— DRAFT —

DESCRIPTION OF CORE RECOVERED FROM
KOCH-HUTCHINSON TEST WELL NO. 1HF
HUTCHINSON, KANSAS

Topical Report RSI-1648

prepared for

Koch Hydrocarbon LP
1910 South Broadacres Road
Hutchinson, Kansas 67501

July 2002

RESPEC

An Integrated Consulting and Services Company

D\Q_QB"GPW'



DESCRIPTION OF CORE RECOVERED FROM
KOCH-HUTCHINSON TEST WELL NO. 1HF
HUTCHINSON, KANSAS

Topical Report RSI-1648

by

Douglas A. Blankenship
Paul E. Nelson

RESPEC
P.O. Box 725
Rapid City, South Dakota 57709

and

John O. Voigt

Voigt Mining & Geotechnical
105 Apple Valley Circle
Clarks Summit, Pennsylvania 18411

prepared for

Koch Hydrocarbon LP
1910 South Broadacres Road
Hutchinson, Kansas 67501

July 2002

— DRAFT —



TABLE OF CONTENTS

1.0 INTRODUCGTION........cccocimtmiiiinntnr ittt sbe bbb ssbe s basas e shessssssreasen 1
2.0 FIELD OPERATIONS ...ttt cssts bt e s ses bt s srearsneseene 2
2.1 GENERAL OPERATIONS DESCRIPTION ......ccccocmmeemiiinrineeneeenessisssiereesesacesenens 2
2.2 WELL ACTIVITIES ... ..ottt s n st s st saae e ssaas st st s mnsnene 3
3.0 LITHOLOGIC DESCRIPTION ...ttt evreen et een e sesnesseseeans 4
3.1 GENERAL......ooeectitet ettt ss s s b sa e s et neesnens 4
3.2 WELLINGTON SHALE.......oooiiiiircenriieie it coseestsmecesreessestssaeeseseesessaneens 4
3.3 HUTCHINSON SALT MEMBER .........cccocoitiiinennntiiniecieneneeses et seseeseessaneans 4
3.4 WELLINGTON SHALE-ANHYDRITE ........cccoiiiiiinnininiiceneerisseseenesreeeecenes 5
4.0 REFERENCES ..........ccoooiiiiiitiinreisee sttt ettt s ae e s s e b e st s e e smene s 7
APPENDIX A. LITHOLOGIC DESCRIPTION HUTCHINSON TEST WELL NO.
1HF HUTCHINSON, KANSAS .........ccoonirniniisieneeceeessseeneeseseeseenes A-1
APPENDIX B. PHOTOGRAPHIC LOG OF THE CORE HUTCHINSON TEST
WELL NO. 1HF HUTCHINSON, KANSAS .......c..coeimrnrecnineenrcnenencene, B-1
APPENDIX C. FIELD LOGS HUTCHINSON TEST WELL NO. 1HF
HUTCHINSON, KANSAS ...ttt seceetsseseseeseetssnenasees C-1
APPENDIX D. SCHLUMBERGER LOG DIPOLE SONIC PROCESSED DATA ........ D-1
APPENDIX E. SCHLUMBERGER LOG COMPENSATED NEUTRON/LITHO-
DENSITY ..ottt sas st saesss it srssaseasessnnnans E-1
APPENDIX F. SCHLUMBERGER LOG ARRAY LATEROLOG/GAMMA RAY .......... F-1
APPENDIX G. SCHLUMBERGER LOG DIPOLE SONIC/GAMMA RAY .................... G-1



LIST OF TABLES

TABLE

A-1 Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson, Kansas

ii — DRAFT —



FIGURE

LIST OF FIGURES

PAGE

3-1 Stratigraphic Column and Gamma Ray Trace Through the Cored Section of

B-1
B-2
B-3
B-4
B-5
B-6
'B-7
B-8
B-9
B-10
B-11
B-12
B-13
B-14
B-15
B-16
B-17
B-18
B-19
B-20
B-21
B-22
B-23
B-24
B-25
B-26
B-27
B-28
B-29

Hutchinson Test Well No. THF . ..ottt ceeesessssssnns 6
Core Run 1 — Depth Interval 310.0 to 315.0 Feet .......ccovviviicciniviininiicncniiinnn. B-2
Core Run 2 — Depth Interval 315.0 to 320.0 Feet ...........ccoceecniniiniinicnriencinieiene B-2
Core Run 3 — Depth Interval 320.0 to 325.0 Feet ... B-2
Core Run 4 — Depth Interval 325.0 to 330.0 Feet ............cccovivmnrniiiinriicninns B-3
Core Run 5 — Depth Interval 330.0 to 335.0 Feet ..........cococcvvvmiininiiinnincinnineinennn B-3
Core Run 6 — Depth Interval 335.0 to 340.0 Feet ........ccooveivirrininniniiniiicecininienee B-3
Core Run 7 — Depth Interval 340.0 to 345.0 Feet .......coouvirvrmrvciviinnncnenieeneceenene B-4
Core Run 8 — Depth Interval 345.0 to 350.0 Feet .........ccoovverccminvnicneneennneiiencenene B-4
Core Run 9 — Depth Interval 350.0 to 355.0 Feet .......covvvviirvciiiniceeieineienne B-4
Core Run 10 — Depth Interval 355.0 to 360.0 Feet. ...........ocoouvinvivniiiicinennsecrinanne B-5
Core Run 11 — Depth Interval 360.0 to 364.5 Feet .........ccccovniermvnrnenrensersesseennens B-5
Core Run 12 — Depth Interval 364.5 to 369.8 Feet..........ccocvveemvmniicennirncnsrncennne B-5
Core Run 13 — Depth Interval 369.8 to 374.0 Feet .........ooceeeinivcncicirrene e B-6
Core Run 14 — Depth Interval 374.0 to 379.0 Feet..........cccoovvicniininenenincineneenennens B-6
Core Run 15 — Depth Interval 379.0 to 384.5 Feet .......ccccccevreeninreviesennrnieecrenen, B-6
Core Run 16 — Depth Interval 384.5 to 389.5 Feet ........cccccoveeurntrcrvcrecrnnenrencerenne B-7
Core Run 17 — Depth Interval 389.5 t0 394.2 Feet....ccccecevrvrievicneviinenevereerenen B-7
Core Run 18 — Depth Interval 394.2 t0 399.6 Feet ..........cccccocevmrrvnvnenneernrcenene B-7
Core Run 19 — Depth Interval 399.6 to 404.8 Feet .........cccccevvinrentrennrncenrnrererrnnns B-8
Core Run 20 — Depth Interval 404.8 to 409.0 Feet.......cccccooomrnvevnnrencirerenieenn, B-8
Core Run 21 — Depth Interval 409.0 t0 414.0 Feet ......ccccovvmrrrrrereeceecrrrrecnererenenas B-8
Core Run 22 — Depth Interval 414.0 to 419.0 Feet .......cccooonrrrreiereecenevereerinsreereenne B-9
Core Run 23 — Depth Interval 419.0 to 424.0 Feet........ccccoovvveverevenencenrnrerreenene B-9
Core Run 24 — Depth Interval 424.0 t0 429.0 Feet .......cccocvnvevmeveeveerrrrrvenieirensinen. B-9
Core Run 25 — Depth Interval 429.0 to 434.0 Feet ........cccccvvinrevrnnececicccreineenennnas B-10
Core Run 26 — Depth Interval 434.0 to 438.0 Feet......c.cccceuveerevenececrereicrcerreenas B-10
Core Run 27 — Depth Interval 438.0 t0 443.4 Feet ......ccccocvcvuuvrvervvnvnrnrnerererererenne B-10
Core Run 28 — Depth Interval 443.4 10 448.7 Feet .....ccvvvcemrvvicveiecccrerecvcrsnne. B-11
Core Run 29 — Depth Interval 448.7 to 454.0 Feet .....cccoceouvveieierieereecrercneieevianan B-11

i — DRAFT —



FIGURE

B-30
B-31
B-32
B-33
B-34
B-35
B-36
B-37
B-38
B-39
B-40
B-41
B-42
B-43
B-44
B-45
B-46
B-47
B-48
B-49
B-50
B-51
B-52
B-53
B-54
B-55
B-56
B-57
B-58
B-59

LIST OF FIGURES

(Continued)

PAGE
Core Run 30 — Depth Interval 454.0 to 459.0 Feet ..........cccovivirrennvieniniiiinerennns B-11
Core Run 31 — Depth Interval 459.0 to 464.0 Feet.............cccovvvvvvrnnenininrinreninens B-12
Core Run 32 — Depth Interval 464.0 to 469.0 Feet ..........cccoonvnviinninnncniinnnne B-12
Core Run 33 — Depth Interval 469.0 to 474.0 Feet ..........ccoovveiiiniinininiiccnciiienn B-12
Core Run 34 — Depth Interval 474.0 to 479.0 Feet........ccccovvnivncnnnniciecennnennens B-13
Core Run 35 — Depth Interval 479.0 to 484.0 Feet...........ccvvvvnvivevnincnniniennns B-13
Core Run 36 — Depth Interval N/A — Run Number 36 Skipped..........ccccceccevverinnne B-13
Core Run 37 — Depth Interval 484.0 to 489.0 Feet..........coocvvevevinnincnicnennnrcnnnens B-14
Core Run 38 — Depth Interval 489.0 to 494.0 Feet........oeivivininmninncninicnsenninnns B-14
Core Run 39 — Depth Interval 494.0 to 499.0 Feet.........ccoovvvniicinnmnnniiniinccnnienneae B-14
Core Run 40 — Depth Interval 499.0 to 504.0 Feet ...........cccooirvninninciinncnns B-15
Core Run 41 — Depth Interval 504.0 to 509.0 Feet...........ccooovvvivvninmniciieccensiinniee B-15
Core Run 42 — Depth Interval 509.0 to 514.0 Feet ... B-15
Core Run 43 — Depth Interval 514.0 to 519.0 Feet ..o B-16
Care Run 44 — Depth Interval 519.0 to 524.0 Feet .....c...oooeiieciiincncinccirrrereenenas B-16
Core Run 45 — Depth Interval 524.0 to 529.0 Feet ..........ccocevvvvcrinvniiiincencnniinane B-16
Core Run 46 — Depth Interval 529.0 to 534.0 Feet ..........cocovviiiinminniinnrecrcnnceenenne B-17
Core Run 47 — Depth Interval 534.0 to 539.0 Feet.......cccceonvrrrieccncnvnnrinennreenns B-17
Core Run 48 — Depth Interval 539.0 to 544.0 Feet.......c.ccceeievinniicncnnnnrnniiccrcrenena B-17
Core Run 49 — Depth Interval 544.0 to 549.0 Feet...........ccoconvvvivvnninnirnceenccnsinenenee B-18
Core Run 50 — Depth Interval 549.0 t0 554.0 Feet ........cccccoivvvrvvveernrrenrenensesrennnens B-18
Core Run 51 — Depth Interval 554.0 to 559.0 Feet..........ccocceevevminencnnccnrnrieneenns B-18
Core Run 52 — Depth Interval 559.0 to 564.0 Feet ..........ccooeeveevnrvecrrneninriererennne B-19
Core Run 53 — Depth Interval 564.0 to 569.0 Feet.........cccccconrnrevrnnnrninneerennnanen, B-19
Core Run 54 — Depth Interval 569.0 to 574.0 Feet .........cccccoevunrveveerevnmenreisirnnnns B-19
Core Run 55 — Depth Interval 574.0 to 579.0 Feet........cccceceerrrrecccrnerrecreneieeenne B-20
Core Run 56 — Depth Interval 579.0 to 584.0 Feet........cccccccemmninierneiererecieenene B-20
Core Run 57 — Depth Interval 584.0 to 589.0 Feet..........ccccocceveivvnenrriennnniinnnnns B-20
Core Run 58 — Depth Interval 589.0 to 594.0 Feet .......cccccvmrreerrcieecneeeiecerernenns B-21
Core Run 59 — Depth Interval 594.0 to 539.0 Feet ...........ccccocevmrvenuernverrrenrecerernenns B-21

iv — DRAFT —



FIGURE

B-60
B-61
B-62
B-63
B-64
B-65
B-66
B-67
B-68
B-69
B-70
B-71
B-72
B-73
B-74
B-75
B-76
B-77
B-78
B-79
B-80
B-81
B-82
B-83
B-84
B-85
B-86
B-87
B-88
B-89

LIST OF FIGURES

(Continued)

PAGE
Core Run 60 — Depth Interval 599.0 to 604.0 Feet...........ccocoovmrrivniinnrninieiennneas B-21
Core Run 61 — Depth Interval 604.0 to 609.0 Feet ...........cccccovvvviiiviiininiiiniinannns B-22
Core Run 62 — Depth Interval 609.0 to 614.0 Feet...........cocoevirvvvviiiennnniincinnnens B-22
Core Run 63 — Depth Interval 614.0 to 619.0 Feet ........cccovrvevieiiinivcnnininiiinnns B-22
Core Run 64 — Depth Interval 619.0 to 624.0 Feet..........cccccomvnirvrvnnnniinincnennnne B-23
Core Run 65 — Depth Interval 624.0 to 629.0 Feet ...........c..ccorvvvviiimirnnnicninciinnnns B-23
Core Run 66 — Depth Interval 629.0 to 634.0 Feet ...t B-23
Core Run 67 — Depth Interval 634.0 to 639.0 Feet .........ccccoovivininnnninincsennennine B-24
Core Run 68 — Depth Interval 639.0 to 644.0 Feet..........ccccvrininncnmnininvcnnnnnnnae B-24
Core Run 69 — Depth Interval 644.0 to 649.0 Feet ..........coccooinincivniniiicncccrnnnen. B-24
Core Run 70 — Depth Interval 649.0 to 654.0 Feet ..........cccovvniiinnnniciicecrcenee. B-25
Core Run 71 — Depth Interval 654.0 to 659.0 Feet ..........cccccvvininvninininncinccenans B-25
Core Run 72 — Depth Interval 659.0 to 664.0 Feet ........c.ccoovieivnennninccncccnrcenen. B-25
Core Run 73 — Depth Interval 664.0 to 669.0 Feet..............ccoovvevrievirnrinncrnnns B-26
Core Run 74 — Depth Interval 669.0 to 674.0 Feet .........ccccevevriinvninnnncnnnerncnen B-26
Core Run 75 — Depth Interval 674.0 to 679.0 Feet ..........ccocoeevievniecccninenrnnicenens B-26
Core Run 76 — Depth Interval 679.0 to 684.0 Feet ..........ccceceeviirceneneirvincnnrreneeeens B-27
Core Run 77 — Depth Interval 684.0 to 689.0 Feet ............ccveieiieervicecrernnrnnnieenne B-27
Core Run 78 — Depth Interval 689.0 to 694.0 Feet ...........ccovirnveciieinieerecene. B-27
Core Run 79 — Depth Interval 694.0 t0 699.0 Feet .........ccccoevrviinnincnnnnnnnriiennens B-28
Core Run 80 — Depth Interval 699.0 to 704.0 Feet ........ccccvverrninrerennerrnesnennsreenen. B-28
Core Run 81 — Depth Interval 704.0 to 709.0 Feet ..........c.ccceiinviirirceccrinnncrrnens B-28
Core Run 82 — Depth Interval 709.0 to 714.0 Feet ..o, B-29
Core Run 83 — Depth Interval 714.0 to 719.0 Feet .......ccccvvievvnenmnvnveenerrnerneerens B-29
Core Run 84 — Depth Interval 719.0 to 724.0 Feet.......ccconvvveciinenrninrierreereireeenn, B-29
Core Run 85 — Depth Interval 724.0 to 729.0 Feet ..........cccovevrvrvinnirvnnnircnenenenn B-30
Core Run 86 — Depth Interval 729.0 to 734.0 Feet......ccccoomrievninricireeeceecrsreeeneen B-30
Core Run 87 — Depth Interval 734.0 to 739.0 Feet........cccccoovnvevenrinennrenceererreieenens B-30
Core Run 88 — Depth Interval 739.0 to 744.0 Feet .....cccvmieeneercrvirerenrereeresrenns B-31
Core Run 89 — Depth Interval 744.0 t0 749.0 Feet .......cccuoeereereeeeeeieeeeceeeeeevennne B-31



LIST OF FIGURES

(Continued)

FIGURE PAGE
B-90 Core Run 90 — Depth Interval 749.0 to 754.0 Feet ...........cccocviininiiicincniniincccnnens B-31
B-91 Core Run 91 — Depth Interval 754.0 to 759.0 Feet ............ccccccconinirinnvnnincennncnns B-32
B-92 Core Run 92 — Depth Interval 759.0 to 764.0 Feet .........cccoooiiiinnciinnnenccnens B-32
B-93 Core Run 93 — Depth Interval 764.0 to 769.0 Feet ..........cccocecvniinirnnnnniininccncnncnns B-32
B-94 Core Run 94 — Depth Interval 769.0 to 774.0 Feet..........cccocminnvinicnnnnnerencns B-33
B-95 Core Run 95 — Depth Interval 774.0 to 779.0 Feet ..........cccocecvimmivircninnininicnncnns B-33
B-96 Core Run 96 — Depth Interval 779.0 to 784.0 Feet ..o, B-33
B-97 Core Run 97 — Depth Interval 784.0 to 789.0 Feet........cocrirvininenmnnnerereccecnneens B-33
B-98 Core Run 98 — Depth Interval 789.0 t0 794.0 Feet ...t B-34
B-99 Core Run 99 — Depth Interval 794.0 to 799.0 Feet......ccovoeriivinccncreccecnnenene B-34
B-100 Core Run 100 — Depth Interval 799.0 to 804.0 Feet ............cccomnrnrrnicvmnrnnnenirennens B-35
B-101 Core Run 101 — Depth Interval 804.0 to 809.0 Feet ..........c.cccoenrimminvriencrccrnrnrennes B-35
B-102 Core Run 102 — Depth Interval 809.0 to 814.0 Feet ........cccoccocviininnncinincenirnes B-35
B-103 Core Run 103 — Depth Interval 814.0 to 819.0 Feet .......cccccovvverrrmrnirennenvnecrennnes B-36
B-104 Core Run 104 — Depth Interval 819.0 to 824.0 Feet ........cc.ccociiiicnrennciecenienene B-36
B-105 Core Run 105 — Depth Interval 824.0 to 829.0 Feet.......cccoceeevvvrvieninnierevereenrinennns B-36
B-106 Core Run 106 — Depth Interval 829.0 to 834.0 Feet ........ccccooeeviiiiieiiiinenecrnenneee B-37
B-107 Core Run 107 — Depth Interval 834.0 to 839.0 Feet ...........ccoccovevecinnnvnnenccrinranes B-37
B-108 Core Run 108 — Depth Interval 839.0 to 844.0 Feet .......c.cccocivannnnenrracrensnssesenns B-37
B-109 Core Run 109 — Depth Interval 844.0 to 849.0 Feet ......ccovevvivirernrnceeccecreereeeenen B-38
B-110 Core Run 110 — Depth Interval 849.0 to 854.0 Feet ........ccccccevecevrenecreerescrccneneesnnns B-38
B-111 Core Run 111 — Depth Interval 854.0 to 859.0 Feet.......ccccovvveriveeriivnneeneeinrennens B-38
B-112 Core Run 112 — Depth Interval 859.0 to 864.0 Feet.........ccoeeverinrvrcirvnceeerernreneennens B-39
B-113 Core Run 113 — Depth Interval 864.0 to 869.0 Feet......c..cccoevivenrrnrnnncrceeerecnnne B-39
B-114 Core Run 114 — Depth Interval 869.0 to 874.0 Feet ........ccccovivevennrenriecrcreevennne. B-39
B-115 Core Run 115 — Depth Interval 874.0 to 879.0 Feet......c.cccoevevrvmnniicreeeeerrrnes B-40
B-116 Core Run 116 — Depth Interval 879.0 to 884.0 Feet......cccccoieenrvmrrcrecrecerererennen B-40
B-117 Core Run 117 — Depth Interval 884.0 to 889.0 Feet ........c.cccovvrvenmminnreinnnerrnrennes B-40
B-118 Core Run 118 — Depth Interval 889.0 to 894.0 Feet.........c..ccccveeerereeererrermerrerisenens B-41

vi — DRAFT —



1.0 INTRODUCTION

Koch Hydrocarbon LP (Koch) owns and operates an underground liquid hydrocarbon storage
facility near Hutchinson, Kansas, that includes more than 70 solution-mined caverns. In
support of the operation of the Hutchinson facility, Koch elected to perform a geomechanical
study. The study was performed to determine (1) the compliance with generally accepted
guidelines for liquid hydrocarbons in similar geologic settings and (2) the acceptable operating
pressures and existing factor of safety for liquid hydrocarbon storage at the Koch facility.

A key component of this study was the drilling of a dedicated test well. The test well, named
Hutchinson Test Well No. 1HF, was drilled to recover rock core for laboratory testing and to
obtain additional detailed information on the lithology and properties of the rock surrounding
the existing caverns.

Coring began in Hutchinson Test Well No. 1HF in the nonsalt units overlying the
Hutchinson salt. This was done to collect core samples of the salt and nonsalt units that form
the roof of the existing caverns. The test hole was subsequently drilled through the salt section
and terminated in the nonsalt units below. This report describes the coring activities for
Hutchinson Test Well No. 1HF and includes a description of the lithology of the core.

Field activities and the core are described in Chapter 2.0, and Chapter 3.0 summarizes the
lithology of the core recorded in the field. Cited references are listed in Chapter 4.0.
Appendix A is the lithologic description of the core. Appendix B contains a photographic log of
the core, and Appendix C contains the field logs of the core. The Schlumberger geophysical logs
are provided in Appendices D, E, F, and G.
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2.0 FIELD OPERATIONS

All activities completed at the field site are in accordance with the following RESPEC
procedures or as modified to meet specific conditions encountered:

¢ Test Procedure TP-01, RSI Standard Procedure for Sample Acquisition, Storage,
and Shipping, Rev. 3.

¢ Test Procedure TP-09, RSI Standard Procedure for Logging and Preserving Rock
Core at a Field Site, Rev. 1.

2.1 GENERAL OPERATIONS DESCRIPTION

Core tools were under the direction of Mike L'Orange of Dynatec Drilling, Inc. Pratt Well
Services provided site support as needed. The coring assembly was nominally 5 feet in length
with an outside diameter of 6 inches. The coring assembly was a double tube with the inner
tube rotating on a bearing assembly to minimize damage to the core while drilling. The
resulting core was nominally 4 inches in diameter.

The inner core barrel was retrieved through the core rod via a cable that attached onto the
inner barrel by means of a stinger assembly. After pulling the inner barrel out of the hole, the
inner barrel was laid down on the catwalk. Core was removed from the inner barrel by holding
the core barrel at an angle and rapping on the barrel with a hammer. The extracted core was
placed directly into wooden core boxes capable of holding one 5-foot-long piece of core.

The core was moved off the catwalk and away from the drill rig, temporarily placed on the
ground, and subsequently moved to a heated trailer located on the site for logging. The core
was then wiped clean, the pieces reassembled, and two different-colored parallel lines (red on
the right and yellow on the left when viewed from the bottom of the core) were scribed on the
core to maintain orientation of the pieces. A lithologic description of the core was recorded,
depths (relative to ground level) were marked on the core, and photographs of the core were
taken. Upon completion of these tasks, the core was placed on polyvinyl chloride (PVC) splints
to facilitate handling and to protect the core, enclosed in plastic sleeves, replaced in the core
boxes, and lids were nailed onto the core boxes. The core was padded and constrained in the
core boxes using foam sheeting.

Prior to shipment, the core was moved to a heated warehouse to prevent freezing. After the
completion of field activities, the core boxes were loaded on a heated truck for shipment to the
RESPEC offices in Rapid City, South Dakota.



2.2 WELL ACTIVITIES

The well was spudded on January 18, 2002, and drilling proceeded to a depth of 159.5 feet at
a diameter of 14 3/4 inches. Conductor pipe (10 3/4-inch-diameter) was set to a depth of '
154.4 feet and fully cemented by circulation on January 19, 2002. Pratt Well Services drilled
this section of the hole. Pratt rigged down on January 20, 2002.

Dynatec Drilling began rigging up over the precollared hole on January 21, 2002, and began
drilling out cement on January 22, 2002. Drilling continued to 270 feet using a 9 7/8-inch-
diameter bit. On January 23, 2002, 260.6 feet of 7-inch-diameter casing was set in the hole and
cement circulated. It should be noted that regulatory issues dictated the two, closely placed
sets of casing. Using a 6 1/4-inch-diameter bit, cement was drilled out and an additional 40 feet
of new hole was drilled on January 24, 2002.

Coring activities began late January 24, 2002, when the core point (the top of the first core
run) was reached at a depth of 310 feet below ground level. The final core run, Run 118, was
recovered on January 27, with the depth of the well at 894 feet. When coring activities were
complete, Schlumberger performed a suite of geophysical logs during the afternoon of Janu-
ary 27. These logs are included as appendices to this report. Fracture gradient tests were then
performed upon completion of the geophysical logging; these tests were concluded in the early
morning of January 28, 2002.



3.0 LITHOLOGIC DESCRIPTION

3.1 GENERAL

The cored section of the well was within the Permian Wellington Formation as described by
Walters [1976}. The cored interval includes members of the Sumner Group: Wellington Shale,
Hutchinson Salt, and Wellington Shale-Anhydrite. The rotary section of the hole likely
penetrated the Nippewalla Group, Ninnescah Shale, and the uppermost part of the Wellington
Shale. All these formations are primarily shales similar in character to the Wellington Shale.
In fact, the Ninnescah Shale is typically identified only by a transition in the rock color from
gray (Wellington Shale) to red (Ninnescah Shale). A detailed description of the core is provided
in Appendix A.

The shales encountered by the borehole were quite brittle causing the core to experience
numerous fractures during handling. However, core recovery was near 100 percent. Overall,
the core was recovered in excellent condition with very little dissolution of the salt.

3.2 WELLINGTON SHALE

From the core point at 310 feet (all depths are given as feet below ground level) to a depth of
about 514 feet, the rock consists primarily of shale with minor amounts of anhydrite and very
minor dolomite. The anhydrite occurs as lamina and thin beds with frequent nodules. Lamina,
in this report, is defined as layers less than 1 centimeter thick; beds are thicker than
1 centimeter. The shale is primarily gray to dark gray and occasionally red. The anhydrite is
light gray in color.

Numerous fractures are present throughout the shale. The fractures are commonly
subvertical and often filled with gypsum and red anhydrite that is a polymorph after gypsum
(i.e., a material with anhydrite mineralogy and a gypsum crystalline structure). The core also
contains subhorizontal fractures. These fractures tended to be very narrow and tight with
mineralization occurring only as a coating on the fracture surfaces.

3.3 HUTCHINSON SALT MEMBER

The Hutchinson Salt at Hutchinson occurs from a depth of about 514 feet to a depth of about
859 feet. The salt sequence is comprised of alternating beds of shale, salt, and anhydrite. Of
this 345-foot-thick salt sequence, a cumulative 245 feet of the interval (71 percent) is salt,
82 feet (24 percent) is shale, and 18 feet (5 percent) is anhydrite.
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The salt crystals are generally clear to smoky in color with clay occurring as inclusions and
on the crystal interfaces giving the intact core a generally clear to smoky to black color, dark
gray being the most typical. Some salt beds are “dirty” containing significant amount of shale.
The salt is generally coarse with crystal sizes generally ranging from 0.25 to 1 inch, but crystal
size occurrences of 3 to 4 inches were observed in the core. The salt is cohesive and typically
well bonded to the shale interbeds. Figure 3-1 shows a stratigraphic column through the
Hutchinson Salt at Hutchinson.

3.4 WELLINGTON SHALE-ANHYDRITE

Shale and anhydrite were encountered from 859 feet to the bottom of the cored interval at
894 feet. The shale is typically dark gray with minor anhydrite- and salt-filled fractures. The
anhydrite is light gray to white and containing gray shale laminations and masses giving the
anhydrite a mottled appearance in part.



RSI-1311-02-133

2000 —— 1
|
-250.0 ]
-300.0
-350.0 §
-400.0
Bottom of Casing at 260
97/8" Hote to 270’
-450.0 - 1 — 6 1/4" Hole to 310’
6" Hole to 894’
-500.0 o o
e I Salt
=
§. -550.0 Anhydrite
a msm Dolomite
-600.0 mmm Shale
—— Gamma

-700.0 -

-750.0 -

-800.0 -

s - 29
-850.0 - E—
e ]
! TR
9000 1 — + |
0 150 300
API Gamma Ray Units

Figure 3-1. Stratigraphic Column and Gamma Ray Trace Through the Cored Section of
Hutchinson Test Well No. 1HF.
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APPENDIX A
LITHOLOGIC DESCRIPTION

HUTCHINSON TEST WELL NO. 1HF
HUTCHINSON, KANSAS
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Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,
Kansas (Page 1 of 14)

Description

-t Shale, dark gray with anhydrite and gypsum banding and mottling.
§ 310.0 315.0 | Fairly competent. Anhydrite/gypsum banding generally appears as
& healed fracture infilling.
315.0 317.5 Top of run rubbleized. Shale, massive, dark gray with gypsum
) ’ banding and mottling. Significant anhydrite at base.
~
é 3175 | 319.1 | Same as above.
319.1 320.0 Shale, dark gray, with single cross-bedded gypsum filled healed
) ) fracture. Bedding more distinct at bottom.
320.0 3245 Shale, dark gray, with light gray shale interbeds. Gypsum filled
“é ’ ) healed fractures with minor mottling.
-
& 3245 325.0 0.05’ gypsum filled healed fracture in shale at 324.5’. 0.4’ massive
’ ) dolomite interbed to 324.9. Shale at base.
Shale, dark gray, with anhydrite and gypsum banding and mottling.
325.0 326.1 ; .
- Banding generally parallel to bedding.
S
é Shale, dark gray, 0.4 anhydrite at 326.2 and at 328.3.
326.1 330.0 | Subhorizontal to subvertical anhydrite and gypsum-filled healed
fractures.
330.0 332.3 Argil.laceous limestone (dolomite?). Generally massive with minor
banding
w
5 3324 334.2 | Shale, dark gray, with gypsum banding.
3342 335.0 Argillaceous limestone (dolomite?), banded and mottled. [5.3’ total in
barrel]
@ Shale, dark gray, with nodular and interbedded anhydrite. Fiberous
5 335.0 340.0 | anhydrite filled subvertical healed fractures from 336.5" to 337.5.
& [4.9" total in barrel}
&~ Shale, dark gray, with anhydrite. Anhydrite ranging from thin filled
E 340.0 345.0 | subhorizontal to subvertical healed fractures to 4”-diameter nodules.
& Base of run at approximated 40% anhydrite.
345.0 348.0 Anhydrite with gray shale interbeds. Bedding dip horizontal to 20°.
o ' ) Minor vertical, anhydrite-filled healed fractures.
s
é 348.0 349.5 | Shale, dark gray, with anhydrite-filled healed fractures.
349.5 350.0 | Anhydrite and gypsum. [5.1’ total in barrel]



Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,

Kansas (Page 2 of 14)
Description
o Shale, dark gray, with sub-vertical anhydrite layers and filled healed
§ 350 355 horizontal to subvertical fractures. Drilling induced damage from
o 353.1' to 355". [4.7 total in barrel]
Rubble from drilling-induced damage. Pieces of dark gray shale and
355.0 356.2
calcareous shale.
1 356.2 356.7 Argillaceous limestone (dolomite?). Acid reaction with shavings only.
g : ) Some drilling-induced damage at the base.
X
Shale, dark gray, with anhydrite mottling, nodules and fracture
356.7 360.0 | infilling. Subhorizontal healed fractures. Gypsum and fiber
anhydrite infilling. [5.1’ total in barrei]
. 360.0 362.0 Calcareous shale with gypsum filled healed fractures. Section of core
= very broken.
5 Shale, dark gray, layered shale with anhydrite mottling. At 363.8'
o 362.0 364.5 | distinct 0.025-thick fiber anhydrite-filled fracture. [5.5 ft total in
barrel}
=
g 364.5 369.8 | Shale, dark gray, with anhydrite banding. [4.2’ total in barrel]
1
a Shale, dark gray, laminar to massive. Greenish to reddish tint from
g 369.8 374.0 | 372-374. Anhydrite layering and minor anhydrite- and gypsum-
& filled subhorizontal fractures. [5.4’ total in barrel]
- Shale, dark gray, finely bedded. Reddish color from 377.8' to 378.7".
'; 374.0 379.0 Minor light gray anhydrite layers. Minor fiber anhydrite- and
é ) ) gypsum-filled subhorizontal to subvertical healed fractures. [5.3
total in barrel]
- Shale, dark gray, with alternating red shale layers. Very minor
g 379.0 384.5 | anhydrite layering and very minor anhydrite-filled healed fractures.
& [4.5 total in barrel]
384.5 385.5 | Shale, dark gray. Relatively weak.
% 385.5 387.0 | Shale, red. Relatively weak. Very minor subvertical fracturing.
é 387.0 387.7 | Shale, dark gray. Relatively weak.
387.7 389.5 | Shale, red. Relatively weak. [5.4 total in barrel]
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Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,
Kansas (Page 3 of 14)

Description

Shale, dark gray, with minor subhorizontal and subvertical fiber
anhydrite-filled healed fractures. Top of interval rubble.

Shale, red, punky and weak with minor subvertical fiber anhydrite-
filled healed fractures.

Shale, dark gray, with minor subhorizontal and subvertical fiber
anhydrite-filled healed fractures. [5.6" total in barrel]

Shale, red, with anhydrite, variegated texture. Very fractured, some
fractures anhydrite filled.

Shale, dark gray, very weak with horizontal and subvertical fiber
anhydrite-filled healed fractures. [5.5 total in barrel}

Shale, gray, very weak with anhydrite nodules and gypsum-filled
steeply dipping fractures.

Shale, red. [5.3 total in barrel]

Shale, dark gray.

Anhydrite, clear to opaque, red/orange.

Shale, dark gray, with anhydrite.

Massive light gray anhydrite.

Shale, dark gray, with high angle fracturing. [3.6’ total in barrel]

Shale, dark gray, finely bedded. At 409.5" nodular anhydrite with
well defined top contact with iron oxide color.

Shale, light gray, with dark gray shale and anhydrite interbedding.
[5.0 total in barrel]

Shale, gray, with notable absence of vertical fractures.

Shale, red, soft.

Shale, dark gray, with and light gray shale interbeds. Anhydrite
nodules at 418.8' [5.1 ft total in barrel]

Shale, dark gray, with occasional white anhydrite nodules. [5.1 total
in barrel]
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Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,
Kansas (Page 4 of 14)

Description

Shale, dark to medium gray, with anhydrite bedding and nodules.
[5.0" total in barrel]

Shale, dark gray, finely bedded with light gray interbeds. Occasional
white anhydrite layering and nodules. [5.1’ total in barrel]

Shale, dark gray, finely bedded with light gray interbeds. Occasional
white anhydrite layering and nodules. [3.9" total in barrel]

Shale, dark gray, finely bedded with light gray interbeds. Occasional
white anhydrite layering and nodules. [5.4 total in barrel]

Shale, dark gray, finely bedded with light gray interbeds and white
anhydrite layering and nodules. [5.3’ total in barrel]

Shale, dark gray, finely bedded with light gray interbeds and white
anhydrite layering and nodules up to 0.25 thick. Numerous anhy-
drite-filled subvertical fractures. [5.3' total in barrel}

Shale, dark gray, finely bedded with light gray interbeds and white
anhydrite layering and nodules. [5.2 total in barrel]
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Shale, dark gray, finely bedded with white anhydrite layering and
nodules. [5.0 total in barrel]

Run 31

Shale, dark gray, with white anhydrite interbeds and occasional
anhydrite nodules. [4.75 total in barrel] Anhydrite-filled
subhorizontal to subvertical fractures at 468. Shale turning
greenish at 468'.

Shale, dark gray, finely bedded with light gray shale interbeds and
occasional anhydrite nodules. Gypsum/anhydrite-filled subvertical
fractures from 471’ to 473".

Run 33 | Run 32
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Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,
Kansas (Page 5 of 14)

Description

Shale, dark gray, with light gray shale interbeds and irregular
anhydrite layering and nodules.

Run 34

Shale, dark gray, with irregular anhydrite layering and nedules.
Drilling-induced damage from 479 to 450". From 480’ to 481.5
roughly 30% anhydrite. Irregular anhydrite layering dips 30° from
483 to 484",

Run 35

RUN NUMBER 36 SKIPPED

Shale, dark gray, with light gray shale interbeds. At 486’ distinct
dark gray blocks of shale suspended in a light gray matrix. Minor
filled vertical fractures. [4.9 total in barrel]

Shale, dark gray, with minor anhydrite. 490’ to 491’ contains fine
vertical fractures orange anhydrite. From 493’ to 494’ small
disseminated clear white crystals may be salt. (First trace of salt).

Shale, dark gray. Very soft at 495’ and 496.5" to 498'. Anhydrite
nodules from 498.5° to 499'. Some vertical fractures with salt
infilling. [5.2’ total in barrel]

Shale, dark gray, with soft sections. Generally moderately fractured
with gypsum and anhydrite infillings. High angle fracture offsets
visible at 530'.
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Shale, dark gray, with up to 0.5-thick anhydrite layers. Possible sait
hopper crystals at 508.5'".

Run 41

Shale, dark gray, with minor salt.

Salt, gray to dark gray. Max grain size about 0.75" (mostly 0.57).

Run 42

Salt/Shale mix with crystals to 1”. {5.1” in barrel]




Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,
Kansas (Page 6 of 14)

Description

Salt, dark gray to black. Typical grain size 0.5” to 0.75", some
crystals to 1.257.

Salt, with numerous subangular shale and anhydrite fragments up to
2" maximum size. Brecciated appearance.

Salt, dark gray.

Salt, dark gray to black, with moderate anhydrite. Average grain
size about 0.5”, maximum to 1.25".

Salt, translucent to clear, with gray bands. Typical grain size about
0.5”, maximum to 1",

Salt, translucent to clear, 0.5 typical grain size.

Anhydrite, salt, shale.

Shale, disturbed with salt-filled fractures and significant anhydrite.
Anhydrite bedded and nodular with boudanage texture.

Shale, medium to dark gray, bedded. Includes anhydrite nodules and
salt-filled, steeply dipping fractures.

Shale and anhydrite beds. Shale at 536’ is soft. Minor salt-filled
fractures.

Salt, medium gray, with shale disseminated throughout.

Shale.

Salt, dirty, with shale and anhydrite mix. At 543, salt crystal size to
4",
Salt, dark gray, and dirty.

Shale, with anhydrite. Salt-filled vertical fractures.

Salt, dirty, with shale. [5.2’ total in barrel]

Salt, dirty, with anhydrite layers and minor shale. [4.7" total in
barrel]

Salt, dirty, with shale and anhydrite. Typical grain size about 0.5,
maximum to 17,

Salt, dirty but cleaner than salt immediately above. [5.4' in barrel]
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Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,
Kansas (Page 7 of 14)

Description

N 559.0 559.7 | Salt, fairly clean.
| ss07 | sgao | Shale. with anhydrite and saltfilled voids and subvertical to
~ ) ’ subhorizontal fractures.
] 564.0 568.0 | Shale, with anhydrite. Soft clay seam at 565'.
[~ . . " ' s
é 568.0 569.0 g:lrt,egark gray to black. Typical grain size about 0.5". [5.5' total in
3 569.0 572.2 | Salt, dark gray. Typical grain size 0.5” to 0.75", maximum to 1.5,
g . .
é 572.2 574 Shale, anhydrite and salt layers with distinct clay seams. [5.0’ total
in barrel]
» 574.0 575.7 | Shale.
w
g 575.7 578.3 | Salt, brownish to dark gray.
& 578.3 579.0 | Shale and salt layers with minor anhydrite and clay seams.
& 579.0 580.5 | Shale and salt layers with minor anhydrite and clay seams.
]
= 580.5 584.0 Shale, medium to dark gray, with numerous subvertical to vertical
X ’ : salt-filled fractures. [4.8' total in barrel]
5 584.0 584.5 | Shale.
5 584.5 589.0 Salt. Very coarse, glassy to 585.5’ then dark to medium gray. Shale
& ’ ) layer at 585.5". [4.9' total in barrel]
®
i
g 589.0 594.0 | Salt, dark gray to black. Typical grain size 0.5" to 1"
[+
2 594.0 597.0 | Salt, dark gray. Typical grain size 0.5” to 1”.
X 597.0 599.0 | Shale, gray, with anhydrite and salt. Salt-filled fractures.
8
g 599.0 604.0 | Salt, dark gray. Clay seams from 599’ to 600". [4.75 total in barrel]
-7
604.0 605.3 | Salt, dark gray.
.y
‘: 605.3 608.0 Shale, medium gray, with dispersed salt crystals and minor
é anhydrite.
608.0 609.0 | Salt with shale/clay inclusions. Typical grain size about 0.5".



Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,
Kansas (Page 8 of 14)

609.0

Run 62

614.0

Description

Salt, dark gray, with clay seams and minor anhydrite in layers. [5.0°
total in barrel}

2 614.0 618.2 | Salt, gray. Typical grain size 0.5" to 1”.
g 618.2 618.7 | Shale.
o 618.7 619.0 | Salt, gray. [5.3 total in barrel]

619.0

620.5

Salt with clay-filled fractures.

620.5

621.0

Shale, gray, with anhydrite- and élay-filled fractures.

Run 64

621.0

624.0

Salt with very fine to 0.25"-thick clay seams.

b 624.0 628.5 S.alt, gray. A"ppears? purer thfm overlying salt units. Typical grain
5 size about 0.5, maximum to 1”.

~ 628.5 629.0 | Shale, gray, with anhydrite. [5.2’ total in barrel]

§ 629.0 634.0 Salt, gray, with clay seams and occasional anhydrite and shale
é ) ’ layers. Fairly uniform crystal size at about 0.5”. [4.9 total in barrel]

Salt, dirty, with shale and anhydrite.

636.0

638.0

Shale, dark gray, with orange salt and fine anhydrite layers.

Run 67

Anhydrite, gray to white. Very hard.

Salt, clear to translucent.

639.0

642.0

Salt, translucent, orange. Typical grain size about 1”. Numerous
small-diameter pits (possible dissolution of other minerals). Clay
seam at contact with lower shale.

Shale with anhydrite and orange salt.

Salt, gray, dirty.

Salt, gray, dirty.

645.5

Run 69

646.5

Shale with anhydrite and orange salt.

Salt. Typical grain size greater than 1”. [5 total in barrel].

649.0

Run 70

654.0

Salt, dark gray to black, with minor clay seams, shale and anhydrite.
Minor red/orange mineralization. Coarse grained. [5.2' total in
barrel]

m——
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Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,
Kansas (Page 9 of 14)

Description

Salt, dark gray to black with anhydrite and clay seams. Typical
grain size between 0.5” and 1”.

Salt, dark gray opaque to translucent with anhydrite, shale, and clay
seams. [5.2’ total in barrel]

Run 72 | Run 71

Salt, dark gray, fairly dirty. Shale rich at 668.5". [4.9’ total in barrel]

Salt, dark gray to black with sections reddish orange. Minor clay
seams. Typical grain size between %” and %". [5.1’ total in barrel].

Run74 | Run 73

Salt, dark gray, dirty.

Shale and anhydrite. Anhydrite section about 0.4’ thick.

Salt, dark gray.

Shale, gray.

Shale, dark gray to black with salt-filled subvertical fractures. Zone
about 0.5 thick has brecciated appearance.

Salt, dark gray to black.

Shale with orange brown salt layer and salt-filled fractures.

Shale, dark gray to black with anhydrite seams and salt-filled
fractures.

Salt, gray to light gray. Typical grain size between %" and 1”. [5.1’
total in barrel]

Salt, gray. Typical grain size between %" and 1”.

Shale, dark gray with orange salt. [5.1’ total in barrel]

Shale, dark gray with orange salt grading toward increasing salt
content in lower 6”. Clay seam at base of section.

Salt, dark gray. Typical grain size between %” and 1",

Shale, black with red salt. [5.3’ total in barrel]
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Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,
Kansas (Page 10 of 14)

Description

Salt, gray, relatively clean.

Run 80

Salt, medium gray to clear and relatively clean. Purity appears
better than any in overlying section. Typical grain size between %"
and 17, maximum to 1%".

Salt, variable, ranging from clear to opaque and orange-red to dark
gray. Typical grain size about 1”7, maximum about 2”. [5.3 total in
barrel]}

Run 82 | Run 81

Salt, gray to orange and fairly clear. Very small pits (less than %”),
perhaps from brine soluble mineral.

Run 83

Anhydrite with salt and minor black shale. 4" thick salt layer at
718.5". [5.1 total in barrel]

Anhydrite and shale with minor salt.

Salt, with minor clay seams. {4.9 total in barrel]

Salt, gray, becoming somewhat cleaner with depth. Anhydrite salt
mixture between 724’ and 725’. At about 728', very coarse crystals
with grain sizes up to 4”.
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Salt, dark gray to tan, with minor anhydrite.

Shale and anhydrite, with minor salt. Shale/sait mixture at 734"
Fairly weak at 732". [5.2’ total in barrel}

Run 86

Salt, dark gray to orange with distinct layering. Typical grain size
between %" and 3",

Salt, gray, with minor translucent orange salt. Shale seam at 743.3".
[4.8 total in barrel]

Salt, dark gray to orange. Anhydrite seam at 745, shale seam at
746'. [4.7 total in barrel]

Salt, dark gray to black to translucent orange, with minor anhydrite.
Possible very minor potash. [5.3' total in barrel}

Run 90 | Run89 | Run 88 | Run 87
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Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,
Kansas (Page 11 of 14)

Description

Salt, orange to dark gray, clean to dirty. Minor clay seams and
mixed shale and anhydrite between 757’ and 758'. Possible potash
mineralization between 755° and 756". [5.0’ total in barrel}

Salt, orange to dark gray, clear and clean to dirty. Typical grain size
between 1 and 1%". 2" shale seam at 759'. Distributed fine
anhydrite stringers. [5.1’ total in barrel]

Run 92 | Run 91

Salt, dark to medium gray, Typical grain size 17 to 1%%".

Shale, gray with anhydrite.

Run 93

Salt, dark gray, dirty. Maximum grain size greater than 2". [5.0°
total in barrel]

Salt, dark gray to glassy. Below 771, salt is very coarse. Typical
grain size about 2", maximum to 4". [5.0’ total in barrel]

Run 94

Shale, with significant anhydrite and salt.

Salt, dirty with minor anhydrite. Typical grain size about 1” to 778’
and greater than 2" from 778’ to 779". [5.0' total in barrel]

Salt, dark gray to brown to clear, with several clay seams distributed.
[5.0° total in barrel]

Sait, medium to dark gray, with minor anhydrite. Typical grain size
about 17, maximum to about 2”. [4.9’ total in barrel]

Run 97 | Run 96 Run 95

Salt, dark gray.

Shale, gray.

Salt, glassy to dark gray, with minor anhydrite. Mixed shale
between 791.5 and 793.0. Coarse-grained salt with maximum grain
size to 3. [5.4’ total in barrel]

Salit, alternating dark gray/black to clear/translucent. Frequent red-
orange salt. Typical grain size %" to %". [4.9' total in barrel]
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Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,
Kansas (Page 12 of 14)

Description

Salt, gray to orange to white, translucent in sections. Minor
anhydrite and clay seams. Typical grain sized between %" and 1”.
[4.7 total in barrel]

Run 100

Salt, white to light gray, translucent. Fine grained, typical grain size
about %",

Anhydrite, medium gray, fine grained, very hard. [5.4’ total in
barrel]

Run 101

Anhydrite, medium gray, fine grained, very hard.

Salt, gray. Minor black shale at base. Typical grain size about 17,
maximum to 27, [4.9' total in barrel]

Run 102

Salt, gray, with anhydrite.

Shale, dark gray to black.

Anhydrite, white to gray, with shale and salt.
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Salt, coarse grained, with anhydrite and shale.

Anhydrite, with minor clay/shale and salt. [5.4’ total in barrel}

Shale matrix with angular anhydrite, brecciated appearance.

Salt, with inclusions and pitted surface. Salt coarse and glassy.

Run 104

Shale matrix with angular anhydrite, brecciated appearance. [5.0°
total in barrel}

Anhydrite, with minor clay and salt.

Salt, clear and clean. Very coarse, grain size greater than 3",
Surface pitting.

Salt, dark gray to black with shale and anhydrite.

Run 105

Salt, gray, coarse grained with very minor shale and anhydrite. [4.8
total in barrel}

Salt, clear and clean. Very coarse, grain size to 4”.

Shale, brecciated appearance, shale/anhydrite salt mixture, soft at
837'. [4.4 total in barrel]

Run 107 | Run 106
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Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,

Run 108

Kansas (Page 13 of 14)

To
Description

(ft)

—_———————————=

Salt, dark gray to tan, dirty, with occasional shale layers. Grain size
ranges from about 1” to 4” (from 842’ to 844). [5.3 total in barrel]

Run 109

Salt, gray, with increasing impurities with depth. Typical grain size
about 1", maximum to about 2”.

Anhydrite, hard.

Shale, black. [5.1’ total in barrel]

Run 110

Shale, gray to red, with minor salt.

Anhydrite, with shale. Contains a large fibrous salt-filled fracture.
[5.4" total in barrel]
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Shale, with anhydrite and minor salt.

Salt, dark gray. Typical grain size between %" and %”". [5.4’ total in
barrel]

Run 112

Salt, gray.

Shale with anhydrite.

Anhydrite with shale. [5.0’ total in barrel}

Run 113

Anhydrite with shale.

Shale, gray-green to brown. Very soft at 866’. Minor anhydrite- and
salt-filled fractures. [5.4’ total in barrel]

Run 114

Shale, dark gray to black, with anhydrite. Very hard to 870". Minor
salt-filled subvertical fractures.

Anhydrite, nodular to massive. Minor shale and very minor salt-
filled fractures. [5.0’ total in barrel]

Run 115

Anhydrite with 3" clay/shale seam.

Shale with fine anhydrite interbeds.

Anhydrite, massive and hard.

Shale and anhydrite, alternating beds roughly 1’ ft thick. [5.0’ total in
barrel]
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Table A-1. Lithologic Description of Hutchinson Test Well No. 1HF, Hutchinson,
Kansas (Page 14 of 14)

Description

Shale with anhydrite. [5.0° total in barrel]

Anhydrite with 1’ thick section of shale at 891"
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APPENDIX B
PHOTOGRAPHIC LOG OF THE CORE

HUTCHINSON TEST WELL NO. 1HF
HUTCHINSON, KANSAS
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RSI-1311-02-015

Figure B-1. Core Run 1 — Depth Interval 310.0 to 315.0 Feet.

RSI-1311-02-016

Figure B-2. Core Run 2 — Depth Interval 315.0 to 320.0 Feet.

RSI-1311-02-017

Figure B-3. Core Run 3 — Depth Interval 320.0 to 325.0 Feet.
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RSI-1311-02-018

Figure B-4. Core Run 4 — Depth Interval 325.0 to 330.0 Feet.

RSI-1311-02-019

Figure B-5. Core Run 5 — Depth Interval 330.0 to 335.0 Feet.

RSI-1311-02-020

Figure B-6. Core Run 6 — Depth Interval 335.0 to 340.0 Feet.
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RSI-1311-02-021

Figure B-7. Core Run 7 — Depth Interval 340.0 to 345.0 Feet.

RSI-1311-02-022

Figure B-8. Core Run 8 — Depth Interval 345.0 to 350.0 Feet.

RSI-1311-02-023

Figure B-9. Core Run 9 — Depth Interval 350.0 to 355.0 Feet.
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RSI-1311-02-024

Figure B-10. Core Run 10 — Depth Interval 355.0 to 360.0 Feet.

RSI-1311-02-025

Figure B-11. Core Run 11 — Depth Interval 360.0 to 364.5 Feet.

RSI-1311-02-026

Figure B-12. Core Run 12 — Depth Interval 364.5 to 369.8 Feet.
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RSI-1311-02-027

Figure B-13. Core Run 13 — Depth Interval 369.8 to 374.0 Feet.

RSI-1311-02-028

Figure B-14. Core Run 14 — Depth Interval 374.0 to 379.0 Feet.

RSI-1311-02-029

Figure B-15. Core Run 15 — Depth Interval 379.0 to 384.5 Feet.
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RSI-1311-02-030

Figure B-16. Core Run 16 — Depth Interval 384.5 to 389.5 Feet.

RSI-1311-02-031

Figure B-17. Core Run 17 — Depth Interval 389.5 to 394.2 Feet.

RSI-1311-02-032

Figure B-18. Core Run 18 — Depth Interval 394.2 to 399.6 Feet.
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RS!-1311-02-033

Figure B-19. Core Run 19 — Depth Interval 399.6 to 404.8 Feet.

RSI-1311-02-034

Figure B-20. Core Run 20 — Depth Interval 404.8 to 409.0 Feet.

RSI-1311-02-035

Figure B-21. Core Run 21 — Depth Interval 409.0 to 414.0 Feet.
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RSI-1311-02-036

Figure B-22. Core Run 22 — Depth Interval 414.0 to 419.0 Feet.

RSI-1311-02-037

Figure B-23. Core Run 23 — Depth Interval 419.0 to 424.0 Feet.

RSI-1311-02-038

Figure B-24. Core Run 24 — Depth Interval 424.0 to 429.0 Feet.
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RSI-1311-02-039

Figure B-25. Core Run 25 — Depth Interval 429.0 to 434.0 Feet.

RSI-1311-02-040

Figure B-26. Core Run 26 — Depth Interval 434.0 to 438.0 Feet.

RSI-1311-02-041

Figure B-27. Core Run 27 — Depth Interval 438.0 to 443.4 Feet.
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RSI-1311-02-042

Figure B-28. Core Run 28 — Depth Interval 443.4 to 448.7 Feet.

RSI-1311-02-043

Figure B-29. Core Run 29 — Depth Interval 448.7 to 454.0 Feet.

RSI-1311-02-044

Figure B-30. Core Run 30 — Depth Interval 454.0 to 459.0 Feet.
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RSI-1311-02-045

Figure B-31. Core Run 31 — Depth Interval 459.0 to 464.0 Feet.

RSI-1311-02-046

Figure B-32. Core Run 32 — Depth Interval 464.0 to 469.0 Feet.

RSI-1311-02-047

Figure B-33. Core Run 33 — Depth Interval 469.0 to 474.0 Feet.

B-12 — DRAFT —



RSI-1311-02-048

Figure B-34. Core Run 34 — Depth Interval 474.0 to 479.0 Feet.

RSI-1311-02-049

Figure B-35. Core Run 35 — Depth Interval 479.0 to 484.0 Feet.

RSI-1311-02-050

Figure B-36. Core Run 36 — Depth Interval N/A — Run Number 36 Skipped.
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RSI-1311-02-051

Figure B-37. Core Run 37 — Depth Interval 484.0 to 489.0 Feet.

RSI-1311-02-052

Figure B-38. Core Run 38 — Depth Interval 489.0 to 494.0 Feet.

RSI-1311-02-053

Figure B-39. Core Run 39 — Depth Interval 494.0 to 499.0 Feet.
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RSI-1311-02-054

Figure B-40. Core Run 40 — Depth Interval 499.0 to 504.0 Feet.

RSI-1311-02-055

Figure B-41. Core Run 41 — Depth Interval 504.0 to 509.0 Feet.

RSI-1311-02-056

Figure B-42. Core Run 42 — Depth Interval 509.0 to 514.0 Feet.
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RSI-1311-02-057

Figure B-43. Core Run 43 — Depth Interval 514.0 to 519.0 Feet.

RSI-1311-02-058

Figure B-44. Core Run 44 — Depth Interval 519.0 to 524.0 Feet.

RSI-1311-02-059

Figure B-45. Core Run 45 — Depth Interval 524.0 to 529.0 Feet.
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RSI-1311-02-060

Figure B-46. Core Run 46 — Depth Interval 529.0 to 534.0 Feet.

RSI-1311-02-061

Figure B-47. Core Run 47 — Depth Interval 534.0 to 539.0 Feet.

RSI-1311-02-062

Figure B-48. Core Run 48 — Depth Interval 539.0 to 544.0 Feet.
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RSI-1311-02-063

Figure B-49. Core Run 49 — Depth Interval 544.0 to 549.0 Feet.

RSI-1311-02-064

Figure B-50. Core Run 50 — Depth Interval 549.0 to 554.0 Feet.

RSI-1311-02-065

Figure B-51. Core Run 51 — Depth Interval 554.0 to 559.0 Feet.
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RSI-1311-02-066

Figure B-52. Core Run 52 — Depth Interval 559.0 to 564.0 Feet.

RSI-1311-02-067

Figure B-53. Core Run 53 — Depth Interval 564.0 to 569.0 Feet.

RSI-1311-02-068

Figure B-54. Core Run 54 — Depth Interval 569.0 to 574.0 Feet.
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RSI-1311-02-069

Figure B-55. Core Run 55 — Depth Interval 574.0 to 579.0 Feet.

RSI-1311-02-070

Figure B-56. Core Run 56 — Depth Interval 579.0 to 584.0 Feet.

RSI-1311-02-071

Figure B-57. Core Run 57 — Depth Interval 584.0 to 589.0 Feet.
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RS1-1311-02-072

Figure B-58. Core Run 58 — Depth Interval 589.0 to 594.0 Feet.

RSI-1311-02-073

Figure B-59. Core Run 59 — Depth Interval 594.0 to 599.0 Feet.

RSI-1311-02-074

Figure B-60. Core Run 60 — Depth Interval 599.0 to 604.0 Feet.
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RSI-1311-02-075

Figure B-61. Core Run 61 — Depth Interval 604.0 to 609.0 Feet.

RSI-1311-02-076

Figure B-62. Core Run 62 — Depth Interval 609.0 to 614.0 Feet.

RSI-1311-02-077

Figure B-63. Core Run 63 — Depth Interval 614.0 to 619.0 Feet.
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RSi-1311-02-078

Figure B-64. Core Run 64 — Depth Interval 619.0 to 624.0 Feet.

RSI-1311-02-079

Figure B-65. Core Run 65 — Depth Interval 624.0 to 629.0 Feet.

RSI-1311-02-080

Figure B-66. Core Run 66 — Depth Interval 629.0 to 634.0 Feet.
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RSI-1311-02-081

Figure B-67. Core Run 67 — Depth Interval 634.0 to 639.0 Feet.

RSI-1311-02-082

Figure B-68. Core Run 68 — Depth Interval 639.0 to 644.0 Feet.

RSI-1311-02-083

Figure B-69. Core Run 69 — Depth Interval 644.0 to 649.0 Feet.
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RSI-1311-02-084

Figure B-70. Core Run 70 — Depth Interval 649.0 to 654.0 Feet.

RSI-1311-02-085

Figure B-71. Core Run 71 — Depth Interval 654.0 to 659.0 Feet.

RSI-1311-02-086

Figure B-72. Core Run 72 — Depth Interval 659.0 to 664.0 Feet.
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RSI-1311-02-087

Figure B-73. Core Run 73 — Depth Interval 664.0 to 669.0 Feet.

RSI-1311-02-088

Figure B-74. Core Run 74 — Depth Interval 669.0 to 674.0 Feet.

RSI-1311-02-089

Figure B-75. Core Run 75 — Depth Interval 674.0 to 679.0 Feet.
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RSI-1311-02-090

Figure B-76. Core Run 76 — Depth Interval 679.0 to 684.0 Feet.

RSI-1311-02-091

Figure B-77. Core Run 77 — Depth Interval 684.0 to 689.0 Feet.

RSI-1311-02-092

Figure B-78. Core Run 78 — Depth Interval 689.0 to 694.0 Feet.
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RS1-1311-02-093

Figure B-79. Core Run 79 — Depth Interval 694.0 to 699.0 Feet.

RSI-1311-02-094

Figure B-80. Core Run 80 — Depth Interval 699.0 to 704.0 Feet.

RSI-1311-02-095

Figure B-81. Core Run 81 — Depth Interval 704.0 to 709.0 Feet.
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RSI-1311-02-096

Figure B-82. Core Run 82 — Depth Interval 709.0 to 714.0 Feet.

RSI-1311-02-097

Figure B-83. Core Run 83 — Depth Interval 714.0 to 719.0 Feet.

RSI-1311-02-098

Figure B-84. Core Run 84 — Depth Interval 719.0 to 724.0 Feet.
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RSI-1311-02-099

Figure B-85. Core Run 85 — Depth Interval 724.0 to 729.0 Feet.

RSI-1311-02-100

Figure B-86. Core Run 86 — Depth Interval 729.0 to 734.0 Feet.

RSI-1311-02-101

Figure B-87. Core Run 87 — Depth Interval 734.0 to 739.0 Feet.
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RSI-1311-02-102

Figure B-88. Core Run 88 — Depth Interval 739.0 to 744.0 Feet.

RSI-1311-02-103

Figure B-89. Core Run 89 — Depth Interval 744.0 to 749.0 Feet.

RSI-1311-02-104

Figure B-90. Core Run 90 — Depth Interval 749.0 to 754.0 Feet.
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RSI-1311-02-105

Figure B-91. Core Run 91 — Depth Interval 754.0 to 759.0 Feet.

RSI-1311-02-106

Figure B-92. Core Run 92 — Depth Interval 759.0 to 764.0 Feet.

RSI-1311-02-107

Figure B-93. Core Run 93 — Depth Interval 764.0 to 769.0 Feet.
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RSI-1311-02-108

Figure B-94. Core Run 94 — Depth Interval 769.0 to 774.0 Feet.

RSI-1311-02-109

Figure B-95. Core Run 95 — Depth Interval 774.0 to 779.0 Feet.

RSI-1311-02-110

Figure B-96. Core Run 96 — Depth Interval 779.0 to 784.0 Feet.
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RSI-1311-02-111

Figure B-97. Core Run 97 — Depth Interval 784.0 to 789.0 Feet.

RSI-1311-02-112

Figure B-98. Core Run 98 — Depth Interval 789.0 to 794.0 Feet.

RSI-1311-02-113

Figure B-99. Core Run 99 — Depth Interval 794.0 to 799.0 Feet.
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RSI-1311-02-114

Figure B-100. Core Run 100 — Depth Interval 799.0 to 804.0 Feet.

RSI-1311-02-115

Figure B-101. Core Run 101 — Depth Interval 804.0 to 809.0 Feet.

RSI-1311-02-116

Figure B-102. Core Run 102 — Depth Interval 809.0 to 814.0 Feet.
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RSI-1311-02-117

Figure B-103. Core Run 103 — Depth Interval 814.0 to 819.0 Feet.

RSI-1311-02-118

Figure B-104. Core Run 104 — Depth Interval 819.0 to 824.0 Feet.

RSI-1311-02-119

Figure B-105. Core Run 105 — Depth Interval 824.0 to 829.0 Feet.
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RSI-1311-02-120

Figure B-106. Core Run 106 — Depth Interval 829.0 to 834.0 Feet.

RSI-1311-02-121

Figure B-107. Core Run 107 — Depth Interval 834.0 to 839.0 Feet.

RSI-1311-02-122

EREat Rl B4

Figure B-108. Core Run 108 — Depth Interval 839.0 to 844.0 Feet.
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RSI-1311-02-123

Figure B-109. Core Run 109 — Depth Interval 844.0 to 849.0 Feet.

RSI-1311-02-124

Figure B-110. Core Run 110 — Depth Interval 849.0 to 854.0 Feet.

RSI-1311-02-125

Figure B-111. Core Run 111 — Depth Interval 854.0 to 859.0 Feet.
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RSI-1311-02-126

Figure B-112. Core Run 112 — Depth Interval 859.0 to 864.0 Feet.

RSI-1311-02-127

Figure B-113. Core Run 113 — Depth Interval 864.0 to 869.0 Feet.

RSI-1311-02-128

Figure B-114. Core Run 114 — Depth Interval 869.0 to 874.0 Feet.
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RSI-1311-02-129

Figure B-115. Core Run 115 — Depth Interval 874.0 to 879.0 Feet.

RSI-1311-02-130

Figure B-116. Core Run 116 — Depth Interval 879.0 to 884.0 Feet.

RSI-1311-02-131

Figure B-117. Core Run 117 -— Depth Interval 884.0 to 889.0 Feet.

B-40 — DRAFT —



RSI-1311-02-132

Figure B-118. Core Run 118 — Depth Interval 889.0 to 894.0 Feet.
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APPENDIX C
FIELD LOGS

HUTCHINSON TEST WELL NO. 1HF
HUTCHINSON, KANSAS
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