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WELL

POOR

MODERATE

Sorting

WACKESTONE

PACKSTONE

MUDSTONE

MICROXLN

LITHOGRAPHIC

GRAINSTONE

FINELYXLN

EARTHY

CRYPTOXLN
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SUBANG
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ANGULAR
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WIRELINE TESTED - LEFT

DRILL STEM TEST
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SIDEWALL CORE (LEFT)

CASING

REVERSE FAULT

OVERTURNED STRATA

NORMAL FAULT
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MN DEPTH

OIL SHOW
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CONNECTION GAS
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Engineering
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ORGANIC
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INTEROOLITIC

INTERCRYSTALLINE

FRACTURE

FENESTRAL

EARTHY

Porosity

SPOTTED STAINING

QUESTIONABLE

EVEN

DEAD

Oil Show

Other Symbols

SILTSTONE STRINGER
SHALE STRINGER
SANDSTONE STRINGER
MARLSTONE (DOL) STRG
MARLSTONE (CALC) STRG

LIMESTONE STRINGER
GYPSUM STRINGER
DOLOMITE STRINGER

COAL STRINGER

BENTONITE STRINGER

ANHYDRITE STRINGER

Stringer

TUFFACEOUS

SILTY

SILICEOUS
SANDY
SALT CAST
PYRITE
PHOSPHATE PELLETS
NODULES
MINERAL CRYSTALS
MICACEOUS
MARLSTONE

KAOLIN

HEAVY MINERAL

GYPSIFEROUS

GLAUCONITE

FERRUGINOUS

FERRUGINOUS PELLET

FELDSPAR
DOLOMITIC
COAL - THIN BEDS
CHTLT
CHTDK
CARBONACEOUS FLAKES
CALCAREOUS
BRECCIA FRAGMENTS
BITUMENOUS SUBSTANCE

BENTONITE

ARGILLITE GRAIN

ARGILLACEOUS

ANHYDRITIC

Minerals

STROMATOPOROID
SCAPHOPOD
PLANT SPORES
PLANT REMAINS
PISOLITE
PELLET
PELECYPOD
OSTRACOD
OOLITE

INOCERAMUS

GASTROPOD

FOSSIL

FORAMINIFERA

FISH

ECHINOID

CRINOID
CORAL
CEPHALOPOD
BRYOZOA
BRACHOIPOD
BIOCLASTIC
BELEMNITE
AMPHIPORA
ALGAE

Fossils

Accessories

WELDED TUFF
TUFF
TILL
SILTY SHALE

SILTSTONE
SHALY SILTSTONE
SHALY SANDSTONE

SHALE GRAY
SHALE COLORED
SHALE
SANDSTONE
SALT- PEPPER SAND
SALT
NO SAMPLE
METAMORPHIC
MARLSTONE

SIDERITE or LIMONITE
LIMESTONE
IGNEOUS
GYPSUM
GRANITE
DOLOMITIC LIMESTONE
DOLOMITE
CONGLOMERATE

COAL

CLAYSTONE
CLAY CHOKE SAND
CHERT
CHALK
CEMENT
BRECCIA
BENTONITE
ANHYDRITE

UNKNOWN

Rock Types

Other

313 & 52ABloodhound & Computer#

Dennis C. Vertrees, Andrew MartensLoggers on site



Drilling with water

Bloodhound Calibrated
Gas Bump from Trailer 1082u

Gas Bump from Trap 410u

Conductor set to 111'MD, Started 
logging at 111'MD

100' Samples Caught

SHY SS: lt-med gy, occ clr-trnsl, s&p 
ip, com dk spec, vf- f gr, mod sft, 
mod-ply srt, sb rnd-sb ang, slty mtx, 
occ gr sup mtx, p- mod p por
SS: clr- trnsl, occ s&p, com lse c qtz/ 
fld grs, occ f-med gr clus, mod frm, 
sb ang- ang, ply srt

MD: 162'  
Inclination: 0.2°  
Azimuth: 171.6°  
TVD: 162' 
VS: 0.25'

SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf- f gr, mod sft, 
mod-ply srt, sb rnd-sb ang, slty mtx, 
occ gr sup mtx, p- mod p por 
SS: clr- trnsl, occ s&p, occ lse c qtz/ 
fld grs, pred f-med gr clus, mod frm, 
sb ang- ang, ply srt, mod g por

NOTE: THIS LOG HAS BEEN ADJUSTED 
IN SEVERAL PLACES TO MATCH UP 
THE TWO GAMMAS. THE RED IS THE 
WIRE LINE GAMMA AND THE GREEN IS 
THE LWD GAMMA. ALL DATA WAS 
ADJUSTED TO THE WIRE LINE GAMMA.

ALL DATA WAS SHIFTED DOWN 26' TO 
MATCH THE WIRE LINE GAMMA FROM 
100' MD TO 9610' MD.

GAS (units)0 100
C1-C4 (PPM)0 10000

GAS (units)0 250
C1-C4 (PPM)0 25000

GAS (units)0 250
C1-C4 (PPM)0 25000

GAS DATA IMPORTED FROM 
IBALL GAS CHART

COLUMBINE LOGGING INC. 
RIGGED UP ON 12/16/2016, 

2-MAN LOGGING WITH 
BLOODHOUND UNIT #313,  

BEGAN LOGGING @ 18:14 MST, 
ON 12/18/16

10u

8u

15u

10u

16u

60

80

90

100

110

120

130

140

150

160

170

180

190

200

210

220

230

240

250

260

270

280

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

DRILLING DATA IMPORTED FROM 
PASON

DRILLING IN THE QUATERNARY

Bit #: 1 
Type: Smith Mi616 
Size: 12.25  
Depth In: 111' 
Depth Out: 1,041'  
Hours: 2.6 hrs  
Jets: 4X18  
S/N: JJ8187

DEPTH CORRECTION

301

167

198

Lithology Descriptions

C4 
C3 
C2 
C1 

GAS 
Total Gas & Chromatograph

% Lith

 D
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SS: clr- trnsl, occ s&p, occ lse c qtz/ 
fld grs, pred f-med gr clus, mod frm, 
sb ang- ang, ply srt, mod g por

MD: 254'  
Inclination: 0.3°  
Azimuth: 195° 
TVD: 254' 
VS: 0.55'

MUD WT: 8.7/ VIS: 27

SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf- f gr, mod sft, 
mod-ply srt, sb rnd-sb ang, slty mtx, 
occ gr sup mtx, p- mod p por
SS: clr- trnsl, occ s&p, occ lse c qtz/ 
fld grs, pred f-med gr clus, mod frm, 
sb ang- ang, ply srt, mod por

SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf- f gr, mod sft, 
mod-ply srt, sb rnd-sb ang, slty mtx, 
occ gr sup mtx, p- mod p por
SS: clr- trnsl, occ s&p, occ lse c qtz/ 
fld grs, pred f-med gr clus, mod frm, 
sb ang- ang, ply srt, mod por

MD: 437'  
Inclination: 0.3°  
Azimuth: 190.1°  
TVD: 437' 
VS: 1.41'

MD: 345'  
Inclination: 0.4°  
Azimuth: 176.9°  
TVD: 345' 
VS: 0.97'

GAS (units)0 250
C1-C4 (PPM)0 25000

11u

16u

10.4u  
C1: 2% 
C2: 0.9%  
C3: 0.4%  
C4: 0%

17u

11u

19u

13u

22u

24u

13u

27u

25u

260

270

280

290

300

310

320

330

340

350

360

370

380

390

400

410

420

430

440

450

460

470

480

490

500

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP: 391.6 ft/hr  
WOB: 3 klbs 
RPM: 61 RPM  
SPM#1: 89 spm  
SPM#2: 89 spm  
SPP: 1,179 PSI

493

499

501

478

393



SS: clr- trnsl, occ s&p, occ lse c qtz/ 
fld grs, pred f-med gr clus, mod frm, 
sb ang- ang, ply srt, mod por
SH: med-dk gy, mic gr, sb plty-plty, gt 
tex, occ grdg to shy ss, occ spec, 
mod frm

SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf- f gr, mod sft, 
mod-ply srt, sb rnd-sb ang, slty mtx, 
occ gr sup mtx, p- mod p por
SS: clr- trnsl, occ s&p, occ lse c qtz/ 
fld grs, pred f-med gr clus, mod frm, 
sb ang- ang, ply srt, mod por
SH: med-dk gy, mic gr, sb plty-plty, gt 
tex, occ grdg to shy ss, occ spec, 
mod frm

MUD WT: 8.9/ VIS: 29

SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf- f gr, mod sft, 
mod-ply srt, sb rnd-sb ang, slty mtx, 
p- mod p por
CLYST: lt gy, sm tex, occ lith frag incl, 
sb blky-sb plty, sft

MD: 528'  
Inclination: 0.3°  
Azimuth: 254.6°  
TVD: 527.99' 
VS: 1.49'

MD: 620'  
Inclination: 0.2°  
Azimuth: 248.2°  
TVD: 619.99' 
VS: 1.37'

MD: 711'  
Inclination: 0.4°  
Azimuth: 269° 

GAS (units)0 250
C1-C4 (PPM)0 25000

33u

28u

32.7u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%33u

29u

36u

41u

14u

43u

33u

37u

39u

38u

480

490

500

510

520

530

540

550

560

570

580

590

600

610

620

630

640

650

660

670

680

690

700

710

720

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

500

11

POSSIBLE 
LARAMIE FM 

TOP @ 655' MD & 
TVD

ROP: 493.1 ft/hr  
WOB: 8 klbs 
RPM: 61 RPM  
SPM#1: 90 spm  
SPM#2: 90 spm  
SPP: 1,601 PSI

ROP: 493.2 ft/hr  
WOB: 9.9 klbs 
RPM: 60 RPM  
SPM#1: 87 spm  
SPM#2: 89 spm  
SPP: 1,424 PSI

501

493

494

501



SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf- f gr, mod sft, 
mod-ply srt, sb rnd-sb ang, slty mtx, 
p- mod p por
CLYST: lt gy, sm-slty tex, occ lith frag 
incl, sb blky-sb plty, sft

MUD WT: 9.1/ VIS: 30

SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf- f gr, mod sft, 
mod-ply srt, sb rnd-sb ang, slty mtx, 
p- mod p por, occ grdg to slty sh
CLYST: lt gy, sm-slty tex, occ lith frag 
incl, sb blky-sb plty, sft

Azimuth: 269° 
TVD: 710.99' 
VS: 1.16'

MD: 802'  
Inclination: 0.4°  
Azimuth: 269.7°  
TVD: 801.99' 
VS: 0.79'

MD: 893'  
Inclination: 0.4°  
Azimuth: 243° 
TVD: 892.99' 
VS: 0.56'

GAS (units)0 250
C1-C4 (PPM)0 25000

46u

18.6u  
C1: 98.3%  
C2: 0% 
C3: 0% 
C4: 1.7%

41u

19u

47u

20u

46u

48u

38u

49u

56u

21u

59u

22u

58u

23.1u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

700

710

720

730

740

750

760

770

780

790

800

810

820

830

840

850

860

870

880

890

900

910

920

930

940

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

49310 493

ROP: 492.3 ft/hr  
WOB: 10.5 klbs  
RPM: 61 RPM  
SPM#1: 88 spm  
SPM#2: 89 spm  
SPP: 1,820 PSI

501

501

502



SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf- f gr, mod sft, 
mod-ply srt, sb rnd-sb ang, slty mtx, 
p- mod p por, occ grdg to slty sh, calc 
ip;
CLYST: lt gy, sm-slty tex, occ lith frag 
incl, sb blky-sb plty, sft

MUD WT: 9.3/ VIS: 32

Depth: 1,041  
Mud Weight: 9.1  
Viscosity: 37  
Yield Pt: 13  
Filter Cake: 24  
Solids: 4%  
pH: 7.7  
Chlorides: 700 mg/l

TD SURFACE 1041'MD @ 23:22 MST ON 
12/18/2016. RAN 1039' OF 9 5/8" 
CASING, CEMENTED, TESTED BOP, 
MADE UP 6000' OF STANDS, 
RESMUMED DRILLING OF 
INTERMEDIATE @ 15:33 MST ON 
12/21/016.

Drilling with gel based mud

MUD WT: 8.8/ VIS: 32

SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf-f gr, mod sft, mod-ply 
srt, sb rnd-sb ang, slty-cly mtx, p-mod 
p por, occ grdg to slty sh, calc ip;
CLYST: lt gy, sm-slty tex, occ lith frag 
incl, sb blky-sb plty, sft, slty ip, tr bent; 
tr yel min flor.

MD: 1,079'  
Inclination: 0.6°  
Azimuth: 257.2°  
TVD: 1,078.98'  
VS: -0.27'

MUD WT: 8.8/ VIS: 35

MD: 986'  
Inclination: 0.7°  
Azimuth: 266.5°  
TVD: 985.98' 
VS: 0.21'

MD: 1,170'  
Inclination: 0.6°  

GAS (units)0 250
C1-C4 (PPM)0 25000

C4: 0%

66u

67u

51u

68u

58u
38u

51u

75u

109u

78u

78.1u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

920

930

940

950

960

970

980

990

1,000

1,010

1,020

1,030

1,040

1,050

1,060

1,070

1,080

1,090

1,100

1,110

1,120

1,130

1,140

1,150

1,160

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

735

12/19-21/2016

Bit #: 2 
Type: Smith Z616 
Size: 8.75  
Depth In: 1,041'  
Depth Out: 10,604'  
Hours: 110.2 hrs  
Jets: 4X15, 2X14  
S/N: JK6194

ROP: 372.3 ft/hr  
WOB: 12.7 klbs  
RPM: 59 RPM  
SPM#1: 65 spm  
SPM#2: 65 spm  
SPP: 1,334 PSI

446

389

501

502



SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf-f gr, mod sft, mod-ply 
srt, sb rnd-sb ang, slty-cly mtx, p-mod 
p por, occ grdg to slty sh, calc ip;
CLYST: lt gy, sm-slty tex, occ lith frag 
incl, sb blky-sb plty, sft, slty ip, tr bent; 
tr yel min flor.

SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf-f gr, mod sft, mod-ply 
srt, sb rnd-sb ang, slty-cly mtx, p-mod 
p por, occ grdg to slty sh, calc ip;
CLYST: lt gy, sm-slty tex, occ lith frag 
incl, sb blky-sb plty, sft, slty ip, tr bent; 
tr yel min flor.

SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf-f gr, mod sft, mod-ply 
srt, sb rnd-sb ang, slty-cly mtx, p-mod 
p por, occ grdg to slty sh, calc ip;
SLTST: gy- dk gy, rthy tex, sb blky-sb 
plty, frm-mod hd, shy ip, tr bent; tr yel 
min flor.

MD: 1,263'  
Inclination: 0.7°  
Azimuth: 257.2°  
TVD: 1,262.97'  
VS: -1.28'

MD: 1,356'  
Inclination: 0.7°  
Azimuth: 257.6°  
TVD: 1,355.96'  
VS: -1.73'

Inclination: 0.6°  
Azimuth: 273.7°  
TVD: 1,169.97'  
VS: -0.76'

GAS (units)0 250
C1-C4 (PPM)0 25000

93u

18u

112u

99u

11.9u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

108u

1,140

1,150

1,160

1,170

1,180

1,190

1,200

1,210

1,220

1,230

1,240

1,250

1,260

1,270

1,280

1,290

1,300

1,310

1,320

1,330

1,340

1,350

1,360

1,370

1,380

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

POSSIBLE FOX 
HILL TOP @ 
1244' MD & TVD

POSSIBLE PIERRE 
FM TOP @ 1360' 

MD & TVD

ROP: 590.8 ft/hr  
WOB: 17.2 klbs  
RPM: 59 RPM  
SPM#1: 86 spm  
SPM#2: 85 spm  
SPP: 2,084 PSI

596

527

610

445



SLTST: gy- dk gy, rthy tex, sb blky-sb 
plty, frm-mod hd, shy ip, tr bent; tr yel 
min flor.

SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf-f gr, mod sft, mod-ply 
srt, sb rnd-sb ang, slty-cly mtx, p-mod 
p por, occ grdg to slty sh, calc ip;
SLTST: gy- dk gy, rthy tex, sb blky-sb 
plty, frm-mod hd, shy ip, tr bent
SHY SLTST: dk gy, slty tex, sb plty, 
frm-mod hd; tr yel min flor.

MUD WT: 8.8/ VIS: 35

SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf-f gr, mod sft, mod-ply 
srt, sb rnd-sb ang, slty-cly mtx, p-mod 
p por, occ grdg to slty sh, calc ip;
SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, frm-mod hd; tr yel 
min flor.

MD: 1,450'  
Inclination: 0.8°  
Azimuth: 246.7°  
TVD: 1,449.95'  
VS: -2.09'

MD: 1,543'  
Inclination: 0.7°  
Azimuth: 242.4°  
TVD: 1,542.94'  
VS: -2.3'

GAS (units)0 250
C1-C4 (PPM)0 25000

95u

101u

92u

10.6u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

112u

85u

1,360

1,370

1,380

1,390

1,400

1,410

1,420

1,430

1,440

1,450

1,460

1,470

1,480

1,490

1,500

1,510

1,520

1,530

1,540

1,550

1,560

1,570

1,580

1,590

1,600

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

27

ROP: 524.9 ft/hr  
WOB: 22.1 klbs  
RPM: 60 RPM  
SPM#1: 86 spm  
SPM#2: 87 spm  
SPP: 2,221 PSI

487

535

394

539



SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, frm-mod hd; tr yel 
min flor.

SHY SS: lt-med gy, rr clr-trnsl, s&p ip, 
com dk spec, vf-f gr, mod sft, mod-ply 
srt, sb rnd-sb ang, slty-cly mtx, p-mod 
p por, occ grdg to slty sh, calc ip;
SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, frm-mod hd; tr yel 
min flor.

SHY SS: lt-med gy, com clr-trnsl, s&p 
ip, com blk spec, vf-f gr, mod sft, 
mod-ply srt, sb rnd-sb ang, slty-cly 
mtx, p-mod p por, occ grdg to ss, tr 
glauc incl;
SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, frm-mod hd; tr yel 
min flor

MD: 1,636'  
Inclination: 0.4°  
Azimuth: 253.3°  
TVD: 1,635.94'  
VS: -2.49'

MD: 1,730'  
Inclination: 0.4°  
Azimuth: 299.2°  
TVD: 1,729.94'  
VS: -2.89'

MD: 1,822'  
Inclination: 0.8°  

GAS (units)0 250
C1-C4 (PPM)0 25000

GAS (units)0 250
C1-C4 (PPM)0 25000

98u

97u

115u
115.4u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

7u

1,580

1,590

1,600

1,610

1,620

1,630

1,640

1,650

1,660

1,670

1,680

1,690

1,700

1,710

1,720

1,730

1,740

1,750

1,760

1,770

1,780

1,790

1,800

1,810

1,820

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

541

436

ROP: 343.4 ft/hr  
WOB: 8.6 klbs 
RPM: 63 RPM  
SPM#1: 85 spm  
SPM#2: 86 spm  
SPP: 2,140 PSI

392

467

501

501



MUD WT: 8.9/ VIS: 35

SHY SS: lt-med gy, com clr-trnsl, s&p, 
com blk spec, vf-f gr, mod sft, 
mod-ply srt, sb rnd-sb ang, slty-cly 
mtx, p-mod p por, occ grdg to ss, tr 
glauc incl;
SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, frm-mod hd; tr yel 
min flor, tr cly, tr slty sh

SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, occ plty, frm-mod hd
SHY SS: lt-med gy, occ clr-trnsl, s&p, 
vf-f gr, mod sft, mod-ply srt, sb rnd-sb 
ang, slty mtx, occ gr sup mtx, p-mod p 
por, rr grdg to ss, sl calc
SLTY SH: dk gy, plty-sb plty, mic gr, 
slty tex, mod frm; tr yel min flor, tr cly

MD: 1,822'  
Inclination: 0.8°  
Azimuth: 319.8°  
TVD: 1,821.93'  
VS: -3.82'

MD: 1,914'  
Inclination: 0.6°  
Azimuth: 293.6°  
TVD: 1,913.93'  
VS: -4.87'

MD: 2,009'  
Inclination: 1.1°  
Azimuth: 282.5°  
TVD: 2,008.91'  
VS: -5.98'

GAS (units)0 250
C1-C4 (PPM)0 25000

GAS (units)0 250
C1-C4 (PPM)0 25000

112u

LOW PUMP RATE

129u

70.9u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

106u

138u

1,800

1,810

1,820

1,830

1,840

1,850

1,860

1,870

1,880

1,890

1,900

1,910

1,920

1,930

1,940

1,950

1,960

1,970

1,980

1,990

2,000

2,010

2,020

2,030

2,040

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP: 385.9 ft/hr  
WOB: 12.8 klbs  
RPM: 61 RPM  
SPM#1: 87 spm  
SPM#2: 86 spm  
SPP: 2,240 PSI

405

387

414

446

414



SHY SS: lt-med gy, com clr-trnsl, s&p, 
com blk spec, vf-f gr, mod sft, 
mod-ply srt, sb rnd-sb ang, slty-cly 
mtx, p-mod p por, occ grdg to ss, tr 
glauc incl;
SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, frm-mod hd; tr yel 
min flor

SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, occ plty, frm-mod hd
SHY SS: lt-med gy, occ clr-trnsl, s&p, 
vf-f gr, mod sft, mod-ply srt, sb rnd-sb 
ang, slty mtx, occ gr sup mtx, p-mod p 
por, rr grdg to ss, sl calc
SLTY SH: dk gy, plty-sb plty, mic gr, 
slty tex, mod frm; com cly, rr yel min 
flor

MD: 2,103'  
Inclination: 0.7°  
Azimuth: 303.6°  
TVD: 2,102.9'  
VS: -7.18'

MUD WT: 8.9/ VIS: 36

MD: 2,192'  
Inclination: 0.6°  
Azimuth: 307.5°  
TVD: 2,191.9'  
VS: -8.13'

GAS (units)0 250
C1-C4 (PPM)0 25000

GAS (units)0 500
C1-C4 (PPM)0 50000

GAS (units)0 250
C1-C4 (PPM)0 25000

8u

158u

117.4u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

148u

187u

10u

GAS SCALE CHANGE

2,020

2,030

2,040

2,050

2,060

2,070

2,080

2,090

2,100

2,110

2,120

2,130

2,140

2,150

2,160

2,170

2,180

2,190

2,200

2,210

2,220

2,230

2,240

2,250

2,260

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP: 491.8 ft/hr  
WOB: 17.1 klbs  
RPM: 52 RPM  
SPM#1: 87 spm  
SPM#2: 85 spm  
SPP: 2,462 PSI

499

495

493

431



CLYST: wh-lt gy, v sft, wxy-rthy tex, sb 
blky, tr slt 
SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, occ plty, frm-mod hd
SHY SS: lt-med gy, occ clr-trnsl, s&p, 
vf-f gr, mod sft, mod-ply srt, sb rnd-sb 
ang, slty mtx, occ gr sup mtx, p-mod p 
por, rr grdg to ss, sl calc
SLTY SH: dk gy, plty-sb plty, mic gr, 
slty tex, mod frm

CLYST: wh-lt gy, v sft, wxy-rthy tex, sb 
blky, tr slt 
SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, occ plty, frm-mod hd
SHY SS: lt-med gy, occ clr-trnsl, s&p, 
vf-f gr, mod sft, mod-ply srt, sb rnd-sb 
ang, slty mtx, occ gr sup mtx, p-mod p 
por, rr grdg to ss, sl calc
SLTY SH: dk gy, plty-sb plty, mic gr, 
slty tex, mod frm

SS: clr-trnsl, wh, s&p, vf-f gr, sb 
rnd-sb ang, occ ang, uncons ip, slty 
mtx, v sft, v sl calc
SHY SS: lt-med gy, occ clr-trnsl, s&p, 
vf-f gr, mod sft, mod-ply srt, sb rnd-sb 
ang, slty mtx, occ gr sup mtx, p-mod p 
por, rr grdg to ss, sl calc
CLYST: wh-lt gy, v sft, wxy-rthy tex, sb 
blky, tr slt 
SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, occ plty, frm-mod hd

MD: 2,291'  
Inclination: 0.4°  
Azimuth: 339.8°  
TVD: 2,290.89'  
VS: -8.96'

MD: 2,384'  
Inclination: 0.7°  
Azimuth: 339.1°  
TVD: 2,383.89'  
VS: -9.83'

GAS (units)0 500
C1-C4 (PPM)0 50000

235u

274u

43.1u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

36u

286u

2,240

2,250

2,260

2,270

2,280

2,290

2,300

2,310

2,320

2,330

2,340

2,350

2,360

2,370

2,380

2,390

2,400

2,410

2,420

2,430

2,440

2,450

2,460

2,470

2,480

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

531

ROP: 538.1 ft/hr  
WOB: 19.9 klbs  
RPM: 50 RPM  
SPM#1: 87 spm  
SPM#2: 85 spm  
SPP: 2,614 PSI

540

563

560



SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, occ plty, frm-mod hd

KOP @ 2454'MD

MUD WT: 9.1/ VIS: 37

SS: clr-trnsl, wh, s&p, vf-f gr, sb 
rnd-sb ang, occ ang, uncons ip, ply 
srt, mod por, slty mtx, v sft, v sl calc
SHY SS: lt-med gy, occ clr-trnsl, s&p, 
vf-f gr, mod sft, mod-ply srt, sb rnd-sb 
ang, slty mtx, occ gr sup mtx, p-mod p 
por, rr grdg to ss, sl calc
CLYST: wh-lt gy, v sft, wxy-rthy tex, sb 
blky, tr slt 
SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, occ plty, frm-mod hd; 
rr yel min flor

SS: clr-trnsl, wh, s&p, vf-f gr, sb 
rnd-sb ang, occ ang, ply srt, slty mtx, v 
sft, v sl calc, mod por, occ grdg to shy 
ss, occ glauc incl
SLTST: lt gy, rthy tex, sb blky, mod sft, 
shy ip
SLTY SH: dk gy, plty-sb plty, mic gr, 
slty tex, mod frm; rr yel min flor

MD: 2,478'  
Inclination: 0.3°  
Azimuth: 285.3°  
TVD: 2,477.89'  
VS: -10.57'

MD: 2,571'  
Inclination: 1.3°  
Azimuth: 162.1°  
TVD: 2,570.88'  
VS: -9.76'

MD: 2,664'  
Inclination: 3.3°  
Azimuth: 147.3°  
TVD: 2,663.8'  
VS: -6.08'

GAS (units)0 500
C1-C4 (PPM)0 50000

311u

192u

319u

303u

18u

317u

17u

230.2u  
C1: 97.1%  
C2: 1% 
C3: 1.1%  
C4: 0.8%

2,460

2,470

2,480

2,490

2,500

2,510

2,520

2,530

2,540

2,550

2,560

2,570

2,580

2,590

2,600

2,610

2,620

2,630

2,640

2,650

2,660

2,670

2,680

2,690

2,700

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

218

ROP: 568.5 ft/hr  
WOB: 32.1 klbs  

ROP: 536.1 ft/hr  
WOB: 25.2 klbs  
RPM: 50 RPM  
SPM#1: 87 spm  
SPM#2: 85 spm  
SPP: 2,681 PSI

536

540

588

594

HOLE DEPTH CHANGED



MUD WT: 9.4/ VIS: 38

SHY SS: lt-med gy, s&p ip, vf-f gr, 
mod sft, mod-ply srt, sb rnd-sb ang, 
slty mtx, p-mod p por, rr grdg to ss, sl 
calc
SS: clr-trnsl, wh, s&p, vf-f gr, sb 
rnd-sb ang, occ ang, ply srt, slty mtx, v 
sft, mod por, v sl calc
SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, occ plty, frm; rr yel 
min flor

SHY SS: lt-med gy, s&p ip, vf-f gr, 
mod sft, mod-ply srt, sb rnd-sb ang, 
slty mtx, p-mod p por, rr grdg to ss, sl 
calc
SLTY SH: dk gy, sb plty- plty, mod 
frm-frm, mic gr, slty tex, non calc
SS: clr-trnsl, wh, s&p, vf-f gr, sb 
rnd-sb ang, occ ang, ply srt, slty mtx, v 
sft, mod por, v sl calc
SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, occ plty, frm; rr yel 
min flor

MD: 2,853'  
Inclination: 6.7°  
Azimuth: 141.4°  
TVD: 2,851.96'  
VS: 11.38'

MD: 2,758'  
Inclination: 5.6°  
Azimuth: 144.2°  
TVD: 2,757.51'  
VS: 1.21'

GAS (units)0 500
C1-C4 (PPM)0 50000

327.5u  
C1: 99.3%  
C2: 0.3%  
C3: 0.4%  
C4: 0%

313u

188u

332u

307u

30u

311u

2,680

2,690

2,700

2,710

2,720

2,730

2,740

2,750

2,760

2,770

2,780

2,790

2,800

2,810

2,820

2,830

2,840

2,850

2,860

2,870

2,880

2,890

2,900

2,910

2,920

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

WOB: 32.1 klbs  
RPM: 50 RPM  
SPM#1: 87 spm  
SPM#2: 86 spm  
SPP: 2,824 PSI

598

126

ROP: 514.2 ft/hr  
WOB: 26 klbs 
RPM: 50 RPM  
SPM#1: 86 spm  
SPM#2: 85 spm  
SPP: 2,892 PSI

532

177



MUD WT: 9.4/ VIS: 39

SLTY SH: dk gy, sb plty- plty, mod 
frm-frm, mic gr, slty tex, non calc
SHY SS: lt-med gy, s&p ip, vf-f gr, 
mod sft, mod-ply srt, sb rnd-sb ang, 
slty mtx, p-mod p por, rr grdg to ss, sl 
calc
SS: clr-trnsl, wh, s&p, vf-f gr, sb 
rnd-sb ang, occ ang, ply srt, slty mtx, v 
sft, mod por, v sl calc
SHY SLTST: gy- dk gy, rthy- slty tex, 
sb plty- sb blky, occ plty, frm; rr yel 
min flor

Began 50' Sample Interval

MUD WT: 9.5/ VIS: 42

SHY SS: lt-med gy, s&p ip, vf-f gr, 
mod sft, mod-ply srt, sb rnd-sb ang, 
slty mtx, p-mod p por, rr grdg to ss, sl 
calc
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm
SLTY SH: med- dk gy, sb plty- sb blky, 
mod frm-frm, slty tex, non calc
SS: clr-trnsl, wh, s&p, vf-f gr, sb 
rnd-sb ang, occ ang, ply srt, slty mtx, v 
sft, mod por, v sl calc, com lse fld/qtz 
grs; rr yel min flor

MD: 2,946'  
Inclination: 7.7°  
Azimuth: 147.3°  
TVD: 2,944.23'  
VS: 23.02'

MD: 3,041'  
Inclination: 9.5°  
Azimuth: 142.9°  
TVD: 3,038.16'  
VS: 37.22'

MD: 3,135'  
Inclination: 11.9°  

GAS (units)0 500
C1-C4 (PPM)0 50000

336.6u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

312u

196u

323u

197u

345u

145.1u  
C1: 97.2%  
C2: 1.5%  
C3: 1.3%  
C4: 0%

345u

2,900

2,910

2,920

2,930

2,940

2,950

2,960

2,970

2,980

2,990

3,000

3,010

3,020

3,030

3,040

3,050

3,060

3,070

3,080

3,090

3,100

3,110

3,120

3,130

3,140

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

12/22/2016

522

ROP: 44 ft/hr  
WOB: 10.2 klbs  
RPM: 0 RPM  
SPM#1: 88 spm  
SPM#2: 86 spm  
SPP: 2,204 PSI

537

139

155



SLTY SH: med- dk gy, sb plty- sb blky, 
mod frm-frm, slty tex, non calc
SHY SS: lt-med gy, s&p ip, vf-f gr, 
mod sft, mod-ply srt, sb rnd-sb ang, 
slty mtx, p-mod p por, rr grdg to ss, 
occ glauc incl, sl calc
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm

MUD WT: 9.2/ VIS: 38

SLTY SH: med- dk gy, sb plty- sb blky, 
mod frm-frm, slty tex, non calc
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm; rr 
grdg to shy ss

Inclination: 11.9°  
Azimuth: 143.1°  
TVD: 3,130.52'  
VS: 54.66'

MD: 3,229'  
Inclination: 13.6°  
Azimuth: 138.4°  
TVD: 3,222.2'  
VS: 75.34'

MD: 3,324'  
Inclination: 15.7°  
Azimuth: 141.9°  
TVD: 3,314.11'  
VS: 99.29'

GAS (units)0 500
C1-C4 (PPM)0 50000

GAS (units)0 3000
C1-C4 (PPM)0 300000

265u

41u

392u

411u

336u

529u

292.5u  
C1: 93.4%  
C2: 2.6%  
C3: 3.3%  
C4: 0.7%

GAS SCALE CHANGE

3,120

3,130

3,140

3,150

3,160

3,170

3,180

3,190

3,200

3,210

3,220

3,230

3,240

3,250

3,260

3,270

3,280

3,290

3,300

3,310

3,320

3,330

3,340

3,350

3,360

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

529

ROP: 123.2 ft/hr  
WOB: 18.9 klbs  
RPM: 0 RPM  
SPM#1: 86 spm  
SPM#2: 85 spm  
SPP: 2,326 PSI163

538

163

167



MUD WT: 9.0/ VIS: 38

SLTY SH: med- dk gy, sb plty- sb blky, 
mod frm-frm, slty tex, non calc
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm
SHY SS: lt gy, occ clr-s&p, vf gr, sb 
ang-sb rnd, mod srt,pred gr sup mtx, 
v sl calc

MUD WT: 8.9/ VIS: 37

SLTY SH: med- dk gy, sb plty- sb blky, 
mod frm-frm, slty-gt tex, non calc
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm; rr 
grdg to shy ss

MUD WT: 8.8/ VIS: 30

SLTY SH: med- dk gy, sb plty- sb blky, 
mod frm-frm, slty-gt tex, non calc
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm; rr 
grdg to shy ss

MD: 3,419'  
Inclination: 17.4°  
Azimuth: 141.5°  
TVD: 3,405.17'  
VS: 126.32'

Depth: 3,500  
Mud Weight: 8.8  
Viscosity: 30  
Yield Pt: 4  
Filter Cake: 32  
Solids: 4%  
pH: 8.9  
Chlorides: 800 mg/l

MD: 3,513'  
Inclination: 20.8°  
Azimuth: 143.8°  
TVD: 3,493.98'  
VS: 157.05'

GAS (units)0 3000
C1-C4 (PPM)0 300000

348u

72u

723u

1044u

159u

384u

397.6u  
C1: 91.6%  
C2: 3% 
C3: 5.4%  
C4: 0%

3,340

3,350

3,360

3,370

3,380

3,390

3,400

3,410

3,420

3,430

3,440

3,450

3,460

3,470

3,480

3,490

3,500

3,510

3,520

3,530

3,540

3,550

3,560

3,570

3,580

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP: 143.5 ft/hr  
WOB: 7.5 klbs 
RPM: 0 RPM  
SPM#1: 88 spm  
SPM#2: 85 spm  
SPP: 2,238 PSI

554

551

154

164

551



SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm; rr 
grdg to shy ss
CLY: lt gy, sm tex, v sft, blky-sb blky

SLTY SH: med- dk gy, sb plty- sb blky, 
mod frm-frm, slty-gt tex, non calc
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm; rr 
grdg to shy ss

MUD WT: 9.0/ VIS: 30

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
scat-tr bent,
SHY SLTST: lt gy-med gy, rthy-slty tex, 
sb plty-sb blky, occ plty, frm; rr grdg to 
shy ss; scat-tr yel min flor.

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
scat-tr bent,
SHY SLTST: lt gy-med gy, rthy-slty tex, 
sb plty-sb blky, occ plty, frm; rr grdg to 
shy ss; scat-tr yel min flor.

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,

MD: 3,606'  
Inclination: 20.9°  
Azimuth: 143.1°  
TVD: 3,580.89'  
VS: 190.14'

MUD WT: 8.9/ VIS: 29

MD: 3,701'  
Inclination: 23.8°  
Azimuth: 144° 
TVD: 3,668.75'  
VS: 226.26'

MD: 3,795'  
Inclination: 26.6°  
Azimuth: 139.6°  
TVD: 3,753.8'  
VS: 266.2'

GAS (units)0 3000
C1-C4 (PPM)0 300000

1356u

RESTART PASON

837u

479u

890.5u  
C1: 88%  
C2: 3.3%  
C3: 5.5%  
C4: 3.2%

973u

1048u

3,560

3,570

3,580

3,590

3,600

3,610

3,620

3,630

3,640

3,650

3,660

3,670

3,680

3,690

3,700

3,710

3,720

3,730

3,740

3,750

3,760

3,770

3,780

3,790

3,800

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP: 86.4 ft/hr  
WOB: 8.5 klbs 
RPM: 0 RPM  
SPM#1: 87 spm  
SPM#2: 86 spm  
SPP: 2,223 PSI

126

520

137

119



SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm
SHY SS: lt gy-wh, occ clr-s&p, vf-f gr, 
sb ang-sb rnd, mod-p srt, mod cmtd, 
cly mtx, p-mod p por, v sl calc; tr yel 
min flor.

MUD WT: 8.9/ VIS: 30

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm
SHY SS: lt gy-wh, occ clr-s&p, vf-f gr, 
sb ang-sb rnd, mod-p srt, mod cmtd, 
cly mtx, p-mod p por, v sl calc; rr yel 
min flor.

MUD WT: 8.9/ VIS: 30

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm
SHY SS: lt gy-wh, occ clr-s&p, vf-f gr, 
sb ang-sb rnd, mod-p srt, mod cmtd, 
cly mtx, p-mod p por, v sl calc; rr yel 
min flor.

MD: 3,889'  
Inclination: 29.2°  
Azimuth: 140.5°  
TVD: 3,836.87'  
VS: 310.05'

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm
SHY SS: lt gy-wh, occ clr-s&p, vf-f gr, 
sb ang-sb rnd, mod-p srt, mod cmtd, 
cly mtx, p-mod p por, v sl calc; rr yel 
min flor.

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm
SHY SS: lt gy-wh, occ clr-s&p, vf-f gr, 
sb ang-sb rnd, mod-p srt, mod cmtd, 
cly mtx, p-mod p por, v sl calc; rr yel 
min flor.

MUD WT: 8.9/ VIS: 28

GAS (units)0 3000
C1-C4 (PPM)0 300000

GAS (units)0 3000
C1-C4 (PPM)0 300000

356u

114u

907u

493u 484.2u  
C1: 94.1%  
C2: 1% 
C3: 4.6%  
C4: 0.3%

1065u

166u

3,780

3,790

3,800

3,810

3,820

3,830

3,840

3,850

3,860

3,870

3,880

3,890

3,900

3,910

3,920

3,930

3,940

3,950

3,960

3,970

3,980

3,990

4,000

4,010

4,020

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP: 407.9 ft/hr  
WOB: 16.7 klbs  
RPM: 50 RPM  
SPM#1: 86 spm  
SPM#2: 84 spm  
SPP: 2,494 PSI

133

515

149

516



MUD WT: 8.9/ VIS: 28

MD: 3,983'  
Inclination: 32.6°  
Azimuth: 142.1°  
TVD: 3,917.51'  
VS: 358.24'

Resumed 100' Sample Interval

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm
SHY SS: lt gy-wh, occ clr-s&p, vf-f gr, 
sb ang-sb rnd, mod-p srt, mod cmtd, 
cly mtx, p-mod p por, v sl calc; rr yel 
min flor, v lt bl difse cut, no visable 
show or od.

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm
SHY SS: lt gy-wh, occ clr-s&p, vf-f gr, 
sb ang-sb rnd, mod-p srt, mod cmtd, 
cly mtx, p-mod p por, v sl calc; rr yel 
min flor, v lt bl difse cut, no visable 
show or od.

MD: 4,076'  
Inclination: 31.9°  
Azimuth: 143.1°  
TVD: 3,996.17'  
VS: 407.83'

MD: 4,170'  
Inclination: 32°  
Azimuth: 143.5°  
TVD: 4,075.93'  
VS: 457.56'

MUD WT: 8.8/ VIS: 28

GAS (units)0 3000
C1-C4 (PPM)0 300000

GAS (units)0 3000
C1-C4 (PPM)0 300000

1041u

1214u

200u

1,165.1u  
C1: 89.1%  
C2: 4.6%  
C3: 5.5%  
C4: 0.8%

1328u

1734u

545u

1205u

4,000

4,010

4,020

4,030

4,040

4,050

4,060

4,070

4,080

4,090

4,100

4,110

4,120

4,130

4,140

4,150

4,160

4,170

4,180

4,190

4,200

4,210

4,220

4,230

4,240

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

520

148

ROP: 502.2 ft/hr  
WOB: 27.5 klbs  
RPM: 50 RPM  
SPM#1: 87 spm  
SPM#2: 84 spm  
SPP: 2,802 PSI

122

487

509



SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm
SHY SS: lt gy-wh-lt brn, occ clr-s&p, 
vf-f gr, sb ang-sb rnd, mod-p srt, mod 
cmtd, cly mtx, p-mod p por, v sl calc; 
rr yel min flor, v lt yel bl difse cut, no 
visable show or od.

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm
SHY SS: lt gy-wh-lt brn, occ clr-s&p, 
vf-f gr, sb ang-sb rnd, mod-p srt, mod 
cmtd, cly mtx, p-mod p por, v sl calc; 
rr yel min flor, v lt yel bl difse cut, no 
visable show or od.

MD: 4,264'  
Inclination: 34.1°  
Azimuth: 144.4°  
TVD: 4,154.71'  
VS: 508.82'

MUD WT: 8.8/ VIS: 28

MD: 4,359'  
Inclination: 36.1°  
Azimuth: 144.7°  
TVD: 4,232.43'  
VS: 563.44'

MD: 4,454'  
Inclination: 37.2°  
Azimuth: 144.5°  
TVD: 4,308.65'  
VS: 620.15'

GAS (units)0 3000
C1-C4 (PPM)0 300000

GAS (units)0 3000
C1-C4 (PPM)0 300000

429u

361u

331.3u  
C1: 90.5%  
C2: 4.8%  
C3: 4.2%  
C4: 0.4%

797u

113u

836u

4,220

4,230

4,240

4,250

4,260

4,270

4,280

4,290

4,300

4,310

4,320

4,330

4,340

4,350

4,360

4,370

4,380

4,390

4,400

4,410

4,420

4,430

4,440

4,450

4,460

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

139

ROP: 474.8 ft/hr  
WOB: 27.7 klbs  
RPM: 50 RPM  
SPM#1: 86 spm  
SPM#2: 85 spm  
SPP: 2,743 PSI

514

115

483



SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy- med gy, rthy- slty 
tex, sb plty- sb blky, occ plty, frm
SHY SS: lt gy-wh-lt brn, occ clr-s&p, 
vf-f gr, sb ang-sb rnd, mod-p srt, mod 
cmtd, cly mtx, p-mod p por, v sl calc; 
rr yel min flor, v lt yel bl difse cut, no 
visable show or od.

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy-med gy, rthy-slty tex, 
sb plty-sb blky, occ plty, frm

TVD: 4,308.65'  
VS: 620.15'

MUD WT: 8.85/ VIS: 33

MD: 4,548'  
Inclination: 39.4°  
Azimuth: 146.8°  
TVD: 4,382.42'  
VS: 678.39'

MUD WT: 8.9/ VIS: 30

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy-med gy, rthy-slty tex, 
sb plty-sb blky, occ plty, frm
SHY SS: lt gy-lt brn, occ clr-s&p, vf-f 
gr, sb ang-sb rnd, mod-p srt, mod 
cmtd, cly mtx, p-mod p por, v sl calc;
SS: lt gy-wh, occ clr-s&p, vf-f gr, sb 
ang-sb rnd, mod-p srt, mod cmtd, cly 
mtx, p-mod p por, v sl calc occ intstl 
glau; rr yel min flor, v lt yel bl difse cut, 
no visable show or od.

MD: 4,641'  
Inclination: 42.9°  
Azimuth: 146.3°  
TVD: 4,452.44'  
VS: 739.54'

GAS (units)0 3000
C1-C4 (PPM)0 300000

GAS (units)0 5000
C1-C4 (PPM)0 500000

85u

1227u

2191u

2916u

CHANGE GAS SCALE

4,440

4,450

4,460

4,470

4,480

4,490

4,500

4,510

4,520

4,530

4,540

4,550

4,560

4,570

4,580

4,590

4,600

4,610

4,620

4,630

4,640

4,650

4,660

4,670

4,680

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP: 495.4 ft/hr  
WOB: 29.1 klbs  
RPM: 50 RPM  
SPM#1: 86 spm  
SPM#2: 84 spm  
SPP: 2,755 PSI

153

OBS TOP OF 
SUSSEX SS 
@ 4584' MD, 
4390' TVD

169

484



SHY SLTST: lt gy-med gy, rthy-slty tex, 
sb plty-sb blky, occ plty, frm
SHY SS: lt gy-lt brn, occ clr-s&p, vf-f 
gr, sb ang-sb rnd, mod-p srt, mod 
cmtd, cly mtx, p-mod p por, v sl calc;
SS: lt gy-wh, occ clr-s&p, vf-f gr, sb 
ang-sb rnd, mod-p srt, mod cmtd, cly 
mtx, p-mod p por, v sl calc, occ intstl 
glau; rr yel min flor, v lt yel bl difse cut, 
no visable show or od.

MUD WT: 8.9/ VIS: 30

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy-med gy, rthy-slty tex, 
sb plty-sb blky, occ plty, frm
SHY SS: lt gy-lt brn, occ clr-s&p, vf-f 
gr, sb ang-sb rnd, mod-p srt, mod 
cmtd, cly mtx, p-mod p por, v sl calc; 
rr yel min flor, v lt yel bl difse cut, no 
visable show or od.

MUD WT: 9.0/ VIS: 32

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy-med gy, rthy-slty tex, 
sb plty-sb blky, occ plty, frm
SHY SS: lt gy-lt brn, occ clr-s&p, vf-f 
gr, sb ang-sb rnd, mod-p srt, mod 
cmtd, cly mtx, p-mod p por, v sl calc; 
rr yel min flor, v lt yel bl difse cut, no 
visable show or od.

MD: 4,735'  
Inclination: 44.2°  
Azimuth: 147.3°  
TVD: 4,520.56'  
VS: 804.25'

MD: 4,829'  
Inclination: 43.3°  
Azimuth: 145.9°  
TVD: 4,588.47'  
VS: 869.2'

GAS (units)0 5000
C1-C4 (PPM)0 500000

1062u

1,358.7u  
C1: 81.9%  
C2: 9.1%  
C3: 6.7%  
C4: 2.3%

269u

1014u

671u

499u

4,660

4,670

4,680

4,690

4,700

4,710

4,720

4,730

4,740

4,750

4,760

4,770

4,780

4,790

4,800

4,810

4,820

4,830

4,840

4,850

4,860

4,870

4,880

4,890

4,900

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

468

ROP: 498.4 ft/hr  
WOB: 25.4 klbs  
RPM: 60 RPM  
SPM#1: 86 spm  
SPM#2: 84 spm  
SPP: 2,729 PSI

123

322

471

138

502



SHY SS: lt gy-lt brn, occ clr-s&p, vf-f 
gr, sb ang-sb rnd, mod-p srt, mod 
cmtd, cly mtx, p-mod p por, v sl calc; 
rr yel min flor, v lt yel bl difse cut, no 
visable show or od.

MUD WT: 9.0/ VIS: 32

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent,
SHY SLTST: lt gy-med gy, rthy-slty tex, 
sb plty-sb blky, occ plty, frm; tr yel min 
flor, tr shy ss, tr gn min flor

MUD WT: 9.0/ VIS: 33

SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc
SHY SLTST: lt gy-med gy, rthy-slty tex, 
sb plty-sb blky, occ plty, frm; tr yel min 
flor, tr gn min flor

MD: 4,923'  
Inclination: 43.9°  
Azimuth: 142.9°  
TVD: 4,656.55'  
VS: 934.01'

MD: 5,017'  
Inclination: 46.6°  
Azimuth: 141.4°  
TVD: 4,722.72'  
VS: 1,000.7'

MD: 5,112'  
Inclination: 46.9°  
Azimuth: 142.9°  

GAS (units)0 5000
C1-C4 (PPM)0 500000

916u

562.1u  
C1: 83.5%  
C2: 8.8%  
C3: 6.7%  
C4: 1%

1025u

950u

876u

1234u

4,880

4,890

4,900

4,910

4,920

4,930

4,940

4,950

4,960

4,970

4,980

4,990

5,000

5,010

5,020

5,030

5,040

5,050

5,060

5,070

5,080

5,090

5,100

5,110

5,120

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP: 99.9 ft/hr  
WOB: 29 klbs 
RPM: 0 RPM  
SPM#1: 70 spm  
SPM#2: 73 spm  
SPP: 1,946 PSI

457

ROP: 451.1 ft/hr  
WOB: 29.2 klbs  
RPM: 58 RPM  
SPM#1: 87 spm  
SPM#2: 86 spm  
SPP: 2,966 PSI

503

124

124



SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent
SHY SS: lt gy-brn, occ clr-s&p, vf-f gr, 
sb ang-sb rnd, mod-p srt, mod cmtd, 
cly mtx, p-mod p por, v sl calc
SS: lt gy-wh, occ clr-s&p, vf-f gr, sb 
ang-sb rnd, p srt, mod cmtd, cly mtx, 
occ gr sup mtx, abnt uncons grs, 
mod p-mod por, v sl calc; yel min flor, 
tr gn min flor

MUD WT: 9.05 / VIS: 36 IN 
9.2 / 37 OUT

SHY SS: lt gy-gy/brn, occ clr-s&p, vf-f 
gr, sb ang-sb rnd, mod-p srt, mod 
cmtd, cly mtx, p-mod p por, v sl calc
SS: clr-trnsl, occ lt gy-wh, vf-f gr, sb 
ang-sb rnd, p srt, mod cmtd, cly mtx, 
occ gr sup mtx, abnt uncons grs, 
mod p-mod por, v sl calc
SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
tr bent; tr yel min flor, tr gn min flor

Azimuth: 142.9°  
TVD: 4,787.81'  
VS: 1,069.83'

MD: 5,205'  
Inclination: 49.4°  
Azimuth: 144° 
TVD: 4,849.86'  
VS: 1,139.09'

MD: 5,299'  
Inclination: 48.4°  
Azimuth: 144.9°  
TVD: 4,911.65'  
VS: 1,209.92'

GAS (units)0 5000
C1-C4 (PPM)0 500000

195u

885.7u  
C1: 82.2%  
C2: 6.6%  
C3: 7.8%  
C4: 3.4%

1174u

2065u

261u

1621u

2,288.5u  
C1: 82.3%  
C2: 8% 
C3: 7.1%  
C4: 2.7%

2302u

5,100

5,110

5,120

5,130

5,140

5,150

5,160

5,170

5,180

5,190

5,200

5,210

5,220

5,230

5,240

5,250

5,260

5,270

5,280

5,290

5,300

5,310

5,320

5,330

5,340

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

463

458

OBS TOP OF 
SHANNON SS 
@ 5280' MD, 
4883' TVD

ROP: 441.2 ft/hr  
WOB: 31.8 klbs  
RPM: 50 RPM  
SPM#1: 86 spm  
SPM#2: 87 spm  
SPP: 3,156 PSI

440

461

124



SHY SS: lt gy-gy/brn, occ clr-s&p, vf-f 
gr, sb ang-sb rnd, mod-p srt, cly mtx, 
p por, v sl calc
SS: lt gy-wh, occ clr- s&p, vf-f gr, sb 
ang-sb rnd, p srt, cly mtx, occ gr sup 
mtx, mod p-p por, v sl calc, occ glauc 
incl
SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc

MUD WT: 9.2/ VIS: 38/ PH: 9.1

SHY SS: lt gy-gy/brn, occ clr-s&p, vf-f 
gr, sb ang-sb rnd, mod-p srt, cly mtx, 
p por, v sl calc
SLTY SH: med-dk gy, sb plty-sb blky, 
mod frm-frm, slty-gt tex, non-v sl calc, 
occ grdg to shy sltst
SS: lt gy-wh, occ clr- s&p, vf-f gr, sb 
ang-sb rnd, p srt, cly mtx, occ gr sup 
mtx, mod p-p por, v sl calc, occ glauc 
incl

MD: 5,393'  
Inclination: 47°  
Azimuth: 145.4°  
TVD: 4,974.91'  
VS: 1,279.44'

MD: 5,487'  
Inclination: 43.9°  
Azimuth: 145.1°  
TVD: 5,040.85'  
VS: 1,346.41'

GAS (units)0 5000
C1-C4 (PPM)0 500000

C4: 2.7%

1740u

3308u

2730u

2253u

2310u

1,894.8u  
C1: 81%  
C2: 8.8%  
C3: 8.3%  
C4: 1.9%

1148u

5,320

5,330

5,340

5,350

5,360

5,370

5,380

5,390

5,400

5,410

5,420

5,430

5,440

5,450

5,460

5,470

5,480

5,490

5,500

5,510

5,520

5,530

5,540

5,550

5,560

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

456

456

138

ROP: 449.6 ft/hr  
WOB: 34.1 klbs  
RPM: 50 RPM  
SPM#1: 86 spm  
SPM#2: 85 spm  
SPP: 3,203 PSI

457

440



SLTY SH: med-dk gy, sb plty-sb blky, 
occ blky, mod frm-frm, slty-gt tex, 
non-v sl calc
SHY SS: lt gy-gy/brn, vf-f gr, sb ang-sb 
rnd, mod-p srt, cly mtx, p por, v sl calc
SHY SLTST: med gy, sb blky, slty gr, 
occ blk spec, mod frm, slty tex, non 
calc; tr yel/orng min flor

MUD WT: 9.2/ VIS: 36/ PH: 9.1

SHY SLTST: med gy, sb blky, slty gr, 
mod frm, slty tex, non calc
SLTY SH: med-dk gy, sb plty- plty, occ 
sb blky, mod frm-frm, slty-gt tex, non-v 
sl calc
SHY SS: lt gy-gy/brn, occ wh-clr, vf-f 
gr, sb ang-sb rnd, mod-p srt, cly mtx, 
p por, sl calc

SLTY SH: med-dk gy, sb plty- plty, occ 
sb blky, mod frm-frm, slty-gt tex, non-v 
sl calc
SHY SLTST: med gy, sb blky, slty gr, 
mod frm, slty tex, non calc
SHY SS: lt gy-gy/brn, occ wh-clr, vf-f 
gr, sb ang-sb rnd, mod-p srt, cly mtx, 
p por, sl calc, tr glauc incl; tr orng min 
flor

MD: 5,580'  
Inclination: 45.4°  
Azimuth: 144° 
TVD: 5,107.01'  
VS: 1,411.77'

RIG SERVICE @5641'MD

MD: 5,673'  
Inclination: 45.7°  
Azimuth: 143.6°  
TVD: 5,172.14'  
VS: 1,478.15'

GAS (units)0 5000
C1-C4 (PPM)0 500000

1870u

LOW PUMP RATES 
DURING RIG SERVICE

2073u

208u

3081u

242u

1,328.1u  
C1: 79.8%  
C2: 8.9%  
C3: 9% 
C4: 2.3%

1763u

217u

5,540

5,550

5,560

5,570

5,580

5,590

5,600

5,610

5,620

5,630

5,640

5,650

5,660

5,670

5,680

5,690

5,700

5,710

5,720

5,730

5,740

5,750

5,760

5,770

5,780

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

487

440

481

ROP: 452.8 ft/hr  
WOB: 33.7 klbs  
RPM: 50 RPM  
SPM#1: 87 spm  
SPM#2: 86 spm  
SPP: 3,110 PSI

472



SHY SLTST: med gy, sb blky, slty gr, 
mod frm, slty tex, non calc
SHY SS: lt gy-gy/brn, occ wh-clr, vf-f 
gr, sb ang-sb rnd, mod-p srt, cly mtx, 
p por, sl calc, tr glauc incl; tr orng min 
flor

MD: 5,767'  
Inclination: 45.9°  
Azimuth: 144.2°  
TVD: 5,237.67'  
VS: 1,545.53'

SLTY SH: med-dk gy, sb plty- plty, occ 
sb blky, mod frm-frm, slty-gt tex, non-v 
sl calc
SHY SLTST: med gy, sb blky, slty gr, 
mod frm, slty tex, non calc, rr grdg to 
shy ss

SLTY SH: med-dk gy, sb plty, mod 
frm-frm, mic gr ip, slty-gt tex, non-v sl 
calc
SHY SLTST: med gy, sb blky, slty gr, 
mod frm, slty tex, non calc
SHY SS: lt gy-gy/brn, occ wh-clr, vf-f 
gr, sb ang-sb rnd, p srt, slt mtx, p por, 
sl calc

MUD WT: 9.2/ VIS: 39/ PH: 8.7

MD: 5,860'  
Inclination: 44.8°  
Azimuth: 143.6°  
TVD: 5,303.03'  
VS: 1,611.69'

MD: 5,954'  
Inclination: 44.8°  
Azimuth: 143.1°  
TVD: 5,369.73'  
VS: 1,677.91'

GAS (units)0 5000
C1-C4 (PPM)0 500000

217u

1815u

1958u

1196u

218u

1,668.5u  
C1: 79.4%  
C2: 9.3%  
C3: 8.3%  
C4: 3.1%

1648u

2161u

5,760

5,770

5,780

5,790

5,800

5,810

5,820

5,830

5,840

5,850

5,860

5,870

5,880

5,890

5,900

5,910

5,920

5,930

5,940

5,950

5,960

5,970

5,980

5,990

6,000

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

500

ROP: 439 ft/hr  
WOB: 30.7 klbs  
RPM: 50 RPM  
SPM#1: 86 spm  
SPM#2: 86 spm  
SPP: 3,204 PSI

163

408

479

477



MUD WT: 9.2/ VIS: 40/ PH: 8.3

SLTY SH: med-dk gy, plty, mod 
frm-frm, mic gr, slty tex, non calc
SHY SLTST (<5%): med gy, sb blky, 
mod frm, slty tex, non calc
CLYST (<5%): bf-gy/brn, blky, v sft, 
occ lith incl, non calc

MUD WT: 9.1/ VIS: 41/ PH: 9.3

SLTY SH: med-dk gy, plty, mod 
frm-frm, mic gr, slty tex, non calc
CLYST (<5%): bf-gy/brn, blky, v sft, 
occ lith incl, non calc; tr yel min flor

MD: 6,047'  
Inclination: 42.7°  
Azimuth: 144.4°  
TVD: 5,436.9'  
VS: 1,742.21'

MD: 6,141'  
Inclination: 43.3°  
Azimuth: 144.2°  
TVD: 5,505.65'  
VS: 1,806.32'

GAS (units)0 5000
C1-C4 (PPM)0 500000

GAS (units)0 5000
C1-C4 (PPM)0 500000

2432u

2361u

1869u

242u

2,196.5u  
C1: 78%  
C2: 11.2%  
C3: 8.7%  
C4: 2.2%

2565u

286u

2261u

5,980

5,990

6,000

6,010

6,020

6,030

6,040

6,050

6,060

6,070

6,080

6,090

6,100

6,110

6,120

6,130

6,140

6,150

6,160

6,170

6,180

6,190

6,200

6,210

6,220

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

168

ROP: 453.6 ft/hr  
WOB: 33.8 klbs  
RPM: 50 RPM  
SPM#1: 86 spm  
SPM#2: 86 spm  
SPP: 3,302 PSI

163

479

215

12/23/2016



MUD WT: 9.2/ VIS: 42

SLTY SH: med-dk gy, plty, mod 
frm-frm, mic gr, slty tex, non calc
SHY SLTST: med gy, sb blky, mod 
frm, slty tex, non calc
CLYST (<5%): bf-gy/brn, blky, v sft, 
occ lith incl, non calc

MUD WT: 9.3/ VIS: 42

MD: 6,328'  
Inclination: 45.5°  
Azimuth: 146.6°  
TVD: 5,638.69'  
VS: 1,937.7'

SLTY SH: med-dk gy, plty, mod 
frm-frm, mic gr, slty tex ip, non calc, tr 
shy sltst, tr shy ss; tr orng min flor

MUD WT: 9.15/ VIS: 43

MD: 6,235'  
Inclination: 44.9°  
Azimuth: 144.2°  
TVD: 5,573.15'  
VS: 1,871.73'

Depth: 6,400  
Mud Weight: 9.15  
Viscosity: 44  
Yield Pt: 11  
Filter Cake: 32  
Solids: 4%  
pH: 9.4  
Chlorides: 1,000 mg/l

MD: 6,422'  
Inclination: 44.5°  
Azimuth: 145.4°  
TVD: 5,705.16'  
VS: 2,004.14'

GAS (units)0 5000
C1-C4 (PPM)0 500000

GAS (units)0 5000
C1-C4 (PPM)0 500000

2193u

183u

2331u

2,224.2u  
C1: 77.2%  
C2: 11.6%  
C3: 8.2%  
C4: 3%

256u

2216u

2881u

6,200

6,210

6,220

6,230

6,240

6,250

6,260

6,270

6,280

6,290

6,300

6,310

6,320

6,330

6,340

6,350

6,360

6,370

6,380

6,390

6,400

6,410

6,420

6,430

6,440

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

441

464

ROP: 397.1 ft/hr  
WOB: 32.5 klbs  
RPM: 51 RPM  
SPM#1: 86 spm  
SPM#2: 85 spm  
SPP: 3,378 PSI

154

397

464



SLTY SH: med-dk gy, plty, mod 
frm-frm, mic gr, slty tex, non calc
SHY SLTST (<5%): med gy, sb blky, 
mod frm, slty tex, non calc

MUD WT: 9.1/ VIS: 44

SLTY SH: med-dk gy, gy brn-lt brn, 
plty-sb plty, mod frm-frm, mic gr, slty 
tex, non calc, occ shy sltst; rr-tr yel 
min flor, fnt lt bl-yel difse cut, no 
visable show or od.  

MD: 6,514'  
Inclination: 45.5°  
Azimuth: 145.4°  
TVD: 5,770.36'  
VS: 2,069.34'

MD: 6,611'  
Inclination: 46.4°  
Azimuth: 142.9°  
TVD: 5,839.28'  
VS: 2,137.22'

GAS (units)0 5000
C1-C4 (PPM)0 500000

GAS (units)0 5000
C1-C4 (PPM)0 500000

270u

2120u

3113u

2,316.8u  
C1: 78%  
C2: 11.9%  
C3: 7.9%  
C4: 2.2%

400u

3426u

441u

6,420

6,430

6,440

6,450

6,460

6,470

6,480

6,490

6,500

6,510

6,520

6,530

6,540

6,550

6,560

6,570

6,580

6,590

6,600

6,610

6,620

6,630

6,640

6,650

6,660

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

464

ROP: 123.3 ft/hr  
WOB: 33.7 klbs  
RPM: 0 RPM  
SPM#1: 88 spm  
SPM#2: 84 spm  
SPP: 2,866 PSI

132

407

435

479



SLTY SH: med-dk gy, gy brn-lt brn, 
plty-sb plty, mod frm-frm, mic gr, slty 
tex, non calc, occ shy sltst; rr-tr yel 
min flor, fnt lt bl-yel difse cut, no 
visable show or od. 

MUD WT: 9.2/ VIS: 42

SLTY SH: med-dk gy, gy brn-lt brn, 
plty-sb plty, mod frm-frm, mic gr, slty 
tex, non calc, tr bent, occ shy sltst; tr 
yel min flor, fnt lt bl-yel difse cut, no 
visable show or od. 

MUD WT: 9.3/ VIS: 42

SLTY SH: gy brn-lt brn, occ med-dk 
gy, plty-sb plty, mod frm-frm, mic gr, 
slty tex, non calc, tr bent, occ shy sltst, 
tr lt gy-wh ss; tr yel min flor, fnt lt bl-yel 
difse cut, no visable show or od.

MD: 6,706'  
Inclination: 42.8°  
Azimuth: 142.6°  
TVD: 5,906.91'  
VS: 2,203.88'

MD: 6,800'  
Inclination: 45.7°  
Azimuth: 143.3°  
TVD: 5,974.24'  
VS: 2,269.44'

GAS (units)0 5000
C1-C4 (PPM)0 500000

3219u

3,124.8u  
C1: 81.8%  
C2: 11.4%  
C3: 6.3%  
C4: 0.5%

1966u

2708u

3102u

4324u

6,640

6,650

6,660

6,670

6,680

6,690

6,700

6,710

6,720

6,730

6,740

6,750

6,760

6,770

6,780

6,790

6,800

6,810

6,820

6,830

6,840

6,850

6,860

6,870

6,880

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

485

ROP: 408.2 ft/hr  
WOB: 34.3 klbs  
RPM: 50 RPM  
SPM#1: 85 spm  
SPM#2: 85 spm  
SPP: 3,493 PSI

98

395

394

125



SLTY SH: gy brn-lt brn, occ med-dk 
gy, plty-sb plty, mod frm-frm, mic gr, 
slty tex, non calc, tr bent, occ shy sltst, 
tr lt gy-wh ss; tr yel min flor, fnt lt bl-yel 
difse cut, no visable show or od.

MUD WT: 9.3/ VIS: 42

SLTY SH: gy brn-lt brn, occ med-dk 
gy, plty-sb plty, mod frm-frm, mic gr, 
slty tex, non calc, tr bent, occ shy sltst, 
tr lt gy-wh ss; tr yel min flor, fnt lt bl-yel 
difse cut, no visable show or od.

MD: 6,989'  
Inclination: 45.7°  
Azimuth: 143.5°  
TVD: 6,105.17'  
VS: 2,405.71'

SLTY SH: gy brn-lt brn, occ med-dk 
gy, plty-sb plty, mod frm-frm, mic gr, 
slty tex, non calc, tr bent, occ shy sltst, 
tr lt gy-wh ss; tr yel min flor, fnt lt bl-yel 
difse cut, no visable show or od.

MD: 6,894'  
Inclination: 46.6°  
Azimuth: 143.8°  
TVD: 6,039.36'  
VS: 2,337.21'

MD: 7,082'  
Inclination: 44.8°  
Azimuth: 142.9°  

GAS (units)0 5000
C1-C4 (PPM)0 500000

3068u

3761u
3,514.1u  
C1: 75.9%  
C2: 14.2%  
C3: 8.2%  
C4: 1.6%

3943u

2939u

4184u

2887u

6,860

6,870

6,880

6,890

6,900

6,910

6,920

6,930

6,940

6,950

6,960

6,970

6,980

6,990

7,000

7,010

7,020

7,030

7,040

7,050

7,060

7,070

7,080

7,090

7,100

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP: 314.6 ft/hr  
WOB: 20.6 klbs  
RPM: 49 RPM  
SPM#1: 85 spm  
SPM#2: 85 spm  
SPP: 3,134 PSI

420

122

443

320

117



MUD WT: 9.4/ VIS: 42

SLTY SH: gy brn-lt brn, occ med-dk 
gy, plty-sb plty, mod frm-frm, mic gr, 
slty tex, non calc, tr bent, occ shy sltst, 
tr lt gy-wh ss; tr yel min flor, fnt lt bl-yel 
difse cut, no visable show or od.

MUD WT: 9.6/ VIS: 42

SLTY SH: gy brn-lt brn, occ med-dk 
gy, plty-sb plty, mod frm-frm, mic gr, 
slty tex, non calc, tr bent, occ shy sltst, 
tr lt gy-wh ss; tr yel min flor, fnt lt bl-yel 
difse cut, no visable show or od.

Azimuth: 142.9°  
TVD: 6,170.64'  
VS: 2,471.74'

MD: 7,177'  
Inclination: 43.2°  
Azimuth: 145.8°  
TVD: 6,238.98'  
VS: 2,537.72'

MD: 7,271'  
Inclination: 40.8°  
Azimuth: 148.9°  
TVD: 6,308.84'  
VS: 2,600.52'

GAS (units)0 5000
C1-C4 (PPM)0 500000

3936u

3,932.5u  
C1: 78.3%  
C2: 13.7%  
C3: 7% 
C4: 1%

2850u

3914u

3103u

2073u

7,080

7,090

7,100

7,110

7,120

7,130

7,140

7,150

7,160

7,170

7,180

7,190

7,200

7,210

7,220

7,230

7,240

7,250

7,260

7,270

7,280

7,290

7,300

7,310

7,320

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP: 380.9 ft/hr  
WOB: 32.9 klbs  
RPM: 49 RPM  
SPM#1: 85 spm  
SPM#2: 84 spm  
SPP: 3,529 PSI

401

352

444

ROP: 370.1 ft/hr  
WOB: 28.4 klbs  
RPM: 52 RPM  
SPM#1: 84 spm  

121



MUD WT: 9.35/ VIS: 43

SLTY SH: gy brn-lt brn, occ med-dk 
gy, plty-sb plty, mod frm-frm, mic gr, 
slty tex, non calc, tr bent, occ shy sltst, 
tr lt gy-wh ss; tr yel min flor, v fnt lt 
bl-yel difse cut, no visable show or 
od.

MUD WT: 9.5/ VIS: 44

SLTY SH: gy brn-lt brn, occ med-dk 
gy, plty-sb plty, mod frm-frm, mic gr, 
slty tex, non calc, tr bent, occ shy sltst, 
tr lt gy-wh ss; tr yel min flor, v fnt lt 
bl-yel difse cut, no visable show or 
od.

MD: 7,366'  
Inclination: 41°  
Azimuth: 147.9°  
TVD: 6,380.65'  
VS: 2,662.58'

MD: 7,460'  
Inclination: 42.6°  
Azimuth: 146.1°  
TVD: 6,450.72'  
VS: 2,725.17'

GAS (units)0 5000
C1-C4 (PPM)0 500000

3,419.1u  
C1: 78.2%  
C2: 13.2%  
C3: 6.2%  
C4: 2.4%

2949u

2990u

2180u

3486u
3,449.6u  
C1: 79.6%  
C2: 13.3%  
C3: 5.7%  
C4: 1.3%

7,300

7,310

7,320

7,330

7,340

7,350

7,360

7,370

7,380

7,390

7,400

7,410

7,420

7,430

7,440

7,450

7,460

7,470

7,480

7,490

7,500

7,510

7,520

7,530

7,540

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

SPM#1: 84 spm  
SPM#2: 83 spm  
SPP: 3,315 PSI

95

398

ROP: 356.6 ft/hr  
WOB: 31.8 klbs  
RPM: 50 RPM  
SPM#1: 85 spm  
SPM#2: 84 spm  
SPP: 3,355 PSI

360

107



SLTY SH: gy brn-lt brn, occ med-dk 
gy, plty-sb plty, mod frm-frm, mic gr, 
slty tex, non calc, tr bent, occ shy sltst, 
tr lt gy-wh ss; tr yel min flor, v fnt lt 
bl-yel difse cut, no visable show or 
od.

MUD WT: 9.6/ VIS: 44

SLTY SH: gy brn-lt brn, occ med-dk 
gy, plty-sb plty, mod frm-frm, mic gr, 
slty tex, non calc, tr bent, occ shy sltst, 
tr lt gy-wh ss; tr yel min flor, v fnt lt 
bl-yel difse cut, no visable show or 
od.

Depth: 7,708  
Mud Weight: 9.85  
Viscosity: 45  
Yield Pt: 19  
Filter Cake: 6.8  
Solids: 8%  
pH: 8.8  
Chlorides: 1,100 mg/l

TOOH TO REPAIR TOP DRIVE AND 
CONDTION HOLE AT 7708' MD, @ 15:02 
MST on 12/23/16, INCOUNTERED 
SEVERAL TIGHT SPOTS ON TOOH, 
REPLACE TOP DRIVE, TIH TO TIGHT 
SPOTS STARTING AT 4595' MD, 
REAMED TO BOTTOM, SHORT 
TRIPPED, REAMED TO BOTTOM, 
RESUMED DRILLING @ 08:36 MST, ON 
12/25/16

MD: 7,554'  
Inclination: 41.2°  
Azimuth: 147.2°  
TVD: 6,520.69'  
VS: 2,787.9'

MD: 7,649'  
Inclination: 42.4°  
Azimuth: 146.1°  
TVD: 6,591.51'  
VS: 2,851.17'

MD: 7,743'  
Inclination: 43.3°  

GAS (units)0 5000
C1-C4 (PPM)0 500000

C4: 1.3%

2570u

2375u

4168u

2501u

1884u

3699u

1,855.6u  
C1: 79.7%  
C2: 13.4%  
C3: 5.9%  
C4: 1%

4520u

7,520

7,530

7,540

7,550

7,560

7,570

7,580

7,590

7,600

7,610

7,620

7,630

7,640

7,650

7,660

7,670

7,680

7,690

7,700

7,710

7,720

7,730

7,740

7,750

7,760

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

117

377

95

ROP: 294.7 ft/hr  
WOB: 20.3 klbs  
RPM: 58 RPM  
SPM#1: 84 spm  
SPM#2: 85 spm  
SPP: 3,289 PSI

12/24-25/2016

80

247



SLTY SH: gy brn-brn, occ med-dk gy, 
plty-sb plty, mod frm-frm, mic gr, slty 
tex, non calc, tr bent, occ shy sltst; tr 
yel min flor, v fnt lt bl-yel difse cut, no 
visable show or od.

MUD WT: 10.0/ VIS: 50

MUD WT: 10.0/ VIS: 51

SLTY SH: gy brn-dk gy, sb plty-sb 
blky, mod frm-frm, mic gr, slty tex, non 
calc, tr bent, occ shy sltst; tr yel min 
flor, v fnt lt bl-yel difse cut, no visable 
show or od.

Began 50' Sample Interval

SLTY SH: gy brn-dk gy, sb plty-sb 
blky, mod frm-frm, mic gr, slty tex, non 
calc, tr bent, occ shy sltst; tr yel min 
flor, v fnt lt bl-yel difse cut, no visable 
show or od.

Inclination: 43.3°  
Azimuth: 146.1°  
TVD: 6,660.42'  
VS: 2,915.08'

MD: 7,838'  
Inclination: 45.5°  
Azimuth: 147.5°  
TVD: 6,728.29'  
VS: 2,981.49'

MD: 7,932'  
Inclination: 43.8°  
Azimuth: 143.1°  
TVD: 6,795.18'  
VS: 3,047.5'

GAS (units)0 5000
C1-C4 (PPM)0 500000

GAS (units)0 6000
C1-C4 (PPM)0 600000

GAS (units)0 5000
C1-C4 (PPM)0 500000

1954u

2602u

2638u

2264u

3456u

2,310.4u  
C1: 80.6%  
C2: 12.8%  
C3: 5.1%  
C4: 1.5%

4490u

4145u

7,740

7,750

7,760

7,770

7,780

7,790

7,800

7,810

7,820

7,830

7,840

7,850

7,860

7,870

7,880

7,890

7,900

7,910

7,920

7,930

7,940

7,950

7,960

7,970

7,980

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

159

103

ROP: 64.4 ft/hr  
WOB: 28.7 klbs  
RPM: 0 RPM  
SPM#1: 87 spm  
SPM#2: 86 spm  
SPP: 2,942 PSI

393

474

389



SLTY SH: gy brn-dk gy, sb plty-sb 
blky, mod frm-frm, mic gr, slty tex, non 
calc, tr bent, occ shy sltst; tr yel-orng 
min flor, v fnt lt bl-yel difse cut, no 
visable show or od.

MRLST: gy-dk gy, mot, sb blky-sb plty, 
occ plty, mod sft-mod frm, calc-v calc, 
tr chk, tr slty sh; tr yel-orng min flor, v 
fnt lt bl-yel difse cut, no visable show 
or od.

MUD WT: 9.8/ VIS: 46

MD: 8,027'  
Inclination: 42.6°  
Azimuth: 142.9°  
TVD: 6,864.43'  
VS: 3,112.51'

SLTY SH: gy brn-dk gy, lt gy-gy ip, sb 
plty-sb blky, mod frm-frm, mic gr, slty 
tex, calc, tr bent, occ shy sltst, tr mrlst; 
tr yel-orng min flor, v fnt lt bl-yel difse 
cut, no visable show or od.

MUD WT: 9.9/ VIS: 46

MRLST: gy-dk gy, mot, sb blky-sb plty, 
occ plty, mod sft-mod frm, calc-v calc
CHK: lt-med gy, sb blky-blky, mod sft, 
sm-wxy tex, v calc
SLTY SH: gy brn-dk gy, lt gy-gy ip, sb 
plty-sb blky, mod frm-frm, mic gr, slty 
tex, calc, tr bent, occ shy sltst; tr 
yel-orng min flor, v fnt lt bl-yel difse 
cut, no visable show or od.

MD: 8,121'  
Inclination: 44.4°  
Azimuth: 143.8°  
TVD: 6,932.62'  
VS: 3,177.2'

GAS (units)0 5000
C1-C4 (PPM)0 500000

GAS (units)0 6000
C1-C4 (PPM)0 600000

4728u

4161u

4022u

4716u

4,483.5u  
C1: 81.6%  
C2: 12.7%  
C3: 4.4%  
C4: 1.3%

1562u

4484u

GAS SCALE CHANGE

7,960

7,970

7,980

7,990

8,000

8,010

8,020

8,030

8,040

8,050

8,060

8,070

8,080

8,090

8,100

8,110

8,120

8,130

8,140

8,150

8,160

8,170

8,180

8,190

8,200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200
99

444

358

ROP: 111.3 ft/hr  
WOB: 36.1 klbs  
RPM: 0 RPM  
SPM#1: 86 spm  
SPM#2: 84 spm  
SPP: 3,239 PSI

107

OBS TOP OF 
NIOBRARA @ 
8035' MD, 
6851' TVD

OBS TOP OF 
SHARON 
SPRINGS @ 
8000' MD, 
6826' TVD

336



MRLST: gy-dk gy, blk ip, mot, sb 
blky-blky, frm-mod frm, calc-v calc, 
occ plty, tr-scat bent, abnt cal, mod 
abnt inoc fos frags
CHK: lt-med gy, sb blky-blky, mod sft, 
sm-wxy tex, v calc; tr yel-orng min flor, 
v fnt lt bl-yel difse cut, no visable 
show or od.

MRLST: gy-dk gy, blk ip, mot, sb 
blky-blky, frm-mod frm, calc-v calc, 
occ plty
CHK: med gy, occ lt gy, sb blky-blky, 
mod frm- mod sft, occ v sft, sm-wxy 
tex, v calc, tr bent, rr inoc fos frags; tr 
gn min flor, mod bri bl difse cut, mod 
show

MRLST: gy-dk gy, blk ip, mot, sb 
blky-blky, frm-mod frm, calc-v calc, 
occ plty
CHK: med gy, occ lt gy, sb blky-blky, 
mod frm- mod sft, occ v sft, sm-wxy 
tex, v calc, tr bent, rr inoc fos frags; tr 
gn min flor, tr yel min flor, fnt- mod bri 
bl difse cut, no show

MUD WT: 9.9/ VIS: 47

MRLST: gy-dk gy, blk ip, mot, sb 
plty-plty, frm-mod frm, calc-v calc
CHK: lt gy- med gy, sb blky-blky, occ 
sb plty, mod frm- mod sft, sm-wxy tex, 
v calc, occ grdg to ls, abnt inoc fos 
frags, tr bent; tr gn min flor, tr yel min 
flor, mod bri bl difse cut, mod show

MD: 8,216'  
Inclination: 45.4°  
Azimuth: 143.8°  
TVD: 6,999.24'  
VS: 3,242.66'

MUD WT: 9.8/ VIS: 46

CHK: lt-med gy, sb blky-blky, mod 
frm- mod sft, sm-wxy tex, v calc
MRLST: gy-dk gy, blk ip, mot, sb 
blky-blky, frm-mod frm, calc-v calc, 
occ plty, tr bent, rr inoc fos frags; tr yel 
min flor, tr gn min flor, mod bri bl 
difse cut, mod show

MD: 8,310'  
Inclination: 46.7°  
Azimuth: 143.8°  
TVD: 7,065.3'  
VS: 3,311.19'

GAS (units)0 6000
C1-C4 (PPM)0 600000

GAS (units)0 6000
C1-C4 (PPM)0 600000

4547u

1235u

4365u

4703u

4,508u  
C1: 83.8%  
C2: 12.7%  
C3: 3.5%  
C4: 0%

4582u

PUMP #1 DOWN858u

3149u

8,180

8,190

8,200

8,210

8,220

8,230

8,240

8,250

8,260

8,270

8,280

8,290

8,300

8,310

8,320

8,330

8,340

8,350

8,360

8,370

8,380

8,390

8,400

8,410

8,420

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

105

50

ROP: 96 ft/hr  
WOB: 36.7 klbs  
RPM: 0 RPM  
SPM#1: 86 spm  
SPM#2: 85 spm  
SPP: 3,204 PSI

368

70



CHK: lt gy- med gy, sb blky-blky, occ 
sb plty, mod frm- mod sft, sm-wxy tex, 
v calc, occ grdg to ls, abnt inoc fos 
frags, tr bent; tr gn min flor, tr yel min 
flor, mod bri bl difse cut, mod show

LS: wh-lt gy -gy, occ bf, sb blky-occ sb 
plty, mod frm-frm, rr sft, wxy- mcxln 
tex, rr sm, v calc
MRLST: gy-dk gy, blk ip, mot, sb 
plty-plty, frm-mod frm, calc-v calc
CHK: med gy, sb blky-blky, occ sb 
plty, mod frm- mod sft, sm-wxy tex, v 
calc, tr slty sh; mod bri bl difse cut, 
mod show

MUD WT: 9.8/ VIS: 38

LS: lt gy -gy, brn- bf, sb blky-sb plty, 
mod frm-frm, wxy- mcxln tex, v calc
SS: gy- brn, v f -f gr, sb rnd- sb ang, 
ply srt, pred cons, uncons ip, brit 
clus, mod g - g por, occ grdg to shy 
ss, sl calc
SLTY SH: med- dk gy, sb plty- plty, fis 
ip, slty tex, mod frm-frm, sl calc; mod 
bri bl difse cut, mod show

MD: 8,497'  
Inclination: 47.2°  
Azimuth: 143.5°  
TVD: 7,193.93'  
VS: 3,447.49'

MUD WT: 9.8/ VIS: 39

SLTY SH: med- dk gy, sb plty- plty, fis 
ip, slty tex, mod frm-frm, sl calc
SS: gy- brn, v f -f gr, sb rnd- sb ang, 
ply -mod ply srt, pred cons, brit clus, 
mod g por, occ grdg to shy ss, sl 
calc, tr  bf- brn ls, tr bent; tr yel min 
flor, fnt- mod bri bl difse cut, v mod 
show

SLTY SH: med- dk gy, sb plty- plty, 
occ mot, slty tex, mod frm-frm, sl- 
mod calc, mod abnt cal incl
LS: brn- gy brn, occ bf, sb blky, mod 
frm - v sft, mcxln- wxy - sm tex, occ 
grdg to chk, v calc, tr inoc frags; tr 
yel/orng min flor, no show, no od

MD: 8,403'  
Inclination: 46°  
Azimuth: 144.2°  
TVD: 7,129.34'  
VS: 3,379.2'

MUD WT: 9.8/ VIS: 42

MD: 8,591'  
Inclination: 46°  
Azimuth: 143.5°  
TVD: 7,258.51'  
VS: 3,515.78'

GAS (units)0 6000
C1-C4 (PPM)0 600000

GAS (units)0 6000
C1-C4 (PPM)0 600000

4816u

4568u

4381u

189u

3,769.9u  
C1: 83.1%  
C2: 13.8%  
C3: 3.1%  
C4: 0%

2816u

4595u

4729u

8,400

8,410

8,420

8,430

8,440

8,450

8,460

8,470

8,480

8,490

8,500

8,510

8,520

8,530

8,540

8,550

8,560

8,570

8,580

8,590

8,600

8,610

8,620

8,630

8,640

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

12/26/2016

18

OBS TOP OF 
FORT HAYS @ 
8448' MD, 
7160' TVD

OBS TOP OF 
CODELL @ 
8481' MD, 
7183' TVD

287

OBS TOP OF 
CARLISLE @ 
8506' MD, 
7200' TVD

294

ROP: 292.9 ft/hr  
WOB: 18.8 klbs  
RPM: 50 RPM  
SPM#1: 87 spm  
SPM#2: 84 spm  
SPP: 3,472 PSI

280

OBS TOP OF 
GREENHORN 
LS @ 8594' MD, 
7261' TVD



MUD WT: 9.8/ VIS: 43

SLTY SH: med- dk gy, sb plty- plty, 
occ mot, slty tex, mod frm-frm, sl- 
mod calc
LS: brn- gy brn, occ bf, sb blky- sb 
plty, mod frm -frm, mcxln- wxy, v calc
SS: gy- brn, v f -f gr, sb rnd- sb ang, 
ply -mod ply srt, pred cons, occ brit 
clus, mod p por, v sl calc, tr bent; tr 
yel/orng min flor, no show, no od

SLTY SH: med- dk gy, sb plty- plty, 
slty tex, mod frm-frm, sl calc
SHY SLTST: med-dk gy, sb plty - occ 
sb blky, gt- slty tex, v sl calc, occ vf gr 
incl, tr bent; tr yel/orng min flor, nsoc

SLTY SH: med- dk gy, sb plty- plty, 
slty tex, mod frm-frm, sl calc
BENT: yel/gn, occ lt gy, frm, plty, slty 
tex, non calc, tr shy ss; mod abnt 
yel/orng min flor, nsoc

SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, calc, tr fos frag, 
scat bent; scat yel/orng min flor, nsoc

MUD WT: 9.8/ VIS: 45

SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, calc, tr fos frag, 
scat bent; scat yel/orng min flor, nsoc

Depth: 8,650  
Mud Weight: 9.8  
Viscosity: 44  
Yield Pt: 14  
Filter Cake: 32  
Solids: 9%  
pH: 8.9  
Chlorides: 1,200 mg/l

MD: 8,684'  
Inclination: 47.7°  
Azimuth: 143.6°  
TVD: 7,322.12'  
VS: 3,583.61'

MD: 8,778'  
Inclination: 46.4°  
Azimuth: 143.1°  
TVD: 7,386.16'  
VS: 3,652.4'

GAS (units)0 6000
C1-C4 (PPM)0 600000

GAS (units)0 6000
C1-C4 (PPM)0 600000

2032u

4736u

3,846.4u  
C1: 80.9%  
C2: 13.7%  
C3: 4.1%  
C4: 1.4%

4970u

4846u

8,620

8,630

8,640

8,650

8,660

8,670

8,680

8,690

8,700

8,710

8,720

8,730

8,740

8,750

8,760

8,770

8,780

8,790

8,800

8,810

8,820

8,830

8,840

8,850

8,860

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

OBS TOP OF 
GREENHORN 
SHALE @ 8668' 
MD, 7311' TVD

ROP: 98 ft/hr  
WOB: 30.5 klbs  
RPM: 0 RPM  
SPM#1: 86 spm  
SPM#2: 85 spm  
SPP: 3,180 PSI

195

99

380

316

321



SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, calc, tr fos frag, 
scat bent; scat yel/orng min flor, nsoc

SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, calc, tr fos frag, 
scat bent; scat yel/orng min flor, nsoc

SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, calc, tr fos frag, 
scat bent; scat yel/orng min flor, nsoc

SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, calc, tr fos frag, 
scat bent; scat yel/orng min flor, nsoc

25' SAMPLE INTERVAL
50' SAMPLE DESCRIPTIONS

SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, calc, tr fos frag, 
scat bent; scat yel/orng min flor, nsoc

MD: 8,873'  
Inclination: 46.3°  
Azimuth: 144° 
TVD: 7,451.74'  
VS: 3,721.13'

MD: 8,967'  
Inclination: 46.5°  
Azimuth: 144.5°  
TVD: 7,516.56'  
VS: 3,789.2'

MUD WT: 9.7/ VIS: 45

MD: 9,062'  
Inclination: 47.4°  
Azimuth: 145.2°  
TVD: 7,581.41'  
VS: 3,858.62'

GAS (units)0 6000
C1-C4 (PPM)0 600000

5166u

3763u

4,551.5u  
C1: 78.6%  
C2: 14.2%  
C3: 4.7%  
C4: 2.5%

4551u

4668u

3836u

2785u

8,840

8,850

8,860

8,870

8,880

8,890

8,900

8,910

8,920

8,930

8,940

8,950

8,960

8,970

8,980

8,990

9,000

9,010

9,020

9,030

9,040

9,050

9,060

9,070

9,080

ROP (ft/hr)0 1000
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

122

ROP: 125.9 ft/hr  
WOB: 29.3 klbs  
RPM: 0 RPM  
SPM#1: 85 spm  
SPM#2: 84 spm  
SPP: 3,193 PSI

399

123

REDUCED WOB, 
PUMP RATE & 
RPM

132



SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, occ mod hd, 
calc, tr fos frag, scat bent; scat 
yel/orng min flor, nsoc

SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, occ mod hd, 
calc, tr fos frag, scat bent; scat 
yel/orng min flor, nsoc

SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, occ mod hd, 
calc, tr fos frag, scat bent, 
SS: gy-brn, occ wh, v f-f gr, sb rnd-sb 
ang, ply-mod ply srt, pred cons, mod 
cmt, p-fr por, grdg to shy ss ip; scat 
yel/orng min flor, nsoc

MUD WT: 9.8/ VIS: 48

SS: wh-lt brn, occ brn-dk brn, s&p, v 
f-f gr, sb rnd-sb ang, mod srt, pred 
cons, mod w cmt, p-fr por, non calc, 
grdg to shy ss ip
SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, occ mod hd, 
calc, scat bent; scat yel/orng min flor, 
nsoc

SS: wh-lt brn, occ brn-dk brn, s&p, v 
f-f gr, sb rnd-sb ang, mod srt, pred 
cons, mod w cmt, p-fr por, non calc, 
grdg to shy ss ip
SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, occ mod hd, 
calc, mod abnt cal, scat bent; scat 
yel/orng min flor, mod bri bl difse cut, 
mod g show

MUD WT: 9.7/ VIS: 46

TVD: 7,581.41'  
VS: 3,858.62'

MUD WT: 9.8/ VIS: 48

MD: 9,156'  
Inclination: 46.7°  
Azimuth: 144.9°  
TVD: 7,645.46'  
VS: 3,927.42'

MD: 9,251'  
Inclination: 46.4°  
Azimuth: 144.2°  
TVD: 7,710.79'  
VS: 3,996.38'

MUD WT: 9.7/ VIS: 45

MUD WT: 9.9/ VIS: 49 IN 
MUD WT: 9.9/ VIS: 64 OUT

GAS (units)0 6000
C1-C4 (PPM)0 600000

2785u

2624u

2,439.2u  
C1: 85.5%  
C2: 12%  
C3: 2.4%  
C4: 0.2%

2366u

2486u

2886u

POSSIBLE OFFSET

2715u

2355u

CLEAN SAND

2133u

9,060

9,070

9,080

9,090

9,100

9,110

9,120

9,130

9,140

9,150

9,160

9,170

9,180

9,190

9,200

9,210

9,220

9,230

9,240

9,250

9,260

9,270

9,280

9,290

9,300

ROP (ft/hr)0 1000

ROP (ft/hr)0 100

GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 20025

ROP: 31.1 ft/hr  
WOB: 9.4 klbs 
RPM: 30 RPM  
SPM#1: 57 spm  
SPM#2: 59 spm  
SPP: 1,885 PSI

29

93

32

27

OBS TOP OF J 
SAND @ 9183' 
MD, 7664' TVD

ROP SCALE CHANGE

27



SS: wh- clr/trnsl, occ brn-gy, s&p ip, v 
f-f gr, sb rnd-sb ang, mod srt, frm 
clus, mod w cmt, p-fr por, non calc
SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, sl calc, tr- mod 
abnt cal; tr yel/orng min flor, mod bri 
bl difse cut, mod show

MUD WT: 9.6+/ VIS: 48

SS: pred wh- clr/trnsl, tr brn-gy, v f-f gr, 
sb rnd-sb ang, mod srt, frm clus, 
mod w cmt, p-fr por, non calc
SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, sl calc
SHY SS: med gy/brn, vf gr, sb plty, 
mod frm, p por, slty mtx, non calc; tr 
yel/orng min flor, nsoc, mod fnt- mod 
bri bl difse cut, mod show

MUD WT: 9.6/ VIS: 48

MD: 9,345'  
Inclination: 47.4°  
Azimuth: 144.4°  
TVD: 7,775.02'  
VS: 4,065.02'

SHORT WIPER TRIP 9355'MD TO 
8000'MD @ 21:15 MST ON 12/26/2016, 
RESUMED DRILLING @ 00:50MST ON 
12/27/2016

MUD WT: 9.7/ VIS: 48

SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, sl calc- calc
SH: lt gy- dk gy, plty, fis ip, mod frm, 
lam bds, non calc
SHY SS: brn-med gy, vf-f gr, sb rnd- 
sb ang, p srt, sl calc, tr wh ss clus, 
mod abnt bent; mod abnt yel/orng 
min florMUD WT: 9.6/ VIS: 49

Depth: 9,400  
Mud Weight: 9.65  
Viscosity: 49  
Yield Pt: 22  
Filter Cake: 32  
Solids: 0.25%  
pH: 9 
Chlorides: 1,200 mg/l

SLTY SH: med-dk gy-blk, sb plty-plty, 
slty tex, mod frm-frm, sl calc-calc
SH: gy-dk gy-blk, plty, fis ip, mod frm, 
lam bds, non calc
SHY SS: brn-med gy, vf-f gr, sb 
rnd-sb ang, p srt, tt, sl calc, tr wh ss 
clus, scat bent; scat yel/orng min flor, 
nsoc

MUD WT: 9.6/ VIS: 49

MD: 9,440'  
Inclination: 45.2°  
Azimuth: 143.6°  
TVD: 7,840.65'  
VS: 4,133.69'

SH: gy-dk gy-blk, plty, fis ip, mod frm, 
lam bds, non calc, tr bent,
SS: wh-brn, vf-f gr, sb rnd-sb ang, p 
srt, pred tt, occ p-fr por, mod-w cmtd, 
v sl calc; tr yel/orng min flor, nsoc

GAS (units)0 6000
C1-C4 (PPM)0 600000

GAS (units)0 3000
C1-C4 (PPM)0 300000

GAS (units)0 6000
C1-C4 (PPM)0 600000

1,800.3u  
C1: 86.4%  
C2: 10.9%  
C3: 2.7%  
C4: 0%

2537u

1839u

5345u

767u

2298u

1358u

GAS SCALE CHANGE

9,280

9,290

9,300

9,310

9,320

9,330

9,340

9,350

9,360

9,370

9,380

9,390

9,400

9,410

9,420

9,430

9,440

9,450

9,460

9,470

9,480

9,490

9,500

9,510

9,520

ROP (ft/hr)0 100

ROP (ft/hr)0 200

ROP (ft/hr)0 100
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP: 29.3 ft/hr  
WOB: 16.3 klbs  
RPM: 30 RPM  
SPM#1: 62 spm  
SPM#2: 62 spm  
SPP: 2,095 PSI

31

ROP: 69.8 ft/hr  
WOB: 15.6 klbs  
RPM: 31 RPM  
SPM#1: 85 spm  

ROP SCALE CHANGE

OBS TOP OF 
DAKOTA SS 
@ 9486' MD, 
7873' TVD

12/27/2016

OBS TOP OF 
SKULL CREEK 
@ 9391' MD, 
7807' TVD

124

34

35

30



SS: wh-brn, vf-f gr, sb rnd-sb ang, p 
srt, pred tt, occ p-fr por, mod-w cmtd, 
v sl calc; tr yel/orng min flor, nsoc

SH: gy-dk gy-blk, plty, fis ip, mod frm, 
lam bds, non calc, tr bent,
SS: pred wh, brn ip, vf-f gr, sb rnd-sb 
ang, p srt, pred tt, occ p-fr por, mod-w 
cmtd, v sl calc; tr yel/orng min flor, 
nsoc

MUD WT: 9.9/ VIS: 71 IN 
MUD WT: 9.8/ VIS: 64 OUT

SH: gy-dk gy-blk, scat lt bl grn, plty-sb 
plty, fis ip, mod sft-mod frm, non 
calc-calc, rr bent, SS: pred wh, brn ip, 
vf-f gr, sb rnd-sb ang, p srt, pred tt, 
occ p-fr por, mod-w cmtd, v sl calc,  
ANHY: wh-lt gy-bf, v sft(wh)-frm(lt 
gy-bf), blky, SALT: cl, blky, xln-f grns; rr 
yel/orng min flor, nsoc

MD: 9,626'  
Inclination: 44.7°  
Azimuth: 142.9°  
TVD: 7,971.65'  
VS: 4,265.7'

MUD WT: 9.8/ VIS: 72 IN 
MUD WT: 9.8/ VIS: 70 OUT

SH: lt bl grn, gy-dk gy-blk, plty-sb plty, 
fis ip, mod sft-mod frm, non calc-calc, 
rr bent, SS: pred wh, brn ip, vf-f gr, sb 
rnd-sb ang, p srt, pred tt, occ p-fr por, 
mod-w cmtd, v sl calc
ANHY: wh-lt gy-bf, v sft(wh)-frm(lt 
gy-bf), blky, LS: lt gy-brn, plty-sb plty, 
mod frm-frm, mcxln- cyxln tex, tr sa; 
nfsoc 

MUD WT: 9.8/ VIS: 94 IN 
MUD WT: 9.7/ VIS: 72 OUT

CHK: wh-off wh, blky, v sft, sm tex, v 
calc

MUD WT: 9.6/ VIS: 65 IN 
MUD WT: 9.5+/ VIS: 65 OUT

MD: 9,533'  
Inclination: 45.5°  
Azimuth: 143.5°  
TVD: 7,906.01'  
VS: 4,199.84'

MUD WT: 9.75/ VIS: 51 IN 
MUD WT: 9.95/ VIS: 64 OUT

SH: gy-dk gy-blk, scat lt bl grn, sb plty- 
sb blky, fis ip, mod sft-mod frm, non 
calc-calc, rr bent, SS: pred wh, brn ip, 
vf-f gr, sb rnd-sb ang, p srt, pred tt, 
occ p-fr por, mod-w cmtd, v sl calc,  
ANHY: wh-lt gy-bf, v sft(wh)-frm(lt 
gy-bf), blky, LS: lt gy-brn, sb blky-sb 
plty, mod frm-frm, wxy-mcxln tex, tr 
cht, v calc; rr yel/orng min flor, nsoc

ALL DATA WAS SHIFTED DOWN AN 
ADDITIONAL 3' TO MATCH THE WIRE 
LINE GAMMA FROM 9610' MD TO 10020' 
MD.

GAS (units)0 3000
C1-C4 (PPM)0 300000

1872u

1,121.3u  
C1: 86.8%  
C2: 9.7%  
C3: 2.6%  
C4: 0.9%

1312u

964u

1947u

2082u

30'+ THROW INTO MORRISON
LAKOTA FAULTED OUT

1097u

2491u

1,556.8u  
C1: 84.3%  
C2: 11.5%  
C3: 3.4%  

9,500

9,510

9,520

9,530

9,540

9,550

9,560

9,570

9,580

9,590

9,600

9,610

9,620

9,630

9,640

9,650

9,660

9,670

9,680

9,690

9,700

9,710

9,720

9,730

9,740

ROP (ft/hr)0 200
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

29

SPM#1: 85 spm  
SPM#2: 85 spm  
SPP: 347 PSI

52

OBS 
MORRISON 
@ 9596' MD, 
7950' TVD

ROP: 34.1 ft/hr  
WOB: 24 klbs 
RPM: 41 RPM  
SPM#1: 86 spm  
SPM#2: 86 spm  
SPP: 3,380 PSI

39

40



MUD WT: 9.5+/ VIS: 65 OUT

MD: 9,719'  
Inclination: 44.1°  
Azimuth: 143.1°  
TVD: 8,038.1'  
VS: 4,330.74'

SH: pred lt bl/grn- lt gy, occ gy-dk 
gy-blk, plty-sb plty, fis ip, mod sft-mod 
frm, non calc-calc, LS: lt gy- wh off 
wh, occ brn, plty-sb plty, mod frm-frm, 
mcxln- cyxln tex, occ dolc, CHK: 
wh-off wh, blky, v sft, sm tex, v calc; 
nfsoc

MUD WT: 9.6/ VIS: 54

SH: pred lt bl/grn- lt gy, occ gy-dk 
gy-blk, plty-sb plty, fis ip, mod sft-mod 
frm, non calc-calc, LS: lt gy- wh off 
wh, occ brn, plty-sb plty, mod frm-frm, 
 mcxln- cyxln tex, occ dolc
CHK: wh-off wh, blky, v sft, sm tex, v 
calc-occ dolc, SS(<5%): wh-gy, s&p 
ip, vf-f g, sb rnd-sb ang, mod-w srt, 
blk carb flks, sl calc cmt; rr orng min 
flor, nsoc

SH: lt gy- gy/bl, plty- sb plty, fis ip, wxy 
tex, sl calc
SH COLD: lt brn-lt orng brn, occ 
pk/purp, plty-sb plty, wxy tex, slty ip, 
non calc, LS: lt gy- wh off wh, plty-sb 
plty, mod frm-frm, mcxln- cyxln tex, 
occ dolc, CHK: wh-off wh, blky, v sft, 
sm tex, v calc-occ dolc; tr orng min 
flor, nsoc

MUD WT: 9.4/ VIS: 47

SH: lt gy- gy/bl, plty- sb plty, fis ip, wxy 
tex, sl calc, LS: lt gy- wh off wh, plty-sb 
plty, mod frm-frm, mcxln- cyxln tex, 
occ dolc, SH COLD: lt brn-lt orng brn, 
occ pk/purp, plty-sb plty, wxy tex, slty 
ip, non calc, SS: wh-clr, vf-f(u), occ 
s&p, sb rnd-sb ang, mod srt, sl calc 
cmt, tr sa; tr orng min flor, nsoc

SS: wh-clr, vf-f, occ s&p, sb rnd-sb 
ang, mod srt, sl calc cmt, SH: lt 
gy-gy/bl, red-red/brn ip, plty-sb plty, fis 
ip, wxy tex, sl calc, tr bent, ANHY: 
orng/brn, occ pnk, mas, blky, v sft, tr 
sa, SLTST: orng-red/brn, blky, aren 
ip, fri, v calc; tr yel min flor, nsoc

MUD WT: 9.4/ VIS: 47

MUD WT: 9.5/ VIS: 48

MD: 9,812'  
Inclination: 44.8°  
Azimuth: 143.3°  
TVD: 8,104.49'  
VS: 4,395.85'

MUD WT: 9.5/ VIS: 57

SLTST: orng-red/brn, blky, aren ip, fri, 
v calc

MD: 9,905'  
Inclination: 44.5°  
Azimuth: 143.6°  
TVD: 8,170.65'  
VS: 4,461.2'

GAS (units)0 3000
C1-C4 (PPM)0 300000

C3: 3.4%  
C4: 0.8%

POSSIBLE MINOR FAULT 
TO HIGHER IN 

FORMATION

1652u

1408u

1854u

2198u

3004u

1194u

2559u

LARGE SHALE COMING OVER 
SHAKERS

(SHANNON & SHARON SPRINGS 
FORMATION)

1766u

1,444.7u  
C1: 83.7%  
C2: 11.6%  
C3: 3.7%  
C4: 0.9%

9,720

9,730

9,740

9,750

9,760

9,770

9,780

9,790

9,800

9,810

9,820

9,830

9,840

9,850

9,860

9,870

9,880

9,890

9,900

9,910

9,920

9,930

9,940

9,950

9,960

ROP (ft/hr)0 200
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

50

12/28/2016

42

OBS TOP OF 
ENTRADA
9906' MD, 
8171' TVD

ROP: 57.9 ft/hr  
WOB: 25 klbs 
RPM: 40 RPM  
SPM#1: 86 spm  
SPM#2: 85 spm  
SPP: 3,438 PSI

69

SS @ 8066' TVD

55

48



SS: wh-clr, vf-f, occ s&p, sb rnd-sb 
ang, mod srt, sl calc cmt, SH: lt 
gy-gy/bl, red-red/brn ip, plty-sb plty, fis 
ip, wxy tex, sl calc, tr bent, ANHY: 
orng/brn, occ pnk, mas, blky, v sft, tr 
sa, SLTST: orng-red/brn, blky, aren 
ip, fri, v calc; tr yel min flor, nsoc

SS: wh-clr, vf-f, occ s&p, sb rnd-sb 
ang, mod srt, sl calc cmt, tt, SH: lt 
gy-gy/bl, red-red/brn ip, plty-sb plty, fis 
ip, wxy tex, sl calc, tr bent, ANHY: wh, 
occ pnk, sb blky, v sft; tr SLTST, tr yel 
min flor, nsoc

MUD WT: 9.6/ VIS: 50

SS: red-orng, vf-f grnd, sb rnd-sb ang, 
mod srt, sl calc, arg mtx, p-mod cmt, 
tt, fr por ip, slty ip, SH: red-orng, 
plty-sb blky, rthy tex, sl calc, slty ip, tr 
bent, ANHY: lt red-orng, wh ip, sb 
blky, v sft, SLTST: orng-red/brn, sb 
plty-sb blky, aren ip, sl calc, arg ip; tr 
yel min flor, nsoc

MUD WT: 9.5+/ VIS: 56

MD: 10,090'  
Inclination: 45°  
Azimuth: 143.6°  
TVD: 8,302.32'  
VS: 4,591.14'

MUD WT: 9.6/ VIS: 67

SS: red-orng, vf-f grnd, rnd-sb rnd, p 
srt, v sl calc, arg mtx, p-mod cmt, tt, 
slty ip, SH: red-orng, plty-sb blky, rthy 
tex, sl calc, slty ip, tr bent, ANHY: lt 
red-orng, wh ip, sb blky, v sft, SLTST: 
orng-red/brn, sb plty-sb blky, aren ip, 
sl calc, arg ip; tr yel min flor, nsoc

MUD WT: 9.5+/ VIS: 48

MUD WT: 9.6/ VIS: 58

SS: wh-lt gy-gy, vf-f grnd, sb rnd-rnd, 
mod srt, sl calc, arg mtx, p-fr cmt, tt, 
SH: lt gy-gy/bl, plty-sb plty, fis ip, wxy 
tex, sl calc, tr bent, ANHY: wh-crm, lt 
red-orng, sb blky, v sft; tr bri yel min 
flor, abnt fnt yel flor, nsoc

MUD WT: 9.6/ VIS: 47

MD: 9,998'  
Inclination: 44.5°  
Azimuth: 143.8°  
TVD: 8,236.98'  
VS: 4,526.38'

Depth: 9,896  
Mud Weight: 9.5  
Viscosity: 57  
Yield Pt: 12  
Filter Cake: 32  
Solids: 8%  
pH: 8.8  
Chlorides: 1,200 mg/l

ALL DATA WAS SHIFTED DOWN AN 
ADDITIONAL 3' TO MATCH THE WIRE 
LINE GAMMA FROM 10020' MD TO 
10550' MD.

GAS (units)0 3000
C1-C4 (PPM)0 300000

1696u

3440u

2697u

1592u

2408u

1349u

1,373.8u  
C1: 82.6%  
C2: 12%  
C3: 4.1%  
C4: 1.2%

LARGE SHALE COMING OVER 
SHAKERS

(SHANNON & SHARON SPRINGS 

9,940

9,950

9,960

9,970

9,980

9,990

10,000

10,010

10,020

10,030

10,040

10,050

10,060

10,070

10,080

10,090

10,100

10,110

10,120

10,130

10,140

10,150

10,160

10,170

10,180

ROP (ft/hr)0 200
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

40

OBS TOP 
OF LYKINS
10098' MD, 
8308' TVD

ROP: 15.9 ft/hr  
WOB: 25.3 klbs  
RPM: 41 RPM  
SPM#1: 87 spm  
SPM#2: 83 spm  
SPP: 3,400 PSI

16

40

32

16



MUD WT: 9.6/ VIS: 63 IN 
MUD WT: 9.5/ VIS: 46 OUT

SH: red/orng, plty-sb plty, slty- rthy tex, 
non - v sl calc, occ grdg to slty sh
SLTST: orng- red/brn, mic gr-vf l, slty 
tex, sb blky-occ sb plty, aren, occ grdg 
to shy ss; mod abnt yel min flor, nsoc

MUD WT: 9.8/ VIS: 44 IN 
MUD WT: 9.8/ VIS: 46 OUT

ANHY: lt red/orng, wh ip, mas, amor, 
v sft, SLTST: orng-red/brn, mic gr-vf l, 
slty tex, sb blky-occ sb plty, aren, occ 
grdg to slty sh, SH: red/orng, plty-sb 
plty, slty-rthy tex, sl calc, occ grdg to 
shy ss, SS: red/orng, vf-f gr, sb rnd, 
sb ang, mod srt, sl calc cmt, p por; 
mod abnt yel min flor, nsoc

MUD WT: 9.6/ VIS: 66 IN 
MUD WT: 9.5/ VIS: 49 OUT

MUD WT: 9.6/ VIS: 59

MD: 10,183'  
Inclination: 44.3°  
Azimuth: 144° 
TVD: 8,368.48'  
VS: 4,656.49'

MUD WT: 9.7/ VIS: 43 IN 
MUD WT: 9.7/ VIS: 45 OUT

SH: red/orng, plty-sb plty, slty- rthy tex, 
non - v sl calc, v sft, anhyc ip
SLTST: orng- red/brn, slty tex, sb 
blky-occ sb plty, aren ip, fri- sft, non 
calc, intbd anhy, com wh anhy; mod 
abnt yel/orng min flor, nsoc

MUD WT: 9.7/ VIS: 48 IN 
MUD WT: 9.7/ VIS: 45 OUT

MD: 10,276'  
Inclination: 43.4°  
Azimuth: 144.7°  
TVD: 8,435.55'  
VS: 4,720.91'

MUD WT: 9.8/ VIS: 45 IN 
MUD WT: 9.7+/ VIS: 47 OUT

SH:red/orng, plty-sb plty, slty- rthy tex, 
non-v sl calc, mod sft(plty)-v sft, anhyc 
ip, SLTST: orng-red/brn, slty tex, sb 
blky-occ sb plty, aren ip, fri- sft, non 
calc, intbd anhy, ANHY: wh- off wh, 
mas, blky, sm tex, v sft,non calc; mod 
abnt yel min flor, nsoc

Depth: 10,347  
Mud Weight: 9.85  
Viscosity: 50  
Yield Pt: 17  
Filter Cake: 32  
Solids: 11%  
pH: 8.3  
Chlorides: 1,500 mg/l

GAS (units)0 3000
C1-C4 (PPM)0 300000

SHAKERS
(SHANNON & SHARON SPRINGS 

FORMATION)

1483u

3843u

1176u

UP HOLE BENTONITE

UP HOLE BENTONITE

2055u

1758u

UP HOLE BENTONITE/ LARGE 
SHALE

1633u

1,293.4u  
C1: 83%  
C2: 10.5%  
C3: 5.3%  
C4: 1.2%

UP HOLE BENTONITE

943u

1978u

1593u

10,160

10,170

10,180

10,190

10,200

10,210

10,220

10,230

10,240

10,250

10,260

10,270

10,280

10,290

10,300

10,310

10,320

10,330

10,340

10,350

10,360

10,370

10,380

10,390

10,400

ROP (ft/hr)0 200
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

39

48

ROP: 29.4 ft/hr  
WOB: 33.8 klbs  
RPM: 40 RPM  
SPM#1: 71 spm  
SPM#2: 72 spm  
SPP: 2,946 PSI

31

37

12/29/2016

34



SH: red/orng, plty-sb plty, slty-rthy tex, 
non-v sl calc, v sft, anhyc ip, SLTST: 
orng-red/brn, slty tex, sb blky-occ sb 
plty, aren ip, fri-sft, non calc, intbd 
anhy, tr wh anhy; scat yel/orng min 
flor, nsoc

MD: 10,369'  
Inclination: 41.5°  
Azimuth: 145.1°  
TVD: 8,504.17'  
VS: 4,783.68'

MUD WT: 9.8+/ VIS: 49 IN 
MUD WT: 9.8/ VIS: 48 OUT

SH: red/orng, plty-sb plty, slty-rthy tex, 
non-v sl calc, v sft, anhyc ip, SLTST: 
orng-red/brn, slty tex, sb blky-occ sb 
plty, aren ip, fri-sft, non calc, intbd 
anhy, tr wh anhy; scat yel/orng min 
flor, nsoc

UP HOLE BENTONITE & 
DARK GRAY SHALES

MUD WT: 9.9/ VIS: 53 IN 
MUD WT: 9.9/ VIS: 50 OUT

MD: 10,462'  
Inclination: 41.2°  
Azimuth: 146.1°  
TVD: 8,573.98'  
VS: 4,845.11'

MUD WT: 10.0/ VIS: 52 IN 
MUD WT: 9.9/ VIS: 52 OUT

MUD WT: 9.9/ VIS: 46 IN 
MUD WT: 9.8/ VIS: 46 OUT

SH: red/orng, plty-sb plty, slty-rthy tex, 
non-v sl calc, v sft, anhyc ip, SLTST: 
orng-red/brn, slty tex, sb blky-occ sb 
plty, aren ip, fri-sft, non calc, intbd 
anhy, tr wh anhy; scat yel/orng min 
flor, nsoc

MD: 10,549'  
Inclination: 43.2°  
Azimuth: 145.9°  
TVD: 8,638.43'  
VS: 4,903.53'

SH: red/orng, plty-sb plty, slty-rthy tex, 
non-v sl calc, v sft, anhyc ip, SLTST: 
orng-red/brn, slty tex, sb blky-occ sb 
plty, aren ip, fri-sft, non calc, intbd 
anhy, tr wh anhy; scat yel/orng min 
flor, nsoc

SH: red/orng brn, occ med gy, sb 
blky-blky, slty-gt tex, mod sft-v sft, 
non-sl calc, SLTST: red/orng, slty tex, 
sb blky-sb plty, aren ip, fri-sft, non 
calc, intbd anhy, ANHY: wh-lt pnk, 
amor, mas, v sft, non calc; nfsoc

TD INTERMEDIATE 10604'MD @ 
21:00MST on 12/29/2016. TOOH, Lay 
down 4.5'' drill pipe, run 7" casing to 
10600' MD, cemented, picked up 4' drill 
pipe, resumed drilling on 1/3/2017 @ 
14:52 MST

100% CEMENT

MUD WT: 10/ VIS: 55 IN 
MUD WT: 9.9+/ VIS: 49 OUT

GAS (units)0 3000
C1-C4 (PPM)0 300000

GAS (units)0 150
C1-C4 (PPM)0 15000

GAS (units)0 3000
C1-C4 (PPM)0 300000

1593u

UP HOLE BENTONITE 
& DARK GRAY SHALES

2035u

1172u

1425u

1,289.5u  
C1: 82.5%  
C2: 9.6%  
C3: 7.5%  
C4: 0.4%

1363u

GAS SCALE CHANGE 

LARGE AMOUNTS OF UPHOLE 
DEBRIS

1522u

2163u

10,380

10,390

10,400

10,410

10,420

10,430

10,440

10,450

10,460

10,470

10,480

10,490

10,500

10,510

10,520

10,530

10,540

10,550

10,560

10,570

10,580

10,590

10,600

10,610

10,620

ROP (ft/hr)0 200
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 200
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

12/30-31/2016
1/1-3/2017

ROP: 12.1 ft/hr  
WOB: 28.6 klbs  
RPM: 41 RPM  
SPM#1: 80 spm  
SPM#2: 81 spm  
SPP: 3,389 PSI

OBS TOP OF 
FORELLE
10527' MD, 
8622' TVD

Bit #: 3 
Type: Smith-MSi613 
Size: 6.12  
Depth In: 10,604'  
Jets: 6X14  
S/N: JH1277

OBS TOP OF 
MINNEKAHTA
10574' MD, 
8657' TVD

29

34

28

28



MUD WT: 8.7/ VIS: 27 pH IN 
9.0/Out 9.2

ANHY: wh-clr, amor-sb plty, pred sl 
frm, occ sft, non calc
SLTST: red/orng, slty tex, sb blky-sb 
plty, fri-sft, non calc
SH: red-orng/brn, occ gy, gt tex, sb 
plty-plty, mod sft, non calc; nfsoc

MUD WT: 8.7/ VIS: 27

MD: 10,792'  
Inclination: 41.2°  
Azimuth: 146.3°  
TVD: 8,817.55'  
VS: 5,067.67'

SH: red-orng/brn, occ slt gy, gt-slty 
tex, sb plty-plty, mod sft, non calc
SLTST: red/orng, slty tex, sb blky-sb 
plty, fri-sft, aren ip, non calc
SA: pred clr, brit, occ suc tex, v sl calc
DOL: gn-lt gy, cyxln, v sft-fri, non calc
ANHY: wh-lt pnk, amor, mas, v sft, 
non calc; nfsoc

MUD WT: 8.7/ VIS: 29

SH: red-orng/brn, occ lt gy-gy/bl, 
gt-slty tex, sb plty-plty, mod sft, dolc ip 
(gy-gy/bl), non calc

MUD WT: 8.7/ VIS: 27

ANHY: wh-clr, amor-sb plty, pred sl 
frm, occ sft, non calc, SA: lt pnk-clr, 
brit-fri clus, suc tex, cyxln, v sl calc, 
SLTST: red/orng, slty tex, sb blky-sb 
plty, fri-sft, non calc, SH: red-orng/brn, 
occ gy, gt tex, sb plty-plty, mod sft, 
non calc; nfsoc

DOL:gn-lt gy, cyxln, suc tex ip, v sft-fri, 
non calc, SA: pred clr, occ lt pnk, 
brit-fri, suc tex, cyxln, v sl calc, SLTST: 
red/orng, slty tex, sb blky-sb plty, 
fri-sft, non calc, ANHY: wh-clr, 
amor-sb plty, pred sl frm, rr sft, non 
calc, SH: red-orng/brn, occ gy, gt tex, 
sb plty-plty, mod sft, non calc; nfsoc

MUD WT: 8.7/ VIS: 27

ALL DATA WAS SHIFTED UP 37' TO 
MATCH THE WIRE LINE GAMMA FROM 
10550' MD TO 10763' MD.

ALL DATA WAS SHIFTED DOWN AN 7' 
TO MATCH THE RERUN OF THE LWD 
GAMMA FROM 10763' MD TO TD MD. 
THE RED LINE IS THE RERUN GAMMA 
AND THE GREEN LINE IS THE ORGINIAL 
LWD GAMMA.  

GAS (units)0 150
C1-C4 (PPM)0 15000

91u
58u

64u

43.9u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

47u

76u

34u

48u

10,600

10,610

10,620

10,630

10,640

10,650

10,660

10,670

10,680

10,690

10,700

10,710

10,720

10,730

10,740

10,750

10,760

10,770

10,780

10,790

10,800

10,810

10,820

10,830

10,840

ROP (ft/hr)0 200
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 200
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

14

106

15

100

100

ROP: 97.1 ft/hr  
WOB: 12 klbs 
RPM: 58 RPM  
SPM#1: 0 spm  
SPM#2: 88 spm  
SPP: 2,883 PSI

OBS TOP OF 
BLAINE
10808' MD, 
8829' TVD

58

101

104



SH: red-orng/brn, occ lt gy-gy/bl, 
gt-slty tex, sb plty-plty, mod sft, dolc ip 
(gy-gy/bl), non calc
SLTST: red/orng, slty tex, sb blky-sb 
plty, fri-sft, aren ip, non calc
ANHY: wh-lt pnk, amor, mas, v sft, 
non calc
SA: pred clr, brit, occ suc tex, v sl calc; 
nfsoc

MD: 10,888'  
Inclination: 42.2°  
Azimuth: 141.9°  
TVD: 8,889.24'  
VS: 5,131.49'

MUD WT: 8.7/ VIS: 29/ PH: 9.4

SS: wh-clr, f-c gr, sb rnd-sb ang, pred 
uncons, p por, mod w srt, mod frm, 
non calc
SH: red-orng/brn, gt-slty tex, sb 
plty-plty, mod sft, non calc; nfsoc

MUD WT: 8.7/ VIS: 30 IN 
MUD WT: 8.7/ VIS: 29 OUT 
PH 9.4

SS: wh-clr, vf-c gr, sb rnd-sb ang, 
mod hd clus, pred cons, p por, sil 
cmt, non calc;nfsoc

SS: wh-clr, occ lt pnk/orng, vf-c gr, sb 
rnd-sb ang, mod hd clus, pred cons, 
uncons ip, p por, sil cmt, non calc
SH: red-orng/brn, gt-slty tex, sb 
plty-plty, mod sft, non calc; nfsoc

MD: 10,983'  
Inclination: 44.8°  
Azimuth: 143.3°  
TVD: 8,958.15'  
VS: 5,196.84'

SS: wh-clr, occ lt pnk/orng, vf-c gr, sb 
rnd-sb ang, mod hd clus, pred cons, 
uncons ip, p por, sil cmt, non calc; 
nfsoc

MUD WT: 8.7/ VIS: 30 IN 
MUD WT: 8.7/ VIS: 30 OUT 
PH 9.5

SS: wh-clr, lt pnk/orng, vf-c gr, sb 
rnd-sb ang, mod hd clus, pred cons, 
uncons ip, p por, sil cmt, non calc
SH: red-orng/brn, gt-slty tex, sb 
plty-plty, mod sft, non calc; nfsoc

Depth: 11,042  
Mud Weight: 8.7  
Viscosity: 30  
Yield Pt: 6  
Filter Cake: 0  
Solids: 2%  
pH: 10  
Chlorides: 1,400 mg/l

SS: pred lt pnk/orng, occ clr-wh, vf-c 
gr, sb rnd-sb ang, mod hd clus, pred 
cons, p por, sil cmt, non calc
SLTST: orng/red-red/brn, slty tex, sb 
blky, arg, aren, non calc
SH: red-orng/brn, slty tex, sb plty-plty, 
mod sft-sft, non calc; nfsoc

MUD WT: 8.7/ VIS: 31 IN 

GAS (units)0 150
C1-C4 (PPM)0 15000

GAS (units)0 150
C1-C4 (PPM)0 15000

47u

46.7u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

98u

92u

48u

82u

129u

51u

10,820

10,830

10,840

10,850

10,860

10,870

10,880

10,890

10,900

10,910

10,920

10,930

10,940

10,950

10,960

10,970

10,980

10,990

11,000

11,010

11,020

11,030

11,040

11,050

11,060

ROP (ft/hr)0 200
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP (ft/hr)0 200
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

58

OBS TOP OF 
LYONS
10866' MD, 
8873' TVD

1/4/2017

100

94

ROP: 20.5 ft/hr  
WOB: 44.1 klbs  
RPM: 0 RPM  
SPM#1: 0 spm  
SPM#2: 85 spm  
SPP: 2,844 PSI

25

106



SS: pred lt pnk/orng, occ clr-wh, vf-c 
gr, sb rnd-sb ang, mod hd clus, pred 
cons, p por, sil cmt, non calc
SLTST: orng/red-red/brn, slty tex, sb 
blky, arg, aren, non calc
SH: red-orng/brn, slty tex, sb plty-plty, 
mod sft-sft, non calc; nfsoc

MUD WT: 8.7/ VIS: 31 IN 
MUD WT: 8.7/ VIS: 31 OUT 
PH 9.5

SS: pred lt pnk/orng, occ clr-wh, vf-f 
gr, sb rnd-sb ang, mod hd clus, pred 
cons, p por, sil cmt, non calc, arg mtx 
ip, grdg to sltst,  SLTST: 
orng/red-red/brn, slty tex, sb blky, arg, 
aren, non calc, sdy ip, SH: 
red-orng/brn, slty tex, wxy tex ip, sb 
plty-plty, mod sft-sft, non calc; nfsoc

MUD WT: 8.7/ VIS: 32 IN 
MUD WT: 8.7/ VIS: 31 OUT 
PH 9.1

MD: 11,174'  
Inclination: 42°  
Azimuth: 144.9°  
TVD: 9,095.54'  
VS: 5,329.49'

SS: pred lt pnk/orng, occ clr-wh, vf-f 
gr, sb rnd-sb ang, mod hd clus, pred 
cons,  p por, sil cmt, non calc, arg mtx 
ip, grdg to sltst,  SLTST: 
orng/red-red/brn, slty tex, sb blky, arg, 
aren, non calc, sdy ip,  SH: 
red-orng/brn, tr bl-gn, slty tex, wxy tex 
ip, sb plty-plty, mod sft-sft, non calc; 
nfsoc

MUD WT: 8.7/ VIS: 31 IN 
MUD WT: 8.7/ VIS: 32 OUT 
PH 8.5

SH: red-orng/brn, tr bl-gn, slty tex, wxy 
tex ip, sb plty-plty, mod sft-sft, non 
calc, SLTST: orng/red-red/brn, slty 
tex, sb blky, arg, aren, non calc, sdy 
ip, SS: pred lt pnk/orng, occ clr-wh, 
vf-f gr, sb rnd-rnd, mod hd clus, pred 
cons, p por, sil cmt, non calc, arg mtx 
ip, grdg to sltst; nfsoc

MD: 11,232'  
Inclination: 43.4°  
Azimuth: 144° 
TVD: 9,138.16'  
VS: 5,368.82'

MUD WT: 8.7/ VIS: 33 IN 

MUD WT: 8.7/ VIS: 31 IN 
MUD WT: 8.7/ VIS: 30 OUT 
PH 9.6

MD: 11,078'  
Inclination: 44.6°  
Azimuth: 144.3°  
TVD: 9,025.68'  
VS: 5,263.65'

GAS (units)0 150
C1-C4 (PPM)0 15000

68u

64.9u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

66u

130u

71u

179u

61u

67u

58.6u  
C1: 100%  
C2: 0% 

11,040

11,050

11,060

11,070

11,080

11,090

11,100

11,110

11,120

11,130

11,140

11,150

11,160

11,170

11,180

11,190

11,200

11,210

11,220

11,230

11,240

11,250

11,260

11,270

11,280

GAMMA (api)0 200

GAMMA (api)0 300

ROP (ft/hr)0 200
GAMMA (api)0 200
WOB (klbs)0 100

Gamma2 (api)0 200

ROP: 60.1 ft/hr  
WOB: 16.9 klbs  
RPM: 58 RPM  
SPM#1: 72 spm  
SPM#2: 0 spm  
SPP: 2,282 PSI

OBS TOP OF L. 
SATANKA SH
11092' MD, 
9036' TVD

73

78

GAMMA SCALE CHANGE

34

66



MUD WT: 8.7/ VIS: 33 IN 
MUD WT: 8.7/ VIS: 34 OUT 
PH 8.5/8.6

 SH: red-orng/brn, tr bl-gn, slty tex, 
wxy tex ip, sb plty-plty, mod sft-sft, non 
calc, SLTST: orng/red-red/brn, slty 
tex, sb blky, arg, aren, non calc, sdy 
ip, SS: pred lt pnk/orng, occ clr-wh, 
vf-f gr, sb rnd-rnd, mod hd clus, pred 
cons, p por, sil cmt, non calc, arg mtx 
ip, grdg to sltst, DOL: wh-lt gy, cyxln, 
suc tex, frm-mod hd, plty-sb plty, non 
calc; nfsoc

MUD WT: 8.6+/ VIS: 32 IN 
MUD WT: 8.7/ VIS: 33 OUT 
PH 7.5/7.6

SH: red-orng/brn, slty tex, wxy tex ip, 
sb plty-plty, mod sft-sft, non calc, 
SLTST: orng/red-red/brn, slty tex, sb 
blky, arg, aren, non calc, sdy ip, SS: lt 
pnk/orng, clr-wh, vf-f gr, sb rnd-rnd, 
mod hd clus, pred cons, p por, sil 
cmt, non calc, arg mtx ip, grdg to sltst; 
nfsoc

MUD WT: 8.7/ VIS: 33 IN 
MUD WT: 8.7/ VIS: 33 OUT 
PH 8.8/8.5

SH: red-orng/brn, slty tex, wxy tex ip, 
sb plty-plty, mod sft-sft, non calc, 
SLTST: orng/red-red/brn, slty tex, sb 
blky, arg, aren, non calc, sdy ip, SS: lt 
pnk/orng, clr-wh, vf-f gr, sb rnd-rnd, 
mod hd clus, pred cons, p por, sil 
cmt, non calc, arg mtx ip, grdg to sltst, 
DOL: wh-lt gy, cyxln, suc tex ip, 
frm-mod hd, plty-sb plty, no visable 
por, non calc, tr sa; nfsoc

MUD WT: 8.7/ VIS: 33 IN 
MUD WT: 8.7/ VIS: 33 OUT 
PH 8.9/8.6

DOL: lt pnk-mky wh, wh-lt gy, pred 
suc tex, cyxln, frm-mod hd, plty-sb 
plty, p por, occ grdg to dolc ls, non 
calc
SH: red-orng/brn, slty tex, sb plty-plty, 
mod sft-sft, non calc
SLTST: orng/red-red/brn, slty tex, sb 
blky, arg, aren, non calc; nfsoc

MUD WT: 8.7/ VIS: 33 IN 
MUD WT: 8.7/ VIS: 33 OUT

DOL: lt pnk-mky wh, wh-lt gy, pred 
suc tex, cyxln, frm-mod hd, plty-sb 
plty, p por, sl calc
LS: wh-off w, sb blky- blky, mod sft, 
chky ip, calc, dolc ip

MD: 11,422'  
Inclination: 41.7°  
Azimuth: 143.1°  
TVD: 9,278.86'  
VS: 5,496.49'

MD: 11,327'  
Inclination: 41.9°  
Azimuth: 144.9°  
TVD: 9,208.03'  
VS: 5,433.18'

GAS (units)0 150
C1-C4 (PPM)0 15000

C2: 0% 
C3: 0% 
C4: 0%

172u

57u

65u

129u

52u

41u

44u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

132u

11,260

11,270

11,280

11,290

11,300

11,310

11,320

11,330

11,340

11,350

11,360

11,370

11,380

11,390

11,400

11,410

11,420

11,430

11,440

11,450

11,460

11,470

11,480

11,490

11,500

ROP (ft/hr)0 200
GAMMA (api)0 300
WOB (klbs)0 100

Gamma2 (api)0 200

74

66

34 OBS TOP OF 
WOLFCAMP
11400' MD, 
9262' TVD

56

99

ROP: 56.4 ft/hr  
WOB: 18.2 klbs  
RPM: 60 RPM  
SPM#1: 87 spm  
SPM#2: 0 spm  
SPP: 2,708 PSI



LS: wh-off w, sb blky- blky, mod sft, 
chky ip, calc, dolc ip
SH: reg/orng, sb plty-plty, sft, slty tex, 
non calc
SLTST: red/orng-brn, sb blky, mod 
sft-sft, slty tex, arg, aren, non calc; 
nfsoc

MUD WT: 8.7/ VIS: 34 IN 
MUD WT: 8.7/ VIS: 33 OUT

MD: 11,518'  
Inclination: 44.9°  
Azimuth: 144.9°  
TVD: 9,348.71'  
VS: 5,562.31'

DOL: lt pnk-mky wh, wh-lt gy, pred 
suc tex, cyxln, frm-mod hd, plty-sb 
plty, p por, sl calc
LS: wh-off w, sb blky- blky, mod sft, 
chky ip, calc, dolc ip
SLTST: red/orng, sb blky-blky, mod 
sft, slty tex, arg, aren, non calc
SH: red/orng, sb plty, sft-mod sft, slty 
tex, non calc; nfsoc

MUD WT: 8.7/ VIS: 34 IN 
MUD WT: 8.7/ VIS: 35 OUT

DOL: lt pnk-mky wh, wh-lt gy, cyxln, 
frm-mod hd, plty-sb plty, p por, sl calc
SS: lt pnk/orng, vf - med gr, sb rnd- sb 
ang, mod srt, sil cmt, mod-p por, sl 
calc
LS: wh-off w, sb blky- blky, mod sft, 
chky ip, calc, dolc ip
SH: red/orng, sb plty, sft-mod sft, slty 
tex, non calc
SLTST: red/orng, sb blky-blky, mod 
sft, slty tex, arg, aren, non calc; nfsoc

MD: 11,613'  
Inclination: 45.2°  
Azimuth: 144.9°  
TVD: 9,415.83'  
VS: 5,629.55'

MUD WT: 8.7/ VIS: 34 IN 
MUD WT: 8.7/ VIS: 34 OUT

SS: lt pnk/orng, vf - med gr, sb rnd- sb 
ang, mod srt, sil cmt, mod-p por, sl 
calc
DOLC LS: lt pnk-mky wh, wh-lt gy, 
cyxln, suc, frm-mod hd, p por, sl calc
LS: wh-off w, sb blky- blky, mod sft, 
chky ip, calc, dolc ip
SH: red/orng, sb plty, sft-mod sft, slty 
tex, non calc; nfsoc

MUD WT: 8.7/ VIS: 34 IN 
MUD WT: 8.7/ VIS: 34 OUT

DOL: lt pnk-mky wh, wh-lt gy, cyxln, 
frm-mod hd, plty-sb plty, p por, sl calc
DOLC LS: lt pnk-mky wh, wh-lt gy, 
suc, frm-mod hd, p por, sl calc
SH: red/orng, sb plty, sft-mod sft, slty 
tex, non calc
LS: wh-off w, sb blky- blky, mod sft, 
chky ip, calc, dolc ip; nfsoc

MD: 11,709'  
Inclination: 44.9°  

GAS (units)0 150
C1-C4 (PPM)0 15000

53u

45u

136u

51u

48u

49.8u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

134u

11,480

11,490

11,500

11,510

11,520

11,530

11,540

11,550

11,560

11,570

11,580

11,590

11,600

11,610

11,620

11,630

11,640

11,650

11,660

11,670

11,680

11,690

11,700

11,710

11,720

ROP (ft/hr)0 200
GAMMA (api)0 300
WOB (klbs)0 100

Gamma2 (api)0 200

59RPM

ROP: 59.7 ft/hr  
WOB: 16.6 klbs  
RPM: 60 RPM  
SPM#1: 0 spm  
SPM#2: 85 spm  
SPP: 3,118 PSI

OBS TOP OF 
AMAZON
11523' MD, 
9352' TVD

OBS TOP OF 
COUNCIL 
GROVE
11600' MD, 
9407' TVD

93

ROP: 56 ft/hr  
WOB: 18.4 klbs  
RPM: 58 RPM  
SPM#1: 0 spm  
SPM#2: 86 spm  
SPP: 3,167 PSI

92

75

74



Inclination: 44.9°  
Azimuth: 145° 
TVD: 9,483.65'  
VS: 5,697.49'

MUD WT: 8.7/ VIS: 35 IN 
MUD WT: 8.7/ VIS: 34 OUT

DOL: lt pnk-mky wh, wh-lt gy, cyxln, 
frm-mod hd, plty-sb plty, p por, sl calc
DOLC LS: lt pnk-mky wh, wh-lt gy, 
mcxln-suc, frm-mod hd, p por, sl calc, 
tr sa
SS: lt pnk/orng, vf - med gr, sb rnd- sb 
ang, mod srt, sil cmt, mod-p por, sl 
calc; nfsoc

DOL: lt pnk-mky wh, wh-lt gy, 
suc-cyxln, frm-mod hd, plty-sb plty, p 
por, sl calc, LS: wh, wh-lt gy, mcxln, 
mod hd-sft, p por, chky ip, sl calc, SS: 
lt pnk/orng, vf-med gr, sb rnd-sb ang, 
p-mod p srt, sil cmt, mod por, sl calc, 
SLTST: red/orng, sb blky-blky, mod 
sft, slty tex, arg, aren, non calc, SH: 
red/orng, sb plty, sft-mod sft, slty tex, 
non calc; nfsoc

MD: 11,804'  
Inclination: 46.1°  
Azimuth: 145.6°  
TVD: 9,550.24'  
VS: 5,765.24'

Depth: 11,828  
Mud Weight: 8.7  
Viscosity: 36  
Yield Pt: 11  
Filter Cake: 0  
Solids: 3%  
pH: 8.9  
Chlorides: 6,800 mg/l

MUD WT: 8.7/ VIS: 35 IN 
MUD WT: 8.7/ VIS: 35 OUT

DOL: lt pnk-mky wh, wh-lt gy, 
suc-cyxln, frm-mod hd, plty-sb plty, p 
por, sl calc, arg ip, LS: wh, wh-lt gy, 
mcxln, mod hd-sft, p por, chky ip, sl 
calc, SS: lt pnk/orng, vf-med gr, sb 
rnd-sb ang, p-mod p srt, sil cmt, mod 
por, sl calc, SLTST: red/orng, sb 
blky-blky, mod sft, slty tex, arg, aren, 
non calc, SH: red/orng, sb plty, 
sft-mod sft, slty tex, non calc; nfsoc

MUD WT: 8.7/ VIS: 35 IN 
MUD WT: 8.7/ VIS: 35 OUT

LS: wh-lt pnk-lt gy, mcxln, sb-plty-sb 
blky, mod frm-mod hd, p por, v calc, v 
sl dolc ip, DOL: lt pnk-mky wh, wh-lt 
gy, suc-cyxln, frm-mod hd, plty-sb plty, 
p por, sl calc, arg ip, SH: red/orng, sb 
plty, sft-mod sft, slty tex, non calc; 
nfsoc

MD: 11,899'  
Inclination: 45.8°  
Azimuth: 145° 
TVD: 9,616.29'  
VS: 5,833.51'

MUD WT: 8.7/ VIS: 35 IN 
MUD WT: 8.7/ VIS: 35 OUT

GAS (units)0 150
C1-C4 (PPM)0 15000

49u

49u

185u

48u

58u

139u
45.1u  
C1: 98.4%  
C2: 1.6%  
C3: 0% 
C4: 0%

47u

11,700

11,710

11,720

11,730

11,740

11,750

11,760

11,770

11,780

11,790

11,800

11,810

11,820

11,830

11,840

11,850

11,860

11,870

11,880

11,890

11,900

11,910

11,920

11,930

11,940

ROP (ft/hr)0 200
GAMMA (api)0 300
WOB (klbs)0 100

Gamma2 (api)0 200

1/5/2017

OBS TOP OF 
ADMIRE
11724' MD, 
9494' TVD

OBS TOP OF 
VIRGIL
11773' MD, 
9529' TVD

OBS TOP 
OF LOWER 
VIRGIL
11866' MD, 
9593' TVD

ROP: 90.4 ft/hr  
WOB: 21.6 klbs  
RPM: 60 RPM  
SPM#1: 0 spm  
SPM#2: 86 spm  
SPP: 3,189 PSI

54

74

99

73



LS: wh-lt pnk-lt gy, mcxln, sb plty-sb 
blky, mod frm-mod hd, p por, v calc, v 
sl dolc ip, DOL: lt pnk-mky wh, wh-lt 
gy, suc-cyxln, frm-mod hd, plty-sb plty, 
p por, sl calc, arg ip, SH: red/orng, sb 
plty, sft-mod sft, slty tex, non calc; 
nfsoc

MUD WT: 8.7/ VIS: 36 IN 
MUD WT: 8.7/ VIS: 36 OUT

LS: wh-lt pnk-lt gy, mcxln, sb plty-sb 
blky, mod frm-mod hd, p por, v calc, v 
sl dolc ip, SH: red/orng, sb plty, 
sft-mod sft, slty tex, non calc, SS: lt 
pnk/orng, red/brn, vf-med gr, occ c gr, 
sb rnd-sb ang, occ ang, p srt, mod 
cmtd, calc-arg cmt, p por, arkc ip, 
calc, shy ip; nfsoc

MUD WT: 8.7/ VIS: 36 IN 
MUD WT: 8.7/ VIS: 36 OUT

MD: 11,995'  
Inclination: 47.4°  
Azimuth: 145.7°  
TVD: 9,682.25'  
VS: 5,903.25'

LS: wh-lt pnk-lt gy, mcxln, sb plty-sb 
blky, mod frm-mod hd, p por, v calc, v 
sl dolc ip,  SS: lt pnk/orng, red/brn, 
vf-med gr, occ c gr, sb rnd-sb ang, 
occ ang, p srt, mod cmtd, calc-arg 
cmt, p por, arkc ip, calc, SH: red/orng, 
sb plty, sft-mod sft, slty tex, non calc, 
shy ip; nfsoc

MUD WT: 8.7/ VIS: 37 IN 
MUD WT: 8.7/ VIS: 37 OUT

SS: lt pnk/orng, red/brn, vf-med gr, 
occ c gr, sb rnd-sb ang, occ ang, p 
srt, mod cmtd, calc-arg cmt, p por, 
arkc ip, calc, shy ip, LS: wh-lt pnk-lt 
gy, mcxln, sb plty-sb blky, mod 
frm-mod hd, p por, v calc, v sl dolc ip, 
SH: red/orng, sb plty, sft-mod sft, slty 
tex, non calc; nfsoc

MD: 12,090'  
Inclination: 45.1°  
Azimuth: 145.9°  
TVD: 9,747.94'  
VS: 5,971.85'

MUD WT: 8.7/ VIS: 38 IN 
MUD WT: 8.7/ VIS: 38 OUT

SS: lt pnk/orng, red/brn, vf-med gr, 
occ c gr, sb rnd-sb ang, occ ang, p 
srt, mod cmtd, calc-arg cmt, p por, 
arkc ip, calc, shy ip, LS: wh-lt pnk-lt 
gy, mcxln, sb plty-sb blky, mod 
frm-mod hd, p por, v calc, v sl dolc ip, 
SH: red/orng, sb plty, sft-mod sft, slty 
tex, non calc; nfsoc

GAS (units)0 150
C1-C4 (PPM)0 15000

50u

160u

44u

55u

152u

49.7u  
C1: 100%  
C2: 0% 
C3: 0% 
C4: 0%

53u

45u

11,920

11,930

11,940

11,950

11,960

11,970

11,980

11,990

12,000

12,010

12,020

12,030

12,040

12,050

12,060

12,070

12,080

12,090

12,100

12,110

12,120

12,130

12,140

12,150

12,160

ROP (ft/hr)0 200
GAMMA (api)0 300
WOB (klbs)0 100

Gamma2 (api)0 200

74

OBS TOP OF 
FOUNTAIN
12014' MD, 
9695' TVD

38

ROP: 42.8 ft/hr  
WOB: 20.7 klbs  
RPM: 60 RPM  
SPM#1: 0 spm  
SPM#2: 83 spm  
SPP: 3,215 PSI

49

52

76



SS: lt pnk/orng, red/brn, vf-med gr, 
occ c gr, sb rnd-sb ang, occ ang, p 
srt, mod cmtd, calc-arg cmt, p por, 
arkc ip, calc, shy ip, LS: wh-lt pnk-lt 
gy, mcxln, sb plty-sb blky, mod 
frm-mod hd, p por, v calc, v sl dolc ip, 
SH: red/orng, sb plty, sft-mod sft, slty 
tex, non calc; nfsoc

MUD WT: 8.7/ VIS: 37 IN 
MUD WT: 8.7/ VIS: 39 OUT

MD: 12,185'  
Inclination: 45.2°  
Azimuth: 145.2°  
TVD: 9,814.94'  
VS: 6,039.19'

LS: wh-lt pnk-lt gy, mcxln, sb plty-sb 
blky, mod frm-mod hd, p por, v calc, 
sl dolc ip, SS: lt pnk/orng, red/brn, 
vf-med gr, occ c gr, sb rnd-sb ang, 
occ ang, p srt, mod cmtd, calc-arg 
cmt, p por, arkc ip, calc  SH: red/orng, 
occ gy-gn, sb plty, sft-mod sft, slty tex, 
non calc, SLTST: red/orng, sb 
blky-blky, mod sft, slty tex, arg, aren, 
non calc; nfsoc

MD: 12,224'  
Inclination: 44.3°  
Azimuth: 145° 
TVD: 9,842.64'  
VS: 6,066.65'

Depth: 12,295  
Mud Weight: 8.9  
Viscosity: 41  
Yield Pt: 15  
Filter Cake: 0  
Solids: 3%  
pH: 9.5  
Chlorides: 7,800 mg/l

TOOH TO CHANGE OUT MUD MOTOR 
AT 12265'MD @ 19:00 ON 1/5/2017, 
WELL BEGAN TO FLOW WHILE  TOOH @ 
5380’, STOPPED AT 5199' MD, TO SHUT 
IN WELL AND WEIGHT UP.

TD OF WELL CALLED AT 12265' MD @ 
17:00 MST ON 1/6/2017. TOOH PICK UP 
TOOL TO RELOG FROM INTERMEDIATE 
CASING (10563'MD) TO BOTTOM OF 
LYONS (11267'MD)

MD: 12,259'  
Inclination: 44.3°  
Azimuth: 145° 
TVD: 9,867.69'  
VS: 6,091.09'

GAS (units)0 150
C1-C4 (PPM)0 15000

144u

45u

40u

43u

THANK YOU FOR USING 
COLUMBINE LOGGING!

12,140

12,150

12,160

12,170

12,180

12,190

12,200

12,210

12,220

12,230

12,240

12,250

12,260

12,270

12,280

12,290

12,300

12,310

12,320

12,330

12,340

12,350

12,360

12,370

ROP (ft/hr)0 200
GAMMA (api)0 300
WOB (klbs)0 100

Gamma2 (api)0 200

62

62

50

1/6/2017


