuprp TkoMt GS Dr t
'

8.OG TOP 3 .d=9 DFL MEASURED FROME GS GL 2

CASING DRILLER S LUGCING UNIT I

(ASING TYPE 4 FIE.LD DFB SCE &

CA%ING TiljCFNLSS: S R f'CORDI D BV ! JAN FAJCL

SIT SIZ8 4.S Boki'HULE FLillD I HATER FILE DRIGE

9HSSC'MN.NL11C DFOL. WM TYPE 1

MATRIA plNSITY RM TLMPLRATURE i LOG 1

FLUID DI NS I TY 8 1 MATBlK Dt'LTA T 2 PLUT $ 9eSSC

NE U1 knet MAIRlK l'L U I D DLLSA T ! THNESHf 9

erEMARVS 2

UPHULL

ALL %5 FU I( I'% 9' WOU 1 Di b $48B 3I 01 10 STANDApp TEPM5 RND CONDITjGNS

h eart k'e i - :6 9t$
e f0- si i a n. 16 fiu n yn

3 w

i
"1

10 -- -- --

y
-

k .- .

20 >r i
h
~

i
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. ;
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L

J
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i..
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0 5 !
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BOREHOLE B-118; ELEVATION 853.0 FT MSL

[ R
'

^
'

~ , ,
~

mqq -

, , . .

4
B-118-1j

CDMPANV FERS MCCEE OTHER SERURCE$3

htELL t 3-119-1 F$a E7e
LIK.A T ION /T E LLD 1 CUSH3HG, UN

CouMTV T

STATL t OF

$14 TION TOWNSHIP t RANGE 3

I
.

i

DATI. 86/21/WJ PERMHNINT IsAT Urt t ELEUATIDets '
DB'PTH Dk iLLI'R Wh 9* ELEW. PEkM. DATUM 1 RB i

'

LOG BOT Tim 1 f.9 . 48 LOG MEASURED FROMI GS Dr 1
'

LUG TDP 1 3.38 DEL MEASURrp FROMI GS CL f

*

CASING DRILLIR I e LDGCING UNIT 1

C.ASING TVPI' 1 1ILLD OFrtCL
(Jas1NC TH3CNNESSI S RECURDED BY I JAN FAJGL

ORICI 'plt SIEF 1 4.5 30RD4DLE TLUID t 44TER FILE 3

MAGNETIC DLCL. I RM i TVPE 3 9955C *
MATRIM DENSITV RM TLMPERATURE I LOG I 4

lLUID DEWJilTV 1 1 MATRIK DELTA T 1 PLOT s 9955C ' |
*

MfUTROM MATRIK 1 FLUlO DELTA T I THRESHI O

REMARRS 3 >

UNNI.E

Al t SrRUtfrS PROUI DED sus.It'CT TO STANDARD TERMit AND CONDf f fGNS
f

(.tiMi h h ! = 55- kl. $

0 (Pt 200 -!,0 Mu t. (i 0 OHM 500

7

' SV y
.

,
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.
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BOREHOLE B-119; ELEVATION 864.3 FT MSL

Pf5
- 4 amarn . - ey

|B-119-1 |
OTHER SEBU$CESI

COMPANY t WERR MCGEE
NELL 1 3-189-1 f f8 ID

LOCATION /f]tLD 3 CUSHING, OK
COUNTV I

STATE ON
RANCE f

SLCTION TOWNSHIP
I

DATE mb/1T/93 PERMAMENT DATUM 1 ELEUATIONS
'

DLPTH DetLLER 3 * 1R ELEU. PERM. DATUMt ES 8
'

LOG BOTTOM 69.38 LUG MEASURED FROMB CS DF
'

LOG TOP 3,78 DRL MEASURED FROMI GS GL 8

(AS (NG DitILI.ER R LOGGING UNif r

CASING TVPE IRELD Uff' ICE
CA%ING TH ICFNt'hS I e RECORDFD BY t JAN FAJCL

SIT SIZE 4.5 3DREHOLL FLUID t NATER FILE OR IGI '
985SC 'MAGNETIC DECL. RM ! TYPE I

,

MATPBM DEWSITV 1 RM TEMPERATURE 1 LOG S

I'LUID DFMS$TV 2 MATREM DELTA T PLOT t 995SC

NLUTRON MATRIM i FLHjD DELTA T THRESN: S

R E. MAR MS s

UPHOt.1

At.L Et RUlrI'S PROUIntD SUBJE'CT Yn STANDARD TERMS AND CONDITfGNS

SP bfb
(,wh' le ve l + *

a ri= ,on -e. ra tii , c. 0 a nwn Mg
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BOREHOLE B-120; ELEVATION 877.5 FT MSL |

e B-120-1

CEEMPANY RERR MCCEE OTHER SERUICESr ,

NLLL 9-129-1 E #F ###
LDCATION/FILLD CUSHING, DR

COUNTV t
STATE OR

SECY]DN i TONHSHIP 8 9ANCE I

I
DATE * S46/17/93 PERMANENT DAtun s ELEUATIONS

,

D1PIH DRALLLS i 6 e, ELEV. PERM. DATUM 3 RB 4
'

(DG BOffDM i 79.38 LDG MIASURED FROM1 CS DF t
*

LOG TOP 3.78 DEL MEASURED FROMr GS CL t

CASING DRil.LIk 8 LUCCING UNif 3

CASING TVPE FIELD DTFICE I

CASING TH I C3fMESS I e RECORDED SV t JAN FAJGL

B37 EIEE t 4.5 ROREHDLE ILUID : taATER FILE 3 ORICI '
MAGNET $C DELL, 3 RM i TYPE I 9955C
MA1RIX DONS 37V RM TIJtPE RA1URE t LOC t8
FLUID Dt.NSITV I 3 MnTRIX DELTA T FLOT 3 SeSSC
NEUTRON MATSIM 1 FLulD DELTA 7 I THRCSHI S j
RT' MARES ,

UPHOLE

ALL LE#U I CE'S PROUIDE'D SUBJfCT TO STANDARD TTRMS AND CONDITIONS

u tt ' M H I + 56 kg$
@ y rin 40 nn en i ONM 300eg

:i
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BOREHOLE B-126; ELEVATION 847.2 FT MSL

\ - N ~
!

i
j

- ip
-

. . , 2 .- .

B-126-1
__

COMPANY KLRN MCGI:L DTHER SERVICES! *

WE;LL b-Sa6-1 Ese tKp

LIK AI B ON/F I ELD CUSHING, UK

COUNTV
STATE UK

SECTION TOWNSHIP 1 RANGE I

I
i

DATE 2 96/17/93 PLkMANLN1 DATUM ELEUATIONS
'

DEPTH DRILLER 1 6e *L LLLU. PLRM. DATUM 1 KB t *

LOG DOTTDM 41.78 LOG MLASURED FRtwt1 GS Dr t '
LOG TOP i 3.49 DRL MLASURED FROMI GS GL I

(ASING DR ILLI R 9 LOGGINC. UNIT-
CHSBNG TYPE FRELD OFFICE $

CAS I NG THICFNESS! O RE(.QRDFB SW $ JAN FAJGL

BRT SIF.T 4,5 BOREHOLL f*LUID 3 NATEN FILE s ORICI '
MAGNETIC DECL. 2 RM I TYPE 3 98S5C '
MATulM DEstS ITY I RM TEMPLEATURE 1 LOG t 3

9855C ',FLUID DI3eSITV i 1 etATRIK pf1TA T 4 PLOT 1

NEUIRON PU4TRIK a TLUID DLITA T I THRESH! 9
plMARR$ t

UPHOLE

ALL. STRU8CIS PROVIDFB SUB.f EC T TO STAespARD TERMS AerD CONDITfDNS

bant fia i * S F-
G t 5,

5 C F '- ?DO UO Nu 59 0 OwM 500

10 .

g

20~
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t s
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BOREHOLE B-127; ELEVATION 873.9 FT MSL

[ , . . .

B-127-1

C(MPANV RERR MCGIE OTHER SERVICESt
WILL p-127-1 F F1P #fP
LEPCAf ttm/F 1 ELD C LtSH ING , OR

COUNTV
STATI. OR
Sp.CTION 1 TOWNSHIP ! RANGE 8

I
DATE mf*/10/93 PEleMANt*NT DATUM ELEUATIONS '
DEPTM DR ! LLI.R 1 e 40 ELiv PEPM. DATUM: RB 8

(JK. DOTTOM 1 69.Se LOG MEASURLD IROMt GS DF 8
'

LOG TDP 3.99 DRL MEASURED TRUM1 GS GL 3

CASING DRILLI'R R LOGGING UNIT
CA510eG IVPL TILLD Of race
CA5BMG THICRNFES: A RECORDI.D gy - JAN TAJG1

3IT SIZE 4.5 BOREHnLE I'LUID t WATER FILE 3 ORIGt

MALNETIC DECL. 1 RM t TYPE 2 935SC*
MATRIM DI.N5 51 V RM TEMPERATURE LOG 1 8

FLUID DENSITV 1 MATRIM DELTA T 1 PLOT I 995SC '
NEUTRON MATRIM FLutD DELTA T THREEM3 9

REMARRE a

UPHOLE

Al.t. LE RUlr8 9 PRDUIDFD S t.R J FCT TO STANDARD TFRMS AND C(NfDITIONS

8, m n' h a l $F GE$
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BOREHOLE B-128; ELEVATION 878.9 FT MSL
.

l
_ _ f

. . . . .g, . .

|B-128-1 | .

COMPANY T RLRR MCGLE OTHER SERU!CESt ,

WE:LL 3-120-1 Ff# #ff
LOCATION /IILLD 1 CUSHING, OR

COUNTV J

STATE 3 OR

SECTanN TUNNSHIP S RANGE I

I
DATE I Sh/AS/93 PERMANINT 8eRTUM ELEUATIONS

DLPTH DRILLER : h 00 ELLU. PERM. DATUM; RB 3
'

LOC BOTTOM I S9.59 LOG MEASURED FROMI CS DF 6
'

LOC TOP 3.08 DRL MLASURED FROMs GS CL 1

(ASING DRILLER 8 e LDGGING UNif I

CASING TVPE FIELD CFTICE 1

CASING TH3CENESS 9 RECORDFD BV JAN FAJCL

BIT SIEE 4.5 30RDeuLE FLule : teRTER FILE : ORIGI

MALMETIC DECL. 3 RM I TYPE 8 985SC ,
*

MATR$A DE'NS I T Y RM TEMPE RATURI: 2 LOG .: 6

9eSSC ''TLu tD DDeSITY 3 MATatA DLLTA T PLOT 1

NFUTIMM4 MATRIM FLUID DELTA T THRESH 2 9

[% REMARR$
UPHDLE

nLL SIRUICES PROUIDID SUE.itCT TO STANDARD TERMS AND CONDITIntts

(, * ti h ee ' 9 } sg5

'#5 ' ' ' * "'' ' '' " "
3

--
$
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20 -
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BOREHOLE B-134; ELEVATION 869.9 FT MSLx

. k ?

B-134-1

CtMPANV 1 RERE MCGEE OTHER SERUICI2 8
WELL B-134-1 Efp 4*f#

LOCATBtW/TIFLD 3 CUSHING, ON

CDUNTV t
STATE 1 DN
SECT 80N TOWNSHIP 3 RANCE I

I
DATE e6/16/93 PERMANENT DATUM 1 ELEUATEDNB '
DEPTH DRILLER t 65 > ELEU. PERM. DATUMn KR I

'

LOG SOTTOM i 63.38 LOG MEASURED FROMI GS DF 3
' '

LOG TDP l 3.99 DRL MEASURED FROM1 GS GL 3

CASING DRELLER se LOGGING IMIT t
CASING TVPE TIF.LD DrFICE
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BOREHOLE B-135; ELEVATION 888.4 FT MSL
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BOREHOLE B-136; ELEVATION 881.5 FT MSL
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COREHOLE B-127-2; ELEVATION 881.8 FT MSL
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BOREHOLE CMW31.2; ELEVATION 847.7 FT MSL
-

| crw-sil] |
'

_ ....,,,m. w . m a l,
,

, _ . .
,

4411A9 035#9 SL&D t taltes teet.. Otl
.

|,A,a s,99
me 8 y

a nu
49 C9 feet 1 P 5 SMGM

i,.. . .,-~ m. . m ,f

eg e sse me tta.at 4 et 84.a tp . Prest . si.tese s as
,

beeC Af*f frWI t)9. 99 Lase 00EJthtpWF9 8 98WI ? @3 Of
,

t et. TOP e te Det Gut A6Heer# 9 8tet t 65 fi&

Git teet. ts9 tES.99 I G Soul 4 60eG esuelf
Uth eset, f TFL

. A ethy EsfiItt

. Jetse ses&EOma teor, stea(Deussti e st(conta tv :

S 3 9 S BII : 4S StWSDWALS FLWtp 1 gesTtt F 9 LE I 09964
' WIG 850 9 9C SIA 4 - 8 88 i fWPF . 90PSt( g

,e..... et. .e m.n emme , .y e e e
. , . t ,

erseneet

WPt5s4L
f

mt stee,<.a.s reowsos e avssere ve seassemee erm sure censeevenses
:

I

. v. p. > . g. ,.,,- j;4._.,,,,g.-.. g !p. g
* .

4 'm i
, i |

|'

. _.g ._ .74 . _..;. _ _ _ _io
. . _|q| l d |

.
;

i
i

. e __j_ -
-ro _._.

. . . . ..__ T I | .
i
, ,

j 1'
;

1 *

3cr - - - - - - - - - - - d- --. - .--- - - - - -

'

I.

: ,

40 - -- --- --- -- -- - - - - - - ----
,

I

i. !
i ,

| *

| 1>
in ., _. _ y. q _. . q

l I i,

| I | i.
4

!

_7_ ___ _._ ._ _ _'i ia t.

f -| ._!'
; t

'

,. . (p' . a.4. _ia
! 4

I I I

1 i i :

h !' '

;
-

,

I
i ,

,
,

;
f | 1

90 -- - - ---- -.- --

i !
, i :

-

i i i
| |

2

I
| 0 | |

. }' ; .. _.._}_....' . _ f |ico
: i .,

A ! I - I

/

. (
. t .

' '
i ! I

'

t ! ,

; _ J. .q ,_. q lno .

-},
_ ..

! i .

,
.,

119
' t

1

y,,; r- C - - w--~' j' -G- W
i

. .-



_ _ _ _

BOREHOLE CMW32.2; ELEVATION 850.6 FT MSL
,

Fdesinag)
.

O! - ; "1' .'.
;'.:..." ..,
. ~43 ,

V ::. : :'"'" _ *"." ' '::"* "* :
::. : :

= . = " ' . " " *- ..":: ::::!
*=:- -.

:':"..*'' .
.. - - . -

:".":"="=*": * "'" *:.;;". ::|-||||::
".'..*:: |**.

: :EE .5 i- >

= . _ --,... - _.,

I
Im

| * fN 'yg f**' **'***Vn g " * * * * *"W

f . . I
'

i, ._. . . _ . .. ....__ _ __ _.. . .

. m*""'

,, _

k
_. ._

;

p.. _ ._. _. .. ._ . _ _ :.. . . .

,a* %
/,

<.

. . . . . _ _ . . __

. 9,- .. -

. -

t __. . . _ ._.__ _. . _ .

r
_._ _.

-, _-

:P

~~ l" !

- - 2x
-). f,

gg _ - . . -
K'

>

1
-.

.

see _ ..._ _ _.. ,

,

" I

|'
h

,,, __
-

. ._ . . _. _ _

'"

y '.
..

,a_._ $_ - _ .- ,

s .7
<j .

su_ ._ ) .._ . ._ } %. .. ,\
-'

^ ~

.

..
. . . . . - ;.__ -

. . . -.

<

tes ~ - -- -. -. .a - -

w, ._

ie -

e ..r
. .

2 ..

^

> a-, . .

Cg. .- [
_ q F

_

('
f). . . _ ._ _

!__

-

JS1'--nJi M ";' ' gr_. m.
-- - -. . _ . . .

.--._p. .;a , - _---5-- .ny

. _ _ . __. .-____ - -



.sw&4 s _senms. p 4A.uman_ _a 2-Aa, e.& _w., 4.-., a s _
m,a s - , , , ,- -e - - ..- ,o - -w-- .,_

I, -
'
i

, .

i

I

!

,

,

f

y

J

h

APPENDIX H
FORMATION CORE PERMEABILITY DATA ,

AREA 3
>
t

t

.

I

I

f

i

,

I

)

I
\

-

|
.

1

|

|

l
'

-_ _ _ _ _ _ _ . . _ _ _ _ ______ _ _ . . _ _ _. __ _ _ -. _ _._ ..__ _ _ _ _ _ _ . . _ _ .,..



f ( )
(

'

.,

% v

l

!
!
:
*

Table. FLEXIBLE WALL PERMEABILITY TEST RESULTS

Cores from the Cushing Kerr-McGee Facility g
m
O
m
O
I

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'
tn

g
Dry Density 126.4 131.7 114.2 133.0 125.3 111.1 114.4

3(Pcf)
Moisture, % 17.0 11.4 15.0 8.7 11.5 14.0 14.7 m

k, cm/sec. 1.2x10-8 7.1x10-8 6.1x10-7 1.7x10-8 8.8x10-0 3.1x10-7 3.2x10-7

._

pcf = pounds per cubic foot
k = coefficient of permeability

-. .
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T_able. FLEXIBLE WALL PERMEABILITY TES2 RESULTS
_

Cores from the cushing Kerr-McGee Facility Q
ft1
O
M
o
Z
R

Core B-127-2 B-127-2 B-127-2 B-127-2 B-127-2 F3
h

{Interval 39'-40' 47'-48' 63'-64' 70'-71' 77'-78'

$Dry Density 134.3 134.0 124.7 123.5 125.9
5(pcf) o

Moisture, % 9.3 8.7 11.1 11.5 12.0 y
k, cm/sec. 5.8x10-8 1.9x10-8 1.6x10-7 1.8x10-6 3.4x10-8

pcf = pounds per cubic foot
k = coefficient of permeability

. - _ - - - - _ _ _ _ - _ _ _ - _ - _ _ - _ - _ - _ _ _ _ - . . - - - - - - _ - _ - _ _ - -
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APPENDIX I
IWATER LEVEL DATA FOR MONITOR WELLS
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Historical Water Levels in Cushing Area 3

| CMW30.1 | CMW30.2 | CMW30.3 | CMW31.1 | CMW31.2.,

| Depth WL | Depth WL | Depth WL | Depth WL | Depth WL

| to Water Bev. | to Water Bev. | to Water Bev. | to Water Bev. | to Water Bev.
Date | (ft BTOC) (ft BTOC) | (ft BTOC) . (ft BTOC) | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC)
07/22/93 | 11.97 880.86 | 56.95 837.27 | 87.90 806.27 | 16.50 831.79 | 42.59 806.93
07/28/93 | 10.94 881.89 | 56.82 837.40. | 78.13 816.04 | 15.86 .832.43 | 38.65 810.87
08/25/93 | 9.21 883.62 | 58.06 836.16 | 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 | 16.09 832.20 | 35.17 814.35
10/27/93 | 10.91 881.92 | 58.78 835.44 | 61.34 832.83 | 16.38 831.91 | 34.71 814.81

11/16/93 | 11.57 881.26 | 57.98 836.24 | 60.64 833.53 | 16.29 832.00 | 34.58 814.94

12/09/93 | 12.05 880.78 | 59.31 834.91 | 60.20 833.97 | 16.20 832.09 | 34.78 814.74

I I I I I
Mean WL | 10.74 882.09 | 58.46 835.76 | 62.54 831.63 | 16.29 832.00 | 34.98 814.54

Note:"ft BTOC' indicates * Feet Below Top of Casing'

. . . . _ _ .. . . _ . . . _ . . . _ ______
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Historical Water Levels in Cushing Area 3 (continued)

| CMW32.1 | CMW32.2 | CMW20.1 | CMW20.2 |
| Depth WL | Depth WL | Depth WL | Depth WL |

| to Water Elev. | to Water Elev. | to Water Elev. | to Water Elev. |
Date | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) | (ft BTOC) (ft BTOC) |

07/22/93 | 27.90 825.40 | 66.58 786.42 | | |

07/28/93 | 26.82 826.48 | 64.35 788.65 | 28.92 819.08 | 34.84 812.42 |

08/25/93 | 25.16 828.14 | 55.51 797.49 | 29.31 818 69 | 35.25 812.01 |

09/24/93 | 24.93 828.37 | 50.18 602.82 | 29.42 818.58 j 34.96 812.30 |

10/27/93 | 25.44 827.86 | 46.90 806.10 | 29.18 818.82 | 35.05 812.21 |

11/16/93 | 25.48 827.82 | 45.66 807.34 | 28.89 819.11 | 34.51 812.75 |

12/09/93 | 25.37 827.93 | 44.68 808.32 | 29.30 818.70 | 34.62 812.64 |,

| | | | |

Mean WL | 25.28 828.02 | 48.59 804.41 | 29.22 818.78 | 34.88 812.38 |

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

-. . -- .. - - . . . . - - .- - .



_. __ _
__ _ _

.

O .

.

APPENDIX J i

O '
WELL COMPLETION DIAGRAMS FOR MONITOR WELLS

AREA 3 i

|

|

)

|'

,



CMW30.1
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KERR-MCGEE CORPORATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALL A TION DIAGRAM

D Prot ec tive Pipe ---... ... ,,, _ _ .... Casing Cap Vent ! Yu 8 No O

Yes @ No O .. '
~,.,.,,.. . ... Lock f Yes @ No Os C_

, Weep Hole f Yes O No O-"Steel @ PvC 0 ',,

h inchesFt. 1 Ft. xSurveying Pin f ....,, ,,,,- Concrete Pad f- Ft. x
" DRILLINO INFORM A TION:

7 7D inches.J i FROM l . Borehole Olamster=',* .

*;.|. [Q
h$ CASIN

2. Were Dellling Additives Used f Yes O No @fConcrete f. Ft.

f, Revert O BeatoniteO Water @
? .h Solid Auger @ Hollow Stem Auger O*

-

3. Was Outer PFC Casing Used f Yes @ NoO'

Cement / Bentonite Greut Min Dep th= o to C Fe st.

/0 inches.Yes @ NeO 4. Borehois Diameter for outer Casing

WELL CONS TRUC TION INFORMA TION:ag ComentY
' O Ft.

I. Type of Casing: PVC @ Galvanized O TofionO9 A Ls.
3-5 Lb. Bentonite

Pow der Stelm O otur
O@en 2. Type of Casing Jointe: Screw-Couple @ Clue-

Couple O other

i
3. Type of Well Screens PVC @ Galvanized O

|
Stainte.e O Tofion O other

4. Diameter of Casing and Well ScreensBentonite Seal 8 F t.
'

&
Pellets @ SlurryO E Casins 4 inches. Screen inche..'

e
5. Slot Size of Screen O.0/*

,gg i''

(V)
$

g

Filter Pack
-

6. Type of Scrnn Perforation Factory Slotted S
# ''' ' ' " " ), . Hacktsw O Delined O other

o . . 6 T. Installed Protector Pipe w/Lcck: Yes @ No0

- Q ,' WELL DE VEL OPMEN T INFORMA TION:
,

l. How was Well Developed f Balling O Pumping @
| $ '.

.
Air Surging (Air or Nitrogen) O other

FILTER PACK MATERIAL 9'

-- 2. Time Spent on Well Development 7
.

4Silice Sand g ..-, ' / Minutes /Houre-

Washed Sand O /# '''' 5 3. Approximate water voiume Removed f Gaiione

Pea Grovel O 5-i- 4. wat., Ciarity Before Deveiopm.nt ! Ciear O
.

Turtid @ Opaque O 42
OWn

'

$ . 5. Water Clarity After Development f Clear 2,

Turt:d O opaque O (-

6. Did Water have Odce f Yee O No @h ' g'" * *

T If Yes. Describe
T. Did Water have any Color ! Yet O No @'

Dent,e Phase Sampling Cup Ft.;
Bottom Plug

~
,

..
If Yes . Describe

. D'' 20Yes @ N. O " : WA TER LEVEL INFORMA TION:y -

Water Level Summary (From Top of Casing)|overdrilled Material |
"

4C 2 ft.| During Drilling Ft.Date __
i

Grout O Sand O i i
" U 8''''' " ' ' ' ' * " * "* '"

Caved Material O l_____> <

s' After Development Ft.Date |
Ot M

x
W *n Mc Drill Rig Type Date Installed 7 ~ 20 ~ 03

/Driller / Fire

Nydroiogist J A )( [ /. I e w ||
Kert-McGee

Well No. C M W SO./Drill Crow 8 8nop/ j

|
,

- - - _ _ . _ _ _ - - - _ _ _ _ - _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _
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CMW30.2
,

KERR-MCGEE CORPORATION
HYDROLOGY DEPARTMENT :

'

MONITORING WELL INSTALL A TION DIAGRAM f
'

Protective Pipe -.-. .. .. ,,-- . ... ...,, ... Casing Cap Vent t Yes @ No O ,
'

- ...... Leck f Yes O Ne @Yes @ No O s

* "f H''' ' Y" 8 "*O c'
Steel @ PvC O ,, " - g g ~g

-

Ft. ,

Surveying Pin f ...,, p

" D DRILLING INFORMA TION:
Ab DEPTH 7 3/8 inches.

~
44 *

1 .

9 ?. / i FROM 1. Borehele Diametw=

[[,'I h$ si[g 2. Were Drlising Additives Used ? Yes O Ne @Concrete 3 Ft. '

', Revert O sentonitaO Water @'J. e
'' .h. 8 Solid Auger @ Hollow Stem Auger O" '*

3. Wao Outer PVC Caelng Used f Yes@ NoO i
"

10 Feet.O to
Coment/ Bentonite Creut Mis Depth.

I2. in.neg. -

Yes @ NeO 4. sorehote Diameter fee outer Casing

. fog CementY 58 ft.
WELL CONS TRUC TION INFORMA TION: |''

I. Type of Casing: PVC @ Calvanized O TefienO9Ag
3-5 lb. Sentonite '

Stainless O other 4Powder ,
!

2. Type of Casing Jelnts: Screw-Couple @ Clue-'"

Couple O other
b 3. Type of Well Screens PVC @ Calvanized O !

i

Stainlea O Tofiaa O othe f
F

4. Diameter of Cuing and weii Screen |8'"""n. Sui 3,3 ,,, ; ,

,

8- & inches.' 4 - inches screenPellets @ SlurryO | [ 44.7 Casing
m

5 . " . 5. Slot Sin of Scrun: O . Of ''

Filter Pack g- 6. Type of Screen Perforation: Factory Slotted B [( .n
*

Hecksse O Drilled O otherAbon Scron
:| c.

,

If.'| 66 7. Installed Protector Pipe w/ Lock: Yes @ No O
.'(.

.. 'w
>p

s

WELL DE VEL OPMENT INFORMA TION:
'

o ,- -) .

l. How wee Well Developed i Balling O Pumping g F

| $ ;' .'
, ' r Air Surging (Air w Nitrogen) O other*

,

'' T-FILTER PACK MATERIAL O |- 2. Time Spent on Well Development !
gSilice Sand g -; - /

*

Minutes /Heure,

* '''. .'
_. .'

Washed Sand O , - . ' * 3. Approximate Water Volume Removed f Gallene

PeaGravelO 5 4, wate Ciarity sefwe Dev.iepment t Cl.ar O

.:. Turbid E Opeque O ~

.

'

'"
' 5. Watu Clarity After Development ? Clear E'

,

Turbid O OPeque O i'
'

.

6. Old Water have oder ! Yes O No @h ', y'"' I" '
'

If Yes Ducribe' ~~
,

-

*" " "# *
* *Donee Phase Sampling Cup Ft. . * . '

*

If Yes . Describe
Bottom Plug . .

L:U '. 60- WA TER LEVEL INFORMA TION:Yes@ No O " ,

' I Water Level Summary (From Top of Caelng)
overdrilled Material |

- { During Drilling Ft.DateBackfill f. Ft.| ;

Creut O Sand @ i -i g '#'" '"* "' "
"

Caved Material O L--.>
After Development Ft.Date

,,,,

Driller / Fire W/n o e Drill Rig Type Date installed 7 d O ~ 03
Kerr-McGe'scn w so.z N,dre,e,se, 2 nj, e /r.s t .~4 ,

orns Crew 5 knas/ Wen N., ,--_
a

. . . . , - - - _ _ __,



CMW30.3
'

KERR-MCGEE CORPORATION
HYDROLOGY DEPARTMENT

(m) MONITORING WELL INSTALLA TION DIAGRAM .

P r o t e ctive Pip e -..... .. ,, --- . . .,
.
.. ,,.... Casing Cap Vent f Yes @ No Ob#

~ ..... - Lock f Ye:S No OYes @ No O ..
s

, Weep Hols t Yes @ No O'

Steel @ PvC O
-

E , ' ' , . 2- b b
Concrete Pad Ft. a Ft. x inchesSurveying Pin f ., ,,

'D DRILLINO INFORMA TION:" *

Oh hh DEPTH 3 g/6 inches.

,

'
.

,e
.

/ s FROM l. Borehole Diameter.'

'f h$ 2. Were Drilling Additives Used f YesO No @Concrete 8 Ft. , ''
SIN

','.$ [,''; Revert 0 BentoniteO Water @
. ' . b Solid Auger @ Hollow Stem Auger O* * '

o 1 - '

3. Was Outw frC Casing Used f Yes @ NoOa

0 20 Fest.
Coment/ Bentonite Creut Mix Depth = to

Yes @ NeO 4. serenoie Diameter fw outer C eing_Il- inches.

WELL CONS TRUC TION INFOh, A TION:
g'4L .' ag Cement $ 82- Ft.'

I. Type of Casing: PVC @ Calvanized O ?efionO
3-5 lb. Bentonite

Powder StaWou O othw
open 2. Type of Casing Jointe Screw-Couple @ Clue-

Couple O other
F k 6 3. Type of Well Screens PVC @ Galvanized O

Stainless O Tefion O otherh
<

4. Diamotu of Caelng and Well Screen'" "' '

3 F t.

j- Pellets @ SlurryO
- g Casing 4 & incha.

'

inche Screen

k ]) ,

6. Type of Scrun Perforation: Factory Slotted S

m

a
- 5. Slot Size of Screen: O0I"

FHtu Pack
Ft. .

Hacksaw 0 Driiled O otherIgr.' "'"

j| 3| T. Installed Protector Pipe w/ Lock: Yes @ No O
p , . ,

o
- ,' WELL DEVEL OPMENT INFORM A TION:

l. How was Well Developed f Balling O Pumping g
[

- ' , .

' '

--
Air Surging (Air or Nitrogen) O other- *

-

FILTER PACK MATERIAL
9 ,' 2. Time Spent on Well Development !

, ,,
g-

Silica Sand g
'U ' * -

- - / Minutes / Hours

[[ . 3. Approximate Water Volume Removed f GattoneWashed Sand O _-

Pea Gravel 0
-- 4. Water Ciarity sefore Development ! Ciear 0-

.

.
Turbid @ Opsque O

othen
'

5. Watu Clarity After Development ? Clear @
,

Turbid O DPseue 0*

0*" #*
~

s. id Water have der f Yee O No @3 'y ~ IOi' If Yes, Describe

T. Did Water have any Color f Yo. O No 8
*|

'*

Dense Phase Sampling Cup g. F t. ,.

If Yes . Describe
Bottom Plug

- D_ _'- '03
.

Yes @ No O " L: WA TER LEVEL INFORMA TION:
_

" 1 Wstu Level Summary (From Top of Casing) ;
Overdrilled Material |

0*'hT3" 2. I'* |
During Dritting Ft. Data

* I I [6 Before Developmsnt Ft. Date
o

Caved Material O L - -. -- >
After Development Ft. Date

l Ot h
% ,/

W/nned Drill Rig Type Date Installed 7-/r-93 - !Dritier/rir.
Kerr-McGee i

Drin Cr.w B- 6A w.n No. CM w 30.3 nydrosogset 2 "h e /W "" )
1
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CMW31.1 !
'

l

KERR-MCGEE CORPORATION .

HYDROLOGY DEPARTMENT |
MONITORING WELL INSTALLA TION DIA GRAM j

l

Protective Pipe - .....,_,, ,,,,... Casing Cap Vent t Yee @ No O

C ~......- Leck f Yee B No OYes @ No O ..
s

,Wup Hole f Yes @ NoO'
Steel @ PvC O -

p,,",, Concrete Pad 2 A-Ft.Surveying Pin f - . Ft. x Ft. x inchee

" DRILLING INFORMA TION:7
s FROM l . Borehele Diameter = 7 Y8 laches.*9 ., , ,

' . , ' .ff h[ St G 2. Were Drilling Additives Used f YeeO No @Concrete $ Ft. ,

$ Revert O BentoniteO WaterE
' Y. . S Solid Augu @ Hollow Stem Auger O

,
*'" - .

3. Was Outer Casing Und ! Yu@ NoOo

20 Feet.8 toComent/ Bentonite Greut Mix Depth =

Yes @ NeO 4. Borehois Diamet.r for outer Casing 'l incha.

og Coment Y U - Ft. WELL CONS TRUC TION INFORMA TION:
4 Lb. I. Type of Casing: PVC @ Galvanized O TefienO3-5 lb. Bentonite '

Staintus O OtherPewder
2. Type of Caelng Joints: Screw-Couple @ Glue-"'

Comte O other
i 2 5~ 3. Type of Well Screens PVC @ Galvanized Oo

Staintus O Tefion O othero

Bentonite Seal 4. Diameter of Casing and Well Scrunt'

F
8- &' d inches. Ser.en incha.CasingPellete @ SlurryO 2e"

5. Slot Size of Scrun O O' *'
.

D Filter Pack [U 6. Type 'ef Screen l'orforetion: Factory Slotted E
3

Above Screen |. p g,. mka=0De O m '

n .
' 3/ 7. Installed Protector Pipe w/Leck: Yes @ No O

.__ . . _ _ ~..
: WELL DE VEL OPMEN T INFORMA TION:

.

; _-Q.
~,; -:- f ,' l. How was Well Developed f Balling O Pumping @

- Air Surging (Air or Nitroger0 O other

FILTER PACK MATERIAL 9-- ,,
*

-- 2. Time Spent on Well Development f
Q ,gSilice Sand @

- - / Minutes / Hours,

4

Washed Sand O /# ' ' '
' [--{

'

3. Approximate water voiume Removed f Geisene
..

'

Pea Gravel O -2
4. was.c Ciarity Before Deveiopm.nt f Ci , O

. .

.
Turbid @ Opaque O

Other
~

..

,

5. Watu Clarity After Development ? Clear @

9 Turbid O opaque O
' . ' .

f

.

6. Did Water have oder f Yes O Ne @Sand Size

T ' if Yes. Describe
7.Did Water have any Colw f Yes O No @

't__ Ft., , , '
* '

Dense Phase Sampling Cup
, if Yes , Describe

Bottom Plug - .,

. C '- +3Yes @ Ne O 1' WA TER LE VEL INFORMA TION:,C. -

Watw Level Summary (From Top ef Casing)hOverdrilled Materlat -|
Backfill / Ft.| h During Drilling Ft.Date

Grout O Saad O 8 i

/"~~' Caved Material O
' L_--> %_ Before Development Ft.Dateo

After Development Ft. Date( Othus

7 ~ 20 ' 3]Date InstalledOrliter/F!rn W/M d e ____ Drill Rig Type
xerr-ucGee

Drill Crew So6 hwps= { Well No. VN 0|* | Hydrologiet 5 /E $ A'$***Y

- _ _ _ _ _ _ _ __ ___-__.
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CMW31.2 |

'

KERR-MCGEE CORPORATION
HYDROLOGY DEPARTMENT

MONITORING WELL INSTALL A TION DIAGRAM .

Pro t ective Pipe --- - . . ..,--- . ..
.
...,,,.... Caslog Cap Vent f Yes O No O

Yes @ No O -........ Lock f Yes O No Os

No O
,,",, Weep Hole f Yes O

" '
,

Steel @ PVC O --

p g y 4Ft.Surveying Pin f .,,,
,

" DRILLING INFORMA TION:f 7N inchu. |i FROM 1. Borehole Olaneter=*
it .

,

ff h SING 2. Wwe Drilling Additives und f Yes O Ne @Cencrete S Ft. , ''

'/.5 [[ RevertO BentoniteO Water @
.E b Solid Auger @ Hollow Stem Auger O'*" '-

3. Was Outer Casing Und ? Yes@ NoO

Coment/B)ntonita Greut Min Depth. O te /O Feet.

Yes @ NoO 4. Borehole Diameter for outer Casing #2 inches.

9 L6. eg Coment 4"9 f t. WELL CONS TRUC TION INFORMA TION:'

3-5 Lb. Bentonite ,

l. Type of Casing: PVC @ Galvanlud O TefienO !

Powder StainleseO other
* 2. Type of Casing Johtes Screw-Couple @ Glue-

Couple O other
N 3. Type of Wall Scrunt PVC 3 Galvanized Oo >

Stainless O Terica O othero

Bentonite Seal 3 F t.
4. Diametw of Casing and Well Scrunt'

Ca.ing 4 &inche. Screen inchePellets @ Slurry O 55 ,o
5. Slot Size of Screens o.OI*,

g , , , .

- Filter Pack (f? 6. Type of Scrun Perforation: Factory Sietted E
Above Scron :j E ,J Hacksaw 0 Dritied O other

2. W 58 7. Installed Protector Pipe w/ Lock: Yes 8 No O
p a r. s.. w
n

- ~- : WELL DEVEL OPMEN T INFORM A TION:

.| -:- ' * , l. How was Well Developed f Balling O Pumping @'

~
,

- .- Air Surging (Air w Nitrogen) O other*

*

FILTER PACK MATERIAL - -
, ,

.- 2. Time Spent on Well Development f
44,gSilica Sand @ " : - /',

- Minutes / Hours

Washed Sand O [:{ . . ' 3. Approximate Water Volume Removed f Gallone'O " '

-2.-
4 **ter Ciarity Before Deveiopm.nt f Ciar O

Pee Grsvel O
''

.

Turbid @ Cpaque O
. .

'

$ | 5. Water Clarity Aftw Development f Clear EOther '-

9 Turbid O opaew. O.

g . 6. Old Water have oder f Yee O No @Sand Site ,

- T ' If Yes, Describe

7. Did Water have any Colw f Yes O No S* * '

Dense Phase Sampling Cup pg ,

If Yee . DucribeBottom P!vg
-: D '- 't o

.

Yes @ No O ' WA TER LEVEL INFORMA TION:''
F - - -

Overdrilled Material ; I Water Level Summary (From Top of Cesing)

0**h 8 II*| During Deltling Ft.Date

Grovt O Sand e ' i 75 Before Deveio, ment rt. D.te"
Caved Meterial O L . ->

Af ter Development Ft. Date

( ,

Date installed 7~ II~ 93Driller / Fire Win M e ___,, Drill Rig Type
Kerr-McGee

Drtil Crow 8 . 4'#c>A/ Well No. m W3/. 2. Hydrelogist 2 5 )( ./. I e w ar-/
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CMW32.1

KERR-McGEE CORPORATION
HYDROLOGY DEP ARTMENT

(A) MONITORING WELL INSTALL A TION DIA GRAM
Yes 8 No OProtective Pipe ---.....,,,'3 C

~,,..... Casing Cap Vent t

Yes @ No O ~...... Lock f Yes 8 No O
',, eep Hole P Yes @ No O

" ' ,W
Steef 8 PVC O

-

Surveying Pin f ..
,

p,, Concrete Fad 2Ft. Ft. x Ft. x inchee

' DRIL LINO INFORNA TION:7 3 ID inches.
?. I i FROM l. Borehole Diameter =L '

[3
h@ 2. Were Drilling Additives Used f Yes O Ne @f SINConcrete 8 Ft. '

j Revert O SentoniteO Water @'u,
M h- 3 Solid Auger @ Hollow Stem Augu O"

3. Was Outer Casing Used f Yes@ NoO

O to E Feat.
Cement / Bentonite Grout Mis Depth.

Yes @ NoO 4. sorehois Diameter fo, outer Cesing lache..

WELL CONS TRUC TION INFORMA TION:94 Lb. $sg' Cement Y 3/ Ft.
''

I. Type of Casing: PVC @ Galvanized O TefienO
3-5 lb. Bentonite

Powder Stainlese O other
Othus 2. Type of Casing Joints: Screw-Couple @ Give-

Couple O other
O 3. Type of Well Screens PVC S Calvanized OU i

Stainless O Tefiaa O otherh
.

4. Diameter of Casing and Well ScreensBentonne Seal '

3 F t.
4

Pellete @ SlurryO 3'/ Casing 4 inche Screen inches.
e

5. Slot Size of Screen: 0. 0/ '(u) -
,..g ,

Filter Pack 6. Type of Screen Perforation: Factory Slotted SP

A " * I""" ' '

Hacksaw O Drilled O othe
J 4p 7. Installed Protector Pipe w/ Lock Yes @ No O

p ,,

_~-: WELL DE VEL OPMENT INFORMA TION:L - ~
o

l. How was Well Developed f Balling O Pumping @
[

~- ;' ,

_.
Air Surging (Air or Nitrogen) O other*

FILTER PACK MATERIAL
' ~-

-.-
.

2. Time Spent on Weil Development f-

Q ,gSilice Sand @ - / Minutes /Houre

Washed Sand O /8 ' ' ' , , ..

3. Approximate Water Volume Removed f Gallone_ - ,.

Pea Gravel O 5 4. water Ciarity eefore Deveiopment f Ci.u O
,

Turbid @ Opaque O
.

"'
'

5. Water Clarity After Development f Clear @
..

Turbid O Opaque O
.

3 ' 6. Did Water have Oder f Yes O Ne @'" '#' *

T ' If Yes, Describe

*" " *"# " "*

Bottom Plug
,

$.Dense Phase Sampfing Cup *

J. f t. if Yes . Describe
,

..-C. 52.Yes @ No O o WA TER LE VEL INFORMA TION:,G- -

Water Level Summary (From Top of Casing)UOverdrilled Materist |

Ft. |
Durkig Drilling Ft.DateBackfill /

Grovt O Saad O i i

(N Caved Material O L----> O * * " " * " * ""
"

ter Development Ft. Date
Others

Date instained 7- /6 - UWin n e /t ___ Driil Ric TypeDeiner/rirm
Kerr-McGee

MN N.| Hydrologlet 1 A/1 ih*S*5***r
Drill Cree 43 c, / hog Wolf No.
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CMW32.2

KERR-McGEE CORPORATION
HYDROLOGY DEPARTMENT |p MONITORING WELL INSTALLATION DIAGRAM .

z
Protective Pipe - ...... ,,,-- . ... .

...,, ....Ctelag Cap Vent f Yes @ No O !- s

~ ..... Leck ? Yes S No O
,

Yee @ No O s
, Weep Hole f Yes @ No O" '

Steel @ PvC O ',,
-

Ft. 2Surveying Pin f . ,,
p ,- Concrete Pad

'

Ft. Ft. Inchu

" DRILLING INFORMA TION:
~

y
1. Borehole Diameter = 7 Y#/ s FROM nnches.

Lt .

Concrete S Ft. f,'( *b h si[g 2. Were Drilling Additives Und f YesO Ne @
Rovert O BentoniteO Water @

i[6
'i. e ;

3 Golid Auger @ Hollow Sten Auger Oi'"
.

3. Was Outer FVC Caelng Used f Yes@ NoO
L

O /I Feet.
Coment/ Bentonite Creut Mix

Depth. to

Yes @ nod 4. Borehole Diameter for outu Caelag //- Inchu.

WELL C ONS TRUC TION INFORMA TION:
9 4 Lb. og Cement 43 Ft.'

I. Type of Casing: PVC @ Calvanized O TefienO
3-5 Lb. Bentonite

Pewder Stainless O otheri
;

Onus 2. Type of Casing Jointe Screw-Couple @ Clue- ,

Couple O Other

U i N- 3. Type of Well Screens PVC 3 Calvanized O

Steinia. O Teflea O othuh ,

0'"''"''' "' 4. Diametu of Casing and Well Scrun( Ft.
'

'

& incha.Casing '+- inches. Screen'
Pettete @ SlurryO f,r #

:. . I
5. Slot Size of Screen: 0, #/-

s g .

Filter Pack j;q 6. Type of Screen Perforation: Factory Slotted 8g
f Hecksaw O Drilled O other

*

Abps Scrun ,

:j

W g/ 7. Installed Protector Pipe w/ Lock: Yes @ No O
o ...a.s

_5 .' WELL DE VEL OPMENT INFORMA TION:
n.

a
. l. How was Well Developed ? Baltias O Pumping g.- '* ' '

.

,-,., ,.

Air Surging (Air or Nitrogen) O other- ' .
-.

''
-

FILTER PACK MATERIAL >

O . ' - 2. Time Spent en Well Development !'

g ,gSilica Sand @ |
-; ' / Minutes /Heure,

< _-
Weehed Sand D /# ''* a wm m m ww f m*

-: .-

Pea Gravel O 5 4. water Ciarity Before Development f Ciear O'

Turbid E Opaque O.

2
"'

'

5. Water Clarity After Development ! Clear S|
Turbid O opaqueO*''

*

6. Did Water have Odce f Yes O No @'" '" ~9 g
. * **

|

g
7 ' If Yes, Describe ,

-

T. Old Water have any Color 7 Yes O Ne 8',' *

Dense Phase Sampling Cup p
if Yes . Necritre

Bottom Plug . .

73(-Q ,.: WA TER LEVEL INFORMA TION:Yess No Q o
Y

l' l Water Level Summary (From Top of Casing)
overdrilled Material j

Bac ul 2 Ft. |
During Drilling Ft.Deto

,

Creut O Send O i i E 8 '''" "''''**"* ''' ''' '

"
Caved Matuial O 1 - - - . _>

Attu Development Ft. Date-( o,,,,,

7 -& S .i
Drin.rerirm - Winoe4 Drisi nig T ,,e Date ineiaited

Kert-McGeeHidreses et Mj'y C hl l * ~ er*
Desu Crew . So i % ,/ won No. CM W J2.2. s

|
|

_ . . _ . . .
.



._ _ _ _ _ _ _

I
XERR-MCGEE CORPORATION
HYDROL.OGY D EP ARTMENT

MONITORING WELL INSTALLA TION DIAGRAM
,,..-Caeing Cap Vent f Yee @ No O

* Protective Pipe ---.....

C ,,,.,.... ...teck f Yee @ No O
,,,_

Yee S we O }
-

.,Wup Hele f Yes 6 NoO
* ~'

Stul % PVC O
-

-

M m 7[m f_g'
"" I'* , , ' ' w upgSurveying Pin f .._, ggg ,gggg

Yee @ NoO S -
_ _ _

b I . Inches.
9 ' / i FROM l . Secohete Otametern

[.e| p}' $Edo* gSrN$ 2.W*e Dentian Amuva used f YuO No($$ rt. ,e o
RevertO Beateait O WaterKConuete

[.'. i, , g Setid Auger O Hellow' Stem Auger O1|
,

4 3. Was Outer Stul Casing Used ? Yes O NoO
3

to _F e e t.; D.p th,
Cement / Bentonite Creut uis inches.4. so,eheie otomate, fw ouiu Ca,in,yuk keO

WELL CONS TRUC TION INFORMA TION:
,

| s' Lf. $ag'CementY PVC O Calvaaired O TefwaO
' Ft. l. Type of Cuing:

3-5 Lt. Bentonite { 3 .W Othw
Penser

2. Type of Casing Joints: Screw-Couple % Clue-
"'

Coup 4 O otan '

3. Type of Well Screen PvC O Caiviaind O
j h ~) hk..0"

t

Stainies.grafin O ctano

4.0Lamatw of Casing and Wen Screen"' 3, '/ Ft. '2 incha.
'

Pettets SturryO g Casing b _ inches. S.,sena

5. Slot S!n of Screen: , o*2.,,0
b. ' - 3.; . 6. Type of Scrun Perforation: Factory Sletted () g

gf!
pg, .j';Futu Pack

Hecksaw 0 orated O Other
-

,

[qj{ h,I,

h 7_ ol.7_ 7. installed Protnter Pipe w/ Lock: Yes p No O
"' """

,.
' WELL DEVELOPMEN T INFORMA TION:

"

a
. .:.~. l. How =as Wen Developed f Baltias O Pompingp-

- ''

Air $wging (Air w Nitrogen) O Other X, ,- ..
, - .~. ab \ #1'

*

,- * ""
~

FILTER P ACK M ATEPIAL 2. Time SpeAt en Weil Development f
--

'

,~ .'*

3 -/ Wute s/ Hours* ~~

3. Approximate Water Volutne Remoud 7 _ Canonehm,N{ Mg' .-
Weshe and @ ,,. *

,
_ 4.Witw Ci.rity sofere oevei pment f C: ear O

Pea Cravel O i- .' '#
5.Watu Clarity After Development 7 . Clear O

*

Others E ,*'

Sand Site 00 6. Old Water have 04cr 7 Yes O Ne$
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